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/IDERUDWRLUH GYDEFXHLO GH OD WKqVH

&DUGLRYDVFXODU DQG OHWDEROLVP '"HSDUWPHC
) +RIIPDQQ /D 5RFKH $*
*UHQ]DFKHUVWUDVVH

%DVHO 6ZLW]HUODQG
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-H WLHQV j UHPHUFLHU WRXW SDUWLFXOLqUHPHQW OPH ,VDEHOOH /DU
GH WKgqVH VDFKDQW TXH OHV H[SpULIBQYWW QUIHHD/MUH DXWH PSFRXHW RRQ pFRXW

SUpFLHX[ FRQVHLOV VD V\PSDWKLH HW OfHIILFDFLWp GH QRV LQWHUDFW

-HVRXKDLWH pJDOHPHQW UHPHUFLHU OU -DPFUKX® W BQIEHEK G D IPFDL HXB (
SHUPLV GIfHIIHFWXHU FH WUDYDUWI®Q DXIBWB U@ DERORDERKXDWHRX GpSDUW
&DUGLRYDVFXODU DQG OHWDEROLVP GRQW LOV pWDLHQW UHVSRQVDEOH

VHLQ GH OHXU pTXLSH

-H UHPHUFLH FKDOHXUHXVHPHQW OPH $JQQqV %pQDUGIHDHE WXL FII TSR
WKgVH DX VHLQ GH OfHQWUHSULVH 5RFKH DYHF TXL WUDYDLOOHU IXW X
PTXLSH DLQVL TXH SRXU \DNERR® H KXPHXU-H WH VRXKDLWH FKqUH $JC
FRQWLQXDWLRQ GDQV WD QRRYH\DSPH YQW TEORE® DQIGH UD HQFRUH GHV El

WHV YLVLWHYV HQ $OVDFH

OHUFL j OU 3KL®IDSBH3PSH® SRXU VRQ VRXWLHQ SHUPDQHQW GDQV OHV
SRXU VRQ DPLWLp OD PDQLgqUH GRQW LO P DD ®HGHRPQ QHURIOKMHHWGHW VD

VRXKDLWH pJDOHPHQW XQH ERQQH VHFRQGH YLH GDQV ODTXHOOH MH VXI

-H VRXKDLWH H[SULPHU PD SURIRQGH JUDWLWXGH j 0OU %HUQDUG -RY
DFFHSWp GYrWUH UDSSRUWBKX@VYLGIHX fjHO P Bl Q&XD/W KHWQ ®@WL BINV HHIOW O0U 3LHL

<YHV ODULH SRXU DYRLU DFFHSWp GH IDLUH SDUWLH GX MXU\ GH WKqVH



&HV WUDYDX[ QIDXUDLHQW SDV SX YRLU OH MRXU YPRVQRHWGHROO(
6DOPDRX &KRXSHWWH OPH (PPDQXHOOH +DLQDXW RX O{PLH O0U $QWKI
PROOR VXURBMWXNURH FRXS OjAA$QIVIKRWQL BXM/RNUQDUG DOLDV .LNL XC
YRXV SRXU OHWH RKDLV DXVVL OHV PDHU SRKUH@HNQ SPUMIVFREWDEROLTX
QH VH ODVVOH BNV DXWUHV FRO O qUWRKWEBNVQWHVT EHUVRQQHYV D\DQW SDUW

GH ORLQ j OD UpDOLVDWLRQ GH FHV WUDYDX]

-H UHPHUFLH PD IDPLOOH HW PHV DPLV SWKV 6 HXERDLVGHD @ WHVYR X\Q LHD

<DQLFN 9LQRW PRQ DPL GH WBRXRRXUV 6YERXLB®PEHIBRXUDL oD SRXUTXRL

OHUFL j /I DHWLWLD 3RX]J]RO GYDYRLU pWp XQ VRXWLHQ LPSRUWDQW G X

VXU OH GpPpEXO\D TIXH WIX@VL TXH PIDYRLU GRQQp XQ ILOV PDJQLILTXH (YDQ

(YDQ MH WH GpGLH FHWWH WKgVH«
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3=6) UDW D PRGHO RI FKURQLF FDUGLDF DQG UHQDO GLVHDVHV LQ WKH
&KDUDFWHUL]DWLRQ ZLWK DQWL R[LGDQW PLQHUDORFRUWLFRLG UHFHSW
LQKLELWRU ’

,Q WKH FRQWH[W RI PHWDEROLF VI\QGURPH GHYHORSPHQW RI 7\SH 'LDEH
FDUGLDF DQG UHQDO FRPRUELGLWLHY OLQNHG WR PLFUR DQG PDFUR YDV
QHZ FRPSRXQGVY RQ WDUJHWHG RUJDQV LQ WKH FRQWH[W RI PHWDEROLF
K\SHUWHQVLYH KHDUW IDLOXUH ) K\EULG =6) UDW PRGHO FRXOG EH V
ZRXOG GHYHORS LQ D VKRUW WLPHIUDPH $FWXDOO\ WKH =6) UDW PRGH
VIQGURPH EXW GHYHORSV UHODWLYHO\ ODWH \HDU WLPH DQG PRGHUDYV
RXU ZRUN zZDV WR H[DFHUEDWH FDUGLRUHQDO LPSDLUPHQWYVY LQ WHUPV RI
2Q RQH KDQG XQLODWHUDO QHSKUHFWRP\ ZDV SHUIRUPHG LQ =6) UDWYV
ORQJLWXGLQDOO\ DVVHVVHG 7KLV VXUJLFDO LQVXOW RQO\ VLJQLILFDQWO
E\ VWDQGDUG Rl FDUH OLVLQRSULO DQG QHZ UHQDO SURWHFWLYH DJHQW
LQIXVLRQ RI DQJLRWHQVLQ ,, $QJ,, ZDV XVHG LQ WKH DLP WR LQGXFH Kkt
WRIQKMOFDUGLRUHQDO LPSDULMRHGWY6) $QDQWV GLVSOD\HG VLJQLILFDQW
LQFUHDVHG OHYHOV RI FLUFXODWLQJ DOGRVWHURQH ORUHRYHU UHQDO
‘H VKRZHG LQ WKLV PRGHO WKDW DQ DOGRVWHURQH VI\QWKDVH LQKLELWF
WKH PLQHUDORFRUWLFRLG UHFHSWRU DQWDJRQLVW HSOHUHQRQH 2XU C
PRGHO WR HYDOXDWH WKH FDUGLR DQG UHQRSURWHFWLYH HIIHFWV RI GU}

.H\ZRUGW) DOGRVWHURQH VI\QWKDVH LQKLELWRU PHWDEROLF V\QGURPH
5(680 (

3/H UDW =6) XQ PRGQqOH GH PDODGLH FDUGLR UpQDOH DVVRFLpH DX
&DUDFWpULVDWLRQ SDU OfXWLOLVDWLRQ GfXQ DQWLR[\GDQW GfXQ
PLQPUDORFRUWLFRWGHY HW GIXQ LQKLELWHXU GH OfDOGRVW

&KH] OHV SO WIL\HQWDQW XQ VI\QGURPH PpWDEROLTXH OH GpYHORSSHPHQ
UpQDOHV DVVRFLpHV DX GLDEqQWH GH W\SH VRQW OLpHV j GHV DOWpU
YDVEFXODWXUH $ILQ GfpYDOXHU OfHIIHW SURWHFWHXU UpQDO HW FDUGL
=XFNHU IDWW\ 6SRQWDQHRXVO\ K\SHUWHQVLYH KHDUW IDLOXUH ) K\EULG
GPYHORSSHPHQW OHQW HW OHV LPSDFWV UpQDX[ HW FDUGLDTXHV PRGHVV
WUDYDX[ D FRQVLVWp j HIDFHUEHU HW DFFpOpUHU FHV DOWpUDWLRQV SD
GIDERUG HIIHFWXp XQH QpSKUHFWRPLH XQLODWpUDOH FKH] OH UDW =6) |
HW UpQDOH HQ IRQFWLRQ GH OfkJH &HWWH PpWKRGH QYD SHUPLV GH PH
G\WIRQFWLRQ UpQDOH PDLV QRXV D QpDQPRLQV SHUPLV GH GpPRQWUHU
OTHQ]\PH GH FRQYHUVLRQ GH OYDQJLRWHQVLQH OLVLQRSULO DLQVL TXH G
VHFRQGH VWUDWpPJLH D FRQVLVWp j LQIXVHU GH OJDQJLRWHQVLQH ,, $Q.
FRQVPTXHQFH GH FHWWH LQWHUYHQWLRQ D pWp XQ GpYHORSSHPHQW GH ¢
DLQVL TXTXQH pOpYDWLRQ VLJQLILFDWLYH GX QLYHDX GYDOGRVWpPURQH
FDUGLDTXH HW UpQDOH RQW pWp IRUWHPHQW GpJUDGpPHV (QILQ QRXV DYR
GH OJDOGRVWpPURQH V\QWKDVH LQGXLVDLW XQH PHLOOHXUH SURWHFWL
OYDOGRVWpPURQH pSOpUpPQRQH 3DU OTHQVHPEOH GHV WUDYDX[ HIITHFWX
=6) $QJ,, HYW XQ PRGQqOH GH G\VIRQFWLRQ FDUGLR UpQDOH SHUPHWWDQ
VXU OHV IRQFWLRQV UpQDOH HW FDUGLDTXH GDQV XQ FRQWH[WH GH V\QG

ORWV F@pY LQKLELWHXU GH OfDOGRVWpPURQH VI\QWKDVH V\QGURPH PpV
DQJLRWHQVLQH ,,
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OHWDEROLF VIQGURPH KLVWRU\ DQG GHILQLWLRQ

2EHVLW\ LQVXOLQ UHVLVWDQFH DQG W\SH GLDEHWH

\Y

2EHV LW\

,QVXOLQ UHVLVWDQFH DQG 7\SH GLDEHWHYV

OFUR DQG PDFURYDVFXODU FRPSOLFDWLRQV RI K\SHU

JO\FHPLD

+\SHUWHQVLRQ

,PSDFW RI PHWDEROLF VIQGURPH RQ NLGQH\ DQG KHD

U W

'LDEHWLF QHSKURSDWK\ FKURQLF NLGQH\ GLVHDVH

HOG VWDJ

PHWDEROLF VIQGURPH

&DUGLRYDVFXODU GLVHDVH OLQNHG WR FKURQLF NLG

QH\ GLVHDVH

'HVFULSWLRQ DQG ,QYROYHPHQOW RI UHQLQ DQJLRWHQVLQ DOGRVW

VIQGURPH

6\VWHPLF 5%$%$6

7LVVXH 5$$6 DQG RWKHU VLWHV RI DQJLRWHQVLQ V\Q

WKHVLV

/LQN EHWZHHQ 5$$6 LQVXOLQ UHVLVWDQFH DQG PHWI

DEROLF V\QG!

7DUJHWLQJ WKH 5%$%6 IRU WUHDWPHQW RI PHWDEROLF

VIQGURPH

ODQDJHPHQW RI PHWDEROLF VI\QGURPH

1Z WKHUDSHXWLF DSSURDFKHYV

(;3(5,0(17%/ :25. (9%/8%7,21 2) 7+( &%$5',%& $1' 5(1%

~

)81&7,216 2) 7+( 0%/( =6) 5%$7

$QLPDO PRGHOV RI PHWDEROLF VI\QGURPH

(GLWRWRXUWDO RI ([SHULPHOWDO DOQG $SSOLHG $QLP

DO 6FLHQFH

8VHIXOQHVV RI WKH =6) PRGHO DQG DLP RI WKH H[SH

ULPHQWDO ZF

=6) UDW EDFNJURXQG

(FKRFDUGLRJUDSK\




([SHULPHQWDORXWR®BGD RI ([SHULPHQWDO DQG $SSOLHG $QLPDO 6F

$OWHUDWLRQ RI UHQDO IXQFWLRQ E\ XQLODWHUDO QHSKUHFWRP\ |

5HQDO IXQFWLRQ RI =6) UDW

(ITHFW RI XQLODWHUDO QHSKUHFWRP\ RQ UHQDO IXQFWLRQ RI =6)

([SHULPHQWDO$ ¥ WK \EH VXEPLWWHG LQ ODUFK

(IIHFW RI WKH DOWLR[LGDQW EDUGR[RORQH ROQ

NLGOQH\ IXQF

QHSKUHFWRPL]JHG =6) UDWYV

([SHULPHQWDQIOWXE®YV DURKEH VXEPLWWHG LQ ODUFK

$QJLRWHOQVLO ,, LOIXVLRQ LQ WKH =6) UDW PRGHO DV D VIWUDWH,.

DQG UHQDO IXQFWLRQV

([SHULPHQWDOLSQYNG)QWHUWRVEHRYOEPLWWHG LQ $SULO

*(1(5$/ ',6&866,21 + &21&/86,21
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JLIXUH

JLIXUH

JLIXUH

JLIXUH
JLIXUH

YLIXUH

JLIXUH

JLIXUH

JLIXUH
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6FKHPDWLF YLHZ RI WKH OHWDEROLF 6\QGURPH

,VOHW FHOO IDLOXUH DQG WKH QDWXUDO KLVWRU\ RI W\SH
OHFKDQLVPYVY OHDGLQJ WR LQVXOLQ UHVLVWDQFH
$OWHUDWLRQ RI HQGRWKHOLDO IXQFWLRQ LQ WKH FRQWHI[W
OHFKDQLVPV RI K\SHUJO\FHPLD LQGXFHG YDVFXODU GDPDJH

BURSRVHG PHFKDQLVPV UHVSRQVLEOH IRU K\SHUWHQVLRC
6\QGURPH

&XUUHQW FKURQLF NLGQH\ GLVHDVH QRPHQFODWXUH XVF
LPSURYLQJ JOREDO RXWFRPHV .',*2

&XUUHQW DQG SRWHQWLDO WDUJHWV IRU WKHUDSHXWLF LQ\
6FKHPDWLF GLDJUDP VKRZLQJ WKH SRVVLEOH LQYROYHPHQ!
VIVWHP LQ WKH GHYHORSPHQW RI LQVXOLQ UHVLVWDQFH WK
GHSHQGHQW DQG LQGHSHQGHQW SDWKZD\V
OXOWLSOH UROHV RI WKH 5$$6 LQ WKH SDWKRJHQHVLV Rl FKURC
(IITHFWV Rl DOGRVWHURQH RQ PHWDEROLF V\QGURPH

*HQRPLF DQG QRQ JHQRPLF DFWLRQV Rl DOGRVWHURQH DQG |
PLQHUDORFRUWLFRLG UHFHSWRU

6FKHPDWLF RI DGUHQDO VWHURLG ELRV\QWKHVLV

/HIW YHQWULFXODU 0 PRGH VSHFWUXP RI ZHHNYVY ROG PDOH =
D SDUDVWHUQDO VKRUW DJ[LV YLHZ

/HIW YHQWULFXODU 'RSSOHU PRGH VSHFWUXP RI ZHHNYV RC
REWDLQHG LQ D IRXU FKDPEHUV YLHZ



7TDEOH

7TDEOH

7TDEOH

7DEOH

/1,67 2) 7$%/(6

(YROXWLRQ RI WKH GLDJQRVWLF FULWHULD SURSRVHG IRU
PHWDEROLF VIQGURPH

*HQGHU DQG DJH VSHFLILF ZDLVW FLUFXPIHUHQFH FXW RIIV
7KH QDWXUDO KLVWRU\ RI FDUGLRP\RSDWK\

OXOWLGLVFLSOLQDU\ DSSURDFK WR WKH PHWDEROLF V\QGURF
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'28& GHR[\FRUWLFRVWHURQH
$$&( $PHULFDQ $VVRFLDWLRQ RI &0LQLFDO (QGRFULQRORJLVWYV
$&( $QJLRWHQVLQ &RQYHUWLQJ (QJ\PH
$&( $QJLRWHQVLQ &RQYHUWLQJ (Q]J\PH
$'$ $PHULFDQ 'LDEHWHV $VVRFLDWLRQ
$*(V $GYDQFHG *O\FDWLRQ (QG SURGXFWYV
$+$ $PHULFDQ +HDUW $VVRFLDWLRQ
$SNW BURWHLQ .LQDVH %
$//1+$7 $QWLK\SHUWHQVLYH DQG /LSLG /RZHULQJ WUHDWPHQW WR S
$/3,1¢( $QWLK\SHUWHQVLYH 7TUHDWPHQW DQG /LSLG 3URILOH LQ WKI
$QJ, $QIJLRWHQVLQ ,
$QJ,, $QIJLRWHQVLQ
$QJ,, $QIJLRWHQVLQ
$QJ,9 $QJLRWHQVLQ ,9
$3 $FWLYDWRU SURWHLQ
$SR% $SROLSRSURWHLQ %
$5% $QJLRWHQVLQ 5HFHSWRU %ORFNHU
$6L $OGRVWHURQH 6\QWKDVH ,QKLELWRU
$7 7\SH DQJLRWHQVLQ ,, UHFHSWRU
$7 7\SH DQJLRWHQVLQ ,, UHFHSWRU
$7 7\SH DQJLRWHQVLQ ,, UHFHSWRU
$7 7\SH DQJLRWHQVLQ ,, UHFHSWRU
% ($&21 %DUGR[RORQH PHWK\O (Y$SOXDWLRQ LQ SDWLHQWV ZLWK &K!

GLDEHWHV PHOOLWXV WKH 2FFXUUHQFH RI UHQDO HYH1WV
%0, %RG\ ODVV ,QGH]

&(73 &KROHVWHURO (VWHU 7UDQVSRUW 3URWHLQ

& &KURQLF .LGQH\ 'LVHDVH

&2; &\FORR[\JHQDVH

&<3 % $OGRVWHURQH 6\QWKDVH &\WRFKURPH 3 IDPLO\ VXEIL

&\VW & &\WWDWLQ &

'$6+ 'LHWDU\ $SSURDFKHY WR 6WRS +\SHUWHQVLRQ

"(0$1" 'HYHORSLQJ (GXFDWLRQ RQ OLFURDOEXPLQXULD IRU $ZDUHQH
LQ 'LDEHWHYV

'5, 'LUHFW 5HQLQ ,QKLELWRU 05$ PLQHUDORFRUWLFRLG UHFHS

(&'&'0 ([SHUW &RPPLWWHH RQ WKH 'LDJQRVLY DQG &ODVVLILFDWLRG

(&0 (IWUDFHOOXODU ODWUL]

(*,5 (XURSHDQ *URXS IRU WKH 6WXG\ Rl ,QVXOLQ 5HVLVWDQFH

H126 (QGRWKHOLDO 12 6\QWKDVH

(5. (IWUDFHOOXODU VLJQDO 5HIJXODWHG .LQDVH

(7 (QGRWKHOLQ

))$ YUHH )DWW\ $FLGV

YR[2 JRUNKHDG ER[ SURWHLQ 2

*1) *URZWK 'LIITHUHQWLDWLRQ )DFWRU

*)5 *ORPHUXODU )LOWUDWLRQ 5DWH

x187 *OXFRVH 7TUDQVSRUWHU

+E$ & *O\FDWHG KHPRJORELQ

+1/ +LJK '"HQVLW\ /LSRSURWHLQ

+' & +LJK '"HQVLW\ /LSRSURWHLQ &KROHVWHURO

,&$0 , QWUDFHOOXODU &HOO $GKHVLRQ OROHFXOH



") , QWHUQDWLRQDO 'LDEHWHYV )HGHUDWLRQ

) * ,PSDLUHG )DVWLQJ *OXFRVH

*7 ,PSDLUHG *OXFRVH 7TROHUDQFH

,QKLELWRU RI QXFOHDU IDFWRU .DSSD % .LQDVH VXEXQLW %}

WAY; ,QWHUOHXNLQV

.56 ,QVXOLQ 5HFHSWRU 6XEVWUDWH

-1& 9,,, (LJKWK -RLQW 1DWLRQDO &RPPLVVLRQ

-1. F -XQ DPLQR WHUPLQDO .LQDVH

L R2 .LGQH\ 'LVHDVH ,PSURYLQJ *OREDO 2XWFRPHV

124, .LGQH\ 'LVHDVH 2XWFRPHV 4XDOLW\ ,QLWLDWLYH

.0 .LGQH\ LQMXU\ PROHFXOH

'l /JLIJIKW '"HQVLW)\ /LSRSURWHLQ

/19 /JHIW 9HQWULFOH

0D V5 ODVUHFHSWRU

0&3 ORQRF\WH &KHPR DWWUDFWDQW 3URWHLQ

05 OLQHUDORFRUWLFRWG 5HFHSWRU

1$'3+ 1ILFRWLQDPLGH $GHQLQH 'LQXFOHRWLGH 3KRVSKDWH
1&(3 $73 ,,, 1DWLRQDO &KROHVWHURO (GXFDWLRQ 3URJUDP + 7KLUG $
1&(3 1IDWLRQDO &KROHVWHURO (GXFDWLRQ 3URJUDP
10)% 1RQ (VWHULILHG )DWW\ $FLGYV

1)N % 1XFOHDU )DFWRU NDSSD %

1*7 1RUPDO *OXFRVH 7ROHUDQFH

1+$1(6 1IDWLRQDO +HDOWK DQG 1XWULWLRQ ([DPLQDWLRQ 6XUYH\
1,+ 1IDWLRQDO ,QVWLWXWH Rl +HDOWK

12 1ILWULF 2[LGH

2 , 6XSHUR[LGH DQLRQ

2122 3HUR[\QLWULWH

26% 2EVWUXFWLYH 60HHS $SQHD

3%, 30DVPLQRJHQ $FWLYDWRU ,QKLELWRU

3$53 3RO\ $'3 5LERVH 3RO\PHUDVH

3%, 3URVWDF\FOLQ

3*,6 B3URVWDF\FOLQ 6\QWKDVH

3, NLQDVH 3KRVSKRLQRVLWLGH NLQDVH

3.& 3URWHLQ .LQDVH &

33%$5 3HUR[LVRPH 3UROLIHUDWRU $FWLYDWHG 5HFHSWRU
3 55 BURUHQLQ 5HFHSWRU

5$$6 5HQLQ $QJLRWHQVLQ $OGRVWHURQH 6\WWHP

5%*( 5SHFHSWRUV IRU $GYDQFHG *O\FDWLRQ (QG SURGXFW
51% S5LERQXFOHLF $FLG

526 SHDFWLYH 2[\JHQ 6SHFLHV

6*. BHUXP DQG *OXFRFRUWLFRLG UHJXODWHG .LQDVH
6++) 6SRQWDQHRXVO\ +\SHUWHQVLYH +HDUW )DLOXUH
65%%$ 6\WWQqPH 5pQLQH $QJLRWHQVLQH $OGRVWpPURQH

6723 1,0 6723 1RQLQVXOLQ 'HSHQGHQW 'LDEHWHY OHOOLWXYV
681 6HIXLPLHQWR 8QLYHUVLW\ RI 1DYDUUD

7 7\SH 'LDEHWHV

70 7\SH 'LDEHWHV OHOOLWXV

7% 7KURPER[DQH $

7) 7LVVXH )DFWRU

7%) 7UDQVIRUPLQJ *URZWK )DFWRU

7*V 7ULJO\FHULGHYV

715 7ROO /LNH 5HFHSWRU



71). 7XPRU 1HFURVLV )DFWRU

7=" 7TKLDJROLGLQHGLRQH

8.3'6 8. BURVSHFWLYH 'LDEHWHY 6WXG\
81] 8QLODWHUDO 1HSKUHFWRP\

86% 8QLWHG 6WDWHVY RI $PHULFD

9 $73DVH IDF XFOHDQRVLQ 7UL 3KRVSKDWDVH
9&%0 9DVFXODU &HOO $GKHVLRQ OROHFXOH
9(*) 9DVFXODU (QGRWKHOLDO *URZWK )DFWRU
9/ 9HU\ /LIJKW "HQVLW\ /LSRSURWHLQ

t& :DLVW &LUFXPIHUHQFH

i+ 2 RUOG +HDOWK 2UJDQL]DWLRQ

") =XFNHU 'LDEHWLF )DWW\

6) =«FNHU IDWW\ 6SRQWDQHRXVO\ K\SHUWHQVLYH KHDUW IDLOX
0 OLFURJOREXOLQ
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/H VIQGURPH PpWDEROLTXH HVW FDUDFWpULVp SDU XQH LQIODPP
ULVTXH DFFUX GHXGpG HDRESSH WGH W\SH ,, HW GHV PDODGLHV FDUGLRY
GpILQLW SDU OD FRPELQDLVRQ GH GLIIpUHQWY V\PSWRPHV WHOV TXH C
G\WWIRQFWLRQ HQGRWKpOLDOH OTK\SHUWHQVDRQ R X/Hi GAPEKWH HW\D B
FRQGLWLRQ SK\WLRSDWKRORJLTXH DVVRFLpH j GILPSRUWDQWHYV FRPSO
GHV JURV YDLVVHDX[ /HV FRPSOLFDWLRQV PLFURYDVFXODLUHV LQFO?
QHXURSDWKLH OHV FRPSOLFDWLRQV DX QLYHDX GHV JURV YDLVVHDX]
VRQW UHSUpVHQWpHV SDU OHV PDODGLHV FRURQDULHQQHV RX HQFF
LQGXLVDQW GHV GRPPDJHV WLVVXODLUHV FKH] HQYLURQ X@DWHHUV |

$YHF XQH SUPYDOHQFH GX VI\QGURPH PpWDEROLTXH TXL QH FHVV
QpFHVVDLUH GIfpWDEOLU GH QRXYHOOHV DSSURFKHV WKpUDSHXWLTXH
OHXU VWDWXW PpWDEROLTXH DPpOLRUp (WDEOLU GHV PRGQqOHV DQL
VIQGURPH PpWDEROLTXH QYfHVW SDV FKRVH DLVpH FRPSWH WHQX GH
'LIIlpUHQWY PRGqOHV RQW pWp FDUDFWpULVpV PDLV QH GpYHORSSHQW
OH VIQGURPH PpWDEROLTXH FH TXL FRQVWLWXH XQ LPSRUWDQW IRV V]
Of+RPPH $X GpEXW GHWOID Q@MW W¥6) =-FNHU IDWW\ 6SRQWDQHRXVO\ K\.
) K\EUMIHVW PRQWUp SURPHWWHXU GDQV FH GRPDLQH FRPSWH \
FDUDFWpULVWLTXHVY FRPPXQHV DYHF OH GpYHORSSHPHQW GX V\QGUR
GHYLHQW GRQF UpVLVWDQW j OTLQVXOLQH SUpVHQWH XQH K\SHUWHQ"
GLDEpPWLTXH DLQVL TXTXQ@RIRDUB [CRPGRDFWKEMY DO -RVKLW DO
1pDQPRLQV OH GHJUp GH VpYpULWp GH FHV PDODGLHV FDUGLDTXH HW
DSSDULWLRQ QH VXUYLHQW TXH WDUGLYHPHQW 3DU FRQVHTXHQW FH
GHV HIIHWV FDUGLR HW UpQRSURWHFWHXU GH QRXYHDX[ FRPSRVpV G
HQ XQ WHPSV RSWLPDO /H EGNP BOILRMWMUDOMUL®pDDKWY PDMHXUV GH FH

HOXJPHQWDQW OH GHJUp GH VpYpULWp GH OD PDODGLH FDUGLRUpPQDO



TXH GfHQ UpGXLUH OH WHPSV GH GpYHORSSHPHQW HQ YXH GH VRQ XW

SURWHFWHXUV GH QRXYHOOHY PROpFXOHY DX QLYHDX FDUGLDTXH HW L

(Q SUHPLHU OLHX QRXV UHYLHQGURQV VXU OHV GLIIpUHQWHV FRPSRVD
OHXUV LPSDFWV QRWDPPHQW DX QLYHDX GHV IRQFWLRQV UpQDOH HW F
GRQW QRXV DYRQV pYDOXp OD IRQFWLRQ FDUGLDTXH GX PRGqOH =6)

FRQQDLVVDQFHV DFWXHOOHV VXU OfpYROXWLRQ GH OHXU IRQFWLRH
GpYHORSSHURQV OHV GHX[ VWUDWpPJLHV XWLOLVpHV SRXU H[DFHUEHU
DQLPDX[ HW DLQVL DPpOLRUHU OH PRGqOH OD SUHPLqUH SDU QpSKUHF
VHFRQGH SDU OfLQIXVLRQ GIDQJLRWHQVLQH ,, DSSURFKH KRUPRQDOH
RQW SHIEPIPWLRUHU OH PRGQqOH =6) HW GRQF GH WR¥WHR QO D pRDIMHF H\
FDUGLDTXH VHORQ ODGHWKREHHQOWNOERPHBRVpPY OH E DS RHRDHR@AQ HD |
DQWDJRQLVWH GHV UpFHSWHXUV DX[ PLQPUDORFRUWLFRWGHY HW F

VIQWKDVH
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OHWDEROLF VV\QGURPH LV D VWDWH RI FKURQLF ORZ JUDGH LQIO
FDUGLRYDVFXODU GLVHDVHV DQG GHYHORSPHQW RI W\SH GLDEHWHYV
SDWKRSK\VLRORJLFDO GLVRUGHUV VXFK DV LQVXOLQ UHVLVWDQFH G
VXVFHSWLELOLW\ K\SHUWHQVLRQ K\SHUFRDJXODEOH VWDXH DQG FKL
'LDEHWHV KDV EHHQ UHSRUWHG WR EH VWURQJO\ DVVRFLDWHG ZlI
FRPSOLFDWLRQV OLFURYDVFXODU FRPSOLFDWLRQV LQFOXGH UHWLQRS
PDFURYDVFXODU RQHV LQFOXGH LVFKHPLF KHDUW GLVHDVH SHULSKH
GLVHDVH UHVXOWLQJ LQ RUJDQ DQG WLVVXH GDPDJH LQ DSSUR[LPDYV
GLDEH&DHBWH :LWK DQ LQFUHDVLQJ JOREDO SUHYDOHQFH RI PHWDEROLI
RQ QHZ WKHUDSHXWLFV WKDW FRXOG LPSURYH WKH PHWDEROLF VWEL
GLVWXUEDQFHV DQLPDO PRGHOV HVSHFLDOO\ URGHQWVY WKDW PLPLF
SHU BAG DUH QRW HDV\ WR VHW XS VHYHUDO PRGHOV KDYH EHHQ FKD!
FRPSRQHQW Rl PHWDEROLF VIQGURPH OLVWHG DERYH 7KLV FRQVWLW;
UHFHQWO\ WKH =6) =+FNHU IDWW\ 6SRQWDQHRXVO\ K\SHUWHQVLYH Kl
KRSH LQ WKH ILHOG Rl PHWDEROLF VI\QGURPH DV LW UHVXPHV IHDWXU
WKH KXPDQ VLWXDWLRQ ,W LV FKDUDFWHUL]JHG E\ LQVXOLQ UHVLVWD
GLDEHWLF QHSKURSDWK\ DQRARFMDLBGRRB\RBBMWKRIQHY DO -RVKL HW DO

IHYHUWKHOHVV WKH DVVRFLDWHG FDUGLR UHQDO GHIHFWV REV}
OLPLWHG DQG GHYHORS RQ WKH ORQJ UXQ RQO\ ,Q WKLV FEQGLWL!
FKDUDFWHUL]H QHHV¥8RBRX@G\WVSUHYHQWLQJ FDUGLDF DQG UHQDO IDL
VIQGURPH LQ D UHDVRQDEOH WLPH IUDPH 7KH JRDO RI WKH SUHVHQW

IUDPH RI WKH FDUGLR UHQDO GHIHFWWRLRLWYKWDVEH Q@RBHKQ XOVR HGEHUW

,Q WKH ILUVW FKDSWHU RI WKLV WKHVLVY ZRUN ZH ZLOO GHVFULEH WK

WKHLU FRQVHTXHQFHVY RQ KHDOWK VWDWXV HVSHFLDOO\ WKH ZD\ WKH\



ZLOO GHVFULEH KRZ ZH ORQJLWXGLQDOO\ FKDUDFWHUL]HG FDUGLDF IX
ZLOO GHYHOREPKSRIRYHG ZRUVHQHG WKH =6) UDW PRGHOHEXWIZRDGOL I
LQVXOW E\ XQLODWHUDO QHSKUHFWRP\ DQG KRUPRQDO VWUHVV E\ L
ZRUVHQHG H[WHQW DQG RQVHW RI KHDUW DQG NLGQH\ GHIHFWV 3U!
EDUGR[RORQH DWQOHIUHGBQW PLQHUDORFRUWLFRLG UHFHSWRU DQWI
DOGRVWHURQH VI\QWKDVH LQKLELWRU ZHUH H[SORUHG 7KH WUHDWP}

VWUXFWXUH DQG IXQFWLRQ Rl NIHFYHQWQG KHDUW LQ D OHVYV






&H SUHPLHU FKDSLWUH ELEOLRJUDSKLTXH GpFULW HQ SUHPLHU
VELHQWLILTXH j WURXYHU XQ FRQVHQVXV TXDQW j OD GpILQLWLRQ G
FH QTHVW SDV XQH PDODGLH HQ VRL PDLV SOXW{W XQH FRPELQDL
GLIIpUHQWY RUJDQHV 8Q FRQVHQVXV D\DQW pWp DGRSWp HW Sl
JHGHUDWLRQ QRXV GpFULURQV OHV GLIIpUHQWHY FRPSRVDQWHYV DV
OH GLDEQWH GH W\SH HW VHV GLIIpUHQNWARPPW QB/H W OGH \G PYGHIHRS/
QRWLRQ GH UpVLVWDQFH | OYLQVXOLQH FHQWUDOH GDQV FH V
FRQVPTXHQFH GX GLDEqQWH GH W\SH HW GH OD UpVLVWDQFH j OTLQ)\
HOOH HVW JpQpUDWULFH GH FRPSOLFDWLRQV DX QLYHDX GHV YDLV
HQGRWKpOLDO SDU OD SURGXFWLRQ GYHVSqFHV UpDFWLYHV GH

FRQVPTXHQFHV SDWKRORJLTXHV DVVRFLpV XQH LQIODPPDWLRQ Y
YDVRFRQVWULFWLRQ /TK\SHUWHQVLRQ LQGXLWH HVW DXVVL XQH
PpPWDEROLTXH HW HVW DVVRFLpH j OTREpVLWp DX GLDEqWH j OD
SDWKRORJLTXH GX V\WW@PH UpQLQH DQJLRWHQVLQH DOGRVWpURQH
LQFLGHQFH QpIDVWH VXU OHV IRQFWLRQV UpQDOH HW FDUGLDTXH
PPWDEROLTXH SHXYHQW rWUH VXMHWYV DX GpYHORSSHPHQW GIXQH C
XQH PDODGLH UpQDOH FKURQLTXH YRLUH | XQH LQVXIILVDQFH

FDUGLRYDVFXODLUHYV DFFUXV

/TLPSOLFDWLRQ GX 65%$$ HVW LPSRUWDQWH GDQV OH VIQGURPH PpWTE
GpFULW GDQV FHWWH SDUWLH ELEOLRJUDSKLTXH DX QLYHDX V\VW
SUpVHQWp GDQV OH FRQWH[WH GX GpYHORSSHPHQW GX V\QGURPH
UpVLVWDQFH j OTLQVXOLQH HW VXU OfK\SHUWHQVLRQ 'H SOXV OH
OYDQJLRWHQVLQH ,, $QJ,, HW OfYDOGRVWpPURQH VRQW GpWDLOOpV
DGRSWpHV SRXU FRQWUHU OHV HIIHWV QpIDVWHV GX 65$$ VXU OH V
ODUJH HQILQ QRIROGOMHORYEqUH GRQW FH VIQGURPH HVW SULV HC

SRXU WHQWHU GH OH UpGXLUH



3RXU IDLUH OH OLHQ DYHF OD UHFKHUFKH SKDUPDFHXWLTXH OHV GL
pWXGLHU OH VIQGURPH PpWDEROLTXH RX WRXW GX PRLQV FHUWDLQ
GRQQp OLHX j OD SXEOLFDWLRQ GfXQ pGLWRULDO ,0 HQ UHVVRUW
SOXV SHUWLQHQW HW D FRQVWLWXp OfREMHW GH QRV pWXGHV GpYt

GH FH PDQXVFULW
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OHWDEROLF VI\QGURPH LV QRW D GLVHDVH E\ LWVHOI EXW LV GHILQ!
ZKLFK UHSUHVHQW PDMRU ULVN IDFWRUV IRU FDUGLRYDVFXODU GL
DOUHDG\ EHHQ REVHUYHG DQG VWXGLHG GXULQJ WKH )LUVW :RUOG

DQG ODUWWHMBLWWRHUPDGH FOLQLFDO REVHUYDWLRQV RI PHWDERO
DQG GLVFXVVHG WKH UHODWLRQVKLS EHWZHHQ P HMWWDEREHUR HW G O
5LFKWHU 4XLWWQHPBRHOO DV EORRG SUHVVXUMHLIQHQ WHNSHHU&HWMEHWH
UDSLGO\ WZR RWKHU SK\VLFLDQV .\OLQ DQG ODUDXRQ GHVFULEHG L
K\SHUWHQVLRQ DQG W\SH WZR GLDEHWHVY LQ DGXOWV DQG GHILQHG
GLVRUGKWWQ ODUDXRQ ,Q \NOLQ GHVFULEHG IRU WKH ILUVW WL
K\SHUWHQVLRQ*K\SHUJO\FHPLD+K\SNOXQLFDARHD WRIGURPWLRQ RI

UHVLVWDQFH LQ SDWLHQWYV ZLWK W\SH GLDEHWHM PVDYRERLQWHG R
7KLV QRWLRQ ZLOO EH ODWHU FHQWUDO LQ WKH XQGHUVWDQGLQJ

ORUH WKDQ \HDUV ODWHU WKH GLIIHUHQFH EHWZHHQ DQGURLG DC
WKH OLQN EHWZHHQ WKH DQGURLG IRUP DQG GLDEHWHVY K\SHUWHQV
9DJXH 9D JXH 7KHQ GXULQJ WKH V WZR LPSRUWDQW SRLQ!
GLVWXUEDQFHV ZHUH DVVRFLDWHG ZL WK KOQ HRWW DAQHG D R & OGRGEQ L W L F
WKH UROH RI IUHH IDWW\ DFLGVY LQ WKH GHYHORSPHQW RI LQVXOLQ
5DQGKW DO 'HVSLWH WKH LPSRUWDQW UHVHDUFK LQ WKLV ILHOG W
DSSHDUHG LQ Z DO MDOD®E ZDV XVHG DJDLQ LQ WR WDON DE|
RI W\SH GLDEHWHV K\SHULQVXOLQHPLD REHVLW\ K\SHUWHQVLRQ
+DQHIHOG DQG /HRQKPUGWS5HDYHQ SURSRVHG WKH SHPHHEOV\QGURPt
WR HPSKDVL]H WKH IDEFW WKDW LW ZDV TXLWH PLVXQGHUVWRRG LQ
HWLRORJ\ ,PSRUWDQWO\ RQH \HDU ODWHU .DSODQ WDONHG DERX\
REHVLW\ IRU WKH ILUVW WLPH RQ WRS RI K\SHUWULJO\AHSQ.M® PLD

7TKHQ PDQ\ VFLHQWLVWY FRQWULEXWHG WR VHYHUDO GHILQLWL



WDONHG LIERXOW G UHVLVWDEFHRQIRCDRE HHUUBQOQIQMW DO ZLWK

PRUH RU OHVV WKH VDPH FULWHULD 7KLV VKRZV WKDW DW WKLV WL
IRXQG DERXW ZKDW ZDV LQFOXGHG LQ WKH VIQGURPH GHVSLWH LW :
WKH 6DUDILGLY DQG 1U®RZVRB®\V *PHWDEROLF VIQGURPH' LV WKH |

XVHG 6WLOO GHILQLQJ PHWDEROLF VIQGURPH UHPDLQV GLIILFXOW

SURSRVHG GHIDEQWEZRABVRUOG +HDOWK 2UJDQL]JDWLRQ :+2 KDV VXJ.

ZRUNLQJ GHILQLWLRQ WKDW ZDV WR EH LPSURYHG ZLWK WLPH DQG
RI WKH VIQGURPH DQG LPSRUWDQWO\ WKH LQVXOLQ UHVLVWDQFH 8¢
DQG LQFRQYHQLHQW WR ZRUN ZLWK /HVV WKDQ RQH \HDU ODWHU W
5HVLVWDQFH (*,5 PRGLILHG WKH :+2 GHILQLWLRQ LQVLVWHG PRUH
WKH W\SH GLDEHWHAD GRPXRDG® VEKD L@ WZR \HDUV ODWHU WK
&KROHVWHURO (GXFDWLRQ 3URJUDP + 7KLUG $GXOW 7UHDWPHQW
PHWDEROLF VIQGURPH GHILQLWLRQ ZLWK QRWDEO\ VHYHUDO GLIIH
LQVXOLQ UHVLVWDQFH ZKLFK ZDV QRW FRQVLGHUHG DV PDQGDWRU
DEGRPLQDOIREBVLW\,Q D FOLQLFDO SRLQW RI YLHZ WKLV GHILQLWL
DV WKH RQH IURP :+2 IRU H[DPSOH DOEXPLQXULD ZDV QR ORQJHU U
$PHULFDQ $VVRFLDWLRQ Rl &OLQLFDO (QGRFULQRORJLVWV $$&(
WRODQFH G\VOLSLGHPLD REHVLW\ DQG K\SHUWHQVLRQ DV WKH PDI
PRUHRYHU WKH\ SUHIHUUHG WKH WHUP 3LQVXOLQ UHVLVWDQFH V\QC
DV DQ LPSRUWDQW SDUW ORVW RI ZRUOGZLGH UHVHDUFKHUV VWLOC
DV LW ZDV WKH VLPSOHVW DQG WKRB ULRIKH DR @ RKID@®Z\HYH O H Y D QW\W
FLUFXPIHUHQFH FXWRIIV XVHG LQ WKLV GHILQLWLRQ ZHUH QRW DG

PRUSKRORJ\ RI WKH7BRBX @OIONLRWY X]DZD =KRXW DO %DUERWD DO

‘LWK DOO WKHVH FRQWURYHUVLHYV UHJDUGLQJ GLDJQRVLV FULWHULTCL

WKH QWHUQDWLRQDO 'LDEHWHYV YRGHIUETPR GRMGI QVXVSURSRVHIBYDGLVSO



7TDEQH,") W LV VWDWHG LQ WKH GHILQLWLRQ WKDW DOWKRXJK \

FRPSOH[ DQG QRW IXBIOOWQODE RBYRREEOLQ UHDUWWNDHIAFHD XVDWLYH ID
RI PHWDEROLF VIQGURPH 1HYQVYXWXHDHWHWLVOYWRRNIKY FHQWUDO LQ

QRW DQ HVVHQWLDOWHWXLVY RO WDV\ WR DVVHVY LQ D GDLO\ FOLQL
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PQVXOLQ VHQVLWLYLW\ PHDVXUHG XQGHU K\SHULQVXOLQHPLF HXJO\F
ORZHVW TXDUWLOH IRU EDFNJURXQG SRSXODWLRQ XQGHU LQYHVWLJI
EQ WKH $PHULFDQ 'LDEHWHV $VVRFLDWLRQ $'$ FKDQJHG WKH FL
IURP ! xPJ GO WR 6K DXP WG

FQFOXGHV IDPLO\ KLVWRU\ Rl W\SH GLDEHWHV PHOOLWXV SRO\F\VV
DGYDQFLQJ DJH DQG HWKQLF JURXSV VXVFHSWLEOH WR W\SH GLDE
%0, ERG\ PDVV LQGH[ +'/ & KLJK GHQVLW\ OLSRSURWHLQ FKROHVWH
,*7 LPSDLUHG JOXFRVH WROHUDQFH 5[ UHFHLYLQJ WUHDWPHQW 7*
PHOOLWXV :& ZDLVW FLUFXPIHUHQFH

$V D UHVXOW DQG DFFRUGLQJ WR WKLV GHILQLWLRQ D SDWLHQW ZL

GLVSGBWYWUDO REHVLW\ SOXV WZR RI WKH IROORZLQJ FRPSRQHQWYV

KLIK GHQVLW\ OLSRSUFRDWMHQVIDNVWLQJ SODVPD JOXFRYBXDRIG K\SHUW

JLIXUH 6FKHPDWLF YLHZ RI WKH OHWDEROLF 6\QGURPH

JURPHDUNHU *$SR% DSROLSRSURWHLQ % +'/ KLJK GHQVLW\
GHQVLW\ OLSRSURWHLQ 7* WULJO\FHULGHYV



IHYHUWKHOHVY DV WKH GLITHUHQW HWKQLFLWLHY DQG SRSXODWLR(

FLUFXPIHUHQFH DQG DOVR GLIIHUHQW ULVN WR GHYHORS W\SH GL

KDV SURSRVHG D QHZ VHW RI

7TDEQH

7TDEOH

JURRB OEHUWDO

Country/ethnigroup

Europids
,Q 86% WKH $73,,, YDOXHYV xFP
are likely to continue to be used for clinical purposes.

South Asians
Based on a Chinese, Malay, and Asiadianpopulation.

Chinese

Japanese

Ethnic South and Central Americans

Sub-Saharan Africans

EasterrMediterranean and Middle East (Arabs) populati

FULWHULD ZLWK HWXEHHRWUDGELDO VSH

*HQGHU DIMESHFLILF ZDLVW FLUFRAMIUHQFH FXW

Waist circumference cff

Male (cm) Female (cm)

Use South Asians recommendations until more
specific data are available.

Use European data until more specific data are
available.

Use European data until more specific data are
available.



$FFRUGLQJ WR WKH GRIGYKWYLRQWX VAIG H J MMEKSIUHYDOHQFH RI PHWD
VIQGURPH FDQ EH HVWLPDWHG |URRDIERXWI| W KHR SFRRBWHRE BMH\R @ Q G
IDPDUFKH .RORYRW DO :RUOGZLGH WKH ,") HVWRIPW WHi \D @XXDW SRSXO
KDV WKH PHWDERQLDF V\QKHRBHHYDOHQFH KDV EHHQ VKRZQ WR EH LC
IDFWRUV VXFK DV VHGHQWDU\ OLIHVW\OH JHQHWLF EDFNJURXQG
KHUHGLW\ R| &OLMHEWHRGHWW DG DIJHRQGW DO 3DUNW DO 7KH
IDWLRQDO +HDOWK DQG 1XWULWLRQ ([DPLQDWLRGRBXKI HAX ELM SN V K
QRUPDO ZHLJKW DPRQJ WKH RYHUZHLJKW DQG DPRQJ WKH R
3DUNW DO VKRZLQJ LQ WKH PHDQWLPH WKDW VRPH QRQ REHVH SHI
3DODQLDSSDQ HW DO KDYH VKRZQ WKDW HDFK xFP LQFUHDVH LQ Z
D ULVN RI GHYHORSLQJ PHWDEROLF V\QGOURRH. FEE/DMQ 0 R\ DR YHEA
WHULVN RI GHYHORSLQJ PHWDEROLF V\QGURPH LQFUHDVHV ZLWK
$QGUHBIGLD O

,Q LW ZDV UHSRUWW B\BQIRIRAPIEXPHIROG LQFUHDVH LQ WKH ULVN |
W\SHGLDEHWIBY IROG LQFUHDVHRED WKIR YDVRXCFOH G LWKBVQH[W ~ WR
\HDU¥OEHWWLDO ORUH SUHFLVHO\ VWURNH ULVNV DUH LQFUHDVHC
LQIDUFWLRQ E\' WR IROG DQG GHDWK HYHQW E\ [IROG FRPSDUF

$OEHUWD O

$V LQGLFDWHG EHIRUH PHWDEROLF VIQGURPH LV QRW D GLVHDVH E\

GLVWXUEDQFHV WKDW ZH ZLOO GHYHORS LQ WKH QH[W VHFWLRQ
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$V VWDWHG SUHYLRXVO\ WKH ZRUOGZLGH DFFHSWHG FRQVHQVXV R
SURSRVHG E\ WKH ,') VWDWHG WKDW GHYHORSLQJ LQVXOLQ UHVLVWI
QRW HDV\ WR DVVHVV LQ D GDLO\ FOLQLFDO SUDEWYKB L @HL HWIM/KHXX

KDV EHHQ FHQWUDO LQ WKH GHYHORS9PHQW ZKIL WK 1IZ\D W \[DGWR I FRJQ L

WKH IRUPHU GHILQLWLRQV ZH GHVFWUIDEEHHLQ WKH SUHYLRXV FKDSWH

,Q WKLV VHFWLRQ ZH ZLOO GHILQH KRZ LQVXOLQ UHVLVWDQFH GHYH
ERWK FRPSRQHQWYV RI WKH PHWDEROLF VIQGURPH DQG WKH ZD\ LW

WRRUELG FRQVHTXHQFHYVY VXFK DV FKURQLF NLGQH\ GLVHDVH DQG FD

2EHV LW\

$FFRUGLQJ WR WKH :RUOG +HDOWK 2UJDQL]DWLRQ RYHUZHLJKW DC
H[FHVVLYH IDW DFFXPXODWLRQ WKDW PD\ LPSDLU KHDOWK 7KH PDL!
HQHUJ\ LPEDODQFH EHWZHHQ FDORULHV FRQVXPHG DQG FDORULH
LQFUHDVHG FRQVXPSWLRQ RI KLJK IDW GLHW ZLWK DQ LQFUHDVH LQ
7TKHVH WZR FRQGLWLRQV DUH GHILQHG E\ WKH %RG\ ODVV ,QGH[ %O,
NLORJUDPV GLYLGHG E\ WKH VTXDUH RI KLV KHLJKW LQ PHWHUV 3HF
%0, LV JUHDWHU WKDQ (R&WJ REXDHW WRUHDWHU WKDQ RU HTXDO WR

WKLV LQGH[ LV WKDW LW LV LQGHSHQGHQW RI WKH VH[ DQG DJH EX\
RI IDWQHVYVY LQ GLITHUHQW LQGLYLGXDOV 5DLVHG %0, LV D PDMRU UL

RWKHU GLVHDVHV DIQG GLVRUGHUYV

"RUOGZEBWZHHQ DESAWHYDOHRRAERBNBUZHLIKW DQRSVRERHYV LW\

IRU DGXOWYV IIRUGFKLOGUHQ 7KH QXPEHU RI RYHUZHBADJWW DB GWRHEH D M



PLOOLRQ D@ W@WEH ELOOLRQ LQ "RUOGZLGHRYWHKHAHS VRS RSUMHRLR
LQFUHDVHG IURP LQLQ WRU PBQG IURP WR IRU ZRPBQ
WKH SUHYDOHQFH RI REHVLY\LRDEHKYIHBERSHIQDARPKEHYHORSLQJ F

PHQLJHW DO

7KH LOQFUHDVH LQ WKH SUHYDOHQFH RI W\SH GLDEHWHYV LV FORVH(
W\SH GLDEHWHYV LV DWWULEXWDEOH WR H[FHVV ZHLJKW )XUWKHUP
PLOOLRQ SHRSOH ZRUOGZLGH KDQFHPBEQLUHGPRVI¥ RRHP FARRYAH UE H F

REHVLW\ DQG WKH DVVRFLDWHE& WHDWUDREHRW LLFOVIQGURPH

,OVXOLO UHVLVVWIHOF B LIDXEGH WHV

$FFRUGLQJ WR WKH ,') WKHUH DUH PLOOLRQ SHRSOH ZLWK GLDE}
XQGLDJQRVHG SHRSOH E\ WKLV QXPEHU LV H[SHFWHG WR ULVH

GLDEHWHV FDXVHG IP HO BIYRIQ \G HDMARQ GV 'LDEHWHY OHOOLW X
7\SH 'LDEHWHVY UHSUHVHQW RI 'LDEHWHV DQG LV UHFRJQL]HG
SURJUHVVLRQ XQKDOWHG 3UHYDOHQFH RI REHVLW\ JHQHWLF VX
FRQWULEXWH WR LPSRUWDQW LQFUHDVH RI WKH QXPEHU RI SHRSC
SURSRUWLRQ RI REHVH DQG GLDEHWLF SDWLHQWV PLJKW VORZ GR:
8QLWHG 6WDWHV ZKLOH LW VKRXOG LQFUHAVGIDUP MDQDDRGGI & OLFD
'RDNHW DO )OHJEW DO 7DEDHW DO :H FRXOG K\SRWKHVL]H WKDW Z
FKDQJLQJ LQ DOO WKHVH UHJLRQV EXW QRW LQ WKH VDPH ZD\ LQ $
GLHW FRQVXPSWLRQ KDELWV PD\ LQFUHDVH ZLWK WKH HFRQRPLF G

8QLWHG 6WDWHYVY VWDUWYVY WR LQFUHDVH SK\VLFDO DFWLYLW\ DJDLQ

B3HRSOH VXIIHULQJ IURP W\SH GLDEHWHY FDQ EH DV\PSWRPDWLF IR
GLDEMRWHLQFOXGH LQIHFWLRQV WKDW DUH PRUH IUHTXHQW DQG VO

LQFUHDVHG WKLUVW DQG XULQDWLRQ EOXUUHG YLVLRQ RU HUHF\



GLDJQRVLV LV RIWHQ PDGH DW DQ DGYDQFHG VWD IHHAKKHUWRRIK URORR
DQG PDFUR YDVFXODU GHIHFWV DNAHSRLEGA: HPBGMW DXR'&OQDHL HW DO
$PRQJ WKH GLDEHWLF SRE&EFRPRWHIRGL WEARL &ECOOMLILHG FDUGLRY
GLVHDVHVY FRURQDU\ KHDUW GLVHDVH VWURWN RD WXHHWLRSWFEDQHER \DLUAN
NLGQH\ IDLOXUH DVVRFLDWHG ZDYXKXKROBWDWHEU & BRW/A L QXWH. DV V

HW O % D UN R X@DK

'LDIJQRVLV LV WKHQ FRQILUPHG E\ VHYHUDO PHDVXUHPHQWY VXFK DV
X )DVWLQJ EORRG JOXFRVH OHYHO GLDEHWHY LV GLDJQRVHG LI |

PJ G/ PO ZKHQ PHDVXUHG WZLFH

X *O\FDWHG KHPRJORELQ +E$ & RI RU KLJKHU WKLV QRWLR

GHYHORSHG LQ WKH QH[W VHFWLRQ

X 'XULQJ RUDO JOXFRVH WROHUDQFH WHVW SHUIRUPHG E\ GULQN
KLIKHU WKDQ PJ G/ KRXUV DIWH 3 RWUKHYW OXF RWMAHH B KBPOD@ HICDIEHHWH

$VVRFLDWLRQ

6HYHUDO ULVN IDFWRUV IRU GHYHORSPHQW RI W\SH GLDEHWHYV HJ[L)\
KLVWRU\ DJH RYHU \HDUV JHVWDWLRQDO GLDEHWHY HOHYDWHG .
7TKH RQVHMWSRI GLOREHFWHY PDLQO\ LQ SHRSOH WKDW DUH LQVXOL!
SUHGLVSRVLWLRQ RU LQ UHVSRQVH WR RYHUZHLJKW JMQ8HDD®G DV
RYHU QXWUDLDVWURQUHVLVWDQFH LV GHILQHG DV D SDWKRSK\VLRORJLF
FRQFHQWUDWLRQ GRHVY QRW DGHTXDWHO\ SURGXFH D QRUPDO LQVXC
VXFK DV DGLSRVH WLVVXH RPXXFRWHDQIBNONHHDQG VWRUDJH\WLYVY ORZH

OHDGLQJ WR KLJK JO\FHPLD YDOXHV



'LWK WLPH LQVXOLQ UHVLVWDQFH GHYHORSY GXH WR OLSLG DFFXPX
SDWKzZD\V OLNH XQIROGHG SURWHL@WHVZXREKXHDRY DR RN SRV KZH
XSWDNH OLSRJHQHVLVY DQG HQHUJ\ H[SHQGLWXUH $V D UHVXOW D
FHUDPLGHY DQG GLDF\JO\FHUROV LQ VNHOHWDO PXVFOHV DQG OLY

6DPXHO DQG 6KXOPDQ

&RQVHTXHQWO\ SPHFOWDMAFSDQFUHDWLMOHBNMREKFKDP\RUH LQVXOL
FRPSHQVDWH WKH LPSDLUHG LQVXOLQ VLJQDOLQJ DQG WR PDLQWDL
SUBLDEHWHYV DQG LV FKDUDFWHUL]HG E\ VXEMHFWV ZKR DUH VWLOC
H[HUFLVH DQG D S\ UFDSU VBWLB G5 UM Y HURPHOMKWLS QRPH QY RPSDILIUPHQW
LQDFWLYLW\ DQG RYHUZHLJKW O®HY HORBW L RQU WKHUGY WR GHFOLQH
FLUFXPVWDQFHY SHRSOH HYRO®BN SPRDUHNELYGXORRKBEY RO HJWEQ EM
VLIQLIKES®W O\FWRLDQVXOLQ VHFUHWLRQ VLJQDOLQJ LV LPSDLUHG

VNHOHWDO PXVFOHV DX GHVHQWLWILAHBXY FLUFOH FRQWULEXWHYV ¢

IDLOXUH 7KLV LV WKH VWHS GXULQJ ZKPREK XY H.DW RIDY L BX\H@Q\WALD J Q

DQG 1RODQ

,Q /IDQJHUKDQWHUOMWOV.R KDYH O DPVSRIREXEW LRXKEPDURRQ D WKDW
IDYRUV UHOHDVH RI JOXPRVWSH L QGWHKEKHMMAAE DW\VUHIXODWLRQ RI JC
ZKLFK LV QRW VXSSUHVVHG DIWHU D PHIDBODXNHWKHD R QWD QF Wil

G\WIXQFWLRRWVFOWMI®J DQG *HULFK



JLIXUH ,VOHRMHOO IDLOXUH DQG WKHWIBWX DO KHWWRU\ RI

JURRBUHQWNL DQG 1ROQD)Q LPSDLUHG JOXFRVH WROHUDQFH 1*
WROHUDQFH 7' W\SH GLDEHWHYV



$V VWDWHG EHIRUH OLSRWR[LFLW\ SOD\V DQ LPSRUWDQW @Q@ROH LC
DGLSRFOWSRO\VLYV LV LQFUHDVHG ZKILAKHLI@QGWFHYARHDGNYDWLRQ RI

2QRQH KDQG WKH LQFUIRMHH G RMMEYWH O O VRRWIRFOMOL YW H7 /[BH FKESWR U

UHFHSWRYWN FRPSOH[ H[SUHVVLRQ SDWWHUQV LQ GLIITHUHQW FHOO W\
VLIQLILFDQW LQ GLIITHUHQW W\SHV RI ZKLWH EORRG FHOOV OLNH P
&KULVWPDV7/5 DUH NQRZQ WR UHFRJQL]H SDWKRJHQ DVVRFLDWHG
OLSRSRO\WDFFKDULGH RI *UDP QHJDWLYH EDFWHULD DQG DFWLYDWEE
LQIODPPDWISDUWLFXODU 7/5 VLIJQDOLQJ KDV EHHQ VKRZQ WR EH ¢
HITHFWV RQ FDUGLRYDVFXODU DRPIX&FKHDQER®FDE) DNURYXOW 7/5 F

EH DFWLYDWHG E\ IUHH IDWW\ DFLGV WKDW

X IQGXFHOXFOHDU WUDQVORFDWNR S SPL)QNFOMBUXOBRWRRG JHQHV
FRGLQLORMMHUOHXNIIRG WXPRU QHFURVLV IDFWRU . 71). DQG DV I
LQIODPPDWLRQ VWDWXV 71). KDV EHHQ WKBWUMNDNG DN & LIUGRWAH CDV )
GHYHORS PNV R U H MLR/IWKDIIFGHAM @ O

X LQGXFH SKRVSKRU\ODWLRQ RI LQV,E6 LYOLB-KBH B RARMRMYXENDVOU B MGHD \
-1. DQG SURWHLQ NLQDVH & 3.& SEGRBKRQQRVLIQDBEW LK NVRCG

$NW WRDWDOO\ HQKDIMFARV M K\HUD OMTRUWBWKHVLY QHFHVVDU\ WR L

JOXFRVH LQWR WKH FHOO HVVHQWLDOO\ H[SUHVVHG/RLYY MNHXHDWD/O

LQVXOLQ URNVINWBREHW DO




JLIXUH OHFKDQLVPV OHDGLQJ WR LQVXOLQ UHVLVWDQFH

$GDSWHG3DURAQW DO +$NW SURWHLQ NLQDVH % ))$ IUHH IDV
JOXFRVH WUDQVSRUWHU ,.. LQKLEANYRD\RH QXERG@DW EMHRW
LQWHUOHXNLQV ,56 LQVXOLQ UHFHSWRU VXEVWUDWH -
1)N% QXFOHDU IDFWRU NDSSD % 3.& SURWHLQ NLQDVH &
WXPRU QHFURVLV IDFWRU

2Q D VHFRQG KDQG LPSDLUHG LQVXOLQ VLJQDOLQJ LQGXFHV G\VOLS
JUHH IDWW\ DFLGV DUH XVHG LQ WKH OLYHU WR VIQWKHWL]H WULJO\
VWDELOL]DWLRQ RI DSROLSRSURWHLQ % DSR% DQG DV D FRQVF
OLSRSURWHLQV 9/'/ SURGXFWLRQ VI\QWKHVLV E\ WKH OLYWHWD ,Q KF
LQVXOLQ VLJQDOLQJ DV ZHOQ LMYLSR SR HD@ DMWISBWDEROL]HG L
UHPQDQW OLSRSURWHLQV DQG OLJKW GHQVLW\ OLSR SURWH IDING /'/

BWHLQHU +'/ QRUPDOO\ SRVVHVV DQWL DWKHURJHQLF SURSHUWLHYV
WUDQVSRUW IURP EORRG WR WKH OLYHU IRU H[FUHWLRQ RQ WR

DQWLR[LGDWLYH DQWL LQIODPPDWRU\ DQWLWIRDRREBRQYGFLRIHI YD VR



8QGHU LQVXOLQ UHVLVWDQFH K\SHUWULJO\FHULGHPLD DQG GHFUHI
UbLVH LQ +'/ WULJO\FHULGH FRQWHQW ,Q SDUDOOHO WR GHWHU
K\SHUWULJO\FHULGHPLD DOVR LQGXFHV DQ LQFUHDVH LQ +'/ WUL,
FKROHVWHURO HVWHU WUDQVSRUW SURWHLQ &(73 DFWLYLW\ WKDW
DQG WKH FKROHVWHU\O HVWKHUWRIHWR P G'/ $WRDOUHVXOW SODVPD +'/
DUH GHFUHDVHG DV WKH\ DUH EHWWHU GHJUDGHG E\ KHSDWLF OLSD
PHFKDQLVPV UHVXOW LQ LQFUHDVHG SURGXFWLRQ RI DWKHURJHQLF
RI +'/ ZKLFK FRQVWLWXWHY RQH RI WKH IHDWXUH RI PIDWDHRRHF V\(
Hw bO 7KH\ DUH FORVHO\ DVVRFLDWHG ZLWK R[LGDWLYH VWUHVV D

WKH SURLQIODPPDWRU\ QDWXUH RI PDFURYDMFXODU DWKHURVFOHUR

7TKH IDFW WKDW DEGRPLQDO REHVLW\ OHDGV WR LQFUHDVH LQ DGLS
VIQGURPH ,W UHVXOWYV LQ DGLSRVH WLVVXH LQIODPPDWLRQ WKDW I

LOQVXOLQ UHVLVWDQFH OLYHU VWHDWRVLYVY DQGXEYDQFUHDWLF FHOO

2Q WRS RI WKHVH PHFKDQLVPVY DGLSRQHFWLQ UHFRJQL]HG DV D UH.
DQG DQ@WIPPDWRU\ KRXBDR@H/LX LV QHIDWLYHO\ DVVRFLDWHG WR ERC
FLUFXPIHUHEDANHHW DO DQG ORZ OHYHOV FDQ EH SUHGLFWLYH IRU

3LVFKRQ HW DO

$OQORWKHU LPSRUWDQW FRQWULEXWLQJ KRUPRQH LV OWHBXVIH DQ DG

8vXDOO\ LWV FLUFXODWLQJ OHYHOV LQFUHDVH LQ REHVH SD
UHVLVWDQFH DV IRU LQVXOLQ UHVLVWDQFH $V D UHVXOW KLJK S
KXQJHU DQYRBRAKHH OHSWLQ UHFHSWRUV OR FDXAWHOGH L Q QMK BIUK\GWR W K D O/
KDV DOVR EHHQ GHVFULEHG DV D K\SHUWHQVLYH DJHQW&BDWRMRXJIK V

HW DO DQG LWV DFWLRQ LQ LQFUHDVLQJ SKUUBKHEWWID®D YDVFXODU Ul



,W KDV DOVR EHHQ UHSRUWHG WKDW RYHU VIQWKHVLV RI JOXFRFRU
PD\ OHDG WR LQVXOLQ K\SHUVHFUHWLRQ LQFUHDVH LQ ERG\ DQG YI
PDVV UHVXOWLQJ LQ G\WOLSLGHPLD K\SHUWHQVLRQ DQG W\SH

SUHGLV S RKIWMRXFR®RV

$00 WKHVH PHFKDQLVPV FRQWULEXWH WR SHUPDQHQW LQIODPP
PDLQWHQDQFH RI LQVXOLQ UHVLVWDQFH LQ WKH ERG\ &RQVHTXHQW:
UHVSRQVLEOH IRU PLFUR DQG PLFURYDVFXODWXUH GHIHEWINGW®RDW 2
WR FDUGLR UHQDO G\VIXQFWLRQ FKURQLF GLVHDVHV DQG ILQDOO\

DQG FKURQLF NLGQH\ GLVHDVH

OLFUR DOG PDFURYDVEXODU FRPSOLFDW!
K\SHUJO\FHPLD

$PRQJ VHYHUDO FRQVHTXHQFHV RI K\SHUJO\FHPLD D PDMRU LPSDF\
W\ASH GLDEHWHY LV WKH GDPDJH RI EORRG YHVVHOV WKDW ZLOO EH
YHVVHOV VWUXFWXUH DQG IXQFWLRQ WULJIJHUV VHYHUDO SDWKRO
FDWDUDFWYV GLDEHWLF QHXURSDWK\ FDUGLRYDVFXODU GLVHDV|

QH S KU R SDVEHKI\

7TKH HQGRWKHOLXP LV D FHOW KGD YO/ FXKOIDW DOXPUHRIX JEVLY PRQROD\H
PDLOQWDLQ YDVFXODU KRPHRVWDVLYVY DFWLQJ DV HQGRGODQHHSDUDF
% RQHMMW LD O WV IXQFWLRQV LQFOXGH UHJXODWLRQ RI YHVVHO

UHPRGHOLQJ WLVVXH JURZWK DQG PHWDEROLVP LPPXQH UHVSR(

KHPRVWDVLY DQG YDVFXODU SHUPHDELOLW\



$V D UHVXOW HQGRWKHOLXP FRQWUROV WLVVXH SHUIXVLRQ DQG LC
YIPRVLOWOpWRX DQG 9DQRRRWIGD DQG +LEHQYHW DO

9DVRGLODWLRQ DQG YDVRFRQVWULFWL.QR®RUMKH OEX¥KXUDW 60 8DIW S B
VPRRWK PXVFOH FHOOV ILEULQRO\VLVY WKURPERJHQHVLV7BIQG DGK
EDODQFH LV YHU\ IUDJLOH DQG DQ\ GLVWXUEDQFH KDV D PDMRU LP

WKDW FDQ FDXWH GBRRFHTXHQFHV RQ W IOH NRHU XBIQW WX QHSELIRIQB QH \

$V GLVSODLEBYHWKH FRPELQDWLRQ RI K\SHUJO\FHPLD KLJK OLSLG ¢

WKDW FKDUDFWHUL]JHY PHWDEROLF V\QGURPH QHJDWLYHO\ LPSDF\
WKURXJK VHYHUDO PHFKDQLVPV VXFK DV R[LGDWLYH VWUHVV DFWL)
HQG SURGXFW B3$&(DBWGYDWLRQ 7KH FRQFHSW IR HWR K N PITK HFQRRHV R(
SUH GLDEHWHV GLDEHWHV DQG FDUGLRYDVFXODU ULVN VKRZV WKD\
WKH WKUHVKROG Rl RYHUW GLDEHWHY DOUHDG\ KDYH QHJDWLYH HIIt
WKH HQGRWHIHWXPO &RXWLBWRDO %DUWQLN DQG &R\BK@W/IHLR DQG

IHVWR



J)LIXUH $OWHUDWLRQ Rl HQGRWKHOLDO NM\BHW L& DDIEQI WHW FRQWH[W

JURP &UHDWHNO 6FKHPDWLF UHSUHVHQWDWLRQ RI FHOOXOTL
E\ K\SHUJO\FHPLD HOHYDWHG IUHH IDWW\ DFLGV RU LQVXOLC
7KHVH LQVXOWV LQFOXGH LQFUHDVHG R[LGDWLYH VWUHVV
WUDQVGXFWLRQ VXFK DV DFWLYDWLRQ RI 3.& DQG DFWLY
*O\FDWLRQ (QGSURGXFWV 5$*( 7KH FRQVHTXHQFHV DUH G}
R[LGH 12 LQFUHDVHG SURGXFWLRQ RI HQGRWKHOLQ (7 |
VXFK DV 1) % DQG DFWLYDWRU SURWHLQ $3 DQG LQI
WKURPERWLF IDFWRUV VXFK DV WLVVXH IDFWRU 7) DQG SOL

, QV KAR Q WRHK VB H U J O \ BHRBIQDY XUHMQL V WHIRAEFRHW & KA X QELWIREDR QVHTXH QF H
RIHQKDQRMBU S UR ®QFBIFIFK® X ORWHROW\YHQSHF LM E\PLWRFKRQGULD
7KLSKHQRP HQRRQV L GBIVWHIGHDLQLENW Z KKNRH U JO\AHPEG DD E YW VFXODU

GHIHHAWVKLND®D & U H D HMO



+LJKO\FDHPEWLY®DEWHVKDWGXFHY DOWHUDWLRQV LQ FHOOXODU SH!
DQJLRJHQHVLVY FHOO JURZWK H[WUDFHOOXODU PDWUL[ H[SDQVLR

HOGRWKHHOUX®GHY DQG .)QXU PDLQ PHRKID@ERWKHOLDO FHOOXODU G

EHH@HVFU)IEMKGE H

D 6XSHURPL@®HRG LVSURGXFHES'3+ R[LGDWHRJIXFKRO DQG ZLWK QLWL
R[LGH 12 L@GKEWRDWIRJQGDWLYH DJHQW SHUR[\QLW WRYHW 2D22LiR QV
LQWURGRIFDN IRQVUR JURXBUROWWLF FKHPLFDO FRPISRXQ® VRIGIHUD ¢
HQGRWKMULOWKDVH H126 DQG DQWERQHHDIDW HEORUPHRAY HU KB\&
EHHQHFHQWO \WRKIRROSKRU\O'DWAK LF K F IDXQIHRF X P X ORMBR2B Q QW K H
PLWRFKRQRBWHOWWDR 3D QHKW O DQ@KLFK ZDV UW BRIKDEH W

1$'3+ DFWLYLW\ RYWBD®ABGXRVIPRIORP L GIRYO 6KHWO

E3.&DFWLYD@KRQHFHAED FW LEYXEWA 2 L\D O XR HIBWDU HD F WRYIR G X ERI2 i
DVGHVFUDERG&RVHQWWQR 'X HWO $0S DQG &KDQQRQDODAE

LQJ WKLV \DBBEYHDRVHHYRON ORENR FRXSWOWGEW L YISV RR® XV HV
VIQWKRYVIZV DQG SURVWDQRLGV OBNH7$KURRIER(DMWH YDVRBRBQVWUL

LOQGXRHEYODWHOHW DrLIQ¥NWI O W LRHQ D ORIGL Q J

F 9DVEXIO@WDPPDWORRILJIJBEBHEGHSHQGROQIWRG X FWDRYB DWK ZD\

W K D@VG X FII®W Y DRALRRQ@R F M H PIRW W U BEWR VGIWV&Q3 DQOBGKH VI RRWELRM
YDVFXHDUBKHVRRQHFXOQEB$0 DQGQW U D FHOMG IOMVR RQH F X Q&I$ 0
.RXURHBWY *LDFFR DQG %URZ®WOBIHJHVXOW DFWLYDWHG PDFURS|
F\WWRNMWXHRY LQWDLQ WKH LQIODPPDWR U \WRWDKHUR VB Q 8 URMUMME HE URIF V

IRUPDWILRDRP FHOOV



G OHWK\OJO\R[DO DQG DGYDQFHGVI®PHNADWILARWY KHYVEVSDREXBFWVR D UH\

SURGXFWLRQ DQG DUH NQRZQ WR EH KLJKO\ LQYROYHG LQ WKH ¢

LQFUHDVLQJ WKH SURPXRMERQ RIDEABWHYV $V YRIFLODAHWRD O <DQ

HW DO 6HQD HW DO

YLIXUH

OHFKDQLVPV RI K\SHUJO\FHPLD LQGXFHG YDVFXODU GDPD.

JURP3DQH®IW DO + $*(V DGYDQFHG JO\FDWLRQ HQG SURG
F\FORR[\JHQDVH H126 HQGRWKHOLODO GIQGRIWKREBIGH V\QW K
LQWUDFHOOXODU FHOO DOGKHNQRE UPRIKMPERPYEH FKHPR
DWWUDFWDQW) PAUVRMKED® DU IDFWRU NDSSD ELQGLQJ 12 Q
2122 SHUR[\QLWULWH 3$53 SRO\ $'3 ULESRMNY\8BP\PGILD VB,
SURVWDF\FOLQ V\QWKDVH &.8$*$UBWHHLRWNRIQDRWH DGYDQFHG
HQGSURGXFWV 526 UHDFWLYH R[\JHQ VSHFLHV 778). WXPR
WKURPER[DQH $ YD&HOXODU FHOO DGKHVLRQ PROHFXOH

*O\FDWLRQ ZDV GLVFRY HDWQHG FR\Q ¥ QWY FIK@ P L F-D®] \PORVQF UHDFWLR

UHGXFLQJ VXJDUV ZLWKDDLREDRJ JURXED/WLRQ JHQHUDOO\ LPSDLUV

ELRORJLF PROHFXOHV LQ FRQWUDVW WR HQ]J\RINWIK\VIORBRVDGDW L R (

HIDPSOH KHPRJORELQ JO\FDWLR QJOMNPIBMHWURI O/KHHL (R UFEDBWALRRWRU H V X



WKH IRUPDWLRQ RI DQ DGGXFW EHWZHHQ JOXFRVH DQG WKH YDOLQH
7KH GHWHUPLQDWLRQ RI +tE$ F LQ GLDEHWHY SDWLHQWYV LV D UHOLD
LQ GLDEHWHVDXDWL HHIQ W¥G 6FKPHESNF LV D PDUNHU XVHG WR IROORZ?

HITHFWV RI D WUHDWPHQW RQ JO\FHPLD DV LW LQWHJUDWHY ORQJHU

7KH LQLWLDO JO\FDWLRQ UHDFWLRQ LV IROORZHG E\ D FDVFDGH RI F
RI LOQOWHUPHGLDWH SURGXFWV 6FKLII EDVH $PDGRUL DQG 0ODLOOD!

GHULYDWLYHV QDPHG $*(V

ORUHR$HW KDYH EHHQ GO DMAKWHWE®VFOHURWLF SODTXHV IURP GLDEH
$*(V DUH FORVHO\ OLQNHG WRLZODAMWHWDORWRBWRREOOHURVLYV FRQ)\
GHSRVLWLRQ RI DJJUHJDWHVQBQF DQWHH LDV IB@WIMEOH IRU YHVVH
P\RFDUGLDO LQIDUFWLRQ ZKHQ SO® TDXWKHURSWRHWLKD $SHVQWDQ EL
FROODJHQV WKDW FDQ WUDS SODVPD SURWHLQV RU OLSRSURWHLQYV
LQ GLDEWWRIZQBEWHDO $QRWKHU LPSRUWDQW SRLQW IRU WKH DWK
SUROLIHUDWLRQ RI VPRRWK PXVFOH FHOOV 7KLV FHOO SUROLIHUDYV
JURZWK IDFWRU , DQG SODWHOHW GHULYHG JURZWK IDFWRU ZKRVH
$KPHG ORUHRYHU WKH 5$*( FDQ ELQG VHYHUDO OLJDQGV OLNH
VHYHUDO FHOO W\SHV VXFK DV HQGRWKHOLDO FHOOV PLROKRRAVB/ HV D (
DO 6FKPLEW DO 7KH ELQGLQJ RI OLJDQGV WR 5%$*( KDYH EHHQ

LQIODPPDWRU\ UHVSRQVHYV LQ VHYHUDO FKURQLPNRLWHHD VIOV LQFOXG|

2QH RWKHU PHFKDQLVP WK DLV GEP BHER I HNGHLOON H® G\RRVH UHG XFW DV
$OGRVH UHGXFWDVH LV WKH LQLWLDO HQJ]\P W K Q WV R RQYQMBWHF HQW R
VR U E kWSRH@ J O \ ALHOFFLLDN IV WIBHE W L YWW K FSIR O\R O $\D W KZMDRXEWRFRX® X O D W H V

LEHOOV DPRXWIEDMYVSRQVLEOH IRU WKH GHYHORSPHQW RI GLDEHWLF

FUHDWLRYP PWUHWW KDV EHHQ VKRZQ LQ SUHFRUBDWBOP XWXWLRY WD



EHHQ OL@PNHAB®RWHRXUNRBPDWLRQ WKLFNHQLQJ Rl EDVHPHQW PHPEUDQ

*DEED\ )RQHW DO

2 QW RBIW K HR/HF K D Q LS ® B WOHIQ H WJ DLWILRRRQ V H T X RIQ © M XWH\QL V VD VIHFGIO
,QGHHIBFN RI LQVXOLQ VLJQDOLQJ LQ SODWHOHWY DOVR LPSDLUV
&D DFFXPXOD®LRRH FQWRNRWDU\ IRU SODW HIDHWH GIW J DB J DVKILR/Q
SKHQRPHQRQ FRXSOHG ZLWK LPSDLUHG ILEULQRO\VLYV PRVWO\ GXH \
W\SH GLD&ERIWHWUDO O0F*LOO HW DORUHRWGIWYDWHG OHYHOV RI FR
DFWLYDWLRQ PDUNHUV LQFOXGLQJ WKURPELQ DQWLWKURPELQ FRPS
GLDEHWMMW DO 1DJDL J/ySHJHW DO 2YHUDOO WKHVH PHFKDQL)

K\SHUFRDJXODEOH VWDWH DQG DWKHURVFOHURVLYV

7R VXPPDUL]H WKUHH PDLQ GHIHFWV FEBDX& SXRIGWRWLEB G U YO WRIFPRQV
YDVFXODU LQIODPPDWLRQ TDKHS HD WKHIHRV BRHQRFVFHWD FDQ FRQWULEX

RI K\SHUWHQVLRQ FKURQLF LQIODPPDWLRQ DQG WKURPERVLYV

+<3(57(16,21

+\SHUWHQVLRQ LV RQH RI WKH PDLQ GHIHFWV WKDW FKDUDFWHUL]H
UHSRUWHG WKDW PHWDEROLF VIQGURPH LV SUHVHQW L&XXSHER RQH

DO 6FKLO®WFRO 7KH ,') GHILQHG EORRG SUHVVXUH DV D ULVN IDI

VIVWROLF EORRG SUHVVXUH RU GLDVWROLF)EORR|GDHMHHVMXWKHURP

PHWDEROLF VIQGURPH YLVFHUDO REHVLW\ KDV EHHQ SURSRVHG WR
VWDWHG SUHYLRXVO\ OHSWLQ 71) . ,/ DQJLRWHQVLQRJHQ DQG
IDW DFFXPXODWLRQ 7KHVH HQWLWLHVY DOVR IDYRU WKH GHYHOR

GHYHORSPHQW RI LQVWD@HWHYQVWQQ¥BLQ KDV DOVR EHHQ VKRZQ W



VRGLXP UHDEVRUSWLRQ DQG WKLV DQWL QDWULXUHWLF HIIHFW VHE
VWDWH ZKLFK FDQ H[SODLQ WKH OLQN EHWZHHQ K\SHUL@®WX®LQHPL]|

2WKHU VWXGLHY KDYH VKRZQ WKDW (ZQV X®LBKLDG XYAHINWIHLR € M FR
SRWHQW YDVRFRQVWULFWRU WKD&MDDDOVEBLWD PRIGY WHKABKHIUMVHRYLRRV
VHFWLRQ ZH GHVFULEHG WKH LOWHUGHSHQGHQFH EHWZHHQ LQVXC
GHFUHDVH RI 12 ZKLFK UHVSHFWLYHO\ LQGXFH VRGLXP UHWHQWLRQ

RI WKH YHVVHOV 7RIJHWKHU WKHVH IHDWXUHV IDYRU WKH RQVHW RI

$EGRPLQDO REHVLW\ KDV DOVR EHHQ LQYROYHG LQ WKH RYHUDFWL
HOHYDWLRQ RI EORRG SUHVVXUH WKH UHQLQ DQJLRWHQVLQ DOGRYV

VAVWHP

2QRQH KDQG LQVXOLQ UHVLVWDQFH LQ FRPELQDWLRQ ZLWK K\SHU]
KDYH EHHQ VKRZQ WR LQGXFH DFWLYDWLRQ RI V\PSDWKHWLF QHU
VRGLXP UHDEVRUSWLRQ E\ WKH UHQDO SUR[LPDO WXEXOHV ZKLFK L
FDUGLDF RXWSXW ORUHRYHU REHVH SHRSOH KDYH LPSDLUHG UHQD

WKDW WKHVH SHRSOH QHHG DQ LQFUHDVHG EORRG SUHDOYOUH WR PD!

/IHSWLQ LV DOVR OLQNHG WR V\PSDWKHWLF DFWLYLW\ DV OHSWLQ K
WKH YHQWURPHGLDO DQG GRUVRPHGLDO K\SRWKDODPXV &DQG\BRQVH
HW DO ODUVKW DO 2EVWUXFWLYH VOHHS DSQHD KDV EHHQ DOVR

SUHYDOHQFH RI PHWDEROLF VIQGURPH DORQJ ZLWIKRGORKWDQGHPHQW |

&RXJKOLQ HW DPBLQIRUFLQJ LWV K\SHUWHQVLYH DFWLRQ

2Q WKH RWKHU KDQG K\SHULQVXOLQHPLD FRXSOHG WR K\SHUJO\FH|
FRPSRQHQWY RI WKH 5HQLQ $QJLRWHQVLQ $OGRVWHURQH 6\WWHP
DQJLRWHQVLQ ,, $QJ,, DQG LWV UHFHSWRU LVRIRUP $7 WKDW DU}

VRGLXP UHWHQWLRQ DQG SURPRVIDROE RMMLEDOX Gl$G 6 U HYVQ @ WEDHQ PXHU W K



GHVFULEHG LQ WKH QH[W VHFWLRQ ORUH UHFHQWO\ LW KDV EHHQ |

VIQWKHVLYVY E\ DGLSRF\WHV PHDQLQJ WKDW REHVH SDWLHQWY DUH F

ILW LQGLWUGRBWVDO | )LIXUYH

JLIXUH 3URSRVHG PHFKDQLVPV UHVSRQVLEOH IRU K\SHUWHQ\
6\QGURPH
JURP <DQDL HW DO + ,/ LQWHUOHXNLQ 1()$ QRQ H
IDWW\ DFLGV 26$ REVWUXFWLYH VOHHS DSQHD 71) . WXPF

J)LQDOO\ DGLSRVLW\ LV D WULJJHU IRU LQIODPPDWLRQ LQVXOLQ UH\
DQG 5$%$6 $00 WKHVH GHIHFWVY DUH FORVHO\ OLQNHG DQG WRJHWKF

YLD HOHYDWLRQ RI YROHPLD YDVRFRQVWULFWLRQ DQG GHFUHDVH L«



7R VXPPDUL]H GLHW LQVXOLQ UHVLVWDQFH LQIODPEBBWARI) PRI
FRPSRQHQWY RI WKH PHWDEROLF VI\QGURPH 7KHVH IHDWXUHV DUH
GLVHDVH DQG FDUGLRYBVFKODWHGAR/GDWNHXHQWO\ FORVHO\ OLQNHG

5DLPXQGR DQG /RSHV

,03$&7 2) 0(7$%2/,& 6<1'520( 21 .,'1(<
$1' +($57

OLFURYDVFXODU FRPSOLFDWLRQV LQ PHWDEROLF VIQGURPH FDQ O
UHWLQRSDWK\ ZKLFK DSSHDU WR EH WKH PRVW FRPPRQ FRPSOLFDWL
GLDEHWLF QHXURSDWK\ IRU ZKLFK FKURQLF VHQVRULPRWRU GLVWLCL

FRPPRQ IRUP DQG GLDEHWLF QHSKURSDWK\ WKDW ZH ZLOO IRFXV RQ

ODFURYDVFXODU FRPSOLFDWLRQ LQ PHWDEROLF VIQGURPH OHDGV W
E\ WKH DWKHURVFOHRIFOHY FTURFHRWVYK\SHUWHQVLRQ D&HFBOWBE ULLO®

&KRZLHQF]\N :H ZLOO IRFXV KHUH RQ WKH GLDEHWLF QHSKURSDWK\ C

'LDEHWLF OHSKURSDWK\ FKURQLF NLGQ&
VWDJH UHQDO IDLOXUH DOQG PHWDEROLF

3HUVLWUAQRDOEXPLQXULD LV WKH PDLQ GHIHFW WKDW FKQUDFWHU
QRUPDO VXEMHFWRW HGRUHHW ISR DUJH PROHFXOHYV OLNH DOEXPLQ $V
WKH XULQH LV D VLJQ RI GDPDJHG UH®LIFQW RDDOEXPWRNHLD QG | & & FI\Y
DOEXPLQ H[FUHWLRG-UDPAB RUPJ K RU D VSRW XULQHWLQERPLQDMR
RI PJJ PJ PPRO LQ PDOHVPIQIG PJ PPRO LQ INPHDWOHYV

PJ KRI SURWHMHLQXUABXPLQXULD ! RYPUWKGLDEHWLF QHSKURSDWK\

SHXWHQV DQG $WNLQV



7KH SUHFLVH SDWKRJHQHVLV RI PLFURDOEXPLQXULD LQ PHWDEROI
PLFURDOEXPLQXULD LQ PHWDEROLF V\R¥3SBRPW LMD WHRQHY HGX W LQH |

VWUHVV LQIODPPDWLRQ DQG*RROBE&®WEREAOLDO FHOOV LQMXU\

'LDEHWLF QHSKURSDWK\ GHYHORSV LQ DERXW RQH WKLUG RI SHR.

SUHYDOHQFH RI PLFURDOEXPLQSXRMVLRQ GLDEHWHYV LV

7KHH[DFW FDXVH Rl GLDEHWIWAQWSRZGESHRWKLQMV DE*\WWLDYIDHY WRK@®R X J K W
WR EH LQYROYHG WKURXJK K\BHIKMR® HUH PK\BMUNBDVULRQ FDQ DOVR EH
RQVHW RI GLDEHWLF, QEHIKGIRBBHORN L@ IV WIKHYYV LV UHVSRQVLEOH I
SURGXFWLRQ RI JURZWK IDFWRUV DQG H[WUD FHOOXODU PDWUL[ SU

HIWUD FHOOXODU PDWUL[ GHGRRH @D D GQ AWK OGRPHUXOL

+\SHUJO\FDI®PLRFUHDVHYV WKH H[BWHY |V [SRERBAHILIMVIRUPLQJ JURZWK |
7*) LQ WKH JORBHWXGIU ZLWRVAYXODU HQGRW KMGRID (M RZAVREK JOW
WR SDUWLMMKKDWHOIOXODU K\SHUWURSK\ DQG HQKDQFHG FROODJHQ
YDVFXODU FKDQJH % CRENEHQWKA G LIDGE HW L F &3 DKAEHRISIDIOV ED VN 0D GV HQ
DQG .LQJ *HQHWLFV DOVR VHHP WR SOD\ DQ LPSRUWDQW UROH
QHSKURSDWK\ OLNH $IULFDQ $PHULFDQV RU +LVSDQLF SRSXODWLRQ
IRU DQJLRWHQVLQ FRQYHUWWHLOMKHQ]\PUHH GHE(SRVLQJ DQG RU DFFHOHL
1IDUHWKV DO +RZHYHU JHQHWLF PDUNHUV VWLOO KDYH WR EH LG
HSLJHQHWLF IDFWRUV OLNH PLFUR 51$V KDYH EHHQ LQYROYHG LQ W

GHYHORSHMRSD (H3MH DO

&XUUHQWO\ GLDEHWWDFPONRIRISBWRKKURQLF NARUWQOHG ZGMBWVD DDV R RQ
RI WKH PRVW VLIJWHIUFDERY SSOREDWLRQV LQ WHUPV RI PRUELGLW\ I

SDWLHQWYV ZLWK GLDEHWHYV



7TKUHH PDMRU KLVWRORJLF FKDQJH\ RW¥EBRDWRQ GW R HHVOIRP QB ®U RRI D
PHVDQJLDOLIHRQDY LQGXFHG E\ KQS:HH YO PHBEPBOUHDVHG PDWUL[ SURG X
JOFRVVODWLRQ RI PDWWIK ISFNRHMHIQQVR IWWKIQ JORPHUXODRF XDYHPEQW

ILQDOO\ JORPHUXOXVHEEGWUBVDWRPHUXODURUBWWRHDYEGROP® XHU

&KURQLF NLGQHV ®L¥RRGHWLRQ LQ ZKLFKLW E HONNFQHRD MO\RH HD QX H
UHJXODWH ¥RORI®LD NLGQH\ GLVHDVH KDV EHMIKQH Ga&6l LIDIWGLRQD O . LG
JRXQGDWLRQ .LGQH\ 'LVHDVH 2XWFRRHY HXIDDLAD\O, SUWEBWEMHIXLGF
ORZHULQJ LQ JORPHUXOPSU ORDMWW DVKIIRD UPWHRILQ DW ORRYWK V

124, ,Q 7KH NLGQH\ GLVHDVH LPSURYLQJ JOREDO RXWFRP
FODVVLILFDWLRQ RI FKURQLF NLGQH\ GLVHDVH DFFRUGLQJ WR JU

JUDGHYV RI DOEXPLQXUT):LD(\L /KM S/OBOHDE MLILFDWLRQ LV WKH XSGDW

WKH IRUPHU IURP .'24, 7KLV QHZ JXLGHOLQH UHFRPPHQGV HOLPLQLI
DQG LQVWHDG VWDJHV $ $ DQG $ IRU WKH GHJUHH RI DOEXPLQXU
RQ XVLQJ WKLY QHZ VFKHPH RI FODVVLILFDWLRQ IRU WKH SURJQRVW
DV UHQDO HQGSRLQWYV DQG PRUWDOLW\ DV WKH GLIITHUHQW FRORUV

RQ WKH GHJUHH RI DOEXPLQXUBD VDRW DMK HBWHYHQWD®G /HYLQ



JLIXUH &XUUHQW FKURQLF NLGQH\ GLVHDVH QRPHQFODWXUH XVH
JOREDO RXWFRPHV .',*2

ORGLILHG GWRIFHQV DQG /H¥L@." FKURQLF NLGQH\ GLVHDYV

JORPHUXODU ILOWUDWLRQ UDWH *UHHQ ORZ ULVN LI QR I

FKURQLF NLGQH\ GLVHDVH <HOORZ PRGHUDWHO\ LQFUHDVH
KLJK ULVN

7KH 8. BURVSHFWLYH 'LDEHWHV 6WXG\ 8.3'6 KDYDWH SIRWWHGHWHK DR
DOEXPLQX@GEGD R SDWLHQWY GHYHORSHG UHQDO LPSDLUPHQ

P RYHU t™HDU SHYHW® DNBWDKDQO ORUHRYHU WKH 'HYHORSLQJ (G
OLFURDOEXPLQXULD IRU $ZDUHQHVYV RI UHQDO DQG FDUGLRYDVFXOL

ZKLFK GDWD IURP W\ASH GLDEHWLFV IURP FRXQWULHYV ZHUH FI



SUHYDOHRIFFHUIRQBGOEXPLREXVLDDQG UHVSHFWLY)BOBEH@QREOH P/ PLQ

SHU RFPFFXUUHG LQ RI WKH SDWLHQWYWYHW W OYDLODEOH GDV

$FFRUGLQJ WR WKH .",*2 FOLQLFDO SUDFWLFH JXLGHOLQHYVY D UDSLG
VXVWDWHPHEGHFO LB RO ! P/ PLQ SHU $VVRFLDWHG ULVN IDFWRUV LC
W\SH GLDEHWHY LQFOXGH OLIHMWW\SRRD QIO WHIPQW KF FEEGIWDRDOR VRP!
DEQRUPDOLWLHY HWKQLF JHQHWLF DQG GHPRJUDSKLF IDFWRUV I
SDWLHQWYV ZLWK JORPMULR@D UH & HSYHDUN HG8NV\VCHHUYHPO WV \ VIMDWLLGR SD W K\ R

QHXURSDW KQFUHD WMGLULVN RI D*)5D 8 K& HIH PQIGQ 6K HYX

3UHYDOHQFH LV HVWLPDRWHIGG MFRGEHD QG FRP S ORFD@ILARYDAN ER OO X¥GRHR U
NLG@HWHDVH SURJQE\DAR®AH\ LOQMXU\ DPRQJ RW\SHIU VG LREGVBRG H

PRVW FRPPRQ FDXVH RIGLKWHOMEH \N LOS@ H \

7KH GLVHDVH FDQHSUARNDHY W KNRD O I8 LGB H DAFOKWHIY SRQGLQJ WR JUEL
FKURQLF NLGQHTK&GNVNVRBNFXUV ZKHQ NLG QH SIXIARNEWR@DO UHSODFHPH

WKHUD S8 HPRLDO\SHULWRQHRO BLOQMXLWUDQVSODQWDWLRQ LV UHTXL

&DUGLRYDVFEXO DU GENNBKOWARDLFE NLGQH\
GLVHDWH PHWDEROLF VIQGURPH

&DUGLRYDVFXODU GLVHDVH DIIHFWV WIRQK KNDEPRP DRI B Q& W HV V
GLVHDWWURNPGHULSKHWUWBUY HDGBXHHWRDWKHURVRAOKDBW®RYLWDXVH IDWDO
FRPSOLFDWLRQV &DUGLRYDVFXODU GLVHDVH LY WHKRSORV M WRPE RDE
5LVN IDFWRUV IRU GHYHORSLQJ FDUGLRYDVFXODU FRPSOLFDWLRQYV
FKROHVWHURO KLJKLEHWRRGFRRPIRRVQWY RI PHWDWRHAFHVI\QGQGBRREZC

% DWW ISV PPOX 7KHUH LV D OLQN EHWZHHQ GLDEHWLF QHSKURSDW|

,W KDV EHHQ UHSRUWHG WKDW SDWLHQWY ZLWK FKURQLF NLGQH\



FDUGLRYDVFXOPRJHGM\DHDVHRZHYHU DV FKURQLF NLGQH\ GLVHDVH D
GLVHDVHV VKDUH VRPH ULVN IDFWRUV VXFK DV K\SHUWHQVLRQ RU W
NLGQH\ GLVHDVH LV UHVSRQVLEOH IRU FDUGLRYDVFXODU GLVHDVH)
FROODERUDWLYH PHWD DQDO\VLV SHUIRUPHG LQ LQ SDUW
SRSXODWLRQ VKRZHG WKDW DOEXPLQXULD - PJ PPRO PJ J DQC
ZHUH LQGHSHQGHQWO\ SUHGLFWLYH RI DOO DWWV XKVEKYGDEDUGLRYDV
WKH 8. BURVSHFWLYH 'LDEHWHV 6WXG\ D OLQN ZDV HVWDEOLVKHG
FDUGLRYDVFXOBOOHRW WDOIZWN UHODWLRQVKLS EHWZHHQ DOEXPLQXL
GHYHORS D FDUGLRYDVFXODU HYHQW ZDV SULPDULO\ VWXGLHG LQ W
WR VXSSRUW WKDW WKH DVVRFLDWLRQ LV WUXH LQ WK%WDOHIWEBIW LF C
6HYHUDO VWXGLHV VXJJHVW WKDW WKH ULVN RI DGYHUVH FDUGI
LQFUHDVH IURP PLFURDOEXPRPIWD DWR 7XKUHR WHHD QWUZOWFRPHY 3UHY
(YDOXDWLRQ VWXG\ GHPRQVWUDWHG WKDW EDVHOLQH PLFURDOEXF
HYHQWY VXFK DV P\RFDUGLDO LQIDUFWLRQ EXWURGQWYRDQGOFPLIXGMHR YL
DQG KRVSLWDOL]DWLRQ IRU FRQJHVWLYH KHDUW |DHQXWUWHIQ@D SGHRS!
,Q SDWLHQWYV ZLWK W\SH GLDEHWHY WKH UHODWLYH ULVN WR

&, * ZKHUHDV WKRVH ZLWKRXW KDG D UHODWLYH ULVN
,UEHVDUWDQ 'LDEHWLF 1HSKURSDWK\ 7ULDO DOVR UHSRUWHG WKDW

FDUGLRYDVFX®QD YHNDQW U

&DUGLRYDVFXODU GLVHDVH L\GHMDKWHKOHD GM\QH FDXMHPRWWR SDWLHQ\
'LDEHWHYV LQFUHDVHV E\ IROG WKH ULVN WR KDYH D FDUGLRYDVFX
SDWLHQW E\ IROG WKH ULVN RI P\RFDUGLDO LQIDUFWLRQ ZLWK LQ
D ILUVW P\RFDUGLDO LDDQHMLRPQ 195 OWREGHN DO OXIX@3Nd DO LQ
KDYH SUHGLFWHG WKDW Rl WKH GLDEHWLF SDWLHQWYV ZRX(

OXIXQGW DO



TR VXPPDKIHHRWELQDWLRQ RI K\SHUJO\FHPLD LQVXOLQ UHVLVWDQFI
FKURQLF LQIODPPDWLRQ FDQ LQMXPUGIHIYG&HQYDW RXPDRU R QGRMKIODQL F

DQBEDUGLRYDVFXQ@QRUS & RGIOBVHGWKEWMHW PIBDW DO

ORUHRYHU GLHEHWLFFIE@WEHYHORS FDUGLRP\RSDWK\ ZKLFK FDQ
K\ SHUWHQVLRQ RU DWKIBVRWVEGKORNIBPEHUGDMWMHYH EHHQ GHVFULEH(
GHYORSPHQW RI FDUGIDRIFOR SDQMK\P LG GIOHY BKIBDYHWKRXJIJKW WR UHS
SK\WLRORJLFDO DGDSWDWLRQ WR WKH PHWDERO OB @adWHU DQLRQYHR
GHIJHQHUDWLYH FKDQJHV LQ WKH P\RFDUGLXP WKDW SURJUHVVLYF

SDWKRORJLFDO K)I-D[DQU]V\HW(@EWDECHZQH OLQN EHWZHHQ PHWDEROLF

FDUGLRP\RSDWK\ FRXOG IRU H[DPSOH EH WKH SURWHLQ )R[2 )RUNK
EHHQ VKRZQ WKDW PHWDEROLF VWWRHYV L\Q G KBKA DE WALR DMKLHR G5 HRY
GLDEHWLF FDUGHLRMREBWROX HWR[ROSURWHLQV DUH WDUJHWV RI L
WKURXJK WKH 3, . $SNW SDWKzZD\ )R[2 SURWHLQV KDYH EHHQ VKRZC
PHWDEROLVP DQ)H WXRWWYDO $FWLYDWLRQ RI )R[2 WUDQVFULSWLF
VLIJQDOLQJ HOHPHQWY WKDW FRQWURO ERWK LQVXOH®W WVWOQVLWLYL
7UHPEOD\ DQG *LJXGIRWHRYGE GEQPLFH DQG D KLJK IDW GLHW + W\SH
PRGHOV %HMWWDOURD®XH VKRZQ WKDW )R[2V ZHUH SHUVLVWHQWO\ D

DFWLYDWLRQ ZDV UHTXLUHG LQ PLFH WKDW KD&E D WLIK RODW BWHDNOL Q



7TDEOH 7KH QDWXUDO KLVWRU\ RI FDUGLRP\RSDWK\

JURPADWW IHSV P@X+/9 OHIW YHQWULFOH

'(6&5,37,21 $1' ,192/9(0(17 2) 5(1,1
$1*,27(16,1 $/'267(521( 6<67(0 ,1
0(7$%2/,& 6<1'520(

5$$6 G\WVUHJXODWLRQ LV KLJKO\ LQYROYHG LQ WKH RQVHW RI K\St
VIQGURPH $V D UHVXOW WKLV LV WKH ILUVW WDUJHWHG V\VWHP |
PHWDEROLF VI\QGURPH 6HH 6HFWLRQ JRU WKLV UHDVRQ ZH ZL

IROORZLQJ VHFWLRQ

6\VWHPLF 5%$%6

7KH PDLQ IXQFWLRQ RI 5%$%$6 LV WR PDLQWDLQ KRPHRVWDVLYVY RI EOR

WLVVXH SHUIXVLRQ '\WWUHJXODWLRQ RI 5%$$6 KDV QRWDBEB®6 IRRQVHT



FRQVWLWXWHG RI D FDVFDGH RI KRUPRQHV IRU ZKLFK VIQWKHVLV L

SKDUPDFHXWLFDO WD|YoBXWW DV VKRZQ LQ

YLIXUH &XUUHQW DQG SRWHQWLDO WDUJHWV IRU WKHUDSHXWLF L
$GDSWHG SIRRPLRIQL DO $&( DQJLRWHQVLQ FRQYHUWLQJ H

DQLRWHQVLQ FRQYHUWLQJ HQ]J\PH $QJ , DQJLRWHQVLQ ,
DQJLRWHQVLQ UHFHSWRU EORFNHU $7 W\SH , DQJLRWHC
DQJLRWHQVLQ ,, UHFHSWRU &<3 % DOGRVWHURQH V\QWK

05$ PLQHUDORFRUWLFRLG UHFHSWRU DQWDJRQLVW

BURUHQLQ LV DQ DVSDUWDWH SURWHDVH SURGXFHG LQ UHQDO MX[W
YROHBMDODYV 5HQLQ LV SURGXFHG IURP SURUHQLQ DQG LV UHJXODW
LQ WKH DIIHUHQW UHQDO DUWHULROHYV FKDQJHV LQ 1D&0 FRQFHQW
WXEXOH DGUHQHUJLF UHFHSWRUV IURP V\PSDWKHWLF V\VWHP D¢

$QJ,%URZQ 3URUHQLQ UHFHSWRU 355 KDV EHHQ UHFHQWO\ GLV



H[SUHVVHG LQ EUDLQ KHDUW OLYHU EURZQ B6E5 SFOWH BLQ\GY SHRNHG
DQG UHQLQ ZLWK5EBYQQBIMIR LYEE) 8D FKDQJH LQ ELRORJLFDOO\ LQ
FRQIRUPDWLRQ LQWRHDFWKLWKHRVPPH DFWLYLW\ DV UHQLQ 7KLV F
GLVFRYHU\ DV LW FDQ H[SODLQ ORFDO $QGR QKRQWH KWKLH/ UL MR HH O H

EORRG YHVVHOWKRLY KNWDEMWOOHG WLVVXH 5%$%$6 WKDW ZLOO EH IXUWK

7LVVXH 5%$%$6 DQG RWKHU VLWHV R6HDRNLRY HQX\HEW\Q@QWKBQVHU

7KH ORFDO VI\QWKHWL]HG $QJ,, FDQ DFW DV D SDUDFULQH DQ
UHIJXODWHG IURP WKH. RERWMWPDPE 5380 DWV QRQ SURWHRO\WLF DFWL
KDV EHHQ VKRZQ WR IDYRU WKH GHYHORSPHQW RI VSRQWDQHRXYV L
WKURXJK ORFDO 5%$%$6 DFWLYDWLRQ LQ VNHGBWDOHWXDPO® PWKHDGL

WHUPV 355 LV ORFDOO\ UHVSRQVLEOH IRU WKH SURGXFWLRQ RI $QJ

LQVXOLQ UHVLVWDQFH DW WKH OHYHO RI DGLSRVH WLVNVNXHQNDQFU

EHWZHHQ 5%$%$6 LQVXOLQ UHVLVWDQFH DQG PHWDEROLF VIQGURPH

355 DOVR WILLJJQBIO W U PIQQVGHKFMQRPQ W O\ U R R JXQ 8 8 VE MWKZIOD Q J

HW DO LQYROYLQJ PLWRJHQ DFWOSDW HGH CIRGWHIED N LURDVHURGXFW L

D SUR LQIODPPDWRU\ F\WRNLQHLGHH BHFWNLRLQ WKLV RWKHU PHFKD

FRXOG EH OLQNHG WR GHYHORSPHQW RI LQVXOLQ UHVLVWDQFH )LQEL

$73DVHV UHVSRQVLEOH IRU WKH FRQWURO RI FHOOXODU DQG LQWUL

WR LQVXOLQ UHVIWDNIDNGP DV PRGO DIJFEHKVKD DQG .LORAKRKIH




YLIXUH

6FKHPDWLF GLDJUDP VKRZLQJ WKH SRVVLEOH LQYROYHF
VIVWHP LQ WKH GHYHORSPHQW RI LQVXOLQ UHVLVWDQFH WK
DQG LQGHSHQGHQW SDWKZD\V

JURP5DILAW DO + $7 5 DQJLRWHQVLQ ,, UHFHSWRU (5. H
UHJXODWHG NLQDVH 3 55 SURUHQLQ UHFHSWRU 7*) WUDC
WXPRU QHFURVLV IDFWRU . 9$$3®BIVWH YDFXRODU +

5HQLQ LV UHVSRQVLEOH IRU WKH FOHDYDJH RI DQJLRWHQVLQRJIHQ

FRQVWDQW SODVPD FRQFHQWUDWLRQJILGWHQWRIUP DO $\DW D WOK\L F K QIWF

LQDFWLYH

$QJ, LV D GHFDSHSWLGH K\GURO\]HG LQ WKH RFWDSHSWLGH $Q1J,, E

$&( PDLQO\ ORFDWHG LQ WKH PHPEUDQH RI HQGRWKHOLDO FHOOV



$QJ,VWKH NH\ SOD\HU RI WKH 5$$6 NQRZQ DV D SR WWLIDW ¥ DAHFAHRSQWRNA
$7 WR SURGXFH VHYHUDO HIIHFWV VXFK DV YDVRFRQVWULFWLRQ L
DOGRVWHURQH VI\QWKHVLV DQR QB QIORPH LROW K PGHIMIDOEORRG S

E\ VHYHUDO PHFRDQLVRQ %HUQDUG

X $QJ,, FDXVHV YDVRFRQVWULFWLRQ RI V\WVWHPLF DQG UHQDO
SHULSKHUDO UHVLVWDQFH DQG EORRG SUHVVXUH

X ,W DOVR WULJJHUV V\PSDWKHWLF RXWSXW WR WKH KHDUW DQ
FDUGLDF RXWSXW DQG WRWDO SHULSKHUDO UHVLVWDQFH WKXV

X $QJ,, LQGXFHV DQ LQFUHDVHG UHOHDVH YDVRSUHVVLQ IURP W
IOXLG UHWHQWLRQ LQ WKH UHQDO FROOHFWLQJ GXFW WR PDLQ\

X $QJ,, VWLPXODWHVY WKLUVW ZKLFK DOVR UDLVHV EORRG SUHVYV

X )LQDOO\ $QJ,, LQFUHDVHYVY DOGRVWHURQH UHOHDVH IURP WKH D
DQG IOXLG UHDEVRUSWLRQ LQ WKH GLVWDO QHSKURQ

7KUHH RWKHU $QJ,, UHFHSWRUV KDYH EHHQ LGHQWLILHG $7 LV PDL
DOVR NQRZQ WR EH PRGXODWHG E\ SDWKRORJLFDO VWDWHYV DVVRFLLI
VXFK DV K\SHUWHQVLRQ DWKHURVFOHURNWRNU IDpQ B QR3\ ReAFIKUL G L Q I
LQGXFH D YDVRGLODWLRQ DQG DQWLSUROLIHUDWLYH PHFKDQLVPV
FHOOXODIDOM\HWRG 6LUDQ\UHVSRQVH WR $QJ,, LQIODPPDWRU\ F\WRI
JOXFRFRUWLFRLGY DQJLRWHQVLQRJHQ SCORWPDIQWHDKOVSFHRQ EH L
IXQFWLRQ LV QRW NQRZQ DQG $7 PLJKW EH LQYROY&HMDQWREY, UHO}
)LQDOO\ $QJ,, IDYRUV VIQWKHVLV RI LQIODPPDWRU\ ILEURJHQLF D

526 IRUPDWLRQ DQG LQWHUVWLWLDO ILEURVLY DQG K\BKHQWURSK\ ZK

2WKHU DQJLRWHQVLQV KDYH EHHQ LGHQWLILHG DOWKRXJK $QJ,, LV
IURP WKH GHJUDGDWLRQ RI WKH 1 WHUPLQXV SDUW RI $QJ,, E\ DPLQC
WKRXJKW WR DFW RQ WKH FHQWUDO QHUYRXV V\VWHP WR PDLQWDLC
WR LQGXFH ZLWK $QJ,, D VIQWKHVLV DQG UH®HBEH, R LIVO MR MH-YHRX

SRWHQWLDWH WKH HITHFMAGCGROEKIXEHRRETWKH & WHUPLQXV RI $Q1J,,



$Q1J FDQ EH SURGXFHG E\ D FDUER[\&BISM\ALGQ 8 H5 IQDIPHG $ & (
DFWUYODVUHFHSWRU 0DV 5 WR SURGXFH YDVRGLODWLRQ DQG FDUGL

$QJ FDQ EH SURGXFHG IURP $QJ, E\ $&( DV ZHOGHZ&GHBK XKFHEL R

$OGRVWHURQH LV WKH ODVW LPSRUWDQWS EERPW & H RRRQ ¥ W LIVX \B QY
VWHURLG KRUPRQH VI\QWKHWL]JHG LQ WKH ]JRQD JORPHUXORVD RI D
DFWLYLW\ RU &<3 % LV HQKDQFHG E\ $QJ,, DQG DOGRVWHURQH
GHR[\FRUWLFRUVHWYRM® ,WV PDLQ UROH LV WR HQKDQFH VRGLXP UHI
QHSKURQ RI WKH NLGQH\ PHGLDWHG E\ WKH HSLWKHOLDO VRGLXP F
RI HIWUDFHOOX@&DH RVYRHUX PIHO G RV W H URIQHS BBW @HYBWDOHRUJDQV LQ |
LQIODPPDWLRQ R[LGDWLYH VWUHVV DQG KLJK VDOW GLHW SDUWL!

$OGRVWHURQH LWHKEHWROOAHSPHQW RI UHQDO ILEURVLV SRGRF\WH L

SUROLIHUDMWLIR E\ LQGXFWLRQ RI 526 LQIODPPDWLRQ DQG ILEURVLV

IDFWRU % 1) % LQGXFWLRQ RU 6HUXP DQG *OXFRFRUWLFRLG UHJX
WR WKH *OXFRFRUWABREQ SDAMKZDBN HITHFWV QHJDWLYHO\ LPSDFW N
LQGXFLQJ SUR R[LGDWLYH VWUHVYV WULJIJHULQJ JHQRWR[LF HIIHFW
ILEURSMIW] DQG 7RPDVHKOLWIRYDQ DQG )HUWRLY DOVR OLQNHG WR FD
VIVWNMEPRWY GHOHWHULRXV HIITHFW [R@G KRW RRWK HRO L\DBDV FXQPWLREURYV

K\SHUWURSBIKHW DQG 6FKLIITULQ

,Q VXPPDB$'$6 G\VUHJIXODW L RAMX HVGFHY\® B/BHEHIEIDMIRVW KRORJLHYV LQFO >
DUWHULDO VWLIIQHVV HQIG\BW UK W6 DICREBY HVQ/A\R QR RMIZDQIGY NLGQH\
GLVHDVH DQG FDUGLRY®VE XOOHV & LNHDIWHIHY DOO WRJIJHWKHU SDUWL
WKH PHWDEROLF QV\RWKRPHZRUGY 5$$6 LV KLJKO\ LQYROYHG LQ W
ODKPXG DQG )HHONL -DUYLQHQ DQG :HVOMMHOUEWFIN® 7DUJRV] .RUHFND

HW DO 8QGHUZRRG DQG $GOHU



JLIXUH O0OXOWLSOH UROHV RI WKH 5%$%$6 LQ WKH SDWKRJHQHVLV RI FKL

JURP6LUDJ\ DQG &DUH\(&0 ([WUDFHOOXODU PDWUL[ 1) % C
% 7%) WUDQVIRUPLQJ JURZWK IDFWRU



7LVVXH 5$$6 DOQG RWKHU VLWHV RI DQJLF
VIOWKHVLYV

7KHUH LV HYLGHQFH RI DQ H[LVWLQJ WLVVXH 3®¥6E\RWHDQYX®Y ORFD

HIDPS®WHVVXH BBY¥6EHHQ VKRZQ WR H[LVW LQ KHDUW EORRG YHVVH
DGLSRVH &#DYNXBDQG 6LUDMUHSRUWHG WKDW DERXW RI WKH $QJ,,
KXPDQ NLGQH\ FRPHV IURP QRRGA@H GBMIRIDD\V KH IROORZLQJ VHFWLF
GHVFULEH LQ PRUH GHWDLO ORFDO 5%$%$6 ORFDWHG LK ~MMWH CKRHDDUION
5$$6 DSSHDU WR DFW LQ D SDUDFULQH DXWRFULQH PDQQHU DQG WR

LOQYROYHG LQ SDWKRORJLF HYHQWYV DVVRFLDWHG ZLWK HQG RUJDQ G

+HDUW 5%$%6

&LUFXODWLQJ DQJLRWHQVLQRJHQ DQG UHQ EQ® WG FMRREHW DR E H
DQG WR SOD\ WKHLU UROH E\ SURGXFLQJ $QJ, ZKLFK LV FRQVYH!
HQGRFULQH V\WWHP $QJ,, LQGXFH P\RF\\UBL @GS HWHNIRE KY DR\QL R/OR K
QRUDGUHQDOLQH UHOHDVH E\ VIPSDWKHWLF QHUYHV LQRWURGLF H
,Q QRUPDO FRQGLWLRQV KHDUW 5%$6 VHHPV WR SOD\ D UROH L
UHDFWLRQ WR P\RFPL)GAWOD W URBWFKWKRORJILFDOIFB QBGKM IFRQ¥XOD'

5$%$6 KHDUW 5%$$6 LV EHOLHYHG WR HQKDQFH YH®WUBBPX3O0DNUR\ DHAGN

3HQQD

$QJ,, SOD\V D GXDO UROH LQ WKH KHDUW VLQFH LW VWLPXODWHYV VF
IRU H[DPSOH E\ LQGXFLQJ VIQWKHVLYV RI LQIODPPDWRU\ ILEURJHQL
RWKHU KDQG $QJ,, SURPRWHYV 526 IRUPDWLRQ ZKLFK LV GHOHWHU

SURPRWHV LQWHUVWLWLDO ILEURVLY DQG K\SHUWURGX® ZKLFK FDQ



.LGQH\ 5$%$6

$QJLRWHQVLQRJIJHQ LV SURGXFHG E\ HSLWKHQNMNHFBEH®EE RDQWRHNVKHR
5HQLQ LV VIQWKHWL]HG LQWRVWKIHOEX [W DORPRPWMH & RO WKID GUR[LPDC
ERUGHRERUBIW DO 2UWL] OHOR DQG 6SX8QGHU WKHVH FRQGLWLRQV %

SURGXFHG WR PDLQWDLQ DQG UHJXODWH ORFDO SBHUHXVILR® SOLQ® J)

,Q DQ DEQRUPDOXQWRUIK $URUHQLQ FRGEHRDQUBMW IDRFQVLYDWHG LQ F
FHOXOHWD GLRQ FWRMMWR ILEURWLF PHGBBWRQG VXFKQEBMWUDFHOOXODU PI
(&0 FRPSRQHQWR O@IDNBH®G ILEURQXDREMWQ DO LQGHSHQGHQWO\ IURP
DFWLRHVH PHFKDQLVPVIPRARIHQ DFWLYDWHG SURWHLQ NLQDVH DC
UHJXODWHG NLQDVH 0$31J%\HBWWKZDVKLY FDQ OHDG DPRQJ RWKHU

JORPHUXORWHKOHHYRVDY WKDW FRQWRKURRWHWLGQH\ GLVHDVH SURJUFE

ORUHRYHU JORPHUXODU K\SHUWHQVLRQ FDQ RFFXU LI $QJ,, LV RYF
GDPDJHV WR HQGRWKHOLXP HSLWK I$Q GXR BRYED P H5AVQUHD D GEORWD |

1RQ KHPRG\QDPLF VWUHVY FDQ EH SURGXKFHG UR | DEUWRV MFH ILIORFQA

SUR LQIODPPDWRU\ IDFWRUY¥e*VIUHRWGE DML R RX 8 PI6

$GLSRVH WLVVXH 5%$%6

$GLSRVH WLVVXH LV NQRZQ WRYSDDGL HRONMQE R B @ LIPIGU)ROASFW X D O O \
LQFUHOPBLSRNLQHY OHYHO SDUDDQG (RE HWVWWDF FXPWE DWALIRSRVH WLV
VLWH Rl $QJ,, SURGXFWLRQ DV DOO WKH 5$$6 FRPSRQHQWY DUH SUH

HYHQ HQGRFULRQUBOWMWRWODRI &DVVLYV

$QJ,, SURGXFHG LQ ZKLWH DGLSRVH WLVVXH &DONWRHW QBEXFBQG/HFUH

GHFUHDVHV SURGXFWLRDQRW DALiS R HMWWK QY DOVR EHHQ VKRZQ WKDVW



LV DVVRFLDWHG ZLWK D GHFUHDVH LQ ERWK ZKLWH DGLSRVH WLVV)

7XFNW DO (QJHPW DO

/[LON EHWZHHQ 5$%$6 LOQVXOLOQ UHVLVWDC
VIOGURPH

5$$6 LV NQRZQ WR SOD\ DQ HVVHQWLD ODQREQN XL @ KIH{ RREY WS R R |

K\SHUWHQHWDWRUHY WKDW WRJH VW KMID BFRMULAW VROXGBHR RABCH D O

%RXVWDMQDO 6FKPLHBWUD O

$QJ,, HIIHFWYV

$QJ,, KDV PXOWLSOH DFWLRQV RQ VHYHULNQURWWBIGVF (5¥$6 HVFGC LER
5$$6 2Q WRBSYURQIODPPD@MREURBRRQBQJ,, LV WKRXJKW WR LQGXFH LQV
WKURXBKHUDO PHFKDQLVPV LQH\POHALROODQMHOHWDO PXVFOH DG
SDQFUBRBHUZRRG DQG $GQHWKH VNHOHWDO PXVFOH $QJ,, LPSDFW
DOWHUDWLRQ RI ORFDWL KORG® ® QGRZUDVDRQID\DESD DQG <D¥RG
E\ GLUHFW HIIHFW RQ LQVXOLQ VLJQDOLQJ EWKDOXEWVRQVRY [53 G ISR
/87 WUDQVORFDWRRMBDO 2JLKMHWD DO *RRVVH@VDO 0DQULHXHDO
ORUHRYHU $QJ,, LQGXFHWLER$' 33U R FDGDWIHR)QNYG SDWKZD\ LQ UL
VNHOHWDO P XWKHOUHH FRIOHD S DUWLFLSDWLQJ WR WKHHRQBBWHRHWQV XOL

DO

,Q WKH DGLSRVH WLVVXH BQPHQWHRYNGOBISRMI) DQGLQEROREBFMQ
JOXFRVH KR P HFRRUMRNENS R F\WH @H]HQFUHDBWHGERRVVHQVY OHDGLQJ

WR GHFUHDVH LQ OLSLG VWRUDJH FDSDFLW\ GXH WR D UHGXFHG EX
DQG FRQVHTXHQWO\ WR DQ LQF WBHRGKXE W LFRQ RX ODGMISRN DQBYGD/Q G L

YUD\Q *RRVVHQV



J)LQD@Q\WKH SDQFUHDV $QJ,, LV WKH PDLQKDESHB®BOBQWDHQUY,H RI !
LPSDFWV EORRG IORZ SOD\V D UROH LQ GHFUHDVLQJ LQVXOLQ VH
SDQFUHDV WHKIMQUKOXQOWWFUHWLRQ G\VIXQFWLRQ DQG LQGXFHV V\Q

SUR ILEURWLF IRPR@HF XOXDIQW DO

$OGRVWHURQH HIIHFWV

$VGLVSODNHAEXUMH DOGRVWHWBR@HUDORFRUWLFRLG UHFHSWRQ@\ 05 V.

LPSDFWV VHYHUDO RUJDQV VXFKRIDVLEQRUWH[EBBEBEBE YHVNHOYH\ DOC
LV LQYROYHG LQ JORPHUXORVFOHURVLY WXEXORLQWHUVWLWLDO LQ
LFDUGLRYDVFXODU LQIODPPDWLRQ ILEURVLY DQG K\SHUWURSKLF U

VKRZQ WR LQFUHDVH JBXERQYHRQ B8 GHFKILVIULQ

YLIXUH (IITHFWV Rl DOGRVWHURQH RQ PHWDEROLF V\QGURPH
JURP%ULHW DQG 6FKLIIULQ



$OGRVWBRWQPPHQRPLF HUIHPEWMUDORFRUWVRKLE KU WHEHDSRMPRUS URFHV V
DQG QRQRPLF HHHFWVYWK QR LPSOLFDWLRQ RIYMIWDRY FRHBSEULIR@H S U
DVVRFLDWHG DOGRVWGVYRQWLQHRMSWRWD FW LYICDML RIMDFRMWRW K H HIF 5 SWIK

(*)5 ZKLFK FRQVWXMWPBVRWVFHBWWLHEW DO 'RRCGHWN DO

JLIXUHGLVSOD\V JHQRPLF DQG QRQ JHQRPLF DFWLRQV RI DOGRVWH

PDLQO\ LQ UHQDO GLVWDPDBFRRYROXWRGOQWMXYBDXORHFRUWLFRLG UHFHSWI
WUDQVFULSWLRQ RI SUR LQIODPPDWRU\N JHQHV VXFK DV 7%) 0&3 F
DV 3%, HOQOKDQFHYVY WKH 1$'3+ R[LGDVH DFWLYLW\ LQGXFLQJ WKH SUF

1D . HTXLOLEULXP

,Q EUDLQ FDUGLRYDQRXONBOHWWBPPXVFOH FHOOV DOG®BWWHN®QH
FIWRVROQRUDORFRUWLFRQGD UGREBWIRU\W DQRPQYHOO DQG 'DYLHV
$OGRVWHURQHY ID8YG $FO®XQ,ERWK DFWLYDWH WKH 7\U NLQDVH UHFHSW

SURGXFWLRQ RI SUR LQIODIPBDWRWKERQWHYDBR DQG 7/RXWH\W DO



JLIXUH *HQRPLF DQG QRQ JHQRPLF DFWLRQV RI DOGRVWHURQH D
PLQHUDORFRUWLFRLG UHFHSWRU

JURRDVWHMW DO

7R VXPPDUW]HV SRVBREOHQWEKDRMPQ®XRIPG E\ 5$$6 HVSHFLDOO\ WKUR
LQFUHDDHERVWEHRA®Y D FRQWH[W RI LRGHKEZHH LLIKWWK O L Q7 KUHHWH. VW D G
PRGLILFDAMWMHRPQMRROWULEXWH WR WKH RQVHW RI D UIWHDLD ® Y&V EIDQ BV
GHIHFWV ZKLFK FDQGQR G VW R MIEIGUR @ DN H LG Q HAHRIRVGHARDRLF VWUH)
LQGXFHIG\FHUWHQVLRQ WRJHWKHU ZLWK KR UP RQ@QIFQ H/I/PH VYD PILQ O\
D O G R V WHHHRR) IHIRRY W UW R X NOHR PAHOUEKWDARRWL Y U H Q DOH U@V PV DDMIAR Q  FD U «

K\SHUWURSK\ FDUGLRYDVFXODU LQIODPPDWLRQ DQG ILEURVLYV



/DUJHWLQJ WKH 5%$%$6 IRU WUHDWPHQW R
VIOGURPH

6HYHUDO FODVVHV RI GUXJV FDQ UHGXFHLWKHXH$¥6 D BWEWIWQDYV GLV

'LUHFW 5HQLQ ,QKLELWHR@V 'S5,V

5HQLQ LV WKH VWDUWLQ H [SFOLIMM IRWIJWERN HEEHIBPR WW ORJLAMSH D @F DUV
GUXJ WDUJHW LEXWKMWEHSO®DVW WR UHDFK WKH PDUNHWKEHPEIXVH R
HQJ\PDWLF DBWLYHWH GHYHORSHG WR UHGXFH $QJ,, DQG DOGRVWHU
QHJDWLYH LPSDFWV RQ WLVV3HS®\DMEBWRQJIDDVI MWKHWILRIYW UHQLQ LQI
ORZ HIILFDF\ DQG KDG SRRU VROGHEYBDWSHWR I[WHQ@DDQQRWJIXH S
DQJLRWHQVLQRJHQ ZHUH SURGXFHG EXW ZHUH QRW YHU\ SRWHQW

ZHUH GHYHORSHG DQG ZHUH VKRZQ WR EH SRWHQW EXW)V@&RDKOG ZHI
DIWHU PRUH WKDQ VHDHFKY FROLVNSHEWLGLER@KLELWRU Rl UHQLQ Z
IURP WKLV FODVV PG SURKY PEQRNIONVE\ WKH )RRG DQG 'UXJ $GPLQLVW!
K\SHUWHQVQRIW DO ,W KDV EHHQ VKRZQ WKDW LQ SDWLHQWYV ZLV
SURQWHILD DQG EORRG SUHVVXUH ZHBHUVNRWFEG E$CGIOLNVINLWG D Q

JLYHQ DORQH RU LQ DVVRFLDWLRQ ZLWK RWKHU K\SHUWHQVLYH DJI
DGYHUVH HIIHFWV KDYH EHHQ UHSRUWHG VXFK DV GL]]JLQHVV IDWL
ELRDYDLODELOLW\ LV UHODWLYHO\ SRRU WKH DVRP LQ PVVWGHDILIDG C
9DLG\DQDWMWKID® $V D UHVXOW WKLV FRPSRXQG FDQ DFFXPXODWH
GLDUUKHD ,W KDV EHHQ UHSRUWHG WKDW XS WR PJ GDLO\ GLDUL
SODFHER EXW ZKHQ JLYHQ DW PJ GDLO\ WKH LQFLGHQFH RI GLDL

Rl SODFHER YV SWDQWW® O



$&( LQKLELWRUV SULO

7KHVH DJHQWY EORFN WKH FRQYHUVLRQ RI $QJ, WR $QJ,, OLP
SUHVVXUH LQIODPPDWLRQ DOGRVWHURQH SURGXFWLRQ &RQVHTXF
IXQFWLRQ VXFK DV NLGQH\ EORRG YHVVHOV DQG KHDUW 7KLV FOD
K\SHUWHQVLRQ FRQJHVWLYH KHDUW IDLOXUH P\RFDUGLDO LQIDUF
QHSKURSDWK\ ZLWBR6 LFIWRWHBORQUDRWKHUV $&( LQKLELWRUV KDYH
SURWHFW HQGRWKHOLDO IXQFWLRQ E\ D GHFUH DD\ RH 2BODQG SUR
9DUHW DO ORUHRWHU FODVV RI GUXJV KDV VKRZQ DQWLR[LGDQW HIII
WUHDW FDUGLRYDVFXODU DQG UHQDBXDD@®HUDW L BRY ILQIGCLDEAMGR BV D
ZHOO WROHUDWHG ZLWK WKH P D L@ ZDHLY\H B\ H +HHI DRV 2 KX MLRRIP FI R XIIWKH Y
(YDOXDWLRQ +23( DQG OLFURDOEXPLQXULD &DUGLRYDVFXODU DQ¢
+23( WULDOV KDYH VKRZQ JRRG HYLGHQFH RI ULVN UHGXFWLRQ Il

SDWLHWW23( LQYHVWLIJDWRUV

$QJLRWHQVLQ UHFHSWRWBORMBNHUV $5%V

&RPSOHPHQWDU\ WR $&( LOQKLELWLRQ $5%N\L EO RFMF BH G R WVDHFHW YV P
ZLGHO\ SUHVFULEHG WR K\SHUWHQVLYH SDWLHQWVY SDWLHQWYV VXII
7HUUD $5%V DQG $&(L KDYH FRPSOHPHQWDU\ HIIHFWV RQ DQJLRW
EORFN $QJ,, SURGXFWLRQ ZKLOH $5%V EORFN WKH QRQ $&( GHSHQ
FRPELQDWLRQ WKHUDS\ ZLWK $&(L DQG $5%V FDQ LQGXFH JUHDWHU
JRUFOHW DO 6WLOO WKLV VIQHUJLVWLF HIIHFW Rl FRPELQDWLRQ L\
$1IDLUV 1HSKURSDWK\ LQ 'LDEHWHV 9% 1(3+521 ' ZDV VWRSSHG DI
FRQFHUQV VKRZLQJ WKDW SDWLHQWYV ZLWK QHSKURSDWKWYKBXOG (
HW DO ORUHRYHU LQ WKH 2QJRLQJ 7THOPLVDUWDQ $ORQH DQG LQ &
(QGSRLQW 7ULDO 217$5*(7 WULDO UDPLSULO DQG WHOPLVDUWDC

PRQRWKHUDSLHYV LQ SDWLHQWYV ZLWK YDVFXODU GMNRRODMHD 8 Y HRLIHK



HYHQWYV ZLWKRXW DQ LQFUHDVH LQ EHQHHEW REHD® G LYR\QVHEDGEBPELQ
WKH FRQWUDU\ VRPH RWKHU VWXGLHV VXFK DV $ OXOWLFHQWHU 7U
(YDOXDWH WKH (IITHFWV RQ /RZHULQJ %ORRG 3UHVVXUH $0$=( KD)
FRPELQDWLRQ EHWZHHQ FDQGHVDUWDQ DQG OQJ]RH@RSOLO 7IKQ VK\SH L
VKRZV WKDW WKH FRPELQDWLRQ FDQ EH EHQHILFLDO LQ VRPH SR

FRPELQDWLRQ VKRXOG EH SUHVFULEHG ZLWK FDUH LQ IXQFWLRQ RI

$&(L DQG $5%V RQ WKH ORQJ UXQ FDQ VWLPXODWH SUR UHQLQ D
PHFKDQLVP OHDGLQJ WR DQ LQPBRDVHTIXH@BH, WRHYHIOMFDF\ RI WKH
FRPSRXQGV FDQ GHFUHPWODXYLWEGWLWHRQDOO\ PRQR RU FRPELQDW
$&(L DQG $5%V FDQ WULJJHU D FRPSHQVDWRU\ HOHY¥DWEGERQWHU BQH
EUHDNWKURXJK" WKDW FRXQWHUDFWYV WKH HIIHFW\W RPESRZKN RQ G5
.OHPPHU $OGRVWHURQH EUHDNWKURXJK FDQ EH H[SODLQHG E\
SURGXFWLRQ SPOWXHQEWUDO DQG E\ WKH IDFW WKDW DGUHQRFRUYV

$&7+ FDQ DOVR VWLPXODWH SURSXWWLR® RNMDGRVWHURQH

05 DQWDJRQLVWRQBI5$V

$V GHVFULHEMEODBG RV W H DRI WIVG L X UH W L F$ OGRROPAREMHR\OGH D UROH L«
JORPHUXORVFOHURVLY HQGRWKHDILD &\@W KHYAW ORI OFIDBACGR UL\ EIDAEWR/U
526 058V EORFN WKH DFWLRRGRIQHUGRRYRUWRQFRING DUHF ISEWRBULEHG
SDWYHRMWK K\SHUDOGRVWHURQLVP HVVHQWLDO K\SHUWHQVLRQ |
(SVWHLQ DQG &DQRRKHDUW IDLOXUH 05%$V FDQ EH JLYHQ RQ WRS RI
7KH 5DQGRPL]HG $/GDFWRQH (YDOXDWLRQ 6WXG\ 5%$/(6 HYDOXD
VSLURQRODFWRQH JLYHQ RQ WRS RI $&(L GLXUHWLF RU GLJR[LQ L
HMHFWLRQ IUDFWLRQ 7KLV VWXG\ VKRZHG D UHGXFWLRQ LQ DOO
QR VLJQLILFDQW LQFUHDVH RI K\SHUNDOHPLD RU UHQD GLMMD ®OH H

7KHQ WKH (SOHUHQRQH 3RVW $FXWH O\RFDUGLDO ,QIDUFWLRQ



6WXG\ (3+(6BBRZHG MWXBWWLHQWY ZLWK DFXWHFRPRRDLUF®MDHG LEMN DO
YHQWULFXODU G\WIXQFWLRQ DHS CKHHDHIQWR QBHL O X G M AVH B SPARRIPAVD O LW\ E\
RQ WRS RI $&(L $5%V GEXRAWHBYWRUVEHMDDOO(SWHKUWHHQRQH LQ OL
SDWLHQWYVY +RVSLWDOL]DWLRQ DQG 6XUYLYDO 6WXG\ LQ +HDUW )D
WUHDWPHQW ZLWK HSOHUHQRQH RQ WRS RI VWDQGDUG RI FDUH PL
IDLOXUH ZLWK UHGXFHG HMHFWLRQ IUDFWLRQ FRXOG LPSURYH VXUY|
DV FRPSDUHG ZLWK SODFHER UHGXFHG ERWK WKH ULVN RI GHDWK
SDWLHQWYV ZLWK VI\VWROLF KHDUWDIQQB®UEO QGKANVBGY WRGMHRP GHIL
VKRZ WKH EHQHILW RI DGGLQJ SDUWLFXODUO\ HSOHUHQRQH RQ WRS

SDWLHQWY ZLWK KHDUW G\VIXQFWLRQ

/ILNH IRU RWKHU H[LVWLQJ NLGQH\ WKHUDSLHYV VLGH HIIHFWV KDYH
VH[XDO G\VIXQFWLRQ KDV EHHQ UHSRUWHG IRU VSLURQRODFWRQH
DQGURJHQ UHHHPWRUYV 7KLV VLGH HIIHFW ZDV QRW REVHUYHG ZLWEk
PRUH VHOHFWLYH WKDHQSHINIRHAODFMRPBOVR EH D FRQVHTXHQFH R
D FRQWH[W RI FKURQLMRIGGWKN GVHHRNBRRS GLXUHWLFV IXURVHPLC

FDQ KHOS WR UHGSWVW HIDQOBEPGD&DOKR X Q

$OGRVWHURQH VIQWKDVH LQKLELWRUV $6L

$OGRVWHURQH V\QWKHVLV LV PDLQO\ FRQWUROOHG E\ UHJXODWLR
HQEGLQJ IRU DOGRVWHUFQMW VORIMXPWW HURDW V\QWKHVLV &<3 % H
K\GUR[\ODVH WKDMD IPRUQYR R OHEH RAXNKWLIRRRORJ\ EHWZHHQ WKHVH W

SLYRWDO DV RQO\ DOGRVWHURQH LV WKH WDUJHW LQ 5%$3$& RPHDQLC

QRWSDFW FRUWLVRO SURRBXHEW LIR®| YN IXCGUHLFXOW

6RPH SUHFOLQLFDO VWXGLHV KDYH EHHQ OHG ZLWK )$' ZKLFK ZD

URGHQWYV ,W ZDV VKRZQ WR IED-P\RRIOOBFEURQ/G FOAMI¥HE DPRQJ RWKH



EHQHILFLDO HIIHFWYV WR LPSURYH OHIW YHQWULFXODU VWUXFWXUF
LQIDUFOXIORGHW DO 7KH ILUVW RUDCHO$6L WKDW KDV EHHQ GHYHORS
KXPDQV LV /&, E\ IRYDUWLYV DQEKRZONIIVNBDHF\ LQ LQKLELWLQJ DC
+RZHYHU KLJK GRVH RI WKLV FRPSRXQG FDQQRW EH XVHG VLQFH LW

FRUWLVRO SSSRIKXADPWLERQ

LW LXJJIHVWKEBW DOGRVWHURQH VIQWKDVH LQKLELWLRQ PD\ EH XVHG
FROQWRH[W\SHUWHQVLRQ DQG PLJKW EBH REWHRWAD QMDD FUWRXXVFWXUH DQG

WKDQ LQ GHFUHDVLQJICBORMGDIUHVYV XUH

,PSRUWDQW ZD\ Rl GHYHORSLQJ HIILFDFLRXV $6L LV WR ILQG VHOHF
QRWLFLQJ WKDW WDUJHWLQJ DOGRVWHURQH VIQWKHVLV LQYROYHYV
GHR[\FRUWLFRVWHURQH '2& SUHFXUVRU RI DOGRVWHURQH WKDW
DQG LQGXFH HOHFWURO\WH BQ&REBRE 0GR K VERUWRHIIWIFRQ+DUJR YD Q

DQG )HUUR



JLIXUH 6FKHPDWLF Rl DGUHQDO VWHURLG ELRV\QWKHVLYV
JURPFDUJRYDQ DQG )HUUR

0$1$*(0(17 2) 0(7$%2/,& 6<1'520(

$V PHWDEROLF VI\QGURPH LV QRW D GLVHDVH EXW D FOXVWHU R
LQIODPPDWLRQ WKHUH LV QR VLQJOH WUHKBNMWPHQNWXRW PHWIGE KO
LGHQWLILFDWLRQ DQG PDQDIJHPHQW RI SDWLHQWY WKDW KDYH PHWL
WUHDWPHQW LQGLYLGXDOO\ DFFRUGLQJ WR MRIKH D G YIDWQHFHW KQ@WHWYW D

WKLYV PDQDJHPHQW LV GLIILFXOW DV QR XQLTXH PHWKRGRORJ\ H[LVW



SUHYHQWLYH PHDVXUHY FDQ EH HIILFDFLRXV IRU ZHLJKW ORVV VXF
DV D UHVXOW FDQ KDYH D EHQHILFLDO HIITHFW RQ WKH VHYHUDO FREF
ZKHQ WKH SUHYHQWLYH PHDVXUHV DUH QRW VXIILFLHQW JHQHUD
VHSDUDWHO\ ZLWK GHXQ WKHAKBSILHYW JRDO RI PDQDJLQJ SDWLHQ\
VIQGURPH LV WR GHFUHDVH WKHLU FDUGLRYDVFXODU ULVN E\ LQGLY
WKH SDWLHQWY{V VSHKXKMLRNOLWVNXHDFMRARQ LV WKDW LW LV HDVLHU
UHDVRQDEOH LPSURYHPHQW RI WKH WDUJHWHG GLVHDVH RU SDUDPH
EHWWHU OLIHVW\OH ZKLFK FRXOG RQ WKH ORQJ UXQ KDYH D EHQHII
RQ WKH VHYHUDO FRPSRQHQWYV RI WKH PHWDEROLF VIQGURPH &RQV

RIWHQ JLYHQ RQ WRS RI D OLIHVW\OH PRGLILFDWLRQ

7KHUH LV D WRRO WR HVWLPDWH WKH VKRUW WHUP FDUGLRYDVFXO
VIQGURPH WKH )UDPLQJKDP DOJRULWKP 7KLV WRRO FODVVHV SDWL
\HDU ULVN RI FRURQDU\ KHDUW GLVHDVH KLJK ULVN \HDU ULVN -

WR PRGHUDWH ULVN \HDU ULVN \WRU ULURG ORZKULIMWHNRQF
SDWLHQWYVY WKDW KDYH QR GLDEHWHYV RU DUWHULRVFOHURWLF FDUG
KLJK ULVN FD&WBJIJRU\ 7KLV ZD\ RI HVWLPDWLQJ WKH ULVN IRU SDW

SUHVVXUH VPRNLQJ DJH DQG FKROHVWHURO OHYHOV +'/ & DQG WR

*XLGHOLQHV RI VEKRABDYWRQOPRO® (GXFD&(IBRQ 3UWBKUBDILIKWK -RLQW 1I
&RPPLVVLRQ -1& 9,,, IRU EORRG-BRPHWWXDEO® WWHKBWMAHDDMRQDO ,QVW
+HDOWK 2EHVLW\V+ QLWWHKWL¥HHULFDQ 'LDEHWHYV &%V RFLDMNWIR QVKH $

$PHULFDQ +HDUW $VVRRLOOQMHROQDGB+$ VKRXOG EH IROORZHG E\ SK\V

RSWLPL]LQJ WKH WUHDWPHQWY RI WKH VHYHUDO FRPSRQHQWY WKDW



,QXIQFWLRQ RI WKH )UDPLQJKDP VFRUH DQG WKH H[WHQW RI WKH

VIQGURPH D PXOWLGLVFLSOLQDU\ DSSURDFKG\HWFFXJ(D.|EIBEH{ B\GHRFS W H G

SDJH

$vV VWDWHG EHIRUH OLIHVW\OH PRGLILFDWLRQ LV WKH ILUVW WKHULIL
WKLV WKHUDS\ DQG DV DQ H[DPSOH OHGLWHUUDQHDQ GLHW WKDW
PHWDEROLF VIQGURPH GHYHORSPHOWUWLWXRI6HIXDBUBDQSVREQHFWL
681 TRUWRWDDO %DELR HW BOOHWWVDO ORUHRMHW®KD HW DONKH
'LHWDU\ $SSURDFKHV WR 6WRS +\SHUWHQVLRQ '$6+ GLHW SOXV OLI
WR LPSURYH WKH PHWDEROLF SDUDPHWHUY DQG PRUH SDUWLFXODL
7KH '$6+ HDWLQJ SODQ LPSOLHV PDQ\ IUXLWY DQG YHJHWDEOHV JL
KHDOWK\ DQG ORZHU LQ VRGLXP 7KHQ SK\WLFDO DFWLYLW\ LV FH
wWuUuDLQLQJ KDV EHHQ VKRZQ WR UHGXFH WKH VNHOHWDO PXVFOH OLS
Rl %0*RRGSDVMMAUDO WR GHFUHDVH SODVPD WULJO\FHULGHV OH
FDUGLRYDVFXODRSOPWEDRIGNLH®WIXODU DQG PRGHUDWH H[HUFLVH G
PLQXWHV D GD\ LV UHFRPPHQGHG E\ SK\VLFDO DFWLYLW\ JXLGHOLQH
FRPSOHWHG E\ RWKHU DFWKRPWVRY HW IUHKOHHIWHIO 'DLO\ VRGLXP
LQWDNH VKRXOG DOVR EH UHVWULFWHG WR QR PRUH WKDQ WR X
SUHFRQL]J]HG WR GHFUHD VKH D WRRCD 6 BH\EWOUHW DKLV FDQ EH UHDFKF
HDWLQJ PDQ\ IUXLWYV DQG YHJHWDEOH DQG DV D UHVXOW LV FRPSD)
ORVV RI WR RYHU WR PRQWKYV LV WKH H[SHFWHG RXWFRPH D
PRGLILFDWLRQV VWDWHG DERYH 3KDUPDFRORJLFDO WUHDWPHQW FD
JOXFRVH WROHUDQFH VXFK DV PHWIRUPLQ SLRJOLWD]RQH RU DFDUE

+E$ F EHORZ DQG WR UHGXFH JO\FHPLD EHORZ PO LQ IDVWLQJ FR

OHWIRUPLQ LV RQH RI WKHQRRUWHBSHWYVRFURERQA YV LQGLFDWHG IRU PR\

DQBEHSBWLHQWY ,W LQFUHDVHV LQVXOLQ VHQVLWLYLW\ VXSSUHVV



JOXFRVH XSWDNH LQFUHDVHV IDWW\ DFLG R[LGDWLRQ DQG GHFUHI
DFWLRAKXKIERK JO\FHPLD LV GHFUHDVHG&RYD GHWLLD O XIQRGOHMWIM @&HE D W H
ORVW RI SDWLHQWY KDYH UHDFKHG D UHGXFWLRQ RI 1DWKIPWKHYLU +E
7KH PRVW FRPPRQ UHSRUWHG DGYHUVH UHDFWLRQ WR PHWIRU
LQFOXGLQJ QDXVHD YRPLWLQJ DQRUH[LD DQG GLDUUKHD /DFWLF
VLGH HIIHFW EXW ZLWK D ORZ SUHYDOHQFH WD LOHF DQKs FEXU QF
ORUHRYHU WKLV ULVN LV HYHQ LQFUHDVHG ZLWK WKH XVH RI
WHPSRUDULO\ GHFHDVH UHQDO IXQFWLRQ LQ SDWLHQWYVY LQ ZK
DFFXPXODWLRQ LV FHUWDLQO\ GXH WR WKH LQKLELWL*RMHWBKRIHGISDWL|

DO

3LRJOLWINAQMVYXOLQ VHQVLWL]HU EHORQJIZ®JFWR WK H° RIGHDR R O E®/ILQ
FRQVLVWY LQ ELQGLQJ WR DHWR[YVWRIG SJUHEG IS\E R BBRR3ISG VFHO OV

7KH GOX$Y5FRPSOM[IHFWKRH WUDQVFULSWLRQ RI PDQ\ JHQHV 7KH\ K
VWLPXODWH SURGXFWLRQ RI SURWHLQV OLNH DGDRRQBPWRQW RVEDW
WUDQVFULSWLRQ RI RWKHUV WKDW HQKD QF & K IQQ GHRMRRIDW L RQ \CRYG L Q
HW DO <NL -IlUYLQHQ7KH FOLQLFDO HIIHFW RI SLRJOLWD]RQH LV W
([SHFWHG UHGXFWLRQ RI +E$ F ZLWK WK HNW KB DRDWLRQVY HVIHFW

RQ 33%$5. SLRJOLWD]RQH PD\ DOVR LPSURYH G\WOLSLGRPHWEDC QFU

6RPH UDGMHUVH HIIHFWV OLNH KHSDWRWR[LFKMW\PRMRH EHHQ WMDHASIR
SUHVFULELQJ 7='V WR ROG SDWLHQWYV @MWIHR®Y K ADWIAD KRR G NIRID FMDX
&RQMHW DO 7TURJOLWD]RQH DQRWKHU 7=' ZDV UHPRYHG IURP WKH
KHSDWRWR[LFLW\ 3LRJOLWD]RQH ZDV DOVR EDQQHG LQ I[URP WK
KDV EHHQ DVVRFLDWHG ZLWK LQFUHDVHG ULVNV RI GHYHORSLQJ EO]

EHHQ DVVRFLDWHG ZLWK DQ LQFUHDVHG UHWINHRNY DQ\ FDUGLRYDVFXO



ORUH UHFHQWO\ 33%GEO0 B3R FDOOWDBIDUV VKRZHG JUHDWHU HIILFD
K\SHUJO\FHRIQD/ POQIGQ UHOMW\SW D (CHHBIFISWHIVD OO\ E\ LPSURYLQJ OLSLG F
UHGXFLQJ GLDEHWLF PLFURYDMHX®&DW DFrERPE&RHEBWLBRQV 7KHVH

FRPSRXQGY DUH VWLOO XQGHU LQYHVWLIJDWLRQ DQG QRW \HW RQ
HYDOXDWLRQ OLNH LQFUHWLQV DJRQLVP 7KH JDVWURLQWHVWLQD
LOQFUHWLQV JOXFDJRQ OLNH SHSWLGH */3 DQG JOXFRVH GHSHQCG
RQ WKH SDQFUHDWLF LVOHWYV */3 HQKDQFHY LQVXOLQ VHFUHWLR
VHFUHWLRQ E\ . FHOOV ,QFUHWLQV EDVHG WKHUDSLHVY DUH HVVHQW
EH XVHG DV PRQRWKHUDS\ RU LQ FRPELQDWLRQ ZLWK RWKHU DQW
HITHFWV QRW RQO\ RQ JO\FHPLD EXW DOVR RQ ERG\ ZHLJKW GHFUHEL
EHQHILWY OLNH UHGXFWLRQ RI LQIODPPDWLRQ RU SURWHWWLRQ RI

2XU WHDP KDV EHHQ ZRUNLQJ RQ PXOWL LQFUHWLQ DJRQLVP VW

. JOXFRVLGDVH HQ]\PHV DUH ORFDWHG LQ WKH VPDOO LQWHVWL
SRO\WDFFKDULGHVY DQG ROLJRVDFFKDULGHV LQ PRQRVDFFKDULGHYV
LQKLELWRUV DFW LQ SUHYHQWLQJ WKLV K\GURO\WLV DQG GHFUHD
%LVFKRIl ([SHFWHG UHGXFWLRQ RI +E$ F ZLWK WKH\HNVRE@LBOWLR (
2QH GUDZEDFN RI WKLV W\SH Rl WUHDWPHQW LV WKDW WKH QR
FRORQ DQG DUH GLJHVWHG E\ EDFWHULD DQG SURYRNH GLDUUKHD |
OLPLWV WKHLU XWLOL]DWLRQ XVH DV GLVFRQWLQXDWLRQ RI WKH Gl
1RQLQVXOLQ 'HSHQGHQW 'LDEHWHYV 6AKMGISWHRK DEY 28K 1 D\OWHRAD D O

&KLDWWWR ® O

/IRZGRVH DVSLULQ LV I[UHTXHQWO\ UHFRPPHQGHG WR GHFUHDVH WKH

ZLWK PHWDER O LGK VN@GWRPOG +HQQHEXMWWLY JLYHQ EDVHG RQ WKH )U|



IDFWRU FDWHJRURO P®GGULKMH ULVN HORRUH DN EWKH EHQHILW ULVN

IDYRUDEOHHRRUKKDYN DV FRPSDUHG WR H[SHFWHG EHQHILW

5HJDUGLQJ EORRG SUHVVXUH FRQWURO W GHD WHW QMZXIHRLYOPBWMAROL Q@
GLDVWROLF EORRG SUHVVXUH LV DERYH PP +J PP +J DQG
SDWLHQRWMIFEXEORRG SWHVWB$E6E LW WKH |$S\(WQKRELMMRUY DORQH
FRPELQDWLRQ ZLWK $5%V DUH JLYHI)V DLW DK DMJEWHQLYKREWRHWEBRBW
EHQHILFLDO RQ GLDEPWEVFEURQUHAWILGR@HDB@®MHD VIKHQ WKH XVH RI
EHVEDRFNHUV WR WDUJHW WKH VI\PSDWKHWLF QHUYRXV VAIVWHP RU (
DV ZHOO EXW KDYH EHHQ VKRZQ WR HQKDQFH WKH ULVN RI GLDEHW
TUHDWPHQW DQG /LSLG 3URILOH LQ WKH 1RUWK RI BZHKBUHWK H OLHADW
RWKHU VWXGLHV OLNH $QWLK\SHUWHQVLYH DQG /LSLG /RZHULQJ W
$//+$7 KDYH VKRZQ WKDW WKHVH FRPSRXQGV ORZHU WKH ULVN RI &
GLDWHY/+$7 VR WDUJHWLQJ WKH 5%$%$6 KIDQ/GKRO®P QW 5 XH OBRISE

DO 2SLH DQG 6FKDOO

‘\VOLSLGHPLD LV DOVR WDUJHWHG HVVHQWLDOO\ ZLWK VWDWLQV D(
VFRUH IRU &Y IOHYHOV UDQJLQJ IURP ULVRJIS®WRHQWR/ZW R PJ G/
ULVN SDWLHQWYV O9LWDPLQ % QULYAH@M@ RRUWRE UDIWHWDRMDL@ \EHIRU SD
WULJO\FHULGHV OHYROWMIX@Q&BW DO +'/9LWDPLQ % KDV EHHQ VKRZC
HITLFDFLRXV LQ LQFUHDVLQJ +'/ SODOK\NDHBOYVDDQ® @G VHIBXFLQJ WULJO\

DQG /'/ & OHYHOV 1&RXQL %YHUWKROG DQG %HUWKROG

JLOQODEDULDWULF VXBUHBRODHERDIVERE GH|[ %0, LV VXSHULRU WR F
PLQLPXP RQH RI WKH IHDWXUHV FLWHG DERYH VXFK DV 7' DQG IR

WUHDWPHQW ZHUH QRW HIILFDFLRXW RQ PXQIK WRORWVH ZHLIKW



7TDEOH

OXOWLGLVFLSOLQDU\ DSSURDFK WR WKH PHWDEROLF V\QC

JURP .DXU + $&(,V DQJLRWHQVLQ FRQYHUWLQJ HQJ\PH
DOGRVWHURQH UHFHSWRU EORFNHUV %3 EORRG SUHVVXUH
& UHDFWLYH SURWHLQ +'/ & KLJK GHQVLW\ OLSRSURWHLQ
OLSRSURWHLQ + FKROHVWHURO OHW6 PHWDEROLF V\QGURPF



1(: 7+(5%$3(87,& $3352%$&+(6

$OWKRXJIJK FODVVLFDO VWUDWHILHY WDUJHWLQJ 5%$%6 $&(L $5%V KI
QHSKURSDWKARWRDO %YUHQRWUDO $SSHOV DO 7THUUD 5RVFLR@LDO

WKHLU EHQHILWY RI FRPELQDWLRQ WKHUDS\ LQ FKURQLF NLGQH

DVDOUHDG\ PHQWLRQHG DERYH) HQQOWRIS HBHPYDUBH) )ULHBN DO

$V WKH EHQHILW ULVN UDWLR IRU FRPELQDWLRQ EHWZHHQ $&(L DQ
LQ WKH NLGQH\ GLVHDVH SDWLHQWY EXW DV WKH LGHD WR WDUJH
YDOXDEOH ZKLFK LV GLVSOD\HG E\ WKH FRPELQDWLRQ EHWZHHQ

QHFHVVDU\ WR ILQG RWKHU LQQRYDWLYH WUHDWPHQWY WDUJHWLQJ
RI VHOHFWLYH DOGRVWHURQH V\QWKDVH LQKLELWRU DV LW LV VX
VWDQGDUG RI FDUH LQ WKH FRQWH[W RI K\SHUWHQVLRQ DQG PLJKW
VWUXFWXUH DQG IXQFWLRQV WKDQ LDUGHWUBOD VIORUERRRG DUVNTNKE
DOGRVWHURQH V\QWKDVH LQKLELWRU FRXOG VKRZ EHWWHU UHVXO
H[SHFWHG WR EOXQW DOGRVWHURQH SURGXFWLRQ DYRLGLQJ LWV

WKH 05%$ FDQQRW DYRLG WKH DOGRVWH WRQ HVIKH HEW R WKRHW LAH B L W@+
PHPEUDQH DVVRFLDWHG DOGRVWHURQH UHFHSWRU LV YHULILHG C

GHSHQGHQW RI WKH PLQHUDORFRUWLFRLG UHFHSWRU

$VLGH IURP WKH 5%$$6 DQRWKHU DSSURDFK LV WR XVH DQWL LQIOD
VLQFH FKURQLF LQIODPPDWLRQ DQG SURGXFWLRQ RI 526 DUH FHQ
PHWDEROLF VIQGURPH FKURQLF NLGQH\ GLVHDVH DQG FOWGRRYDVF
DFWLYDWRU RI 1UlI DQG .HDS SDWKZ\W R WW DD W B VWHEKHHH @ HDIORKAD U
SURFHDWUDPLOOR DQG =RIM®W DO %DUGR[RORQH KDV EHHQ HYDOXDV
PRGHOV RI FKURQLF NLGQH\ GLVHDVH DQG FOLQLFDO VWXGLHV LQ FK
VWXGLHVY EDUGR[RORQH RU EDUGR[RORQH DQDORJXHV KDYH VKRZQ

IXQFWLRQ LQ DFXWH NLGQHS$ OLFONVXEMRL OH: P RIGMHOW DV ZHOO DV LQ



FKURQLF VWXGLHV LQYRO Y4LHORHEWD DOKRBEKWRRAU 'LDEHWLF )DWW\ UL
&KLBW DO
JURP D FOLQLFDO SRLQW RI YLHZ EDUGR[RORQH KDV VKRZQ HIILFD
VKRUW WHUP VWXGLHV LQ SDWLHQWYV ZLWK FKUR®URIRNME QB\ GLVHD
BHUJROM DO EXW QRW LQ HQG VWDJH UHQDO GLVHDVH SDWLHQWYV
W KDV PREHR@HMVVRFLDWHG ZLWK LQFUHDVHG LQFLGHQFH RI FDUG
VWDJH FKURQLF NLGQPDGGWRIRTURQHQPWWH\O (YSOXDWLRQ LQ SDWLFE
GLVHDVH DQG W\SH GLDEHWHY PHOOLWXVY WKH 2FFXUUHQFH RI UH
VWRS WKH VW>3H HIDWMAHDO /DPEHUV +HHHWS ID®DN 7KLV UHPD
FRQWURYHUVLDO DV LW KDV UHFHQWO\ EHHQ GHVFULEHG IRU SDV
KRVSLWDOL]DWLRQ WKDW WKH ULVN IRU KHDUW IDLOXUH ZDV WKH \
LQ SDWLHQWYV UHF&KIYQW DOODFHER
$OWKRXJK WKHVH FRQWURYHUVLDO HIIHFWV KDYH OHG WR D UHDYV
EDUGR[RORQH LQ FKURQLF NLGQH\ GLVHD®H BNHEMODODYRRWIKMU LQ
=RMDW DO WKLV FODVV Rl GUXJV FRXOG EH IXUWKHU LPSURYHG W

WRS RI WKH FODVVLFDO WKHUDSHXWLFV






&H VHFRQG FKDSLWUH SRUWH VXU OJDVSHFW H[SpULPHQWDO Gt
OfHIIHW SURWHFWHXU GH FRPSRVpV VXU OHV IRQFWLRQV UpQDOH HYV
GH FHV IRQFWLRQV DYHF OfkJH FKH] OH UDW =6) /D IRQFWLRQ FDU
GPpFULWH GDQV OD OLWWpUDWXUH FIHVWLDPRKBEFRREGLARRUDSREDYR
WHFKQLTXH XOWUDVRQRUH HVW XWLOLVpH FKH] Of+RPPH HW SUpVH
GIDXWUHV WHFKQLTXHV GYLPDJHULH (Q SDUWLFXOLHU HOOH SHU
PDQLqUH QRQ LQYDVLYH HW HQ XQ WHPSV FRXUW /H SULQFLSH GH
VXFFLQFWHPHQW GpFULW GDQV FH FKDSLWUH DLQVL TXH OHV GLIIpL
PYDOXHU OD IRQFWLRQ FDUGLDTXH % PRGH 0 PR®HQHEWGHNRSBBOHU
FI SDJH VXU OHV PRGgOHV DQLPDX[ GH VIQGURPH PpWDEROLTXIH
FKDSLWUH D GRQF FRQVLVWp j pYDOXHU OD IRQFWLRQ FDUGLDTXH D
i XQH SUHPLqQUH SXERXPBWIL®QFI SDJH ,0 HVW DSSDUX TXH GDQV FH
IRQFWLRQ V\WWROLTXH pWDLW SUpVHUYpH DORUV TXH OD IRQFWLRGQ
GPFULYRQV HQVXLWH FH TXL D pWp REVHUYp SRXU OD IRQFWLRQ UpQ
VXUYLHQW TXH WDUGLYHPHQW YHUV XQ DQ DYHF OfDSSDULWLRQ G
IDLW VDFKDQW TXH OD IRQFWLRQ FDUGLDTXH pWDLW DVVH] SHX LP
=6) HW TXH OD IRQFWLRQ UpQDOH QfpWDLW WRXFKpH TXH WDUGL

VWUDWpILHY SRXU DFFpOpUHU HW DFFHQWXHU OH GHJUp GH VpYpULYV

/D SUHPLQUH PpWKRGH XWLOLVpH D pWp OD QpSKUHFWRPLH XQLODWj
PYLGHQFH XQH H[DFHUEDWLRQ GH OD G\WIRQFWLRQ UpQDOH FKH] Ol
FDUGLDTXH &H WUDYDLO D GRQQp OLHX j OD UpGDFWLRQ G{XQ VI
DFWXHOOHPHQWRXBRPIOVRIjWKH $PHULFDQ 6RFILEWIHRI3XH &K WRROXXR/J\

DYRQV WHVWp OfHIILFDFLWp GH OJDQWLR[\GDQW EDUGR[RORQH VXU
PRQWUp TXJLO pWDLW DXVVL HIILFDFH TXH OH FRPSRVp GH UplpUHQ
FRQYHUVLRQ GH OYDQJLRWHQVLQH , &HWWH pWXGH D GRI®DRQHUWLH X

DUFKEV¥SDJH GDQV OHTXHO QRXV pPHWWRQV pJDOHPHQW OfTK\SRWKQ'



TXH OfHIIHW SURWHFWHXU GX EDUGR[RORQH VXU OD IRQFWLRQ UpQI

HQJHQGUpH SDU OD UpGXFWLRQ GH OD SULVH DOLPHQWDLUH FKH] OH

/D VHFRQGH PpWKRGH D FRQVLVWp HQ OTLQIXVLRQ G1$QJ,, DILQ GH
XQ VWUHVV KRUPRQDO SDU OD VI\QWKqVH PDVVLYH GIDOGRVWpURQH
D PRQWUp XQH IRQFWLRQ LR)DWORQ FIDQMALDXKKQMWDSLGHPHQW DOWplL
FH PRGQqOH =6) $QJ,, QRXV D SHUPLV GH WHVWHU OfTHIIHW GH C
PLQPUDORFRUWLFRWGHY pSOpUpPQRQH DLQVL TXH GTXQ LQKLELWHXU
SURWHFWLRQ UpQDOH PDLV DXVVL FDUGLDTXH HW GH PRQWUHU >
OfLQKLELWHXU GH OfDOGRVWpPURQH V\QWKDVH &HWWH pWXGH D G

i .LGQH\ ,QWHURIDBMURQDO

$1,0$/ 02'(/6 2) 0(7$%2/,& 6<1'520(

,Q RUGHU WR WHVW HIILFDF\ Rl QHZ FRPSRXQGV WQSW K HGILMEOHBN RV
FDUGLRYDVFXODU GLVHDVH DQG FKURQLF NLGQBWGDQNDWDNLWRBALD
PRGHIOH ZKLFK PLPLFV WKH KXPDQ SDWKRSK\VLRORJLFDO PHEKD
FDUGLRYDVFEXODU GDPDJHV LQ D FRQWH[W RI PHMDERDQEV X HIEG DRF
HGLWRULDO LQ WKH -RXUQDO RI ([SHULPHQWDO DQG $SSOLHG $QLF

DQLPDOV PRGHOV RI PHWDEROLF VIQGURPH DQG W\SH GLDEHWHYV X\
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$QLPDO PRGHOV RI PHWDEROLF VIQGURPH DQG DVVRFLDWHG
$JQqV %pQDUGHDIXOGBKDP 5LERXOMHWN XM BOEHUWWLAID BK*RPH] 3K

$IILOLDWLRQV

) +tRIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG S5(' &DUGLRYDVFXODU
%RHKULQJHU ,QJHOKHLP 3KDUPD *PE+ &R .* BLEHUDFK *HUPDQ\
5HVHDUFK

/IXQG 8QLYHUVLW\ ODOP| 6ZHGHQ 'HSW RI &0LQLFDO 6FLHQFHYV

&RUUHVSRQGLQJ DXWKRU
$JQqV %pQDUGHDX 3K’
) +RIIPDQQ /D 5RFKH $*
S5(' 3KDUPD 5HVHDUFK DQG (DUO\ '"HYHORSPHQW
'7$ & DUGLRYDVFXODU DQG OHWDEROLVP
*UHQ]DFKHUVWUDVVH
&+ %DVHO 6ZLW]HUODQG
7HO
)D|
( PDEO DJQHV EHQDUGHDX#URFKH FRP




7\SH 'LDEHWHYV 7 " LV UHFRJQL]HG E\ WKH :RUOG +HDOWK 2UJDQL]LC

PLOOLRQ SHRSOH LQ WKH ZRUOG GHSHQGLQJ RQ WKH LQFOXYV

$PHULFDQ 'LDEHWHV $VVRFLDWLRQ &R PRUELGLWLHYVY DVVRFL
FDUGLRYDVFXODU GLVHDVHV &9’ &DVWHOOL :LOVRQ HW DO
6KDK HW DO 6KDR HW DO 7TKHUH LV DQ XQPHW QHHG IRU \

SURJUHVVLRQ RI' 7' DQG FRPELQHG SDWKRORJLHV *UXQG\

,Q WKH PHWDEROLF GLVHDVHV ILHOG WUDQVJHQLF RU FKHPLFDOO
FKDUDFWHUL]JHG DQG IRFXVHG RQ RQH GLVHDVH RU GLVWXUEDQFH L
DEQRUPDOLWLHY LQVXOLQ UHVLVWDQFH JOXFRVH LQWROHUDQFH

PRGHOV LV WKH ODFN RI WUDQVODWDELOLW\ WR KXPDQ 7 ' DQG FR P/
6\QGURPH ; ZDV GHVFULEHG \HDUV DJR DV D FRPELQDWLRQ RI DW C
DEGRPLQDO REHVLW\ G\WWOLSLGHPLD KLJK IDVWLQJ EORRG JOXFRVH
KLIK FKROHVWHURO 5HDYHQ +DQVRQ HW DO *UXQG\ HW DO

$OEHUWL HW DO 7KH QHHG IRU QHZ SUHGLFWLYH DQLPDO PR
HITLFLHQWO\ SUHYHQW RU UHVXPH WKH 06 DQG FR PRUELGLWLHV L\
SDUWQHUVKLSY LQ GLDEHWHY UHVHDUFK DUH WDNLQJ RQ WKLV FKD(
DQLPDO PRGHOV RI 06 7 '"DQG LWV FRPSOLFDWLRQV DQG GHILQLQJ V
PDUNHUV LPDJLQJ PDUNHUV DV WRROV IRU GLVHDVH SURJUHVVLR(
HIILFDF\ DUH NH\ REMHFWLYHV RIZWWHKLEBOWKHFEFRQRRDWILXMP OHGLFLQ
7KH FORVHVW DQLPDO PRGHO WR KXPDQ 06 HYHU FKDUDFWHUL]HG
ORQNH\ 7KLV PRGHO LV FKDUDFWHUL]JHG E\ REHVLW\ 7' LQVXO
G\VOLSLGHPLD WKDW SURJUHVVLYHO\ GHYHORS ZLWK DJH &XVXPDQ
VHQVLWLYH WR 6WDQGDUGV RI &&DUH +DQVHQ %UDXWEDU DQG %l
IDU QR HTXLYDOHQW EXW VPDOOHU DQLPDO PRGHO L H URGHQW!'

VXPPDU\ RI URGHQW PRGHOV RI PHWDEROLF GLVWXUEDQFHVY EHORZ



UHIOHFWV WKH PRVW ZLGHO\ XVHG )RU D PRUH H[WHQVLYH UHYLF
SXEOLVKHG E\ 6LPD DQG 6KDILU LQ WKHLU ERRN 3FKURQLF FRPSOLFD
6WLOO WRGD\ WKH PRVW FRPPRQO\ XVHG PRGHOV RI 7' DUH WKH Jt
ubwyvy DQG PDOH RU IHPDOH GE GE PLFH ERWK FKDUDFWHUL]JHG E\ O
IHDWXUHV RI 06 DQG 7' JOXFRVH LQWROHUDOQFH LQVXOLQ UH\
G\WWIXQFWLRQ DQG K\SHUOLSLGHPLD DVVRFLDWHG ZLWK REHVLW\ 7
WKLV PRGHO UDSLGO\ GHYHORSVY RYHUW 7' LW GRHV QRW GHYHORS
LW RQO\ GHYHORSVY PLOG QHSKURSDWK\ ZLWKRXW PLPLFNLQJ IHDW
3ROORFN DQG &DUPLQHV 6LPLODU WR WKH =') UDWV GE GE PLF
GHYHORS VHYHUH NLGQH\ GHWHULRUDWLRQ 7HVFK DQG /LP
$QRWKHU H[WHQVLYHO\ XVHG PRGHO RI 7' VLQFH WKH T LV WKH 6}
'H 1LFROD HW DO 7TUDQFUqGH HW DO 7" LV LQGXFHG E\ HL
Rl 67= XQGHU VSHFLILF IHHGLQJ RU IDVWHG VWDWH WKDW OHDG
GHVWUXFWLRQ 'HVSLWH FOHDU K\SHUJO\FHPLD 67= WUHDWHG DQLP|
FDUGLDF DQG UHQDO G\WIXQFWLRQ %LODQ HW DO

H12VBGE GE°®BRGWD PLFH DUH PRGHOV FKDUDFWHUL]JHG E\ 7' DFF
FRPSOLFDWLRQV =KDR HW DO %DUEHU HW DO *RWR .DNL
PLPLFV 02'< GLDEHWHY ORYDVVDW HW DO DOWKRXJK ZLWKRXW
K\SHUWHQVLRQ 6SRQWDQHRXVO\ +\SHUWHQVLYH +HDUW )DLOXUH
'DKO 6DOW UDWV IDLOHG WR H[KLELW K\SHUJO\FHPLD RU 7 ' DQG RU
+H\HQ HW DO 2YHUDOO WKH H[LVWLQJ URGHQW PRGHOV RI K\S
PDLQ FR PRUELGLWLHV &9' DQG '1

$ UHODWLYHO\ UHFHQW PRGHO KDV JLYHQ VRPH KRSH LQ WKH 06 V\
IDWW\ 6SRQWDQHRXVO\ K\SHUWHQVLYH KHDUW IDLOXUH ) K\EULG U
PLOG K\ SHUWHQVLRQ REHVLW\DQG 'l L H DOO IHDWXUHV WKDW DU

7TRIRYLF DQG -DFENVRQ *ULIILQ HW DO -RVKL HW DO OF



UHVXOWYV ZLWK UHVSHFW WR &9' GHPRQVWUDWHG WKDW WKLV PF
G\WWIXQFWLRQ 5XVVR HW DO 2XU UHFHQW ZRUN S5LERXOHW HW I
ubwv QHLWKHU GHYHORS PDMRU QRU DGYDQFHG FDUGLDF G\VIXQFWIL
=6) UDWV FRXOG OHDG WR 7' &9'DQG 'l L H FDUGLR UHQDO V\QGL
ZRXOG FRQVWLWXWH D YHU\ JRRG WUDQVODWLRQDO PRGHO WR UHIO

,Q 6800,7 SKDUPD SDUWQHUV DQG DFDGHPLF LQVWLWXWLRQV
GHYHORSLQJ LQQRYDWLYH DSSURDFKHV WR PDNH FOLQLFDO WULDC
YDVFXODU FRPSOLFDWLRQV IDVWHU DQG PRUH HIILFLHQW 6800,7 L
OHGLFLQHV ,QLWLDWLYH -RLQW 8QGHUWDNLQJ UHVRXUFHV RI ZKLFK
WKH (XURSHDQ 8QLRQ V 6HYHQWK JUDPHZRUN 3URJUDP )3 D
FRQWULEXWLRQ
JRU IXUWKHU GHWD[ZQZ £ SOWRRMKYZEAZL WP L HXJYRSD HX




5HIHUHQFHV

$OEHUWL * =LPPHW 3 .DXIPDQ ) 7DMLPD 1 6LOLQN O $UVODQLDQ 6
&DSULR 6 0(7$%2/,& 6<1'520( LQ FKLOGUHQ DQG DGROHVFHQWYV

$PHULFDQ 'LDEHWHYV $VVRFLDWLRQ 'LDIQRVLYVY DQG &ODVVLILFI
FDUH 6 XSSOHPHQW 6 6

%DUEHU $- $QWRQHWWL '$ .HUQ 76 5HLWHU &(1 6RDQV 56 .UDG\
%URQVRQ 6. 7KH ,QV $NLWD ORXVH DV D ORGHO RI (DUO\ 5HWL
,QYHVWLIJDWLYH 2SKWKDOPRORJ\ 9LVXDO 6FLHQFH

%LODQ 93 6DODK (0 %DVWDFN\ 6 -RQHV + % OD\HUV 50 =LQNHU %
'LDEHWLF QHSKURSDWK\ bQG ORQJ WHUP WUHDWPHQW HIIHFWV RI U
UDWV 7KH -RXUQDO RI HQGRFULQRORJ\

%UDXWEDU $ DQG %DOODQW\QH &0 3KDUPDFRORJLFDO VWUDMW
VWDWLQV DQG EH\RQG 1DW 5HY &DUGLRO

&DVWHOOL :3 (SLGHPLRORJ\ RI FRURQDU\ KHDUW GLVHDVH 7KH
MRXUQDO RI PHGLFLQH 3DUW $

&XVXPDQR $0 %RGNLQP 1/ +DQVHQ %& ,RWWL 5 2ZHQV - .ORWPDQ
K\SHUWURSK\ LV DVVRFLDWHG ZLWK K\SHULQVXOLQHPLD DQG SUHF
PRQNH\V $PHULFDQ MRXUQDO RI NLGQH\ GLVHDVHV

'DQDHL * )LQXFDQH 00 /X < 6LQJK *O &RZDQ 0- 3DFLRUHN &- /LQ -.

BWHYHQV *$ 5DR 0 $OL 0. 5LOH\ /0 5RELQVRQ &$ (]]DWL 0 1D
WUHQGV LQ IDVWLQJ SODVPD JOXFRVH DQG GLDEHWHY SUHYDOHQFH
H[DPLQDWLRQ VXUYH\V DQG HSLGHPLRORJLFDO VWXGLHV ZLWK FR

7KH /IDQFHW

'H 1LFROD $) 'HO &DVWLOOR )2 )RJIOLD (- 7KH ,QIOXHQFH RI 6W
)JXQFWLRQ LQ ODOH 5DWV +RUP OHWDE 5HV

*ULIILQ . $ $EX 1DVHU 0 HW DO "\QDPLF EORRG SUHVVXUH OR
ID IDFS PRGHO RI W\SH GLDEHWHYV $PHULFDQ -RXUQDO RI 3K\VI

) )

*UXQGY 60 %UHZHU +% -U &OHHPDQ -, 6PLWK 6& -U /HQIDQW &
VIQGURPH 5HSRUW RI WKH 1DWLRQDO +HDUW /XQJ DQG %ORRG |,
FRQIHUHQFH RQ VFLHQWLILF LVVXHVY UHODWHG WR GHILQLWLRQ &LU]I

*UXQG\ 60 OHWDEROLF 6\QGURPH 3DQGHPLF $SUWHULRVFOHU
ELRORJ\
+DQVHQ % & ,QYHVWLIJDWLRQ DQG 7UHDWPHQW RI 7\SH 'LDEHW

ORGHOV LQ 'LDEHWHY 5HVHDUFK +XPDQD 3UHVV

+DQVHQ % 7LJQR ; %HQDUGHDX $ OH\HU 0 6HERNRYD ( OLJUDKL -
EDODQFHG GXDO SHUR[LVRPH SUROLIHUDWRU DFWLYDWHG UHFHSWRL
SDUDPHWHUV LQ D SULPDWH PRGHO RI WKH PHWDEROLF VIQGURPH &



+DQVRQ 5/ ,PSHUDWRUH * %HQQHWW 3+ .QRZOHU :& &RPSRQHC
DQG LQFLGHQFH RI W\SH GLDEHWHV 'LDEHWHYV

+H\HQ -55 %ODVL (5 1LNXOD . 5RFKD 5 'DXVW +$ )ULHUGLFK *
OFODKRQ (*

5XGROSK $( BWUXFWXUDO IXQFWLRQDO DQG PROHFXODU FKDU
IDLOXUH $PHULFDQ -RXUQDO RI 3K\WLRORJ\ +HDUW DQG &LUFXODWHE

-RVKL ' *XSWD 5 'XEH\ $ 6KLZDONDU $ 3DWKDN 3 *XSWD 5& &KD
75& D 1RYHO $*( EUHDNHU LPSURYHV 'LDEHWLF &DUGLRP\RSDWK!
ORGHO RI 7\SH 'LDEHWHY -RXUQDO RI &DUGLRYDVFXODU 3KDUPDFRC(

.ROHWVN\ 6 2EHVH VSRQWDQHRXVPOR GNDH URWUH @ WIXYGH BEDWWKHU |
([SHULPHQWDO DQG OROHFXODU 3DWKRORJ\

ODUVK 6% 3RZHOO 3& $JDUZDO $ 'HOO ,WDOLD /- &KDWKDP -&
=XFNHU REHVH DQG =XFNHU GLDEHWLF IDWW\ UDWV UROH RI K\GURQ

+HDUW DQG &LUFXODWRU\ 3K\VLRORJ\ + o+
OLFKDHOLV 2( WK 3' +DQVHQ &7 &DQDU\ -- :HUQHU 50 &DUVZHOO
GLDEHWHV PHOOLWXV W\SH ,, 6SRQWDQHRXV K\SHUWHQVLYH 1,+ F

ORKDQDQ $ *XSWD 5 'XEH\' $ -DJWDS 9 ODQGKDUH $ *XSWD 5& &KD>
75& D 1RYHO 'XDO $7 (7% 5SHFHSWRU %ORFNHU IRU &RQWURO RI -
1HSKURSDWK\ DQG &DUGLRP\RSDWK\ LQ RE =6) 5DWV ,QWHUQDWLRC

ORYDVVDW - 6DXOQLHU & 6HUUDGDV 3 3RUWKD % ,PSDLUHG (
PDVV LV D SULPDU\ HYHQW GXULQJ WKH SURJUHVVLRQ WR GLDEHWHYV

3ROORFN -6 DQG &DUPLQHV 3. 'LDEHWLF QHSKURSDWK\ QLWULF
$PHULFDQ -RXUQDO RI 3K\ WLRORJ\ 5HQDO 3K\VLRORJ\ ) )

BUDEKDNDU 6 6WDUQHV - 6KL 6 /RQLV % 7UDQ 5 'LDEHWLF
2[LGDWLYH 6WUHVYVY DQG '"HFUHDVHG 5HQDO 1LWULF 2[LGH 3URGXFWL
1HSKURORJ\

5HDYHQ *0 5ROH RI LQVXOLQ UHVLVWDQFH LQ KXPDQ GLVHDVH \
$QQXDO UHYLHZ RI PHGLFLQH

S5LERXOHW : +DLQDXW ( 9HUU\ 3 /DPERWWH - -DFREVHQ % /DUWDX
/RQIJLWXGLQDO DVVHVVPHQW RI KHDUW IXQFWLRQ RI =6) UDW
([SHULPHQWDO DQG $SSOLHG $QLPDO 6FLHQFH

5XVVR & -LQ = +RPPD 6 5XQGHN 7 (ONLQG 069 6DFFR 5/ 'L 7XO0OO0OL
GLDEHWHYV DQG K\SHUWHQVLRQ RQ OHIW YHQWULFXODU GLDVWROL
HYLGHQFH RI KHDUW GLVHDVH (XURSHDQ MRXUQDO RI KHDUW IDLOXL

6KDK ,0 OFND\ 63 OF.D\ *% 7TKHUDSHXWLF 6WUDWHJLHV LQ \
1HSKURSDWK\ D 7UDQVODWLRQDO OHGLFLQH $SSURDFK &XUUHQW O



6KDR 1 .XDQJ +< :DQJ 1 *DR ;< +DR 0 =RX : <LQ +4 SHOL
2[LGDQW $QWLR[LGDQW ODUNHUV DQG 6HYHULW\ RI OLFURDOEXPLQXL
7\SH 'LDEHWLF 3IDWLHQWYV -RXUQDO RI 'LDEHWHY 5HVHDUFK

6LPD (G &KURQLF FRPSOLFDWLRQV LQ GLDEHWHV $QLPDO P
'HWURLW KDUZRRG DFDGHPLF SXEOLVKHUV

7TDQFUgGH * 5RXVHDX OLJQHURQ 6 1DGHDX $ /IRQJ WHUP FKD
LQGXFHG E\ GLIITHUHQW GRVHV RI VWUHSWR]JRWRFLQ LQ UDWV %ULW

THVFK *+ DQG /LP $. 5HFHQW LQVLIJKWY LQWR GLDEHWLF UHQDC
Rl W\SH GLDEHWLF QHSKURSDWK\ $PHULFDQ MRXUQDO RI SK\VLROR

7LJQR ;7 *HU]JDQLFK * +DQVHQ %& $JH 5HODWHG &KDQJHV L
1RQKXPDQ 3ULPDWHV 7KH -RXUQDOV Rl *HURQWRORJ\ 6HULHV $
BFLHQFHYV

7RIRYLF 63 DQG -DFNVRQ (. 5DW PRGHOV RI WKH PHWDEROLF \
PHSLFLQH

:LOVRQ 3:) ' $JRVWLQR 5% 3DULVH + 6XOOLYDQ / OHLJIV -%
BUHFXUVRU RI &DUGLRYDVFXODU 'LVHDVH DQG 7\SH 'LDEHWHYV OHOO

=KDR <) )HQJ ' &KHQ & &RQWULEXWLRQ RI DGLSRF\WH GHULY
LQ GLDEHWHYVY 7KH ,QWHUQDWLRQDO -RXUQDO RI %LRFKHPLVWU\ &
1RYHO 7KHUDSLHYV



$PRQJ WKH GLIITHUHQW PHWDEROLF VI\QGURPH URGHQW PRGHOV
IDWW\ 6SRQWDQHRXVO\ K\SHUWHQVLYH KHDUW IDLOXUH ) K\EULG

GHYHORSLQJ PHWDEROLF VIQGURPH DQG VRRHRMFWXEURVRR L N IDG@H \
-DFNVRQ =6) UDW PD\ EH WKH EHVW DYDLODEOH URGHQW PRGH(
QHSKURSDWK\ ,QGHHG WKLV UDW PRGHO PHHWY FXUUHQWO\ DFFH:E

GLDEHWLF UHQDO GLWHOA® DQ URGHQWYV

86()8/1(66 2) 7+( =6) 02'(/ $1" $,0 2)
7+( (;3(5,0(17%/ :25.

$OWKRXJIK WKH =6) UDW PRGHO zZDV DVVXPHG WR EH WKH EHVW DY
HYDOXDWLRQ RI FDUGLDF G\V IXQFWLRQ QHHGHG WR EH LQYHVWLJ|
LQ RUGHU WR HVWLPDWH ZKHWKHU WKLY PRGHO FRXOG EH FRQVLGHL
D PRGHO FRXOG EH XVHDEOH LI LWV SDWKRORJLFDO DOWHUDWLRQ Z
SKDUPDFHXWLFDO LQGXVWU\ ZKLFK ZDV QRW WKH7RDRHLBW S XEOLVK
7TRIRYLF DQG -DFNVQRR@@HHG SURMHFWYV FDQQRW DIIRUG WR KDYH PRG
RQH \HDU RI DJH NQRZLQJ WKDW WKH DQLPDOV FDQ RQO\ EH GHOLY
WKH SURYLGHU 7KLV LV QRW FRPSDWLEOH ZLWK WKH IOH[LELOLW\ D
SKDUPDFHXWLFDO LQGXVWU\ 7KH SRVVLEOH OLPLWDWLRQ RI VXFK 3
GLVHDVH PLJKW QRW IXOO\ PLPLF WKH KXPDQ UHDOLW\ 6WLOO DV L
LQGXVWU\ UHVHDUFK UHTXLUHPHQWY DQG ZH HQVXUH WKDW WKH \

KXPDQ LV VWLOO PHDQLQJIXO



&RQVHTXHQWO\ WKH DLPV RI WKLV ZRUN ZHUH

WR HYDOXDWH WKH DJH GHSHQGHQW FKDQJHV LQ SK\VLRSDWKROR
HYDOXDWHG KHDUW IXQFWLRQ E\ HFKRFDUGLRJUDSK\ LQ D ORQJLWX

WR H[DFHUEDWH ERWK FDUGLDF DQG UHQDO LPSDLUPHQWY RI =6)
WKH FDUGLR UHQDO SDWKRORJ\ DQG WR VKRUWHQ LWV GHYHORSPHC
HILFDF\ RI QHZ FRPSRXQGV RQ RUJDQ SURWHFWLRQ NLGQH\ KHDUW
7R GR VR WZR RSWLRQV ZHUH H[SORUHG WR H[DFHUEDWH DQG DFFl
UHQDO IXQFWLRQV ILUVW VXUJLFDOO\ WKHQ FKHPLFDOO\
2Q RQH KDQG ZH H[SORUHG WKH LPSDFW RI XQLODWHUDO QHSKUHF\
UHQDO IDLOXUH LQ =6) UDWV 7KH 81[ =6) PRGHO ZDV FKDUDFWHUL]
UHQDO IXQAWERQ@VRI WKH QHZ NLGQH\ SURWHFWLYH GUXJ EDUGRIF
PRGHO KHDG WR KHDG ZLWK VWDQGDUG RI FDUH /LVLQRSULO $&(L
2Q WKH RWKHU KDQG VXEFXWDQHRXV DQG FRQWLQXRXV DGPLQLYV
SHUIRUPHG 7KLYV KRUPRQH ZDV XVHG WR HQKDQFH ERWKDFDUGI
KHPRG\QDPLF DQG KRUPRQDO VWUHVV )LQDOOD QWWRX WHI LS<BF\%R | H ¢

VHOHFWLYH $6L ZHUH WHVWHG LQ WKLV =6) $QJ,, LQIXVHG PRGHO



%HIRUH WHVWLQJ QHZ PROHFXOHVY HIITHFWV RQ FDUGLRYDVEXODU D
KRZ WKH FDUGLDF IXQFWLRQ HYROYHG DORQJ DJLQJ LQ WKH VHOHF
IHDWXUHV ZHUH RQO\ EULHIO\ GHVFULEHG DQG LQFRPSOHWHO\ FKDU

LQYDVLYH PHWKRGRORJ\ VLPLOD W MHR H\FKIRW DAMGHLR LIQDISKR D Q V

=6) 5%$7 %%$&.*5281"

7KH =6) UDW PRGHO RULJLQDWHG IURP FURVVLQJ OHDQ IHPDOH =)
6SRQWDQHRXVO\ +\SHUWHQVLYH +HDUW )DL@MXWH 6++) OFF IDFS
7KH =') UDW GHYHORSV IHDWXUHV RI PHWDEROLF VI\QGURPH DV IR}
LQWROHUDQFH K\SHUJO\FHPLD K\SHULQVXOLQHPLD 7RERQION DAAGIX
-DFNVRQ +RZHYHU WKLV PRGHO GRHV QRW GHYBORSE KOHSE UDNDH Q V L
)XUWKHUPRUH =') UDWV GHYHORS PLOG QHBKUWRISMHMWKDRALWK K
ZKLFK LV QRW UHSUHVHQWDWLYH RI WKH KXPDQ GLDEHWLF SRSXOI
H[SDQVLRQ OHVLRQV RI WKH WXEXOHY DQG GHBEHPRMHW. QOVKH ILOV
3ROORFN DQG &DUPLQHYV
7KH 6++) UDW PRGHO GHYHORSV K\SHUWHQVLRQ @®HUHGL\WJIDWR FRQJH
DOWKRXJK ZLWK D PXFK PLOGHU PHWDEROLF VIQGURPH WKD® WKH U
7RIRYLF DQG -DFENVRQ
7KH =6) UDW PRGHO LV FKDUDFWHUL]HG E\ PXWDWLRQV RQ WKH OH
DQG FS GHVFULEHG E\ .ROHWVN\ ZKLFK OHDGV WR OHSWLQ Ut}
UHVSRQVLEOH IRU REHVERKZDVHWR DIOX POD@WH =6) PRGHO FRPELQHV L
UHVLVWDQFH PLOG K\SHUWHQVLRQ GLDEHWLF QHSKURSDWK\ DQG R
GLDEHWHY DQG PHWDEROLF V\TRAERRPH FRE S-OERNRKRY \D O
+RZHYHU LW KDV DOVR EHHQ UHSRUWHG WKDW K\SHUWHQVLRQ DQ

LPSDLUHG OHIW YHQWULFXODU GLDVWROLF3SXWQFRV HRQ D ORICHS HREH Q



PRVW Rl WKH SXEOLVKHG VWXGLHV RQ WKH =6) PRGHO PDLQO\ H]J
FKDQJHRIRYLF DQG -DFNMR®QWR D FHUWDLQ H[WHQW RQ UROQMYL VW U X
63 1RQH Rl WKHP HYDOXDWHG WKH ORQJLWXGLQDO HYROXWLRQ |

WKLY DQLPDO PRGHO

(&+2&%5',2*583+<

(FKRJUDSK\ LV D WRRO ED VIHBVRRQGO MUDHAR XMWK®W DUH QRW GHWHFW
HDU ZLWK IUHTXHQFLHV KLJKHU WKDQ .+] B6RXQG LV D PHFKDQLFD:
LV SURSDJDWHG WKURXJK D PHGLXP 7KLV LV DV ZHOO D SUHVVXUH Z
SDWWHUQV RI KLJK DQG ORZ SUHVVXUH UHJLRQV LQGXFHG E\ WKH P
WKH VRXUFH EHDP 8OWUDVRQRJUDSK\ IRU GLDJQRVLV XVXDOO\ XVH\
EHWZHHQ DQG 0+] DQG DOVR UHFHLYH WKH ZD¥H VS FHRMMIUDEDLFRQ |
WKH XOWUDVRXQGVY GHFUHDVHV ZKLOH WKH VSDWLDO UHVROXWLRQ
&RRWQH\ 7KLV H[SODLQV ZK\ LQ URGHQWY WKH SUREH IUHTXHQFLH"
+XMQ DV WKH UHTXLUHG H[DPLQDWLRQ GHSWK LV ORZHU EXW D EH!

VWUXFWXUHV WKDQ LQ +XPDQ

$W WKHVH KLJK VRXQG IUHTXHQFLHV VRXQG ZDYHV DUH SURGXFHG
WUDQVPLWWHG WKURXJK VRIW WLVVXH ,Q WKLV PHWKRGRORJ\ WKEF
XVHG WR SURGXFH LPDJHV $FRXVWLF LPSHGDQFH RI D WLVVXH LV W
WUDQVPLVVLRQ YHORFLW\ RI VRXQG 7KLV WUDQVPLVVLRQ YHORFLW
XQLIRUP DURXQJGLQ E®RRG DQGHWUVWXHRHDQLQJ WKDW WKH WLVVX!
GHWHUPLQLQJ WKH LPSHGDQFH RI D WLVVXH 7KLV LPDJLQJ PRGDC
GHQWLWRMQG ZDYHV DUH UHIOHFWHG ZKHQ WZR WLVVXHV ZLWK GLI

HDFK RWKHU DV DQ DFRXVWLF LPSH&GRRWIQ PLYRDWEFBPISOHUBBRWYHYG D



VRIW WLVVXH LQWHUIDFHY DUH KLJKO\ UHIOHFWLY HZIDWKWX HLDU &HH
PLVPDWFK LQ WKHLU DFRXVWLF LPSHGDQFH 7KLV H[SODLQV WKH HFK
KLIJIK DFRXVWLF LPSHGDQFH DV FRPSDUHG WR VRIW WLVVXH 7KXV 7
ERQH WLVVXH WKH XOWUDVRXQG ZDYH LV UHIOHFWHG EDFN WR W]
SUHYHQWLQJ LPDJLQJ RI GHHSHU VWUXFWXUHVY 2QH WUDQVPLWWH
HFKRHV %\ WLPLQJ KRZ ORQJ WKH\ WDNH WR JHW EDFN WR WKH SUF
LPDJH FDQ EH FRQVWLWXWPEGRGHVKNBEHEHRRZUH\

7THPSRUDO UHVROXWLRQ LV GHILQHG DV WKH DELOLW\ WR GLVWLQJXL
HIDPLQDWLRQ RI RUJDQV WKDW DUH LQ PRWLRQ OLNH KHDUW 7KLV
FRQVLVWY LQ WKH QXPEHU RI LPDJHV DFTXLUHG SHU VHFRQG LQ +
KHDUW UDWHV FDQ JR XS WR EHDWYV SHU PLQXWH PHDQLQJ WKL
UHTXLUHVY WKH SRVVLELOLW\ WR VHW WKH XOWUDVRXQG VFDQ ZLW
LPDJHV RI WKH FDUGLDF F\FOH DV SRVVLEOH 2Q WKH FRQWUDU\ LP
RUJDQ GRHV QRW UHTXLUH VXFK &RBRWQH\WPSRUDO UHVROXWLRQ
IGLPHQVLRQDO HFKR¥®ORGH RHWDRIKWQHVY PRGH LV WKH EDVLF PRG
LPDJLQJ LQ VKDGHV RI JUH\ SURGXFHG DFFRUGLQJ WR WKH DQDWRP
UHDO WLPH % PRGH KDV EHHQ XVHG WR GHWHUPLQH RUJDQ VL]H DC
PRWLRQ RUJDQ IXQFWLRQ GHWHUPLQDWLRQ LI WKH WHPSRUDO UHVR(
ORWLRQ PRGH 0 ORGH LV XVHG IRU WKH DQDO\VLV RI PRYLQJ RU
HFKRFDUGLRJUDSK\ 0 PRGH LPDJLQJ LV REWDLQHG ZLWK D VLQJOH

WKH KHDUW DQG WKH UHVXOWLQJ LPDJH LV GLVSOD\HG RYHU WL

YLVXDOL]JLQJ LQ UHDO WLPH FOUGXDH VMKUXFMWXDBVR.Q PRWKRG WHF

WKH KHDUW GLPHQVLRQV LQ RUGHU LWHH MNFWVRQVIVUWRW L R Q XLQF W IXF
SDUDVWHUQDO VKRUW DJ[LV YLHZ VHH )LIXUH Rl SXEOLFDWLRQ

+($57 )81&7,21 2) =6) 5$76 %< (&+2&$5',2*5$3+<



JLIXUH /HIW YHQWULFXODU 0 PRGH VSHFWUXP RI ZHHNV ROG PDO
SDUDVWHUQDO VKRUW D[LV YLHZ

6SHFWUDO 'RSSOHU DQG FRORU IORZ 'RSSOHU LPDJLQJ PRGHYV DUH |
ZKHQ D PRYLQJ REMHFW UHIOHFWVY WKH VRXQG ZDYH WKH IUHTXHQF
DQG WKLV VKLIW UHSUHVHQWY WKH 'RSSOHU (IIHFW I WKH REMHFV
IUHTXHQF\ ZLOO EH LQIHULRU WR WKH RQH RI WKH LQLWLDO VLJQDO
WUDQVGXFHU WKH IUHTXHQF\ RI WKH UHIOHFWLQJ VLIQDO ZL00 EH |
D UHVXOW WKLV 'RSSOHU PRGH DOORZV GHWHUPLQLQJ EORRG IORZ
I[UHTXHQFLHV LV FDOOHGHVUKH WRESEQGE ULWKKLIWHDWHU WKH 'RSSOHU \
WKHHORFLW\ RI WKH IORZ EORRG 7R DYRLG 'RSSOHU VKLIW DWWHQ XL
EORRG KDYH WR EH DOLJQHG DQG SDUDOOHO DQG WKLX¥RRAWMQIRPHQV

BUDFWLFDOO\ WKH % PRGH LV XVHG WR ILQG WKH YHVVHO LQ
'RSSOHU PRGH LV WULJJHUHG DQG WKH DQJOH LV WXQHG E\ WKH RS
GLVSOD\HG RYHU WLPH DQG DOORZV PHDVXULQJ VHYHUDO SDUDPHWF
RI WKH OHIW YHQWULFOH DQG $ HIIOX[ GXH WR DWULDO FRQWUDFW
LQ D IRXU FKDPEHUV YLHZ VHH )LJXUH RI SXEOLFDWLRQ [21*,78",

)81&7,21 2) =6) 5%$76 %< (&+2&%$5',2*548K8tkK DOORZV FDOFXODWLRQ RI



JLIXUH ($ UDWLR UHIOHFWYVY WKH GLDVWROLF IXQFWLRQ VHH )LJIXL

$66(660(17 2) +($57 )81&7,21 2) =6) 5%$76 %< (&+2&$5',2*5$3+<

JLIXUH /HIW YHQWULFXODU 'RSSOHU PRGH VSHFWUXP RI ZHHNYV R(
LQ D IRXU FKDPEHUV YLHZ ( DQG $ ZDYHV UHSUHVHQW UHVS
ILOOLQJ SKDVHV RI WKH OHIW YHQWULFOH

7KLV LPDJLQJ PRGDOLW\ KDV EHHQ LQFUHDVLQJO\ XVHG RYHU WKH S|
I[UHH RI KDUPIXO UDGLDWLRQ LQ UHDO WLPH DIIRUGDEOH ,W FDQ V
LPDJLQJ PRGDOLWLHY VXFK DV PDIJ@HW/U O RBMMRD D QFHREPD GL@GRI UD SK
LV D XVHIXO QRQ LQYDVLYH WRRO XVHG WR ORQJLWXGLQDOO\ HYDO|
FRKRUW RI DQLPDOV 7KH VDPH QRQ LQYDVLYH DSSURDFK LV XVHG L

IXQFWLRQ FKDQJHV LQ UHDO WLBHKBIQG H) &URYIEAN MIBQHKLEDXOW

$FFRUGLQJ WR WKH UHFRPPHQGDWLRQV RI WKH -RXUQDO RI WKH $PF
RI WKH SDUDPHWHUV WR EH PHDVXUHG LQ FOLQLFDO WULDOV WR LC
ZKLOH WKH ( $ UDWLR LV D JRRG LQGLFDWRU |IRRWINGMWERED F IXQFW

,Q KXPDQV LW LV NQRZQ WKDW HMHFWLRQ IUDFWLRQ FDQ EH NHSW



JLRUH®LDO 7KHVH SDUDPHWHUVY DUH DOVR UHFRPPHQGHG WR DVVF
IXQFWLRQV LQ SUHFOLQLFDO VWXGLHY +DQWRQ HW DO

6RPH GLVDGYDQWDJHYV H[LVW ZLWK HFKRFDUGLRJUDSK\ )RU H[DPSO
YHU\ HFKRJHQLF PHDQLQJ WKDW WKH XOWUDVRXQGVY DUH HDVLO\
UHQGHUYV JRRG TXDOLW\ LPDJHV GLIILFXOW VWRRYKWGRELQJIL VHDIGINFRV W
EHD FRQVHTXHQFH 7KHQ WKH TXDOLW\ RI WKH LPDJHV DQG FOLSV D
KDV WR EH ZHOO WUDLQHG WR DOORZ UHSURGXFLEOH DVVHVVPHQW

EHORZ WKDW RI PDJQHWLF UHVRQDQFH LPDJLQJ

'"HVSLWH WKRVH OLPLWDWLRQV ZH FKRVH WKLV WHFKQLTXH WR HYDC
WKH ORQJLWXG LIQ BOOVHE RIDKWH@®W DJHV LQ WKH VDPH DQLPDO ORUHI
PHWKRGRORJ\ XVHG LQ KXPDQV DQG ZH WKRXJKW LW ZDV D VXLWDE
UHSODFH $GGLWLRQDOO\ WR FDUGLDF IXQFWLRQ ZH H[DPLQHG W
PHWDEROLF VIQGURPH GLVHDVH RQ GHWDLOHG VWUXFWXUDO FKDQJH
7KH HEFKRFDUGLRJUDSK\ LWH DL GRRWKIRIX DXV OW LV QRW SDLQIXO RU
KXPDQV DV ZHOO PHDQLQJ WKDW D ORW RI LQQRYDWLRQ LV GHGLFI
XVH WKH PHWKRGBBOGIFEWMLEKVW WKH QXPEHU RI DQLPDOV $V ZH F
DVVHVVPHQWY RQ WKH VDPH DQLPDO DORQJ DJLQJ QRW D@®RSVLYH

PHWKRG IRU HIDPSOH WKLV PHWKRGRORJ\ ZDV LQ OLQH ZLWK ZKDW



38%/,&%$7,21 Qf

/21*,78',1%$/ $66(660(17 2) +($57 )81&7,21 2) =6) 5%$76 %<
(&+2&%5',2*5%$3+<

LOWURGXFWLRQ

$ILQ GH QRXV SHUPHWWUH GH WHVWHU OHV HIIHWV SRWHQWLHOV G
QRXV GHYLRQV GTpYDOXHU VRQ pYROXWLRQ DX FRXUV GH OfkJH FKI
SDV pWp HITHFWXp 3RXU FHOD QRXV DYRQV pYDOXp OHV IRQFWLRQ\
GH PDQLgUH ORQJLWXGLQDOH SDU OTXWLOLVDWLRQ GH OTpFKRFDUG
FKH] OT+RPPH | SXLV VHPDLQHV /H VXLYL GH OD IRQFW
PHVXUH GH OD IUDFWLRQ GTpMHFWLRQ HW OH VXLYL GH OD IXQFWLF
SDUDOOgOH XQH VHFRQGH FRKRUWH GH UDWV =6) QRXV D SHUPL\

OTLVFKpPLH\WREEFEHBSRUIXVLRQ UpWURJUDGH GHIW DVGHIRILGR | |

/HV UDWV =6) RQW pW pp & DRBGWYpPRIDMH K\SHUWHQGXV 1RXV DYRQV
SUHVVLRQ DUWpPULHOOH GH FHV DQLPDX[ pJDOHPHQW | H\
OYK\SRWKQ@VH TXH OD PLVH HQ SODFH SURJUHVVLYH GX V\QGQMRPH Py
GIXQH K\SHUWURSKLH YHQWULFXODLUH JDXFKH SRXUUDLHQW HQJHC
FKH] OH UDW =6) 1RXV DYRQV GH SOXV pYDOXp OJLPSDFW GX V\Q
GIDXWUHV RUJDQHV VXVFHSWLEOHV GTrWUH DIIHFWpV /H EXW GH FI
FDUGLDTXH GHV UDWV =6) VH GpJUDGHUDLW DYHF OfkJH HW GDQ
PYLGHQFH OfkJH DXTXHO OfHIIHW SURWHFWHXU GH FRPSRVpV VXU O

pYDOXp



LOWURGXFWLRQ

,Q RUGHU WR EH DEOH WR WHVW WKH SRWHQWLDO HIIHFW RI FRPSF
HYDOXDWH KRZ WKH FDUGLDF IXQFWLRQ HYROYHG ZLWK DJLQJ LQ V
SHUIRUPDQFH ZDV VWHDG\ DQG QRW GHFOLQLQJ DORQJ DJLQJ ZH FR
SXWDWLYH FDUGLR SURWHFWLYH HIITHFWV RI QHZ FRPSRXQGH 7LOO
HYROXWLRQ RI WKLV IXQFWLRQ ZLWK DJLQJ 7R GR VR ZH ORQJLWXC
IXQFWLRQV RI PDOH =6) UDWV E\ WKH QRQ LQYDVLYH HFKRJUDSK\ W
DJH WLOO DQ DGYDQFHG DJH 7KH FKRVHQ WLPH SRLQWV ZHUH
(MHFWLRQ IUDFWLRQ ZDV PHDVXUHG WR PRQLWRU V\WWROLF IXQFWL
WKH GLDVWROLF RQH 7R FRQILUP HYROXWLRQ RI FDUGLDF SHUIRUPLEL
RI DQLPDOV WR DVVHVV WKH VHQVLWLYLW\ WR LVFKHPLD ZLWK WKH

ZHHNV RI DJH

.QRZLQJ WKDW WKHVH DQLPDOV KDYH EHHQ GHVFULEHG DV PLOG K\S
DW DQG ZHHNV RI DJH :H K\SRWKHVL]HG WKDW GHYHORSPF
DJLQJ DQG GHYHORSPHQW RI OHIW YHQWULFOH K\SHUWURSK\ FRXO
IXQFWLRQ RI =6) UDWV $GGLWLRQDOO\ WR FDUGLDF IXQFWLRQ 2
SURJUHVVLRQ RI PHWDEROLF VV\QGURPH GLVHDVH RQ GHWDLOHG

VWUXFWXUDO FKDQJHV RI RWKHU RUJDQV Rl =6) UDWV 7KH ILQDO I
ZDV LPSDLUHG ZLWK DJH DQG WR ZKLFK H[WHQG %DVHG RQ RXU GD

IUDPH VXLWDEOH WR HYDOXDWH FDUGLR SURWHFWLYH HIIHFWV RI FR



(ISHULPHOWDO Yownalis bf Experimental and Applied
Animal Science

/JRQIJLWXGLQDO DVVHVVPHQW RI KHDUW IXQFWLRQ RI =6) UDWV
'LOOLDP 5LERRDEWHOOH 3KIL@LSWH-XIOWH\/DPERINRMHE Q -DFRENHQO H
/IDUWDSKN®qV %pQDUBHDYX &RQGH .QDSH

$IILOLDWLRQV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG S5(' &DUGLRYDVFXODU
8QLYHUVLWp GH /RUUDLQH ($ &,7+()25 1DQF\ )UDQFH 'UXJ

SUHFOLQLFDO DVVHVVPHQW

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 1RQ &OLQLFDO 6DIHW\
-RKQVRQ DQG -RKQVRQ OHGLFDO /RQGRQ 8. &DUGLRYDVFXODU DQC

&RJUHVSRQGLQJ DXWIK@®RWLDP 5LERXOHW O06F
) +RIIPDQQ /D 5RFKH $*
S5(' 3KDUPD 5HVHDUFK DQG (DUO\ 'HYHORSPHQW
'7$ &DUGLRYDVFXODU DQG OHWDEROLVP
*UHQ]DFKHUVWUDVVH
&+ %DVHO 6ZLW]HUODQG
7HO
)DI
( PDZLOOCLDP ULERXQHW#URFKH FRP

.H\ ZRUGWORRG SUHVVXUH (FKRFDUGLRJUDSK\ ,VFKHPLD OHWDEROL
5XQQLQJ KHIPWBUW IXQFWLRQ RI =6) UDWYV



$LP'HYHORSPHQW RI 7\SH 'LDEHWHV 7' LV DVVRFLDWHG ZLWK FDU
DQG PDFUR YDVFXODWXUH GHIHFWV 7KH DLP RI WKLV ZRUN ZDV Wt
KHDUW IXQFWLRQ E\ HFKRFDUGLRJUDSK\ LQ =6) UDWV =XFNHU IDV
IDLOXUH ) K\EULG D PRGHO RI PHWDEROLF VI\QGURPH

OHWKRGV DQG TH\XDW®) UDWV ZHUH VWXGLHBHEWV : RI DJH LQ
FRPSDULVRQ WR DJH PDWFKHG PDOH OHDQ =6) UDWV /HIW YHQWULF
HFKRFDUGLRJUDSK\ LQ SDUDVWHUQDO VKRUW D[LV YLHZ DQG 0 PRGH
JUDFWLRQDO 6KRUWHQLQJ )6 ( DQG $ ZDYHV ZHUH PHDVXUHG LQ
PRGH %ORRG SUHVVXUH %3 ZDV PRQLWRUHG E\ WDLO FXIl FDUGLE
WR LVFKHPLD E\ /DQJHQGRUII PHWKRG

$W DOO DJHV OHDQ =6) DQG =6) UDWV GLVSOD\HG PRGHUDWH K\S

ERG\ ZHLJKW %: DW : WKHLU OHIW YHQWULFXODU PDVV Z
LQFUHDVHG E\ DW : =6) UDWV KDG ORZHU () DQG )6 WKDQ OH
UHVSHFWLYHO\ DQG DQG ($ ZDYH UDWLR ZDV ORZHUHG E\

ZHUH PRUH VHQVLWLYH WR LVFKHPLD $GGLWLRQDOO\ =6) UDWV HI[K
KHDUW VWUXFWXUH DORQJ DJLQJ

&RQFOXVILRMX DJH =6) UDWV H[KLELW FDUGLDF K\SHUWURSK\ GHWH
IXQFWLRQV DQG LQFUHDVHG VHQVLYLW\ WR LVFKHPLD =6) UDWV LV

RI GUXJV RQ FDUGLDF IXQFWLRQ E\ HFKRFDUGLRJUDSK\ LQ WKH FRQW



L QWURGXFWLRQ

7' LVDFKURQLF GLVHDVH OHDGLQJ WR D VKRUWHQLQJ RI OLIH H[SHI
E\ WKH :RUOG +HDOWK 2UJDQLHCWRRK) DVYIHFWOREDO PLOOLRQ SHRS
$PHULFDQ 'LDEHWHY $VVRFLDWLRQ $VVRFLDWHG WR 7 ' DUH FR
KHDUW IDLOXUH FDUGLRP\RSDWK\ DQG UHQDO FRPSOLFDWLRQV 7KH
RU SUHYHQWLQJ WKH GHYHORSPHQW RI 7" UHODWHG FR PRUELGLWLH
DQG UHQDO VV\WVWHPV *UXQG\ HW DO *UXQG\

,Q RUGHU WR HYDOXDWH WKH HIILFDF\ RI QHZ DQWL GLDEHWLFV WHF
FDUGLRYDVFXODU DQG UHQDO IXQFWLRQV DQLPDO PRGHOV FRPEL
FDUGLDF G\WIXQFWLRQ DQG GLDEHWLF QHSKURSDWK\ DUH UHTXLUH
'LDEHWLF = DWW\ *RWR .DNL]DNL *. UDWV RU FKHPLFDOO\ PRGLILHC(
PRGHOV RI 7' DUH DYDLODEOH WKH\ GHYHORS WRR UDSLGO\ WRZDU
DVVRFLDWHG FR PRUELGLWLHV WKDW GHYHORS FRQFRPLWDQWO\ L(
DEVHQFH RI FRPSOH[ PRGHOV RI 7' LV D OLPLWDWLRQ IRU FKDUDFW
=') Ubw PRGHO IRU H[DPSOH GHYHORSV IHDMWXURXQRI IPHWXPRQLFC

REHVLW\ JOXFRVH LOQWROHUDQFH K\SHUJO\FHPLD K\SHULQVXO

K\SHUOLSLGHPLD 7RIRYLF DQG -DFENVRQ +RZHYHU WKLV PRGHO
DJLQJ 3UDEKDNDU HW DO JXUWKHUPRUH =") UDWV GHYHORS Pl
ODUVK HW DO ZKLFK LV QRW UHSUHVHQWDWLYH RI WKH KXPDQ

DQG PHVDQJLDO H[SDQVLRQ OHVLRQV Rl WKH WXEXOHV DQG GHFUHI
DQG &DUPLQHYV 5HPX]]L HW DO * UDWV EHORQJ WR D VWU
REHVLW\ DQG FKDUDFWHUL]HG E\ PDUJLQDO JOXFRVH LQWROHUDQFF
GHYHORSLQJ PDUNHG K\SHUJO\FHPLDLQRWBWNDYODW HW DOVSLWH IHZ
PHWDEROLF GLVWXUEDQFHV *. UDWV DUH FKDUDFWHUL]JHG E\ DEVH
JORPHUXODU EDVDO PHPEUDQH WKLFNHQLQJ RQH RI WKH IHDWXUt

6SRQWDQHRXVO\ +\SHUWHQVLYH 5DWV 6+5 DUH VWURQJO\ K\SHUWH



DOWKRXJK ZLWKRXW 7' JOXFRVH LQWROHUDQFH RU PHWDEROLF V\(
WR H[KLELWLQJ DOEXPLQXULD RU SURWHLQXULD DQG GHYHORSLQJ N
DO 7KH 6++) 6SRQWDQHRXVO\ +\SHUWHQVLYH +HDUW )DLOXUH
OHDGLQJ WR FRQJHVWLYH KHDUW IDLOXUH +H\HQ HW DO DO\
VIQGURPH WKDQ WKH UHFHQWO\ GHYHORSHG K\EULG =6) UDW PRGHO
UDW PRGHO RULJLQDWHG IURP FURVVLQJ OHDQ IHPDOH =') =') ID
If 7KLV EUHHGLQJ OHG WR WKH £&)D WDRAW MWW BGQE\ P HWDEROLF V
PRGHO LV FKDUDFWHUL]HG E\ P XW DWICRQYVF RRYH WHKG B\HSXFINH U AHDS \
FSGHVFULEHG E\ .ROHWVN\ ZKLFK OHDGY WR OHSWLQ UHVLVWDQFH
REHVLW\ DV LQ KXPDQV 6FKZDUW] HW DO 7KH =6) PRGHO FR
K\SHUWHQVLRQ GLDEHWLF QHSKURSDWK\ DQG REHVLW\ DOO IHDWX
7' -RVKL HW DO 7RIRYLF DQG -DFNVRQ +RZHYHU LW KI
K\SHUWHQVLRQ DQG 7 ' DUH DVVRFLDWHG ZLWK LPSDLUHG /9 GLDVWR
HW DO
7LO0 QRZ PRVW RI WKH SXEOLVKHG VWXGLHV REK BWKMHF W 6)U LR R/G I §
PHWDEROLF FKDQJHV 7RIRYLF DQG -DFNVRQ DQG WR D FHUWLI
IXQFWLRQ 7RIRYLF HW DO 1RQH RI WKHP HYDOXDWHG WKH C
IXQFWLRQ E\ HFKRJUDSK\ LQ WKHVSGIVRIDW PRBX®\ ,2H DLP DW HYDO
IXQFWLRQ RI PDOH =6) UDWV YHUVXV OHD®YB%) Y H DMPK REIDVIG L\R B
PHWKRGRORJ\ DWQG : (FKRFDUGLRJUDSK\LRDWDVXYHIWRRRWR ORQ.
HYDOXDWH AKDEODMWGLDF IXQFWLRQ LQ WKH VDPH FRKRUW RI DQLPDC
KXPDQV DQG DOORZV GHSLFWLQJ FDUGLDF IXQFWLRQ FKDQJHV LQ UF
&URVELH DQG 7KLEDXOW $FFRUGLQJ WR WKHRIUMARP BR & G DMOLE
6RFLHW\ RI (FKRFDUGLRJUDSK\ RQH RI WKH SDUDPHWHUV WR EH F
VIVWROLF IXQFWLRQ LV () ZKLOH WKH ( $ UDWLR LV D JRRG LQGLFD

*RWWGLHQHU H@ KXOPDQVY N@RZQ WKDW () FDQ EH NHSW XQFKDQJHG



G\WIXQFWLRQ JLRULUHWW SDOJDPHWHUY DUH DOVR UHFRPPHQGHG W
DQG GLDVWROLF IXQFWLRQV LQ SUHFOLQLFDO VWXGLHVWLBQWRI) HW
HIDPLQHG WKH LPSDFW RI DJLQJ DQG SURJUHVVLRQ RI PHWDEROLF V

FKDQJHV RI RWKHU RUJDQV RI =6) UDWYV

ODWHULDO DQG PHWKRGYV

3$QLPDOV

ODOH =6) > 2% *PL &UO ID ID@ DQG WKHLU OHDQ FRXQWHUSDUWYV >

DJH : IlURP &KDUOHYV 5LYHU 8 6 DQG GLUHFWO\N IHG D VSHFLDO GLHYV
PP 5DWV ZHUH KRXVHG SHU FDJH 7HFQLSODVWS (XURVWDQGD
PP [ PP [ PP DW DSSUR[LPDWHO\ f& DQG * U B GCDONLIEY-MV KR P

DFFHVV WR IRRG DQG ZDWHU /LJKW F\FOH ZDV IURP DP WR SP

([SHULPHQWDO SURFHGXUHV ZHUH SHUIRUPHG XQGHU DQ DQLPDO UH
+RIIPDQQ /D 5RFKH E\ WKH 6ZLVV &DQWRQDO 9HWHULQDU\ 2IILFH %]
JXLGHOLQHV RI WKH $VVRFLDWLRQ IRU WKH $VVHVVPHQW DQG $FFU|
$$$/$& 8QLW 1XPEHU DQG DSSURSULDWH IHGHUDO VWDWH D(

%O0ORRG VDPSOLQJ PHWKRGY DQG *HOHUDO PHWDEROLF SDUDPH

%: ZDV UHFRUGHG UHJXODUO\ DORQJ WKH DJLQJ SHULRG $W

) % * K RYHUQLJKW IDVWLQJ ZDV PHDVXUHG ZLWK $FFXFKHN $Y
'LDJQRVWLFV *PE+ *HUPDQ\ %ORRG ZDV FROOHFWHG IURP DQD!
UHWUREXOEDU PHWKRGRORJ\ O RI EORRG ZLWK ('7$ DQG GLVSD!
FRQWDLQLQJ DSURWLQLQ WR LQKLELW SURWHLQ GHJUDGDWLRQ
PRQLWRUHG ERWK EHIRUH DQG DIWHU EORRG VDPSOLQJ DQG QR V
REVHUYHG 7XEHV ZHUH WKHQ FHQWULIXJHG 530 IRU PLQ DW

GLITHUHQW WXEHV RU ZHOO SODWHV IRU DQDO\WLV %ORRG VDPSO



LQ WKH PRUQLQJ K IROORZLQJ VZLWFK IURP GDUN WR OLJKW F\FOH |
+E$ F QRW VKRZQ ZHUH PHDVXUHG LQ ZKROH EORRG ZKLOH SODVPI

DQG RWKHU PHWDEROLF SDUDPHWHUV QRW VKRZQ

%ORRG SUHVVXUH PRQLWRULQJ

6\VWHPLF DUWHULDO %3 PHDVXUHPHQWY ZHUH SHUIRUPHG QRQ LQY
WDLO FXIIl PHWKRG EDVHG RQ WKH 9ROXPH 3UHVVXUH 5HFRUGLQJ Wi
&RUSRUDWLRQ 86% ,NHGD HW DO 6\VWROLF 6%$3 GLDVWROI
SUHVVXUHV ZHUH PHDVXUHG KRXUV DIWHU WKH DQLPDOV KDYH EI
KHDWHG DW f& 7KH GDWD ZHUH VDYHG DXWRPDWLFDOO\ RQ D VSU
DIWHU DXWRPDWLF YDOLGDWLRQ RXW RI WZHQW\ PHDVXUHPHQWYV E\

FXUYH ZLWK RQO\ RQH LQIOH[LRQ SRLQW DQG D PDQXDO UHYLHZ HJ

(FKRJUDSKLF DVVHVVPHOW RI FDUGLDF VWUXFWXUH DQG IXQFW

&DUGLDF IXQFWLRQ ZDV PHDVXUHG QRQ LQYDVLYHO\ E\ HFKRFDUGLI
VIVWHP 6LHPHQV $* *HUPDQ\ FRXSOHG WR D / OLQHDU VFDQ KHE
,VRIOXUDQH 2 LQGXFWLRQ LVRIOXUDQH WKHQ WKH DLU ZDV
UHVSLUDWRU\ WUDFW GXULQJ WKH SURFHGXUH 7KH ZKROH LQWHUY
ZDV FKRVHQ DPRQJ WKH H[LVWLQJ DQHVWKHWLFV EHFDXVH LW ZDV \
HVSHFLDOO\ RQ WKH ( DQG $ ZDYHV /LQJ HW DO ITHYHUWKHC
GLUHFWO\ GHSUHVVHV P\RILODPHQW FRQWVUDE@ALIOYLMOHEY G HHFQ HXWIE

%RG\ WHPSHUDWXUH ZDV PRQLWRUHG ZLWK D UHFWDO WHPSHUL
/9 &RQWUROOHU 3K\WLWHPS ,QVWUXPHQWY ,QF &OLIWRQ 86$% DC

KHDWLQJ SDG



$Q LQ KRXVH (&* VA\WVWHP ZDV FRXSOHG WR WKH HFKRJUDSK\ V\VWH
HQDEOHG XV WR PRQLWRU WKH VWDELOLW\ RI DQHVWKHVLD WKURXJK

7KH HFKRFDUGLRJUDSK\ H[DPLQDWLRQ ZDV SHUIRUPHG DFFRUGLQJ \
DQG SDUDVWHUQDO VKRUW D[LV YLHZ WKH SULQFLSDO OHIW YHQMW
YHQWULFXODU LQWHUQDO GLDPHWHU LQ GLDVWROH DQG V\VWROH 1
GLDVWROH DQG V\VWROH /93:G /93:V LQWHUYHQWULFXODU VHSWX
,Q 'RSSOHU PRGH DQG DSLFDO FKDPEHUV YLHZ ( DQG $ ZDYHV ZHUH
(DFK H[DP ZDV SHUIRUPHG LQ WULSOLFDWH DQG PHDVXUHPHQWYV ZH
WKH 6KRZFDVH VRIWZDUH 7ULOLXP 7HFKQRORJ\ ,QF 86%$ $Q DYHL
GRQH WR LQFUHDVH WKH UHOLDELOLW\ RI WKH GDWD 7ZR ZHOO WU
LPDJHV 3ULRU WR WKLV LQYHVWLJDWLRQ UHSURGXFLELOLW\ UH
H[SHULPHQWDWRU ZDV DVVHVVHG XVLQJ ZLOG W\SH UDWV DQG =6) F
LQWHU H[SHULPHQWDWRU YDULDELOLW\
/HIW YHQWULFXODU PDVV /9 PDVV ZDV FDOFXODWHG DFFRUGLQJ WR
WR URGHQWYV

[ /98/93:6.,96 /9,6 | 5HIIHOPDQQ DQG .ORQHU () )6 DC

ZHUH FDOFXODWHG WR DVVHVV WKH VI\VWROLF DQG GLDVWROLF IXQF

6HOVLWLYLW\ WR LVFKHPLD DVVHVVHG E\ ODQJHQGRUIl PHWKR

,Q D VHSDUDWH DJH PDWFKHG FRKRUW RI =6) UDWYV : : DQG : I
KHSDULQ 8 , ZHUH DGPLQLVWHUHG E\ VF LQMHFWLRQ a PLQ EI
LS PJ NJ JROORZLQJ LQWXEDWLRQ E\ WUDFKHRWRP\ =6) UDW

UHVSLUDWRU 723270 'XDO ORGH 9HQWLODWRU .HQW 6FLHQWLILF &R
+ 2 GHOLYHUHG DW EUHDWKY PLQ $ PHGLDQ WKRUDFRWRP\ ZDV S

WKH KHDUW zZDV H[SRVHG 7KH SHULFDUGLXP ZDV UHPRYHG DQG W



FROQQHFWLYH WLVVXH 7KH LQIHULRU YHQD FDYD ZDV WKHQ FODPSHG
VWHHO FDQQXOD FRQQHFWHG WR WKH /DQJHQGRUII VA\VWHP E\ D W\JI
LQFLVLRQ DQG WKHQ VHFXUHG ZLWK D SUHSODFHG VXWXUH 7KH UF
PRGLILHG .UHEV +HQVHOHLW VROXWLRQ 1D&O PPRBO /.32 PPR
PPRO / &D&PPRO / JOXFRVH PPRO / 1D S\UXYDWH PPRO / f
7KH KHDUW ZDV WKHQ WUDQVIHUUHG WR WKH /DQJHQGRUII VA\VWHP
PP+J 7KH KHDUWYVY ZHUH DOORZHG WR VWDELOL]H IRU PLQ SHU
VROXWLRQ IRU PLQ WR GHWHUPLQH EDVHOLQH SDUDPHWHUV 7KH |
IORZ LVFKHPLD IRU PLQ IROORZHG E\ PLQ RI UHSHUIXVLRQ
(YHQW PDUNHU ZDV VHW DSSURSULDWH IRU PDQLSXODWLRQ DORQJ "
OHIW YHQWULFXODU GHULYHG SUHVVXUH /9G3 FROWUDFWLOLW\ C
SHUIXVLRQ IORZ &) ZHUH VLPXOWDQHRXVO\ UHFRUGHG ZLWK D FRPS
HOWLUH H[SHULPHQW $PRQJ DOO WKH FDUGLDF SDUDPHWHUV UHFRL
LQ WKLV VWXG\
7LPH WR &RQWUDFWXUH 77& ZDV HYDOXDWHG GXULQJ WKH LVFKHF
EHWZHHQ RFFOXVLRQ RI FRURQDU\ IORZ DQG VWDUW RI LVFKHPLD L
77& ZDV GHWHUPLQHG DV WLPH PLQXWHV GXULQJ JOREDO LVFKHPLD

R PP+J LQ /HIW SHQWULFXODU (QG 'LDVWROLF 3UHVVXUH /9('3

+LVWRORJ\

$W QHFURSV\ NLGQH\ KHDUW SDQFUHDV DQG OLYHU ZHUH KDUYHYV
QHXWUDO EXIIHUHG IRUPDOLQ IRU PD[LPXP K (\HV ZHUH KDUYHVWH
EHLQJ ULQVHG WKH WLVVXHV ZHUH HPEHGGHG LQ SDUDIILQ EORFN)
ZHUH VWDLQHG ZLWK VWDQGDUG KHPDWR[\OLQ HRVLQ VWDLQ +( DO

3$6 NLGQH\ RQO\ +HDUW ZDV VWDLQHG ZLWK WROXLGLQH EOXH IRL



6FRULQJ VA\VWHP IRU NLGQH\ VWUXFWXUHV FKDQJHV ZDV HVWDEOLVK
SURWHLQDFHRXV IOXLG

QR FKDQJH

PLQLPDO OHVV WKDQ HOHPHQWYV RI D VWUXFWXUH DIIHFWHG
VOLIKW EHWZHHQ DQG HOHPHQWY RI D VWUXFWXUH DIIHFWHG
PRGHUDWH EHWZHHQ DQG OHVV WKDQ HOHPHQWY RI D VWUX

&DUGLRP\RF\WH GLDPHWHU ZDV PHDVXUHG IURP FDUGLRP\RF\WHYV
KHPDWR[\OLQ 37%+ WKDW VWDLQV ILEULQV DQG HU\WKURF\WHV

FDUGLRP\RF\WH VWULDWLRQ

6WDWLVWLFDO DQDO\VLYV

3DUDPHWHUV PHDVXUHG LQ =6) UDWV ZHUH FRPSDUHG WR DJH PD'
LOQOWHUHVW : - DQG © JLVKHU WHVW ZDV XVHG WR WHVW KRP
DQG HFKRFDUGLRJUDSKLF SDUDPHWHUV D ZD\ $129% zZDV XVHG t
6WXGHQW 7 WHVW IRU FRPSDULVRQ DW HDFK DJH ZDV SHUIRUPHG

/IDQJHQGRUIIl SDUDPHWHUY 6WXGHQW 7 WHVW ZDV XVHG IRU FRPSDUI

S5HVXOWYV

*HOHUDO PHWDEROLF SDUDPHWHUYV

$V GLVSOD\HG LQ 7DEOH : ROG =6) UDWV DOUHDG\ VLJIJQLILFDQ\
FRPSDUHG WR DJH PDWFKHG OHDQ =6) )%* PHDVXUHG LQ =6) UDWYV
IURP . WR : +\SHUJO\FHPLD GHILQHG DV HOHYDWHG )%* )%*!
$VVRFLDWLRQ ZDV UHDFKHG DW WKH DJH RI : $W WKH DJH RI
VKRZHG D WHQGHQF\ WR GHFOLQH ,Q FRQWUDVW OHDQ =6) GLVSOD

IURP : WR : =6) DQG OHDQ UDWV FRQVWDQWO\ JDLQ %: GXULQJ



EHFDPH PRUH REHVH WKDQ DJH PDWFKHG OHDQ =6) UDWV FRXQWHL

RI DJH UHVSHFWLYHO\

%ORRG SUHVVXUH DORQJ DJLQJ LQ =6) UDWYV

0$3 6$3 DQG '$3 Rl =6) DQG OHDQ =6) UDWV GLGQIW FKDQJH ZLWK [
WKH WDLO FXIl QRQ LQYDVLYH PHWKRG ZDV DOUHDG\ HOHYDWHG DW
DQG QRQ K\SHUWHQVLYH URGHQW PRGHOV “ PP +J LQ =6) DQG

0$3 ZDV VOLJKWO\ EXW QRW VLJQLILFDQWO\ KLJKHU LQ =6) UDWV D
=6) : DQG “ YV “ PP+J LQ OHDQ =6) WKHQ VLPLODU WK!

YV “ PP+J LQ OHDQ =6)

&KDQJH LQ KHDUW PDVV RI =6) UDWV HYDOXDWHG E\ (FKRJUDSK\

6WUXFWXUH

/9 PDVV LQFUHDVHG ZLWK DJH LQ ERWK =6) UDWYV DQG OHDQ UDWYV

LQ %: 7DEOH 7KH LQFUHDVH LQ /9 PDVV ZLWK DJH ZDV KLJKHU LQ
$W : DQG GHVSLWH WKH GLIITHUHQFH LQ %: JLQ =6) UDWYV
WR %: YV OHDQ UDWV QR GLIIHUHQFH ZDV IRXQG LQ WKH /9 PDV
“ J YV “ J $W : /9 PDVV ZDV LQFUHDVHG LQ =6) UDW
“ J YV “ J R1 /9 PDVV IRU WKH =6) UDWYV YV OHDQ LQ
GLITHUHQFH LQ %: WR : J DW : RI %: IRU =6) UDWV YV
REVHUYHG LQ WKH UbDWV DW WKH DJH RI : DQG : $ VLIQLILFDQW 1

FRPSDUHG WR OHDQ UDWYV ZDV IRXQG HVSHFLDOO\ DW WHRKRHH@GSRL
“ J YV “ J RI' /9 PDVV IRU WKH =6) UDWYV YV OHDQ =6)
J DW : RI %: IRU WKH =6) UDWV YV OHDQ =6) 5DWLR /9 PD'

=6) UDWV FRPSDUHG WR DJH PDWFKHG =6) UDWV XQWLO WKH DJH R



DwW : )LQDOO\ GHVSLWH KLJKHU LQFUHDVH LQ %: WKH /9 ODVV %: |

=6) UDWV DQG WR GHFUHDVH LQ OHDQ UDWV )LJ

,QFUHDVH LQ /9 AWBVYRIWRZNVULEH K\SHUWURSK\ FRUUHODWHY ZLWK Fk
ZDOO GLPHQVLRQV 7DEOH $v DQ H[DPSOH SRVWHULRU ZDOO /93:!
ubwv DW : DQG : DQG VLIQLILFDQWO\ KLIJKHU DW . DV WKH ,96

GLDVWROH 7KH VDPH VWDWHPHQW FDQ EH GRQH IRU /93:V /9,'V DQG

&KDQJHV LQ &DUGLDF )XQFWLRQ RI =6) UDWYV

6\VWROLF DOG GLDVWROLF IXOFWLRQV HYDOXDWHG E\ HFKRFDL

() DQG )6 ZHUH FRQVWDQW LQ OHDQ =6) UDWV DORQJ DJLQJ DV VKRZ

ORZHU () DQG )6 WKDQ OHDQ UDWV IURP WKH DJH RI : DQG SHUVLV
“ |JRU () DQG “ YV “ IRU )6 DW
( $ ZDYHV DQG ( $ UDWLR ZHUH DVVHVVHG IURP WKH DJH RI : WLO

GHFUHDVHG LQ =6) UDWV FRPSDUHG WR DJH PDWFKHG OHDQ UDWYV

UHGXFHG LQ =6) UDWV FRPSDUHG WR OHDQ UDWYV E\ )LJ

&ROWUDFWLOLW\ DOG 6HOVLWLYLW\ WR LVFKHPLD DVVHVVHG E

%DVDO FDUGLDF SHUIRUPDQFH ZDV PRQLWRUHG H[ YLYR GXULQJ UH\
=6) UDWV ZHUH FKDUDFWHUL]HG E\ VLIJQLILFDQWO\ LQFUHDVHG /9G
OHDQ UuDWV DW HDFK DJH RI LQWHUHVW DQG : )LJ =6)

LVFKHPLD WKDQ DJH PDWFKHG OHDQ UDWV IURP : DV GHSLFWHG E\

UHSHUIXVLRQ SKDVH =6) UDWV UHFRYHUHG DW DURXQG RI WKHLL



WR DW WKH DJH RI DQG :KROH KHDUW FRQWUDFWLOLW\ PF

UHSHUIXVLRQ UHDFKHG LQ KHDUW RI =6)

UDWV YHUVXV LQ

,PSDFW RI DJLQJ RQ KHDUW VWUXFWXUH DQG RWKHU RUJDQV /LYHU

+HDUW

,Q WKH KHDUW PLQLPDO IRFDO WR PXOWLIRFDO

GHJHQHUDWLRQ DQG LQWHUVWLWLDO
DQG

LQIODPPDWRU\

ILEURVLYVY ZHUH SUHVHQW LQ L

ZHHNV WKH LQFLGHQFH DQG VHYHULW\ RI WKH OHVLRQ ZHUH

DJH RI ZHHNV H[KLELWHG FDUGLRP\RF\WH K\SHUWURSK\

GDWD QRWV

/I[LYHU

,Q WKH OLYHU PLQLPDO PXOWLIRFDO PLFURJUDQXORPDV PDUNHG W

PLQLPDO WR VOLJKW FHQWULOREXODU KHSDWRFHOOXODU YDFXROD
REVHUYHG QRW VKRZQ

3DOQFUHDV

,Q WKH SDQFUHDYVY VOLJKW WR PRGHUDWH FHOOXODU K\SHUWURSK\

PDUNHG GHFUHDVHG URXQGQHVV RI LVOHWYV PLQLPDO LQFUHDVHG

I
IRFDO DWURSK\ RI HIRFULQH SDQFUHDV LQ

R DQLPDOV ZHUH RE

.LGOH\

+LVWRORJLFDO H[DPLQDWLRQ RI WKH NLGQH\ RI =6) UDWV BYHU WL
DQGLJ QG LQFLGHQFH RI WKH NLGQH\ OHVLRQV JORPHUXORVEFC(



PHPEUDQHY LOWHUVWLWLDO LQIODPPDWLRQ DQG ILEURVLY DQG WXE
)LJ DQG )LJ ,Q FRQWUDVW DJH PDWFKHG OHDQ UDWV VKRZHG

GLODWLRQ RQO\

AHV

2Q0\ PLQLPDO FDWDUDFW LQ RI DQLPDOV ZDV REVHUYHG LQ =6)

'LVFXVVLRQ

$V UHSRUWHG LQ OLWHUDWXUH DQG DFFRUGLQJ WR WKHLU JHQHYV
SURJUHVVLYHO\ K\SHUJO\FHPLF FRPSDUHG WR OHDQ OLWWHU PDWH
FRQVWDQW %: LQFUHDVH DORQJ DJLQJ DQG UDSLGO\ GHYHORSHG RI
-DFNVRQ ,Q RXU ZRUN ZH VKRZHG WKDW PDOH =6) UDWV IURP
FRQVWDQWO\ WRZDUGV PHWDEROLF V\QGURPH L H GHYHORSPHQ\
K\SHUWHQVLRQ DQG GHYHORSPHQW RI REHVLW\

JURP : OHDQ =6) DQG =6) UDWV ZHUH DOUHDG\ PLOG K\SHUWHQV
EORRG SUHVVXUH DORQJ DJLQJ DV DOUHDG\ VKRZQ LQ WKH OLWHUD
EORRG SUHVVXUH YDOXHV PHDVXUHG LQ =6) FRPSDUHG WR OHDQ
LPSDLUPHQW RI FDUGLDF RU UHQDO IXQFWLRQ *ULIILQ HW DO

EH D FRQVHTXHQFH Rl ORQJ WHUP K\SHUJO\FHPLD DQG K\SHUOLSLGH
HW DO =KDQJ HW DO DV ZH REVHUYHG LQ WKLV VWXG\
K\SHUJO\FHPLD DQG FRQVWDQW PLOG K\SHUWHQVLRQ FRXOG FRQW
KHDUW DQG RWKHU NH\ RUJDQV VHQVLWLYH WR PHWDEROLF V\QG
PRUSKRORJLFDO FKDQJHV REVHUYHG LQ WKH KHDUW RI =6) FHUWL

FKDQJHV REVHUYHG LQ WKLV PRGHO



/19 K\SHUWURSK\ Rl =6) UDWV LV LQ FRUUHODWLRQ ZLWK WKH LQFUH

LQ =6) UDWYV DORQJ DJLQJ DQG FRPSDUHG WR OHDQ UDWV /9 K\SHIL

WR IXQFWLRQDO FKDQJHV DV FRPSDUHG WR OHDQ =6) UDWYV 6
PHDVXUHPHQW RI ERWK () DQG )6 VOLIJKWO\ GHFUHDVHG IURP © RI
DERYH DQG UHVSHFWLYHO\ DQG ZHUHQTW ZRUVHQHG IXUWKH L
DOUHDG\ LPSDLUHG IURP : ZKLOH LW ZDV PRUH GUDVWLFDOO\ LPS

WKH K\SRWKHVLV WKDW WKH GLDVWROLF G\VIXQFWLRQ RFFXUV EHIF
GHYHORSY DORQJ 7 ' SURJUHVVLRQ DV UHSRUWHG LQ KXPDQ EHLQJV
,QFUHDVH LQ FRQWUDFWLOLW\ DQG /9G3 DUH FRQFRPLWDQW
PHDVXUHG DW DGYDQFHG DJH )XQFWLRQDO FDUGLDF FKDQJHV RE
SDUDOOHOHG VWUXFWXUDO OHVLRQV LQIODPPDWRU\ LQILOWUDWH
ILEURVLV DQG FDUGLRP\RF\WH K\SHUWURSK\ ZKLFK LQFLGHQFH D
SURJUHVVLRQ DOWKRXJK UHPDLQHG PLQRU WR PRGHUDWH KLVWROT
VKRZQ ,Q WKH KHDUW PLQLPDO IRFDO WR PXOWLIRFDO LQIODPPD
GHJHQHUDWLRQ DQG LQWHUVWLWLDO ILEURVLY ZHUH SUHVHQW LQ L¢
DQG : WKH LQFLGHQFH DQG VHYHULW\ RI WKH OHVLRQV ZHUH LQFU
H[KLELWHG FDUGLRP\RF\WH K\SHUWURSK\
$IWHU LVFKHPLD LQGXFHG LQ SHUIXVHG LVRODWHG KHDUW /DQJ
REVHUYHG LQ =6) UDWV DORQJ DJLQJ FRPSDUHG WR OHDQ UDWV VXJ
'XULQJ WKH UHSHUIXVLRQ SKDVH KHDUWfV FRQWUDFWLOLW\ ZDV LP
7KRVH ILQGLQJV VWUHQJWKHQ WKH LPSDLUPHQW RI KHDUW RI =6) UL
7' SDWLHQWYV YHUVXV QRQ GLDEHWLFV /H )HXYUH HW DO 6LP
KLJKHU DQG VXVFHSWLELOLW\ WR FRQJHVWLYH KHDUW IDLOXUH LC
*UXQG\ HW DO IDQJHQGURII PHWKRG LV D XVHIXOO WRRO DS
SDWKRJHQHVLV RI 7' DQG DVVRFLDWHG FDUGLRYDVFXODU PRUELGL)

-DFNVRQ $V UHSRUWHG IRU =') UDWV 7RIRYLF DQG -DFNVRQ



DEQRUPDOLWLHY DUH REVHUYHG LQ =6) UDWV $V RSSRVHG WR

FKDUDFWHUL]JHG E\ KLJKHU VXVFHSWLELOLW\ DQG VHQVLWLYLW\ WR
&KDWKDP 'LVFUHSDQF\ LQ KHDUW IXQFWLRQ DQG VHQVLWLYLW\
* UDWV FRXOG EH GXH WR D PRUH FRPSOH[ PHWDEROLF GLVRUGHU \

VIQGURPH YHUVXV 7' DQG WHRHREHYHVHOQOKIW RUWHQEGLRQ

,Q WKH =6) UDW PRGHO DJLQJ DOVR LPSDFWHG RWKHU RUJDQV WKD
NLGQH\ ,Q WKH OLYHU PLQLPDO PXOWLIRFDO PLFURJUDQXORPDV F
VWRUDJH PLQLPDO WR VOLJKW FHQWULOREXODU KHSDWRFHOOXODU
ZHUH REVHUYHG

,Q WKH SDQFUHDV VOLJKW WR PRGHUDWH FHOOXODU K\SHUWURSK\
PDUNHG GHFUHDVHG URXQGQHVV RI LVOHWV PLQLPDO LQFUHDVHG |
IRFDO DWURSK\ Rl HIRFULQH SDQFUHDV LQ RI DQLPDOV ZHUH F
PHWDEROLF VIQGURPH VWDWH RI =6) UDWV +LVWRORJLFDO H[DPLQD
VKRZHG LQFUHDVH LQ VHYHULW\ DQG LQFLGHQFH RI WKH NLGQH\ Ol
EDVHPHQW PHPEUDQHV LQWHUVWLWLDO LQIODPPDWLRQ DQG ILEU
SURWHLQDFHRXV IOXLG 6LJQLILFDQW FKDQJHV LQ NLGQH\ VWUXF)
IXQFWLRQ LQ =6) UDWV DV SUHYLRXVO\ UHSRUWHG E\ 7RIRYLF DQC
FKDQJHV ZRXOG VXJJHVW ZRUVHQLQJ RI NLGQH\ IXQFWLRQ $ GHGL
FRXOG EH GRQH E\ *ORPHUXODU )XQFWLRQ 5DWH PHDVXUHPHQW RU |

PHDVXUHPHQW RI VSHFLILF ELRPDUNHUV LQ XULQH DQG SODVPD

,Q WKLV VWXG\ ZH UHSRUW WKH FKDQJHV LQ FDUGLDF IXQFWLRQ LQ
PHWDEROLF VI\QGURPH 7' K\SHUWHQVLRQ DV DOUHDG\ LQGLFDWHCGC
JRU WKH ILUVW WLPH ZH UHSRUW WKH VLPXOWDQHRXYV FKDQJHV LQ |

DJH LQ =6) UDWV EHIRUH WKH DJH RI : 7KH SUHFLVLRQ RI WKH



FRQILUPHG WKH DGDSWDWLRQ RI WKH KHDUW VWUXFWXUH K\SHUW!
FDUGLDF IXQFWLRQ GHWHULRUDWLRQ LPSDLUPHQW RI GLDVWROLF D
PHWKRG ZH ZHUH DEOH WHE\KMWK® LRIKMNQ WHWH LVQWHBUGLDF IXQFWLRQ ¢
LQFUHDVH LQ EORRG SUHVVXUH :H DOVR GHPRQVWUDWHG WKDW Witk
UHODWLYHO\ HDUO\ LQ WKLY PRGHO VLQFH /9 PDVV DQG /9 ZDOO GLF
K\SHUWURSK\ DW

,Q WKLV VWXG\ ZH FKDUDFWHUL]JHG LPSDLUHG VHQVLWLYLW\ RI =¢
UHLQIRUFHY WKH IDFW WKDW PRGLILFDWLRQV RI FDUGLDF IXQFWLRQ
RQJRLQJ PD\ EH ZRUVHQHG LQ ROGHU DJHV RU ZLWK IXUWKHU GHY H(
7TDNLQJ LOWR FRQVLGHUDWLRQ WKH SURJUHVVLRQ DQG UHODWLYH P
WKDW WKRVH DGDSWDWLRQVY DUH WKH EHJLQQLQJ RI D SURFHVV $FV
VKRZHG WKDW DGXOW PDOH =6) UDWYV PRQWKYV RI DJH H J : RC
IXQFWLRQ LOWHUPHGLDWH WR WKRVH PHDVXUHG LQ 6++) UDWV +H\H
DQG 6+5 .ROHWVN\ OLFKDHOLV HW DO $GGLWLRQDOO\ W
REVHUYHG LQ NLGQH\V JORPHUXORVFOHURVLV WKLFNHQLQJ RI EDV}
DQG ILEURVLVY DQG WXEXODU GLODWLRQ DV GHVFULEHG E\ 7RIR
SURJUHVVLRQ SRWHQWLDO RI =6) UDWV WR PHWDEROLF DQG FDUC
HIDFHUEDWLRQ RI NLGQH\ VFRUH DW DGYDQFHG DJH : FRQILUPHG

VWUXFWXUHYVY DQG SRWHQWLDOO\ IXQFWLRQ RI WKLV DQLPDO PRGHC

,Q FRQFOXVLRQ WKH IXQFWLRQDO FDUGLDF FKDQJHV REVHUYHG L¢
FRXOG FRQVWLWXWH D WUDQVODWLRQDO PRGHO WR HYDOXDWH FD!
DVVRFLDWHG ZLWK WKH XVH RI HFKRFDUGLRJUDSK\ LV DSSURSULD
GUXJV DFWLQJ DV LQWHUYHQWLRQ RU SUHYHQWLRQ WKHUDSLHV 8
ORQJLWXGLQDO IXQFWLRQDO DQG VWUXFWXUDO PHDVXUHPHQWV Wtk

FDUGLDF UHPRGHOLQJ )LQDOO\ WKH GHYHORSPHQW RI FDUGLDF UH



ubw PRGHO PLJKW EH IXUWKHU H[DFHUEDWHG IDVWHU DQG JUHDWH
NLGQH\ IXQFWLRQ YLD LQGXFWLRQ RI NLGQH\ K\SHU ILOWUDWLRQ
EORRG SUHVVXUH SKDUPDFRORJLFDO DSSURDFK 7KLV FRXOG EH |

PHWDEROLF VIQGURPH PRGHO LQ D VKRUWHU WHUP WKDQ ZLWKLQ

)XQGLQJ

7KLV ZRUN ZDV VXSSRUWHG E\ ) +RIIPDQQ /D 5RFKH $* 6ZLW]HUO
%pQDUGHDX (PPDQXHOOH +DLQDXW 3KLOLSSH 9HUU\ -XOLH /DPERW
) +RIIPDQQ /D 5RFKH 6ZLW]HUODQG .DULQ &RQGH .QDSH LV HPSOR\}

,VDEHOOH /DUWDXG LV HPSOR\HH DW 8QLYHUVLWpP GH /RUUDLQH )DF;

$FNQRZOHGJHPHQW
7KH DXWKRUV WKDQN &KULVWLDQ $SIHO $QQH (PPDQXHOOH 6DOP
'RKOJHQVLQJHU IRU KHOS LQ ELR DQDO\WLFDO ZRUN ) +RIIPDQQ /D

OHWDEROLVP GLYLVLRQ %DVHO 6ZLW]JHUODQG

&RQIOLFW RI LOWHUHVW

1RQH GHFODUHG



5HIHUHQFHYV

$PHULFDQ 'LDEHWHV $VVRFLDWLRQ 'LDJQRVLVY DQG FODVVLILF
'LDEHWHYV &DUH 6XSSO 6 6

$PHULFDQ 'LDEHWHYV $VVRFLDWLRQ 6WDQGDUGV RI OHGLFDO &DU
&DUH 6XSSO 6 +6

'HO 7XUFR 6 *DJJLQL O 'DQLHOH * %DVWD * )ROOL ) 6LFDUL
UHVLVWDQFH DQG HQGRWKHOLDO G\WIXQFWLRQ D PXWXDO UHODW
'HV

'LQJ : /L = 6KHQ ; ODUWLQ - .LQJ 6% 6LYDNXPDUDQ 9 3DROR
5HYHUVDO RI ,VRIOXUDQH ,QGXFHG 'HSUHVVLRQ RI O0\RFDUGLD
O\RILODPHQW 6HQVLW-LBXWURQ FRRO &S 7KHU

JLRULQL * 6FRWWL /$ 3DUPLJLDQL 0/ )HUUDUL 0 3H]]JROL 3 %LJQ
VWXG\ RI OHIW YHQWULFXODU GLDVWROLF IXQFWLRQ LQ SDWLHQV

*RWWGLHQHU -6 %HGQDU] - 'HYHUHX[ 5 *DUGLQ - .OHLQ $ 0DQQ
2K - 4XLQRQHV 0 6FKLOOHU 1% 6WHLQ -+ :HLVVPDQ 1-
(FKRFDUGLRJUDSK\ UHFRPPHQGDWLRQV IRU XVH Rl HFKRFDUGLRJ
(FKRFDUGLRJU

*ULIILQ .$ $EX 1DVVHU 0 $EX $PDUDK , 3LFNHQ O :LOOLDPVRQ *
EORRG SUHVVXUH ORDG DQG QHSKURBRWHKO LRI WISH =6G L DIBHMDH V

3K\VLRO ) )
*UXQG\ 60 %HQMDPLQ ,- %XUNH */ &KDLW $ (FNHO 5+ +RZDUG
6RZHUV -5 'LDEHWHV DQG &DUGLRYDVFXODU 'LVHDVH $

BURIHVVLRQDOV )URP WKH $PHULFDQ +HDUW $VVRFLDWLRQ &LUF

*UXQG\ 60 %UHZHU +% -U &OHHPDQ -, 6PLWK 6& -U /HQIDQW &
6\QGURPH 5HSRUW RI WKH 1DWLRQDO +HDUW /XQJ DQG %ORRG ¢

*UXQG\ 60 OHWDEROLF 6\QGURPH 3DQGHPLF $UWHULRVFO 7KI

+DQWRQ * (GHU 9 5RFKHIRUW * %RQQHW 3 +\YHOLQ -0 (FKR
PHWKRG IRU WKH DVVHVVPHQW RI FDUGLDF IXQFWLRQ DQG PRUSKI
VDIHW\ SKDUPDFRORJ\ ([SHUW 2SLQ 'UXJ OHWDE 7R[LFRO



+H\HQ -5 %ODVL (5 1LNXOD . 5RFKD 5 'DXVW +$ )JULHUGLFK *

OFODKRQ (* 5XGROSK $( 6WUXFWXUDO IXQFWLRQDO DQG PF
6++) PRGHO RI KHDUW IDLOXUH $P - 3K\VLRO + +
,NHGD . 1DUD < <DPRUL < ,QGLUHFW VA\VWROLF DQG PHDQ E

QHZ WDLO FXII PHWKRG LQ VSRQWDQHRXVO\ K\SHUWHQVLYH UDWYV

-RVKL ' *XSWD 5 'XEH\ $ 6KLZDONDU $ 3DWKDN 3 *XSWD 5& &K
75& D QRYHO $*( EUHDNHU LPSURYHYV GLDEHWLF FDUGLRP\RS
=6) PRGHO RI 7\SH 'LDEHWHY - &DUGLRYDVF 3KDUP

.ROHWYVN\ 6 2EHVH VSRQWDQHRXVO\ K\SHUWHQVLYH UD
DWKHURVFOHURVLV ([S ORO 3DWKRO

.ROHWVN\ 6 SDWKRORJLF ILQGLQJY DQG ODERUDWRU\ GDWD |
ubwv $P - 3SDWKRO

.ULVWLDQVHQ 6% /jlJUHQ % 6WiWWUXS 1% .KDWLU ' 1LHOVHQ

JO\YEMHUJ $ , VFKDHPLF SUHFRQGLWLRQLQJ GRHV QRW SUR'
DQLPDO PRGHOV RI 7\SH GLDEHWHYV 'LDEHWRORJLD +
/IH )HXYUH & -DFTXHPLQHW 6 %DUWKHOHP\ 2 O\RFDUGLDO L

7\SH GLDEHWHY SDWLHQWYV )XWXUH &DUGLRO

/LQJ =& (IHQGLF 6 :LERP 5 $EGHO +DOLP 60 2VWHQVRQ &* /D
*OXFRVH PHWDEROLVP LQ *RWR .DNL]DNL UDW LVOHWVY (QGRFULQI

ODUVK 6% 3RZHOO 3& $JDUZDO $ 'HOO ,WDOLD /- &KDWKDP -&
LQ =XFNHU REHVH DQG =XFNHU GLDEHWLF IDWW\ UDWYVY UROH RI
+ +

OLFKDHOLV 2( WK 3DWULFN '+ +DQVHQ &7 &DQDU\ -- :HUQH
BSRQWDQHRXV K\SHUWHQVLYH 1,+ FRUSXOHQW UDW $QLPDO P|
LQGHSHQGHQW GLDEHWHVY PHOOLWXV W\SH ,, $P - 3DWKRO

ORYDVVDW - 6DXOQLHU & 6HUUDGDV 3 3RUWKD % ,PSDLUHG
PDVV LV D SULPDU\ HYHQW GXULQJ WKH SURJUHVVLRQ WR GLDEH\

30O0DQWH ( /DFKDQFH ' 5RXVVHO ( 'UROHW 0& $UVHQDXOW 0 &RX
RQ HFKRFDUGLRJUDSKLF HYDOXDWLRQ RI VIVWROLF DQG GLDVWRC



3ROORFN -6 DQG &DUPLQHV 3. 'LDEHWLF QHSKURSDWK\ QL
K\SR[LD $P - 3K\VLRO)

BUDEKDNDU 6 6WDUQHV - 6KL 6 /RQLV % 7UDQ 5 'LDEHWLF
2[LGDWLYH 6WUHVYVY DQG '"HFUHDVHG 5HQDO 1LWULF 2[LGH 3URGXF'

5HITHOPDQQ 7 DQG .ORQHU 5% 7TUDQVWKRUDFLF HFKRFDUGL
FRPPRQO\ XVHG LQGLFHV RI OHIW YHQWULFXODU GLPHQVLRQV FR
LQ D JHQHWLF PRGHO RI K\SHUWURSKLF KHDUW IDLOXUH 6++) OFF
UDWV GXULQJ DJLQJ %DVLF 5HV &DUGLRO

5HPX]]L * %HQLJQL $ 5HPX]JL $ OHFKDQLVPV RI SURJUHVVLE
OHVLRQV Rl FKURQLF QHSKURSDWKLHY DQG GLDEHWHV - &0LQ ,Q°

5XVVR & -LQ = +RPPD 6 5XQGHN 7 (ONLQG 069 6DFFR 5/ 'L 7]
GLDEHWHY DQG K\SHUWHQVLRQ RQ OHIW YHQWULFXODU GLDVWRO
HYLGHQFH RI KHDUW GLVHDVH (XU - +HDUW )DLO

6FKHUUHU &URVELH 0 DQG 7KLEDXOW +% (FKRFDUGLRJUDSK\
DQG PHQ - $P 6RF (FKRFDUGLRJU

6FKZDUW] 0: :RRGV 6& 3RUWH '-U 6HHOH\ 5- %DVNLQ '* &
FRQWURO RI IRRG LQWDNH 1DWXUH

BWDKUHQEHUJ 5 (GHOPDQQ ) OHQGH 0 .RFNVNIPSHU $ '*QJHQ +'
%LQGHU / +HUUPDQQ /LQJHQ & *HOEULFK * +DVHQIX% * 3LHVNH
RI JOXFRVH PHWDEROLVP ZLWK GLDVWROLF IXQFWLRQ DORQJ WKHI

7RIRYLF 63 .XVDND + .RVW &. %DVWDEN\ 6 5HQDO IXQFWL
K\SHUWHQVLYH REHVH =')[6++) K\EULG UDWV 5HQ )DLO

7TRIRYLF 63 DQG -DFNVRQ (. 5DW ORGHOV RI WKH OHWDEROLF

:DQJ 3 DQG &KDWKDP -& 2QVHW RI GLDEHWHY LQ =XFNHU GLD
LPSURYHG UHFRYHU\ RI IXQFWLRQ DIWHU LVFKHPLD LQ WKH LVROI

(=

=KDQJ + 'HOOVSHUJHU .& =KDQJ & 7KH OLQN EHWZHHQ P
HQGRWKHOLDO G\VIXQFWLRQ LQ W\SH GLDEHWHVY DQ XSGDWH %



JLIXUHV DQG WDEOHV

YJLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YJLIXUH

YLIXUH

YLIXUH

‘LITHUHQW KHDUW YLHZV E\ HFKRFDUGLRJUDSK\ LQ Z|
3DUDVWHUQDO ORQJ D[LV YLHZ E 3DUDVWHUQDO VKRUW DJ|
YLHZ /9 OHIW YHQWULFOH 59 ULJKW YHQWULFOH 5% ULJKYV
$RUWD

%ORRG SUHVVXUHV RI OHDQ =6) DQG =6) UDWV PHDVXU
DORQJ DJLQJ 'DWD DUH H[SUHVVHG DV PHDQ “ 6(0 Q

(YROXWLRQ RI OHIW YHQWULFXODU PDVV DORQJ DJLQJ
HYDOXDWHG E\ HFKRFDUGLRJUDSK\ 'DWD DUH H[SUHVVHG DV

(YDOXDWLRQ RI WKH OHIW YHQWULFXODU V\VWROLF IXQFV
VKRUWHQLQJ HYROXWLRQ LQ OHDQ =6) DQG =6) UDWV 'DWI
6(0 Q

(YDOXDWLRQ RI WKH OHIW YHQWULFXODU GLDVWROLF IXQ
=6) DQG =6) UDWV REWDLQHG E\ HFKRFDUGLRJUDSK\ 'DWD L
6(0 Q E F (ZDYH DQG $ ZDYH PHDVXUHG LQ : OHDQ =6)
UDWV E\ HFKRFDUGLRJUDSK\ LQ 'RSSOHU PRGH ( ZDYH UHSU
RI WKH OHIW YHQWULFOH $ UHSUHVHQWY WKH DEWLYH ILOOL
FRQWUDFWLRQ

/IDQJHQGRUIlI SDUDPHWHUV D /963 DQG FRQWUDFWLOLW
DVVHVVHG H[ YLYR E\ /DQJHQGRUIl PHWKRG SULRU WR L
FROWUDFWXUH DIWHU LVFKHPLD SHUIRUPHG IRU PLQXWE
PHDQ “ 6(0 1 SHU JURXS

'"HWDLOHG D DQG VXPPDUL]HG E NLGQH\ VFRUH LQ
&RPSDULVRQ ZLWK OHDQ UDWYV

5HSUHVHQWDWLYH .LGQH\ VWUXFWXUHYVY LQ =6) DORQJ DJI

SHSUHVHQWDWLYH .LGQH\ VWUXFWXUHV LQ ZHHN ROG =
ZLWK JORPHUXORVFOHURVLV 7KLFNHQLQJ RI EDVHPHQW P
LQIODPPDWLRQ DQG ILEURVLV WXEXODU GLODWLRQ ZLWK
3$6 VWDLQLQJ



7TDEOH %RG\ ZHLJKW DQG IDVWLQJ EORRG JOXFRVH YDOXHV LQ C
DJLQJ 'DWD DUH H[SUHVVHG DV PHDQ *“ 6(0 Q

7TDEOH /HIW YHQWULFXODU GLPHQVLRQV RI OHDQ =6) DQG =6) U
'‘DWD DUH H[SUHVVHG DV PHDQ “ 6(0 Q



YLIXUH

YLIXUH

YJLIXUH



YLIXUH

YLIXUH



YLIXUH



YLIXUH



YLIXUH

YLIXUH



7TDEOH

7TDEOH



'LVFEFXVVLRO &RQFOXVLRQ

1RXV DYRQV FRQILUPp GDQV FHWWH pWXGH TXH OH UDW =6) GpYH
VIQGURPH PpWDEROLTXH DX FRXUV GH OfkJH (Q HIIHW OfK\SHUWH
OfkJH OYREpVLWpP HW OfK\SHUJO\FpPLH VH VRQW TXDQW j HX[ GpYH
YHQWULFXODLUH JDXFKH 'H SOXV OD IRQFWLRQ GLDVWROLTXH V{HV
D FRQWLQXp j VH GPUUNGRDLMXHWT X ORUV TXH OD IRQFWLRQ V\VWROL
HW VXSpULHXUH | i VHPDLQHV /HV GRQQpHV KVWRORJLTX
GPYHORSSHPHQW GH IDLEOHV OpVLRQV DX QLYHDX GX F°XU HW GHV
XQ kJH SOXV DYDQFp | VHPDLQHV XQH K\SHUWURSKLH GHV FDU
GIDXWUHV RUJDQHV RQW pWp LPSDFWpV GH PDQLqUH VLJQLILFDWLY
SDQFUpDV OH IRLH RX HQFRUH OHV UHLQV (QILQ OHV F°XUV GHV |

VXVFHSWLELOLWpP j OTLVFKpPLH TXH FHX[ GHV DQLPDX[ =6) OHDQ

(Q FRQFOXVLRQ QRXV DYRQV PLV HQ pYLGHQFH GHV DGDSWDWLR(
K\SHUWURSKLH HW DXJPHQWDWLRQ GH OD FRQWUDFWLOLWp D\DQ!
PRGpUpH GH OD IRQFWLRQ FDUGLDTXH GLDVWROLTXH FKH] OHV
/TpPFKRJUDSKLH FDUGLDTXH QRXV D SHUPLV GH VXLYUH FH GpFOLQ D
PRQWUHU XQH VHQVLELOLWp j OJLVFKpPLH DFFUXH FKH] OH UDW =6
PRGqOH GH UDW =6) SRXUUDLW FRQVWLWXHU XQ ERQ PRGQqOH SHU
FRPSRVpV VXU OD IRQFWLRQ FDUGLDTXH &HSHQGDQW OH GpYHORS
FDUGLDTXHV PDLV DXVVL UpQDOHV HW PpWDEROLTXHV SRXUUDLHQW
GILPSRUWDQFH HW GH UDSLGLWp GIpYROXWLRQ DILQ TXH FH PRGQqO
j VHPDLQHVY DYHF XQH GpIDLOODQFH FDUGLR UpQDOH FRQFRPF
PPWDEROLTXH 3RXU FHOD XQH K\SHUILOWUDWLRQ UpQDOH DSSURF

SUHVVLRQ DUWpULHOOH DSSURFKH KRUPRQDOH SRXUUDLHQW rwWuUH



'LVFEFXVVLRO &RQFOXVLRQ

,Q WKLV VWXG\ ZH VKRZHG WKDW PDOH =6) UDWV IURP ZHHNYV
FRQVWDQWO\ WRZDUGY PHWDEROLF VV\QGURPH ,QGHHG K\SHUWHC
LQFUHDVHG ZLWK DJH DV ZHOO DV REHVLW\ ,QFUHDVH LQ KHDUW ZD
K\ SHUWURSK\ GHYHORSHG ZLWK DJH ,Q SDUDOOHO V\VWROLF IXQFW
EXW ZDV VWLOO KLJKHU WKDQ PHDQLQJ WKDW VA\VWROLF IXQFWL
'LDVWROLF IXQFWLRQ ZDV LPSDLUHG IURP ZHHNV RI DJH DQG GH
+LVWRORJ\ VKRZHG WKDW PLOG WR PRGHUDWH VWUXFWXUDO OHVLR
RUJDQV H[FHSW DW ZHHNV RI DJH $W WKLV PRUH DGYDQFHG DJ
REVHUYHG OHWDEROLF VI\QGURPH LPSDFWHG RWKHUV NH\ RUJDQV

J)LQDOO\ KHDUWV RI =6) UDWV ZHUH PRUH VHQVLWLYH WR LVFKHPLD

7R FRQFOXGH HZM KH SRBPWOWDQHRXV FKDQJHV LQ FDUGLDF VWUXFW.
DJH LQ =6) UDWV EHIRUH WKH DJH Rl ZHHNV ZLWK DGDSWDWLRQ |
LQFUHDVH LQ FRQWUDFWLOLW\ SULRU WR FDUGLDF G\VIXQFWLRQ

DOWKRXJK K\SHUWWGNYRQRGLGXUWQRKHU DORQJ DJLQJ HFKRBDUGLR.
GHSLFWLQJEWKWHSWHSDQJHYV LQ FDUGLDF IXQFWLRQ :H DOVR FKDUDI
=6) UDWV WR LVFKHPLD 7KH IXQFWLRQDO FDUGLDF FKDQJHV REVHU
WKDW LW FRXOG FRQVWLWXWH D WUDQVODWLRQDO PRGHO WR HYDO)
DVVRFLDWHG ZLWK WKH XVH RI HFKRFDUGLRJUDSK\ LV DSSURSULD
GUXJV DFWLQJ DV HDUO\ LQWHUYHQWLRQ RU SUHYHQWLRQ WKHUD
UHQDO DQG PHWDEROLF SDWKRORJLHV RI WKH =6) UDW PRGHO PL.
JUHDWHU H[WHQW RI WKH GDPDJHV E\ LFSDIQUGPXHFOWLRR RILHQBQ HX (
ILOWUDWLRQ VXUJYEDQ DSBURDWFKQRWUQ EORRG SUHVVXUH SKDUPDF
FRXOG EH DQ DOWHUQDWLYH WR GHYHORS FDUGLR UHQDOPRHWDERC

WKDQ ZHHNV RI WLPH DQG ZLWK D JUHDWHU H[WHQW



$/7(5$7,21 2) 5(1$/ )81&7,21 %< 81,/$7(5$/
1(3+5(&720< ,1 7+( =6) 5$7 02'(/

SHODO IXQFWLRQ RI =6) UDW

2Q0\ IHZ SXEOLFDWLRQV KDYH HYDOXDWHG7RMRMIZF IXBFRURBDGRW KD
=6) UDWV GLVSOD\HG VHYHUH VWUXFWXUDO ID@&GLOOQFGL RPDX O\
JORPHUXORVFOHURVLY PHVDQJLDO H[SDQ@UNRGEG XWMIDULRDRM\HAQHHJ
ZDWSURSRVHG WKDW WKH =6)GRIDWYBDUREDEQDGLIIDLOXUH MM DERXYV
7RIRHME DO ,W ZDV DOVR VKRZQ WKDW GHYHORSPHQW RI NLGQH\
DVVRFLDWLRQ ZLWK WWW\@H®\SE B 9/MHQQWRRW DO ORUHRYHU LW KDV E
VKRZQ WKDW HDUO\ VLJQVL RIS WRWIPIOQ CUVHDYEBRPHUXODU GHSRVLW
WXEXORLQWHUVWLWLDO LQIODPPDWLRQ UHQDO K\SHUWURSK\ DQG
ZHHNV RI DJH 7KHVH GHIHFWV ZRXOG EH GXH WR WKH GHYHORSLQ
DQLPRPQODQ HW D¥W  ZHHNV Rl PWHIVG®RDB®@ D IROG LQFUHDVH LQ
DV FRPSDUHG WR OHDQ OLWWHUPDWHV EXW ZLWK D PDLQWDLQ}
GHWHUPLQDWLRQ 7KLV FRXOG EH H[SODLQHG E\ DQ K\SHUILOWUDWL
PDQ\ UDW VWUDLQ@' RQGHBBEWBDORW DO RU E\ K\SHUSKDJLD WKDW
DQ LQFUHDVH LQ SURWHLQ LQWDNH DVVRFLDWRIRBGXYLWK,RQ IDQFUHDV
FODVVLILEDWLRQ IRU JORPHUXODU OHVLRQ@LDRHWKRPQBSMWI RISD WK
HODERUMMWHNGHWW O )RXU VWDJHV KDYH EHHQHGH D@D\ HIZQ W RBIMD D Q
ZHHN ROG REHVH =6) UDWV ZRXOG GHYHORSL FZDWYX FDYOIRMQW
PHPEUDQH WKLFNHQLQJ DQG PHVDQJLDO H[SDQVLRQ ZLWK PLOG WR |
ORUHRYHU =6) UDWV KDYH EHHQ VKRZQ WR GHYHORS LQWHUVWLWL
GLDEHWLF QHSKURSDWK\ VXFK DV LQWHUVWLWLDO ILEURVLY DQG L«

W KLFN HWIDEK DHW UD O 7TKHQ LW KDV EHHQ UHSRUWHG WKDW JC



LQFUHDVHG 2HRRV RI7TIRIRYHW DO 'LWK WKHVH UHNWODWY %LODQ
KDYKMNMHYVOWKDW WKH REHVH =6) UDW PD\ EH WKH EHV\ELDEKNHMWILIFE O
QHSKURSHREZKYHU DVWK QR LOWWHYH@PWRIGRH® LV QRW RSWLPDO IRU \
UHVHDUFK UHTXLUHPHQWYV DEHOVAMR-NIWGREHN OHHQWGE WWHUPV RI H[WH

WKHFHWDEROLF VIQGURPHVEDVRINLDWHG

(IIHEFW RI XQLODWHUDO QHSKUHEWRP\ RC
=6) UDWYV

8QLODWHUDO QHSKUHFWRP\ 81 LV D FRPPRQ VXUJLFDO SURFHGXU
DFFLGHQWYV ([SHULPHQWDO DQG KXPDQ GDWD UHSRUWHG DGDSWDW
E\ ZHLJKW LQFUHDVH ZLWK D PD[LPDO LQFWHRDEHHNRI DB STRI[VPDWH
IXQFWLRQDO DGDSWDWLRQ LQYROYHV FHOO K)BEEHW URKLK OO @ ®ES H
:DOWHU DV ZHOO DV LQ URGHQWYV LQ ZKLFK K\SHUWURSK\ LV DFFRF
OHDGLQJ WR LPSDLUHG UHBMXNAHAEG DEQDO IXQFWLRQ

7KH IDFW WKDWUBKISXB® LFROQJ@RBNE KXY D U QO B VRRW D E R O LFRO\WLBR P H
NQRZQ VLQFH PDEWHHHWVYDO 2 'RQQHMO DO ORUHRYHU LW KDV E
GHPRQVWUDWHG WKDW QHSKUHFWRP\ H[DFHUEDWHY WKH UHPQDQW
VWUHSWR]RWRFLQRSHBEHWQ FDWIBNK\SHUOLSLGHBVEVBW \BOUDW V
UHFHQWO\ SRLQWHG RXW 81[ LV DQ ROG PHWKRGRORJ\ WKDW LV HI
FHUWDLQ FRQWXHE/ D

'LWK WKLV VXUJLFDO DSSURDFK ZH PLPLBQRG MHKH GLHDEKR\G S HIRIGRK®@
GLDEHWLF GHIGEQPLABLOKNAFHDEYWHG DQG G LD EZBW LVFUQ HESHUIUHRIECDON K \
PDVV UHGXREWLREIX\N DO 7HVFK DQG /LP7KLV ZDV DOVR REVHUYHG LG
'DZOH\ UDWV LQ ZKLFK 81[ GHWHURRVYIMHAMH B ON LS&/QSIUHX QRMAM.RQV KR Z Q

PLFHDJIJQRQ DQG $QVDUH K\SRWKWMKBWIGXQGHU G\WOLSLGHPLD DQG



K\SHUWHROR/QEB QWKRA®YG ZRUVHQ JORPHUXODU LQMWHKH D=@E: HYOBXP L G

K\SRWKHWKPBMUJGLDF IXQFWLRQ FRXOG EH GHWSDJILURAGDMAHI) B O RAQIF ML\
LQGXFHG E6Y81U[OHHWYDO



38%/,&$7,21 Qf 6+257 &20081,&%$7,21
81,/$7(5$/ 1(3+5(&720< $&&(/(5$7(6 /266 2) 5(6,'8%/ 5(1$/ )81&7,21 ,1

=6) 5%$76
L OWURGXFWLRQ
&RPPH pYRTXp SUPpFpGHPPHQW GDQV OD 6HFWLRQ DWWHQGUH OH

GXUDQW XQH DQQpH FKH] XQ PRGgOH DQLPDO QfHVW SDV FRPSDWL
SKDUPDFHXWLTXH HQ WHUPHV GH GXUpH 1RXV DYRQV GRQF WHQW
PpPWDEROLTXH VXU OD G\WIRQFWLRQ UpQDOH FKH] OH UDW =6) TXL S
GH OD G\VWIRQFWLRQ UpQDOH GDQV XQ FRQWH[WH GH VIQGURPH PpWI
VH GpYHORSSHQW SOKW HIDSOBE® PHMW LPSRUWDQWH 3RXU FHOD
QpSKUHFWRPLH XQLODWpUDOH 81[ /RUV GIXQH SUHPLQUH HWXGH C
GH VHPDLQHV SXLV QRXV DYRQV PHVXUp OH WDX[ GH ILOWUDWLRC
VHFRQGH pWXGH Of81[ D pJDOHPHQW pWp SUDWLTXpH j VHPDLQH
ELRPDUTXHXUV GH OD IRQFWLRQ UpQDOH j HW VHPDLQHYV
WHUPHV GH SURWHFWLRQ UpQDQ H OXBXFNLOFWO EVPXGQGHpAXL HVW HJ
FRQWH[WH GH PDODGLH UpQDOH GLIIpUHQWY ELRPDUTXHXUV VH VR
VWUXFWXUH HW GH OD IRQFWLRQ UpQDOH 3DU H[HPSOH XQH pOp
DOWHUDWLRQV WXEXODLUHV FHW URVIDRIBDIVRHVK RO GHW RIDFWLRQ JC
+HUUHUR WWUDQ 'LHWHWWHDO )XFKV DQG +HZLWHV SOXV 7UDQVIRUPI
*URZWK )DFWRU D pWp GpFULW FRPPH LOFWSHE@HSGH QFDRSIDBURVH U
)DQHW DO *RXPHQRW DO 6KH®W DO :DQJ HW DO 1RXV DYRQV pJDOHPF
PHVXUp OD SURWpPLQH ORQRF\WH &KHPRDWWUDFWDQW 3URWHLQ O
DXJPHQWpPV FKH] OHV SDWLHQWYVY DOYDQWEND M IORP pUXRWR B B VWKW p WL
DXVVL SURFKH GH OD PDODGLH KXPDLQH TXH SRVVLEOH GX SRLQW
DYRQV SHQVp TXH SRXU FRQVWLWXHU XQ ERQ PRGqOH OH UDW =6)

GLIITpUHQWY ELRPDUTXHXUV FRPSDUDEOH j FHOOH UHQFRQWUpH FKH]



LOWURGXFWLRQ

$V VWDWHG EHIRUH HQPWKH 8WKMMLRQZHHNY RI GHYHORSPHO@W RI WK

DQLPDO PRGHO LV D WRRNKIKDPUBDREKXWYFIRQW LQGXVWU\ 7KLV FRQV
ODERUDWRULHV WRPERNOIV W IH ZWHNGIKBZRQ WKH SDWKV WR GHYHORS
GLVHDVHV ZLWK IHDWXUHVY FRPSDUDEOH WR +XPDQ %DVHG RQ LWV F
EH WKH VXLWDEOH PRGHO RQO\ LI LWV SDWKRORJLFDO DOWHUDWLI
HIWHQW $V D UHVXOW DQG KDYLQJ HYDOXDWHG HYROXWLRQ RI FDI
NQRZLQJ DFFRUGLQJ WR WKH OLWHUDWXUH WKDW UHQDO IXQFWLR
RQH \HDU RI DJH RQO\ ZH DLPHG DW H[DFHUEDWLQJ UHQDO LPSDLUP
GXUDWLRQ RI RQVHWDXMNIUYWS8YWXG\ ZH SHUIRUPHGSUHRQ ® GROW UHG
ZHHN ROG PDOH =6) UDWV DQG HYDOXDWHG WKH LPSDFW. REQNVJORPH
ZHHNV FRPSDUHG WR DJH PDWFKHG VKDP RSHUDWHG =6) UDWV
UHQDO PDVV UHGXFWLRQ E\ 81[ LQ DGXOW ZHHN ROG PDOH =6)
VHOHFWHG NLGQH\ ELRPDUNHUV DW DQG ZHHNV SRVW 81]
ZHHNV RI DJH DQG WKH HIILFDF\ RI $&(L OLVLQRSULO ZDV WHVWHG
5HFHQW GHYHORSPHQW RI UHQDO ELRPDUNHUV KDV EHHQ HVVHQ!
QHSKURSDWK\ SRSXODWLRQ DQG PROQVWRMM D R I%GHYX. BHIV HD QLEDFL Q
DOEXPLQ FUHDWLQLQH UDWLR ZKLFK LV WKH P R\D/{) ®[EXGIGHTBWES U |
WKMLGQH\ RQO\ LQ SDWKRORJLFDO VWDWHYV VHYHUDO RWKHU ELRPI
LQMXU\ ,QFUHDVH LQ XULQDU\ RU 80D8DF DWH ¥ URJRRHEXOQLRQU G\VI
H[WUDFHOOXODU F\WWHLQH SURWHLQDVH F\VWDWHQU& UR\NWWURQVSH
'LHWHUOH HWXPIOV DQG +HZLWMFKDQLVWLF ELRPDUNHUV KDYH DO)
LQ SDUWLFXODU 7UDQVIRUPLQJ *URKMFK JOFWEHHQ @BHVFULEHG WR
LQGXFHU RI UHQD QDIQEW RIGI ORX¥PYMQRW DO 6KH®W DO :DQJHW DO

7*) OHYHOV DUH LQFUHDVHG E\ $QJ,, DQG LWV KLJK H[SUHVVLI



WXEXODU HSLWKHOLDO FHOOV DQG FDSLOODU\ HQGRWKHOLDO FI
GLITHUHQWLDWLRQ RI WXEXO D% RAMWMAW DY JHQWIRQ EB\HRNM BVERUEIGIBIVIMW D O
)LQDOO\ ZH PHDVXUHG WKH ORQRF\WH &KHPRDWWUDFWDQW 3UR
LQFUHDVHG LQ SDWLHQWYV ZLWK D JORPHUXODU @GID/MMHPL HH\EDIY®I G F K|
ORUHRYHU LW ZDV VXJJHVWHG WKDW DOEXPLQXULD WULJIJHUV WXE
PDFURSKDJH LQILOWUDWLRQ DIMUEG @HNX \D @ Q POMWPHP® VRILR QVKH FOLQLFL
FROOHFWHG RQ NLGQH\ ELRPDUNHUV ZH EHOLHYHG WKDW DQLPDO P

RSWLPDOO\ GHPRQVWUDWH GUXJ HIILFDF\ DQG RSWLPL]H GLVFRYHU\



([SHULPHOWDOQASM XMER EH VXEPLWWHG LQ ODUFK

8QLODWHUDO QHSKUHFWRP\ DFFHOHUDWHY ORVV RI UHVLGXDO UHQD

LOOLDP 5LE@POMNHOOH +BUDDHSW HBIQMKRQ\ 9D PEWRRKXILQ -DFREVHC
$QWKRQ\ 5HW RXKUQIVWAE D QDIBWHKMHZ % :DULIQW&RQGH QRDBSR 3UXQRWWR
$JQqV %pQDUGHDX

$IILOLDWLRQV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUF
I1HXURVFLHQFH 2SKWKDOPRORJ\ 5DUH 'LVHDVHYV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUFK |
OROHFXOH OHGLFLQDO &KHPLVWU\

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUF
SKDUPDFHXWLFDO 6FLHQFHYV

1RYDUWLY ,QVWLWXWH IRU %LRPHGLFDO 5HVHDUFK %DVHO 6ZLW]HL

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD GWVHDUF
,PPXQRORJ\ DQG ,QIODPPDWLRQ

BWUHNLQ $* %DVHO 6ZLW]JHUODQG 9 3 +HDG RI 5HVHDUFK
-RKQVRQ DQG -RKQVRQ OHGLFDO /RQGRQ 8. &DUGLRYDVFXODU DQC
) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUFK I
OROHFXOH 5HVHDUFK 'LVFRYHU\ 7HFKQRORJLHV

%D\HU 3KDUPDFHXWLFDOV :XSSHUWDO *HUPDQ\ *OREDO 7KHUDSH.

&RUUHVSRQGLQJ DXWK®R4V %pQDUGHDX 3K’
*OREDO 7KHUDSHXWLF 5HVHDUFK *URXS
%D\HU 3KDUPD $NWLHQJHVHOOVFKDIW
%3++'' *75% &9
$SUDWKHU :HJ D
“XSSHUWDO
7HO

( PD|LO DJOHV EHODUG!HDX#ED\HU FRP

.H\ ZRUGIVGQH\ IXQFWLRQ =6) UDWV 8QLODWHUDO 1HSKUHFWRP\ /L\

5XQQLQJ BUWOKG NLGQH\ IXQFWLRQ RI =6) UDWYV



$EVWUDFW

OHWDEROLF V\QGURPH UHIOHFWHG E\ LQVXOLQ UHVLVWDIGFH DW
LQIODPPDWLRQ OHDGV WR W\SH GLDEHWHV 7' DQG FR PRUELGL
HIITHFWLYH LQ SUHYHQWLQJ ORVV RI NLGQH\ IXQFWLRQ DQG UHGXFL
7' 2QH SRWHQWLDO UHDVRQ LV WKH ODFN RI WUDQVODWLRQDO DQLI
GUXJ GLVFRYHU\ :H H[SORUHG WKH HIIHFWV Rl XQLODWHUDO QHSKU!|
WKH PDOH =6) UDW D PRGHO RI PHWDEROLF VI\QGURPH 81[ VLJQLILF
VWUXFWXUH GDPDJH XS WR  ZHHNV SRVW VXUJHU\ ZLWKRXW FKDQJ
SUHVVXUH 81[ GUDPDWLFDOO\ XS UHJXODWHG ELRPDUNHUV Rl WXE.
DOEXPLQXULD DQG GUDPDWLFDOO\ LQFUHDVHG PDUNHUV RI NLGQ
$QJLRWHQVLQ &RQYHUWLQJ (Q]\PH LQKLELWRU OLVLQRSULO SUHY
GHWHULRUDWLRQ LQ UHQDO ELRPDUNHUV 81[ =6) UDW PRGHO SUHVI
NLGQH\ IDLOXUH DOWKRXJK D GHFOLQH LQ NLGQH\ DQG FDUGLDF IX
ZLWKRXW NLGQH\ PDVV UHGXFWLRQ 'HVSLWH WKH H[LVWHQFH RI P
81[BGE GE %7%5RE RE RU (12V GE GE QR HTXLYDOHQW UDW PRGH
'LWK WKHVH IHDWXUHV 81[ =6) UDW UHSUHVHQWY D WUDQVODWLRQ

DQG WR NLGQH\ IDLOXUH



7\SH 'LDEHWHYV 7' KDV EHFRPH D ZRUOGZLGH HSLGHPLF UHTXL
WKHUDSLHV 7 ' LQFUHDVHV WKH ULVN RI 'LDEHWLF 1HSKURSDWK\ '1
.LGQH\ 'LVHDVH &.' DQG (QG 6WDJH 5HQDO 'LVHDVH (6'5 OHYV
RIWHQ SUHFHGHVY WKH GHYHORSPHQW RI 7 ' ZKLFK PD\ DOORZ DQ HDU
,Q WKH SDVW GHFDGHYV UHVHDUFK JURXSVY KDYH GHYHORSHG URGHQ
GLHW ',2 PLFH DQG UDWYV RU GUXJ LQGXFHG LQVXOLQ UHVLVWD
LOQYHVWLIDWLRQV LQ WKHVH PRGHOV DGGUHVVHG FDUGLRYDVFXOD
FRPRUELGLWLHV RI 7" ORUH UHFHQWO\ WKH PDOH =6) UDW
DV D PRGHO RI 06 LQ SDUWLFXODU IRU LWV SRWHQWLDO LQ HY
IXQFWLRQ $OWKRXIK LQWULIXLQJ WKH PDOH =6) UDW PRGHO
GHFOLQH ZLWK QR HIIHFW RQ FDUGLDF IXQFWLRQ RU GHYHORSP
DV GHVFULEHG KDV OLPLWHG XWLOLW\ IRU FKDUDFWHUL]JLQJ SRWHC
PRUELGLWLHYV

,Q WKLV VWXG\ ZH DLPHG DW DFFHOHUDWLQJ WKH RQVHW RI NLGQ
SHUIRUPHG UHQDO PDVV UHGXFWLRQ E\ XQLODWHUDO QHSKUHFWRP!'
=6) UDWV DQG HYDOXDWHG WKH LPSDFW RQ NLGQH\ IXQFWLRQ ZHI

PHWKRG SHUIRUPHG LQ GLDEHWLF GE GE PLFH ZKLFK H[DFHUEDWHDC

IRU UHYLHZ VHH 81[ VLIQLILFDQWO\ UHGXFHG *)5 IURP |
RSHUDWHG YHUVXYV PO PLQ NJ 81[ =6) UDWV S JLIXUH $ K
NLGQH\ *)5 ZDV RI PO NJJ DQG PO NJJ LQ ZHHN ROG 6KDP

VXJIHVWLQJ WKH UHGXFWLRQ LQ JORPHUXODU ILOWUDWLRQ UDWH *
81[ KDG QR HIIHFW RQ OHDQ $UWHULDO 3UHVVXUH 0$3 XS WR ZHl
81[ =6) UDWV 0$3 ZzDV RI DSSUR[LPDWHO\ PP+J ZKLFK LV FRPSDL
DGXOW QDLYH =6) UDWYV

,Q DEVHQFH RI *)5 DQG 0$3 GHWHULRUDWLRQ ZHHNV DIWHU 81[ ZH

QR HIITHFW RQ NLGQH\ GLVHDVH LQ =6) UDWV RU WKDW PRUH WLPH



WKHVH TXHVWLRQV ZH SHUIRUPHG D VHFRQG VWXG\ LQ =6) UDWV W
DQG H[DPLQHG NLGQH\ VWUXFWXUH DQG IXQFWLRQ XQWLO WKH DJH F
ZDV VHW DW : RI DJH DQG ZHHNV DIWHU 81[ )LJXUH % ZKLFK FR
WLPLQJ ZKHUHLQ *)5 PHDVXUHPHQW ZDV XQFKDQJHG DIWHU 81[ )L.

HYDOXDWHG E\ TXDQWLI\LQJ $OEXPLQXULD $OE &UHDWLQLQH &UH

ELRPDUNHUV %0V PRVW RIWHQ XVHG LQ KXPDQV JLIXUH $ VKF
DSSUR]J PJ K WKHQ VLJQLILFDQWO\ LQFUHDVHG DQG
DSSUR[LPDWHO\ PJ K DW ZHHNV Rl DJH 81[ UDSLGO\

DSSUR[LPDWHO\ PJPJ K DW EDVHOLOMWRWRIHNVPSRAVW &1[ )LJIXUH
'HWHULRUDWLRQ Rl $0OE DQG X$&5 )LJIXUH VXJIJHVWV LPSDLUP}!
VLIQLILFDQWO\ UHGXFHG $0OE DQG X$&5 WR OHYHOV EHORZ EDVHOLQ
$GGLWLRQDO XULQDU\ %0V ZHUH HYDOXDWHG RYHU K DW VHYHUDO
& DQGPLFUERX®XL® ZHUH VLJQLILFDQW®\ BEQGIUMHDNVHMGHWHULRUDWLR
IXQFWLRQ DQG ZRUVHQLQJ RI JOR P HUQFQUMHID\GHA® WHEL R QG Q
GLVHDVH SURJUHVVLRQ DQG ORVV RI WOXKEXRMB\W RFEDRMIL B DQF W D QW FAUHRE
0&3 VXJJHVWHG LQFUHDVH LQ LQIODPPDWLRQ DQG PDFURSKDJH |
LQFUHDVHG XULQDU\ OHYHOV RI WKHVH I'R XU W0 \G LIQ HABH Q WDW N P $RIUX
LQFUHDVH LQDDG 0&RFFXWWWUOLHU )LIXUH ' FRPBSOGMHGLWRUE\VW
& /LVLQRSULO ZDV DEOH WR VLOGIXERDGQVQE U H B G N AHG %8Ry OH.YNXO M
HTXLYDOHQW WR EDWHIDQGH RIDEHYEQ/ WHORZ EDVHOLQMQ XP&B 7*)
YOXUH

5SHPRYDO RI RQH NLGQH\ GUDPDWLFDOO\ DOWHUHG RI WKH KLVWROJ
=6) ZHUH PDLQO\ KHDOWK\ DW EDVHOLQH VLQFH JUDGH JORPHUXOI
WKDQ RI WKH JORPHUXOL )LJXUH $ *6 LQ =6) UDWV SURJUHVVL
E\ WKH LQFUHDVH LQ JUDGHYV DQG UHGXFWLRQ RI JUDGH yLIXU

GHYHORSPHQW RRW6ZBIWWHWURI WUHDWPHQW 81 GHWHULRUDWHG NLG



DERYH JLIXUH % 81[ ZRUVHQHG *6 DQG WKLFNHQLQJ RI EDVHPH
LQGXFHG LQIODPPDWLRQ DV VKRZQ E\ UHGXFHG PDFURSKDJH LQILC
JLIXUH ' 7UHDWPHQW ZLWK /LVLQRSULO VWURQJO\ UHGXFHG NLG
JLIXUH $ % 81 KDG QR HIIHFWV LQ RWKHU RUJDQV H\HV OLYHU
DEVHQFH RI UHWLQRSDWK\ RU FDUGLDF FKDQJHV DV D FRQVHTXHQFF
VKRZQ

,Q VXPPDU\ ZH DLPHG DW H[SORULQJ WKH LPSDFW Rl UHQDO PDVV U
WKH RQVHW RI &.' LQ WKH PDOH =6) UDW PRGHO RI 06 'HVSLWH WK}
VXFK DV 81[BGE GE %7%5RE RE RU (12V GE GE QF
KDV EHHQ VLPLODUO\ FKDUDFWHUL]JHG ORUHRYHU WKH XVH RI YHL
HVWLPDWHG *)5 H*)5 LQVWHDG RI PHDVXUHG *)5 RU &UH &OHDUL
PHDVXUHPHQWYVY IRU GHWHUPLQLQJ DFFXUDWHO\ NLGQH\ IXQFWLRQ
,Q KXPDQV ORVV RI NLGQH\ IXQFWLRQ LV ZLWQHVVHG E\ GURS LQ
DVVRFLDWHG ZLWK LQFUHDVH LQ $OE DQG SURWHLQXULD ,PSDFW R(
QRW HYDOXDWHG ,W ZDV VXJJHVWHG WKDW RWKHU NLGQH\ %0V WKD
GDPDJH DQG PLJKW EH VLJQLILFDQWO\ GHWHULRUDWHG SULRU WR U
FRPELQHG RI HIIHFW RI 81 RQ WUXO\ PHDVXUHG *)5 QRW H*)5 $OF
GHVFULELQJ IXQFWLRQ RI GLIIHUHQW NLGQH\ VWUXFWXUHV DQG
TXDQWLWDWLYH KLVWRORJ\ DQG VWDLQLQJ 7KLV WULDQJXODU D\
VLIQLILFDQWO\ GHWHULRUDWHG %0V NLGQH\ VWUXFWXUHV DQG L
PDFURSKDJHV LQILOWUDWLRQ *)5 DSSHDUHG ZRUVHQHG E\ 81[ ZKHQ
ZKHQ DGMXVWHG WR RQH OHIW NLGQH\ DQG H[SUHVVHG DV PO PLQ
ZRUVHQLQJ RI NLGQH\ %0V RFFXU SULRU WR *)5 GHFOLQH $GDSWDW|
UHQGHUHG SRVVLEOH GXH WR K\SHUILOWUDWLRQ RI WKH OHIW NLG

WUDQVODWHY WKH RQJRLQJ FKDQJHV WKDW DQQRXQFH WKH SURJUHYV



LWK WKHVH GDWD ZH SURSRVH WKH PRGLILHG DQLPDO PRGHO RI 06
DQG IHDWXUHV RI KXPDQ NLGQH\ GLVHDVH 7KH WULDQJXODU GHWEF
HIDPLQDWLRQ LV UHTXLUHG WR GHILQH NLGQH\ IXQFWLRQ VWDWXV |,
ZDV VHQVLWLYH WR OLVLQRSULO $QJLRWHQVLQ &RQYHUWLQJ (Q]J\PH
WKHUDSHXWLF GRVH RI PJ NJ G /LVLQRSULO VLIJQLILFDQWO\ UHGXTH
PP+J S DQG IURP GRZQ WR PP+J S FRPSDUHG W
ZHHNV DQG ZHHNV Rl WUHDWPHQW UHVSHFWLYHO\ :KLOH 81[ ZRU
OLVLQRSULO LPSURYHG %0V WR D VLPLODU RU JUHDWHU H[WHQW F
VWUXFWXUHYV

2XU GDWD VKRZHG WKDW 81[ =6) UDW PRGHO IDVWHU GHYHORSV PI
FKDUDFWHUL]JHG 81[ =6) UDWV FRXOG UHSUHVHQW D WRRO PRGHO

SURWHFWLQJ NLGQH\ IURP ORVV RI IXQFWLRQ

&RQIOLFW RI  QWHUHVW

1RQH

$FNQRZOHGJPHQW

7KH DXWKRUV ZDUPO\ WKDQN $QQH (PPDQXHOOH 6DOPDQ &KUL
*ULHVVHU IRU WKHLU KHOS LQ WKH SODVPD ELR DQDO\WLFDO DQDO\V
‘H DOVR WKDQN WKH 6800,7 FRQVRUWLXP IRU VXSSRUW 7KH 6800,7
3KDUPD FRPSDQLHYV DFDGHPLF LQVWLWXWLRQV DQG  60( ZRUN
LQQRYDWLYH DSSURDFKHV WR PDNH FOLQLFDO WULDO WHVWLQJ F
FRPSOLFDWLRQV IDVWHU DQG PRUH HIILFLHQW 6800,7 UHFHLYHV V.
,QLWLDWLYH -RLQW 8QGHUWDNLQJ UHVRXUFHV Rl ZKLFK DUH FRPS|
(XURSHDQ 8QLRQ V 6HYHQWK JUDPHZRUN 3URJUDP )3 DQG L

()3,$ FRPSDQLHV )RU GHWDLOV SOHDVH YLVLW ZZZ LPL VXPPLW HX



&RQFLVH PHWKRGV
6WXGLHV ZHUH SHUIRUPHG XQGHU DQLPDO UHVHDUFK SURWRFRO §
9HWHULQDU\ 2IILFH %DVHO 6WDGW DQG LQ DFFRUGDQFH ZLWK JX
$VVHVVPHQW DQG $FFUHGLWDWLRQ RI /DERUDWRU\ DQG $QLPDO &D
ODOH =6) UDWV > 2% *PL &UO ID ID@ ZHUH RUGHUHG DW WKH DJH
D VSHFLDO GLHW HTXLYDOHQW WR 385,1% 30, 6VQLII 6RHVW *HU
DSSUR[LPDWHO\ + f&UHD®WLYH KXPLGLW\ DQG KDG DG OLELWXP DFFFH
F\FOH ZDV IURP D P WR S P
$W WKH DJH RI : UDWV XQGHUZHQW XQLODWHUDO QHSKUHFWRP\
PJ NJ VXEFXWDQHRXV RQH KRXU SULRU WR VXUJHU\ WR PLQLPL]
LVRIOXUDQH 2 5DW ZDV SODFHG XSRQ D KHDWHG RSHUDWLQJ VXU
f& 7KH OHIW NLGQH\ IODQN ZDV DFFHVVHG YLD D VPDOO ODWHUDO
DFFHVV WR WKH UHQDO SHGLFOH 7KH YDVFXODU SHGLFOH ZDV RFFC
%UDXQ $HVFXODS IROORZHG E\ NLGQH\ UHPRYDO 7KH IODQN LQF
FORVHG ZLWK DWUDXPDWLF FOLSV 0 '6 3UHFLVH GLVSRVDEOH
EXSUHQRUSKLQH PJ NJ GD\ VXEFXWDQHRXV IRU WKH WZR GD\
PLQLPL]H SDLQ (DFK DQLPDO ZDV SODFHG EDFN LQ LWV FDJH DQG V
DOORZ IXO0O UHFRYHU\ $ JURXS RI VKDP RSHUDWHG =6) UDWV Wi
RSHQLQJ WKHQ VXWXUH DQG D JURXS RI DJH PDWFKHG 81[ =6) Ul
FRKRUW Rl =6) UDWV ZDV XVHG WR GHWHUPLQH *)5 ZHHNV DIWHU

FI GDWD LQ )LIXUH $

(LIKW ZHHNV DIWHU 81[ ZzDV SHUIRUPHG =6) UDWV DW ZHHNV RI1 D
ERG\ ZHLJKW DQG XULQH ELRPDUNHUV IRU NLGQH\ IXQFWLRQ $OEXP
&RKRUWYV RI UDWV ZHUH FRQVWLWXWHG DQG VDFULILFHG DDMQEDVHOL

Z SRVW 8Q[ *URXSV RI Q ZHUH FRQVWLWXWHG 65DWV ZHUH HL



/ILVLQRSULO PJ NJ G WKDW ZzZDV PL[HG LQ IRRG IRRG DGPL[ FR
UHVSHFWLYHO\ $ ODVW JURXS RI 81[B=6) UDWV ZDV NHSW XQWUHD\
DIWHU 81[ zDV SHUIRUPHG 7KLV JURXS Rl 81[ =6) UDWYV ZDV XVHG
SURJUHVVLRQ DIWHU UHQDO PDVV UHGXFWLRQ

6\VWHPLF VI\IVWROLF DQG GLDVWROLF DUWHULDO EORRG SUHVVXUH
QRQ LQYDVLYHO\ DW WKH HQG RI HDFK WKH WUHDWPHQWITV SHULRG
WUHDWPHQW ZLWK /LVLQRSULO %ORRG SUHVVXUHV ZHUH PHDVXUHG
wWDLO FXII VIVWHP EDVHG RQ WKH 9ROXPH 3UHVVXUH 5HFRUGLQJ WH
&RUSRUDWLRQ 86% 6$3 DQG '$3 ZHUH PHDVXUHG KRXUV DIWHU C
KHDWHG DW f&

8ULQH ZzDV FROOHFWHG RQFH DW EDVHOLQH WKHQ DW WKH HQG RI H
PHWDEROLF FDJHV ZLWK DG OLELWXP DFFHVV WR ZDWHU DQG IRRG
PDLOQWDLQHG DW f& 8ULQH VDPSOHV ZHUH FHQWULIXJHG DW 5¢
ZDV WDNHQ IRU DQDO\VLYV

%ORRG ZDV FROOHFWHG XQGHU K IDVWLQJ FRQGLWLRQV LQ WKH PI
DIWHU GHFDSLWDWLRQ XQGHU LVRIOXUDQH DQHVWKHVLD %ORRG VD|
IRU PLQXWHYV WKHQ SODVPDV ZHUH IUR]JHQ f& DQG VWRUHG IR
&RPPHUFLDOO\ DYDLODEOH UDW HQJ\PH NLWV IRU TXDQWLI\LQJ XU
PROQORF\WH FKHPRDWWUDFWDQW SURWHLQ 0&3 5" 6\VWHPV 60-
IDFWRU EHWD 7*) %LR/HIHQGPLFURJOBG®OLQ 0 &\WWDWLQ
OLOOLSRUH ZHUH XVHG DFFRUGLQJ WR WKH PDQXIDFWXUHUfV LQ°
ELRPDUNHUV ZHUH QRUPDOL]JHG WR XULQH YROXPH

OHDVXUHPHQW RI *)5 ZDV SHUIRUPHG LQ Z ROG =6) UDWYV XVLQJ
), 7& ,QXOLQ FOHDUDQFH PHWKRG 7ZR JURXSV RI UDWV ZHUH HY
XQGHUZHQW UHQDO PDVV UHGXFWLRQ E\ 81 bW WKH DJH RI Z *)5

6LIJPD £+ $OGULFK 6W /RXLV 02 86% FDW QR ) PJ P/ LQ 1D&



LOQWUD YHQRXYV %ORRG VDPSOHV YLD WDLO QLFN YROXPH a —/
WXEHV OLFURYHWWH —/ 6%$567('7 l1+-PEUHFKW *HUPDQ\ DW
DQG PLQ DIWHU LQXOLQ LOQMHFWLRQ 7KH VDPSOHV ZHUH NHSW R
DERYH ZDV VWRUHG LQ ZHOO SODWHYV DW f& EHIRUH PHDVXUHP
HDFK LQGLYLGXDO UDW WKHQ DYHUDJHG IRU HDFK WUHDWPHQW JURX
OHDVXUHPHQW RI ),7& ,QXOLQ LQ SODVPD %HFDXVH S+ VLJQLILFDQW
VDPSOHYV ZHUH EXIITHUHG WR S+ ZLWK PO +(3(6 7R —/ RI +(3(6 E
ZHOO SODWH &RVWDU —/ SODVPD ZHUH DGGHG DQG PL[HG )C
D PLFURSODWH UHDGHU ,QILQLWH O 3UR 7HFDQ ZLWK QP H[FLW
.LGQH\ KHDUW DQG OLYHU ZHUH KDUYHVWHG DW WKH HQG RI WKH "
WKHQ LPPHGLDWHO\ LPPHUVHG LQ QHXWUDO EXIIHUHG IRUPDOLQ |
VWUXFWXUH LV VKRZQ .LGQH\ ZDV GLYLGHG LQ WZR SLHFHV FXW (
QHXWUDO EXIIHUHG IRUPDOLQ IRU PD[LPXP K $IWHU ULQVLQJ KI
SDUDIILQ EORFNV DQG VOLFHV RI P ZHUH SUHSDUHG G6HFWLRQV ZF
HRVLQ +( DOO WLVVXHV DQG 3HULRGLF DFLG 6FKLII UHDFWLRQ 3%¢
PDFURSKDJHV LQ WKH NLGQH\ GH SDUDIILQL]JHG VHFWLRQV ZHUH VW
XVLQJ WKH DYLGLQ ELRWLQ SHUR[LGDVH FRPSOH[ PHWKRG LQYROYI
GRQNH\ DQWL PRXVH RQ D 9HQWDQD 'LVFRYHU\ ;7 LPPXQRVWDLQHU
$ULJRQD 7TKH SULPDU\ DQWLERG\ XVHG ZDV D SUH BDQ&XAWHG
DQWLERG\ $EFDP DE
$ VFRULQJ VA\WVWHP IRU NLGQH\ VWUXFWXUHYV FKDQJHV LQFOXGLQJ
EDVHPHQW PHPEUDQHV LQWHUVWLWLDO LQIODPPDWLRQ LQWHUVW
FDVWYV ZDV HVWDEOLVKHG DV IROORZV JUDGH QR FKDQJH JUD
DIIHFWHG JUDGH VOLIJKW EHWZHHQ DQG RI D VWUXFWXUH D
DQG RI D VWUXFWXUH DIIHFWHG JUDGH PDUNHG EHWZHHQ

DQG JUDGH VHYHUH XS WR RI D VWUXFWXUH DIIHFWHG



JRU *6 JORPHUXOL SHU NLGQH\ ZHUH H[DPLQHG DQG HDFK
JORPHUXORVFOHURVLY JUDGH K RI JORPHUXOXV DIIHFWHG JU]I
JUDGH ? RlI JORPHUXOXV DIIHFWHG DQG JUDGH XS WR R
FDOFXODWHG *6 VFRUH IRU HDFK NLGQH\ WKH VXP RI HDFK JORPH
FDOFXODWHG DQG WKH REWDLQHG VXP ZDV JUDGHG DV IROORZV JU

DQG JUDGH VXP EHWZHHQ DQG JUDGH VXP EHWZHHQ

6WDWLVWLFDO DQDO\VLV

'DWD DUH VKRZQ DV PHDQ *“ 6(0 *URXS VL]H zZDV RI =6) UDWYV
SHUIRUPHG XVLQJ VWDWLVWLFDO WRROV LQ ([FHO ) 7THVW IROORZHC
YHKLFOH DQG OLVLQRSULO WUHDWHG UDWYV H[FHSW IRU WKH ROGHYV
WKDW ZHUH QRW WUHDWHG ZLWK OLVLQRSULO O6WDWLVWLFDO VLJC

YHUVXV YHKLFOH



5HIHUHQFHYV

$OEHUWL * =LPPHW 3 .DXIPDQ ) 7DMLPD 1 6LOLQN O $UVODQLD
DQG &DSULR 6 0(7%$%2/,& 6<1'520( LQ FKLOGUHQ DQG DGROHVFHQWYV

$OSHUV &( DQG +XGNLQV ./ ORXVH PRGHOV RI GLDEHWLF QHS
+\SHUWHQV

$OWHU 0/ .UHWVFKPHU $ 9RQ :HEVN\ . 7VXSU\NRY 2 S5HLFKHW]
DQG +RFKHU % (DUO\ XULQDU\ DQG SODVPD ELRPDUNHUV IRU H[SHU
ODERUDWRU\

0 0
%UHQQHU %0 1HSKURQ DGDSWDWLRQ WR UHQDO LQMXU\ RU DEOLCL
)

'DQDHL * )LQXFDQH 00 /X < 6LQJK *O &RZDQ 0- 3DFLRUHN &- /L
<+ B6WHYHQV *$ 5DR 0 $0OL 0. 5LOH\ /0 5RELQVRQ &$ DQG (]]DWL
JOREDO WUHQGYV LQ IDVWLQJ SODVPD JOXFRVH DQG GLDEHWHY SUHY
KHDOWK H[DPLQDWLRQ VXUYH\V DQG HSLGHPLRORJLFDO VWXGLHV
SDUWLFLSDQWY 7KH /DQFHW

'H RHU ,+ &+URQLF NLGQH\ GLVHDVH2D FKDOOHQJH IRU DOO DJ¢t

'H 1LFROD $) )2 'HO &DVWLOOR (- )RJOLD 9* 7KH ,QIOXHQFH
$GUHQDO )XQFWLRQ LQ ODOH 5DWV +RUP OHWDE 5HV

'"HVKPDQH 6/ .UHPOHY 6 $PLQL 6 DQG 6DZD\D %( ORQRF\WH F
0&3 DQ RYHUYLHZ - QWHUIHURQ &\WRNLQH 5HYV

'KDUQLGKDUND 95 .ZRQ & DQG 6WHYHQV * 6HUXP F\WVWDWLQ & L
D PDUNHU RI NLGQH\ IXQFWLRQ $ PHWD DQDO\VLV $P - .LGQH\ 'LV

J)DVVHWW 5* 9HQXWKXUXSDOOL 6. *REH *& &RRPEHV -6 &RRSHU
LQ FKURQLF NLGQH\ GLVHDVH D UHYLHZ .LGQH\ QWHUQDWLRQDO

*7 650 DQG $1 /RQJ WHUP FKDQJHV LQ WKH GLDEHWLF VWD)
VWUHSWR]RWRFLQ LQ UDWV %ULWLVK -RXUQDO RI ([SHULPHQWDO 3D

+HUUHUR ORULQ -' ODODJD 6 )HUQDQGH] 1 5H\ & 'LHJXH] 0%
OHGLQD $ &\VWDWLQ & DQG EHWD PLFURJOREXOLQ PDUNHUV RI JOF
&ULW &DUH

+XGNLQV ./ 3LFKDLZRQJ : :LHWHFKD 7 .RZDOHZVND - %DQDV 08&
.RHOOLQJ 0 3LSSLQ -: 6KDQNODQG 6- $VNDUL % 5DEDJOLD 0( .HO



%7%5 2E 2E PXWDQW PLFH PRGHO SURJUHVVLYH GLDEHWLF QHSKUR

/HH 6% .DQDVDNL . DQG .DOOXUL 5 &LUFXODWLQJ 7*) EHWD D\
NLGQH\ GLVHDVH SURJUHVVLRQ LQ WKH $IULFDQ $PHULFDQ SRSXODW

/ILX & &KHQ < .DQJ < 1L = ;LX + *XDQ - DQG /LX . *OXFRFF
5HVSRQVLYHQHVYVY WR $WULDO 1DWULXUHWLF 3HSWLGH E\$8S 5HJX
([SUHVVLRQ LQ WKH 5HQDO ,QQHU OHGXOODU\ &ROOHFWLQJ 'XFW LQ
BKDUPDFRORJ\ DQG ([SHULPHQWDO 7KHUDSHXWLFYV

ODUWLQL 6 1DLU 9 .HOOHU %- (LFKLQJHU ) +DZNLQV -- 5DQGR
JR[ &6 &RKHQ &' .UHW]JOHU 0 %DQN W(5F &RKRUW & 3 DQG &RQV
,GHQWLILHYVY 6KDUHG 7UDQVFULSWLRQDO 1HWZRUNV LQ &.' -RXUQDO

I1LQLFKXN 9 .XONDUQL 2 &ODXVV 6 DQG $QGHUV + 7XEXODU
LQIODPPDWLRQ LQ W\SH GLDEHWLF GE GE PLFH $Q DFFHOHUDWHG |
(XURSHDQ MRXUQDO RI PHGLFDO UHVHDUEFK

2UVLF 9 OLKDOM 0 ORJXV O OLKDOM + -DNLF 0O +HIIHU /DXF O
,PSDLUHG NLGQH\ IXQFWLRQ LQ UDWV VL[ PRQWKY DIWHU XQLODW|
SHUVSHFWLYH OHG *ODV =HQLFD

4L = DQG %UH\HU 0' OHDVXUHPHQW RI JORPHUXODU ILOWUDWLRQ
%LRO

S5LERXOHW : +DLQDXW ( 9HUU\ 3 /DPERWWH - -DFREVHQ % /DU\
.QDSH . /RQJLWXGLQDO DVVHVVPHQW RI KHDUW IXQFWLRQ RI =6) U
([SHULPHQWDO DQG $SSOLHG $QLPDO 6FLHQFH

6KDR 1 .XDQJ +< :DQJ 1 *DR ;< +DR 0 =RX : DQG <LQ +4 5H
2[LGDQW $QWLR[LGDQW ODUNHUV DQG 6HYHULW\ RI OLFURDOEXPLQXL
7\SH 'LDEHWLF 3DWLHQWV -RXUQDO RI 'LDEHWHV 5HVHDUFK

6KDUPD . OF&XH 3 DQG 'XQQ 65 'LDEHWLF NLGQH\ GLVHDVH LQ W
5HQDO 3K\VLRO )

6LPRQVRQ 06 7LNWLQ 0 'HEDQQH 60 5DKPDQ 0 %HUJHU % +ULF
UHQDO WUDQVFULSWRPH RI GE GE PLFH LGHQWLILHV SXWDWLYH XULC
GLDEHWHV D SLORW VWXG\ $P - 3K\VLRO 5HQDO 3K\VLRO )



6RQJ 6 OH\HU O 7¢UN 75 :LOGH % )HOGNDPS 7 $VVHUW 5 :X
6HUXP F\VWDWLQ & LQ PRXVH PRGHOV D UHOLDEOH DQG SUHFLVH P
VHUXP FUHDWLQLQH 1HSKURORJ\ 'LDO\WVLYVY 7UDQVSODQWDWLRQ

7THVFK *+ DQG /LP $. 5HFHQW LQVLIJKWY LQWR GLDEHWLF UHQDO
W\SH GLDEHWLF QHSKURSDWK\ $P - 3K\WLRO 5HQDO 3K\VLRO )

7TRIRYLF 63 DQG -DFNVRQ (. 5DW ORGHOV RI WKH OHWDEROLF 6
OHWKRGYV LQ OROHFXODU OHGLFLQH S

7RIRYLF 63 .+ .RVW &. -U %DVWDFN\ 6 5HQDO IXQFWLRQ DQG VYV
REHVH =')[6++) K\EULG UDWV 5HQ )DLO

7VFK|S 0 DQG +HLPDQ 0/ 5RGHQW REHVLW\ PRGHOV DQ RYHUYLH

'LOVRQ 3:) ' $JRVWLQR 5% 3DULVH + 6XOOLYDQ / DQG OHLJV -
BUHEXUVRU RI &DUGLRYDVEXODU 'LVHDVH DQG 7\SH 'LDEHWHVY OHOO

<RVKLGD < )RJR $ DQG ,FKLNDZD , *ORPHUXODU KHPRG\QDPLF
H[SHULPHQWDO JORPHUXODU VFOHURVLY .LGQH\ QWHUQDWLRQDO

<XHQ '$ 6WHDG %( =KDQJ < :KLWH .( .DELU 0* 7KDL . $GYDQL 6
=KX / &R[ $- .HOO\ '- *LEVRQ ,: 7DNDKDVKL 7 +DUULV 5& DQG $
SUHGLVSRVHV SRGRF\WHV WR LQMXU\ LQ GLDEHWHYV - $P 6RF 1HSKUF



YLIXUHV

YJLIXUH

YJLIXUH

YLIXUH

YLIXUH

*Y5 PHDVXUHG LQ Z ROG =6) UDWV VXEPLWWHG RU QRW
$ *)5 ZDV H[SUHVVHG LQ UHODWLRQ WR ERG\ ZHLJKW RU NL
DUH PHDQ “ 6(0 1 SHU JURXS ) WHVW IRU GHWHUPLQLQJ
E\ 7 WHVW 3 YV YHKLFOH 6WXG\ GHVLJQ LPSOHPHQV
=6) UDWV %

$OEXPLQXULD $OE $ $OE &UH UDWLR $&5 % &\VWW &
' PHDVXUHG LQ 81[ =6) UDWV XQGHU YHKLFOH RU /LVLQRS
1 SHU JURXS 'DWD H[SUHVVHG DV PHDQ 6(0 1 SHU
GHWHUPLQLQJ YDULDQFH IROORZHG E\ 7 WHVW S S
9HKLFOH %DVHOLQH FRUUHVSRQGY WR XQWUHDWHG 81[ =6) L
WR 81[ =6) UDWV WKDW ZHUH NHSW XQWUHDWHG GXULQJ WI
XQWLO ZHHNV SRVW 81]

+LVWRSDWKRORJ\ RI NLGQH\ RI =6) UDWV DORQJ GLVHI
9DOXHV DUH PHDQ “ PD[LPXP DQG PLQLPXP ILQGLQJV 1 SH

.LGQH\ PHDQ GLIIHUHQWLDO VFRUH JORPHUXORVFGHURVLV

.LGQH\ 6FRUH VXPPDUL]LQJ VHSDUDWH NL@&QHKHLAGGQHX L
VWUXFWXUHV FRQVLGHUHG LQ WKH NLGQH\ VFRUH DUH *6 *C
EDVHPHQW PHPEUDQH LQWHUVWLWLDO ILEURVLV LQWHUVW
SURWHLQDFHRXV FDVW +LVWRSDWKROR&\ RQOINCWQBWLRIQSR|
SRVLWLYH FHOOV PDFURSKDJHV 'LQ=H) GWQMW ZIHRBE LGV

H[DPLQHG ZHHNVDDIW6)U BDWV ZROK DQG H[DPLQHG  ZHHN
81[ E =6) UDWV ZHRODH DQG H[DPLQHG ZHHMRW B8y HU DALY

ZHUH Z ROG DQG H[DPLQHG GHHRRXQRKHEVYWREKHPLVWU\

DQWLERG\ GLUHFWHG DJDLQVW & '$% VWDLQ %DVHPHQW
DQG JORPHUXORVFOHURVLY VWDU 3$6 VWDLQ

+LVWRSDWKRORJ\ RI NLGQH\V RI Z ROG =6) UDWYV DIW
JLVLQRSULO E WUHDWPHQW  %DVHPHQW PHPEUDQH W
JORPHUXORVFOHURVLV VWDU 3$6 VWDLQ ,QILOWUDWLR
PDFURSKDJHV LQ NLGQH\V RI ZHHN ROG =6) UDWV Z DI
9HKLFOH F RU /LVLQRSULO G ,PPXQRKLVWRFKHPLVWU\ Z
DJDLQVW &' '$% VWDLQ



YLIXUH



YLIXUH






YLIXUH



YJLIXUH



'LVFEFXVVLRO &RQFOXVLRQ

3RXU UpVXPHU QRXV DYRQV YRXOX SDU OfXWLOLVDWLRQ GH Of81]
SOXV LPSRUWDQWH GH OD IXQFWLRQ UpQDOH FKH] OH UDW =6) GDQ
/D SUHPLQUH pWXGH D PRQWUp TXH OH WDX[ GH ILOWUDWLRQ JORP
DSUqV Of81[ OD VHFRQGH TXH OD UpGXFWLRQ GH OD PDVVH UpQDC
VLIJQLILFDWLYH GHV ELRPDUTXHXUV PHVXUpV HW GH OD VWUXFWXUF
DVVRFLpH 1RXV DYRQV PRQWUp TXH O781[ SHUPHWWDLW XQH GpWH
FDUDFWpPULVWLTXHV FRPPXQHV DYHF OD VLWXDWLRQ KXPDLQH GDQ
$LQVL OH UDW =6) FRXSOp j Of81[ SRXUUDLW SHUPHWWUH GH WHVWHF
UpQDOH 'DQV XQH pWXGH SLORWH QRXV DYLRQV PHVXUp OfLPSDF!
VIpWDLW PRQWUpP QXO YRLU DQQHI[H &HSHQGDQW QRXV DYRQV G
EDUGR[RORQH VXU OD IRQFWLRQ UpQDOH GH FHV =6) 81[ GpVRU

UDLVRQQDEOH

'LVEXVVLRO &RQFOXVLRQ

,Q VXPPDU\ ZH DLPHG DW H[DFHUEDWLQJ WKH RQVHW RI FKURQLF I
PRGHO RI PHWDEROLF VIQGURPH ,Q WKLV ZRUN ZH VKRZHG LQ VWX!
ORQJ HQRXJK GXUDWLRQ WR DOWHU *)5 7KH VHFRQG VWXG\ VKRZH
GHWHULRUDWHG ELRPDUNHUYV NLGQH\ VWUXFWXUH DQG LQFUHLEL
PDFURSKDJHYVY LQILOWUDWLRQ

‘H VKRZHG WKDW 81[ =6) UDW PRGHO ZDV VHQVLWLYH WR OLVLQRS!
WKHUDSHXWLF GRVH RI PJ NJ G 2XU GDWD VKRZHG WKDW 81[ =6) U
IHDWXUHVDRAKKIRRQLF NLGQH\ GLVHDVH LQ D FRQWH[W RI PHWDEROLF
81[=6) UDWV FRXOG UHSUHVHQW D WRRO PRGHO WR HYDOXDWH HIIL

ORVV RI IXQFWLRQ



5HJDUGLQJ WKH FDUGLDF IXQFWLRQ LQ D SUHYLRXV SLORW VWXG\
IXQFWIL@BQVDQLPMHIWONKDP RSHUDWHG DQLPDOV DQG ZH FRQFOXGHG WK
L HHMHFWLRQ IUDFWLRQ QRW (GL D\DWREBLFZHXGIFWRKRDFWHG E\ 81[ 6t
$AKXWXIK FDUGLDF IXQFWLRQ ZDV QRW DOWHUHG ZLWK 81] ZH GHFLC
PRGHO WR WHVW WKLV WLPH D FRPSRXQG WKDW ZDMWQKRHNV SWHHY D W X\G

6KRUW &RPPXQLHHDWHLBQWLR[LGDQW EDUGR[RORQH RQ NLGQH\ IXQFW



(IIHFW RI WKH DOWLRILGDQW EDUGR[ROR
IXOFWLRO RI XOLODWHUDO QHSKUHFWRPL

38%/,&%$7,21 Qf

%$5'2;2/21( 0(7+</ '(&5($6(" %2'< :(,*+7 ,03529(' .,'1(< )81&7,21 ,1
0$/( =6) 5%$76 $662&,$7(" :,7+ 63(&,),& *(1( &+$1*(6 $1' 6,*16 2) 72:,&,7+

. OWURGXFWLRQ
/HV WUDLWHPHQWY DFWXHOV SRXU SUpYHQLU RX WUDLWHU OD QpSt
VDWLVIDFWLRQ /fpWDW SUR LQIODPPDWRLUH FDUDFWpULVDQW OH
FKH] OHV SDWLHQWY GpYHORSSDQW XX\ HENS KRR SKWKHKY DKUGER @D TX |
<RXHW DO DLQVL TXH FKH] @KRBDWLPOX[HQ SOXV GH OfK\SHUJO
GIXQ VWUHVV R[\GDQW HW GH OJK\SHUWHQVLRQ +HDOFOHWWDDULOLVDQW O
&DFKRIMMURO 'HSXLV GH QRPEUHXVHV DQQpHV OHV FRPSRVpV DQW
$&(L RX OHV $5%V HW OHV GLXUpWLTXHV VRQW OHV WUDLWHPHQW
QpSKURSDWKLHV 'f{DXWUHV DJHQWYV DX[ SURSULpWpV DQWL R[\GD:
UpFHPPHQW pWp WHVWpV HW RQW PRQWUp XQ LQWpUrW TXDQW j OD
R[\GDQWV OH EDUGR[RORQH D PRQWUp GHV UpVXOWDWYV HQFRXUDJ
SDWLHQWYV SUpVHQWDQW X Q H 3@IUSIHHDADSIDW K& H SAHKQURIMQ WX KK Q ULV TXH [
GpNORSSHU XQH PDODGLH FDUGLRYDVFXODLUH WHOOH TXfXQ LQIDL
FDUGLDTXH D pWp LPSXWp j OTXWLOLVDWLRQ GX EDUGR[RORQH Ft
VHFRQGH pWXGH FOLQLTXH P HXQHp H HHEORV DUp FHPP\H OQWRQV FKRLVL G{p
OHV HIITHWV GX EDUGR[RORQH VXU OD SURWHFWLRQ UpQDOH HW GH
3RXU FHOD Of81[ D pWp HIIHEFWXpH | VHPDLQHV OHV WUDLWHPHQ
WDUG VRLW | VHPDLQHV DVVRFLpV j OD QRXUULWXUH SHQGDQW
pPYDOXpH SDU OD PHVXUH SODVPDWLTXH HW XULQDLUH GH ELRPDUTX|
GH OD SUPRRWHUREDLUH .LGQH\ ,QMXU\ OROHFXOH .,0 H[SULPpH ORL
FHOOXOHV pSLWKpOLDOHY WXEXODLUHV SUR[LRDQHW BKH]RGEN+RPPH

)XFKV DQG +HZLMWW /IXNHW DO $ OD ILQ GHVY VHPDLQHV GH WU



i VHPDLQHYVY GYfkJH OD IRQFWLRQ UpQDOH D pWp GpWHUPLQpPH SOX\

ILOWUDWLRQ JORPpUXODLUH

L OWURGXFWLRQ

7KH H[LVWLQJ WUHDWPHQWY IRU SUHYHQWLQJ RU FXULQJ FKURQLF
VDWLVIDFWRU\ 7KH XQGHUO\LQJ SUR LQIODPPDWRU\ VWDWH DWWULE
GLVHDVH SDWLHQWYVY KDV EHHQ LPSOLFDWHG LQ FKURQLF NLGQH\ Gl
&KRHW DO DQG LQ SDWKINHEBWVDO 6KDNHU DQG 6DGRMMW DO RQ

WRS Rl K\SHUJO\FHPLD R[LGDWLYH VWUHVV DQG K\SHUWHQVLRQ W
VIQGURPHORIHW DO &DFKRIHMW RO 6LQFH GHFDGHV WKH PRVW IUH
VWDQGDUGV RI FDUH DUH GLXUHWLFV DQWL K\SHUWHQVLYH GUXJV
GHYHORS DOWHUQDWLYH WUHDWPHQWY WR VWDQGDUG RI FDUH KDY
DQG DQWL R[LGDQW 7KRVH QHZ PHGLFDO HQWLWLHV KDYH EHHQ \
LVFKHPLD UHSHUIXVLRQ LQVXOWV 7KH\ ORRNHG DV SRVVLEOH SU
GLVHDVHYV

$PRQJ WKH QHZHVW SURPLVLQJ NLGQH\ WKHUWBBLLH\D Q8D DG R LRD RDHV |
UHSRUWHG DV D VXFFHVVIXO WUHDWPHQW LQ LPSURYLQJ NLGQH\ IX
SKDVHV ,,D FOLQLFDO %DUGR[RORQH OHWK\O 7UHDWPHQW 5HQDO ))
WULDHUJROD HW BOWKRXJK WKHVH HQFRXUDJLQJ HIIHFWV KDYH EHE
VWXG\ SRLQWHG RXW WKDW ULVNV RI KHDUW IDLOXUH ZHUH LQFUH
P\RFDUGLDO LQIDUFWLRQ QRQ IDWDO VWURNH KRVSLWDOL]DWLRQ |
FDXVHV ZKLFK OHG WR WHUPH QTHHEREQ DRO WHK HF KRWIHD EDUGR[RORQH
FKDUDFWHUL]JLQJ IXUWKHU WKH =6) UDW PRGHO RI FKURQLF NLGQH
FRPSDUHG LWV HIIHFWV KHDG WR KHDG ZLWK VWDQGDUG RI FDUH OL"
OLOG GLDEHWLF DQG UHQDO GHILFLHQW PDOH =6) UDWYV Z ROG
IXUWKHU GHWHULRUDWLQJ NLGQH\ IXQFWLRQ %DUGR[RORQH RU OL

DGPL[ IRU ZHHNV IURP LZHHAWHRIVDDHVHU 81 ZzDV SHUIRUPHG LG (



SODFHER RU GUXJ WUHDWHG 81[ =6) UDWV ZDV HYDOXDWHG E\ TXD!
LQ SODVPD DQG XULQH .LGQH\ ,QMXU\ OROHFXOH .,0 KDV EHHQ DG
PHQWLRQHG .,0 LV D WUDQVPHPEUDQH SURWHLQ H[SUHVVHG E\ W
LQMXU\ DQG KDV EHHQ GHVFULEHG DV D ELRPDUNHU RI SUR[LPDO W
+DQHW DO /RFEN JXFKV DQG +HZLMIW IXNHW DO $W WKH HQG RI Wl
WUHDWPHQW NLGQH\ IXQFWLRQ ZDV IXUWKHU HYDOXDWHG E\ JORI

NLGQH\ VWUXFWXUH zZDV H[DPLQHG E\ LPPXQRKLVWRORJLFDO PHWKR(



([SHULPHQWD CPfNiyerX @dhiv.~ WR EH VXEPLWWHG LQ O

%DUGR[RORQH PHWK\O GHFUHDVHG ERG\ ZHLJKW LPSURYHG NLGQH\
QHSKUHFWRPL]HG =6) UDWV DVVRFLDWHG ZLWK VSHFLILF JHQH FKDQ
$QWKRQ\ 9D Q GINDFOX.WD P 5L RARNKROHHWQ -DFIREDRQDYLG(BRRDQXHOOH +DLQD X
$QWKRQ\ 5HWRMRELDYG%H WD XHO .+Q QOHDRWWHRMH Z: ULJKAWKULVWLDQ $SIH
ODUFR 3UX@RWQRRQGHS$JRMYH%PpQDUGHD X

7TKHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUF
3KDUPDFHXWLFDO 6FLHQFHYV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUF
1HXURVFLHQFH 2SKWKDOPRORJ\ 5DUH 'LVHDVHYV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUFK I
OROHFXOH OHGLFLQDO &KHPLVWU\

1IRYDUWLV ,QVWLWXWH IRU %LRPHGLFDO 5HVHDUFK %DVHO 6ZLW]HL
BWUHNLQ $* %DVHO 6ZLW]JHUODQG 9 3 +HDG RI 5HVHDUFK

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUF
,PPXQRORJ\ DQG ,QIODPPDWLRQ

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUFK |
OROHFXOH 5HVHDUFK 'LVFRYHU\ 7HFKQRORJLHV

-RKQVRQ DQG -RKQVRQ OHGLFDO /RQGRQ 8. &DUGLRYDVFXODU DQC
%D\HU 3KDUPDFHXWLFDOV :XSSHUWDO *HUPDQ\ *OREDO 7KHUDSH]

&RUUHVSRQGLQJ DXWK®R4V %pQDUGHDX 3K’
*OREDO 7KHUDSHXWLF 5HVHDUFK *URXS
%D\HU 3KDUPD $NWLHQJHVHOOVFKDIW
$SUDWKHU :HJ D
“XSSHUWDO
7HO
( PD[L.O_DJQHV EHQDUGHDX#ED\HU FRP

.H\ ZRUGWURQLF NLGQH\ GLVHDVH =6) UDWV %DUGR[RORQH
IXQFWLRQ

5XQQLQJ WDWGR[RORQH PHWK\O LPSURYHG NLGQH\ IXQFWLRQ LQ =6)



$EVWUDFW

&XUUHQW WUHDWPHQWY DUH LQHIIHFWLYH LQ UHYHUVLQJ WKH SURJL
SDWLHQWYVY ,Q FOLQLFDO VWXGLHV LQ &.' SDWLHQWY %DUGR[RORG
LPSURYHG NLGQH\ IXQFWLRQ EXW ZLWK LQFUHDVHG FDUGLDF DQG Kk
GLDEHWHVY DQG UHQDO GLVHDVH %$5' RU LWV DQDORJXHV ZHUH UHS
LQ =') UDWV ZKHUHLQ %$5' DQDORJXHV ZRUVHQHG GLDEHWLF QHSKUI
‘H HPSOR\HG PDOH =6) UDWV DV D PRGHO RI PHWDEROLF V\QGURPH
RI FKURQLF WUHDWPHQW ZLWK %$5' LQ GLUHFW FRPSDULVRQ WR /L)
LQKLELWRU $&(L %$5' UHGXFHG ERG\ ZHLJKW DQG IRRG LQWDNH
ELRPDUNHUV DQG QRUPDOL]JHG PHWDEROLF SDUDPHWHUV ZLWKRXW
LPSURYHG NLGQH\ IXQFWLRQ WR DQ H[WHQW VLPLODU WR %$5' YLD
VLPLODUO\ GHFUHDVHG JORPHUXODU DQG WXEXODU GDPDJH DV DV
ZKHWKHU RU QRW WKH IRRG LQWDNH UHGXFWLRQ LQGXFHG E\ %$5
H[SHULPHQW ZDV SHUIRUPHG LQ XQWUHDWHG IRRG UHVWULFWHG D
IXQFWLRQ VLPLODUO\ WR %$5' KRZHYHU JHQH H[SUHVVLRQ DQDO
GLIIHUHQWLDOO\ UHJXODWHG JHQHY FRPSDUHG WR OLVLQRSULO RU
VLIQLILFDOMXODWHEG E\ %$5' ZKLOH QHLWKHU OLVLQRSULO QRU IR
SDWKZD\ OHYHO UHJXODWLRQ 2XU GDWD VXJJHVW WKDW WKH HIIHF)
ERG\ ZHLJKW ORVV DQG SDUWLDOO\ E\ LQGXFWLRQ RI 1Ul UHVSRQVI

SUHVVXUH UHGXFWLRQ

,QWURGXFWLRQ

7\SH 'LDEHWHY 7' KDV EHHQ UHFRJQL]HG DV D JURZLQJ ZRUOGZI
2UJDQL]DWLRQ SUHGLFWV WKDW WKH QXPEHU RI SHRSOH ZLWK 7 ' .
EHWZHHQ DQG PLOOLRQ LQ >@ >@ $ PDMRU FRPRUELGL\

'l ZKLFK LV WKH OHDGLQJ FDXVH Rl &KURQLF .LGQH\ 'LVHDVH &.' >



(65' > @ 7KH HWLRORJ\ RI &.' LV PXOWLIDFWRULDO ZLWK XQGHUC
XQGHUVWRRG > @ &.' SDWLHQWY DUH DW HOHYDWHG ULVN IRU FDUG!|
+\SHUJO\FHPLD R[LGDWLYH VWUHVV LQIODPPDWLRQ DQG K\SHUWHOQ
GHYHORSPHQW Rl &.' ,PSDLUPHQW Rl HQGRWKHOLDO DQG YDVFXODI
DQG FRQWULEXWHY WR ORVV RI NLGQH\ IXQFWLRQ DW DOO VWDJHV F
VWDWH DWWULEXWHG WR REHVLW\ RIWHQ IRXQG LQ WKHVH SDWL
GHYHORSPHQW ERWK LQ DQLPDO PRGHOV > @ DQG LQ SDWLHQWV >

&.' SDWLHQWY GHPRQVWUDWH GLVWXUEDQFHV LQ EORRG SUHVVXUH
$QJLRWHQVLQ $OGRVWHURQH 6\WWHP 5$$6 > @ > @ 5HGXFLQJ
FRQYHUWLQJ HQJ\PH LQKLELWRUV $&(L LPSURYHV &.' > @ E\ UHGX
SUHVVXBBURYLQJ JORPHUXODU ILOWUDWLRQ $&(L PD\ DOVR KDYH DC
,QFRQWUDVW $QJLRWHQVLQ 5HFHSWRU %ORFNHUV $5%V /RVDUWDQ
NLGQH\ IXQFWLRQ PDLQO\ E\ UHGXFLQJ DOEXPLQXULD > @ > @ D\
LPSURYLQJ PHWDEROLF SURILOH > @ &RPELQDWLRQV RI $5%V DQG
HIITHFWV LQ UHPQDQW NLGQH\ PRGHOV LQ UDW > @ VXJJHVWLQJ W
VLPXOWDQHRXVO\ PD\ EH PRUH EHQHILFLDO DOWKRXJK WKH EHQHILYV
UHPDLQV FRQWURYHUVLDO > @ > @

2WKHU GUXJV ZLWK SRWHQWLDO IRU WKH WUHDWPHQW RI &.' LQFOX
LPSURYHG 'l LQ PLFH ZKHQ FRPELQHG ZLWK ORVDUWDQ > @ ,Q C
DQWDJRQLVWVY LQFOXGLQJ VSLURQRODFWRQH DQG HSOHUHQRQH KI
SDWLHQWV > @ DQG LQ DQLPDO PRGHOV > @ > @ YLD PRGHVW }
UHGXFWLRQ RI R[LGDWLYH VWUHVV ILEURVLY DQG LQIODPPDWLRQ >
W LV FOHDU WKDW WDFNOLQJ 'l ZLOO UHTXLUH GUXJV WDUJHWLQJ
LQIODPPDWRU\ GUXJ EDUGR[RORQH PHWK\O %$5' LV DQ DFWLYDWRU
HYDOXDWHG LQ DQLPDO PRGHOV RI &.' DQG FOLQLFDO VWXGLHV L

GHYHORSHG VHYHUH JORPHUXORQHSKULWLY DVVRFLDWHG ZLWK VH



VWXGLHV %$5" RU LWV DQDORJXHV LPSURYHG NLGQH\ IXQFWLRQ LQ
> @ DQG LQ DQ DFXWH NLGQH\ LQMXU\ PRXVH PRGHO > @ ,Q ERW
LQGXFHG E\ QHSKUHFWRP\ > @ DQG ORQJ WHUP WUHDWPHQW LQ =
F\QRPROJXV > @ %$5' LPSURYHG NLGQH\ VWUXFWXUH DQG IXQFWLR
WUHDWPHQW ZLWK KLJK GRVHV Rl %$5' DQDORJXHV ZRUVHQHG
DOEXPLQXULD DQG LQGXFHG RWKHU VLGH HIIHFWV > @

7KH FOLQLFDO H[SHULHQFH ZLWK %$5' KDV EHHQ PL[HG %$5' LPSUF
WHUP VWXGLHV LQ PRGHUDWH WR VHYHUH &." SDWLHQWYV ZLWK 7 ' :
DOEXPLQXULD > @ ORUH UHFHQWO\ LQ D 3KDVH WULDO %$5' GLG
&.' SDWLHQWV ZLWK 7 ' EXW ZDV LQVWHDG DVVRFLDWHG ZLWK LQFUF
> @ 7KHVH UHVXOWVY KDYH VWLPXODWHG D UHDVVHVVPHQW RI WKH
ZHOO DV RWKHU LQGLFDWLRQV > @ > @ > @

,Q WKLV UHSRUW ZH LQYHVWLJDWHG WKH HIIHFWV RI %$5' GXULQJ F|
PDOH =6) UDW D PRGHO RI 7 ' DQG &.' 7KH HIIHFWV RI %$5' ZHUH HY
IRRG LQWDNH UHVWULFWLRQ E\ PHDVXULQJ NLGQH\ IXQFWLRQ JO

ELRPDUNHUV KLVWRORJLFDO H[DPLQDWLRQ DQG NLGQH\ JHQH H[SUEL

ODWHULDOV DQG OHWKRGYV

$QLPDOV

([SHULPHQWDO SURFHGXUHV ZHUH SHUIRUPHG XQGHU DQ DQLPDO U
SURYLGHG WR ) +RIIPDQQ /D 5RFKH E\ WKH 6ZLVV &DQWRQDO 9HWHE
ZHUH SHUIRUPHG LQ DFFRUGDQFH ZLWK JXLGHOLQHV RI WKH $V\
$FFUHGLWDWLRQ RI /DERUDWRU\ DQG $QLPDO &DUH $$$/$& 8QLW

IHGHUDO VWDWH DQG ORFDO JXLGHOLQHYVY ODOH =6) UDWV > 2% *F



IURP &KDUOHV 5LYHU 8 6 $ DQG IHG D VSHFLDO GLHW HTXLYDOH(
3XULQD PRG PP SHOOHW SURWHLQV N - FDUERK\GUDWH N -
E\ WKH DQLPDO SURYLGHU WR DFFHOHUDWH GHYHORSPHQW RI PHWD
SHU FDJH DW DSSUR[LPDWHO\ f& DQG * UHODWLYH KXPLGLW\ I

DQG ZzDWHU /LIJKW F\FOH ZDV IURP DP WR SP

6 XUJHU\
$W WKH DJH RI : UbwVvV XQGHUZHQW XQLODWHUDO QHSKUHFWRF
%XSUHQRUSKLQH PJ NJ VXEFXWDQHRXV V F RQH KRXU SULRU W

DQHVWKHWL]HG ZLWK LVRIOXUDQH 2 DQG WKH OHIW IODQN RI WKH D
ZLWK %YHWDGLQH VROXWLRQ 7KH UDW ZDV SODFHG XSRQ D KHDWE
WHPSHUDWXUH DW f& 7KH OHIW NLGQH\ ZDV DFFHVVHG YLD D VPI
DOORZLQJ WKH DFFHVV WR WKH UHQDO SHGLFOH 7KH YDVFXODU SH
RFFOXGHG ZLWK D WLWDQLXP FOLS %UDXQ $HVFXODS IROORZHG E'
ZDV VXWXUHG (WKLFRQ SHUPD KDQG PP FLUFOH DQG WKH VN
0 '6 3UHFLVH GLVSRVDEOH VNLQ VWDSOHU (DFK DQLPDO ZDV S
KRXVHG IRU DW OHDVW RQH ZHHN WR DOORZ IXOO UHFRYHU\ (I
PJ NJ GD\ VXEFXWDQHRXV V F IRU WKH WZR GD\V IROORZLQJ "
$IWHU WKH ZRXQG KDG FRPSOHWHO\ KHDOHG WKH VNLQ VWDSOHYV Z

JURXS KRXVLQJ



'UXJ WUHDWPHQWYV

$W ZHHNV RI DJH ZHHNV IROORZLQJ QHSKUHFWRP\ DQLPDOV ZH|
1 DQLPDOV SHU JURXS DFFRUGLQJ WR ERG\ ZHLJKW DQG D VHO
IXQFWLRQ $OEXPLQXULD $OE SURWHLQXULD 3URW DQG &\VW
DGPLQLVWHUHG DV IRRG DGPL[ LQ 385,1% 30, PRGLILHG IRRG IRU
7KH IRRG DGPL[HV ZHUH SUHSDUHG E\ 6VQLII 6SH]LDOGLIWHQ *PE+

IRRG FRQVXPSWLRQ RI J DQLPDO %DUGR[RORQH PHWK\O $W(
DGPLQLVWHUHG DW D GRVH RI PJ NJ G DQG /LVLQRSULO 6PDOO OR
DGPLQLVWHUHG DW D GRVH RI PINJG ,Q D VHSDUDWH FRKRUW RI
ZDV IHG ZLWK J RI 30, GDLO\ ZKLFK FRUUHVSRQGHG WR WKH D)
%$5' WUHDWPHQW LQ 6WXG\ 7KH LPSDFW RI IRRG UHVWULFWLRQ

6WXG\ ZDV FRPSDUHG WR LWV RZQ YHKLFOH JURXS ZKLFK KDV DG Ol

%ORRG SUHVVXUH PRQLWRULQJ

6\WVWROLF DQG GLDVWROLF DUWHULDO EORRG SUHVVXUH 6%$3 '$3 P
HQG RI WKH WUHDWPHQW SHULRG L H DIWHU FRPSOHWLRQ RI ZHH
PHDVXUHG LQ FRQVFLRXV DQLPDOV ZLWK D FRPSXWHUL]HG WDLO FXI
5HFRUGLQJ WHFKQRORJ\ ORGHO &2'$ .HQW 6FLHQWLILF &RUSRUD)
PHDVXUHG KRXUV DIWHU WKH DQLPDOV KDG EHHQ WUDQVIHUUHG D
UDW D F\FOH RI PRFN %3 UHDGLQJV ZDV DSSOLHG EHIRUH %3 F

OHDVW VHTXHQWLDO %3 PHDVXUHPHQWY ZHUH REWDLQHG WR GHL



%ORRG DQG XULQH VDPSOLQJ DQG ELRFKHPLFDO DVVD\V

5DWV ZHUH SODFHG LQWR PHWDEROLF FDJHV ZLWK DG OLELWXP DF
FROOHFWHG RYHU K RQFH DW EDVHOLQH SULRU WR WUHDWPHQW
XULQH VDPSOHV ZHUH PDLQWDLQHG DW f& GXULQJ FROOHFWLRQ ZL

530 IRU PLOQXWHYV DQG VXSHUQDWDQWY ZHUH XVHG IRU DQDO\VL"
%ORRG ZDV FROOHFWHG LQ WKH PRUQLQJ IURP K IDVWHG DQLPDO

IROORZLQJ GHFDSLWDWLRQ XQGHU LVRIOXUDQH DQHVWKHVLD 3O0DVF

f& 530 IRU PLQXWHV DQG VWRUHG IUR]JHQ f& IRU ELR |
DQG HQJ]\PDWLF SURILOHV ZHUH PHDVXUHG RQ D &2%$6 V\V W
7ULJO\FHULGHV B5RFKH 'LDJ &KROHVWHURO 5RFKH 'LDJ
IDWW\ DFLGV 1()$ 5RFKH 'LDJ SODVPD JOXFRVH G5RFKt
&UHDWLQLQH B5RFKH 'LJ JUXFWRVDPLQH G5RFKH 'LDJ
DPLQRWUDQVIHUDVH $/7 5RFKH 'LDJ DQG DVSDUWDWH DP
'LDJ @

&RPPHUFLDOO\ DYDLODEOH UDW HQ]\PH OLQNHG LPPXQRVRUEDQW
PHDVXUHPHQW Rl SODVPD &\VWDWLQ & 5 ' 6\VWHPV 06&7& SODVPD
OHUFRGLDS XULQDU\ $OEXPLQ $OSFR $/%57 ( XUL
DWWUDFWDQW SURWHLQ 0&3 5 ' 6\WWHPV 60-( DQG XULQDU\ W
7%) %LR/HIJHQG 'HWHUPLQDWLRQ RI SODVPD 2VWHRSRQWLQ
LQ XULQH DQG SODVPD .,0 XULQDU\ PLFURJOREXOLQ 0 XULQI
IHXWURSKLO JHODWLQDVH DVVRFLDWHG OLSRFDOLQ 1*$/ ZDV GR
SHUIRUPHG DFFRUGLQJ WR WKH PDQXIDFWXUHUfV LQVWUXFWLRQV

ZHUH QRUPDOL]JHG WR XULQH YROXPH



%RG\ IDW FROWHOW GHWHUPLODWLRQ E\ ODJQHWLF 5HVRQDQFH 5

ODJQHWLF UHVRQDQFH UHOD[RPHWU\ 055 > @ ZDV SHUIRUPHG L
FRPSRVLWLRQ IDW PDVV OHDQ PDVV DW WLPH SRLQWYV ZHHN
EULHI VKRUWO\ EHIRUH WKH 05 LQYHVWLJDWLRQV LQGLYLGXDO DZ|

SRO\HWK\OHQH FRQWDLQHUV ZLWK KROHV IRU DLU FLUFXODWLRQ 7K

DQG WKHQ SODFHG LQ WKH 05 VFDQQHU %LRVSHF %UXNHU (W)
UHOD[RPHWU\ ZDV DFFRPSOLVKHG DW 7THVOD XVLQJ D PXOWLSOH
DQG UHIRFXVLQJ SXOVHYV PV HFKR WLPH VDPSOH SRLQWYV

$IWHU WKH H[DPLQDWLRQ ODVWLQJ IRU OHVV WKDQ PLQXWHV LQ W

WR LWV FDJH

7KH UDZ GDWD ZDV VXEMHFWHG WR DQ LQYHUVH /DSODFH WUDQV

UHYHDOHG GLVWLQFW DQG ZHOO VHSDUDWHG SHDNV IRU WLVVXH ZD

IUHH ZDWHU 7 ! PV 2Q WKH EDVLV Rl ZHOO HVWDEOLVKHG FDOL
J PRO SURWRQV DYHUDJH SURWRQ GHQVLW\ Rl WULJO\FHULGHYV

FXUYHV ZHUH GHWHUPLQHG DQG FRQYHUWHG WR WRWDO ERG\ IDW DC

OHDVXUHPHOW RI *ORPHUXODU )LOWUDWLRQ 5DWH

OHDVXUHPHQW RI JORPHUXODU ILOWUDWLRQ UDWH *)5 ZDV SHUIR

WUHDWPHQW SHULRG XVLQJ WKH )OXRUHVFHLQ LVRWKLRF\DQDWH )

LQXOLQ 6LJPD+$OGULFK 6W /RXLV 02 86% FDW QR ) PJ P/ L
P/ NJ LY DQG EORRG VDPSOHV YLD WDLO QLFN YROXPH a —/ H
WXEHV OLFURYHWWH —/ 6$567('7 ' l1-PEUHFKW *HUPDQ\ DW

DQG PLQ DIWHU LQXOLQ LQMHFWLRQ 7KH VDPSOHV ZHUH NHSW R
DERYH ZDV VWRUHG LQ ZHOO SODWHV DW  f& EHIRUH PHDVXUHP

HDFK LQGLYLGXDO Ubw WKHQ DYHUDJHG IRU HDFK WUHDWPHQW JURX



OHDVXUHPHQW RI ), 7& ,QXOLQ LQ SODVPD %HFDXVH S+ VLJQLILFDC
SODVPD VDPSOHV ZHUH EXIIHUHG WR S+ ZLWK PO +(3(6 7R —/ F
R1 D ZHOO SODWH &RVWDU —/ SODVPD ZHUH DGGHG D
GHWHUPLQHG XVLQJ D PLFURSODWH UHDGHU ,QILQLWH O 3UR T7HF

QP HPLVVLRQ > @

2UJDQ SUHSDUDWLRQ DQG KLVWRORJ\

$QLPDOV ZHUH VDFULILFHG DQG NLGQH\ KHDUW DQG OLYHU ZHUH K
ZHUH WKHQ LPPHGLDWHO\ LPPHUVHG LQ QHXWUDO EXIIHUHG IRUP
IL[HG LQ 'DYLGVRQYV IOXLG IRU K (DFK NLGQH\ ZDV GLYLGHG LQ \
SODFHG LQ QHXWUDO EXIIHUHG IRUPDOLQ IRU K WKH VHFRQG K
FRUWH[ DQG VWRUHG LQ 51$0DWHUS VROXWLRQ $PELRQ &% 86%
H[SUHVVLRQ DQDO\VLV

7LVVXHV ZHUH UHPRYHG IURP IRUPDOLQ RU 'DYLGVRQYV IOXLG ULQV
DQG VHFWLRQV RI P ZHUH SUHSDUHG B6HFWLRQV ZHUH VWDLQHG ZL'
BHULRGLF DFLG 6FKLII 3$6 NLGQH\ DQG H\HV )RU WKH GHWHFWLR
SDUDIILQL]JHG VHFWLRQV ZHUH VWDLQHG ZLWK WKH 9HQWDQD '$% 0D
&' DQWLERG\ $EFDP DE DQG GHWHFWHG ZLWK D ELRW
VHFRQGDU\ DQWLERG\ RQ D 9HQWDQD 'LVFRYHU\ ;7 LPPXQRVWDLQHU
$ULJRQD 6LPLODUO\ NLGQH\V ZHUH VWDLQHG IRU WKH GHWHFWLR(
DQWL DQWLERG) '$.2 $R GHWHFWHG ZLWK D ELRWLQ\ODWH
,PPXQRKLVWRFKHPLFDOO\ VWDLQHG VOLGHV ZHUH VFDQQHG DQG W
XVLQJ WKH '"HILQLHQV 7LVVXHV 6WXGLR VRIWZDUH

+LVWRORJLFDO VFRULQJ ZDV DVVLJQHG IRU NLGQH\ VWUXFWXUH FKD
EDVHPHQW PHPEUDQHV LQWHUVWLWLDO LQIODPPDWLRQ LQWHUVW

FDVWYVY DV IROORZV JUDGH QR FKDQJH JUDGH PLQLPDO 7



VOLIJKW EHWZHHQ DQG RI D VWUXFWXUH DIIHFWHG JUDGH I

VWUXFWXUH DIIHFWHG JUDGH PDUNHG EHWZHHQ DQG RI D

VHYHUH XS WR RI' D VWUXFWXUH DIITHFWHG

JRU JORPHUXORVFOHURVLV *6 JORPHUXOL SHU NLGQH\ ZHUH HI[D

QR6 JUDGH ” Rl JORPHUXOXV DIIHFWHG JUDGH ” R1 JORP
Rl JORPHUXOXV DIIHFWHG DQG JUDGH XS WR Rl JORPHUXO

VFRUH IRU HDFK NLGQH\ WKH VXP RI DOO JUDGHV IURP WKH JORPF
VFRUH ZDV JUDGHG DV IROORZV JUDGH VXP 7 JUDGH VXP EH

EHWZHHQ DQG JUDGH VXP EHWZHHQ DQG JUDGH VXP !

'"HWHUPLODWLRQ RI SODVPD GUXJ OHYHOV

30DVPD H[SRVXUH IRU %$5' ZDV GHWHUPLQHG IURP VDPSOHV FROOH]I

TXDQWLWDWLYH /& 06 06 PHWKRG

6WDWLVWLFV

(DFK VWXG\ VWXG\ 9HKLFOH %$5' /LVLQRSULO VWXG\ 9HKLFC
DQDO\]JHG VHSDUDWHO\ *HQHUDO SDUDPHWHUV ERG\ ZHLJKW %: IR
DQG XULQH SDUDPHWHUV &1Q G 6%) 5 UDIWWUHDWHEBERPSDUHG WR UHVSHFW
9DOXHV ZHUH H[SUHVVHG DV PHDQ “ 6(0 $129% ZDV XVHG IROORZHG

VLIQLILFDQFH S S S FRPSDUHG WR YHKLFOH

.LGOH\51%$ H{TWUDFWLRQ DQG JHQH H[SUHVVLRQ DQDO\VLV

JURJHQ NLGQH\ WLVVXH LQ 51%$ ODWHU ZDV KRPRJHQL]JHG XVLQJ D 7

VLQJOH VWHHO EHDG DQG PJ RI FRUWH[ VWRUHG LQ 51$ ODWHUS VvV



WR PO RI 5/7 SOXV /\VLV EXIIHU SXW RQ LFH DQG KRPRJHQL]HG IRU
FHQWULIXJDWLRQ 51% ZDV H[WUDFWHG IURP O VXSHUQDWDQW X\
%ORFNV ZLWK ILQDO HOXWLRQ YROXPH RI o)
7R SUHSDUH IUDJPHQWHG ODEHOHG F'1$ IRU PLFURDUUD\ K\EULGL]D!
WR WKH 1X*HQ 5LER 63,$ 70 DPS 1X*HQ &$ 86$% SURWRFRO WR V\Q\
F'1$ IROORZHG E\ $PSOLILFDWLRQ ZLWK WKH 63,$ SURWRFRO DFFRUG
O RI 2YDWLRQ 70 :% UHDJHQW ZHUH DGGHG WR O Rl 63,$ UHDFWLF
$PSOLILHG F'1$V ZHUH WKHQ SXULILHG XVLQJ WKH 4LD4XLFN 3&5 3
DFFRUGLQJ WR WKH PDQXIDFWXUHUJV LQVWUXFWLRQV DQG HOXWHG
ODEHOOLQJ ZHUH WKHQ SHUIRUPHG XVLQJ WKH (QFRUH %LRWLQ NLV
F'1$ LQ O EXIIHU PL[HG ZLWK O Rl WKH )UDJPHQWDWLRQ ODVWHL
DFFRUGLQJ WR WKH PDQXIDFWXUHUfV LQVWUXFWLRQV 6HOHFWHG \
F'1$ IUDJPHQWDWLRQ RQ DQ $JLOHQW %LRDQDO\]HU
JRU OLFURDUUD\ K\EULGL]DWLRQ WKH +:6 NLW S$IINPHWUL[ 8. ZD\
ELRWLQ\ODWHG F'1$ DFFRUGLQJ WR WKH PDQXIDFWXUHUTV LQVWUXF
ZHUH SHUIRUPHG XVLQJ WKH UHVSHFWLYH $IIN\PHWUL[ NLW FDW

JOXLGLFV VWDWLRQ

6WDWLVWLFDO DOQG ELRLQIRUPDWLFY DQDO\WHV RI *(3

.LGQH\ VDPSOHV 1 ZHUH SURILOHG ZLWK $II\PHWUL[ 5%7 FKI
FROQWURO 4& 7DV SHUIRUPHG ZLWK DQ LQWHUQDO VRIWZDUH SLSH
ZHUH UHPRYHG IURP VXEVHTXHQW DQDO\VLV 6LJQDO LQWHQVLWLHYV
1 /ILVLQRSULO 1 JRRG UHVWULFWLRQ 1 %$5' 1 ZHUH QRUP
LPSOHPHQWHG LQ WKH DII\ SDFNDJH LQ 5 LRFRQGXFWRU > @

'UIHUHQWLDOO\ H[SUHVVHG JHQHV ZHUH LGHQWLILHG E\ OLQHDU PI

LPSOHPHQWHG LQ WKH OLPPD SDFNDJH > @ %RWK WKH WUHDWPHQW



XVHG DV FRYDULDWHV VLQFH FRQVLGHUDEOH YDULDELOLW\ ZDV RE
DSSO\LQJ D FRUUHFWLRQ IRU 51%$ GHJUDGDWLRQ VXEVWDQWLDOO\ LF
YLVXDO LQVSHFWLRQ RI' S YDOXH GLVWULEXWLRQV GDWD QRW VKRZ(
JLVLQRSULO IRRG UHVWULFWLRQ DQG %$5' YV YHKLFOH UHVSH
H%$5' QHWYT DQG %$5' QHW YV /LVLQRSULO
*HQH H[SUHVVLRQ SDWKZD\ DQDO\VLV ZDV SHUIRUPHG ZLWK ERWK
*6($ DOJRULWKP > @ DQG WKH FDPHUD PHWKRG > @ ZKLFK JDYH |
GHULYHG IURP DQ LQWHUQDO GDWDEDVH WKDW LQWHJUDWHYV SXEOL
DQG WKH 1&, SDWKZD\ LQWHUDFWLRQ GDWDEDVH > @ )RU ERWK J
PXOWLSOH WHVWLQJ DGMXVWPHQW ZDV SHUIRUPHG ZLWK WKH %HQM

GLVFRYHU\ UDWHYVY > @

S5HVXOWYV

6XUYLYDO ERG\ ZHLJKW IRRG LQWDNH DQG GLXUHVLV

$W WKH DJH RI ZHHNV UDWV ZHLJKHG DSSUR[LPDWHO\ J *URX
WUHDWPHQW JURXSV EDVHG RQ %: DQG VHOHFWHG NLGQH\ SDUDPHW
WKH YHKLFOH WUHDWHG JURXS LQFUHDVHG FRQWLQXDOO\ UHDFKLQJ
%: JDLQ 1R PRUWDOLWLHY RFFXUUHG LQ HLWKHU VWXG\ ,Q ER
J GD\ DV PHDVXUHG ZHHNO\ LQ YHKLFOH JURXSVY DQG UHPDLQHG F
/ILVLQRSULO VKRZHG QR HIIHFW RQ ), ZLWK D WUHQG WRZDUG UHGXFIl
,Q FRQWUDVW %$5' VWURQJO\ UHGXFHG IRRG LQWDNH E\ DIWHU V
DW EDVHOLQH WR J* ZHHN JLIXUH 7KH ), UHGXFWLRQ LQ \
WR GHFUHDVH SODWHDXLQJ DW WKH VHFRQG ZHHN RI WUHDWPHQW

LQ WKH %%$5' JURXS ZHUH FRQVXPLQJ DERXW J* IRRG SHU GD\ FF



LQ ), YV YHKLFOH 7KH GUDPDWLF ), UHGXFWLRQ LQGXFHG E\ %$5' U
FRPSDUHG WR 9HKLFOH 'LXUHVLV ZDV LQFUHDVHG E\ E\ OLVLQRS

GLXUHVLV E\ YV FRQWURO DQLPDOV

(ITHFWV RQ EORRG SUHVVXUH

ILVLQRSULO VLJQLILFDQWO\ UHGXFHG PHDQ DUWHULDO SUHVVXUH
FRPSDUHG WR YHKLFOH )LJXUH 7KH K\SRWHQVLYH HIIHFW RI /LVLC(

UHGXFWLRQV LQ ERWK '$3 DQG 6%$3 GDWD QRW VKRZQ 7UHDWPHQW

30DVPD SDUDPHWHUY DQG NLGQH\ ELRPDUNHUYV

$IWHU ZHHNV RI WUHDWPHQW OLVLQRSULO VKRZHG D WHQGHQF\ W

E\ YV YHKLFOH DQG VLJQLILFDQWO\ LPSURYHG SODVPD .,0 S.,I
YJLIXUH %$5' VLIQLILFDQWO\ UHGXFHG S&UH E\ S DQG S
S FRPSDUHG WR YHKLFOH 7KH HIIHFW RI %$5" WR UHGXFH S&UH
HITHFW Rl OLVLQRSULO YV

$W WKH HQG RI WKH VWXG\ L H DW Z RI DJH FRQWURO =6) UDWV
K\SHULQVXOLQHPLF 7DEOH /LVLQRSULO WHQGHG WR H[DFHUEDW
LQVXOLQ DQG VWURQJO\ GHFUHDVHG OLSLG OHYHOV 7KH LQFUHDVH
EHHQ UHSRUWHG PDLQO\ LQ SDWLHQW FDUH DQG KHDOWK LQIRUPDWIL
UHFRPPHQGDWLRQV LQ VXSSOHPHQWDO ZHE OLQNV DYDLODEOH D
VLIQLILFDQWO\ UHGXFHG DQG QRUPDOL]JHG DOO PHWDEROLF SDUDP

UHPDLQHG XQFKDQJHG 7DEOH



(IITHFWV RO RUJDQ ZHLJKW DQG OLYHU KLVWRORJ\

2UJDQV ZHLJKWV ZHUH H[SUHVVHG ERWK DV D SHUFHQWDJH RI ERG
DEVROXWH YDOXHV 7DEOH /[LVLQRSULO WHQGHG WR UHGXFH OLYF
WKH VLIQLILFDQW ERG\ ZHLJKW ORVV LQ WKH %$5' JURXS WKH ZHLJ
DOVR UHGXFHG %%$5' WUHDWPHQW UHVXOWHG LQ VXEVWDQWLDO LQ!
YHKLFOH WR J* LQ %$5' WUHDWHG UDWV B5HGXFWLRQ RI RUJDC
ZDV QRW IXOO\ GULYHQ E\ %: ORVV VLQFH WKH H[WHQW RI WKHVH
FKDQJHVY ZHUH H[SUHVVHG UHODWLYH WR ERG\ ZHLJKW 7DEOH

&KDQJHV LQ OLYHU LQGXFHG E\ %$5' ZHUH DVVRFLDWHG ZLWK PRGH
DQG DVSDUWDWH WUDQVDPLQDVH $/7 DQG $67 OHYHOV $/7 $67
GLG QRW FKDQJH WKH JURVYV DSSHDUDQFH RI RWKHU RUJDQV NLGQH
%%$5' KRZHYHU WKH OLYHUV KDG D PLON\ DSSHDUDQFH ZHUH JURV)
YHKLFOH WUHDWHG JURXSV 7DEOH /ILYHUV ITURP FRQWURO XQW!
KHSDWRFHOOXODU YDFXRODWLRQ DQG UDUHIDFWLRQ LQWHUSUHWHDC
/ILYHUV IURP %$$5' WUHDWHG DQLPDOV VKRZHG UHGXFHG KHSDWRFHO
DQLPDOV DQG DQLPDOV WUHDWHG ZLWK OLVLQRSULO )XUWKHUPRU

JO\FRJHQ VWRUDJH )LJXUH +RZHYHU %$5' WHQGHG WR LQFUHDVH

(IIHFWV RQ NLGQH\ IXQFWLRQ

.LGQH\ IXQFWLRQ ZDV GHWHUPLQHG DW WKH HQG Rl WUHDWPHQW XV
LQ FRQWURO DQLPDOV ZDV H[WUHPHO\ ORZ FRPSDUHG WR KHDOWK\
JLIXUH ,Q OHDQ DJHG PDWFKHG =6) UDWRW O')BLRVNDS $ QRE RXIYW HX
/JLVLQRSULO WUHDWPHQW LQFUHDVHG *)5 E\ JLIXUH $ ZKLOH %$

YHKLFOH E\ JLIXUH



7KH XULQH DOEXPLQ FUHDWLQLQH UDWLR X$&5 ZDV HOHYDWHG LQ
7KLV HOHYDWHG UDWLR ZDV P D LD VG WIKHH @ KP\QU 8 FUH® WG QH FUH
PLQLPDO LQ KRXVH GDWD X$&5 ZDV VLJQLILFDQWO\ UHGXFHG E\ /L
VLIQLILFDQWO\ UHGXFHG X&UH DQG $OE JLJXUH $ FRPS
XQFKDQJHG X$&5 )LIXUH %

JURP Z RI WUHDWPHQW OLVLQRSULO VLJQLILFDQWO\ GHFUHDVHG X
7KH HIIHFWV ZHUH JUHDWHU DIWHU Z RI WUHDWPHQW /LVLQRSULO
DIWHU : HIIHFWV WKDW ZHUH PRUH SURQRXQFHG DIWHU ZHHNV R
XQWUHDWHG DQLPDOV ,Q FRQWUDVW %$5' KDG QR HIIHFW RQ WKH)\
EXW VLJQLILFDQWO\ GHFUHDVHG XULQH $OE .,0 DQG &\VW & H[FUH
FRPSDUDEOH H[WHQW DV OLVLQRSULO ,Q FRQWUDVW WR WKH HIIHF

HIFUHWLRQ OHYHOV DIWHU ZHHNV RI WUHDWPHQW )LJXUH '

(IIHFWV RQ LOIODPPDWLRQ PDUNHUYV

,QIODPPDWRU\ PDUNHUV ZHUH ORZHDW KHR)V JOMWY}YH ZMUHH : ROG 30I

DQG 0&3 SURJUHVVLYHO\ LQFUHDVHG GXULQJ GLVHDVH GHYHORS
7*) DIWHU ZHHNV RI WUHDWPHQW EXW KDG QR HIIHFW DIWHU 4
0&3 OHYHOV DIWHU ERWK DQG ZHHNV Rl WUHDWPH@WW HILIXUH

ZHHNV Rl WUHDWPHQW EXW VLIJQLILFDQWO\ LQFUHDVHG 0&3 E\ PRUF



(IITHFWV Rl EDUGR[RORQH RQ IRRG FRQVXPSWLRQ EHKDYLRU

%$5' ZDV DGPLQLVWHUHG RUDOO\ DV IRRG DGPL[ DW DQ LQWHQGHG C
LQ %$5' WUHDWHG UDWV ZDV UHGXFHG IURP J WR J GD\ ZH VKRX
ZLWK %$5'# PJ NJ G 30DVPD H[SRVXUH RI %$5' ZzDV “ QJ P/ DV Gt
WKH WUHDWPHQW SHULRG DIWHU D KRXU IDVW 7KH PHDVXUH:
FRUUHVSRQGV WR SODVPD H[SRVXUH LQ SDWLHQWV K DIWHU ODVW
RQ WKH SKDUPDFRNLQHWLF SURILOH LQ KXPDQ > @ DQG URGHQW LC
'XH WR WKH VLJQLILFDQW LPSDFW RI %$5' RQ IRRG FRQVXPSWLRQ

EHKDYLRU $ FKDLQ SXOO DVVD\ ZDV SHUIRUPHG LQ D VHSDUDWH FR¥
WUHDWPHQW ZLWK %$5' GLG QRW FKDQJH WKHLU HDWLQJ PRWLYDWL

QRW FRQIHU WDVWH DYHUVLRQ WR WKH GLHW

(JIHFWV RQ RUJDQ KLVWRORJ\

$W WKH HQG RI WKH WUHDWPHQW SHULRG YHKLFOH DQLPDOV

JORPHUXORVFOHURVLV *6 JLIXUH DQG RWKHU KLVWRSDWKRORJL
/ILVLQRSULO LPSURYHG *6 PDLQO\ E\ UHGXFLQJ WKH QXPEHU RI JOR
LQFUHDVLQJ WKH QXPEHU RI KHDOWK\ JORPHUXOL JUDGH %$5'
JORPHUXOL ZLWK JUDGHV DQG EXW KDG QR HITHFW RQ RWKHU JUD(
/ILVLQRSULO DOVR UHGXFHG JORPHUXODU EDVHPHQW PHPEUDQH WKL
WXEXODU GLODWLRQ DQG SURWHLQDFHRXV FDVWV 7UHDWPHQW ZLW
WKLFNHQLQJ LOQWHUVWLWLDO LQIODPPDWLRQ LQWHUVWLWLDO ILE
2YHUDOO %$5' DQG OLVLQRSULO VKRZHG FRPSDUDEOH LPSURYHPHQ'

DQG )LIXUH



(IITHFWV RO LOIODPPDWRU\ LOILOWUDWHY LQO NLGQH\ PDFURSKDJI

,QIODPPDWRU\ FHOOV LQ WKH NLGQH\ ZHUH LGHQWLILHG E\ LPPXQR
DIJDLQVW &' PDFURSKDJHV DQG &' O\PSKRF\WHV  %$5' UHGXFHG |
JLIXUH % DQG &' J)LIXUH ( FRPSDUHG WR YHKLFOH 7KH GHFUF
WUHDWHG NLGQH\V ZDV JUHDWHU WKDQ LQ OLVLQRSULO WUHDWHG

HITHFWV RI IRRG UHVWULFWLRQ )LJXUH '

,PSDFW RI EDUGR[RORQH RQ KHDUW DQG H\H VWUXFWXUH

,Q =6) UDWV DW WKH HQG Rl WKH WUHDWPHQW L H DW WKH DJH RI
ILQGLQJYV ZHUH SUHVHQW LQ WKH KHDUW 7KHVH LQFOXGHG DUW!
LQIODPPDWRU\ LQILOWUDWHY DV ZHOO DV PDFURVFRSLF FDUGLDF K
LQFLGHQFH DQG VHYHULW\ RI ILQGLQJV LQ YHKLFOH DQLPDOV DQG
GDWD QRW VKRZQ

6LPLODUO\ RQO\ PLQLPDO KLVWRSDWKRORJLFDO ILQGLQJV ZHUH SUF
LQFOXGHG K\GURSLF VZHOOLQJ Rl OHQV FHOOV DV ZHOO DV K\SHU:!
FDWDUDFW PRVW OLNHO\ VHFRQGDU\ WR WKH GLDEHWLF FRQGLWLI
LQFOXGLQJ WKH UHWLQD VKRZHG QR KLVWRSDWKRORJLFDO ILQGL
LQFLGHQFH DQG VHYHULW\ Rl WKH FDWDUDFW LQ YHKLFOH DQLPDOV

GDWD QRW VKRZQ



,PSDFW RI IRRG UHVWULFWLROQ RQ ERG\ FRPSRVLWLRQ 056 EOR
NLGOH\ ELRPDUNHUYV

7KH VXEVWDQWLDO HIIHFW Rl %$5' RQ IRRG LQWDNH SURPSWHG XV
IRRG UHVWULFWLRQ WR D VLPLODU GHJUHH LQ D VHFRQG FRKRUW |
J G WR PDWFK WKH IRRG LQWDNH XQGHU %$5'" WUHDWPHQW Je
UHVWULFWLRQ ZDV JLIXUH $ ZKLFK ZDV FRPSDUDEOH WR WKH F
YLIXUH JRRG UHVWULFWLRQ VWURQJO\ LPSURYHG PXOWLSOH PHW
JOXFRVH LQVXOLQ DQG WULJO\FHULGHV LQGXFHG E\ IRRG UHVWULF\
OLVLQRSULO WUHDWPHQW 5HGXFWLRQV LQ 1()$ DQG WRWDO FKROHYV
HIITHFWV RI /LVLQRSULO 056 DQDO\VLV Rl ERG\ FRPSRVLWLRQ VKRZ

OHDQ PDVV DQG IDW PDVV WR VLPLODU H[WHQWV )LJXUH $
JRRG UHVWULFWLRQ LPSURYHG NLGQH\ KLVWRORJ\ )LIJXUH ' DQGC
JLIXUH ' )RRG UHVWULFWLRQ VLPLODUO\ LPSURYHG *)5 E\ YV
YV LWV RZQ YHKLFOH 7KLV LPSURYHPHQW ZDV DFKLHYHG ZLW
KHQ FRPSDULQJ WKH WZR FRKRUWV Rl UDWV WUHDWHG HLWKHU Z
REVHUYHG FRPSDUDEOH LPSURYHPHQW LQ XULQH ELRPDUNHUV %0V
$OE DQG .,0 YV LWV YHKLFOH DQG IRU %$5' $OE C
YHKLFOH )LJXUH $ % 21 QRWH LPSURYHPHQW LQ &\VW & ZDV VXS
FRPSDUHG WR %$5' WUHDWPHQW JRRG UHVWULFWLRQ KDG QR
') LQ FRQWUDVW WR WKH HIIHFWV RI %$5' )LIJXUH DQG )LJXUH
RI %$5' RQ WRS RI ), UHGXFWLRQ ,Q DGGLWLRQ WR LPSURYHPHQVW
LPSURYHG NLGQH\ VWUXFWXUH VLPLODUO\ WR WKH HIIHFWV RI %$
WKLFENHQLQJ LQWHUVWLWLDO LQIODPPDWLRQ WXEXODU GLODWLRC

VKRZQ DQG *6 )LJIJXUH



(Il HFWV RI WUHDWPHOWY RQ JHQH H[SUHVVLRQ

7R IXUWKHU H[SORUH WKH FRQWULEXWLRQ RI %: UHGXFWLRQ WR W
%$5' WUHDWPHQW ZH H[DPLQHG WKH JHQH H[SUHVVLRQ VLIJQDWXUHYV
7TKH VFKHPDWLF LQ )LJXUH UHSUHVHQWY JOREDO P51% H[SUHVVLR
WKDW WKH JHQH H[SUHVVLRQ FKDQJHV LQ UHVSRQVH WR IRRG UHVW
WR$5' 7KH HIITHFWV RI OLVLQRSULO DSSHDU LQWHUPHGLDWH EHWZE
IRRG UHVWULFWHG DQLPDOV $V H[SHFWHG %$5' VLIJQLILFDQWO\ XS
11Ul LQFOXGLQJ 1TR *VWD DQG .HDS ZKHQ FRPSDUHG ZLWK Yl
DQLPDOV 2Q WKH SDWKZzZD\ OHYHO %$5' VSHFLILFDOO\ PRGXODWHC
QHWZRUNV GRZQVWUHDP RI WKH .HDS 11Ul D[LV LQFOXGLQJ SHQV
JOXFXURQLGDWLRQ )LJXUH % KHPH GHJUDGDWLRQ )LJXUH & D

' SDWKzD\V )'5 ( FRPSDUHG ZLWK /LVLQRSULO RU IRRG UHVWULF\

'LVFXVVLRQ

7KH FXUUHQWO\ DYDLODEOH PDUNHWHG GUXJV WDUJHWLQJ WKH
LQIODPPDWLRQ DQG LQVXOLQ UHVLVWDQFH DUH LQVXIILFLHQW LQ V
PDMRU OLPLWDWLRQ LQ LGHQWLILFDWLRQ DQG GHYHORSPHQW RI QF
WKH GLVHDVH DQG RXU LQFRPSOHWH XQGHUVWDQGLQJ RI WKH SDW|
NLGQH\ IXQFWLRQ DQG WKH GHYHORSPHQW RI &.' > @ ,W KDV EHF
UHTXLUH D PXOWL IDFWRULDO DSSURDFK WKDW WUHDWYV WKH GLVHD
EURDGHU FRQWH[W RI YDVFXODU G\VIXQFWLRQ LQIODPPDWLRQ DQ
UHVHDUFK IURQW LV RYHQ KDPSHUHG E\ WKH XQDYDLODELOLW\ RI U
&.' FORVHO\ UHVHPEOLQJ KXPDQ &.' 5HFHQWO\ VHYHUDO QHZ PRX

GHYHORSHG DQG FKDUDFWHUL]HG > @ ZKLOH QR FRPSOHWHO\ VXLW



‘H H[SORUHG WKH PDOH =6) UDW DV D PRGHO WR LQYHVWLJDWH V
%DUGR[RORQH PHWK\O RQ UHQDO DQG PHWDEROLF IXQFWLRQ 7KH F
PHWDEROLF VIQGURPH LQ KXPDQ LQFOXGLQJ REHVLW\ JOXFRVH LQW
> @ > @ K\SHUWHQVLRQ > @ DQG IHDWXUHV RI NLGQH\ G\VIXQF
UHGXFWRRQE® WR DFFHOHUDWH WKH GHYHORSPHQW DQG VHYHULW\
GHIHFWVY ,QGHHG LW KDV EHHQ GHPRQVWUDWHG SUHYLRXVO\ WKDW
RQ D GLDEHWLF EDFNJURXQG LQFUHDVHVY WKH UDWH RI UHQDO G\
K\SHUILOWUDWLRQ LQ WKH UHPQDQW NLGQH\ > @
,Q WKLV VWXG\ DGXOW =6) UDWV ZHUH WUHDWHG VWDUWLQJ DW
SHUIRUPHG 7KH WUHDWPHQWY ZHUH JLYHQ DV D IRRGDPL[ LQ RUGHU
KDQGOLQJ /LVLQRSULO DQG %$5' ZHUH DGPLQLVWHUHG DW SUHYLR)
URGHQWYVY )RU %$5' WKH GRVH FKRVHQ PJNJ G ZDV FRPSDUDEOH
> @ RUPRQNH\V > @ %RWK WUHDWPHQWY ZHUH ZHOO WROHUDWHG
,Q FRQWURO XQWUHDWHG DQLPDOV OLYHUV ZHUH FKDUDFWHUL]JHG |
8QGHU %$5' WUHDWPHQW ERWK WKH DEVROXWH OLYHU ZHLJKW C
FRPSDUHG WR YHKLFOH 7DEOH ZLWK HYLGHQFH IRU ELOH GXFW K\
ILQGLQJV XQGHU %$5' WUHDWPHQW FRUUHODWHG ZLWK D PRGHVW L
DQG YHUVXV YHKLFOH UHVSHFWLYHO\ J/LYHU ILQGLQJV LQ
QRW VLPLODU WR WKDW REVHUYHG LQ =') UDWV > @ RU LQ SDWLHGQ
ULVN IRU OLYHU WR[LFLW\ )RU %$5' QR PRUWDOLWLHV RFFXUUHG |
WUHDWHG ZLWK %$5' DQDORJXHV > @ DQG QR DGYHUVH EHKDYLRUD
+LVWRORJLFDO H[DPLQDWLRQ SRVW PRUWHP UHYHDOHG QR FKDQJHYV
%$5' WUHDWPHQW ZDV DVVRFLDWHG ZLWK D UDSLG DQG VXVWDLQH
UHGXFHG UDWH RI ERG\ ZHLJKW JDLQ DQG LQFUHDVHG GLXUHVLV )L
YDOXHV 7DEOH LV OLNHO\ GXH WR WKH HIIHFWV RQ ERG\ ZHLJKW

VLPLODU LPSURYHPHQWY LQ PHWDEROLF SDUDPHWHUYV 7KH LPSURY



%$5' JURXS PD\ DOVR EH SDUWLDOO\ GXH WR WKH HIIHFWV RQ ERG\
LPSURYHG H*)5 UHQDO RXWFRPHV DQG UHGXFHG FDUGLRYDVFEXODU
H[SHULHQFHG GUDPDWLF ZHLJKW ORVV IROORZLQJ EDULDWULF VXL
UHJLPHQV WKDW UHGXFH ERG\ ZHLJKW KDYH DOVR EHHQ DVVRFLD\
LPSURYHG LQVXOLQ VHQVLWLYLW\ ZKLFK PD\ SRVLWLYHO\ DIIHFW
NLGQH\ IXQFWLRQ LQ =6) UDWV WUHDWHG ZLWK %$5' LQ RXU VWXG
LQGXFHG E\ IRRG UHVWULFWLRQ RU E\ OLVLQRSULO WUHDWPHQW ZK
WKBWUW RI WKH LPSURYHPHQW LQ NLGQH\ IXQFWLRQ E\ %$5' ZDV G|
DOWKRXJK ZH FRXOG FOHDUO\ LGHQWLI\ JHQH VLIQDWXUHYV VXJJHV
%$5' WUHDWHG NLGQH\ YV NLGQH\V IURP WKH IRRG UHVWULFWHG DC
%: FDQQRW EH SUHYHQWHG DQG GLVFULPLQDWHG IURP WKH DFWLY
PRGHO > @ RU LQ SDWLHQWY > @ RXU GDWD VXJJHVW WKDW %$5' L
VKDUHG PHFKDQLVPV RQ %: DQG 1Ul SDWKZD\ DFWLYDWLRQ 2QO\ D
=6) UDWV WUHDWHG ZLWK %$5' ZRXOG DOORZ DEROLVKLQJ LPSDFW
K\ SRWKHVLY WKH VWUHVV LQGXFHG E\ FKURQLF DQG IRUFHG JDYDJ
IDFWRU

(ITHFWV Rl %$5' RQ IRRG LQWDNH KDYH EHHQ SUHYLRXVO\ QRWHG LQ
WuULDO > @ DQG LQ UDWV > @ 6WXGLHV RI WKH SKDUPDFRNLQHWLF
WKDW WKH REVHUYHG K\SRSKDJLD LV XQOLNHO\ WKURXJK VDWLHW
DSSUHFLDEOH OHYHOV LQ WKH EUDLQ 7KH UHGXFWLRQ LQ IRRG |
H[SODLQDEOH E\ DOWHUHG SDODWDELOLW\ VLQFH UDWV FRQVXPHC
ZLWKRXW VLIQV RI DYHUVLRQ $OWHUHG HQHUJ\ EDODQFH RU LQFL
H[SODQDWLRQ WR WKH IRRG LQWDNH UHGXFWLRQ LQGXFHG E\ %$5"' LC
7KH HIIHFWV Rl %$5' WR LPSURYH UHQDO IXQFWLRQ ZHUH LQGHSHQGC
QR FKDQJH LQ VA\WWHPLF EORRG SUHVVXUH ZDV REVHUYHG GXULQJ W

IXQFWLRQ XQGHU OLVLQRSULO WUHDWPHQW FDQ EH DWWULEXWHG L



30DVPD .,0 OHYHOV ZHUH VLJQLILFDQWO\ UHGXFHG E\ DOO WUHDYV
SUR[LPDO WXEXODU IXQFWLRQ > @ FRQVLVWHQW ZLWK SUHYLRXV
UHVWULFWLRQ RU OLVLQRSULO UHGXFHG XULQDU\ DOEXPLQ H[FUHWL
RWKHU NLGQH\ %0V &\VW & DQG 0 PDUNHUV RI WXEXODU IXQFWLRC
ZHUH DOVR HYDOXDWHG )LJXUH 6LPLODU WR WKH HIIHFWV REVHL
UDWV %$5" VLIJQLILFDQWO\ UHGXFHG XULQH &\VW & VXJIJHVWLQJ LP
UHGXFWLRQ Rl &.' SURJUHVVLRQ > @WRS$B' ' JUHGMNWHIG HIWHQW WKDQ
JLIXUH % :KLOH OLVLQRSULO UHGXFHG XULQH O DQG 0&3 OHYF
LQFUHDVHG WKHP PRGHVWO\ 0 )LIJXUH ' RU VLJQLILFDQWO\ 0
DEVHQFH RI LPSURYHPHQW LQ WKHVH SDUWLEFXODU SDUDPHWHUV E\ ¢
OLVLQRSULO DQG IRRG UHVWULFWLRQ KLVWRORJLFDO HYDOXDWLRC
DQG )LIXUH FRQILUPLQJ LWV UHQDO SURWHFWLYH HIIHFW 'HVSLW
%$5' WHQGHG WR UHGXFH WKH QXPEHU RI NLGQH\ PDFURSKDJHV &'
WR SUHYLRXV GDWD )LJXUH % ) LQ &.' SDWLHQWV > @ ,W LV ZRU\
UHVWULFWLRQ VLPLODUO\ UHGXFHG NLGQH\ PDFURSKDJHV DQG O\PS
OLVLQRSULO ,Q VXPPDU\ RXU GDWD GHPRQVWUDWH WKDW %$5' SUTF
GHOD\V &.' SURJUHVVLRQ LQ WKH =6) UDW PRGHO 7K®GXFHGHBVH
%$5' DUH LQFRQVLVWHQW ZLWK WKH LPSURYHPHQW LQ NLGQH\ IXQ
KLVWRORJ\ VWDLQLQJ IRU &' '"HVSLWH LPSURYHPHQW RI NLGQH
LQFUHDVHG XULQDU\ 0&FR@RHQRWYDWLRQV DQG FKDQJH LQ OLYHU V
UDLVLQJ WR[LFLW\ )XUWKHU LQYHVWLIJDWLRQ ZRXOG EH QHHGHG WF
LQ 0&3 DQG 7TFQPGXFHG E\ %$5' WKDW FRXOG SURYLGH VRPH H[SODQTE
%($&21 > @ ,Q WKLV UHJDUG GDWD FROOHFWHG LQ 81[ =6) UDWYV !
KHOS ILQGLQJ UHDVRQV IRU %$5' LQGXFHG WR[LFLW\ LQ KXPDQV
*HQH H[SUHVVLRQ SURILOH *(3 DQDO\VLV FRQILUPHG WKDW %$5' DF

%%$5' FRQVLVWHQWO\ DQG VSHFLILFDOO\ LQGXFHG H[SUHVVLRQ RI J



LOQFOXGLQJ SHQWRVH SKRVSKDWH JOXFXURQLGDWLRQ KHPH GHJL
HLFRVDQRLGV VLIQDOLQJ DOO ZLWK )'5 ( WKH QH[W EHVW )'5 ZD
%$5' LQGXFHV SRWHQW DQWL R[LGDQW SDWKZzZD\V )RRG UHVWULFW
VLPLODULWLHY LQ WUDQVFULSWRPLF UHVSRQVH LQGXFHG SDWKZD\
%$5' ,Q RWKHU ZRUGV WKH HIIHFW RI %$5' RQ *(3 DUH ZLWK PLQLP
HLWKHU OLVLQRSULO RU IRRG UHVWULFWLRQ 8QIRUWXQDWHO\ Wk
SK\WVLRORJLFDO HIIHFWV Rl %$5'" NLGQH\ SURWHFWLRQ DUH FRQFRPI
DQG FDQQRW EH GLVVRFLDWHG W LV ZRUWK QRWLFLQJ WKDW %: OF
LQ SUHFOLQLFDO VWXGLHY > @ > @ RU LQ SDWLHQWYV > @ > @
7KHUHIRUH WKLV LQGXFHG %$5' HIITHFW ZDV QHYHU SUHFLVHO\ LQW!
7TKH FRPSUHKHQVLYH NLGQH\ *(3 DQDO\VLV SHUIRUPHG LQ RXU VWXG
RWKHU PRGHOV ,Q VKRUW WKH JHQH H[SUHVVLRQ VLIJIQDWXUHV L
SRWHQWLDO SURWHFWLYH PHFKDQLVPV QRW VKDUHG E\ IRRG UH’
FRPPRQ SK\VLRORJLFDO DQG PHWDEROLF RQ JOXFRVH DQG OLSLGYV

7KH ILQGLQJV RQ %$5" VSHFLILF SDWKZzZD\V SURYLGH D PDS WKDW P
WKHUDSLHV )XUWKHU LQYHVWLIJDWLRQ LV QHHGHG WR GHWHUPLQH

Rl SDWKZD\V GRZQVWUHDP WR 15Ul .HDS ZRXOG SURYLGH WKH JUH
SDUWLFXODU WKH PHFKDQLVPV XQGHUO\LQJ SRWHQWLDO QHJDWLY
REVHUYHG LQ SDWLHQWYV ZRXOG EH RI FULWLFDO IRFXV > @ > @ >
7KH JHQH H[SUHVVLRQ DQDO\WLV VXJJHVWV WKDW WKH PRVW XS UH.
LWV SRWHQWLDO DQWL R[LGDQW HIIHFW &RQVLGHULQJ WKH VDIHW\
FDUGLRYDVFXODU VLGH HIIHFWV D VLPLODU SDWKZD\ OHYHO VWXG\
PD\ DOORZ GLIITHUHQWLDWLRQ RI QHZ DQG VDIHU DJHQWV ,Q RXU VW
%$5' SHQWRVH SKRVSKDWH > @ JOXFXURQLGDWLRQ > @ KHPH GH:

DQG HLFRVDQRLGV KDYH EHHQ DVVRFLDWHG ZLWK ERWK FKURQLF



PROHFXOH VFUHHQLQJ PD\ EH SHUIRUPHG LQ UHQDO FHOO W\SHV FI

FKDUDFWHUL]JH DQG GLIIHUHQWLDWH WKH JHQH VLIQDWXUHYVY WR LGH

,Q VXPPDU\ RXU GDWD GHPRQVWUDWHG WKDW %$5' SURWHFWHG N
UHVXOWLQJ LQ LPSURYHPHQW RI NLGQH\ IXQFWLRQ *)5 X$&5 DQG
EDVHPHQW PHPEUDQH LQWHUVWLWLDO ILEURVLY LQIODPPDWLRQ |
*5 ZDV UHIOHFWHG LQ UHGXFHG $OE DQG RWKHU %0V LQFOXGLQJ
HITHFWV OLYHU ILQGLQJYV DQG LQFUHDVHG WKHQDIYB H&)3 UDWE W) HD
%$5' UDLVH WKH TXHVWLRQ ZKHWKHU %$5' VKRXOG EH FRQVLGHUHG
JHQHUDO 7KH =6) UDW ZKHQ FRPELQHG ZLWK 81[ KDV IHDWXUHV
GHYHORSPHQW RI &.' > @ WKDW VXJJHVW LW UHSUHVHQWY D UHD\
=') UDWV ',2 PLFH RU 67= PLFH ORUHRYHU RXU GDWD WWQRIIDWHG
WKH KLJK UHSURGXFLELOLW\ RI WKLV DQLPDO PRGEHKW Q@ROVRR B QG D!

OLVLQRSULO WUHDWPHQW ZKLFK LQGLFDWHY UREXVWQHVY DQG UHOL

&RQIOLFW RI  QWHUHVW

1RQH

$FNQRZOHGJIJPHQW

‘H NLQGO\ WKDQN $QQH (PPDQXHOOH 6DOPDQ &KULVWLDQH :RKOJHQ
DQDO\VLV DQG $QWRQHOOR &DUXVR DQG KLV WHDP IRU %$5' SODV
LQGHEWHG WR *XLOOHPHWWH 'XFKDWHDX 1JX\HQ *RQ]DOR &KULVW
ODUWLQ (EHOLQJ IRU WKH JHQH H[SUHVVLRQ DQDO\VLV :H DOVR WKI

<DUG\ IRU SHUIRUPLQJ WKH FKDLQ SXOO UHZDUG DVVD\



‘H DOVR WKDQN WKH 6800,7 FRQVRUWLXP IRU VXSSRUW 7KH 6800,7
3KDUPD FRPSDQLHV DFDGHPLF LQVWLWXWLRQV DQG 60( ZRUN
LOQQRYDWLYH DSSURDFKHV WR PDNH FOLQLFDO WULDO WHVWLQJ F
FRPSOLFDWLRQV IDVWHU DQG PRUH HIILFLHQW 6800,7 UHFHLYHV V.
,QLWLDWLYH -RLQW 8QGHUWDNLQJ UHVRXUFHV RI ZKLFK DUH FRPS]I

(XURSHDQ 8QLRQ V 6HYHQWK JUDPHZRUN 3URJUDP )3 DQG L

()3,$ FRPSDQLHYV )RU GHWDLOV SOHDVH|XZXUWL A2DZYRFSID VWP PLW HX




SHIHQFHV

oObuwLQL 6 1DbLU 9 .HOOHU %- (LFKLQJHU ) +DZNLQV -- HW DO
6KDUHG 7UDQVFULSWLRQDO 1HWZRUNV LQ &.' -RXUQDO RI WKH $PHL

:LOG 6 5RJOLF * *UHHQ $ 6LFUHH 5 .LQJ + *OREDO 3UHYDOH
WKH \HDU DQG SURMHFWLRQV IRU 'LDEHWHYV FDUH

'DQDHL * )LQXFDQH 00 /X < 6LQJK *0O &RZDQ 0- HW DO 1DW
WUHQGYV LQ IDVWLQJ SODVPD JOXFRVH DQG GLDEHWHY SUHYDOHQFH
HIDPLQDWLRQ VXUYH\V DQG HSLGHPLRORJLFDO VWXGLHV ZLWK FR

7KH /I DQFHW
GH %RHU |+ &+URQLF BDLEKDHODCHYHDVAHB IO OO DIHV

5XJJHQHQWL 3 3RUULQL (/ *DVSDUL ) ORWWHUOLQRPHUXDD®D
K\SHUILOWUDWLRQ DQG UHQDO GLVHDVH SURFDHWWVLRQ LQ W\SH GLI

ODWHUVRQ %- 3UHVWRQ 5% SUHYHQWLRQ RI GLDEHWLF QHSKI!

*URVV -/ GH $]J]HYHGR 0- 6LOYHLUR 63 &DQDQL /+ &DUDPRUL
1HSKURSDWK\ 'LDJQRVLV 3UHYHIODEHROHW QBUHJHDWPHQW

+HORLVD 0 6KLPL]X 0 &RLPEUD 70 GH $UDXMR DD FOHHVO\KD]FH\W W)H LKV
DWWHQXDWHYV WKH SURJUHVVLR@G RHWFKUWRRQQUBR W IOR@DI LOXUH

&DFKRIHLUR 9 *RLFRFKHD 0 GH 9LQXHVD 6* 2XE2[QD CBW LB K HWDUH
DQG LQIODPPDWLRQ D OLQN EHWZHHQ FKURQLF NLGQHNGGHXHDVH
,QWHUQDWG&RQDO

'HO 7XUFR 6 *DJJLQL 0O 'DQLHOH * %DVWD * )ROOL ) HW DO
HQGRWKHOLDO G\WVIXQFWLRQ D PXWXDO UHODWLRQVKLS LQ FDUGLREF

&KRZ )< 1LNROLF 3DWHUVRQ '- 2]ROV ( $WNLQV 5& 7HVFK *+
OROHFXOH '"HILFLHQF\ ,V BURWHFWLYH DJDLQVW 1HSKURSDWK\ LQ 7
WKH $PHULFDQ 6RFLHW\ Rl 1HSKURORJ\

1JX\HQ '8< 3LQJ )8 O0X :(, +LOO 3 $WNLQV 5& HW DO ODF!I
KXPDQ SURJUHVVLYH GLDEHWLF QHSKURSDWK\ 1HSKURORJ\

6KDNHU 2* 6DGLN 1$+ 7TUDQVIRUPLQJ JURZWK IDFWRU EHWD
SURWHLQ DV SURJQRVWLF PDUNHUV RI GLDEHWLF QHSKURSDWK\



<RX + *DR 7 &RRSHU 7. %ULDQ 5HHYHV : $ZDG $6 ODFURS
GLDEHWLF UHQDO LQMXU\ $PHULFDQ -RXUQDO RI 3K\ WLRORJ\ 5HQDC

5XJJHQHQWL 3 &UDYHGL 3 5HPX]]L * 7KH 5%$%$6 LQ WKH SDW|
GLDEHWLF QHSKURSDWK\ 1DWXUH UHYLHZV 1HSKURORJ\

6DQWRUR ' 1DWDOL $ 3DORPER & %UDQGL /6 3LDWWL 0 HW DO
FRQYHUWLQJ HQJ]\PH LQKLELWLRQ RQ JOXFRVH WROHUDQFH DQG LQ\
+\SHUWHQVLRQ

=DW] 5 OH\HU 7: 5HQQNH +* %UHQQHU %0 BUHGRPLQDQFH R
PHWDEROLF IDFWRUV LQ WKH SDWKRJHQHVLV Rl GLDEHWLF JORPH
$FDGHP\ Rl 6FLHQFHV

%UHQQHU %0 &RRSHU 0( GH =HHXZ ' .HDQH :) OLWFK :( HW DO
5HQDO DQG &DUGLRYDVFXODU 2XWFRPHV LQ 3DWLHQWV ZLWK 7\SH
(QJODQG -RXUQDO RI OHGLFLQH

7THUUD 6* $QIJLRWHQVLQ 5HFHSWRU %ORFNHUV &LUFXODWLRQ

$SSHO *% 5DGKDNULVKQDQ - $YUDP 00 'H)URQ]R 5% (VFREDU
$QDO\WVLV RI OHWDEROLF 3DUDPHWHUV DV 3UHGLFWRUV RI 5LVN LQ

2WV 0 ODFNHQI]LH +6 7UR\ -/ 5HQQNH +* %UHQQHU %0 (I1IHF
ZLWK HQDODSULO DQG ORVDUWDQ RQ WKH UDWH RI SURJUHVVLRQ
DEODWLRQ -RXUQDO RI WKH $PHULFDQ 6RFLHW\ Rl 1HSKURORJ\

JULHG /) (PDQXHOH 1 =KDQJ -+ %URSK\ 0 &RQQHU 7$ HW DO
,QKLELWLRQ IRU WKH 7UHDWPHQW RI 'LDEHWLF 1HSKURSDWK\ 1HZ (

JHUQDQGH] -XDUH] * /XXxR - %DUULR 9 GH 9LQXHVD 6* 3UDJD O
%ORFNDGH RI WKH 5HQLQ $QJLRWHQVLQ 6\WWHP RQ WKH 3URJUHVVL
5DQGRPL]JHG 7ULDO $PHULFDQ MRXUQDO RI NLGQH\ GLVHDVHV

'RQJ <) /LX / /DL =) <DPDPRWR ( .DWDRND . HW DO $OLV
HITHFWV Rl YDOVDUWDQ DJDLQVW W\SH GLDEHWLF QHSKURSDWK\ L

6DWR $ OLQHUDORFRUWLFRLG UHFHSWRU DQWDJRQLVWYV W
+\SHUWHQVLRQ UHVHDUFK RIILFLDO MRXUQDO RI WKH -DSDQHVH 6RF



$KQ -+ +RQJ +& &KR 0- .LP <- &KRL +< HW DO (IMTHFW RI
DOGRVWHURQH EORFNHU RQ WKH GHYHORSPHQW RI GLDEHWLF QHSK
PHWDEROLVP MRXUQDO

7DNDJL 1 7DQL]DZD 7 .RQ 9 )RJIR $% ,FKLNDZD , HW DO
%ORFNHU 3URWHFWY DJDLQVW 3RGRF\WH '"HSHQGHQW *ORPHUXORVFC

I1LVKLRND 7 6X]XNL O 2QLVKL . 7DNDNXUD 1 ,QDGD + HW DO
O\RFDUGLDO )LEURVLV LQ WKH $QJLRWHQVLQ ,, .QGXFHG +\&HUWHQ\
,QGXFHG E\ $OGRVWHURQH OHGLDWHG ,QIODPPDWLRQ -RXUQDO RI &

5RMDV 5LYHUD - 2UWL] $ (JLGR - $QWLR[LGDQWV LQ NL¢
EDUGR[RORQH PHWK\O ,QWHUQDWLRQDO MRXUQDO RI QHSKURORJ\

=RMD & %HQLJQL $ S5HPX]]L * 7KH 1UlI SDWKzZD\ LQ WKH SL
1HSKURORJ\ 'LDO\WVLY 7UDQVSODQWDWLRQ L L

<RK . ,WRK . (QRPRWR $ +LUD\DPD $ <DPDJXFKL 1 HW DO
GHYHORS OXSXV OLNH DXWRLPPXQH QHSKULWLYV .LGQH\  QWHUQDWL

$OHNVXQHV /0 *RHGNHQ 0- 5RFNZHOO &( 7KRPDOH - ODQDXWRX -
UHJXODWLRQ RI UHQDO F\WRSURWHFWLYH JHQHV E\ 1Ul DQG LWV
PLWLJDWH FLVSODWLQ LQGXFHG QHSKURWR[LFLW\ 7KH -RXUQDO
WKHUDSHXWLFV

X 44 :DQJ < 6HQLWNR 0O OH\HU & :LJOH\ :& HW DO %DUGHF
DPHOLRUDWHY LVFKHPLF $., DQG LQFUHDVHVY H[SUHVVLRQ RI SURWHF

$PHULFDQ MRXUQDO RI SK\WVLRORJ\ 5HQDO SK\VLRORJ\ )

6DKD 3. 5HGG\ 97 .RQRSOHYD 0 $QGUHHII 0 &KDQ / 7TKH W

GLR[RROHIQBIQRLF DFLG PHWK\O HVWHU KDV SRWHQW DQWL GLDEHW
PLFH DQG /HSU GE GE PLFH 7KH -RXUQDO RI ELRORJLFDO FKHPLVWU

&KLQ 0 /HH &< &KXDQJ -& %XPHLVWHU 5 :LJOH\ :& HW DO 9
57% DQG GK DUH ZHOO WROHUDWHG DQG H[KLELW HIILFDF\ LQ U
REHVLW\ $PHULFDQ MRXUQDO RI SK\WLRORJ\ 5HQDO SK\VLRORJ\ )

SHLVPDQ 6% &KHUWRZ *0 +HEEDU 6 9D]JLUL 1' :DUG .: HW DO
GHFUHDVHV PHJDOLQ DQG DFWLYDWHYV QUI LQ WKH NLGQH\ -RXUQD(
-$61



=RMD & &RUQD ' 1DYD 9 /RFDWHOOL 0 $EEDWH 0 HW DO
ZRUVHQ GLDEHWLF QHSKURSDWK\ LQ UDWV ZLWK DGGLWLRQDO DGYH!
5HQDO 3K\VLRORJ\ ) )

3HUJROD 3( 5DVNLQ 3 7RWR 5'" OH\HU &- +XIl -: HW DO % DU
IXQFWLRQ LQ &." ZLWK W\SH GLDEHWHV 7KH 1HZ (QJODQG MRXUQDO

3HUJROD 3( .UDXWK 0 +XIl -: YHUJXVRQ '$ 5XL] 6 HW DO (r
RQ NLGQH\ IXQFWLRQ LQ SDWLHQWV ZLWK 7 ' DQG 6WDJH E &.' $I

OF&XOORXJK 3% $OL 6 &DUGLDF DQG UHQDO IXQFWLRQ LQ SD\
FKURQLF NLGQH\ GLVHDVH SRWHQWLDO HIIHFWV Rl EDUGR[RORQH
WKHUDS\

5XL] 6 3HUJROD 3( =DJHU 5% 9DJLUL 1 7DUJHWLQJ WKH
DPHOLRUDWH R[LGDWLYH VWUHVV DQG LQIODPPDWLR®QHLQ FI
,QWHUQBWQRWDRQD O

GH =HHXZ ' $NL]DZD 7 $XGK\D 3 %DNULV®%DWER[(RORGW MHONK\O L
'LDEHWHYVY DQG 6WDJH &KURQLF .LGQH\ 'LVHDVH 1HZ (QJODQG -RXL

5RVVLQJ 3 'LDEHWLF QHSKURSDWK\ &RXOG SUREOHPV ZLWK
SUHGLAWWQ®@UH UHYLHZV 1HSKURORJ\

/ILX & &KHQ < .DQJ < 1L = ;LXOXFRWRLWLFRLGV ,PSURYH 5HQDO &
WR $WULDBWIDAWIHXWAHIK EDWS QJ 1DWULXUHWL E[ SIS WALIGRHQ 5IHF FSKMWR )
,QQHU OHGXOODU\ &ROOHFWLQJ 'XFW LQ 'HFRPSHQVDWHG +HDUW )]
([SHULPHQWDO 7KHUDSHXWLFV

*QQHFNH % O9HUU\ 3 %pQDUGHDX $ YRQ . ODUNXYV 4XDQ
DQDO\VLV LQ DZDNH PLFH DQG UDWV E\ PDJQHWLF UHVRQDQFH UHO

4L = %UH\HU 0' OHDVXUHPHQW RI JORPHUXODU ILOWUDWLRQ |
%LRO
/IRUHQ] -1 *UXHQVWHLQ ( $ VLPSOH QRQUDGLRDFWLYH PHWEK

ILOWUDWLRQ UDWH XVLQJ ),7& LQXOLQ $PHULFDQ -RXUQDO RI 3K\VLF

*DXWLHU / &RSH / %ROVWDG %0 ,UL]DUU\ 5% DIIN2DQDO\VLV
WKH SUREH OHYHO %LRLQIRUPDWLFV



6P\WK *. /LPPD OLQHDU PRGHOV IRU PLFURDUUD\ GDWD %L
ELRORJ\ VROXWLRQV XVLQJ 5 DQG WLRFRQGXFWRU 6SULQJHU SS

6WXUJHRQ & 6DP $' QG /Dz :5 5DSLG GHWHUPLQDWLRQ RI
VLQJOH EROXV LQXOLQ D FRPSDULVRQ RI HVWLPDWLRQ DQDO\VHV

6XEUDPDQLDQ $ 7DPD\R 3 ORRWKD 9. OXNKHUMHH 6 (EHUW %
HQULFKPHQW DQDO\VLY $ NQRZOHGJH EDVHG DSSURDFK IRU LQWHUSES
BURFHHGLQJV 21 7KH 1DWLRQDO $FDGHP\ 21 6FLHQFHV 21 7KH 8QLWH

X " 6P\WK *, &DPHUD D FRPSHWLWLYH JHQH VHW WHVW
FRUUHODWLRQ 1XFOHLF DFLGV UHVHDUFK H

ODWWKHZV / *RSLQDWK * *LOOHVSLH 0 &DXG\ 0O &URIW ' HW DO
Rl KXPDQ ELRORJLFDO SDWKzZD\V DQG SURFHVVHV 1XFOHLF DFLGV Ul

6FKDHIHU &) $QWKRQ\ . .UXSD 6 %XFKRIlI - 'DV0 HW DO 3,
GDWDEDVH 1XFOHLF DFLGV UHVHDUFK ' '

%HQMDPLQL < +RFKEHUJ < &RQWUROOLQJ WKH IDOVH GLVFF
DSSURDFK WR PXOWLSOH WHVWLQJ -RXUQDO RI WKH 5R\DO 6WDWLV!

+RQJ '6 .XUJURFN 5 6XSNR -* +H ; 1DLQJ $ HW@®OPDQ 7 U B&DR/IH
%DUGR[RORQH OHWK\O LQ 3DWLHQWVY ZLWK $GYDQFHG 6ROLG 7XPR
5HVHDUFK

%LODQ 93 6DODK (0 %DVWDFN\ 6 -RQHV +% OD\HUV 50 HW DO
ORQJ WHUP WUHDWPHQW HIIHFWV RI URVLJOLWD]RQH DQG HQDODSUL

%HQDUGHDX $ 5LERXOHW : $OEHUWLQL 0 *RPH] O $QLPDO F
DQG DVVRFLDWHG FR PRUELGLWLHY -RXUQDO RI ([SHULPHQWDO DQG

6ROHU 0- 5LHUD 0 %DWOOH ' 1HZ H[SHULPHQWDO PRGHOV |
PRGHOV RI W\SH GLDEHWHYVY HIIRUWYVY WR UHSOLFDWH KXPDQ QHSK

7RIRYLF 63 .+ .RVW &. -U %DVWDFN\ 6 5HQDO IXQFWLRQ
K\SHUWHQVLYH REHVH =")[6++) K\EULG UDWV 5HQDO IDLOXUH



7TRIRYLF 63 -DFNVRQ (. 5DW ORGHOV RI WKH OHWDEROLF 6\QG
LQ OROHFXODU OHGLFLQH SS

*ULIILQ .$ $EX 1DVHU 0 $EX $PDUDK , 3LFNHQ O :LOOLDPVRQ *$
SUHVVXUH ORDG DQG QHSKURSDWK\ LQ WKH =6) ID IDFS PRGHO RI
B3K\WWLRORJ\ 5HQDO 3K\WVLRORJ\ ) )

%UHQQHU %0 /DZOHU (9 ODFNHQJLH +6 7KH K\SHUILOWUDW |
QHSKURORJ\ .LGQH\ ,QWHUQDWLRQDO

7TKRPDV 0 $ SUHOLPLQDU\ HYDOXDWLRQ RI EDUGR[RORQH PH
QHSKURSDWK\ ([SHUW 2SLQLRQ RQ 'UXJ OHWDEROLVP 7TR[LFRORJ\

5LW] ( %DULDWULF VXUJHU\ DQG WKH NLGQH\2PXFK EHQHILW
.LGQH\ -RXUQDO

1HIl .- )UDQNHO $+ 7DP ):. 6DGOLHU '0 *RGVRQ & HW DO
VXUJHU\ RQ UHQDO IXQFWLRQ DQG GLVHDVH D IRFXV RQ RXWFERPHYV
7UDQVSODQWDWLRQ LY LY

7LURVK $ *RODQ 5 +DUPDQ %RHKP , +HQNLQ < 6FKZDU]JIXFKV '
JROORZLQJ 7KUHH 'LVWLQFW :HLJKW /RVV 'LHWDU\ 6WUDWHJLHV "'XUL
7ULDO 'LDEHWHV FDUH

IRFN ($ 6HQVLWLYH DQG HDUO\ PDUNHUV RI UHQDO LQMXU\
IRUZDUG" 7R[LFRO 6FL

%RQYHQWUH -9 9DLG\D 96 6FKPRXGHU 5 )HLJ 3 'LHWHUOH )
IRU GHWHFWLQJ NLGQH\ WR[LFLW\ 1DWXUH ELRWHFKQRORJ\

)JXFKV 7& +HZLWW 3 %LRPDUNHUV IRU GUXJ LQGXFBI@G UHQD
RYHUYLHZ IRU DSSOLHG WR[LFRORJ\ 7KH $$36 -RXUQDO

:DQJ & /L & *RQJ : [/RX 7 1HZ XULQDU\ ELRPDUNHUV IRU (
%LRPDUNHU 5HVHDUFK

7TKRPDV 0& %DUGR[RORQH $XJIJPHQWLQJ WKH <LQ LQ FKURQL
9DVFXODU 'LVHDVH 5HVHDUEK

.DWDUH 5 2LNDZD $ &HVVHOOL ' %HOWUDPL $3 $YROLR ( HW
SKRVSKDWH SDWKZD\ UHVWRUHV FDUGLDF SURJHQLWRU FHOO DYDLO



‘X < =KDQJ = +X - 6WLOOPDQ ,( /HRSROG -$SKFWDNG
GHK\GURJHQDVH GHILFLHQW PLFH KDYH LQFUHDVHG UHQDO R[LGDWL
)$6(% -RXUQDO

$QQXN 0O =LOPHU 0 /LQG / /LQGH 7 )HOOVWU|P % 2[LGDWLYH
LQ &KURQLF 5HQDO )DLOXUH -RXUQDO RI WKH $PHULFDQ 6RFLHW\ RI

&XOKDQH $ 3HUULHUH * +LJJLQV ' &URVYVY SODWIRUP FRPSD!
HI[SUHVVLRQ GDWD XVLQJ FR LQHUWLD DQDO\VLV %0& %LRLQIRUPDW!|

6XSSOHPHQWDO ZHE OLQNYV

[KWWS Z7ZZ PD\RFOLQLF RUJ GUXJV VXSSOHPHOWY OLVIQRSULO RUDC

[KWWS 777 OLYHVWURQJ FRP DUWIRAOHV L RRSWEMFRIVEH HIITHFWYV

[2ZZ GUXJV FRP FGL PLVLQRSULO KWPO

KWWS GRXEOHFKHFNPG FRP (IIHFWV'HWDLO GR"GQDPH OLVLIQRSULO
K\GURFKORURWKLD]LGH VILG HLG

[KWWS 777 GUXJV FRP VI[ K\GURFKORURWK|LD]JLGH OLVLQRSULO VLGH




JLIXUHV DQG WDEOHYV

YJLIXUH

YJLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

%RG\ :HLJKW $ )RRG ,QWDNH % DYHUDJHG )RRG ,QWDN
' PHDVXUHG LQ =6) UDWV UHFHLYLQJ YHKLFOH J/LVLQRSU
PJ NJ 9DOXHV DUH H[SUHVVHG DV PHDQ “ 6(0 3 YV Y

OHDQ DUWHULDO SUHVVXUH 0$3 LQ =6) UDWV WUHDWH
PJ NJ % $5" PJ NJ 9DOXHV DUH H[SUHVVHG DV PHDQ *“ 6((
YHKLFOH

30DVPD FUHDWLQLQH $ DQG SODVPD .,0 % OHYHOV P
FRPSOHWLRQ RI WUHDWPHQW ZLWK YHKLFOH /LVLQRSULO
9DOXHV DUH H[SUHVVHG DV PHDQ * 6(0 3 YV YHKLFOF

JLYHU RI =6) UDWV WUHDWHG ZLWK $ YHKLFOH GHI
YDFXRODWLRQ DQG UDUHIDFWLRQ DQG % %$5' ZLWK HYLGH
+HPDWR[\OLQ HRVLQ VWDLQLQJ +(

*ORPHUXODU )LOWUDWLRQ 5DWH *)5 PHDVXUHG $ DQC
UDWLR X$&5 FDOFXODWHG % LQ =6) UDWV WUHDWHG ZLWK
%$5' PJ NJ 9DOXHV DUH H[SUHVVHG DV PHDQ * 6(0 3

B8ULQDU\ PDUNHUV RI NLGQH\ IXQFWLRQ $ $OEXPLQ %
PLFURJOREXOLQ GDLO\ H[FUHWLRQ LQ =6) UDWV WUHDWH
PJ NJ %$5' PJ NJ 9DOXHV DUH H[SUHVVHG DV PHDQ “ 6(0
YV YHKLFOH

B8ULQDU\ PDUNHUV RI LQIODPPDWLRQ $ 7%) DQG % 0&
LQ =6) UDWV WUHDWHG ZLWK YHKLFOH /LVLQRSULO PJ
9DOXHV DUH H[SUHVVHG DV PHDQ “ 6(0 3 3 YV Y

.LGQH\ PHDQ JORPHUXORVFOHURVLVY VFRUH *6 HYDOXDW
YHKLFOH /LVLQRSULO PJ NJ %$5' PJ NJ

3DWKRORJLFDO VFRULQJ Rl UHQDO ILQGLQJV LQ =6) UDW
PJ NJ %$5' PJ NJ 9DOXHV DUH H[SUHVVHG DV PHDQ
PLQLPXP ILQGLQJV

+LVWRSDWKRORJ\ RI NLGQH\V RI =6) UDWV WUHDWHG ZLW
/ILVLQRSULO RU ' XQGHU IRRG UHVWULFWLRQ %DVHPHQW F
DQG JORPHUXORVFOHURVLY VWDU 3%6 VWDLQ



YJLIXUH

YJLIXUH

YLIXUH

YLIXUH

YLIXUH

,QILOWUDWLRQ RI & SRVLWLYH FHOOV PDFURSKDJHV
WUHDWHG ZLWK $ YHKLFOH % %$5' PJNJ & /LVLQRSUL
IRRG UHVWULFWLRQ ,PPXQRKLVWRFKHPLVWU\ ZDV SHUIRUPH
DJDLQVW &' '$% VWDLQ
,QILOWUDWLRQ RI & SRVLWLYH FHOOV O\PSKRF\WHV ( +
WUHDWHG ZLWK ( 9HKLFOH ) %$5' PJNJ * /LVLQRSULC
UHVWULFWLRQ + ,PPXQRKLVWRFKHPLVWU\ ZDV SHUIRUPHG
DJDLQVW &' '$% VWDLQLQJ

%RG\ FRPSRVLWLRQ PHDVXUHG LQ WKH 9HKLFOH DQG IRRC
DQG ZHHNV RI WUHDWPHQW 9DOXHV DUH H[SUHVVHG DV PHI

:KROH JHQRPH P51% H[SUHVVLRQ SURILOHV RI IRXU WUHD
WKH PXOWLYDULDWH FR LQHUWLD DQDO\VLY > @ 7KH ILUVW
DQG RI WRwWDO YDULDELOLW\ UHVSHFWLYHO\ 6D
WUHDWPHQW JURXS DQG WKHLU GLVWULEXWLRQV DUH LOOXV
JURXS FKDQJHYVY DUH REVHUYHG SULPDULO\N LQ WKH ILUVW DIl
IRRG UHVWULFWLRQ DQG %%$5' DOO LQGXFH JOREDO JHQH H]
HITHFWV VKDUH VRPH VLPLODULW\ $W WKH VDPH WLPH %$5
IRRG UHVWULFWLRQ SULPDULO\ RQ WKH VHFRQG DJ[LV 7K
HITHFW FDQQRW EH FRPSOHWHO\ H[SODLQHG E\ IRRG UHVWUL

6LIQLILFDQW XS UHJXODWLRQ RI VHYHUDO ELRORJLFDO
_HDS 1UI SDWKZD\ :H WHVWHG IRU V\WVWHPDWLF XS RU
FRPSUHKHQVLYH OLVW RI ELRORJLFDO QHWZRUNV XVLQJ
PHWKRGV *6($ DQG &$0(5$ 7KH IROORZLQJ SDWKZD\V ZHUH
E\ %$5' )'5 ( $ SHQWRVH SKRVSKDWH 333 % JOXFXURC
GHJUDGDWLRQ DQG ' JOXWDWKLRQH FRQMXJDWLRQ SDWKZI
WDUJHWV RI WKH .HDS 1UI SDWKZD\ 7R IXUWKHU YDOLGE
SHUIRUPHG JHQH VHW DQDO\VLV ZLWK WUDQVFULSWLRQ IDF
OLWHUDWXUH 1Ul WDUJHW JHQHV ZHUH IRXQG VLJQLILFDQ
GDWD QRW VKRZQ

$ VFKHPDWLF VKRZLQJ WKH PDLQ GRZQVWUHDP SD\
UHJXODWHG E\ %$5'



YJLIXUH

YJLIXUH

YLIXUH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

$ %RG\ :HLJKW % )RRG ,QWDNH & 0%$3 DQG ' *)5 PH
WUHDWHG ZLWK YHKLFOH /LVLQRSULO PJ NJ XQGHU IR
H[SUHVVHG DV PHDQ “ 6(0 3 YV YHKLFOH

8ULQDU\ PDUNHUV RI NLGQH\ IXQFWLRQ $ DOEXPLQ %
PLFURJOREXOLQH (7*) DQG ) 0&s3 GDLO\ HI[FUHWLRQ

ZLWK YHKLFOH J/LVLQRSULO PJ NJ DQG XQGHU IRRG
H[SUHVVHG DV PHDQ *“ 6(0 3 3 YV YHKLFOH
.LGQH\ PHDQ GLIIHUHQWLDO JORPHUXORVFOHURVLV VFRU
WUHDWHG ZLWK YHKLFOH /LVLQRSULO PJ NJ RU XQGHU IF
30DVPD PHWDEROLF SDUDPHWHUV LQ 6WXG\ PHDVXUHG
9DOXHV DUH H[SUHVVHG DV PHDQ * 6(0 3 YV YHKLFOF
2UJDQ ZHLJKWYV DV D Rl ERG\ ZHLJKW HYDOXDWHG DW
9DOXHV DUH H[SUHVVHG DV PHDQ “ 6(0 3 3 YV
2UJDQ ZHLJKWYV DV DEVROXWH YDOXHV HYDOXDWHG DW V
DUH H[SUHVVHG DV PHDQ “ 6(0 3 3 YV YHKLFOI
30bVvPD PHWDEROLF SDUDPHWHUV LQ 6WXG\ PHDVXUHG DW

YHKLFOH J/LVLQRSULO PJ NJ DQG IRRG UHVWULFWHG JUF
PHDQ “ 6(0 3 3 DQG 3 YV YHKLFOH



YLIXUH

YLIXUH



YLIXUH

YJLIXUH



YLIXUH

YJLIXUH



YLIXUH

YJLIXUH



YLIXUH

YLIXUH



YJLIXUH



YLIXUH

YLIXUH



YLIXUH

YJLIXUH



YLIXUH



YLIXUH



YLIXUH

7TDEOH

7TDEOH



7TDEOH

7TDEOH



'LVFEFXVVLRO &RQFOXVLRQ

&RPPH DWWHQGX OH OLVLRRWUR® ®HSHWRWPHEXOW OD SUHVVLRQ DU
81[ =6) /H EDUGR[RORQH D SURWpJp OD IRQFWLRQ UpQDOH GDQV XQH
PRQWUp XQH DPpOLRUDWLRQ GHV ELRPDUTXHXUV PHVXUpV HW QRUP
DYRLU GYLPSDFW VXU OD SUHVVLRQ DUWpPULHOOH 'H SOXV OH EDUG
SULVH DOLPHQWDLUH GH FHV DQLPDX[ K\SHUSKDJLTXHV DLQVL TX
DVVRFLpH &HV HIIHWV EpQpILTXHV GX EDUGR[RORQH VRQW FHU
OfDPpOLRUDWLRQ GX VWDWXW PpWDEROLTXH GH FHV DQLPDX[ j VDY
GHX[ WUDLWHPHQWY EDUGR[RORQH HW OLVLQRSULO RQW PRQWUp
VWUXFWXUHV JORPpUXODLUH HW WXEXODLUH /HV SURILOV GYH[SU!
GLIIpUHQWHY VHORQ OH WUDLWHPHQW OHV JgQHV UpJXOpV SDU 1U
VHXOHPHQW HW QRQ DX VHLQ GX JURXSH VRXPLV j XQH UHVWULFW
GRQQpPHV VXJJqQUHQW TXH OHV HIIHWV SURWHFWHXUV GX EDUGR[RO
JpQPOH GX VWDWXW PpWDEROLTXH GHV UDWV 81[ =6) SHUWH GH SF

YRLH 1Ul LQGpSHQGDPPHQW GH OD SUHVVLRQ VDQJXLQH

'LVEXVVLRO &RQFOXVLRQ

$V H[SHFWHG OLVLQRSULO LPSURYHG NLGQH\ IXQFWLRQ DQG UHGY
%DUGR[RORQH LPSURYHG NLGQH\ IXQFWLRQ NLGQH\ ELRPDUNHUV I
ZLWKRXW FKDQJLQJ EORRG SUHVVXUH %DUGR[RORQH FRQFRPLWDQV
DQG IRRG LQWDNH 2XU GDWD LQGLFDWH WKDW EDUGR[RORQH FDQ S
GRHV LQ WKLV UDW PRGHO RI PHWDEROLF VI\QGURPH DQG GLDEHWL
GHFUHDVHG JORPHUXODU DQG WXEXODU GDPDJH DV GHWHUPLQH
EDUGR[RORQH VXJJHVWHG WKDW LPSURYHPHQW RI PHWDEROLF VWD

FRQWULEXWH WR LPSURYHPHQW RI NLGQH\ IXQFWLRQ *HQH H[SUH)



SDWKzZzD\V UHJXODWLRQ EHWZHHQ OLVLQRSULO EDUGR[RORQH DQC
SDWKzZD\V ZHUH VLJQLILFDQWO\ XS UHIJXODWHG E\ EDUGR[RORQH ZK
VKRZHG VSHFLILF SDWKZD\ OHYHO UHJXODWLRQ

2XU GDWD VXJJHVW WKDW WKH HIIHFWV RI EDUGR[RORQH LQ =6) DUH
SDUWLDOO\ E\ LQGXFWLRQ RI 1Ul UHVSRQVLYH JHQHV DQG DUH LQ
/ILYHU VLGH HIIHFWV LQGXFHG E\ EDUGR[RORQH DQG VLPLODUO\ REVEH
EHFRPLQJ DQ DWWUDFWLYH PRGHO IRU LQYHVWLJDWLQJ NLGQH\ SUR

D FRQWH[W RI PHWDEROLF VIQGURPH

7R FRQFOXGH RQ WKH 81[ PHWKRGRORJ\ WR ZRUVHQ WKH =6) PRGHO

X .LGQH\ VWUXFWXUH DQG IXQFWLRQ ZHUH ZRUVHQHG E\ 81[ LQ
FRPSDUHG WR QRQ 81[ =6) UDWV

X 7KLV 81[ =6) UDWRRWBEOH IRU WHVWLQJ VWDQGDUG RI FDUH D

FRPSRXQGY DFWLQJ RQ UHQDO VWUXFWXUH DQG IXQFWLRQ LQ L

I1HYHUWKHOHVYVY ZH ZLVKHG WR_BD®FDWEOWHR & RWHKWWQDOWHUPYV R
VWUXFWXUDO GDPDJHYV DQG IXQFWLRQDO GHFUHDVHYV 7KH ILQDO DL
PHWDEROLF VI\QGURPH IRU EHLQJ DEOH WR WHVW SRWHQWLDO SUR!
UHQDO DQG FDUGLDF IXQFWLRQ LQ D UHDVRQDEOH WLPH IUDPH OHV'
ZLWK WKH 81[ zDV D VHPL VXFFHVV DV EORRG SUHVVXUH DQG UHOD\V

QRW DOWHUHG E\ WKLV VXUJLFDO DSSURDFK FRQWUDU\ WR ZKDW ZH

2XU VHFRQG VWUDWHJI\ ZDV WR LQGXFH D KRUPRQDO VWUHVV ZLWK
'LWK WKLV VWUDWHI\ ZH DLPHG DW VKRUWHQLQJ WKH RQVHW Rl UHC

DOWHUDWLRQV



$1*,27(16,1 ,, ,1)86,21 ,1 7+( =6) 5%$7 02'(
$6 $ 675$7(*< 72 '(7(5,25$7( &$5',$& $1'
5(1$/ )81&7,216

$V HYRNHG LQ BHMWURQLY D SRWHQW K\SHWWBWQRPERMW H\R ULPDRQBIP P D\

526 IRUPDWLRQ LOWHUVWLWLDO ILEURVLY DQG K\SHUWURSNK\ DQG C

PHQWLRQHG |LQ BIRMELAY GLVIPIDIVHLGEI DQGRVWMUBRPQRHUDORFRUWLF

UHFHSWRU VLJQDOLQJ QHIDWLYHO\ LPSDFWV KHDUW DQG NLGQH\
JORPHUXORVFOHURVLY WXEXORLQWHUVWLWLDO LQIODPPDWLRQ DQG
DQG SURWHLQXULD ,Q WKH KHDUW LW LV UHODWHG WR FDUGLRYD

UHPRGH®@WURAW DQG 6FKLIIULQ

%DVHG RQ WKH DER YZH VKN & R R H QLY MG/ WKB BE 0,6 L@QGIX® HYI1IHFW

x DQ KHPRG\WRIHBAVEORRG SUHVVXUH L QQARUSKOGRHIDIDPRAVDG D@L WR G
*ULIILQ RQ WRS RI LQFUHDVLQJ ILEURVLYVY R[LGDWLYH VWUHVYV
x D KRUPRQDQ@ YGXNHAHHWG/ E\ WKH LQFUHDVH LQ D ORIV IVHW RIQ IF LUDHDO H

HQKDQFHPHQW DOVR UHODWHG WR LQIODPPDWLRQ ILEURVLV LC

‘H WKRXJKW WKDW WKHVH PDLQ HIIHFWV FRXOG OHDG WR H[DFHUEI
DQG IXQFWLRQV LPSDLUPHQW R Q VVDKMIGP O HRD B INEHHEWD O QG R X O 8 H
WKHVH FRQGLWDRRNVUGHPIEO WHOGHQ IIK® =6) UDW FRXOG EHFRPH D P

WHVWOGQGRVWHURQH VIQWKDVH L @QKIQEDLAVRW R WXUWE VDFQIEQ X Q FW LR Q\



38%/,&%$7,21 Qf

$/'267(521( 6<17+$6( ,1+,%,725 5(9(56(6 .,"1(< '$0$*( ,1 $ 129(/ ',$%(7,&
$1' &$5',2 5(1$/ 5$7 02'(/

. OWURGXFWLRQ
&HWWH pWXGH VIHVW GpURXOpH HQ GHX[ SDUWLHV 'DQV OD SUHP
G\WWIRQFWLRQV UpQDOH HW FDUGLDTXH GX PRGQqOH =6) GpYHORSSDC
FHV G\WIRQFWLRQV VH GpYHORSSHQW HQ XQ WHPSV SOXV FRXUW TX|
SOXV LPSRUWDQWH 3RXU FHOD QRXV DYRQV LQGXLW XQ VWUHVV K
GT$QJ,, GXUDQW VHPDLQHV OH EXW pWDQW GILQGXLUH XQH IRUW|
GIDOGRVWPpPURQH 'H FH IDLW QRXV HVSpULRQV DFFpOpUHU HW GpYH
GX UHUWEX F°XU 'H SOXV QRXV DYRQV DMRXWp OD PHVXUH GX *URZWK
FRPPH ELRPDUTXHXU GH G\VIRQFWLRQGFDRGLBDDWNY VL DVVRFLp D
GPpYHORSSHPHQW GTXQH QpSKDRSBBWEKQH RKWRROTXHRXV DYRQV VXLY
OTPYROXWLRQ GH OD IRQFWLRQ UpQDOH DX ORQJ GX WUDLWHPHQW
ILOWUDWLRQ JORPpPUXODLUH HQ ILQ GH WUDLWHPHQW HW GH O
OfpFKRFDUGLRJUDSKLH 'H SOXV OfH[SUHVVLRQ GH FHUWDLQV JqQH
SDU Of$QJ,, D pWp pYDOXpH DX QLYHDX GX UHLQ 'DQV XQH VHFRQGF
H[SPULPHQWDO D pWp UHSURGXLW HW QRXV DYRQV WHVWp OHV +
UpFHSWHXUV DX[ PLQPUDORFRUWLFRWGHVY pSOpUpQRQH HW GTXQ LG

IRQFWLRQV FDUGLDTXH HW UpQDOH



LOWURGXFWLRQ

7KLY ZRUN FRQVLVWHE LLKYVWWHPASWHG WR LPSURYH DQG FKDUDFW
PRGHO IRU KXPDQ GLDEHWLF QHSKURSDWK\ EDVHG RQ WKH =6) P
PHDVXUDEOH LQ D VKRUW GHYHORSPHQW WLPH IUDPH :H DLPHG D\
HILVWLQJ FDUGLDF DQG UHQDO GHIHFWV REVHUYHG LQ =6) UDWV 7
DQG KRUPRQINOBVOMRRGYBEUHVVXUH LQFUHDVH DQG HOHYDWLRQ RI DOC
VXEFXWDQHRXV LQIXVLRQ RI $QJ,, :H H[SHFWHG LPSDLUPHQW RI \
'LITHUHQWLDWLRQ )DFWRU *") DV D ELRPDUNHU IRU KHDUW 1ID
.HPSI DQG :ROOHUWLYV LV D PHPEHU RI WKH 7*) IDPLO\ WKDW LV SR
WLVVXHV LQ QRUPDO FRQGLWLRQV ORUHRYHU KLJK FLUFXODWLQJ C
GHWHULRUDWLRQ RI NLGQH\ IXQFWLRQ DQG SUHGLPWHRWY RO LQFLGH
+RHW DO ,W ZDV DOVR VKRZQ LQ 7' SDWLHQWYV WKDW *') FRXOG S
+HOOHPRWVDO :H IRFXVHG RQ NLGQH\ IXQFWLRQ DQG VWUXFWXU
GHJUDGDWERBBFNHG VRPH VHOHFWHG JHQHV WKDW FRXOG EH LPSDF

KLOQW RQ WKH SDWKZD\V LQYROYHG LQ WKH HI[DFHUEDWLRQ RI WKH FI

,Q D VHFRQZHWWKGBURGXFHG WKH SUHYLRXV VIQRSVLV DQG HYDOXD\
LKRXVH VHOHFWLYH $6L LQ FRPSDULVRQ WR WKRVH RI WKH PL(

HSOHUHQRQH



([SHULPHOQW D cKidhéyXn@knational WR EH VXEPLWWHG LQ $¢

$OGRVWHURQH VIQWKDVH LQKLELWRU UHYHUVHV NLGQH\ GDPDJH LQ
UDW PRGHO

'LOOLDP 5LERRDEWHOOH +$ILVQIOXK@A 9D GGIMRIX®) -DFREVRQYDYLG =KDQJ
7RELDV % HUYDXMWR &KULVWLDQ 0DOWDLED EFHKOWERH OO H .ADUM D X G
$PUHLORKDQQHV $BBIY 3HWHUSORKHYNAPpQDUGHD X

$IILOLDWLRQV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUF
IHXURVFLHQFH 2SKWKDOPRORJ\ 5DUH 'LVHDVHV

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUFK I
OROHFXOH OHGLFLQDO &KHPLVWU\

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]HUODQG 3KDUPD 5HVHDUF
3KDUPDFHXWLFDO 6FLHQFHYV

8QLYHUVLWp GH /RUUDLQH ($ &,7+()25 1DQF\ )UDQFH 'UXJ
SUHFOLQLFDO DVVHVVPHQW

) +RIIPDQQ /D 5RFKH %DVHO 6ZLW]JHUODQG 3KDUPD 5HVHDUFK DG
$QWLELRWLFV

%D\HU 3KDUPDFHXWLFDOV :XSSHUWDO *HUPDQ\ *OREDO 7KHUDSH.

&RUUHVSRQGLQJ DXOMK WP 5LERXOHW O06F
) +RIIPDQQ /D 5RFKH $*
S5(' 3KDUPD 5HVHDUFK DQG (DUO\ 'HYHORSPHQW
1IHXURVFLHQFH 2SKWKDOPRORJ\ 5DUH 'LVHDVHV *
&+ %DVHO 6ZLW]HUODQG
7HO
)DI
( PD[ZLOOLDP ULERXQHW#URFKH FRP

.H\ ZRUGWORRG SUHVVXUH 1HSKURSDWK\ &DUGLRP\RSDWK\ (FKRFDU
OHWDEROLF VIQGURPH =6) UDW PRGHO

5XQQLQJ 74MDOHN DQG UHQDO IXQFWLRQV RI $QJLRWHQVLQ ,, LQIXVHC



$EVWUDFW

&DUGLDF IDLOXUH DQG FKURQLF NLGQH\ GLVHDVH DUH UHFXUUHQ\
VIQGURPH DQG 7\SH 'LDEHWHY SDWLHQWYVY 'HVSLWH KXJH XQPHW Pt
UHQDO DQLPDO PRGHO KDV EHHQ HVWDEOLVKHG WKDW FRXOG VXSSH
HYDOXDWHG D QHZ URGHQW PRGHO E\ LQIXVLQJ $QJLRWHQVLQ ,, $Q.
UDW PRGHO LV FKDUDFWHUL]HG E\ ODWH DQG FRPSOH[ RQVHW RI P
IXQFWLRQ RI =6) $QJ,, UDWV ZDV V\VWHPDWLFDOO\ FKDUDFWHUL]H
PHDVXUHPHQW HFKRFDUGLRJUDSK\ KLVWRSDWKRORJ\ H[DPLQDWLR
ELRPDUNHUV DQG JHQH H[SUHVVLRQ SURILOLQJ =6) $QJ,, UDWV

HOHYDWHG DOGRVWHURQH OHYHOV IROG UHGXFHG *)5 E\ UH
PLFURVFRSLF VWUXFWXUDO FKDQJHV ZRUVHQLQJ RI NLGQH\ ELRP
ELRORJLFDO QHWZRUNV WKDW ILQDOO\ PLPLENHG IHDWXUHV R
FDUGLRP\RSDWRIFR@GURRV VWXG\ VKRZHG WKDW =6) $QJ,, UDW PRG
UHQDO GHIHFWV WKDW ZHUH H[DFHUEDWHG FRPSDUHG WR =6) UDW |
5HQLQ $QJLRWHQVLQ $OGRVWHURQH 6\WWHP ,Q D VHFRQG FKDUDFWI
RI D QRYHO VHOHFWLYH DOGRVWHURQH VI\QWKDVH LQKLELWRU $6L

$QJ,, PRGHO :H IRXQG WKDW WKH VHOHFWHG $6L UHYHUVHG UHQDC
HVWDEOLVKHG DOGRVWHURQH UHFHSWRU DQWDJRQLVW ,Q FRQFOX
FRQVWLWXWHY DQ DFFXUDWH WUDQVODWLRQDO PRGHO WR KXPDQ G|

D QRYHO WRRO WR HYDOXDWH FDUGLR UHQDO LPSDFWV RI H[LVWLQJ



,QWURGXFWLRQ
7\SH GLDEHWHV 7' LV D JOREDO HSLGHPLF DIIHFWLQJ | |[@PLOOLR

7TKHUH LV DQ XQPHW QHHG IRU PHGLFDWLRQ FXULQJ RU SUHRHQWLQ.

PRUELGLWLHY ZKLFK PDLQO\ LQYROYH F)J|@LR7YIO_\X/FREHFDY\Q_G(I-UI-HQI1

GLIILFXOW E\ WKH ODFN RI DSSURSULDWH DQLPDO PRGHOV WUDQV(
HITLFDF\ ,GHQWLILFDWLRQ RI PRGHOV FRPELQLQJ FDUGLDF DQG U
PHGLFDO QHHGY DQG DOORZ ULJRURXY HYDOXDWLRQ RI GLVHDVH PR

UHQDO G\VIXQFWLRQ

7KH REHVH GLDEHWLF =6) UDW &KDUOHV 5LYHU :LOPLQJWRQ 86$
FURVVLQJ UDW VWUDLQV FKDUDFWHUL]JHG E\ WZR GASI I HBHQW O HEDMWL C

PRGHO RI PHWDEROLF VIQGURPH WKDW SURJUHVVLYHO\ GHYHORS GL

HIWHQW KHDUW G\WIXQFWLRQ DOWKRXJK ZLWMH{ UV HQYHG HIWOPWL R

DOVKRZHG WKDW =6) UDW zZDV FRQVLGHUHG DV WKH PRVW DSSURSES

FRPPRQ IHDWXUHV RI KXPDQ GLVHDVH DV UHFRPPHQGHGFE\ WKH

&RPSOLFDWLRQV KER®@VRRMWHKPU> GHVSLWH VRPH VLPLODULWLHV ZLW

PLVVHV VHYHUDO LPSRUWDQW IHDWXUHV Rl UHQDO DQG FDUGLDF G\\
ODWHO\ DW DURXQG [j@@wwmsmmmmuvﬁe DQG GLDVWROLF IXQF\
PLQLPDO HDNHQW[F@RQV BRPGDWHG WR KXPDQ SDWLHQWV 2EYLR.

HIDFHUEDWHG PRGHO LV QHHGHG WR FDSWXUH PDLQ IHDWXUHV DQG

‘H FRQVLGHU WKDW VHYHUDO NH\ IHDWXUHV RI KXPDQ '1 WKDW GHYV

URGHQW PRGHO 'HWHULRUDWLRQ RI ELRPDUNHUV %0V WKDW DUH

DOEXPLQ NLGQH\ LQMXU\ P|R )HF1@H OLPURJPOREXOLQ 0 &\WWDWL

> @7%*) > @ DQG *'|p @ VKRXOG EH GHPRQVWUDWI

$FWXDOO\ WKHVH %0V GHULYHG IURP WKH FOLQLFDO RE@YDWLR(

DUH SRZHUIXO WRROV IRU HYDOXDWLQJ GLVHDVH VHYHULW\ DV ZHOO



3K\WLRSDWKRORJLFDOO\ LQFUHDVHG UHQLQ DQJLRWHQVLQ DOGRVYV
HVVHQWLDO IHDWXUH WR UHFDSLWXODWH LQ D WUDQVODWLRQDO |
'm U BIRDDR MHUF WALRYQJ \D (
EORFN $QJ,, DUH UHQRSURWHFWLYH SULPDULO\ WKURXJK LSURW

LPSRUWDQW UROH LQ WKH SDWKRJHQHVLYV L B DDWDFEXDW U QEX

LQGXFHG K\SHUWHQVLRQ OHDGV WR LPSDL

8QIRUWXQDWHO\ H[LVWLQJ GDWD LQ =6) PRGHO PLVVHG WR GHPRC

PDNLQJ =6) UDWV PLVVLQJ RQH SLYR@DO IHDWXUH RI KXPDQ '1 >

,Q WKLV VWXG\ ZH WHPSW WR GHYHORS DQG FKDUDFWHUL]H D QRYH
WUDQVODWLRQDO UHDGRXWVY PHDVXUDEOH LQ D VKRUW GHYHORSPHC
DFFHOHUDWLQJ WKH H[LVWLQJ UHQDO GHIHFWV REVHUYHG LQ =6) U
$QJ,, LQ RUGHU WR LQGXFH ERWK KHPRG\QDPLF DQG KRUPRQDO
LQFUHDVH DQG HOHYDWLRQ RI DOGRVWHURQH OHYHOV 8QGHU WKE
LPSDLUPHQW RI () DQG H[DFHUEDWLRQ RI NLGQH\ GDPDJHV LQ D IDV

$QJ,, LQIXVLRQ

‘H SHUIRUPHG VHOHFWHG H[SHULPHQWDO LQWHUYHQWLRQV LQ WKH
FDSDFLW\ RI FDSWXULQJ KXPDQ 7' SDWKRORJ\ DQG DVVRFLDWHG F
FDUGLDF DQG UHQDO G\VIXQFWLRQ D\6)REBQHUYWBWLED'Q §HBWLH @WR/F
WUDQVODWLRQDO '1 DQG EH XVHIXO IRU QHZ GUXJ DVVHVVPHQW DQ¢
ZH VKRZHG WKDW D QRYHO SRWHQW VHOHFWLYH LQKLELWRU RI DO

UHYHUWLQJ NLGQH\ DQG KHDUW GDPDJHV LQ =6) $QJ,, UDWV WKDQ W



ODWHULDO DQG OHWKRGV

$OLPDOV DQG SURWRFROV

ODOH =6) > 2% *PL &UO ID ID@ ZHUH RUGHUHG DW WKH DJH RI : IUF

IHG D VSHFLDO HQULFKHG GLHW 385,1$% 30, 6VQLII 50 + *HUPDQ
SHU FDJH 7HFQLSODVWS ,WwDO\ (XURVWDQGDUG 7\SH ,9 PRGHO
PP DW DSSUR[LPDWHO\ f& DQG +  UH D DBWLLYERREXR/IVGWR \ | FORES DK

ZDWHU /LJKW F\FOH ZDV IURP D P WR S P

([SHULPHQWDO SURFHGXUHV ZHUH SHUIRUPHG XQGHU DQLPDO UHVH

+RIIPDQQ /D 5RFKH WKH 6ZLVV &DQWRQDO 9HWHULQDU\ 2IILFH %D

JXLGHOLQHV Rl WKH $VVRFLDWLRQ IRU WKH $VVHVVPHQW DQG $FFU
$$$/$& 8QLW 1XPEHU

7ZR FRKRUWV Rl ZHHN ROG PDOH =6) UDWV ZHUH XVHG

X 2QH FRKRUW ZDV XVHG WR FKDUDFWHUL]H WKH =6) $QJ,, UDW
FRKRUW UDWV ZHUH WUHDWHG ZLWK HLWKHU 9HKLFOH $QJ,,

x 7KH VHFRQG FRKRUW RI =6) $QJ,, UDWV ZDV FRQVWLWXWHG RI
$QJ,, QJ NJ PLQ $QJ,, QJ NJ PLQ $6L PJ NJ GD\ $Q
HSOHUHQRQH PJ NJ GD\

X 7UHDWPHQWY ZHUH JLYHQ DV IRRG DGPL[ FRPSRXQGV PL[HG ZL
$QJ,, ZDV LQIXVHG FRQWLQXRXVO\ YLD RVPRWLF SXPSV DV GHVF

5DWV ZHUH VWUDWLILHG LQ KRPRJHQRXV JURXSV EDVHG RQ DOEXPL:

DQG ERG\ ZHLJKW %:



%ORRG SUHVVXUH PRQLWRULQJ

6\VWHPLF DUWHULDO %3 PHDVXUHPHQW ZDV SHUIRUPHG QRQ LQYDVL
FXIIl PHWKRG EDVHG RQ WKH 9ROXPH 3UHVVXUH 5HFRUGLQJ WHFKQR(
ORGHO & >6\VWROLF 6%$3 DQG GLDVWROLF '$3 DUWHULDO SUL
DIWHU WKH DQLPDOV KDYH EHHQ DFFOLPDWHG WR D GHGLFDWHG URF
0$3 ZDV FDOFXODWHG IURP 6%$3 DQG '$3 PHDVXUHPHQWY 7KH ILUV
SHUIRUPHG LQ =6) UDWV WRRN SODFH WKH GD\ EHIRUH WKH VXUJHU\

DQG : RI DJH

6XUJLFDO SURFHGXUH

5DWV UHFHLYHG DQDOJHVLD K SULRU WR VXUJHU\ %XSUHQRUSKLQH
ZLWK LVRIOXUD Q¥ EEfRWWQMHERUDWRULHY 4XHHQERURXJK 8. 5DWV
PDLQWDLQHG DW f&

$ VXE FXWDQHRXV SRFNHW ZDV FUHDWHG E\ EOXQW GLVVHFWLRQ
$/=(7S 86% W\SH O K UHVHUYRLU YROXPH O ILOOHG z
$OGULFKS 86$% 7KH VNLQ LQFLVLRQ ZDV FORVHG ZLWK D WUDXPDWL
DQLPDOV ZHUH VLQJOH KRXVHG IRU DW OHDVW RQH ZHHN WR OHW
WUHDWPHQW %XSUHQRUSKLQ PIJNJ VF WZLFH D GD\ IRU WZR G

ZHUH UHPRYHG DQG WKH DQLPDOV UHWXUQHG WR JURXS KRXVLQJ

BULOH EORRG VDPSOLQJ PHWKRGY DOG %LRPDUNHUYVY PHDVXUHPH

8ULQH ZDV ILUVW FROOHFWHG RQH ZHHN SULRU WR VXUJHU\ IRU VWU

ZHHNV H J DW : DQG : RI DJH 5DWV ZHUH SODFHG LQ PHWDERO|



KRXUV WKHQ VDPSOHG DQG FHQWULIXJHG 530 IRU PLQ DW
UHFRUGHG UHJXODUO\ DORQJ WKH DJLQJ DQG WUHDWPHQW SHULRG
%ORRG ZDV FROOHFWHG IURP DQDHVWKHWL]HG UDWV LVRIOXUDQH

O DQG GLVSDWFKHG LQWR WXEHV FRDWHG ZLWK ('7$ 6DUVWHGW
FRQWDLQLQJ DSURWLQLQ WR LQKLELW SURWHLQ GHJUDGDWLRQ TC

530 IRU PLQ DW f& DQG SODVPD ZDV DOLTXRWHG LQ GLIIH
DQDO\VLV %ORRG VDPSOHV ZHUH WDNHQ XQGHU QRQ IDVWLQJ FRQG

IURP GDUN WR OLJKW F\FOH %0V WKDW UHSUHVHQW NLGQH\ ,QWHJUL

% (/,6% %LR/HJHQG 86% /HJHQG PDJ 0 (/,68 OLWVXELVKI
&\WWDWLQ & (/,6% 5 ' 6\WWHPV 86$% 06&7& *') (/,6% &XVDELR &k
.,0 (/,6% /80,1(; OLOOLSRUH 86% 5.7; 0$* . S$OEXPLQ (/,6% $OSFR
( RWKHU %0V IRU NLGQH\ IXQFWLRQ ZHUH PHDVXUHG LQ SODVPD

$QJLRWHQVLQ 5,$ '5* LQWHUQDWLRQDO 86% 5,% &UHDWLQLQ
$* 5RFKH 'LDJ IOXRUHVFHLQ LVRWKLRF\DQDWH ),7& ,QX

GHVFULEHG E\ 4L lo H$OWGRVWHURQH /& 06 :DWHUV 86% ;HYR 7

OHDVXUHPHOW RI JORPHUXODU ILOWUDWLRQ UDWH

OHDVXUHPHQW RI JORPHUXODU ILOWUDWLRQ UDWH *)5 ZDV SHUIRU
ZKHQ UDWV ZHUH : ROG ),7& LQXOLQ 6LJPD+$OGULFKS 86% PJF
DGPLQLVWHUHG LY DW D YROXPH RI P/ NJLQ RQH WDLO YHLQ

$W DQG PLQ DIWHU DGPLQLVWUDWLRQ EORRG a
('7$ FRDWHG WXEHV 6DUVWHGW $* &R *HUPDQ\ OLFURYHWWHS

NHSW RQ LFH XQWLO FHQWULIXJHG WKHQ DQDO\]JHG



(FKRJUDSKLF DVVHVVPHQW RI FDUGLDF VWUXFWXUH DQG IXQFWLR

&DUGLDF IXQFWLRQ zZDV PHDVXUHG QRQ LQYDVLYHO\ LQ DQHVWKHW
,ZVRIOXUDQH WKHQ E\ HFKRFDUGLRJUDSK\ XVLQJ D 9HYR S Vv
FRXSOHG WR D 06 OLQHDU VFDQ KHDG WKH DLU ZDV KXPLGLILHG \
GXULQJ WKH SURFHGXUH 7KH ZKROH LQWHUYHQWLRQ GLG QRW HI[F
DPRQJ WKH H[LVWLQJ DQHVWKHWLFV EHFDXVH LW ZDV ZQ WR
IHYHUWKHOHVY ZH DUH DZDUH WKDW LVRIOXUDQH GLUHFWO\ GHSUH
&D UHVSRQV QI-H-ID’N’V\b UDWH DQG ERG\ WHPSHUDWXUH ZHUH PRQLWEF

S ZKLFK HQDEOHG XV WR PRQLWRU WKH VWDELOLW\ Rl DQHVWHK

PDLQWDLQHG FRQVWDQW ER&G\ WHPSHUDWXUH DW

(FKRFDUGLRJUDSK\ H[DPLQDWLRQ ZDV SHUIRUPHG DV IROORZV ,Q |
YLHZ WKH SULQFLSDO OHIW YHQWULAXBDOH3WP MR WRIQV XZHUH LLOHFIR
GLDVWROH DQG V\WVWROH /9,'G /9,'V OHIW YHQWULFXODU DQWHUL
/9$:V LQWHUYHQWULFXODU VHSWXP LQ GLDVWROH DQG V\VWROH ¢
ZDV SHUIRUPHG LQ WULSOLFDWH DQG PHDVXUHPHQWYV ZHUH GRQH R!
SURJUDP LQFOXGHG LQ WKH PDFKLQH $Q DYHUDJH RI WKH PHDVX
UHOLDELOLW\ RI WKH GDWD /HIW YHQWULFXODU PDVV /9 PDVV ZLC
FRUUHFWHG IRUPXOD DGDSWHG WR URGHQWYV

[ /9&/93:6.,96 /9.5 [ Ij@ (MHFWLRQ IUDFWLRQ () ZDV FDOFXC

VIVWROLF IXQFWLRQ

+LVWRORJ\

$W QHFURSV\ NLGQH\ DQG KHDUW ZHUH KDUYHVWHG DQG LPPHGLDYV

IRUPDOLQ IRU PD[LPXP K $IWHU EHLQJ ULQVHG WKH WLVVXHV ZH



VOLFHV RI P ZHUH SUHSDUHG WKDW ZHUH VWDLQHG ZLWK VWDQGDU
DQG 3HULRGLF DFLG 6FKLII UHDFWLRQ 3%$6 NLGQH\ RQO\

6FRULQJ V\WWHP IRU NLGQH\ VWUXFWXUHV FKDQJHV JORPHUXODU
PHPEUDQHY LQWHUVWLWLDO LQIODPPDWLRQ LQWHUVWLWLDO ILEUI

HVWDEOLVKHG DV IROORZV JUDGH QR FKDQJH JUDGH PLQLPDO

VOLIJKW EHWZHHQ DQG Rl D VWUXFWXUH DIIHFWHG JUDGH
VWUXFWXUH DIIHFWHG JUDGH PDUNHG EHWZHHQ DQG RI D
VHYHUH XS WR RI' D VWUXFWXUH DIIHFWHG
JRU JORPHUXORVFOHURVLV *6 JORPHUXOL SHU NLGQH\ ZHUH HI[D
QR6 JUDGH " RI JORPHUXOXV DIIHFWHG JUDGH " R1 JORP

RI JORPHUXOXV DIIHFWHG DQG JUDGH XS WR RI JORPHUXOX

VFRUH IRU HDFK NLGQH\ WKH VXP RI HDFK JORPHUXOXV PXOWLSOLH
REWDLQHG VXP ZDV JUDGHG DV IROORZV JUDGH VXP 7 JUDGH

VXP EHWZHHQ DQG JUDGH VXP EHWZHHQ DQG JUDGH \%

*HOH DODO\VWLYV SURFHGXUH

$IWHU WKH VDFULILFH NLGQH\V DQG KHDUW ZHUH TXLFNO\ KDUYHVV
$PELRQ 86% OHGXOOD ZDV UHPRYHG DQG ODUJH SLHFHV Rl FRLU
(SSHQGRUI *HUPDQ\ PO WXEHV ZLWK YROXPHV RI 51$ODWHUS \
7LVVXH ZDV KRPRJHQL]JHG XVLQJ 7LVVXH /\VHU 4LDJHQ *HUPDQ\ PH
PJ RI FRUWH[ VWRUHG LQ 51$0DWHUS VROXWLRQ $PELRQ &$ 86$%

I\VLV EXIITHU SXW RQ LFH DQG KRPRJHQL]HG IRU [ OLQ DW +] IF
O VXSHUQDWDQW ZHUH VXEMHFWHG WR DXWRPDWL]HG 51% H[WUD

6 %ORFNYV ZLWK ILQDO HOXWLRQ YROXPH RI @]
QJ RI WRWDO 51%$ ZHUH VXEMHFWHG WR WKH 1X*HQ 5LER 63,%$ 70 DF

ILUVW DQG VHFRQG VWUDQG F'l$ VIQWKHVLV FRXSOHG ZLWK 63,%



PDQXIDFWXUHUTV LQVWUXFWLRQV O RI 2YDWLRQ 70 :% UHDJHQW Z|
LQFXEDWHG DW f& IRU OLQ 3XULILFDWLRQ RI DPSOLILHG F'1$ ZD\
3XULILFDWLRQ .LW 4LDJHQ *HUPDQ\ DFFRUGLQJ WR PDQXIDFWXUHU
,Q EULHI IUDJPHQWDWLRQ DQG ELRWLQ ODEHOOLQJ ZHUH SHUIRUPE
1X*HQ 86% ZLWK J F'1$ LQ O EXIIHU PL[HG ZLWK O RI WKH
IROORZHG E\ DGGLWLRQ RI O RI WKH /DEHOOLQJ OL[ DFFRUGLQJ W
VDPSOHV ZHUH TXDOLW\ FKHFNHG IRU JUDGH RI F'1$ IUDJPHQWDWLRC
)RU +\EULGL]DWLRQ DQG &RFNWDLO DVVHPEO\ WKH +:6 NLW $II\P
IUDJPHQWHG ELRWLQ\ODWHG F'1$ DFFRUGLQJ WR PDQXIDFWXUHUTV
6WDLQ ZHUH SHUIRUPHG XVLQJ WKH UHVSHFWLYH $II\PHWUL[ NLW F|
DQG D )OXLGLFV VWDWLRQ

51$ H{WUDFWV ZHUH SURILOHG ZLWK $II\PHWUL[ 5%$7 FKLS 6DQW
ZDV SHUIRUPHG ZLWK DQ LQWHUQDO VRIWZDUH SLSHOLQH DQG FKLS
VXEVHTXHQW DQDO\VLV ([SUHVVLRQ VLJQDOV ZHUH QRUPDOL]HG E\ \
DIISDFNDJH LQ 5 %LRFRQGXFWRU

'LITHUHQWLDOO\ H[SUHVVHG JHQHV ZHUH LGHQWLILHG E\ OLQHDU P
LPSOHPHQWNIR

3DWKZD\ DQDO\VLV ZDV SHUIRUPHG ZLWK WKH JH[—;)[HPHHQI—UQUHKPHC
VHWV LQ XVH ZHUH GHULYHG IURP DQ LQWHUQDO GDWDEDVH LQWHJU
WKH 5HDFWRPH GDWDEDVH DQG WKH 1&, SDWKZD\ LQWHUDFWLRQ
SDWKZD\ OHYHO DQDO\VLV PXOWLSOH WHVWLQJ DGMXVWPHQW ZDV

PHWKRG WR FRQWURO IE@H GLVFRYHU\ UDWHV >

6WDWLVWLFDO DQDO\VLV

JLVKHU WHVW ZDV XVHG WR WHVW KRPRVFHGDVWLFLW\ 6RPH =6) S

HQG RI WKH VWXG\ HJ DW DJH : DQG RWKHUV ZHUH ORQJLWXGLQI



JRU SDUDPHWHUYVY PHDVXUHG DW : RQO\ EDU JUDSKV D ZD\ $129%

WHVW ZDV XVHG S S S MLEYHKLFQON JERXS D

JURXS )RU SDUDPHWHUY PHDVXUHG ORQJLWXGLQDOO\ FXUYH JUDSK

ZDV XVHG S S S YV YHKLFOH JURXS DQG S
YV $QJ,, JURXS

$QDO\WLV ZHUH DOO SHUIRUPHG XVLQJ -03 VRIWZDUH 6%$6 LQVWL

GLITHUHQWO\

5HVXOWYV

$QJ,, LQIXVHG =6) UDW PRGHO

0$3 PHDVXUIDRHEPWDFW Rl WUHDWPHQW RQ 5%$%$6 RI $QJ,, LQIXVHG
=6) UDWYV

0$3 PHDVXUHG LQ YHKLFOH JURXS ZzDV UHODWLYHO\ VWDEOH IURP DJ

PP+J DQG PP+J UHVSHFWLYHO\ ,Q $QJ,, WUHDWHG JURXS DQ
VWDUWHG H J IURP DJH : 0$3 ZDV VLJQLILFDQWO\ KLJKHU FRPS
UHDFKHG PP+J DW : YV PP+J WKDW FRUUHVSRQG WR LQFL

DJH PDWFKHG UDWYV LQ YHKLFOH JURXS ,Q FRQWUDVW OLVLQRSULO
YHKLFOH DIWHU ZHHNV Rl WUHDWPHQW UHDFKLQJ PP+J DW o R
HIILFDF\ zZDV REVHUYHG DIWHU ZHHNV RI WUHDWPHQW

5HQLQ DFWLYLW\ HYDOXDWHG LQ SODVPD ZDV GHFUHDVHG E\

VLIQLILFDQWO\ LQFUHDVHG E\ E\ /LVLQRSULO FRPSDUHG WR Y|
$QJ,, “ /[LVLQRSULO “ YV 9HK “ QJ PO K )LIXUH ¢
ZHUH VWURQJO\ LQFUHDVHG E\ LQ WKH $QJ,, WUHDWHG JURXS

FRPSDUHG WR YHKLFOH $QJ,, “ ILVLQRSULO “ YV 9HK
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