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6\QWKgVH GH GRQQpPHV SRXU C
DJULFROHYV PRQGLDX[ DSSOLF
SURGXFWLYLWp GH O DJULFXOW

OHV FRQGLWLRQV FOLPDWLT)
'‘DWD GULYHQ DSSURDFK IRU DGGUF
LVVXHVY DSSOLFDWLRQ WR DVVHVYV

DIJULFXOWXUH XQGHU FXUUH

/KgVH GH GRFWRUDW GH O XQLY

(FROH GRFWRUDOH Qf $IJULFXOWXUH DOLPH¢
HW VDQWp $

6SpFLDOLWp GH GRFWRUDW 6F

8QLWp GH UHFKHUFKH 8QLYHUVLWp 3DULV 6DFOD\
7KLYHUYDO *ULJQR(

5pIpUHQW $JUR3D

7KQVH SUPpVHQWpPH HW VRXWHQ
OH SDL

<DQJ 6¢

&RPSRVLWLRQ GX -XU\

1IDWKDOLH 3(<5$5"

'LUHFWULFH GH UHFKHUFKH ,15%( eHOWURPYEERSdLH 7rx0RX
,JQDFLR &,$03,77,

$VVRFLDWH SURIHVVRU .DQVDV 6wWDWH 3QTYRUY Y
ODUF &25%((/6

&KHUFKHXU +'50R&QBASHOOLHU 6XS$IJUR
&KULVWLQH /$5*28(7

ODLWUHVVH GH FRQIpUHQFHV ovwiwxW35bRPYY bR bpsxvax

([DPLQD

SDSSRUWHXU ([DPLQD

‘'LUHFWLRQ GH OD WKqgqVH

%BHQRLW *$%5,(//( ,
3URIHVVHXU $JUR3DULV7HFK 2 8QLYHUVLL\HpH%\HUE(\9 SoFYaVH
'DYLG 0$.2:6.,

'LUHFWHXU GH UHFKHUFKH ,15%( 2 0,3 3fGFArYHFWHXU GH WKad






'‘DWD GULYHQ DSSURDFK IRU DGGUHVVL
LVVXHY DSSOLFDWLRQ WR DVVHVV SUI
DJULFXOWXUH XQGHU FXUUHQW DQG IXW

<DQJ 68

/KLY GLVVHUWDWLRQ LV VXEPLWWHG IRU WKH G






SUHIDFH

7KLV WKHVLV ZDV VXSSRUWHG E\ WKH $15 XQGHU WKH ,QYHVWLYV
$15 &219 &/$1°

$15 + $JHQFH 1DWLRQDOH GH OD 5HFKHUFKH
$YHQXH 'DXPHVQLO

3DULV
7KLV UHVHDUFK ZRUN ZDV EDVHG RQ &/$1' UHVHDUFK OLQH 30X
EDVHG PLWLIJDWLRQ PHDVXUHV" DQG UHVHDUFK OLQH S(IHTHFN\

SURGXFWLRQ"

7KH WKHVLV ZRUN DOVR EHQHILWHG IURP WKH VXSSRUW RI ,15%( &






SPpVXPp

/ pYDOXDWLRQ GHV SUDWLTXHV DJULFROHV HVW GHYHQXH XQ HQM
FRQFHUQDQW OD VpFXULWp DOLPHQWDLUH PRQGLDOH HW OHV HII
PpWD DQDO\VH HVW GHYHQXH XQH DSSURFKH VWDQGDUG SRXU C
H[SPULPHQWDOHYV FROOHFWpPHV j SDUWLU GH WUDYDX[ SXEOLpV (C
DX[ VFLHQWLILTXHV HW DX[ GpPFLGHXUV SROLWLTXHV VXU OD EDVH
UpVXPHU GH JUDQGHV TXDQWLWpV G LQIRUPDWLRQV SDU XQH V
VDWLVIDLVDQW HQ SDUWLFXOLHU ORUVTXH QRXV FRQVLGPURQV
UHQGHPHQWY GHV FXOWXUHV &HV LPSDFWV YDULHQW FRQVLGpUD|
QRWDPPHQW OHV SURSULpWpV GX VRO HW OHV FRQGLWLRQV FOLF
/JHDUQLQJ 3LSHOLQH TXL SURGXLW GHV FDUWHV PRQGLDOHV DOLF
VSDWLDOH GH OD SURGXFWLYLWp GHV SUDWLTXHV DJULFROHV 1F
G DOJRULWKPHV LVVXV GX ODFKLQH /HDUQLQJ 0/ OD IRUPDWLRQ
OHV WHVWV HW OD SURMHFWLRQ JOREDOH GHV UpVXOWDWYV 1RXV
PRQGLDO TXH QRXV DYRQV UpDOLVp HW TXL FRPSDUH OHV UHQGHF
&$ HW GH OD WHFKQLTXH FXOWXUDOH VDQV ODERXU 17 SDU UDS
ODUJH pYHQWDLO G HVSqFHV GH FXOWXUHV GH SUDWLTXHV DJUL
FOLPDWLTXHV SHQGDQW OD VDLVRQ GH FURLVVDQFH GHV FXOW
REVHUYDWLRQV GH UHQGHPHQW DSSDULpPHV HQWUH HW SR X
&HV GRQQpPHV RQW pWp FROOHFWpHV j SDUWLU GH DUWLFOHV S
PWXGH ELEOLRJUDSKLTXH HW GH OD VpPOHFWLRQ GYDUWLFOHV / D
FRPSUHQGUH OHV SULQFLSDX[ IDFWHXUV H[SOLTXDQW OD YDULD
FRQVPTXHQFHY GH OHXU DGRSWLRQ VXU OH UHQGHPHQW GHV FXO!

*UkFH j FH ODFKLQH /HDUQLQJ 3LSHOLQH GLYHUV PRGQgOHV GH F(
TXDQWLOH VRQW GpYHORSSpV VXU OD EDVH GH DOJRULWKPHYV 0/
PRGgOHV OHV SOXV SUpFLV VRQW XWLOLVpV SRXU FDUWRJUDSKL!
YDULDQWHYV SDU UDSSRUW DX &7 j O pFKHOOH PRQGLDOH GDQV
FOLPDWLTXHYV GDQV OHV VFpQDULRY SDVVp DFWXHO

GH OD SURGXFWLYLWp GH OD &% HW GH OD 17 GDQV OHV UpJLRQV
FOLPDWLTXHYV SDVVp DFWXHO HW IXWXU RQW pWp LOOXVWUpPHYV V)

I1RXV LGHQWLILRQV GH JUDQGHV GLIIpUHQFHY GDQV OD SUREDELC
W\SHVY GH FXOWXUHYV OHV SUDWLTXHV DJULFROHV OHV JRQHV FOL
TXH OHV UpVLGXV GH FXOWXUH RQW OfLPSDFW SRVLWLI OH SOXV |
&$ HW GH OD 17 SDU UDSSRUW DX[ DXWUHV SUDWLTXHV DJULFROF
SOXSDUW GHV FXOWXUHYVY OD &%$ D GRQQp GH PHLOOHXUV UpVXOWEL
TXH GDQV OHV UpJLRQV WURSLFDOHV 'DQV OHV FRQGLWLRQV F(
GHYUDLHQW VXUWRXW DXJPHQWHU SRXU OH PDwV SDU UDSSRUW D
GH OD &% SRXU FHWWH FXOWXUH 1RXV PRQWURQV pJDOHPHQW TXt
TXH OD 17 HW TX HOOH D SOXV GH GH FKDQFHV GH VXUSDVVHL
SDUWLFXOLHU DYHF GHV SUDWLTXHV DJULFROHV DSSURSULpHV (
DJULFROH GXUDEOH VL HOOH HVW FLEOpH VXU GHV UpJLRQV FOLPI






$SEVWUDFW

$VVHVVLQJ DJULFXOWXUDO SUDFWLFHV KDV EHFRPH D PDMRU LV
VHFXULW\ DQG WKH QHJDWLYH HIIHFWV RI DJULFXOWXUH RQ WKH
DSSURDFK IRU VXFK DVVHVVPHQWY EDVHG RQ H[SHULPHQWDO GDW
YDOXDEOH VI\QWKHWLF LQIRUPDWLRQ WR VFLHQWLVWY DQG SROL
+RZHYHU VXPPDUL]LQJ ODUJH DPRXQWYV RI LQIRUPDWLRQ E\ ZD\ R
VDWLVIDFWRU\ HVSHFLDOO\ ZKHQ FRQVLGHULQJ DJULFXOWXUDO
LPSDFWV YDU\ ZLGHO\ GHSHQGLQJ RQ D QXPEHU RI IDFWRUV L
FRQGLWLRQV +HUH ZH SUHVHQW D PDFKLQH OHDUQLQJ 0/ SLSt
GHVFULELQJ WKH VSDWLDO GLVWULEXWLRQ RI WKH SURGXFWLYL
VHOHFWLRQ DQG FRPSDULVRQ RI 0/ DOJRULWKPV PRGHO WUDLQL
UHVXOwWY JOREDO SURMHFWLRQ :‘H GHPRQVWUDWH LWV UHOHYD
FRPSDULQJ WKH FURS \LHOGV RI FRQVHUYDWLRQ DJULFXOWXUH °
FROQYHQWLRQDO WLOODJH V\VWHPV &7 ZLWK D ZLGH UDQJH RI FU
DQG FOLPDWH FRQGLWLRQV RYHU WKH FURS JURZLQJ VHDVRQ 7KL
EHWZHHQ DQG IRU HLJKW PDMRU VWDSOH FURSV LQ FRXQ\
LQVLIKW LQWR WKH PDLQ GULYHUV WKDW FDQ H[SODLQ WKH YDUL
WKH FRQVHTXHQFH RI WKHLU DGRSWLRQ RQ FURS \LHOGYV

7TKURXJK WKLV 0/ SLSHOLQH YDULRXV PRGHOV IRU FODVVLILFDWLF
EDVHG RQ PDLQVWUHDP 0/ DOJRULWKPV $QG WKURXJK WKH PRGF
PRGHOV DUH VHOHFWHG DQG XVHG WR PDS WKH FURS SURGXFWLY
GLITHUHQW IDUPLQJ SUDFWLFHV DQG XQGHU WKH SDVW F
FOLPDWH FRQGLWLRQV 7KH YDULDWLRQV LQ WKH SURGXFWLYLW\ F
DQG DFURVYV JHRJUDSKLFDO DQG FOLPDWLFDO UHJLRQV XQGHU W]
LOOXVWUDWHG RQ WKH JOREDO PDSV

‘H UHYHDO ODUJH GLIIHUHQFHV LQ WKH SUREDELOLW\ RI \LHOG JDL
PDQDJHPHQW SUDFWLFHV FOLPDWH ]JRQHV DQG JHRJUDSKLFDO U]
EHWWHU LQ FRQWLQHQWDO GU\ DQG WHPSHUDWH UHJLRQV WKDQ
WKH SHUIRUPDQFH Rl &$ LV H[SHFWHG WR PRVWO\ LQFUHDVH IRU
FRPSHWLWLYHQHVV RI &$ IRU WKLV VWDSOH FURS +HUH ZH DOVR
WKDQ 17 DQG LW VWDQGV D PRUH WKDQ FKDQFH WR RXWSHUIR!
ZLWK SURSHU DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV ,Q FRQF
SUDFWLFH LI WDUJHWHG DW VSHFLILF FOLPDWLF UHJLRQV DQG FU






$FNQRZOHGJHPHQW

TKURXJKRXW WKH 3K'" VWXG\ DQG WKH ZULWLQJ RI WKLV GLVVHUW!
DVVLVWDQFH

, ZRXOG ILUVW OLNH WR WKDQN P\ VXSHUYLVRUV 'U %HQRLW *DE!I
ZDV LQYDOXDEOH LQ IRUPXODWLQJ WKH UHVHDUFK TXHVWLRQV I
IHHGEDFN EURXJKW P\ ZRUN WR D KLJKHU OHYHO $QG , ZDQW WR
WKH RSSRUWXQLWLHYV , ZDV JLYHQ WR GXULQJ WKLV 3K' VWXG\

, ZRXOG DOVR OLNH WR DFNQRZOHGJH DOO P\ FROOHDJXHV IURP (.
IURP /6&( IRU WKHLU ZRQGHUIXO FROODERUDWLRQ ,Q DGGLWLRQ
FRXQVHO <RX DUH DOZD\V WKHUH IRU PH )LQDOO\ , FRXOG QRW
VXSSRUW RI P\ I[ULHQGYVY ZKR SURYLGHG VWLPXODWLQJ GLVFXVVLR
RXWVLGH RI P\ UHVHDUEFK






7DEOH RI &RQWHQWYV
3UHIDFH

5pVXPp

$SEVWUDFW
$FNQRZOHGJIJHPHQW
7TDEOH RI &RQWHQWYV
/ILVW RI DEEUHYLDWLRQV
/ILVW RI 7TDEOHYV

/ILVW RI ILIXUHV

3buw , + /DQG EDVHG &OLPDWH &KDQJH OLWLJDWLRQ DQG $GDSWI

&KDSWHU *HQHUDO LQWURGXFWLRQ
&OLPDWH FKDQJH DQG DJULFXOWXUH

JRRG VHFXULW\

&OLPDWH FKDQJH PLWLIJDWLRQ DQG DGDSWDWLRQ PHDVXUHYV
/IDQG EDVHG PLWLIJDWLRQ DQG DGDSWDWLRQ PHDVXUHV
&RQVHUYDWLRQ DJULFXOWXUH DV D ODQG EDVHG PLWLJIJDWLF

6XPPDU\ RI UHVHDUFK TXHVWLRQV
6WUXFWXUH RI WKH SDSHUV

SHIHUHQFHV

3DUW ,, + ODFKLQH /HDUQLQJ DQG %LJ 'DWD LQ $JULFXOWXUDO 6|

&KDSWHU $ JOREDO FURS \LHOG PHWD GDWDVHW RI

$SEVWUDFW

%DFNJURXQG 6XPPDU\
OHWKRGV

THFKQLFDO 9DOLGDWLRQ
8VDJH QRWHYV

&RGH $YDLODELOLW\
SHIHUHQFHYV

FRQVHUYDW

&KDSWHU $ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRU|

$EVWUDFW
0DLQ
'LVFXVVLRQ
OHWKRGYV
SHIHUHQFHYV



3buw ,,, + &RQVHUYDWLRQ $JULFXOWXUH IURP D &OLPDWH &KDQJ
&KDSWHU 7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJ

$EVWUDFW
,QWURGXFWLRQ
'DWD FROOHFWLRQ DQG DQDO\VLYV
5HVXOWV
'LVFXVVLRQ
SHIHUHQFHYV
&KDSWHU 7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJ
$EVWUDFW
0DLQ
'LVFXVVLRQ
OHWKRGYV
SHIHUHQFHYV
3DUW ,9 * *HQHUDO 'LVFXVVLRQ RQ &RQVHUYDWLRQ $JULFXOWXU
&KDSWHU *HQHUDO GLVFXVVLRQ

SUDFWLFDO YDOXH RI WKLV PDFKLQH OHDUQLQJ SLSHOLQH D!
V\VWHPYV

7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOV
&RQVHUYDWLRQ DJULFXOWXUH IURP D VXVWDLQDELOLW\ SHU
1IRYHOW\ RI WKLV WKHVLYV
ILPLWDWLRQV
3HUVSHFWLYHV
SHIHUHQFHYV
&KDSWHU *HQHUDO FRQFOXVLRQ
$SSHQGL[HV
$SSHQGL[ $
$SSHQGL[ %
$SSHQGL[ &
$SSHQGLJ



/ILVW RI DEEUHYLDWLRQV

$)2/8 + $JULFXOWXUH IRUHVWU\ DQG RWKHU ODQG XVHYV

$, + SUWLILFLDO LQWHOOLJHQFH

%(&&6 + %LRHQHUJ\ ZLWK FDUERQ FDSWXUH DQG VWRUDJH
&$ + &RQVHUYDWLRQ DJULFXOWXUH

&0,3 + &RXSOHG ORGHO ,QWHUFRPSDULVRQ 3URMHFW 3KDVH
&7 + &RQYHQWLRQDO WLOODJH

(6/
)$2 + )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ

I+

HIWUHPH VHD OHYHO

*+*\V + *UHHQKRXVH JDVHYV

*W + *LIJDWRQV

/6$7 + ODQG VXUIDFH DLU WHPSHUDWXUH

,3&& * ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH
0$3 OHDQ DQQXDO SUHFLSLWDWLRQ

0$7 + OHDQ DQQXDO WHPSHUDWXUH

0/ + ODFKLQH OHDUQLQJ

17 + 1R WLOODJH

6'*V + 6XVWDLQDEOH '"HYHORSPHQW *RDOV

62& + 6RLO RUJDQLF FDUERQ

620 + 6RLO RUJDQLF PDWWHU

86'$ + 8QLWHG 6WDWHV '"HSDUWPHQW RI $JULFXOWXUH
\U + SHU \HDU






/ILVW RI 7TDEOHYV

7TDEOH _ ‘RUOG SRSXODWLRQ DQG WHPSHUDWXUH ULVH UHODW
E\ GLIIHUHQW GHPRJUDSKLF DQG FOLPDWH RH BQBV IZBW FRRXEQQGHEGK
WKH 663V WR VLPXODWH WKH HPLVVLRQ VFHQDULRY ZLWK VRFLRHI
7TDEOH6HFWRUDO &2 HPLVVLRQ DQG H[DPSOHV IRU VHFWRUDO PLW

7DEOH _ 7KH DGDSWLRQ DUHD XQLW LQ 0 KD RI FRQVHUYDWL
DQG
7DEOH _ /LVW RI PHWD DQDO\VHY DYDLODEOH WKDW VWXGLHG

FURS \LHOG
7TDEOH _ OHWDGDWD RI WKH GDWDVHW






/I[LVW RI ILIXUHV

J)LIXUH _ (YROXWLRQ RI ODQG VXUIDFH DLU WHPSHUDWXUH /6%$7
*067 RYHU WKH SHULRG RI LOQVVW&XPHQWDO REVHUYDWLRQV
)LIXUH _ S5SHIJLRQDO VHD OHYHO FKDQJH IRU 5&3 5&3 DQG

UHSRUW IRU HIWUHPH VHDKE HOHH@W E&O X QWVRU WKH WLPH VOLF
FROXPQ IRU * ,3&&

JLIXUH3URMHFWHG FKDQJHV LQ PHDQ WHPSHUDWXUH WRS DQG P
OHIW DQG f& PLGGOH RI JOREDO ZDUPLQJ FRPSDUHG WR WKH
WKH GLITHUHQFH EHWZHHQ f& DQG f& RI JOREDO ZDUPLQJ ULJK

)LIXUH _ ,QWHUOLQNDJHV EHWZHHQ WKH FOLPDWH V\VWHP IF
RFHDQV DQG VRFLR HER&QRPLF V\VWHP

)LIXUH _ TKUHH SULQFLSOHV RI FRQVHUYDWLRQ DJULFXOWXUH
J)LIXUH _ *OREDO DGDSWLRQ DUHD RI &% LQ 0 KD RI FURSODQG
J)LIXUH _ <LHOG LPSDFWV RI QR WLOO UHODWLYH WR FRQYHQ
WHPSHUDWH DIOAVDWREHY RI REVHUYDWLRQV DQG WRWDO QXPEHU
DUH GLVSOD\HG LQ SDUHQWKHVHYVY (UURU EDUV UHSUHVHQW F
ODWLWXGH FDWHJRULHY DUH LQGLFDWHG E\' S YDOXHV EDVHG RQ |
J)LIXUH _ 7TKH LQIOXHQFH RI FURS URWDWLRQ DQG UHVLGXH PD

RI QR WLOO UHODWLYH WR FRQYHQW LR Q D@L WA OFRHIUHHD IR LELA OHKGH-
PLOOHW RDW U\H VRUJKXP WHI DQG WULWLFDOH 7KH QXPEHU R
LQ HDFK FDWHJRU\ DUH GLVSOD\HG LQ SDUHQWKHVHV (UURU EDU
GLIIHUHQFHV E\ FURS URWDWLRQ DQG UHVLGXH PDQDJHPHQW DU}
WHVWV 1RWH VHYHUDO FDWHJRULHV GLG QRW FRQWDLQ VXIILFI
DQDO\WHV QV QRQ VLJQLILFDQW

YLIXUH _ YORZ FKDUW RI SDSHU FROOHFWLRQ DQG VHOHFWLRQ

YLIXUH _ 'LVWULEXWLRQ 7RIHHYS HU RP FAQWHDFL VE /. QGLFDWHYV WK
DQG WKH FRORUV LQGLFDWHY WKH FURS VSHFLHYV

YLIXUH _ 'DWD DYDLODELOLW\ DQG EUHDN GRZQ Rl WKH GLIIHU
LPSOHPHQWDWLRQ SHULRGY UHSRUWHG LQ WKH GDWDVHW

YLIXUH _ &RPSDULVRQ RI FURS \LHOG EKWZEHR{SORWNQICQ &L FD'

GLVWULE X W{TR(@W WPLLAH STRHDGVDIQO H PD[ RI WKH ORJ \LHOG UDWLR
\LHOG UDWLRV RI 17 WR &7 ZHUH FDOFXODWHG EDVHG RQ D OLQFH
GLDPRQGV LQ WKH ER[SORWV 6WDWLVWLFDO WHVWV ZHUH FRQGX
LQGLFDWHYV 3 YDOXH LQGLFDWHY 3 YDOXH LQGLF
30RW D VKRZV WKH PHDQ ORJ UDWLRV IRU GQ6IKRIANIEMHN\S F
UHSUHVHQWY DOO WKH H[SHULPHQWYV 0 QFRFSOLDHS UH WH QWP W KLH
VIVWHPV ZLWKRXW FURS URW D WLE@ 560 S WHORKQWWRW @ H R$ HU V 1D
VIVWHPV ZLWK ERWK FURS URWDWLRQ DQG VRLO FRYHU 30RW E
6 LQGLFDWHY VSULQJ ZKLOH : LQGLFDWHV ZLQWHU 30RW F VKR
FRUUHVSRQGLQJ WR GLIIHUHQW OHYHO RI ZDWHU VWUHVYV

YLIXUH _ ODFKLQH OHDUQLQJ SLSHOLQH RI SUHGLFWLQJ SHUIRUI
GLIIHUHQW DOJRULWKPYV
YJLIXUH _ &RPSDULVRQ RI GLIITHUHQW F O D V3/Q RWK BV RVK B ChBRUR W

WKH ILQDO WHVWLQJ PRGHO RI GLITHUHQW DOJRULWKPV 30ORW E V
*0 DOJRULWKPV



YLIXUH _ &RPSDULVRQ RI GLIITHUHQW UYB30RWVDRWXRDV RUK KN BRYV
ILQDO WHVWLQJ VWHS IRU WKH YDULRXV DOJRULWKPV DIWHU PRC(
QXPEHU RI KLGGHQ OD\HUV LQ WKH QHXUDO QHWZRUNV 30RWV E
SUHGLFWLRQV Rl UHODWLYH FURS \LHOG FKDQJH IURP WKH EHVW

$00 WKH PRGHOV ZHUH WUDLQHG ZLWK WKH WUDLQLQJ GDWDVHW
FRQILGHQFH LQWHUYDO ZHUH ILOWHUHG

YLIXUH _ &RPSDULVRQ RI GLIITHUHQW UDQJH30RYW BWHKRZD DOKIR U
VFRUH LQ WKH ILQDO WHVWLQJ VWHS IRU WKH YDULRXV DOJRULWK
FRYHUDJH UDWHV IRU DOO WKH SUHGLFWLRQ LQWHUYDOV RI WKH E
DIWHU 4511 LQGLFDWHY WKH QXPEHU RI KLGGHQ OD\HUV LQ WKH
PRGHOV ZHUH WUDLQHG ERWK ZLWK DQG ZLWKRXW WKH RXWOLHU
GDWDVHW ILOWHUHG WR FKHFN LI WKH DOJRULWKPVY FDQ KDQGOH

YLIXUH _ *OREDO SURMHFWLRQ RI EHVW DQG ZRUVW ORWRL LW K
DQG E VKRZ WKH PDSV RI SUREDELOLW\ RI \LHOG JDLQ ZLWK &$
UHVSHFWLYHO\ 5HJLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ OR?Z
VKRZ WKH PDSV Rl UHODWLYH \LHOG FKDQJH ZLWK &$ YV &7 EDVH
5HJLRQV ZLWK QHJDWLYH UHODWLYH \LHOG FKDQJH ZHUH PDUNHG
YLIXUH _ ,PSDFW RI FURS PDQDJHPHQW SUDFWLFHV RQ &$ St
GHSHQGHQFH SORW Rl WKH SUREDELOLW\ RI \LHOG JDLIQHDWLFNXQF
PDUNV RQ WKH [ D[LV VKRZHG WKH GLVWULEXWLRQV RI REVHUYDW
YLIXUH _ 3URGXFWLYLW\ RI &RQVHUYDWLRQ $JULFXOWXUH IRU Z
DQG D UHODWLYHO\ ZHWD UBIORQNUDWHR@E®! WKH WZR UHJLRQV R
GLIITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG Rl SORW D ZKLO
RI ZLQWHU ZKHDW E 7KH SUREDELOLW\ RI ZLQWHU ZKHDW \LHOG
GHQVIRM\ JOREDO PDS WKH \HOORZ VKDGHV LQGLFDWHG WKH KLJK
LQ WKLV PDS LQGLFDWHG WKH FURS GHQVLW)\ LV HTXDO RU KLJK|
rawt Zf—«——t11%f Hraw AV« JORE D O/ D RIESONX D WBW l7Z&KHY RI ZLQWHU ZK
\LHOG FKDQJH XQGHU &%$ DQG 17 YV &7 SUDFWLFH LQ WKH WZR UH
5 LQGLFDWHG WKH WZR GLIIHUHQW UHJLRQV DQG WKH OWIW SDU\
TXDUWLOH ZKLOH WKH ULJKW SDI¥eNXZXBW HOWMK A K HHRRG® RK N QJIH SUDRW
WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHDQ YDOXH RI UHODW
GLDPRQG ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KI
JLIXUH3UREDELOLW\ RI \LHOG JDLQ ZLWK &$ DQG 17 YV &7 ZLQWHU
ZHUH SUHVHKEWHGIHUHQW FRORUV LQGLFDWHG GLIIHUHQW SURED
FRPSDULQJ WR &7 V\VWHP 7KH JUHHQHU FRORU LQGLFDWHG D KLJ

RU &% DQG &7 ZLWK ZLWKRXW ILHOG IHUWLOL]DWLRQ "' LQGLFD
SHVW FRQWURO
J)LIXUH _ BUREDELOLW\ RI \LHOG JDLQ ZLWK &% DQG 17 YV &7 PI

SUHVHQWHGLIIHUHQW FRORUV LQGLFDWHG GLITHUHQW SUREDELOL
WR &7 VA\VWHP 7KH JUHHQHU FRORU LQGLFDWHG D KLJKHU SUREDE
&7 ZLWK ZLWKRXW IHUWLOL]DWLRQ ' LQGLFDWHG 17 RU &% DQC
)LIXUH _ 5HODWLYH \LHO®D RKDIXIH) B/ ULREDHEVWLRWDWH RI VKLIWL
IRU ZLQWHU ZKHDW ZLWK IHUWLOL]DWLRQ7BRGH AB®G DQG SKIIVOQF HI
WKH UHODWLYH \LHOG FKDQJH ZLOO EH KLJKHU WKDQ WKH UDWLR
FKDQFH WKDW WKH UHODWLYH FKDQJH ZLOO EH ORZHU 7KHUH
ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E O



FKDQJH ZLOO EH KLJKHU 7KH FRORUV LQGLFDWHG GLIITHUHQW OH
LQGLFDWHG WKH QHJDWLYH \LHOG FKDQJH RU \LHOG ORVV

J)LIXUH _ $FFXPXODWHG IUDFWLRQ RI FURSSLQJ DUHD DV D IXQF
&% ) :' YV &7 56& ):' IRU HLJKW PDMRU FURSV D K7KHQG GLII
UHVXOWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RY
PRGHO DQG 5&3 VFHQDULR

YLIXUH _ $FFXPXODWHG IUDFWLRQV RI WKH FURSSLQJ DUHD |
SUREDELOLW\ RI \LHOG JDLQ ZLWK &$ )7KH YOH\BXYOWH&DUH: EDVHG |
FOLPDWH FRQGLWLRQV LQ IRU WKH FXUUHQW VFHQDULR DQf

OU FOLPDWH PRGHO DQG 5&3 VFHQDULR &KDQJH RI SUREDELO
SUREDELOLW\ XQGHU IXWXUH FOLPDWH DQG WKH SUREDELOLW\ XQ

)LIXUH _ 3UREDELOLW\ RI \LHOG JDLQ ZLWK &% V\VWHPV D E D
FRYHU 6& DQG ZLWKRXW FURS URWDWLRQ 5 IRU PDL]H XQGHI
FOLPDWH FRQGLWLRQV RYHU VLPXODWHG E\ WKH ,SVO FP D

VFHQDOYHRLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ
VKDGHV ZKHQ WKH SUREDELOLW\ ZDV KLJKHU 1RQ FURSSLQJ UHJ
FURSV DQG UHJLRQV ZKHUH FOLPDWH GDWD ZHUH XQDYDLODEOH

YV &7 5 6& ) 3O0RW E FRPSDUHV WKH SHUIRUPDQFH RI &% )
FRPSDUHV WKH SHUIRUPDQFH RI 17 5 6& ) " YV &7 5 6& )

SHUIRUPDQFH RI 17 5 6& ) :" YV &7 5 6& )

J)LIXUH _ 3UREDELOLW\ RI \LHOG JDLQ ZLWK &$ V\VWHPV D E

VRLO FRYHU 6& DQG ZLWKRXW FURS URWDWLRQ 5 IRU PDL]JH X
FOLPDWH FRQGLWLRQV RYHU VLPXODWHG E\ WKH ,SVO FP D

VFHQDOYHRLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ
VKDGHV ZKHQ WKH SUREDELOLW\ ZDV KLJKHU 1RQ FURSSLQJ UHJ
FURSY DQG UHJLRQV ZKHUH FOLPDWH GDWD ZHUH XQDYDLODEOH
YV &7 56& ) 3ORW E FRPSDUHV WKH SHUIRUPDQFH RI &$ ) :°
FRPSDUHV WKH SHUIRUPDQFH RI 17 5 6& ) " YV &7 5 6& )
SHUIRUPDQFH RI 17 5 6& ) :" YV &7 56& ) '
)LIXUH _ 7KH FKDQJH Rl SUREDELOLW\ RI \LHOG JDLQ ZLWK &$%$ V
&7 ZLWKRXW VRLO FRYHU 6& DQG ZLWKRXW FURS URWDWLRQ 5
YV FXUUHQW UHJLRQV ZLWK D GHFUHDVLQJ WUHQG ZHUH GHSLF
\LHOG JDLQ SUREDELOLW\7ZZHJHH/KOWWBGEH @ EVOKG RQ WKH DYHUD
FXUUHQW DQG RYHU IXWXUH VLPXODWHG E\ ,SVO F
VFHQDULR 1RQ FURSSLQJ UHJLRQ LQGLFDWHG ERWK WKH UHJ
FOLPDWH GDWD ZHUH XQDYDLODEOH 3O0ORW D VKRZV WKH FKDQJH I
&7 56& ) :' XQGHU FOLPDWH FKDQJH 30ORW E VKRZV WKH FKDQJH
) ;" YV &7 56& ):' XQGHU FOLPDWH FKDQJH 30ORW F VKRZV WKFE
ZLWK 17 5 6& ) " YV &7 5 6& ) ' XQGHU FOLPDWH FKDQJH 3C
SUREDELOLW\ RI \LHOG JDLQ ZLWK 17 56& ) :" YV &7 5 6& ) :" X
(IWHQGHG GDWD ILJXUH _ $FFXPXODWHG IUDFWLRQ RI WKH FURS
RI' \LHOG JDLQ XQGHU &$ ) ;' ,UULJDWLRQ YV &7 5 6& ) :'" ,UUL
FOLPDWH $AHHFMARXODODWHG IUDFWLRQ RI WKH FURSSLQJ DUHD DV D I
XQGHU &% ) ' ,UULJDWLRQ YV &7 56& ZLWK IHUWLOL]DWLRQ
ZLWKRXW LUULJDWLRQ ,UULJDWLRQ IRU HLIJIKW PDMRU FURSV D
RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU VLPXODWHG
VFHQDULR



(IWHQGHG GDWD ILJXUH _ 5HODWLYH LPSREKWD@SRWWRQER JZRV V&
E\ WKH PHDQ GHFUHDVH LQ DFFXUDF\ LQ pFIRUHVWY PRGHO :KHUH
JURZLQJ VHDVRQ p7PD[T LQGLFDWHY PD[LPXP WHPSHUDWXUH RY
DYHUDJH WHPSHUDWXUH RYHU FURS JURZLQJ VHDVRQ p7PLQYT LQG
VHDVRQ H&URSYT LQGLFDWHV WKH FURS VSHFLHV 9679 LQGLFD!'
PDQDJHPHQW XQGHU WKH YDULDQWY RI QR WLOODJH V\VWHPV pu6«
V\VWHPV p517Y LQGLFDWHV FURS URWDWLRQ PDQDJHPHQW XQGF
LQGLFDWHYV FURS URWDWLRQ PDQDJHPHQW XQGHU &7 V\VWHPV )
XQGHU WKH YDULDQWY RI QR WLOODJH V\VWHPV pn)&791 LQGLFDWH
VI\VWHPV p:'179 LQGLFDWHY PDQDJHPHQW RI ZHHG DQG SHVW FRQ\
p:'&79 LQGLFDWHY FURS PDQDJHPHQW RI ZHHG DQG SHVW FRQWUR
(IWHQGHG GDWD ILJXUH _ 7TKH DFFXPXODWHG IUDFWLRQ RI WKH
RQ WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :'" YV &7 5 6&

FOLPDWH PRGHOV DQXB&BFFXRIDDODMRMG IUDFWLRQ RI WKH FURSSL
FKDQJH RQ WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :' YV

FOLPDWH PRGHOV DQG 5&3 VFHQDULRYVY 7KH UHVXOWY DUH EDVHC
VFHQDULRYV 65&3 5&3 5&3 5&3 LQ ,SVO FP D OU PRGHO
FOLPDWH PRGHOV ,SVO FP D OU *IGO HVP P +DGJHP HV OLURF

VFHQDULRYV

(IWHQGHG GDWD ILIJXUH _ 'LVWULEXWLRQKLRIAR]SHWQIE MW FRWHH
GDWDVHW DUH SUHVHQWHG LQ UHI 7KLV ILIXUH ZDV JHQHUDYV
KWWSV U PDWKZRUNV FRP SURGXFWV PDWGDE KMG OLHO,® RWBMHU
ZHUH H[WUDFWHG IURP 17 DQG &7 IRU PDMRU FURS VSHFLHV L

REVHUYDWLRQV IRU VSULQJ EDUOH\ DQG IRU ZLQWHU EDUOH\
PDL]H REVHUYDWLRQ IRU ULFH REVHUYDWLRQV IRU VRUJ
REVHUYDWLRQV IRU VXQIORZHU REVHUYDWLRQV IRU ZKHDW

REVHUYDWLRQV IRU VSULQJ ZKHDW LQ FRXQWULHYV IURP WR



SDUW
+

IDQG EDVHG &0OLPDWH &KDQJH OLWLJDWL



*HQHUDO LQWURGXFWLRQ

&KDSWHU *HQHUDO LQWURGXFWLRQ

&OLPDWH FKDQJH DQG DJULFXOWXUH
7KH ZRUOG LV IDFLQJ LQFUHDVLQJ FKDKHO @R BN OX GRS HALOD\R R WHH
DURXQG GHJUHH DERYH SUH LQGXVWULDO OHYHOV GXH WR KXPD
GHJUHH EHWZHHQ DQG DW FEKWUROWFMWQRUFRDVPQWHIPKB QJH

(YLGHQFHV KDYH VKRZQ DQ LQFUHDVH LQ WKH IUHTXHQF\ DQG L
KHDW ZDYHV KHDY\ SUHF L S1LKWDMQLFRUHD VL@G BDBRRUAWDBOVR DFFHO|
DVVRFLDWHG ULVNV WR WKH KDELWDQWYV DRXXWHFRORJILKB OZNUPW
WHPSHUDWXUH DOVR OHDGV WR WKH VSHFLHV ORVV DQG H[WLQFW
HFRV\WWHP WR FOLPDWH FKDQJH

)LIXUH _ (YROXWLRQ RI ODQG VXUIDFH DLU WHPSHUDWXUH /6%$7
*067 RYHU WKH SHULRG RI LOQVVW&XPHQWDO REVHUYDWLRQV

6FLHQWLVWY DWWULEXWH WKH REVHUYHG JOREDO ZDUPLQJ WUF
JUHHQKRXVH JDVHV *#KWRVHPHPVNVRQRQV ZLOO DOVR ODUJHO\ GH!
ZDUPLQJ E\ WKH ODWH VW FHQWXU\ RU HYHQ EH\RQG $V RQH RI
DJULFXOWXUH DORQJ ZLWK IRUHVWU\ DQG RWKHU ODQG XVHV $
HPLVVLRQV RI &2 &+ DQG 1 2 LQ WKH \WDUWU\VEBWYRHXY QHWDWREXU FF
12 ,0Q WKH WRWDO QRQ &2 *+*V HPLWWHG IURP DJULFXOWXU
Rl &2 HTXLYDOHQW PDNLQJ XS RI JOREDO DQWKWHRBRDIQQZKE O
DJULFXOWXUH DOVR SOD\V DQ LPSRUWDQW UROH L& DWP&Y SKHUH
\U ZDV UHPRYHG WKURXJK PDQDIJRAKGXMQG XOQRDRDRIHGGHMXYE®/ P HQ
SUDFWLFHV VXFK DV XVLQJ JUHHQ IHUWLOL]J]HU UHGXFLQJ IRVVLO
UHGXFH WKH *+* HPLVVLRQ IURP DJULFXOWXUDO V\VWHPV DQG PLYV

$JULFXOWXUH LV DOVR Y XO QIHRMDIEROQV WORH IF G LW R WVEHH AKIDMHE WR LQ
DJULFXOWXUH WR FOLPDWH FKDQJH LQ RUGHU WR HQVXUH D VWDE
YJLIXUH LV DQG ZLOO FRQWLQXH DIIHFWLQJ WKH SURGXFWLYLW
E\ GHFUHDVLQJ DYDLODELOLW\ RI ZDWHU UHVRXUFHV IORRGLQJ

IRRG LQVHFXULW\ DQG IRUFH IDUPHUV WR DGMXVW WKH DJURQRP



*HQHUDO LQWURGXF

GLIITHUHQW FURW WDYHEHHQ HVWLPDWHG WKDW FOLPDWH FKDQJH
PDL]H DQG KKRRZHWHU WKHUH LV VWLOO D ZLGH JDS LQ WKH XQGHU
UHVRXUFHVY HVSHFLDOO\ DW WKH UHJLRQDO OHYHO 7KXV LW LV
VPDUW™ DJULFXOWXUH V\VWHPV WR DGDSW FOLPDWH FKDQJH DQG

J)LIXUH _ S5SHIJLRQDO VHD OHYHO FKDQJH IRU 5&3 5&3 DQG

UHSRUW IRU HIWUHPH VHDKE HOHH@W E&O X QWVRU WKH WLPH VOLF
FROXPQ IRU * , 3&&



*HQHUDO LQWURGXFWLRQ

JLIXUH3URMHFWHG FKDQJHYV LQ PHDQ WHPSHUDWXUH WRS DQG P
OHIW DQG f& PLGGOH RI JOREDO ZDUPLQJ FRPSDUHG WR WKH
WKH GLITHUHQFH EHWZHHQ f& DQG f& RI JOREDO ZDUPLQJ ULJK

YRRG VHFXULW\
7KH ZRUOG SRSXODWLRQ LV H[SHFWHG W@ VIXQADOH DI / WIRE O H El RR@
JOREDO SRSXODWLRQ ZRXOG EH D JUHDW FKDOOHQJH HVSHFLDOO
IXQGDPHQWDO WR KXPDQ H[LVWHQFH DQG LV RQH RI WKH HVVHQ
HFRQRPLF JURZWK DQG SRWHRXW DEGXEWLW® LQFUHDVH WKH SUR
VI\VWHPV LV OLPLWHG E\ ODQG GHJUDGDWLRQ ZDWHU VFDUFLW\ W
IUHTXHQW H[WUHPH HYHQWYV DVVRFLDWHG ZLWK FOLPDWH FKDQJH

2EVHUYHG FOLPDWH FKDQJH DOUHDG\ QHJDWLY HO)\RRIGHE WRIGX W\K HR
SULFHV DQG VWDELOLW\ )LJXUH DUH DIIHFWHG E\ WKH FKDQJL
UHVRXUFHVY DQG PDNHV PLOOLRQV RI SHRSOH HVSHFLDOO\ LQ XQ

7TKXV DGDSWDWLRQ PHDVXUHV PXVW EH WDNHQ WR UHGXFH QF
V\VWHP DQG HFRV\VWHPV DQG WR ERRVW WKH H[LVWLQJ DJULFXC
VXVWDLQDELOLW\

)LIXUH _ ,QWHUOLQNDJHV EHWZHHQ WKH FOLPDWH V\VWHP IF
RFHDQV DQG VRFLR HER&QRPLF V\VWHP

&OLPDWH FKDQJH PLWLIJDWLRQ DQG DGDSWDWLRQ PHDVXU
&GRQWLQXLQJ KLIJIK OHYHO RI *+*V HPLVVLRQ ZLOO OHDG WR IXUWKI
WKH OLNHOLKRRG RI VHYHUH DQG LUUHYHUVLEOH LPSDFWV RQ KXIF



*HQHUDO LQWURGXF

UHGXFLQJ FOLPDWH UHODWHG ULVNVY DUH LPPLQHQW 7KHUH DUH |
DV 5HSUHVHQWDWLYH &RQFHQWUDWLRQ 3DWKZzZD\V 5&3V DQG VKI
OLNHO\ WR OLPLW ZDUPLQJ WR EHORZ f& UHODWLYH WR SUH LQG.
HPLVVLRQV RYHU WKH QH[W IHZ GHFDGHYV

7TDEOH _ RUOG SRSXODWLRQ DQG WHPSHUDWXUH ULVH UHODW

E\ GLIIHUHQW GHPRJUDSKLF DQG FOLPDWHHKHF BQBDW IZRW FBREQQGHWEK
WKH 663V WR VLPXODWH WKH HPLVVLRQ VFHQDULRY ZLWK VRFLRHI

6KDUHG 6RFS' UXOOC-I;:W ) 0G &OLPDWH
HFRQRPLF RZWKg XOEWE%% 583 58 1
3DWKZD\V 66>%ELC >ELOOL 7
=HUR J C C C

66: C C C

66¢ C C C

661 C C C

66: C C C

66¢ C C C

$QWKURSRJHQLF *+*V HPLVVLRQV DUH PDLQO\ IURP HQHUJ\ EXLOG
7R UHGXFH WKH *+*V HPLVVLRQV IURP WKRVH VHFWRUV D ORW RI
VRPH H[DPSOHV DUH OLVWHG KHUH 7DEOH ,Q HQHUJ\ VHFWRU
HQHUJ\ QXFOHDU HQHUJ\ RU ELRHQHUJ\ ZLWK FDUERQ FDSWXUH
IXHO FDQ EH UHSODFHG ZLWK ORZ FDUERQ IXHOV HJ HOHFWUL
EXLOGLQJVY HQHUJ\ HIILFLHQF\ FDQ EH FRQVLGHUHG DQG LQWHJUI
LQGXVWU\ JUHHQ HQHUJ\ FDQ EH XVHG LQ WKH SURGXFWLRQ )OX
VWULFWO\ FRQWUROOHG $V IRU $)2/8 DIIRUHVWDWLRQ UHIRUHYV
LQFUHDVH WKH FDUERQ SRROV

$V IRU FOLPDWH FKDQJH DGDSWLRQ PHDVXUHV LW UHIHUV WR WK
UHGXFH WKH QHJDWLYH LPSDBISWQ @®RIQEORE DWKH FEKRRIE® FRQGLWLR
YXOQHUDELOLW\ UHGXFWLRQ GLVDVWHU ULVN PDQDJHPHQW RU S
RQ LWV HIIHFWLYHQHVVY HVSHFLDOO\ ZLWK JUHDWHU PDJQLWXGH
PLWLIJDWLRQ VKRXOG EH LQWHJUDWHG LQ SODQQLQJ DQG GHFLVLF
IRU VXVWDLQDEOH GHYHORSPHQW



*HQHUDO LQWURGXFWLRQ

7TDEOH6HFWRUDO &2 HPLVVLRQ DQG H[DPSOHV IRU VHFWRUDO PLW



*HQHUDO LQWURGXF

/IDQG EDVHG PLWLIJDWLRQ DQG DGDSWDWLRQ PHDVXUHYV
/IDQG SOD\V D NH\ UROH DV ERWK D VRXUFH DQG D VLQN RI *+*V DQ
HQHUJ\ DQG DHURVROV EHWZHHQ ODQG DQG DWPRVSKHUH ,W LV
NH\ SURGXFWV DQG HFRV\VWHP VHUYLFHV/MQBEKEDVHI®RRPGE WV BEBW A
DGDSWDWLRQ PHDVXUHYVY UHIHUV WR WKH PLWLJDWLRQ DQG DGDS!
DOVR RIWHQ DVVRFLDWHG ZLWK LPSURYLQJ WKH ODQG GHJUDGDWI
FDQ UHGXFH WKH QHJDWLYH LPSDFWV RI FOLPDWH FKDQJH DQG ¢
HFRV\VWHPV

7KH ,3&& VSHFLDO RXWRUWHRQvAGYRYGDO ODQG EDVHG PLWLIJDWLRQ
FDUERQ VHTXHVWUDWLRQ UHIRUHVWDWLRQ DQG IRUHVW UHVW
DJULFXOWXUH &$ %(&&6 DQG ELRFKDU $00 WKHVH PHDVXUH\
LPSOHPHQWHG LQ ODUJH VFDOH DQG GLITHUHQW FOLPDWH FRQGLW

,Q WKLV WKHVLV ZH PDLQO\ IRFXV RQ &% EHFDXVH LW RIWHQ KDV
FRPSDULQJ ZLWK FRQYHQWLRQDO WLOODJH V\VWHP HVSHFLDOO\
FURS ORQJ WHUP SURGXFWLYLW\ DQG HQVXUH WKH IRRG VWDELOL

&RQVHUYDWLRQ DIJULFXOWXUH DV D ODQG EDVHG PLWLJDYV
iXAXi /VEE} p 8]}v 8} }VA v3]}v o 8]Joo P +C+3 u v }ve EA 3]}v PE]
&RQYHQWLRQDO WLOODJH EDVHG LQWHQVLYH DJULFXOWXUDO V\VYV
WKH ZLQG DQG UDLQ DQG KDYH FDXVHG WKH VRLO HURVLRQ ORYV
HQHUJ\ FRQVXPSWHPM@HDYV RI DJULFXOWXUDO ODQG ZHUH DEDQGRC
GHIJUDGDWLRQ DQG QXWULHQW ORVV DQG FUHDWHG G\VIXQFWLRQ
QHIJDWLYH LPSDFWV RQ IRRG SURGXFWLRQ LQ D ORQJ UXQ DQG R
HQVXUH D VXVWDLQDEOH SURGXFWLRQ DQG HFRV\VWHP VHUYLFH
DGGUHVV WKRVH LVVXHV

)LIXUH _ TKUHH SULQFLSOHV RI FRQVHUYDWLRQ DJULFXOWXUH



*HQHUDO LQWURGXFWLRQ

%DVHG RQ WKH QH2LQ&® URIQHRIV WR D VXVWDLQDEOH IDUPLQJ V\VW
GLVWXUEDQFH LQ SUDFWLFDO WHUPV IDUPHUV JURZ FURSV ZLWK
E\ FURS UHVLGXHV RU FRYHU FURSVY ZLWK D FRYHUHG UDWH DW OF
RIWHQ UHSRUWHG WKDW GHFUHDVLQJ WKH VRLO GLVWXUEDQFH |
HURVLRQ DQG SRWHQWLDOO\ :& WKWK R D¥KH ®R2&\ ORMVODIH SUDF
KDYH RQH TXDUWHU WR RQH KDOI ORZHU HQHUJ\ FRQVXPSWLRQ I
V\VWHPNKH JUHDWHU DPRXQW RI UHVLGXH UHWDLQHG RQ WKH EDUF
PDWWHU 620 LQSXW ZKLFK FDQ SRWHQWLDOO\ OHDGKWRHIVRDW H
FRYHUV DOVR SURWHFW WKH VRLO VXUIDFH IURP ZORAGHB Y B UU D/VIRQE
FRYHU FDQ DOVR SUHYHQW WKH HYDSRUDWLRQ RI VRLOZEDMKHU DQ
FDQ SRWHQWLDOO\ LQFUHDVH WKH FURS SURGXFWLRQ LQ GU\ UHJ
WR D UHGXFWLRQ LQ SODQW JURZWK GXH WR D ORZHU VRLO WHPS
$V IRU FURS URWDWLRQ LW LV RIWHQ DVVRFLDWHG ZLWK WKH LP
SRSXODWLRQWKRXJK WKLV PD\ YDU\ ZLWK GLIITHUHQW FURS VSHFL
PLFUREH JURXSVY DUH LQ JUHDWHU DEXQGDQFH LQ &% WKDQ LQ &7

7KHVH DERYH PHQWLRQHG EHQHILWYV IURP WKH WKUHH SULQFLSO
H[WUHPH FOLPDWKH KH DN QG XIJKW DQG KHDW ZDYHV ZKLFK PDNHYV
VIVWHP WKDW FDQ PLWLJDWH DQG DGDSW WKH FOLPDWH FKDQJH
ORUHRYHU &$ DOVR EULQJV HFRQRPLF EHQHILWYV ZLWK WKH ORZH

7KXV &$ KDV EHHQ DGDSWHG WR LQ PDQ\ UHJLRQV WR LPSURYH
LV UHSRUWHG WKDW &$ KDV EHHQ LPSOHPHQWHG RQ PRUH WKDQ
WRWDO DUPEOH OORNGY DGDSWHG LQ FRXQWULHV IRU GLITHUHQW
DQG VRLO FKDUDFWHULVWLFV OO JHHD G GQVPHROXQ WIWLFH V LRIDVE$ D
$UJHQWLQD $XVWUDOLD DQG &DQDGD ZKLOH LQ UHFHQW \HDUV
HVSHFLDOO\ LQ &KLQD GXH WR WKH VWURTQIEWDHS SR UAMIHQD UH R PX O/
YDULHV D ORW IRU GLIIHUHQW FWRS ¥SRBIVHKDYW EVHHPRYWOE S\
DUH VR\EHDQ IROORZHG E\ ZKHDW DQG PDL]H 7KHVH WKUHH FUR
WKXV WKH GHPDQGV WR UHGXFH 3MDN BRHUP NI ROW G- G W I ELXWV K L
&$ DUHD EHFDXVH WKH\ DUH PRUH GURXJKW UHVLVWDQW



*HQHUDO LQWURGXF

J)LIXUH _ *OREDO DGDSWLRQ DUHD RI &% LQ 0 KD RI FURSODQG

7DEOH _ 7KH DGDSWLRQ DUHD XQLW LQ 0 KD RI FRQVHUYDWLR
DQG

5DQNLQJ LQ&RXQWU\ &$ DUHDS IDUHD|LQ&$ DUHD| LQ

86!

% U

$UJIH(

$XVW

&DQ

&Kl

3DUD

.D]DNK

%RC

8uUXJ

iIXAXT dZ % E} p §]A % E(}EuUu v }( }ve EA §]}v PE] HOSPE Vv §Z (
7KH LPSDFW Rl &% DQG LWV YDULDQWY HJ 17 VIVWHPS$ PRWURS
RI H[SHULPHQWY DQG VWXGLHVY KDYH EHHQ FRQGXFWHG WR DVVH)\
YV &7 VIVWHPV XQGHU GLIIHUHQW IDUPLQJ SUDFWLFHV FOLPDWH
RSSRUWXQLW\ WR LGHQWLI\ WKH PRVW HIILFLHQW IDUPLQJ SUDF
SHUIRUPDQFH RI &% DQG LWV YDULDQWY EDVHG RQ UREXVW VFLHC
EHFRPH D VWDQGDUG PHWKRG IRU DQDO\VLQJ H[SHULPHQWDO DJU
VXPPDUL]LQJ WKH SHUIRUPDQFH RI GLIIHUHQW FURSSLQJ V\VWHP\
UDQGRP HIIHFW PRGHO

6HYHUDO PHWD DQDO\VHV KDYH EHHQ FRQGXFWHG WR VWXG\ WKH
7DEOH W LV VKRZQ WKDW WKH SHUIRUPDQFH RI &$ DQG 17 V\\

FOLPDWH FRGGIDWIGRDWUPLQJ SUDFWLFHV LQFOXGLQJ FURS U
IHUWLOL]JHU LQSXM EMWF &RPSDUHG ZLWK &7 17 ZLWKRXW FUF
FRYHU RIWHQ UHVXOWYV LQ TDEH®HG ORWLY UHSRUWHG WKDW &$ D
EHWWHU XQGHU *GU\HUDRRQIGW VKIDR'QWKH ZRUVW SHUIRUPDQFH LQ W
RWKHU UHJLRQXUH $V IRU WKH IDUPLQJ SUDFWLFHV GHSHQG
URWDWLRQ DQG VRLO FRYHU RIWHQ ERRVW WHKHJISHUIRUP DB FH7 RH
VXFFHVV RI &% VIVWHP DOVR UHTXLUHWKMWUKHELEQGSKNVD\D & | SIHWWILFOLLG H

7KHVH VWXGLHV SURYLGH YDOXDEOH LQVLJKW LQWR WKH RYHUDO
&7 +RZHYHU WKH GDWDVHWV XVHG LQ WKHVH VWXGLHV DUH RIW
QXPEHU Rl DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV 7KH FOLPD
UHSUHVHQWHG E\ WKH PHDQ DULGLW\ LQGH[HVY PHDQ DQQXDO S
0$7 ZKLFK GR QRW UHSUHVHQW WKH LQWUD DQG LQWHU DQQXDC
RI WKH H[SHULPHQWDO \LHOG GDWD FRQWDLQHG LQ WKH GDWDVHYV
7KXV DQ XS WR GDWH GDWDVHW ZLWK D EURDGHU UDQJH RI IDUP

,Q WKLV WKHVLV ZH SURCGCBCRPHGGDROOWEKB OO GWWDNVYWWUH VHDUFKLQ
LQFOXGHG WKH ODWHVW H[SHULPHQWDO GDWD RI FURS \LHOG RI &
SUDFWLFHV LQFOXGLQJ FURS UHVLGXH UHWHQWLRQ DQG VRLO F
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LQIRUPDWLRQ DERXW FRYHU FURSV FURS LUULJDWLRQ WKH W\SH
WR ZHHG DQG SHVW FRQWURO WKH \HDU VLQFH 17 LPSOHPHQWDW

WKH JURZLQJ VHDVRQ

LOQFOXGLQJ SUHFLSLWDWLRQ SRWHQWLDO

DLU WHPSHUDWXUH DQG PD[LPXP DLU WHPSHUDWXUH DW WKH \HD
GDWDVHW HQDEOHV XV WKH DELOLW\ RI DQDO\VH KRZ WKH SURGXF
ZLWK FOLPDWH YDULDEOHY DQG WKHLU LQWUD DQQXDO YDULDELO

7TDEOH

_/ILVW Rl PHWD DQDO\VHVY DYDLODEOH WKDW VWXGLHG
FURS \LHOG

i &OLPDWH
1R $XWKRU°’X\EOLVK'DQQ IRFX "[f: (\Q/HG(DULDEOHVODLQ FRQFOXV|LRQV
HDU FURS V$H L oFC
sy 7KH \LHOG RI 17 |&7
6HDVRQ>b|1:d SHUIRUPV ZRUVH XQ«
$Q 9DQ |GHQ ODL]H CURSH 2ownHl FOLPDWLF FRQGLWLRQV
3XWWH HW DO FHUHDOV T EboDQFAQ FOD\ DQG VDQG\ VRL:
17 SHUIRUP EHWWHU X<
FOLPDWLF
x7KH \LHOG RI PDL]|H LV C
/JHRQDUG 6RXWKHHOQ DQS\EE%%KRX\F"VG ZLWKU'E\’gDéVXL
5XVLQDHKRG]L ODL]H| $IULFDSUHFLSL
HW DO $PHULFED 0$3 URWDWLRQ 5
x7KH VXEFHVV RI |&$ UF
KLJK LOSXW RI Q]
><LHOG LQ 17 VRLO FRY
ODL]H 7KUHH F QWLDO FRQI:)LFWV
ODUF VR\EHDQ . SXE | RI VHD XH UHWHOWLRQ |
&RUEHHOV HW DO 6DKDU[DJ(D)LQID(
VRUJKXPOOE PE VL BE LYHVWRFN
ZKHDW LK x7KH XVH RI IHUWLOL]JHL
WKH FURS SURGXFWLY|
VAV V
y6LJOLILFDOW SRNVLWLY
IRXQG RI &$ SUD[FWLFH
UHODWLYH GU\HU|UHJLR
&KHQJ\DQ ODLIH WLRH | o|,083 087 x7KH LPSDFW RI &3/ RQ FL
=KHQJ HW DO ZKHDW $ULGLW) LIQGKILIKO\ YDULHIG IRU
FOLPDWHV DQG FURS W\
x<LHOG LQ 17 6& | &7 ¢
6\OYLH|O ODL]H UquD-IXKDUDQ
%URXGHU HW DO FRZSHD 1% x6KRUW WHUP \LHOG RI 1
VRUJK <P$'U'—FDQ
$V
&DPHURIQ O ODL]H ZKHDW ] oG RI 17 &
3L|\DNWHC NRZ HWPLFVHFUHIOODQ)-IFRB([)/O $ULGXL\%/PL)F1,ZQLCI{_%O UHILR bV




*HQHUDO LQWURGXF
OHJXPHYV ULFH y <LHOG RI 17 ! &7 LQ
FRWWRQ HWF UHJLRQV
x3URGXFWLYH SHU|RUPD
LV DIIHFWHG E\ |FURS
IDUPLQJ SUDFWLFEHV D
FEGLW
y<LHOG RI 17 &7
0DLIH zZKHDW x<ig%G6§lé; 179 17 6
&DPHURQ 0 PLVFHOODQHRXV
3LWWHONRZ HW FHUHDOWOREDO $ULd&@\ﬁ%bHFJLRQV \LHOG
DO OHJXPHY ULFH foPEHU RI \HDUV |[VLQFF
FRWWRRQ HWF LPSOHPHQWDWLRQ ZLOC
SHUIRU
Xx<LHOG RI 17 &7
Lo =KDR HwW ODL]H ULFH x<LHOG RI 17 6& ! &7 6&
""" Do VR\EHDQ &KLQPD 0$3 | RBURGXFWLYH SHU|RUPD
ZKHDW | HWF LV KLJKO\ DIIHFWHG
VSHELHV D
SHILROQV yODL]H \LHOG LQ BS$ LV
EHWZHBOHFLS [ Wh WKH LQFUHDVL:
3HWHU| 5 WKl EDODOFH V) W\ RU KLJKHU W
6WHZDUG HW DO ODL]H oowLwxew v Y HUIRUPDQFH RI
W R BFYtwHe E\ VRLO PRL:
CHIUHHY KHDW VWUHVV DQRG WK
DIIHFWHG E\ VR
x<LHOG LQ 17 &7
70 .LUDQ UULJDWLRQ VRLD FRY
_XPDUD HW DO ngﬁDx%ﬁﬁw« \ EEDSZ LWURJHQ DUH | FUXF
PPSURYLQJ WKH SHUIRL
& ¢
70 .LUDQ , <LHOG RI ZKHDW |PDL]H
. XPDUD| HW Og?ﬁDx%ﬁ§WK:mﬁgﬁ5D? QG RLOVHHGV LQ &$ !
DO %3 HoG RI ULFt
$SYHUDDH
WHPSHURWOHOG RI &$ | &7
ODUF ODL]H| 6XE DQG | x7KH EHVW SHUIRUPDQF
&RUEHHOV HW DOVRUJKXP6DKDUBQ@HFLSLWRFRRKRQHG ZKHQ WKH L
ZKHDW | HMELAD LQ WKHORZ DQG WKH KHUELF
JURZLQJIDSSOLHG
VHE
x<LHOG RI 17 | &7
x<LHOG RI 17 &7 |LQ ILG
ZKLOH \LHOG RI [17 | &
6£¥ﬁ$¥JHW[ﬂ)P?&%O%vﬁ£RSH&OLPDWHRDUVHVRLO
S HDW &KLQD W\SHVXx<LHOG RI 17 &7/ ZKHQ
& 1 UDWLR ZKLOH \I
17 1 &7 ZKHQ VRLO & 1 U
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JLIXUH <LHOG LPSDFWV RI QR WLOO UHODWLYH WR FRQYHQWLRQ
WHPSHUDWH DIOMWOWRBHY RI REVHUYDWLRQV DQG WRWDO QXPEHU
DUH GLVSOD\HG LQ SDUHQWKHVHYVY (UURU EDUV UHSUHVHQW F
ODWLWXGH FDWHJRULHY DUH LQGLFDWHG E\ S YDOXHV EDVHG RQ |

JLIXUH 7TKH_LQIOXHQFH RI FURS URWDWLRQ DQG UHVLGXH PDQDJH
RI QR WLOO UHODWLYH WR FRQYHQWLRQ D@ WL OFAHRJIIHHD (R L@&LF OEKGHE



*HQHUDO LQWURGXF

PLOOHW RDW U\H VRUJKXP WHI DQG WULWLFDOH 7KH QXPEHU R
LQ HDFK FDWHJRU\ DUH GLVSOD\HG LQ SDUHQWKHVHV (UURU EDU
GLIIHUHQFHV E\ FURS URWDWLRQ DQG UHVLGXH PDQDJHPHQW DU}
WHVWYV 1RWH VHYHUDO FDWHJRULHV GLG QRW FRQWDLQ VXIILFI
DQDO\WHV QV QRQ VLJQLILFDQW

iXAXT D S§rvoCe]e v ]Se o]Ju]S S]}v]v PE] poSu& o+« S}CE
OHWD DQDO\VLYVY LV GHILQHG DV D VWDWLVWLFDO DQDO\VLYVY WKDW
RI LOQOWHJUDWLQJ WKH ILQGLQJV IURP WKH H[SHULPHQWY FRQGXFW
OHWD DQDO\WLY FDQ EH XVHG WR HVWLPDWH WKH PHDQ VL]H RI
RQ D YDULDEOH RI LQWHWDHNGVWR UHYHRG WKMHDOGHODWLRQVKLS EHV
RQH RU PRUH H[SODQDWRWOYXDGBHNME OGING PHWD DQDO\VLV LV DQ HJ
ODUJH H[SHULPHQWDO GDWDVHWY DQG FDQ KLJKOLJKW WKH FRUUI
UHDGLO\ DSSDUHQW +RZHYHU WKLV DSSRZ2RDBFRI| D/ORHRP KIDW WHKIIYW U |
PHDQ HIIHFW VL]HVY FDQ VXPPDUL]H H[SHULPHQWY FRQGXFWHG LQ |
SHUIRUPDQFH RI D SUDFWLFH RU VI\VWHP WKH\ GR QRW SURYLGH
E\ ORFDO FRQGKWVYRQ@VDQ LPSRUWDQW OLPLWDWLRQ IRU LWV DSSC
FURS \LHOGV DUH KLJKO\ GHSHQGHQWVRQOWKHKD B O E WIDWH\ MRIF & L \
SUDFWL*FHVZKLFK RIWHQ YDU\ LQ WLPH DQG VSDFH 7KLV PDNHV LW
WKH FURS SURGXFWLRQ DFFXUDWHO\ IRU D JLYHQ JHRJUDSKLFDO |

,Q WKLV WKHVLY WR PDS WKH SURGXFWLYH SHUIRUPDQFH RI &%$ D
DW WKH JOREDO VFDOH DQG WR HVWLPDWH KRZ FOLPDWH YDULDE
RI &% DQG 17 VA\VWHPV ZH GHYHORS D PDFKLQH OHDUQLQJ SLSHOL
OHDUQLQJ 0/ DOJRULWKPV DQG XVH WKHVH WUDLQHG 0/ PRGHOV
&$ DQG LWV YDULDQW V\VWHPV YV &7 VIVWHPV EDVHG RQ WKH IDU
RQ D JOREDO GDWDVHW RI FURS \LHOG RI &% DQG LWV YDULDQW V!
DGDSWHG WR DQDO\VH D GLYHUVH RI RXWFRPHV WKHVH PD\ LQYR
VRLO RUJDQLF FDUERQ G\QDPLFV JUHHQKRXVH JDV HPLVVLRQV E
V\VWHPV VXFK DV RUJDQLF DJULFXOWXUH RU DJURIRUHVWU\ DQC
SHUIRUPDQFH RI VXVWDLQDEOH IDUPLQJ SUDFWLFHYVY WRJIJHWKHU Z
WKLV 0/ SLSHOLQH FDQ SURYLGH GHWDLOHG JHRJUDSKLFDO LQIR
FRPSDUHG WR D UHIHUHQFH

iXAX0 D Z]Jv o &v]vP oP}E]SZu v ]S % %o0] S]}v]v PE] poSuUuE& o -
ODFKLQH OHDUQLQJ LV D YHU\ LPSRUWDQW FRPSRQHQW RI GDWD V
GDWD WR WUDLQ D 0/ PRGHO WR XQFRYDHUG NAX E& WV RPKIW VP RIUMKD B
HITHFWLYH DV WKH LQFUHDVH RI VL]H RI WUDLQLQJ GDWDVHW ,Q
ZKLFK LV D EUDQFK RI PDFKLQH OHDUQLQJ ,W LV GHILQHG E\ LWV
PDNH DFFXUDWH FODVVLILFDWLRQV RU SUHGLFWLRQV :KHQ LQSX\
WR ILW WKH PRGHO DSSURSULDWHO\ DQG WXQHV WKH PRGHO K\S
DYRLG RYHUILWWLQJ RU XQGHUILWWLQJ 6RPH PHWKRGV RIWHQ XV
UDQGRP IRUHVW JHQHUDOL]HG OLQHDU UHJUHVVLRQ VXSSRUW Yt

,Q RUGHU WR PHHW WKH JOREDO IRRG GHPDQG LQ WKH IXWXUH V.
FURS SURGXFWLRQ ZKLOH FRQVHUYLQJ WKH HQYLURQPHQW 0/ WH]
VLIQLILFDQWO\ UHGXFH WKH \LHOG ORVV DQG WKH UXQQLQJ FRVW
H[SHULPHQWDO GDWD DQG ORFDO ZHDWKHU SDWWHUQV WR ILQG |
ZLWK WKH GDWD IURP VRLO WHPSHUDWXUH DQG KXPLGLW\ VHQVF
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LUULIJDWLRQ IHUWLOL]J]HU SHVWLFLGH DQG KHUELFLGH QHHGHG
PLQLPL]H WKH UHVRXUFHV XVHG LQ DJULFXOWXUDO DFWLYLWLHYV
WKH IDUPLQJ SUDFWLFHV LQ DJULFXOWXUH VHFWRU 0/ FDQ EH I
SUHGLFWLRQ EDVHG RQ ZHDWKHU IRUHFDVW JOREDO IRRG SULFH
FRXOG KHOS XV PDWFK WKH FURS VXSSO\ ZLWK GHPDQG DQG PDQD

,Q WKLV WKHVLV 0/ LV XVHG WR DQDO\VH WKH JOREDO FURS \LH(¢
FRQYHQWLRQDO WLOODJH &7 ‘HLGHQWLILHG SUHIHUDEOH DQG X
LPSOHPHQWDWLRQ DQG DQDO\WHG WKH SHUIRUPDQFH RI &% DQG
SUDFWLFHYVY :H DOVR SUHGLFWHG WKH FKDQJH RI WKLV SHUIRUPDQ

6 XPPDU\ RI UHVHDUFK TXHVWLRQV
,Q WKLV WKHVLV ZLWK WKH GDWDVHW ZH FROOHFWHG DQG WKH 0/
TXHVWLRQV

x &RQFHUQLQJ RI WKH PHWKRG ZLOO WKH PDFKLQH OHDUQLQJ
WKDQ PHWD DQDO\VLV" :KLFK PDFKLQH OHDUQLQJ DOJRULWKP
GDWDVHW"

x 5HJDUGLQJ WR WKH SHUIRUPDQFH RI GLIIHUHQW IDUPLQJ V\V
VIVWHPV" $QG FDQ &$ DQG 17 VIVWHPV RXWSHUIRUP &7 V\VWH

X )RU IDUPLQJ SUDFWLFHV KRZ IDUPLQJ SUDFWLFHV DIIHFW W}
VIVWHPV" :KDW VKRXOG EH GRQH LQ RUGHU WR ERRVW WKH St

x 5HJDUGLQJ WR WKH FURS VSHFLHV ZKLFK FURS VSHFLHV LV P

X )RU FOLPDWH FRQGLWLRQV KRZ FOLPDWH YDULDEOHV DIIHFW
IRU WKH LPSOHPHQWDWLRQ RI &$ DQG 17 VI\VWHPV" $QG KRZ
FOLPDWH FKDQJH

BWUXFWXUH RI WKH SDSHUV

X ,Q FKDSWHU ZH SUHVHQWHG D JOREDO GDWDVHW RI FURS \L
VA\VWHPV

X ,Q FKDSWHU ZH LQWURGXFHG D PDFKLQH OHDUQLQJ SLSHOI
GLIIHUHQW 0/ PRGHOV WR SUHGLFW WKH SURGXFWLYH SHUIRU
DQG PDS WKLV SHUIRUPDQFH DW D JOREDO PDS

X ,Q FKDSWHU ZH VWXGLHG KRZ WKLV SHUIRUPDQFH YDU\ ZLW
JHRJUDSKLFDO UHJLRQV WKDW SUHIHUUHG E\ &$ DQG 17 V\VW
DQG 17 VIVWHPV XQGHU SDVW VFHQDULR PHDQ FOLPDWH FRQ

X ,Q FKDSWHU ZH IRFXVHG RQ WKH SHUIRUPDQFH DQG SHUIRU
&7 VIVWHPV XQGHU FXUUHQW VFHQDULR PHDQ FOLPDWH FRQ
VFHQDULR PHDQ FOLPDWH FRQGLWLRQV EHWZHHQ W R

x ,Q FKDSWHU DQG ZH VXPPDUL]HG RXU ZRUN GXULQJ WKH
TXHVWLRQV SURSRVHG LQ ODVW VHFWLRQ WKH OLPLWDWLRQ"
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SHIHUHQFHV
&OLPDWH &KDQJH )RRG 6HFXULW\ DQG 1®SWXQDE US5HYR KURD
3XEOLVKLQJ GRL

35 BKXNOD - 6NHD ( &DOYR %XHQGLD 9 ODVVRQ 'HOPRWW]
5 60DGH 6 &RQQRUV 5 YDQ 'LHPHQ 0 )HUUDW ( +DXJKH\ 6
- 3RUWXJDO 3HUHLUD 3 9\DV ( +X@EE&H\ . G6XPWPDAN IRU
3ROLF\PDNHUV ,Q &OLPDWH &KDQJH DQG /DQG DQ ,3&& V¢
GHVHUWLILFDWLRQ ODQG GHJUDGDWLRQ VXVWDLQDEOH ODQC
IOX[HV LQ WHUUHVWULDO HFRV\VWHPYV

-LD * ( 6KHYOLDNRYD 3 $UWD[R 1 'H 1REOHW 'XFRXGUp 5
/JHQQDUG $ 3 $ 6LULQ/BQGXR®PPDWH BQWHUDFWLRQV ,Q

/IDQG DQ ,3&& VSHFLDO UHSRUW RQ FOLPDWH FKDQJH GHVHUW
PDQDJHPHQW IRRG VHFXULW\ DQG JUHHQKRXVH JDV IOX[HV L«

2UHVNHYV 1 7KH 6FLHQWLILF &FP@GYHQNNHY RQ &OLPDWH &KDQJ
/ILSSHHUW /©&OQLPDWH VPDUW DJULFXOWXWUH KRAL PRORNGH YWHHXQIHN \

6PLWK &OHMDWM® &KDQJH OLWLIDWLRQ RI &OLPDWH &KDQJI
3UHVYV

, 3& &3 & & &OLPDWH &KDQJH 6\QWKHVLVY 5HSRUW &RQW
DQG ,,, WR WKH )LIWK $VVHVVPHQW 5HSRUW RI WKH ,QWHUJRY

,LIXPL 7 +LUDWD 55GDGOWDVW R WR &OLPDWH &XWLXIH UQ
6LQJDSRUH GRL

ORULWD 6 :DGD + ODWVXH < &RXQWHUPHDVXUHV IRU KH
FOLPDWH3PIOMWBURGXFWLRQ 6FLHQFH

+,527% HW ROLPDWH FKDQJH IDYRUV YLWLFXOWXUH DQG ZLQI
&OLPDWH LQ %LRVSKHUH

IREHOO ' % 6FKOHQNHU : &RVWD 5REHUWYV - &OLPDWH 7
6FLHQFH =

2SSHQKHLPHU 0 % & *ODYRYLF - +LQNHO 5 YDQ GH :DO

&DL 0 &LIXHQWHV -DUD 50 'H&RQWR 7 *KRVK - +D\ ) ,VOI

= 6HD /HYHO 5LVH DQG ,PSOLFDWLRQV IRU /RZ /\LQJ ,VODQG)\
6SHFLDO 5HSRUW RQ WKH 2FHDQ DQG &U\RVSKHUH LQ D &KDQJ

+RHJK *XOGEHUJ 2 ' -DFRE 0 7D\ORU 0 %LQGL 6 %URZ
'MDODQWH ./ (EL ) (QJHOEUHFKW - *XLRW < +LMLRND 6 C
7KRPDV 5 :DUUH®SDOWWRRYOREDO :DUPLQJ RQ 1DWXUDO DQG
,Q *OREDO :DUPLQJ RI f& $Q ,3&& 6SHFLDO 5HSRUW RQ WKF
DERYH SUH LQGXVWULDO OHYHOV DQG UHODWHG JOREDO JUHH
VWUHQJWKHQLQJ WKH JOREDO UHVSRQVH WR WKH WKUHDW R
HITRUWYV WR HUDGLFDWH SRYHUW\ >0DVVRQ 'HOPRWWH 9 3

35 6KXNOD $ 3LUDQL : ORXIRXPD 2NLD & 3pDQ 5 3LGF
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< &KHQ ; =KRX 0, *RPLV ( /RQQR\ 7 OD\FRFN O 7LJQR
3UHVV
8QLWHG 1DWLRQV "R (FRPU®G 3RSXODWLRQ 3URVSHFWYV +L

86'$ *OREDO )RRG'$ HRMXWIW\ QLID XVGD JRY WRSLF JOREDO IR
LQVHFXULW\ + RIWHQ URRWHG LQ (FRQRPLF JURZWK DQG MRE |

3DJH . [/ 'DQJ < 3 '‘DODO 5 & 7KH DELOLW\ RI FRQVHU"
RUJDQLF FDUERQ DQG WKH VXEVHTXHQW LPSDFW RQ VRLO SK\!
\LHPWBRQWLHUYV LQ 6XVWDLQDEOH )RRG 6\VWHPV

OERZ & & B5RVHQ]ZHLJ /* %DULRQL 7 * %HQWRQ 0 +HUUI
3 3UDGKDQ 0 * 5 ) 7 B6DSNRYRRG GHFRXHLWOOR <{OLPDWH
/IDQG DQ ,3&& VSHFLDO UHSRUW RQ FOLPDWH FKDQJH GHVHUW
PDQDJHPHQW IRRG VHFXULW\ DQG JUHHQKRXVH JDV IOX[HV L«

%HKQDVVL 0 7KH :DWHU (QHUJ\ )RRG 1H[XV DQG &OLPDWH 3H
IRU 3ROLF\ PDNLQJ DQ&OLRDPMHQRRBABJHQ)RRG 6HFXULW\ DQG

ODQDJHPHQWSULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ GRL
,3&&XPPDU\ IRU 3ROLF\PDNHUV LQ ,3&& &OLPDWH &KDH
&RQWULEXWLRQ RI :RUNLQJ *URXSV , ,, DQG ,,, WR WKH )LIWK

3DQHO RQ &OLPDWH &KDQJH

‘X & .RKOHU 7 $ /HQWRQ 7 0 6YHQQLQJ - & BFKHIIHL
QLFBEBRFHHGLQJV Rl WKH 1DWLRQDO $EDGHP\ RI 6FLHQFHV

'RHOPDQHW @ZSORULQJ 663 ODQG XVH G\QDPLFV XVLQJ WKH ,C
JULGGHG VFHQDULRV Rl ODQG XVH FKDQJH DQGOREQ®G EDV|
(QYLURQPHQWDO &KDQJH

:LOOLDIRPW $S$OHIJLRQDOO\ DGDSWHG LPSOHPHQWDWLRQ RI FRQ'
LPSURYHPHQWY WR VRLO SURSHUWLHVE BPVWRWILDWHSH 3 RWW W L

%HDUH 0 + +HQGUL[ 3 ) &DEUHUD 0 / &ROHPDQ
8QSURWHFWHG 2UJDQLF ODWWHU 3RROV I6@ L&R @ KFIHHOWLHR @B BL H
$PHULFD -RXU@DO

J)DURRT O .DGDPERW +&RRRVEBUGOGWDLRD &316(F>$TVWRXUH
$*5,&8/7856SULQJHU GRL

+DIL] OXPLOQMB@RYWHILHYV IRU WKH SURPRWLRQ RI FRQVHUYD
)$2 GRL FD HQ

JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1D
KWWS ZZZ IDR RUJ FRQVHUYDWLRQ DJULFXOWXUH HQ

%ODQFR &DQTXL + 5XLV 6 - 1R WLOOBREGHWWRDVRLO SK\VLF
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6WDJQDUL ) 5DPD]]RWWL 6 3LVDQWH 0 &RQVHUYDWLRQ $
BURGXFWLRQ 7KURXJK 6XVWDLQDEOH 6RLO DQG :DWHU O0DQC
GRL B

/IlL < /L = &XL 6 -DJDGDPPD 6 =KDQJ 4 S5HVLGXH UHWH
SK\VLFDO HQYLURQPHQW RI WKH VRLO BEQLPURGDTL®\ DY H C5RIB

IHUKXOWW RRBQVHUYDWLRQ DJULFXOWXUH IRU ZKHDW EDVHG
LUULJDWLRQ ,QFUHDVLQJ UHVLOLBQFEWERQRXGIKLOPSURYHG VF

<bQJ ; 'UXU\ & ) :DQGHU 0 O $ ZLGH YLHZ RI QR WLOODJ
VHTXHVWRWW BBRQLFXOWXUDH 6FDQGLQDYLFD 6HFWLRQ % 6RL

JHWHUV 5 6WXU] $ 9 &DUWHU 0 5 6DQGHUVRQ - %
WKURXJK FURS URWDWLRQ DQGOA6WLOODIE PIDOIE HHP HE W HDWIE K\

*RYDHWHW MR J WHUP FRQVHTXHQFHV RI WLOODJH UHVLGXH F
VHOHFWHG VRLO PLFUR IORUD JURSSSOLRGWKRHLUX(EFEWORILFDO

9HQWHU = 6 -DFREV . +DZNLQV + - 7KH LPSDFW RI FUR
$ PHWD DOBOGRELVWRORIED

/IXszD\L 1 = $UVKDG 0 $ OS5LFH : $ &OD\WRQ * : %DFW
DJJUHJDWHYV RI VRLOV XQGHU FRQYHGWERQBG BORIC ] HRHRRO WI1\0 O

$QGHUVRQ $ ( +DPPDF : $ B6WRWW ' (  7\QHU : ( $Q D
VRLO FRQVHUYDRXIR@DOURIFBRIFBIDQG :DWHU &RQVHUYDWLRQ
.DVVDP $ )JULHGULFK 7 'HUSVFK 5 *OREDQOQWSHUQDARR Q@R

-RXUQDO RI (QYLURQPHQWDO 6WXGLHYV

JRUZROOLN 9 GS5ROLQVNL 6 +HLQNH - 0-OOHU & *HQHUEL
GDWDI/HWK 6\VWHP 6FLH@FH 'DWD

-RGKD 1 6 5HVRXUFH EDVH DV D GHWSRPLO® RW RURIRISGL ¥
UHVHDUFK DQG GHYHORSPHQW #RU WKH $VLDQ ULFH IDUPHU

6X < *DEULHOOH % %HLOORXLQ ODNRZVNL ' +LJK ¢
FRQVHUYDWLRQ DJULFXOWXUH LQG6GUHOQWIUIRRG HBBWPDWI RU VW

SLWWHONMRZ:IXH @ GRHVY QR WLOO \LHOG PRUHO &6 XQWREO5HAM WD!

+

SLWWHO NRVZDERBGXFWLYLW\ OLPLWY DQG SRWHQWLDOV RI WKH
IDWXUH =

ODNRZVNL ' 3LUDX[ ) %UXQ ) ,QWBRQKFAULIRPH QWG q[DIREC
OHWD DQRO\WSULQJHU 1HWKHUODQGYV GRL
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=KHQBWE&DIOH LPSDFWV Rl FRQVHUYDWLRQ DJULFXOWXUH RQ Fl
SUDFWLFHV FURSV DTXH RURSS LRX WIHIQRQV

=KDRHW ®ORS \LHOGV XQGHU QR WLOO IDURU®RS H QQ& KR )QUQ [$OF
$JURQRP\ *

YDQ GHQ 3XWWH $ *RYHUV * 'LHOV - *LOOLMQV . "HP)
WLOODJH RQ FURS JURZWK $ PHWD UHJUHVVLRQ DQDO\VLV R
DIULFXRWREHDQ -RXUQDO RI#&SJURQRP\

70 .LUDQ .XPDUD $QNLWD .DQGSDO 6 3 'HWHUPLQDQWYV DQ
LQ 6RXWK $VLD $ OHWD $QDMELPQR}IRXKKDOLEBHFBINFXOWXUL

*

6WHZDUGW3DI®GH DGDSWLYH FDSDFLW\ Rl PDL]H EDVHG FRQVH
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWUR S$FWDLF ¥X@QWXKURQ
(FRV\VWHPV DQG (QYLYRQPHQW

&RUEHHOV O I1DXGLQ . :KLWEUHDG $ 0 .*KQH 5 /IHWR
DJULFXOWXUH WR RYHUFRPH ORZ FIDRMXWUWH ORBREGLQ VXE 6DKDUD

5XVLQDPKHREIR®HWD DQDO\VLV RI ORQJ WHUP HIIHFWV RI FRQ
JUDLQ \LHOG XQGHU IR RFE FROG6XWWRQYDEOH 'HYHORSPHQ

&RUEHHOV 0 6DN\L 5. .0KQMD ®)QDOWLYV RI FURS UHVSRQVH'
DJULFXOWXUH LQ VXE 6DKDUDQ $IULFD &&$%$)6 5SHSRUW 1R &
3URJUDP RQ &OLPDWH &KDQJH $JULFXOWXUH DQG )RRG 6HFXU

%WURXGHU 6 O *RPH] ODFSKHUVRQ + 7KH LPSDFW RI FRQVI
DJULFXOWXUDO \LHOGV $ VFBSUQBXIHNXHHA RIFRK\W\WMPGEHQRH L

+

6KDNRRW SOOREDO PHWD DQDO\VLV RI JUHHQKRXVH JDVHV H
WLOODJH DV FRPSDUHG 6/FRHRRH RQ WKHIR RO WAL Q@DLUIBRQPHQW

6X < *DEULHOOH % ODNRZVNL ' 7KH LPSDFW RI FOLPD
FRQVHUYDWLR®WXWIHF %O WRXMWH &RDQJH \% Z

6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW IRU F
DQG QR WLOGBIHQMWLWHPYDWD

.LUDQ .XPDUD 7 0 .DQGSDO $ 3DO 6 $ PHWD DQDO\VL\
EHQHILWY RI FRQVHUYDWLR Q ROXIWQ B ®ORM X(QH LR @R X\Y W $ LMD C

ODNRZVNL ' 3LUDX[)URP %BKQLPHQWDO 1HWZRBSUWR JGRW D
1IHWKHUODQGV GRL

*ObVvv * Y 3ULPDU\ 6HFRQGDU\ DGXFrHWDhRQDO\YHVHDIUEK

+RVVDHW HOHWD $QDO\VLV RI ODL]JH DQG :KHDW <LHOGV LQ /R
2UJDQLF 6$VWRIPRP\ -RXUQLEO



*HQHUDO LQWURGXF

SKLOLEHUW $ /R\FH & ODNRZVNL ' 4XDQWLI\LQJ 8QFHUMW
JHUWLOL]HU $SSOLFDWBRBRR6LZLEHOWLYDWHG $UHDV
<X < O6WRPSK 7 - ODNRZVNL ' YDQ GHU :HUI : 7HPSRUD

WKH ODQG HTXLYDOHQW UDWLR RI)DBQ®&DEOJROWHHVHRE¥KS PH

JODWKHU 0 ' )DUNRXK O ( 3RJXH - O <XVXI 6 6WUHQJIW
/IDUJHU VWXGLHYV PDRERWERBROBOHOEDEQHFDO 7ULDOV

J)LW] *LEERQ & 7 OHWD $QDRQANWY YV EQ G KFDIWFIDRWQLIRM 5#H VHD U F K

(LVOHU , OHWD DQDO\VLV ODJLF ZDQG RU H[SRRXLIDPUR IWR
)DPLO\ 7KHUD S\
$/.(5 ( +(51%$1'(= $ Y .$77$1 0 : OHWD DQDO\VLV ,W

OLPLWRWHRRBUDQG &OLQLF -RXU®DO RI OHGLFLQH

.5831,. 7THW 'RO6 6,=( 0$77(5" $ &5,7,&$/ 5(9,(: 2) 0(7$ $1$/<6,6 ,1
$*52120<([SHULPHQWDO $JUEFXOWXUH

*RXOGLQJ . : 7 7UHZDYDV $ *LOOHU . ( )HHGLQJ WKH 2
"RUOG $JULFXHWXUH

6WHZDUGW3DIGH DGDSWLYH FDSDFLW\ Rl PDL]H EDVHG FRQVH
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWUR S$FWDLF X@OW XURQ
(FRV\VWHPV DQG (QYLWRIQPHQWM DJHH

+ROODQG - 0 7KH HQYLURQPHQWDO FRQVHTXHQFHV RI DG
SHYLHZLQJ W KH HYDGHD¥XWH (FRVA\WWHPV# QG (QYLURQPHQW

*RYDHWMW DBLOWUDWLRQ VRLO PRLVWXUH URRW URW DQG C
GLIIHUHQW WLOODJH UHVLGXH BRLE® AURG TULFOMDWH REH PIDDQWDR K

6FRSHOW @RQVHUYDWLRQ DJULFXOWXUH FURSSLQJ V\VWHPV L
SHUIRUPDQFHYV DQG $BEBRRWRF\ SRUHOVX\HMEDLQDEOH 'HYHORSPHQ

, %0 ODFKLQH OHDUQLQJ KWWSV ZZZ LEP FRP FORXG OHDUQ

BWXDUW 5XVVHOO 8 RHUSWIDWFDO 1@WHIQIOIBJHQFH $ ORGHUQ
3HDUVRQ



3DUW ,,
+

ODFKLQH /HDUQLQJ DQG %LJ 'DWD LQ $JU



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDW

&KDSWHU $ JOREDO FURS \LHOG PHWD GDWDVHW RI FR(
WLOODJH

7KLV FKDSWHU LV SXEOLVKHG LQ 6FLHQWLILF 'DWD L
KWWSV GRL RUJ vV ,Q WKLY FKDSWHU ZH SUHVHQWHG D JOR

QR WLOODJH VI\VWHPV YHUVXV FRQYHQWLRQDO WLOODJH V\VWHPV
DQG VRLO FKDUDFWHULVWLFV

7KLV GDWDVHW FDQ EH DRKMHNYWHG GOWKIURXJIK WKHPOUQMNYKDUH




$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXC

$ JOREDO GDWDVHW IRU FURS SURGXFWLRQ XQGHU I
VA\VWHPV

$XWKRUV
<DQJ°6%HQRLWP*DIEYILGHODNRZVNL

$IILOLDWLRQV
P805 (&26<6 ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\
E805 $JURQRPLH ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD

F$SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH

&RUUHVSRQGtRQ JEMKIRWUX#LQUDH |U

$SEVWUDFW

1R WLOODJH 17 LV RIWHQ SUHVHQWHG DV D PHDQV WR JURZ FURS
DV HOQKDQFHG FDUERQ VHTXHVWUDWLRQ LPSURYHG VRLO TXDOLW
+RZHYHU ZKHWKHU 17 VA\VWHPV DUH DV SURGXFWLYH DV WKRVH
FROQOWURYHUVLDO LVVXH IUDXJKW E\ D KLJK YDULDELOLW\ RYHU W
LQFOXGH WKH UHVXOWYV RI WKH PRVW UHFHQW ILHOG H[SHULPHQ\
FURS \LHOGV REWDLQHG XQGHU &7 DQG 17 VI\VWHPV ,Q DGGLWL
LOQIRUPDWLRQ RQ FURS JURZLQJ VHDVRQ PDQDJHPHQW SUDFWLFH\
WKURXJKRXW WKH H[SHULPHQWDO \HDU 7KH ILQDO GDWDVHW FRQ
DQG IRU HLJKW PDMRU VWDSOH FURSV LQ FRXQWULHYV 7KLV
GULYHUV H[SODLQLQJ WKH YDULDELOLW\ RI WKH SURGXFWLYLW\ F
\LHOGYV

%DFNJURXQG 6 XPPDU\
2IWHQ IHDWXUHG DPRQJ SURPLVLQJ FOLPDWH FKDQJH PLWLJIJDWLR
DJULFXOWXUH &$ FRQWULEXWHV WR HQYLURQPHQWDO ISSUHVHUY
LV H[SHFWHG WR PLWLJDWH VRLO GHJUDGDWLRQ LPSBRYHUDROLO
VWXGLHYVY LQGLFDWH WKDW WKLV FURSSLQJ V\VWHP FDQ SURYLGH
VXFK DV LQFUHDVHG ELRGLYHUVLW\ HQKDQFHG FDUERQ VHTXHVWL
LQ VRLO RUIDQLRZPDWWHWKH SURGXFWLYLW\ RI 17 VA\VWHPV FRPS
VI\VWHPV LV VWLOO FRQWURYHUVLDO 6LQFH WKH SURGXFWLYLW\
FOLPDWLF FR/QRG&EOWHKRQUWD BPWBURWWHBWIULFXOWXUDQGVRBQIRIWRQ /W
RI' 17 WR LQFUHDVH DJULFXOWXUDO SURGXFWLYLW\ UHPDLQV KLJK

6HYHUDO VWXKLHN EHHQ FRQGXFWHG WR VIQWKHWL]H WKH FXUUH
V\VWHPV 6RPH RI WKHVH VWXGLHY UHOLHG RQ JOREDO GDWDVHW



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDW

17 DQG &7 FURSSLQJ VIVWHPV RYHU D ODUJH UDQJH RI VRLO DQG F
QRW LQFOXGH WKH PRVW UHFHQW SXEOLVKHG H[SHULPHQWV D¢
FKDUDFWHULVWLFV FOLPDWH YDULDEOHV DQG PDQDJHPHQW SUDI
ZHHG DQG SHVW FRQWURO DQG LQWUD DQG LQWHU DQQXDO FOLF
FRPSDULQJ 17 DQG &7 UHO\ RQ D OLPLWHG QXPEHU RI H[SHULPHQV
GLG QRW PDNH WKHLU G DKMV I XD 00 PEDQ GIDOBHVHW UHSRUWLQJ IL
ILHOG H[SHULPHQWY DQG LQFOXGLQJ LQIRUPDWLRQ DERXW D ZLGF
DQG DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV LV VWLOO ODFNLQJ

7R DGGUHVV WKLV JDS ZH SUHVHQW DQ XSGDWHG DQG H[WHQGH
LQFOXGLQJ WKH PRVW UHFHQWO\ SXEOLVKHG H[SHULPHQWDO V
HQYLURQPHQWDO FKDUDFWHULVWLFY DQG PDQDJHPHQW SUDFWLF
\LHOG REVHUYDWLRQV FROOHFWHG EHWZHHQ DQG IRU HLJK
H[SHULPHQW ZH SURYLGH LQIRUPDWLRQ RQ VRLO WH[WXUH S+ Wi
WKH ORFDWLRQ RI WKH H[SHULPHQW IHUWLOL]DWLRQ ZHHG DQG .
UHVLGXH PDQDJHPHQW DQG FURS LUULJDWLRQ %HVLGHV VRLO |
SUDFWLFHVY ZH DOVR UHSRUW D ODUJH UDQJH RI FOLPDWH YDULD
LQFOXGH SUHFLSLWDWLRQ SRWHQWLDO HYDSRWUDQVSLUDWLRQ
PLQLPXP WHPSHUDWXUH GXULQJ WKH FURS JURZLQJ VHDVRQ 7KL
HITHFWV RI VRLO FOLPDWH DQG DJURQRPLF GULYHUV RI FURS \LHC(

OHWKRGV

'DWD FROOHFWLRQ
7KH OLWHUDWXUH VHDUFK ZDV GRQH LQ )HEUXDU\ XVLQJ WKH |
1R WLOO 1R WLOODJH =HUR WLOODJHYTY pu<LHOG <LHOG FKDQJH
,QGH[ ZHE RI VFLHQFH T $ WRWDO RI SRWHQWLDOO\ UHOHYDGC

DQG DEVWUDFW DQG WKHVH SDSHUV ZHUH WKHQ VFUHHQHG DFFR
3DSHUV QRW UHSRUWLQJ \LHOG GDWD IRU &7 DQG 17 V\VWHPV 72
H[SHULPHQWY RQ UHGXFHG WLOODJH 57 V\VWHPV 3DSHUV UHSRL
RU VLWHY ZHUH DOVR H[FOXGHG :H WKHQ FKHFNHG ZKHWKHU LQIF
FURS LUULJDWLRQ FURS URWDWLRQ DQG FURS UHVLGXH PDQDJHF
$IWHU WKHVH VFUHHQLQJ DQG VHOHFWLRQ VWHSY DOO UHOHYDQMW
LQFOXGLQJ JHQHUDO LQIRUPDWLRQ DERXW WKH SDSHU ORFDWLR
XQGHU 17 ZKHQ WKH FURS ZDV VRZQ VRLO FKDUDFWHULVWLFV FU
SUDFWLFHV DQG FURS \LHOG Rl &7 DQG 17 +RZHYHU GXH WR D OC
VHDVRQ FOLPDWLF YDULDEOHY DQG VRLO FKDUDFWHULVWLFV ZHU
7DEOH 7KH JURZLQJ VHDVRQ LQIRUPDWLRQ ZD VEDNGIGURQV WE H
FURS W\SH DQG WKH ORFDWLRQV Rl WKH H[SHULPHQWY UHSRUWHG
LQ WKH JURZLQJ VHDVRQ ZHUH H[WUDFWHG IURP WKH 8'HOBS$LU7B
36/ 7KH PD[LPXP DQG PLQLPXP DLU WHPSHUDWXUH GXULQJ WKH J
*OREDO 7THPSHUDWXUH GDWD SURYLGBG EMKIR SR MFEQWED ®6HYDSRW
RYHU WKH JURZLQJ VHDVRQ ZHUH H[WBBE® MGH[WRRP H M $0H G B W R DM\
+:6' GDWDBPOMH)J WKH ORFDWLRQV RI WKH H[SHULPHQWDO VLWHYV
IRUDGGLWLRQDO GHWDLOV 7KH H[SHULPHQWYV IRU ZKLFK LW ZI
IURP WKH HIWHUQDO GDWDEDVHV ZHUH H[FOXGHG 7KH ILQDO GDW
SXEOLVKHG EHWZHHQ W R SDLUHG \LHOG REVHUYDWLRC
LQFOXGLQJ REVHUYDWLRQV IRU EDUOH\ REVHUYDWLRQV IRL
REVHUYDWLRQV IRU FRWWRQ REVHUYDWLRQV IRU PDL]H F



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXC

VRUJKXP REVHUYDWLRQV IRU VR\EHDQ REVHUYDWLRQV IRU V
REVHUYDWLRQV IRU ZLQWHU ZKHDW DQG REVHUYDWLRQV IRU V
)LIXUH

)LIXUH _ )ORZ FKDUW RI SDSHU FROOHFWLRQ DQG VHOHFWLRQ



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ |

)LIXUH _ 'LVWULEXWLRQ RAHHVIHK IRFA HVQKMD BLYIFWHVL QGLFDWHYV WKH QXPEHU RI REVHUYDWLF
VSHFLHV



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXOWXUH YV FRQYHQWLRQDO

7DEOH _ OHWDGDWD RI WKH GDWDVHW
&DWHJ[ &ROX 'DWD FROOHFV 8QL\V 1IRWHYV BRXUFH )JRUPXOD
, *HQHUD® $XWKRU
LQIRUPDWERQ -RXUQDO
RI WKH [SD&HU 3XEOLVK \HDU
' &RXQWU\ Rl H[SHULPHQWDO VLWH
( /JRFDWLRQ RI H[SHULPHQWDO VLWH
) IDWLWXGH RI H[SHULPH|QWDO VLWH "HIJUHH
* /JRQJLWXGH RI H[SHULPHQWDO VLWH "HIUHH
+ 6RLO W\SH RU WH[WXUH
, 6XUIDFH S+ RI H[SHULPHQWDO VLWH
- 1XPEHU RI H[SHULP[HQW UHSOLFDWLRQV 3DSHU

,QFOXGLQJ FURSN EDUOH\ VSULQJ
ZLQWHU EDUOH\| FRWWRQ PDL]H
&URS W\SH ULFH VRUJKXP VR\EHDQ
VXQIORZHU ZKHDW VSULQJ
ZLQWHU ZKHDW
. QRW PHQWLRQHG LQ WKH SDSHU

([SHULPHQW
LQIRUPPWLRQ

/ ,QLWLDO \HDU RI|17 SUDWWH@HWKLY <HDDVYVXPHG WR EH WKH
LQLWLDO \HDU RI WKH H[SHULPHQW

0 &URS VRZLQJ \HDU <HDU

1 &URS KDUYHVWLQJ \HDU <HDU

2 <HDUV VLQFH 17 VWDUYWHG <HDU A lpaeudus A lcivaucBae

3

&URS SODQWLQJ PEWW%M@G JURZLQJ VHDVRQ UHSRUWHG LQ
KDUYHVWLQJ PR KH SDSHU

+HUH ZH VHW FURS URWDWLRQ DV
- 3<HV" RQO\ ZKHQ WKH FURS

,QIRUPDWLRQ VSHFLHV LQFOXGLQJ WKBSIDFHRYHU
DERXW &URS URWDWLRQ ZUWK DWFORBVW LEYRGYHG LQ WKH FURS
DIJULFXOWXUDO LQYROYHG LQ &7/ SUDFMURWDWLRQ VHTXHQFH LV PRUH WKDQ
PDQDJHPHQW VSHFLHV LQ DFFRUGDQFH ZLWK WKH

DFWLYLWLHV )$29V GHILQLW|LRQ RI

&RQVHUYDWLRQ $JULFXOWXUH ORUH




$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ |

GHWDLOV DERXW WKH FURS VHTXHQHRH
FDQ EH IRXQG LQ FROXPQ 6

&URS URWDWLRQ ZUWK DW7QROADWH FRRISHV |[3<HV™ 31R’
LQYROYHG LQ 17|SUDFWLFH

'"HWDLOV RI FURS URWDWLRQ VHTXHQFH

Wy WR T<HV” [T D FRYHU FURS LV
@RYHU FURS EHIRUH VRZ] VHQW LQ WKH|H[SHULPHQW

YJRXU FDWHJRULH 3<HV  31R’
S0L[HG ~ ®*1RW UHSRUWHG  +HUH
ZH VHW VRLO FRYHU DV 3<HV’~ ZKHQ
PRUH WKDQ RIl WKH VRLO LV
FRYHUHG HYHQ DIWHU WLOODJH RU
BRLO FRYHU LQ &7 SUDRWHRH SODVWLF UHVLGXH PXOFK
H[LVWV :H VHW [VRLO FRYHU DV
S0L[HG"~ IRU \LHOG GDWD
FRUUHVSRQGLQJ WR WKH DYHUDJH
\LHOGV RI ERWK ADWHJRULHV 3<HV’
DQG 1R’

YRXU FDWHJRULH 3<HV  31R’
S0L[HG ~ ®*1RW UHSRUWHG  +HUH
ZH VHW VRLO FRYHU DV *<HV’~ RQO\
ZKHQ PRUH WKDQ RI WKH VRLO
LV FRYHUHG LQ FXUUHQW FURSSLQJ
HDVRQ DQG UHKVLGXHV IURP
6RLO FRYHU LQ “7SUD%&@UﬁQW FURSSLQJ VHDVRQ DUH
UHWDLQHG :H VHW VRLO FRYHU DV
S0L[HG"~ IRU \LHOG GDWD
FRUUHVSRQGLQJ WR WKH DYHUDJH
\LHOGV RI ERWK ADWHJRULHV 3<HV’
DQG 1R’

'"HWDLOV RI UHVLGXH PDQDJHPHQW RI
SUHYLRXV FURS LQ &7 SUDFWLFH

'"HWDLOV RI UHVLGXH PDQDJHPHQW RI
SUHYLRXV FURS LQ 17 SUDFWLFH




$ JOREDO FURS \LHOG PHWD GDWDVHW RI

FRQVHUYDWLRQ DJULFXOWXUH YV

J "HHG DQG SHVW FRQWUROKWMHB7FDWHJRULHV 3<HV  31R’
SUDFWLFH 31RW UHSRUWHG’
_ 'HHG DQG SHVW FRQWURQKIWHB7FDWHJRULHYV 3<HV’~ 21R’
- SUDFWLFH $1RW UHSRUWHG’
sg | HWDLOV RI ZHHG DQG SHVW FRQWURO LQ
&7 SUDFWLFH
s9% | HWDLOV RI ZHHG DQG SHVW FRQWURO LQ
17 SUDFWLFH
JRXU FDWHJRULH s<HV ~ 3®1R’
S0L[HG~ 31RW UHBRUWHG  :H
WLOL]DWLRQ DV 30L[HG"
$& )LHOG'HUWLOL””NLRQl¥$%ﬂ%ﬂ§%“é%% FRUUHVSRQGLQJ WR
WKH DYHUDJH \LHOGV RI ERWK
FDWHJRULHV3<HV'DQG31R'
YRXU FDWHJRULH 3<HV  31R’
S0L[HG~ 31RW UHSRUWHG  :H
, Vv LOL]DWLRQ DV 30L[HG’
$ JLHOG IHUWLOL]IDWILRQ H%ﬁﬁ%ﬁﬁﬁﬁ&ﬁﬁ’ FRUUHVSRQGLQJ WR
WKH DYHUDJH \LHOGV RI ERWK
FDWHJRULHV3<HV'DQG31R'
J)RXU FDWHJRULH s<HV'~ 31R’
S0L[HG~ 31RW UHSRUWHG  :H
VHW 1 LQSXW DV 30L[HG  IRU \LHOG
$( L LRSXW GDWD FRUUHVSRIQGLQJ WR WKH
DYHUDJH \LHOG RI  ERWK
FDWHJRULHV 3<HV| DQG 1R’
$) 1 LQSXW LQ GHWDLDV ZLWK WKH XQLW NJ
1 KD
$* '"HWDLOV DERXW IlHOG [HUWLOL]JDWLRQ
YRXU FDWHJRULH 3<HV  31R’
RW UHSRUWHG  :H
$+ &URS LUULJDWLRQ UQ&‘J%%&EW&E RWDW|LRQ DV 30L[HG  IRU
\LHOG GDWD FRUUHVSRQGLQJ WR WK

FRQYHQWLRQDO



$ JOREDO FURS \LHOG PHWD GDWDVHW RI

DYHUDJH \LHOG RI ERWK
FDWHJRULHV 3<HV| DQG 1R’
JRXU FDWHJRULH s<HV  31R’
S0L[HG ~ 31RW UHBRUWHG  :H
v RS, URWDW|LRQ DV 30L[HG  IRU
s &URS LUULJDWLRQ LQ]juﬁ%&EWﬁﬁWD FRUUHVSRQGLQJ WR WK
DYHUDJH \LHOG RI  ERWK
FDWHJRULHV 3<HV| DQG 1R’
g "HWDLOV Rl ZDWHU DSSOLBWHQ RBSOLHG LQ WKH ILHOG ZLWK
SUDFWLFH WKH XQLW PP KD \HDU
3 "HWDLOV Rl ZDWHU DSSOLBWHQ RB3SOLHG LQ WKH ILHOG ZLWK
' SUDFWLFH WKH XQLW PP KD \HDU
L9 2WKHU ORUH GHWDLOHG LOQIRUPPWLRQ DERXW
GHWDLUO G WKH H[SHULPHQW VHWW[LQJ DQG WKH
LQIRUPDWLRQ DIJULFXOWXUDO |DFWLYLWLHV
$0 &URS \LHOG XQGH[U &7 SUDFWLFH NJ K[
$1 &URS \LHOG XQGHU 17 SUDFWLFH NJ KQ
E (ciF:E G
$2 5SHODWLYH \LHOG FKDQJH s
JN%UPEW RO <HV \LHOG LQFUHDVHG ZLWK 17
DERXM/F$§S <LHOG LQFUHDVH ZLWK L1IRUDEWOBHQRW LUQFUHDVHG ZLWK
17
e $4 2XWOLHU R|FURS\LHOGLgﬁ%9%@3 é’ | LW LV DQ RXWOLHU |
RUU BE@ EEJFURSVSHFLHV
H S<HY _ LI LW LV DQ RXWOLHU |
$5 ZXWOLHUR'FURS\LHOGL@%%%%@QE%LE%JFURSVSHFLHV
° &URS JURZLQJ VHDVRQ 2ZDV
’ H[WUDFWHG IURP WKH H[WHUQDO FUF
fféﬁﬂﬂhﬁb%%o FDOHQGDU GDWDEDVHV RI VSULQJ
GDWDED V$ie/ &URS JURZLQJ VHDOVRQ »\&Bﬁ\%HﬁﬁQ@ﬁWH 5(\3( @UMH IPRWW R Q -
COLPDWLE I'H L VRUJp \DR\E VDR
YDULDEPHV DHG VXQIORZHU VSULQJ ZKHDW DQG
VRLO WH[WXUH ZLQWHU ZKHDW EDVHG RQ WKH FURS
W\SH DQG ORFDWLRQ

FRQVHUYDWLRQ |

RU

RU

S

LVFRQVLQ



$ JOREDO FURS \LHOG PHWD GDWDVHW RI

FRQVHUYDWLRQ DJULFXOWXUH YV FRQYHQWLRQDO

$7

&URS JURZLQJ VHILO

VRQ H &0 WPROW KFRWWERY K

&URS JURZLQJ V
HIWUDFWHG IURP

FDOHQGDU GDWD

VRUJKXP VR\EHD
ZKHDW EDVHG RQ
DQG ORFDWLRQ

HDVRQ ZHUH
WKH H[WHUQDO FUR

EDV v LR
Q DQGH§66

WKH FURS W\SH

$8

SBUHFLSLWDWLRQ R

VHDVRQ

Y U, WKHS HUR PHRW DQG

WKH H[WHUQDO G
WKH ORFDWLRQ

VHDVRQ IURP WK
GDWDEDVH 7KH §
HDFK PRQWK Z
WRIHWKHU

SBUHFLSLWDWLRQ ZDV HIWUDFWHG IUR

DWDEDVH EDVHG R
\HDU WKH

Wﬁwﬁ%%%‘%f 36!

UHFLSLWDWLRQV L
HUH DGGHG

$9

SRWHQWLDO HYDSR

WKH JURZLQJ V

3BRWHQWLDO  HY
ZDV H[WUDFWHG |
GDWDEDVH EDVHG
WV\SILDULD R/IL R/G HR Y I UH
) JURZLQJ VHDVRQ
H[WHUQDO GDWDH
HYDSRWUDQVSLULD
PRQWK ZHUH DGG

DSRWUDQVSLUDWLR
URP WKH H[WHUQD(
RQ WKH ORFDWLR
ULPHQIW XQG YAHILRA
|URP*/($\WOK H
DVH 7KH SRWHQWL
WLRQ UDWHV LQ H
HG WRJHWKHU

S
LVFRQVLQ

Q

Q
N\ (6%

DO
D F K

SUHFLSLWDWLRC(

) EDO

,QGLFDWHG WKH
DR¥BELODEOHR.DWH
VHDVRQ IRU UDLQ

DPRXQW R
U LQ WKH'JURZLQJ
IHG ILHOG

$YHUDJH DLU WHPSH

JURZLQJ VHDV

AUDW )
RQ

$YHUDJH WHPSH
HIWUDFWHG IURP
GDWDEDVH EDVHG
WHD®X R IL @K M KIHS H
JURZLQJ VHDVRQ
H[WHUQDO GDW
WHPSHUDWXUH LQ

UDWXUH ZDV
WKH H[WHUQDO
RQ WKH ORFDWLR

AR 2RAcpor 381

DEDVH 7KH
HDFK PRQWK ZHUH

Q

DYHUDJHG




$ JOREDO FURS \LHOG PHWD GDWDVHW RI

FRQVHUYDWLRQ |

OD[LPXP WHPSHUDWXUH ZDV
HIWUDFWHG IURPL WKH H[WHUQDO
GDWDEDVH EDVHG RQ WKH ORFDWLRQ
\HDU RI WKH H[SHULPHQW DQG FURS
$< OD[LPXP DLU WHPSHUDWXUKN RBZXAWIQIVHDVRQ IU?\I}D‘_% 2¥\{5K¢35 / 36/
WKH JURZLQJ VHDVRQ HIWHUQDO GDWDE]B 7 I-?
WHPSHUDWXUHYV L4Q HDFK PRQWK RI
WKH JURZLQJ VHDVRQ ZHUH
FRPSDUHG WKH PD[LPXP RQH
ZDV UHFRUGHG
OLQLPXP WHPSHUDWXUH ZDV
HIWUDFWHG IURPL WKH H[WHUQDO
GDWDEDVH EDVHG RQ WKH ORFDWLRQ
\HDU RI WKH H[SHULPHQW DQG FURS
§= OLQLPXP DLU WHPSHUDWXIWREGKQUIQINHDVRQ IU?\%_% Z%KQS / 36/
WKH JURZLQJ VHDVRQ H[WHUQDO GDWDE?D 7 I-?
WHPSHUDWXUHYV L4Q HDFK PRQWK RI
WKH JURZLQJ VHDVRQ ZHUH
FRPSDUHG WKH [PLQLPXP RQH
ZDV UHFRUGHG
6RLO WH[WXUH ZDV H[WUDFWHG IURP
WKH H[WHUQDO GDWDEDVH EDVHG RQ
WKH ORFDWLRQ RI WKH H[SHULPHQW
IURPNKH H[WHUQI
% $ 6RLO WH[WXUH &DWHJRULH[V LQFOXE%SQ_LQYH\H\K/IZW\ RI 7TRN\R
GDWDEDVH 6DQG\ /RDP /RDP
6LOW /RDP 6DQG)\ &OD\ /RDP
&OD\ /RDP 6DQG\ |&OD\ &OD\




$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXC

'DWD UHFRUGYV
$O0O0 GDWD DUH DYDLODEOH RQZKMKHK IRDQKEUHHDBHIBRVH®WRWKXUR
KWWSV GRL RUJ P NRXBWDUGIHV DUH SURYLGHG

*'DWDEDVH FVY" LQFOXGHV WKH GDWD

36 XPPDU\ RI WKH GDWDEDVH GRF[" LQFOXGHV WKH VXPPDU\ RI
DVVXPSWLRQ IRU HDFK FROXPQ LQ WKH GDWDVHW

3/LVW Rl UHIHUHQFHV GRF[" UHSRUWV WKH UHIHUHQFHV RI WK
3&RGH ]JLS” LQFOXGHV DOO WKH FRGHV XVHG LQ WKLV VWXG\

7TDEOH VKRZV WKH PHWDGDWD RI RXU GDWDVHW 6L[ PDLQ FDWF
&DWHJRU\ , FRYHUV DXWKRUV SXEOLVKLQJ MRXUQDO DQG WKH SX

&DWHJRU\ ,, UHSRUWYV JHQHUDO LQIRUPDWLRQ DERXW WKH H[SHU
FLWLHY ODWLWXGH ORQJLWXGH RI H[SHULPHQW VLWH VRLO W\S
FURS W\SHV WKH LQLWLDO \HDU Rl 17 SUDFWLFH FURS SODQWLQ
LQLWLDO \HDU Rl 17 SUDFWLFH

&DWHJRU\ ,,, FRYHUV LQIRUPDWLRQ DERXW DJULFXOWXUDO PDQDJ
GDWD DYDLODELOLWLHV RI WKRVH DFWLYLWLHV ZHUH VKRZQ LQ )

x &URS URWDWLRQ ZLWK DW OHDVW FURSV LQYROYHG EDVHG
)$2 3<HV® 31R" B31RW UHSRUWHG"™ 7KH GHWDLOV RI FURS VH

X 6RLO FRYHU 3<HV® 31R" 30L[HG" 23®1RW UHSRUWHG" 'HWDLOV I
FURSY DUH DOVR SURYLGHG

x HHG DQG SHVW FRQWURO 3<HV" 31R" 30L[HG" B31RW UHSRUWI

X J)LHOG IHUWLOL]DWLRQ ©3<HV® 231R" B30L[HG ™ 2*1RW UHSRUWHG"
LOQSXW DUH DOVR SURYLGHG

Xx &URS LUULIJDWLRQ 3<HV"™ 31R" B320L[HG ™ B31RW UHSRUWHG" 7KF
DUH DOVR SURYLGHG

&DWHJRU\ ,9 FRQWDLQV GHWDLOHG LQIRUPDWLRQ DERXW WKH H[
DFWLYLWLHVY GHSHQGLQJ RQ WKH SDSHUV LW PD\ DOVR LQFOXGH
RU SHVWLFLGH

&DWHJRU\ 9 FRUUHVSRQGYV WR GDWD UHODWHG WR FURAS#\I@HOG ,W

DQG 1EAH@V\VWHPV 7KH UHODWLYH \Eﬁ%&%ﬁ%b@meemmB@HBow

LQFUHDVH ZLWK 17" UHSRUWYV ZK;HEW;@UQ BAHHIGELHI ISRN QWI Y HE RW ZQH-
3<HV" LQGLFDWHV WKDW FURS \LHOG LV LQFUHDVHG ZLWK 17 SU
LQFUHDVHG

&DWHJRU\ 9, LQFOXGHY GDWD H[WUDFWHG IURP WKH H[WHUQDO G
YDULDEOHYV LQFOXGLQJ SUHFLSLWDWLRQ SRWHQWLDO HYDSRWUL
GXULQJ WKH JURZLQJ VHDVRQ DQG VRLO WH[WXUH

&URS JURZLQJ VHDVRQ LV GHILQHG E\ D VWDUW PRQWK DQG HQG |
FURS FDOHQGDRM @BWIDEDPKFBVOH\ ZLQWHU EDUOH\ FRWWRQ PDL]H
VSULQJ ZKHDW DQG ZLQWHU ZKHDW EDVHG RQ WKH FURS W\SH DQG



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDW

WR DYHUDJHG GDWD DQG GRHV QRW FKDQJH LQWUD DQQXDOO\ W
IURP WKH DFWXDO JURZLQJ VHDVRQ

7KH FOLPDWLF YDULDEOHYV IURP WKH HIWHUQDO GDWDEDVHYV DUH

X $FFXPXODWHG SUHFLSLWDWLRQ 3 GXULQJ WKH JURZLQJ VHD
WKH JURZLQJ VHDVRQ

X $FFXPXODWHG SRWHQWLDO HYDSRWUDQVSLUDWLRQ ( VXP R
JURZLQJ VHDVRQ

x 3UHFLSLWDWLRQ EDODQFH 3% GHILQHG DV 3% 3 * (

X $YHUDJH DLU WHPSHUDWXUH 7DYH GXULQJ WKH JURZLQJ VHEC

X OD[LPXP DLU WHPSHUDWXUH 7PD[ WKH PD[LPXP YDOXH DPF
JURZLQJ VHDVRQ

X OLQLPXP DLU WHPSHUDWXUH 7PLQ WKH PLQLPXP YDOXH DPRC
VHDVRQ

6RLO WH[WXUH ZDV HIWUDFWHG |UWRP WIQHHHWNSHLUQ P 6 (BDWIDE R F BI V\ELLF
WH[WXUH FODVVHV ZHUH LQFOXGHG VDQG\ ORDP ORDP VLOW OREL

THFKQLFDO 9DOLGDWLRQ
7R HQVXUH WKH UHOLDELOLW\ RI WKH LQIRUPDWLRQ FROOHFWHG I
DOO WKH FROOHFWHG GDWD ZLWK WKH RULJLQDO SDSHU VHYHUDC
EDVHG RQ RXWOLHU GHWHFWLRQ )RU HDFK FURS WKH RXWOLHU\
LGHQWLILHG EDVHG RQ RXWQ DRAH G HAXVHPAWLARH) PHOMKRG )RU HDFK |
UDQJH ,45 LV GHILQHG DV WKH GLIITIHUHQFH EHWZHHQ WKH ILUVW
FDOFXODWHG E\ DGGLQJ , 45 WR WKH WKLUG TXDUWLOH $Q\ \L}
RXWOLHU IRU WKH FURS VSHFLHYV FRQVLGHUHGC%%%%—%ZHEDWLFD(RVFFUF
FDOFXODWHG $00 RXWOLHUV DQG DOO WKH REVHUYDWLRQV ZLWK
WKH YDOXHVY UHSRUWHG LQ WKH RULJLQDO SDSHUV RQH PRUH WLP

7KH FURS \LHOG YDOXHV UHSRUWHG LQ RXU GDWDVHW DUH FRQV
&RPSDULQJ FURS \LHOG GDWD RI 17 DQG &7 WKH DGRSWLRQ RI 1°
JLIXUH D $ VLPLODU WUHQG RI FURS SURGXFWLRQ GHFUHDVH 2
‘H DOVR ILQG WKDW WKH FRPELQDWLRQ RI 17 ZLWK FURS URWDWLR
FURS \LHOG FRPSDUHG WR 17 SUDFWLFH ZLWKRXW URWDWLRQ DQG
SUHYLRXV VWXGWHKWU DQDO\VLYVY FRQGXFWHG RQ HDFK FURS FRQILL
RI PDLMIHLFBDQG ZKHDXWH E 7KH SURGXFWLYLW\ RI 17 LV IRXQG
FRPSDUHG ZLWK ZHWWHU FRQGLWLRQV )LJXUH F DQG VLPLODU



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXOWXUH YV FRQYHQWLRQDO

J)LIXUH _ 'DWD DYDLODELOLW\ DQG EUHDN GRZQ RI WKH GLITHUHQW FURS PDQDJHPHQW SUL
GDWDVHW



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ |

J)LIXUH _ &RPSDULVRQ RI FURS \LHOG KHH ®WR HSHOQR WV D@& I&F DWW\ W WPKBW G/LL\OWHOSTREDAWDERIDN P L Q
PD[ RI WKH ORJ \LHOG UDWLR RI 17 WR &7 7KH PHDQ ORJ \LHOG UDWLRV RI 17 WR &7 ZHUH FI
WKH UHG GLDPRQGV LQ WKH ER[SORWYV 6WDWLVWLFDO WHVWYV ZHUH FRQGXFWHG WR WHVW W
LOQGLFDWHY 3 YDOXH LQGLFDWHY 3 YDOXH LQGLFDWHY 3 YDOXH 3ORW D V
YV &7 V\OWHRMHSUHVHQWY DOO WKH H[SHULPHQWMW & £,Y,RIHYSLLLHIV HQ W\W WK PIV1EZQV WKH BYD V¥ DW
URWDWLRQ DQG ZLWIKRXWUWBIUKH FRGWY WKK &$ VIVWHPV RU 17 VA\VWHPV ZLWK ERWK FURS UR
PHDQ ORJ UDWLRV IRU GLITHUHQW FURS VSHFLHVY 6 LQGLFDWHYV VSULQJ ZKLOH : LQGLFDW
3%V FRUUHVSRQGLQJ WR GLIITHUHQW OHYHO RI ZDWHU VWUHVYV



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXC

8VDJH QRWHYV

2XU GDWDVHW FDQ EH XVHG WR DQDO\]H WKH IDFWRUV LQIOXHQF
SRVVLEOH WR WUDLQ PDFKLQH OHDUQLQJ PRGHOV WR SUHGLFW
VI\VWHP H J $SSHQGL[ $ ILIXUH DQG $SSHQGL[ $ ILIXUH RU W
RQ WKH VRLO W\SH FOLPDWH DQG DJURQRPLF LQSXWV SURYLGHG
LQFUHDVH ZLWK 17 RU &% RU WKH UDQJH RI \LHOG FKDQJHV FDQ
OHDUQLQJ PRGHOV WUDLQHG ZLWK RXU GDWDVHW DQG HQDEOH S
PRVW SURPLVLQJ UHJLRQV IRU &% LPSOHPHQWDWLRQ 'HWDLOV RI
GDWDVHW DUH SURYLGHG LQ $SSHQGL][ $

7KH FURS \LHOG GDWD IRU DQG ODWHU FDQ EH H[WUDFWHG IL
FOLPDWLF YDULDEOHY DUH PLVVLQJ LQ WKH H[WHUQDO GDWDEDVH
WKRVH GDWD DUH QRW OLVWHG LQ WKH GDWDVHW SURYLGHG :H

DFFHVV WR WKH PLVVLQJ FOLPDWH YDULDEOHYV

,PSRUWDQWO\ RXU GDWDVHW FRXOG EH HDVLO\ XSGDWHG XVLQJ
DOQ\RQH LQWHUHVWHG WR VKDUH GDWD RU SDSHUV QRW LQFOXC(
FRUUHVSRQGLQJ DXWKRU <6 \DQJ VX#LQUDH IU 'H ZLOO PDLQWD
WR H[SDQG RXU GDWDVHW ZLWK WKH ODWHVW H[SHULPHQWDO GDYV

&RGH $YDLODELOLW\
6FULSWV XVLQJ WKH 5 DQG 0$7/$% SURJUDPPLQJ ODQJXDJH DUH Sl
IURP HIWHUQDO GDWDEDVHV 7KH FRGH LV DYDLODEOH IURP WKH F

SHIHUHQFHYV

SLWWHONRZ & 0 HW DO :KHQ GRHV QR WLOO \LHOG PRUH" $

+

JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWI
JXLGH WR WKH VXVWDLQDEOH LQWHQVLILFDWLRQ RI VPDOOK|

L H SGI
)DURRT 0 .DGDPER&R6(G96CXRALFHEH&8/7BIYLQJIHU
+ROODQG - 0 7KH HQYLURQPHQWDO FRQVHTXHQFHV RI T

5HYLHZLQJ WKH HYLGHQFH $JULFXOWXUH (FRV\VWHPV DQG (C

*RYDHUWYV % HW DO ,QILOWUDWLRQ VRLO PRLVWXUH URF
GLITIHUHQW WLOODJH UHVLGXH DQG FURS URWDWLRQ PDQDJH

OLFKOHU - ' %D\OLV . $UHQGV .XHQQLQJ 0 OD]YLPD
FOLPDWH UHVLOLHQFH -RXUQDO RI (QYLURQPHQWDO (FRQRPL!



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDW

%URXGHU 6 O *RPH] ODFSKHUVRQ + 7KH LPSDFW RI FR(¢
DJULFXOWXUDO \LHOGV $ VFRSLQJ UHYLHZ Rl WKH HYLGHQFH

+

6PLWK 3HWH 3RZOVRQ ' 6 *OHQGLQLQJ 0 - 6PLWK
SRWHQWLDO IRU FDUERQ PLWLJIJDWLRQ LQ (XURSHDQ VRLOV WK
+

/DO 5 6WARZBYIB5%7 <$$1' 62,/ 48$5B<3UHVV

/ILX ( . HW DO (IIHFWV RI QR WLOODJH PDQDJHPHQW RQ
&KLQD 7KH -RXUQDO RI $JULFXOWXUDO 6FLHQFH *

-DW 6 / HW DO 'LITHUHQWLDO UHVSRQVH IURP QLWURJHGQ
XQGHU FRQVHUYDWLRQ DJULFXOWXUH RQ FURS \LHOGV ZDWH
JLHOG &URSV 5HVHDUFK +

6WHZDUG 3 5 HW DO 7KH DGDSWLYH FDSDFLW\ RI PDL]H
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWURSLFDO HQYLURQ
(FRV\VWHPV DQG (QYLURQPHQW +

1LFKROV 9 9HUKXOVW 1 &RJ[ 5 *RYDHUWV % :HHG G
SULQFLSOHV $ UHYLHZ )LHOG &URSV 5HVHDUFK +

6HSDW 6 HW DO (IIHFWV Rl ZHHG FRQWURO VWUDWHJI\ RC
SURILWDELOLW\ XQGHU FRQVHUYDWLRQ DJULFXOWXUH LQ ,QGlL

%RRPVPD & 5 HW DO ODL]H JUDLQ \LHOG UHVSRQVHV WR S
URWDWLRQ DQG WLOODJH V\VWHP LQ D ORQJ WHUP H[SHULPH

6FRSHO ( HW DO &RQVHUYDWLRQ DJULFXOWXUH FURSSLC
SHUIRUPDQFHV DQG LPSDFWV $ UHYLHZ $JURQRP\ IRU 6XVWDI

&RUEHHOV 0 &DUGLQDHO 5 IDXGLQ . *XLEHUW + 7
VRLO FDUERQ VWRUDJH XQGHU DJURIRUHVWU\ DQG FRQVHUYD\
6RLO DQG 7LOODJH 5HVHDUFK +

&RUEHHOV 0 6DN\L 5. . KQH 5) DQG :KLWEUHDG $ OHW

FRQVHUYDWLRQ DJULFXOWXUH LQ VXE 6DKDUDQ $IULFD &&$%)
5SHVHDUFK 3URJUDP RQ &OLPDWH &KDQJH $IJULFXOWXUH
ZZ2Z FFDIV FJLDU RUJ

=KHQJ & HW DO 7KH LPSDFWV RI FRQVHUYDWLRQ DJULFXOW
SUDFWLFHVY FURSV DQG FURSSLQJ UHJLRQV 7KH &URS -RXUQELC

IDERUGH - 3 :RUWPDQQ & 6 %ODQFR &DQTXL + %DLJR
WKH GULYHUV DQG SUHGLFWLQJ WKH RXWFRPH RI FRQVHUYDW



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDWLRQ DJULFXC

.QDSS 6 YDQ GHU +HLMGHQ 0 * $ $ JOREDO PHWD DQ
FRQVHUYDWLRQ DJULFXOWXUH 1DWXUH &RPPXQLFDWLRQV :

SLWWHONRZ & 0 HW DO 3URGXFWLYLW\ OLPLWY DQG SRWHOC

1DWXUH *

YDQ GHQ 3XWWH $ *RYHUV * 'LHOV - *LOOLMQV . "HF
WLOODJH RQ FURS JURZWK $ PHWD UHJUHVVLRQ DQDO\VLV R
DJULFXOWXUH (XURSHDQ -RXUQDO RI $JURQRP\ +

%YURXGHU 6 O *RPH] ODFSKHUVRQ + 7KH LPSDFW RI FRC
DJULFXOWXUDO \LHOGV $ VFRSLQJ UHYLHZ RI WKH HYLGHQFH
+

J)DURRT O JORZHU . & -DEUDQ . :DKLG $ 6LGGLTXH
PDQDJHPHQW LQ UDLQIHG FRQVHUYDWLRQ DIJULFXOWXUH 6RLC

8QLYHUVLW\ RI :LVFRQVLQ ODGLVRQ &URS &DOHQGDU 'DWI
KWWSV QHOVRQ ZLVF HGX VDJH GDWD DQG PRGHOV FURS FDC

6DFNV : - 'HU\QJ ' )ROH\ - § 5DPDQNXWW\ 1 &URS SO
SDWWHUQV *OREDO (FRORJ\ DQG %LRJHRJUDSK\

12%$% 2%$5 (65/ 36/ 8QLYHUVLW\ RI 'HODZDUH $LU 7HPSHU
KWWSV 7z27ZZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD 8'HOB:

12$%$ 2%$5 (65/ 36/ &3 & *OREDO ‘DLO\ THP
KWWSV 7Z7ZZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD FSF JC

ODUWHQV % HW DO */($0 Y VDWHOOLWH EDVHG ODQG HY
*HRVFLHQWLILF ORGHO '"HYHORSPHQW +

OLUDOOHYV ' * HW DO *OREDO ODQG VXUIDFH HYDSRUDWL
+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHYV *

8QLYHUVLW\ RI 7TRN\R 6RLO 7H[WXUH 0ODS KWWS K\GUR LLV
WH[WXUH PDS KWPO

6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW IRL
WLOODJH DQG Q RLW\LKEWDN HVV \\GWRH PRWU J P ILJVKDUH

JRRG DQG $IJULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1D
KWWS ZZZ IDR RUJ FRQVHUYDWLRQ DJULFXOWXUH HQ

5XGROI - J)UHXQG :LOOLDP -67$0VRQ&$'RQQP2YGIRKUHU

/HH + HW DO 7KH LPSDFW RI FRQVHUYDWLRQ IDUPLQJ S
VHUYLFHVY SURYLVLRQLQJ2D PHWD DQDO\VLV 5HJLRQDO (QYLU!



$ JOREDO FURS \LHOG PHWD GDWDVHW RI FRQVHUYDW

OWDLWD 7)LHO®RELGE® WR $SSURSYLDWEVHYHKHQR ORI\



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

&KDSWHU $ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKF
JOREDO VFDOH

7KLV FKDSWHU LV VXEPLWWHG WR MRXUQDO ,Q WKLV FKDSWHU ZtF
WXQH WHVW DQG FRPSDUH GLIITHUHQW PDFKLQH OHDUQLQJ PRGH!
SDSHUV ‘H XVH WKH GDWDVHW SUHVHQWHG LQ FKDSWHU WR LO
SLSHOLQH ZH FRPSDUHG PDFKLQH OHDUQLQJ DOJRULWKPV LQ !
TXDQWLOH UHJUHVVLRQ DELOLW\ 7KH EHVW PRGHOV ZHUH XVHG
YHUVXV &7 VI\VWHPYV DW WKH JOREDO VFDOH



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIR
JOREDO VFDOH

$XWKRUV
<DQJ°6XXDQJ EKPHQIRLWP *DIEYUWLGH ODNRZVNL

P805 (&26<6 ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\
E'LYLVLRQ RI VIVWHPY DQG FRQWURO &KDOPHUV 8QLYHUVLW\ RI 7

F$SSOLHG PDWKHPDWLFVY DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH

&RUUHVSRQGLQJ $XWKRU
<DQJ 68 \DQJ VX#LQUDH IU ,15$( $JUR3DULYV

$SEVWUDFW
$VVHVVLQJ DJULFXOWXUDO SUDFWLFHV KDV EHFRPH D PDMRU LV)\
VHFXULW\ DQG WKH QHJDWLYH HIIHFWV RI DJULFXOWXUH RQ WKH
DSSURDFK IRU VXFK DVVHVVPHQWY EDVHG RQ H[SHULPHQWDO GDV
VFLHQWLVWY DQG SROLF\ PDNHUV EDVHG RQ PHDQ HIIHFW VL]H H\
RI LQIRUPDWLRQ E\ ZD\ RI D VLQJOH PHDQ HIIHFW YDOXH LV QRW D
DJULFXOWXUDO SUDFWLFHVY ,QGHHG WKHLU LPSDFWV RQ FURS \L
LOFOXGLQJ VRLO SURSHUWLHY DQG ORFDO FOLPDWH FRQGLWLRQ\
SURGXFHVY GDWD GULYHQ JOREDO PDSV GHVFULELQJ WKH VSDWLDOC
2XU DSSURDFK FRYHUV PRGHO VHOHFWLRQ WUDLQLQJ FURVV Y
GHPRQVWUDWH LWV UHOHYDQFH XVLQJ D UHFHQW JOREDO GDWI
DJULFXOWXUH &% YV FRQYHQWLRQDO WLOODJH &7 9DULRXV PF
UHJUHVVLRQ DUH WUDLQHG EDVHG RQ PDLQVWUHDP PDFKLQH OH
PRGHOV DUH XVHG WR PDS WKH FURS SURGXFWLYLW\ RI &$ YV &7
&7 LV FKDUDFWHUL]HG E\ D VWURQJ VSDWLDO YDULDELOLW\ DQG '
KLIJIKO\ GHSHQGHQW RQ JHRJUDSKLFDO ORFDWLRQV 7KLV UHVXO\
LQIRUPDWLYH WKDQ VLPSO\ SUHVHQWLQJ DYHUDJH HIIHFW VL]HV S
ZD\ IRU VXFK SUREDELOLVWLF VSDWLDOO\ H[SOLFLW DSSURDFKHYV

0DLQ
,QFUHDVLQJ IRRG SURGXFWLRQ DQG LWV VWDELOLW\ RYHU WLPH E
FOLPDWH FKDQJH RQ DJUNKAXK GWXHDE S\PNQ\NW PRI VXVWDLQDEOH FU
FRQVHUYDWLRQ DJULFXOWXUH &% KDV EHHQ SWRHSHRMHYGH EV. DGR W

DQG LQFUHDVH WKH UHVLOLHQFH R1XPPHILEXWY VWXSHUWRH G VIVP B



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

FRQGXFWHG WR FRPSDUH WKH SURGXFWLYLW\ RI GLIIHUHQW IDUPL
RI VRLO DQG FOLPDWH FRQGLWLRQV 7KH ZHDOWK Rl H[SHULPHQW
WKH PRVW HIILFLHQW SUDFWLFHV DQG V\VWHPV EDVHG RQ UREXV\
KDV EHFRPH D VWDQGDUG PHWKRG IRU DQDO\]LQJ H[SHULPHQWDC
VL]HV DV D ZD\ Rl VXPPDUL]LQJ WKH SHUIRUPDQFHV RI FURSSLQJ "
ZHUH FRQGXFWHG GXULQJ WKH SDVW GHFDGH WR HVWLPDWH WKH
VKRZLQJ FRQIOLFWLQJ UHVXOWV RQ WKH UHODWLYH SHUIRUPDQFH
WRRO WR DQDO\]H ODUJH H[SHULPHQWDO GDWDY&WR | WKLH/P DLS/S WF
ZKLOH PHDQ HIIHFW VL]HV FDQ VXPPDUL]H H[SHULPHQWV FRQGXF\
WKH DYHUDJH SHUIRUPDQFH RI D SUDFWLFH RU VI\VWHP WKH\ VXP
RI WKH YDULDELOLW\ LQGXFHBKEV QRFDQ@ IFRSIRULWMDLRYVOLPLWDWL
DJULFXOWXUDO SURGXFWLRQ EHFDXVH FURS \LHOGV DUWRKILOKO\ C
FKDUDFWHUDQWLEFYULFXOWXUDO PDQDIZHKRHARVRISWHDFWDENV.Q WLPH
7KLV PDNHV LW KDUG IRU VWDQGDUG PHWD DQDO\WHV WR SURYLC
UHJLRQ

7R JDLQ IXUWKHU LQVLJKW DQG RYHUFRPH WKLV OLPLWDWLRQ

H[SHULPHQWDO DJULFXOWXUDO GDWDVHWYV EDVHG RQ VWDQGDUG
SURYHQ WKHLU XVHIXOQHVV RYHU WKH ODVW IHZ \HDUV DQG DUH

DQDO\]H FRPSOH[ DQG KLJKHEKPNE&VULIRQIDHG GOV KHVH DOJRULWKP
OHDUQLQJ SLSHOLQH )LJIXUH WR VWDQGDUGL]H WKH SURFHVV F
VIVWHPV DQG PDSSLQJ WKHP DW WKH JOREDO VFDOH 7KH SURSR
DOJRULWKPYV VHOHFWLRQ PRGHO WUDLQLQJ PRGHO K\SHUSDUDPF
JOREDO SURMHFWLRQ

7KH YDOXH RI WKLY SLSHOLQH LV LOOXVWUDWHRP SNMURQIDFURKBISOQ
VIVWHPV XQGHU &$ DQG &7 7ZHOYH GLIIHUHQW PDFKLQH OHDUQLC

GHWDLOV DUH WUDLQHG WR DQD@%}%—}QVDNHD\UHQBV\M[RWLHRI RO L&D W\
JHRORFDWLRQV VRLO FKDUDFWHULVWLFV FURS PDQDJHPHQW SUD
\LHOG@@%@%@ SAYHUVXV \@igieo@RQ\DPHO\ UDQGRP IBDEBWP IRUHVW

i e |

VSDWLDO FRBYHOQWW L\RSDW O JUDGLH®@W ERRVWHRH JUDGLHQW ER
7 *%2267 DUWLILFLDO QHXUDO QHWZRUNYV ZLWKS$ GIUMIH NHRND QEK\P\E
QHLJKERUY VXSSRUW YHFWGOW POHOWYHHEDYHY DQG JHQHUDOL]HG
PRGHO/O $ VHFRQG VHULHV RI PRGHOV DUH WUDLQHG IRU TXDQYV

\LHOG r—%ﬁ%%%o-ﬁﬁxQDPHO\ 5) 5) ZLWK VSDOO *%0 :*%2267 $11V .1

*0 )LQDOO\ D WKLUG VHULHV RI PRGHOV DUH WUDLQHG WR SUHG
TXDQWLOH UHJUH¥YLRQXIRQWVYWH UHJUHVVLRQ49UWo0G L HHX\D QBE\R.FOVHY
UHJUHVVLRQ QHXU4BA 1Q HWMORW NWKHVH PRGHOV SUHGLFW WKH UDQJ
GLIITHUHQW SUREDELOLW\ FRYHUDJHV

7KH PRGHOVY K\SHUSDUDPHWHUYVY DUH WXQHG XVLQJ D FURVYV YDOL
WHVWHG XVLQJ DQ LQGHSHQGHQW WHVWLQJ GDWDVHW )LJXUH

XQGHU WKH UHFHLYHU RSHUDWLQ X3 &FX FRARWN S RWOWVFW A XNWKHH S §&
FODVVLILHU FDQ UDQN D SRVLWLYH LQVWDQFH \LHOG JDLQ LQ WK
D KLJKHU $8& LQGLFDWHY D VXSHULRU FODVMKXID®wWWWDQVSHH IRWHP!
DUH DVVHVVHG XVLQJ WKH FRHIILFLH4AW RKLG K WHHWPLLRIDWH\R & RR2U



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

SUHGLFWLRQV DSSUR[LPDW4% WIXGIXREVHUYDAVDWVRY D EHEEKGHAHVI RW R |
YDOXHV GHULYHG IURP WKH SUHGLFWHG TXDQWLOHY DUH HYDOXD
RQ WKH DUHD EHWZHHQ WKH FXUYH RI FRYHUDJH UDWHV &5V I[IRU
LQGLFDWHYVY EHWWHU PRGHO DQWHKBGDOREUWW R QFGHWDLOELRLW 6H

7KH EHVW PRGHOV DUH WKHQ XVHG IRU FODVVLILFDWLRQ \LHOG

UHODWLYH \LHOG FKDQJH RI &% YV &7 DQG IRU FRPSXWLQJ LQWH
ORGHO RXWSXWV DUH PDSSHG DW WKH JOREDO VFDOH ZLWK FOLPI
UHVROXWWRQAfRt—— 1+t HrawdWpDl%M-RTIPRGHO VHWWLQJ DUH DYDLO



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

J)LIXUH _ ODFKLQH OHDUQLQJ SLSHOLQH RI SUHGLFWLQJ SHUIRUI
GLITHUHQW DOJRULWKPV

5HVXOWYV

5) *%0 DQG ;*%2267 VKRZ EHWWHU FODVVLILFDWLRQ SHUIRUPDQFH!

UHVSHFWLYHO\ ZKLOH WKH PRUH WUDGLWLRQDO DOJRULWK
$8& YDOXHV RI DQG UHVSHFWLYHO\ )LJXUH $SSHQG
FODVVLILFDWLRQ DFFXUDF\ ZDV REWDLQHG XVLQJ KLGGHQ OD\F
$SSHQGL[ % WDEOH

J)LIXUH _ &RPSDULVRQ RI GLITHUHQW F O D V3/Q RYKBWZ YV RNXK B CBBRUR W
WKH ILQDO WHVWLQJ PRGHO RI GLITHUHQW DOJRULWKPV 30ORW E V
*0 DOJRULWKPV

$V UHJDUGV UHJUHAPVRIRDMOPRBGE OR/UWKKPY DUH VPDOOHU WKDQ
UHYHDOLQJ PRGHUDWH H[SODQDWRU\ SRZHUV $PRQJ WKHVH DC
5) ZLWKHOTXDO WR ZKLOH */0 KDV WKHZRUWA\OWD SHMRJIRUP)LQKHH Z
$SSHQGL[ % WDEOH )LIXUH E DQG F VKRZ WKH VFDWWHUSOR
FURS \LHOG FKDQJH IURP WKH 5) DQG */0 PRGHOV UHVSHFWLYHO\
SRRUO\ UHODWHG WR REVHUYDWLRQV ZKLOH 5) LV DEOH WR H[SOI

JRU UDQJH UHJUHVVLRQ PRGHOV GLIIHUHQW UDQNLQJVY DUH REWD

ZHUH LQFOXGHG RU QRW )LJXUH 'LWK RXWOLHUV LQFOXGHG

(6 ZKLOH 45*%0 SHUIRUPVY EHWWHU ZKHQ WKH RXWOLHUV ZHL

EHWWHU ZLWK RQH WKDQ ZLWK WZR KLGGHQ OD\HUV EXW QHYHU
DQG ZLWKRXW DQG ZLWK RXWOLHUV UHVSHFWLYHO\



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

J)LIXUH _ &RPSDULVRQ RI GLITHUHQW H%E]OHWVDR\Q(FE)D\IJR/\U{HVKRV
ILQDO WHVWLQJ VWHS IRU WKH YDULRXV DOJRULWKPV DIWHU PRC(
QXPEHU RI KLGGHQ OD\HUV LQ WKH QHXUDO QHWZRUNV 30ORWYV E
SUHGLFWLRQV RI UHODWLYH FURS \LHOG FKDQJH IURP WKH EHVW
$O00 WKH PRGHOV ZHUH WUDLQHG ZLWK WKH WUDLQLQJ GDWDVHW
FRQILGHQFH LQWHUYDO ZHUH ILOWHUHG

7KH SURGXFWLYLW\ RI &$ YV &7 VI\VWHPV IRU VSULQJ EDUOH\ ZD\
GLIIHUHQFHV DPRQJ PRGHOV ZH PDSSHG WKLV SHUIRUPDQFH EDV
DQG WKH ZRUVW DOJRULWKPV */0 5HVXOWV REWDLQHG ZLWK ER
DQG DQ DSSURSULDWH FRQWURO Rl ZHHGY DQG SHVWV WKH SURE
LQ ZHVWHUQ 1RUWK $PHULFD FHQWUDO $VLD DQG PDQ\ UHJLF
SUREDELOLW\ LV ORZHU LQ HDVWHUQ 1RUWK $PHULFD DQG (XURSH
PDQ\ LQFRQVLVWHQFLHYV LQ WKH SUHGLFWLRQV RI WKH WZR DOJR!
5) WKH XVH Rl &% LQVWHDG Rl &7 ZRXOG PRVW OLNHO\ OHDG WR \L
LQ 6RXWK $PHULFD DQG LQ PRVW RI WKH UHJLRQV LQ HDVWHU
SURYLGHG E\ */0 LQ WKRVH UHJLRQV )LJXUH D )LIJXUH E UHV
WKH FKRLFH RI DQ LOQDSSURSULDWH PRGHO VXFK DV */0 KHUH ZF
WKH LPSRUWDQFH Rl WKH PRGHO VHOHFWLRQ VWHS LQ RXU SURFH
RI &% YV &7 PDSSHG ZLWK WKH 5) DQG */0 PRGHOV LQ )LJXUH
H[SHFWHG ZKHQ VKLIWLQJ IURP &7 WR &$ LQ ZHVWHUQ 1RUWK $PH
HDVW DQG FHQWUDO $IULFD ZKLOH \LHOG ORVVHV DUH SUHGLFWH
ZLWK WKH UHVXOWV IURP 5) FODVVLILFDWLRQ PRGHO )LJXUH D
*/0 UHJUHVVLRQ PRGHO \LHOG JDLQV DUH SUHGLFWHG LQ HDVWHL
DUH SUHGLFWHG LQ FHQWUDO $VLD )LJXUH G ZKLFK LV QRW



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

J)LIXUH E DQG 5) PRGHOV )LJXUH D F +HUH DJDLQ WKH
ZRXOG OHDG WR PLVOHDGLQJ FRQFOXVLRQYV

J)LIXUH _ &RPSDULVRQ RI GLITHUHQW UDQJH30RW BWHKRZLY DDKIIR U
VFRUH LQ WKH ILQDO WHVWLQJ VWHS IRU WKH YDULRXV DOJRULWK
FRYHUDJH UDWHYV IRU DOO WKH SUHGLFWLRQ LQWHUYDOV RI WKH E
DIWHU 4511 LQGLFDWHV WKH QXPEHU RI KLGGHQ OD\HUV LQ WKH
PRGHOV ZHUH WUDLQHG ERWK ZLWK DQG ZLWKRXW WKH RXWOLHU
GDWDVHW ILOWHUHG WR FKHFN LI WKH DOJRULWKPYV FDQ KDQGOH

7KH SUHGLFWW¥SHUIFHIHWVWIOHUTFRIQWLOH RI UHODWLYH \LHOG FKDAQ.

LQ $SSHQGL[ % )LJ ‘H VKRZ WKDW WKHUH LV FKDQFH WKDW W
EH KLIKHU WKDQ LQ ZHVWHUQ 1RUWK $PHULFD VRXWKHUQ 6
$SSHQGL[ % )LIXUH E ZKLOH WKHUH LV FKDQFH WKDW UHODV

RI' ZHVWHUQ 1RUWK $PHULFD FHQWUDO $VLD DQG QRUWKHUQ &Kl
KLJKHU LQ ZHVWHUQ 1RUWK $PHULFD UHIOHFWHG EfDWKH EURDG
SHUFHQWLOH SUHGLFWLRQV LQ WKLV UHJLRQ

7KH 6KDSOH\ YDOXH ZKLFK LV WKH DYHUDJH PDUJLQDO FRQWUL
FRDOLWILFRFQNWDOFXODWHG IRU SUHFLSLWDWLRQ EDODQFH 3% DQC(
17\HDU WR DVVHVV KRZ 3% DQG 17\HDU ZRXOG DIIHFW WKH SHUIR
3% RU D ORQJHU SHULRG RI QR WLOODJH LPSOHPHQWDWLRQ LV OL
WR &7 $SSHQGL[ % )LIXUH $SSHQGL[ % )LIXUH UHVSHFWLYHO\



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

)LIXUH _ *OREDO SURMHFWLRQ RI EHVW DQG ZRUVW ORWRMDN LWK
DQG E VKRZ WKH PDSV RI SUREDELOLW\ RI \LHOG JDLQ ZLWK &$ )
UHVSHFWLYHO\ 5HJLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZ
VKRZ WKH PDSV RI UHODWLYH \LHOG FKDQJH ZLWK &% YV &7 EDVH
5HIJLRQV ZLWK QHJDWLYH UHODWLYH \LHOG FKDQJH ZHUH PDUNHG

'LVEXVVLRQ

,Q WKLV VWXG\ ZH WUDLQHG D EURDG VHW RI PDFKLQH OHDUQLQJ
TXDQWLWDWLYH SUHGLFWLRQ DQG UDQJH SUHGLFWLRQ 7KLV LV \
DQG FRPSDUHG LQ DQ DSSOLFDWLRQ GHDOLQJ ZLWK D PDMRU JO
REWDLQHG ZLWK WKH PRVW DFFXUDWH DOJRULWKPV UHYHDO D VW
JDLQ ZLWK &$ DQG WKH UHODWLYH \LHOG FKDQJH UHVXOWLQJ IUR
VKRZV WKDW WKH PHUH SUHVHQWDWLRQ RI DQ DYHUDJH HIIHFW VL
QRW SURYLGH VXIILFLHQW LQIRUPDWLRQ RQ WKH SHUIRUPDQFH

&RQWUDU\ WR VWDQGDUG PHWD DQDO\VHVY RXU DSSURDFK FDQ E|
SHUIRUPDQFH DQG WR LGHQWLI\ JHRJUDSKLFDO DUHDV ZKHUH RQH
VSDWLDO UHVROXWLRQ 7KLV LV DQ LPSRUWDQW DGYDQWDJH LQ C
EH DGDSWHG WR WKH ORFDO FRQWH[W WR SURYLGH RSWLPDO SHU
SLSHOLQH LQGLFDWH WKDW &$ FDQ EH FRPSHWLWLYH LQ ZHVWHU
GU\ UHJLRQV 7KLV UHVXOW LV FRQVLVWHQW ZLWK UHFHQW VWXGl

2XU FRPSDUDWLYH DQDO\VLVY VKRZ WKDW 5) KDV WKH EHVW SHUIF
SUHGLFWLRQ IROORZHG E\ *%0 ;*%2267 $11V 690 DQG .11 ZKLO
SHUIRUPDQFH FRPSDUHG WR RWKHU DOJRULWKPYV 2WKHU VWXGLF
VLPLODU WUHQG LQ WKH SHUIRUPDQFH RI PDFKLQHUBBRU W HGJI VDKL
5) KbG EHWWHU SHUIRUPDQFH WKDQ $11V LQ BKNBPO®RVYHG GNV&DWGL
7*%2267 KDG VLPLODU SHUIRUPDQFH IRU GRZQVFDOLQJ FURS \LHO
UHYHDOHG WKDW 5) KDG EHWWHU FODVVLILFDWLRQ DELOLW\ WK



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

$XVWUDOLD 'XERERUWHOGOVKDW 5) DQG 690 KDG EHWWHU TXDQWL)
IRU IRUHFDVWLQJ VKRUW WHUP VRLO PROWWXOHG, Y KDMKHQ IGIHVCHE
5) KDG WKH KLIJIKHVW FKDQFH WR VKRZ HI[FHOOHQW FODVVLILFDWL]|
690 1% $11Vv .11 +RZHYHU 5) LV QRW V\VWHPDWLFDDQ& WDKEHNH G
SHUIRUPDQFH RI GLITHUHQW DOJRULWKPV PD\ VKLIW GHSHQGLQJ R
WR HYDOXDWH D UDQJH RI GLITHUHQW FDQGLGDWH DOJRULWKPV IR
WKH VDPH DSSURDFK 2XU PHWKRGRORJLFDO IUDPHZRUN DSSHDU\V
WKH FRPSDULVRQ RI VHYHUDO DOJRULWKPVY RQ DQ REMHFWLYH ED
&ROQFHUQLQJ LQWHUYDO SWHHSSRFWH B QN KIDYW. & KINV SHU IRUPDQFH R (
GHSHQGLQJ RQ WKH TXDQWLOHYVY FRQVLGHUHG 7KLV KLIJKOLJKWYV \
ZLGH UDQJH RI TXDQWLOHY ,Q WKLV SHUVSIRPHWIKYRG ¥MRBWIRG}HD QH
GHWDLOV ZKLFK LV FDSDEOH RI DVVHVVLQJ DQ\ TXDQWLOH UHJUH®
FULWHULRQ FDQ EH XVHG WR VHOHFW DOJRULWKPV SHUIRUPLQJ Z
VSHFLILF TXDQWLOH YDOXHV

,Q WKLV VWXG\ ZH SURYH WKDW WKH H[SHULPHQWDO GDWD FROO
PRUH FRPSOH[ DQDO\VHV YLD PDFKLQH OHDUQLQJ WHFKQLTXHV WK
EDVHG RQ OLQHDU PRGHOV 7KH PDSV FUHDWHG IURP WKH PDFKLC
GHWDLOHG JHRJUDSKLFDO LQIRUPDWLRQ DERXW WKH SHUIRUPDQF
SLSHOLQH FDQ EH HDVLO\ DGDSWHG WR DQDO\]H D GLYHUVLW\ RI
PDQDJHPHQW SUDFWLFHV RQ VRLO RUJDQLF FDUERQ G\QDPLFV Jl
GLITHUHQW W\SHV RI FURSSLQJ V\VWHPV VXFK DV RUJDQLF DJULF;
LQIRUPDWLRQ RQ WKH ORFDO SHUIRUPDQFH RI VXVWDLQDEOH IDUF

OHWKRGYV

'DWDVHW HVWDEOLVKPHQW
7KH OLWHUDWXUH VHDUFK ZDV FRQGXFWHG LQ )HEUXDU\ XVLQJ
WLOO RU QR WLOODJH RU JHUR WLOODJH DQG p\LHOG RU \LHOG F
&LWDWLRQ ,QGH[T 7KH GHWDLOV RI WKH SDSHU VFUHHQLQJ DQG G

SXEOLFDWLRK)VLQDO GDWDVHW LQFOXGHYV SDLUHG \LHOG REVHL
GLIIHUHQW IDUPLQJ SUDFWLFHV IRU PDMRU FURS VSHFLHV ZKL]
EHWZHHQ W R W LQFOXGHYV REVHUYDWLRQV IRU EDU
REVHUYDWLRQV IRU PDL]H REVHUYDWLRQV IRU ULFH REVH
VR\EHDQ REVHUYDWLRQV IRU VXQIORZHU REVHUYDWLRQV |
FRXQWULHV IURP W R
ORGHO WUDLQLQJ
‘U 2 -+ Vi

,Q FODVVLILFDWLRQ PRGHOV SDLUVFU\LHméga%@DZMWE XMHB W]

WKHQ FDWHJRUL]JHG LQ WZR FDWHJRULHY FRUUHVSRQGLQJ WR HL\
WKHQ SUHGLFWHG IURP LQSXWYV GHVFULELQJ FOLPDWH FRQGLWLR
PLQLPXP WHPSHUDWXUH DYHUDJH WHPSHUDWXUH DQG PD[LPXF
PDQDJHPHQW SUDFWLFHV FURS URWDWLRQ VRLO FRYHU IHUWLOI
LPSOHPHQWDWLRQ \HDU DQG ORFDWLRQ ODWLWXGH DQG ORQJL\
5HVXOWYV ZHUH XVHG WR PDS WKH SUREDELOLW\ RI \LHOG JDLQ ZL\
WKDW &$ LV GHILQHG DV 17 ZLWK VRLO FRYHU DQG ZLWK FURS UR\

,Q UHJUHVVLRQ PRGHOV DQG UDQJH UHJUHVVLRQ PRGHOV SDLUV
\LHOG %%%%%%§%@A7KHVH UHODWLYH \LHOG FKDQJHV ZHUH WKH



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

DERYH 7KH PRGHOV ZHUH XVHG WR SUHGLFW WKH FRQGLWLRQDC
PRGHOV DQG WKH FRQGLWLRQDO TXDQWLOHV RI UHODWLYH \LHOG

$V VKRZQ LQ )LJIJXUH DOO WKH PRGHOV ZHUH WUDLQHG EDVHG F
RI DOJRULWKPY DQG SDFENDJHV XVHG ZHUH OLVWHG $SSHQGL[ % 7L
ORGHO WXQLQJ ZLWK IROG FURVV YDOLGDWLRQ

7KH K\SHUSDUDPHWHUV RI DOO DOJRULWKPV H[FHSW */0 ZHUH WX
VHDUFKH VHWWLQJV RI WKH JULG VHDUFK DUH SUHVHQWHG LQ $S
VHWWLQJ LQ WKH JULG VHDUFK WKH IROG FURVV YD®RWGDWLR
FODVVLILFDWLAQ PR WHOVHVYERQ PRGHOV UHVSHFWLYHO\ ORGHC
DQ4 ZHUH VHOHFWHG IRU WKH PRGHO WHVWLQJ VWHS

JRU TXDQWLOH UHJUHVVLRQ FURVYV YDOLGDWLRQ ZDV LPSOHPHQV
SUHGLFWLRQ LQWHUYDO WKH LOQOWHUYDO EHWZHHQ TXDQWLOH L
LQ WKH JULG VHDUFK $SSHQGL[ % )LJXUH 7KH PRGHO ZLWK WK
ILQDO PRGHO VHWWLQJ XVHG LQ WKH PRGHO WHVWLQJ VWHS

JRU */0 WKH ILQDO PRGHO ZDV VHOHFWI® ZR WEKWH G VKN & DLUIVW KLHO VY
I[IURP pVWDWVY SDFNDJH YHUVLRQ LQ 5 UXQ ZLWK $,&

ORGHO WHVWLQJ
7KH SHUIRUPDQFHYVY Rl WKH WUDLQHG DOJRULWKPV ZHUH GHWHUPL
RI WKH WRWDO QXPEHU RI GDWD )LDX@H IRU EIOWK WLKIHF B WIL\R 8 L
DQG UHJUHVVLRQ PRGHOV UHVSHFWLYHO\ )RU TXDQWLOH UHJUH\
PRGHO SHUIRUPDQFH ZDV WKH HUURU VFRDRW(OH, QHHUHYIVRRWY \P

DVVHVVHG E\ FRPSDULQJ WKH FRYHUDJH UDWH &5 RI%VVD(Q{GUDQJH

@F—eAWR LWV QRPLQDO ,® DVMKHWHYYZDDXGELHY WKLV DVVHVVPHQW ZD)\

YDOXHWY VRPHWLPHVY D VLQJOH RQH +HUH ZH JHQHUDOL]HG W
FRUUHVSRRQOLDWO YEOWHEMHRQ DQG WKHQ FRPSDUHG WKH UHVXO

OLQH D\WQVWKRZQH KHE(6 ZDV WKHQ GHILQHG E\ )RUPXOD DQG U
WKH FXUYH RD @G VWKWH OLQH WKHQ GLYLGHG E\ ZKLFK VHUYF
RI LV LQGHHG UHDFKHG ZKHQ WKHKES5FUY W BGHEM Q6 HPO\D VIXIRHP
SHUIRUPDQFH RI WKH PRGHO RYHU DOO TXDQWLOHYV

#NA=APSABAP QNRBA4ROR=IBEHEJIA
"N N KNP K ML A AW Hsrr

7KH ILQDO SHUIRUPDQFH RI WKRVH DOJRULWKPV ZDV SUHVHQWHG

*OREDO SURMHFWLRQ
7KH DOJRULWKPV ZLWK WKH EHVW ILQDO PRGHO SHUIRUPDQFH ZH
VHWWLQJ IRU JOREDO SURMHFWLRQ ZDV SUHVHQWHG LQ $SSHQGL]
YV &7 WKH WUDLQHG PRGHOV ZHUH IHG E\ WKH QXPHULFDO H[SC
ODWLWXGH ORQJLWXGH QXPEHU RI \HDUV VLQFH 17 LPSOHPHQV
LQFOXGLQJ FURS W\SHV VRLO WH[WXUHV DJULFXOWXUDO PDQDJH

7KH PRGHO RXWSXWV LQFOXGHG WKH SUREDELOLWLHV RI \LHOG J
WKH UHODWLYH \LHOG FKDQJH ZLWK &$ YD QF“IRHUEB H QWH\OH\R R |PWRI
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\LHOG FKDQJH IRU WKH UDQJH UHJUHVVLRQ PRGHOV 7KH UHVXOW)
XQGHU WKH DYHUDJHG FOLPDWH FRQGLWLRQV RI WKH WLPFE
ZLWK 0$7/$% 5 D 9HUVLRRORWWSY |1U PDWKZRUNVY FRP SURGXFWYV

SHIHUHQFHV
5HQDUG ' 7LOPDQ ' 1DWLRQDO IRRG SURBWKWHRG@ VWDEL(

2UWL] %REHD $ $XOW 7 5 &DUULOOR & O &KDPEHUV ¢t
FOLPDWH FKDQJH KDV VORZHG JOREDODWXUH XMW RDWE &URQ

+

3UDGKDQ $ &KDQ & 5RXO 3 . +DOEUHQGW - B6LSHV %
&$ IRU FOLPDWH FKDQJH DGDSWDWLRQ DQG IRRG VHFXUL!
WUDQVGLVFLSOLIQDEX O WXWRMDF & VWHPV

*RQJ]IOH] &KiYH] OHDW ®RODO&PBFURELDO FRPPXQLW\ & 1 DQG
WHUP WLOODJH BRGOFDRE URWODMWIHRHVHDUFK

3bJH . [/ 'DQJ < 3 '‘DODO 5 & 7KH DELOLW\ RI FRQVHU’
RUJDQLF FDUERQ DQG WKH VXEVHTXHQW LPSDFW RQ VRLO SK\
\LHPWBRQWLHUV LQ 6XVWDLQDEOH )RRG 6\VWHPV

OLFKOHU - ' %D\OLV . $UHQGV .XHQQLQJ 0 O0D]JYLPDYL
FOLPDWH URXUQDWQFH(QYLURQPHQWDO (FRQRPPLFV DQG 0DQD.
.DVVDP $ )JULHGULFK 7 6KD[VRQ ) 3UHWW\ - 7KH VS|

MXVWLILFDWLRQ VXV\QWMHIDED\GLRQ DQ GRXSIVPDOHR | $IHLFXOW X

SLWWHOMRZ.KS QGRHV QR WLOO \LHOG PRUHO 6 ZOQRENO5 R M WD

+

SLWWHONRZIN BORGXFWLYLW\ OLPLWYV DQG SRWHQWLDOV RI
DJULFXIOWXWHH +

&RUEHHOV O 1IDXGLQ . :KLWEUHDG $ © *KQH 5 /IHWR
DJULFXOWXUH WR RYHUFRPH ORZ FIDRMXWUWH OBREGLQ VXE 6DKDUI
JODWKHU 0 ' )DUNRXK O ( 3RJXH - O <XVXlI 6 6WUHQJV

/IDUJHU VWXGLHV PD&EBRWBRGOHOKDEQHFDO 7ULDOV
J)LW] *LEERQ & 7 OHWD $QB@\MUVV K QQKFOMFIDRVIIRA) 5H V H D U F k

(LVOHU , OHWD DQDO\VLV O0DJLF ZDQG RU H[S-RXUDQWRURIWR
)DPLO\ 7KHUD &\

“$/.(5 ( +(51%$1'(= $ Y .$77%$1 0 : OHWD DQDO\VLV ,W
OLPLWRWHRRAODQG &OLQLF -RXU®DO RI OHGLFLQH



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

.5831,. 7THW D06 6,=( 0$77(5" $ &5,7,&$/ 5(9,(: 2) 0(7% $1%$/<6,6
)1 $*521204[SHULPHQWDO $JUEFXOWXUH

*RXOGLQJ . : 7 T7UHZDYDV $ *LOOHU . ( )HHGLQJ WKH :
'RUOG $IJULFXHWXUH

6WHZDUGBW3DIKGH DGDSWLYH FDSDFLW\ RI PDL]H EDVHG FRQVH
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWURSHIROGXHIWXURQ
(FRV\VWHPV DQG (QYLGWRIQPHQWM DJHH

)DURRT 0 .DGDPERW +&R®VEUGOWLDRD &$16 (FD$T VAU H
$*5,&8/7856BGSULQJHU GRL
+ROODQG - 0 7KH HQYLURQPHQWDO FRQVHTXHQFHV RI DG

5HYLHZLQJ WKH WHYMDLDECHOFMHH (FRVA\VWHPVHOQG (QYLURQPHQW

*RYDHWHW [BLOWUDWLRQ VRLO PRLVWXUH URRW URW DQG C
GLITIHUHQW WLOODJH UHVLGXH ©OR1L® AURS ALRW DWH B WPHDIUWDRIK

6FRSHOW &WQVHUYDWLRQ DJULFXOWXUH FURSSLQJ V\VWHPV L
SHUIRUPDQFHYV DQG BEPSREWN\ BRUHYXVVYDLQDEOH 'HYHORSPHQ

6X < *DEULHOOH % %HLOORXLQ ' ODNRZVNL ' +LJK
FRQVHUYDWLRQ DJULFXOWXUH LQ6FUHQMWILRDBHBBRWPDWI RU VW
6FKPLGW - ODUTXHV 0 5 * 9%RWWL 6 ODUTXHV 0 $ /
RI PDFKLQH OHDUQLQJ LQ VR@SIG &RFDSXNYV B IVWRIQ D D COD WHLLH Q@R
6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW IR
WLOODJH DQG QR A HQWLIHFV\IVWDH PV

+R 7 . 5DQGRP GHFIWRROQHRUGMWRI WG ,QWHUQDWLRQDO &|
$QDO\WVLYV DQG BRIBRIJQLWLRQRO

SRXVVHW ) JHUG\ - % 7HVWLQJ HQYLURQPHQWDO DQG Jt

DXWRFRUWF\RODWIR\Q*
JULHGPDQ - + 6WRFKD VARLPFFS XWDOOA HRYQ\WD @ FBSRWDONWMLIQJIW LFV DQG

JULHGPDQ - + *UHHG\ IXQFWLRQ DSSUR[LPDRMHLRQ QB QW RG L
6WDWLVWLFV

6FKPLGKXEWUDRH *OREDO 1XWULHQW 'DWDEDVH DYDLODEL
PLFURQXWULHQWYV LQ FRX QKW LB FIWR P30 D QWHR/ DYN +HD O W k

%YHUJPHLU & %HQtWH] - 0 1HXUDO 1HWZRUNV LQ 5 8VLQJ V
56116-RXUQDO RI 6WDWLVWLFDO 6RIWZDUH

+D\NLOQHYUDO 1HWZRUNV $ &RPSUBWHQWLY¥H MHDXOXGDMELRQ



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQFH RI FUF

+DVWLH 7 7LEVKLUD/XIH 60HBRPHIOQMGP R D6 W DALMY L AD O1 HZDURAL
GRL

&RUWHV & 9DSQLN 9 6XSBRKNWYNHHAWBRQLQHWZRUNYV

+DQG ' - <X . ,GLRWY{V %D\HV, QRWWUR WWRQDG B WDHNL $ T
SHYXH QWHUQDWLRQDOH GH 6WDWLVWLTXH

1HOGHU - % 'HGGHUEXUQ 5 : 0 *RRUQDOLRH® KHQFRDD @ BE
6RFLHW\ 6HULHV $ *HQHUDO

OHLQVKDXVHQ 1 4XDQWLANUHIO HMVILIRFK )RVHV\BVHOLQJI 5HVH

&DQQRQ $ - 1RQ FURVVLQJ QRQOLQHDU UHJUHVVLRQ TXD
UHJUHVVLRQ QHXUDO QHWZRUN ZLWK6WBSIOD¥NWE R@ YW BRRQI
SHVHDUFK DQG 5LVN $#VHVVPHQW

&DQQRQ $ - 4XDQWLOH UHJUHVVLRQ QHXUDO QHWZRUNYV
SUHFLSLWDWLR®RBRAPNEBOL*GRVFIHEHQFHV

JHUQIQGM|/BDUQLQJ IURP ,PEDOBSEHG JBW DQEMMWIMDWLRQDO 3.
GRL

&DUSHQWHU 5 * 3ULQFLSOHV DQG SURFHGXUHV RI VWDWLYV
VFLHG@RHV(XJHQLFV 5H¥LHZ

7KH 6KDSOHWOPEXHGJIH 8QLYHUVLW\ 3UHVYV GRL & %

&DRHW DKHDW \LHOG SUHGLFWLRQV DW D FRXQW\ DQG ILHOC
OHDUQLQJ DQG JRRUODRISHDQWRXOIDQHRI $JURQRP\

J)ROEHWBWWKOSBODWLR WHPSRUDO GRZQVFDOLQJ RI JULGGHG FUR
PDFKLQH GHDURXQWXUDO DQG )RUKRVW OHWHRURORJ\

SDKPDWW @IDFKLQH OHDUQLQJ DSSURDFKHV IRU VSDWLDO PRG
VRXWK HDVW UHJLRQ RIGFXHBOMRD Q& I$ X \RWDIDOLDYLURQPHQW

'‘XERLV $ T7H\WDXG ) 9HUHO 6 6KRUW WHUP VRLO PRLVW
PDFKLQH OHDU QGIRPS REHWRDFRAG (OHFWURQLFV LQ $JULFXOWX!

8GGLQ 6 .KDQ $ +RVVDLQ 0 ( ORQL 0 $ &RPSDULQJ
OHDUQLQJ DOJRULWK P \#%I0RUOG IGVLHF DOH, G LRUPLIPMILIRQD QG 'HFL VL

6 FKZDOEHHNW &BDWHOOLWH EDVHG VR\EHDQ \LHOG IRUHFDVW
ZHDWKHU GDWD IRU LPSURYLQJ FURS \(HOIG )XSOWESUBPW LRQGL ¥,
OHWHRURORJ\

.KDQDP - - JRR 6 < $ FRPSDULVRQ RI PDFKLQH OHDUQLQ.
, &7 ([SUHVV GRL M LFWH

%R]GD+ $ 'RNX] < *|NoHN g % 6SDWLDO SUHGLFWLRQ RI
OHDUQLQJ DOJRULWKRYYLQUBQRBQWDOXBRBOXWLRQ



$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIRUPDQF

'DYLG 0 [/XLV 0 $ /IDXUHW 3 &RPSDULVRQ RI LQWUDGD
LUUDGLDQFH XVLQJ RQOWHOTERYHRARY SXWI DO RI )RUHFDVW

JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1D
KWWS ZZZ IDR RUJ FRQVHUYDWLRQ DJULFXOWXUH HQ

&KDQ 6 7TUHOHDYHQ 3 &RQWLQXRXV ORGHO 6HOHFWLRQ IR
+ GRL %

9HQDEOHYV : 1 HDRBHIQ BSSOLHG 6WBBW LQWHEB VIAZWIR BN
GRL
$KR . '"HUU\EHUU\ SHWHUVRQ 7 ORGHO VHOHFWLRQ IRU

%,&FRORJ\ =

1HZFRPEH 5 * 7ZR VLGHG FRQILGHQFH LOQWHUYDOV IRU WKH
PHWKRWOVWLVWLFY LQ §HGLFLQH

IDQGRQ - 6LQJIJSXUZDOOD 1 ' &KRRVLQJ D &RYHHWKBJH 3UR
$PHULFDQ 6WDWIVWLFLDQ

:DQJ + &RYHUDJH SUREDELOLW\ RI SUHGLFWLRQ LQWHU
&RPSXWDWLRQDO 6WDWLVWWLFVY 'DWD $QDO\VLV



3DUW ,,,
+
&RQVHUYDWLRQ $JULFXOWXUH IURP D &OLPD
SHUVSHFWLYH



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJL

&KDSWHU 7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHU"
FRQGLWLRQV

7KLV FKDSWHU LV SXEOLVKHG LQ 6FLHQWLILF 5HSRUWYV
KWWSV GRL RUJ vV ,Q WKH FKDSWHU ZH WUDLQHG WKH FO

UHJUHVVLRQ PRGHO EDVHG RQ WKH UDQGRP IRUHVW DQG TXDQW
PRGHOV VHOHFWHG WKURXJK WKH PDFKLQH OHDUQLQJ SLSHOLQF
SUREDELOLW\ RI \LHOG LQFUHDVH ZLWK &$ V\VWHPYVY DQG WKH UDQ
YDU\ ZLWK GLITHUHQW IDUPLQJ SUDFWLFHV XQGHU WKH PHDQ FOLF



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

+LJK SUREDELOLW\ RI \LHOG JDLQ WKURXJK FRQVHU
IRU PDMRU VWDSOH FURSYV

$XWKRUV
<DQJ°6%HQRLWP*DIERJLHH@® GHHLOMRDA. QDNRZVNL

P805 (&26<6 ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\
E805 $JURQRPLH ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD

F$SSOLHG PDWKHPDWLFVY DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH
¢&,58' 835 +RUWG\V ) ORQWSHOOLHU )UDQFH

"+RUWG6\V 8QLY ORQWSHOOLHU &,5%' ORQWSHOOLHU )UDQFH

&RUUHVSRQGLQJ $XWKRU
<DQJ 68 \DQJ VX#LQUDH IU ,15%( $JUR3DULV7HFK

$SEVWUDFW

&RQVHUYDWLRQ $JULFXOWXUH &$ KDV EHHQ SURPRWHG WR PLW
SURYLGH D YDULHW\ RI HFRV\VWHP VHUYLFHV <HW LWV LPSDFW?®
IXUWKHU LQVLIJKW ZH PDSSHG WKH SUREDELOLW\ RI \LHOG JDLQ Z
&7 WR &% ZRUOGZLGH 5HODWLYH \LHOG FKDQJHV ZHUH HVWLPD
E\ SDLUHG \LHOG REVHUYDWLRQV RQ FURS VSHFLHV H[WUDF
SURGXFWLYH SHUIRUPDQFH WKDQ QR WLOO V\VWHP 17 DQG LW V
LQ GU\HU UHJLRQV RI WKH ZRUOG HVSHFLDOO\ ZLWK SURSHU DJUI
KDV WKH ODUJHVW SRVLWLYH LPSDFW RQ &% SURGXFWLYLW\ FRPSD
LQ WKH SURGXFWLYLW\ RI &% DQG 17 DFURVV JHRJUDSKLFDO DQG
PDS &$ DSSHDUV DV D VXVWDLQDEOH DJULFXOWXUDO SUDFWLFH
VSHFLHV

,QWURGXFWLRQ
&RQVHUYDWLRQ $JULFXOWXUH ZDV RULJLQDOO\ GHVLJQHG WR ¢
SURGXFWLYLW\ LOVWVARDORODWWRQWKUHH SULQFLSOHV SUHVHUYLQ
VRLO GLVWXUEDQFH JRLQJ DV IDU DV 17 DQG GLYHUVLE$LQJ FUR
VIVWHP SURYLGHV SRVLWLYH HQYLURQPHQWDO H[WHUQDOLWLHYV
VHTXHVWUDWLRQ DQG LPSURYHG VRLO TXDOLW\DWKURX H{SHFWAE
HQKDQFH VRLO IHUWLOLW\ VRLO VWU XF WX UMKMHYG Z\D&SH BDRX IO\G H.@\
FURS \LHOGV LQ SDUWLFXODUO\ LQ U H RIQRIQWK H [SHHVM HIQF Y QP D M)
UHPDLQV FRQWURYHUVLDO ,W LV DOVR UHSR UMMSGE FLOD\W \ &K PR\
SULQFLSOHV RI &RQVHUYDWLRQ $JULFXOWXUH DUH RQO\ SDUWLDC



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJL

ZLWKRXW URWDWARKU DQDO\WHV ZHUH FRQGXFWHG WR UHYHDO K&
DQG 17 VA\VWHP YDULHV DV WKH IXQFWLRQ Rl VHYHUDO LQWHUDTF
SUDFWLFWRLO FKDUDFWRBUNVVWBREMYOLPDWLF FRBHWHBQWKH GDW
XVHG LQ WKRVH DQDO\WHYVY RQO\ SURYLGH QR RU OLPLWHG LQIRUPI
PDQDJHPHQW SUDFWLFHV ,Q SDUWLFXODU LQIRUPDWLRQ RQ IHUW
LQWHU DQQXDO FOLPDWLF YDULDELOLW\ ZHUH IUHTXHQWO\ PLV\
SURGXFWLYLW\ RI &% DQG 17 VIVWHP DW WKH JOREDO VFDOH LQF
SDUDPHWHUYVY RQ \LHOGV DQG D PDS VKRZLQJ WKH ORFDO SURGXF'
VWLOO ODFNLQJ

,Q WKLV SDSHU ZH FRPSDUHG WKH SURGXFWLYH SHUIRUPDQFH R
FROQGLWLRQV DQG GLIITHUHQW DJULFXOWXUDO FEQYYJHPWDQQWHWEDRN €
\LHOG FRPSDULVRQV RI 17 YV &7 DQG &$ YV &7 ZKHUH &$ ZDV Gt
FRYHU EDVHG RQ WKH )2FRQ@GMHUIDYMNVERWK SUHYLRXV SDSHUV Zt
DSSURDFK WR DQDO\]|H WKH GDWDVAMW HOERKO@HWCRH BV /L@ D W R GMK
&% DQG 17 FDQ RXWSHUIRUP &7 DQG WR FRPSXWH SODXVLEOH UI
&7 WR &% RU 17 V\VWHP IRU HLJKW PDMRU FURSV LQFOXGLQJ V.
VR\EHDQ VXQIORZHU DQG ZLQWHU ZKHDW 8QOLNH SUHYLRXV VWX
ZLWK WKHLU LOQWHU DQG LQWUD DQQXDO YDULDELOLWLHY LQ WI
\LHOGV UDWKHU WKDQ UHO\LQJ RQ DULGLW\ LQGLFHV RU EURDG F
HITHFWV RI FOLPDWH RQ WKH FRPSDULVRQ ZLWK FRQYHQWLRQDO L

'DWD FROOHFWLRQ DQG DQDO\VLYV
$ VIVWHPDWLF OLWHUDWXUH UHYLHZ ZDV SHUIRUPHG LQ )HEUXDU
SDSHUV FLWHG LQ DERYH PHQWISIDHP ROWBGD OBEPEHY WKH PRVW
H[SHULPHQWDO VWXGLHV 7KH \LHOG GDWD Rl 17 DQG &7 GHW
PDQDJHPHQW SUDFWLFHV ZHUH H[WUDFWHG IURP WKRVH SDSHUV
H[WHUQDO GDWDEDVHV ,Q WKH HQG SDLUHG \LHOG FRPSDULVF
ZLWK VRLO FRYHU DQG FURS URWDWLRQ ZKLFK LQYROYHV DW OHI

SDSHUV DORQJ ZLWK WKH LQIRUPDWLRQ RI FURS W\SHV \HDU
GHWDLOHG DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV VXFK DV FUF
DQG SHVW FURS URWDWLRQ WKH PDQDJHPHQW RI FURS UHVLGXH
VHYHUDO H[WHUQDO GDWDEDVHV L @R DG GNHNIGKURISP DWRE Ll Q B WRIDW
SUHFLSLWDWLRQ EDQDSFWH QWH BIOS HW D SRIRD PQWPSWHIDPW M B Q /XU H
WHPSHUDRD(URXP WHPSHVWIDWRXUKRXW WKH JURZLQJ VHDVRQ LQ
REVHUYDWLRQV FRYHUHG  FRXQWULHV 6HH $SSHQGL[ & DQG

FRPSXWH WKH \LHOG UDWLF@%@&%@%DI@L@ WKHWRHODWLYH \LHOG
rﬂQU@B{,%A;?OUQﬁ
= OUBRx

ODFKLQH OHDUQLQJ PRGHOV QDPHO\ UDQGRP IRUHVW DQG TXDQW
WKH GDWDEDVH 7KH LOQSXWV RI ERWK PRGHOV ZHUH WKH FOLPDWL
VRLO WHI[WXUH DQG WKH DJULFXOWXUDO PDQDJHPHQW SUDFWLFL!
SUREDELOLW\ \LHOG JDLQ RI &% RU 17 YV &7 \LHOG UDWLR ! 7
E\ HVWLPDWLQJ WKH DUHD XQGHU WKH 52& FXUYH E\ OHDYH RQH R
$SSHQGL[ & 7KH RXWSXW RI TXDQWLOWMW QBIXBYVWLROM IRIUBN @/DMR
FKDQJH UDWLRV FRUUHVSRQGLQJ WR OHYHOV RI ORVVHY DQG JD
SHUIRUPDQFH RI WKLY PRGHO ZDV DVVHVVHG XVLQJ D VSHFLILF /2:

A



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

\LHOG UDWLR LQ WKH REVHUYDWLRQ ZLWKLQ WKH SDQQGYFWHG L(
TXDQWLOHV ZDV FORVH WR VHH $SSHQGL]J[ &

7R SUHGLFW WKH JOREDO SHUIRUPDQFH RI &% DQG 17 YV &7 WK
VXSSOHPHQWHG ZLWK JOREDO FOLPDWH GDWD WKH DYHUDJH RI
ZLWKRXW FURS URWDWLRQ DQG ZLWKRXW VRLO FRYHU &$ ZLWK F
SUHVHQIFHULJDWICRYRLO MWWMNWOOMHRI PRGHO VHWWLQJ DUH DYDLOD
UHVXOWYV ZHUH WKHQ SURMHFWHG RQ PDS

5HVXOWV
7KH IXQFWLRQDO UHODWLRQVKLS DPRQJ WKH SUREDELOLW\ RI \L}F
IDFWRUV WKH DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV7KHUH GHF
UHVXOWV VKRZHG WKDW &$ KDV EHWWHU SHUIRUPDQFH WKDQ 17
URWDWLRQ RQ FURS \LHOG )LJXUH D E )HUWLOL]JHU DSSOLFD
VIVWHPV DV ZHOO )LJXUH F 7KH SUREDELOLW\ RI \LHOG JDLQ
SHVW FRQWURO XQGHU WKH GU\ FRQGLWLRQ ZKLOH WKHUH ZDV Q
VIVWHP )LJXUH G ,UULJDWLRQ LPSURYHG WKH SHUIRUPDQFH RI
RI &$ YV &7 )LIJXUH H 2XU UHVXOWV DOVR VKRZHG WKDW ERWK
D EHWWHU SURGXFWLYLW\ LQ UHJLRQV ZKHUH ZDWHU VWUHVV SUH
ZH GHILQHG D UHODWLYHO\ GU\ UHJLRQ UHJLRQ DQG D UHOD
SUHFLSLWDWLRQ EDODQFH UHJLRQ LQGLFDWHY WKDW WKH DI
JURZLQJ VHDVRQ LV ORZHU WKDQ PP ZKLOH UHJLRQ LQGLFDWI
SUREDELOLW\ RI \L'MOD@ESTABUMOLVHH RQ WHODWLYH \LHOG FKDQJH IR
GU\ UHJILRQ DQG ZHW UHJILRQ UHJLRQV DOVR VKRZHG WKDV
&$ DQG 17 KDYH EHWWHU SHUIRUPDQFH LQ UHJLRQV WKDW ZHUH U
& G & G & G & G & G )RU ZLQWHU ZKHDW WKH PHDQ SUREDI

DQG LQ UHJLRQ DQG UHJLRQ UHVSHFWLYHO\ )LJXUH E
ZKHQ VKLIWLQJ IURP &7 WR &$ LQ UHJLRQ LV IURP W R DQ



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFX(

J)LIXUH _ ,PSDFW RI FURS PDQDJHPHQW SUDFWLFHV RQ &% SHUIRUPDQFH VKRZQ LQ ' SDUYV
DV D IXQFWLRQ RI SUHFLSZWHD WILRQ EDORQRD WKH [ D[LV VKRZHG WKH GLVWULEXWLRQV RI R
GDWDVHW



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU SDVW FOLPDWH FRC

J)LIXUH _ 3URGXFWLYLW\ RI &4RQVHUYDWLRQ $JULFXOWXUH IRU ZLQWHU ZKHDW LQ D UHODW
D ,OO0XVWUDWLRQ RI WKH WZR UHJLRQV RQ D JOREDO PDS ZLWK WKH WZR GLIIHUHQW FROR!
WKH QRQ FURSSLQJ UHJLRQ RI ZLQWHU ZKHDW E 7KH SUREDELOLW\ RI ZLQRVHUOREIDOW \LHOC
PDS WKH \HOORZ VKDGHV LQGLFDWHG WKH KLJKHU GHQVLW\ DQG YLFH YHUVD 7KH \HOORZ |

Rl PD[LPXP GHQVLWHRWQ AW KH FH O CHRIDW XVKIKHIOREDOODVFOOIDUGFLDOKIN Rl ZLQWHU ZKHDW UH
FKDQJH XQGHU &% DQG 17 YV &7 SUDFWLFH LQ WKH WZR UHJLRQV DQG WKH [ D[LV WLFN ODE
OHIW SDUW RI SORW G LQGLFDWMGK WKW L\QH O BKEIOBHQWHK HU DWIKRW S IMFWXBI WH. QWK H7 KIHH © B OFRUDQ
SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW EDQG G WKH PHDQ YDOXH RI UH
WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]JRQWDO OLQH



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJL

3UREDELOLWLHV RI \LHOG JDLQ VKRZ LPSRUWDQW JHRJUDSKLFDO
ZLWK IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWURO LV OLNHO\
ZHVWHUQ $PHULFD IRU VSULQJ EDUOH\ $SSHQGL[ & D E PDL]H )
E VXQIORZHU $SSHQGL[ & D E DQG ZLQWHU ZKHDW )LJXUH D
VSULQJ EDUOH\ $SSHQGL[ & D E FRWWRQ $SSHQGL[ & D E PD
& DE DQG ZLQWHU ZKHDW )LJXUH D E ,Q QRUWK RI &KLQD
$SSHQGL[ & D E VXQIORZHU $SSHQGL[ & D E DQG ZLQWHU ZK
&$ HVSHFLDOO\ ZLWKRXW IHUWLOL]DWLRQ DQG WKH FRQWURO RI
WURSLFDO UHJLRQ IRU ULFH $SSHQGL[ & D E VRUJKXP $SSHQC
VXQIORZHU $SSHQGL[ & D E ,Q VRXWK RI &KLQD IRU VRUJKXP

& D E ZLQWHU ZKHDW )LIJXUH D E ,Q 1RUWK HDVWHUQ $PHUL
& D E PDL]H )LIJXUH D E VR\EHDQ $SSHQGL[ & D E DQG ZL

+HUH ZH VKRZHG WKDW ZLWK SURSHU PDQDJHPHQW &$ KDV D F
WKDQ FRPSDUHG WR &7 LQ PRVW RI WKH $IULFD IRU VSULQJ E
& E PDL]H $SSHQGL[ & E VRUJKXP $SSHQGL[ & E VRVEHDQ
$SSHQGL[ & E ZLQWHU ZKHDW )LJXUH E ,Q VRPH SDUW RI 6R
& E FRWWRQ $SSHQGL[ & E PDL]H $SSHQGL[ & E VRUJKXP $
& E VXQIORZHU $SSHQGL[ & E ZLQWHU ZKHDW )LJXUH E , Q
VSULQJ EDUOH\ $SSHQGL[ & E PDL]H $SSHQGL[ & E VRUJKXP

& E VXQIORZHU $SSHQGL[ & E &RQYHUVHO\ 17 KDV D FKDQ

IRU ZLQWHU ZKHDW LQ QRUWKHDVW RI &KLQD ILIJXUH F

+RZHYHU HYHQ ZLWK SURSHU DJULFXOWXUDO PDQDJHPHQW SUDF\
D\LHOG GHFUHDVH LQ VRPH SDUW Rl WKH WURSLFDO UHJLRQV IRU
ULFH $SSHQGL[ & G VRUJKXP $SSHQGL[ & G VR\EHDQ $SSHQC
& G ,Q VRPH SDUW RI &KLQD IRU ULFH $SSHQGL[ & G VRUJKXP
& G DQG VXQIORZHU $SSHQGL[ & G ,Q HDVWHUQ (8 IRU PDL]H
& G DQG VR\EHDQ $SSHQGL[ & G $QG LQ 1RUWK HDVWHUQ $PHI



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU SDVW FOLPDWH FRC

JLJXUH3UREDELOLW\ RI \LHOG JDLQ ZLWK &$ DQG 17 YV &7 ZLQWHU ZRKBDWLRPQAGOHQYWHFRORYY
LQGLFDWHG GLIIHUHQW SUREDELOLWLHYVY RI \LHOG JDLQ IURP &% DQG 17 FRPSDULQJ WR &7 V\
JDLQ ) LOGLFDWHG 17 RU &% DQG &7 ZLWK ZLWKRXW ILHOG IHUWLOL]DWLRQ ' LQGLFDW



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFX(

YJLIXUH _ 3UREDELOLW\ RI \LHOG JDLQ ZLWK &$ DQG 17 YV &7 PRH]|BLROOHQYWHFRORSYLQQ AL
GLIIHUHQW SUREDELOLWLHYV RI \LHOG JDLQ IURP &$ DQG 17 FRPSDULQJ WR &7 V\VWHP 7KH Jl
LQGLFDWHG 17 RU &$ DQG &7 ZLWK ZLWKRXW IHUWLOL]DWLRQ ' LQGLFDWHG 17 RU &$ DQG



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU SDVW FOLPDWH FRC

J)LIXUH _ 5HODWLYH \LHO®DW KDQXDHU WUREDHELVWLWDWH RI VKLIWLQJ &7 WR &$ 17 IRU ZLQWHL
ZHHG DQG SHVW FRQGQWHRIKD ZDV:'D FKDQFH WKDW WKH UHODWLYH \LHOG FKDQJH ZLOO EH KL
DQG F DQG FRQYHUVHO\ D FKDQFH WKDW WKH UHODWLYH FKDQJH ZLOO EH ORZHU 7KHUH .
WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DQG G DQG FRQYHUVHO\ D FKDQFH WKDW WKH
RI'\LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV LQGLFDWHG WKH QHJDWLYH \LHOG FKDC



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJL

'LVEXVVLRQ
$V WKH SUREDELOLWLHY DQG SODXVLEOH UDQJHV RI \LHOG JDLQ
PDSSHG LQ SUHYLRXV RNW I D\DDODWWHEULQJ PHDQLQJIXO DQG QRYH
DQG DJULFXOWXUDO H[WHQVLRQ VHUYLFHV ,Q WKLV VWXG\ ZH ZF
ORZHU SUREDELOLW\ RI \LHOG JDLQ IURP VKLIWLQJ &7 WR &$ DQG
RI WKHVH JDLQV ZDV DVVHVVHG DV ZHOO DV WKH SRWHQWLDO \LH

$OWKRXJIJK EDVHG RQ DQ H[SDQGHG GDWDVHW RXU VWXG\ KDV V
SHUWDLQV WR KXPLG FOLPDWHV UDWKHU WKDQ DULG UHJLRQV &
YDULDEOH KHUH GXH WR D ODFN RI JOREDO GDWD RQ WKLV SUDF
LPSDFWV )LQDOO\ WR GHDO ZLWK PLVVLQJ FOLPDWH DQG VRLO G
GDWD IURP H[WHUQDO GDWDEDVHV RQ D V\VWHPDWLF EDVLV &R
SRWHQWLDO HYDSRWUDQVSLUDWLRQ PLQLPXP WHPSHUDWXUH
WKURXJKRXW WKH JURZLQJ VHDVRQ DQG VRLO WH[WXUH PD\ QRW
HIWHUQDO GDWDEDVHY DOORZHG XV WR DQDO\VH WKH HIIHFWV RI1
RQ &% DQG 17 SURGXFWLYLW\

2XU VWXG\ UHYHDOHG ODUJH GLIITHUHQFHV LQ WKH OLNHOLKRRG R
17 DFURVV FURSV FURS PDQDJHPHQW SUDFWLFHY JHRJUDSKLFDC
UHVXOWY 17 DSSHDUHG PRUH OLNHO\ WR LQFUHDVH \LHOGV LQ GU
ZKHQ LW FRPELQHG ZLWK VRLO FRYHU 7KH SRWHQWLDO EHQHILWYV

7KH OD\HU Rl FURS UHVLGXHV UHWDLQHG RQ WKH VRLO VXUIDFH L«
UXQRII IRVWHUV WKH EXLOG XS RI RWHDIYWU ¥ HA/D WRVWLHOU ZIDQW M R LONV R )
LQFUHDVHV VRLO ZDWHU UHWHQWLRQ FDSBHMM\ ID6G® RPLW DIDON AR (
LQFUHDVH WKH SUREDELOLW)\ RI \LHOG JDLQ &RQYHUVHO\ LQ KXP
17 ZLWK VRLO FRYHU ZHUH QR ORQJHU HYLGHQW DQG FDQ HYHQ
ZDWHUORJIMRPH RWKHU FRQGLWLRQV VXFK DV ZLQWHU FURS LQ F
WKH VRLO LQFUHDVHG WKH FKDQFH RI \LHOG JDLQ FRPSDUHG WR F
LQ QRUWKHDVW RI &KLQD 17 KDV EHWWHU SHUIRUPDQFH WKDQ &$
PHDQ VRLO W HASHKDOHQ@MHG WKH FURS HVWBEBYWKP HQYW D QG IR R
WKDW UHVLGXH FRYHU FRXOG GHFUHDVH WG®FUHDWH \RKH R VPP
WHPSHUDWXUH LQ H[WUHPE&G BOR YARIHGD VEXRIMW OD\HU WKDW FDQ
WR WKH LQFUHDVLQJ FOLPDWH YDULDELOLMWHDGGRWHKHVRAFXBRMA I
WKH ULVN Rl FURS IDLOXUH DQG LQFUHDVHG \LHOG VWDELOLW\ 7
SRVLWLYH LPSDFW RQ WKH SURGXFWLYLW\ RI 17 FRPSDUHG WR RW
DQG WKH FRQWURO RI ZHHG DQG SHVW ZIHW SIOWR WK S RWHFHRG Q.LJ HS
HITHFWV Rl UHVLGXH FRYHU DQG FURS URWDWLRQ WKHVH WZR S
V\VWHPV

2XU UHVXOWV DOVR VKRZHG WKDW ZLWK LQWHJUDWHG ZHHG DQ
VOLJKWO\ EHWWHU WKDQ ZLWKRXW )LIJXUH G ZKLFK PLJKW LQ¢
LQ &$ PD\ LQFUHDVH WKH ZHHG RU SHVWLSOUHVEXXNMP LG BRQ GRWIGR.C
KDYH D VOLJKWO\ KLJKHU SUREDELOLW\ RI \LHOG JDLQ LQ WKH DE\
FRPSHWLWLRQ IRU ZDWHU UHVRXUFHV EHWZHHQ FUR®WHD®IGQZ HHRS"
GU\HU FRQGLWLRQV DQG WR DQ LQFUHDVHG SUREDELOLW\ RI \LHO
DQG 17 KDG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ XQGHU IHUWLO
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2YHUDOO ZH VKRZHG WKDW &% KDV D EHWWHU SURGXFWLYLW\ WK
DJURQRPLFDO SUDFWLFHV RI IHUWLOL]DWLRQ DQG LQWHJUDWHG Z|
WKDW 17 VIVWHPV VKRXOG EH LPSOHPHQWHG ZLWK VRLO FRYHU

&RQVHUYDWLRQ $JULFXOWXUH E\ WKH )$2 FURS IHUWLOL]DWLRQ
WKH RWKHU JRRG DJURQRPLF SUDFWLFHYVY OLNH JRRG VHHG ZDW|
RXWSHUIRUP &7 FRQFHUQLQJ RQ FURS \LHOG &% FDQ SURYLGH D U
SURGXFWLRQ WKRVH HFRV\VWHP VHUYLFHV LQFOXGHG LPSURYH W
ZKLOH WKH SUHVHQW WUDGLWLRQDO WLOODJH VA\VWHPV DUH UHV)>
WKH ULVN RI IRRG LQVHFXULW\ LQ WKH IXWXUH DQG TLKHPHORUIHQ F L
&$ LV D SURPLVLQJ SUDFWLFH WKDW FDQ EH SURPRWHG WR VXVWL

SHIHUHQFHV

SLWWHONRZ & 0 HW DO :KHQ GRHV QR WLIH®G\KHREG\WPBHWH B
+

JRRG DQG $IJULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWL
JXLGH WR WKH VXVWDLQDEOH LOQWHQVLKVFOWLRZ ZRIDWRPROD K
L H SGI

OLFKOHU - ' %D\OLV . $UHQGV .XHQQLQJ 0 O0D]YLPDYL
FOLPDWH URXUQDKWQFH(QYLURQPHQWDO (FRQRPLFV DQG 0DQD.

3bJH . [/ 'DQJ < 3 '‘DODO 5 & 7KH DELOLW\ RI FRQVHU
RUJDQLF FDUERQ DQG WKH VXEVHTXHQW LPSDFW RQ VRLO SK\
\LHO®RQWLHUV LQ 6XVWDLQDEOH )RRG 6\VWHPV

J)DURRT O .DGDPERW&R QO HALGIOL TR €5 $ UL DRXOW X UH

+ROODQG - 0 7KH HQYLURQPHQWDO FRQVHTXHQFHV RI DG
SHYLHZLQJ W KH HYDGQHDEWH (FRVA\WWHPV#® QG (QYLURQPHQW

*RYDHUWV % HW DO ,QILOWUDWLRQ VRLO PRLVWXUH URR
GLIIHUHQW WLOODJH UHVLGXH ORL® MURS ALROWDWH B® \PHDIUDRIK

=KDQJ : =KHQJ & 6RQJ = 'HQJ $ +H = )DUPLQJ V\V\
VXVWDLQDEOH FLERR S B3R SXARDRRIQVIHY L H U

SLWWHONRZ & 0 HW DO 3URGXFWLYLW\ OLPLWY DQG SRWHC
IDWXUH =%

6FRSHO ( HW DO &RQVHUYDWLRQ DJULFXOWXUH FURSSLQJ
SHUIRUPDQFHYV DQG BPSREWN\ BRUHYMWVYDLQDEOH 'HYHORSPHQ

BWHZDUG 3 5 HW DO 7KH DGDSWLYH FDSDFLW\ RI PDL]H E
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWUR SLROG XN XURQ
(FRV\VWHPV DQG (QYLURQPHQW

.QDSS 6 YDQ GHU +HLMGHQ 0 * $ $ JOREDO PHWD DQI
FRQVHUYDWLR® W XWIH %R WPOUGEFDWLRQV
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IDERUGH - 3 :RUWPDQQ & 6 %ODQFR &DQTXL + %DLJRU
WKH GULYHUVY DQG SUHGLFWLQJ WKH RXWEFRPIH ROWRQ VB UMD W
KWWSV GRL RUJ M DJV\

6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW
WLOODJH DQG QRLWLKMIADH HVS UG R W RFRH P ILJVKDUH

JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1
KwWwS Z77Z IDR RUJ FROVHUYDWLRQ DJULFXOWXUH HQ

+R 7 . 5DQGRP GHPRBWRRHHRUHVWM UG ,QWHUQDWLRQDO &
$QDO\VLYV DQG 5HFRJIJQLWLRQ

1LFRODL OHLQVKDXVHQ 4 XIRXW QO FH JUDHPKLLRD / HOUMMVQM 5 H

8QLYHUVLW\ R 'LVFRQVLQ ODGLVRQ &URS &DOHQGDU
KWWSV QHOVRQ ZLVF HGX VDJH GDWD DQG PRGHOV FURS FDC(

6DFNV : - 'HU\QJ ' )ROH\ - % 5DPDQNXWW\ 1 &URS SO
SDwwBaBMO (FRORJ\ DQG %LRJIJHRJUDSK\

8QLYHUVLW\ RI 7TRN\RKBRL® 7KVWMXRIHLODS WRN\R DF MS aVXMI
WHI[WXUH PDS KWPO

12%$% 2%$5 (65/ 36/ 8QLYHUVLW\ RI 'HODZDUH $LU 7HPSHI
KWwWSV 7277 HVYUO QRDD JRY SVG GDWD JULGGHG GDWD 8'HOB

ODUWHQV % HW DO */($0 Y VDWHOOLWH EDVHG ODQG H°
*HRVFLHQWLILF ORGHO '"HYHORSPHQW

OLUDOOHY ' * HW DO *OREDO ODQG VXUIDFH HYDSRUDWLRC
+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHYV

12%$% 2%$5 (65/ 36/ &3 & *OREDO '‘DLO\ THP
KWwWSV Z77Z HVYUO QRDD JRY SVG GDWD JULGGHG GDWD FSF J

ODQGHONHUQ 0 HW DO B6HWWLQJ FRQGEMEHQIPHWILEGW 6 BFD €

+

SRUWPDQQ ) 7 6LHEHUW 6 'l1OO0 3 0,5&% *OREDO P
DUHDV DURXQG WKH \HDU $ QHZ KLIJK UHVROXWLRQ GDW
PRGHOD®REDO %YLRIJHRFKHPLFDO &\FOHYV

JULHGPDQ - + *UHHG\ )XQFWLRQ $SSUR[LFBW L$R®D DHO YURG |
BWDWLVWLEV

+DVWLH 7 7LEVKLUDKH (GHPHOQWAG RD @ W-D6/SIWM Y U AD O1 HZD<URAL

=XD]R 9 + 3OHJXH]XHOR & 5 5 6RLO HURVLRQ DQG U
UHYISHDRQRP\ IRU 6 XVWDLQDE@H 'HYHORSPHQW
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6KD[VRQ ) 2%WUEHWLQS VRLO PRLVWXUH IRU SODQW SURG X
SRURV )L\

6ZDQHSRHO D&H EHQHILWY RI FRQVHUYDWLRQ DJULFXOWXUH
LQ VRXWKHUQ $IULFAERDW HD Y GWH O/GBHIFHLEEFVHDUFK

'"HUSVFK 5 &RQWUROH GD HURVmMR QR 3DUSPQD QWWLIRVGQU NV
SUHSDUR FRQVHUY DFERESAHAVWDL GR VROR

6FRSHO ( GD 6LOYD ) $ 0 &RUEHHOV 0 $IIKROGHU )
PXOFKLQJ HIIHFWV RQ ZDWHU XVH DQG SURGXFWLRQ RI PDL

FRQGLWILRRDWRPLH*

7TKLHUIHOGHU & :DOO 3 & ,QYHVWLIDWLQJ &RQVHUYDWL
=LPEDEZH WR OLWLJDWH )XWXUHRXIUHFWNY RIl &OR P DWSH RK H QB

/IDO 5 7KH 5ROH RI 5HVLGXHV ODQDJHPHQW-ROQUGROWRILQ!I
6XVWDLQDEOH $HILFXOWXUH

6KHQ < OF/DXJKOLQ 1 =KDQJ : :X 0 /LDQJ $ (IIHFW R
WHPSHUDWXUH IROORZLQJ SODQWLQJ 6RUHI) WA DF N5 RR OWIVQ

0XxR] 5RPHUR 9 /RSH] %HOOLGR / /IRSH] %HOOLGR 5
WHPSHUDWXUH LQ D UDL Q | HBNVMHUGDWHLLRUIDH B 8U RIS K WILFR/O

+DWILHOG - [/ B3UXHJHU - + 7HPSHUDWXUH H[WUHPHV (
HDWKHU DQG &OLPDWH ([WUHPHV
5DPDNULVKQD $ 7DP + O :DQL 6 3 /IRQJ 7 ' (IIHFW

PRLVWXUH ZHHG LQIHVWDWLRQ DQG \L HIOH®D 8 | QUWRSN\Q GIOWKAD U®

+

.XPDU 6 '‘H\ 3 (IIHFWV RI GLIITHUHQW PXOFKHV DQG LUUL.
XSWDNH ZDWHU XVH HIILFLH@FLHD@WLD HA G VRUI PO WXAHHU U\

YDQ :LMN : 5 /DUVRQ : ( %XUURZV : & 6RLO 7HPSHUD
I[URP OXOFKHG DQG 8QRX®WBKHBQERLOGRFLHW\ Rl $PHULFD -RXUC

.RG]ZD - - *RWRVD - 1\DPDQJDUD - OXOFKLQJ LV V
FRQVHUYDWLRQ DJULFXOWXUH SULQFLSOHV LQ LQFUHDVLQJ |
WURSLFDO FRQGLWIRRQVDIQWE =ALREDEYH 5HVHD U FK

*LOOHU . ( 'LWWHU ( &RUEHHOV O 7TLWWRQHOO 3 &
IDUPLQJ LQ $IULFD 7XH{ &8 WHMRISFWV § HMHHIZU F K
$QGHUVVRQ - § 'MT16RX]D 6 )J)URP DGRSWLRQ FODLPV WR

OLWHUDWXUH UHYLHZ RI &RQVHUYDWLRQ $JULFXOWXUH &$
VRXWKHUIBLFIXFKDVN XUH (FRVA\VWHPV = (QYLURQPHQW
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ODVKLQJDLG]JH 1 ODGDNDG]H & 7ZRPORZ 6 1\DPDQJDUD
JURZWK XQGHU FRQVHUYDWLRQ DJRIFXOW & UH @ Q DVIHHP: HIVWIDG E

DWW 0 6 "KLWHKHDG ODVRQ ( * OS5LFKDUGVRQ %
ZHHG FRPSHWLWLRQ IRU OLJKW DQG ZDWHU RQ JURZWK DQG G
DW D GU\OD®PWHVWLWHRORJIJ\ DQG ODDJIJHPHQW

$ERX]JLHQD + (O 6DHLG 0 $KPHG $ $PLQ ( 6 :DWH
,QWHUQDWLRQDO -RXUQDO RIZ&KHP7HFK 5HVHDUFK

JRRG DQG $JULFXOWXUH 2UJDQL]DWKR M RR QWAL B IRW HFR QDA
DIJULFXOWXUH

20VNWRO@D® G 'HIUDG@DWRB®WH &KDQJH DQG /DQG DQ ,3&& VSHF
FKDQJH GHVHUWLILFDWLRQ ODQG GHJUDGDWLRQ VXVWDLQ
JUHHQKRXVH JDV IOX[HV LQ3BUUHVWULDO HFRV\VWHPV
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&KDSWHU 7TKH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYL

7KLY FKDSWHU LV SXEOLVKHG LQ 1DWXUH &OLPDWH &KDQJH
KWWSV GRL RUJ vV ,Q WKH FKDSWHU ZH WUDLQHG WKH FOD

WKH UDQGRP IRUHVW ZKLFK WKH EHVW FODVVLILFDWLRQ PRGHO E
FKDSWHU +HUH ZH PDSSHG WKH SURGXFWLYH SHUIRUPDQFH RI1 &
VFDOH DQG KRZ WKLV SHUIRUPDQFH FKDQJH XQGHU FOLPDWH Fk
VFHQDULR
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7TKH LPSDFW RI FOLPDWH FKDQJH RQ WKH SURGXFWL

$XWKRUYV
<DQJI°6%HQRLWP*DIEYULGHODNRZVNL

$IILOLDWLRQV
P805 (&26<6 ,15%$( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\

E805 $SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,$% ,159
6DFOD\ 3DULV )UDQFH

&RUUHVSRQG(tRQIEWK®®YJI VX#LQUDH IU

$EVWUDFW
&RQVHUYDWLRQ DJULFXOWXUH &$ LV EHLQJ SURPRWHG DV D VHYV
SURGXFWLRQ ZKLOH SURYLGLQJ SRVLWLYH HQYLURQPHQWDO EHQI
KRWO\ GHEDWHG DQG KRZ WKLV SURGXFWLYLW\ ZLOO EH DIIHFWF
FRPSDUHG WKH SURGXFWLYLW\ RI &% V\VWHPVY DQG WKHLU YDULDQ\
&7 V\VWHPV IRU PDMRU FURS VSHFLHVY XQGHU FXUUHQW DQG I’
PDFKLQH OHDUQLQJ DSSURDFK DW WKH JOREDO VFDOH :H UHYHDO
ZLWK &% DFURVV FURS W\SHV DJULFXOWXUDO PDQDJHPHQW SUDF
JRU PRVW FURSV &% SHUIRUPHG EHWWHU LQ FRQWLQHQWDO GU\
IXWXUH FOLPDWH FRQGLWLRQV WKH SHUIRUPDQFH RI &% LV H[SHF
DUHDV LPSURYLQJ WKH FRPSHWLWLYHQHVV RI &% IRU WKLV VWD S(

0DLQ
&RQVHUYDWLRQ DJULFXOWXUH LV D FURS SURGXFWLRQ V\VWHP EC
JRLQJ DV IDU DV 17 SHUPDQHQW VRLO FRYHU ZLWK FURS UHVLG
WKUHH FURS VSHF,IH¥RRSYROQFGE ZLWK VXVWDLQDELOLW\ JRDOV
SURGXFWLRQ RQ WKH ORQJ WHUP ZKLOH LPSURYLQJ FURS UHVL
HQYLURQPHQW %HQHILWYV RI &% KDYH EHHQ GHPRQVWUDWHG LQ
LPSURYLQJ VRLO TXDOLW\ UHGXFLQJ VRLO+REZRYHRQ VDQBH LRFRH
GHSHQGV RQ PDQ\ LQWHUDFWLQJ IDFWRUVVRQBORKD QDIFQEIFDY W
PDQDJHPHQW SWDEWGRHMM.FXOW WR DVVHVV WKH SRWHQWLDO RI &
%HVLGHV &$ DV GHILQHG DFFRUGLQJ WR WKH DERYH SULQFLSO
2UJDQL]DWLRQYV )$2 DSMKIIRDEWVKIH&BOVR DSSOLHV WR LWV YDUI
URWDWLRQV DQG VRLO FRYHU 17 ZLWK VRLO FRYHU EXW QR URWD
RQ WKH ILQGLQJV RI UHFW R MV PHWYYDWHXFD/O DVUHHV O L N H OF R\PFS DBIHDG& W R
WR &7 H[FHSW IRU UHJLRQV IDFLQJ ZDWHU OLPLWDWLRQV +RZHY!
RQ &% DQG WKHLU YDULDQWYV YV &7 LV YHU\ ODUJH DQG WKHLU F
DQG PDQDJHPHQW7EHDFWXEHMYV RI 3LWUWHOHBERZQHIV WQWKHWLF DL
FKDUDFWHUL]H WKH FKDUDFWHULVWLFV Rl FOLPDWH ZKLFK PDNH\
WR LQWHU DQQXDO ZHDWKHU YDULDELOLW\ RU WR SUHGLFW WKHI
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FRPSUHKHQVLYH JOREDO VI\QWKHVLV RI WKH LPSDFW RI FOLPDWH
&7 VA\VWHPV LV VWLOO ODFNLQJ

+HUH ZH FRPSDUHG WKH FURS \LHOGV RI &% V\VWHPV DQG WKHL
FOLPDWH FRQGLWLRQV EDVHG RQ SDQRHHAGJIQRBGBOREDVWDEDWHRQV
YDULDQWYVY YV &7 7KLV GDWDVHW LQFOXGHV WKH PRVW UHFHQW
GHWDLOHG GHVFULSWLRQ RI DJULFXOWXUDO PDQDJHPHQW SUDFWI
SHVW FRQWURO VRLO FRYHU PDQDJHPHQW DQG FURS URWDWLRQ
GDWDEDVHY VXFK DV BUGIFR$P VDD W MWRHP SSHWYMUWOWH DPUQVHPSHUDV

PD[LPXP DLU WHPSHODRWXSIRWHRWLDO HY D SRYWHILD Y K$LBDRWE RQ R
VHDVR®V DQ LQGLFDWRU RI ZDWHU DYDLODELOLW\ IRU FURSV WKI
+ ( RYHU WKH JURZLQJ VHDVRQ

$ PDFKLQH OHDUQLQJ PRGHO EDW M BRIQQUGBOHERE FRENVW DOLGDWH
\LHOG GDWD RI &% DQG LWV YDULDQWV YV &7 IURP WKH GDWDVH

\LHOG JDLQ IURP &$ OLNH vwm@%ﬁ@’“@mvmwm@Huwa GLIIF

DJULFXOWXUDO PDQDJHPHQW SUDFWLFHV VXFFHVVLYHO\ ZLWK ZL
LUULJDWLRQ IHUWLOL]DWLRQ 7KH DQDO\VLV rZ@a¥= FFERPEGXA W H G
rawtK JCEFE@@ MG RQ FXUUHQW DQG IXWXUH DYHUD.
PDMRU FURSVY ZRUOGZLGH VSULQJ EDUOH\ FRWWRQ PDL]H ULFH

JRU HDFK FURS PDSV ZHUH WKHQ SURGXFHG DQG FRPSRXQGHG \
FURSSLQJ DUHD DFKLHYLQJ D JLYHQ \LHOG JDLQ SUREDELOLW)\ RI
6LPLODUO\ WKH DFFXPXODWHG IUDFWLRQV RI WKH FURSSLQJ DL
SUREDELOLW\ XQGHU IXWXUH FOLPDWH FRQGLWLRQV ZHUH FDOF.
FURSSLQJ DUHD ZLWK ORZ WR KLJK SUREDELOLWLHV RI \LHOG JDL
IRU WKLY SUREDELOLW\ XQGHU FOLPDWH FKDQJH %RWK SURSRUW
GLIIHUHQW F O L7AKBIWHH MX@WNY ZHUH XVHG WR HYDOXDWH WKH LPSDF
SHUIRUPDQFH RI &% WR LGHQWLI\ WKH IDYRUDEOH DQG XQIDYRU
FOLPDWH FKDQJH LPSDFW RQ WKH SURGXFWLYLW\ RI &$ LQ GLIIHU
IRU JOREDO SURMHFW LORHWE BB FY S R Q LIDHE IIXQ WKHU GHWDLOHG LQ

2XU UHVXOWY VKRZ WKDW XQGHU FXUUHQW FOLPDWH FRQGLWLRC
DVVRFLDWHG ZLWK D YHU\ ORZ SUREDELOLW\ RI \LHOG JDLQ FRPSD
"ILIXUH D K &$ VKRZV EHWWHU SHUIRUPDQFH WKDQ 17 GXH WHF
URWDWLRQ EXW GRHV QRW V\VWHPDWLFDOO\ RXWSHUIRUP &7 $SS
K 'LWK ZHOO PDQDJHG ILHOG IHUWLOL]DWLRQ DQG LQWHJUDWHG
RXWSHUIRUPLQJ &7 H[FHSW LQ WURSLFDO UHJLRQV )LJXUH $SE
&$ LV DOVR VOLJKWO\ LPSURYHG LQ QRQ LUULIJDWHG ILHOGV H[FF}
ILIXUH

JRU PRVW RI WKH VWXGLHG FURSV WKH RYHUDOO SUREDELOLW\ R

DQG WHPSHUDWH UHJLRQV WKDQ LQ WURSLFDO UHJLRQV )LJXUH

SUREDELOLW\ RI \LHOG JDLQ ZLWK &% LV SDUWLFXODUO\ ORZ IR

LOQFUHDVH JDLQ LV ORZHU WKDQ ZKLFK LQGLFDWHYV D KLIJKHU !

JOREDO FURSSLQJ DUHD DQG LQ DERXW RI LWV FURSSLQJ DUHL
G
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J)LIXUH _ $FFXPXODWHG IUDFWLRQ Rl FURSSLQJ DUHD DV D IXQFWLRQ RI WKH SUREDELOLW
IRU HLJKW PDMRU FURSV D K D@&HGUHWXEGWW FOHPEDNH GRRRIWKH DYHUDJH FOLPDWH FRQGL\
, SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU FOLPDWH FKDQJH

)LIXUH _ $FFXPXODWHG IUDFWLRQV RI WKH FURSSLQJ DUHD IRU GLITHUHQW OHYHOV RI FKEL
&7 5 6& ):'"7KH UHVXOWY DUH EDVHG RQ WKH PHDQ FOLPDWH FRQGLWLRQV LQ IRU V
VFHQDULR ,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR &KDQJH RI SUREDELOLW\

IXWXUH FOLPDWH DQG WKH SUREDELOLW\ XQGHU FXUUHQW FOLPDWH



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ

JRU VHYHUDO FURSY DQG FOLPDWH UHJLRQV WKH HVWLPDWHG HI

LQFUHDVH ZLWK &% LV UHODWLYHO\ PRGHUDWH 2YHU DSSUR[LPDW
LQ WKLV SUREDELOLW\ LV H[SHFWHG ZKLOH LQ WKH RWKHU KD

J)LIXUH +RZHYHU LQ VRPH LPSRUWDQW FDVHV WKH HIITHFW RI F

LQ WURSLFDO UHJLRQV ZKHUH WKH SUREDELOLW\ RI \LHOG JDLQ ZLl

%HVLGHY |IRU PRUH WKDQ RI WKH PDL]H FURSSLQJ DUHD LQ WKI

RI' \LHOG LQFUHDVH LV KLIJKHU WKDQ J)LIXUH F $Q LQFUHDVFE
RI WKH FURSSLQJ DUHD IRU ULFH LQ GU\ UHJLRQV DQG IRU VR\
I 7KLV I[UDFWLRQ ULVHV WR PRUH WKDQ RI WKH FURSSLQJ DL
H

3UREDELOLWLHV RI \LHOG JDLQ ZLWK &$ VKRZ LPSRUWDQW JHRJUI
FOLPDWH FRQGLWLRQV IRU PDL]H )LJXUH YLIXUH EXW DOVR
<LHOG JDLQV ZLWK &$ VIVWHPV DQG WKHLU YDULDQWY DUH PRUH
'H] WKDQ ORZHU ODWLWXGLQDO EDQGV IRU EDUOH\ FRWWRQ UL
ILIXUH LQ OLQH ZLWK WKH UHVXOWV VKRZHG RQ )LJXUH &$
QRUWKZHVWHUQ $PHULFD QRUWKZHVWHUQ ,QGLD QRUWKHUQ VX
QRUWKHDVWHUQ $PHULFD ZHVWHUQ DQG FHQWUDO (XURSH DQG
$SSHQGL[ ' ILIXUH JRU PDL]H LQ WKH DEVHQFH RI IHUWLOL]HU
WKH SUREDELOLW)\ RI \LHOG JDLQ IURP &$ LV KLJKHU WKDQ L Q
QRUWKHUQ ,QGLD DQG 1RUWK &KLQD 30DLQ 7KH \LHOG JDLQ SUR
&DQDGD QRUWKFHQWUDO DQG QRUWKHDVWHUQ 86 DQG SDUW RI :
FURS VSHFLHV &$ KDV D KLJKHU FKDQFH WR OHDG WR D \LHOG

$SSHQGL[ ' ILJXUH D K VRXWKHUQ &KLQD $SSHQGL[ ' ILIXUH

DQG FHQWUDO (XURSH $SSHQGL[ ' ILJXUH D $SSHQGL[ ' ILJXUH
"ILJXUH K &RQYHUVHO\ ZKHQ LPSOHPHQWHG ZLWK ILHOG IHUW
&$ KDV D KLJKHU FKDQFH WR RXWSHUIRUP &7 LQ WKH PDMRU FUR
$SSHQGL[ ' ILJXUH D $SSHQGL[ ' ILJXUH J K $SSHQGL[ ' ILJIXL

2XU UHVXOWYV DOVR VKRZ WKDW VRLO FRYHU KDV D VWURQJHU DQ
PDQDJHPHQW SUDFWLFHV VXFK DV IHUWLOL]JHU LQSXWV ZHHG DQG
FRYHU 17 VIVWHPV VKRZ D ORZHU SUREDELOLW)\ RI \LHOG JDLQ WK
LQ OLQH ZLWK WKH LQSXW LPSRUWDQFH UDQNLQJ REWDLQHG ZLW
DOWKRXJK PDQDJHPHQW SUDFWLFHV KDYH D VXEVWDQWLDO LPSD
LQIOXHQFHY RQ WKH JHRJUDSKLFDO YDULDWLRQV Rl WKHVH SURE

7KH PDSV UHSRUWLQJ WKH GLIIHUHQFHV RI \LHOG JDLQ SUREDEL

FOLPDWH FRQGLWLRQV VHH $SSHQGL[ ' WDEOH IRU SURM
"ILJXUH IRU UHVXOWY UHYHDO LPSRUWDQW JHRJUDSKLFDO GLVS
RI \LHOG JDLQ ZLWK &$ VI\VWHPV DQG WKHLU YDULDQWYV DQG ZH |
SRVLWLYH HIIHFW LQ VRPH UHJLRQV IRU FHUWDLQ FURS VSHFLHYV
ZLWK &$ VIVWHPV DQG WKHLU YDULDQWYV YV &7 VI\VWHPV WHQGH (
UHPDLQHG EHORZ LQ PDQ\ UHJLRQV 8QGHU FOLPDWH FKDQJH VI
LV H[SHFWHG WR LQFUHDVH LQ PRVW Rl WKH QRUWKFHQWUDO DQG
DQG VXQIORZHU $SSHQGL[ ' ILJXUH D )LJXUH D $SSHQGL[ ' IL
ZHVWHUQ UHJLRQ LQ %UD]JLO WRJHWKHU ZLWK WKH $PD]JRQ EDVLQ
DQG VR\EHDQ )LJXUH D $SSHQGL[ ' ILJXUH G $SSHQGL[ ' ILJ.



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

FRWWRQ PDL]JH ULFH VRUJKXP VR\EHDQ VXQIORZHU $SSHQGL[ "
G J ,Q PRVW RI (XURSH IRU EDUOH\ PDL]JH VRUJKXP VR\EHDQ
D )LJXUH D $SSHQGL[ " ILIJXUH H K ,Q QRUWKHDVWHUQ &KI
G H &RQYHUVHO\ WKH RYHUDOO SHUIRUPDQFH RI &% ZLOO GHF

LQ 6RXWK $PHULFD LQFOXGLQJ 8UXJXD\ VRXWKHUQ %UD]LO DQC

VRUJKXP DQG VXQIORZHU $SSHQGL[ "ILJXUH D E $SSHQGLJ[ "IL

,Q WKH VRXWK RI 5XVVLD DQG QRUWKZHVW RI $VLD IRU EDUOH\ F
D E $SSHQGL[ " ILIXUH H $SSHQGL[ ' ILIXUH J ,Q VRXWEK

VRUJKXP VXQIORZHU $SSHQGLJ[ ' ILIJXUH E )LIXUH D $SSHQGI
J &URS PDQDJHPHQW SUDFWLFHVY KDYH OLPLWHG LQIOXHQFH RC

RQ \LHOG JDLQ SUREDELOLW\ $SSHQGL[ " ILIJXUH

7R DVVHVV WKH PRGHO VHQVLWLYLW\ WR FOLPDWH PRGHOV DQG F!
JOREDO FURSSLQJ DUHDV FRUUHVSRQGLQJ WR LQFUHDVLQJ OHYHO
GLIITHUHQW FOLPDWH PRGHOV DQG 5&3 VFHQDULRV ([WHQGHG GDW
YHU\ OLWWOH LPSDFW RQ WKH UHVXOWYV ([WHQGHG GDWD ILJXUH
Hv DQG ,SVO FP D OU DUH VRPHZKDW PRUH H[WUHPH WKDQ WKRYV
VHQVLWLYLW\ WR WKH FOLPDWH FKDQJH VFHQDULRYV ZDV PRUH LP.
PDLQ FRQFOXVLRQV UHPDLQ VLPLODU DFURVY DOO 5&3 VFHQDULR
DUH REWDLQHG XQGHU 5&3 FRPSDUHG WR 5&3 5&3 DQG 5
SDUWLFXODU WKH FKDQJHV RI \LHOG JDLQV EHFRPH ODUJHU IRU P



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJU

JLIXUH _ 3UREDELOLW\ RI \LHOG JDLQ ZLWK &$ V\VWHPV D E DQG 17 YDULDQWVY F G YV

5 IRU PDL]H XQGHU FXUUHQW FOLPDWH FRQGLWLRQV DYHUDJH FOLPDWH FRQGLWLRQV RY!
DQG IRU WKH 5&3 5HVERQDWIRVK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ ZHUH KLJK
SUREDELOLW\ ZDV KLJKHU 1RQ FURSSLQJ UHJLRQ LQGLFDWHG ERWK WKH UHJLRQV ZLWKRXW
D FRPSDUHV WKH SHUIRUPDQFH RI &$ ) :' YV &7 56& ):' 30RW E FRPSDUHV WKH SHUIRU
30RW F FRPSDUHV WKH SHUIRUPDQFH RI 17 5 6& ) :' YV &7 56& ):' 30RW G FRPSDUHV W
56& )



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU FOLPDWH FKDQJH

)LIXUH _ 3UREDELOLW\ RI \LHOG JDLQ ZLWK &%$ V\VWHPVY D E DQG 17 YDULDQWYV F G YV
5 IRU PDL]H XQGHU IXWXUH FOLPDWH FRQGLWLRQV DYHUDJH FOLPDWH FRQGLWLRQV RYHU
IRU WKH 5&3 YHHQEOQM RLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ ZHUH KLJKOLJK
ZDV KLJKHU 1RQ FURSSLQJ UHJLRQ LQGLFDWHG ERWK WKH UHJLRQV ZLWKRXW PDL]H FURSV
WKH SHUIRUPDQFH RI &% ) :'" YV &7 56& ):' 30RWEFRPSDUHVY WKH SHUIRUPDQFH RI &%
WKH SHUIRUPDQFH RI 17 5 6& ) :'" YV &7 56& ):' 30RW G FRPSDUHV WKH SHUIRUPDQFH RI



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJU

)LIXUH _ 7KH FKDQJH RI SUREDELOLW\ RI \LHOG JDLQ ZLWK &$ VI\VWHPVY D E DQG 17 YDULLI
FURS URWDWLRQ 5 IRU PDL]H XQGHU FOLPDWH FKDQJH IXWXUH YV FXUUHQW UHJLRQV Z|
ZLWK DQ LQFUHDVH LQ \LHOG JDLQ SUKRKHDEHOX /W ¥ HDHUHH GEHDSIHFAWRGQG WEH OXHUDJH FOLPDWH FR

DQG RYHU IXWXUH VLPXODWHG E\ ,SVO FP D OU FOLPDWH PRGHO DQG IRU WKH 5&3
ZLWKRXW PDL]H FURSVY DQG UHJLRQV ZKHUH FOLPDWH GDWD ZHUH XQDYDLODEOH 3ORW D VK
&7 5 6& ):' XQGHU FOLPDWH FKDQJH 30ORW E VKRZV WKH FKDQJH RI SUREDELOLW\ RI \LHO

FOLPDWH FKDQJH 3ORW F VKRZV WKH FKDQJH RI SUREDELOLW\ RI \LHOG JDLQ ZLWK 17 5 6&
G VKRZV WKH FKDQJH RI SUREDELOLW\ RI \LHOG JDLQ ZLWK 17 56& ) :'" YV &7 56& ) :' XQ



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU FOLPDWH FKDQJH

(IWHQGHG GDWD ILJXUH _ $FFXPXODWHG IUDFWLRQ RI WKH FURSSLQJ DUHD DV D IXQFWLRC
,UULJDWLRQ YV &7 56& ):'" ,UULJDWLRQ V\VWHPXPXQ BWH8UHOQ WWH®RICP BWW KUIHH FIURGSBLQJ D
WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :" ,UULIJDWLRQ YV &7 5 6& ZLWK IHUWLOL]DW

,UULJDWLRQ IRU HLJKW PDMRU FURSVY D K DQG GLIIHUHQW FOLPDWH JRQHV 7KH UHVXOWYV |
E\ WKH ,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJU

(IWHQGHG GDWD ILJXUH _ 5HODWLYH LPSRUKHD QF $RWDVDNLRH D WEH | PRIGE E\LYEXWAHDQ GHF
HFIRUHVWY PRGHO :KHUH p3%Y LQGLFDWHYV SUHFLSLWDWLRQ EDODQFH RYHU FURS JURZLQJ \
VHDVRQ 9Y7DYHY LQGLFDWHV DYHUDJH WHPSHUDWXUH RYHU FURS JURZLQJ VHDVRQ p7PLQY L
LQGLFDWHY WKH FURS VSHFLHV 679 LQGLFDWHV VRLO WH[WXUH u6&177 LQGLFDWHV VRLO
LQGLFDWHYV VRLO FRYHU PDQDJHPHQW XQGHU &7 V\VWHPV p5179 LQGLFDWHY FURS URWDWL
LQGLFDWHY FURS URWDWLRQ PDQDJHPHQW XQGHU &7 V\VWHPV p)177 LQGLFDWHY PDQDJHPH
L)&77 LQGLFDWHY FURS PDQDJHPHQW RI FURS IHUWLOL]DWLRQ XQGHU &7 VIVWHPV pu:'177 LQG
RI QR WLOODJH V\VWHPV p:'&79 LQGLFDWHYV FURS PDQDJHPHQW Rl ZHHG DQG SHVW FRQWURC



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH XQGHU FOLPDWH FKDQJH

(IWHQGHG GDWD ILJXUH _ 7TKH DFFXPXODWHG IUDFWLRQ RI WKH FURSSLQJ DUHD LQ GLIIHUI

&% ) :'" YV &7 56& ):' XQGHU GLIIHUHQW FURSV FOLMMHWIHFFRBXONWHGS IVOFWERQDRILWKH |

LQ GLITHUHQW OHYHO RI FKDQJH RQ WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :'" YV &7

VFHQDULRY 7KH UHVXOWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH GDWD LQ GLIIHUHQW 5&3 V

DQG 5&3 VFHQDULR LQ GLIITIHUHQW FOLPDWH PRGHOV ,SVO FP D OU *IGO HVP P +DGJHP H
VFHQDULRYV



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ

'LVFXVVLRQ
&RPSDUHG WR SUHYLRXV VWXGLHV WRLWKN BAKRIGDLRW WY WAL P R IVW&ISD V
\LHOG JDLQ UHVXOWLQJ IURP D VKLIW IURP &7 WR VHYHUDO YDULTCL
DQG IXWXUH FOLPDWH VFHQDULRYVY 7KXV RXU UHVXOWYV RIIHU PH
DJULFXOWXUDO H[WHQVLRQ VHUYLFHV DQG IDUPHUV 5HO\LQJ RQ
LGHQWLI\ IDYRUDEOH DQG XQIDYRUDEOH FOLPDWH FRQGLWLRQV D
&$ V\VWHPV IRU HLJKW PDMRU VWDSOH FURSV XQGHU FXUUHQW D
SURPLVLQJ JHRJUDSKLFDO UHJLRQV LQ RXU DQDO\VEXWIZGE ZAVR E
DEOH WR UHSRUW LQIRUPDWLRQ RQ \LHOG JDLQV DV SUREDELOLWIL
ORUH LPSRUWDQWO\ ZH DGGUHVVHG WKH LPSDFWV RI IXWXUH FOL
PDQDJHPHQW SUDFWLFHVY RQ WKH SHUIRUPDQFH RI &% VI\VWHPV DQ

+RZHYHU WKHUH DUH DOVR OLPLWDWLRQV LQ RXU VWXG\ 'XH WR V
WKLV VWXG\ ZDV WDNHQ LQWR DFFRXQW LQ RXU PRGHOV DV D FDW
FRQVLGHUHG LQ WKLV VWXG\ ZDV FROOHFWHG XQGHU KXPLG FO
REWDLQHG LQ GU\ UHJLRQV XQGHU UDLQIHG RU LUULJDWHG FRQC
H[WUDFWHG IURP H[WHUQDO GDWDEDVHVY DQG QRW IURP WKH FRO
QRW UHSRUWHG FRQVLVWHQWO\ LQ WKH LQGLYLGXDO DUWLFOHYV
H[SHULPHQWDO UHFRUGV 7KH XVH RI H{IWHUQDO GDWDEDVHV KDV
LQWHU DQG LQWUD DQQXDO FOLPDWH YDULDELOLW)\ DIIHFWV WKH
W LV DOVR UHTXLUHG WR SUHGLFW WKH SHUIRUPDQFH RI WKHV
DYDLODELOLW\ PD\ DIIHFW PRGHO DFFXUDF\ 'XH WR WKH OLPLWH
FRQFOXVLRQV REWDLQHG IRU ULFH DQG VXQIORZHU DUH PRUH XQF
'HVSLWH WKHVH OLPLWDWLRQV WKH UHVXOWV RI RXU PRGHO
VDWLVIDFOMRUKDEMHS$SSSHQGL[ ' ILIXUH

‘H VKRZHG WKDW VRLO FRYHU KDV D VWURQJ :$RAKIRXIMY i RiL CH F VY RIQ
V\VWHPVY DUH OLNHO\ WR OHDG WR D \LHOG ORVV FRPSDUHG WR &
VRLO HYDSRUDWLRQ DQG VXUIDFH UXQRII DQG PDLWKWD\WL QQ DU KDWL
WKH FRPSHWLWLYHQHVV RI &% VIVWHPV HV SHKH DB IRUIR UNGBI\HLD & Q
FRYHUHG E\ FURS UHVLGXHV DSSHDUV WR EH DQ LPSRUWDQW IDF
SUDFWLFH PDLQWDLQLQJ FURS UHVLGXHV PLJKW EH FKDOOHQJLQ
UHVLGXHY DUH XVHG WRVMAKGVOQ WXHDWWREN D SRVVLEOH VROXWLR
VRXUFHV RI SODQW PDWHULDOV HJ UHVLGXHV IURP FRYHU FUR:
':LWKRXW VRLO FRYHU 17 KDV ORZ FKDQFH WR HQWDLO \LHOG JDLQ
WKH SHUIRUPDQFH RI 17 LV H[SHFWHG WR LPSURYH LQ WKH QRUWI
DQG VRUJKXP $SSHQGL[ ' ILIJXUH H EXW WKH SUREDELOLW\ ZLC

$OWKRXJK OHVV LQIOXHQWLDO RWKHU IDUPLQJ SUDFWLFHV DSSHI
SDUWLFXODU IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWURO 7KX
DQG LQWHJUDWHG SHVW FRQWURO RXWSHUIRUPHG &7 LQ FRQWLQ
VXLWDEOH LQ WURSLFDO UHJLRQV $SSHQGL[ 'ILJXUH D K $SSt
LV LQ OLQH ZLWK BQG YRORXYHRINWY DUH DOVR FRQVLVWHQW ZLWK
ZKR VKRZHG WKDW KLJKHU SURGXFWLYH SHUIRUPDQFH RI &$ V\V
SULQFLSOHV DUH LPSOHPHQWHG FRQFRPLWDQWO\ LQ FRPELQDWLF
$SSHQGL[ ' ILJXUH F +RZHYHU ZH DOVR QHHG WR QRWH WKL
SHUIRUPDQFH RI &$ DQG 17 PLJKW EH UHODWHG WR WKH GLYHUVLYV
XQGHU FRQVLGHUDWLRQ LQ SDUWLFXODU WKH OHYHO RI PHFKDQL



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

,Q DGGLWLRQ WR LQFUHDVLQJ FURS \LHOG &$%$ V\VWHPV FDQ SRW
RUJDQLF PDWWHU DQG EULQJ DERXW SRVLWLYH HQYLURQPHQWDO
VRLO TXDOLW\ DQG HQKDQFHGRRIHRERHQY VEF *RXWGOOWEBR®YH WKH Ut
V\VWHPV WRZDUGV WKH FKDQJLQJ FOLPDWH DQGQYKBRNDK H NWKHHL
YDULDQWYV RI &% V\VWHPV PD\ EH DVVRFLDWHG ZLWK D KLJK SURE
VKRZHG WKDW XQGHU IXWXUH FOLPDWH FRQGLWLRQV DQG ZLWK J
SURGXFWLYH SHUIRUPDQFH RI &% LV H[SHFWHG WR LQFUHDVH IRU
PDL]H LQ WURSLFDO UHJLRQV ZKLFK IXUWKHU VWUHQJWKHQV WKF
RXU UHVXOWY VXSSRUW WKH LGHD WKDW &% ZLOO EH D UHOHYDQW
HQVXULQJ D ORQJ WHUP VXVWDLQDEOH DJULFXOWXUDO SURGXFW

OHWKRGYV

'DWD FROOHFWLRQ
7KH OLWHUDWXUH VHDUFK ZDV GRQH LQ )HEUXDU\ XVLQJ WKH |
1R WLOO 1R WLOODJH =HUR WLOODJHY M<LHOG <LHOG FKDQJ

&LWDWLRQ ,QGH[ ZHE RI VFLHQFH §¥ :H DOVR FROOHFWHG WKH
VXSSOHPHQWHG WKHP E\ WKH PRVW UHFHQWO\ SXEOLVKHG H[SHUL!
SDSHUV ZHUH LGHQWLILHG E\ UHYLHZLQJ WKH WLWOH DQG DEVWUI
SURFHGXUH VXPPDUL]HG LQ $SSHQGL[ ' ILJXUH ORUH GHWDLOV C
ZHUH SUHVHQWHG LQ SQHWKRXWQWGWXGILSDSHUV ZHUH UHWDLQHG S
JURP WKHVH SDSHUV ZH ZHUH DEOH WR H[WUDFW SDLUHG
PDMRU FURS VSHFLHV LQFOXGLQJ REVHUYDWLRQV IRU EDUOH\
ZLQWHU EDUOH\ REVHUYDWLRQV IRU FRWWRQ REVHUYDWL
REVHUYDWLRQV IRU VRUJKXP REVHUYDWLRQV IRU VR\EHDQ R
IRU ZKHDW REVHUYDWLRQV IRU ZLQWHU ZKHDW DQG REVHU)
W R (IWHQGHG GDWD ILJXUH ‘H DOVR UHWULHYHG IURP W
DQG ORFDWLRQ RI WKH H[SHULPHQWV DQG DJULFXOWXUDO PDQD
LQFOXGLQJ FURS LUULJDWLRQ \HV YV QR WKH ILHOG IHUWLOL]
DPRXQW RI IHUWLOL]JHU XVHG LQWHJUDWHG ZHHG DQG SHVW FR(
SHVWLFLGH XVHG FURS URWDWLRQ \HV YV QR DQG GHWDLOV RI
FRYHU \HV YV QR DQG WKH GHWDLOV Rl UHVLGXHV UHWHQWLRQ
LQIRUPDWLRQ ZH ZHUH DEOH WR GHILQH &$ DV WKH FRPELQDWLI
GLVWLQJIXLVK WKLV VIVWHP IURP RWKHU YDULDQWV 17 ZLWKRXW V
VRLO FRYHU 17 ZLWK VRLO FRYHU EXW ZLWKRXW URWDWLRQ $G¢
GDWDEDVHV SHUWDLQLQJ WRLPURB (NEXEBLED WHDNDEW RUV VXFK DV
PLQLPXP WHPSHUDWXUMDIALWHPSHEPDWPXP WHPSHUDDGUH 7P
SRWHQWLDO HYDSRWIQDW ¥ 8 LUDRZILRN MKB\SDQUWLFXODU \HDU RI Wt
WKH SUHFLSLWDWLRQ EDODQFH 3% ZDV GHILQHG DV SUHFLSLWDV
WKH ZDWHU DYDLODELOLW\ LQ WKH JURZLQJ VHDVRQ 7KHVH GI
rawi=PEPK) @MKIJCEPQ@@®B LI WKH VRXUFH GDWD ZHUH LQ D ILQHU
GRZQVFDOHG WR 4w RERIRGNWILEREPRI@ A



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJU

(IWHQGHG GDWD ILJXUH _ 'LVWULEXWLRQ@NKLRI BHDSHUQE MWK \FFIRWK HR S RHDG IKQRURBW DVHW DUH
ILIXUH ZDV JHQHUDWHG E\ 0$7/$% 5 D 9HUVLRQ KWWSV U PDWKZRUNV FRP SUF
SDLUHG \LHOG REVHUYDWLRQV ZHUH H[WUDFWHG IURP 17 DQG &7 IRU PDMRU FURS VSHFLH
VSULQJ EDUOH\ DQG IRU ZLQWHU EDUOH\ REVHUYDWLRQV IRU FRWWRQ REVHUYDW
VRUJKXP REVHUYDWLRQV IRU VR\EHDQ REVHUYDWLRQV IRU VXQIORZHU REVHUYDWI

REVHUYDWLRQV IRU VSULQJ ZKHDW LQ FRXQWULHV IURP WR




7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

ORGHO WUDLQLQJ DQG FURVV YDOLGDWLRQ

7KH PDFKLQH OHDUQLQJ D OZRW MR QPG G\RP DRDBVW WKH \LHOG U
IXQFWLRQ RI FOLPDWLF YDULDEOHV FURS W\SHV VRLO WH[WXUHYV
YDULDEOHV GXULQJ WKH JURZLQJ VHDVRQ VXFK DV 3% 7PLQ 7DYH
FURS W\SH VRLO WH[WXUH DQG DJULFXOWXUDO PDQDJHPHQW DF)\
LQWHJUDWHG ZHHG DQG SHVW FRQWURO FURS URWDWLRQ DQG V
LQSXWV 7KH PRGHO RXWSXW ZDV H[SUHVVHG DV WKH SUREDELOL
HDFK WUHH LQ D UDQGRP IRUHVW OHDUQV IURP D UDQGRP VDPSO|
UHSODFHPHQW ERRWVWUDSSLQJ RQO\ D VXEVHW RI DOO WKH LC
GHFLVLRQ WUHH 3UHGLFWLRQV DUH PDGH E\ DYHKBJSBU WK P DSUFH
RI WKH DOJRULWKP ZDV DVVHVVHG E\ HYWLPDWLQJ WKH DUHD XQG|
/22&9 7KH SURFHGXUH DQG UHVXOWV RI FURVV YDOLGDWLRQ DU}
LQ UMIILQFH FURS URWDWLRQ VRLO FRYHU PDQDJHPHQW DQG RW}#
LQFOXGHG DV PRGHO LQSXWV LW LV SRVVLEOH WR PDS WKH SURE
DQG VRLO FRYHU DQG YDULDQWYV V\WWHPV 17 SDUWO\ RU QRW LP
&7 0DSV ZHUH JHQHUDWHG IRU DOO F U R&+VSERQ @R B IC DP\SAAV LD O

*OREDO SURMHFWLRQ

7KH ILWWHG UDQGRP IRUHVW PRGHO ZDV XVHG WR HVWLPDWH WKH
YDULDQWYV YV &7 ZLWKRXW FURS URWDWLRQ 5 DQG ZLWKRXW VR
UHJLRQV XQGHU FXUUHQW DQG IXWXUH FOLPDWH V
DV D EDVHOLQH FRPSDUDWRU EHFDXVH LKH SPIROAVDK OV CLYQH W B HH WY UDI
FOLPDWLF YDULDEOHV 3% 7PLQ 7DYH 7PD[ ZHUH FDOFXODWHG |
FRQVLGHUHG DQG WKHQ WKHVH GDWD ZHUH XVHG WR FDOFXODW
EDVHG RQ WKH FURS ADWO/M®E DYRGHKDMEBIVIHQ FXUUHQW DQG IXWXU
GDWD LQ ERWK FXUUHQW DQG IXWXUH VFHQDULRY ZHUH REWDLQH (

Hv ,SvVO FP D OU DQG OLURF DQG 5&3 VFHQDULRV 5&3 5&3
LQ FRPELQDWLRQV H PZEBPUOWMHOPBERIONGYV ‘H PDLQO\ IRFXVHG
FP D OU PRGHO DQG 5&3 VFHQDULR LQ WKH EDVHOLQH VLPXODYV

UROH LQ WKH SURWRFRO+REH&,0|8 B BWRIMWAFWURP DOO FRPELQDW
VKRZQ LQ ((WHQGHG GDWD ILJXUH $00 WKH FOLPDWLF GDWD FDC
/ILYHUPRUH 1DWLRQDO /DERUDWRU\

‘H GLG QRW FKDQJH WKH FDWHJRULFDO LQSXWV GHVFULELQJ FURS
7KH JOREDO VRLO WH[WXUH ZDV VRW EBSMHEGH RQK H: & HWD RADR/OH\F H |
FURSSLQJ V\VWHPV ZH PDSSHG WKH SUREDELOLW\ RI \LHOG JDLQ
FOLPDWH FKDQJH ZLWK WKH V\VWHPV RI &% ) :' YV &7 56& )

17 56& ):' YV &7 56& ):' 1756& ):' YV &756& ) :'
6& ) :' YV &7 56& ) : ZKHUH 5 LQGLFDWHG FURS URWDW
LQGLFDWHG VRLO FRYHU VHW DV 3\HV" 3QR’ ) LQGLFDWHG IHUW

ZHHG DQG SHVW FRQWURO VHW DV 3\HV’ 3QR’° $V IRU FURS LUULJI
IURP 0,5&$% GDWKIMVHWRUH WKDQ RI WKH DUHD LQ D JULG FHOO
IRU D JLYHQ FURS LQ WKH 0,5&$ GDWDEDVH WKLV FHOO ZDV W}
DQG YLFH YHUVD 6HH $SSHQGL[ ' WDEOH IRU WKH GHWDLOV RI P
DW D VSDWLDIGWHPE R @NKQ REFE@@ANG RQ WKH 0,5&$ FURS PDVN
$FFXPXODWHG DUHD IUDFWLRQV XQGHU GLIIHUHQW OHYHOV RI \
SUREDELOLW\ FKDQJH EHWZHHQ FXUUHQW DQG IXWXUH VFHQDULR\
FOLPDWH UHJLRQV



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ

&OLPDWH UHJLRQV
7KH 3JOREDO" LQGLFDWHG WKH JOREDGFFRRSSIQYII WRHIWREB | RS HH

FODVVLILIFQGVLRQY QRPHQFODWXUH $SSHQGL[ " ILIJXUH 7KH WU/
ZLWK WKH FOLPDWH W\SHAKH$PGER FEMLPPANVH LQFOXGHG WKH UHJLR
%:N %:K %6N Y%K *WHPSHUDWH FOLPDWH™ LQFOXGHG WKH UHJLR
&IF &VD &VE &VF &ZDKEZEHERKAFLQHQWDO FOLPDWH ™ LQFOXGHG
W\SHV 'ID 'IE 'IF 'IG 'VD 'VE 'VF 'VG 'ZD 'ZE 'ZF 'ZG

SHIHUHQFHYV
%LVKW - . OHHQD 9 6 0L&RKQMH BY D W LFDSRIDIQPX NV 6GQH

)DURRT 0 .DGDPERRWYHUYBWVGIR2EBYEFXQ WX H15, &8/785(
6SULQJHU

*LOBMUBB\RQG FRQVHUYDWR R @ IDHWY ADQO WOXPW 6FLHQFH

-DRW ROHUHQWLDO UHVSRQVH IURP QLWURJHQ VRXUFHYV ZlI
FRQVHUYDWLRQ DJULFXOWXUH RQ FURS \LHOGV ZDW8B8G RVRD

SHVHDUFK*

6WHZzZDW ®DKB BGDSWLYH FDSDFLW\ RI PDL]H EDVHG FRQVHU
VWUHVV LQ WURSLFDO DQG VXEWURSLFDO $HQY EXR QXMW VF R

DQG (QYLURQPHQW
3LWW HOWNK® Q@GBHY QR WLOO \LHOG PRUHO & ZQRBSNVO5HA M WD

+

JRRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWH
KWWS Z7Z7ZZ IDR RUJ FRQVHUYDWLRQ DJULFXOWXUH HQ

SLWWHOMN PWWR& XEWLYLW\ OLPLWY DQG SRWHQWLDOV RI WE
IDWXUH =+

l1LFKROV 9 9HUKXOVW 1 &R[ 5 *RYDHUWYV % :HHG
SULQFLSOHVYLMAOKGHRURSY 5HVHDUFK

6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW I

DQG QR WLOODIMKBWRBWLFERL RUJ P ILJVKDUH
6X < *DEULHOOH % ODNRZVNL ' $ JOREDO GDWDVHW I

DQG QR WLOBBIHQMWLWHRDWBY GRL RUJ v [
12$$ 2$5 (65/ 36/ 8QLYHUVLW\ RI 'HODZDUH $LU T7HF

KWWSV ZZZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD 8'HOB
12$$ 2%$5 (65/ 36/ &3& *OREDO 'DLO\

KWWSV 727Z HVUO QRDD JRY SVG GDWD JULGGHG GDWD FSF J

ODUWWEMBPOY VDWHOOLWH EDVHG ODQG HYD SRRNWILRQWLJ
ORGHO '"HYHORSPHQW



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULFXOWXUH

OLUDOGINW PWREDO ODQG VXUIDFH HYDSRUDWLRQ HVWLPDW
+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHYV

8QLYHUVLW\ Rl :LVFRQVLQ ODGLVRQ &URS &DOHQGEL
KWWSV QHOVRQ ZLVF HGX VDJH GDWD DQG PRGHOV FURS FD(

+R 7 . 5DQGRP GHAULNERIQGLRUNVRIV U ,QWHUQDWLRQDO
$QDO\WVLYV DQG BRIBRIJQLWLRQRO

.RWWHN 0 *ULHVHU - %HFN & 5XGROI % 5XEHO )
FODVVLILFDVWHRVHREBDWHG/ FKH =HLWVFKULIW

/IDERUGH - 3 :RUWPDQQ & 6 %ODQFR &DQTXL + %DLJI

GULYHUV DQG SUHGLFWLQJ WKH RXWFRPHJBLFRRQWXWDID V6 LRW

6KW-DHFWV RI FRQVHUYDWLRQ WLOODJH SUDFWLFHV RQ ZL
RQ WKH /RHVV 3®IDMARRWEKIDPD:DWHU @8DQDJHPHQW

YDQ :LH - % $GDP - & 80OPDQ - / &RQVHUYDWLRQ WL
K\GURORXUQDO RI +\GURORJ\

6KXNOD O . /DO 5 (ELQJHU O 7LOODJH HIIHFWV RQ SK)
DUJLDTXROO L@ RIH®D WWRILHM 244 L R

BKHQ < OF/DXJKOLQ 1 =KDQJ : :X 0 /LDQJ $ (IIHF\
WHPSHUDWXUH IROORZLQJ SODQWLQBARHQDN®IQB FNHSRU/V.Q 1

=XD]R 9 + ' B3OHIJXH]XHOR & 5 5 6RLO HURVLRQ DQG U
$IJURQRP\ IRU 6 XVWDLQDE@H '"HYHORSPHQW

6KD[VRQ ) 2SWRPEHWJISVRLO PRLVWXUH IRU SODQW SURGXF
)22' $1' $*5,&8/785( 25*$1,=$7,21 2) 7+( 81,7(' 1$7,216

'"HUSVFK 5 6LGLUDV 1 5RWK & + 5HVXOWYV IURP 6WXC
E\ 1R 7LOODJH 7THFKQLTXaRLQQ 3IDOONDDH BHHDHIDA F K

7HU$SYHVW ' &DUSHQWHU %RJJV / 7KLHUIHOGHU &  5H
PDQDJHPHQW LQ FRQVHUYDWLRQ DJULFXOWXUH QRJWILOXD VDXL
(FRVA\VWHPV (QYLUR®QPHQW

3bJH . [/ 'DQJ < 3 'DODO 5 & 7KH DELOLW\ RI FRQVHL
FDUERQ DQG WKH VXEVHTXHQW LPSDFW RQ VRLO SK\VLFDO
JURQWLHUV LQ 6XVWDLQDEOH )RRG 6\VWHPV

+DOYRWWR @®DPLQJ :KHDW 5HVSRQVH WR 7LOODJH DQG 1LWL
6XQIORZHU DQG $JQUWBRPKHDXW @D O

5DGIRUG % - 7KRUQWRQ & 0 (IIHFWV RI \HDUV RI UH!
FURS SHUIRUPDQFH LQ WKH VHP,LQR/WLUR BWERQRBOLARXEDHOVRIU
DQG (FRQRPLFV

*DUFtD 3DODFLRV 3 $ODUFYyQ 0 5 7HQRULR - [/ ORL
DJULFXOW XU HRIXQ GOORIQFUIL G (QYLYURQPHQWYV



7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ

6FREMO RRQVHUYDWLRQ DJULFXOWXUH FURSSLQJ V\VWHPV
SHUIRUPDQFHV DQG $BBBRWRNF\ BRUH6VYX\HWVEDLQDEO#H '"HYHORSPHQ

7TKLHUIHOGHU & :DOO 3 & ,QYHVWLJIJDWLQJ &RQVHUYD'
=LPEDEZH WR OLWLJDWH )XWXUHRNXUHEWO Rl &ORBDWSHURKYMHEPH-

/IDO 5 7KH 5ROH RI 5HVLGXHYV ODQDJHPHQRWXUQ DX \RW B XY WVH
$IJULFXOWXUH

7KLHUHMOBRIRISGHPHQWDU\ SUDFWLFHV VXSSRUWLQJ FRQVH
$ UHYBBUZRQRP\ IRU 6XVWDLQDEOH '"HYHORSPHQW

&RUEHHOV O IDXGLQ . :KLWEUHDG $ O *KQH 5 /
DJULFXOWXUH WR RYHUFRPH ORZ FIDRMXWUWH OBREGLQ VXE 6DKDUI

6PLWK 3HWH 3RZOVRQ ' 6 *OHQGLQLQJ O - 6PLWK -
IRU FDUERQ PLWLJDWLRQ LQ (XURSHDRKEDRL Q¥ D/QK BIR%4# R CLRRI(\V

LOOHDOD/PWMHILRQDOO\ DGDSWHG LPSOHPHQWDWLRQ RI FF
LPSURYHPHQWY WR VRLO SURSHUWL Ho/f DWVQ WIE LIDANHFHHES RIUWR/ F U |

.DVVDP $ )JULHGULFK 7 6KD[VRQ ) SUHWW\ - 7KH VSU
VXVWDLQDELOLQWHWEDWIWDRR®E -RXUQDO RI $IJHLFXOWXUDO 6>

+REEV 3 5 6D\UH . *XSWD 5 7KH UROH RI FRQVHUYD
SBKLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DXO 6RFLHW\ % %L

*RYDHWVWWQ¥HUYDWLRQ DJULFXOWXUH DV D VXVWDLQDEOH
6RLO DQG 7LOODJH FHVHDUFK

6X < *DEULHOOH % %HLOORXLQ ' ODNRZVNL ' +LJK S
DIJULFXOWXUH LQ GU\ UHIJLRQV IRRLHEWMRWYF VWOROWYV F
KWWSV GRL RUJ \%

8QLYHUVLW\ RI 7RN\R 6RLO 7H[WXUH O0DS KWWS K\GUR
WH[WXUH PDS KWPO

%UHLPDQ / 5OIRXRR) HRUHDWMDV Q J

JULHOWHSWVHVVLQI WKH LPSDFWV RI f& JOREDO ZDUPLQ.
6HFWRUDO ,PSDFW ORGHO ,QWHUFRPBODRULH/EWLBLMRUREWO ,'¢1Y

+

IDZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ (6*) SURMHI

SRUWPDQQ ) 7 6LHEHUW 6 'l1OO0 3 0,5&% *OREDO PF
DURXQG WKH \HDU $ QHZ KLIJK UHVROXWLRQ GDWDORHEHWOR |
%LRIJHRFKHPLFDO &\FOHYV



3DbUW ,9
+

*HQHUDO 'LVFXVVLRQ RQ &RQVHUYDWLI



*HQHUDO GLVFXVVL

&KDSWHU *HQHUDO GLVEFXVVLRAQ

7KH ZRUOG LV IDFLQJ QHZ FKDOOHQJHV XQGHU WKH FKDQJLQJ F
UHVRXUFHV DQG WKH JURZLQJ IRRG GHPDQGLQJ 7KHUH DUH SHU\
IXWXUHLYHQ WKHVH FKDOOHQJHY UHODWHG WR FOLPDWH FKDQJH
OLYHOLKRRGV RI PLOOLRQV RI SHRSOH LQ GHYHORSLQJ FRXQWL
PDLQWDLQLQJ HFRV\WWHP UHVLOLHQFH WR FOLPDWH FKDQJH DUH
LQ WKH XQGHUVWDQGLQJ RI FOLPDWH FKDQJH LPSDFWV UHODWHG
UHJLRQDO OHYHO 7KHUHIRUH HQVXULQJ IRRG VHFXULW\ LV FKDC
GLIILFXOW LQ WXUQ DIIHFWLQJ WKH DFKLHYHPHQW RI 6XVWDLQDE

7KLV WKHVLV KDV VKHG OLJKW XSRQ VRPH FRQFHSW IDUPLQJ V\VW
V\VWHPVY WR DFKLHYH FOLPDWH PLWLIJDWLRQ DQG DGDSWDWLRC
SURGXFWLYH SHUIRUPDQFH RI &% DQG LWV YDULDQWYV YV &7 XQG
DQG PDSSHG 7KH SUHIHUDEOH JHRJUDSKLFDO UHJLRQV FOLPDWH
YDULDQWY LPSOHPHQWDWLRQ ZHUH LGHQWLILHG ZKLFK FRXOG Kl
RQ KRZ FOLPDWH FKDQJH DIIHFW WKH SHUIRUPDQFH RI &% DQG
SROLF\PDNHUV WR VHOHFW WKH UHJLRQV ZLWK KLJK SUREDELOLW

BUDFWLFDO YDOXH RI WKLY PDFKLQH OHDUQLQJ SLSHOLQH
VA\VWHPV
ODFKLQH OHDUQLQJ LV WKH VFLHQFH RI PDNLQJ FRPSXWHU DFWV 2
GHFDGH PDFKLQH OHDUQLQJ DOJRULWKPV KDYH EHHQ XWLOL]HG L
DQG WR SURFHVV DQG DQDO\]H FRPSO®[WKQE MIKIHVGE VP & VERRDHC
FROOHFWHG IURP WKH SXEOLFDWLRQV DUH FDSDEOH RI GRLQJ PR
HJ WKURXJK PDFKLQH OHDUQLQJ DSSURDFKHVY OHWD DQDO\VLV
FROOHFWLRQ RI DQDO\VLV RU H[SHULPHQWDO UHVXOWV IURP LQG
ILQGLQUW KDV EHHQ ZLGHO\ XVHG LQ DJURQRPLF GDWD DQDO\VL)
SURYLGH YDOXDEOH VIQWKHWLF LQIRUPDWLRQ WR VFLHQWLVWV D¢
+RZHYHU VXPPDUL]JLQJ ODUJH DPRXQWV RI LQIRUPDWLRQ E\ ZD\ R
VDWLVIDFWRU\ HVSHFLDOO\ ZKHQ FRQVLGHULQJ DJULFXOWXUDO
DQDO\VLY DQG JDLQ IXUWKHU LQVLJKW LQ WKH KLGGHQ UHODWLR
PDFKLQH OHDUQLQJ SLSHOLQH WKDW WUDLQ WKH PDFKLQH OHDUC
WKH SUREDELOLW\ \LHOG LQFUHDVH RU GHFUHDVH FODVVLILFDWL
UHJUHVVLRQ DQG HVWLPDWLQJ WKH UDQJH RI \LHOG FKDQJH TX
FRPSDUHG DQG PDSSHG WKH SURGXFWLYH SHUIRUPDQFH RI GLIIHU

,Q JHQHUDO WR XVH WKLV PDFKLQH OHDUQLQJ SLSHOLQH WR WUI
SHUIRUPDQFH RI GLITHUHQW FURSSLQJ V\VWHPV DW WKH JOREDO
FRQWDLQHG WKH WDUJHW YDULDEOH HJ FURS \LHOG RI WDUJHV
H[SHULPHQWDO VLWH HJ ODWLWXGH DQG ORQJLWXGH 7KH IDU
PDQDJHPHQW RI FURS UHVLGXH URWDWLRQ LUULJDWLRQ IHUWL
FRQVLVWHQF\ DPRQJ WKH H[SHULPHQWDO UHFRUGV ZH VXJJHVW '
JURZLQJ VHDVRQ FRXOG EH FROOHFWHG IURP WKH H[WHUQDO GDW
LQFOXGH WKH SURGXFWV Rl &RXSOHG ORGHO ,QWHUFRPSDULVRQ
WKURXJK /DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\

7KH DPRXQW RI GDWD QHHGHG DQG WKH UHTXLUHPHQW RI LWV GL
ZLWK KLJK DFFXUDF\ DUH XQNQRZQ %XW EDVHG RQ WKH UHVXOWYV



*HQHUDO GLVFXVVLRQ

RI WKH GDWD FRXOG SRWHQWLDOO\ JLYH D EHWWHU SHUIRUPDQFH
DUH DEOH WR WUDLQ WKH PRGHO ZLWK JRRG SHUIRUPDQFH ZLWHK
FRPSDUH GLIITHUHQW PDFKLQH OHDUQLQJ DOJRULWKPV DQG ILQG \
UHDFK D KLJK DFFXUDF\

$QG WR XVH WKH WUDLQHG PRGHO IURP WKLV PDFKLQH OHDUQLQ
EHWZHHQ FURSSLQJ V\VWHPV RQ D JOREDO PDS ZH QHHG WR SUH
WUDLQHG PRGHO IRU SUHGLFWLRQ W VKRXOG FRQWDLQ WKH JUL
DQG RWKHU YDULDEOHYV WKDW DUH WKH LQSXWYV LQ WKH WUDLQHC
IURP WKH SURGXFWYV RI &0,3 WKH SHUIRUPDQFH RI GLITHUHQW FU
EH GLVFXVVHG KHUH SDVW FXUUHQW DQG IXWXUH VFHQDULR %)\
XVHG LQ WKH H[SHULPHQW WKH LPSDFW RI GLITHUHQW IDUPLQJ Sl
FDQ EH DOVR DVVHVVHG HJ ZLWK YV ZLWKRXW FURS URWDWLRC

7KLY SLSHOLQH FDQ EH HDVLO\ DGDSWHG LQ PDQ\ RWKHU VWXGLHV
7TKHVH PD\ LQOYROYH WKH HIIHFWV Rl FURS PDQDJHPHQW SUDFWLF}
JUHHQKRXVH JDV HPLVVLRQV ELRGLYHUVLW\ HWF IRU GLIIHUHQV
DIJULFXOWXUH RUJDQLF DJULFXOWXUH RU DJURIRUHVWU\ WKXV S
RI VXVWDLQDEOH IDUPLQJ SUDFWLFHVY WRIJHWKHU ZLWK D JOREDO
WKLYV SLSHOLQH WR WKRVH VWXGLHV LV WR FROOHFW WKH GDWD Il
WKH WDUJHW YDULDEOH RI WDUJHW FURSSLQJ V\VWHPV ORFDWLR
$vV IRU WKH SUHGLFWLRQ DQG SURMHFWLRQ VWDJH ZKDW ZH PDL!
FOLPDWH FRQGLWLRQV DQG IDUPLQJ SUDFWLFHV WR VWXG\ WKH
SHUIRUPDQFH RI FURSSLQJ VA\VWHPV

&RQFHUQLQJ WKH ILUVW UHVHDUFK TXHVWLRQ SURSRVHG LQ WKL\
DQG LWV YDULDQWYV YV &7 VIVWHPV SUHVHQWHG LQ FKDSWHU DQ
ZH WUDLQHG DQG FRPSDUHG GLIIHUHQW PDFKLQH OHDUQLQJ
SHUIRUPDQFH RI &% DQG LWV YDULDQWYV YV &7 :H LGHQWLILHG WK
WKLV VWXG\ $QG ZH PDSSHG WKH SHUIRUPDQFH RI &$ DQG LWV YD
RQ WKH UHVXOWYVY IURP WKLV DOJRULWKP 7KRVH PDSV SURYLGH P
HITHFW VL]H LQ VWDQGDUG PHWD DQDO\VLV ZKLFK LV YHU\ LPSRU
LW LV KLJKO\ GHSHQGHQW RQ WKW RQLRF PR DI EMIBGH DRRLEFRX QMW K
PDQDJHPHQW SUDWFRK\DLWHVWHQ YDU\ LQ WLPH DQG VSDFH $QG LW S
LQGHHG JLYH XV PRUH YDOXDEOH LQIRUPDWLRQ WKDQ PHWD DQDOC

7KH SURGXFWLYH SHUIRUPDQFH RI FRQVHUYDWLRQ DJULF>
&RQFHUQLQJ WKH RWKHU UHVHDUFK TXHVWLRQV DERXW WKH SHU
EDVHG RQ WKH PDSV JHQHUDWHG IURP WKLV 0/ SLSHOLQH LQ WK
SURGXFWLYH SHUIRUPDQFH DVVRFLDWHG ZLWK WKH DGRSWLRQ RI
JHRJUDSKLFDO UHJLRQV DQG FOLPDWLF FRQGLWLRQYV

‘H VKRZ WKDW &$ KDV D EHWWHU SHUIRUPDQFH WKDQ 17 HVSHFLDC
SUDFWLFHV $SSHQGL[ ' ILIJXUH $SSHQGL[ " ILIXUH ‘H UHYHDC
HITHFW RQ WKLY SHUIRUPDQFH WKDQ RWKHU PDQDJHPHQW SUDFWL
DQG FURS URWDWLRQ $SSHQGLJ[ ' ILIJXUH $SSHQGL[ " ILIXUH 7
UHVLGXHY DSSHDUV WR EH DQ LPSRUWDQW IDFWRU IRU WKH VXFFH
FURS UHVLGXHV PLJKW EH FKDOOHQJLQJ LQ VRPH UHJLRQV VXFK
IHHG OLYHVWRWNFK VLWXDWLRQV D SRVVLEOH VROXWLRQ ZRXOG



*HQHUDO GLVFXVVL

PDWHULDOV H J UHVLGXHV IURP FRYHU FURSV $0ODAWR XO K DO HO/I\
LQIOXHQWLDO RXU UHVXOWYV VKRZ WKDW RWKHU IDUPLQJ SUDFWL
FROQWURO RI ZHHGY DQG SHVWV FDQ DOVR ERRVW WKH SUREDELO]I

$V IRU WKH LPSDFW RI FOLPDWH YDULDEOHYV DIIHFW WKH SURGXFV
YDULDQWYV KDYH EHWWHU SURGXFWLYH SHUIRUPDQFH XQGHU UH
FRQVLVWHQW ZLWK SUHNLRXYHDRUWKH VSDWLDO YDULDQFH RI Wk
RYHUDOO SHUIRUPDQFH RI &% LV EHWWHU LQ FRQWLQHQWDO GU
JLIXUH D )LIJXUH G J $SSHQGL[ ' ILJXUH D J $SSHQGL[ ' IL
LQ OLQH ZLWK SUHYLRXV ZRUN

7KLY SURGXFWLYH SHUIRUPDQFH DOVR YDULHV IURP GLIITHUHQW
SHUIRUPDQFH RI &% DQG LWV YDULDQWY DUH SDUWLFXODUO\ SRR
LOQFUHDVH LV ORZHU WKDQ ZKLFK LQGLFDWHYV D KLIJIKHU SURED
FURSSLQJ DUHD DQG LQ DERXW RI LWV FURSSLQJ DUHD LQ WKH

7KH SURGXFWLYH SHUIRUPDQFH FKDQJH RI &% DQG LWV YDULDQW
JHRIJUDSKLFDO YDULDWLRQV EXW WKH PDJQLWXGH RI WKLV FKDQ.
RI WKH FURSSLQJ DUHDV D GHFUHDVH RI XS WR LQ WKLV SURE
LOQFUHDVH RI XS WR PD\ EH DQWLFLSDWHG )LJXUH +RZHYH
FOLPDWH FKDQJH LV VWURQJHU HVSHFLDOO\ IRU PDL]JH LQ WURSL!
&$ LQFUHDVHV LQ DERXW RI WKH FURSSLQJ DUHD %HVLGHV IRL
WKLV FOLPDWH J]RQH WKH LQFUHDVH RQ WKH SUREDELOLW\ RI \L}
LQFUHDVH LQ \LHOG JDLQ LV DOVR H[SHFWHG IRU PRUH WKDQ R
IRU VR\EHDQ LQ WURSLFDO UHJLRQV )LJXUH G )LJIXUH I 7K
FURSSLQJ DUHD IRU VRUJKXP LQ FRQWLQHQWDO UHJLRQV )LJXUH

$OWKRXJIJK VHYHUDO YDULDQWYV RI &% V\VWHPV PD\ EH DVVRFLDWH
UHJLRQV ZH VKRZ WKDW XQGHU IXWXUH FOLPDWH FRQGLWLRQV I
WKH UHODWLYH SURGXFWLYH SHUIRUPDQFH RI &% LV H[SHFWHG WR
WUXH IRU PDL]H LQ WURSLFDO UHJLRQV ZKLFK IXUWKHU VWUHQJW
7KXV LQ WKLV WKHVLVY ZH VXSSRUW WKH LGHD WKDW &$ ZLOO EH
FDSDEOH RI HQVXULQJ D ORQJ WHUP VXVWDLQDEOH DJULFXOWXUI

&RQVHUYDWLRQ DJULFXOWXUH IURP D VXVWDLQDELOLW\ S
,Q DGGLWLRQ WR WKH SRWHQWLDO EHQHILWYV &$ FDQ EULQJ LQ IRF
HURVLRQ DQG LPSURYH VRLO VWUXFWXUH DQG VRLO TXDOLW\ ZKlI
VIVWHPV FURS UHVLGXHV UHGXFH WKH ULVN RI FURS IDLOXUH DQ
WKH UDWH RI VRLO WH®BHHDWX WK R KOL@LHPXP VRLO WHPSHUDW XU H

DQG SURYLGH D EXIIHU OD\HU WKDW FDQ LQFUHDVH WKH FURS L
WKH RFFXUUHQFH RI,M[ WV HFOHV R YHHBRWWHG WKDW WKH UHVLGXHV
VRLO HYDSRUDWLRQ DQGFYBWMH VURD®R IFRWE W FWEWHMHWHQWLRQ
PLWLIJDWHV GURXDIQW HQABWIVH VRLOKRWYHD MLFFAVRLW WHW FRQWUL
WKH SUREDELOLW)\ RI \LHOG JDLQ 7KHUHIRUH &$ UHGXFHV WKH U

&$ DQG 17 VIVWHPY KDYH EHHQ SURSRVHG WR HQVXUH D PRUH VX
ZHHG SUHVVXUH LV RIWHQ DQ LPSWGILWY H}HE RURV MA MLKID /GWR 8 W L&RH
LQFUHDVHV LQ &% DQG 17 VI\IVWHPV FRRSOURIQNW MKHKRZHWU\UWEBPIMQ
IRU ZHHG FRQWURO LQ &$ DQG 17 VIVWHPY VHYHUDO DOWHUQDWL?®



*HQHUDO GLVFXVVLRQ

DQG KRH ZHHGEXFK B@WHUQDWLYH PHWKRGYV FRXOG UHGXFH WKH K
EXW DOVR LQFUHDVH WKH WLPH DQG®GK&WNERNXVAHPLDYDEO B\ ZXH G/ R D (
QHHGHG LQ &% V\VWHPV 'HVLJQLQJ D SURSHU FURS URWDWLRQ LQ
UHGXFH ZHHG SUHVVXUH ‘HHGV DUH RIWHQ DVVRFLDWHG ZLWK VS
FURS VSHFLHVY FDQ UHGXFH WKH FKDQFHV RI WKH LQIHVWDWLRQ F

6RLO FRYHU GXULQJ IDOORZLQJ LV DOVR NH\ WR VXSBKXWYV GLII
ZH UHFRPPHQG WKDW 17 VA\VWHPV VKRXOG EH LPSOHPHQWHG ZLW
VXFK DV SHUPDQHQW VRLO FRYHU G\QDPLF FURS URWDWLRQ FUR
RWKHU JRRG DJULFXOWXUDO PDQDJHPHQW SUDFWLFHYVY OLNH VHHG

IRYHOW\ RI WKLV WKHVLV
‘H FRQGXFWHG D QHZ JOREDO GDWDVHW RI FURS \LHOG RI &% V\VW
D ZLGH UDQJH RI IDUPLQJ SUDFWLFHV VRLO FKDUDFWHULVWLFV LC
GLIITHUHQW H[SHULPHQWDO \HDUV 7KH LQFOXVLRQ RI FOLPDWH YD
WKH HITHFWV RI WKH LQWUD DQQXDO FOLPDWH YDULDELOLWLHV R
$QG LW LV DOVR WKH ILUVW WLPH WKDW WKH SHUIRUPDQFH RI FR
FOLPDWH

$V IRU WKH PHWKRGV ZH XVHG LQ WKLV WKHVLV ZH GHYHORSHG D
FROOHFWHG IURP WKH SXEOLVKHG SDSHUV ZKLFK LV DEOH WR PD
JOREDO VFDOH EDVHG RQ PDFKLQH OHDUQLQJ DOJRULWKPV $QG
DOJRULWKPYV ZHUH FRPSDUHG EDVHG RQ WKH VDPH GDWDVHW IR
SUHGLFWLRQ DQG TXDQWLOH UHJUHVVLRQ ,Q FODVVLILFDWLRQ Zt
LQVWHDG RI SUHGLFWLQJ WKH FDWHJRULHV RI \LHOG LQFUHDVH R
DSSURDFK HUURU VFRUH WR HYDOXDWH WKH RYHUDOO SHUIRUPD
TXDQWLOHV ZKLFK LV PRUH FRPSUHKHQVLYH WKDQ WUDGLWLRQDC

,Q WKLV WKHVLV WKURXJK WKH PDFKLQH OHDUQLQJ SLSHOLQH Z
XQGHU GLITHUHQW FOLPDWH VFHQDULRY DQG GLIIHUHQW IDUPLQJ
LQ JHRJUDSKLFDO YDULHW\ RI WKH SHUIRUPDQFH RI &% DQG LWV Y
XV LGHQWLI\ WKH UHJLRQV WKDW KDYH KLJKHU RU ORZHU SUREDE
YDULDQWY IRU HLJKW PDMRU ILHOG FURSVY ZKLFK EULQJ PHDQLQ.
DIJULFXOWXUDO H[WHQVLRQ VHUYLFHYV

/ILPLWDWLRQV
7KLV WKHVLV KDV VHYHUDO OLPLWDWLRQV )LUVW WKH GDWD LV
SHUWDLQV WR KXPLG FOLPDWHY UDWKHU WKDQ DULG FOLPDWHYV
KXPLG UHJLRQV WKDQ DULG UHJLRQV 7KH QXPEHU RI \LHOG REVHI
GLITHUHQW ZKLFK PD\ EH OLQNHG WR WKH GLIITHUHQW DFFXUDFLHV
SDLUHG \LHOG REVHUYDWLRQV DUH UHFRUGHG LQ WKH ILQDO
REVHUYDWLRQV IRU PDL]H DQG REVHUYDWLRQV IRU ZLQWHU
IRU ULFH DQG REVHUYDWLRQV IRU VXQIORZHU 7KH PRGHO DFFX
$SSHQGL[ ' )LIXUH $V VKRZQ LQ WKH UHVXOWV WKH $8& RI P
UHVSHFWLYHO\ ZKLOH WKH DFFXUDFLHV RI ULFH DQG VXQIORZHU
WKDW D ODUJHU QXPEHU RI REVHUYDWLRQV FDQ FRQWULEXWH SR
PHDQ WKDW D VPDOOHU QXPEHU RI REVHUYDWLRQV FDQQRW WUDL
WKH QXPEHU RI REVHUYDWLRQV RI FRWWRQ \LHOG LV TXLWH OLPL)



*HQHUDO GLVFXVVL

$V IRU IDUPLQJ SUDFWLFHYV FURS LUULJDWLRQ ZDV FRQVLGHUHG
JOREDO GDWD RQ WKLV SUDFWLFH HYHQ WKRXJK LW VWLOO SURY
IHUWLOL]HU KHUELFLGH DQG SHVWLFLGH DSSOLHG LV QRW LQFOX
SHVWLFLGH LV QRW TXDQWLILHG LQ WKLV WKHVLV ZH FRQVLGHU \
RI  HUWLOL]HU KHUELFLGH DQG SHVWLFLGH 7TKH DUHD WKDW FR
OHIW RQ WKH ILHOG DQG WKH W\SH RI UHVLGXHYV DUH QRW FRQVL(
LPSDFW RQ WKH FURS \LHOG ,Q WKLV VWXG\ WKH VRLO LV FRQVL
FRYHUHG E\ DW OHDVW RI WKH WRWDO DUHD ,QFOXGLQJ WKH
LQFUHDVH WKH PRGHO DFFXUDF\

)LQDOO\ WR GHDO ZLWK PLVVLQJ FOLPDWH DQG VRLO GDWD LQ WK
H[WHUQDO GDWDEDVHV RQ D V\VWHPDWLF EDVLV &RQVHTXHQWO
HYDSRWUDQVSLUDWLRQ PLQLPXP WHPSHUDWXUH DYHUDJH WHPS
JURZLQJ VHDVRQ DQG VRLO WH[WXUH PD\ QRW DOZD\V PDWFK OR
H[WHUQDO GDWDEDVHV IURP WKH FOLPDWH PRGHOV PD\ LQFUHDVH
RI RXWOLHUV 7KH FOLPDWH FRQGLWLRQ ZH GLVFXVVHG LQ WKLV V
FURS JURZLQJ VHDVRQ FRPSDULZXLEKWK I$ UMHKH. FDXNWH V VXS EIOV. P D W
\HDUV LW KHOSV XV WR UHYHDO WKH LPSDFW RI LQWUD DQQXD¢
FRQGLWLRQV RQ FURS \LHOG +RZHYHU EHVLGHV WKH PHDQ RU
JURZLQJ VHDVRQ WKH GLVWULEXWLRQV Rl WKRVH YDULDEOHV LQ
WKH FURS \LHOG )RU H[DPSOH D ORZ WHPSHUDWXUH GXULQJ WK
F\WRSODVPLF PHPEUDQHV RI VHE GWXWRIDN I HEWK Q D VBK R WIHH@G 7 K X
EH YHU\ GLIITHUHQW HYHQ ZKHQ WKH DYHUDJH WHPSHUDWXUH LQ W
LQ WKH WKHVLV PLJKW QRW EH DV DFFXUDWH DV WKH DQDO\VLV V
FDQQRW IXOO\ UHYHDO WKH LPSDFW RI LQWHU DQQXDO YDULDELOI

SHUVSHFWLYHYV
7KHUH DUH VWLOO D ORW RI NQRZOHGJH JDSV UHODWHG WR &% D
IXWXUH VWXGLHV

OXOXT WE}%}e 0 iW dZ Ju% & }( J(( & v8 §C% 1}( *}]Jo }A E+ }v E}%
,Q WKLV WKHVLV ZH VKRZ WKDW VRLO FRYHU LV LPSRUWDQW WR
KRZHYHU PDLQWDLQLQJ FURS UHVLGXHV DV VRLO FRYHU PLJKW E
$IULFD ZKHUH WKH FURS UHVLGXHV DUH XV)QD®XORKKVHE XDMWWRE | B
VROXWLRQ ZRXOG EH WR UHO\ RQ DOWHUQDWLYH VRXUFHV RI SOD
WUHHV VDZGXVW EDHK PWOBKHNWMBYH EHHQ FRQGXFWHG WR VWX
RI VRLO FRYHUV RQ FURS \LHOG DQG VRLO RUJDQLF FDUERQ WKX
DQDO\]H WKH SRWHQWLDOV RI GLITHUHQW W\SH RI VRLO FRYHUV L
VHTXHVWUDWLRQ

OXOXT WE}%}e 0 TW dZ Ju% S }( Ed eCe3 u }v ¢}]Jo0 S u% E SuE

6RLO WHPSHUDWXUH LV DOVR RQH RI WKH PRVW LPSRUWDQW H:
GHYHORSPHQW DQRRQURROKWKH ELRORJLFDO DQG ELRFKHPLFDO
DITHFWLQJ WKH RUJDQLF PDWWHU IRUPDWLRQ *DQ$> K HRRBS®RNY WQ F
VRLO RUJDQLF PDWWHU DQG RUJDQLF FDUERQ FRQWHQW ZLOO LPS
WKH SRWHQWLDO FURS SURGXFWLYEW\ DQG PLWLIJDWH WKH FOLPI

17 SUDFWLFH ZLOO FKDQJH WKH VRLO VWUXFWXUH VRLO ZDWHU FF
UHVXOWLQJ LQ D GLIIHUHQW VRLO R[\JHQ FRQWHQW PRLVWXUH \



*HQHUDO GLVFXVVLRQ

ZLOO FKDQJH WKH GHFRPSRVLWLRQ UDWH RI VRLO RUJDQLF PDWW'!
KRZ 17 ZLOO DIIHFW WKH VRLO WHP SWKD\VERPWD DFW QU E HL RIQWD O D ¥ R
SXEOLFDWLRQV WR DQDO\]H DQG PDS KRZ WKLV LPSDFW YDULH
WHPSHUDWXUHY ,W LV LPSRUWDQW WR PDS WKH LPSDFW Rl 17 RQ
DQG IXWXUH FOLPDWH FRQGLWLRQV VLQFH LW FDQ KDYH D ELJ LQ
VRLO RUJDQLF PDWWHU LQ VRPH UHJLRQV DQG LV YHU\ LPSRUWDQ

OXOXi WE}%}s 0 iW dZ  }v}u] A] ]0o]8C }( V Ed +Ce% us & §Z Po}
&RQVHUYDWLRQ DJULFXOWXUH LV HFRQRPLFDOO\ DWWUDFWLYH EH
KRZHYHU WKH \HDUO\ SURGXFWLYLW\ IURP &$ YDULHV D ORW X
FKDUDFWHULVWLFV DQG WHKHWEBWRBEHD MWKIHFHFRQRPLF YLDELOLW\
7KH LPSOHPHQWDWLRQ RI &% LV GHSHQGLQJ RQ LWV HFRQRPLF YL
IDUPHUV ZKHQ FRQVLGHULQJ ZKHWKHU WKH\ VKRXOG DGDSW &$ V
JRYHUQPHQW PLJKW SURYLGH VXEVLGLHV WR SURPRWH &$ V\VWHP
UHJLRQV ZLWK GLIIHUHQW SROLFLHV ORUHRYHU WKH PDUNHW S
GHSHQGLQJ RQ WKH IRRG GHPDQGY DQG VXSSO\ LQ WKDW \HDU Z
HFRQRPLF YLDELOLW\ RI &$ VIVWHPV DW WKH JOREDO VFDOH

7KH PRGHOV JHQHUDWHG IURP WKLV WKHVLVY FDQ EH XVHG WR SU
YDULDQW V\VWHPV YV &7 VI\VWHPV XQGHU GLIITHUHQW IDUPLQJ SUI
WKXV LW LV SRVVLEOH WR HVWLPDWH WKH HFRQRPLF YLDELOLW\
SULFH GDWD RI JOREDO DJULFXOWXUDO SURGXFWLRQ WUDGH

OXOXd WE}%}* 0 OW }u% E 5Z &E epose (E}u 3r E]JA v u} os v Iv}
'DWD GULYHQ PRGHOV DQG NQRZOHGJH GULYHQ PRGHOV DUH FRPS
ILW GDWD HQDEOHY GDWD GULYHQ PDFKLQH OHDUQLQJ PRGHOV W
PDMRU OLPLWDWLRQV LV WKH GLIEIKRDOHWW KR NHQRAE D HG J\W KGU UAHH/
GHYHORSHG EDVHG RQ WKH VFLHQWLILFDOO\ DQG ELRORJLFDOO\ |
H[SHULPHQWY 6XFK K\SRWKHVHYVY JUHDWO\ VLPSOLILHG WKH OHL
SHUIRUPDQFH EXW WKH SDUDPHWHU FDOLEUDWLRQ FDQ EH FKDC
PRGHOV

,Q WKLV WKHVLY ZH WUDLQHG D ORW RI GDWD GULYHQ PRGHOV W|
DQG 17 VA\VWHPV YV &7 VI\VWHPV IRU GLITHUHQW FURS VSHFLHV DQ
WKH UHJLRQDO SUHGLFWLRQ SHUIRUPDQFH RU WR H[SODLQ WKH
UHVXOWYV IURP WKRVH GDWD GULYHQ PRGHOV WR NQRZOHGJH GUL
WKH GDWD GULYHQ PRGHOV WR FDOLEUDWH WKH NQRZOHGJH GULY
PRGHOV WR WKH UHJLRQV ZLWK OLPLWHG H[SHULPHQWDO REVHUYI

SHIHUHQFHYV

0OERZ & & B5RVHQJ]ZHLJ /* %DULRQL 7 * %HQWRQ 0 +HUUI
3 3UDGKDQ 0 * 5 ) 7 6DSNRYRRG GHFXEBLWOOR <«OLPDWH
/IDQG DQ ,3&& VSHFLDO UHSRUW RQ FOLPDWH FKDQJH GHVHUW
PDQDJHPHQW IRRG VHFXULW\ DQG JUHHQKRXVH JDV IOX[HV L

%HKQDVVL 0 7KH :DWHU (QHUJ\ )RRG 1H[XV DQG &OLPDWH 3H
IRU 3ROLF\ PDNLQJ DQ&OELRDPMHQRRBABJHQ)RRG 6HFXULW\ DQG
ODQDJHPHQWSULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ GRL



*HQHUDO GLVFXVVL

6FKPLGW - ODUTXHV 0 5 * %RWWL 6 ODUTXHV 0 $ / 5|
PDFKLQH OHDUQLQJ LQ VR OQSMVEWDP/SX W DW HRQ D O \0 M WIHLQ BH V

*Obvv * Y 3ULPDU\ VHFRQGDU\ OQ®FPMM R Q@DYD OWNNDRIF K}

IDZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ (6*) SURMHFW
00QO

6WHZDUGBW3DWH DGDSWLYH FDSDFLW\ RI PDL]H EDVHG FRQVH
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWURS&FDIGF X@QWXURQ
(FRV\VWHPV DQG (QYLGWRIQPHQWM DJHH

SLWWHOMRZ XM Q@ GRHVY QR WLOO \LHOG PRUHO 6 XQREBSHO5HAM WD
+

SLWWHO NRVZDERBGXFWLYLW\ OLPLWY DQG SRWHQWLDOV RI WKH
IDWXUH =

)DURRT 0 .DGDPERW +&RDQVEUFGWDRD &$186 (FH$T VWX U H
$*5,&8/7856GSULQJHU GRL
+ROODQG - 0 7KH HQYLURQPHQWDO FRQVHTXHQFHV RI DG

S5HYLHZLQJ WKH HYDLDCHDFHH (FRV\VWHPV®DQG (QYLURQPHQW

*RYDHWHW J@BLOWUDWLRQ VRLO PRLVWXUH URRW URW DQG C
GLIITIHUHQW WLOODJH UHVLGXH ®RLE AUJRG UWR/ODWH REH WID QU K

6FRSHOW @RQVHUYDWLRQ DJULFXOWXUH FURSSLQJ V\VWHPV L
SHUIRUPDQFHV DQG $BEBRBRRWRNF\ SRUHVX\HVEDLQDEOH '"HYHORSPHQ

6X < *DEULHOOH % %HLOORXLQ ODNRZVNL ' +LJK ¢
FRQVHUYDWLRQ DJULFXOWXUH LQ&GUHOQMWIURRG HBBWPDW RU VW

7TKLHUIHBWHRRRSOHPHQWDU\ SUDFWLFHV VXSSRUWLQJ FRQVE
$IULFD $ HYRARP\ IRU 6 XVWDLQDEOH '"HYHORSPHQW

&RUEHHOV 0 6DN\L 5. .0KQWD ®B)QDOWLYV RI FURS UHVSRQVH'
DJULFXOWXUH LQ VXE 6DKDUDQ $IULFD &&$%$)6 5SHSRUW 1R &1
B3URJUDP RQ &OLPDWH &KDQJH $JULFXOWXUH DQG )RRG 6HFXU

6WHZDUGW3DIGH DGDSWLYH FDSDFLW\ Rl PDL]H EDVHG FRQVH
FOLPDWH VWUHVV LQ WURSLFDO DQG VXEWUR S$FWDLF ¥X@QWXKURQ
(FRV\VWHPV DQG (QYLYRQPHQW

&RUEHHOV O I1DXGLQ . :KLWEUHDG $ 0 .*KQH 5 /HWR
DJULFXOWXUH WR RYHUFRPH ORZ FIDRMXWUWH OBRGLQ VXE 6DKDUD

5XVLQDPKHREIR®HWD DQDO\VLV RI ORQJ WHUP HIIHFWV RI FRQ
JUDLQ \LHOG XQGHU $IURNQRFE FRYGXWWRQYDEOH 'HYHORSPHQ



*HQHUDO GLVFXVVLRQ

70 .LUDQ .XPDUD $QNLWD .DQGSDO 6 3 'HWHUPLQDQWYV DQ
LQ 6RXWK $VLD $ OHWD $QDMELPQR}IRXKKDOLBHSFBIVFXOW X UL

+

YDQ GHQ 3XWWH $ *RYHUV * 'LHOV - *LOOLMQV . "HP)
WLOODJH RQ FURS JURZWK $ PHWD UHJUHVVLRQ DQDO\VLV R
DIULFXRWREHDQ -RXUQDO RI#&SJURQRP\

=KHQBWE&DIOH LPSDFWV Rl FRQVHUYDWLRQ DJULFXOWXUH RQ FlI
SUDFWLFHV FURSV DTKH RRURSS LRY WIHIQR QV

+REEV 3 5 6D\UH . *XSWD 5 7KH UROH RI FRQVHUYDWLR
SKLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DXO 6RFLHW\ % %LF

*RYDHUHWWRQVHUYDWLRQ DJULFXOWXUH DV D VXVWDLQDEOH R
6RLO DQG 7LOODJH EFHVHDUFK

BKHQ < OF/DXJKOLQ 1 =KDQJ : :X 0 /LDQJ $ (IIHFW RI
WHPSHUDWXUH IROORZLQJ SODQWLQEFIIRFHQWEIOP BN YRULWW Q 1R
5DPDNULVKQD $ 7DP + 0 :DQL 6 3 /JRQJ 7 ' (IIHFW R

PRLVWXUH ZHHG LQIHVWDWLRQ DQG \LHIOHORI| JURXWY 6 X MWDUE

*

.XPDU &6 'H\ 3 (IIHFWV RI GLIITHUHQW PXOFKHV DQG LUULJEL
XSWDNH ZDWHU XVH HIILFLHQFLH@WLD HA G VRI PXVDWDXAHHU U\

YDQ :LMN : 5 /DUVRQ : ( %XUURZV : & 6RLO 7THPSHUDW.
I[URP 0OXOFKHG DQG 8QRX@®BKHBQERLOGRFLHW\ RI $PHULFD -RXUQ

3bJH . [/ 'DQJ < 3 'DODO 5 & 7KH DELOLW\ RI FRQVHU"
RUJDQLF FDUERQ DQG WKH VXEVHTXHQW LPSDFW RQ VRLO SK\!
\LHPBRQWLHUYV LQ 6XVWDLQDEOH )RRG 6\VWHPV

=XD]R 9 + B3OHJXH]XHOR & 5 5 6RLO HURVLRQ DQG UX
UHYISHIYURQRP\ IRU 6 XVWDLQDE@H 'HYHORSPHQW

6KD[VRQ ) ®@BWERUJLRJ VRLO PRLVWXUH IRU SODQW SURG X
SRURV)2®\ $1' $*5,&8/785( 25*$1,=$7,21 2) 7+( 81,7(' 1$7,216

'"HUSVRMRQNUROH GD HURVmMR QR 3DUDQi %UDVLO VLVWHPDV
SUHSDUR FRQVHUYDFLR @XWWW LG VROR

6FRSHO ( GD 6LOYD ) $ 0 &RUEHHOV 0 $IIKROGHU )
PXOFKLQJ HIIHFWV RQ ZDWHU XVH DQG SURGXFWLRQ RI PDL

FRQGLWILRRDRPLH*

7TKLHUIHOGHU & :bOO 3 & ,QYHVWLJIJDWLQJ &RQVHUYDWLR
=LPEDEZH WR OLWLJDWH )XWXUHRKUBEGWY RI &OR8 D WHEKRK D@ HH)

/IDO 5 7KH 5ROH RI 5HVLGXHV ODQDJHPHQW LRXERDWDRDDE
6XVWDLQDEOH $MJLEXOWXUH



*HQHUDO GLVFXVVL

6ZDQHSRHQ BRI EHQHILWY RI FRQVHUYDWLRQ DJULFXOWXUH
VRXWKHUQ $IULFD6RUBE DIQMEH7YSBPPUHBHHVHDUEFEK

/IHH 1 7TKLHUIHOGHU & 'HHG FRQWURO XQGHU FRQVHUYD!
IDUPLQJ VA\VWHPV RI VRXWEKEBURQRIR\L FRU $ XMNWDHZDEOH '"HYHC

.LUNHJDDHME ®HOQ®' H DQG QRQVHQVH LQ FRQVHUYDWLRQ DJULF>
SURGXFWLYLW\ LQ $XVWUDOBDQLPKPVEX LDHJ P(FRY MAWWPRWP YV (Q YL

*

&KDXKDQ % 6 6LQJK &5 * ODKDMDQ * (FRORJ\ DQG PDQDJ
DJULFXOWXUSURSUHMWHAFWLRQ

5RQDOG O JHWHU - &KDUOHV . 7LEXJDUL + ,QWHJUDW
6PDOOKROGHU 6HFWRU KHWRGCHUR #5'SOBHGIBEHHAQFH

I\DPDQJBHWD DHHG JURZWK DQG ODERU GHPDQG XQGHU KDQG |
VPDOOKROGHU IDUPHUVHJULHFAEAGW XQH=LFRVEZVWHPYV *(QYLURQF

%DMZD $ $ 6XVWDLQDEOH ZHHG PDQD&HRBE BW R\Q HFRMQL\RHU Y D

%KXOODU 0 6 .DXU 1 .DXU 3 *LOO * +HUELFLGH UHVL
$IJULFXOWXUDO 5HVHDUFK -RXUQDO

ODNXV ' - 7LZDUL 6 & 3HDUVRQ + $ +D\ZRRG - ' 7LD
SLQH VWUBZIZURXRBKVWU\ 6\%WWHPV

&DPSLJOLD ( 3DROLQL 5 &ROOD * ODQFLQHOOL 5 7KH
ZHHG FRQWURO RI SRWDWR HQG &NWREB Y VI HWHHRDQUFE V\VWHP

6]FIHUBHDN @OHFW RI /RZ THPSHUDWXUH RQ *HUPLQDWLRQ *UR
6R\EHDQ *O\FLQH PDHIURQRO®GWLYDUYV

6X < *DEULHOOH % ODNRZVNL ' 7KH LPSDFW RI FOLPD
FRQVHUYDWLRI®WXWUIH-&%OWRXUWMH &RDQJH \% 4

0XxR] 5RPHUR 9 /RSH] %HOOLGR / IRSH] %YHOOLGR 5 -
WHPSHUDWXUH LQ D UDLQ | HBNVMHUGDWHRUIDIH U RIS W WIL\FR/O

.DUKX*HW DHOPSHUDWXUH VHQVLWLYLW\ RI VRLO (FRORRQ IUDFW

+

%URRNV 3 ' OF.QLJKW ' (OGHU . &DUERQ OLPLWDWLR
VQRZSDFNV SRWHQWLDO IHHGEDFNV EHWZHHQ RERDL K D/GIITHV |
%LRORJ\ +

+X 4 J)HQJ 6 $ 'DLO\ 6RLO 7THPSHUDWXUH 'DWDVHW DQG 6
&RQWLIXRXV 8RR XWUHD 6WVRDVWSBOLHG OHWHRURORJ\

2QWO0 7 $ 6FKXOWH / $1BWRXO R DEERDWIWRRU.QDRZOHGJIH



*HQHUDO GLVFXVVLRQ

6PLWK 3 )DQJ & 'DZVRQ - - & ORQFULHIlI - % ,PSDFW F
&DUERQ LQ # GRL 6

OH\HU 5 6 &XOOHQ % 5 KHWWRQ 3 + O5REHUWVRQ ) $
FOLPDWH FKDQJH RQ VRLO RUJDQLF FDUERQ DQG SURGXFWL)
$IJULFXOWXUDO 6AVWHPYV

7VKXPD ) 5D\QV ) J/DEXVFKDJQH - %HQQHWW - 6ZDQH!
\HDUV WLOODJH VHTXHQFH RQ VRLO FKHPLFD®REKRDL®E \WHOQD\
5HVHDUFK

.ODGLYNR ( - 7LOODJH VHORWBPDQBQWE ORDOHHFRWOHRDUF K

'DL HWW DO WLOODJH ZLWK PXOFKLQJ LPSURYHV PDL]JH \LHOG LGC
VRLO WHPSHUDWXUHS$ZDWHOWREHQ Il WRMOWWHIPY (QYLURQPHQ

BKHQ < OF/DXJKOLQ 1 =KDQJ : :X 0 /LDQJ $ (IIHFW RI
WHPSHUDWXUH IROORZLQJ SODQWL QEFIIFHQWRIOP BN YRUWW Q 1R

$/ % 672%%( ( + T+( ())(&7 2) 7,/1$*( 21 62,/ 7(03(5$785(
&251 =HD PD\V / *52:7+ ,1 GDIQTXAPDQ -RXUQDO RI 30DQW 6F|

ORURLIXPL 7  +RULQR + 7+( ())(&76 2) 7,//$*( 21 62,/ 7(03(!
62,/ :$7(56RLO 6FLHQFH

-RKQVRQ 0 ' /IRZHU\ % (IIHFW Rl 7KUHH &RQVHUYDWLRQ 7|
DQG 7TKHUPDO6RURSGHUWDRWHW 6RFLHW\ RI $PHULFD -RXUQDO

*UDERZVNL 3 +DJJEODGH 6 7KH (FRQRPLFV RI &RQVHUYDW!|
RI &OLPDWH &XIDRDIWH L&KDQJH DQG 0XOWL 'LPHQVLRQDO 6XVWD
+ 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ GRL

6LQJK . O OHHQD 0 6 (FRQRPLFV Rl &RQVHUBBBWLRQ $J
(OHFWURQLF -RGRQDO VVUQ

+RUQLN . 6WLQFKFRPEH O KLWH + 8QLYHUVDO DSSURJLF
GHULYDWLYHV XVLQJ PXOWLOD\HU IHHGIRUZDUG QHWZRUNV 1

:DQJ / 'DWD 'ULYHQ ([SODQDWLRQ RI 7THPSRUDO DQG 6SDWLDC(
6WDWHV )J)URQWLHUV LQ 30DQW 6FLHQFH



*HQHUDO FRQFOXVLF

&KDSWHU *HQHUDO FRQFOXVLRQ

,Q WKLV WKHVLV ZH SURYHG WKDW WKH H[SHULPHQWDO GDWD FR
PRUH FRPSOH[ DQDO\WHV HJ WKURXJK PDFKLQH OHDUQLQJ DS
GHVLJQHG D PDFKLQH OHDUQLQJ SLSHOLQH WKDW FDQ EH XVHG WF
VXFK DV DJURIRUHVWU\ RUJDQLF DJULFXOWXUH HWF RQ FURS \L
ELRGLYHUVLW\ HWF 2XU PDFKLQH OHDUQLQJ SLSHOLQH RIIHUV D
WKH SHUIRUPDQFH RI WKHVH FURSSLQJ V\WWHPV XQGHU GLIIHUH
GLIIHUHQW IDUPLQJ SUDFWLFHV ZKLFK FDQ KHOS WKH UHVHDUFKH
RI WKHP DQG LQ WXUQ HQKDQFH WKHLU DGDSWLRQ EDVHG RQ WKHI

,Q WKLV WKHVLV ZH GLVFXVVHG WKH SURGXFWLYH SHUIRUPDQFH
GLITHUHQW IDUPLQJ SUDFWLFHYVY DQG FOLPDWH VFHQDULRYV 2XU U
SUDFWLFHVY DQG NHHSLQJ WKH VRLO FRYHUHG LV WKH PRVW HIIHF
RI'' 17 VI\VWHP 7KXV ZH KLJKO\ UHFRPPHQG WKDW QR WLOO SUDFW
DQG FURS URWDWLRQ $OWKRXJK OHVV LQIOXHQWLDO RWKHU IDU
SHUIRUPDQFH RI &% LQ SDUWLFXODU IHUWLOL]DWLRQ DQG ZHHG
IHUWLOL]DWLRQ ZHHG DQG SHVW FRQWURO VKRXOG EH LQFRUSRU
UHYHDOHG WKH SHUIRUPDQFH RI &% DQG 17 VA\VWHPV YV &7 V\VW
VXLWDEOH UHJLRQV IRU WKH LPSOHPHQWDWLRQ RI &% DQG 17 V\V\
17 VIVWHPVY KDYH EHWWHU SHUIRUPDQFH LQ GU\HU UHJLRQV DQG
IRU WKHLU LPSOHPHQWDWLRQ KRZHYHU IRU VRPH FURS VSHFLHYV
WKH SHUIRUPDQFH RI &% LV H[SHFWHG WR LQFUHDVH LQ WKLV DUH
17 VIVWHPV IRU WKLV VWDSOH FURS

‘H FRQILUP WKDW &$ LV RQH RI WKH SURPLVLQJ FURSSLQJ V\VWHP?
SURGXFWLRQ DQG LQFUHDVH WKH IRRG VWDELOLW\ XQGHU FOLPDYV
&7 FRQFHUQLQJ RI FURS \LHOG &% FDQ SURYLGH D UDQJH RI HFRV\
WKRVH HFRV\VWHP VHUYLFHV LQFOXGH LPSURYLQJ WKH VRLO KHD
SUHVHQW WUDGLWLRQDO WLOODJH V\VWHPYV DUH FDXVLQJ VHULRX
VHFEFXULW\ LQ WKH IXWXUH DQG LQFUHDVH HPLVVLRQV DQG UHGXFF
WKDW FDQ EH SURPRWHG WR VXVWDLQ WKH ORQJ WHUP IRRG SURC



$SSHQGL[HV



$SSHQGL[ $

$SSHQGL[ $

$ JOREDO GDWDVHW IRU FURS SURGXFWLRQ XQGHU I
SUDFWLFH

$XWKRUYV
<DQJI°6%HQRLWP*DIEYILLG ODNRZVNL

$IILOLDWLRQV
P805 (&26<6 ,15%$( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\

E805 $JURQRPLH ,15%$( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD

F$SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH

&RUUHVSRQGtRQ I BDAMKIRWX#LQUDH I1U




$SSHQGL[ $

$SSHQGL[ $ ILIXUH _ 3UREDELOLW\ RI \LHOG LQFUHDVH RI ZLQWHU EDUOH\ XQGHU 17 YV &



$SSHQGL[ $

$SSHQGL[ $ ILIXUH _ 3UREDELOLW\ RI \LHOG LQFUHDVH RI ZLQWHU EDUOH\ XQGHU &% YV &



$SSHQGL[ $

OHWKRG WR WUDLQ PDFKLQH OHDUQLQJ PRGHOV EDVHG RQ RXU GBD

7KH PDFKLQH OHDUQLQJ DOJRAROLQVEPVW HDIL QU 6§ R Y HIR LRV W K H
REVHUYDWLRQV FROOHFW H® QURIP SVKEUNVR DQDO\]H WKH \LHOG U
IXQFWLRQ RI FOLPDWLF YDULDEOHV FURS W\SHV VRLO WH[WXUH)
FDQ EH GRQH LQ 5 VRIWZDUH ZLWK WKH SDFNDJH 3UDQGRP)RUHVW
GXULQJ WKH JURZLQJ VHDVRQ VXFK DV 3% 7PLQ 7DYH 7PD[ DV QX
VRLO WH[WXUH DQG DJULFXOWXUDO PDQDJHPHQW DFWLYLWLHV L
SHVWV DQG ZHHGV FURS URWDWLRQ DQG VRLO FRYHU DV FDWHJR
LQFUHDVH ZLWK 17 DV UHVSRQVH YDULDEOH :KHQ WUDLQLQJ HD
VDPSOH RI WKH GDWD SRLQWV WKH VDPSOHV DUH GUDZQ ZLWK UF
LQSXWV DUH FRQVLGHUHG IRU VSOLWWLQJ HDFK QRGH LQ HDFK GI
SUHGLFWLRQV RI DOO GHFLVLRQ WUHHYV

7KH VDPSOH FRGH IRU WUDLQLQJ WKH UDQGRP IRUHVW PRGHO LV
SURYLGHG LQ WKH PDLQ PDQXVFULSW :KHQ VHWWLQJ WKH 3SURJLF
RI' \LHOG JDLQ IURP 17 YV &7

OHWKRG WR SURGXFLQJ WKH JOREDO PDSV RI 17 RU &$ YV &7 SUI

$IWHU WKH WUDLQLQJ WKH UDQGRP IRUHVW PRGHO VXSSO\ WKH V
WH[WXUH SOXV WKH VHOI GHILQHG DJULFXOWXUDO PDQDJHPHQW
WKH SHUIRUPDQFH RI 17 RU &% ZKHQ VHW ZLWK FURS URWDWLRQ
GLIITIHUHQW DJULFXOWXUH PDQDJHPHQW DFWLYLWLHYV

7KH VDPSOH FRGHV IRU XVLQJ WKH UDQGRP IRUHVW PRGHO WR SU
JOREDO SHUIRUPDQFH RI 17 RU &% YV &7 DUH DYDLODEOH LQ 3&R
PDLQ PDQXVFULSW ORUH FRGHV FDQ EH UHTXHVWHG E\ VHQGLQJ F

5HIHUHQFHV LQ $SSHQGL[ $

$DVH - . B6FKDHIHU * 0 3LNXO - / +D\ODQG FRQY
VHPLDULG HDVWHUQ ORQWDQD 7LOODJH 6RLHD B QX GLRD\D
S5HVHDUFK

$ELGHOD +XWWHIHHSOWLOODJH LPSURYHV GHJUDGHG VR
(WKLRSLDQ MLGBEODQGYV

$FKDU\DHWo DEOWHU FRYHU FURSV HIIHFW RQ VRLO PRLV\
\LHOG XQGHU GLIITHUQW WOQGOMLIHOVDWWIHWHD U FK

$GLPDVVX = S$OHPX * 7TDPHQH [/ (IITHFWV RI WLOODJF
UXQRII VRLO ORVYV DQG FURS \LHOG LRQJWKKGWRU®G G LBI\K (

*



$SSHQGL[ $

$KPHGHW DIGOODJH SUDFWLFHYV LPSURYH ULFH \LHOG DQG
W\SLFDO SDBXGCYQYROQ®M 6RLOV DQ& 6HGLPHQWYV

$KUHQV : + (QGUHV * - 7ULIOXUDOLQ DQG HWKDOIO)
VR\EHDQV *O\&DQB@UINQ -RXUQDO RI 3®DQW 6FLHQFH

$ODPHW BHOQGLQJ RI IHUWLOL]JHU LPSURYHV SKRVSKRUX
WLOODJH PDL]H E\ FRQFHQWUDWXYWSKRDEKRUWY LQ VXU

$OL 6 7HGRQH / 9HUGLQL / &D]JDWR ( 'H ODVWUR
DQG QLWURJHQ IHUWLOL]DWLRQ LQ DJORQRRXHUP IDED EF

$OPDUDHW-DIHHQKRXVH JDV IOX[HV DVVRFLDWHG ZLWK V
WLOODJH V\VWHPV LQ /RIXWHEQIGVINIOWD AX FEENHD U F K

$OPDUDHW-®BMUERQ 'LR[LGH DQG 1LWURXV 2[LGH )OX[HV L
7LOODJH 6\WWHPV LQ 6BRIMKBHVMWHRH 6RAEFHWV RI $PHULFL

$QDSDOIW ®IOBFWLYHQHVV RI 5=:40 IRU VLPXODWLQJ D
FURSSLQJ $\VRGIPR\ -RXUQDO

$QGDOHV $ $ %DWFKHORU : ' $QGHUVRQ & ( )DU
,QFRUSRUDWLQJ WLOODJH H$INEWXOVDXWD O ¥\ R\EHBQ PRG

$QGHUVRQ 5 / $ \HDU VPDOO JUDLQ LQWHUYDO UHGXF
'HHG 7THFKQRORJ\

$QJiV 3 /DPSXUODQpV - &DQWHUR ODUWtQH] & 7LOC
1 G\QDPLFV DQG %DUOH\ \LHOG XQGHU \6RRIODDRG TH G DW
5HVHDUF Kt

$UPVWURQJ 5 ' O0OLOODU * +DOSLQ 1 9 O5HLG "' -
IHUWLOLVHUY DQG OHJXPH URWDWLRQV WR PDLQWDLQ S
FURSSLQJ VI\IVWHPV RQ IXWWDOOREZQ@HRXWRMR® RI ([SHULP

+

$URUD 9 . 6LGKX $ 6 6DQGKX . 6 7KLQG 6 6 (IIH
WLPH DQG QLWURJHQ UDWH REBAKHPMQWBO G JR ®ORIWI U k

$UVKDG 0 $ *LOO . 6 %DUOH\ FDQROD DQG ZKHDW
IDOORZ JUHHQ PDQXUH FRPELQDWLRQV RQ DBRIOD\DQRLO
7LOODJH 5HVHBUFK
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$UVKDG 0 $ *LOO . 6 &R\ * 5 :KHDW \LHOG DQG ZH
WKUHH WLOODJH VI\VWHPV RQ D FOD\ VRROOLDRQW HPLSHUD
SHVHDUFK *

$UVKDG 0 $ *LOO . 6 , ] DXUUDOGH 5 & :KHDW 3URG
SURSHUWLHY 6 XEVHTXHQW WR <HDUV RI| 6 RGRXWRIDKF W F
RI 6XVWDLQDEOH $JMJLFXOWXUH

$UYLGVVRQ - (QHUJ\ XVH HIILFLHQF\ LQ GLIITHUHQW WLC
DQG VLOW ORDPURSHBRBGREUQDO RI#%$JURQRP\

$XODNKHW &0ORS SURGXFWLRQ DQG QXWULHQW XVH HIILFI
IRU VR\EHDQ ZKHDW URWDWLRQ LQ WKH ,QG&RLIDQ DIMBL F
7LOODJH 5HVHBUFK

$]RR] 5 + $UVKDG 0 $ (IIHFW RI WLOODJH DQG UHYV
FDQROD JURZWK DQG ZODNHDG XVE +HRXWFQBIQRI &RLO 6FLH

%DDQ & ' *UHYHUV 0 & - 6FKRHQDX - - (IIHFWV RI
WHUP QR WLODRWIELD -RRXIWAM O Rl §RLO 6FLHQFH

%DJJV HWODIOWURXV R[LGH HPLVVLRQV IROORZLQJ DSSOL]I
XQGHU JHUR DQG FR®YDBIQ@W DR)XD ORWOQO OD JH

%DJKGDGL $ +DOLP 5 $ ODMLGLDQ 0 :DQ 'DXG : 1
DQG SK\WLRORJLFDO LQGLFHV XQGHU GLIIH{RKQW DS® RQW
JRRG $JULFXOWXUH DQG+(QYLURQPHQW

%DMSDL 5 . 7TULSDWKL 5 3 (YDOXDWLRQ RI QRQ SXG
DOWHUQDWLYH WLOODJH PHWKRGYVY RQ VRLO DQG FURS ¢
SUDGGHR/IKO DQG 7LOODJH5HVHDUFK

%DONFRP . 6 SHHYHV ' .HPEOH - O 'DZNLQV 5
UHTXLUHPHQWYV RI VZHHW FRUQ ILHOG SHD DQG ZDWHU
-RXUQDO RI 6XVWDLQDE®@H $JULFXOWXUH

%DONFRRAW.D®Z VSDFLQJ WLOODJH VI\VWHP DQG KHUELF
SODQW JURZWIKHDQGEURISMG5HVHDUFK

%DOO0 % & 296 XO0OLYDQ 0 ) /IDQJ 5 : &XOWLYDWL
ZLQWHU EDUOH\ DV DVVHVVHG IURP D UHGXFHELMVMOLDQGJH
7LOODJH 5SHVHDUEFK
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%DUEHU 5 * 2UHOODQD O 1DYDUUR ) 'LD] 2 6 R UX
DQRG FRQYHQWLRQDO WLOODJH V\VWHPV DIWHU ODQG FO
6DQWD &UXPRERMQYED/ LOODIJHHHVHDUFK

%DUULRV 0 % %R]JJR $ $ 'HEHOLV 6 3 3HUH\UD $
SURSHUWLHYV DQG URRW DFWLYLW\ LQ D VR\EHDQ VHFRQ
DQG FRQYHQWLRDLOY KV LRXODIBO RI $JULFXOWXUDO 5HVHD

%DXPKDUGW 5 / HQGW & .HHOLQJ - : 7LOODJH

ZDWHU EDODQFH DQG \LHOGR LR VRUHEKR GORRL HFWW RIREP
+

%DXPKDUGW 5 “-RQHV 2 5HVLGXH PDQDJHPHQW DQC
DQG JUDLQ \LHOG RI GU\ODQG ZKHDW D QB®R MR DIXXF LAOD
5HVHDUF Kt

WHKQNH * ' =XEHU 6 0 3LWWHONRZ & O 1DI]LJHU
WHUP FURS URWDWLRQ DQG WLOODJH HIITHFWV RQ VRLO J
LQ ,O0LQRIVLBX¥O®WXUH (FRV\VWHPV+x (QYLURQPHQW

%HUPXGH] 0 ODOODULQR $ 3 &RUQ UHVSRQVH WR VW
ZLWKLQ ILHOGV KDYLQJ QR $UILRM R P\Q RIHPGMW KLVWRULF

%HUQVWHLQ ( 5 3RVQHU - / 6WROWHQEHUJ ' ( +H
WLOODJH U\H VR\EHDQ V\VWHPV DJURQRPLF HFRQRPL
$JURQRP\ -RXUQRO

%H\DHUW 5 3 6FKRWW - : :KLWH 3 + 7LOODJH HIIF
WH[WXUHG VRLO L @ JRRMRPH U@ XADIOU L R

%LVHQ 3 . 6LQJK 5 (IIHFW RI WLOODJH DQG ZHHG FR
\LHOG RI ZKHDW 7ULWLFXP DHVWLYXP LQGUIW® -RX¥YOQDD
$JULFXOWXUDO 6FLHQFHV

%ODFNVKDZ 5 ( 6HPDFK * /L ; 21'RQRYDQ - 7 +D
DQG JO\SKRVDWH WLPLQJ HIIHFWV RQ IR[WDLO EDUOH\ +
&DQDGLDQ -RXUQDO RI 3®DQW 6FLHQFH

%RFLDQRZVNL - 6]XOF 3 1RZRVDG . 6RLO WLOODJH
PDWWHU RI SODQW \LHOG RI PDL]JH =HD PD\V / XVLQJ DC
LQWHUDFWRRKQ PRG RO ,QWHJIJUDWLYHH $JULFXOWXUH

%RHFN[ 3 9DQ 1LHXODQG . 9DQ &OHHPSXW 2 B6KRUW
12 DQG &2 HPRMRERR\ IRU 6 XVWDLQDEOH 'HYHORSPHQW
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%RHKPHO & /HZDQGRZVNL &ODXSHLQ : &RPSDULC
FURSSLQJ VIVWHPV ZLWK GLIIHESHOVE DWW PU B BHED WWHPWH C

%YRIXQRYLF , 3HUHLUD 3 .LVLF , G6DMNR . 6UDND
VRLO FRPSDFWLRQ HURVLRQ DQG FE®BINAEHOG £Q 6WDJIQ

%RQR $ $OYDUH] 5 %XVFKLD]]JR ' ( &DQWHW 5 - ¢
%DODQFH LQ D 6HPLDBRGO$6BRHERN\FRFHAH W\ Rl $PHULFD

%RUGRYVN\ - 3 /\OH : 0 .HHOLQJ - : &URS URWD\
ZDWHU DQG FRW R@RP\LHRXE&Q D O

%RWWD * ) 7RORQ %HFHUUD $ /DVWUD %UDYR ; 7
SODQWHUYV DQG WUDFWRUV RQ VRLO FRPSDFWLRQ DQ
SUJHQWLQHBRLSEDPDBV7LOODJH EHVHDUFK

%UDQGW 6 $ =HUR YV FRQYHQWLRQDO WLOODJH DQG V
&DQDGLDQ -RXUQDO RI 3®DQW 6FLHQFH

%YURZQ 9 %DUERVD ) 7 %YHUWRO ODIUD E [/ 0X
FURSV DIWHU \HDUV RI FRQYHHWLVRVDD @ WDQVE G HURD W&
$JUIULDV %UD]LOLDQ -RXUQDO RI $JULFXOWXUDO 6FLHQ

%eFKL / 'HQGOLQJ 0 $PRVVp & 1HFSDORYD O &K
FURSV LQ DOOHYLDWLQJ QHIJDWLYH HIIHFWV RI UHGXFHG
ZLQWHU ZKHDW FRIRISLFX@WKYMW HFRV\VWHPV: (QYLURQPH:¢

%XVVFKHU : - .KDOLOLDQ $ -RQHV 0 $ 7LOODJ
BRXWKHDVWHUQ &RDVWD®RRRPRYLEPWLRQ WL Q@HIRLD 6FL}
$QDO\VLV =

&DKRRQHW HRUQ <LHOG 5HVSRQVH WR 7L O-GRXIHQ 2DWKI ) >
BURGXFWLRQ $JULFXOWXUH

&DO]DUBQYRIXQM XP ZKHDW TXDOLW\ \LHOG DQG VDQLWDU
DIJULFXQWXRMXOWXUH 6Z4 W]JHUODQG

&DPDURMM/RRQVHUYDWLRQ DJULFXOWXUH DQG FRYHU FL
FDUERQ DQG QLWURJHQ F\FOHV L&DWHKBDORZ O\LQJ 9HQHW

&DPSEHGHON &PYYHUWLQJ IURP QR WLOODJH WR SUH VHHG
VSULQJ ZKHDW JUDLQ \LHOGAR D@ ® QG IYQ G OVRIHOS HVDHDLLVF K
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&DPSEHOO ' - 'LFENVRQ - : %DOO0 % & +XQWHU 5
SORXJKLQJ RU GLUHFW GULOOLQJ XQGHUBLHRILQWRG EDOOH
SHVHDURK

&DQQHOO 5 4 &KULVWLDQ ' * +HQGHUVRQ ) . *
VLPSOLILHG FXOWLYDWLRQ IRU DXWXPQ VRZQ FURSV RQ
GULOOLQJ DQG PRXOGERDUG SORXJKLQJ RQ GUDLQHG DQ
QXWULHQW X S@RINHDDQG5 \LOBOBIJH5HVHDUFK

&DQWHUR ODUWtQH] & $QJiV 3 IDPSXUODQpPV - IR
HIILFLHQF\ XQGHU YDULRXV WLOODJH V\VWEPQDL®@VORIGL)
$SSOLHG %LRORJ\

&DUHIRRW - 0 I\ERUJ O ILQGZDOO & : 7LOODJH L
JUDLQ \LHOG LQ D &MHPLEALWIG-BHIUIRDPD RI 6RLO 6FLHQFH

&DULJQDQR 0 6WDJJHQERUJ 6 $ 6KUR\HU - 3 0DQD
VSRW LQ D FRQWLQ»RXNRZKMPMDVR XURWEDON LR Q

&DURI O TRXUGRQQHW 6 6DXODV 3 )ORFK ' S5RJH
ZLWK GLITHUHQW OLYLQJ PXOFKHV L) DR@R MLIRO B XWAWHDA. ¢
'"HYHORSPHQW

&DVVHO ' . O5DF]J]NRZVNL & : '"HQWRQ + 3 7LOODJH
6RLO 3K\VLFD®RIR®G6EWHREHN 6RFLHW\ RI $PHULFD -RXUQD

&DYLJHOOL 0 $ 7HDVGDOH - 5 &RQNOLQ $ ( /RQJ
RUJDQLF DQG FRQYHQWLRQDO ILHO G JURRERPLQRWH B DA G
+

&HOHNW [PGDFWV RI GLIIHUHQW WLOODJH SUDFWLFHV RQ
DQG FURS \LHOG XQGHU VHPL DURGVHHGDWHR QD QHRY UFQI
3URGXFWLRQ

&KDWVNLNK ' 20HVHQ - ( 6RLO WLOODJH HQKDQFHG
VDQG VRLO XQG MR VG WIQYE FEDOUCHMW 5HVHDUFK

&KDXKDQ % 6 2SHXxD - (IIHFW Rl WLOODJH V\VWHPV
ZHHG JURZWK DQG JUDLQ \LHOBLHQGSBUREW GHEHD EFFHKV\\
&KHQ 6 < B6WLHQVWUD : & /XHVFKHQ : ( +RYHUVW
JO\FLQHV DQG VR\EHDQ FXOWLSDDQWR "W.IOMDHH DQG URZ

&KHQ 6 7LOODJH DQG FURS VHTXHQFH HIIHFWV RQ +HYV
$JURQRP\ -RXU@DO
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&KLNR\H 8GHQVL 8 ( 2IJXQ\HPL 6 ,QWHJUDWHG
> LPSHUDWD F\OLQGULFD / UDXHVFK @ LQ FRUQ XVLQJ
DQG FRYHUSRBURRIRQI-RXUQDHO

&KULVWLDQ ' * %DFRQ ( 7 * $ ORQJ WHUP FRPSDUL
DQRG GLUHFW GULOOLQJ RQ WKH JURZWK DQG \LHOG RI ZL
VLOW\6RRDOVQG 7LOODJH+HVHDUFK

&OLQH * 5 6LOYHUQDLO $ ) (IIHFWV RI FRYHU FURSYV
+RUW7HFKQRORJ\

&RFLX $ , /RQJ WHUP WLOODJH DQG FURS VHTXHQFH HI
XQGHU HDVWHUQ 5RPDQLDQ GD®GREB GO ©JUQERDWHK FRQ

&RFLX $ , /RQJ WHUP WLOODJH DQG FURS VHTXHQFH HII
\LHOG XQGHU HDVWHUQ 5RPDQLDQ SRRDXHH Q G UQ FEX@MLWP B

&RVWD 6 (HW BODWWHUQV LQ SKRVSKRUXV DQG FRUQ UR
ORQJ WHUP WLOODJH V\VWHPSREZQWIQ CHUMOL@RJHE BESDUF

&RYHQWU\ ' 5 +LUWK - 5 SHHYHV 7 * ,QWHUDFWL
VXEWHUUDQHDQ FORYHU URWDWLRQV RQ DQ DRLRALF VDQ
DQG 7LOODJH 5H& HDUFK

&R[ : - =REHO 5 : YDQ (V + O 2WLV ' - *URZWK
PDL]JH XQGHU WKUHH WLOODJH V\FRIHPY Q@ TWIOHO Q RAU WK WH
+

&XOOXP 5 ) ,QIOXHQFH RI WLOODJH RQ PDARHO LH®G L
7LOODJH 5HVHDUFK

' & (UBDWB®OML]H UHVSRQVH WR WLOODUHDIQY®X H® ¥R LIRD
$6%( +

'‘DLIJIK $ HWWOBIOHOGYVY DQG \LHOG VWDELOLW\ RI QR WLOC
OLGZHVWHUQ 86LEHPBGQR&WROW 5SHVHDUFK

'‘DP 5HW ®ROLO EXON GHQVLW\ DQG FURS \LHOG XQGHU H
ZLWK GLIITHUHQW WLOODJH DQG UHVLGXH SUBRWOFBIQ G Q
7LOODJH SHVHDUFK
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‘DV 7 HW BABQVHUYDWLRQ DJULFXOWXUH HIIHFWV RQ
SURILWDELOLW\ DQG VRLO RUJDQLF FDUERQ DFFXPXODWL
WKH 1RUWK ZHVWHUQ )QBA8G RQRBWVLFHI/BDIUFK

GH &IUFHU 3 6 6LQDM 6 6DQWRQMD O )RVVDWL
FURS VXFFHVVLRQ VRLO WLOODJH DQG F®ERIPM W &R QLDOKOH
SHVHDUFK =%

'H 9LWD 3 'L 3DROR ( )HFRQGR * 'L )RQJR 1 3
FRQYHQWLRQDO WLOODJH HIIHFWV RQ GXUXP ZKHDW \LH(
LQ VRXWKGRILD ,W@®\7LOODJIJH5HVHDUFK

'"HFNHU - ( (SSOLQ ) 0O ORUOH\ ' [/ 3HHSHU 7 )
SURGXFWLRQ VI\VWHPV ZLWK QRS WILFODRPQERRRQPBOQWLRQI

'"HNHPDWL 6LPRQ % 9LQRIJUDGRY ©6 %LUNiIV 0
WUHDWPHQWY RQ VRLO SK\VLFDO SURSHUWLHYV HDUWKZ
6RLO DQG 7LOODJH 5HVHDUEFK

'‘®] =RULWD 0 (IIHFW Rl GHHS WLOODJH DQG QLWURJHQ |
=HD PD\V / SURLOFWQGLW\NOODJH5HVHDUFK

'tD] =RULWD 0 *URYH - + OXUGRFN / +HUEHFN -
'LVWXUEDQFH (IIHFWV RQ &URS <LHOGV DQG B6RLO 3URSH
$JURQRP\ -RXUQPO

'®] =RULWD 0 'XDUWH * $ *URYH - + $ UHYLHZ F
PDQDJHPHQW IRU VXVWDLQDEOH FURS SURGXFWLRQ LQ
$UJHQBRIQDDQG 7LOODJH 5HVHDUFK

'LFNH\ ( & -DVD 3 - *ULVVR 5 ' /RQJ WHUP WLOOD
SURSHUWLHYV LQ D VR\EH D R XWHIDGD VR UIKK® XFRW B-QY ISR Q L F

'L[LW BW.®&RLO SURSHUWLHY FURS SURGXFWLYLW\ DQG
SUDFWLFHV LQ IRGGHU VRUJKXP RBRFKHYHXKRD¥W  BERQRBRBL
6RLO 6FLHQEH

'RPtQJXH] * ) 'LRYLVDOYL 1 9 G6WXGGHUW * $ ORQ\
& DQG 1 IUDFWLRQV XQGHU FRQWLQXRXV FURSSLQJ ZLWK
RI WKH VRXWKHORMHDQ BDIRPODWJIHH5HVHDUFK

'RQDOG 3 $ 7\OHU ' %R\NLQ ' / 6KRUW DQG C
+HWHURGHUD JO\FLQHV UHSURGXFWLRQ LQ ¥RLPHDQGPR(
7LOODJH 5HVHDHUFK
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'ULQNZDWHU / ( -DQNH 5 5 B5RVVRQL /RQJQHFNHU
QLWURJHQ G\QDPLFV DQG SURGXFWL'8DW Q MWQDIMHGE) %R H CE DV

'UXU\ BW)CPQAVVLRQV RI QLWURXV R[LGH DQG FDUERQ GLI
DQG QLWURJHQ SERDPOHEHLMW) FBFHBRKLHW\ RI $PHULFD -RXU(

'UXU\ KBW)DLOVURJHQ VRXUFH DSSOLFDWLRQ WLPH DQG W
HPLVVLRQV DQG FRBQOJEPLYQWH GEWLHW\ RI $RBHULFD -R;

'UXU\ BRW)IPGDFWV RI =RQH 7LOODJH DQG 5HG &0ORYHU R
3K\VLFDO @RD®IBWLHQFH 6RFLHW\ Rl $PHULFD -RXUQDO

‘XLNHU 6 : &XUUDQ : 6 5\H FRYHU FURS PDQDJHPH:
I1RUWKHUQ OLG $WIOUR@RIPR URXULKRRNO

(GZDUGV - + 7KXUORZ ' / (DVRQ - 7 ,QIOXHQFH R
<LHOGV Rl &RUQ 6R\EHDRQRPQGRKHQWO

(JKEDOO % 3RZHU - ) &RPSRVWHG DQG QRQFRPS

FRQYHQWLRQDO DQG QR(WLOODJH V\\BWHRER PR URX U GIIDCE
+

(OOLQJIJWRQ $ (IIHFWV RI GHHS ULSSLQJ GLUHFW GULC(
JURZWK DERLOH®M& 7LOODJH 5HVHDUFK

(QGDOHHW OPGDFW RI FRQVHUYDWLRQ WLOODJH DQG QXV
DQG \LHOG RI FRWWRQ IHUWLOL]JHG ZLWK SRXOWU\ OLW
3LHGP&RRM DQG 7LOODJHt5HVHDUFK

(QGDOHHW DROWLOO FRUQ SURGXFWLYLW\ LQ D VRXWKHDYV
ZLWK SRXGWUR QRMAWRNXUQZO

(uEDQL 3 5 %D\HU & ODHVWUL / &RUQ \LHOG DV DI
RQ DQ DFLG %U®JUBRRP \R{IRXB@DO

JHFIN 3 &DULNRYi ' yHUQé , ,QIOXHQFH RI WLOODJF

RQ VHHG \LHOG DQG TXDOLW\ Rl VREHDW *(REQ@HBD([QYL
+

JHQJ ) ; +XDQJ * % &KDL 4 <X $ = 7LOODJH DQG
VRLO SURSHUWLHV URRW JURZWK DQG JUDLQ&URS®SG RI :
6FLHQFH +
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JHQJI\XQ = 3XWH : ;LQLQJ = (QKH = ;XHIHQJ & (I
RQ VRLO ZDWHU UHJLPHV DQG ZDWHU XVH HIILFLHQF\ L
1RUWKZHV3VU&KD@D-RXUQDO RI $JULFXOWXUDO 5HVHDUFK

JLOLSRYLF ' +XVQMDN 6 .RVXWLF 6 *RVSRGDULF
FRPSDFWLRQ DQG FURS \LHOG-RXYQPIOFRXYHUR O RMF KDRD

JLRULQL $ ODULV 6 & $EDORV ' $PDGXFFL 6 7TDE
U\H 6HFDOH FHUHDOH / FRYHU FURS PLWLJDWHYV QLWU
\LHGRLO DQG 7LOODJH 5HVHDUFK

JLVFKHU 5 $ 6DQWLYHUL ) 9LGDO , 5 &URS UR)
PDQDJHPHQW IRU ZKHDW DQG PDL]JH LQ WKH VXE KXPLG W
SHUIRURDH)®E &URSV 5HVHHDUFK

JLVFKHU 5 $ 6DQWLYHUL ) 9LGDO , 5 &URS UR)
PDQDJHPHQW IRU ZKHDW DQG PDL]JH LQ WKH VXE KXPLG W
SHUIRURDH)®E &URSV 5HVHHDUFK

YJORZHUV 0 /DO 5 $[OH ORDG DQG WLOODJH HIIHFWV
JUDLQ \LHOG RQ D PROOLF R F&RIDO DM 1IQ0 Q R UMt K BN YW U2

JUDQFKLHM OAR&® XWLRQ RI FURS \LHOGV LQ GLIIHUHQW WL
WZR GHFDGHV LQ \M.R)OW K&IWRS % B BIM.HD U F K

JUDQ]JOXHEEHUV $ - 6WXHGHPDQQ - $ &URS DQG FD!
LQWHJUDWHG FURS*OLYHVWRFN SURGXFWBRQHEQE WK H
$JULFXOWXUH DQG )RRG 6\VWHPV

*DMUL 3 5 $URUD 9 . 3ULKDU 6 6 7LOODJH PDQDJH
XVH LQ ZKHDW IRFOL@MRE2DGI 7WIOFKHD JH s5HVHD U FK

*DOYH] / 'RXGV ' ' 'ULQNZDWHU / ( :DJRQHU 3 (I
VIVWHP XSRQ 9%$0 IXQJXV SRSXODWLRQV DQG P BROROUQWK L] D\
DQG 6RLO #

*DOYH] [/ ‘RXGV " :DIJRQHU 3 7LOODJH DQG IDUPL
SRSXODWLRQV P\FRUUKL]DO IRUPDWLRQ DQG QXWULHQV
$PHULFDQ -RXUQDO RI $OWHUDWLYH $JULFXOWXUH

*DQJZDU . 6 6LQJK . . B6KDUPD 6 . (IIHFW RI WLOOTL
XSWDNH LQ ZKHDW DIWHU ULFH LQ7WKHR®GR DO RIHM UE 3
6FLHQFH +
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*DQJZDU . ©6 6LQJK . . 6KDUPD 6 . 7TRPDU 2 . $cC
UHVLGXH PDQDJHPHQW LQ ZKHDW DIWHU ULFH BRLWDQG\
DQG 7LOODJH 5H¥HDUFK

*DR - +DR ; TKHOHQ . ' 5REHUWVRQ * 3 $JURQR
SUHFLSLWDWLRQ HIITHFWV RQ VR\&EUR® RALAHOQRHE IDWW\ D

*DWKDOBWODKHFW RI WLOODJH DQG FURS HVWDEOLVKPHQ
RI' D PHGLXP WH[WXUHG VR L@KX®WH U 6N IROH\@IPH 6LRLAFLH
$PHULFD -RXUQDO

*KXPDQ % 6 6XU + 6 7LOODJH DQG UHVLGXH PDQDJH
\LHOGV RI UDLQIHG PDL]JH DQG ZKHDW L&R IDO VIXE® XL U
SHVHDUFK

*LDQQLWVRSRXORV 0 / %XUJHVV 3 - SLFNVRQ 5
VIVWHPV RQ VRLO SK\VLFDO FKDQJHYV DQG FURXULHIIGGV L
Rl 6RLO DQG :DWHU &R)VHUYDWLRQ

*UDFLD 5RMHMUBIOMQRW\SLQJ FRQVHUYDWLRQ DJULFXOW X
JURXQG DQG DHULDO UHPRWH VHQVLQJ DVVHVVPHQWV RI
SHPRWH 6HQVLQJ

*UDJHGD &DE BNWUPHORWISOL]HU G\QDPLFV LQ GLIIHUHQW V
VIVWHPV LQ D 9HUWLVRRWDLEBYWI BOLOH[LRR$S FURHFRV\V

*UDQG\ $ 6 BS5REHUWVRQ * 3 7TKHOHQ . ' 'R SURGXF
RINV MXVWLI\ SHULRGLFDOO\ FXOWIYRQYRRY -RRWQAEXA®D FUR

*UDQW & $  %DLOH\ / ' 7KH HIIHFW RI .&0 .12 D G
FRQYHQWLRQDO DQG JHUR WLOO V\VWHPV RQ FRPPRQ UR
+HDUWOD @B EDWICCHY) -RXUQDO RI£30DQW 6FLHQFH

*ULIILWK ' 5 .ODGLYNR ( - ODQQHULQJ - 9 :HVW 7
WLOODJH DQG URWDWLRQ HIIHFWV RQ FRUQ JURZWK DQG
GUDLQHEJVRQABVY\ -RXUG@DO

*ULJRUDV 0 $ 3RSHVFX $ 3DPILO ' +DV *LGHI
DJULFXOWXUH V\VWHP DQG IHUWLOL]DWLRQ RQ ZKHDW \L
-RXUQDO RI )RRG $JULFXOWXUH DQG (QYLURQPHQW
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*UXEHU 6 3HNUXQ & O|KULQJ - &ODXSHLQ : /RQJ V
FRQVHUYDWLRQ DQG VWXE E ®RIL & LDDQD®D JH A.@D 6 H *HHNPHDIU F

*XO % O0DUZDW . % 6DHHG 0 +XVVDLQ = $OL + ,F
DQG PXOFKHV RQ ZHHG PDQDJHPBQWLN®® QURKXQ QIDHO R R4

+

*XR HRW DHOGXFHG LUULJDWLRQ DQG QLWURJIHQ FRXSOHG 7
LQFUHDVH ZKHDW \LHOG LQ PDL]H ZIKHH®GV URVSNYWsLHRMH D Q FI

*X\ 6 2 &R[ " % 5HGXFHG WLOODJH LQFUHDVHV UHVL
SHD DQG ZLQWHU ZKHDW FURSYV 6@ MOKBIQI®D @ RAY B IJHHIHRE

+

*ZHQ]JL *RWRVD - &KDNDQHWVD 6 OXWHPD = (Il
RUJDQLF FDUERQ G\QDPLFV VWUXFWXUDO VWDELOLW\ D¢
DHVWLYXP / #tFRWWRQ *RVV\I\SLXP KLUVXWXRXW ULRNQ DWW L
&\FOLQJ LQ $IJURHFRV\VWHPV

+DOYRUVRQ $ ' %ODFN $ / .UXSLQVN\ - 0 OHUULOC
UHVSRQVH WR WLOODJH DQG QLWURJHQ IHUWLOL]DWLRQ
$JURQRP\ -RXU@DO

+DOYRUVRQ $ ' %ODFN $ / .UXSLQVN\ - 0 OHUUL
UHVSRQVH WR WLOODJH DQG QLWURJ$HQ RQRK\L QR X Q QD®DQ
+

+DOYRUVRQ $ ' ORVLHU $ 5 B5HXOH & $ %DXVFK
RQ LUULJDWHG FRQWLWQR@®RRR\ FRNQHDBOGV

+DOZDQL 0O SHFNOLQJ 0 G6FKXOHU - %ORFK 5 %DF
FURS V\$WJHRRQRP\

+DPEOLQ $ 3 7KH HIIHFW RI WLOODJH RQ VRLO VXUIDF
[HUDOILFGRODOLVRG 7LOODJH5HVHDUFK

+H HW D\ QWLPDWLQJ WKH LPSDFWV RI FOLPDWH FKDQJH F

IRU FRQYHQWLRQDO DQG QR WLO ODSHULEG XRW WKIZE \6W\HW I
+

+HPPDW $ (VNDQGDUL , 'U\ODQG ZLQWHU ZKHDW UH
FRQWLQXRXV FURSSLQJ V\VWRPOL QR QR UMCKZHMIA B KNDH DUDKC
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+HPPDW $ (VNDQGDUL , 7LOODJH VA\VWHP HIIHFWV XS
ZKHDW+*FKLFNSHD URWDWLRQ LERWXID QR UWHQ B VM S HVIHR!

+HQGUL[ % - <RXQJ % * &KRQJ 6 . HHG ODQDJHI
$JURQRP\ -RXU@DO

+RODQGDHW ®RRWULEXWLRQ RI WLOODJH V\VWHPV RQ W
DQG WKH SURGXFWLYLWHRLGR &Q HDEFGE I/\R SEHDQ LD V

+RXHW OCHFWV RI URWDWLRQDO WLOODJH SUDFWLFHV R
DQG ZDWHU XVH HIILFLHQF\ LQ VHP)LBOGG&ADRISDVSRV QRUKN
+

+RXULD & +DQQDFKL $ )HOODKL = ( $ %RX]HU
PDQDJHPHQW HIIHFW RQ GXUXP ZKHDW >7ULWLFXP WXUJ
GXUXP 'HVI PDFNH\@ JURZWK DQG \L H{ DQFGHWU LQH
(QYLURQPHQWDO %LRORJ\

+RX&" 0 3URFKIi]JNRYi % +OHGtN 3 (IIHFW RI GLIIHUH
\LHOG IRUPLQJ IDFWRWFWDR ZQOWHIL ZWBEDWY $JULFXOW X
OHQGHOLDQDH %WXQHQVLYV

+RzDUG ' ' *2ZDWKPH\ & 2 5REHUWYV 5 . IHVVPDQ °

RI FRWWRQ RQ WZR KLJK WHVWLQ-RXEBRDWY R GOD QWZ R XWL
+

+X HW POHFWV RI WLOODJH FRPSDFWLRQ DQG QLWURJI
QLWURJHQ ORVVHV IROORZLQJ V$PXIODWMXURUDBRVFUWR
(QYLURQPHQW

+XDQJ HWIBWRGXFWLYLW\ DQG VXVWDLQDELOLW\ RI D VS
VHPL DULG HQYLURQPHQW XQGHU FRQYHQWLHR®® G DR F
5HVHDUFK %

+XDQJ 0 -LDQJ 3 =KRX ; =RX < 1R WLOODJH LQF
IDOORZ ZHHGV LQ D GRXEOH VHDVRQ :HHBH %LURRBBIQD QX
ODQDJHPHQW

+XDQJHW DR WLOODJH DQG GLUHFW VHHGLQJ IRU VXSHU
RLOVHHG UDSH FXRIKRSIHDIQVARYMHPDO RI%$JURQRP\

+XDQJHW QOOHFW RI WLOODJH RQ VRLO DQG FURS SURSHL
J)LHOG &URSV 5HVHHDUFK
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+XDQJ ; :DQJ / <DQJ / .UDYFKHQNR $ 1 ODQDJHP}
RI FURS \LHOGV ZLWK WRSRJUDSK\ UHSUHV HQWRGRE\ ZHW
-RXUQDO +

+XQW 3 * %DXHU 3 - ODWKHQ\ 7 $ %XVVFKHU
DFFXPXODWLRQ UHVSRQVH WRASWROBGBUHQ@AD FRDVWDO SC

+X\QK + 7 +XIQDJHO - :XUEV $ %HOOLQJUDWK .LPX
LUULJDWLRQ DQG FURS URWDWLRQ RQ PDL]H ELRPDVV \L}
*HUPD)QHOG &URSV 5HVHDUFK

,LMLPD 0 $VDL 7 =HJDGD /L]DUD]X : 1DNDMLPD <
ZDWHU VRXUFH Rl LQWHUFURSSHG ZKHDW DQG ULFH LQ T
WKH HITHFWV RI QR \WOO QWJ B URGX FBWIRXQ KBW L HQ F H

,TEDO 0 $QZDU XO +DVVDQ ,EUDKLP O (IIHFWV RI WI
SK\VLFDO TXDOLW\ SDUDPHWHUYV DQG PDL]H %ERORILWDO
$IJULFXOWXUH +RUWLFXOWXUH

,UDJDYDUDSX 7 . 5DQGDOO * : <LHOG DQG QLWURJH(
D ORQJ WHUP WLOODJH H[SHULSRLOWDRG B LORORDLI®!\+5GH/IHLDQ

,UPDN 6 .XNDO 0 ©6 ORKDPPHG $ 7 ‘MDPDQ . 'L
HYDSRWUDQVSLUDWLRQ PLFURFOLPDWH JUDLQ \LHOG S
$JULFXOWXUDO :DWHU GBDQDJHPHQW

, VKDTXHW ®IORUW WHUP HIIHFWV RI WLOODJH DQG UHVLG
PDWWHU \LHOG DQG IDWH RI 1 XUHD LQ D FRQWLQXRXYV |
FRQGLBRIRYPQG 7LOODJHsHHVHDUFK

,VPDLO , %OHYLQV 5 / )JU\H : : /RQJ WHUP QR WLO
FRQWLQXRXV6RRIOQ6FLHHMGEW 6RFLHW\ Rl §PHULFD -RXUQDC

,VVDNDV POUR WLOODJH LPSURYHV VRLO SURSHUWLHV U
SURGXFWLYLW\ LQ D USEHRRBP®DQG LQ *KDQD

, ]I DXUUDOGH 5 & &KRXGKDU\ 0 -XPD 1 * OF*LOO :
QLWURJHQ \LHOG LQ OHJXPH EDVHG URWDWLRQV SUDFWL
$JURQRP\ -RXU@DO

,]XPL < B8FKLGD . ,LMLPD 0 &URS SURGXFWLRQ LQ V
ZLWK QR WLOODJH SUDFWLFH LQ UHO DMRQWWRIRGHF W E
6FLHQFH=
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-DW BW DX OXDWLRQ Rl SUHFLVLRQ ODQG OHYHOLQJ DC
ULFH ZKHDW URWDWLRQ :DWHU XVH SURGXFWIBRILW\ SUF
DQG 7LOODJH 5HVHDUFK

-DwW BW.DWWQ \HDUV RI FRQVHUYDWLRQ DJULFXOWXUH LQ
*DQJHWLF 30DLQV RI ,QGLD <LHOG WUHQGV ZpPWIDWG SURC
&URSV 5HVHDYFK

-RQHV 0 - &RPSDULVRQ RI FRQVHUYDWLRQ WLOODJH V\
LQ IRUWKHBMBLPHIRWDO $JULFXOWXUH

"RQHV 2 5 3RSKDP 7 : &URSSLQJ DQG WLOODJH V\V\
LQ WKH 6RXWKHS$JURQRPBOMXQED O

-XJ HW OHFW RI FRQVHUYDWLRQ WLOODJH RQ FURS SURC
6RLO DQG 7LOODJH 5HVHDUEFK

.DEDQ]D $ . 5ZHKXPEL]D ) % 5 $VVHVVPHQW RI WKH
IDUP\DUG PDQXUH DSSOLFDWLRQ WR VRUJKXP SURGXFW
$GYDQFHV LQ ,QWHJUDWHG 6RLO )HUWLOLW\ ODQDJHPHQ\
2SSRUWXQ+WLHV GRL B

.DELU = 27+DOORUDQ , 3 )\OHV - +DPHO & 6F
P\FRUUKL]DO IXQJL DV DIIHFWHG E\ WLOODJH SUDFWLFH
P\FRUUKL]DO UR RW FRW FDXLG DA/RILROQ

.DIHVHWL®ORPSDUDWLYH IHUWLOL]DWLRQ HIIHFWV RQ PDL]
DQG FRQYHQWLRQDO WLOODJH RQ VDQG\ VRLOV LQ D VP
JLHOG &URSV 5HVHDUFK

.DQGHO 7 3 *RZGD 3 + I1RUWKXS % . SRFDWHOL
QLWURJHQ IHUWLOL]HU UDWHYV DQG D OHJXPH JUHHQ PDQ
ZKHBWIHQW )RRG $IJWHLFXOWXUH

.DUOHQ ' / +XQW 3 * ODWKHQ\ 7 $ )HUWLOL]JHU C
DQG FRWWRQ JURZQ ZLWK DQG ZLWKRXW SUIRESS 6 PIQHN) MH.
+

.DUOHQ ' / %HUU\ ( & &ROYLQ 7 6 .DQZDU 5 &6
URWDWLRQ HIIHFWV RQ \LHOGV DQG VRLORPRNPILFD® ISRIER
LQ 6RLO 6FLHQFH DQG 3@DQW $QDO\VLV

.DUOHQ ' / .RYDU - /| &DPEDUGHOOD & $ &ROYLQ
RQ FURS \LHOG DQG VRARL OHDQE TIL\W O DQ B 5HDMABRWW K
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.DUXQDWLODNH 8 YDQ (V + O 6FKLQGHOEHFN 5 5 6
QR WLOODJH DIWHU DOIDOID WR PDL]H FRQY&HRIMNIA P RQ
7LOODJH 5HVHDUFK

.HQQHG\ & : +XWFKLQVRQ 5 / &RWWRQ JURZWK DQG (
VIVWBPBRS 6FLHQFH

.LKDUD - %DWLRQR $ O0OXJHQGL ' 1 ODUWLXV & 9C
ORFDO RUJDQLF UHVRXUFHVY DQG QLWURJHQ IHUWLOL]JHU

VWUXFWXUH DQG QXWULHQW XWO DI WV&LROVIPR LL Q URLIG RHH(
+

.LvLOG , %D&LU0O ) %LUNDV 0 -XULALUO $ %LUDQLU 9
GLITHUHQW WISOODBKMOWWWHHAV&ERQVSHEWXYV 6FLHQWLILFXV

.LWRQ\R 2 O 6DGUDV 9 2 =KRX < '"HOWRQ O ' 1L
PDL]H \LHOG UHVSRQVH WR WLOODJH DQG VWXHBE®DG LQ
&URSYV 5HVHDUEK

.ODGLYNR ( - *ULIILWK ' 5 ODQQHULQJ - 9 &RQV
SURSHUWLHY DQG \LHOG RI FRERLDQIQ BRI DOBDHDIGY5HY HDQt

QLIJKW & : JHZLV & ( &RQVHUYDWLR® VWIQWO DU a o
5HVHDUF Kt

.RED\DVKL + OLXUD 6 2\DQDJL $ (IIHFWV Rl ZLQWH
ZHHG YHJHWDWLRQ LQ :Bl HQR %WLROGORNI) HD @ RBYEREID@ JH R H Q W

.RUXFX 7 OHUGXQ + (IIHFWV Rl 7LOODJH 6\VWHPV RQ :
-RXUQDO RI $QLPDO DQG 9HWHULQDU\ $GYDQFHV

. XPXGLQL 6 *UDEDX / 9DQ 6DQIRUG 2PLHODQ -
SURFHVVHV XQGHU QR WLOO DQG FRQYHQWLRQDO WLOOD
UHJISRQRQRP\ -RXUQRO

. XUOH - ( *UDX & 5 2SOLQJHU ( 6 OHQJLVWX $ 7L
HITHFWV RQ VFOHURWLQLD VWHP WRWRIQRR\GHRXUMEDQG \L

.XVKZDKD & 3 6LQJK . 3 &URS SURGXFWLYLW\ DQG

DJUR HFRV\VWHP ,PSDFW RI UHVI([G3HU DRHQ W DO OIDJIH- PXOQ;
+
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XWFKHU + 5 -RKQVWRQ $ 0 %DLOH\ . [/ ODOKL 6
SODQW GLVHDVHV ZLWK IROLDU IXQJLFLGHVY URWDWLRC
6DVNDWFKHZDIOH&® @DEBYV 5HVHDUFK

IDIRQG * 3 ob\ : ( 6WHYHQVRQ ) & '"HUNVHQ ' $
DQG URWDWLRQV RQ FURS SURGXFWLRQ IRU D WRLQ %OD
DQG 7LOODJH 5H¥HDUFK

/IDO 5 $[OH ORDG DQG WLOODJH HIIHFWV RQ FURS \LHO
2KLRRLO DQG 7LOODJH+#HHVHDUFK

/IDO 5 /RQJ WHUP WLOODJH DQG PDL]JH PRQRFXOWXUH F
1LJHULD , &URS \LHOG DQGRRQCO QK\VLPOD® BURSBWMH WU HE

/IDO 5 6RLO GHJUDGDWLYH HIIHFWV RI VORSH OHQJWK I
1LJHULD , 5XQRII HURVUPQ®QWIBDRBO WIHR/GRQNHHORSP

/IDO 5 $KPDGL O $[OH ORDG DQG WLOODJH HIIHFWV R
2KLRRLO DQG 7LOODJH+#HHVHDUFK

/DO 5 J/RJDQ 7 - )DXVH\ 1 5 /RQJ WHUP WLOODJH D¢
GUDLQHG PROOLF RFKUDTXDOI LQ QRUWKZHVW 2KLR 6
DQG JUDLQ \LHOG RISRRIOQDRGG7 V8 OHIMQ@5 HV HD U FK

IDPSXUODQpPV - $QJiV@H] &DORRMWRIORUWK VRLO ZDW
\LHOG RI EDUOH\ XQGHU GLIIHUHQW WLOODJH LWOGIPV F
&URSV 5HVHDYFK

/IDQGVFKRRMIRGIB/ VKLIWLQJ IURP FRQYHQWLRQDO WR JHUR
FRYHU FURS RIIHUV RSSRUWXQLWLHV IRWRXUQDIHRADIPM C
1IXWULWLRQ DQG 6RItO 6FLHQFH

/IDWLIPD@®MNMNEAOMMHIUDWLYH LPSDFWV RI URWDWLRQDO WLC
DFFXPXODWLRQ XQGHU FRUGRZROHDWG FURSSLIOH YHVWDBIPBF K

IDWWD - 29/HDU\N * - /RQJ WHUP FRPSDULVRQ RI URW
ZKHDW LQ $XWWW BORGBY 5HVHDUFK

/IDZUDQFH . ) 3ULQVORR 0 $ %HUU\ : $ - /RQJ DQ
VIVWHPV RQ JUDLQ \LHOG WKH LQFLGHQFH RBRXWHKDVH\
$IULFDQ -RXUQDO RI 3@DQW DQG 6RLO
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/JHQVVHQ $ : 6DLQMX 8 0 $OOHQ % / -DEUR -
SURGXFWLRQ DQG ZDWHU XVH DIIHFWHG E\$WURQRBM DQ
-RXUQDO +

/L W DOVHDUFK RI ORQJ WHUP VXVWDLQDEOH WLOODJ}
PDL]H ZLQWHU ZKHDW VR\EHDQ URWDWLRQ)VNOWH&URG WV |
SHVHDUFK =%

IJLFKW 0 $ $0 .DLVL 0 &RUQ UHVSRQVH QLWURJHQ X
FRPSDUHG ZLWK QR WL & DWDRE RPQGRMLFHO SORZ

/ILQGHQ ' 5 &ODSS & ( 'RZG\ 5 + /RQJ WHUP FRUQ

IXQFWLRQ RI WLOODJH DQG UHVLGX6RUBPRY® T LLAYOIBD M V8 H
+

I[LWKRXUJLGLY $ 6 7VDWVDUHOLV & $ '"KLPD . 9 7
VLODJH \LHOG DQG ODERU DQG IXHO LQBRWWRIOHQGRIXEO

+

/ILX - )DQ < OD < /L 4 5HVSRQVH RI SKRWRV\QWKH
GU\ PDWWHU DFFXPXODWLRQ DQG JUDLQ \LH®WF W MAL.OO
RI $JURQRP\ DQG &RLO 6FIGRRQFH

ILX 7 +XDQJ - &KDL . &DR & /L & (IIHFWV RI 1
SUDFWLFHV RQ 1+ YRODWLOL]DWLRQ JUDLQ \LHOG DQG
&KLQODRQWLHUV LQ 30DQW 6FLHQFH

/ILX HW BPRLO RUJDQLF FDUERQ LQFUHPHQW VRXUFHV D¢
FRQVHUYDWLRQ WLOODJH SUDMNMGHNIUQ KW DRQP D'IHWHWHD
GRL OGU

/lySH] 0 9 $UU~H - / *URZWK \LHOG DQG ZDWHU XV

UHVSRQVH WR FRQVHUYDWLRQ WLOERLIH DL@GD7vEePDIH)baE
+

/ySH] %HOOLGR / )XHQWHV 0 &DVWLOOR - ( [/ySH]
/JRQJ WHUP WLOODJH FURS URWDWLRQ DQG QLWURJHQ I}
OHGLWHUUDQHBQURR®ELWRRQED O

/ySH] %HOOLGR / J/ySH] %YHOOLGR 5 - &DVWLOOR -
UHVSRQVH WR WLOODJH DQG VRLO UHVLGXDO)QHWGRJIHC
&URSV 5HVHDUWFK

/ySH] %HOBWGBKHDW UHVSRQVH WR QLWURJHQ VSOLWWL
GLIIHUHQW WLOODJH V\WWHPV DQG FURSSLQJ URWDWLR
FRQGLUXIWRRBHDQ -RXUQDO RIE$JURQRP\
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/ySH] 9i]TXH] $ &DGHQD =DSDWD 0 &DPSRV 0DJDxXD €
OHQGH] 'RUDGR 0 &RPSDULVRQ RI HQHUJ\ XVHG DQG HIII
WLOODJH VIVWHPV LQ D VHRBUNRIQRFRQGLWLRQ RI OH[LFR

[fTWM|QHQ 7 ,VRODKWL O 'LUHFW GULOOLQBIRWDIBHUHD
$JULFXOWXUDH 6FDQGLQDYLFD 6HFWLRQ % 30DQW 6RLC

IRZHU\ % *URXQGZDWHU TXDOLW\ DQG FURS \LHOG UH
6SDUWBRIDQBQG 7LOODJHHHVHDUFK

IY 6 HW $@ RSSRUWXQLW\ IRU UHJHQHUDWLYH ULFH SUF
FRYHU DQG SODQW ELRPDVV PXOFK ZLWK QR WLOO VRLC
QLWURJHQ SROOXWLRQ DQGJRRQIRPRLQ KLJK VWDEOH \LF

OD KW DIONLIDWLRQ RI QLWURXV R[LGH HPLVVLRQV IURP
QR WLOO SUDFWLFHV XVLQJ QLWULILFDWLRQ LQKLELWRLI
%LRORJ\ DQG )HUWLOHL W\ RI 6RLOV

obboL 6 + $JHQEDJ * $ (IIHFW Rl VRLO WLOODJH FU
UDWHV RQ JUDLQ \LHOG RI VSULQJ ZKHDW 7ULWLFXP T
SURGXFLQJ DUHD RI WKH 56RXEIO I$FURIFORXVRK $QDLFMRI 30L

*

ODFKDGR 6 3HWULH 6 S5KLQKDUW . 4X $ /RQJ WHUPF
1RUWKZHVW 7LOODJH DQG IHUWLOL]HU HIIHFWV RQ ZLQYV
SURGXBRILE@QG 7LOODJHsHSHVHDUFK

ODKDWD . 5 6HQ + 6 3UDGKDQ 6 . 0DQGDO / 1
FRPSDUHG ZLWK SXGGOLQJ IRU ZHW VHDVRQ ULFH RQ DQ |
7KH -RXUQDO RI $JULFXOWXUDO 6FLHQFH

ODaHFND , %OHFKDUF]\N $ ©6DZLQVND = '"REU]JHQLHI
WHUP WLOODJH V\VWHPV RQ VRLO SURYHUWK H\RXOJID ¥
$JULFXOWXUH DQGHRUHVWU\

ODOKL 6 6 /HPNH 5 :DQJ = + &KKDEUD % 6 7LOO
HITHFWV RQ FURS \LHOG QXWULHQW XSWDNH6RMROLOQG&DO
7LOODJH 5SHVHBPUFK

ODOKL 6 6 OF$QGUHZ ' : &DUWHU 0 5 (IIHFW RI W

BRORQHWI]LF VRLO RQ EDUOH\ SURRLAONLAG DIQESODR A H N RH
+

ODOKL 6 6 /IHPNH 5 7LOODJH FURS UHVLGXH DQG 1 IH
XSWDNH VRLO TXDOLW\ DQG QLWURXV R[LGHGGDPMOHPQEGVL]
7LOODJH 5SHVHBPUFK
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ODUWtQH] ( )XHQWHV - 3 3LQR 9 6LOYD 3 $SFHY
SURSHUWLHV DV DIIHFWHG E\ QR WLOODJH DQG FRQYH
+DSOR[HUROO RIERHQ\WQIEO7&ROMHH THVHDUFK

ODUWLQ HXHDBIDODQDJH DQG FURS URWDWLRQ HIITHFWV RQ E
D &DOFLRUWLGEGERL«DBSQB[MUOODJH 5HVHDUFK

ODXU\D 3 5 (IIHFW RI WLOODJH DQG UHVLGXH PDQDJHP
SK\VLFDO SURSHUWLHYV RI DQ LUULJDWH®&R VO (DX GO RIDFPOD
SHVHDUF Kt

OF$QGUHZ ' : )XOOHU / * :HWWHU / * *UDLQ DQG
IRXU WLOODJH V\VWHPV &Q QDRALWRQHIRXWIQDQ@ RO BHIDQV 6

OF&RQNH\ % * &DPSEHOO & $ =HQWQHU 5 3 '\FN
WLOODJH HIIHFWV RQ VSULQJ ZKHDW SURGXFWLRQ RQ W
&DQDGLDQ -RXUQDO RI 3®DQW 6FLHQFH

OF&RQNH\ % * B8OULFK ' - "\FN ) % 6QRZ PDQDJH
LQFUHDVLQJ FURS \LHO G\ BRQDI5 IURD OR QU QDIOQBVBBSHE 6F

OHOHWRV BRAJ WHUP HIIHFW Rl WLOODJH URWDWLRQ DQC
LQ D OHGLWHUUPRHD Q@ @G FWQOROH 5 HVHDUFK

OHVVLIBIWS/MRAWJ WHUP LPSDFW Rl WLOODJH SUDFWLFHV D
RQ PDL]H DQG VR\EHDQ \LHOI®WG BYR SAR 56 \3HDW DKV X V

OLVKUD - 6 6LQJK 9 3 7LOODJH DQG ZHHG FRQWURO
ULFH ZKHDW V\VWHP RQ D 96RMOL DRG L7Q CROHIIWM UDHV HQ @ [El

OLWUDN WONULHQW PDQDJHPHQW LQ ZKHDW 7ULWLFXP DF
FRQYHQWLRQDO DQG JHUR WLOODJH LQ,BBV W& UG XWUXED 6L
$JULFXOWXUDO 6FELHQFHYV

ORQQHYHX[ 3 4XLOOpPURX ( 6DQFKH] & /IRSH] &HVD
UHVLGXHVY FRQVHUYDWLRQ RQ FROQWLQXRXV PDL]JH FURSSI
30DQW DQG &RLO

ORUHOO ) - /DPSXUODQpV - EOYDUR )XHQWHV - &L
XVH HIILFLHQF\ Rl EDUOH\ LQ D VHPLDULG OHGLWHUUDQH
WLOODJH DQG ARIHUWQGLIDWQRBRQH $5HVHDUFK
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ORUHW ' $UU~H - / J[/ySH] 0 9 *UDFLD 5 :LQWHU EDL
FURSSLQJ DQG WLOODJH V\VWHPV LXXUVRPHDQLXR B$UPDR
$JURQRP\ %

ORUULVRIQW ODIGOODJH DQG FURS URWDWLRQ HIITHFWV RQ
ZKHDW LQ HDVADHUDG KD@DBPUQDO RI 3 ®DQW 6FLHQFH

ORVLHU $ 5 +DOYRUVRQ $ ' B5HXOH & $ /LX ; -
DQG JUHHQKRXVH JDV LQWHQVLW\ LQ LUULJDWHG FURS
-RXUQDO RI (QYLURQPHQWDO 4XDOLW\

OUDEHW 5 '"LITHUHQWLDO UHVSRQVH RI ZKHDW WR WLOO
RI ORUREHARG &URSV 5HVHDUFK

OW\RELOH 0 0X]DQJZD / OQNHQL 3 1 6 7LOODJH
VHOHFWHG VRLO FKHPLFDO SURSHUWLHY DQG ZKHDW \LH(
&DSH 6RXWRWHUEDWLRQDO -RXUQDO RI $HMILFXOWXUH D

OXOXJHWD ' BWROWHQEHUJ ' ( :HHG DQG VHHGEDC
PHWKRGV DV LQIOXHIGE HGE LEA QFHO OD JH

OXWVDPED ( ) 1\DJXPER , 0XSDQJZD : )RUDJH DQG
OLYHVWRFN IDURB®J VDVWBIPYJHQ -RXUQDO RI /LIH 6FLHC
GRL M QMDV

OXWVDPED ( ) 1\DJXPER , 0XSDQJZD : )RUDJH DQG

OLYHVWRFN IDUPLQJ V\VWHPV (QKDQFLQJ IRUDJH DQG F
VIVWHPV XQGHU FRQVHUYDWLRQ DJULF¥WXDH QQQVKE
-RXUQDO RI /LIH 6FLHQFRRL M QMDV

1DQGIHW ®ORS HVWDEOLVKPHQW ZLWK FRQVHUYDWLRQ W
ULFH EDVHG FURSSLQJ VI\VWHPV RI (DVWHUQ ,@BGIB\\LHOC
DQG :DWHU (QYLURQPHQW

1DUD\DQ ' 7LZDUL $ . /DO % .DWL\DU 9 6 (IIHFW
PDQDJHPHQW RQ VRLO DQG ZDWHU FRQYBOVIRVISRIQ ®ORQ
+

1D]JLUDK / 3XUED ( +DQXP & 5DXI $ (IIHFW RI \
DSSOLFDWLRQ RQ JURZWK DQG \LHOGV $MLBPKO IRXE QD6 HF
$JULFXOWXUH DQG %LRORJ\

1GROHW$®RQVHUYDWLRQ DJULFXOWXUH ZLWK WUHHV DP.
WLOODJH RQ PDL]H SHUIRWUIHFPO® R RYV(BMWHPIUEKD
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IHZWRQHW &®LO WLOODJH HIIHFWV RQ WKH HIILFDF\ RI
ZLQWHU)EBOGHAURSYV 5HVHHDUFK

1JZLUD $ 5 $XQH - % ONZLQGD 6 2Q IDUP HYDOX
EHQHILW RI VKRUW WHUP PDL]H OHJXPH LQWHUFURSSLQJ
ODODMAIHOG &URSV 5HVHDUFK

1JZLUD $ 5 .DEDPEH 9 6LPZDND 3 ODNRNR . .DP
SURILWDELOLW)\ RI PDL]H OHJXPH FURSSLQJ V\VWHPV X
VPDOOKROGHU IDSPWDVS$IQLFXOMNUDH 6FDQGLQDYLFD 6H
6FLHQFH

1ILHOVHEW ®®RSSLQJ VIVWHP LQIOXHQFH RQ SODQWLQJ ZI
ZKHBWJRQRP\ -RXUQ@DO

1RHO * 5 D[ / 0 3RSXODWLRQ G\QDPLFV RI +HWHUTI
WLOODJH DQG QR WLOODJH VRREXHWD® G RIQ HFPRERIORI WV \V!

1RUZRRG & 3URILOH ZDWHU GLVWULEXWLRQ DQG JUDLQ
WLO®IURIQRP\ -RXUGDO

1RUZRRG & $ :DWHU XVH DQG \LHOG Rl GUWDDRIEZRBRZ F|
-RXUQDO =

1RUZRRG & $ &XUULH 5 6 7LOODJH SODQWLQJ GD\)
GU\ODQERKRQPOO RI BURGXFWLRQ $JULFXOWXUH

1RXUMWSHRLO SK\WLFDO SURSHUWLHY DQG VR\EHDQ \LHOC
VIVWHPV DQG FRYHU FURSSI6QY W® LVQKOHE I0Q GW R X8Z K V8 Br$U O L

1\DPDG]DZR * 1\DPXJDIDWD 3 :XWD O 1\DPDQJDU
FRSSLFLQJ DQG QRQ FRSSLFLQJ IDOORZV LQ D IDOORZ
=LPEDBZHMRIRUHVWU\ 6\ WWHPV

1\ERUJ 0 G6ROEHUJ ( ' , ] DXUUDOGH 5 & ODOKL 6 6
RI ORQJ WHUP WLOODJH VWUDZ DQG 1 IHUWLOL]JHU RQ
EDODERAHD DQG 7LOODJH+HHVHDUFK

2IJXQUHPL / 7 /DO 5 %DEDOROD 2 (IIHFWV RI WLOOC
VRLO SURSHUWLHY DQG \LHOG RI ORZODQG ULF6&RILLRP D
DQG 7LOODJH 5SHHDUFK

2IXQUHPL [ 7 /IDO 5 %DEDOROD 2 (IIHFWV RI WLO
SK\WVLFDO SURSHUWLHYVY DQG \LHOG RI XSODQ® LA B GRU
7LOODJH SHVHDUFK
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2MHQL\L 6 2 1XWULHQW DYDLODELOLW)\ DQ®RPODL PHQ\G H O
7LOODJH 5HVHDUFK

20VRQ . 5 (EHOKDU 6 $ /IDQJ - 0 (IIHFWV RI \i
VIVWHPV RQ VRLO RUJDQLF FDYERML H® ® YR L@ YSLURRGXPH/
6FLHQFH

2SRNX * 9\Q 7 - 6ZDQWRQ & - ORGLILHG QR WLOO

RQ FODSYRRWRP\ -RXUG@DO

2VXML * ( :DWHU VWRUDJH ZDWHU XVH DQG PDL]H \LHO
LQ 1LJHRILD® DQG 7LOODIHS5HVHDUFK

2XpGUDRJR ( ODQGR % %UXVVDDUG / 6WURRVQI
PDQDIJHPHQW HIITHFWV RQ VRLO RUJDQLF PDWWHRID® G VR
DQG 7LOODJH 5HWWHDUFK

3DELQ - /LSLHF - :4RGHN 6 %LVNXSVNL $ ODL]!
PDQDJHPHQW DQG WLOODJH V\VWIQRWH X Q B Wl RFRGIJ® [ URRLSF
+

3DJQDIYW @IHFW RI VRLO WLOODJH DQG FURS VHTXHQFH R
ZKHDW LQ OHGLWSIWRIMEHPDQ DUHDV

3DOD 0 +DUULV + & 5\DQ - ODNERXO 5 'R]RP 6
PDQDJHPHQW LQ D OHGLWHUUDQHDQ W\SH HQYLURQPHQW
([SHULPHQWDO $JUEFXOWXUH

3DUHMD 6iQFKH] ( 30D]D %RQLOOD ' EOYDUR )XHQW
IHDVLEOH WR UHGXFH WLOODJH DQG 1 XVH ZKLOH LPSURY
DJURHFRV(WWREBHD'Q -RXUQDO RI $JURQRP\

3DULKDUHW DBDHFWV Rl SUHFLVLRQ FRQVHUYDWLRQ DJU
PXQJEHDQ URWDWLRQ RQ FURS \LHOG ZDWHU XVH DQG UI
HFRV\\WWWHPFXOWXUDO :DWHU OGDQDJHPHQW

SDULKDHW&EDRQVHUYDWLRQ DIJULFXOWXUH LQ LUULIJDWHG
QRUWK ZHVWHUQ ,QGLD (IIHFWV RQ FURS \LHOGV ZDWHL
J)LHOG &URSV 5HVHDUFK

SDULKDHW&RDL O ZDWHU G\QDPLFV ZDWHU SURGXFWLYLW
PDL]JH XQGHU PXOWL \HDU FRQVHUYDWLRQ DJULFOW@WW XUH
&URSV 5HVHDUFK
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3DULKDBWOQOOHFW RI GLIIHUHQW WLOODJH DQG UHVLGXH
DQG ZDWHU SURGXFWLYLW\ DQG HFRQRPLR\GLDQGQ DRI QB
RI $JULFXOWXUDO #FLHQFHYV

SDUNLQ 7 % .DvSDU 7 & 1LWURXV R[LGH HPLVVLROQ
OLGZHRWUQDO RI (QYLURQPHQ@WDO 4XDOLW\

SBHDFKH\ % ( :LOOLDP &5 ODOORU\ VPLWK & (IIHF\
VXPPHU DQQXDO ZHHGV LQ YHIHMIEOHFWRROGRIRS URWD

SHDUFH $ 'LOORQ & 5 .HLVOLQJ 7 & :LOVRQ &
HITHFWV Rl IRXU WLOODJH SUDFWLFHRXR@ MO FR SURGXIF]
$JULFXOWXHH

SHOVWHW DIQWURJHQ IHUWLOL]DWLRQ EXW QRW VRLO WL
IURP D FOD\ ORDP VRLO XQGHUBRL G DMDQB+¥VIROPBDBR YRWHDWI

+

3HQJHW RRQVHUYDWLRQ WLOODJH LQFUHDVHV ZDWHU X
RSWLPL]LQJ ZDWHU WUDQVIH$ILWRRRMMPL DULG HQYLURQF

3HUHJRW $BDUR HQYLURQPHQWDO DVSHFWV RI FRQVHUYLE
FRQYHQWLRQDO V\VWHPV $ \HDU H[SHULHQFH RQ IDU
$JULFXOWXUDO GAVWHPYV

SHWWLJUHZ : 7 -RQHV 0 $ &RWWRQ JURZWK XQGH!
OLVVLVVLSSL ULYHU YDOXOHN RRBOXYRROQEHARRG SODLQ

30D]D %RMPMVMO MR WLOODJIJH UHGXFHV ORQJ WHUP \LHOG
HPLVVLRQV LQ UDLQIHG OHGLWHUUDQHDQ DJURHFRV\VW
$IJULFXOWXUH (FRV\VWHPV: (QYLURQPHQW

SRWWHU . 1 ORUULVRQ - ( 7TRUEHUW + $ 7LOODJH
VRUJKXP JURZWK DQG SUR-GXRMDYA W1 BQRIE X HW MRY BBOULF

3UDGKDRW3DI®MOODJH DQG FURS UHVLGXH PDQDJHPHQW S|
SKRVSKRUXV XSWDNH DQG IRUPV LQ ZKHDW 7UQWLBXP DH
-RXUQDO RI $JULFXOWXHDO 6FLHQFHYV

4ALQHW DKOH HIIHFW RI PXOFKLQJ WLOODJH DQG URWDWLR
ZLWK IORRGHG URKHUQDRGAUFWURQ@QRP\ DQG &URS 6FLHQFH

AXLQFNHW-D®H WLPH WLOODJH RI QR WLOO V\VWHPV 6RL
UXQRII DQG FIURQRMORXUQDO
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5 6 .bQzbU - [/ %DNHU ' * %DNHU 7LOODJH DQG
VXEVXUIDFH GUDLQDJH ZDW H U DIX\DDCAWMARMYGR F WARKSH \ B B (G

SDGIRUG % - 7TKRUQWRQ & O (IITHFWV RI \HDUV RI
SURSHUWLHYV DQG FURS SHUIRUPDQFH LQ,WWH WHPA LIRWLE
-RXUQDO RI (QHUJ\ (QYLURQPHQW DQG (FRQRPLFV

5DP + .OHU ' 6 B6LQJK < . XPDU . 3URGXFWLYLW\
7JULWLFXP DHVWLYXP V\VWHP XQGHU GLIIHUHQWLWKQOOD.
-RXUQDO RI $JURHRP)\

5DP + .XPDU . .OHU ' 6 6LQJK < (IIHFW RI SHUPD
RSWLRQV RQ PLFURHQYLURQPHQW FURS SURGXFWLYLW\
XQGHU VR\EHDQ *O\FLQH PDJ[ / ZKHDW 7UKMRGRP\DHVV
(QYLURQPHQW DQG &R®OVHUYDWLRQ

5SDPRV 0 & 3DUHMD(6iQFKH] ( 3OD]D(%RQLOOD ' &DC(
- 6RLO VHDOLQJ DQG VRLO ZDWHU FRQWHQW XQGHU QR(
FRUQ (IITHFWV RQAUUWDQRIUADMWG3IURFHVVHYV

5DR 6 & 'DR 7 + 1LWURJHQ SODFHPHQW DQG WLOOD
DFFXPXODWLRQ DQG UHGLWWURBRWL RROXU@ZOQWHU ZKHD'

5DVKLG O + 7LPVLQD - ,VODP 1 ,VODP 6 7LOODJF
RQ SURGXFWLYLW\ SURILWDELOLW\ DQG VRLO SURSHUW
(DVWHUQ *DQJRWUPBORIEBWRS ,PSHRYHPHQW

5DVPXVVHQ 3 ( 'RXJODV & / 7KH LQIOXHQFH RI WLOO
UHVSRQVH WR QLWURJH Q) HUXOLIA U] HUQEHB KRVEKR U XV

5DVVH ' 3 6PXFNHU $ - 0 7LOODJH HIIHFWV RQ VRL
FRUQ(DOIDORXURWOVWIRQYLURQPH@WDO 4XDOLW\

5HGG\ & . 1\DNDWDZD ( = SHHYHV ' : 7LOODJH D
HITHFWV RQ FRWWR §JURRRARPK RXE QBHO G

SHGG\ HGWVW fR@QJ WHUP HIITHFWV RI SRXOWU\ OLWWHU DQG F
DQRG VRLO SKRVSKRUXV LQ FRWHORQ&BRWWRERYRHRUGKURW

5HGG\ 6 6 1\DNDWDZD ( = 5HGG\ & . 1LWURJHQ XS
WHUP QR WLOODJH V\VWHP ZL\WW ISBREDWIUR @LW WR-XWU Q B SO
DQG %LROR\
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SHPERQ ) 6 ODF.HQJLH $ ) 6R\EHDQ QLWURJHQ FRQ
QLWUDWH XQGHU FRQYH@WQR G DDQW-IRXWI.IHO DRY G BIROWSIEQ €

5HQ < *DR & +DQ + /L 4 5HVSRQVH RI ZDWHU XVH
WR QR WLOODJH DQG ZLQWHU ZKHDW GFHLQFIFWE RV TIQHWIKRH
(QYLURQPHQW:

5HQQHU . $ 6FKDEHQEHUJHU 2 .HOOV - - (IIHFW RI
FRUQ =HD PD\V UHVSRQVH WR LMHID JREFKQROQHREIUVHVLG.

5LEHUD / $ +RQV ) 0 5LFKDUGVRQ - : $Q HFRQ
FRQYHQWLRQDO DQG QR WLOODJH IDUP$QURQ R AH-RX UQ IV

+

SRFKHWWH 3 $QIJHUV ' § &KDQWLJIQ\ 0 + %HUWU
UHVSRQG GLITHUHQWO\ WR QR WIS®RQ O @ A2 W@RMPHP @&RFE HDWK HR
-RXUQDO +

5RSHU 0 0 :DUG 3 5 .HXOHQ $ ) +LOO - 5 8QGHU
VRLO ZDWHU FRQWHQW DQG FURS JURZWK D®&RLSRRQU®\ L
7LOODJH SHVHDUFK

5R]DV + 6 (FKHYHUUtD + ( B6WXGGHUW * $ 'RPt

SUHVLGHGUHVYV VRLO QLWURJHQ WHVW $RURQRPN L-G& D QHD (
+

6DKBIWB@MHFW RI WLOODJH DQG UHVLGXH PDQDJHPHQW R
SURGXFWLYLW\ LQ PDL]H =HD PD\V ,QGLDQGROOW-RXE Qb (
RI $JULFXOWXUDO #FLHQFHYV

6DKDUDZEW C® XDWLRQ RI DOWHUQDWLYH WLOODJH DQ
D ULFH*xZKHDW URWDWLRQHG1&KRWRVKV : 5 WHDULF K* 3

6DLQMX 8 0 /HQVVHQ $ : &DHVDU 7RQ7KDW 7 (YDC
VRLO RUJDQLF PDWWHU DV LQIOXHQFHG E\ PIRRRRRMUP W
-RXUQDO %

6DLQMX 8 0 6LQJK % 3 7LOODJH FRYHU FURS DQG N
DQG VRLOSQUWQRPNORXUGDO

6DLQMX 8 0 :KLWHKHDG : ) 6LQJK % 3 :DQJ 6 7LC
IHUWLOL]DWLRQ HIITHFWV RQ VRLO QL\(WIRRIHD QQ-® ¥RGD/D
$JURQRP\ %
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BFKLOOLQJHU : ) &RRN 5 - 3DSHQGLFN 5 , ,QFUHD
QR(WLO®IJPRQB®R\ -RXUQ@DO

6FKOHJHO $ - "KX\YHWWHU . & 7TKRPSVRQ & 5 -
HFRQRPLF LPSDFWV RI WLOODJH DQGRXRWDW LRIQ3R K GOKH-
$IJULFXOWXHH

BFKOHJHO $ - $VVHID < +DDJ / $ 7KRPSVRQ & 5
RQ \LHOG DQG ZDWHU XVH RI JUDSJQURAGRBKXRXD@® ALQW F

6FKZDE * - KLWQH\ ' $ .LOJRUH * / 6ZHHQH\
PDQDJHPHQW HIIHFWV RQ FURS SURGXFWLRRIJURQRA\OV Z
-RXUQDO =

6HOOHV ) OF&RQNH\ % * &DPSEHOO & $ 'LVWULI
FXOWLYDWRU DQG JHUR WLOODJH IRU FRQWLQXRXV DQG
DULG &DQDGHKBRQCSDRGUTIIHWODIHESHVHDUEFEK

6HSDW 6 %DQD 5 6 OHHQD 6 / 5DQD ' 6 $VVHVVF
DQG LQWHUFURSSLQJ SUDFWLFHV IRU HQKDQFHG SURGXF!
,QGLDQ -RXUQDO RI $JULFXYOWXUDO 6FLHQFHYV

BHVVL] $ $0S $ *XUVR\ 6 &RQVHUYDWLRQ DQG FRQY
VRLO SK\VLFDO SURSHUWLHY DQG FRUQ =HD OD\V / \LH¢
7XUNBHXOJIJDULDQ -RXUQDO RI $JUEFXOWXUDO 6FLHQFH

6HVVL] $ 6RJXW 7 $0S $ (VJLFL 5 7LOODJH HIIHFYV
O HPHUJHQFH \LHOG TXDOLW\ DQG IXHO FRQMXPS\RLR
&HQWUDO (XURSHDQ $JULFXOWXUH

6KDSLURWEDI® ODJH DQG PDQDJHPHQW DOWHUQDWLYHV I
SURJUDP OD@GURR FERAR-RK UGDO

6KDUPD 3 . GH 'DWWD 6 . 5HGXOOD & $ 5HVSRQ!
PXQJEHDQ 9LJQD uDGLDWD / WR WLOODJH LQ UHODWLR
ULFH VRLOWQG 7LOODJH-5HVHDUFK

6KDUPD 5 . 6ULQLYDVD %DEX . &KKRNDU 5 6 6 KD
WHUPLWHYV ZHHG LQFLGHQFH DQG SURGXFWLYLW\ RI VSL
"HVWHUQ , Q GRS STURVQWF WAL R Q

6KDUUDWW % %DUOH\ \LHOG DQG HYDSRWUDQVSLUDW
$ODWNRLO DQG 7LOODJHs5HVHDUEFEK
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6L HQV OQCHFW RI QR WLOODJH ZLWK VWUDZ PXOFK DQG FF
FDUERQ SRROV LJURKIWKKHHW R I &KIIURM RP\ DQ& 6RLO 6FLHQI

6LGKX ' ‘XLNHU 6 : 6RLO FRPSDFWLRQ LYJFRQRRAUYDYV
-RXUQDO +

6LOYD ) $ 0 1DXGLQ . &RUEHHOV 0 6FRSHO ( $I1It
DJULFXOWXUH RQ WKH DJURQRPLF DQG HQYLURQPHQWNDC
FRQWUDVWLQJ FOLPDWLF FRQ G)LWIORQ& URISW KsHH Y#-UDY E® L D

6LOYD 3 *DUULGR 0 G6KHUW]HU * $FHYHGR ( $PRXQ
'LITHUHQFHYV LQ ,UULJDWHG 'XUXP :KHDW <LHOG %HWZH]
6\VWHP LQ D /RQJ 7HUP &URS 5RWDWLRQ 6\WWHP LQ
,(QWHUQDWLRQDO -RXUQDO Rl 30DQW 3URGXFWLRQ

6LPYQ OHW DOWHJUDWHG IROLDU GLVHDVH PDQDJHPHQ
SUJHQWLQLDQ ZK$HIDIR @GR R\GRPWIQRED

6LQJHUHW PIOOODJH DQG FRPSRVW DIIHFW \LHOG RI FRUGQ
IHUWSDURQRP\ -RXU@DO

6LQJHU - : J/RJVGRQ 6 ' OHHN ' : 7LOODJH DQG FR
QXWULHQW DFFXPXODSNURQRPY GRXWBMIDP\LHOG

6LQJHU - : J/RJIJVGRQ 6 ' OHHN ' : 6R\EHDQ JURZWHK
WLOODJH DQLBURRRFRVRXUQLXO

6LQJK 9 5DP 6 %KDWQDJDU $ 6DYLWD 8 (IIHFW RI
DQG SURGXFWLYLW\ RI TXDOLW\ SURWHLQ PDL]H =HD PD
,QGLDQ -RXUQDO RI $JURQRP\

6LQJK HW ®RLO SK\VLFDO SURSHUWLHV \LHOG WUHQGV |
FRQVHUYDWLRQ DJULFXOWXUH EDVHG ULRL ©DOLQKE 7 \\NVONDHD
SHVHDUFK =%

6LVWDQL . 5 6LNRUD ) - SDVQDNH 0 3RXOWU\ OL
SURGXFWLRQ DQG VRLO QXWULHQ@RM\W LMOG MHOWBB N\ 5\HM

+

6LVWDG®RW DAVULHQW VRXUFH DQG WLOODJH LPSDFW RQ F
6RLO 6FLHQRH

6LWKROH 1 - obJzb]D / 6 /RQJ WHUP FKDQJHV RI V
PDL]JH \LHOG LQ QR WLOO FRQVHUYDWLRQ DJULFXOWXUH
6RLO DQG 7LOODJH 5HVHDUFK
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6PLWK ' 5 +HUQDQGH] 5DPLUH] * $UPVWURQJ 6 '
JHUWLOL]HU DQG WLOODJH PDQDJHPHQW LPSDFWV RQ QRC
6RLO 6FLHQFH 6RFLHW\ RI $#HULFD -RXUQDO

6R + % *UDEVNL $ 'HVERURXJK 3 7KH LPSDFW RI ‘
FXOWLYDWLRQ RQ WKH SK\VLFDO SURSHUWLHYV DQG FUR
$XVWWBROODDQG 7LOODJH SHVHDUFK

6RDQH % ' %DOO0 % & S5HYLHZ RI PDQDJHPHQW DQG F
ZLWK VSHFLDO UHIHUHQFH WR D \U H[BHW LIPGHIRWLRQ DO
SHVHDUFKt

BRQJHW DIOHFWV Rl WLOODJH DQG VWUDZ UHWXUQ RQ
VWDELOL]DWLRQ DQG FURS \LHEFG& HQWLQLF \BMSRUMQH DO O

6RRQ < . $UVKDG 0 $ 7LOODJH FURS UHVLGXH DQG
DYDLODELOLW\ LQ D OHIXRIDEDEBHDQF URSBEQRO RIVARHPD 6F

6RRQ < . ODOKL 6 6 /HPNH 5 [/ [/XSZD\L 1 = *U D (
FRDWHG XUHD DQG WLOODJH RQ WKH G\QDPLFV RI DYDLC(
*UD\ /I XYUXRWOM-HQW &\FOLQJ LQ $FXURHFRV\VWHPV

6RZ $ $ +RVVQHU / 5 8QJHU 3 : B6WHZDUW % $
URRW JURZWK DQG \LHOGV RI JUBRROVRQ GK XLPO RIDIGIR ZH Pk

*

6SDUJR - 7 &DYLJHOOL 0O $ OLUVN\ 6 % ODXO - (
VRLO QLWURJHQ DQG ODELOH VRLO RUJDQLF POMULHQWQ
&\FOLQJ LQ $JURHFRV\VWHPV

BWHFNHU - $ %XFKKRO] ' ' +DQVRQ 5 * :ROOHQKDY
DQG URWDWLRQ HIIHFWV RQ FRUQ \LHOG UH¥BRROQRPWR I
-RXUQDO =

6WHZDUG 3 5 7KLHUIHOGHU & 'RXJLOO $ - JLIR

HQKDQFHV UHVLVWDQFH RI PDL]H WR FOLP D H VP OMAXW H
(FRV\WVWHPV DQG (QYBRURQPHQW

6WLQQHU % 5 2GXP ( 3 &URVVOH\ ' $ 1XWULHQW
RWKHU HFRV\VWHP SURFHVVHV LQ FRQYHQWLRQDO WLC
$IJULFXOWXUH (FRV\VWHPY¥ (QYLURQPHQW

6X HWW @OHFWV Rl FRQVHUYDWLRQ WLOODJH SUDFWLFHV
DQG FURS \LHOG RQ WK H;JR HNXO3DXDUWDHD XD V&K U @D QD JHP H
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6XOHN $ :\]JLQVND 0O &DFDN 3LHWU]DN * ,PSDFW RI \
RI'JUDLQV RI VSULQQ ZIKHIDMWUEQOW Y BYXYDO tHYHORSPHQW

6XQHW DHODVRQDEOH IHUWLOL]DWLRQ LPSURYHV WKH FRQ®
XVH DQG \LHOG RI UDLQ IHG ZLQWHU ZKHDW $)EBUB VWX
&URSYV 5HVHDUFK

6XQHW ®RQVHUYDWLRQ DJULFXOWXUH EDVHG RQ FURS U
/JRHVV 30DWHDX &KLQD (IIHFWV RIJPBURSOWHKOGE DG B WRY
(QYLURQPH QW

6XQ HW PRQRJ WHUP HYDOXDWLRQ RI WLOODJH PHWKRGYV
VWRUDJH ZKHDW \LHOG DQG ZDWHU XVH HIILFLHQF\ LQ \
J)LHOG &URSV 5HVHHDUFK

6 XVKDHW PPGDFWV RI WLOODJH DQG KHUELFLGH PL[WXUH
SURGXFWLYLW\ DQG SURILWDELOLW\ RI D PDL]H %= :KHD\
*DQIJHWLPF BHOME @QWRSYV 5HVHEHDUFK

7DD $ 7DQQHU ' %HQQLH $ 7 3 (IIHFWV RI VWXEEO
VHTXHQFH RQ ZKHDW SURGXFWLRQ LQ WERLWORRQYE HIDYVOD
5HVHDUF Kt

7DEDJOLR 9 *DYD]]JL & ORQRFXOWXUH PDL]H =HD PD\
WLOODJH QR WLOODJH DQG 1 IHUWLOL],DWDIR® Q, -RXUBB (
$JURQRR\

7DQ < :X ' %RO 5 X OHQJ ) &RQVHUYDWLRQ |
ZKHDW+VXPPHU PDL]H FURSSLQJ UHGXFH *+* HPLVVLRC
$JULFXOWXUH (FRV\WVWHPV = (QYLURQPHQW

7DUNDOVRQ ' ' +HUJHUW * &DVVPDQ . * /RQJ W
FKHPLFDO SURSHUWLHV DQG JUDLQ \LHOGV RI D GU\OD
URWDWLRQ LQ WXUIRQRHPDWRSOHDOV

7HDO BW.pOHFW RI WLOODJH DQG DQK\GURXV DPPRQLD
HITLFLHQF\ RI KDUG \RKG®QZDOWH WL XKWDWQDEOH $JULFXOW.

7THVVLHU 6 3HUX O '\FN ) % =HQWQHU ) 3 &DPS
IRU VSULQJ ZKHDW SURGXFWLRERLQ VRBL7/DOO® FHEVBVND WD |

7KHUULHQ 0 & *UDQW & $ (IIHFW RI WLOODJH PDQDJ}
&DQDGLDQ -RXUQDO RI 3®DQW 6FLHQFH
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7TKLQG + 6 6KDUPD 6 <DGYLQGHU 6LQJK 6LGKX +
SURILWDELOLW\ ZLWK UHVLGXH WLOQIXWU IDHE@W JEHHOQ (P
$JURHFRV\VWHPV

7KRPVHQ , . 6{UHQVHQ 3 7LOODJH LQGXFHG 1 PLQH!
ZKHDW RQ D FRDBRHO/DQG\ 7QARDM JH 5HVHDUFK

7RORQ %HFHUUD $ 7RXUQ 0O %RWWD * ) /DVWUD %
UHJLPHV RQ VRLO FRPSDFWLRQ PDL]H =HD PD\V / VHH
HDVWHUQ $UJHQWL QHROL@ DOFCS B VOWHILHR @HVHDUFK

7{UUHVHQ . 6 6NXWHUXG 5 "HLVHWK / 7DQGV WKH!
SURWHFWLRQ LQ VSULQJ FHUHDO SURGXFWLRQ ZLWK U
GHYHORSPRI® WURWHFWLRQ

7TVHID\H 7 +LOO 5 / :KHHO WUDIILF SODFHPHQW HIIHI
DQG FRQYHQW-RXQUDODO WROGCDREXFWLRQ $IJULFXOWXUH

7VXML + <DPDPRWR + ODWVXR . 8VXNL . 7KH HIIt
WLOODJH FURS UHVLGXHV DQG 3 IHUWLOL]JHU RQ VRLO FR
FURSYV RQ DQ $QGRYRMDEG -MOIPIHHBHVHDUFK

TXHFKH - 5 +DXVHU 6 ODL]H =HD PD\V/ \LHOG DQG \
E\ WKH SUHYLRXV SODQWDLQ FURSSLQJ VBRIMH PQ GWALADADI
SHVHDUEK *

8QJHU 3 : 7LOODJH DQG UHVLGXH HIIHFWV RQ ZKHDW
URWDBWLRQ@FLHQFH 6RFLHW\ RI $PHULFD -RXUQDO

9DUQHU % 7 (SSOLQ ) 0 BWULFNODQG * / (FRQRPI
FRWWRQ JUDLQ VRIIKXPR P\Q-R XZKE DY

9pbuvD ( & &KRQJ 6 . $ERODML - 2 )DUTXKDU ' %
WLOODJH RQ VRLO SK\VLFDO FKDUDFWHULVWLFV DQG FRL
6RLO DQG 7LOODJH+HVHDUFK

9D]TXH] / O\KUH ' / *DOODKHU 5 1 +DQORQ ( $ 3
DVVRFLDWHG ZLWK WLOOBRHL GWDEOBWRPQWYH EHWRDEARB Q

SOHQWHUHD 5 7 ODKDUMDQ % 'RODQ O 6 )HUWLOL]H

VFDOHG QLWURXV R[LGH HPLVVLERXWQLDD IRFROQQLEHRRPHHLIDN
+

9HUFK * JFKHOH + +|OWO . SLFKWHU & )XFKV &
WLOODJH PHWKRGV LQ 1RUWKHDVW *HUBRQD $DIQE OG O/OWD
SHVHDUFK+
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SHUKXBWWRDVHUYDWLRQ DJULFXOWXUH IRU ZKHDW EDVF
LUULIJDWLRQ ,QFUHDVLQJ UHVLOLBQFAWRQBXaIKLOPSURY

SHUKXawWwKH HIITHFW RI WLOODJH FURS URWDWLRQ DQG
ZKHDW JURZWK DQG GHYHORSPHQW)HNOG XWWRISE Z HWHKDF

*
9HUKXEBWWPRLO ZDWHU FRQWHQW PDL]H \LHOG DQG LWV
FURS UHVLGXH PDQDJHPHQW LQGBODQ@ID® G HRILOULG KLJIK

9LGHQRYLU & 6LPLU O 6UGLU - 'XPDQRYLU = /RQJ
WLOODJH VIVWHPV RQ PDL3©®DOMD BRLW /DQGEHQ&NVURQPHUC

9\Q 7 - 5DLPEDXOW % $ (YDOXDWLRQ RI VWULS WL
2QWDRRLFO DQG 7LOODJHHBHVHDUFK

9\Q 7 - *DOLF ' 0 “-DQRYLFHN . - &RUQ UHVSRQ\
FRQVHUY DWLRR® WIQ@WODUIGODJIH 5HVHDUFK

9\Q 7 - -DQRYLFHN . - 3RWDVVLXP SODFHPHQW DQ
UHVSRQVH IROORZL QU ORQR PW HRPUG® @/ L O O

:DJJHU 0 * 'HQWRQ + 3 &URS DQG WLOODJH URWDW|
VRLO BBWGIBFLHQFH 6RFLHW\ RI $PHULFD -RXUQDO

'DQJ + /HPNH 5 *RGGDUG 7 6SURXW & 7LOODJH I
FHOQOWUD®BQEBUW® -RXUQDO REBRLO 6FLHQFH

‘DQJHB DKH LQIOXHQFH RI URWDWLRQDO WLOODJH RQ VR
DQG PDL]H \LHOG LQ VHPL DULG DUHD¥%JXQBHUWKXDDICH GD
ODQDJHPHQW=

'DQJ HW D@ ODJH WLPH DIIHFWV VRLO K\GUR WKHUPDO SL
RI PDL]H =HD $IBULHG (FRORJ\ DQG (QYLURQRHQWDO 5}
'DQJ HW DIODODJH DQG FURS UHVLGXH HIIHFWV RQ UDLQI
QRUWKHUQHEKE @DRSV 5HVHDUFK

DWWV ' % $OOHQ 7RUEHUW + /RQJ WHUP WLOODJH
DQG FRUQ JEDLRQRMO-®RXUQ RO
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HVW 7 ' *ULIILWK ' 5 6WHLQKDUGW * & .ODGLYNH
WLOODJH DQG URWDWLRQ RQ DIJURQRPLF SHUIRUPDQFH R
GDUN VLOW\ FRX\WWOPDPRYRBILRGXFWLRQ $IJULFXOWXUH

‘HVW 7 '  *ULIILWK "' 5 6WHLQKDUGW * & (IIHFW RI
QR WLOO-BRRDQWQ QRI 3URGXFWLRQ $IJULFXOWXUH

'KDOHQ - . 3UDVKHU 6 2 %HQVOLP + ORQLWRULQJ
DIWHU HVWDEOLVKLQJ QR WLOOD&DB QDULAV)L FR X UIQD G XRlE
6FLHQFH %

:LDWUDN 3 - "ULJKW "/ ODURLV - - 7KH LPSDFW R
ZKHBRLO DQG 7LOODJH+#HVHDUFK

':LOKHOP HW:DJQAODQG PDL]H GHYHORSPHQW DQG \LHOG L
QLWURJHQ IHUWL®RIDWLRE OO0V IHEHNV HD UFK

'LOKHOP : : :RUWPDQQ & 6 7LOODJH DQG URWDWLRC
JUDLQ \LHOG DV DIIHFWHG E\ SUBFUBRQWBWARQWRQG DLU W

'LQWHU 6 5 8QJHU 3 : ,UULJDWHG :KHDW *UD]LQJ D¢
'U\ODQG *UDLQ 6RUJEKXPRIRPG % RWURD O

‘RONRZVNL 5 3 5RZ SODFHG IHUWLOL]JHU IRU PDL]H JU
PDQDJHPHQW V\VWHP LQ6RR®WKHI QL:QUBRE\EHY HDUFK

'RUWPDQQ & 6 'ULMEHU 5 $ )UDQWL 7 * 2QH WLP
\HDUV SR V3N URIQORPD JHR X U Q B:O

X - +DQ + 1LQJ 7 /L = /DO 5 /RQJ WHUP HIIHFWYV
RQ VRLO RUJDQLF FDUERQ FURS \LHOG D Q)& HDHO&GURW D E
5HVHDUFK

X dW $PIWRQRPLF SHUIRUPDQFH RI ODWH VHDVRQ ULFH
QLWURJIHQ P PLIHIOIG RHERWY 5HVHHDUFK

; XH HW OCHFWV RI WLOODJH SUDFWLFHV RQ ZDWHU FRQV
ZLQWHU ZKHDW XQGHU GLIITHUHQW SUHFLSLWDWRRQ GLV)
DQG 7LOODJH 5H¥HDUFK

<DGDY HWG6BPRLO FDUERQ G\QDPLFV DQG SURGXFWLYLW)
FRQVHUYDWLRQ WLOODJH LQ VXEPHUJHG DQG XQVXEPHUJ
&DUERQ ODQDJHPHQW
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<DGDY HW gPGDFW RI QR WLOO DQG PXOFKLQJ RQ VRLO F
2U\]D VvVDWLYD / UDSHVHHG %UDVVLFD FDPSHVWULV / Y
DJUR HFRV\VWHP RI WKH (D¥WHBROWRDID D{PRV\\QMGH PV (

+

<DGDY HW @RQVHUYDWLRQ WLOODJH DQG PXOFKLQJ HIIH
GLUHFW VHHGHG XSODQG ULFH 2U\]D VDWLYD / WR DO
1RUWK (DVWHUQ +LPDOD$DOKENHW @I RIJURGIAP\ DQG 6RL

+

<DGDY HW ®@RQVHUYDWLRQ WLOODJH DQG QXWULHQW PD
DQG VRLO FDUERQ VHTXHVWUDWLRQ XQGHU GRXEOH FURSE
(FRORJLFDO ,QGLEDWRUYV

<DGDYHW ®HFW RI 1R 7LOO DQG 5DLVHG %HG 30DQWLQJ
DQG 3URGXFWLYLW\ RI 6XPPHU ODL]H =H®JWLDAXOW RU DI
SHVHDUF Kt

<DGYLQGHWG6 LDWURJIJHQ DQG UHVLGXH PDQDJHPHQW
SURGXFWLYLW\ DQG QLWURJIJHQ XVH HIILFLHQKWLQL Q WH
&\FOLQJ LQ $IJURHFRV\VWHPV

<DQJHW WRODGHOOLQJ WKH HIIHFWV RI FRQVHUYDWLRQ WLO
ZDWHU G\QDPLFVY DQG HYDSRWUDQVSLUDWLRQ RI D PDL]F
RQ WKH /RHVV 30DWHDX RJWLHKLX@ONXVIDPJ 6HYN 6 P V

<DQJHW @OHFWYV RI WLOODJH DQG PXOFKLQJ PHDVXUHV R
SKRWRV\QWKHWLF FKDUDFWHULSIWLFX ®OWQGUD G OBWRH UZ DO

+

<LULGRH ( . 9\Q 7 - :HHUVLQN $ +RRNHU ' &
SURILWDELOLW\ DQDO\VLV RI DOW HUMDWELYCHQWRR® 0 Q DD \R\I
6FLHQFH=

<RR . + TRXFKWRQ - 7 :DONHU 5 + 5XQRII VHGLI
YDULRXV WLOODJH6RLWNONBIRE® RIL FRWIWHREHVHDUFK

<RXMXQ / O0LQJ + (IIHFWV Rl WLOODJH PDQDJHPHQW)
FRQWHQW DQG WKH \LHOG RI ZLQWHU ZKHWFHGLDHV\
(QYLURQPHQWDO 6FLHQFHYV

=KDQBW DIODODJH DQG UHVLGXH PDQDJHPHQW IRU ORQJ V

1IRUWK &KLQD 30DLQ , &URS \LHOG DIQH0 GQEWUHRISND W H\GH
+
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=KDQBW<®ROLO ZDWHU XVH DQG FURS \LHOG LQFUHDVH XQ(
SUDFWLFHV LQFRUSRUDWHG ZAUWKFXDRV XHDW WL Wa D JHD QR

+

=KDQBW<DKH HIITHFWV RI URWDWLQJ FRQVHUYDWLRQ WLO(
SURSHUWLHY DQG JUDLQ \LHOGV LQ F1QWHKOWKHDW ©YGL
OHWHRURORJ

=KDQBW<®WRS \LHOG DQG VRLO SURSHUWLHV RI GU\ODQG
LQ UHVSRQVH WR \HDU IHUWLOL]DWLRQ DQG FRQVHUYD
JLHOG &URSV 5HVHDUFK

=KDRHW.DPOWLOODJH UHGXFHVY FRPSHWLWLRQ DQG HQKDQ
=HD PD\V/ LQWHUFURSSHG Z)WHKOSHOURBEV)XGAHVBWUWKKP /

axXxXJHF , 7KH HIIHFW Rl UHGXFHG VRLO WLOODJH RQ PDL
&URWLD <X6RNODYQ® 7LOODJH 5SHVHDUFK



$SSHQGL[ %

$SSHQGL[ %

$ PDFKLQH OHDUQLQJ SLSHOLQH WR PDS WKH SHUIR
JOREDO VFDOH

$XWKRUV
<DQJP6XXDQJ EKPHQIRLWP*DIEVILG ODNRZVNL

P805 (&26<6 ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\
E'LYLVLRQ RI VIVWHPV DQG FRQWURO &KDOPHUV 8QLYHUVLW\ RI 7

F$SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH

&RUUHVSRQGLQJ $XWKRU
<DQJ 6X \DQJ VX#DOXPQL SRO\WHFKQLTXH RUJ
'DYLG ODNRZVNL GDYLG PDNRZVNL#LQUDH IU



$SSHQGL[ %

$SSHQGL[ % WDEOH _ 'HVFULSWLRQ RI WKH PDFKLQH OHDUQLQJ D
ODFKLOH OH D UBYIHEI LO |W ngB%Tgémg?ULHIGHVFULoWLRQ
DOJRULWKPV PRGHOV PRGHO
7KH UDQGRP IRUHVW DOJR
FRPPXQLW\ EDVHG |DOJRUI
5DQGRP|Ru$ﬁﬁﬁ%h$55$&ﬁgﬂﬁg' SHUIRUPV FODVV|LILFDW
UHJUHVVLRQ WDVNY EDVH
W U
5) RXWSXWV DUH XVHG DV
5DQGRP IRUHVW ZLWK UDQJHU YHVUSYDB®LQ RUGHU WR WDN
VSDWLDO FRUURODWLRQYV VSDOOFRUUHODWLRQ LQWR DFF
5) ZLWK VSDO0O YHUVLRQ ODWHUQ FRUUHODWLRQ P
JHQHUDOL]JHG OL(
*0p0 SURGXFHV D VWURQJ «
*UDGLHQW ERRYWLQJ JEP WKH IRUP RI DQ HQVHPEO
* 04 0 YHUVLRQ OHDUQHUV ILWWHG XVLQ.
GHVEFHQW RSWLPL
7KH :*%RRVW DOJRULWKP
(“%%1ZWJ%EGLZQ¥ [JERRVW DOJRULWKP EDVHG RQ WK
RS YHUVLRQ| WUHH DSSURDFK DQG XVH
70 ERRVWLQ
SUWLILFLDO QHXUDO QHYV
FRPSXWDWLRQDO M\VWHP\
$ﬂ§g¢;§hﬂﬂfgifugo 56116 ZKLFK DUH LQVSLUHG IURI
$11 YHUVLRQ| LQ WKH KXPDQ EUDLQ DQC
FRQQHFWLRQV HVWDEOLV
QHXI
7KH 690 DOJRULWKP LV
GLVFULPLQDWRU\|FODVV
6XSSRUW YHFWRU H DOJRULWKP WKDW|DWWHP
PDFKLQH & 5 YHUVLRQ FODVVLILFDWLRQ E\ SURG:
690 SODQH RU K\SHUSODQH
VHSDUDWHVY SRLQWYV DW \
GLPHQVLRQV IU
7KH N 1HDUHVW [LHLJKE
QHDUHVW |QHLIKERU FDUHW| DOJRULWKP SHUIRUPV FOI
11 YHUVLRQ| DQG UHJUHVVLRQ WDVNV E
OHD!I
7KH JHQHUDOL]JHG OLQHD
KDQGOHV SUREDELOLW\ G
IURP WKH H[SRQHQWLDO I
*HQHUDOL]HG OLQHDU vwpwy ELQRPLDO DQG LV|ZLGHO
PRGHO & 5 YHUVLRQ FODVVLILEFDWLRQ || WV SD
/0 HVWLPDWHG XVLQJ LWH!
UHZHLJKWHG OHDVW VTXD
IRU PD[LPXP OLNHOLKRF
HVWLP
IDWYH %D\HV H 1DWYH %D\HV LV D FRQGLI
19 YHUVI SUREDELOLW\ F
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SRVWHULRU LV F
OLNHOLKRRG WLH
GLYLGHG E\ QRUP

4XDQWLOH
IRUHVW
45)

PHIY YW B T xpowuH

UHJUHVVLIRQ'HWUVLRQ

OFHYYBE Y 2k Lrk

4AXDQWLOH UDQGRHFA

DOFXOI
HV SUL

IRUHYV
QWLOH
SURYL

LQIRUPDWLRQ WKDPQ FRQ

PHDQ |

4XDQWLOH
JUDGLHQW
45%%0

ERRVWLQJ

JHJUHVVLRQ
YHUVLRQ

JEP

AXDQWLOH UHJUHVVLRQ

ERRVWLQJ PRGHO
JUDGLHQW ERRVWL
TXDQWLOH O

A4XDQWLOH
QHXUDO Q
4511

JHIJUHVVLR(
HWZRUN

YHUVLRQ

TUQQ

4XDQWLOH UHJUH

LV REW

QJ PDF

VVLRQ

QHWZRUN LV DQ H[WHQVLI

TXDQWLOH UHJUH
DUWLILFLDO QHXUL

FDSDEOH RI SUR
SUHGLFWLRQV RI

FROQWLQXRX

VVLRQ
O QHW.
EDELOL

PL[HG C
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$SSHQGL[ % WDEOH _ 3HUIRUPDQFH RI FODVVLILFDWLRQ PRGHOV

&9

$8¢ THVW $8&

$OJRULWKPV

5DQGRP IR

SDQGRP IRUHVW ZLWK |VSDWLDO FRUUHODWLRQ

5) ZLWK \
*HQHUDOL]JHG OLQHDU ARGHO
%10

13
8VH VWHS IXQFWLRQ

*UDGLHQW ERRVWLQJ
*%C

((WUHPH JUDGLHQW ERRVWLQJ
%226

$SUWLILFLDO QHXUDO QHWZRUN
$11 ZLWK  KL!

SUWLILFLDO QHXUDO QHWZRUN
$11 ZLWK KLC

$SUWLILFLDO QHXUDO QHWZRUN
$11 ZLWK KLC

SUWLILFLDO QHXUDO QHWZRUN
$11 ZLWK KLC

SUWLILFLDO QHXUDO QHWZRUN
$11 ZLWK KLC

6XSSRUW YHFWRU PDFKILQHYV
690

IDLYH %D\HV
19

N QHDUHVW QHLJKERXUV

.11
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$SSHQGL[ % WDEOH _ 3HUIRUPDQXWRIHUNIBMWVRRQ PFRREAHOGHQFH

H[FOXGHG

$O0JRU

&9 5/¢

THVW

5DQGRP IRUHVW 5)

SDQGRP IRUHVW ZLWK VSDWLDO FR

UUHODWLRQ

5) ZLWK \

*HQHUDOL]JHG OLQHDU|[PRGHO
/0

13

8VH VWHS IXQFWLRQ

*UDGLHQW ERRVWLQ
* 04 C

J

(IWUHPH JUDGLHQW ER
%226

RVWLQJ

$UWLILFLDO QHXUDO
$11 ZLWK  KL!

DHWZRUN

S$UWLILFLDO QHXUDO
$11 ZLWK KLC

DHWZRUN

S$UWLILFLDO QHXUDO
$11 ZLWK KLC

DHWZRUN

S$UWLILFLDO QHXUDO
$11 ZLWK KLC

DHWZRUN

S$UWLILFLDO QHXUDO
$11 ZLWK KLC

DHWZRUN

6XSSRUW YHFWRU PDF
690

KLQHV

N QHDUHVW QHLJKER

XUV

.11
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$SSHQGL[ % WDEOH

_ 3HUIRUPDQFH RI UDQJH UHJUHVVLRQ PRGH(

ORGHOV S

bRyt

K ROOW& 5
U ILOWH

iU

THVW

THVW
UHD H
&BFXUY
DERYH
ol

| THVW
HD HD R
FXUYH

oL

78Y W
E HOARAU
D H

4XDQWL
UHJUHVVL
4511

OH

RQ RUWWKVW

4XDQWL
UHJUHVVL
4511

OH
R Q IIRW KR X

W

4XDQWL
UHJUHVVL
45%%!

OH

RQ *% WK

4XDQWL
UHJUHVVL
45%%

OH
RQ *9MOK R X

4XDQWL
UHJUHVVL
QHWZRUN
KLGGHQ
4511

OH

RQ QHXUD
ZLW. KWK
OD\HU

4XDQWL
UHJUHVVL
QHWZRUN
KLGGHQ
4511

OH
RQ QHXUD
ZLWLRV K R X
OD\HU

EU

4XDQWL
UHJUHVVL
QHWZRUN
KLGGHQ
4511

OH

RQ QHXUD
ZLWKWK
ODD\HUYV

4XDQWL
UHJUHVVL
QHWZRUN
KLGGHQ
4511

OH

RQ QHXUD
ZLWRVKRX
DD\HUV

EU

(UURU
H
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$SSHQGL[ % WDEOH _ ORGHO VHWWLQJ IRU JOREDO SURMHFWLRQ

6HWWLQJ IRU HEO >
ORGHO LQSX HD E K 6RXUFH

L FHDQLF DQG
HDQSUHFLSLWDw%%ﬁ/%f%% ,
3UHFLSUNDWL5§RZLQJVHDVRQFﬁ ]§$yUL $GPLQLVWUD
OHDQ SRWHQWLDWD IURP */($0 |[*OREDO

(YDSRWUDQVSLUMVDS@WUDQVSLUMDMYGREQDOSRMIOMWLRQ $PVWHU

JURZLQJ VHD ORGI
IDWLRQDO 2FHDQLF DQG

SLWDWL @ ,
3UHFLSLWDWLRQ Eqé§§£®UDQVSL§ ﬁB%@g?ULF$GPLQLVWUD
OHDQ DYHUDJH WHPSHDWWRR@MOLRFHDQLF DQG
$YHUDJH WHPSHWKMXUHRZLQJ VHDSRIPRYSKHULF $GPLQLVWUD
12%4§
OHDQ PD[LPXP WHPSHWMNWLRQWDO 2FHDQLF DQG

OD[LPXP WHPSHUDWXWKH JURZLQJ $WPRRQKRIULF $GPLQLVWUD!'
12%$%§

OHDQ PLQLPXP WHPSHUDWXUH
OLQLPXP WHPSHUDMWXWHKH JURZLQJ VVKHVR@Q@LRHUVLWY\ Rl 7RN\R

6RLO WH[WXUH +:6 GBR&%SSYLW\R' LVFRQVLQ
ORQWK RI SODRQWLQJ WR
&URS JURZLQJ VHDRROQYHVWLQJ LIO WKRHWIRIS 8QLYH[UVLW\
FDOIGDWDVHW I

&URS 0,5&$% C *RHWKH 81
,UULJDW 0,5&$% C
&URS 6SULQJ
JHUWLOLJHU X' <H
JHUWLOL]JHU X <H
&RQWURO RI ZHH <F
&RQWURO RI ZHH <F
&URS URWI <F
&URS URWI 11
BRLO FRY <F
BRLO FRY 11 *RH\BQLYF
&URS LUULJ %DVHG RQ FURS *RHWKH 81
IDWLRQDO 2FHDQLF DQG
&URS LUULJDWLRQ LQ &7 % D V HBWR ® \FSKRISU IL B USLGI BDIWDLLR/QV B D
12%%§
\HDUV
17 LPSOHPHQWD|WMRKH\PBGLDQ YDOXH RI 17\HDU
LQ WKH
DWLWXG H /DWL?SS:ERIWKHJULGFHOOIJQW(H

/IRQJLWXGH RI WKH JULG FHOO LQ
/IRQJLWXGH WKH JOE
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$SSHQGL[ % WDEOH

_ 6HWWLQJV IRU PRGHO JULG VHDUFKLQJ

$0JRU

*ULG VHDU

5DQGRP IRUHVW

U\ LQ
UHH LQ

5

SDQGRP IRUHVW ZLWK
5) ZLWK VSDO0O

RWDWLRO FRUUHODWLRQ
QWUHH LQ

*HQHU?OLHHSOLQ
*/0

HD/UH R/RVGHBXZ L V H HDOVIHRA RWQ KWW H S
PRGHO V

IXQFWLF

*UDGLHQW ERRWV
*%0

QWUHH LQ
VKULQNDJH LQ
IUDFWLRQ LQ

WeN3wk Lo
QRGH LQ

PRGHO LQ EHUQRXOOL IRU F(

PRGHO LQ WGLVW JDXVVLDQ

DDVVLILI
IRU UH

(IWUHPH JUDGLHQ
%2267

WRRRVELES B

QURXQG LQ

$UWLILFLDO QHXUDODDQHW ZRQNIURP WR
$11 ZLWK KLGGHQGBIBHW Q
$UWLILFLDO QH X U|DADD QHW ZR@ N
$11 ZLWK KLGGHQO®DDHUUVLQ
$UWLILFLDO QHXUéﬁ%ﬂﬁNi%UN
$11 ZLWK KLGGHQd% WYV S

OD\HU LQ
$UWLILFLDO QH X U|DADD QHIV ZRU N
$11 ZLWK KLGGHQO®DHUUW Q

OD\HU LQ

$UWLILFLDO QHXU
$11 ZLWK KLGGH

i1

OD\H
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OD\HU LQ
6XSSRUW YHFWRU| BDPRDQIHY
690 FRVW LQ IURP WR
0,
1DEEH »DVHV | 5hSODFH LQ IURP WR
N QHDUHVW QHLJKERGUWMIRP WR
11 OLQ IURP WR N

4XDQWLOH UHJUH
45)

PMRD LRUHVW
QWUHH LQ

4XDQWLOH UHJUH
45*%0

QWUHH LQ
VKULQNDJH LQ
VILFDFWSH B Q LQ
GHSWK LQ
QRGH LQ
PRGHO LQ

STXDQWLOH"

AXDQWLOH UHJUHVVL
4511

BB RUGULEL PHRE R Wk

4XDQWLOH UHJUHVVL
4511

R® \GIX UD® QHWZRUN
OD\HU LQ
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$SSHQGL[ % )LJXUH _ O0ODSV RI UHODWLYH EDUJKHUMH@BVFEDQJHKRQEH | VHKIDQ W K M DUIQVOLDONHLWY
EH KLJKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG FRQYHUVHO\ D FKDQFH
ZLWK 0$7/$% 5 D 9HUVLRRWWSV |IU PDWKZRUNV FRP SURGXFWV PDWODE KWPO
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$SSHQGL[ % ILIXUH _ 6KDSOH\ YDOXH RORWWHMBLOSOQWDEVVRQZEWBDQYFB BRZHU 3% FRQWULEXWI
ZKLOH LQGLFDWHY ZKDW &% KDV EHWWHU SHUIRUPDQFH ZKHQ 3% LV ORZHU RU ZKHQ FOLPDWH
LPO YHUVLRQ DQG IDVWVKDS YHUVLRQ



$SSHQGL[ %

$SSHQGL[ % ILIXUH _ 6KDSOH\ YDOXH RI 1BQRYYHP HDAMEDEV VKR 2 HWDKID W 7DHOMUJHU YDOXH RI
KLIJIKHU 6KDSOH\ YDOXH ZKLOH LQGLFDWHV ZKDW &$ KDV EHWWHU SHUIRUPDQFH ZKHQ WKH S
RQ WKH UHVXOWY IURP 5 SDFNDJH LPO YHUVLRQ DQG IDVWVKDS YHUVLRQ
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$SSHQGL[ % ILJXUH _ ,QWHUYDO SUHGLFWLRQ SHUIRUPDQFH RI
RXWOLHUV ZKHQ SUHGLFWLRQ LQWHUYDO LV WKH UD®LN EHWZ
SHUIRUPDQFH ZDV HYDOXDWHG E\ FRPSXWLQJ WKH SURSRUWLRQ F
E\ WKH PRGHO :KHQ WKLV SURSRUWLRQ LV FORVH WR WKH H[SHF\
E\ WKH TXDQWLOH UHJUHVVLRQ IRUHVW FDQ EH FRQVLGHUHG DFFX
FURVV YDOLGDWLRQ 7KH ILQDO PR (KD@® #IS\H WKHH@WX\OHHG/ \RR W R R SXH
FKDQJH EDVHG RQ WKH LQGHSHQGHQW WHVWLQJ GDWDVHW R

GDWD ZLWKLQ WKH SUHGLFWLRQ LQWHUYDOV ZDV FRPSXWHG DQG
7KH YHUWLFDO JUH\ EDUV ZLWK WZR EODFN GRWYQRRSMNUNSRY COMR
DQG WKH SRLQWY FRUUHVSRQG WR REVHUYHG UHODWLYH \LHOG FK
RXWVLGH DUH LQ UHG



$SSHQGL[ %

S5HIHUKYHGSEQHQGL[ %
%UHLPDQ / 5D@BRRLBHMHNDVOLQJ

SRXVVHW ) YJHUG\ - % 7HVWLQJ HQYLURQPHQWDO DQG JF
DXWRFRUGFRODWIRQ+

JULHGPDQ - + *UHHG\ IXQFWLRQ DSSUR[LPDKMH RQ@ Q® QW RS L
6WDWLVWLFV

&KHQ 7 *XHVWULQ 3MREHHER\DWY IRQ WKH QG $&0 6,*.'" ,C
&RQIHUHQFH RQ .QRZOHGJH 'LVFRYHUxX DQG&0DWD OLQLQ
GRL

-DLQ $ . -LDQFKDQJ ODR ORKLXGGLQ . 0 S$RRPISIXWIHIO QH X

+

+DUULY 'UXFNHU &KULV - & %XUJHV /LQGD .DXIPDQ $OH[ 6P
ODFKLQ$'9S$LQ(6 ,1 1(85%$/ ,1)250$7,21 352&(66,1* 6<67 (067
3UHVV

&RUWHV & 9DSQLN 9 6XSBRKNM)NHAWRQ+QHWZRUNYV

<DR = 5X]IR : / $ 5HJUHVVLRQ EDVHG . QHDUHVW QHLJK
SUHGLFWLRQ IURP KX W&H Wk RH Q HRRWER/D @/ WD

+DVWLH 7 7LEVKLUDQL 5 *HEWDWOVYVWIGBC GIFWHQHHRGHOV

IRZG 'RPLQJRV 3 1DLYH %D\HV PRGH W RFEY HWLRED/E RO W
QG LQWHUQDWLRQDO FRQIHUHQFH RQ+0ODFK&QHHWHVWQLQJ
GRL

OHLQVKDXVHQ 1 4XDQW L®HKU®DO HIVLREK LRWHNMVYOLQJ 5HVH

/IDQGU\ 0 (UOLQJHU 7 3 3DWVFKNH ' 9DUULFKLR & 3UR
IRU *()&RP ZLQG IRUMHFDYBWORQDO -RXUQD@ RI )RUHFDVWLQ

&DQQRQ $ - 4XDQWLOH UHJUHVVLRQ QHXUDO QHWZRUNV
SUHFLSLWDWLR®RBRAPNEB O *GIRVFEHQFHV

&DQQRQ $ - 1RQ FURVVLQJ QRQOLQHDU UHJUHVVLRQ TXDC
UHJUHVVLRQ QHXUDO QHWZRUN ZLAWKRE & 5@ WATFW QR Q URRR) PIDQ @l
DQG 5LVN $VVHVWPHQW

12%$% 2%$5 (65/ 36/ 8QLYHUVLW\ RI 'HODZDUH $LU 7HPSHU
KWwSsyvV 7Zz7zZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD 8'HOB!:

ODUWHRW BK$S0 Y VDWHOOLWH EDVHG ODQG HYDSRUDWLRQ
*HRVFLHQWLILF ORGHO '"HYHORSPHQW

OLUDOOHW DCREDO ODQG VXUIDFH HYDSRUDWLRQ HVWLPDWHC(
+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHYV



$SSHQGL[ %

12%$% 2%$5 (65/ 36' &3 & *OREDO ‘DLO\ THP:
KWWSV 7Z27ZZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD FSF JC

8QLYHUVLW\ RI 7TRN\R 6RLO 7H[WXUH ODS KWWS K\GUR LLV
WH[WXUH PDS KWPO

6DFNV : - 'HU\QJ ' )ROH\ - $ ©5DPDQNXWW\ 1 &URS SOL
SDWWBRBEDO (FRORJ\ DQ®RADRIHRIUBBK\ M

8QLYHUVLW\ Rl :LVFRQVLQ ODGLVRQ &URS &DOHQGDU 'DWDVH

SRUWPDQQ ) 7 G6LHEHUW 6 'lOO0 3 0,5&% *OREDO PRQW
DURXQG WKH \HDU $ QHZ KLJK UHVROXWLRQ GDWD VHW IR
*OREDO %LRIJHRFKHPLFDO &\FOHV

9HQDEOHV : 1 DRBHUVQWBSSOLHG 6 WESWLQWHBVIAZWKR BN
GRL



$SSHQGL[ &

$SSHQGL[ &

+LJK SUREDELOLW\ RI \LHOG JDLQ WKURXJK FRQVHU
IRU PDMRU VWDSOH FURSYV

$XWKRUYV
<DQJ°6%HQRLWP*DIERJLHH@® GHHLOMRDA. QDNRZVNL

P805 (&26<6 ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\
E805 $JURQRPLH ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD

F$SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,% ,158( $.
6DFOD\ 3DULV )UDQFH
€&,5%'" 835 +RUWG\V ) ORQWSHOOLHU )UDQFH

"+RUWG6\V 8QLY ORQWSHOOLHU &,5%' ORQWSHOOLHU )UDQFH

&RUUHVSRQGLQJ $XWKRU
<DQJ 68 \DQJ VX#LQUDH IU ,15%( $JUR3DULV7HFK
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$SSHQGL][ &

_)J)ORZ FKDUW RI OLWHUDWXUH VHDUFK DQG GDWD FR
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$SSHQGL[ &

$SSHQGL[ & _ /RFDWLRQV RI H[SHULPHQWYV LQFOXGHG LQ WKH GDWDVHW



$SSHQGL[ &

$SSHQGL[ & _ $ELOLW\ RI WKH UDQGRP IRUHVW PRGHO WR GLVF
&$ OLNH VA\VWHPV YV &7 KLJKHU DQG ORZHU WKDQ RQH 52& FXL
FURVYV YDOLGDWERRAVY22RDLGDWLRQ SURFHGXUH 2QH \LHOG UI
LQSXwWY ZDV UHPRYHG IURP WKH GDWDVHW DW HDFK LWHUDWLR
XVHG WR WUDLQ WKH UDQGRP IRUHVW PRGHO 7KH WUDLQHG PR
\LHOG JDLQ IURP WKH LQSXW GDWD RI WKH UHPRYHG \LHOG UDWL
7KH 5 SDFENDJH SUDQGRP)RUHVW’™ ZDV XVHG S3UDQGRP)RUHVW™ L
HQVHPEOH RI UHJUHVVLRQ WTUKIHH \5 WDRED ENVOYMWUHVREIXMWOG JDL
SDFNDJH ZHUH XVHG WR FRPSXWH WKH $UHD XQGHU WKH 52& F.:
$8& LV HTXDO WR WKH SUREDELOLW\ WKDW WKH FODVVLILHU KH
UDQN D UDQGRP SDLU RI SRVLWLYH UDWLR! VR® GHJIRWU YH8 &L
PHDQV D EHWWHU PRGHO FODVVLILFDWLRQ SHUIRUPDQFH +HUH
ZKLFK LQGLFDWHY WKDW WKH SUREDELOLW\ WKDW UDQGRP IRUH’
DQG 3\LHOG ORVV" FRUUHFWO\ LV



$SSHQGL][ &

$SSHQGL[ & _ $ELOLW\N RI TXDQWLOH UHJUHVVLRQ IRUHVWYV PRGHO WR SUHGLFW WKH OHYHO
5HVXOW EDVHG RQ OHDYH RQH RXW FURVV YDOLGDWLRQ /22&9 DQG WKH FRYHUDJH SUREDEL
UHJUHVVLRQ IRUHVW EDVHG RQ 3UDQJHU" SDFNDJH LQ 5 ZDV HYDOXDWHG E\ FRPSXWLQJ WK



$SSHQGL][ &

WKH PRGHO :KHQ WKLV SURSRUWLRQ LV FORVH WR WKH H[SHFWHG FRYHUDJH SUREDELOLW!
FRQVLGHUHG DFFXUDWH 7KLV DSSURDFK ZDV LPSOHPHQWHG KHUH E\ /22&9 2QH UHODWLYH
UHPRYHG IURP WKH GDWDVHW DW HDFK LWHUDWLRQ RI WKH /22&9 DQG WKH UHVW RI WKH GD
PRGHO ZDV WKHQ XVH®(DQW&®CRBEMQYWLMKIV RI WKH UHODWLYH \LHOG FKDQJH IURP WKH LQSXW
ZDV UHSHDWHG IRU DOO UHODWLYH \LHOG FKDQJH GDWD DQG WKH SURSRUWLRQ RI GDWD ZL\
YDOXH L H ,Q 6 WKH YHUWLFDO JUH\ EDUV ZLWK WZR EOIFN‘SHUWFW W UOHV IRPG WWKRH VB
FRUUHVSRQG WR REVHUYHG UHODWLYH \LHOG FKDQJHV 'DWD ZLWKLQ WKH LQWHUYDOV DUH 1



$SSHQGL[ &

$SSHQGL[ &

TXDUWLOHV RI UHODWLYH \LHOG FKDQJH

SUHFLSLWDW

LLSBHDQ SUHFLSLW
R¥RzLQJ VHDVROQ

out BHIRIRR

12%94

_ ORGHO VHWWLQJ IRU JOREDO SURMHFWDR®&*RI SURE

DQLF DQG
PLQLVWUD'

(YDSRWUDQVS

OHDQ SRWHQ
LUDWDRB@WUDQVSL
JURZLQJ VHD

NL'D@'D IURP */($0

U DDADLGR QY DG RAUKDHW L |
ORG|

*OREDO
RQ $PVWHU

$YHUDJH WHPS

OHDQ DYHUDJH W
H WKW XUWHR ZLQJ VH

HPSHDDWRQBO QFH
DVBRVMP RVSKHULF $G
12%5%

DQLF DQG
PLQLVWUD'

OD[LPXP WHPSH

OHDQ PD[LPXP WH
UDWKKUHURZLQJ VH

PSHUDWKEBALO® 2FH
DVRVP RVSKHULF $G
12%4

DQLF DQG
PLQLVWUD!

OLQLPXP WHPSH

OHDQ PLQLPXP WH
TUDWEKUHRZLQJ VH

P S HUMWLXRIQHD DQ2 F H
DVBRVP RVSKHULF $G
12%4¢

DQLF DQG
PLQLVWUD!

BRL[W.

+:6' GLC

7KH 8QLYHUYV

ORQWK RI1 SODC(

JLVFRQVLQ

gLy \
&URS JURZLQJ VKDYRVWLQJ LQ WK R G%@g%§é[
GDWDVHW |
&URS 0,5&$% C *RHWKH 81
UULJDW 0,5&$% C *RHWKH 81
6SULQJ EDUOH\ FRWWRQ PDL]H
&URS W\SH ULFH VRUJKXP|VR\EHDQ

VXQIORZHU

3

JHUWLOL]HU XWL <HV ) R)
JHUWLOL]HU X <HV ) R)
&RQWf;g RI ZHHG DQG SHVW LQr |-

&RQWURO RI ZHH <HV " RL:

'LWK FURS URWD
ZLWKRXW FURS U

WLRQ IRU &$
RWDWLRQ IRU 17

&URS URWDWLRQBE\QGHADRSOW ,Q )UIJXUH E 17
5 LQGLFDWHG 17
ZLWK ZLWKRXV
&URS URWI "LWKRXW FLU
"LWK VRLO FRYHU IRU &$
ZLWKRXW VRLO FRYHU IRU 17 E\
6RLO FRYHU LQ GHI®XOW ,Q J)LIXUH D 17

6& LQGLFDWHG 1
VRLO

7 ZLWK ZLWKRXW

6RLO FRY

LWKRXW !

&URS LUULJDWL

%DVHG RQ FURS |
RQ BAQGHA®$OW ,Q

LUULIJDWLRQ PDVN
ILIXYRIHWKH 8QLYH

UuvLw\

17 &% &7 ,UULJ
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LOGLFDWHG 17
ZLWK ZLWKR

&$ &7

&URS LUULJIDW

%DVHG RQ FURS |
E\ GHIDXOW ,Q
L R Q7 L&S$ &&77 ,UUulL
LQGLFDWHG 17

LUULIJDWLRQ PDVN
ILIXUH H

 IDWARRHWW KH 8QLYH
&$ &7

ZLWK ZLWKR

UvLw\
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"HILQH

HTXDOO\ VSDFHG YDOXHVY EHWZHHQ WKH ORZHU D

[ OHYHO OHYHO OHYHO « QHYHO
&RPELQH HDFK(N+YH£FH[ ZLWK DOO H[LVWLQJ FRPEL
/HYHO
3DLU [ OHYHO [ [ « [
3DLU [ OHYHO [ [ « [
«
3DLU Q [ OHYHO Q | « [
/JHYHO  «

&RPSXWH WKH SUHGLFWLRQ IRU HDFK SDLU RI
PHGLDQ SDLU

< OHYHO
«

< OHYHO

PHGLDQ SDLU

SUHGLFWF
WR SDLU Q IRU OHYF

WR SDLU Q IRU OHYF

!

3ORW < DV WKH

IXQF

RQ RI [

$SSHQGL[ &
+HUH |

_ )J)ORZ FKDUW VKRZLQJ WKH DOJRULWKP RI PDNLQJ RQ
UHSUHVHQWHG SUHFLSLWDWLRQ EDODQFH 3%

7KH UDQJ

WKH SUREDELOLW\ RI \LHOG JDLQ UHVXOWLQJ IURP &% RU 17 YV &7
IRU DOO FRPELQDWLRQV RI WKH RWKHU LQSXW YDULDEOHYV LQFO X



$SSHQGL[ &

WKHQ DYHUDJHG IRU HDFK OHYHO RI 3% DQG WKH PHGLDQV ZHUH
VHWWLQJ RI GLITHUHQW FURS V\VWHPV LV 17 ZLWKRXW FURS URW
DQG ZLWK VRLO FRYHU &7 ZLWKRXW FURS URWDWLRQ DQG ZLWKR
URWDWLRQ EXW ZLWK VRLO FRYHU ,Q )LJXUH E 17 ZLWK FURS U
PDQDJHPHQWYV VXFK DV IHUWLOL]DWLRQ ZKDW LV FRPSDUHG LQ
IHUWLOL]DWLRQ YV &7 ZLWK IHUWLOL]DWLRQ



$SSHQGL][ &

$SSHQGL[ & _ 5HODWLYH LPSRUWDQFH KM QNERU VRD QWKH ZIDR/GEH DI LQISEVEY WKH PHDQ GHFUHDVF
IRUHVW PRGHO RU TXDQWLOH UHJUHVVLRQ IRUHVW PRGHO



$SSHQGL[ &

$SSHQGL[ & _ B3URGXFWLYH SHUIRUPDQFH RI &$%$ DQG 17 YV &7 IRU VSUBQREXBOWHY LW \URH OSCRQLM
$IJULFXOWXUH IRU VSULQJ EDUOH\ LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW
WZR GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQC
EDUOH\ \LHOG JDLQ &%$ DQG 17 YV &7 F %DUOH\ FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \I
FRORU LQ WKLV PDS LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP
7KH VW DQG UG TXDUWLOHV RI VSULQJ EDUOH\ UHODWLYH \LHOG FKDQJH XQGHU &% DQG 17 Y\
LQGLFDWHG WKH WZR GLIITHUHQW UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \lL
DW UG TXDUWLOH 7KH FRORUV LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORYV
UHG GLDPRQG ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]JRQWDO OLQH



$SSHQGL[ &

$SSHQGL[ & _ 7KH SUREDELOLW\ RI \LHOG JDLQ RI VSULQURDELIO\LL IMAWRK &SHDQGIDL QY VL WK K$DL
EDUOH\ 2QO\ WKH FURSSLQJ UHJLRQV ZHUH SUHVHQWHG 7KH GLIITHUHQW FRORUV LQGLFDWHG

7KH JUHHQHU FRORU LQGLFDWHG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ ) LQOGLFDWHG 17 R
DQG &7 ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI VSULQDEWULOH\ZHOY & &K DQIGH ISSURE DETL SUWFWY!
RI VKLIWLQJ &7 WR &% 17 IRU VSULQJ EDUOH\ ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHV
ZLOO EH KLJKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D
WKDW WKH UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ
7KH FRORUV LQGLFDWHG GLIIHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FROI



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &% DQG 17 YV &7 IRU FRWRRF WQ YU MO RV L&YRHOM |
$IJULFXOWXUH IRU FRWWRQ LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJLR
GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFD)
&% DQG 17 YV &7 F &RWWRQ FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKDGHV LQG
LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP GHQVLW\ LQ WKH FH
TXDUWLOHV RI FRWWRQ UHODWLYH \LHOG FKDQJH XQGHU &% DQG 17 YV &7 SUDFWLFH LQ WKH
GLITHUHQW UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJH UDWLRYV
7KH FRORUV LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHL
ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]J]RQWDO OLQH



$SSHQGL[ &

$SSHQGL[ &

_ 7KH SUREDELOLW\ RI \LHOG JDLQ RI FRREDEQ ALWAKRE $LIH@EG UD Y Z& T K ULH /Q BH1
FURSSLQJ UHJLRQV ZHUH SUHVHQWHG

7KH GLITHUHQW FRORUV LQGLFDWHG GLIIHUHQW SURED
FRORU LQGLFDWHG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ ) LOGLFDWHG 17 RU &% DQG &7
ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI FBMODRML ¥ HW KHE8BG DREX® Q 3 HY ¥ U R E SRJIIDOFIWML\F HV W
VKLIWLQJ &7 WR &% 17 IRU FRWWRQ ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWU

KLIKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKDQF
UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DC
FRORUV LQGLFDWHG GLIITHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &$ DQG 17 YV &7 IRU PBURDGKOWLNQ W RY HECR QU
$JULFXOWXUH IRU PDL]H LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJILRQ

GLIIHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFD
&$ DQG 17 YV &7 F ODL]H FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKDGHV LQGLFE
LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP GHQVLW\ LQ WKH FF
TXDUWLOHV RI PDL]H UHODWLYH \LHOG FKDQJH XQGHU &$ DQG 17 YV &7 SUDFWLFH LQ WKH WZR
UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJH UDWLRYV DW WKH VW
LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHDQ YDOXH RI
PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]JRQWDO OLQH



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI PRHOHDWILWHK YWHDGG-KD QM &UBBHDEMWURM VW
VKLIWLQJ &7 WR &%$ 17 IRU PDL]H ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWURO
KLIKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKDQF
UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DC
FRORUV LQGLFDWHG GLIITHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &% DQG 17 YV &7 IRU WBIURGKQWLHQD/W RY HEOR QU
$IJULFXOWXUH IRU ULFH LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJLRQ

GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFD)
DQG 17 YV &7 F 5LFH FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKDGHV LQGLFDWHG
WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP GHQVLW\ LQ WKH FHOO RI f OD
ULFH UHODWLYH \LHOG FKDQJH XQGHU &% DQG 17 YV &7 SUDFWLFH LQ WKH WZR UHJLRQV DQC
DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJH UDWLRV DW WKH VW TXDUWLC

D EDQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHDQ YDOXH RI UHODWLY
YDOXH LV GHSLFWHG E\ WKH UHG KRUL]JRQWDO OLQH



$SSHQGL[ &

$SSHQGL[ &

_ 7KH SUREDELOLW\ RI \LHOG JDLQ Rl ULFH ZLWK &% DQG 17 YV &7 S2WQORAWNKH 3U
FURSSLQJ UHJLRQV ZHUH SUHVHQWHG

7KH GLITHUHQW FRORUV LQGLFDWHG GLIIHUHQW SURED
FRORU LQGLFDWHG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ ) LOGLFDWHG 17 RU &% DQG &7
ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI BHOHD WLWHK WHOGQGE KD QM &U0RHIEFHAWILMH VW
VKLIWLQJ &7 WR &% 17 IRU ULFH ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWURO

WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKDQFH WKDW
\LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DQG G DQG F
LQGLFDWHG GLIIHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV LQGLFDW



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &% DQG 17 YV &7 IRU VRIVURBRAWLYHWD WL %RQW I
$IJULFXOWXUH IRU VRUJKXP LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJLR(
GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHIJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFD!
JDLQ &$%$ DQG 17 YV &7 F 6RUJKXP FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKDGHYV
PDS LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP GHQVLW\ LQ WK
UG TXDUWLOHV RI VRUJKXP UHODWLYH \LHOG FKDQJH XQGHU &%$ DQG 17 YV &7 SUDFWLFH LQ W
GLITHUHQW UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJH UDWLRYV
7KH FRORUV LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHL
ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]J]RQWDO OLQH



$SSHQGL[ &

$SSHQGL[ & _ 7KH SUREDELOLW\ RI \LHOG JDLQ RI VRBURECPEZOWW \&HI DO G7 DU Q&Z LSUKD & ¥/ IDR}
2Q0\ WKH FURSSLQJ UHJLRQV ZHUH SUHVHQWHG 7KH GLIITHUHQW FRORUV LQGLFDWHG GLIIHUH
JUHHQHU FRORU LQGLFDWHG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ ) LQGLFDWHG 17 RU &%
&7 ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI VREBHBIODPRNEZYW K LEHOBQRXK D Q ¥/ S & R SBBIFOLIWH V!
RI VKLIWLQJ &7 WR &% 17 IRU VRUJKXP ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQ\
EH KLIJIKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKD
UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DC
FRORUV LQGLFDWHG GLIITHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &% DQG 17 YV &7 IRU VRABEROQFW)L YVIHWDRILEZERQVI
$IJULFXOWXUH IRU VR\EHDQ LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJLR(
GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFDW
&% DQG 17 YV &7 F 6R\EHDQ FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKDGHV LQGL
LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RlI PD[LPXP GHQVLW\ LQ WKH FH
TXDUWLOHV RI VR\EHDQ UHODWLYH \LHOG FKDQJH XQGHU &% DQG 17 YV &7 SUDFWLFH LQ WKH
GLITHUHQW UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJH UDWLRYV
7KH FRORUV LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQG G WKH PHEL
ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]RQWDO OLQH



$SSHQGL[ &

$SSHQGL[ & _ 7KH SUREDELOLW\ RI \LHOG JDLQ RI VARAEEDBLDILWK REBE\DBGGLI DM &1 \VBK BEBWLFGE
WKH FURSSLQJ UHJLRQV ZHUH SUHVHQWHG 7KH GLIIHUHQW FRORUV LQGLFDWHG GLIIHUHQW SL
FRORU LQGLFDWHG D KLJKHU SUREDELOLW)\ RI \LHOG JDLQ ) LQGLFDWHG 17 RU &$ DQG &7
ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI VRO\EEBD®Y MWK IE® ® @ &DIFIMVS RREDEL BPWWRH VW
VKLIWLQJ &7 WR &% 17 IRU VR\EHDQ ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FRQWU|
KLIKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKDQF
UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DC
FRORUV LQGLFDWHG GLIITHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV



$SSHQGL[ &

$SSHQGL[ & _ 3URGXFWLYH SHUIRUPDQFH RI &% DQG 17 YV &7 IRU VXQURREHWL @ LWH CRD WIRYGH\G
$IJULFXOWXUH IRU VXQIORZHU LQ D UHODWLYHO\ GU\ UHJLRQ DQG D UHODWLYHO\ ZHW UHJL
GLITHUHQW FRORUV VKRZHG LQ WKH VXE OHJHQG RI SORW D ZKLOH WKH EODQN DUHD LQGLFDW
JDLQ &$ DQG 17 YV &7 F 6XQIORZHU FURSSLQJ GHQVLW\ RQ JOREDO PDS WKH \HOORZ VKD
WKLV PDS LQGLFDWHG WKH FURS GHQVLW\ LV HTXDO RU KLJKHU WKDQ RI PD[LPXP GHQVLW\
DQG UG TXDUWLOHV RI VXQIORZHU UHODWLYH \LHOG FKDQJH XQGHU &% DQG 17 YV &7 SUDFWL
WKH WZR GLIITHUHQW UHJLRQV DQG WKH OHIW SDUW RI SORW G LQGLFDWHG WKH \LHOG FKDQJ
TXDUWLOH 7KH FRORUV LQ SORW D E DQG G LQGLFDWHG WKH VDPH UHJLRQV ,Q SORW E DQGC
GLDPRQG ZKLOH WKH PHGLDQ YDOXH LV GHSLFWHG E\ WKH UHG KRUL]J]RQWDO OLQH



$SSHQGL[ &

$SSHQGL[ & _ 7KH SUREDELOLW\ RI \LHOG JDLQ RI VXIURRZHIUOZMWNKRKS$LBQG 1D LYY ZEW IS &P FINQ(C
2Q0\ WKH FURSSLQJ UHJLRQV ZHUH SUHVHQWHG 7KH GLIITHUHQW FRORUV LQGLFDWHG GLIIHUH
JUHHQHU FRORU LQGLFDWHG D KLJKHU SUREDELOLW\ RI \LHOG JDLQ ) LQGLFDWHG 17 RU &%
&7 ZLWK ZLWKRXW ZHHG DQG SHVW FRQWURO



$SSHQGL[ &

$SSHQGL[ & _ 7KH UHODWLYH \LHOG FKDQJH RI VXQIMRZWUYH WK @S PRBQLUH YSWU REEDEUDEWL FH/
RI VKLIWLQJ &7 WR &% 17 IRU VXQIORZHU ZLWK ILHOG IHUWLOL]DWLRQ DQG ZHHG DQG SHVW FR
EH KLIJIKHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW D DQG F DQG FRQYHUVHO\ D FKD
UHODWLYH \LHOG FKDQJH ZLOO EH ORZHU WKDQ WKH UDWLR VKRZQ RQ WKH PDS LQ SORW E DC
FRORUV LQGLFDWHG GLIITHUHQW OHYHOV RI \LHOG FKDQJH UDWLR DQG WKH UHGGLVK FRORUV



$SSHQGL[ &

$SSHQGL[ & _ OHWKRGV
'DWDEDVH HVWDEOLVKPHQW

7KH OLWHUDWXUH VHDUFK ZDV GRQH LQ )HEUXDU\ XVLQJ

DJULFXOWXUH 1R WLOO 1R WLOODJH =HUR WLOODJHY p<LHC
M6FLHQFH &LWDWLRQ ,QGH[ ZHE RI VFLHQFH T $ WRWDO RI

E\ UHYLHZLQJ WKH WLWOH DQG DEVWUDFW DQG WKHVH SDSHU\
VXPPDUL]HG LQ 6 3DSHUV QRW UHSRUWLQJ \LHOG GDWD IRU &7
SDSHUV UHSRUWLQJ H[SHULPHQWYV RQ UHGXFHG WLOODJH 57 V
DFURVYV GLIIHUHQW \HDUV RU VLWHV ZHUH DOVR H[FOXGHG :H W}
ZHHG DQG SHVW FRQWURO FURS LUULJDWLRQ FURS URWDWLRQ
RI &% E\ )$2D0QG FURS UHVLGXH PDQDJHPHQW ZHUH UHSRUWHG I}
WKHVH VFUHHQLQJ DQG VHOHFWLRQ VWHSY DOO UHOHYDQW GD
LQFOXGLQJ JHQHUDO LQIRUPDWLRQ DERXW WKH SDSHU ORFDWL!
XQGHU 17 ZKHQ WKH FURS ZDV VRZQ VRLO FKDUDFWHULVWLF
PDQDJHPHQW SUDFWLFHY DQG FURS \LHOG Rl &7 DQG 17 +RZHY!
WKH FURS JURZLQJ VHDVRQ FOLPDWLF YDULDEOHYV DQG VRLO

VHYHUDO H[WHUQDO GDWDEDVHV 7KH JURZLQJ VHDVRQ LQIRUI
GDWDEDWYH G RQ WKH FURS W\SH DQG WKH ORFDWLRQV RI WKH

SUHFLSLWDWLRQ DYHUDJH WHPSHUDWXUH LQ WKH JURZLQJ VHLEL
GDWD SURYLGHG E\ 12%$% Z&KH (BD/[I3BXP DQG PLQLPXP DLU WHPSH
JURZLQJ VHDVRQ ZHUH JHQHUDWHG IURP &3& *OREDO 7THPSHUDMW
36/ DQG WKH SRWHQWLDO HYDSRWUDQVSLUDWLRQ GDWD RYHU W
GDWDEBRYHO WH[WXUHV ZHUH FROOHFWH LIQR RV KK H RE®'WE B QY
H[SHULPHQWDO VLWHV UHSRUWHG LQ WKH VHOHFWHG SDSHUV

REWDLQ WKH UHTXHVWHG LQIRUPDWLRQ IURP WKH HI[WHUQDO GEC
WKH UHVXOWY HIWUDFWHG IURP SDSHUV SXEOLVKHG EHWZHH

IURP 17 DQG &7 IRU PDMRU FURS VSHFLHV LQFOXGLQJ REVH
VSULQJ EDUOH\ DQG IRU ZLQWHU EDUOH\ REVHUYDWLRQV
REVHUYDWLRQ IRU ULFH REVHUYDWLRQV IRU VRUJKXP RE
VXQIORZHU REVHUYDWLRQV IRU ZKHDW REVHUYDWLRQV
VSULQJ ZKHDW LQ FRXQWULHV IURP W R $SSHQGL] &
$QDO\VLV

3DuM/R|uHOG<HMNDZHUHXVHG\NRFRPSXWé%%%FWDﬂﬂ/RlHH

UHODWLYH \LH@ Y92 DAKIHREFDWHJRU\ RI WKH \LHOG JDLQ |

UHODWHG WR WKH LQSXWV RI FOLPDWLF FRQGLWLRQV VRLO GL
UDQGRP IRUHVW DOJRULWKP LQ RUGHU WR PDS WKH SUREDEL(
SUREDELOLW\ WKDW \LHOG UDWLR ! 5HODWLYH \LHOG FKDQ.
TXDQWLOH UHJUHVVLRQWYRQKBVI\H WHRH@WWOPINWH WHKBIDWLYH \LHO
FOLPDWLF FRQGLWLRQV

7KH 5 SDFNDJH SUDQGRP)RUHVW”" YHUVLRQ ZDV XVHG WR
WKH \LHOG UDWLRV RI &% RU 17 YV &7 DV WKH IXQFWLRQ RI FOL
DJULFXOWXUDO PDQDIJHPHQW SUDFWLFHV 7R GR VR VHW WKH F
VXFK DV 3% 7PLQ 7DYH 7PD[ DV QXPHULFDO H[SODQDWRU\ YDU
DJULFXOWXUDO PDQDJHPHQW DFWLYLWLHV LQFOXGLQJ FURS LU
ZHHGV FURS URWDWLRQ DQG VRLO FRYHU DV FDWHJRULFDO HJ[SC

\LHOG@&%—?\KURRU DV UHVSRQVH YDULDEOH 7KH VDPSOH FRGI




$SSHQGL[ &

PRGHO LV DYDLODEOH LQ 3&RGH ]JLS” LQ ILJVKDUH UHSRVLWRU\ §
WKH 3SUR[LPLW\" DV 7XUH WKH PRGHO RXWSXW LV WKH SUREDE
TXDQWLOH UHJUHVVLRQ PRGHO WKH 5 SDFNDJH :UDQJHU" YH!
UHJUHVVLRQ IRUHVW PRGHO WR DQDO\VH UHODWLYH \LHOG FKD(
H[SODQDWRU\ YDULDEOHYV DV UDQGRP IRUHVW %RWK UDQGRP IF
ZHUH WUHH EDVHG HQVHPEOH PDFKLQH OHDUQLQJ PHWKRG XVLC
DFFXUDF\ DQG VWDELOLW\7RHWHKIPHW ISRIGGLEMWA RYIRW PDNH DV
GLVWULEXWLRQV RI WKH LQSXW GDWD DQG ZHUH DEOH WR GHDO
RI WKH LQSXWYVY ZHUH GHULYHG XVLQJ WKH RHDINQOC3WHF WDHDV.KD ORE
$SSHQGL[ &

*OREDO SURMHFWLRQ RI \LHOG JDLQ SUREDELOLW\ DQG UHODWL

7R SUHGLFW WKH JOREDO SURGXFWLYLW\ RI &$ DQG 17 YV &7 W
E\ WKH QXPHULFDO H[SODQDWRU\ YDULDEOHV VXFK DV FOLPDWL
LQFOXGLQJ FURS W\SHV VRLO WH[WXUHV DJULFXOWXUDO PDQD
VHWWLQJV ZHUH DYDLODEOH LQ $SSHQGL[ & 7KH JOREDO FOLPI
WKUHH GHFDGH DYHUDJHGD OUYRPPIMQGHFEROGLWLRO®W &OLPDWH
JURZLQJ VHDVRQ LQIRUPDWLRQ IRU HDFK FURS ZDV GHILQHG D
KDUYHVWLQJ PRQWK IURP WKIBHLD®RS FiBPL-SQGDWGR @ DEIEVEYHUD
FDOFXODWHG WKURXJKRXW WKH JURZLQJ VHDVRQ IRU DOO WK
SUHFLSLWDWLRQ DQG DLY WIHPRLSHUD VXYWRGBW ZBNYVIHP SOHPHQW
PLQLPXP WHP DU RKWHQWLDO H¥D $RW WXGIVELWBWRRIQFDO H[SOI
WKH JOREDO VRLO WH[WXUH LQSXWWKHWEU RS PHJ ULR P W L&R QG DD}
RQ WKH LUULJDWLRQ PDVN IURP HP&K JUG®WBEDVIFURS LUULJD
\HV LI LUULJDWLRQ ZDV WKH GRPLQDWHG SUDFWLFHV LQ WKLV Ut
IRU &$ DQG *QR’ IRU 17 &URS IHUWLOL]DWLRQ DQG LQWHJUDWH
WKH VFHQDULR ) :' ZKLOH ®*QR’° IRU WKH VFHQDULR ) :°

7KH PRGHO RXWSXWV ZHUH WKH SUREDELOLWLHWWRIQ@HOG JDL
SHUFHQWLOHV RI UHODWLYH \LHOG FKDQJH ZKLFK LQGLFDWHG W
WKH DYHUDJHG FOLPDWH FRQGLWLRQ RI $00 PDSV LQ
5 D 9HUVLRQ KWWSV 11U PDWKZRUNY FRP SURGXFWYV PDWOL




$SSHQGL[ &

SHIHUHQFH XVHG LQ $SSHQGL[ &

‘'LPLWULDGLYVY 6 /LSDUDV ' $'1l, +RZ UDQGRP LV WKH UD
RQ WKH VHUYLFH RI VWUXFWXUDO LPDJLQJ ELRPDUNHUV IRU $¢
QHXURLPDJLQJ LQLWLDWHXYWDG'3HIGQWDEWVYRQ 5HVHDUFK

Y)DZFHWW 7 $Q LQW URDBWRWAHLURI 5\M R RSREL V@ R Q\MHLW W H UV

12%% 2%5 (65/ 36/ 8QLYHUVLW\ RI 'HODZDUH $LU 7HPS
KWWSV ZzZzZ HVUO QRDD JRY SVG GDWD JULGGHG GDWD 8'HOB#¢

ODUWWQB/O®O Y VDWHOOLWH EDVHG ODQG HYDSRUDWLRQ
*HRVFLHQWLILF ORGHO '"HYHORSPHQW

OLUDGHOHIAREDO ODQG VXUIDFH HYDSRUDWLRQ HVWLPDWHC(
+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHYV

12$% 2%$5 (65/ 36/ &3& *OREDO 'DLO\ 7
KWWSV Z2Z2Z HVUO QRDD JRY SVG GDWD JULGGHG GDWD FSF JO

8QLYHUVLW\ RI 7RN\R 6RLO 7H[WXUH ODS KWWS K\GUR L
WH[WXUH PDS KWPO

6DFNV : - 'HU\QJ ' )ROH\ - $ 5DPDQNXWW\ 1 &URS ¢
SDwwaBWUWO (FRORJ\ DQG %LRJIJHRJUDSK\

8QLYHUVLW\ R 'LVFRQVLQ ODGLVRQ &URS &DOHQGDL
KWWSV QHOVRQ ZLVF HGX VDJH GDWD DQG PRGHOV FURS FDO

SRUWPDQQ ) 7 G6LHEHUW 6 'l1OO0 3 0,5&% *OREDO PRC
DURXQG WKH \HDU $ QHZ KLIJK UHVROXWLRQ GDWD VHW IR
*OREDO %LRIJHRFKHPLFDO &\FOHV

JRRG DQG $JULFXOWXUH 2UJDQL]PDWLIR @ REG WK RIZS L SR E DF
JXLGH WR WKH VXVWDLQDEOH LQWHQVLIKAVDWS R @ ZRZI 1D RDFOWIK F
L H SGI

%U\OO 5 *XWLHUUH] 2VXQD 5 A4XHN ) $WWULEXWH EC
HQVHPEOHV E\ XVLQJ UDZIBRW HH Q VBXE R NRLEWLIHRADV

1HPEULQL 6 .|QLJ , 5 "ULJKW 0 1 7%HRUKQYRYP D WU FW K

+

SUIXHY mD$$ TV * 8 6 &OLPDWH 1RUPRXOO/OHMLQQYRU YL
$PHULFDQ OHWHRURORJEFDO 6RFLHW\



$SSHQGL[ °
$SSHQGL[

7KH LPSDFW RI FOLPDWH FKDQJH RQ WKH SURGXFWLYLW\ RI FRQVHUYDWL

$XWKRUV
<DQJI°6%HQRLWP*DIEYILGHH ODNRZVNL

$IILOLDWLRQV

P805 (&26<6 ,15%$( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\ 7KLYHUYDO *ULJQRQ )UD
E805 $JURQRPLH ,15%( $JUR3DULV7HFK 8QLYHUVLWp 3DULV 6DFOD\ 7TKLYHUYDO *ULJQRQ
F$SSOLHG PDWKHPDWLFV DQG FRPSXWHU VFLHQFH 0,% ,15%$( $JUR3DULV7HFK 8QLYHUVLW

&RUUHVSRQGtRQ I BDAMKIRWX#LQUDH 11U




$SSHQ

$SSHQGL[ ' WRBGIK® VHWWLQJV IRU JOREDO SURMHFWLRQ

GL[

v

YHH FOLPDWLF
WH PRGHOV

i,.SvO FP D OU

VFHQDULRYV
P5&3 !

RG LV 3U L S~
JYHG DWPRVS]|
1G WR VXSSRU

YHH FOLPDWLF
WH PRGHOV

3,SVO FP D OU

VFHQDULRYV
P5&3 !
3:DWHUB*$3 °
UJYHG DWPRVS
1G WR VXSSRU

6\PERO
&DWHJIRU\ ORGHOLIQQWXW 7\SH 6HWWLQJ 1RWH
PRC
7KH FXUUHQW DQG IX\}
EDVHG RQ WKH FOLPDO
V WA tDGIJHP HVS
&XUUHQW PHDQL_%?EEPWFTDQG WKH 5&3
SBUHFLSLWDWLRQ RY%%D\%WLW W WLRQ RI - 3p S, .
JURZLQJ VHDVRAQ '))P * H PHDQ FOLR/L?(WHHF_‘Q%R-(%LE%@%%HWKF
RI (:(0%, GDWDVHW 2EVHLU
FOLPDWH ZDV FRPSLOH
FRUUHFWLRQ RI F
7TKH FXUUHQW DQG IX\}
EDVHG RQ WKH FOLPDO
SRWHQWLDO &EXUUHQW PHDQL_%VéT!]éPqugéHVSK:Vs&B
HYDSRWUDQVSLUDW WlW)PW* WLRQ RI -~ 3p R ,
&OmeNﬁY@ﬂgCgBJURZLQJ ) RP PHDQFOLRRﬁ“tEéBEWWﬁ%§HOLw
YDULDEOHYV (:(0%, GDWDVHW 2EVHLU
FOLPDWH ZDV FRPSLOH
FRUUHI FOLPDWH
SBUHFLSLWDWLRQ EDODQFH SBUHFLSLWDWLRQ + SRWHQWLDO
RYHU WKH JURZ24QJ 4XDQWLWIDWERWUDQVSLUDWLRQ RYHU WKH
VHEC JURZLQJ
7TKH FXUUHQW DQG IX\}
EDVHG RQ WKH FOLPDO
VEJD E 3tDGJHP HV’
$YHUDJH WHPSHUDWXUH F&XUUL:V\(/QLV\I/?QPSPQL_% l!] PWF‘-DQG WKH 5&3
RYHU WKH JUREZY§J 4XDQ @% ‘35 QE{R-{ ’ 3%&@) !
VHDVRQ XWFURTERDQ FoL GRWHIFRABIEERS

(: (0%, GDWDVHW 2EVHLU
FOLPDWH ZDV FRPSLOH

XHH FOLPDWLF
WH PRGHOV

3,SVO FP D OU

VFHQDULRYV
P5&3 ’

RG LV 33U L S~
JYHG DWPRVS|
1G WR VXSSRU

FRUUHFWLRQ RI F




$SSHQG

L[

7KH FXUUHQW DQG IXWKHH FOLPDWLE
EDVHG RQ WKH FOLPOWH PRGHOV
v g 3:DGJHP HV ' 3,SVO FP D OU
OD[LPXP F&XUC%J(L:V\(/QLV\I/:{QPSPQE% b PWqDQG WKH 5&3 VFHQDULRY
WHPSHUDWXUHPRYHU WO W W ’ ssm’ 3[5H§¢7 © 583
JURZLQJ VHDVRQ HRW ng PHDQ FOLRDWHRRAGE HWKRG LV U L S
(:(0%, GDWDVHW 2EVHUYHG DWPRVS
FOLPDWH ZDV FRPSLOHG WR VXSSRU
FRUUHFWLRQ RI
7KH FXUUHQW DOG IXWKHH FOLPDWLE
EDVHG RQ WKH FOLPOWH PRGHOV
v E 53:DGJHP HV ' 3,SVO FP D OU
OLQLPXP &XUU%HQLVY?QPSPQE% G PW'—TDQG WKH 5&3 VFHQDULRY
WHPSHUDWXUH FRYH U wxacgvv%%ﬁ' ’ 353&’ 3[5#'%@) © b5&3 -
JURZLQJ VHDVRQ ) o HDQ FOLRDWHRRR SN HWKRG LV 3U L S
(:(0%, GDWDVHW 2EVHUYHG DWPRVS
FOLPDWH ZDV FRPSLOHG WR VXSSRU
FRUUHFWLRQ RI
QWHJUDWHG ZHHG <HV IRU
NHOY . P¥orwpwLyH LY 'F
JLHOG IHUWLOL]DWLRQ ) j_%\éld)'ﬁ\W/DXNLYH
&% 17 5 6&
6RLO FRYHU HV IRU 6& | 9DULDQWY EDVHG RQ [17 VIVWHPV 1
PDQDJHPHQW & 4XDOLWDWLYFR" o° gg 56& 17 5 6& 17 5 6&
$JULFXDWXUDO &7 .56
PDODJHPHQW &% 17 5 6&
DEWLY|LW 9DULDQWY EDVHG RQ |17 VIVWHPV 1
%URS URWDWLRQ 5 4XD?1\<’YWL5Y5H 56& 17 56& 17 5 6&
&7 56
1R FKDQJHV LQ |[FXUUHQW DQG
XWXUH ~<HV 1R GHSHQGYCRQ np FRHWKH
&URS LUULJDWLRQAXDQIUNFRWBR@ LRQ RI LUULJ 8 €Q&
RI WKH FURSSLQUJ|DUHD LQ RE MHME
JULG




$SSHQGLJ "

%XW ZKHQ JHQHU
LQ 6 FURS LUULJ
ZDV PDQXDOO\ V
VLPXODWH WKH Il
LUUL.

DWLQJ WKH PDSV
DWLRQ LQ HDFK FHOO
HW DV 1R WR
HOG ZLWKRXW FURS

2WKH

ﬁ?f&ﬁ&ﬁ%Y%ﬁ?FXHHHQ&W%QRNH>8QLYHUVLW\R|

7RN\F

6RLO WH[WXUH 67
6SULQJ EDUOH\ FRWWRQ PDL]H
JV  &URS W\SHV &URS 4XDPHWDRMULIKKP | VR\EHDQ
VXQIORZHU .
&URS JURZLQJ VHDIVRQ 1R4£5@(%\{WDMYE_%&UHQ_\LNV%DGGDLU GDWD TURP 8QLYHU




$SSHQGLJ

$SSHQGL[ " ILIXUH _ $FFXPXODWHG IUDFWLRQ RI WKH FURSSLQJ DUHD DV D IXQFWLRQ RI W]
YDULDQWYV YV &7 VI\VWHPV LQ BGHH HHWNF®WO DRIHWWEDVHEGLRQVWKH DYHUDJH FOLPDWH FRQGLW
,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30RWYV LQ URZ VKRZ WKH DFFXPXODW
\LHOG JDLQ XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV LQ GLIIHUHQW FOLPDWH UHJLRQV 30RW
DUHD DV WKH IXQFWLRQ RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :'" YV &7 56& ) :' V\V
WKH DFFXPXODWHG IUDFWLRQ RI FURSSLQJ DUHD DV WKH IXQFWLRQ RI SUREDELOLW\ RI \LHO!
GLIITIHUHQW FOLPDWH UHJLRQV 30ORWV LQ URZ VKRZ WKH DFFXPXODWHG IUDFWLRQ RI FURSS

) ;" YV &7 56& ):' VIVWHPV LQ GLITHUHQW FOLPDWH UHJLRQV 30ORWV LQ URZ VKRZ WKH
RI SUREDELOLW\ RI \LHOG JDLQ XQGHU 17 56& ) :'" YV &7 5 6& ):" VIVWHPV LQ GLIITHUHQW



$SSHQGLJ "

$SSHQGL[ ' ILIJXUH D _ ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &$%$ V\VWHPV DQG 17 YDUL

+ EDUBHILRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIJIKOLJKWHG LQ U
UHVXOWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX(
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) " YV &7 5 6& ) ' VAVWHPV XQGHL

SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) " YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ " ILIJXUH F _ ODSV Rl SUREDELOLW\ RI \LHOG JDLQ XQGHU &$%$ V\VWHPV DQG 17 YDUL

+ PDLPHHILRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIJIKOLJKWHG LQ U
UHVXOwWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) " YV &7 5 6& ) ' VAVWHPV XQGHL

SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) i YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ "

$SSHQGL[ " ILIXUH G _ 0ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ VI\VWHPV DQG 17 YDUL
+ ULBHJLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIKOLJKWHG LQ UHG
DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPXODWHG E\ ,
WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ ) :" YV &7 56& ):" VIVWHPV XQGHU FXUUHQW
\LHOG JDLQ XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLR
17 56& ):" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR

) " YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30ORW VKRZV WKH
&7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ " ILIXUH H _ ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDUL
*+ VRUJKXIRLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIKOLJKWHG LQ LU
UHVXOWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX(

VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ ) :'" YV &7 56& ):'" VIVWHPV XQGHL
SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) ;" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ "

$SSHQGL[ ' ILIXUH | _ 0ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULI
+ VR\EBBIQLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIJKOLJKWHG LQ U
UHVXOWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX(

VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ ) :'" YV &7 56& ):'" VIVWHPV XQGHL
SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) ;" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ " ILIXUH J _ ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULI

+ VXQIORHHUIRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIKOLJKWHG LQ
UHVXOwWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ ) :'" YV &7 56& ):'" VIVWHPV XQGHL

SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :" YV &7 56& ) :'" VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) ;" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ "

$SSHQGL[ ' ILIXUH K _ ODSV RI SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ VI\VWHPV DQG 17 YDUL

+ ZKHPMJLRQV ZLWK D SUREDELOLW\ RI \LHOG JDLQ ORZHU WKDQ DUH KLIJIKOLJKWHG LQ U
UHVXOwWY DUH EDVHG RQ WKH DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW VLPX
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ XQGHU &$ ) :'" YV &7 56& ):'" VIVWHPV XQGHL

SUREDELOLW\ RI \LHOG JDLQ XQGHU &% ) :" YV &7 56& ) :'" VIVWHPV XQGHU FXUUHQW FOL
JDLQ XQGHU 17 56& ) :'" YV &7 56& ):" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV
17 56& ):" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKR:
) ;" YV &7 56& ):' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ " ILJXUH D _ B3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV Y\
FOLPDWH VFHQDKULWR ILEDWKNKRZY WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODEFN
&$ VI\VWHPV DQG WKHLU YDULDQWYV YV &7 VI\VWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHV)
FXUUHQW VLPXODWHG E\ ,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZ\
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURE
&7 5 6& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREDEL
YV &7 56& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURED
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREL
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ "

$SSHQGL[ " ILJXUH E _ B3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV Y\
FOLPDWH VFHQDKILR ILFRWHNVRIORZY WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN
&$ VI\VWHPV DQG WKHLU YDULDQWYV YV &7 VI\VWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHV]
FXUUHQW VLPXODWHG E\ ,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZ\
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURE
&7 5 6& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREDEL
YV &7 56& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURED
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREL
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ " ILJXUH F _ B3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV Y\
FOLPDWH VFHQOKUMRIL POUHHVKRZYV WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN
&$ VI\VWHPVY DQG WKHLU YDULDQWYV YV &7 VI\VWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHV)
FXUUHQW VLPXODWHG E\ ,SVO FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZ\
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURE
&7 5 6& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREDEL
YV &7 56& ) :' VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SURED
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREL
YV &7 56& ):'" VIVWHPV XQGHU FXUUHQW FOLPDWH FRQGLWLRQV



$SSHQGLJ

$SSHQGL[ ' ILIXUH G _ B3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV YV
VFHQDULRKLMUEBXUH VKRZV WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN DQG

YDULDQWYV YV &7 VA\VWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHVXOWY DUH EDVHG RQ WKH D
FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DOR
FXUUHQW FOLPDWH FRQGLWLRQV 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODW
FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 5 6&
30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :" YV &7 5 6& )



$SSHQGLJ[ '

$SSHQGL[ ' ILJXUH H _ 3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV YV
VFHQDULR MRWYWIKXXUH VKRZV WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN DQ
WKHLU YDULDQWYV YV &7 VIVWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHVXOWY DUH EDVHG RQ
OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ D
FXUUHQW FOLPDWH FRQGLWLRQV 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODW
FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 5 6&
30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7 5 6& )



$SSHQGLJ

$SSHQGL[ ' ILIJXUH | _ 3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV YV
VFHQDULR MRWYWIKXXUH VKRZV WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN DQ
WKHLU YDULDQWYV YV &7 VIVWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHVXOWY DUH EDVHG RQ
OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ D
FXUUHQW FOLPDWH FRQGLWLRQV 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODW
FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 5 6&
30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7 5 6& )



$SSHQGLJ[ '

$SSHQGL[ ILIXUH J _ 3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWYV YV
VFHQDULR VKQVOIR4AKWUH VKRZV WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN C
DQG WKHLU YDULDQWYV YV &7 VA\VWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHVXOWY DUH EDVH
FP D OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JC
XQGHU FXUUHQW FOLPDWH FRQGLWLRQV 3O0ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DOF
FOLPDWH FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQt
FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI\LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 5 6§
3O0RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :" YV &7



$SSHQGLJ

$SSHQGL[ ' ILIXUH K _ 3UREDELOLW\ RI \LHOG JDLQ XQGHU &% V\VWHPV DQG 17 YDULDQWV YV
VFHQDULR7KZKHDWXUH VKRZVY WKH YDULDWLRQV RI VW TXDUWLOH UHG PHGLDQ EODFN DQ
WKHLU YDULDQWYV YV &7 VIVWHPV DV D IXQFWLRQ RI ODWLWXGH 7KH UHVXOWY DUH EDVHG RQ
OU FOLPDWH PRGHO DQG 5&3 VFHQDULR 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ D
FXUUHQW FOLPDWH FRQGLWLRQV 30ORW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODW
FRQGLWLRQV 30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 5 6&
30RW VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7
VKRZV WKH SUREDELOLW\ RI \LHOG JDLQ DORQJ ODWLWXGH XQGHU 17 56& ) :'" YV &7 5 6& )



$SSHQGLJ[ '

$SSHQGL[ ' ILIJXUH D _ ODSV RI WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU &% V\VWHPV D!
5HILRQV ZLWK D GHFUHDVLQJ WUHQG DUH GHSLFWHG LQ UHG ZKLOH WKRVH ZLWK DQ LQFUHD
DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW DQG RYHU IXWXUH VLPXODWH
WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU &% ) :'" YV &7 56& ) :" VIVWHPV XQGHU FOL
XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV XQGHU FOLPDWH FKDQJH 30RW VKRZV WKH FKDQJH
56& ):'" VIVWHPV XQGHU FOLPDWH FKDQJH 30ORW VKRZV WKH FKDQJH RI \LHOG JDLQ SURED
XQGHU FOLPDWH FKDQJH 30RW VKRZV WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU 17 5



$SSHQGLJ

$SSHQGL[ ' ILIJXUH E _ ODSV RI WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU &$ V\VWHPV D¢
SHIJLRQV ZLWK D GHFUHDVLQJ WUHQG DUH GHSLFWHG LQ UHG ZKLOH WKRVH ZLWK DQ LQFUHD
DYHUDJH FOLPDWH FRQGLWLRQV RYHU FXUUHQW DQG RYHU IXWXUH VLPXODWH
WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU &% ) :'" YV &7 56& ) :'" VIVWHPV XQGHU FOL
XQGHU &% ) :'" YV &7 56& ):'" VIVWHPV XQGHU FOLPDWH FKDQJH 30RW VKRZV WKH FKDQJH
56& ):'" VIVWHPV XQGHU FOLPDWH FKDQJH 30ORW VKRZV WKH FKDQJH RI \LHOG JDLQ SURED
XQGHU FOLPDWH FKDQJH 30RW VKRZV WKH FKDQJH RI \LHOG JDLQ SUREDELOLW\ XQGHU 17 5










































