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JRUHZRUG
7KH 3(6(7$ SURMHFWYV
5REXVW PRGHOOLQJ RI WUHH VSHFLHV KDELWDW VXLWDELOLW\
'K\ $ELHV DIED FDVH VWXG\
$ IOH[LEOH PRGHOOLQJ PHWKRG WR HVWLPDWH VXUYLYDELOLW\ XSSHL
$FNQRZOHGJHPHQWYV
$XWKRUV
$EVWUDFW
,QWURGXFWLRQ
5HODWLRQVKLS EHWZHHQ SRWHQWLDO VXLWDELOLW\ DQG GLVWULEXV
7UHH VSHFLHV +6 PRGHOOLQJ DSSURDFK
OHWKRGV

'‘DWD

ORGHOOLQJ WUHH VSHFLHVY KDELWDW VXLWDELOLW\ XVLQJ REVHUYHG
QLWLRQ RI WKH SUREOHP

ORGHOOLQJ FOLPDWLFDQG JHRJUDSKLF VLPLODULW\ QHWZRUNYV
ORGHOOLQJ DUFKLWHFWXUH UREXVWQHVV DQG YDOLGDWLRQ
5HVXOWYV
'LVFEXVVLRQ
SHIHUHQFHYV
/ILVW RI DEEUHYLDWLRQV DQG GHILQLWLRQV [LLL
/[LVW Rl ER[HV [L
/[LVW RI ILIXUHYV [

/ILVW RI WDEOHYV [

'LVFODLPMMKH LQIRUPDWLRQ DQG YLHZV VHW RXW LQ WKLY GRFXPHQW DUH WKRVH RI WKH
UHIOHFW WKH RIILFLDO RSLQLRQ Rl WKH (XURSHDQ 8QLRQ I1HLWKHU WKH (XURSHDQ 8QLRQ L
DFWLQJ RQ WKHLU EHKDOI PD\ EH KHOG UHVSRQVLEOH IRU WKH XVH ZKLFK PD\ EH PDGH RI WKH

&RQYHQWLRQV IRU K\SK\WSGIUDNYNY WR H[WHUQDO VRXUFHKLLQWHKQYHE COWENWKMHD OHD LQ NV
WR SDUWV RI WKLY GRFXPHQW H J FURVV OLQNV WR ILJXUH ¥ L WOELQKW HIGH LIQDECRABHON OVHH RW L R
D VHFWLRQ RU VXEVHFWLRQ LV DQ DFWLYH FURVYV OLQN WR WKLV SDJH Rl &RQWHQWYV

,PDJH LQ WKH IURQW FIRM¥IBUIR UH V \& EAIHVKDIOE WEBIUFR 1D]LRQDOH GHOOH JRUHVWH &DVHQW
YDOWHURQD &DPMLOQB DGDSWHG IURP DQ LPDJH DXWKRU&&S BX EQ/RAVSY LB UFKHR H LV K VUG



JRUHZRUG

,Q WKH (XURSHDQ FRQWLQHQW [|RUMV\WWRSH\ IRUHVWY SOD\ D VWUDW
VWUDWHJILF PXOWLIXQFWLRQDO UR®H I XQHWLRQIDEFRROH VHUYLQJ HFF
QRPLF VRFLDO DQG HQYLURQPHQWDBLOXUBREHHMEXLURQPHQWDO SXUSRYV
RIITHULQJ D EURDG VHW RI SURWHFW L YHY HW AWKNLBR GRESOH[ LQWHUDFWLRQ
UHJXODWLQJ DQG FXOWXUMD HRZFWLRQVQIH LV QRW \HW ZHOO XQGHUVWRF
HYHU DV WKH\DUH DPRQJWKH PRVW FRPSOH[( Q¢ o

7TKH 6(78 SURMHF WSWHRSIRMWMH V D
LQIOXHQWLDO VIVWHPV > @ WKHL

ROVLVWHOW PXOWL VHFWRUDO DVVFH

LOWHUDFWLRQ ZLWK WKH RQJRLQOJ FOLPOWH & RQIH

LPSDEWY RIFOLPDWH FKDQJH LQ (XUR
+ DQG WKH PXOWLIDFHWHG FKDLQ Rl SRWHQWLDO EDV
FDGLQJ FRQVHTXHQFHV IRU (XURSH DQWKLRG MWKH 3(6(7$ ,, SURMHFW D
VLW\ HQYLURQPHQW VRFLHW\ DQG RARKKRBRORY\ LV LQWURGXFHG IRU |
IDUIURP EHLQJ ZHOO XQGHUVWRRG DO B GBEHWDMGY X LWDELOLW\ RI IRUH YV
DQG UHTXLUHV UREXVW VFLHQFH EDVHG PHWKRGH KIRRJ LR Q
VXSSRUW DQ LQWHJIUDWHG DVVHVVPH W R ULVNVVDL LU LU LY VHOHEWH
RSWLRQV IRU PLWLJDWLRQ DQG@ GDswWowW! o URSHDO WULH vSH
7KLV PHWKRGRORJLFDO WDVN LVULF}YW%% I':QV[\)/(té'(GL ELS{FOLPDWLFE
OHQJHV VRPH WUDQVGLVFLSOLQDU\ v%// Eﬁ L HU?(DULRXVIRUHVV
HVWLPDWLRQ RU RYHUVLPSOLILFDWLH XOWLSOH %/RSXODWLR U DGDS
D VRXQG VFLHQFH EDVHG SROLF\ VXS U Q

W FRQGLWLRQV

$ FRUH IDFW QRW WR EH QHJOHFW H G4L Y QYK W RWHOW BHGHOOLQJ DUFKLW
VRXUFHV LQ (XURSH GLVSOD\ D FRPSPH| Q' W¥ERPNoDWLYH GLVWDQFH VLPL
RITHHGEDFNV ZLWK RWKHU QDW XUD OLYRMREUTY AQE K OLQN ILHOG REVHU
ZLWK WKH DQWKURSLF VSKHURKH\  E| RFOLPDWLF SDWWHUQV 5REXVW P

FRYHU DERXW RQH WKLUG RI WKH (XBRRHRRQARPYWW\ LV DOVR GLVFXVVHG
QHQW )LIXWURYLGLQJ D YDULHW\ RI HFRV\V

WHP VHUYLFHY DQG VXSSRUWLQJ WKH ELR EDVHG

HFRQRP\ RI WKH (XURSHDQ FRXQVWWLEBYRIRUWXQDWHO\ WKLV YLWDO HFRO
DQG HFRQRPLF YDOXHLV WKUHDWHQHG E\WKH FRPELQHG LPSDFW RI PXOWL
FOXGH VHYHUDO GLVWXUEDQFHYV ERWK DELRWLFDQG ELRWLF PDQDJHPHQ
SRQGHULQJ WKH LPSRUWDQFH IRU FRPSOH[ HFRVA\VWHPV RI WKHLU ULFKQH
IRUSUHVHUYLQJ WKH L Uau D\QL® WHKGFHXEWOH FXPXODWLYH UROH RI WKH FKD
pPD\ VHYHUHO\ HIDFHUEDWH WKH VWUHVVRUV DIIHFWLQJ (XURSHDQ IRUHV
V\VWHPV DITHFWHG E\ WKHIGU VWDWH >

JRUHVW GLVWXUEDQFHV VXFK DV ZLOGILUHV ZLQG DQG VWRUPV LQYDVLY
HDVHV PD\ EH WLJKWO\ OLQNHG ZLWK WKH FKDQJLQJ ELRFOLPDWLF FRQC
DQWKURSRJHQLF FRPSRQHQWYV XQGHUSLQQLQJ WKH DUUD\ RI GLVWXUEDQ
WKH FOLPDWH HYROXWLRQ )RU H[DPSOH D FHUWDLQ KDELWDW PD\ EHFRPF
WUHH VSHFLHY WR WKULYH LUUHVSHFWLYH RI IRUHVW PDQDJHPHQW HIIR
FRPSHWLWLRQ DPRQJ GLIIHUHQW WD[D 7KLV W\SRORJ\ Rl KDELWDW VXLWL
FRQVLGHULQJ WKH VORZO\ FKDQJLQJ ORFDO ELRFOLPDWLF SDWWHUQV * WK
+ HYHQ LI WKH SDUWLFXODU PRGDOLW)\ ZLWK ZKLFK WKH VXLWDELOLW\ ORV
VLRQDOO\LPSO\D VXGGHQ WUDQVLWLRQ HJ GXHWRDUHVLOLHQFH IDLOX



GURXJKW DQ HI[FHHGLQJO\ ZHW SHULRG RUDQ DEUXSW SHVW RXGVEUHDN >

$OWKRXIK WKH VSHFLILF IXWXUH RFFXUUHQFH RI RQH DPRQJ WKH SRWHQ
VLOLHQFH IDLOX@HW>YLUWXDOO\ LPSRVVLEOH WR SUHGLFW QHYHUWKHOt
WUHQGV PD\EH PRGHOOHG ZLWK WKH KHOS RIUREXVW VWDWLVWLFDO RU [X]
WKH FKDUDFWHULVWLFV RI D UREXVW PHWKRGRORJ\IRU OLQNLQJ ELRFOLPI
SDWWHUQV RI RFFXUUHQFH IRU D FHUWDLQ WUHH VSHFLHV LV WKH DLP R
DSSURDFK LY SURSRVHG IRUHVWLPDWLQJ WKH PD[LPXPPIB[WPRXQRVKRIEVLXM.DWD E
VXLWDELRUWRFDO WD[D ZKHUH WKH IRFXV LV KHUH H[HPSOLILHG IRU WUH
DQG LQWHUSUHWDWLRQ FRUH DVSHFWY DUH SUHVHQWHG LQ DQ LQWHJUDWVW
DUUD\ RI TXDQWLWLHY XQGHU IRFXV DQG WKH XQHYHQ VRXUFHV RI XQFHU'
DUH GLVFXVVHG IRGORDIQWLWIKHIUD\ SAURSDDPBLAP > @

7KH 3(6(7$ SURMHFWV

7KH FRQWH[W XQGHUSLQQLQJ WKLV VWXG\ LV EDVHG RQ D VHULHV RI FUR"
GHYHORSHG ZLWKLQ WKH -RLQW 5HVHDUFK &HQWUH -5& RI WKH (XURSHD
VHULHV LV GHQRWHG DV 3(6(7$ 3URMHFWLRQ RI (FRQRPLF LPSDFWV RI FOLH
(XURSHDQ 8QLRQ EDVHG RQ ERWWR/RVES $ HFONXIMR SD HX MUR 8RUWHMKOD U
WKH IRFXV RI WKH VHFRQG LQVWDQFH 3(6(7$,, LVRQ PDNLQJD FRQVLVWHQ
RI WKH LPSDFWV RI FOLPDWH FKDQJH LQ (XURSH IRU WKH WLPH KRUL

7KH PHWKRGRORJ\ Rl WKH SURMHFW LV FKDUDFWHULVHG E\ WZR GLVWLQF
UHO\ RQ WKH ERWWRP XS ELRSK\VLFDO LPSDFW HVWLPDWHG E\ VHFWRUDO
DSSURDFK WKH UHODWLRQVKLS EHWZHHQ FOLPDWH FKDQJH DQG ELRSK\VL
LQFOXGLQJ WKH PDLQ UHTXLUHG LQWHUDFWLRQV DQG PHFKDQLVPV 6HFF
FRQVLVWHQW DSSURDFK ZKHUH DOO ELRSK\VLFDO LPSDFW PRGHOV XVH W
LQWR DFFRXQW RWKHU KRUL]JRQWDO LVVXHV 7KH 3(6(7$ ,, SURMHFW LQF(
> @ ZKLFK DOVR VHUYH DV WKH EDVLV IRUWKH PRGHOOLQJ RI PD[LPXP KDE
SXEOLVKHG LQ WKH (XURSHDQ $WODV RI JRUHVW 7UHH 6SHFLHV >

JROORZLQJ WKH FRQFOXVLRQ RI WKH 3(6(7$ ,, SURMHFW D QHZ LQVWDQF]|
GLVFLSOLQDU\ H[HUFLVH KDV EHHQ DFWLYH VLQFH -DQXDU\ 7KH QHZ

VSHFLILFDOO\ IRFXVHG RQ VXSSRUWLQJ WKH LPSOHPHQWDWLRQ RI $FWLRC
E\ GHHSHQLQJ DQG IXUWKHU UHILQLQJ H[LVWLQJ -5& ERWWRP XS DQDO\VH
)XUWKHUPRUH LW ZLOO FRQWULEXWH WR UHSRUW RQ WKH 6WUDWHJ\{V LP
ZLOO KDYH WR SUHVHQW WR WKH (XURSHDQ &RXQFLO DQG 3DUOLDPHQW LQ

FRPSDUHG WR -5& 3(6(7$ ,, ZLOO GHYHORS SURMHFWLRQV IRU D VKRUWHU
DGGLWLRQ WR WKH HQG RI WKH FHQWXU\DQDO\VLVY XVH WKH QHZ IDPLO\ RI
&RQFHQWUDWLRQ 3DWKZD\V 5&3V DQG 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V
HPSKDVLV RQ DVVHVVLQJ LPSDFWV Rl H{WUHPH HYHQWYV DQG WKHLU FRVW
WKH DQDO\VLV RQ KDELWDW UHIHUV WR WKH VSHFLILF YHJHWDWLRQ FKDUI
GHPRQVWUDWLRQ FDVH VW&BLMHAHRXEME BQVFXVVHG ,Q 3(6(7$ ,,, WKH D
RQ KDELWDW IRFXVHV RQ WKH YHJHWDWLRQ FKDUDFWHULVLQJ WKH OHGLW
EDVHG RQ WKH VDPH FOLPDWH SURMHFWLRQ®DSSOLHG LQ WKLV VWXG\ >



$PRQJ WKH FOLPDWH FKDQJH LPSDFWV FRQVLGHUHG ZLWKLQ WKH -5& 3(6(7
PHQWLRQLQJ + DV HVSHFLDOO\ UHOHYDQW WR NH\ (XURSHDQ IRUHVW KDEL
> @ bQG ZLOGILUHY DV D NH\ DELRWLF GLVWXUEDQFH IRU IRUHVW UHVRX
EHWZHHQ ZHDWKHU FOLPDWH DQG ILUH GDQJHU ZLWK WKH IXWXUH HYROXYV
(XURSH 7KH FRPELQHG HIIHFW RI WKHVH HPHUJLQJ SDWWHUQV PD\EH FRQV
WKH ELRFOLPDWLF FRQGLWLRQV VXSSRUWLQJ WKH KDEL®@ DWW R IHYRADUWDIORIC
RI'WKHDULG FOLPDWH FRQGLWLRQV DUHDQDO\WVHG LQ WKH 3(6(7%$,,, PRGXO
ZKLOHD GURXJKWDQDO\VLVIURPD SHUVSHFWLYHRQILUHGDQJHU LV FRQVI

SREXVWPRGHOOLQJ RIWUHH VSHFLHVY KDELWDW VXLWDEL

+RZUHVLOLHQW DUH WKH (XURSHDQ IRUHVWV" +RZ UREXVW LV RXU XQGHUV
RI WKH FKDQJLQJ FOLPDWH RQ WKH IXWXUH IRUHVWY LQ WKH (XURSHDQ F
PHQWLRQHG LOQKHUHQW FRPSOH[LW\ RI IRUHVW VA\VWHPVY DQG WKH VLJQLIL
(XURSH )LIXUHQ DUWLFXODWHG UHVSRQVH PD\ EH H[SHFWHG

JRUHVWV LQ (XURSH VSDQ RYHU D YDULF
> @ DQG HYHQ D EDVLF EURDG FKDUI
WLRQ UHTXLUHV PXOWLSOH TXLWH GLI
FDO GRPDLQV WR EH FRQVLGHUHG IUR
WURSLFDO GRPDLQ LQ WKH OHGLWHUUD
WKHWHPSHUDWHDQG ERUHDO GRPDLQV
HUQ DUHDV RI WKH FR®@WLQHQW >

7KH OLWHUDWXUH RQ WUHH VSHFLHV G
KXJH 8QIRUWXQDWHO\ WHUPLQRORJ\
DQG PHWKRGRORJLFDO OLPLWDWLRQV
ILQGLQJV PLJKW EH DPELJXRXV * DQ L
LW\ ZKLFK FRXOG SRWHQWLDOO\ UHYHU
VFLHQFH SROLF\ LQWHUIDFH >

@ %FR |XVLR8 HILVWYV EHWZHHQ GL
JLIXUH 'LVWULEXWLRQ RI IRUHVW DUHDV LQ (XURSH YRUHVW UH
VRXUFHV FRYHU DERXW RQH WKLUG RI WKH (XURSMO% M AOWKHRGLYVWULEXWLRQ UL

YLGLQJ D YDULHW\ RI HFRVA\VWHP VHUYLFHWDAQVWSSRHWYSHWKIHY LWV IUHTXHQF\ R

ELR EDVHG HFRQRP\ RI WKH (XURSHDQ FRXAWYLIHYAYVHQOFH LWV KDELWDW VXLWDELO
PL[HG ODQGVFDSHV DUH DOVR FRQVLGHUHG TXLWH D IUHTXHQW FDW

HJRU\ RI ODQG FRYHU LQ WKH FRPSOH] DQWNG&@F&IR%WP{WIRVWLFDO RSHUDWRU LV H
URSH WKHQ WKH H[WHQW RIDUHDV ZLWK D GRQNHI M KIL¥ OAMKW DHERIO LW\  WKH UHDOL\

IRUHVWY GRPLQDWHY VHYHUDO UHJLRQV RI W@%ﬁWWXQ\/JEWSRWHQWLDO QLFF

DUHDV ZLWK DW OHDVW RIIRUHVW FRYHU 'HULYHG DIWHU GH 5LJR
HW DO @ IURP D SDQ (XURSHDQ KDUPRQLVDWLR@E&M\%'éHUPRUH DYDLODEOH SDQ
H[LVWLQJ ODQG FRYHU PDSV > @ IRUHVW ILHOG GDWD DUH FROOHFWHG Z

KDUPRQLVDWLRQ HITRUWV IURP PXOWL
HJ FRXQWU\ OHYHO VRXUFHV G5HJLRQDO GDWDVHWY DUH W\SLFDOO\ FF
GHQWO\ ZLWK XQHYHQ VSDWLDO GHQVLW\ RI VDPSOLQJDQG XQFHUWDLQW
KRPRIJHQHRXV GHILQLWLRQV RI WKH FROOHFW®G LIQHRBIPRWH RVOHPDQWLF |
HOOLQJDQG GDWD XQFHUWDLQWLHY FKDUDFWHULVH WUHH VSHFLHY GLVWL
(XURSHDQ VBPPDHL,ULQJ UREXVW PRGHOOLQJ VWUDWHJILHY WR PLWLJDWH W



7KLV ZRUN PDLQO\ GHDOV ZLWK WKH KDELWDW VXLWDELOLW\ +6 RI D WUHH
ELRFOLPDWLF FRQGLWLRQV FKDUDFWHULVLQJ WKH KDELWDWYV XQGHU ZKL
+HUH D GLVWLQFWLRQ VKRXOG EH PDGH EHWZHHQ

+f WKHDYHUDJH +6 + GHULYHG E\ FRQVLGHULQJ WKH IUHTXHQF\ RI REVHUY
ELRFOLPDWLF SDWWHUQ DV D SUR[\IRUWKH FRUUHVSRQGLQJ ILWQHVYV

f WKH PD[LPXP +6 OWXRUYLYDELDKMRK HTXDOO\FRQVLGHUY DOVR OHVV IL
UHQFHY VR DV WR GHWHFW ZKHUH WKH VSHFLHY FDQ VXUYLYH LUUHVS
GRPLQDQW RU VHFRQGDU\ ZLWKLQ D FHUWDLQ ELRFOLPDWLF KDELWDW

7KHILUVW GHILQLWLRQ LV WKH WASLFDO RQH LPSOLFLWO\FRQVLGHUHG E\F
FRPSXWLQJ LW LV IDVWHU LI QRW WKH RQO\ SRVVLEOH RSWLRQ ZLWK VH
GHILQLWLRQ LV WKHRQHRQ ZKLFK WKLV ZRUN IRFXVHV 6LQFH WKH PD[LPXF
ILHOG REVHUYDWLRQV ZKLFKDUHEVGHILQLWLRQ OLPLWHG WR WKH UHDOL\
LQIOXHQFH WKHHVWLPDWHG PD[LPXP +6 RIDVSHFLHVY VKRXOG QRW EH FRQ
+ ZKLFK PD\ EH D FKDOOHQJLQJO\ HOXVLYH FRQFHSW IURP D GDWD GULYHC(
PD[LPXP +6 PLIKW VXSSRUW WKH DVVHVVPHQW RI WKH DUHDV ZKRVH ELRFOI
DJLYHQ VSHFLHV WR VXUYLYH LQFOXGLQJ FRQGLWLRQV REVHUYHG OHVYV
WKH WASLFDOO\ XQHYHQ VDPSOLQJ RI WKH GDWD DYDLODEOH DW UHJLRQDO
VSDWLDO VKLIW RI WKHVH DUHDVY XQGHU FKDQJLQJ FOLPDWH VFHQDULRYV

+6 LVVRPHWLPHV HI[SORLWHG DV SUR[\LQIRUPDWLRQ IRUFUXGHO\DSSURJLI
UDQJH LI QRW HYHQ WKH SUREDELOLW\ RI SUHVHQFH RI WKH VSHFLHV ([V
WR IXWXUH FOLPDWH FKDQJH VFHQDULRYVY PLIJIKW EH WHPSWLQJ +RZHYHU \
VRPH JHRJUDSKLF DUHDV PLJKW EH ELRFOLPDWLFDOO\ VXLWDEOH IRU D VS
REVHUYHG WKHUH $PRQJ WKHP WKUHH PD\EH PHQWLRQHG EHFDXVH RI W

+ HFRORJLFDO FRPS HDWMWKIRXJK WKH VSHFLHYV PD\EH ELRFOLPDWLFDOO\ V
LQLVRODWLRQ XQGHU QDWXUDO FRQGLWLRQV RWKHU WD[D PLJKW SUH
LQ WDNLQJ DGYDQWDJH RI WKH ORFDO ELRFOLPDWLF FRQGLWLRQV ,Q V
EH XQDEOH WR VXUYLYH WKH FRPSHWLWLRQ ZLWK WKH RWKHU WD[D RU
LWHG LQ LWV SRWHQWLDO GRPLQDQFH WKXV ORFDOO\ UHVXOWLQJ DV L
WKHVH FLUFXPVWDQFHV SODQWDWLRQV RU PDQDJHG IRUHVW VWDQGYV
DUWLILFLDOO\ OLPLWHG PD\ HQDEOH WKH VSHFLHV WR H[SORLW LWV |
WXUEDQFHV HJ IRUHVW WUHH VSHFLHV SHVWV RU GLVHDVHV JUD]LC
PD\ DFW LQ D ZD\ VLPLODU WR FRPSHWLWLRQ E\ VHOHFWLYHO\ UHGXFL
WUHH VSHFLHVY SRSXODWLRQ + RU HYHQ SRWHQWLDOO\LPSHGLQJ WKH
FHUQLQJSEL®IW DOEHYHUDO H[DPSOHV RI ELRWLF GLVWXUEDQFHV KDYH E
OLWHUDWXUH > @

f'LVSHUVDO OLPLWDWVRQFH IURP WKH ERUGHUYV RI WKH FXUUHQW GLVWI
VXLWDEOH DUHD PD\ QRW \HW KDYH EHHQ FRORQ @V HX BH\PK B IQ YISHIFE HR FX
PDWLF SDWWHUQV XQGHU FOLPDWH FKDQJH PD\ DPSOLI\ WKH LPSDFW R
IRUDUHDYVY H[SHFWHG WR EHFRPH VXLWDEOH ELRFOLPDWLFDOO\WR UHP
XQGHU IRFXV 7KH GHSDUWXUH IURP WKLV QDWXUDO SKHQRPHQRQ LV X
FRQVLGHULQJ LQYDVLYH VSHFLHV ZKHQ WKH\ DUH LOQWURGXFHG DQG |



ZKLFK DUH UHPRWH IURP WKH LQLWLDO GLVWULEXWLRQ UDQJH $PRQJ
WD[D DQ LQFUHDVHG VRPHWLPHV RYHUZKHOPLQJ HFRORJLFDO FRPSH
+ PD\ SRWHQWLDOO\ KDYH DQ LPSDFW RQ WKH GLVWULEXWLRQ RI D VSHF

FSOWKURSRIJHQLF HOLPRODWDRQOH HUDGLFDWLRQ RI WKH VSHFLHV DV I
VIVWHPDWLF DQWKURSLF LOQWHUYHQWLRQV WR IDYRXU RWKHU WD[D ZK
QLHQW H J IURP DQ HFRQRP\ SHUVSHFWLYH ,Q WKLY FDVH DQ DUHD \
SHUVSHFMWQL®BUHDG\ EHORQJLQJ WR WKH FXUUHQW GLVWULEXWLRQ UD
IURP LW 7KH RSSRVLWH W\SRORJ\ RI DQWKURSLF LOQOWHUYHQWLRQV =+
VSHFLHV RXWVLGH LWV QDWXUDO UDQJH DQG WKH SURWHFWLYH PDQDJ
WURGXFHG VSHFLHY RYHU RWKHU SRWHQWLDOO\ FRPSHWLQJ WD[D %= LV
IRUWKH VSHFLHV RI WKH ORFDO ELRACHVPHDWUHFRQWKWRBQFY HOLPLQDW
HITHFWLYH GHVSLWH IDYRXUDEOH ORFDO ELRFOLPDWLF FRQGLWLRQV Z
LQHITHFWLYH XQGHU XQIDYRXUDEOH ELRFOLPDWLF FRQGLWLRQV

7TKHVH WKUHH SKHQRPHQD KDYH LQ FRPPRQ D VWUDLJKWIRUZDUG PHFKDQI
VXLWDELOLW\ LQIOXHQFHV WKH VSHFLHY GLVWULEXWLRQ 7KH PD[LPXP H]J
FRQVWUDLQW IRU WKH DFWXDO VSHFLHVY GLVWULEXWLRQ VR WKDW WKH

PD[LPXP +6 7KHUHIRUH ZKLOH D IXWXUH H[SDQVLRQ RI WKH PD[LPXP +6 PL
LPSO\DQH[SDQGLQJ GLVWUWLEXWKUIRDOUBGRYMWUDFWLRQ ZRXOG OLNHO\DIIHI
UDQJH E\ LPSRVLQJ D FRQWUDFWLRQ WR LW

'LVFXVVLQIJRQ UREXVWQHVYV RI KDELWDW VXLWDELOLW\PRGHOOLQJ XQGHU
NH\ VRXUFH RI XQFHUWDLQW\ GHVHUYHVY WR EH PHQWLRQHG 3URMHFWLF
VFHQDULRY SUHGLFW EURDG DUHDV RI (XURSH WR SRVVLEO\ VKLIW WRZD
DUH IDU IDR¥FXUUHQWO\ REVHUYHG SDWWHUQ LQ (XURB® SE®HHNVDL 6 X A D U JIXMJS
*WR - 7KLV ZLGH VKLIW LOQWURGXFHVY DQ LOQWULQVLF VRXUFH RI PRGHOO
GULYH[WUDSRODWLRQHPHQWDU\ PRGHOV ZKLFK DUH EDVHG RQ UHODWLYHC
LQIRUPDWLRQ RQ WKH FOLPDWH VLIJQDO + DV PDGH DYDLODEOH E\ JOREDO
FOLPDWHPRGHOV £+t PD\EHDEOH WR OLPLW WKHLPSDFW RI WKHIRUFHG H[W
RI D PRUH VLPSOLVWLF GHVFULSWLRQ RI WKH ELRSK\VLFDO FRQGL®LRQV K
8QIRUWXQDWHO\ WKLV PLIJKW EH D UHDVVXULQJ RYHURSWLPLVWLF FRQVH
RI WKH VLPSOLILHG FOLPDWH VLJQDO FRQVI@EHUHG >

7KH DSSURDFK ZH SURSRVH LV UREXVW HYHQ LQ H[SORLWLQJ D ULFK VHW R
RYHUVLPSOLI\WKHFOLPDWH VLJQDO ZKLOH WUDQVSDUHQWO\KLJKOLJKWL
LV LQWULQVLFDOO\ FRPSXWHG E\ WKH XQGHUSLQQLQJ PDWKHPDWLFDO PH
DUFKLWHFWXUHWR HVWLPDWH PD[LPXP +6LVEDVHG RQ WKHUHODWLYH GL\
ZKLFK HVWLPDWHYV D GLPHQVLRQOHVYVY VFRUH RI KRZ VLPLODU GLVVLPLOD
WHVWHG DUHD DUH FRPSDUHG ZLWK WKH DYDLODEOH VSHFLHVY REVHUYDWL

([FHSW ZKHUH PDQDJHPHQW SUDFWLFHVY DOWHU WKH QDWXUDO ELRFOLPDWLF FRQGLWLRQC
JUHHQKRXVH FRQWURO RI WKH WHPSHUDWXUH SDWWHUQV 8QGHU WKHVH FLUFXPVWDQFHYV
PLIKW QHYHUWKHOHVYVY EH HVWLPDWHG E\LQWURGXFLQJ WKH PRGLILHG ELRFOLPDWLF FRQGL



%R[ )JURP REVHUYHG RFFXUUHQFHVY WR DGDSWDWLRQ VFHC
XQDYDLODEOH LQIRUPDWLRQ RQ SKHQRW\SLFDQG JHQHWLF

7KH RXWFRPH RI D KDELWDW VXLWDELOLW\ DQDO\VLY UHOLHV RQ WKH DYDLODEO
IRFXV DQG LV VXEMHFW WR WKH SURSDJDWLRQ RI LWV XQDYRLGDEOH XQFHUWD
GHILQLWLRQ LWVHOI RI WKH WD[RQ ZKHWKHU D FHUWDLQ WD[RQ LV FRPSRVHG
WKH UROH RI LWV SRSXODWLRQV DUH LPSRUWDQW WRSLFV ,W LV QRW LQIUH’
KDV SUHYLRXVO\ EHHQ FRQVLGHUHG D VLQJOH VSHFLHVY VKRXOG LQVWHDG EH U
EHWZHHQ GLIIHUHQW WD[D DQG LQWUDVSHFLILF GLYHUVLW\ VRPHWLPHY DOVR
ELRFOLPDWLF UDQJHV DVVRFLDWHG ZLWK ORFDO SRSXODWLRQV DQG WKH FR!
IXWXUH VSDWLDO GLVWULEXWLRQ RI WKH WD[RQ H J WKLV LV DG\ERMWKH FDVH |
> @ 7KLV VRXUFH RI XQFHUWDLQW\ PD\ EH VXPPDULVHG HYHQ E\ UHIHU!
SRWHQWLDO FRQIXVLRQ RI SRSXODWLRQ VWUXFW®UH ZLWK VSHFLHVY ERXQGDULF

:LWKLQ D UREXVW DSSURDFK WR KDELWDW VXLWDELOLW\ DQDO\VLV IRU VXSSRU
FLILF GLYHUVLW\ DQG LWV W\SLFDOO\ FRPSOH[ VSDWLDO SDWWHUQ QHHG WR EH
VLRQ VFHQDULR VKRXOG EH FODULILHG RQ KRZ WR SURFHVV WKH YDULRXV VXEV}
PRUH KRPRJHQHRXV VSHFLHVY SRSXODWLRQV 'HSHQGLQJ RQ WKH SDUWLFXODU
PXP HIWHQW RI WKH +6 LV PRGHOOHG WKH UHVXOWLQJHVWLPDWHG 0+6 PD\ DSSU
+DQG WKXV VXSSRUW WKHDQVZHULQJRIGLIIHUHQW SROLF\TXHVWLRQV 7KH WHL
VFHQDULRYV LV KHWHURJHQHRXY DQG VRPHWLPHYVY WKH FRUUHVSRQGLQJ DVVXPS
SOLFLWLQ WKHOLWHUDWXUH +HUH D VLPSOLVWLF WD[RQRP\LV RIITHUHG DV DQ |
+ DOVR WR EHWWHU XQGHUVWDQG WKH SRWHQWLDO DSSOLFDWLRQV RI WKH SURSE

f/RFDO DGDSWDWLRQ VFWRBWRIER/ HUYHG SUHVHQFHV RI WKH VSHFLHVY DUH FRQ
DGGLWLRQDO SURFHVVLQJ WKH FRUUHVSRQGLQJ 0+6 RI HDFK 3KRPRJHQHRX"
ZLOO EH PRGHOOHG DVVXPLQJ WKH FXUUHQW JHRJUDSKLFDO SDWWHUQ RI LQ
VHUYHG 7KLV PRGHOOLQJ VFHQDULR PD\ FRUUHVSRQG WR D 3ORFDO DGDSW
FKDQJLQJ SDWWHUQ RI ELRFOLPDWLFDOO\ VXLWDEOH DUHDV XQGHU FOLPDW!
REVHUYHG SRWHQWQPRBIMR HRDIFKQHRXY VXEVHW ™ RI RERFADWOAMNKIHRWH G H
ILQHG LQ WHUPV RI ELRFOLPDWLF VLPLODULW\ WKXV VXSS®WNVVQY WHIKEQ 3EL
PLIJUDWLRQ DQDO\VLV WKLV GHILQLWLRQ VDWLVILHVY WKH FU\SWRPRUSKLF SI
WKHLQWURGXFWLRQ + VHH IRRWQRWH ,Q WKHIROORZLQJ WKLV ORFDO DG
LQ WKH H[HPSOLILHG 0+6$EQBU\VOMIPH[DPSOH RI DQ DGGLWLRQDO FRQVWUDL
PD\EHLPSRVHG WR D ORFDO DGDSWDWLRQ 0+6 DQDO\VLY FRXOG FRQVLVW RI
ORFDELWGEGLQI WKH JHRJUDSKLF SUR[LPLW\ RI WKH REVHUYDWLRQV WR WKH!|

$ 5HIJLRQDO DGDSWDWLRQ7KHHD@WORV/LY LQWHUHVW FRXOG LQVWHDG FRYHU W
PDWLF HQYHORSH ZKLFK PLJKW EH DVVRFLDWHG ZLWK WKH VSHFLHV XQGHU V
SRWHQWLDO RI SKHQRW\SLF JHQHWLF GLYHUVLW\ RI WKH VSHFLHV + DV HI[S
VSDWLDO HIWHQW * LV WR EH H[SORLWHG 7KLV LPSOLHV WKDW HYHQ LQWHL
EHWZHHQ WKH FRQGLWLRQV VXLWDEOH IRUWZR GLVWLQFW VXEVHWY JHRJUL
DUDWHG ZRXOG EH FRQVLGHUHG DV VXLWDEOH

$+ *HQHUDO DGDSWDWLRQ )LRH@DYLWKH DQDO\VLY PLIKW EH LQWHUHVWHG LQ
WDWLRQ SRWHQWLDO RI D JLYHQ VSHFLHV HYHQ ZKHQ LWV UHDOLVHG QLFKH!
H[WHQW LV VLIJQLILFDQWO\ LQFRPSOHWH FRPSDUHG ZLWK WKH IXQGDPHQWTE
JHRJUDSKLF GRPDLQV RXWVLGH WKH VSDWLDO H[WHQW 7KLV VFHQDULR UHT.
DEOHHYHQ RXWVLGH WKH VWXGLHG VSDWLDO HIWHQW VR DV IRU WKH 0+6 HV
VXLWDEOH ELRFOLPDWLF SDWWHUQV QRW DVVRFLDWHG ZLWK REVHUYDWLRC
H[WHQW

'"HSHQGLQJ RQ WKH W\SRORJ\ RI DGDSWDWLRQ VWUDWHJ\ WR LQYHVWLIJDWH WKF
KDELWDW VXLWDELOLW\ DQDO\VLY QHHGYV WR EH DGDSWHG DFFRUGLQJO\ (VSHFI
QDULRV JHQHWLF FRQVWUDLQWY DQG QRQOLQHDULWLHY PD\ KLJKOL@®KW HVVHQ\



OLPLWLQJ WKH VXLWDELOLW\ IRUWKH VSHFLHVY RI VRPHLQWHUPHGLDWH SDWWH
IRU ZKLFK ILHOG REVHUYDWLRQV FRQILUP WKH VXLWDELOLW\ )LJXUH

JLIXUH 2EVHUYHG SUKM¥HABVH\WRDRXUHG LQ $) ZLWK UHSRUWHG DEVHQFHV LQ JUH\ 2EV
KLIJKOLJKWHG IURP SRSXODWLRQV LQ WKH 3\UHQHHV 3< ,WDOLDQ $SHQQLQHV $3 DQG &C
VSDFH DXWRHFRORJ\ GLDJ® DIPWPXPWLGLPHQVLRQDO DQG ULFK RI QRQOLQHDU SDWWHUQV
RILWPLJKW VXJIJHVW IDOVH VLPSOLVWLF UHODWLRQVKLSY ,Q % WKH SDWWHUQ RI SUHVHQ
+RZHYHU LQ & ) WKH SDWWHUQ UHYHDOV SDUW RI LWV UHDO FRPSOH[LW\ H J $3 DSSHDUYV |
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K\ $ELHV D@BEDFDVH VWXG\

6LOYHUSELWHY DOIE®DO @ LV D SDUWLFX
ODUO\LQWHUHVWLQJWUHH VSHFLHV WR
VWXG\IRUWKLV NLQG RIDQDO\VLV )URF
LFDO SHUVSHFWLYH LW LV UHJDUGHG D
IXQFWLRQDO EDODQFHU DQG LW PD\ VHL
VWRQH VSHFLHV WR PDLQWDLQ KLJK EL
IRUHVW HFRV\VWH®YV 3LWKLQ LWV UDQJH
ELRFOLPDWLF KDELWDW VXLWDELOLW\
LFDQW DGDSWDWLRQ WR WHPSHUDWXU'}
FLSLWDWLRQ ZLWK D JHQHWLF VWUXFW
LQIOXHQFHG E\ JHRJUDSKLFDO LVRODW
URQPHQWDO JUDGLHIQWV >

$V D PDLQ WUHH VSHFLHV LQ (XURSH Wtk
WLRQ DQG KLVWRU\RI VLOYHU ILU LV LQI
WKURSRJHQLF IDFWRUWRZHYHU ERP
SDUHG ZLWK RWKHU EURDGO\ GLVWULE
VXFK BVFHD DRIBHWQ XV V\O Y MWKMUALX/U
UHQW GLVWUIBEXWYP@ROEOXURSH VKRZV
D KLJKHU QDWXUDO FRPSRQHQW LQ SDL
VRPH DUHDV ZKHUH VI\VWHPDWLF IRUHV\
LQIRUPDWLRQ RQ REVHUYHG SUHVHQFH

QRW DYDLODEOH DQG RQO\VLPSOHU LQ

JLIXUH7RS 1DWXUDO UHJHQHUDWLRQ LQ D P
$ELHV DD@EBGLFHD DEE§EUWSWHG |IURPHWDQ @ Wwﬁ E\B%%F%':W§(UUHQFH DWORZHU VSDW

&8& %<%RWWR$Q H[DPSOH RI VLOYHU ILU GHEYLNQ@ RDQi3 @
3\UHQHHV 6SDLQ 'HIROLDWHG FURZQV DUH YLVLEOH LQ D IRUHVW

ODQGVFDSH ZLWK DQ LQFUHDVLQJ UDWH RIZGHPG MR BGOBWHANDW VXLWDELOLW)\ L
IURP /LQDUHV DQG &DPD&&WR2Q WKH FRPS

LW\ Rl WKH ELRFOLPDWLF DQG DQWKURSLF %)}a\ﬁMVL%%E(ﬂQP—EQVJ%EIﬁ WUDLQLQJGDWI
VSHFLHV GHFOLQH VHHH J )OR@QWLQD DOEDROSLWDWLYHO\ FRUURERUDWHG RU U

WKH FXUUHQW FOLPDWH * LQ DUHDV T:
IURP ZKHUH WUDLQLQJ GDWD DUH DYDLODB®MH VHREQ WKKHHWKHU KDQG W
LQWUDVSHFLILF GELHYVDRRBE\RIXJIJHVW VRPH LPSOLFDWLRQV IRU RYHUVLPS
DSSURDFKHV )RU H[DPSOH WKH XVH ZLWKLQ SURFHVVY EDVHG PRGHOV RI V|
DOVR IURP WKHRUHWLF DVVXPSWLRQV ZKLFK VLPSOLI\ WKH ULFK VHW RI HP
FLVHG DQG PLIKW SRWHQWLDOO\ EH VXLWDEOH WR VLIJQLILFDQWO\ DOWHU
> @

YXUWKHUPRUH WKH IXWXUHBLNMW DIDEXWULR®HRIY GHEDWHG ZLWK SDUWLDO
VWXGLHV VXJJHVWLQJ UHGXFWLRQ RU H[SDQVLRQ SDWWHUQV LQ WKH VSH
H[SHFWHG ZDUPLQJ > @ ,Q DGGLWLRQ WKH QDWXUDO PLJUDWLRQ U
KDV UHFHQWO\ EHHQ UHYLVHG WR0RXVWKKDRX O GPD\@YLVH DGDSWDWLRQ RS
FRQVLGHUHG LQ VRPH FULWLFDO DUHDV Rl (XURSH ZKHUH WKH VSHFLHV L
VSHHG RI FOLPDWH FKDQJH ZRXOG IDU H[FHHG WKLV PLJUDWLRQ UDWH >



$IOH[LEOHPRGHOOLQJPHWKRGWRHVWLPDWHVXUYLYDEL

,Q WKLV UHVSHFW WKLV VWXG\DLPV WR FRQWULEXWH ZLWK D QRYHO DSSUI
RQHVWLPDWRDQLWXMH[WHQW RI WKHELRFOLPDW LFDOQLPXWKDBELMED W UWWLWDE
RUDGXRWYLYDEAKOHWH DQ DGXOWEWHM HDIMEBRWHQWLDOO\ VXLWHG WR OLYH
RI'LQWUD LQWHU VSHFLILF FRPSHWLWLRQ DQG RWKHU IDFWRUV QRW OLQN

7KLV RIIHUV D ELRFOLRBD®HE BRUMABEH KDELWDW VXLWDELOLW\ RI WKH WUH
VXUYLYDELOLW\LQGH[LV GHVLJQHG DOVR WR HDVH WKH LQWHJUDWHG DQD¢
OLPLWLQJ IDFWRUV $V DQ XSSHU ERXQG LQWHJUDWLQJ RWKHU OLPLWLQJ
EXW QHYHU LQFUKHDBHWHFWHG H[WHQW RI DUHDV DFWXDOO\ VXLWDEOH IR
RQO\IURP D ELRFOLPDWLF SHUVSHFWLYH

7KH PRGHOOLQJ DUFKLWHFWXUH LV HDV\ WR DGDSW WR SURFHVV DUUD\V R

+ D DJJUHIJDWLRQV RI WD[D RU

¥ E VSHFLILF VXEVHWV RI LQWHUHVW IRU D JLYHQ VSHFLHYV

7KH FDVH RI LOQOWHUVSHFLILF FRRSHUDWLRQ = DV DQ H[DPSOH RI D = PD\
SURSRVHG DSSURDFK ZKHUHYHU ILHOG REVHUYDWLRQV DUH DYDLODEOH L
FR RFFXUULQJ WD[D DUH NQRZQ WR GLVSOD\ PXWXDOLVP ,Q SDUWLFXOD
VSHFLILF PXWXOVDORNVWWEILIRW EH PRGHOOHG LQVWHDG RI WKHVXUYLYDELOLW
FRPSRVLQJ WKLY DVVRFLDWLRQ 7KH FDVH RI JHQHWLF GLYHUVLW\ = DV |
JLYHQ VSHFLHV PD\ LQVWHDG EH DGGUHVVHG E\LQGHSHQGHQWO\ PRGHOO|
+ JHQHWLFDOO\ KRPRJHQHRXV VXEVHWYV RI WKH VSHFLHY REVHUYDWLRQV

DOORZV HIDFW FRPSRVLWH VXUYLYDELOLW\ WR EHHDVLO\HVWLPDWHG VWL
FRPSXWHG IRU FRPSRQHQWY RI D FHUWDLQ DJJUHJDWHG WD[RQ 7KHUHIRL
PXOWLSOH JHQHWLFDOO\ KRPRIJHQHRXVY FRPSRQHQWYV RI WKH VSHFLHV XQ(
DJJUHJDWHG DW WKH VSHFLHY OHYHO RU HYHQ WR KLIJKHU WD[RQRPLF UD(

7KLY DSSURDFK PD\ VXSSRUW D OHVV LOQODFFXUDWH H[WUDSRODWHG GHFRX
QHQWV RI WUHH VSHFLHY KDELWDW VXLWDELOLW\ EDVHG RQ WKH UHDOLVH
OLPLWLQJIDFWRUV HVWLPDWHG LQ ODERUDWRU\ XQGHU FRQWUROOHG FRQ
REVHUYDWLRQV + XQGHU WKH IXO0 UDQJH RI REVHUYDEOH FRQGLWLRQV ZK
VXUHO\ QRW \HW IXOO\ XQGHUVWRRG G\QDPLF SDWWHUQ RI HFRV\VWHP GL

6HH IRRWQRWH



$FNQRZOHGJHPHQWYV

7KLV SXEOLFDWLRQ EHQHILWHG IURP WKH SHHU UHYLHZ RI WKH 3(6(7%$,, SU
LPSDFWV RI FOLPDWH FKDQJH LQ 6HFWRUV RI WKH (XURSHDQ 8QLRIQVEKDVHG
WKH FRPPHQWY DQG VXJIJHVWLRQV RI LWV DGYLVRU\ ERDUG DQG WK H RWKF
‘H DOVR WKDQN $OHVVDQGUR &HVFDWWL DQG )UDQN '"HQWHQHU IRU WKHLU

‘H JUDWHIXOO\ DFNQRZOHGJH *LXVHSSH $PDWXOOL IRUWKH LQLWLDO LQYH
HQYLURQPHQWDO SUHGLFWRUV WR +6 PRGHO®QEY VO DRVRVLR IRU VXJJF
RQ LPSURYLQJFOLPDWLF GRZQVFDOLQJ LQWHUSRODWLRQ $OHVVDQGUD %
1HW&') IRUPDW 7KRPDV +XOG IRU FRQVWUXFWLYH GLVFXWKERGV* BQ WKH
PRGXOH VHH D@VRQG 7UDF\ +RXVWRQ 'XUUDQW IRU WKH FRPSHOOLQJ FRPP|
RQ KRZ WR LPSURYH WKH UHDGDELOLW\

$XWKRUYV

'DQLHOH GH 511LJRYDQQL &D’XGHOOR6DQ OLIXHD $RVQ@], %DUFUHGR

1 (XURSHDQ &RPPLVVLRQ -RLQW 5HVHDUFK &HQWUH -5&
'LUHFWRUDWH IRU 6SDFH 6HFXULW\ DQG OLJUDWLRQ 'LVDVWHU 5LVN 0DQD
9LD ( )HUPL , ,VSUD 9% ,WDO\

2 (XURSHDQ &RPPLVVLRQ -RLQW 5HVHDUFK &HQWUH -5&

'LUHFWRUDWH IRU 6XVWDLQDEOH 5HVRXUFHV %LR (FRQRP\ 8QLW
9LD ( )HUPL , ,VSUD 9% ,WDO\

3OHDVH FLWH DYV

GH 5LJR ' &DXGXOOR * 6DQ OLJXHO $\DQ] - %REXNBRPRGHOOLQJ RI WK
LPSDFWV RI FOLPDWH FKDQJH RQ WKH KDELWDW VXLWD E L CBIXVEORIFIIRW HF @/ 2/ |
ILFH RI WKH (XURSHD S8QL&®%®1 KWWSV GRL RUJ

KWWSV HF HXURSD HX MUF HQ SHVHWD



$SEVWUDFW

,Q (XURSH IRUHVWY SOD\ D VWUDWHJILF PXOWLIXQFWLRQDO UROH VHUYLQ.
WDO SXUSRVHV +RZHYHU IRUHVWY DUH DPRQJ WKH PRVW FRPSOH[ VA\VWHF
WKHRQJRLQJFOLPDWH FKDQJH +DQG WKHPXOWLIDFHWHG FKDLQ RI SRWHQ
(XURSHDQ ELRGLYHUVLW\ HQYLURQPHQW VRFLHW\DQG HFRQRP\ LV QRW

7KH -5&(6(7$ SURMHFWSWHRBIRAWHY D FRQVLVWHQW PXOWL VHFWRUDO DVVHV
RI FOLPDWH FKDQJH LQ (XURSH :LWKLQ WKH 3(6(7%$,, SURMHFW D UREXVW
IRUPRGHOOLQJ WKH KDELWDW VXLWDELOLW\ RI IRUHVW WUiHWMBHD OIED
WKH VLOYHU ILU LV VHOHFWHG DV D FDVH VWXG\ D PDLQ (XURSHDQ WUF
ELRFOLPDWLFDOO\ FRPSOH[ DUHDV VSDQQLQJ RYHU YDULRXV IRUHVW W\S
DGDSWHG WR GLITHUHQW FRQGLWLRQV

7KHPRGXODU PRGHOOLQJDUFKLWHBWMLY H\GED WDHRR® VHWNVOPDWWY ZKLFK
OLOQN ILHOG REVHUYDWLRQV ZLWK ELRFOLPDWLF SDWWHUQV SURMHFWLQJ
LQWR WKH H[SHFWHG SRWHQWLDO FKDQJH RI VXLWDEOH KDELWDW IRU WU
XQFHUWDLQW\ LY DOVR H[DPLQHG %RWK WHFKQLFDO DQG LQWHUSUHWDWL
LQWHJUDWHG RYHUYLHZ 7KHVHPDQWLFV RIWKHDUUD\RITXDQWLWLHYV XQ
RI XQFHUWDLQW\ DW WKH FRQWLQHQWDO VFDOWHADRGUWFXVVEGS URQORRERP
SDUDGLJP ZLWK DQ HITRUW WR RITHU VRPH PLQLPDO JXLGDQFH RQ WHUPLC
RORJLFDO OLPLWDWLRQV QRW RQO\ RI WKH SURSRVHG DSSURDFK EXW DO\
+ ZKRVH KHWHURJHQHLW\ DQG SDUWLDO DPELJXLW\ PLIJKW SRWHQWLDOO\ L
LOQWHUIDFH

7KH 3(6(7$ SURMHFW VHULHV LV FRPPLWWHG WR IXUWKHU H[SORUH WKH DQDO\VLV RQ (XURS
v, SURMHFW WKH DQDO\VLVY RQ KDELWDW * ZKLFK LQ WKH SUHVHQW ZRUN UHIHUV WR WKH VSF
IRUHVWYV = ZLOO IRFXV RQ WKH YHIHWDWLRQ FKDUDFWHULVLQJ WKH OHGLWHUUDQHDQ KDELV
DELRWLF GLVWXUEDQFHV VXFK DV ZLOGILUHY DUH DOVR FRQFHSWXDOO\ OLQNHG ,Q SDUWLF
DQG ILUH GDQJHU ZLWK WKH IXWXUH HYROXWLRQ RI DULG FOLPDWH SDWWHUQV RYHU (XURSH
SDWWHUQV PD\ EH FRQVLGHUHG DV D PDMRU WKUHDW IRU WKH ELRFOLPDWLF FRQGLWLRQV VX
VSHFLHV



, QWURGXFWLRQ

RQ (XURSHYV IRUHVWYV > @ ,;?;M
$V D UHVXOW IRUHVWYV DUH LQFUﬁDMQJO\
WR FOLPDWH GULYHQ WKUHDWYV VXFK DV GHJU
VKLIWV LQ VSHFLHV GLVWULEXWLRQ HC[WLQ :
DQG FKDQJHV LQ IRUHVW G\QDPLFV DPsaRQJ 5 ?}
HUV 'HVSLWH ZLGH XQF@& WRWDLRM 51 H %w\ ” ,
FLVH SDWWHUQ RI FKDQJHV DQG \H;&? )g@u[sjgﬁf e R
IHHGEDFN® >VHYHUDO VWXGLHV UDLVH*\@@ » ' ;
WLRQ WR WKH LPSRUWDQFH RI WKH SRWJ;LQWE
&RPSXWDWLRQDO PRGHOOLQJ UHVHDULIEK HV ‘
WKDW 3 WR RI (XURSHDQ SODQ ;
DUH SURMHFWHG WR GLVDSSHDU IU
VHUYDWLRQ DUHDV E\ WKH PLG v
WR FOLPDWH FKDQJ@ % RUHDO IRUH
FRQVWLWXWH D UHOHYDQW SDUW RI*
DQG D QRQ QHJOLJLEOH FDUERQ
VSRQVH WR SURMHFWHG QDWXUD
VLGHUHG KLJKO\ XQF@®UYRLPLIHG
HVW HFRV\VWHPV LQ WKH WHPSH
UHODWLYHO\ VPDOO GLIIHUHQFHYV
VSRQVH W\SHV PD\ VLJQLILFDQWO
SHWLWLYH RXWFRPH ZKHQ WKH WU
VWDQGV@->

$OWKRXJK VHYHUDO VWXGLHV LQ
VSRQVH RI IRUHVW WUHH VSHFELH
QDPLFV WKH NH\ UROH RI XQF
SROLF\ JXLGLQJ DSSOLFDWLRQV
OLQHG @ '"HULYLQJ UREXVW

UHVROXWLRQ VSDWLDOO\GLVWUL
SRWHQWLDO UHVSRQVH RI (XURSH
VFHQDULRV RI FOLPDWH FKDQJH L
WDO PRGHOOLQJ WDVN ZKLFK SR
OHQJHV ,Q SDUWLEXODU WKH Z
WDLQWLHY DQG UHODWLYHO\ FRD

ZKLFK DUH DVVRFLDWHG ZLWK JOREBDUH DRFG KHHRPRQHI ®URIUDSK\ Rl (XURSH DGD
FOLPDWH FKDQJH SURMHFWLRQV @H—Fﬁéwxﬁ*ﬂ’%@n@é%é\ RQH WKLUG RI WKH FRQ!

% DLQ VIVWHPV GHSHQGLQJRQ
ZLWKKLJKO\QRQOLQHDUUHVSRQMS‘I—VYB\}\/V\QBHVO\Q§ BbE‘\SVSHFW WKH ELRFOLPDW
KDELWDW VXLWDELOLW\ +6 ZLWWYXX¥NDHEWOR IEFOHLVPDWHFXGGHQ FKDQJHV RIVRODL

DQG JHRJUDSKLF FRQGLWLRQV 1§V\PP<W\HL§’9@15\NKE+\$HWDWLRQSDW[V;’;HUQV HJ U

> @ % i )DWUD 60RYDNLD PL[HBLRWHVW ZL
FRQGLWLRQV H[SHFWHG WR FKDQSS&&%%\%L%\@&Y@QWL‘%Q UDQJHFRYHUV PXOWLSC
G\QDPLFV EXWDOVR WKH\ FXUUHQW®V IsadbsiwHE HURS BB LPDIH DXWRRUKG E\ &UXV

WLYH RI FOLPDWH FKDQJH VKRZ QRNWLFHDEORFLWQH-RQ RUJ Q[I(8/D:



7DEOH 3UHVHQFH DQG GRELED @ARERORZLQJ WKH (XURSHDQ JRUHVW 7\SHV ()7V  7KH ()7V
LQFOXGHY FDWHJRULHV ZLWK VXE FDWHJRULHV ZKLFK DUH DVVRFLDWHG ZLWK WKH FRUUH
FODVVLILHG IRUHVW @\SEIMY DOEDEOH WR VSDQ RYHU PXOWLSOH IRUHVW W\SHV ZLWK SRSX
IHUHQW ELRFOLPDWLF FRQGLWLRQV RU HYHQ VRPHWLPHV K\EULGL\@HG ¥V WKFRYYHUXIHQV H
RYHUVLPSOLVWLF DVVXPSWLRQV FRQFHUQLQJ WKH JHRPHWU\ Rl WKH SURMHFWLRQ RI WKH U
K\SHU HOOLSVRLG RU *DXVVLDQ UXGLPHQWDU\DSSUR[LPDWLRQV VRPHWLPHV LPSRVHG ZLWK|
LW\ PRGHOOLQJ DUH XQOLNHO\@ R6EH BIONRWIRRWPDWLRQ GHULYHGHDWWHU@LYLGRUL

&DWHJIRU\ JRUHVW W\SH 'RPLQDQFH

+HPLERUHDO IRUHVW DQG QHPRUD OHFFRRUDBWRIXOWHU LU -
DQG PL[HG EURDGOHDYHG FRQLIHURXV IRUHVW

$OSLQH FRQLIHURXV IRUHVW 6XEDOSLQH DQG PRXQWDLQRI} VSUXFH DQG
PRXQWDLQRXV PL[HG VSUXFH VLOYHU ILU IRUHVW

%HHFK IRUHVW 6XEDWODQWLF VXEPRXQWDLQRXV EHHFK DUHVW

ORXQWDLQRXV EHHFK IRUHVW 6RXWK ZHVWHUQ (XURSHDQ PALIQWDLQRXV El
$SHQQLQH &RUVLFDQ PRXQWDLQRXV EHHIL] IRUHVW
,00\ULDQ PRXQWDLQRXV EHHFK IRUHVW []
&DUSDWKLDQ PRXQWDLQRXV EHHFK IRUH\]

ORHVLDQ PRXQWDLQRXV EHHFK IRUHVwW [

TKHUPRSKLORXV GHFLGXRXV IRUHVW &KHVWQXW IRUHVW I:,

&RQLIHURXV IRUHVWYVY RI WKH 0HG LWHGLMWFHOUD QHDQ %ODFN SLQH IRUHVW []
$QDWROLDQ DQG ODFDURQHVLDQ UHJLRQV
OHGLWHUUDQHDQ DQG $QDWROLDQ ILU IRIBHVW

/HIJHQG B SELHV DODEGRPLQDQW LQ WKDW IRUHVW W
[0 $ELHV DIDESUHVHQW EXW QRW GRPLQDQW

I:, $ELHV DOE®BUHVHQW LQ HLWKHU FDWHJRU

VFDOH VSDWLDO YDULDELOLW\ Z@WKRQ H{DRSBH RQH WKLUG RI (XURSHDQ |
D W\SLFDOO\ PRXQWDLQRXV HQYLURQPHQWDO MKDA BRWHHYSRYERQJ FRIKXS
VWUDWLILFDWLRQ RI IRUHVW WUHH VSHFLHVY GLVWULEXWLRQ DW YHU\ ILQH
ROXWLRQ RI UHJLRQDO FOLPDWH SURMHFWLRQV )XUWKHUPRUH IRUHVW W
PD\ VSDQ RYHU GHFDGHV DV WKHLU DYHUDJH OLIHWLPH LV VLIQLILFDQWO\
SODQW VSHFLHV RI DJULFXOWXUDO LQWHUHVW 7KLV DOVR PHDQV WKDW V
G\QDPLFV UHTXLUHV D VSHFLILF DQDO\VLVY VR DV WR GHULYH UREXVW LQGLF
ZLWKRXW ORVLQJ WKH ULFKQHVV RI KLJK WLPH IUHTXHQF\ LQIRUPDWLRQ

7KLV VWXG\ GLVFXVVHV D VRXQG PRGHOOLQJ VWUDWHJI\ ZKLFK DLPV WR FRC(
DYDLODEOH (XURSHDQ ILHOG REVHUYDWLRQV UHIHUULQJ WR WUHH VSHFLH
JHRIJUDSK\EDVHG ELR LQOGLFDWRUVLQ RUGHUWRGHULYHUREXVWWUHHVS
IUDPHZRUN RXWFRPHY DUH GLVFXVVHGS$HIWK DOERH VIKIGK LOQWURGXFHV
H[HPSOLILHV WKH VA\VWHPDWLF DSSOLFDWLRQ RI WKH PRGHO WR WKH PDL
VHH WKH PD[LPXP KDELWDW VXLWDELOLW\PDSV LQ WKH (XURSH@®Q $WODV



'XH WR WKH FRPSOH[ QRQOLQHDUQ WLM\NK 2KLFK WUHH VSHFLHVY UHVSRQG
SDWWHUQ RI ELR LQGLFDWRUY DQG GXH WR WKH YDULHW\ RI FRQILIJXUDW
SURMHFWHG IRU WKHVH ELR LOQOGLFDWRUV WKH SURSRVHG PRGHOOLQJ IUD
LQIHU E\PHDQV RIPDFKLQH OHDUQLQJWHFKQLTXHYVY WKH+6 UHVSRQVH RI H
REVHUYHG GDWD ZLWKRXW D SULRUL DVVXPSWLRQV DERXW H[SHFWHG UHO|
FRQILIXUDWLRQV DQG REVHUYHG SUHVHQFHYVY RI HDFK VSHFLHYV

7KLY DSSURDFK LOQOWHQVLYHO\ GDWD GULYHQ PD\ EH DOVR KHOSIXO WR PLYV
LQJ RI VSHFLHY OHYHO REVHUYDWLRQV ZKLFK PLIKW RWKHUZLVH EH PRGH
LQWUDVSHFLILF GLYHUVLW\ WKH SHFXOLDULWLHV RI GLITHUHQW SRSXODWI
WR GLIITHUHQW IRUHVW W\SHV DQG FRUUHVSRQGLQJ EIIRF® WHHML IF FSDDLYRWY HR
WKH )RUHZRUGUREWKW PRGHOOLQJ RI WUHH VSHFLH8QHREMWMXQW W N OW NEKLHD |
WHPDWLF DYDLODELOLW\RIILHOG GDWD RQ WKH JHQHWLF DQG SKHQRW\SL
FRQVLGHUHG D FKDOOHQJLQJ RSHQ LV\GOHN W IGX\L G LUQE GWILQBXO0OW WR RY |
IHYHUWKHOHVY LW LV VDGO\ WUXH WKDW WKH 3SUHVLGXDO" " ULFKQHVV LQ
WKH VSHFLHY OHYHO PD\ VRPHWLPHY EH XQGHUH[SORLWHG VLPSO\ GXH W|
WRROV ZKLFK PLIJKW EH LODSSURSULDWH IRU VRPH PRGHPRGRHO WBDYNMQ 7
JDSZKLFK PLJKW EH OHVV FKDOOHQJLQJ WR PLWLJDWH )RU H[DPSOH D S
WLRQ LQ WKLY UHVSHFW PD\ RFFXU ZLWK UXGLPHQWDU\ DSSUR[LPDWLRQV
IRU KDELWDW VXLWDELOLW\ PRGHOOLQJ ZKLFK VRPHWLPHY GUDVWLFDOO!'
RI ELRFOLPDWLF FRQGLWLRQV IRU D JLYHQ VSHFLHVY IROORZLQJ SRWHQW|
K\SHU HOOLSVRLG RU *DXVVLDQ DSSUR[LPDWLRQV IRU WKH JHRPHWULF HC
DVVRFLDWHVHGR BIMWHUQ RI REVHUYDWLRQV 7U $IEL ¥ § HIFRAEEQ@ V. X K RV
VHYHUDO SRSXODWLRQV VSDQQLQJ RYHU D YDULHW\ RI IRUHVW W\SHV DQG
WLRQV ZLWK QRQ QHJOLJLEOH SKHQRW\SLF DQG JHQHWLF GLYHUVLW\ DQG
> @ 7KH VLPSOH HYLGHQFH ZRXOG DGYLVH QRW WR UHO\ RQ
SOLILFDWLRQV RQ WKH H[SHFWHG JHRPHWULF HQYHORSH RI WKH REVHUYH
FRQGLWLRQV VHH DOVR %R][

$SODLQDUIXPHQW PD\KHOSWRLOOXVWUDWH WKLV PRGHOOLQJUHFRPPHQ
VLPSOLILFDWLRQV WR EH YDOLG IRU D PRUH 3KRPRJHQHRXV”™ VXEVHW RI ILI
VXEVHW RI SRSXODWLRQV PRUH VLPLODU EHWZHHQ HDFK RWKHU IURP D SKl
VHH DOVR %RfKHQ WKH U0 WIIWMHELWDW VXLWDELOLW\ GHULYHG DIWHU
KRPRIJHQHRXV VXEVHW RI REVHUYDWLRQV WKLV ZD\ ZRXOG OLNHO\ QRW VD\
ILFDWLB@QIRUWXQDWHO\ VIVWHPDWLF DQG KDUPRQLVHG LQIRUPDWLRQ WR
GLYHUVLW\ RI IRUHVW WUHH VSHFLHV LV QRW DYDLODEOH IRU PRVW RI WK
D FRQVHTXHQFH RI WKLV LIJQRUDQFH LQ RUGHU IRU WKHVH DVSHFWV QRW
VRXQG PRGHOOLQJ DUFKLWHFWXUH ZRXOG UHTXLUH WKDW WKH IXOO SDWMW
DZD\FRQVLVWH@QWIZIRWKLEOH FOXVWHULQJDQG UH B&KLWEKIPDN ERMQURII M/UKBIHP C
DWU\SWRPRUSKLF SDUWLWRRQOWKH PYREDDWOH REVHUYDWLRQVY 1DPHO\

YRU H[DPSOH DVVXPLQJ WKDW HDFK KRPRJHQHRXV VXEVHW PLJKW EH PRGHOOHG LQ WKH
RFFXS\LQJ D VLPSOH K\SHU HOOLSVRLG WKLV ZRXOG QRW LPSO\ WKDW WKH RYHUDOO UHV X
DQRWKHU ELJJHU HOOLSVRLG *LYHQ WKH FRPSOH[ QRQOLQHDU UHODWLRQVKLS EHWZHHQ JF

@ WKHUH LV QR JHQHUDOLUD 6HEUWDILREWRKDMW. PDWLF SDWWHUQ LV DVVRFLDWHG ZLWK D VXE
DQ®QRWKHU ELRFOLPDWLF SDWWHUQ LV DV V R WIKHIQHERFALWKLE Q R'W KB O O WEKHHMY) WHUPHGLDWH
EH HTXDOO\DVVRFLDEOH WR SRWHQWLDO JHQHWLF PL[W X U®VVRH V&K HZW 2 R/ WXEY 8 WR/S R W H GHIRS S
HVWLPDWHYV LV WKH GHJUHH RI VLPLODULW\ EHWZHHQ REVHUYHG DQG WHVWHG ELRFOLPDWLF F
PHDVXUHPHQWY ZKHUH WKH LQYHVWLJDW HBQMBO ¥R WMWKIHDEL@RWLURXWGF VLIQDO RI UDUHU UHSR
9HU\ GLVVLPLODU SDWWHUQV DUH GHWHFWHG DOVR KLJKOLJKWLQJ WKH GHJUHH RI PRGHOO
XQFHUWDLQW\ GXH WR PRGHOOLQJ DQG GDWD LQ WKH WHVWHG DUHDV FRPSDUHG ZLWK WKH F



7TDEOH (PLVVLRQ VFHQDULRV DQG 5HJLRQDO &0OLPDWH ORGHOV XVHG IRU WUHH VSHFLHV

6FHQDULR ORGHO VKRUW IRUP 7THPSRUDO GRPDLQ
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WLPDWHV RI KDELWDW VXLWDELOLW\ VKRXOG LGHDOO\ QRW GHSHQG RQ DQ
LQ ZKLFK WKH UHSRUWHG RFFXUUM® FRg/ FO\VEKHFW RYRVHUHG $V D FRQVHT:
JLYHQ WZR JHQHULFSHWPNMPINLROAM DQ® = fPE;PE; :PBg VXFK WKDW WKH XQLF
RI HDFK VXEVHW®, P, g Rl WKH SDUWLWRRILQ WKH ZRR OMKWHVR UUHVSRQGLC
KDELWDW VXLWDELOLW\ DV VHSDUDWHO\ FRPSX®H G/ KRX GI® FEH VDEEVH W R &
FRPELQHG WR UHFRQVWUXFW WKH DJJUHIDWHESHE WL WK IR WD RQSIKIDML W L
j» +§x "o +§s 7R H[HPSOLI\ IRUD JLYHQ WUHH VSHFLHV D ILUVW SDUWLWL
RI WKH ILHOG REVHUYDWLRQV VR DV WR FODVVLI\ WKHP LQWR D VHW RI SRS
FULWHULRQ 7KH VHFRQG SDUWLWLRQ PLJKW LQVWHDG EH EDVHG RQ D J|
PHDQLQJIXO SDUWLWLRQV PLJKW EH EDVHG RQ ELRFOLPDWLF FOD@VLILFD)
SK\WRVRFLRORJ\ VIQWD[D RU RWKHU D& VRARE GHMWAULEHG SURSHUW\ ZRXO
WKDW LUUHVSHFWLYH RI WKH VSHFLILF SDUWLWLRQ LQ ZKLFK WKH GLVDJ.
WKH PHUJLQJ RI HDFK FOXVWHU VSHFLILF +6 LV DOZD\V NWKSH. W B PEH D QJU\HR) |
VLPSOH WKLV SURSHUW\ LV UDUHO\ VDWLVILHG E\ VLPSOLVWLF +6 PRGHOV
WUDWHG KLIJKOLJKWYV $V D WUDGH RIlI IRUPLWLIJDWLQJ WKLV NLQG RI XQG
WKH SURSRVHG DSSURDFK UHTXLUHV D PRUH FRPSXWDWLRQDOO\ LQWHQV
DQG DVVRFLDWHG ELRFOLPDWLF FRQGLWLRQV 7KH PRGHOOLQJ DUFKLWHF
VLQJOH REVHUYDWLRQ LQ WKH WUDLQLQJ VHW ZLWKRXW D SULRUL OLPLWLC
WKH RWKHU REVHUYDWLRQV 7KH +6 LV PRGHOOHG REVHUYDWLRQ E\ REVHL
GLVDJJUHJDWHG SRUWKWMRUDLQLQJ GDWD ZKHUH HDFK HDFK REVHUYDWLF
DWRPLF FRPSRQH@WNWK D VWDWLVWLFDO UHVDPSOLQJ WR VXSSRUW D UREX

SHVXOWV RI WKLV VWXG\ VKRZ WKH SRWHQWLDO UHVSRQVH RI (XURSHDQ WU
FKDQJH 7KLV LV DFKLHYHG E\ PRGHOOLQJ WUHH VSHFLHV +6 RQ WKH EDVI
DQG IRXU FOLPDWH PRGHOV :LWKLQ WKH 3(6(7$ ,, SURMHFW@ W IQKS 6/% K61V F |
PLWLJDWLRQ VFHQD®@®LKDYH EHHQ DVVHVVHBRUDEKOHVFHQDULR $ % WKH RX\
WKUHH 5HJLRQDO &OLPDWH ORGHOV 5&0V KDV EHHQ FRQVLGHUHG

7KH (XURSHDQ &RPPLVVLRQ -RLQW 5HVHDUFK &HQWUH -5& PRQLWRUV WK
SHDQ IRUHVWV LQ UHODWLRQ WR IRUHVW HIWHQW DQG IUDJPHQWDWLRQ IR
DQG G\QDPLFV VSHFLHV KDELWDW PRGHOOLQJDQG WKH LQIOXHQFHV RI FO
WDO DVSHFWV Rl IRUHVW UHVRXUFHV LQ (XURSH UHYHUEHUDWH LQ WKH P
HFRQRPLF VRFLDO DQG HQYLURQPH®@ WIKHSRUSRWHWPRUPDWLRQ 6\VWHP IF

ODWKHPDWLFDOO\ WKLV LV HTXLYDOHQW WR GHILQH DV FU\SWRPRUSKLF = ZLWK UHIHUHQ|
FROOHFWLRQV RI SDUWLDO +6 REWDLQHG IROORZLQJ DQ\ SRVVLEOH FRQFHSWXDO SDUWLWLR
+6 HYWLPDWHY DVVRFLDWHG WR DQ\ SUHIHUUHG SDUWLWLRQ RI WKH SUHVHQFHYV ZKLFK DUH R

( LVDPLWLIDWLRQ VFHQDULR LQ ZKLFK DWPRVSKHULF FRQFHQWUDWLRQV RI JGHHQKRXVH
HTXLYDOHQW



),6( KRVWHG E\ WKH -5& LV D IRFDO SRLQW IRU WKH (XURSHDQ 8QLRQ SR
DQG LQIRUPDWLRQ®@ ),6( FRQWDLQV DQG SRLQWY WR UHOHYDQW IRUHVW |
ZHE EDVHG WRROV IRUDFFHVVLQJ WKLV LQIRUPDWLRQ 7KH WDVNV LPSOHF
SURMHFW DUH EXLOW RQ WKH WRROV PRGHOV DQG GDWDVHWY DYDLODE(
VFLHQWLILF VRIWZDUH DQG FRPSXWDWLRQE@ HQYLURQPHQWYV >

5SHODWLRQVKLS EHWZHHQ SRWHQWLDO VXLWDELOLW\I

$OWKRXIK WKHUH LV QR DJUHHPHQW RQ GHILQLQJ KDELWDW ZLWKLQ WKH
GHILQLWLRQ IRU RSHUDWLRQDO SXUSRVHV KDV EHHQ SURSRVHG DV 3GHVF
SDUWLFXODU VFDOH RI VSDFH DQG WLPH ZKHUH DQ RUJDQLVP HLVWKHU DF
+HQFH LQ WKH IRUHVWU\ FRQWH[W KDELWDW LV D GHVFULSWLRQ RI WKH
UHVSHFW WR D WUHH VSHFLHY 7KH LPSRUWDQFH RI FOLPDWH WR H[SODLQ
DQG ZLGHO\ UHFRJQLVHG 7KHUHIRUH FOLPDWH LQ FRPELQDWLRQ ZLWK R\
WR SUHGLFW WKH ORFDO VXLWDELOLW\RI D JLYHQ WUHH VSHFLHV

+6 PRGHOV UHODWH WUHH VSHFLHY GLVWULEXWLRQ GDWD ZLWK ORFDO HQ’
ORFDWLRQV +HQFH +6 PRGHOV DUH XVHG IRU SUHGLFWLQJ SRWHQWLDO
ODQGVFDSH +6 PRGHOV DUH VXLWDEOH QRW RQO\ WR GHVFULEH WKH HQ
FRUUHVSRQGLQJWR PHDVXUHG GDWD EXWDOVRWRLQIHU WKH SRWHQWLD!
ZKHUH VLPLODU HQYLURQPHQWDO SDWWHUQV RFFXUHYHQ RXWVLGH WKH V
DYDLODEOH PHDVXUHV B(ELRF@PDWHRHMWRLUH +6 PRGHOV FDQ EH XVHG IRU
SRWHQWLDO VSHFLHYVY VXLWDELOLW\ DFURVVY ODQGVFDSH HLWKHU IRU WKH
SRWHQWLDO VXLWDELOLW\ XQGHU IXWXUH FOLPDWH FKDQJH VFHQDULRYV

7KH UHODWLRQVKLS EHWZHHQ SRWHQWLDO VSHFLHV VXLWDELOLW\ DQG S
WKH HQYLURQPHQWDO DQG HFRORJLFDO UHTXLVLWHY WR EH VDWLVILHG L
7KLV PHDQV WKDW SRWHQWLDO VXLWDELOLW\ VKDSHVY WKH ERXQGDULHV F
RSSRVLWH LV QRW WUXH WKH VSDWLDO H[WHQW RI SRWHQWLDO GLVWULE
DELOLW\ HIWHQW $V VXPPDULVHG LQ WKH VHFW LLRRE RV W RHR GRIOHZRUGRR ¢
VSHFLHV KDELWDW G/XI LMDHEQWLWHADVRQV PD\ SUHYHQW D VSHFLHV IURP EHL
JHRJUDSKLF DUHDV ZKLFK DUH ELRFOLPDWLFDOO\ VXLWDEOH IRU LW 3RV
WR SUHGLFW SRWHQWLDO GLVWULEXWLRQ EHFDXVH WKH ODWWHU LV DOVF
HJ ODQG FRYHU FKDQJHV WKH FXPXODWHG HIIHFWV DQG IHHGEDFNV RI
VXVWDLQDELOLW\ RI WKH QDWXUDO PLJUDWLRQ SDFH RI VSHFLHV H J Wtk
VXLWDELOLW\ GXH WR FOLPDWH FKDQJH PD\ H[FHHG WKH QDWXUDO VSDWL
2Q WKH RWKHU KDQG PRGHOV EDVHG RQ K\SRWKHVHV FRQFHUQLQJ DQWKL
FRYHU HYROXWLRQ FDQQRW UHOLDEO\ SUHGLFW SRWHQWLDO WUHH VSHFL
WKHLU SUHGLFWLRQV WR WKH RXWSXW RI VRXQG SRWHQWLDO KDELWDW VXL
FDQ EH GHVFULEHG DV D KLJKO\ FULWLFDO ERWWOHQHFN LQ D VFLHQWLILF
UHTXLUHG IRU DVVHVVLQJ WKH HFRQRPLF LPSDFW RI WUHH VSHFLHV GLVW
FKDQJH VFHQDULRY :KHUHHYLGHQFH VXJJHVWV D SUREDEOH ORVV RI +6 W
SUREDEOH ORFDO FRQWUDFWLRQ RI WUHH VSHFLHVY GLVWULEXWLRQ ZLWK
:KHUH LQVWHDG +6 LV SUHGLFWHG WR JURZ DQWKURSRJHQLF DQG VSHFLH'

KWWS ILVH MUF HF HXURSD HX



XUbO RUGXH WR DQWKURSRJHQLF DGDSWDWLRQ HIIRUWY H J DVVLVWHG
IRUDVVHVVLQ) ZKHWKHU D FRUUHVSRQGLQJ ORFDO JURZWK RI WUHH VSH
$ VLPSOLVWLF WD[RQRP\ RI DGDSWDWLRQ VFHQDULRY ZKLFK PLJKW EH RI L
VXPPDU\ RI FRUUHVSRQGLQJLPSOLFDWLRQV IRU WKH +6 DQDO\VLY DUH SU

2XU PRGHOOLQJ DSSURDFK VKRXOG EH LQWHUSUHWHG IURP WKH SHUVSHF
VXPSWLRQV FRQVLGHUHG 2QH PDLQ DVSHFW LV WKDW WKH UHVXOWYV RI
PDSV RI SRWHQWLDO +6 7KHVH PDSV DUH SURGXFHG E\ XVLQJ VDPSOHV R
HQFH DEVHQFH KDUPRQLVHG IURP VHYHUDO 1DWLRQDO )RUHVW ,Q®@HQWRU
7TKHUHIRUH WKH REVHUYHG GLVWULEXWLRQ RI WUHH VSHFLHV LV WKH UHVX
DFRQVHTXHQFH RIDQWKURSRJHQLF HITHFWV H J ODQG FRYHU FKDQJHV I
PHQW SUDFWLFHYV IRUHVW GLVWXUEDQFHV D@ G $305/ WHFRIORD WD MY G & VL
> @ 7KXV 1), GbWD RI REVHUYHG GLVWULEXWLRQ RI WUHH VSHFLHYV FI
UHVHQWDWLRQ RI D SDUWLDO UHDOLVHG QLFKH IRU VSHFLILF VSHFLHV DQG
LVVXH FRPPRQ WR PRVW VWXGLHY DVVHVVLQJ KDELWDW V@ WDELOLW\ RI W

TUHH VSHFLHVY +6 PRGHOOLQJDSSURDFK

6R IDU D QXPEHU RI GLITHUHQW PRGHOOLQJ DSSURDFKHV KDYH EHHQ GHYH
SOHPHQWHG D PRGHO EDVHG RQ JUH\ ER[ $UWLILFLDO 1HXUDO 1HWZRUN $1
DQG SUHGLFWLQJ FKDQJHV RQ +6 UHVXOWLQJ IURP FKDQJLQJ FOLPDWLF F
IRUPXODWLRQ Rl WKH PRGHOOLQJ DUFKLWHFWXUH OLHV ZLWKLQ WKH FDWH
WKH PRGHO GHVLJQ H[SOLFLWO\ LQFOXGHG WKH XVH Rl GDWD EDVHG SK\VL
VA\VWHP IRULQWHQVHO\ GULYLQJ WKH $11 WUDLQLQJ

7KH $11 GDWD WUDQVIRUPDWLRQ PRGHO UHOLHV RQ WKH 5HODWLYH 'LVWE
DV LPSOHPHQWHG E\ WKIPROMWODYHOLEUDU\ > @ 5REXVWQHVV DQG WR
DQFH WR RXWOLHUV LV DFKLHYHG E\ VIVWHPDWLFDOO\DSSO\LQJ VWDWLVW
JLIXUH ZKLOH UHSURGXFLELOLW\ LV LPSURYHG E\ VWULFWO\ DGRSWLQJ C
FROQYHQWLRQ@HFWO\ VXSSRUWHG E\ WKH PRGHOOLQJ IUDPHZRUN 7KH ZKRC
WKH 6HPDQWLF $UUD\ 3URJUDPPLQJ SD@DBLGMR® WKH ODVWUDYH OLEUDU\ Z
2FWDYHM @ DQG *18 %DVK @ FRPSXWLQJ HQYLURQPHQWYVY ZLWK WK
*HRVSDWLDO 'DWD $EVWUDFWIGRQJGERIDWKH 3\WKRQ FRPSXWLQ3 H@YLURQF
7KH UHVXOWLQJ PRGHO LV VXLWDEOH WR EH HLWKHU XVHG DV DQ XQVXSH
RU DV D VXSHUYLVHG HVWLPDWRU RI VSHFLHV +6 :LWKLQ WKLV SURMHFW

IDYRXUHG RYHU PRUH DFFXUDWH PRGHO ILWWLQJDQG WKH XQVXSHUYLVHG

6LQFH GLIITHUHQW ELR LQGLFDWRU FRQILIXUDWLRQV JHQHUDOO\ LPSO\ GL
IDFWRUV DV GULYLQJ WKH UHVSRQVH RI WUHHPRGHFORBYQW RIS SUR BBK HHGS O

KWWS PDVWUDYH RUJ

6HYHUDO KXQGUHGV RI JLIDE\WHV DUH LQYROYHG ZLWK PXOWLSOH LQWHUPHGLDWH GDWD
GHPDQGLQJ GDWD KDUPRQLVDWLRQ SURFHVV

KWWS ZZZ JQX RUJ VRIWZDUH RFWDYH

KWWS ZZZ JQX RUJ VRIWZDUH EDVK

KWWS ZZZ JGDO RUJ

KWWS ZZZ S\WKRQ RUJ

$OWKRXJK WKH ODVWUDYH PRGXOHV LPSOHPHQWLQJ WKH 5'6 DOJRULWKP SURYLGH DV GHIDX
RI WKH UHODWLYH LPSRUWDQFH Rl HDFK ELR FOLPDWLF LQGLFDWRU WKLV RQH GLPHQVLRQD
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FISE dgtal?age ‘ Bisclifatic tictive Soil, Topography
Forest species distribution Factors
|
" 1
1
> Habitat suitability modelling € - ===

/

Model fitting, validation

MHS - Current climate

Forest tree species
max. habitat suitability (MHS)
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JLIXUH 7UHH VSHFLHY KDELWDW VXLWDELOLW\ PRGHOOLQJDSSURDFK

GRHVY QRW DWWHPSW WR OLPLW WKH DQDO\VLVY WR RYHU VLPSOLVWLF OLQH
RIHDFK GULYLQJ IDFWRU

OHWKRGYV

+6 PRGHOV KDYHEHHQ ZLGHO\ XVHG WR DVVHVV SRWHQWLDO FKDQJHV RIVS
LQJ FOLPDWLF FRQGLWLR@V >Q DGGLWLRQ VHYHUDO PRGHOOLQJDSSURDF
WHFKQLTXHVY KDYH EHHQ DSSOLHG IRUPRGHO@LQJ VSHFLHV +6 >

7KH PHWKRGV RI WKLY VWXG\IROORZ IRXU PDLQ VWHSV )LJXUH

'‘DWD FROOHFWLRQ SUH SURFHVVLQJDQG VHW@&DQJI R U HV)W) RFIXR/6 KRR Q |
> @ GDWD IURP ),6( FOLPDWH GDWD VRODU UDGLDWLRQ HWF

6WDWH RI DUW DQG PRGHOOLQJ VWUDWHJI\ GHVLJQ

ORGHOOLQJ PRGHO ILWWLQJ DFFXUDF\ DVVHVVPHQW DQG YDOLGDWL
WULEXWHG +6 PDSV XQGHU FOLPDWH FKDQJH VFHQDULRYV

,PSDFW DVVHVVPHQW RI FOLPDWH FKDQJH RQ VSHFLHV +6 GLIIHUHQFH
DQG IXWXUH VFHQDULRYV

QRQ VSDWLDO L H OXPSHG DJJUHIJDWLRQRIWKHQRQOLQHDUUHVSRQVHRIHDFKVSHFLHV WR
DQG JHRJUDSKLF FRQGLWLRQV 7KHUHIRUH WKH SURSRVHG 5'6 EDVHG DQDO\VLV LV LQVWHD
WKH DJJUHIJDWHG FRQWULEXWHY RI DOO ELR LQGLFDWRUV



6WHSV DQG KDYHEHHQ GHYHORSHG LQ SDUDOOHO ZLWK D FRQWLQXRXV |
RI GHSHQGHQFH EHWZHHQ WKH PRGHOOLQJ GHVLJQ DQG ERWK DQDO\VLV LC
DYDLODEOH GDWDVHWYV

,Q WKLV VWXG\ +6 LV PRGHOOHG LQWHJUDWLQJ WKUHH PDLQ FRPSRQHQWV

t+ $ IJHRUHIHUHQFHG VDPSOH RI REVHUYHG WUHH VSHFLHV LQ (XURSH 1)
FXV ORQLWRULQJ GDWDVHWY DYDLODEOH LQ ),6(

+f DVHW RI ELRSK\VLFDO IDFWRUVY FODVVLILHG LQ WKUHH JURXSV ELRFO

+ DPRGHO GHVFULELQJ WKH UHODWLRQVKLS RI WKH SUHVHQFH DEVHQFH
IDFWRUV

$IWHU PRGHO ILWWLQJ DQG YDOLGDWLRQ FOLPDWLF GDWD IURP GLIITHUHQ
WKH PRGHO IRUDVVHVVLQJ FKDQJHV LQ +6 EHWZHHQ FXUUHQW FOLPDWLF F
,Q WKLY UHSRUW ZH VKRZEG PV BD\RD SLORW SURGXFW RI WKH PRGHOOLQJ |
+6 PRGHOOLQJ RI RWKHU VSHFLHV ZLOO IROORZ WKH GHVFULEH&SERHWKRGF
DOED

7KH VSDWLR WHPSRUDO VHWWLQJ RI WKH DVVHVVPHQW GHSHQGV RQ WKH
FOLPDWLFDQG RWKHU 7KLV VWXG\IROORZV D ORQJ WHUP DSSURDFK ZLW
UHIHUUHG WR DV WKH FXUUHQW FOLPDWH DQG XQGHUWZR HPLVVLRQ
7TKHVSDWLDO UHVROXWLRQ RI WKHGDWDVHWV LV NP +HQFH +6 PDSV FRPS
IXWXUH VFHQDULRY DUH SURYLGHG DW WKLV JULG VL]H 2Q HDFK JULG FHC
GHWHFWHG EHWZHHQ SUHVHQW FOLPDWH DQG IXWXUH VFHQDULRYV

1RW RQO\ GLIITHUHQFHYV EXW DOVR LQLWLDO DQG ILQDO DEVROXWH YDOXH\
DPSOH WKHLPSDFW RI D IXWXUH GHFUHDVH RI +6 PD\ JUHDWO\ GLIIHU U
FXUUHQW VXLWDELOLW\ LV WKXV VXIIJHVWLQJ FRPSOHWH ORFDO H[WLQ
LQ ZKLFK LW LV SUHGLFWLQJ D QRWLFHDEOH ZRUVHQLQJ RI IXWXUH O
UHOHYDQFH RI WKH H[SHFWHG LPSDFW PD\DOVR EH LQIOXHQFHG E\ ORFDO F
WKH DIRUHPHQWLRQHG IXWXUH +6 GHFUHDVH ZRXOG SURSRUWLRQDOO\ |
FXUUHQW DQG IXWXUH DEVROXWH +6 HVWLPDWHY DUH DIITHFWHG E\ ORZHU >
EOH HFRQRPLF DQDO\WVLY VWUDWHILHY WR EH EDVHG RQ WKH ZKROH VHW R
FXUUHQW DQG IXWXUH VXLWDELOLW\ DORQJ ZLWK ORFDO TXDOLWDWLYH D
DUH DOVR SURYLGHG DV PRGHOOLQJ RXWSXWV $OWKRXJIK VLPSOLILHG HF
VLGHU +6 GLIITHUHQFHV VRXQG DQG UREXVW HFRQRPLF DVVHVVPHQW VKR’
VWUXFWXUDO +6 PRGHOOLQJ LPSOLFDWLRQV

7KHJHRJUDSKLFDO GRPDLQ RI WKH VWXG\FRYHUV WKHOHPEHUY 6WDWHYV R
DQG WKH %DONDQV +RZHYHU GDWD DYDLODELOLW\ LV KLIJIKO\ KHWHURJF
7KH PDLQ ),6( GbDWDVHW EDVHG RQ 1),V KDV EHHQ FRPSOHPHQWHG ZLWK
JRFXV ORQLWRULQJ GDWDVHWYV @ HRIUDDVR@HUDO GHVFULSWLRQ RI WKH GELC
LPSURYHPHQWY RQ WKHLU KDUPRMKWVRZWIWRIQH QHIDMILAW RI SORWY ZKLFK LV F
GLYLGLQJ WKH QXPEHU RI FHOOV ZLWK DW OHDVW RQH SORW E\ WKH WRWD((
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J)LIXUH &RXQWU\ FRYHU DQG SORW GHQVLW\ IRUDYDLODEOH WUHH VSHFLHVY SUHVHQFH DEV\
EDVHG RQ 1),V KDV EHHQ FRPSOHPHQWHG ZLWK WKH %LR6RLO DQG )RUHVW )RFX& IRRQRLWRUL
D JHQHUDO GHVFULSWLRQ RI WKH GDWD DQG IXUWKHU LPSURYHPHQWY RQ WKHLU KDUPRQLVE
FRPSXWLQJ WKH QXPEHU RI FHOOV ZLWK DW OHDVW D SORW FRPSDUHG ZLWK WKH ZKROH DPRX
VTXDUH VKRZV WKH ZRUNLQJ VSDWLDO HI[WHQW RI RXWSXW PDSV

‘DWD

7ZR PDLQ FDWHJRULHV RI GDWD DUH XVHG LQ WKLV VWXG\ )LUVW D JHF
HQFH DEVHQFH RI WUHH VSHFLHV LQ (XURSH DQG VHFRQG D VHW RI ELRSK

,QIRUPDWLRQ RQ WUHH VSHFLHY SUHVHQFH DEVHQFH DQG RWKHU WUHH F
PDLQWDLQHG WKURX@K KM REMHFWLYH RI 1),V LV WR FROOHFW LQIRUPDYV
JDWKHUHG IURP VI\VWHPDWLF VDPSOLQJ FDPSDLJQV +RZHYHU WKH 1), PHW
GDWD SURFHVVLQJPD\YDU\IURP FRXQWU®WRDARPRINLVHS 1), GDWD LV DYDL
),6(IRU(XURSHDQ FRXQWULHY LQFOXGLQJLQIRUPDWLRQ IURP (XURSHDQ =
> @ DQG )RUHVW )RFXV ORQLWRULRPBIFKRVWYV LQIRUPDWLRQ IURP DURXQ
VDPSOH SORWY DFURVYV (XURSH LQFOXGLQJ LQIRUPDWLRQ IRU VHEPH W



7KH VSDWLDO UHVROXWLRQ RI WUHH VSHFLHV?S3UHMB QHHHD XWH QB WIK\H [ W5 6
IDPEHUW $]LPXWKDO (TXDO $UHD DV JHRY¥Y&SDWLDRVEWEBMHRDMWRLPDOUHIHUHQHF
UHI HSVJ HWUV HWUV ODHD

7KHVHW RIELRSK\VLFDOIDFWRUV FRQWDLQV JULG OD\HUV FODVVLILHG L(
7TRSRIJUDSKLFIDFWRUV ZHUH SURGXFHG IURP D P VSDWL® G HHMRHOX WIRRPQ
6570 > @ 6'HOHYDWLRQ HOHYDWLRQ UDQJH DQG VORSH ZHUH SURFHVVH
VLIHDQG WKHQ DYHUDJHG DW NP 7KHIRXU DVSHFW IDFWRUV ZHUH SURFH
WKHQ WKH UDWLR RI FHOOV RI HDFK PDMRU RULHQWDWLRQ DGGHG WR D N

$QQXDO SRWHQWLDO JOREDO VRODU UDGLDWLRQ ZDV@PRGKHBOHE &0 KW HQIW
LQ *5%$66 *,6 >@ DQG WKH '(OUHJULGGHG WR NP :HSURGXFHG JULG PDSV I
DWPRVSKHULF WXUELGLW\ DQG DOEHGR FRHIILFLHQW DEVHQW IRU WKH |
DQQXDO SRWHQWLDO JOREDO UDGLDWLRQ ZDV FRPSXWHG E\LQWHJUDWLQJ
WKH WUDSH]JRLGDO UXOH

3DUHQWDO PDWHULDO GDWD ZHUH REWDLQHG IURP WKH (XURS@DQ@KERLO 'LC
(6'% FRQWDLQV JULGGHG GDWDVHWY DW D VSDWLDO UHVROXWLRQ RI NP I
ELQDU\ PDS ZzDV FUHDWHG IRU HDFK FODVV RI WKH GRPLQDQW VRLO SD
WKHPRGHO ILWWLQJ SKDVH WKH UHVXOWLQJ YDOXDEOH KDUPRQLVHG LQIF
ZDV VWLOO WRR QRLV\ HVSHFLDOO\LQ VRPH FULWLFDO DUHDV RI WKH VSDV
UHJLRQV ZKHUH WKH YDULDELOLW\ RI WKH VRLO FKDUDFWHULVWLFV PD\ V
7KLV HITHFW UHVXOWHG IURP WKH FXPXODWHG HIIHFW RI FRPELQLQJ WKH
ILHOG REVHUYDWLRQV DQG RI WKH VRLO GDWD + DQ HIITHFW QRW DV VHYHUF
JXUWKHUPRUH LQIRUPDWLRQ RQ VRLO DV D ELRSK\VLFDO FRPSRQHQW IRU
VKRXOG SRQGHU WKH LQWHQVLW\ ZLWK ZKLFK WUHH VSHFLHV LQIOXHQFH
WRSVRLO UKL]RVSKHUH EXW DOVR K\GURJHRPRUSKLF SURFHVVHV ZLWK
DOVR LQYROYLQJ XQGHUVWRUH\ YHIJIHWDWLR® > 7KH RYHUDOO LPSDFW RI
ORFDO IHHGEDFNV PD\ RFFDVLRQDOO\ HQKDQFH RU FRXQWHUDFW WKH RQ
PDWHULDO ZLWK QRWLFHDEOH HIITHFWV @ ZKRVH GHWDLOHG HIWHQW LV VW|
ZLWK EURDGO\ PLVVLQJ LQIRUPDWLRQ 7KHUHIRUH WKH DQDO\VLY ZDV ILC
VRLO GDWD

ORGHOOLQJ WKH LPSDFWV RI FOLPDWH FKDQJH RQ +6 Rl WUHH VSHFLHV UH
GDWD )RULQVWDQFH VRPH VWXGLHV LQ WKLV ILHOG KDYH XVHG GLVDJJUEL
JULG VL]H > @ 7KHUHIRUH ELRFOLPDWLF IDFWRUV GLVDJJUHJDWHG
FXUUHQW FOLPDWH DQG IXWXUH VFHQDULRY KDYH EHHQ LPSOHPHQWHG XV
PHWKRG DSSURDFK > @ ,Q WKH FKDQJH IDFWRU DSSURDFK WKH FOLPEL
GLVDJJUHIJDWHG IURP WKH 5&0 UHVROXWLRQ WR WKH UHVROXWLRQ RI D WD
GDWD EDVHOLQH

‘H XVHG DV D EDVHOLQH WKH KLJK UHVROXWLRQ :RUOG&OLP YHUVLRQ GD

NP KRUL]JRQWDO UHVRKROMRWULREOHPHQWLQJ WKH FKDQJH IDFWRU PHWKRG
ZLWK FXUUHQW FOLPDWH FRQGLWLRQV :RUOG&OLP FRQWDLQV PRQWKO\ Y
a ZLWK PRVW RI WKH GDWD IRU WKH SHULRG 7KH :RUOG&OLP
JHQHUDWHG WKURXJK LQWHUSRODWLRQ RI DYHUDJH PRQWKO\ FOLPDWH G

KWwWS UH MUF HF HXURSD HX SYJLVDQR®UHV VROPRG KWP
KWwWS JUDVV RVJHR RUJ JUDVV PDQXDOV KWPO BXVHU U VXQ KWPO



FRPSLOHG EDVHOLQH LQIRUPDWLRQ IURP :RUOG&OLP RI PRQWKO\ PHDQ Pl
SHUDWXUH DQG SUHFLSLWDWLRQ 7KH ELRFOLPDWLF LQGLFDWRUV ZHUF
‘RUOG&OLP GDWDVHWYV

&OLPDWH GDWD RI IXWXUH VFHQDULRYV ZHUH RULJLQDOO\ SURGXFHa E\ WK
6LPXODWLRQV ZHUH SURGXFHG LQ WKH IUDPHZRUN (16(0%/(6 E\ XVLQJVWDW
ORGHOV *&0V DQG 5HJLRQDO FOLPDWH ORGHOV 5&0V GHYHORSHG LQ (XUF
WKH 5&0 VLPXODWLRQV OL¥WHIBULW KB EHMMWLUH (XURSHDQ FRQWLQHQW DW
UHVROXWLRQ IRUS$ % DQG .P IRU (

‘H LPSOHPHQWHG WKH FKDQJH IDFWRU DSSURDFK LQ WKH IROORZLQJ VWH
ZHUH SURGXFHG DW WKH VSDWLDO UHVROXWLRQ RI WKH 5&0V IRU WKH PRG
IXWXUH VFHQDULR SHULRG IRU HDFK PRGHO VLPX®DWHKRQ DX E W H C
WUDFWHG WKH PRGHOOHG FXUUHQW GDWD IURP WKH IXWXUH VFHQDULR WR
IRUHDFK ELRFOLPDWLF IDFWRU 7KH FOLPDWH DQRPDOLHV ZHUH VSDWLDOC
SODWH VSOLQH LQWHUSR®DWQRQG\ WKH ODVW VWHS RI WKH DSSURDFK LV
ODWHG DQRPDOLHV WR WKH FXUUHQW FOLPDWH GDWD WR SURYLGH GRZQVF
FKDQJH IDFWRU DSSURDFK DVVXPHV WKDW WKH GLIIHUHQFHV EHWZHHQ PF
FXUUHQW FOLPDWH DUH PDLQWDLQH®KRZVUDWQLIRHD PIOMWRH WKH LQSXW DQC
GDWDVHWYV RI WKH FKDQJH IDFWRU DSSURDFK IRU GRZQVFDOLQJ DQQXDO
'0, +,5+%0 (&+$0 VFHQDULR $ %

ORGHOOLQJ WUHH VSHFLHY KDELWDW VXLWDELOLW\ X\
GHILQLWLRQ RI WKH SUREOHP

7KLV VHFWLRQ LOWURGXFHVY WKH WKHRUHWLFDO GHILQLWLRQ RI WKH PRGF
DQG LPSOHPHQWDWLRQ RI WKH PRGHOOLQJ DUFKLWHFWXUH /HW XV VXSSF
PHDVXULQJ DW UHJLRQDO VFDOH ZKHWKHU RU QRW D JLYHQ TXDQWLW\ HJ
UHJLRQDO VFDOH HJ (XURSHDQ VFDOH SRVHV VSHFLILF FKDOOHQJHV E|
RI KDUPRQL]DWLRQ DPRQJ WKH REVHUYDWLRQV 7\SLFDOO\ HYHQ DIWHU D
SURFHVVLQJ WKH GHQVLW\RI REVHUYDWLRQV PD\ YDU\ ZLGHO\ EHWZHHQ O
EHDQDO\WWHG 7KLV DOVR LPSOLHV WKDW WKH HIITHFWV RI VSDUVHO\DQG G
SURSHUO\ PRGHOOHG

,Q WKLV WKHRUHWLFDO GHILQLWLRQ RI WKH PRGHOOLQJ SUREOHP HDFK F
UHFRUG SURYLGLQJ LQIRUPDWLRQ RQ LWV ORFDOL]DWLRQ ZLWKLQ D FHUYV
ZKHWKHU WKH ORFDOL]DWLRQ UHIHUV WR D JLYHQ SK\VLFDO VA\VWHP H J
WXGH FXUYLOLQHDU GLVWDQFH DORQJ D FHUWDLQ FXUYHG OLQH VXFK DV
JHRIJUDSKLFDO TXDQWLWLHYV ZKLFK FDQ EH VHHQ DV ORFDOLVLQJ WKH PHD
WKH WLPH DW ZKLFK WKH PHDVXUHPHQWY DUH UHFRUGHG PRUH DEVWUDF'
E\JHRJUDSKLF RQHV VXFK DV WKH ORFDO VORSH DVSHFW RU SRWHQWLDC
WLHV VXFK DV WKH ORFDO WHPSHUDWXUH DQG SUHFLSLWDWLRQ UHPRWH \
VDWHOOLWH FKDQQHOV UHFRUGLQJ GLITHUHQW ZDYHOHQJWK EDQGYV ,
FOLPDWLF TXDQWLWLHYV WR ZKLFK WKH PHDVXUHY DUH ORJSHHGQ¥FRARIWHO

([DPSOHV RI WKHVH WKUHVKROG GULYHQ REVHUYDWLRQV PD\ LQFOXGH W



7DEOH %LRSK\VLFDO IDFWRUV FRQVLGHUHG DW E PRGHOVRUIW WEW D& UKW XUH WUHH VSHFLI
DELOLW\ &RQWLQXRXV GLVFUHWH YDULDEOHV DUHDQQRWDWHG DORQJZLWK WKH PRVW VWUD
EDVHG RQ6WRBQWLF $UUD\ 3URSDDPBELIP > @ ZLWK WKH QRARDW WRIEOL@EVDQ DVVRFLDWHG
DFWLYH OLQN WR WKH IRUPDO GHILQLWLRQ 7KDY B W)FDW\WBIWHOMR R B ¥ WHGOBI P HIBY L WK H

9DULDEOH '"HVFULSWLRQ & FRQWLQXRXWD\ EDVHG
' GLVFUHWHRQVWUDLQW

7RSRJUDSK\

6' (OHYDWLRQ 6WDQGDUG GHYLDWLRQ VWG GHY RIHOHYDWR®Q@HJIDWLYS&
(OHYDWLRQ UDQJH 5DQJH RI HOHYDWLRQ & QRQQHJIDWLYH
60RSH 6ORSH RI WHUUDLQ & SURSRUWLRQ
$VSHFW 1 3URSRUWLRQ RULHQWHG WR 1RUWK SURSRUWLRQ
$VSHFW 6 3URSRUWLRQ RULHQWHG WR 6RXWK SURSRUWLRQ
$VSHFW ( 3URSRUWLRQ RULHQWHG WR (DVW SURSRUWLRQ
$SVSHFW : 3URSRUWLRQ RULHQWHG WR :HVW SURSRUWLRQ

WKH DUUD¥FRPSRVHG E\ WKH IRXU $VSHFW OD\HUYDIUSV [ WLR @
*OREDO UDGLDWLRQ $QQXDO SRWHQWLDO JOREDO VRODU UDGQBWQRQDWLYH &

6RLOV 3IDUHQWDO PDWHULDO

30 &aRQVROLGDWHG &RQVROLGDWHG FODVWLF VHGLPHQWD U\ URLFNDVU \ '
30 6HGLPHQWDU\ 6HGLPHQWDU\ URFNV ' ELQDU\

30 ,JQHRXV L, JQHRXV URFNV ' ELQDU\

30 OHWDPRUSKLF OHWDPRUSKLF URFNV ' ELQDU\

30 8QFRQVROLGDWHG 8QFRQVROLGDWHG GHSRVLWYV ELQDU\

30 8QFRQVROLGDWHG JODFLDO 8QFRQVROLGDWHG JODFLDO GHSRVLWAL.QDDFLDO GULIW
30 (ROLDQ (ROLDQ GHSRVLWYV ' ELQDU\

30 2UJDQLF 2UJDQLF PDWHULDOV ' ELQDU\

WKH DUUDZLWK WKH 6RLOV 3IDUHQWDO RBWHU ISD@ W DWHRWQL V

%LRFOLPDWLF

$QQXDO DYHUDJH 7 $QQXDO PHDQ 7 & UHDO

0D[ 7 RI ZDUPHVW PRQWK OD[LPXP RI PRQWKO\ PHDQ RI OD[LPXP 7 U H D&

OLQ 7 RI FROGHVW PRQWK OLQLPXP RI PRQWKO\ PHDQ RI OLQLPXP 7 UHDO &
$QQXDO 7 UDQJH OD[ 7 Rl ZDUPHVW PRQWK OLQ 7 RI FROGHVW @RQ@HKID\ELY H
OHDQ 7 RI ZDUPHVW TXDUWHU OHDQ 7 Rl WKH FRQVHFXWLYH ZDUPHVW PHRIQOW K V &
OHDQ 7 RI FROGHVW TXDUWHU OHDQ 7 RI WKH FRQVHFXWLYH FROGH VW HERQ WK V &
:LQWHU PHDQ 7 OHDQ 7 RI -)0 & UHDO

6SULQJ PHDQ 7 OHDQ 7 RI $0- & UHDO

6XPPHU PHDQ 7 OHDQ 7 RI -$6 & UHDO

$XWXPQ PHDQ 7 OHDQ 7 RI 21" & UHDO

OHDQ RI PRQWKO\ 7 UDQJH OHDQ RI PRQWKO\ PD[LPXP 7 PLQLPXP 7 QRQQ&JDWLYH
. VRWKHUPDOLW\ OHDQ RI PRQWKO\ 7 UDQJH $QQXDO 7 UDQJHUHDO &
$QQXDO 3 7RWDO DQQXDO 3 & QRQQHJIDWLYH
6XP RI 3 RI ZHWWHVW PRQWK 7RWDO 3 Rl WKH ZHWWHVW PRQWK QRQQHJIDW& YH
6XP RI 3 RI GULHVW PRQWK 7RWDO 3 Rl WKH GULHVW PRQWK QRQQHJID&LYH
6XP RI 3 RI ZHWWHVW TXDUWHU 6XP RI 3 Rl WKH FRQVHFXWLYH ZHWWHV@R RROWKNLYH &
6XP RI 3 RI GULHVW TXDUWHU 6XP RI 3 RI WKH FRQVHFXWLYH GULHVW QRROOMKDWLYH &
6XP RI 3 RI :LQWHU 6XP RI 3 RI-)0 & QRQQHJIDWLYH
6XP RI 3 RIBSULQJ 6XP RI 3 RI $0- & QRQQHJIDWLYH
6XP RI 3 RI BXPPHU 6XP RI 3 RI -$6 & QRQQHJIDWLYH
6XP RI 3 RI $XWXPQ 6XP RI 3 RI 21" & QRQQHJIDWLYH
7 VHDVRQDOLW\ 6WG GHY RIPRQWKO\PHDQ 7 $QQXDO PHDQHDO &

3 VHDVRQDOLW\ 6WG GHY RIPRQWKO\VXP RI3 $QQXDO 3 QRQQH&EDWLYH




Annual average temperature
1960-1990
DMI-HIRHAMS5-ECHAMS
resolution 25-km

Annual average temperature anomalies
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resolution 25-km
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$0OSLQH DQG 1RUWK DOSLQH UHJLRQ DQQXDO DYHUDJH WHPSHUDWXUH IURP '0, +,5+$0 (&+$0

WRS URZ DQG GLVDJJUHJDWHG GDWDVHWVY DW NP ERWWRP ULJKW :RUOG&OLP FXUUHQW
WHPSHUDWXUH DQRPDOLHV FHQWUDO FROXPQ DW WKH RULJLQDO PRGHO UHVROXWLRQ DQ
VFKHPH GHULYHG IURP +DUURZHU @QR@HMIWBHUFRORUEUHZHU RUJ "W\SH GLYHUJLQJ VFKHPH

VSHFLHVY RU WKH KHLJKW RID FHUWDLQ IRUHVWHG DUHD ZLWK UHIHUHQFH
\RXQJ WUHHV £+ GHWHFWHG E\ FRQVLGHULQJ GHQGURPHWULF PHDVXUHPHQ\
GLDPHWHU DW WKH EUHDVW KHLJKW LV VPDOO HQRXJK $V D VSHFLDO FDVI
ZKLFK WKH REVHUYDWLRQV KDYH WR EH FRPSDUHG + LV JHUR DQG UHIHUYV
REVHUYDWLRQ VHW FROODSVHV LQWR D VR FDOOHG SUHVHQFH DEVHQFH VI
ZKHWKHUDJLYHQ WUHH VSHFLHV LY SUHVHQW RU QRW ZLWKLQ VHYHUDO VD
WR SUHVHQFH DEVHQFH > @ LQ DIJHQHUDOLVHG VHQVH E\ HIWHQGLQJ V
LQFOXGH DOO NLQGV RI LQIRUPDWLRQ ZKLFK PD\ EH UHIHUUHG WR DV WKt
IODJ DERXW WKH RYHUSDVVLQJ RI VRPH WKUHVKROG ,Q WKLV VSHFLDO FD
TXDQWLW\ WR ZKLFK WKH WKUHVKROG RYHUSDVVLQJ UHIHUV FDQ EH SURS
Rl SUHVHQFH DQG WKH SUHVHQFH DEVHQFH PHDVXUHYV FDQ EH FRQFHSWX
ZKLFK GHJUDGHV D FRQWLQXRXV TXDQWLW\ WR D GLVFUHWH ELQDU\ RQH



7KH UHOHYDQW VWUXFWXUH EHKLQG VXFK NLQGV RI PHDVXUHYVY FDQ EH VXP

f 7KH VHW RI UHFRUGY GRHVY QRW RQO\ ORFDOL]H WKH RFFXUUHQFHYV RI
WKH SODFHV LQ ZKLFK LW GRHV QRW RFFXU

f 7TKHVHW RIUHFRUGV LV QRW UHTXLUHG DQG DW UHJLRQDO VFDOH LV X(
DFURVVY WKH VSDWLDO GRPDLQ DV LWLV VXSSRVHG WR EH ZKHQ GLUHFW
OLNH WHFKQLTXHV VR WKDW WKH VDPSOLQJ GHQVLW\ QRW WKH IUHT
EHFRPHVDQ LOQOWHUHVWLQJ VWDWLVWLF WR EH HVWLPDWHG

7KHXQHYHQ GLVWULEXWLRQ GHQVLW\RIWKHDYDLODEOHREVHUYDWLRQV D
DSSO\ NHUQHO GHQVLW\ HVWLPDWLRQ VHSDUDWHO\ WR PRGHO ERWK WKH V
GHQVLW\ $Q HVWLPDWRU RI WKH SUHVHQFH IUHTXHQF\ LV REYLRXVO\ WKH
VSDWLDO GLVWULEXWLRQ RI WKHPHDVXUHG SUHVHQFHY DQG VDPSOLQJG
PHDVXUHG SUHVHQFHY DQG DEVHQFHYV 7KH VDPSOLQJ GHQVLW\ FDQ EH L
LQGLFDWRORFW&EBFPDWVIRRRALDWHG ZLWK WKH VWDWLVWLFDO LQIRUPDWLRQ
VWDUWLQJIURPDYDLODEOH REVHUYDWLRQV DFURVV WKH VSDWLDO GRPDLC
SUR[\ LOQGLFDWRU RI WKH ORFDO HUURU LW VKRXOG EH WDNHQ LQWR DFFR
HUURUV WKH ORFDO YDULDQFH LV LQYHUVHO\ SURSRUWLRQDO WR WKH VDI

+RZHYHU WKH FKRLFH RI WKHRSWLPDO NHUQHO EDQGZLGWK ZRXOG VWLOO
HURJHQHLW\ Rl WKH VDPSOLQJ GHQVLW\ 7KH UREXVW HVWLPDWLRQ RI WK}
XQGHU KHWHURJHQHRXV VDPSOLQJ GHQVLW\ LV DGGUHVVHG E\ DGDSWLY}
PXOWL VFDOH IUHTXHQF\ DQDO\VLVY D FRQVWUDLQHG YHUVLRQ RI ZKLFK
IUHTXHQF\ DQDO\VLV & 60)$ LV VXPPDHWVIH®G LQ @HBRIRYHU UHFRQVWUXFE
WKWSDWLDO SUHRREBEMHMHFH RI D JLYHQ WUHH VSHFELHY GRHV QRW GLUHFV
PHQW RIEMRFOLPDWLF SRVSUBVGIQFH :KLOH DQ REYLRXV ZHDMSQMM\D®I D
NHUQHO GHQVLW\ DSSURDFK ZRXOG EH WKH LPSRVVLELOLW\ Rl PRGHOOLQ
FRPELQLQJ KHWHURJHQHRXV SUHGLFWRUV ZLWKLQ D JHQHUDO PRGHOOLRQ.
FRUUHVSRQGLQJ TXDQWLWLHY DQG XQLWV WR EHDGGUHVVHG LQ RUGHU WR
DQG VWUXFWXUH GHSHQGLQJ RQ SDUWLFXODU TXDQWLWLHYV DQG XQLWYV

ORGHOOLQJ FOLPDWLFDQG JHRJUDSKLF VLPLODULW\

7KH DIRUHPHQWLRQHG FRQVLGHUDWLRQV OHDG WR WKH QRYHO IRUPXODWL
PDQDJH KHWHURJHQHRXV SUHGLFWRUV DQG GHVLJQHG WR WUDQVIRUP WKH
IHDWXUHV ZKRVH FRPELQDWLRQ HRIMILPXW KD EILLWWDW WHKPAG DEHFOROWG WK H
SUREDELOLW\ RIRSIWHVHQWBHFWHG VHW RI WUHH VSHFLHY SRWHQWLDOO\ EL
WRSRJUDSKLF DQG VRLO LQIRUPDWLRQ $V DOUHDG\ FRPPHQWHG WKH VRC
RQ WKH SRVLWLRQ RI WKHDYDLODEOH REVHUYDWLRQV FROODSVHV WKH DS
GHQVLW\ DSSOLFDWLRQ WR HVWLPDWH WKH SUREDELOLW\ Rl SUHVHQFH R
UHIHUULQJ WR DGDSWLYH PXOWL VFDOH IUHTXHQF\ DQDO\VLV VXSSRUWH
VHH > @

,Q SDUWLFXODU HVWDRPDRKIFQKDELMDW VXIOINVEGDEY®DWLYRYHO DVSHFW RI WKLV
DQG SHUKDSV PRUH LQWHUHVWLQJ IRU VXSSRUWLQJ SROLF\ PDNHUV LQ D
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JLIXUH ORGHOOLQJ DUFKLWHFWXUH ,QIRUPDWLRQ RQ WKH REVHUYHG SUHVHQFH DEVHQFH
WUHH VSHFLHV LV VSOLW LQ WZR VXEVHWY UHVSHFWLYHO\ WR EH XVHG LQ WKH WUDLQLQJ D
PRGHO IRUWKH VSHFLHYV 3UR[\LQIRUPDWLRQ EDVHG RQ FOLPDWLF WRSRJUDSKLF DQG VRLO
D FROOHFWLRQ RI'LQGLFHV IURP ZKLFK D VHULHV RI Q SUHGLFWRUY DUH JHQHUDWHG 5HODW
UHVSHFW WR HDFK SUHGLFWRU E\ FRQVLGHULQJ WKH Q SUHGLFWRU YDOXHV RI DJLYHQ VSDWL
WKH FRUUHVSRQGLQJ FOLPDWLF JHRJUDSKLF VSDFH 7KH VLPLODULWLHY DUH XVHG DV LQWHU
DQHXUDO QHWZRUN ZKRVH SDUDPHWHUV FDQ EHILQHO\WXQHG XVLQJD VXSHUYLVHG DSSURDF
HVWLPDWLRQ FDQ GLUHFWO\ EH YDOLGDWHG ZLWKRXW WXQLQJ

JXUWKHUPRUH WKH & 60)$ PRGHOOLQJ DUFKLWHFWXUH LV GHVLIQHG WR HLC
DQ DGGLWLRQDO FRQVWUDLQW WR VXSSRUW D IXWXUH LPSURYHG HVWLPD
IRUWUHH WD[D RI LQWHUHVW

7KH GDWD ZH XVHG UHIHU WR WKH SUHVHQFH DEVHQFH RI D JLYHQ IRUHV\
UHVROXWLRQ RI NP JULG VL]H EURXJKW XS LQWR?0O1LWHZL @ K WKW LAX BB

XQGHUO\LQJ LQIRUPDWLRQ WR DVVLIQ WKH SUHVHQFH DEVHQFH YDOXH IR
WUHH VSHFLHVY UHIHUV WR REVHUYDWLRQV ZLWKLQ SORW DUHDV EHORQJL
WKRVH SORWY FDQ EH JHQHUDOO\ FRQVLGHUHG DV QHIOWHERHW KW K HE U S

7KHPD[LPXP KDELWDW VXV \® BEL@H®DY D GLPHQVLRQOHVV TXDQWLW\ UDQJL!
FRQFHSWXDOO\ FRQVWUDLQHG WR KDYH YDOXH LQ DOO FHOOV ZKHUH D S
KDV EHHQ REVIHQY WHKG! FXUUHQW7RQYPTHDH)YV WKDW LQ WKH FXUUHQW FOLPI
WKH PD[LPXP VXLWDELOLW\ RI D JLYHQ VSHFLHV LV H[SHFWHG WR EH LG
VXEVHW RI REVHUYHG SUHVHQFHV XVHG LQ WKH WUDLQLQJ SKDVH RI WKH P
UHIHU WR DGXOW WUHHY ,W LV DOVR H[SHFWHG WR EH FORVH WR LQ FF



REVHUYHG SUHVHQFHYVY UHVHUYHG IRU WKH YDOLGDWLRQ SKDVH

8QGHU IXWXUH FOLPDWLF VFHQDULRYV WKH PD[LPXP KDELWDW VXLWDELOL
FOLPDWH YDOXHYV LQ SDUWLFXODU HJ IRUFOLPDWHVFHQDULRY SHFXOLTI
WKH PD[LPXP KDELWDW VXLWDELOLW\LY QRW FRQVWUDLQHG WR UHDFK WK

7KH PRGHOOLQJ DUFKLWHFMW/XBBYV HIGI RIGBIDKFEFHVLIQHG QHXUDO QHWZRUN VV
WR WUDQVIRUP D FXVWRPL]DEOH VHULHVY RI FOLPDWLF WRSRJUDSKLF DQG
SUREDELOLW\ RI SUHVHQFH DQG PD[LPXP KDELG&/DYRVXWKHDEUBNVNWOW ZRUN
PD[LPXP KDELWDW VXLWDELOLW\PRGXOHY KDYHEHHQ H[SORLWHG 2QH RI\
FRPSXWDWLRQDO PRGHOOLQJUREXVWQHVYVY 3DUW RI WKHUREXVWQHVV UH
LOWR GLPHQVLRQOHVV IHDWXUHV ZKLFK FRQVWLWXWH WKH LQWHUPHGLDW
WKH 5HODWLYH 'LVWDQFH 6LPLODULW\ 5'6 DSSURDFK@&DV EHHQ XVHG >

7KH DUFKLWHFWXUH KDV EHHQ GHVLJQHG WR VXSSRUW ERWK XQVXSHUYLV
RU VXSHUYLVHG EHWWHU ILWWLQJ ZLWK UHVSHFW WR WUDLQLQJ GDWD G
FDWLRQV 7KH 56 DSSURDFK HVWLPDWHV KRZ VLPLODU WKH FXUUHQW ELR
DUHD DUH FRPSDUHG ZLWK WKH FRUUHVSRQEILLI\ PRE\GEWHA REYKHYHG 7K
DJJUHJDWHG 5'6 VLPLODULW\ Rl WKH JLYHQ DUHD FRQVLGHUYV HDFK HOHPH(
RI REVHUYDWLRQV ZLWKRXW UHO\LQJ RQ DQ\DVVXPSWLRQ FRQFHUQLQJ W
RI WKH XQGHUSLQQLQJ UHDOLVHG QLFKH VXFK DV K\SHU HOOLSVRLGDO VL
VWDWLVWLFDO UHVDPSOLQJLV LQWURGXFHG WR PLWLJDWH WKH HITHFW RI |
7KLV ZD\ WKH FRPSOH[ SRWHQWLDO LQWHUSOD\ Rl JHQHWLF YDULDELOLW
PXOWLSOH SRSXODWLRQV DQG GLIIHUHQW HFRORJLFDOO\ GLVWLQFW IRU}
EODJHV RI WUHHV VBHHPRBHOOHG REVHUYDWLRQ E\REVHUYDWLRQ ZLWKF
RI GHWDLOV LQ WKH PXOWL GLPHQVLRQDO ELRFOLPDWLF SDWWHUQ RI RFFX
FRQVLGHUHG DV D IX]]\ SRVVLELOLW\ VHW PHPEHUVKLS ZKHUH WKH DQDO\V
DV ELRFOLPDWLFDOO\ VXLWDEOH RUXQVXLWDEOH EXW LQVWHDG DVVRFLD
WKHVH WZR H[WUHPHV $QRWKHU ZD\ RI LQWHUSUHWLQJ 5'6 LV DV D FRQV
ZRUN ZKHUH HDFK WUDLQLQJ REVHUYDWLRQ LV OLQNHG WR D VLQJOH FRUL
DSSOLFDWLRQV DSSO\ D JOREDO WXQLQJ RI WKH ELRFOLPDWLF SUHGLFWR
WKH VSDWLDO H[WHQW 7KLV UREXVW WXQLQJ VLPSOLILHV WKH LQWHJUDW
VLPSOH H[DFW PDWKHPDWLFDO UXOHV IRU DJJUHJDWLQJ WKH VXLWDELOLW
DJJUHJDWHG WD[D ,Q WKH SUHVHQW ZRUN WKH XQVXSHUYLVHG DSSURDF
> @ 6LQFH VXSHUYLVLQJ WKH WUDLQLQJ RI WKH PRGHO LV FRPS)
VXSHUYLVHG WUDLQLQJRIWKHD5'6 QHWZRUN ZRXOG LQVWHDG UHO\RQ D VH(
WHFKQLTXH ZKLFK KDV EHHQ DOUHDG\ DSSOLHG WR FRPSXWDWLRQDOO\ GH
LQYROYHG LQ 1HXUR '"\QDPLF 3URJUD®PLQJ >

SRWHQWLDO VRXUFHV RI GDWD XQFHUWDLQW\ PD\ LQFOXGH WKH ZURQJ JHRORFDWLRQ RI W]
PLVFODVVLILFDWLRQ LQ WKHUHSRUWHG GDWD RUHYHQ WKHDGGLWLRQDO XQFHUWDLQW\ GXH
DQG WKHLPSHUIHFW KDUPRQLVDWLRQ RIGDWD DXWRQRPRXVO\FROOHFWHG E\PXOWLSOH DGP
PRGHOOLQJ DQG VRIWZDUH XQFHUWDLQW\ UHODWHG WR (XURSHDQ@ RUHWWDWNVRH INBXHKHLHYV PF
GHWDLOV RQ WKH SDUWLWLRQLQJ RI SUHVHQFH DEVHQFH REVHUYDWLRQV



ORGHOOLQJDUFKLWHFWXUH UREXVWQHVV DQG YDOLC

$V SUHYLRXVO\LQWURGXFHG UREXVW PRGHOOLQJRI WUHH VSHFLHV +6 DW
JHQHRXV GDWDVHWY WR EHDGGUHVVHG 7R PLWLIJDWH WKH LPSDFW RI RXW
JLYHQ WUHH VSHFLHV JHRJUDSKLF DUHD HWF DVWDWLVWLFDO UHVDPSO
DSSURDFK ZDV DGRSWHG 7KLV DSSURDFK LV VXPPDULVHG LQ WKH IROORZL

+f DWDVHW VSOLWWLQJ LQ UDQGRP EORFNV PXOWLSOH WUDLQLQJ EORFI
¥ &RPSXWLQJ +6 EDVHG RQ LVRODWHG EORFNV
f $JJUHIJDWLRQ RI EORFNV YLD EORFN ERRWVWUDSSLQJ ZLWK PXOWLSOl

¥ SREXVW HQVHPEOH PRGHOOLQJ

I+

IURP PXOWLSOH UXQV WR ILQDO HVWLPDWLRQ YLD ZHLJKWHG PHGLD

I+

IURP PXOWLSOH UXQV WR TXDOLWDWLYH VSDWLDO UHOLDELOLW\ DV’

f )LQDO YDOLGDWLRQ

7KH VHFRQG ORJLFDO VWHS UHTXLUHYV +6 WR EH FRPSXWHG EDVHG RQ LVROD
RI WKH ZKROH PHWKRGRORJ\ +6 LV FRPSXWHG E\ DSSO\LQJ WKH 5HODWLY
WHFKQLTXH 6LPLODULW\ PDSV ZLWK UHVSHFW WR WKH FOLPDWLF FRQGLW
SUHVHQFH DEVHQFH KDYHEHHQ FRPSXWHG EDVHG RQ WKH UHODWLYH GLV
FOLPDWLF DQG WRSRJUDSKLF PDSV SUHGLFWRUV DQG WKH FRUUHVSRQG
SRLQWYV

7KH DJJUHJDWHG VLPLODULWLHY RIDOO SUHGLFWRUV XVH D PD[LPXP EDVH
PDWLQJ WKH PD[LPXP +6 ,WDOVR DOORZV D TXDOLWDWLYH VSDWLDO UHOLI
REVHUYDWLRQ GHQVLW\ )LJXUH

$vV D ZKROH WKH HQVHPEOH PRGHO LV D UHSURGXFLEOH XQVXSHUYLVHG C
SOLHG WR FOLPDWH JHRJUDSKLF GDWD WR UHFRQVWUXFW KDELWDW VXLWI

7KH FOLPDWH WRSRJUDSKLF VLPLODULW\ RIHDFK VSDWLDO JULG FHOO YDU
EHFDXVHRIGLITHUHQW WUDLQLQJ VHWYV ZKLFKDUHLQYROYHG ZLWKLQ HDFFK
WLRQV EDVHG RQ LVRODWHG EORFNVY KDYH EHHQ DJJUHJDWHG E\ PHDQV RI
XVLQJ :HLJKWHG OHGLDQ @LDWHRYOHPHQWHG E\ WKH ODVWUDYH OLEUDU\ E
DOJRULWKP WR WKH FDVH RI PXOWL GL@HIQWURJQRIOUBGUDAW KLQ WKH SDUDCG
PDQWLF DUUD\ SURJUDPPLQJ :HLIJKWHG PHGLDQ LV DEOH WR IDYRXU UXQYV 2
LWPLWLIDWHYVY WKH HITHFWV RI RXWOLHUV DQG VWRFKDVWLF IOXFWXDWLR
SUHVHUYLQJ WKH PRUH YDOXDEOH LQIRUPDWLRQ )LJXUH

OD[LPXP KDELWDW VXLWDELOLW\ FDQ RQO\ EH YDOLGDWHG E\ FRPSDULQJ H
VHUYHG SUHVHQFHY :KHQ YDOLGDWLQJ WKLY PRGHOOHG TXDQWLW\ UHS
EHFDXVH WKH\ UHIHU WR QHJOLJLEOH SORW MSBBN ZOWKIOD DD BQ WNPR W
VSDWLDO FHOO $ WUHH VSHFLHVY DEVHQW LQ DJLYHQ SORW GRHVY QRW LPS
FRUUHVSRQGLQJ HQWLUH VSDWLDO FHOO
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J)LIXUH '"HWDLOHG PRGHOOLQJ DUFKLWHFWXUH

%HFDXVH UHSRUWHG DEVHQFHY FDQQRW GLUHFWO\EH FRUUHODWHG ZLWK
FDO VHQVLWLYLW\DQG VSHFLILFLW\DQDO\VLVY FDQQRW EH SHUIRUPHG 7ZR

+t DFFXUDREVHUYHG SUHVHQFHV YV HVWLPDWHG 0+6

¥ D SUR[\ RBHFLILBIHWLQHG DV WKH DYHUDJH IRU WKH ZKROH FRQWLQHQV

Il WZR HYWLPDWHV FRPSXWHG ZLWK WKH VDPH PRGHOOLQJ WHFKQLTXH VR
IDPLO\ RI HYWLPDWRUV KDYH WKH YHU\ VDPH DFFXUDF\ WKHQ WKH RQH K
SUHIHUDEOH 7KLV LV EHFDXVH WKH PRUH VSHFLILF RQH KDV WKH VDPH DEL
YDWLRQV DV WKH RWKHU ZKLOH EHLQJ DEOH WR SURYLGH D PRUH FDXWLR
PD\ DOVR EH LOOXVWUDWHG E\ WKLQNLQJ RI D WKHRUHWLFDO FRXQWHU F
VWDQW VXLWDELOLW\ H[SODLQV DOO REVHUYHG SUHVHQFHV ZLWK WK
LWV VSHFLILFLW\ LV JHUR $ PRUH GHWDLOHG DVVHVVPHQW RI SHUIRUPDQ|
TXDQWLOH DQDO\VLY GLUHFWO\ RQ WKH YIRO L@ W [.ORRS @ HWZ KVHHUHH 9B R[ H [ W H ¢
YDOLGDWLRQ VHW DQG D OLPLWHG WUDLQLQJ VHW DUH H[SORLWHG
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YLIXUH (IDPSOH DSSOLFDWLRQ RI :HLJKWHG OHGLDQ )LOWHUV

SHVXOWYV

7KH PRVW VDOLHQW IHDWXUH RI WKLV VWXG\ LV D VKLIW WRZDUGV QRUWK}
SRWHQWLDO I XWX $HE IKHD\E DOE®HRIVFHQDULR $ % §IMWRYHVKRZYV WKH UHVXOW
+6 PDSV LPSOHPHQWHG YRWO7TKKIH PDSV VKRZ $&ERHV DXOEGHU FXUUHQW FOLPI
$ % DQG ( IXWXUH VFHQDULR FRQWGKRZIMWRW K H7DEOXVHG IRU HDFK VFHQDULR
LQ )LIJXUH ,Q J)LIXUH$ WR ( +6 LV UHSUHVHQWHG DV D FRQWLQXRXV SUREDE
YDOXHV UDQJLQJ IURP WR

JLIXUH VKRZVHQVLW\WR - D@BULDELOWW\2 PDSV 'HQVLW\ UHIHUV WR WK
RI ERWK SUHVHQFH DQG DEVHQFH REVHUYDWLRQV RI D JLYHQ WUDLQLQJ E
LQGLFDWLRQ RQ KRZ GHQVHO\ VXUURXQGHG E\ REVHUYDWLRQV D JLYHQ \
RI DYDLODEOH REVHUYDWLRQV UHIHUV WR WKH DEVWUDFW PXOWL GLPHQV|
ORZ GHQVLW\ XQGHUOLQH WKH HPSLULFDO IDFW WKDW WKHLU HQYLURQPHQ



ZLWK DYDLODEOH REVHUYDWLRQV 7KLV TXDOLWDWLYH LQIRUPDWLRQ KLJk
SRWHQWLDOO\ GRXEWIXO 7KH VHFRQG VHULHV RI PDSV VKRZ 9DULDELOLMW
GLVSHUVLRQ DPRQJ WKH +6 HVWLPDWLRQV SURYLGHG E\ DOO UXQV 7KH G
ZHLIJKW LWV FRUUHVSRQGLQJ +6 SUHGLFWLRQ E\ PHDQV RI ZHLIJKWHG VWDQ(

2WKHU PDSVY WKDW FDQ EH LPSOHPHQWHG GHSDUWLQJY WRP(WIKBIHPDSV RI )L

+f ODS RI SRWHQWLDO SUHVHQFH DEVHQFH IRUWKH FRQWURO SHULRC

f ODS RI SRWHQWLDO SUHVHQFH FKDQJHV ,Q WKLV FDVH IRXU YDOXHV FD
XQGHU FXUUHQW FOLPDWH DQG IXWXUH VFHQDULRY SRWHQWLDO SUH\
SRWHQWLDO SUHVHQFH DUHDV DQG DUHDV ORVLQJ SRWHQWLDO SUHV|
DQG

+ ODSV RI KLJK +6 DV VKRZQ L @) WIK Y H

JLIXUH $ VKRZV REVHUYHG SWHEVHYPEDEDHFRUGHG LQ WKH KDUPRQLVHG 1),
JLIXUH %9 WR ) VKRZV DUHDV RI KLJK +6$ELHYVY DMEB®HU FXUUHQW FOLPDWH ¢
IXWXUH VFHQDULRYV $ % & WR ( PHGLXP HPLVVLRQV VFHQDULR DQG ( )
WKH FRQWURO SHULBG&GLWKHO®BEBHUY VHYHUDO FRXQWULHY ZKHUH OLWWOH
UHFRUGHG LQ WKH 1), GDWDVHW

$FFRUGLQJ WR )ORUD (XURSDHD DQG (XUR OHG =
30DQW%IEMHY DOE@MDWLYH LQ PRVW &HQ =~

WUDO (XURSHDQ FRXQWULHV XS WR WKH ,WDOLDQ DQG*
%DONDQ 3HQLQVXODV ,W LV DOVR UHFRUGHG LQ -
(XURSH LQ RWKHU VRXWKHUQ UHJLRQV"SRUWXJ_DO )
&\SUXV 6DUGLQLD DQG QRUWKHUQ UHJLRQV: %uquvk )
,VOHV 6FDQGLQDYLDQ 3HQLQVXOD %DOWLF GWWEIQ’-
DV DQ LQWURGXFHG VSHFLHV DQG LQ VRPH FD Wﬂ
QDWXUDOL]JHG )BIXUH @ $OWKRXJIK é

WKH 1), GDWDEDVH FRYHUV D OLPLWHG = XP ~13‘| \w
(XURSHDQ FRXQWULHV WKH FXUUHQW +6VT<“ zZV I§LJK -
YDOXHV DOVR LQ WKRV H ER @ N \DIDWEHDU H (o~ . O
QDWLYH EXW KDV ORZ SUHVHQFH GHQVLWLHV RU LV QRW
UHFRUGHG VXFK DV WKH %DONDQ FRXQWULHV +LJK

+6 YDOXHV DUHDOVRHYLGHQW LQWKWH6 FD.Q G UICED W LREDH Y @BEMRIHQ DUHDV DQG

3HQLQVXOD DQG %ULWLWE(LW\DHMMRVL)“HV UHSUHVHQW WKH QDWXUDO UDQJH SXUSO
HUH WKH VSHFLHY KDV EHHQ LQWURGXFHG 7KH P

QRW QDWLYH FRQILUPLQJ WKHVH@H"E%YG%&M%WF&QORXU VEFKHPH GHULYHG IL
WLDOO\ VXLWDEOH IRU WKLV VSHFDHVRZHYH® & 1%0W i-HVBHWM S FRORUEUHZHU RU

RXWVLGH LWV NQRZQ QDWXUDO G LW'WUEEWW{Re VFKHPH 3L<~

$ VKLIWLQ VXLWDEOH DUHDV WRZDUGYV 1RUWKHUQ UHJLRQV LVHYLGHQW LQ
& WR ( 1HZ VXLWDEOH DUHDV DUH LQ WKH 6FDQGLQDYLDQ 3HQLQVXOD 3R
DQG ,UHODQG 'LIIHUHQFHVY EHWZHHQ GLIIHUHQW UHDOLVDWLRQV RI WKH
WKHVH PDSV VRPHWKLQJ WKDW VKRXOG EH FRQVLGHUHG LQ DVVHVVLQJ W
PRGHO UHDOLVDWLRQV LQVWHDG Rl HQVHPEOH VFHQDULR GDWDVHWYV LIl
VFHQDULR ( DUH OHVV HYLGHQW WKDQ LQ VFHQDULR $ % 6FHQDULR ( LV FR



ZLWK DWPRVSKHULF FRQFHQWUDWLRQV RI JUHHQKRXVH JDVHV VWDELOLV#
FRPSDULVRQ ZLWK $ % DFFRXQWLQJ IRU @SSRZBYHU>LQ VFHQDULR ( QHZ
DEOH DUHDV DUH LQ WKH 6FDQGLQDYLDQ 3HQLQVXOD DQG 1RUWKHUQ %UL
LQFUHDVLQJ FXUUHQW +6 LQ WKHVH UHJLRQV

JLIXUHVKRZV DEVROXWH FKDQSHEVHWY BBHYZHHQ FXUUHQW FOLPDWH DQG |
QDULRV $ % $ % DQG & DQG ( ' 7KHVH PDSV VKRZ WKH GLIIHUHQFH JDL
HDFKJULG FHOO *UHHQ DQG UHG DUHDV DUH WKRVH UHVSHFWLYHO\LQFUH
DUHDV DUH PRUH HYLGHQW LQ 1IRUWKHUQ UHJLRQV XQGHU $ % VFHQDULR
HYLGHQW LQ VFHQDULR( ' 6RPHUHGDUHDV DUHQRWLFHDEOHLQ VSHFLIL
,EHULDQ 3HQLQVXOD DQG &HQWUDO (XURSH WKDW ZRXOG QHHG IXUWKHU L«

'LVFXVVLRQ

6XLWDEOH D$BEHIHW FOMED OLNHO\ WR VXIIHU GUDVWLF FKDQJHV DV FRQVHTXF
FOLPDWH FKDQJH &KDQJHV ZRXOG EH PRUH UDGLFDO XQGHU $ % VFHQDUI
WKDQ LQ ( VFHQDULR ,Q DGGLWLRQ WR WKHHYLGHQW VKLIW WRS@RHWW KH U C
DOBPMQGHU WKH $ % VFHQDULR WKHUH LV DOVR D UHPDUNDEOH VKULQNLQJ
UHJLRQV VXFK DV WKH 3\UHQHHV $0SV DQG &DUSDWKLDQ 7KLV LV FRQV
WRZDUGV KLJKHU HOHYDWLRQ

BHVXOWYV RI WKLY VWXG\ VKRXOG EHLQWHUSUHWHG LQ WKH FRQWH[W RI OL
+6 GHILQHV WKH UHJLRQV ZKHUH WKH WUHH VSHFLHY DFWXDOO\ RU SRWHC
VKRXOG EH DVVHVVHG IURP WKLY SHUVSHFWLYH $Q DUHD H[KLELWLQJ KL.
LQGLYLGXDOV RI WKH DVVHVVHG VSHFLHVY +RZHYHU VHYHUDO IDFWRUYV |
EHLQJ SUHVHQW LQ WKDW DUHD + HJ FRPSHWLWLRQ EHWZHHQ VSHFLHV

GLVWXUEDQFHV VXFK DV IRUHVW ILUHVY DQG VWRUPV +HQFH +6 VKRXOG QF
FXUUHQW RU IXWXUH GLVWULEXWLRQ RI VSHFLHVY 5HVXOWY RI RXU PRGH
LQ +6 UHVXOWLQJ IURP DQWKURSRJHQLF FOLPDWH FKDQJH

$ OLPLWDWLRQ RI WKLV VWXG\ LV WKDW PLJUDWLRQ RI WUHH VSHFLHV LV Q
RI +6 DV FRQVHTXHQFH RI DQWKURSRJHQLF FOLPDWH FKDQJH FDQ RYHUSI
RI WUHH VSHFELHV )RU H[DPSOH LW LV ZRUWK QRWLQJ WKDW (XURSHDQ W
PD[LPXP PLJUDWLRQ UDWHV LQ WKH RUGHU RI WR NP SHU FHQ@XU\ GX
7KHUHIRUH D *IDVWHU  VKLIW LQ +6 DQG ODQGVFDSH IUDJPHQWDWLRQ ZR
FDSDELOLW\ 7KDW LV QHZ VXLWDEOH DUHDV LQ IXWXUH VEFHQDULRV FRXO
E\ QDWXUDO SURFHVVHV )URP WKH SHUVSHFWLYH RI KXPDQ LQGXFHG DGLI
LPSOLHV DIIRUHVWDWLRQ DQG UHIRUHVWDWLRQ RI QHZ VXLWDEOH DUHDV 2
WKLV LV QRW D QDWXUDO SURFHVV LW LV FKDOOHQJLQJ WR DVVHVV WR Z
FRQWULEXWH WR PLWLJDWH FOLPDWH HIIHEFWV 1HYHUWKHOHVV PRGHOO
LPSRUWDQW VWHS WR XQGHUVWDQG WKH SRWHQWLDO GLVWULEXWLRQDQG
PRGHOOLQJHIIRUWY ZRXOG EH UHTXLUHG IRUD SURSHU LQFOXVLRQ RIDGD:
WKH HITHFWV RI D FKDQJLQJ HQYLURQPHQW

5HVXOWYV RI WKLV VWXG\DUH FRQVLVWHQW ZLWK RWKHU VWXGLHV LQ WKLV
UHJLRQV ,YHWWROQ@ VWXGLHG 86 WUHH VSHFLHV DQG IRXQG WKDW DSSUR



ZRXOG JDLQ DQG VSHFLHVY ZRXOG H[SHULHQFH D ORVV RI VXLWDEOH KDEI
VSHFLHVY KDELWDW PRYHG JHQHUDOO\ QRUWKHDVW XS WR NP LQ WKH KRW
FROQWH[W BWDBO\ @ VWXGLHG WKH SRWHQWLDO LPSDFWV RI FOLPDWH FKDQJ
,UHODQG 7KHV\JURXSHG WKH UHVXOWYV LQ SODQWV JDLQLQJ FOLPDWLF VSI
FKDQJH 7KH VSHFLHV ORVLQJ FOLPDWLF VSDFH VKRZ D QRUWKHUQ VKLIW R
HWDO@ DVVHVVHG WKH SRWHQWLDO HITHFW. @X ¥ GCHAREWW KHKBQ SN RPQ G WK
&DUSDWKLDQ PRXQWDLQV ILQGLQJD ORVV RIVXLWDEOH KDELWDW EHWZHH(
VFHQDULR $GGLWLRQDOO\ WKHLU UHVXOWY SUHGBEW®QXD/QFXFAOGMRIS ) R KL IW
GRZQVORSH VKLIW % HMWN®»R *@WDYYHVVHG WKH HITHFWV RI FOLPDWH FKDQJ!
WUHH VSHFLHY 5HVXOWYV VKRZD UHGXFWLRQLQ WKHSRWHQWLDO GLVWULE
$DQG % IDPLO\HPLVVLRQ VFHQDULRYV

JXUWKHU VWHSV RI WKLY VWXG\ORRN DW FRPSXWLQJ +6 PDSV RI WKHPRVW LU
KHUHDV LW LV LOQOWHUHVWLQJ VHHLQJ WKH SRWHQWLDO LPSDFWV RI FOLPD
DWELHVY DERDH UREXVW FRQFOXVLRQV FDQ EHGUDZQ EA\DVVHVVLQJD FRQV
7KLV ZRXOG SURGXFH DQ RYHUDOO SLFWXUH RI WKH EDODQFH RI +6 JDLQV
DOQWKURSRIJHQLF FOLPDWH FKDQJH DQG WKH SRWHQWLDO FRQVHTXHQFHYV |
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%R[ $VVHVVLQIDFFXUDF\DQGVSHFLILFLW\RIPD[LPXP KDEI
WKH FXUUHQW FOLPDWH WKHFDVH IRUOLPLWHG WUDLQLQJ\

$V DOUHDG\ GLVFEXVVHG 0+6 FDQ RQO\EH YDOLGDWHG E\ FRPSDULQJ HVWLPDWHG
SUHVHQFHV $W2MWKSDWIDO UHVROXWLRQ UHSRUWHG DEVHQFHV UHIHU WR VPDC
VSDWLDO FHOO DQG QRW WR WKH HQWLUH VSDWLDO FHOO KHQFH D WUHH VSHF
LPSO\ WKH VSHFLHY WR EH DEVHQW LQ WKH FRUUHVSRQGLQJ HQWLUH VSDWLDO F
RFFXUIRUPDQ\UHDVRQVLQ ELRFOLPDWLFDOO\VXLWDEOHDUHDVUREBEXMWXH VHFW
PRGHOOLQJ RI WUHH VSHFLHV K D/BIEVOBWX /XD WIDVEHO DWNXDQWLOH EDVHG DVVHVVE
DFFXUDF\DQG VSHFLILFLW\ IRUWKH FXUUHQW F GSLER-IHW HDZO RADK VDDKQHG FHY{ WHH QW XYGH R C
YDOLGDWLRQ DQG D UHGXFHG WUDLQLQJ VHW

7TDEOH $VVHVVPHQW RI DFFXUDF\ DQG VSHFLILFLW\ FXUUHQWEEAQVPIXMADKRRRWKH FDVH V
WKDQ KDUPRQLVHG SORW REVHUYDWLRQV DQG D UHGXFHG WUDLQLQJ VHW WR VWUHVYV
7UDLQLQJ VHW EDVHG RQ OHVV WKDQ RI WKH WRWDO DYDLODEOH REVHUYDWLRQV (QVHF
VHH )LIXUBJJUHIJDWHG YLD ZHLIJKWHG PHGLDHL )KWXUSURSRUWLRQDO WR &/HK@VAERVMWUHYVSRQC
HVWLPDWLRQV RI HDFK UXQ VHHV)NIPSBOLVWLF DVVHVVPHQW VHH LQ SDUWLFXODU WKH KH
GHQVLW\ Rl WKH DYDLODEOH ROIRWYV DQr XIDDKWWDWLYH RYHUYLHZ RI WKH SHUIRUPDQFH ZKL|
DFKLHYHG E\ WKH PRGHO + KHUH XQGHU D VLPSOH XQVXSHUYLVHG FRYDULDWH ZHLJKWLQJ

$FFXUDF\ RI PRGHOOHG PD[LPXP +6 YV REVHUYHG SUHVHQFHV

2EVHUYHG SUHVHQFHYVY ZKHUH 0+6 !
2EVHUYHG SUHVHQFHV ZKHUH 0+6 !
2EVHUYHG SUHVHQFHV ZKHUH 0+6 !
2EVHUYHG SUHVHQFHV ZKHUH 0+6

2EVHUYHG SUHVHQFHV ZKHUH 0+6

6SHFLILFLW\ RI WKH PRGHOOHG PD[LPXP +6

NP VSDWLDO FHOOV ZKHUH +6 !
NP VSDWLDO FHOOV ZKHUH +6 !
NP VSDWLDO FHOOV ZKHUH +6 !

NP VSDWLDO FHOOV ZKHUH +6
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JLIXUH &KDQJHV LQ WKH PD[LPXP KDE L$EDWWDENMDEHLBOQWXRUHQW FOLPDWH DQG IXWXUH VF
.5( 0++DQG '+( PRGHOV DQG( 0O0( PRGHO &RORXUVFKHPH GHULYHG IURR+INHBREZBU DQG %
FRORUEUHZHU RUJ "W\SH GLYHUJLQJ VFKHPH 3L<*



SHIHUHQFHYV

> @ (XURSHDQ &RPPLVVLRRPPXQLFDWLRQ IURP WKH &RPPLVVLRQ WR WKH (XURSHDQ 3DUO
&RXQFLO WKH (XURSHDQ (FRQRPLF DQG 6RFLDO &RPPLWWHH DQG WKH &RPPLWWHH RI
(8 IRUHVW VWUDWHJI\ IRU IRUHVWY DQG WKH IRURIVE2EDVHG VHFYRU &RPPXQLFDWLRQ
IURP WKH &RPPLVVLRQ WR WKH &RXQFLO DQG W KM WU R 8N D QD 8D BIXIURSHQMX OHJIDO FRQ
7:7 "XUL FHOH] '& ,1500 OL' &LWHG RQ SDJHV DQ@ELLL

> @ (XURSHDQ &RPPLVVLR@®PPLVVLRQ VWDII ZRUNLQJ GRFXPHQW DFFRPSDQ\LQJ WKH G
&RPPXQLFDWLRQ IURP WKH FRPPLVVLRQ WR WKH (XURSHDQ 3DUOLDPHQW WKH &RXQFLO
DQG 6RFLDO &RPPLWWHH DQG WKH &RPPLWWHH Rl WKH 5HIJLRQV D QHZ (8 IRUHVW VWUD

WKH IRUHVW EDVHG&RPPWRVLRQ 6WDII :RUNLQJ 'RFXPHQW 6:' KMOD®  HSS
OH[ HXURSD HX OHJDO FRQWHQW (1 7;7 "XUL 30,0 OL'6& &LWHG RQ SDJHV
DQELLL
> @ GH 5LJR ' %RVFR & 6DQ OLJXHO $\DQ] - +RXVWRQ 'XUUDQW 7 %DUUHGR - , 6W
/JHR 0 %RFD 5 )RUHVW UHVRXUFHV LQ (XURSH DQ LQWHJUDWHG SHUVSHFWLYH RQ HF
GLVWXUEDQFHV DQG WKBBRWNLIXHO $\DQ] - GH 5LJR ' &DXGXOOR * +RXVWRQ 'XUUD

(GV (XURSHDQ $WODV Rl )RUHVW3XE®H BISHBLHX[HPERXUJ SS HKWEVSV Z LG RUJ PWY
),6( &RPP Y H E &LWHG RQ SDIHY

> @ OHVVLHU & 3XHWWPDQQ . &KD]JGRQ 5 $QGHUVVRQ . 3 $QJHUV 9 $ %URWRQV
3DUURWW / /HYLQ 6)$RP PDQDJHPHQW WR VWHZDUGVKLS YLHZLQJ IRUHVWYV DV FRPSC
VIVWHPV LQ DQ XQFHUWD&R @RUDDWLRQ /HWWHUV KWWSV GRL RUJ FRQO
,1500 OL" &LWHG RQ SDJH

> @ 5H\HU & 3 2 %URXZHUV 1 5DPPLJ $ %URRN % : (SLOD - *UDQW 5 ) +ROPJUH
/HX]LQJHU 6 /XFKW : OHGO\Q % 3IHLIHU 0 B6WHLQNDPS - 9DQGHUZHO 0 & 9HUEHH
YJRUHVW UHVLOLHQFH DQG WLSSLQJ SRLQWV DW GLIIHUHQW VSDWLR WHPSRUDO VFDOHV
-RXUQDO RI (FRORJ\ KWWSV GRL RUJ ,1500 OL" &LWHG RQ
SDJH

> @ )LORWDV ( 3DUURWW / %XUWRQ 3 - &KD]JGRQ 5 / &RDWHV . ' &ROO / +DHXVVC
3XHWWPDQQ . - 3XW] ) ( 6LPDUG 6 : OHMWZAHWIIRUHVWY WKURXJK WKH OHQV RI FR
VIVWHPV VELHERMSKHUH DUW KWWSV GRL RUJ HV ,1500 OL' &LWHG
RQ SDJH

\%

@ .XXOXYDLQHQ YRUHVW PDQDJHPHQW DQG ELRGLYHUVLW\ FRQVHUYDWLRQ EDVHG RQ QI
G\QDPLFV LQ 1IRUWKHUQ (XURSH WKH FRPSOS$(RW2 FKIDRXWHDPIHRI WKH +XPDQ (QYLURQPH
KWWSV GRL RUJ D1500 OL' &LWHG RQ SDJH

\%

@ 0OLODG 0 6FKDLFK + %eUJL 0 .RQROBDWH FKDQJH DQG QDWXUH FRQVHUYDWLRQ L
(XURSHDQ IRUHVWY D UHYLHZ RI FRQVHTXHQFHV FRQFHBWHWVIWQG RRBOOHQGHWQDJIHPHC
KWWSV GRL RUJ M IRUHFR,1500 OL' &LWHG RQ SDJH

\

@ 'REODV OLUDQGD ( $ORQVR 5 $UQDQ ; %HUPHMR 9 %URWRQV / GH ODV +HUD
$ /ORUHQV 3 J/ORUHW ) /ySH] 6HUUDQR ) 5 ODUWtQH] 9LODOWD - OR\D ' 3HxX!
$ BS5RXUD 3DVFXDO 1 9DOODGDUHV ) 9LOj] 0 =DPRUPUBY LSHAVPIQWKH FRPELQDWLRQ
DPRQJJOREDO FKDQJH IDFWRUV LQ IRUHVWY VKUXEODQGVY DQG SDVWXUHV RI WKH OHGLW
GURXJKW HIIHPWEDO DQG 30DQHWDU\ &KDQHWWSYV GRL RUJ M JORSODFKD

,1500 OL" &LWHG RQ SDJH

> @ (XURSHDQ &RPPLVVLRUHHQ SDSHU RQ IRUHVW SURWHFWLRQ DQG LQIRUPDWLRQ LQ WK
IRUHVWYV IRU FOLPDW HEXK DROFXP HQW V &20 ILQDO KWS/8S HXU OH[ HXURSD H>
OHJDO FRQWHQW (1 7;7 "XUL &(/(; ,15®0 OL' &LWHG RQ SDJH

> @ (XURSHDQ &RPPLVVL&RPPXQLFDWLRQ IURP WKH &RPPLVVLRQ WR WKH (XURSHDQ 3DUO
&RXQFLO WKH (FRQRPLF DQG 6RFLDO &RPPLWWHH DQG WKH &RPPLWWHH RI WKH 5HJLRQ
RXU QDWXUDO FDSLWDO DQ (8 ELRGLYHUVLWMR/V&@DWHJ\ WRLQDO &RPPXQLFDWLRQ IUR
WKH &RPPLVVLRQ WR WKH &RXQFLO DQG WKHK\WWR S HXQY BHMHY HIXOFREDWHX OHIJDO FRQWH
“XUL &(/(; ‘& ,1500 OL" &LWHG RQ SDJH
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@ $OEHUGL $VHQVLR , %D\FKHYD OHUJHU 7 %RXYHW $ %R]]JDQR 0 &DXGXOOR * &LHQ
7RUUHV * +RXVWRQ 'XUUDQW 7 (GZDUGV ' (VWUHJIXLO & )HUUHWL 0 )LVFKHU 8
3 *RGLQKR )HUUHLUD 3 +DQVHQ . +LHGHUHU 5 ,QKDL]JHU + -HOOHVPDUN 7KRUVHQ
.OHLQVFKPLW YRQ /HQJHIHOG $ .|[KO 0 .RUKRQHQ . .RVNHOD - .UXPP ) /DQ] $ /D
/L < /LHU 0 ODOODUDFK &DUUHUD - 0 ODUFKHWWL 0 ODUWtQH] GH $UDQR , OLFKHC
20GHQEXUJHU - 3DUYLDLQHQ - 3HWWHQHOOD ' S3URNRILHYD , 4XDGW 9 5DPHWVYV
6DQ OLJXHO $\DQ] - 6FKXFN $ B6HLGOLQJ : BROEHUJ % B6RWLURY 0 6WnKO * 7RPp
- 9HUNHUN + O9tWNRYi / :HLVV * :LOGEXUJXHU & :LQNHO * =SHWDMED RO (XURSH ¥
IRUHVWY OLQLVWHULDO &RQIHUHQFH RQ WKH 3URWHFWLRQ RI J)RUHVWY LQ (XURSH )2¢
KWWS IRUHVWHXURSH RUJ VWDWH HXURSHY0IORUHVWYV GHWRIGWR Q S DIHY/

@ GHS5LJR ' ,QWHIJUDWHG 1DWXUDO 5HVRXUFHVY ORGHOOLQJ DQG ODQDJHPHQW PLQLPD
NQRZQ FKDOOHQJH IRU HQYLURQPHQWP & WPRE HOROR. @KH p&DOO IRU D VKDUHG UHVHDUFK
VFLHQWLILF NQRZOHGJH IUHHGRPY ODLHX\WWNHS5HY HBUR W J, @AY BIUED 8 H'

&LWHG RQ SDJH

@ OXEDUHND 6 -RQVVRQ 5 5LQDOGL ) $JHYHGR - & GH JRUMVWAEINNEBPDHE HFRQRP\
LQ (XURSK 6DQ OLJXHO $\DQ] - GH 5LJR ' &DXGXOOR * +RXVWRQ 'XUXWDRSHDIQ 0DXU
$WODV RI )RUHVW 7UHKESS HALHM /X[HPERXUJ SS HKWWSVY Z LG RUJ PWY ),6( &RPP Y
H D G &LWHG RQ S DIH¥/

@ 7TKRPSVRQ , ODFNH\ % OF1XOW\ 6 OBRRVHUWWKBVLOLHQFH ELRGLYHUVLW\ DQGFOLPIE
D VIQWKHVLV RI WKH ELRGLYHUVLW\ UHVLOLHQFH VWDELOLW\ UHO®DR\L R QRAKAISQLF DRUJHV W
6HULHWHFUHWDULDW RI WKH &RQYHQWLRQ RKQNWISR/ORAEZED/QJ VL Y\HXVIGW\JRY, B500DV
oL’ &LWHG RQ S DIHY

@ %DVWUXS %LUN $ 5HNHU - =DO 1 5RPDR & &XJQ\6HJIJXLQ 0 ORIIDW $ +HUNHQGH
0 %DUUHGR - , /RHIIOHU 3 &LFFDUHVH / 1DEXXUV * - 9DQ %UXVVHOHQ - /LQVHU
JHFHG & $JJHVWDP ) %DUEDWL $ &DPLD $ &DXGXOOR * &KLULFL * &LFFDUHVH /
5LJR ' (JJHUV - (OPDXHU 7 (VWUHJIXLO & +RXVWRQ 'XUUDQW 7 -RQHV :DOWHUV /
& .UDXV ' J/DUVVRQ 7 % J/LQGQHU 0 /LQVHU 6 /RPEDUGL ) ODUFKHWWL 0 O0DY
+ BS5RXVL 0 6DQ OLJXHO $\DQ] - 6FKHOKDDV 0 - B6FKXFN $ 6KDQQROQR®HDQ]HQLV
IRUHVW HFRV\VWHPV 6WDWH ®R)B WUH@EY SHSRWWEOLFDWLRQV 21ILFH Rl WKH (XURSHD
IX[HPERXWWWSV GRL RUJ ,1500 OL' &LWHG RQ SDJH

@ *D]JRO $ &DPDUHUR - - *XWLpUUH] ( 3RSD , $QGUHX +D\OHV / ORWWD 5 1ROL
%DUUHGD * 8UELQDWL & &DUVYWUQ®HEW HIIHFWV RI FOLPDWH ZDUPLQJ RQ SRSXODWLRQ
$ELHY DOED DFURVV (RMEQBO RI %LRIJHRJUDSK\ KWWSV GRL RUJ MEL
,1500 OL" &LWHG RQ SDJH

@ 1LMKXLV 0 )RUHVW ILUHV EXUQ VRXWH KWWSV GRL RUJ D
,1500 OL" &LWHG RQ SDJH

@ 6BWXUURFN 5 1 )UDQNHO 6 - %URZQ $ 9 +HQQRQ 3 ( .OLHMXQDV - 7 [HZLV
$ - &OLPDWH FKDQJH DQG IRUHV3OGIQWH BB WKROR J\ KWWSV GRL RUJ
M [ ,1500 OoL® &LWHG RQ SDJH

@ %DUUHGR - , 6WURQD * GHS5LJR ' &DXGXOOR * 6WDQFDQHOGL VH VL@ D MIKHH O $\
SRWHQWLDO GLVWULEXWLRQ RILQVHFW SHVWYV FDVH VWXGLHV RQ ODUJH SLQH ZHHYLO
FKHVWQXW OHDI PLQHU &DPHUDULD RKULGHOOD XQGHU SUHVHQW DQG IXWXUH FOLPDV

IRUHVW332 %XOOHWLQ KWWSV GRL RUJ HS4500 OL' &LWHG RQ
SDJH
@ /ORUHW ) 6LVFDUW ' 'DOPDWDWQR&\ UHFRYHU\ DIWHU GURXJKW GLHEDFN LQ KF
PHGLWHUUDQHDQ IRUHVWY RI FDWD OOQRHD A @K®OMLUIG % LROR I\ KWWSV GRL RUJ
M [ ,1500 OL" &LWHG RQ SDJH

@ 'luULQJ 7 ) 9LHZHJHU $ 3DXWDVVR 0 9DDUVW 0 )LQFNKKHVISOLRQFH DV® XQLYHUVD
FULWHULRQ RI KRI®OOWMXO RI WKH 6FLHQFH RI )RRG DQG $JULFXIOWXBWY GRL RUJ
MVID ,1500 oL &LWHG RQ SDJH

@ 7UXPERUH 6 %UDQGR 3 +DUWRDGYWKHDOWK DQG JOR BB OHEMDH JH
KWWSV GRL RUJ V FLH QLS DDEFL "

LL
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@ GH5LJR ' 6HPDQWLF $UUD\3URJUDPPLQJZLWK ODVWUDYH ,QWURGXFWLRQ WR VHPDQV
PRGHOOL®KH ODVWUDYH SURWISHFWDVWUDYH RUJ GRF (017500 OL' &LWHG RQ
SDJH

@ GH 5LJR 6HPDQWLF $UUD\ 3URJUDPPLQJ IRU HQYLURQPHQWDO PRGHOOLQJ DSS
ODVWUDYH OLEQDBHSSHOW 5 O9RLQRY $ $ /DQJH 6 %DQADREQDWIRQDO (QYLURQPH
ORGHOOLQJ DQG 6RIWZDUH 6RFLHW\ L(06V ,QWHUQDWLRQDO &RQJUHVV RQ (QYLURQI
ODQDJLQJ5HVRXUFHV RID/LPLWHG 30DQHW 3DWKZD\VDQGI9LVLRQV XQGIB8 8QFHUWDLQW

KWWS ZZZ LHPVV RUJ LHPVV SURFHHGLQJV ' B,B50BGIH5LIJR SGI&LWHG RQ
SDJHV DQG

@ GH 5LJR 6WXG\ RI D FROODERUDWLYH UHSRVLWRU\ RI VHPDQWLF PHWDGDWD DQG P
HQYLURQPHQWDO GDWDVHWVTPXOWLYDULBDKWH WKBQW RUPODIWILHREQ/LFR GL 0l KMWDQKR 0LODQ
KGO KDQGOH QHW ,1500 OL"' &LWHG RQ SDIJH®BQG

@ &LVFDU - & )H\HQ / 6RULD $ /DYDOOH & O5DHV ) 3HUU\ 0 1HPU\ ) 'HPLUHO +
'RQDWHOOL 0 6ULYDVWDYD $ )XPDJDOOL ' 1LHPH\HU 6 6KUHVWKD 6 &LDLDQ 3
%DUULRV 6 L,EixH] 1 )RU]JLHUL * 5RMDV 5 %LDQFKL $ 'RZOLQJ 3 &DPLD $ /LEHUW
GH5LJR ' &DXGXOOR * %DUUHGR - , 3DFL ' 3\FURIW - 6DYH\Q % 9DQ 5HJHPRUWt
7 9URQWLVL = %DUDQ]JHOOL & 9DQGHFDVWHHOH , % DWGOYWDW HLESD W YEDQUWKHW B H'
7KH -5& 3(6(7% ,, SURMBIRW RIB5 + 6FLHQWLILF DQG 7THFKQLFDSS5SKHWWBMFKGRL RUJ

,1500 OL"' &LWHG RQ SDJHV DQG

@ GH 5LJR ' &DXGXOOR * +RXVWRQ 'XUUDQW 7 6DQ7EHIHORSWI) $SWODV RI JRUHVW
7UHH 6SHFLHY PRGHOOLQJ GDWD DQG LQIRUPDWLRQ RQ |RDBVOL IXBIOHSVBBF LLHVGH 5LJR
&DXGXOOR * +RXVWRQ 'XUUDQW 7 (XDORSHDBQ §WWODV RI JRUHVW3XEOH BEHELHV

IX[HPERXUJ SS H DKONWSV Z LG RUJ PWY ),6( &RPP Y&LWH®DRQ SDJHBQG

@ %DUUHGR - , &DXGXOOR * 'RVGERWHUUDQHDQ KDELWDW ORVV XQGHU IXWXUH FOLPD
DVVHVVLQJ LPSDFWV RQ WKH 1DWXUD SURWHFV$I$G MUHED *BRWZRSIK, KWW SV

GRL RUJ M DSJHRJ ,1500 OL" &LWHG RQ SDJHV

DQG

@ 6SLQRQL - 1DXPDQQ * O9RJW - %DWWRRDRORJILFDO GURXJKWV LQ (XURSH HYHQWYV DC
3DVW WUHQGV DQG IXWXUH SERMHFWIBBQWBFLHQWLILF DQG 7HFKQLFDO 53\EHD B DRV RER/U W
21ILFH RI WKH (XURSHDQ 8QLRQ /X[HPERXUJ ,6%1KWWSV GRL RUJ ,1500

oL &LWHG RQ SDJH

&LWHG RQ SDJH

@ %*WWQHU * .RV]IWUD % ODXFKD * J3PDSMOHVPH@AVDWLRQ DQG DFKLHYHPHQWYV RI &/&
7THFK UHS (XURSHDQ (QYLURQKMQWS $FXYHQFNHD HXURSD HX GVBUHVROYHEDG *4 -(&0 7
oL’ &LWHG RQ SDJH

@ %RVVDUG 0 )HUDQHF - 2WD&HMN1(-ODQG FRYHU WHFKQLFDO JXLGH $GGHQGXP
7HFK 5HS (XURSHDQ (QYLURQKNMOMWMS $JEOFHHD HXURSD HX GVBUHVROYHSOOG  7)83*9
oL &LWHG RQ SDJH

@ .HPSHQHHUV 3 OF,QHUQH\ ' 6HGDQR ) *DOOHJR - BWUREO 3 .D\ 6 .RUKRQHQ

$FFXUDF\ DVVHVVPHQW RI D UHPRWH VHQVLQJ EDVHG SDQ (XURSHDQ IRUHVW FRYH
FRXQWU\ QDWLRQDO IRUHVW LQYHQRRWQMBMWDEHOHFWHG 7RSLFV LQ $SSOLHG (DUWK 21

5HPRWH 6HQVLQJ KWWSV GRL RUJ MVWDUV ,1500 OL' &LWHG RQ
SDJH
@ .HPSHQHHUV 3 6HGDQR ) 3HNNDULQHQ $ 6HHEDFK / 6WUREO3BQ6XQREHDIPO $\DQ

IRUHVW PDSVY GHULYHG IURP RSWLFDO VAWHDOWWH DMMDJHU\ KWWS ZZZ HDUWK]LQH RUJ
"S ,1500 OL' &LWHG RQ SDJH

@ .HPSHQHHUV 3 B6HGDQR ) 6HHEDFK / 0 B6WUREO 3 6D@WDIXX\OLR®®@] GLIIHUHQW
VSDWLDO UHVROXWLRQ UHPRWH VHQVLQJLPDJHV DSSOLHGWRRARKWGIMNVD\Y B HHFIR/SH @ B Q V L
,((( TUDQVDFWLRQV RQ KWWSVY GRL RUJ wJiuv ,1500 OL"

&LWHG RQ SDJH

@ %RQWHPSYV 6 'HIRXUQ\ 3 %RJDHUW ( 9 S$ULQR 2 .DORJLURK&DBI(BHUH] - 5
3URGXFWV GHVFULSWLRQ DQG YD OTHGEBEWURS UHGIRWHUYVLWp FDWKROLTXH GH /RXYDLQ 8&/
6SDFH $JHQF\ (WWWS ZZZ ZHEFLWDWLRQ RUB06 DLN%< / &LWHG RQ SDJH

LLL
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@ &DXGXOOR * 3DVWD 6 *LDQQHWWL ) %DUEBWRSHD@KRUHNW FODVV/QLFEIMLRQV
OLJXHO $\DQ] - GH5LJR ' &DXGXOOR * +RXVWRQ 'XUUDQM SHDOQDHNW QDY RIGRUHVW 7|
6SHFLBXEO 211 (8 /X[HPERXUJ SS HKWWSYV Z LG RUJ PWY ),6( &RPP Y &HWHGERQ
SDJHV DQG

@ 3LYLGRUL 0 *LDQQHWWL ) %DUEDWLX®RSHDRQLRUHVW 7\SHV WUHH VSHRBRLHV PDWL
6DQ OLJXHO $\DQ] - GHS5LJR ' &DXGXOOR * +RXVWRQ 'XUDULRSHD QOHWOD VSR (RW H V
7UHH 6SHFLHRO 211 (8 /X[HPERXUJ SS HKWWSVY Z LG RUJ PWY ),6( &RPP Y&LAVHG

RQ SDJHV DQG

@ GHS5LJR ' +RXVWRQ 'XUUDQW 7 &DXGXOOR (X UWRBHDB®ARUHYWY DQ HFRORJLFDO RYH!L
,Q 6DQ OLJXHO $\DQ] - GHS5LJR ' &DXGXOOR * +RXVWRQ 'X(XWRGEWDD OMDEADY RSl ) REW V
7UHH 6SHFDHBO 211 (8 /X[HPERXUJ SS KMWWMVSY Z LG RUJ PWY ),6( &RPP Y &LHN HHG
RQ SDJHV DQG

@ +LUJHO $ + /H /D\ *+DELWDW VXLWDELOLW\ PRGHOOLQJ DRXCUQIDRXR IWISBRUHG (FROR

KWWSV GRL RUJ M ,1500 OL" &LWHG RQ SDJHV
DQG
@ 6REHUYQ - 1DNDPXUD1IDFKHV DQG GLVWULEXWLRQDO DUHDV FRQFHSWV PHWKRGV D
3URFHHGLQJV Rl WKH 1DWLRQDO $FDGHBXRIGHPHQWHV KWWSV GRL RUJ
SQDV ,1500 OL" &LWHG RQ SDJH
@ 6LOOHUR 1 :KDW GRHV HFRORJLFDO PRGHOOLQJ PRGHO" $ SURSRVHG FODVVLILFDW
QLFKH PRGHOV EDVHG RQ WKHLU XQGHUPRIORJPAWKRBRBEHOOLQJ KWWSV GRL RUJ
M HFROPRGHO ,1500 OL' &LWHG RQ SDJH

@ *XLVDQ $ 3HWLWSLHUUH % %URHQQLPDQQ 2 'DHRQHUL@J QXRAKIMWK&IW VWXGLH)
LQVLIJKWYV IURP ELRORIJLFDOUKQYOBGVILRQQWFRORJI\ (YROXWLRQ KWWSV GRL RUJ

M WUHH ,1500 OL"® &LWHG RQ SDJH

@ 6YHQQLQJ - & O6NRY/DPLWHG ILOOLQJ RI WKH SRWHQWLDO UDQJH LQ (XFRGRDQ WUHFE
ITHWWHUYV KWWSV GRL RUJ M ,15p0 OL"' &LWHG RQ
SDJH

@ 6YHQQLQJ - & 6NRY&RXOG WKH WUHH GLYHUVLW\ SDWWHUQ LQ (XURSH EH JHQHUDW|
GLVSHUVDO OLPLWRWRRQTHWWHUYV KWWSV GRL RUJ M [
,1500 OL" &LWHG RQ SDJH

@ +DQQDK / )OLQW / 6\SKDUG $ ' ORULW] 0 $ %XFNOH\ / ¥ QBIFRXDIORKREK HO0QQJ RI
VSHFLHVY UHVSRQVH WR FOLPDWH FKDQJH KROGRXWVY VWHSSLQIUMQRBYH\WQ CFR®RIFURU

(YROXWLRQ KWWSV GRL RUJ M WUHH,1500 OL" &LWHG RQ SDJH

@ *XLOOHUD $UURLWD * /DKR] ORQIRUW - - (OLWK - *RUGRQ $ .XMDOD + /HQWLQI
5 :LQWOH % $ ,V P\VSHFLHV GLVWULEXWLRQ PRGHO ILW IRU SXUSRVH" ODWFKLQJ GDV
DSSOLFDWtBREDO (FRORJ\ DQG %LRJHRJUDSK\ KWWSV GRL RUJ JHEL500

oL &LWHG RQ SDJH

@ .HDUQH\ 0 +DELWDW HQYLURQPHQW DQG QLFKH ZKDW DQHNRVPRGHOOLQJ"

KWWSV GRL RUJ M ,1500 OL" &LWHG RQ SDJHV DQ@LLL

@ 9LGDO & $OEHUGL , 5HGPRQG - 9HVWPDQ 0 /DQ]7EH GRCIGRIX(XWRSHDQ 1DWLRQD
YRUHVW ,QYHQWRULHV IRULQWHUQDWLRQDEQ@RDOV \RU)RHERWWEQHQFH KWWSV

GRL RUJ Vv ,1500 OL' &LWHG RQ SDJH
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@ $OEHUGL $VHQVLR , $[HOVVRQ $ / $]HYHGR $ %DUUHLUR 6 %DVWUXS %LUN $ %]
5 9 %RXGHZ\Q 3 %RXULDXG 2 %RALU 0 %UIQGOL 8 % %UDQGRQ $ %UDQWKRPP
%XWWHUVFK{Q 5 YyDERXQ 9 YyDYORYLU - &HUQé& 0 &KLULFL * &LHQFLDOD ( &OX]F
6 'DDPHQ : 3 GH 20LYHLUD < 0 'L&RVPR / 'LUNVH * 0 'XPLWUX 0 )UDVHU % 9
- *DEOHU . *DVSDULQL 3 *LOOLV 0 ' *LQJOHU & *RGLQKR )HUUHLUD 3 *RPLGH *
*VFKZDQWQHU 7 +DP]JD 1 +DQVHQ 0 + +HQQLJ 3 +HUYp - & +LUDWD < +RQJ /

< -DQVRQV - -HRQJ - + -RKDQQVHQ 9 . .DVSHUDYLpLXV $ .DXIPDQQ ( .LP 6 +

.URLKHU ) .XpHUD 0 .XOERNDV * .XOLH&LV $ .XVDU * /DQH 3 0 /DQ] $ /DWWH 1
JLFLWH , /RL]JRX / /XQGVWU|P $ /X < ODULQ * ODUWtQH]GH7RGD 6 6 ODUWtQ ) 3 I

< ODWWRV 3 OF5REHUWYV 5 ( OHOLDGLVY , OLFKDODN 5 O0LOOIQ - 0 OL\D]JRQR +
1LWX * 1RUG /DUVHQ 7 2Y'RQRYDQ & 3HxD * 6 3HWHUVVRQ + 3LD]]D 0 3ROOH\ +
5HGPRQG - B5REHUW 1 5RQGHX[ - 5RVRW 0 $ 5XVVR * 6DNHW 0 6DQFKH] & 6FKI

6KLQ 0 < BLPRQFLF 3 BNRYVJDDUG - 3 6PLWK : % 6QRUUDVRQ $ 6|GHUEHUJ 8

* GWHSKHQV 3 5 6]JHSHVL $ 7DQJ 0 7KeULJ ( 7RPSSR ( 7RPWHU 6 0 7RVL 9 7V

7 9HGULA 0 $GHUPDQQ 9 9HVWHUGDO / 9LGDO & 9LOODQXHYD $UDQJXUHQ - $ D

=DJNDV 7 =DM FINRZVNUDBWLRQDO IRUHVW LQYHQWRULHYV 3DWKZD\V IRUFR®SRQ UHSR

( *VFKZDQWQHU 7 /DZUHQFH 0 OF5REHUWYV 5 ( (GV 6SULQJHUKWWSIYV GRL RUJ
,1500 OL" &LWHG RQ SDJHDQ@ELLL

@ )LFNR $ 5RHVVLJHU - %R@DQWKH XVHRIFRQWLQXRXV FRYHUIRUHVWU\DORQH PDLQ!'
$ELHV DOED OLOO LQ FHQWUDO (XURSHDQ PRXWDUYQ IRUHVWWWSYV GRL RUJ
IRUHVWU\ FSZ2500 OL' &LWHG RQ SDJH

@ 1LHPWXU 6 &KRPLF] ( .DSYBFXUUHQFH RIWKHVLOYHUILU $ELHVDOEDOLOO EXWWU
DUHDWUHVW 5HVHDUFK 3DSHUV KWWSV GRL RUJ IlUS ,1500 OL'
&LWHG RQ SDJH

@ &DLOOHUHW O +HXULFK O % X IPHDEXFWLRQ LQ EURZVLQJ LOQWHQVLW\ PD\ QRW FRP!
FOLPDWH FKDQJH HITHFWV RQ WUHH VSHFLHVY FRPSRVLWLRQ LQ WKH %RVMHYMD QF RRURHMW 1|
DQG ODQDJHPHQW KWWSV GRL RUJ M IRUHFR,1500 OL" &LWHG RQ
SDJHVDQG

@ 'XUDQG *LOOPDQQ 0 &DLOOHUHW 0 %RLYLQ 7 1DJH@GILYIHEXDOOYXOQHWDELOLW\ IDF
RI6LOYHU ILU $ELHV DOED OLOO WR SDUDVLWLVP E\WZR FRQWUDVWLQJELRWLFDJHQWYV
VVS DELHWLY DQG EDUN EHHWOHV &ROHRSWHUD &XUFXOLRQLGDH 6FRO$WDODN GXUL
RI JRUHVW 6FLHQFH KWWSV GRL RUJ % ,1500 OL" &LWHG
RQ SDJH

@ 'LDFL - 5RIHQEHUJDU $QLF OLNDF 6 6DQLJD O .XFEHO 6 9LVQMLF
6WUXFWXUDO G\QDPLFV DQG VI\QFKURQRXV VLOYHU ILU GHFOLQH LQ PL[HG ROG JURZYV
(DVWHUQDQG 6RXWKHDVWHRQPHXWR & H KWWSV GRL RUJ IRUHV,WV3D\WOFSU
oL’ &LWHG RQ SDJH

@ 3XGGX $ /XLVL 1 &DSUHWWL 3 6D@WULRQPSHQWDO IDFWRUV UHODWHG WR GDF
+HWHUREDVLGLRQ DELHWLQXP LQ $ELHV DOED IRUHYRWHVW 6FERWRHURQ® DODQDIHPHQW

KWWSV GRL RUJ \Y ,1500 OL® &LWHG RQ SDJH
@ ODXUL $ GHS5LIJR ' &DXGXGEBRHY DOED LQ (XURSH GLVWULEXWLRQ KDELWDW XVDJI
,Q 6DQ OLJXHO $\DQ] - GH5LJR ' &DXGXOOR * +RXVWRQ 'XWXWRGEWDTR WA DY Rl )REWV

7UHH 6SHFDHRO 211 (8 /X[HPERXUJ SS HKWWBV Z LG RUJ PWY ),6( &RPP Y &LWHGE
RQ SDJHDQG

@ &DXGXOOR * 7LQQH$ELHV &LUFXP OHGLWHUUDQHDQ ILUV LQ (XURSH GLVWULEXWLRQ
DQG WKUHDBWWDQ OLJXHO $\DQ] - GHOS5LJR ' &DXGXOOR * +RXVWRQ 'X(XWR@EWDTDR O0DXU
$WODV RI )RUHVW 7URBKESB HALHNM /X[HPERXUJ SS HKKWBASVY Z LG RUJ PWY ),6( &RPP Y
H EH &LWHG RQ SDJH

@ %LUNV + - % 7LQQHBDVW IRUHVWYV RI (XURGBMQ OLIJXHO $\DQ] - GH 5LJR ' &DXGXOC
+RXVWRQ 'XUUDQW 7 ODXUXURSK®Y $WODV RI JRUHVW3XEOH BEHFEHAK[HPERXUJ SS
H F KWWSV Z LG RUJ PWY ),6( &RPP Y&LAMVHE RQ SDJIH\QG

@ 6XNXPDUDQ - .QRZOHV O0XOWLVSHFLHY FRDOHVFHQW GHOLPLWYV VW3IXEMHHIGIL QIRW V S
RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHY KWWSV GRL RUJ SQDV ,1500
oL’ &LWHG RQ SDJH
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@ :LOOLDPV - : -DFNVRQ GRYHO FOLPDWHV QR DQDORJ FRPPXQLWLHYV DQG HFRORJLF
JURQWLHUV LQ (FRORJ\DQG WKH (QYLURRWMW GRL RUJ ,1500 OL"
&LWHG RQ SDJH

@ *DUFLD 5 $ &DEH]D 0 5DKEHN & $UDMXMRVIOS@®H GLPHQVLRQV RI FOLPDWH FKDQJH D
LPSOLFDWLRQVIRUELBRGEGLMBBMLW\ KWWSV GRL RUJ VFLHQFI00
oL’ &LWHG RQ SDJH

@ &ODUN - 6 ,QGLYLGXDOV DQG WKH YDULDWLRQ QHHGHG IRU KLJK VSHFLHOWGHQHRHVLW\ L
KWWSV GRL RUJ VFLHQFIH00 OL® &LWHG RQ SDJH

@ -DFNVRQ 6 7 %HWDQFRXUW - / %RRWK 5(FRORD\D® &G WKH UDWFKHW RI HYHQWYV FO
YDULDELOLW\ QLFKH GLPHQVLRQV DQG VSHALAMVHEIGLWQUYEBAWLRH YDWLRQDO $FDGHP\ RI

6XSSOHPHQW KWWSV GRL RUJ SQDV ,1500 OL® &LWHG RQ
SDJH
@ &ODUN - 6 'LHW]H 0 &KDNUDERUW\ 6 $JDUZDO 3 . ,EDQH] , /BHMROBLQ:RORVL
WKHELRGLYHUVLW\(FRORGR[HWWHUV KWWSV GRL RUJ M [
,1500 OL" &LWHG RQ SDJH
@ $OOH\ 7 5 &RPSHWLWLRQ WKHRU\ HYROXWLRQ DQG WKH FRQFH S$F RIDD®% LIRFVRIOHRRI U A VA )
KWWSV GRL RUJ El ,1500 OL® &LWHG RQ SDJH

@ 8QJDU - 3HWHUV $QGHUV - /RICA®DWH WZLQV $Q DWWHPSW WR TXDQWLI\ FOLPI
VLPLODULWIHSYGYDQFHV LQ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HRKORORGEGRL RUJ

B ,1500 OL"
@ ORUDQ ( 9 +DUWLJ ) %HOO,QWOUODVSHFLILF WUDLW YDULDWLRQ DFURVV VFDOHV L
XQGHUVWDQGLQJ JOREDO FKDQJMDHEUBRIKOHIMIH %LRORJ\ KWWSV GRL RUJ
JFE ,1500 OL' &LWHG RQ S DIH3/
@ /DXJKOLQ ' & OHVVLHU)LWQHVV RI PXOWLGLPHQVLRQDO SKHQRW\SHV LQ G\QDPL
ODQGVFDSHMQGYV LQ (FRORJ\ (YROXWLRQ KWWSV GRL RUJ M WUHH,1500
oL &LWHG RQ S DIH3/

@ .UHPHU $ S3RWWVY % 0 'HOJR®IQBWLF GLYHUJHQFH LQ IRUHVW WUHHV XQGHUVW
FRQVHTXHQFHV RIFOLPDWK@RWQRRADO (FRORJ\ KWWSV GRL RUJ

,1500 OL" &LWHG RQ S DIH3/

@ )UDQNV 6 - :HEHU - - $LWNHQYROXWLRQDU\ DQG SODVWLF UHVSRQVHVY WR FOLPDW
WHUUHVWULDO SODQW SRREOCODMRLRIVA $SSOLFDWLRQWKWWSV  GRL RUJ HYD

,1500 OL" &LWHG RQ S DIHY/

@ 9DOODGDUHYV ) *LDQROL ( *y@FHRORILFDO OLPLWYV WR SODQW SKHQRW BXK\WROR W WL W
KWWSV GRL RUJ M ,1500 OL" &LWHG RQ SDJHV
DQG
&LWHG RQ S DIH3/

@ %UDQJ 3 %UH]QLNDU $ +DQHZLQNHO 0 -DQIDCRDEILQDIDHSLQH IRUHVWY LQ D FKDQJ
FOLPDW® &HUEX * (G ODQDJHPHQW 6WUDWHJLHY WR $GDSW $OSLQH 6SDFH JRUHVW
,Q7HFK &K ss KWWSV GRL RUJ ,1500 OL' &LWHG RQ SDJH

@ /LQDUHV - & &DPDUHURSLOYHU ILU GHIROLDWLRQ OLNHOLKRRG LV UHODWHG WR QHJD
DQG KLIJK ZDUPLQJ VHQVLWLYLW\ DW WKHLU VRXWKHUQRRBYWRGHMWULEXWKRQOSVPLW

GRL RUJ ,1500 OL" &LWHG RQ SDJH
@ )ORUHQWLQD , ,R7KH HIIHFWV RI DLU SROOXWDQWY RQ YHJHWDWLRQ DQG WKH UROHI
UHGXFLQJ DWPRVSKHULF SROOKABRI 0 (G 7KH ,PSDFW RI $LU 3ROOXWLRQ RQ +H!
(QYLURQPHQW DQG $JULFXOWXUDO 6RXUFHV ,Q7HEWWE&K GRISRUJ ,1500
oL’ &LWHG RQ SDJH
@ 7LQQHU : &RORPEDUROL ' +HLUL 2 +HQQH 3 ' B6WHLQDFKHU 0 B8QWHQHFNHU -
&DUUDUR * &RQHGHUD 0 -RRV ) /RWWHU $ ) /XWHUEDFKHU - 6D/KMUSL\QW 6 9DC
HFRORJ\ Rl $ELHVY DOED SURYLGHV QHZ SHUVSHFWLYHV RQ IXWXUH UHVSRQVHV RI VLOY
ZDUPLQJFRORJLFDO ORQRJUDSKV KWWSV GRL RUJ ,1500 OL"

&LWHG RQ SDJH
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@ 6FKZ|UHU & &RORPEDUROL ' .DOWHQULHGHU 3(D3IHO\ KXPIDARIHBDFW % &
DIIHFWV PRXQWDLQ IRUHVW G\QDPLFRXDOWROHR$ QBRORJ\ KWWSV GRL RUJ
,1500 OL' &LWHG RQ SDJH

@ ORVFD ( *RQ]iOH] ODUWtQH] 6 & 1HOQMLUR®PHQWDO YHUVXV JHRJUDSKLFDO GHWHL
RI JHQHWLF VWUXFWXUH LQ WZR VXE D3 B®& MWRRRIRLI HWUW KWWSV GRL RUJ
QSK ,1500 OL" &LWHG RQ SDJH

@ 5RVFKDQVNL $ O &VLOOpU\ . /ILHSHOW 6 2GGRX OXUDWRULR 6 =LHIJHQKDJHQ
BRVWRODFKH ' 9HQGUDPLQ * * )DPGMNGWQFH RI GLYHUJHQW VHOHFWLRQ IRU GURXJKW
WROHUDQFH DW ODQGVFDSH DQG ORFDO VFDOHV LQ $ELHV DOED 0LOO L QR/OKIHF XOHQ@FK Ot
(FRORJ\ KWWSV GRL RUJ PHFL500 OL"' &LWHG RQ SDJH

@ )HXUGHDQ $ :LOOLV /RQJ WHUP YDULDELOLW\ RI $ELHV DOED LQ 1: 5RPDQLD LPSOL
LWV FRQVHUYDWLRQ P D QDYJHHPWHOW DQG 'LVWULEXWLRQV KWWSV GRL RUJ M
[ ,1500 OL® &LWHG RQ SDJH

@ &DXGXOOR * :HON ( 6DQ OLIJXHO&EKWWRORJILFDO PDSV IRU WKH PDLQ (XURSHDQ ZRRG\ \
'DWD LQ %MXHEPLWWHG 'OMWWIYWW GRL RUJ KU K&KIFWHG RQ S DIHY/

@ +HQQH 3 ' (ONLQ & )UDQNH - &RORPEDUROL ' &DOz & /D ODQWLD 7 3DVWD 6
7LQQHU : S5HYLYLQJ H[WLQFW OHGLWHUUDQHDQ IRUHVW FRPPXQLWLHV PD\LPSURYH HF
LQ D ZDUPHU IXWXRGWLHUV LQ (FRORJ\DQG WKH (QYLURQ®PW®®Y GRL RUJ

,1500 OL" &LWHG RQ SDJH

@ 5XRVFK 0 6SDKQL 5 -RRV ) +HQQH 3 ' YDQGHU .QDDS 3DVW DAO®XXMUXUHHYROXWLR
Rl $ELHV DOED IRUHVWV LQ (XURSH &RPSDULVRQ RI D G\QDPLF YHJHWDWLRQ PRGHO Z|
REVHUYDWERQEDO &KDQJH %LRORJ\ KWWSV GRL RUJ JFEL500 OL'

&LWHG RQ SDJH

@ ODLRUDQR / &KHGGDGL 5 =LPPHUPDQQ 1 ( 3HOOLVVLHU / 3HWLWSLHUUH % 3RW
3HDUPDQ 3 % 3VRPDV $ 6LQJDUD\HU - 6 %URHQQLPDQQ 2 9LWWR] 3 'XEXLV $ (
$ *XLVDQ $ %XLOGLQJ WKH QLFKH WKURXJK WLPH XVLQJ \HDUV Rl GDWD WR SUH!
RI FOLPDWH FKDQJH RQ WKUHH WUHH V SIORBEDOLEFRORISBPQG %LRIHRIJUDSK\KWWSYV
GRL RUJ M [L1500 OL" &LWHG RQ SDJH

@ %XJPDQQ + %UDQJ 3 (ONLQ & +HQQH 3 -DNRE\ 2 /pYHVTXH 0 J/LVFKNH + 3
‘HUPHOLQJHU % =LPPHUPDQQ&DLPDWH FKDQJHLPSDFWV RQ WUHH VSHFLHV IRUHVW SUI
HFRV\VWHP VHUYQF$®SHQ]JHOOHU & )LVFKHU ( 0 )XKUHU - *URVMHDQ 0 +RKPDQQ
& & 5LW] & S5DLEOH & & 6WUDVVPIR@DU® 4X0QWLWDWLYH 6FHQDULRYV Rl &OLPDWH &
LQ 6ZLW]HUZRRGG)2(1 OHWHRGBZLVV & 60 $JURVFRSH DQG 3UR&OLP %HUQKW®WALS]HUODC
7727 FK LPSDFWV FK UHV ILOHV FKDSWHU &+ ,PSDFW,XBUMHBRUW FKDS\BHWHSGI
RQ SDJH

@ &KHGGDGL 5 %LUNV + - % 7DUURVR 3 /LHSHOW 6 *|P|JU\ ' 'XOOLQJHU 6 OHLHU (
/IDERUGH + S5HYLVLWLQJ WUHH PLJUDWLRQ UDWHV $ELHV DOETHJHWDWLB @B YHWRWX\G Q
$UFKDHRERWDQ\ KWWSV GRL RUJ JFE500 OL"' &LWHG RQ SDJH

@ &DVDOHJQR 6 $PDWXOOL * &DPLD $ 1HOVRQ 9 OTHNNIELIOQMQ RY 3LQXV FHPEUD / LQ
$0SV DQG WKH &DUSDWKLDQ PRXQWDLQV XQGHU SUHVHQRUBY® I(FROBRH\FIDQE DWEBIHP HC
KWWSV GRL RUJ M IRUHFR,1500 OL® &LWHG RQ SDJHV
DQG

@ &DVDOHJIQR 6 $PDWXOOL * %DVWUXS %LUN $ +RXVWRQ DRGHION Q7J BRIG RDSEQE D
WKH VXLWDELOLW\ Rl (XURSHDQ IRUHVW IRUPDWLRQXUWRSHMNE RXRIDOVRRPRUHVW 5HVI

KWWSV GRL RUJ v ,15p0 OL" &LWHG RQ SDJHV
DQG
@ +RILHUND - 6XUL 0 +X®®68 *,6 PDQXDO U VRQ*5$66 'HYHORSPHQW 7HDP *5$66
*.6 VYQ 5HIHUHQFH 0DQXDO 2SHQ 6RXUFH *HRK®/DOWELDOUYRXQBDWHRAUJ JUDVYV PDQ
UVXQ KWIBOO0 OL" &LWHG RQ SDDG
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@ $OOHQ & ' ODFDODG\ $ . &KHQFKRXQL + %DFKHOHW ' OF'RZHOO 1 9HQQHWLHL

$ %UHVKHDUV ' ' +RJJ ( + 7 *RQ]JDOH] 3 )HQVKDP 5 =KDQJ = &DVWUR - 'HPLGC

$00DUG * 5XQQLQJ 6 : 6HPHUFL $ &REEREDO RYHUYLHZ RI GURXJKW DQG KHDW LQ

WUHH PRUWDOLW\ UHYHDOV HPHUJLQJ FOLPDWH FKRQHYVWLMROIRY DRRUGHYVMWQDIHPHQW
KWWSV GRL RUJ M IRUHFR,1500 OL" &LWHG RQ SDDRG

@ $OOHQ & ' &OLPDWH LQGXFHG IRUHVW GLHEDFN DQ HVFDODWL BRQIOREBFD SKHQRPHQR
KWWS ZZZ IDR RUJ GRFUHS L H L, 1580 KWP &LWHG RQ SDJHV
DQG

@ 6FKU|WHU ' &UDPHU : /HHPDQV 5 3UHQWLFH , & $UD~MR 0 % $UQHOO 1 : %RQGF
7 5 *UDFLD & $ GH OD 9HJD /HLQHUW $ & (UKDUG 0 (ZHUW ) *OHQGLQLQJ 0 +RX

.OHLQ 5 - 7 /DYRUHO 6 /LQGQHU O OHW]JHU 0 - OH\HU - OLWFKHOO 7 ' 5HJLQVWH

6 6LWFK 6 6PLWK % 6PLWK - 6PLWK 3 6\NHV 0 7 7KRQLFNH . 7KXLOOHU : 7X

% (FRVA\VWHP VHUYLFH VXSSO\ DQG YXOQHUDELOLW\ WR JOREDHQFKIDQJIJH LQ (XURSH
KWWSV GRL RUJ VFLHQFIH00O OL' &LWHG RQ SDJH

@ 6NRY ) 6YHQQLQJ -3&WHQWLDO LPSDFW RI FOLPDWLF FKDQJH RQ WKH GLVWULEXWLRC
(XURSHFRJUDSK\ KWWSV GRL RUJ M ,15p0 OL'
&LWHG RQ SDJH

@ .DUMDODLQHQ 7 3XVVLQHQ $ /LVNL - 1DEXXUV * - (UKDUG 0 (JJHUV 7 6RQQWI
$Q DSSURDFK WRZDUGVY DQ HVWLPDWH RI WKH LPSDFW RI IRUHVW PDQDJHPHQW DQG F
IRUHVW VHFWRU FDUERQ EXGJHW *HUPDQ\DV D FDVH VWXG\ J)RUHVW (FRORWWDENG 0DQDJ

GRL RUJ \% [,1500 OL" &LWHG RQ SDJH
@ .UDPHU . /HLQRQHQ , /RXVWIKXH LPSRUWDQFH RI SKHQRORJ\ IRU WKH HYDOXDWLRQ
RlI FOLPDWH FKDQJH RQ JURZWK RI ERUHDO WHPSHUDWH DQG OHGLWHUUDQHDQ IRUL
RYHUYLHRWHUQDWLRQDO -RXUQDO RI %LRPHWHRWRWKRVI\ GRL RUJ \Y

,1500 OL"' &LWHG RQ SDDRQG

@ 3HDUVRQ 5 * 'DZVRQ 7 3 3BHSGLFWLQJ WKH LPSDFWV RI FOLPDWH FKDQJH RQ WKH GL
VSHFLHY DUH ELRFOLPDWH HQYHORSHGOGREBOVPROARIXODQG %LRIHRIJUDSK\KWWSV

GRL RUJ M [ [[1500 OL" &LWHG RQ SDJH

@ %RQDQ * % )RUHVWV DQG FOLPDWH FKDQJH IRUFLQJV IHHGEDFNV DQG WKH FOLF
IRUHVWRLHQFH KWWSV GRL RUJ VFLHQFIK00 OL' &LWHG

RQ SDJH

@ $LWNHQ 6 1 <HDPDQ 6 +ROOLGD\ - $ :DQJ 7 &XWEDBSWPWOQRQ 6PLJUDWLRQ R
H[WLUSDWLRQ FOLPDWH FKDQJH RXWFRPHYV | R RO LRREXO BEERQFDWLRROWW SV
GRL RUJ M [,1500 OL" &LWHG RQ SDJH

@ $UDXMR 0 % &DEH]D 0 7KXLOOHU : +DQQDK /:RXOGIFIDRWD3WH FKDQJH GULYH VSHFL
RXW RI UHVHUYHV" $Q DVVHVVPHQW RI H[LVWLQJ UHVHU ¥B REIDH BWD R QHP ¥ WKGRREM

KWWSV GRL RUJ M ,1500 OL" &LWHG RQ SDJH

@ /HQWRQ 7 0 +HOG + .ULHJOHU ( +DOO - : [XFKW : 5DKPVWRUI 7& SSE@HOOQKX
HOHPHQWV LQ WKH (DUWKTV FO8B RMHHGN@INPRI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHYV
KWWSV GRL RUJ SQDV ,1500 OL' &LWHG RQ SDJH

@ 3HDUVRQ 5 * 7KXLOOHU : $UD-MR 0 % ODUWLQH] OH\HU ( %URWRQV / OF&OHI
3 'DZVRQ 7 3 [/HHV ' & ORGHO EDVHG XQFHUWDLQW\ LQ VSHFLHV URQUHBOHGLF
RI %LRIJHRJUDSK\ KWWSV GRL RUJ M ,15p0 OL"

&LWHG RQ SDJH

@ /LQDUHV - & %LRJHRJUDSK\ DQG HYROXWLRQ RI $ELHV 3LQDFHDH LQ WKH OHGLWHUUI
UROHV RI ORQJ WHUP FOLPDWLF FKDQJH DQ®X0QB DDRI WH IKIHBRJIUD S K\ KWWSV
GRL RUJ M [[1500 OL" &LWHG RQ SDDRQG

@ /LHSHOW 6 0D\ODQG 4XHOOKRUVW ( /DKPH 0 &ROQOMWHOQONI/VIHJ JHRIUDSKLFDO SDWWH
DQFLHQW DQG PRGHUQ JHQHWLF OLQHDJHV LQ 0H G LW HUOUID@W B\ $EHRAHDMASHFDEE (YRO X W L
JR'2, v, ,1500 OL" &LWHG RQ SDDG
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@ /LHSHOW 6 &KHGGDGL 5 GH %HDXOLHX - / )DG\ % *|P|U\ ' +XVVHQG|UIHU ( .RQC
5 7HUKsUQH %HUVRQ 5 =LHJHQKBBN@J®DFLDO UDQJH H[SDQVLRQ DQG LWV JHQHWLF
$ELHV DOEDOO $VVQWKHVLVIURP SDODHRERWDQLFIHYGHHE @H MG GBHORERWDQ\DQG 3D0\Q

KWWSV GRL RUJ M UHYSDOERS500 OL' &LWHG RQ SDJHV
DQG

@ .RQQHUW 0 %HUJPDQQ@KH JHRJUDSKLFDO GLVWULEXWLRQ RI JHQHWLF YDULDWLRQ RI
DOED 3LQDFHDH LQ UHODWLRQ WR LWV3DQDVWLRYHKRYWRRM DQG (YROXWKRQVSV

GRL RUJ El ,1500 OL" &LWHG RQ SDDIQG

@ GHS5LJR ' %DUUHGR - , %XVHWWR / &DXGXOOR * GRQWLIDHDVHOQFPOH OLYLQJ IR
ELRPDVYV DQG FDUERQ VWRFN D UREXVW IX]]\ HQVHPEOH RI ,3&& 7LHU3 PEOBNVQIRHV(XUR
LQ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7THFKQWR®WBY GRL RUJ B
,1500 OL' &LWHG RQ SDJHVDQG

@ 1IDNLFHQRYLF 1 $OFDPR - 'DYLV * GH9ULHV % )HQKDQQ - *DIILQ 6 *UHJRU\

.UDP 7 /D 5RYHUH ( / OLFKDHOLV / ORUL 6 ORULWD 7 3HSSHU : 3LWFKHU + 3ULI

5RJQHU + + 6DQNRYVNL $ B6FKOHVLQJHU 0O 6KXNOD 3 6PLWK 6 6ZDUW 5 YDQ 5RR
6SHFLDO UHSRUW RQ HPLVVLRQWNEFIQQORYRY 1 6ZDUWQWHUIRYHUQPHQWDO 3DQHC

&OLPDWH &KIOWQWHS ZZZ LSFF FK LSFFUHSRUWY VUHV HPLVIM\SIORQLQGH|[ SKSE&ILGEHG

RQ SDJHV  DQE@E.LL

@ YDQ GHU /LQGHQ 3 OLWFKHOQL6{0% /%6 &OLPDWH &KDQJH DQG LWV ,PSDFWV 6XPPDU!
UHVHDUFK DQG UHVXOWYVY IURP WKH (16(0%F&K SURSIHPWW 21ILFH +DGOH\ &HQWUH ([HWH!
.LQIJGRPKWWS HQVHPEOHV HX PHWRIILFH FRP GRFV (QVHPEOHNXBOOQOOBUHSRUWB1RY
&LWHG RQ SDDIG

@ 6DQ OLJXHO $\DQ] 7KH (XURSHDQ 8QLRQ )RUHVW 6WUDWHJ\ DQG WKH )RUHVW ,QIRUPDW
(XURSHQ 6DQ OLJXHO $\DQ] - GHGS5LJR ' &DXGXOOR * +RXVWRQ 'XXURGWDD $0DXDV $
RI)RUHVW 7UHH 8B8XHBPLEM (8 /X[HPERXUJ SS KWWSV Z LG RUJ PWY ),6( &RPP Y H
&LWHG RQ SDJHVDQ@ELLL

@ 6WDOOPDQ 5 ®LHZSRLQW ZK\"RSHQ VRXUFH" PLVVHV WKH SRLQ & RRPPXIQH VRWLRDQWVH |

WKH $&0 KWWSV GRL RUJ KWWS 72zZ7Z JQX RUJ SKLORVRSK\ RSHQ V
PLVVHV WKH SRLQN KWIP'O &LWHG RQ SDJH
@ 3HQJ 5 ' 5HSURGXFLEOH UHVHDUFK LQ FRPSXWBWLH@HDO VFLHQFH KWWSV

GRL RUJ VFLHQFH ,1500 OL" &LWHG RQ SDJH

@ (XURSHDQ &RPPLVVLRQ@SUD IUDPHZRUN FRQWUDFW IRU WKH SURYLVLRQ RIIRUHVW GD!
LQ VXSSRUW WR WKH (XURSHDQ )RUHVWUDPMIZ RRHHQWHHYLFH FRQWUDFW QXEGEHU
oL' &LWHG RQ SDJH

@ GH 5LJR ' &DXGXOOR * %XVHWWR / 6DQ O0LBIXIBRHWIQQJI-()6$ DVVHVVPHQW RI WKH (
HQYLURQPHQWDO VXLWDELOLW)\ IRU HIRWLF IRUHV\B$\ &HSRW WL QD GXEHS FEDWILR QV
KWWSV GRL RUJ VS HIVD ,1500 OL' &LWHG RQ SDJHV
DQG

@ ,YHUVRQ / 5 3UDVDG $ 0 ODWWKHZV 6 Y VWHWBWVQJI SRWHQWLDO KDELWDW IRU H
86 WUHH VSHFLHV XQGHU VL[ FOLPDWHHNWFWNQIQBRORV\ DQG ODQDJHPHQW KWWSV

GRL RUJ M IRUHFR ,1500 OL" &LWHG RQ SDJHVDQG
@ GH 5LJR ODVWUDY® )UHH 6RIWZDUH 'LYUIIFWRBRRAWZDUH )RXQGDWLRQ %RVWRQ 86% S
KWWS GLUHFWRU\ IVI RUJ Z]INIO"FRU'LG &LWHG RQ SDJH

@ GHS5LJR ' %RVFR &UFKLWHFWXUH RID SDQ (XURSHDQ IUDPHZRUN IRULQWHJUDWHG VR
DVVHVVPHQWS $GYDQFHV LQ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7KWKMERORGRL RUJ

B ,1500 OL" &LWHG RQ SDJH
@ (bDWRQ - : %DWHPDQ ' +DXEHUWI8 @F WDYH PDQXDO YHUVLRQ D KLJK OHYHO LQWH
ODQJXDJH IRU QXPHULFDO FRPSXWIWURQVKHRU\ ,6%1 KWWS 7Z7ZZ QHWZRUN
WKHRU\ FR XN GRFV, REMODXIH &LWHG RQ SDJH

@ 5DPH\ & )R[ %% %DVKUHIHUHQFHPDQXDO UHIHUHQFH GRFXPHQWDWLRQ IRU %DVKHGL
YHUVLRQ 1HWZRUN 7KHRU\ /LPLWHG ,6%1 KWWS ZZZ QHWZRUN WKHRU\ FR XN GRFV |
,1500 OL" &LWHG RQ SDJH
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@ JUHH 6RIWZDUH )RXQGDWLRQ $EHUQDWK\ : $QGHUVRQ * $QKDOW & %DL / %DSWI
%DYLHU ( %HFKHU - %HFKHU 9 %LEHUJ .ULVWHQVHQ / %R\OH 7 %URZQ 3 &DWNI
&RPSDOO 6 'DYLHV 3 GHG5LJR ' 'HYDUDMDQ ' 'RUULQJWRQ 0 )HUQIQGH] 3LxDV
*LOOPRU ' . *RK 7 *ROLQ 5 +DLFKDR : +DOO ' +\GH $ ,QQRFFHQWL % -RQVVRQ $
9 .UDPSLV 1 /HH 0 /RFNZRRG &KLOGV 6 /XFLIUHGL ) ODJDOORQ 0O ODUWLQ $ OF.
0 OHQJHO 0 OHUULDP : 1DLU 6 1HZHOO 0 20LYHU - 2UDP $ 2UDQHQ - 3DZV
5DYLNXPDU 6 5HYLODN 6 6FKDXPEXUJ 6 6NZDUHFNL % 6XOOLYDQ - 7DQJH 2 7HQ
‘"HLVVPDQQ % :HOOV 6 :LOOLDPV & :RRGIMNWDB %, QWRRGXFWLRQ WR WKH &RPPDQG /L
)/266 ODQXDRWWS ERRNL IORVVPDQXDOV QHW BERRNL FRPPDQAGOML@MH FRPPDQG OLQH
&LWHG RQ SDJH

@ 5DPH\ & )R[ % %DVK UHIHUHQFH PDQXDO UHIHUHQFH GRFXPHQWDWLRQ IRU %DVK 1|
%DVK YHUVLRQUHH 6RIWZDUH )RXQGDWLRQ %RVWRQNVS8QLAWYHAZ I8 WBDIWMHDWLRQ RUJ QO P8
,1500 OL"® &LWHG RQ SDJH

@ :DUPHUGDP ) 7KH *HRVSDWLDO 'DWD $EVWUDFWLRED/QBUDUWs /HDK\ 0 * (GV 2SHQ
6RXUFH $SSURDFKHV LQ 6SDWLDO 'DWD$EYORFHYILORGRIBDSKLF ,QIRUPBWLRQHAFLHQF
%HUOLQ +HLGHOEHUJKSWVSY GRL RUJ L1500 OL" &LWHG RQ
SDJH

@ YDQ5RVVXP * 'UDNH )7KH 3\WKRQ ODQJXDJHUHIHUHQFHPDQXDO IRU3\WKRODRYHWUVLRQ
WKHRU\ KWGVS Z7ZZZ QHWZRUN WKHRU\ FR XINbGREV S\ODQJ &LWHG RQ SDJH

@ %HUU\ 3 0 'DZVRQ 7 3 +DUULVRQ 3 $ 3HDRGRH®OLQJ SRWHQWLDO LPSDFWV RI FC
FKDQJH RQ WKH ELRFOLPDWLF HQYHORSH RI VSHFLHV L® REDL® DERORIE DQBOMIRI HRJIUD
KWWSV GRL RUJ M ,1500 OL" &LWHG RQ SDJHV
DQG

@ (OLWK - *UDKDP & + $QGHUVRQ 5 3 'XGtN 0 )HUULHU 6 *XLVDQ $ +LMPDQ)
/HDWKZLFN - 5 /HKPDQQ $ /L - /RKPDQQ / * /RLVHOOH % $ ODQLRQ * ORULV
1DND]DZD < 2YHUWRQ - 0 7RZQVHQG 3HWHUVRQ $ 3KLOOLSV 6 - G5LFKDUGVRQ
6FKDSLUH 5 ( B6REHUYQ - :LOOLDPV 6 :LV] 0 6 =LPPHBRBO@®PHWKRGY LPSURYH
SUHGLFWLRQ RI VSHFLHVY GLVWULEXWLRQV IURRIJRADFSKUHQFH GDWWWSV GRL RUJ
M [ ,1500 OL" &LWHG RQ SDDG

@ 7KXLOOHU : /IDIRXUFDGH % (QJOHU 5 $UD~MR%,202'% $-XSODWIRUP IRU
HQVHPEOH IRUHFDVWLQJ RI VSHFLHV(BRYWOBKEAXWLRQV KWWSV GRL RUJ M
[ ,1500 OL"' &LWHG RQ SDJH

@ +RXVWRQ 'XUUDQW 7 6DQ OLJXHO $\DQ] - 6FKXOWH ( (& DIXHDWLHRGI RI$%LRE6RLO
GHPRQVWUDWLRQ SURMHFW IRUHVW ELRGLYHUVLW\ $QDOWYRIO/ RI EIRBG L 6 UN QW\LPIRG X O
DQG 7HFKQLFDO 58XHOUFBEWLRQV 2IILFH Rl WKH (KKWWSMD QG RQ LR ,1500
oL &LWHG RQ SDDRG

@ +RXVWRQ 'XUUDQW 7 +LHGH®S$I®IO\EQJ TXDOLW\ DVVXUDQFH SURFHGXUHV WR HQYL
PRQLWRULQJ GDWD D FDRMW@DXGRI (QYLURQPHQWDO ORQLWRHKIWQMSY GRL RUJ
E E ,1500 OL' &LWHG RQ SDDG

@ +LHGHUHU 5 +RXVWRQ 'XUUDQW 7 *UDQNH 2 /DPERWWH 0 /RUHQ])RUHMWQRQ %
IRFXV PRQLWRULQJ GDWDEDVH VI\VWHP 9DOLGDWR®R®RQ(PHWKRGRROBEBIY 6FLHQWLILF DQG
7THFKQLFDO 5HYHDHEWKRU 2IILFLDO 3XEOLFDWLRQV RI WKHKWWBYHDRRERRPXQLWLHYV
,1500 OL" &LWHG RQ SDDIKQG

@ -DUYLV $ B5HXWHU + , 1HOVRQ $ *ROMUDOQHG 6570 IRU WKH JOREHS&I¥ELRQ
&RQVRUWLXP IRU 6SDWLDO ,QIRUPD&|RQ RYBLEQUNRQ 8QLWKWVWSDWHA FILDU FVL RUJ
GDWD VUWP P GLJLWDO HOHYDWIRQWGDWDEDVH Y&LWHG RQ SDJH

@ 5HXWHU + , 1HOVRQ $ -DUWQAWYPOXDWLRQ RI YRLG ILOOLQJ LQWHUSRODWLRQ PHW
GDWDQWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDW IKRAQVERLHGRH RUJ

,1500 OL' &LWHG RQ SDJH
@ )DUU 7 * 5RVHQ 3 $ &DUR ( &ULSSHQ 5 'XUHQ 5 +HQVOH\ 6 .REULFN 0 3DOOHU
6HDO ' B6KDIIHU 6 6KLPDGD - 8PODQG - :HUQHU 0 2VNLQ 0 %XUEBHGKXWWOWGRUI
5DGDU 7RSRJUDSK\ OL¥WYRKZV RI *HRSK\VLF5* KWWSV GRL RUJ UN

,1500 OL" &LWHG RQ SDJH



\Y

\%

@ 1HWHOHU 0 %RZPDQ 0 + /IDQGD O OK3%660*,6 D PXOWL SXUSRVH RSHQ VRXUFF}

*6 (QYLURQPHQWDO ORGHOOLQJ G6RIWRDWSY GRL RUJ M HQYVRIWL500

oL’ &LWHG RQ SDJH

@ (XURSHDQ 6RLO %XUHDX (XURSHDQ @RFRPINIVQR@®LO GDWDEDVH 'LVWULEXWERQ YHUVLR
ILHGHNHUNH 0 -RQHV - $ 'DURXVVLQ - -RQHV $ 3DQDJRV 3 ORQWDQDUHOOD / (G
(XURSHDQ 8QLRQ /X[HPERXUJ ,6%1 ,1500 OL® &LWHG RQ SDJH

@ $XIJXVWR / 5DQJHU - %LQNOH\ ' HSRIDEM BRI VHYHUDO FRPPRQ WUHH VSHFLHV RI (XU
WHPSHUDWH IRUHVWV RQ VRL®QDHUWROLDRUHVW 6FLHQFH KWWSV GRL RUJ

IRUHVW ,1500 OL" &LWHG RQ SDJH

@ $XIXVWR / "XSRXH\ - / 5DQJHUIHFWY RI WUHH VSHFLHV RQ XQGHUVWRU\ YHIJHWD
HQYLURQPHQWDO FRQGLWLRQV LQ W HFFSHIDMWRII RRIUHHVWWW 6 FLHQFH KWWSV GRL RUJ

IRUHVW ,1500 OL" &LWHG RQ SDJH
@ :DQJ = *IWWOHLQ $ %DUWRQHNFWY RI JURZLQJ URRWYV RI 1RUZD\ VSUXFH 3LFHD
>/ @ .DUVWw DQG (XURSHDQ EHHFK )DJXV VNOYDWLFD / RQ UKL]RVSKHUH VRLO VF
= 3IODQ]JHQHUQIKU %RGHQN KWWSV GRL RUJ DLG
MSOQ ! FR ,P500 OL" &LWHG RQ SDJH

@ 6WRIIHO 0 :LOIRUG '+\GURJHRPRUSKLF SURFHVVHV DQG YHJHWDWLRQ GLVWXUED
KLVWRULHY GHSHQGHQFLHV DQG(RQWK BXEWRLRM)BURFHVVHY DQG /DQGIKWWSV
GRL RUJ HVS ,1500 OL' &LWHG RQ SDJH

@ &RROV 1 9HVWHUGDO / 'H 9RV % 9DQJXHORYD7UHH+DONHICHV. LV WKH PDMRU IDFW
H[SODLQLQJ & 1 UDWLRV LQ (XURSHDQRUIRHWVWWRRROVDQG ODQDJIJHPHIQWWSY GRL RUJ

M IRUHFR ,1500 OL" &LWHG RQ SDJH

@ /LVNL - 3HUUXFKRXG ' .DUMDQOEQHRVIZQJ FDUERQ VWRFNV LQ WKH IRUHVW VRLOV
(XURSHRUHVW (FRORJ\DQG ODQDJHPHQW  KWWSV GRL RUJ v
,1500 OL" &LWHG RQ SDJH

@ %DULW] 5 6HXIHUW * ORQWDQDUHOOD &D WBRGPRYMHPIWUDWLRQY DQG VWRFNV LQ IRL
RI (XURSHRUHVW (FRORJ\ DQG ODQDJHPHQW KWWSV GRL RUJ M IRUHFR
,1500 OL" &LWHG RQ SDJH

@ 6DNDOV 0 ( ,QQHV - / :LOIRUG ' - 6LGOH 5 & 7TKHDURWH*R{ IRUHVWYV LQ UHGXFL

K\GURJHRPRUSKLF KD)PWKWWW 6QRZ DQG /DQGVFDSH 5SHVHDWAKWS zZZZ ZHEFLWDWLRQ R
H;'-GF5H 1500 OL" &LWHG RQ SDJH

@ .ODXVPH\HU . 5 6KDZ 0 ®%OLPDWH FKDQJH KDELWDW ORVV SURWHFWHG DUHDV DQ
DGDSWDWLRQ SRWHQWLDO RI VSHFLHV LQ OHGLWHUUDQHID QHFIRV\VWHPV Z RWOGAL GH
GRL RUJ MRXUQDO SRQH500 OL' &LWHG RQ SDDRG

@ %HQLWR *DU]JyQ 0 6iQFKH] GH'LRV 5 6DLQJIEBPWMBRR FOLPDWH FKDQJH RQ WKH GLVWUL
RI ,EHULDQ WUHH V&SHFQOHNVG 9HIHWDWLRQ 6FLHQFHKWWSYV GRL RUJ
,1500 OL" &LWHG RQ SDDRQG

@ 7DERU . :LOOLDPV -*OREDOO\ GRZQVFDOHG FOLPDWH SURMHFWLRQV IRU DVVHVVLQJ'
LPSDFWV RI FOLPDWH KRORHFDO $SSOLFDWLRQV KWWSV GRL RUJ
,1500 OL" &LWHG RQ SDDRG

@ 5DPLUH] 9LOOHJDV - -DWRZAQVBDOLQJJOREDOFLUFXODWLRQPRGHO RXWSXM¥KWKH GHC
5HS 'HFLVLRQ DQG 3ROLF\ $QDO\VLYV :RUNLQJ 3DSHU 1 &,$7 ,QWHUQDWLRWYDG &HQWH |
ZZZ FFDIV FOLPDWH RUJ GRZQORDGV GRFV 'RZDBOOD@ILQJ :3 SGELWHG RQ SDJHV
DQG

@ +LMPDQV 5 - &DPHURQ 6 ( 3DUUD - / -RQHV 39HU\-BUYHVWH¥ROXWLRQ LQWHUSRO|
FOLPDWH VXUIDFHV IRU JOREDOQQ\DHQU DWHBQYDO -RXUQDO RI &OLPDWRORKWWSV
GRL RUJ MRF ,1500 OL"' &LWHG RQ SDJH

@ 'RVLR $ 3DUXROR%BDV FRUUHFWLRQ RI WKH (16(0%/(6 KLIJK UHVROXWLRQ FOLPDWH FKD!
IRU XVH E\ LPSDFW PRGHOV HYDOXDWLRQ RQ WKRXUGNE W *HRSKODWIH-DO 5HVHDUFK
KWWSV GRL RUJ MG1500 OL" &LWHG RQ SDJH
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@ )UDQNH 5 6PRRWK LQWHUSRODWLRQ RI VFDWWHUHG GDWD E\ OR&ERPSWWHQVSODW

ODWKHPDWLFV ZLWK $SSOLFDWLRQWWWSV GRL RUJ ,1500
oL’ &LWHG RQ SDJH
@ OLWia / OLWIiaRYi +*HQHUDO YDULDWLRQDO DSSURDFK WR WKH LQWRBPSRWEHWVYRQ S
ODWKHPDWLFV ZLWK $SSOLFDWLRQVKWWSY GRL RUJ ,1500
oL &LWHG RQ SDJH
@ 5R\OH - $ 1LFKROV -(VWLPDWLQJ DEXQGDQFH IURP UHSHDWHG SUHVHQFH DEVHQFH ¢
FRXQW¥RORJ\ KWWSV GRL RUJ > HDIUSD @15 0mR
oL &LWHG RQ SDJH
@ ODFNHQJLH ' , ORGHOLQJ WKH SUREDELOLW\ Rl UHVRXUFH XVH WKH HIIHFW Rl DQ
GHWHFWLQJ D VSHFLHV LRBNUMMHFWR) :LOGOLIH ODQDJHPHQW KWWSV GRL RUJ
[ > PWSRUX@ FR,1500 OL' &LWHG RQ SDJH
@ OXOGHU 2VHQJD (3UHGLFWLQJ IXWXUH IRUHVW UDQJHV XVLQJ DUUD\ EDVHG JHRVS
PRGHOOLQJ( (DUWK]LQH KWWSV GRL RUJ KWWS ZZZ HDUWK]LQH RUJ
S ,1500 OL" &LWHG RQ SDJH
@ GH 5LJR ' &DVWHOOHWWL $ 5L]]JROL $ ( 6RQFLQL 8HVMDHBEWLWEHWSURYHPHQW

WHFKQLTXH IRU IDVWHQLQJ QHXUR G\QDPLF SURJUDPPLQJ LQ ZDWHU UHVRXUGHV QHW?Z
3URFHHGLQJV RI WKH WK ,)$& :RKW® % RQIZHYW QWQX QR XVHUV VNRJH SURVW SURFH}
3DSHUV 3DSHU ,KSWPOL' &LWHG RQ SDJH

@ GHS5LJR ' 5L]]JROL $ ( BRQFLQL 6HVVD 5 :HEHWHXURIGHMPBF SURJUDPPLQJ IRU WKH
HIILFLHQW PDQDJHPHQW RI UHVHUYRQ 3 QRFHARILNM Y R1 02'6,0 ,QWHUQDWLRQDO &RQ
ORGHOOLQJDQG 6LPRX®DWILRGHOOLQJ DQG 6LPXODWLRQ 6RFLHW\ Rl $XVWUDOLD DQG 1HZ
KWWSV GRL RUJ =(12'21500 OL" &LWHG RQ SDJH

@ <LQ / <DQJ 5 *DEERXM 0 1HX¥YRJIKWHG PHGLDQ ILOWHUV D WHIDRWIDFAVLRQV RQ
&LUFXLWV DQG 6\VWHPV ,, $QDORJDQG 'LJLWDO 6LJQDRBWESWVHVERQIRUJ
,1500 OL" &LWHG RQ SDJH

@ GH 5LJR ' OXOWL GLPHQVLRQDO ZHLJKWHG PHGLDQ WKH PRGXOH "ZPHGLDQ  RI
PRGHOOLQJ OLEUBGWRDQWLF $UUD\ 3URJUDPPLQJ ZLWK ODVWUDYH ,QWURGXFWLRQ WR ¢
ORGHOOW@YWUDYH SURMMEW PDVWUDYH RUJ GRF PWYIBR ZBHGLDQ &LWHG RQ
SDJH

@ +DUURZHU 0 %UHZHU &RO®RUBUHZHU RUJ DQ RQOLQH WRRO IRUVHOHFWLQJ FRORXU V
7KH &DUWRJUDSKLF -RXUQDOKWWSV GRL RUJ ,1500 OL"'
&LWHG RQ SDJHV DQG

@ &KDWHU $ 2 $ELHV OLOOMHU7ZXWLQ 7 * %XUJHV 1 $ &KDWHU $ 2 (GPRQGVRQ - 5
+ ORRUH ' 0 9DOHQWLQH ' + :DOWHUV 6 0 HHEEUD (XURSDHD 9ROXPH 3VLORWDF
30DWDQDFHDH QGIEBEWLEDH 8QLYHUVLW\ 3UHYY0®ESL' &LWHG RQ SDJH

@ YRQ 5DDE 6WUDXEH $€ELHV DOHEDOQ (XUR OHG 30DQWEDVH WKH LQIRUPDWLRQ UHVRX
OHGLWHUUDQHDQ SOD@\WRVWLYHRUVYDWGEHQ DQG %RWDQLFDO 0X\KHXW S% HAZO LEY E B KROUHP
(XUR30OXVOHG 37D[RQ'HWDLO DVS"1DPH,G 37,3BDNOL" &LWHG RQ SDJH

@ %U\DQ 'DYLV 04XDWHUQDU\KLVWRU\DQG WKH VWDELOLW\ RI J& UHMWF R RP X&KDW DHW
+ + %RWNLQ ' % (GV )RUHVWSANFRFHMVERBYDQFHG 7TH[WV LBSUHQGMHWQHE¥RUN SS
KWWSV GRL RUJ ,B500 OL" &LWHG RQ SDJH

[LL
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JRUHVW ,QIRUPDWLRQ 6\VWHRVWAHEBR®HKH -5& LV D IRFDO SRLQW IRU WKH (XURSHTEC
UHOHYDQW IRUHVW GDWD DQG LQ@&R WBMHIMWWERQ *LVH MUF HF HXURSD HX

+DELWDW VXLYWDWHQMWALDO VXLWDELOLW\IRUD FHUWDLQ RUJDQLVP HJ D WUHH VS
KDELWDW $OWKRXJK WKHUH LV QR DK D HHE BWYMWL IQOWAEH IHFIRDIRILFDO OLWHUDWXUH
GHILQLWLRQ IRU RSHUDWLRQDO SXUSRVHV KDV EHHQ SURSRVHG DV :GHVFULSWLRQ
VFDOH RI VSDFHDQG WLPH ZKHUH DQ RUJDQLVP HLWKHU D& WD MWOL \R UHSRHAHD@W L D(
TXDQWLW\ YDU\LQJ IURP XQVXLWDEOH KDELWDW WR SRWHQWLDOO\ KLJE

,QWHUJRYHUQPHQWDO 3DQHO R@® &BMPDSVH BKD QIHF FK
-RLQW 5HVHDUFRIQMIQMWUM RSHDQ &RPPLKWWVREN 6HIHF HXURSD HX MUF HQ DERXW MU

OD[LPXP KDELWDW V>XRWDEYIOLMAIDOGMWAHQVLRQOHVY LQGH[ EDVHG RQ 5'6 WR HVWLP
ZKHUH D FHUWDLQ WUHH VSHFLHV FRXOG SRWHQWLDOO\ RFFXU LI FOLPDWLF FRQGL
PHW

IDWLRQDO )RUHVW , @ RHUPWRURQ VIVWHPYV DW FRXQWU\ OHYHO WR FROOHFW LQIRUI
IRUHVWY :KLOH WKH 1), VIVWHPV DUH GLIIHUHQW LQ PRVW FRXQWULHV WKH\ FROO
LQIRUPDWLRQ VXLWDEOH WR EH SURFHVVHG WR REWDLQ KDUPRQLVHKIG (XURSHDQ ZI

IDWLRQDO )RUHVW QNHQ@QWRULHV

6HULHV RI FURVV GLVFLSOLQDU\ SURMHFWY PDLQO\ GHYHOR S B GRM MR QRQKR -5 &
(FRQRPLF LPSDFWV RI FOLPDWH FKDQJH LQ 6HFWRUV Rl WKH (XURSHDQ 8QLRQ EDVH
BHHKWWSYV HF HXURSD HX MUF HQ SHVHWD

5HODWLYH GLVWDQRMKH. FLEDODWALW\ EHWZHHQ WZR SDWWHUQV RI LQIRUPDWLRQ E
GLVWDQFH )RU H[DPSOH IRUD QRQQHJDWLYH TXDQWLW\ WKH UHODWLYH GLVWDQF
PHDVXUHYV HVWLPDWHV RI LW LV WKH GLPHQVLRQOHVYV UDWLR EHWZHHQ WKHLU QXF
GHSHQG RQ WKH SDUWLFXODU XQLWV LQ ZKLFK WKH YDOXHV DUH H[SUHVVHG O0XOW
LQIRUPDWLRQ DUH DVVRFLDWHG ZLWK DQ DJJUHJDWHG GLPHQVLRQOHVV 5'6 )RU HJ[
VXLWDELOLW\RIDJLYHQ WUHH VSHFLHVY LQ D FHUWDLQ DUHD EDVHG RQ KRZ VLPLO
WKH DUHD ZLWK WKH RQHV IRXQG ZKHUH WKH DYDLODEOH ILHOG REVHUYDWLRQV LQ

5HODWLYH SUREDELOLVWURIEDEHWVH@FKHRI ILQGLQJ D FHUWDLQ RUJDQLVP RU HQWLW\
FHUWDLQ WUHH VSHFLHV LQ DJLYHQ DUHD LUUHVSHFWLYH RI WKH SUREDELOLW\ R
WDNLQJLQWR DFFRXQW RWKHU WUHH VSHFLHVY &RQFHUQLQJ WUHH VSHFLHV WKH
GLIITIHUHQW WD[D LQ WKH VDPH DUHD LV QRW FRQVWUDLQHG WR EH JRU H[DPSOH
FR GRPLQDQW WUHH VSHFLHV ZKLFK DUH KRPRJHQHRXVO\ PL[HG WKH 533 RI ERWK |
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FRXQWULHV ,I PL[HG ODQGVFDSHY DUH DOVR FRQVLGHUHG TXLWH D IUHTXHQW FDWHJR
DQWKURSLF FRQWH[W RI (XURSH WKHQ WKH H[WHQW RI DUHDV ZLWK D QRQ QHJOLJLE
VHYHUDO UHJLRQV RI WKH FRQWLQHQW

JLIXUH 2EVHUYHG SUMBEHGVHDOD&RQJ ZLWK UHSRUWHG DEVHQFHV 2EVHUYDWLRQV DUH Kl
SRSXODWLRQV LQ WKH 3\UHQHHY ,WDOLDQ $SHQQLQHVY DQG &DUSDWKLDQV 7KH ELRFOI
DQG ULFK RI QRQOLQHDU SDWWHUQV $Q RYHUVLPSOLILFDWLRQ RI LW PLIJKW VXJJHVW ID

YLIXUH 7RS 1DWXUDO UHJHQHUDWLRQ LKE DHPL DHDEE @ WHHIG DA RGMRW WRP $Q H[DPSOH
RI VLOYHU ILU GHFOLQH $UDJyQ 3\UHQHHV 6SDLQ 'HIROLDWHG FURZQV DUH YLVLEOH
LQFUHDVLQJ UDWH RI GHDG WUHHV

J)LIXUH 7RS 7KH FRPSOH[ RURJUDSK\ RI (XURSH 5RXJKO\ RQH WKLUG RI WKH FRQWLQHQ'
VI\VWHPV GHSHQGLQJ RQ WKH YDULDEOH HOHYDWLRQ VORSH DQG DVSHFW WKH ELRFO
ILQH VFDOH VXGGHQ FKDQJHV RI VRODU LUUDGLDWLRQ WHPSHUDWXUH DQG SUHFLSLW
HITHFWV %RWWRP O0DOi )DWUD 6ORYDNBELRV[BOSHBBMMWEZVYWHLEXWLRQ UDQJH FRYF
PXOWLSOH PRXQWDLQ VI\VWHPYV

JLIXUH 7UHH VSHFLHVY KDELWDW VXLWDELOLW\ PRGHOOLQJ DSSURDEFK

JLIXUH &RXQWU\ FRYHU DQG SORW GHQVLW\ IRUDYDLODEOH WUHH VSHFLHVY SUHVHQFH D
GDWDVHW KDV EHHQ FRPSOHPHQWHG ZLWK WKH %LR6RLO DQG )RUHVW )RFXV ORQLWRULC
LV VKRZQ E\ FRPSXWLQJ WKH QXPEHU RI FHOOV ZLWK DW OHDVW RQH SORW FRPSDUHG Zl
SHU HDFK FRXQWU\

JLIXUH 7KH FKDQJH IDFWRU DSSURDFK WR VSDWLDO GLVDJJUHJDWLRQ RI FOLPDWH VFHC
UHJLRQ DQQXDO DYHUDJH WHPSHUDWXUH IURP '0, +,5+%$0 (&+%$0 PRGHO VFHQDULR $ % C
JUHJDWHG GDWDVHWY DW NP :RUOG&OLP FXUUHQW FOLPDWH DQG WHPSHUDWXUH DQR
UHVROXWLRQ DQG VSDWLDOO\ LQWHUSRODWHG DW NP

JLIXUH ORGHOOLQJ DUFKLWHFWXUH ,QIRUPDWLRQ RQ WKH REVHUYHG SUHVHQFH DEVHQ
DJLYHQ WUHH VSHFLHV LV VSOLW LQ WZR VXEVHWY UHVSHFWLYHO\ WR EH XVHG LQ WKH
WKH FRUUHVSRQGLQJ PRGHO IRU WKH VSHFLHV 3UR[\ LQIRUPDWLRQ LV SURFHVVHG DQG
RI'LQGLFHV IURP ZKLFK D VHULHV RI SUHGLFWRUV LV JHQHUDWHG

JLIXUH '"HWDLOHG PRGHOOLQJ DUFKLWHFWXUH

YLIXUH (IDPSOH DSSOLFDWLRQ RI :HLJKWHG OHGLDQ )LOWHUYV

JLIXUH 'LVWULEXWLRELHBY @HBEEIHQ DUHDV DQG FURVVHV UHSUHVHQW WKH QDWXUDO UDQJ!
ORFDOL]H ZKHUH WKH VSHFLHY KDV EHHQ LQWURGXFHG

JLIXUH $ELHV DRXEDRPXP KDELWDW VXLWDELOLW\ GHQVLW\DQG YDULDELOLW\ IRU FXUUHQW ¥
$ % .5( 0++ DQG '+( PRGHOV DQG ( 0( PRGHO

JLIXUH $ELHV DREVWHUYHG SUHVHQFH DQG DUHDV RI KLJK KDELWDW VXLWDELOLW\ XQGHU F
VFHQDULRV $ % .5( 0++ DQG '+( PRGHOV DQG ( 0( PRGHO

YLIXUH &KDQJHV LQ WKH PD[LPXP KD E $\& DRW\DEHMIZ EIHIL AR RUH QW FOLPDWH DQG IXWXUH VF
$ % .5( 0++ DQG '+( PRGHOV DQG ( 0( PRGHO
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7TDEOH (PLVVLRQ VFHQDULRV DQG 5HJLRQDO &OLPDWH ORGHOV XVHG IRU WUHH VSHFLHV |
7TDEOH %LRSK\VLFDO IDFWRUVY FRQVLGHUHG DV SUHGLFWRUV WR PRGHO FXUUHQW DQG I
LW\ &RQWLQXRXV GLVFUHWH YDULDEOHY DUHDQQRWDWHG DORQJ ZLWK WKH PRVW VWU

FRQVWUDLQWY EDBHFDRY WK$UUD\ 3URSDDPBLQ P

7TDEOH $VVHVVPHQW RI DFFXUDF\ DQG VSHFLILFLW\ FXUUHQ$EEBV DMK FPIRMIKIH FDVH V\
WKDQ KDUPRQLVHG SORW REVHUYDWLRQV DQG D UHGXFHG WUDLQLQJ VHW
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