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7KH HIITHFWV Rl VWUHQJWK WUDLQLQJ RQ LC
GXULQJ PD[LPDO F\FOLQJ

IRXLVH %XUQLH

$ WKHVLV VXEPLWWHG LQ SDUWLDO IXOILOPHQW R
6KHIILHOG +DOODP 8QLYHUVLW\

IRU WKH GHJUHH RI '"RFWRU RI 3KLORVRSK\

-DQXDU\



&DQGLGDWH '"HFODUDWLRAQ

KHUHE\ GHFODUH WKDW

, KDYH QRW EHHQ HQUROOHG IRU DQRWKHU DZD
DFDGHPLF RU SURIHVVLRQDO RUJDQLVDWLRQ Z
UHVHDUFK GHJUHH

1RQH RI WKH PDWHULDO FRQWDLQHG LQ WKH W|
RWKHU VXEPLVVLRQ IRU DQ DFDGHPLF DZDUG

, DP DZDUH RI DQG XQGHUVWDQG WKH 8QLYHUYV
DQG FHUWLI\ WKDW WKLV WKHVLV LV P\ RZQ ZR!
RU RWKHU VRXUFHV RI PDWHULDO FRQVXOWHG
DFNQRZOHGJHG

7KH ZRUN XQGHUWDNHQ WRZDUGV WKH WKHVLYV
DFFRUGDQFH ZLWK WKH 6+8 SULQFLSOHV RI ,QW
6+8 SHVHDUFK (WKLFV 3ROLF\

7KH ZRUG FRXQW RI WKH WKHVLV LV

1DPH

IRXLVH %XUQLH

$ZDUG

'RFWRU RI 3KLORVRSK\

'DWH RI 6 XEPLVVIRQQXDU\

)DFXOW\

+HDOWK DQG :HOOEHLQJ

'LUHFWRU V RI|6WXGLHV BURIHVVRU -RQ :KIHDW




$SEVWUDFW

,Q QDWXUDO PRYHPHQW WDVNV LQGLYLGXDO PXVFOHV DL
LVRODWLRQ DQG LQVWHDG PRVW IXQFWLRQDO PRYHPHQW
PXVFOHV DFWLQJ WRJHWKHU * LQWHUPXVFXODU FRRU(
PRYHPHQW FRRUGLQDWLRQ DUH RIWHQ XQGHUWDNHQ XVL
IUDPHZRUN DQG 1HZHOOYV PRGHO Rl FRQVWUDLQWYV (FR
SHUIRUPDQFH IURP D SHUVRQ HQYLURQPHQW VFDOH RI
LQWHUDFW ZLWK D VSHFLILF WDVN DQG WKH SHUIRUPD
FRQVWUDLQWY SOD\ LQ WKH HPHUJHQW FRRUGLQDWLRQ S
LQWHUPXVFXODU FRRUGLQDWLRQ VLQFH LW LV D QDWXU
PDQLSXODWHG 6SULQW F\FOLVWV RIWHQ XQGHUWDNH J\
PXVFOH VWUHQJWK DQG VL]H 7KHUHIRUH WKH DLP RI V
XQGHUVWDQG KRZ F\FOLVWY DGDSW WKHLU LQWHUPXVFX(
F\FOLQJ RZLQJ WR FKDQJLQJ RUJDQLVPLF FRQVWUDLQW)\
FDXVHG E\ WKH J\P EDVHG VWUHQJWK WUDLQLQJ XVLQJ W
G\QDPLFV

,Q DFFRUGDQFH ZLWK WKH WKHRUHWLFDO IUDPHZRUN RI H
RI FRQVWUDLQWY WKLV SURJUDPPH RI UHVHDUFK KLJKOL
DFWLQJ RQ WKH F\FOLVWVY FRRUGLQDWLRQ SDWWHUQYV
FRRUGLQDWLRQ SDWWHUQV ZHUH REVHUYHG IRU PD[LPDO
FKDQJHG IURP VSULQWLQJ RQ D IL[HG HUJRPHWHU LQ WK
YHORGURPH 7KLV ILQGLQJ LPSOLHV LW LV LPSRUWDQW W
PRYHPHQW RUJDQLVDWLRQ LQ HOLWH VSRUWYV SUDFWLFF
IROORZLQJ D J\P EDVHG VWUHQJWK WUDLQLQJ LQWHUYHQ'
EXW WKHUH ZHUH QR FKDQJHV LQ MRLQW PRPHQWY SRZH!
WKDW WKH F\FOLVWV PLJKW DGRSW LQGLYLGXDO FRRUGL
WKHLU RUJDQLVPLF FRQVWUDLQWY DIWHU WKH VWUHQJW



$FNQRZOHGJHPHQWYV

, ZRXOG ILUVW OLNH WR WKDQN P\ VXSHUYLVRUV 3URIHV)
SURIHVVRU .HLWK 'DYLGY DQG 3URIHVVRU 3DXO :RUVIROG
DQG FULWLFDO IHHGEDFN RQ P\ ZRUN KHOSLQJ PDNH PH |

, ZRXOG DOVR OLNH WR WKDQN -RVHSK 6WRQH IRU KLV FR
&KDSWHU +H KHOSHG ZLWK WKH DQDO\VLV DQG LQWHUS
IURP LQWHUYLHZV ZLWK FRDFKHVY DQG DWKOHWHY DQG DF
FDUU\ RXW DQDO\VW WULDQJXODWLRQ

, DP JUDWHIXO WR 7RGG 3DWDN\ IRU DOO KLV KHOS DQG D
6WDWLVWLFDO 3DUDPHWULF ODSSLQJ

7TKDQN \RX WR WKH FOXE F\FOLVWYV DQG *% ULGHUV ZKR J
SDUWLFLSDWH LQ P\ VWXGLHYVY DQG WKH *% FRDFKHV IRU I
WUDLQLQJ WR SDUWLFLSDWH LQ P\ VWXGLHYV

, ZRXOG DOVR OLNH WR WKDQN P\ IDPLO\ DQG IULHQGV IR
WKURXJKRXW WKH 3K' ZLWKRXW ZKLFK , ZRXOG QRW KDYl
WKDQN \RX WR P\ VLVWHU )LRQD IRU KHU SDWLHQFH LQ U|
PXP IRU KHU HQGOHVV VXSSRUW DQG HQFRXUDJHPHQW D
WKLQJV ZHQW ZURQJ $OVR WR P\ GDG IRU KLV ILQDQFLDC



SHUVRQDO ELEOLRJUDSK\

-RXUQDO DUWLFOHYV

%XUQLH / %DUUDWW 3 'DYLGV . 6WRQH - :RUVIROG 3
SKLORVRSKLHV RQ WKH WUDQVIHU RI VW UHQVUMWKQW WD RQIDAI W R

-RXUQDO RI 6SRUWYV 6FLHQFH G&RDFKLQJ

7KH IROORZLQJ VWXG\ KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ
VXEMHFW WR UHYLVLRQV %XUQLH / %DUUDWW 3 'DYLGYV
%LRPHFKDQLFDO PHDVXUHV RI VKRUW WHUP PD[LPDO F\FOLQJ |

6SRUWYV %LRPHFKDQLFV

&RQIHUHQFH SURFHHGLQJV

%XUQLH / %DUUDWW 3 'DYLGV . RUVIROG 3 :KHDW -
RlI PD[LPDO F\FOLQJ RQ DQ HUJRPHWHRD J& MAAW W/ WNHINHH M\QW M W G

6RFLHW\ Rl %LRPIOBPDQL&EVYQDGD

%XUQLH / %DUUDWW 3 'DYLGV . "RUVIROG 3 KHDW -
YDULDEOHYV IRU D VSULQW RQ D F\F@QU@LWKJIJRVFWWWXWBH R H8®BR

1IDWLRQDO & RRWWIHQKIDP 8.

%XUQLH / %DUUDWW 3 'DYLGV . "RUVIROG 3 KHDW -
ELRPHFKDQLFDO GDWD RI D VSULQW F\FOLMMWHQ QDWHLREORG U R

6RFLHW\ RI %LRPHFKDQLF$XFNOG6BRGW YH/ROHIBDOBQRH

%XUQLH / %DUUDWW 3 'DYLGV . "RUVIROG 3 KHDW -
ELRPHFKDQLFDO GDWD RI D VSULQW F\FOLMN QIQV W K& VWNHLONRGNHE

6SRUW 1DWLRQDQ @RI HUHMQFH



%XUQLH / %DUUDWW 3 'DYLGV . 6WRQH - :RUVIROG 3
SKLORVRSKLHVY RQ WKH WUDQVIHU RI VWUHESQEXWODLQLQJ WR

&RQJUHVV RI WKH (XURSHDQ &RWOHOHJIHHBPBORUWY 6FLHQFH

%XUQLH / %DUUDWW 3 'DYLGV . G6WRQH - :RUVIROG 3
SKLORVRSKLHVY RQ WKH WUDQVIHU RI VW UKHIWK O/ B DQIODIP W R

8QLYHUVLW\ +HDOWK DQG :HOOEHLGKHISUHLQG 'BFWRUDO 6\PSR\

%XUQLH / %DUUDWW 3 'DYLGV . 6WRQH - "RUVIROG 3
RI VWUHQJIJWK DQG VSRUW VSHFLILF WUDLQLQJ LQ HOLWH SHUII

VSRUQUWLVK ,QVWLWXWH Rl 6 SRIUWQFNOW\LRBQDO &RQIHUHQFH

2ZWKHU SUHVHQWDWLRQV

%XUQLH / 'RHV VWUHQJWK WUDLQLQJ FKDQJH LQWHUPXV
F\FOLOMDVXULQJ %HKDY.®RWHUQDWLRQDO &RQIHUHQFH RQ OHWHK

LQ %HKDYLRUD® QHKNHWDOWHK 8.

%XUQLH / &RPSDULVRQ RI ELRPHFKDQLFDO YDULDEOHYV I

EORFN DFDGWRLWLBKWMFOLQJ $PD@FRYHYRBIRK HV

%XUQLH / &RPSDULVRQ RI ELRPHFKDQLFDO YDULDEOHYV E

DFDGHP\ BWUGWUVK &\FOLQJ $FD GHPQ RBKSHN. WY WUE\F.OLVWYV

%XUQLH / &RPSDULVRQ RI ELRPHFKDQLFDO YDULDEOHYV I

DFDGHP\WUGWUVK &\FOLQJ $PD@HFRYHERBIRK HBYV

%XUQLH / 'RHV VWUHQJWK WUDLQLQJ FKDQJH LQWHUPXV

F\FOLQULWLVK &\FOLQJ 3HUIR WMIFKHH ¥WHIR BW 7HDP



%XUQLH / 'RHV VWUHQJWK WUDLQLQJ FKDQJH LQWHUPXYV

F\FOLQJOLVK ,QVWLWXWH RI 6SRUW BRVYIWERDBXDWHB.5HVHDUFI

%XUQLH / 7KH UROH RI LQWHUPXVFXODU FRRUGLQDWLRC

PD[LPDO VSRUWWBSHWIRKP&\FPH QJ 3HU IR WMBXFKHH 8 WHIR LBBW 7HD



7DEOH RI FRQWHQWYV

$FNQRZOHGJHPHQWYV
3HUVRQDO ELEOLRJUDSK\
7DEOH RI FRQWHQWV
/ILVW RI ILIXUHV
/LVW Rl WDEOHYV
,QWURGXFWLRQ
ORWLYDWLRQ IRU UHVHDUFK
$LP DQG REMHEWLYHV
7KHVLV VWUXFWXUH
/ILWHUDWXUH UHYLHZ
,QWURGXFWLRQ
,QWHUPXVFXODU FRRUGLQDWLRQ
(FRORJLFDO G\QDPLFV
,QWHUPXVFXODU FRRUGLQDWLRQ LQ F\FOLQJ
6SULQW F\FOLQJ DQG LQWHUPXVFXODU FRRUGLQDWL

7KH UHODWLRQVKLS EHWZHHQ VWUHQJWK WUDLQLQJ
PD[LPDO F\FOLQJ

OHDVXUHPHQW WHFKQLTXHV DQG DQDO\VLYV PHWKRG\
&RPSXWDWLRQDO DSSURDFK WR VWXG\ FRRUGLQD)
([SHULPHQWDO DSSURDFK WR VWXG\ FRRUGLQDWL
.LQHPDWLFYV
.LQHWLEYV
,QYHUVH '\QDPLFV
$QWKURSRPHWULFYV

OXVFOH $FWLYLW\

9,



5SHSUHVHQWDWLYH H[SHULPHQWDO GHVLJQ
6WDWLVWLFDO SDUDPHWULF PDSSLQJ
6 XPPDU\

&RDFKHVY SKLORVRSKLHVY RQ WKH WUDQVIHU RI VWUHQ

 QWURGXFWLRQ
OHWKRGV
5HVXOWYV

BWUHQJWK 7UDLQLQJ

7UDQVIHU Rl VWUHQJWK WUDLQLQJ WR VSRUWYV SH
'LVFXVVLRQ
&RQFOXVLRQ

&RPSDULVRQ RI ELRPHFKDQLFDO GDWD RI D VSULQW F
ODERUDWRU\

,QWURGXFWLRQ
OHWKRGV
5HVXOWYV
'LVFXVVLRQ
&RQFOXVLRQ
%LRPHFKDQLFDO PHDVXUHV RI PD[LPDO F\FOLQJ RQ DQ
,QWURGXFWLRQ
OHWKRGV
5HVXOWYV
'LVFXVVLRQ
&RQFOXVLRQ

7KH HITHFW RI VWUHQJWK WUDLQLQJ RQ LQWHUPXVFXC



,QWURGXFWLRQ
OHWKRGYV
5HVXOWYV
'LVFXVVLRQ
&RQFOXVLRQ

2YHUDOO 'LVFXVVLRQ
6XPPDU\ RI ILQGLQJV
ILPLWDWLRQV
SHFRPPHQGDWLRQV IRU IXWXUH UHVHDUFK
3UDFWLFDO DSSOLFDWLRQV
&RQWULEXWLRQV WR NQRZOHGJH
&RQFOXVLRQ

SHIHUHQFHYV

$SSHQGLFHV

$SSHQGL[ $ (TXLSPHQW RSWLRQV IRU PHDVXULQJ NL
F\FOLVW RQ D ELF\FOH LQ WKH YHORGURPH

$SSHQGL[ % 7RUVR DQJOH RI WUDFN VSULQW F\FOLYV
$SSHQGL[ & ,QWHUYLHZ JXLGH
$SSHQGL[ " 3HOYLF WLOW GXULQJ PD[LPDO F\FOLQJ

$SSHQGL[ ( 7THVW UHWHVW UHOLDELOLW\ RI KLS MRL
PD[LPDO F\FOLQJ RQ DQ HUJRPHWHU XVLQJ WKH JUHDW!|
FRQVWDQW RIIVHW IURP LOLDF FUHVW PDUNHU

$SSHQGL[ ) 6HOHFWLQJ FXW RII IUHTXHQF\ IRU WKH
VPRRWK WKH NLQHPDWLF DQG NLQHWLF GDWD LQ PDJ[LPL

$SSHQGL[ * &RPSDULVRQ RI WKH WHVW UHWHVW UHC
PHWKRGV IRU PD[LPDO F\FOLQJ

$SSHQGL[ + 6XLWDELOLW\ DQG UHOLDELOLW\ RI RQV
DFWLYLW\ LQ PD[LPDO F\FOLQJ
9”’



$SSHQGL[, 4XDQWLI\LQJ KLS DQNOH PRPHQW V\QHU.,
PHWKRG

$SSHQGL[ - '"HWDLOV RI SDUWLFLSDQWY WUDLQLQJ
SHULRG



[LVW RI ILIXUHYV

)LIXUH 1HZHOOYTV PRGHO RI LQWHUDFWLQJ FRQVWUDL«
Y)LIXUH OXVFOH DFWLYDWLRQ SDWWHUQV Rl WKH ORZH
YLIXUH 3HGDO SRZHU DQG DQNOH NQHH DQG KLS MRL(
DW GLIIHUHQW SHGDOOLQJ UDWHYV

YLIXUH JUHH ERG\ GLDJUDP Rl WKH ERG\ VHIJPHQWYV RI
)LIXUH BWUHQJWK WUDLQLQJ ORZHU DQG KLJKHU RUG
Y)LIXUH 7UDQVIHU Rl VWUHQJWK WUDLQLQJ WR VSRUWY\
WKHPHYV

)LIXUH 3DUWLFLSDQW VHW XS IRU ODERUDWRU\ WHVW
)LIXUH /HIW VLGH MRLQW DQJOHV DQG FUDQN IRUFHV
)LIXUH 6FKHPDWLF RI P WUDFN LQ YHORGURPH ZLW|
)LIXUH 3DUWLFLSDQW VHW XS IRU WUDFN WHVWLQJ
)LIXUH &RPSDULVRQ RI PHDQ FUDQN SRZHUV IRU WKH
Y)LIXUH &RPSDULVRQ RI PHDQ FUDQN IRUFHV IRU WKH I
)LIXUH &RPSDULVRQ RI PHDQ MRLQW DQJOHV DQJXOD
IRU WKH HUJRPHWHU DQG WKH WUDFN VSULQWYV

Y)LIXUH &RPSDULVRQ RI WRUVR DQJOH IRU WKH HUJRPF}
Y)LIXUH &RPSDULVRQ RI (0* OLQHDU HQYHORSHV QRUP
IRU HDFK PXVFOH IRU WKH HUJRPHWHU DQG WKH WUDFN V
)LIXUH &UDQN SRZHU JURXS PHDQV IRU VHVVLRQ RQH
Y)LIXUH &UDQN IRUFHV JURXS PHDQV IRU VHVVLRQ RQt
)LIXUH -RLQW DQJOHV DQJXODU YHORFLWLHV PRPHQ
VHVVLRQ RQH DQG WZR

)LIXUH (0* OLQHDU HQYHORSHVY QRUPDOLVHG WR PHD
JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

Y)LIXUH 7KH FRRUGLQDWLRQ SDWWHUQ FODVVLILFDWLR
)LIXUH JRXU IXQFWLRQDO DQJXODU VHFWRUV RI WKH F
Y)LIXUH SHODWLRQVKLS EHWZHHQ FKDQJH LQ VTXDW SL

OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ IRU

VWUHQJIJWK WUDLQLQJ LQWHUYHQWLRQ

YLIXUH &KDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYHU
USP EHWZHHQ SUH DQG SRVW VWUHQJWK WUDLQLQJ LQ\

DQG NQHH MRLQW H[WHQVLRQ SRZHUV LQ SUH VWUHQJWK



JLIXUH &KDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYHU
USP EHWZHHQ SUH DQG SRVW VWUHQJWK WUDLQLQJ LQ
DQG NQHH MRLQW H[WHQVLRQ SRZHUV LQ SUH VWUHQJWK

Y)LIXUH &UDQN SRZHU IRU VSULQWYV DW USP SUH DQ
LOQWHUYHQWLRQ

Y)LIXUH &UDQN IRUFHV IRU VSULQWYV DW USP SUH D
LOQWHUYHQWLRQ

)LIXUH -RLQW DQJOHV DQJXODU YHORFLWLHV PRPHQ
SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ
)LIXUH 5HODWLYH MRLQW SRZHUV LQ H[WHQVLRQ DQG
SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ
)LIXUH +LS DQNOH PRPHQW FRRUGLQDWLRQ SDWWHUC
FUDQN F\FOH IRU VSULQWYV DW USP SUH DQG SRVW VW
Y)LIXUH (0* OLQHDU HQYHORSHV QRUPDOLVHG WR PHD
PXVFOH IRU VSULQWV DW USP SUH DQG SRVW VWUHQJ\
Y)LIXUH OHDQ WRUVR DQJOH GXULQJ VSULQWYV DW U ¢
Y)LIXUH 3HOYLF WLOW IRU D VLQJOH SDUWLFLSDQW GX!|
Y)LIXUH 3HOYLF WLOW IRU D VLQJOH SDUWLFLSDQW GX!|
Y)LIXUH OHDQ SHOYLF WLOW GXULQJ VSULQWYV DW U ¢
Y)LIXUH +LS MRLQW DQJOHVY DQJXODU YHORFLWLHV PF
VHVVLRQ RQH DQG WZR

)LIXUH 5HVLGXDO DQDO\VLV IRU FUDQN IRUFH GDWD IF
SDUWLFLSDQW

)LIXUH 5HVLGXDO DQDO\VLV IRU PDUNHU FRRUGLQDWH
H[DPSOH SDUWLFLSDQW

)LIXUH (0* OLQHDU HQYHORSHVY QRUPDOLVHG WR LVRF
PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

YLIXUH (0* OLQHDU HQYHORSHVY QRUPDOLVHG WR LVRF

PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR 6DPH |
VFDOH RQ VXESORWYV IRU FODULW\

JLIXUH (0* OLQHDU HQYHORSHV QRUPDOLVHG WR SHD
PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

JLIXUH 2QVHW RIIVHW RI PXVFOH DFWLYLW\ IRU D VHYV

1)



)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP VHVVLF
)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP VHVVLF
Y)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP VHVVLF
Y)LIXUH $Q LOOXVWUDWLRQ RI WKH RDRFF KOS \BQRI® HR U
PRPHQW SORW RQH VLQJOH UHYROXWLRQ GXULQJ D VSUL
Y)LIXUH +LS DQNOH PRPHQW SORWYV IRU VSULQWYV DW

WUDLQLQJ LQWHUYHQWLRQ

)LIXUH OHDQ FRXSOLQJ DQJOH IRU KLS DQNOH PRPHQ
SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ



/ILVW RI WDEOHYV

7DEOH 6XPPDU\ RI UHVHDUFK VWXGLHV LQYHVWLJDWLC
GLIIHUHQW FRQVWUDLQWY LQ F\FOLQJ RQ FRRUGLQDWLRQ
7DEOH $SSUR[LPDWH UDQJH RI PRWLRQ RI WKH KLS N
IURQWDO DQG WUDQVYHUVH SODQHV GXULQJ VXEPD[LPDO
7DEOH 'XW\ F\FOHV IRU WKH HUJRPHWHU DQG WKH WUI
7DEOH 'LWKLQ VHVVLRQ UHOLDELOLW)\ IRU NLQHPDWLF
7DEOH %HWZHHQ VHVVLRQV UHOLDELOLW)\ IRU NLQHPD
7DEOH 'LVFUHWH YDULDEOHV SUH DQG SRVW VWUHQJW
7DEOH 3HDN MRLQW PRPHQWVY SURGXFHG DW USP SU
LQWHUYHQWLRQ

7DEOH ,QGH[ RI PHFKDQLFDO HIIHFWLYHQHVV ,( DQG

IXQFWLRQDO VHFWRUV IRU VSULQWYV DW USP SUH DQG
VLGH RQO\

7TDEOH (TXLSPHQW RSWLRQV IRU PHDVXULQJ NLQHPDW
WKH YHORGURPH

7TDEOH (TXLSPHQW RSWLRQV IRU PHDVXULQJ NLQHWLF
YHORGURPH

7TDEOH OHDQ UHVLGXDO IRUD %XWWHUZRUWK ILOWHU

IRUFHY DQG PDUNHU FRRUGLQDWHYV IRU VHVVLRQV DQG

7TDEOH '"HWDLOV RI SDUWLFLSDQWY WUDLQLQJ VHVVLR

SHULRG

11



,LOQWURGXFWLRQ

7KLV SURJUDPPH RI GRFWRUDO VWXG\ ZDV LQ FROODERUL
6SRUW ZRUNLQJ ZLWK WKH *UHDW %ULWDLQ &\FOLQJ 7HDF

ORWLYDWLRQ IRU UHVHDUEFK

,QWHUPXVFXODU FRRUGLQDWLRQ KDV EHHQ GHILQHG DV V
FRQWURO D PRYHPHQW <RXQJ ,Q QDWXUDO PRYHPH
VHOGRP UHTXLUHG WR JHQHUDWH IRUFH LQ LVRODWLRQ D
DULVH IURP WKH FRRSHUDWLRQ Rl VHYHUDO PXVFOHV DFV
IRUFH WKDW FDQ EH JHQHUDWHG LQ D SDUWLFXODU PRYH
LQWUDPXVEXODU IDFWRUV VXFK DV PXVFOH ILEUH VL]H DC
GULYH EXW DOVR E\ WKH HIIHFWLYHQHVV RI LQWHUPXV FX

&DUVRQ 7KH QHXURPXVEXORVNHOHWDO V\WWHP KDV
WKDQ QHHGHG WR SHUIRUP PDQ\ PRWRU WDVNV /DWDVK
%HUQVWHLQ WKHUHIRUH GHILQHG FRRUGLQDWLRQ I

UHGXQGDQW GHJUHHV RI IUHHGRP LQYROYHG LQ D SDUWL
RI LQGHSHQGHQW YDULDEOHYV WKDW QHHG WR EH FRQWUR

&RQWHPSRUDU\ VWXGLHV Rl PRYHPHQW FRRUGLQDWLRQ D
HFRORJLFDO G\QDPLFV WKHRUHWLFDO IUDPHZRUN (FROR
SHUIRUPDQFH IURP D SHUVRQ HQYLURQPHQW VEDOH RI DC
LQWHUDFW ZLWK D VSHFLILF WDVN DQG WKH SHUIRUPDQF
FRQVWUDLQWY SOD\ LQ WKH HPHUJHQW FRRUGLQDWLRQ S
DFFRUGDQFH ZLWK HFRORJLFDO G\QDPLFV 1HZHOO S
FRQVWUDLQWY WKDW SDWWHUQV Rl FRRUGLQDWLRQ HPHL
DFWLQJ RQ WKH KXPDQ PRYHPHQW V\VWHP &RQVWUDLQW
VKDSH WKH RUJDQLVDWLRQ RI WKHVH HPHUJHQW FRRUGL
FDWHJRULHV RI FRQVWUDLQWY RUJDQLVP WDVN DQG HQ
HPHUJHQFH RI IXQFWLRQDO SDWWHUQV RI FRRUGLQDWLR(
1HZHOO -RUGDQ



3HGDOOLQJ LV DQ LGHDO WDVN WR VWXG\ LQWHUPXVFEXOL
PRYHPHQW WDVN WKDW FDQ EH DFEFXUDWHO\ PDQLSXODWH
IHSWXQH .DXW] W LV DOVR D OHVV FRPSOH[ PXOW
UXQQLQJ RZLQJ WR WKH PHFEKDQLFDO FRXSOLQJ RI WKH F
ZKLFK FRQVWUDLQ WKH NLQHPDWLEFV Rl WKH ORZHU OLPE
IURP UXQQLQJ LQ WKDW WKH DWKOHWH QHHGV WR FRRUG
D ELF\FOH WKHUHE\ IRUPLQJ D PRUH FRPSOH[ DGDSWLYH
XVHG IRU WUDLQLQJ FDQ SRWHQWLDOO\ DIIHFW WKH FRRL
WDVN FRQVWUDLQWY GLIIHU GHSHQGLQJ RQ ZKHWKHU D S
RQ D ELF\FOH WKDW LV IUHH WR PRYH VXFK DV RQ D WUD

'XULQJ SHGDOOLQJ WKH ORZHU OLPE VHIJPHQWY QHHG WF
PRYHVY RQ D FLUFXODU WUDMHFWRU\ Rl WKH SHGDO 'RUH
PDJQLWXGH RI PXVFOH DFWLYDWLRQ KDV WR EH FRRUGLQ
HQHUJ\ WUDQVIHU IURP WKH PXVFOHV WKRXJK WKH ERG\ \
.DXW] 5DDVFK =DMDF 0D /HYLQH 6KRUW WHU
LPSRUWDQW SDUDGLJP IRU VWXG\LQJ SK\WLRORJLFDO FDS

HYDOXDWLQJ IRUFH DQG SRZHU FKDUDFWHULVWLFV F
FRRUGLQDWLRQ DQG PRWRU FRQWURO VWUDWHJILHV DV Z
RI FRPSHWLWLYH F\FOLQJ HQYLURQPHQWYV ODUWLQ 'DYLC
VKRUW WHUP PD[LPDO F\FOLQJ ZDV FKRVHQ WR VWXG\ LQ\
HIIHFW RI FKDQJLQJ WDVN DQG RUJDQLVPLF FRQVWUDLQW
WHUP PD[LPDO F\FOLQJ LV D JHQHULF WHUP XVHG WR UHI|
ELF\FOH RU DQ HUJRPHWHU Rl W\SLFDOO\ OHVV WKDQ VF
*DUGQHU ODUWLQ ODUWLQ %DUUDV -HQNLQV DQC
DV PD[LPDO F\FOLQJ LQ WKLV WKHVLV 7KH JRDO RI PD[LP
PHFKDQLFDO SRZHU RXWSXW YDQ 6RHVW &DVLXV <
<RVKLKXNX +HU]RJ 2QH PHFKDQLVP WKDW ZLOO LQ
SRZHU SURGXFHG LV D F\FOLVW{V LQWHUPXVFXODU FRRU
PD[LPLVH HQHUJ\ WUDQVIHU IURP WKH OLPEV WR WKH FUTL
FUDQN IRUFH

7KH LQWHUPXVFXODU FRRUGLQDWLRQ SDWWHUQ RI D VSR
W\SHV Rl WUDLQLQJ XQGHUWDNHQ E\ DQ DWKOHWH 6SULC



VWUHQJWK wWUuDLQLQJ ZKHUH WKH\ SHUIRUP H[HUFLVHV Z
PRYHPHQW ZLWK WKH DLP WR LQFUHDVH PXVFOH VL]H DQC(
VSHFLILF WUDLQLQJ 'HOHFOXVH *DUFtD 3DOODUpV
7KLV PD\ DITHFW WKH LOQWHUPXVFXODU FRRUGLQDWLRQ SI
7TKHUHIRUH WKLV UDLVHV TXHVWLRQV DERXW KRZ EHVW V
SHUIRUPDQFH LQ VSRUWYV WKDW YDU\ LQ WKH WHFKQLFDO
ERG\ WRIJHWKHU WR DFKLHYH D WDVN JRDO DQG GHYHORS
UHTXLUHG WR DFKLHYH WKDW JRDO <RXQJ 7KH WUD
F\FOLVWYV FRPPRQO\ FRQVLVW RI J\P EDVHG VWUHQJWK W
WUDGLWLRQDO UHVLVWDQFH WUDLQLQJ H[HUFLVHV WKDW
DQG VSRUW VSHFLILF WUDLQLQJ 3DUVRQV 7TKH SURES
WUDLQLQJ YDU\ GHSHQGLQJ RQ WKH JRDO RI WKH WUDLQL
FRPSHWLWLRQV 3DUVRQV 7KH UROH RI WKH VWUHQ/
WR LQFUHDVH PXVFOH PDVV DQG VL]H ZLWK WKH DLP WR 1
LQFUHDVH PD[LPDO SRZHU 3DUVRQV +RZHYHU HPSL
WUDQVIHU RI VWUHQJIJWK WUDLQLQJ WR VSRUWY SHUIRUPL
*HQHUDOO\ WKHUH LV SRVLWLYH WUDQVIHU WR VSR
WKHUH LV QR HIIHFW RU HYHQ D QHJDWLYH WUDQVIHU L |
SHUIRUPDQFH %OD]JHYLFK -HQNLQV &DUUROO HW D
*ODLVWHU <RXQJ JXUWKHU UHVHDUFK LV WKHL
WUDQVIHU RI VWUHQJIJWK WUDLQLQJ WR VSRUWYV SHUIRUPL

,QWHUPXVFXODU FRRUGLQDWLRQ LV D PHFKDQLVP ZKLFK
VWUHQJWK WUDLQLQJ WR VSRUWY SHUIRUPDQFH LQ WZR :
DVVRFLDWHG ZLWK D VWUHQJWK WUDLQLQJ WDVN FRXOG

GXULQJ WKH VSRUW PRYHPHQW &DUUROO HW DO )R
SURJUDPPH RI D VSULQW F\FOLVW FRPPRQO\ FRQVLVWYV R|
H[HUFLVHV VXFK DV VTIXDWV GHDGOLIWYV DQG OHJ SUHVV
KRZHYHU KDYH YHU\ GLIIHUHQW LQWHUPXVEXODU FRRUG!I
SHGDOOLQJ .RQLQFN[ 9DQ /HHPSXWWH +HVSHO N
FRRUGLQDWLRQ SDWWHUQV IURP WKH QRQ VSHFLILE VWU
H[SUHVVHG GXULQJ SHGDOOLQJ F\FOSHFRYHEWDIR WRIFQHHD FH
LQ PXVFOH VWUHQJWK IURP VWUHQJWK WUDLQLQJ PD\ QH



LQWHUPXVFEXODU FRRUGLQDWLRQ WR LPSURYH VSRUW SH!
%REEHUW DQG 9DQ 6RHVW ZKR XVHG D PXVFXORVNHC
LQFUHDVH LQ OHJ VWUHQJWK PXVW EH DFFRPSDQLHG E\ D
LQ RUGHU IRU YHUWLFDO MXPS KHLJKW WR LQFUHDVH 7K
QHHG WR DGDSW LQ UHVSRQVH WR FKDQJLQJ FRQVWUDLQ
LV FDSWXUHG E\ NH\ LGHDV LQ HFRORJLFDO G\QDPLFV DQ
1HZHOO 7KLV UDLVHV WKH TXHVWLRQV DERXW WKH
VWUHQJWK WUDLQLQJ DQG FRRUGLQDWLRQ VSRUW VSHFL
FRPSHWLQJ GHPDQGV LQ WUDEN VSULQW F\FOLQJ WR LPS|

7TKHUHIRUH WKLV SURJUDPPH RI UHVHDUFK IRFXVVHV RQ
WKHLU LQWHUPXVFXODU FRRUGLQDWLRQ SDWWHUQV GXUI
RUJDQLVPLF FRQVWUDLQWY PXVFOH VL]H VWUHQJWK DQ
VWUHQJWK WUDLQLQJ XVLQJ WKH WKHRUHWLFDO IUDPHZR
LOWHUPXVFXODU FRRUGLQDWLRQ FDQ EH LQYHVWLJIJDWHG
ELRPHFKDQLFYV YDULDEOHYVY VXFK DV MRLQW NLQHPDWLFV
ILQGLQJV RI WKLV SURJUDPPH RI UHVHDUFK FDQ EH XVHG
SUDFWLWLRQHUV WR LQIRUP WKH GHVLJQ RI HOLWH DWKQG
PRUH VXFFHVVIXO WUDQVIHU RI VWUHQJWK WUDLQLQJ WR
FROQWULEXWH WR WKH HPSLULFDO HYLGHQFH IRU 1HZHOO
LGHQWLI\LQJ KRZ DWKOHWHVY FRRUGLQDWLRQ SDWWHUQ\

$LP DQG REMHFWLYHYV

7KH DLP RI WKLV SURJUDPPH RI UHVHDUFK ZDV WR LQYHV
PD[LPDO F\FOLQJ DQG ZKHWKHU LW LV LQIOXHQFHG E\ VW
IUDPHZRUN RI HFRORJLFDO G\QDPLFV ZDV XVHG WR HQKD
UHODWLRQVKLS EHWZHHQ VWUHQJWK WUDLQLQJ DQG LQW
F\FOLQJ

7KH REMHFWLYHYVY ZHUH

TR XQGHUVWDQG FRDFKHVY SKLORVRSKLHV RQ WKH
HOLWH VSRUWYVY SHUIRUPDQFH



7R LGHQWLI\ YDULDEOHY WKDW GHVFULEH LQWHUP>
F\FOLQJ

7R FRPSDUH WKH ELRPHFKDQLFDO GDWD RI D VSULC
LQ WKH ODERUDWRU\

7R TXDQWLI\ WKH WHVW UHWHVW UHOLDELOLW\ RI E
SRZHUV DQG IRUFHV MRLQW DQJOHV DQJXODU YHC
(O* DFWLYLW\ PHDVXUHG GXULQJ PD[LPDO F\FOLQJ

7TR LQYHVWLIJDWH WKH HIIHFW Rl J\P EDVHG VWUHQ
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ

/KHVLV VWUXFWXUH

7KLV SURJUDPPH RI UHVHDUFK LV SUHVHQWHG DV D WKHYV

Xx &KDSWHU SURYLGHV D FULWLEDO UHYLHZ RI WKH OL
UHVHDUFK 7KH OLWHUDWXUH UHYLHZ GLVFXVVHV LQV
G\QDPLFV WKHRUHWLFDO IUDPHZRUN LQWHUPXVEXOD
SDUWLFXODU PD[LPDO F\FOLQJ DQG WKH HIIHFW RI V!
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ $OVR WKH PHW
WKH ELRPHFKDQLFDO YDULDEOHY WKDW GHVFULEH LOQ
F\FOLQJ DUH GLVFXVVHG DQG HYDOXDWHG

Xx &KDSWHU SUHVHQWY FRDFKHVY SKLORVRSKLHV RQ W
HOLWH VSRUWYV SHUIRUPDQFH 7KLV ZDV D TXDOLWDW
FRDFKHVY H[SHULHQWLDO NQRZOHGJH DQG LQVLJKWYV
WKH UDQJH RI IDFWRUV DQG LGHDV EHOLHYHG WR DIl
VSRUW SHUIRUPDQFH 7KH FRDFKHV ZHUH IURP D VHO
PD[LPDO HIIRUW RYHU D VKRUW SHULRG RI WLPH WUL
PRWRFURVV %0; DWKOHWLFV VSULQWLQJ VSULQW N
FOHDU SDUDOOHOV EHWZHHQ WKH VSRUWV VR FRDFK

Xx &KDSWHU FRPSDUHV WKH ELRPHFKDQLFDO GDWD FU
DQJOHV DQJXODU YHORFLWLHV PRPHQWYVY DQG SRZHL
F\FOLVW LQ WKH YHORGURPH DQG RQ DQ HUJRPHWHU



LQYHVWLIJDWHG KRZ FKDQJLQJ WKH WDVN FRQVWUDLC
ODERUDWRU\ WR ULGLQJ D PRYLQJ WUDFN ELF\FOH LQ
LQWHUPXVFXODU FRRUGLQDWLRQ 7KLV ZDV LPSRUWD
IUDPHZRUN Rl HFRORJLFDO G\QDPLFV DQG 1HZHOOYV
WKDW FKDQJLQJ WKH WDVN DQG HQYLURQPHQWDO FR
FRRUGLQDWLRQ SDWWHUQV

&KDSWHU TXDQWLILHVY WKH WHVW UHWHVW UHOLDEL
SRZHUV DQG IRUFHV MRLQW DQJOHV DQJXODU YHORI
(0* DFWLYLW\ PHDVXUHG GXULQJ PD[LPDO F\FOLQJ R
VWXG\ SUHVHQWHG LQ &KDSWHU UHYHDOHG GLIIHUH
EHWZHHQ VSULQWLQJ RQ WKH HUJRPHWHU DQG RQ WK
WKH HUJRPHWHU LQ WKH ODERUDWRU\ IRU WKH WHVW
GXH WR GDWD FROOHFWLRQ FKDOOHQJHY DVVRELDWH
ELRPHFKDQLFDO GDWD RI D F\FOLVW 7KHUHIRUH DOQ
UHOLDELOLW\ RI WKH PD[LPDO F\FOLQJ HUJRPHWHU W
DOORZ WKH DVVHVVPHQW DQG LQWHUSUHWDWLRQ RI "
&KDSWHU

&KDSWHU LQYHVWLJDWHG WKH HIIHFW RI J\P EDVHG
LQWHUPXVEXODU FRRUGLQDWLRQ LQ PD[LPDO F\FOLQ.
WUDLQLQJ LQWHUYHQWLRQ RQ PD[LPDO F\FOLQJ LQWH¢
DVVHVVHG XVLQJ WKH NH\ PHFKDQLFDO IHDWXUHV DV
DQG E\ FRPSDULQJ WKH SUH DQG SRVW LQWHUYHQWLE
PRPHQWY DQG SRZHUV DQG (0* DFWLYDWLRQ SDWWHU
&KDSWHU GLVEXVVHV WKH PDLQ ILQGLQJV RI WKLV S
SUDFWLFDO DSSOLFDWLRQV Rl WKH UHVHDUFK IROOR
IXUWKHU UHVHDUFK DQG WKH FRQWULEXWLRQ WR NQF



I[ILWHUDWXUH UHYLHZ

,QWURGXFWLRQ

7KLV FKDSWHU UHYLHZV WKH OLWHUDWXUH RQ LQWHUPXV
VWXGLHG ZLWKLQ WKH WKHRUHWLFDO IUDPHZRUN RI HFRC
FRQVWUDLQWY VHEWLRQV DQG BHFWLRQ DQG
LQWHUPXVEXODU FRRUGLQDWLRQ LQ F\FOLQJ DQG VSHFLI
GLVFXVVHV WKH UHODWLRQVKLS EHWZHHQ VWUHQJWK WU
PD[LPDO F\FOLQJ 6HFWLRQ GLVFXVVHV DQG HYDOXDW ¢
DQDO\VLV PHWKRGV WKDW FDQ EH XVHG WR PHDVXUH WKF
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ

L QWHUPXVFEFXODU FRRUGLQDWLRQ

,QWHUPXVFXODU FRRUGLQDWLRQ KDV EHHQ GHILQHG DV V
FRQWURO D PRYHPHQW <RXQJ 7KH DPRXQW RI IRUF}
HIHUW LV LQIOXHQFHG E\ IDFWRUV VXFK DV PXVFOH ILEU
ILEUH W\SH $EHUQHWK\ -+ULPIH /RJDQ 7D\ORU 7TKD\HU
I1HZWRQ E +RZHYHU LQ QDWXUDO PRYHPHQW WDVNYV
UHTXLUHG WR JHQHUDWH IRUFH LQ LVRODWLRQ DQG LQVW
IURP WKH FRRSHUDWLRQ RI VHYHUDO PXVFOHY DFWLQJ W
WKDW FDQ EH JHQHUDWHG LQ D SDUWLFXODU PRYHPHQW
LQWUDPXVFXODU IDFWRUV EXW DOVR E\ WKH HIITHFWLYHQ
&DUUROO HW DO

(FRORJLFDO G\QDPLFV

&RQWHPSRUDU\ VWXGLHV RI PRYHPHQW FRRUGLQDWLRQ D
G\QDPLFV WKHRUHWLFDO IUDPHZRUN ZKHUH LW KDV EHHC
QHXURPXVFXORVNHOHWDO V\WWHP KDV PDQ\ PRUH GHJUH]
SHUIRUP PDQ\ PRWRU WDVNV 7KH FRRUGLQDWLRQ RI D PF
WKHVH UHGXQGDQW GHJUHHV RI IUHHGRP WR IRUP D FRQ\
PRWRU UHGXQGDQF\ LV FRPPRQO\ NQRZQ DV WKH %HUQVW



SK\WWLRORJLVW ZKR FRQFHSWXDOLVHG WKLV LVVXH %HUQ
/IDWDVK

6\QHUJLHV FDQ SURYLGH D VROXWLRQ WR WKH GHJUHHV F
QHXURPXVFXORVNHOHWDO FRPSRQHQWY VR WKH\ DFW ERI
5LOH\ 6KRFNOH\ 9DQ 2UGHQ 7XUYH\ 6\QHUJ\ |
PXVFOHV WKH ERG\TV GHJUHHV RI IUHHGRP H J PXVFOHYV
GHVFULEHG XVLQJ DQ HFRORJLFDO G\QDPLFV DSSURDFK |
DUH WHPSRUDU\ DVVHPEOLHV Rl VIVWHP FRPSRQHQWYV VR
IXQEFWLRQDO XQLW *OD]JLHU 'DYLGV 5LOH\ HW DO
FDQ EH GHILQHG DV D JURXS RI PXVFOHV VSDQQLQJ VHYH
VLQJOH IXQFWLRQDO XQLW 7XOOHU 7XUYH\ )LWFK
DQG FROOHDJXHV GHPRQVWUDWHG WKH SUHVHQFH RI D V'
ORZHU OLS WR PDNH VSHFLILF VRXQGV GXULQJ VSHHFK :I
GXULQJ VSHHFK DQ XQSUHGLFWDEOH GRZQZDUG WXJ WR
ZLWK WKH XSSHU OLS WKH ORZHU OLS EHJLQV WR VWUHMW
FRRUGLQDWLYH VWUXFWXUHV LQ VSHHEK .HOVR 7XOOHU
7KH IRUPDWLRQ RI VIQHUJLHY HQDEOH XOWUDIDVW DFWLF
XQH[SHFWHG HQYLURQPHQWDO SHUWXUEDWLRQV 5LOH\ |
DGDSWDWLRQ SURFHVV LV XVHIXO IRU DWKOHWHY VHHNLC
SHUIRUPDQFH FRQGLWLRQV VXGGHQO\ FKDQJH 6WRQH OE
,Q F\AFOLQJ WKLV FRXOG EH GXULQJ D PDWFK VSULQW
UHVSRQG WR D UDSLG DFFHOHUDWLRQ RU WDFWLFDO PDQ
RU FRRUGLQDWLYH VWUXFWXUHY DUH WHPSRUDULO\ DVVF
HQYLURQPHQW WR KHOS DFKLHYH WKH JRDO RI WKH WDVN
6HLIHUW HW DO

1HZHOO SURSRVHG WKDW SDWWHUQV RI FRRUGLQDW!I

LPSRVHG RQ WKH DFWLRQ &RQVWUDLQWY DUH ERXQGDUL

RI WKHVH HPHUJHQW FRRUGLQDWLRQ SDWWHUQV 1HZHOC

WKDW LQWHUDFW WR LQIOXHQFH WKH HPHUJHQFH RI IXQF

FRQWURO IRU DQ\ DFWLYLW\ 7KHVH DUH RUJDQLVP WDVN
1HZHOO -RUGDQ J)LIXUH



2UJD(

(QYLUR / 7D
\Z&RRUGLQDWLRQ
DQG F
YLIXUH 1HZHOOfV PRGHO RI LQWHUDFWLQJ FRQVWUDL

$ VFKHPDWLF GLDJUDP RI WKH FDWHJRULHV RI FRQVWUDL
SDWWHUQ Rl FRRUGLQDWLRQ DQG FRQWURO 1HZHOO

2UJDQLVPLF FRQVWUDLQWY UHVLGH DW WKH OHYHO RI WK
VWUXFWXUDO DQG IXQFWLRQDO FRQVWUDLQWY 6WUXFW X
LQGHSHQGHQW WKH\ FKDQJH YHU\ VORZO\ VXFK DV ERG
PXVFOH SURSHUWLHY DQG DUFKLWHFWXUH 1HZHOO
D UHODWLYHO\ IDVW UDWH RI FKDQJH DQG FDQ EH SK\VLF
HPRWLRQV SHUFHSWLRQ GHFLVLRQ PDNLQJ DQG PHPRU\
(QYLURQPHQWDO FRQVWUDLQWY DUH H[WHUQDO WR \
PDQLSXODWHG E\ WKH UHVHDUFKHU DQG DUH UHODWLYHO
QDWXUDO DPELHQW WHPSHUDWXUH DQG QDWXUDO OLJKW
-RUGDQ UHYLVLWHG WKH GHILQLWLRQ RI HQYLURQPHQWD:
WR LQFOXGH DQ\ SK\VLFDO FRQVWUDLQW EH\RQG WKH ER.
LPSOHPHQWY WRROV RU DSSDUDWXV RULJLQDOO\ FODVVI
DV HQYLURQPHQWDO FRQVWUDLQWY XQGHU WKH UHYLVHG

-RUGDQ 7DVN FRQVWUDLQWY DUH UHODWHG WR WK
WKH WDVN DQG DQ\ VSHFLILF UXOHV RU LQVWUXFWLRQV V
G\QDPLFV *OD]JLHU 'DYLGV 1HZHOO ODQ\ VSRU

FRQVWUDLQ WKH PRYHPHQW RI WKH WDVN VXFK DV VKRW
WKHUHIRUH WKH SHUIRUPHUTV WDVN LV WR RSWLPLVH W|I
FRQVWUDLQWY 1HZHOO 2Q0H RI WKH PRVW SURIRXQC
1HZHOOYV PRGHO RI FRQVWUDLQWY LV WKDW IXQFWLRQDC
HPHUJH IURP WKH LQWHUDFWLRQ RI WKH FRQVWUDLQWYV L
V\IVWHP WKURXJK D SURFHVV UHIHUUHG WR E\ *OD]JLHU DQ



RSWLPDOLW\Y *OD]LHU 'DYLGV 7KHUHIRUH WKH RS
D JLYHQ WDVN ZLOO EH LQGLYLGXDO DV LW HPHUJHV IUR
FRQVWUDLQWY L H IRUD JLYHQ VHW RI WDVN DQG HQYL!L
SDWWHUQV RI FRRUGLQDWLRQ ZLOO HPHUJH GHSHQGLQJ |
RUJDQLVPLF FRQVWUDLQWY 1HZHOO

(FRORJLFDO G\QDPLFV DV D WKHRUHWLFDO IUDPHZRUN LV
VIVWHPV DQG HFRORJLFDO SVV\FKRORJ\ 7KH VHOI RUJDQL!
RIWHQ GHVFULEHG XVLQJ G\QDPLFDO V\VWHPV WKHRU\ +1
BFKROOKRUQ '\QDPLFDO V\VWHPV DUH WKRVH WKDW
FRQYHUJH LQWR D VWDEOH VWDWH XQGHU D JLYHQ VHW R
DV DQ DWWUDFWRU EHFDXVH LW DWWUDFWYV DOO WKH QH]
LV DQ XQVWDEOH VWDWH FDOOHG WKH pUHSHOOHUY ZKLF
LW $ SHUWXUEDWLRQ RU FKDQJH LQ FRQVWUDLQWYV ZLO
VWDWH &KDQJLQJ IURP RQH DWWUDFWRU VWDWH WR DQR
NQRZQ DV D SKDVH WUDQVLWLRQ DQG WKLV FDQ KDSSHQ

*LEVRQ GHYHORSHG WKH HFRORJLFDO DSSURDFF
Rl GLUHFW SHUFHSWLRQ *LEVRQ 7XUYH\ 7KH EL
SHUFHSWLRQ LV VSHFLILF WR LQIRUPDWLRQ DQG LQIRUPI
RQHYV PRYHPHQWYVY *LEVRQ 7XUYH\ (FRORJLFDC
SHUIRUPHU HQYLURQPHQW PXWXDOLW\ DQG UHFLSURFLW\
$UDXMR 'DYLGV +ULVWRYVNL 7XUYH\

7KH WKHRUHWLFDO IUDPHZRUN RI HFRORJLFDO G\QDPLFYV
LQWHJUDWH ELRORJ\ DQG SK\VLFV ZLWK SV\FKRORJ\ $UD:
G\QDPLFV FRQVLGHUYVY DWKOHWHY DV FRPSOH[ DGDSWLYH
FRRUGLQDWH WKHLU DFWLRQV ZLWK HYHQWYVY REMHFWYV D
$UDXMR HW DO SRWKZHOO 6WRQH 'DYLGV :ULJKV
DSSURSULDWH IUDPHZRUN IRU VWXG\LQJ LOQWHUPXVFXODL

 QWHUPXVFXODU FRRUGLQDWLRQ LQ F\FC

+RZ WKH PRWRU V\VWHP GHJUHHV RI IUHHGRP VXFK DV P
IXQFWLRQDO PRYHPHQWY LV DQ LVVXH WKDW ZDUUDQWYV |



WDVN IRU WKLV SXUSRVH VLQFH LW LV D QDWXUDO PRYHP
PDQLSXODWHG 1HSWXQH HW DO IHSWXQH .DXW]
DQG PDJQLWXGH RI PXVFOH DFWLYDWLRQ KDV WR EH FRR!
HIILELHQW HQHUJ\ WUDQVIHU IURP WKH PXVFOHV WKRXJK
.DXW] 5DDVFK HW DO $OWKRXJK SHGDOOLQJ LV
LW VHHPV WR UHTXLUH FRPSOH[ PXVFOH FRRUGLQDWLRQ
*UHJRU 6R 1J 1J )XUWKHUPRUH LQWHUPXVF
SDWWHUQV HYHQ LQ H[SHULHQFHG F\FOLVWV GLIIHU EHV
)XU &R]JJRQH *UpORW DOWKRXJK SHGDO IRUFH SUR
'URXHW &KDPSRX[ &RXWXULHU 'RUHO L, QWHUPXVF
KDV EHHQ LQYHVWLJDWHG ERWK H[SHULPHQWDOO\ %ODN
:DNHOLQJ 'RUHO *XLOKHP &RXWXULHU  +XJ C
IHSWXQH +XO0O 5DDVFK HW DO 7KHVH PHWKR
VHEWLRQV DQG

ODQ\ VWXGLHYVY KDYH LQYHVWLJDWHG WKH HIITHFWV RI PDQ
F\FOLQJ RQ WKH FRRUGLQDWLRQ SDWWHUQ ZKLFK DUH GI



7TDEOH 6XPPDU\ RI UHVHDUFK VWXGLHV LQYHVWLJDWLQJ WKH HIIHFW RI PDQLSXODWL(

&RQVWUDLQW BWXG\ 9DULDEOHV PHDVXUHG
6DGGOH KHLJKW (ULFVRQ %UDWW 1LVHOO 1pPHWK (NKROP -RLQW NLQHWLFV
6DGGOH VHWEDFN OHQDUG 'RPDODLQ 'HFDWRLUH /DFRXWXUH &UDQN NLQHWLF\
3HGDO IRRW SRVLWLRQ (ULFVRQ HW DO -RLQW NLQHWLFV PRPHQW
&KDLQULQJ VKDSH &DUSHV 'DJQHVH ORWD 6WMRLQWHKNRQHPDVGREANGRYD /DWDVD
6HFR 9LOOD 5RGULJXH] )DOFHV 3KA\VQ R PR IUDBG Y DUBBPOMY DQG FUDQN SRZHU
5DQNLQ 1HSWXQH 3K\WLRORJLFDO YDULDEOHV DQG FUDQN SRZHU
&UDQN SRZHU PXVFOH PHFKDQLFDO ZRUN DQG DF
&UDQN OHQJWK %DUUDWW .RUIl (OPHU O0DUWLQ " MRLQW NLQHPDWLFV
&\FOLQJ SRVLWLRQ&KBSSP DQWHRUD O 'RUHO &RXWXULHU  +XJ ' MRLQW NLQHPDWLFV DQG
DHURG\QDPLF (0* FUDQN NLQHWLFV DQG SK\VLRORJLFDO YDULD
6HDWHG RU VWDQGLQJ 7XUSLQ &RVWHV ORUHWWRDQGDRMULMHYN NLQAXLFNQ &RVWHYV
ORUHWWR  :DWLHU :LONLQVRQ (DEKWZDUN &UHVVZHOO
&UDQN NLQHWLFV MRLQW NLQHWLFV SRZHUV DQ
7HUUDLQ OHYHO RU XSKLOO 6DUDERQ )RQGD ODUNRYLF (0*
3HGDOOLQJ UDWH %LHX]HQ /HSHUV 9HUFUX\(WYHQ +DXVVZLUWK  %ULVVZDOWHU
%ODNH :DNHOLQJ (ULFVRQ HW D&UDQN NIFOBIQUH® DQG (0*
%HKMDQL %URZQ ODUWLQ 1HS WRIQHVHNL QBWLFV PRPHQWYV

' MRLQW NLQHPDWLFVY DQJXODU YHORFLWLHV HJI
(0~




7DEOH 6XPPDU\ Rl UHVHDUFK VWXGLHV LQYHVWLJDWLQJ WKH HIIHFW Rl PDQLSXODYV
FRQWLQXHG

&RQVWUDLQW BW X G\ 9DULDEOHV PHDVXUHG
,QWHQVLW\ %ODNH :DNHOLQJ "RUHO &M QP NLQHWQFPW WD QED WY DWW
.RUIl  O0DUWLQ (ULFVRQ HW DO &UDQN NLQHWLFV DQG (0*

" MRLQW NLQHPDWLFV GXW\ F\FOHV DQG MRLQW
-RLQW NLQHWLFV PRPHQWYV

YDWLJXH %LOODXW %DVVHW )DOJDLUHVEWEQN SRZHQLDQGI(MOWKDHOHU ORWD
%URFKQHU 1LHOVHQ HW DO 0DV RIL@W BHLURFZRDWLFVY DQG NLQHWLFV PRPHQWYV
2 %U\DQ %URZQ %LOODXW 5RXIIHW&UDQN DQG MRLQW NLQHWLFV SRZHUV DQG (0*
' MRLQW NLQHPDWLFV MRLQW H[FXUVLRQV GXW\
&UDQN SRZHU DQG (0*
6NLOO OHYHO %LQL HW DO &KDSPDQ 9LFHQ]JLQR %ODQFK +RGJHV ' MRLQW NLC
' MRLQW NLQHPDWLFV DQG (0*




6SULQW F\FOLQJ DQG LQWHUPXVFXODU F

7R FODULI\ WKH WHUPLQRORJ\ XVHG LQ WKLV OLWHUDW XL
JHQHULF WHUP UHIHUULQJ WR DQ DOO RXW XQSDFHG HIIR
WA\SLFDOO\ OHVV WKDQ VHFRQGV WR DYRLG PHWDEROLF
VSULQW F\FOLQJ UHIHUV WR WKH DFWXDO VSRUW VKRUW
RI' D F\FOLQJ UDFH

2l WKH F\FOLQJ ZRUOG FKDPSLRQVKLS UDFHV JRYHUQHC
,QWHUQDWLRQDOH 8&, DUH DOO RXW VSULQW HYHQWYV
WLPH WULDO .HLULQ DQG %0; DUH RIWHQ GHFLGHG LQ
ZRPHQYV URDG UDFH DQG VFUDWFK UDFH DQG UHTXLUH
SRLQWYV UDFH O0DUWLQ HW DO 7KXV VSULQW SHUIF
PRVW F\FOLQJ ZRUOG FKDPSLRQVKLS UDFLQJ HYHQWYV 0D
*DPHV WKH WUDFN F\FOLQJ HYHQWY WKDW DUH FODVVLILF
DQG WKH WHDP VSULQW

6SULQWLQJ SHUIRUPDQFHVY UHO\ RQ D IDVW DEFFHOHUDWLF
FDSDELOLW\ WR PDLQWDLQ WKH KLJK YHORFLW\ LQ WKH S
BFKHQDX GH .RQLQJ GH *URRW 2Q0H SRWHQWLDO C
D VXEFHVVIXO SHUIRUPDQFH IRU WUDFN VSULQW F\FOLVW
RXW RI D VWDUWLQJ JDWH RU EHIRUH WKH HQWU\ WR WKH
SKDVHV WKDW WKH KLJKHVW SRZHU RXWSXWV DUH SURGX
%DUUDV -HQNLQV  +DKQ ODUWLQ HW DO $QRV
DQ RSSRQHQW LQ PDWFK VSULQWLQJ ZKLFK LV D UDSLG L
UDFH ZKLFK W\SLFDOO\ RFFXUV DW VSHHG PHDQLQJ SHD
F\FOLVWV WR ZLQ PDWFK VSULQW UDFHV 3DUVRQV 7
1O\LQJ PLV DOVR DQRWKHU SRVVLEOH UDFH SKDVH WR
DWKOHWHYTV PD[LPDO F\FOLQJ SRZHU PDLQO\ GHSHQGV RC
VL]JH PXVFOH ILEUH W\SH GLVWULEXWLRQ F\FOLQJ SRVLW
7KH KLJKHVW UHFRUGHG SRZHU RXWSXW DYHUDJHG IRU R
ODUWLQ *DUGQHU %DUUDV 0DUWLQ $Q LPSRUWD!
SRZHU RXWSXW LQ F\FOLQJ LV WKH LQWHUPXVFXODU FRRI



7KH W\SLFDO LOQWHUPXVFXODU FRRUGLQDWLRQ SDWWHUQ
UHSRUWHG LQ WKH OLWHUDWXUH 'RUHO HW DO SDD
DFWLYDWLRQ SDWWHUQV DUH VKRZQ LQ )LJXUH KHQ L
UHVHDUFKHUV QHHG WR FRQVLGHU WKH HOHFWURPHFKDQ
WKH PXVFOH DFWLYDWLRQ DQG WKH PXVFOH IRUFH SURG X

'RUHO +XJ 7TKHUH DUH YDULRXVY YDOXHV UHSRL
HOHFWURPHFKDQLFDO GHOD\ IURP PV WR PV &DYDQL
PD[LPDO VSULQW LQ )LJXUH ZDV SHUIRUPHG DW RI1 F
PD[LPXP FUDQN SRZHYy SHUR/GWFILIFBP@ O\ DURXQG USP IR/
VSULQW F\FOLVWYV 'RUHO HW &®V DS S UR{H®RBDWHH LRI PI
DVVXPLQJ DQ (0' RI PV WKLV HTXDWHV WR f Rl WKH FU
DFWLYDWLRQ DQG PXVFOH IRUFH SURGXFWLRQ +XJ HW D
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JLIXUH OXVFOH DFWLYDWLRQ SDWWHUQV RI WKH ORZH|
(QVHPEOH DYHUDJHG (0* SDWWHUQV RI WKH UHFRUGHG
SURILOH )RU WKH DOO RXW VSULQWdwR GHG LRDURBD®OHUIRUF
F\FOLQJ UHIHU WR WKH EOXH OLQH 7KH (0* DQG WRUTXF

FRQVHFXWLYH SHGDO F\FOHV DQG H[SUHVVHG DV D IXQ
KLIKHVW SRVLWLRQ 7RS GHDG FHQWUH 7'& f 7% Wi
VROHXV */ JDVWURFQHPLXVY ODWHUDOLV *0 JDVWURFQ
ODWHUDOLVY 90 YDVWXV PHGLDOLV 5) UHFWXV IHPRUL"
ELFHSV IHPRULVY 60 VHPLPHPEUDQRVXV *0D[ JOXWHXYV

S

'"HVFULELQJ WKH UROH DQG DFWLYDWLRQV RI WKH PXVFOF
WKH SHGDO DW WRS GHDG FHQWUH 7'& f D IRUFH QHH
IRUZDUG KRUL]JRQWDO GLUHFWLRQ DQG WKHQ YHUWLFDOC
PD[LPXV YDVWXV ODWHUDOLY DQG WKH YDVWXV PHGLDOL
WR H[WHQG WKH KLS DQG NQHH MRLQWY UHVSHFWLYHO\ L
PXVFOHV DUH WKH SULPDU\ SRZHU SURGXFHUV LQ F\FOLQ

5DQNLQ 1HSWXQH YDQ ,QJHQ 6FKHQDX %RRWYV
'RHQVHO 7R DOORZ WKLV IRUFH WR EH WUDQVIHUUH
SURYLGH D ULJLG OLQN VR WKH DFWLYDWLRQ RI WKH XQl
PD[LPXV DQG YDVWLL QHHG WR EH FRRUGLQDWHG ZLWK V



JDVWURFQHPLXV DQG VROHXV 'RUHO HW DO 5DDVF
DSSOLHG WR WKH FUDQN LV DW DSSUR[LPDWHO\ f DOW
WKH GRZQVWURNH ZLWK LQFUHDVHG SHGDOOLQJ UDWH 0
VWRS WKH NQHH K\SHU+H[WHQGLQJ DV WKH SHGDO DSSUR

f WKH JDVWURFQHPLXV DQG WKH KDPVWULQJV DFWLYL
WKH XSVWURNH 7KH KLS IOH[RUV SVRDV DQG LOLDEXV W
MRLQW LQ WKH XSVWURNH %RWK WKHVH DEWLRQV ZRUN \
UHDFKHV WKH VHFRQG SDUW RI WKH XSVWURNH f WKH
WKH DQNOH 7KH KDPVWULQJV ELFHSV IHPRULV ORQJ KHEL
VHPLWHQGLQRVXV DQG WKH UHFWXV IHPRULV PXVFOHV D
WKH WUDQVLWLRQV DW WRS GHDG FHQWUH DQG ERWWRP
,QJHQ 6FKHQDX DQG FROOHDJXHV DOVR LGHQWLILHG WKD
LPSRUWDQW UROH WR SOD\ LQ FRQWUROOLQJ GLUHFWLRQ
,QJHQ 6FKHQDX HW DO 7KH\ LGHQWLILHG WKDW WKFE
PRQR DUWLFXODU DJRQLVWV YDVWLL ZLWK WKH EL DUWL
EL DUWLEXODU PXVFOHV FDQ KHOS FRQWURO WKH GHVLU}
SHGDO E\ DGMXVWLQJ WKH UHODWLYH GLVWULEXWLRQ RI
6FKHQDX HW DO $OVR RYHU 7'& WKHUH LV FRDEWLY
HIWHQVRUV JOXWHXV PD[LPXV ZKLFK GHOLYHU SRVLWLY
UHFWXV IHPRULV ZKLFK DFW WR KHOS FRQWURO WKH GL
YDQ ,QJHQ 6FKHQDX HW DO ,Q PD[LPDO F\FOLQJ F\
XSSHU ERG\ DQG WRUVR WR WUDQVIHU SRZHU DFURVV WK
WUDQVIHU SRZHU (OPHU HW DO

7KH UHVXOWLQJ PD[LPDO F\FOLQJ MRLQW SRZHUV SURGXF
SDWWHUQV DUH VKRZQ LQ )LJXUH OF'DQLHO HW DO

GHPRQVWUDWHG XVLQJ VLPXODWHG ZRUN ORRSV WKDW W
GXULQJ PD[LPDO F\FOLQJ KXPDQV PD[LPLVH PXVFOH SRZH
WKH DQNOH DEFWV WR WUDQVIHU LQVWHDG RI PD[LPLVH ¢
VSHFLILFDOO\ WKH DQNOH ZRUNV LQ V\QHUJ\ ZLWK WKH k
WKH PXVEOHV VXUURXQGLQJ WKH KLS MRLQW WR WKH FUL
LQYHVWLIDWLQJ WKH LQIOXHQFH RI VNLOO DQG SHUIRUPL
PD[LPDO F\FOLQJ %DUUDWW IRXQG QR GLIIHUHQFH LQ UH



F\FOLQJ EHWZHHQ ZRUOG FODVV WUDFN VSULQW F\FOLVW
+RZHYHU WKH ZRUOG FODVV WUDFN VSULQW F\FOLVWV KI
MRLQW PRPHQWY DW USP LQ NQHH H[WHQVLRQ DQG IOF
FRPSDUHG WR VXE HOLWH F\FOLVWV %DUUDWW

7KHUH DUH VHYHUDO NH\ GLIIHUHQFHV EHWZHHQ PD[LPDO
F\FOLQJ ,Q PD[LPDO F\FOLQJ NQHH IOH[LRQ SRZHU LV UH
F\FOH YDOXHV LQFUHDVH *+ L H WKH MRLQWY DUH LQ H[W!]
F\FOH ZKLFK LV DQ LPSRUWDQW VWUDWHJ\ WR LQFUHDVH
$QRWKHU GLIIHUHQFH EHWZHHQ PD[LPDO DQG VXEPD[LPD
SHGDOOLQJ UDWHV DQG EHORZ IRU PD[LPXP SRZHU SURG X
GXULQJ WKH XSVWURNH JHQHUDWLQJ SRVLWLYH SRZHU :
XSVWURNH PD\ EH PRUH SDVVLYH 'RUHO 'URXHW &RXWX!
'RUHO E 'RUHO HW DO 'RUHO DQG FROOHDJIXHYV |
EHWZHHQ XSVWURNH SRZHU DQG DYHUDJH SRZHU RYHU D
WKH LQGH[ Rl PHFKDQLFDO HIIHFWLYHQHVV ,( UDWLR RI
FUDQN IRUFH DQG SRZHU RXWSXW GXULQJ WKH XSVWURN
'RUHO HW DO
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F\FOLQJ DW GLIIHUHQW SHGDOOLQJ UDWHYV
JURP OF'DQLHO HW DO S



SHGDOOLQJ UDWH LV D FRQVWUDLQW WKDW DIIHFWV F\FO

DQG MRLQW SRZHUV 'RUHO &RXWXULHU *XLOKHP (
+RUYDLYV +LQW]\ B3ULPDULO\ SHGDOOLQJ UDWH DIl
EXW QRW DPSOLWXGH 'RUHO HW DO 6DPR]JLQR HW D!

GHPRQVWUDWHG WKDW ZLWK LQFUHDVLQJ SHGDOOLQJ UL
GHFUHDVHG ZKHUHDV UHODWLYH KLS HIWHQVLRQ DQG NC
HW DO 5S5HODWLYH NQHH H[WHQVLRQ SRZHU ZDV QRW
OF'DQLHO HW DO ,Q DGGLWLRQ SHGDOOLQJ UDWH |
F\FOLVWYV FDQ SURGXFH ZKLFK LV GHVFULEHG E\ D SRO\Q
'RUHO HW DO 'RUHO HW DO rRswZ X HWRSIWIDRODOO SH G
EHWZHHQ DQG UuspP 'RUHO HW DO ODUWLQ :DJC
PDWFKHVY WKH SHGDOOLQJ UDWH UHFRUGHG DW SHDN SRZ
VSULQW UDFHV *DUGQHU HW DO ,Q WUDFN VSULQW
WKH FKRLFH RI JHDU ZKLFK LV D WDVN FRQVWUDLQW $V
LQFUHDVH WKH JHDU VL]H WR PDLQWDLQ WKHLU RSWLPXP
SRZHU YHORFLW\ UHODWLRQVKLS VXJJHVWV WKDW WKH R:
WKH PXVFOHV WR FRQWUDFW FORVH WR WKHLU RSWLPDO

$QRWKHU IDFWRU WKDW LQIOXHQFHY RSWLPDO SHGDOOLC
WKH SURFHVV Rl FDOFLXP UHOHDVH DQG UHXSWDNH IURP
BRHVW &DVLXV ZKLFK PHDQ D PXVFOH FDQQRW LQV
IRUFH DW WKH EHJLQQLQJ RI D PXVFOH FRQWUDFWLRQ QR
FRQWUDFWLRQ OF'DQLHO HW DO 9DQ 6RHVW DQG &l
VKRZ WKH KRZ DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV DI
PD[LPXP SRZHU RXWSXW LQ PD[LPDO F\FOLQJ YDQ 6RHVW
DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV ZHUH H[FOXGHG |
RSWLPXP SHGDOOLQJ UDWH LQFUHDVHG IURP W R us

: WR : YDQ 6RHVW &DVLXYV 7KHLU PRGHO GH
DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV SOD\ LQ D F\FOL\
DQG .DXW] WKHQ GHPRQVWUDWHG WKDW DV SHGDOOLQJ U
GHDFWLYDWLRQ G\QDPLFV LQFUHDVHY DQG WKH\ VXJJHVW
SURSHUW\ WKDW OLPLWYVY SHUIRUPDQFH 1HSWXQH .DXW]



UDWHYV LQFUHDVH WKH WLPH WDNHQ IRU D FRPSOHWH WK
WR DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV LW PD\ QRW
OLPLW WKH SURSRUWLRQ RI WKH FUDQN F\FOH D PXVFOH

7TKHUHIRUH LQWHUPXVFXODU FRRUGLQDWLRQ VWUDV
DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFVY DQG PD[LPLVH PX
GRZQVWURNH DUH EHQHILFLDO

$QRWKHU FRQVWUDLQW WKDW ZLOO LQIOXHQFH WKH F\FO
IDWLJXH DV WKH VKRUWHVW WUDFN VSULQW F\FOLQJ HYF
ORQJHVW DURXQG VHFRQGV ODUWLQ HW DO 7\SLF
WKUHH VHFRQGYV RI DQ DOO RXW VSULQW DUH DVVXPHG W
ODUWLQ %URZQ 3RZHU RXWSXW LQ PD[LPDO F\FOLQ
WKH UHGXFWLRQ LQ SRZHU RXWSXW ZLWK IDWLJXH LV JUF
6DUJHDQW ODUWLQ HW DO ODUWLQ DQG %URZQ
VHFRQG PD[LPDO F\FOLQJ HIIRUW IDWLJXH RFEXUUHG DW

DQNOH MRLQWY O0DUWLQ %URZQ 7KH SRZHU DQG Ul
GHFUHDVHG PRUH WKDQ DW WKH NQHH DQG KLS MRLQWYV

E\ WZR SRVVLEOH PHEKDQLVPV WKH F\FOLVWYV WU\LQJ WF
GHJUHHV RI IUHHGRP RU WKDW WKH DQNOH SODQWDU IO}
RWKHU ORZHU OLPE PXVFOHV ODUWLQ %URZQ 297% |
LQYHVWLIJDWHG WKH HIIHEW RI IDWLJXH RQ D VHFRQG P
IRU WKH ORZHU OLPE PXVFOHV WKH (0* DPSOLWXGH UHGX
FKDQJHG ZLWK IDWLJXH 2 %U\DQ HW DO ,Q VXSSRU
%URZQ WKH)\ IRXQG D VLIJQLILFDQW UHGXFWLRQ LQ PHGLI
(0* DFWLYDWLRQ OHYHOV ZLWK IDWLJXH DQG UHGXFHG FR
PXVFOHV DQG PDLQ SRZHU SURGXFLQJ PXVFOHV *0$; 9/ 9
2 %U\DQ HW DO +RZHYHU WKLV SURJUDPPH RI UHVH
PD[LPDO F\FOLQJ VHFRQG VSULQWY WKHUHIRUH IDWL.
FRQVWUDLQW WKDW ZLOO LQIOXHQFH WKH LQWHUPXVEFXO

'RUHO DQG FROOHDJXHV VWDWHG WKH UROH RI LQWHUP X\
DV D NH\ IDFWRU FRQWULEXWLQJ WR OLPLWLQJ JOREDO S
ZDV KLIJKOLJKWHG ZKHQ WKH\ IRXQG WKDW WKH LQWULQV
RQO\ H[SODLQHG DERXW RI WKH YDULDQFH LQ IRUFH G>



HW DO 7KH\ DOVR KLJKOLJKWHG WKDW LQWHUPXVFX
LQFUHDVLQJO\ LPSRUWDQW UROH WR DFKLHYH PD[LPXP S|
UDWHV SDUWLFXQRROHO®KRVD DRRWID | &RXWXULHU  +XJ
6DPRJLQR HW DO 7KH\ UHFRPPHQGHG WKDW IXUWKH
LQYHVWLIDWH ZKHWKHU WKH LQWHUPXVFXODU FRRUGLQD
WUDLQLQJ 'RUHO HW DO $OWKRXJK WKH HIIHFW RI

LQWHUPXVEXODU FRRUGLQDWLRQ LQ F\FOLQJ KDV EHHQ L
WKH HIIHFWV RI DFXWH ZLWKLQ VHVVLRQ LQWHUYHQWLRQ
ULGLQJ SRVLWLRQ LQWHQVLW\ RU IDWLJXH OHYHOV &RQ
KRZ LQWHUPXVFXODU FRRUGLQDWLRQ LQ F\FOLQJ FKDQJH
SRLQWY WKURXJKRXW WKH VHDVRQ +RZ LQWHUPXVFXODU
WUDLQLQJ LV LPSRUWDQW IRU UHVHDUFKHUV DQG FRDFKF
W\SH LQIOXHQFHV LQWHUPXVFXODU FRRUGLQDWLRQ WKH
FRRUGLQDWLRQ LQIOXHQFHV F\FOLQJ SHUIRUPDQFH 7UDL
F\FOLVWVY RUJDQLVPLF FRQVWUDLQWY VXFK DV PXVFOH \
DFFRUGDQFH ZLWK WKH SULQFLSOHV RI HFRORJLFDO G\QI
1HZHOOYV PRGHO RI FRQVWUDLQWY E\ FKDQJLQJ WKH FRQ
FRRUGLQDWLRQ SDWWHUQV ZLOO HPHUJH 1HZHOO

7KH UHODWLRQVKLS EHWZHHQ VWUHC
LQWHUPXVFXODU FRRUGLQDWLRQ LQ PD]
OXVFXODU VWUHQJWK DQG PXVFOH VL]IH DUH FRQVWUDLQV

IXQFWLRQDO SDWWHUQ RI FRRUGLQDWLRQ LQ F\FOLQJ 7K
UHVLVWDQFH WUDLQLQJ FDQ OHDG WR LQFUHDVHV LQ PXV

=DWVLRUVN\ .UDHPHU 7KH LQFUHDVH LQ PXVFO
K\ SHUWURSK\ DQG LV FDXVHG E\ WKH HQODUJHPHQW RI W
LQGLYLGXDO PXVFOH ILEUHV ODF'RXJDOO =DWVLRUV

UHVLVWDQFH WUDLQLQJ LQFUHDVHV WKH FURVV VHFWLRQ
LQGLFDWHG WKDW D JUHDWHU UHODWLYH K\SHUWURSK\ R
GHVLJQHG IRU JHQHUDWLQJ KLIJKHU PXVFOH SRZHU RXWS/’



BWUHQJWK WUDLQLQJ DOVR FDXVHV QHXUDO DGDSWDWLR
7KHVH LQFOXGH UHFUXLWPHQW RU PRUH FRQVLVWHQW U]
PRWRU XQLWYV LQFUHDVHG PRWRU XQLW ILULQJ UDWHV D
ILULQJ WKDW DFWLYDWH WKH PXVFOH ILEUHV ZLWKLQ D P
LQWUDPXVEXODU FRRUGLQDWLRQ $DJDDUG 6LPRQVHQ $
3RXOVHQ &DUUROO HW DO 6DOH =DWVLRUYV
WUDLQLQJ FDQ DOVR LQGXFH FKDQJHV LQ PXVFOH DUFKLYV
DQJOH DQG IDVFLFOH OHQJWK ZKLFK LQFUHDVH PXVFOH V
OF*XLJDQ 1HZWRQ D 5HVLVWDQFH WUDLQLQJ FDQ D
WLVVXH ZKLFK LV ZLWKLQ DQG DURXQG WKH PXVFOHV DQC
WKH PD[LPXP WHQVLOH VWUHQJWK DQG DPRXQW RI HQHUJ
IDLOXUH 6WRQH .DUDW]DIHUL JROORZLQJ D SHULR
HJ\P VWUHQJWKY DVVHVVHG E\ WKH DPRXQW RI PDVV WKD
VWUHQJWK H[HUFLVHV VXEK DV WKH VTXDW GHDGOLIW D
EHFDXVH RI FKDQJHV LQ PXVFXODU DQG WHQGRQ SURSHU
SDUWLFLSDQWVY LQWHUPXVFXODU FRRUGLQDWLRQ GXULQ
OLIW JUHDWHU ORDG &RUPLH HW DO D

(OLWH WUDFN VSULQW DQG %0; F\FOLVWYV URXWLQHO\ XQC
PXVFXODU VWUHQJWK ZLWK WKH DLP RI LPSURYLQJ F\FOL!
7TKH\ FRPPRQO\ XVH WUDGLWLRQDO UHVLVWDQFH WUDLQL
DQG OHJ SUHVV WR LQFUHDVH PXVFXODU VWUHQJWK RI W
SK\WVLRORJLFDO DGDSWDWLRQV WA\SLFDOO\ UHVSRQVLEOH
IROORZLQJ VWUHQJIJWK WUDLQLQJ SURJUDPPHV FRQVLVWL
H[HUFLVHVY DUH LQFUHDVHV LQ ZKROH PXVFOH FURVV VHF
&RUPLH HW DO E 7KH WUDGLWLRQDO VTXDW ZLWK K
VSULQW F\FOLVWYV DV LW LV D ORZHU OLPE PXOWL MRLQW
FURVV WKH KLS NQHH DQG DQNOH MRLQWYV )DUULV /LFK)
SDUWLFXODU WKH VTXDW H[HUFLVH WDUJHWV WKH KLS H
HIWHQVRU YDVWLL PXVFOHV )DUULV HW DO 6ZLQW
6WHZDUW 7TKHVH DUH WKH PDLQ SRZHU SURGXFLQJ P
HW DO SDDVFK HW DO



7TKHUH LV OLWWOH UHVHDUFK LQWR WKH LQIOXHQFH RI UF
SHDN SRZHU LQ VSULQW F\FOLVWV +RZHYHU HOLWH WUD
KDYH JUHDWHU WKLJK JLUWK DQG ORZHU OLPE VWUHQJWHK
%DUUDWW OF/HDQ 3DUNHU ZKLFK KDYH EHHQ

VSULQW F\FOLQJ SHUIRUPDQFH )RU H[DPSOH 'RUHO DQG
YROXPH RI HOLWH WUDFN VSULQW F\FOLVWYV ZDV SRVLWL)
DSH[ RI SRZHU YHORFLW\ UHODWLRQVKLS 'RUHO HW DO

E\D VWXG\ E\ 3BHDUVRQ DQG FROOHDJXHV WKDW VKRZHG ¢
FRUUHODWHG WR ORZHU OLPE OHDQ YROXPH LQ \RXQJ DQ
2UUHOO +DUULGJH H*\P VWUHQJWKY PHDVXUHG LC
PLG WKLJK SXOO KDV EHHQ VKRZQ WR EH VWURQJO\ SRVL
SHDN SRZHU DQG WUDFN VSULQW F\FOLQJ WLPHV 6WRQH
KDV DOVR EHHQ SRVLWLYHO\ FRUUHODWHG WR SHDN SRZF
NQHH MRLQW H[WHQVRU WRUTXH EHLQJ WKH EHVW SUHGL
F\FOLQJ .RUGL HW DO

,Q VXSSRUW WKHUHIRUH RI WKH HPSLULFDO HYLGHQFH S
VL]JH DQG VWUHQJWK WR VSULQW F\FOLQJ SHUIRUPDQFH |
HPSKDVLV RQ J\P EDVHG VWUHQJWK WUDLQLQJ LQ VSHFLI
FKDUDFWHULVWLFV %XUQLH HW DO 3DUVRQV +
GHPRQVWUDWLQJ WKDW J\P EDVHG VWUHQJWK WUDLQLQJ
&RUPLH HW DO E WKHUH LV D UHODWLYH SDXFLW\ R
GHVLJQ DQG VFKHGXOLQJ RI J\P EDVHG VWUHQJWK WUDLQ
SHUIRUPDQFH )RU HQGXUDQFH F\FOLVWYV WKHUH LV FRQI
J\P EDVHG VWUHQJWK WUDLQLQJ WR HQGXUDQFH F\FOLQJ
FROOHDJXHV VKRZHG WKDW D SURJUDPPH RI UHVLVWDQF#}
SUHVV >LQFOLQHG DW f@ LQFUHDVHG HQGXUDQFH F\FO
UDQJH RI SHGDOOLQJ UDWHYV USP .RQLQFN[ HW DO
ZKHWKHU WKLV FKDQJH ZDV GXH WR DQ LQFUHDVH LQ PXV
VWXG\ ZDV FDUULHG RXW E\ 5RQQHVWDG DQG FROOHDJXH
VHFWLRQDO DUHD 7KH\ IRXQG D ZHHN SHULRG RI FRQF)
WUDLQLQJ LQFUHDVHG WKLJK FURVV VHFWLRQDO DUHD
DQG SHDN SRZHU LQ WKH :LQJDWH WHVW “ |



5DDVWDG +RZHYHU LQ FRQWUDVW %LVKRS DQG FRC
VWUHQJIJWK WUDLQLQJ LQWHUYHQWLRQ LQ IHPDOH HQGXUI
RQH UHSHWLWLRQ PD[LPXP 50 IRU FRQFHQWULF VTXDW
F\FOLQJ SHUIRUPDQFH YDULDEOHV %LVKRS -HQNLQV 0D
,Q VWUHQJWK WUDLQHG DWKOHWHY WUDGLWLRQDO
VHFRQG PD[LPDO F\FOLQJ WHVW :LOVRQ 1HZWRQ O0OXUS
VWXGLHY DOO KDG QRWDEOH OLPLWDWLRQV IRU UHVHDUF
EHFDXVH SDUWLFLSDQWY HLWKHU KDG OLWWOH VWUHQJW
WKH SDUWLFLSDQWY ZHUH QRW F\FOLVWVY &RQVHTXHQWO
EH DSSOLFDEOH WR WUDFN VSULQW F\FOLVWYV

W LV WKHUHIRUH FOHDU WKDW WKH WUDQVIHU RI VWUH
YDU\ GUDPDWLFDOO\ &DUUROO HW DO <RXQJ *
WUDQVIHU WR VSRUWVY SHUIRUPDQFH DOWKRXJK VRPHWLP
VWUHQJWK WUDLQLQJ LV GHWULPHQWDO &DUUROO HW DC
WUDQVIHU ZDV GHPRQVWUDWHG E\ ORLU DQG FROOHDJXH\
WUDLQLQJ LQWHUYHQWLRQ ZRUVHQHG P DFFHOHUDWLR
DO &RQVHTXHQWO\ &DUUROO DQG FROOHDJIXHV VW
XQGHUVWDQG KRZ WKH SK\VLRORJLFDO DGDSWDWLRQV DV
WUDQVIHU WR VSRUWLQJ SHUIRUPDQFH &DUUROO HW DO

7KH WUDLQLQJ SULQFLSOH RI VSHFLILFLW\ VWDWHY WKH F
WKH VSRUWLQJ PRYHPHQW WKH JUHDWHU WKH WUDQVIHU

<RXQJ =DWVLRUVN\ .UDHPHU W LPSOLHYV \
FRRUGLQDWLRQ LV DQ LPSRUWDQW FRPSRQHQW LQ DFKLH

W KDV EHHQ VWDWHG IRU HOLWH DWKOHWHV WKH VS
IRU DGDSWDWLRQV DQG LPSURYHPHQWYV LQ VSRUWYV SHUII
.UDHPHU ,W KDV DOVR EHHQ VXJJHVWHG WKDW LQ R
ORDG VKRXOG EH DGGHG WR D VSRUWLQJ PRYHPHQW IRU
VOHGJH <RXQJ

7KH IROORZLQJ WZR VWXGLHV VXSSRUW WKH WUDLQLQJ S
FROOHDJXHVY FRPSDUHG WZR GLIIHUHQW WUDLQLQJ UHJLP
SHUIRUPDQFH /HLUGDO 5RHOHYHOG (WWHPD 2QH



SODQWDU IOH[LRQV VHSDUDWHO\ DQG WKH RWKHU JURXS
JURXSV WKH VTXDWV ZHUH SHUIRUPHG ZLWK QR ORDG DQ¢
PRYHPHQW :KHQ ERWK JURXSV ZHUH UHWHVWHG WKH\ KD
WKHUH ZDV QR FKDQJH LQ YHUWLFDO MXPS KHLJKW +RZH
FRRUGLQDWLRQ VWUDWHJILHY LGHQWLILHG E\ PHDVXULQJ
PHGLDOLV DQG JDVWURFQHPLXV PHGLDOLV 7KH JURXS ZK
SODQWDU IOH[LRQ VKRZHG WUDLQLQJ PRYHPHQW VSHFLIL
IRUHUXQQHU WR LPSURYHPHQWY LQ YHUWLFDO MXPSLQJ

WUDLQLQJ FDQ LQIOXHQFH LQWHUPXVFXODU FRRUGLQDWL
DQG FROOHDJXHY UHYLHZHG VWXGLHV RQ WKH HIIHFW RI

SHUIRUPDQFH DQG IRXQG WKDW VSHFLILF VSULQW WUDLQ
GRZQKLOO UXQQLQJ ZDV PRUH HIIHFWLYH WKDQ QRQ VSH
WUDLQLQJ SO\RPHWULFV SRZHU WUDLQLQJ 5XPSI /REN
FRQWUDVW WR WKLV .RQLQFN[ IRXQG QRQ VSHFLILF UHVL"
F\FOLVWVY SHDN SRZHU RYHU D UDQJH RI SHGDOOLQJ UDV
WKLV PD\ EH EHFDXVH WKH HQGXUDQFH DWKOHWHYV ZRXOC
DQG WKH QRYHO VWLPXOXV HQFRXUDJHG DGDSWDWLRQ 7
WUDLQHG WUDFN VSULQW F\FOLVWYV ZKR UHJXODUO\ XVH |

%RVFK GHYHORSHG XSRQ WKH PRYHPHQW VSHFLILFLW\ SU
WHUPV RI HFRORJLFDO G\QDPLFV WKHRUHWLFDO IUDPHZR
KXPDQ PRYHPHQW SDWWHUQV DV PDGH XS RI VWDEOH DQC(
DGDSWHG WR VXLW WKH G\QDPLFV RI FKDQJLQJ SHUIRUPD
FRPSRQHQWYV DWWUDFWRUV DUH VWDEOH DQG HFRQRPLF
IOXFWXDWRUV DUH YDULDEOH DQG KDYH KLJK HQHUJ\ FR
ZKLFK FRPSRQHQWY RI PRYHPHQW DUH IL[HG DQG ZKLFK D

%RVFK VWDWHG WKDW PRYHPHQW VSHFLILFLW\ FDQ EH GL

x 6LPLODULW\ Rl PRYHPHQW RZLQJ WR VLPLODULWLHV L
PRYHPHQW

X 6LPLODULW\ RI PRYHPHQW RZLQJ WR VLPLODULWLHYV 1
PRYHPHQW
X 6LPLODULW\ RI PRYHPHQW RZLQJ WR VLPLODULWLHV L



X 6LPLODULW\ RI PRYHPHQW RZLQJ WR VLPLODULWLHYV 1
X 6LPLODULW\ RI PRYHPHQW RZLQJ WR VLPLODULWLHV L

7R DFKLHYH WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRU!
PDMRULW\ RI WKHVH FRPSRQHQWY QHHG WR EH PHW %RV
VWUHQJWK WUDLQLQJ FRPHV IURP WKH ERG\ EXLOGLQJ DS
RQ DQ LQGLYLGXDO PXVFOH JURXS ERG\ SDUW PHWKRG
DGDSWDWLRQV DQG QRW FRRUGLQDWLRQ RI PRYHPHQWYV |
WR VSRUW VSHFLILE DFWLRQV %RVEK KLIJKOLJKWHG
WUDLQLQJ ZKLFK LV VSHFLILF WR FRRUGLQDWLRQ SDWWH
LQ D VSRUW OLNH F\FOLQJ 7KHVH H[HUFLVHV FRQVLVW R
ZLWK WKH DWWUDFWRUV VHHQ DV WKH EXLOGLQJ EORFNYV
YDU\LQJ PRYHPHQW FRPSRQHQWYV IDFLOLWDWLQJ PRYHPH
LPSURYH WKH DWWUDFWRU FRPSRQHQWY ZKLOVW DOVR F
PRYHPHQW 2QH SRLQW WR QRWH LV WKDW WKH RUJDQLVI
XQVWDEOH SDWWHUQV PD\ VXGGHQO\ FKDQJH YLD D SKDV
ZKHUH WKH VI\VWHP VXGGHQO\ MXPSV IURP RQH DUUDQUJHF
WUDQVLWLRQ EHWZHHQ ZDONLQJ DQG UXQQLQJ ZKHUH Wi
DQG PRYHPHQW RUJDQLVDWLRQ SDWWHUQV %RVFK

DQG KLJK LQWHQVLW\ PRYHPHQWYV LV QRW JXDUDQWHHG
DSSURDFK ZKHUH WKH FRQVWUDLQWY LQ VWUHQJWK WUDI
VWLPXODWH WKH HPHUJHQFH RI QHZ PRYHPHQW DQG FRRI

6WUHQIJWK WUDLQLQJ DOVR FKDQJHYVY VHYHUDO RWKHU FR
SHULRGV RI UHVLVWDQFH WUDLQLQJ LQGXFHYV IDWLJXH Wi
.UDHPHU 7TKHUHIRUH DWKOHWHYVY RIWHQ UHTXLUH D -
ORDG WR UHGXFH IDWLJXH WR VHH WKH EHQHILWYV RI WKH
=DWVLRUVN\ .UDHPHU 7KLV SHULRG FDQ EH EH?
3DGLOOD =DWVLRUVN\ _UDHPHU $WKOHWHV D
D FRPSHWLWLRQ ZKLFK LV GHILQHG DV WKH WDSHU ZLWK
IDWLIJIXH WR RSWLPLVH VSRUWYV SHUIRUPDQFH OXMLND 3
OLWHUDWXUH RQ WUDLQLQJ IRFXVHV RQ SK\VLRORJLFDO |
WDSHU DQG QRW FKDQJHV LQ LOQWHUPXVFXODU FRRUGLQD
3DGLOOD +RZHYHU E\ FKDQJLQJ WKH DWKOHWH¢YV



IDWLIJXH GXULQJ WKH WDSHU SHULRG EDVHG RQ WKH HFI
IUDPHZRUN DQG 1HZHOOYV PRGHO RI FRQVWUDLQWYV LW Z
FRRUGLQDWLRQ SDWWHUQV ZRXOG HPHUJH 1HZHOO
SURFHVV PD\ KHOS FRDFKHVY GHFLGH RQ WKH DSSURSULD\
FXUUHQWO\ PDQ\ FRDFKHV UHO\ RQ WKHLU H[SHULHQFH D
GHWHUPLQH WKH RSWLPXP WDSHU IRU DQ DWKOHWH O0XMI
LV YHU\ LQGLYLGXDO ZKLFK ILWV ZLWKLQ WKH HFRORJLFD
HDFK DWKOHWHYVY FRRUGLQDWLYH SDWWHUQV HPHUJH IUF
.HOVR =DWVLRUVN\ _.UDHPHU

,QWHUPXVFXODU FRRUGLQDWLRQ PD\ H[SODLQ WKH YDULFH
SHUIRUPDQFH LQ WZR ZD\V )LUVW LQFUHDVHV LQ PXVFOI
QHHG WR EH DFFRPSDQLHG ZLWK D FKDQJH LQ LQWHUPXV
SHUIRUPDQFH &RQJUXHQW ZLWK WKH WHQHWYV RI HFRORJ
DQG 1HZHOOTV PRGHO RI FRQVWUDLQWY %REEHUW DQG 9
VLPXODWLRQ WR VKRZ WKDW DQ LQFUHDVH LQ OHJ VWUHC
DFFRPSDQLHG E\ D FKDQJH LQ LQWHUPXVFXODU FRRUGLQ
KHLJKW WR LQFUHDVH %REEHUW 9DQ 6RHVW 1HZHO
UHFUXLWPHQW SDWWHUQV DVVRFLDWHG ZLWK D VWUHQJV
SHUIRUPDQFH ZKHQ H[SUHVVHG GXULQJ WKH VSRUW PRYH
7UDGLWLRQDO UHVLVWDQFH H[HUFLVHV KDYH YHU\ GLIIHU
WR F\FOLQJ ZKLFK PD\ LPSDLU WUDQVIHU RI WKH WUDLQL:
.RQLQFN[ HW DO JRU LQVWDQFH ZKHQ H[HEXWLQJ D
LPSRUWDQW WR RUGHU WR GHFHOHUDWH WKH ORDG DW W

E WR DFKLHYH WKLV WKHUH LV VLIJQLILFDQW FR FRQW
TXDGULFHSV *XOOHWW 7LOOPDQ *XWLHUUH] &KRZ
GLIIHUHQW WR FRRUGLQDWLRQ SDWWHUQV UHTXLUHG IRU
FR FRQWUDFWLRQ LV UHTXLUHG DW WKH NQHH MRLQW WR
WR WKH SHGDO 'RUHO HW DO YDQ ,QJHQ 6FKHQDX H
QRQ VSHFLILF VWUHQJWK WUDLQLQJ FRXOG LPSDLU SHGD
SHUIRUPDQFH LV UHGXFHG



OHDVXUHPHQW WHFKQLTXHYV DQG DQDO\V

&RPSXWDWLRQDO DSSURDFK WR VWXG\ FRRUGLQDWLR
$ FRPSXWDWLRQDO PRGHOOLQJ DSSURDFK FDQ EH XVHG W
FRRUGLQDWLRQ LQ F\FOLQJ ,Q WKH ODVW \HDUV WKHU}
QHXURPXVFXORVNHOHWDO PRGHOOLQJ LQ WKH ELRPHFKD
8FKLGD 6HWK 5DMDJRSDO 'HOS ORGHOV KDYH EHI
ELRPHFKDQLFDO SULQFLSOHV RI D PRYHPHQW DQG WR LG
PRYHPHQW WHFKQLTXH WKDW FRXOG EH FKDQJHG WR LPS
BRHVW IHSWXQH +XO0O0 <HDGRQ .LQJ 0XV
KDV EHHQ XVHG WR LQYHVWLJDWH ELRPHFKDQLFV DQG FR
XVHG WKLV DSSURDFK WR VWXG\ PHFKDQLFDO HQHUJ\ JHC
GXULQJ SHGDOOLQJ )UHJO\ =DMDF 7KH\ ZHUH DEO}
DQNOH H[WHQVRU WRUTXHV DFW LQ V\QHUJ\ WR GHOLYHU
GRZQVWURNH )UHJO\ =DMDF 7KH QHW KLS H[WHQV]
OLPE ZKLOH WKH QHW DQNOH H[WHQVRU WRUTXH WUDQVI!
JUHJO\ =DMDF 7KLV ZRUN ZDV H[WHQGHG E\ 5DDVF
IRUZDUG G\QDPLFDO PXVFXORVNHOHWDO PRGHO WR LQYH
FRQWULEXWLRQV WR HQHUJ\ JHQHUDWLRQ WUDQVIHU DQ
5DDVFK HW DO ,Q VXSSRUW RI WKH ILQGLQJV E\ )U}L
DUWLFXODU KLS DQG NQHH H[WHQVRUV *0$; 9/ 90 SURYL
HQHUJ\ RQO\ RI ZKLFK LV GHOLYHUHG GLUHFWO\ WR W
WKH RWKHU LV GHOLYHUHG WR WKH OLPE DQG WUDQVII
IOH[RUV *$6 62/ 5DDVFK HW DO $ VLPLODU IRUZDU
XVHG E\ .RUIl DQG -HQVRQ WR VWXG\ DJH UHODWHG GLIIH
LQ F\FOLQJ EHWZHHQ DGXOWV DQG FKLOGUHQ .RUIl -HQ
VWXGLHV KDYH LQYHVWLJDWHG WKH UHODWLRQVKLS RI W
KHLJKW VHDW WXEH DQJOH FKDLQULQJ VKDSH ZLWK LQV
FUDQN SRZHU SURGXFHG 5DQNLQ 1HSWXQH 5DQNLG
+HU]RJ 6LPXODWLRQ PRGHOOLQJ KDV DOVR EHHQ X
PXVFOH DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV RQ LQWH
F\FOLQJ 1HSWXQH .DXW] YDQ 6RHVW &DVLXV



WKH SRWHQWLDO RI PXVFXORVNHOHWDO PRGHOOLQJ WR I
FRRUGLQDWLRQ DQG WKH IDFWRUV WKDW LQIOXHQFH LW

&RPSXWHU PRGHOOLQJ DSSURDFKHV VXFK DV IRUZDUG G\(
VHYHUDO DGYDQWDJHV IRU VWXG\LQJ ELRPHFKDQLFV DQG
YRUZDUG G\QDPLFV VLPXODWLRQV FDQ RSWLPLVH IRU D IX
PD[LPXP FUDQN SRZHU LQ F\FOLQJ 5DDVFK HW DO
WKHRUHWLFEDO RSWLPXP VSRUWV WHFKQLTXH DQG FRRUG
<HDGRQ .LQJ 7KH FKRVHQ RSWLPLVDWLRQ IXQFWLI
WKH JRDO RI WKH WDVN HJ LQ VSULQW F\FOLQJ PD[LPLV
VSHHG RI WKH ELF\FOH IRU D JLYHQ ELF\FOH VHW XS &RP
H[SHULPHQWV WR EH FDUULHG RXW L H LW LV SRVVLEOH
LQJ $QRWKHU DGYDQWDJH RI FRPSXWHU PRGHOOLQ
IDFWRUV VXFK DV WKH HQYLURQPHQW ZHDWKHU FRQGLW!I
DQ H[SHULPHQWDO GDWD FROOHFWLRQ FDQ EH $OVR LW |
WKH PRGHO IRU H[DPSOH %REEHUW DQG 9DQ 6RHVW LQYF
YHUWLFDO MXPS KHLJKW %REEHUW 9DQ 6RHVW 7K
PXVFOH VWUHQJWK RI WKH NQHH H[WHQVRU PXVFOHV E\
DSSURDFK KDG EHHQ FKRVHQ WR VWXG\ WKLV UHVHDUEK °
WR XQGHUJR D VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ WR
ZRXOG KDYH EHHQ WLPH FRQVXPLQJ %REEHUW 9DQ 6RH
DOVR DOORZV WKHRULHV WR EH WHVWHG EHIRUH DVNLQJ
WKHLU WHFKQLTXH 7KLV ZDV DSSURDFK ZDV XVHG E\ +LO
WULSOH VWUDLJKW VRPHUVDXOW GLVPRXQW IURP WKH KL
KDG EHHQ DWWHPSWHG E\ D J\PQDVW +LOH\ <HDGRQ

+RZHYHU DOWKRXJK WKHUH DUH PDQ\ DGYDQWDJHV RI XV
IRUZDUG G\QDPLFV VLPXODWLRQV DSSURDFK WKHUH DUH
RIWHQ KDYH OLPLWHG UHDO ZRUOG LPSDFW RZLQJ WR Wi
DQG HQVXULQJ WKHLU DFFXUDF\ DQG UHOLDELOLW\ +LFEN
FRQILGHQW WKDW WKH\ KDYH IRXQG D JOREDO RSWLPXP L
WR WKH WDVN L H WKH VXPPLW RI WKH KLIKHVW PRXQWD
*OD]LHU 'DYLGV <HDGRQ .LQJ ,W LV DOVR LP
PRGHO DQG WR HQVXUH WKH PRGHO EHKDYHV LQ D UHDOL



FRPSDULQJ WKH RXWSXW RI WKH IRUZDUG G\QDPLF VLPXO
DVVHVVLQJ WKH VLPLODULW\ RI WKH UHVXOWYVY <HDGRQ
DUJXHG WKDW WKH PRGHO LV RQO\ YDOLG IRU YHU\ VLPLC
HISHULPHQWDO GDWD XVHG WR HYDOXDWH WKH PRGHO &
VLPXODWLRQV WR SUHGLFW WKH RXWFRPH RI FKDQJLQJ L
VROXWLRQ PLIKW QRW EH YDOLG

KHQ UHVHDUFKHUY DUH EXLOGLQJ D FRPSXWHU PRGHO R
VWXG\ KXPDQ PRYHPHQW PDQ\ LGHDOLVDWLRQV DVVXPSW

PDGH +LFNV HW DO <HDGRQ .LQJ 7TKHVH LQFOQ
GHJUHHV RI IUHHGRPV RI WKH MRLQWY DQG WKH FRQWUR
PXVFOHV ZLWKLQ WKH PRGHO +LFNV HW DO <HDGRQ

QHHGV WR EH PDGH ZKHWKHU WR XVH D WRUTXH GULYHQ
PRGHO ,W LV SRVVLEOH WR PDNH D WRUTXH GULYHQ PRG
MRLQW WRUTXHV RQ D G\QDPRPHWHU <HDGRQ .LQJ
WRUTXHV IRU WKH IXO0 MRLQW UDQJH RI PRWLRQ DW GLII
FRQVXPLQJ SURFHVV DQG SK\VLFDOO\ H[KDXVWLQJ IRU Wt
$ OLPLWDWLRQ RI D WRUTXH GULYHQ PRGHO LV WKDYV
KDSSHQLQJ DW D PXVFOH OHYHO L H PXVFOH DFWLYDWLI
OXVFXORVNHOHWDO PRGHOV VXFK DV 2SHQ6LP 'HOS HW D
RI PXVFOH IRUFHY DQG DFWLYDWLRQV 7KH 2SHQG6LP PXVF
DGDSWHG IRU F\FOLQJ PRWLRQ /DL $UQROG :DNHOLQJ
DGDSWHG IRU UHFUHDWLRQDO HQGXUDQFH F\FOLQJ SRVL)\
SRVLWLRQ WKDW WUDFN VSULQW F\FOLVWVY DGRSW ZKLF
HYLGHQFHG LQ $SSHQGL] DQG FORVHG KLS DQJOH DU
7KHUHIRUH RZLQJ WR WKH OLPLWV RQ WKH MRLQW U
VXLWDEOH IRU VWXG\LQJ WUDFN VSULQW F\FOLQJ

,W LV DOVR GLIILFXOW WR PDNH WKH PRGHOV SDUWLFLSE
SURSHUWLHYV IRUFH OHQJWK IRUFH YHORFLW\ DQG SDVV]|
PRGHO DUH W\SLFDOO\ GHULYHG IURP H[SHULPHQWYV RQ U
DO 7TKHUHIRUH WKHVH PXVFOH SURSHUWLHYV PD\ QF
PXVFOHVY DQG LQ SDUWLFXODU HOLWH DWKOHWHY ZKRVH
SRSXODWLRQ <RVKLKXNX DQG +HU]JRJ GHPRQVWUDWHG W



SRZHU IURP D ORZHU OLPE PRGHO ZDV VHQVLWLYH WR WK
SURSHUWLHYV XVHG % WR . <RVKLKXNX +HU]RJ
F\FOLVWVY PRYHPHQW SDWWHUQ ZLWKLQ WKH IUDPHZRUN
ZRXO0OG QHHG WR LQFRUSRUDWH WKH RUJDQLVPLF HQYLUF
VKDSH DQ DWKOHWHTV FRRUGLQDWLRQ SDWWHUQ ZKLFK
PRGHOV RI KXPDQ PRYHPHQW *OD]JLHU '‘DYLGV

7KHUHIRUH RZLQJ WR WKH OLPLWDWLRQV KLJKOLJKWHG I
IRUZDUG G\QDPLF DQDO\VHV RU VLPXODWLRQV ZKHUH QR\
FRRUGLQDWLRQ LQ F\FOLQJ 7KLV LV LQ SDUWLEXODU RZ
PRGHO D FRPSOH[ G\QDPLF VI\VWHP VXFK DV DQ HOLWH DW
7KHUHIRUH DQ H[SHULPHQWDO DSSURDFK ZDV FKRVHQ WF
RQ LQWHUPXVFXODU FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ
HOLWH WUDFN VSULQW F\FOLVWVY XQGHUWDNH D VWUHQJV
REVHUYHG

([SHULPHQWDO DSSURDFK WR VWXG\ FRRUGLQDWLRQ
$ F\FOLVWYV LQWHUPXVFXODU FRRUGLQDWLRQ FDQ DOVR
PHDVXULQJ PXVFOH DFWLYLW\ XVLQJ (0* WR GHWHUPLQH |
WLPHVY DQG OHYHO RI DFWLYDWLRQ 'RUHO HW DO + X
D PHFKDQLFDO DQDO\VLVY WR FDOEXODWH WKH MRLQW NLC
WKURXJKRXW WKH SHGDO UHYROXWLRQ (OPHU HW DO
HW DO &RPELQLQJ LQIRUPDWLRQ RQ PXVFOH DEWLY
IURP LQYHUVH G\QDPLFV DQDO\VLY DOORZV IRU D GHHSHL
PXVFOH DFWLRQV WKDW SURGXFH WKH PRYHPHQW %URFK

E 7KH UHODWLYH FRQWULEXWLRQ RI WKH LQGLYLGXD
FDQ EH XVHG WR LQYHVWLJDWH GLIIHUHQW VWUDWHJILHV
GRFXPHQWHG WKH KLJK LQWHU SDUWLFLSDQW YDULDELOL

%URNHU *UHJRU *UHJRU %URNHU 5\DQ *UHJ
ID)RUWXQH ZKHQ F\FOLQJ DW GLIIHUHQW QHW SRZHL
(WWHPD YDQ %HHNYHOW DQG SHGDOOLQJ UDWHV (

DGYDQWDJH RI DQ H[SHULPHQWDO DSSURDFK LV WKDW WHK
MRLQW DQG VHIPHQW PRYHPHQWY DQG PXVFOH DFWLYLW)
HITHFW Rl WKH LQWHUDFWLRQ RI WKH FKDQJLQJ FRQVWUD



LV LOKHUHQWO\ LQFOXGHG 7KH PHWKRGV XVHG WR PHDV
PXVFOH DFWLYLW\ GXULQJ PD[LPDO F\FOLQJ DUH GLVFXVYV

.LQHPDWLFV

7KH NLQHPDWLFVY WKH PRYHPHQW SDWWHUQV RI WKH OR
VWXG\ LQWHUPXVFXODU FRRUGLQDWLRQ LQ F\FOLQJ &KD:
DQG PXVFOH DFWLYLW\ WR LQYHVWLIJDWH ZKHWKHU WKH
UHFUXLWPHQW &KDSPDQ HW DO 7KHUH DUH D YDUL
NLQHPDWLF GDWD LQ ELRPHFKDQLFV ([DPSOHV RI WKHVH
FDPHUDV SDVVLYH RU DFWLYH PDUNHU PRWLRQ FDSWXUH
WUDFNLQJ VIVWHPV LQHUWLDO PHDVXUHPHQW XQLWV ,0:
LQVWUXPHQWHG VSDWLDO OLQNDJH ODUWLQ (OPHU +RU
RI WKHVH VI\VWHPV KDV DGYDQWDJHY DQG GLVDGYDQWDJ}
NLQHPDWLFV RI D F\FOLVW ULGLQJ RQ WKH WUDFN LQ D Y
$SSHQGL] 7DEOH 2QH SUREOHP ZKLFK DIIHFWV DO
WKDW WKH\ PHDVXUH ZKDW LV KDSSHQLQJ DW WKH VXUIDI
MRLQWY 7KHUHIRUH RQH RI WKH ELJJHVW VRXUFHV RI Hl
DQDWRPLFDO PDUNHU PLVSODFHPHQW DQG VRIW WLVVXH

_.HUULJDQ 'HOOD &URFH /HDUGLQL &KLDUL &DSSF
'HOOD &URFH &DSSR]]R IHSWXQH +XO0O

+LJK VSHHG YLGHR FDPHUDYV

+LJK VSHHG YLGHR FDPHUDV V\VWHPV DUH RIWHQ XVHG W
VSRUWLQJ PRYHPHQW 7KH\ DUH VXLWDEOH IRU PHDVXULC
WASLFDOO\ RFFXU LQ RQH SODQH VXFK DV F\FOLQJ DQG LC
DQ HUJRPHWHU RU WUHDGPLOO %DUUDWW XVHG D KLJK V
NLQHPDWLFV RI WKH ORZHU OLPE GXULQJ PD[LPDO F\FOLC
7KH\ DOVR KDYH WKH DGYDQWDJHV WKDW WKH\ DUH HDV\
PLQLPDO LOQOWHUIHUHQFH IRU WKH SHUIRUPHU DQG FDQ SL
7R HQDEOH FDPHUD LPDJH SL[HOV WR EH FRQYHUWHG LQYV
UHFRUGLQJ RI WKH VFDOLQJ REMHFWYV LQ YHUWLFDO DQG
3D\WRQ +LJK VSHHG YLGHR FDPHUDYV FDQ EH XVHG 1
UuLQJ OLJKWV WR HQDEOH WKH WUDFNLQJ RI SDVVLYH UHI
DXWRPDWHG FRRUGLQDWH GLIJLWLVHU SURJUDPPHV VXFK



&RQVXOWDQF\ /WG %LUPLQJKDP 8. RU &UDQN&DP &HQW
5SHVHDUFK &6(5 ©6+8 ZKLFK FDQ WUDFN DQG FDOFXODWH
GDWD SURFHVVLQJ ZKLFK LV DQ LPSRUWDQW FRQVLGHUDYV
KLIJK VDPSOLQJ IUHTXHQF\ 3D\WRQ

3DVVLYH PDUNHU PRWLRQ FDSWXUH FDPHUD V\VWHPYV

3DVVLYH PDUNHU PRWLRQ FDSWXUH V\VWHPV VXFK DV 4XL
9LFRQ 2[IRUG OHWULFV 2[IRUG 8. KDYH EHHQ XVHG E\ P
F\FOLQJ NLQHPDWLFV %URFKQHU 1LHOVHQ HW DO &
DO 7KH DGYDQWDJH RI SDVVLYH PDUNHU EDVHG V\V
UHIOHFWLYH PDUNHUV WR EH SODFHG RQ WKH SDUWLFLSEL
PLOQLPDO LOQOWHUIHUHQFH IRU WKH SDUWLFLSDQW ZKHQ SH
WKH\ KDYH D OLPLWHG FDSWXUH YROXPH ZKHQ XVHG RXW
OF*UHJRU 3XHR -LPHQH] 20PHGR 7TKHUHIRUH
WKH YHORGURPH ZKHUH WKH ELF\FOH PRYHV WKURXJK WK
FDPHUDV ZRXOG EH UHTXLUHG 3DVVLYH PDUNHU EDVHG V
PDUNHU RFFOXVLRQ GXULQJ F\FOLQJ WKH NQHH PDUNHU
LQ WKH VDIJLWWDO SODQH YLHZ WKH HOERZ FDQ REVFXUL
LVVXH ZKHQ WKH ULGHUV DUH LQ SRVLWLRQ WR PLQLPLVFE
RYHU SDUDOOHO WR WKH JURXQG ZLWK KDQGV RQ WKH C
HOERZV IOH[HG +HLO (OLWH DQG FOXE OHYHO WUDF
+RZHYHU WKLV FDQ HDVLO\ EH VROYHG DV PRWLRQ FDSW
ILOO WKH JDS LQ WKH PDUNHU WUDMHFWRULHYVY ZKHUH WK
WKH PRWLRQ =+ WA\SLFDOO\ OHVV WKDQ IUDPHV 4XDOLV\

(OHFWURPDJQHWLF WUDFNLQJ V\VWHPYV
(OHFWURPDJQHWLF WUDFNLQJ VI\VWHPV DUH FRPSRVHG RI
FRLOV ZKLFK PRYH ZLWKLQ DQ HOHFWURPDJQHWLF ILHOG
-LPHQH] 20PHGR 7KH ORFDWLRQ DQG RULHQWDWLRQ
VRXUFH ER[ LV FDOFXODWHG GXH WR WKH FRLOV JHQHUD\
PRYLQJ LQVLGH D FRQVWDQW PDJQHWLF IOX[ 3XHR -LPH
(OHFWURPDJQHWLF WUDFNLQJ VI\VWHPV VXFK DV 3ROKHPX
KDYH EHHQ UHSRUWHG WR LQWHUIHUH ZLWK WKH (0* GDW
7KH HOHFWURPDJQHWLF VLIQDOV FRQWDPLQDWH WKI



DFWLYDWLRQ FDQQRW EH GHWHUPLQHG 3LGFRH 7KH
UHPRYHG IURP WKH (0* GDWD E\ DSSO\LQJ QRWFK ILOWHU
HOHFWURPDJQHWLF WUDFNLQJ VIVWHP XVHG VHYHUDO QR
ZLOO UHPRYH WKH (0* GDWD DW WKHVH IUHTXHQFLHV DV :
PHWDO REMHFWVY LQ WKH YLFLQLW\ Rl WKH VHQVRUV PD\ ¢
HOHFWURPDJQHWLF WUDFNLQJ VRXUFH ER[ WKHUHE\ UXL

-LPHQH] 20PHGR $V D ELF\FOHfV GULYHWUDLQ LV F
WKH PDJQHWLF ILHOG DIIHFWLQJ WKH DFFXUDF\ Rl WKH P
FRRUGLQDWHYV 7KLV VA\VWHP LV WKHUHIRUH XQVXLWDEOH
F\FOLQJ

,QHUWLDO PHDVXUHPHQW XQLWYV
, QHUWLDO VHQVRU PHDVXUHPHQW XQLW V\VWHPV VXFK D\
% 9 (QVFKHGH WKH 1HWKHUODQGV XVH VHQVRU IXVLRQ
GLVSODFHPHQWY DQG URWDWLRQV RI WKH ERG\ VHIPHQW
PDIJQHWRPHWHU GDWD PHDVXUHG E\ WKH LQHUWLDO PHD\
IXLQJH 60\FNH YDQ GHU .UXN 5HLMQH 7KH P
SURYLGH VWDELOLW\ LQ WKH KRUL]JRQWDO SODQH E\ XVLC
ILHOG DQG DUH XVHG WR FRUUHFW WKH LQWHJUDWLRQ G
SRHWHQEHUJ HW DO 7TKHUHIRUH WKH GDWD REWDL
DQ HVWLPDWH RI WKH NLQHPDWLF YDULDEOHYVY 7KH PDJQF
PHWDO 7KLV ZDV D SUREOHP IRU &RFNFURIW ZKR XVHG ,0
NLQHPDWLFV WKH ,08 VHQVRUV QHDU WKH SHGDOV DQG K
LOWHUIHUHQFH ZKLFK DIIHFWHG WKH DQNOH DQG DUP NLC
FDOFXODWHG NLQHPDWLFY DUH DOVR VXVFHSWLEOH WR H
DFFHOHUDWLRQ GDWD WR REWDLQ SRVLWLRQDO GDWD $cC
,08 VIVWHPYV JHQHUDWH ZKROH ERG\ NLQHPDWLFV EX
VSDFH YDQ GHU .UXN 5HLMQH $V VXFK WR OLQN W
WR WKH ELF\FOH PRYLQJ RQ WUDFN LQ WKH YHORGURPH
EH FRPELQHG ZLWK ORFDO SRVLWLRQDO LQIRUPDWLRQ 11U
YHORGURPH =XLNHU 7KH ORFDWLRQ RI WKH F\FOLVYV
IRU LQYHUVH G\QDPLFV FDOFXODWLRQV ZKLFK QHHG WKH
SHGDO



,QVWUXPHQWHG VSDWLDO OLQNDJH V\VWHP

7KH EHVSRNH LQVWUXPHQWHG VSDWLDO OLQNDJH V\VWHP
PHDVXUHV WKH SRVLWLRQ RI WKH DQWHULRU VXSHULRU L
LQIHU WKH SRVLWLRQ Rl WKH KLS MRLQW FHQWUH O0DUWL
GHWHUPLQH WKH ORZHU OLPE NLQHPDWLFV WKH SRVLWLR
NQHH MRLQW DUH UHTXLUHG 7KH ORFDWLRQ RI WKH DQNC¢
RULHQWDWLRQ RI WKH FUDQN DQG SHGDO DQG OHQJWK I
PDOOHROXV DQG E\ DVVXPLQJ WKH YHFWRU EHWZHHQ WK
SHGDO F\FOH +X0O0 -RUJH 2QFH WKH ORFDWLRQ RI
NQRZQ DV ZHOO DV WKH WKLJK DQG VKDQN VHJPHQW OHQ
MRLQW FHQWUH FDQ EH GHWHUPLQHG E\ WKH ODZ RI FRVL
%URZQ 7KLV VIVWHP ZDV GHVLJQHG IRU PHDVXULQJ
HUJRPHWHU LQ D ODERUDWRU\ DQG WKH OLQNDJH QHHGV
FRXOG SRWHQWLDOO\ EH PRGLILHG WR EH IL[HG WR WKH |
ZRXOG DOVR EH IL[HG WR WKH F\FOLVW VR LI WKH\ ZHUH
WKH YHORGURPH WKH\ FRXOG SRWHQWLDOO\ EH LQMXUH
ILHOG WHVWLQJ

"YV " NLQHPDWLFV
ORVW RI WKH VWXGLHV RI F\FOLQJ NLQHPDWLFV RQO\ FRQ
SODQH DVVXPLQJ WKH PRYHPHQWY LQ WKH RWKHU GLUHF
6FKHQDX 9DQ :RHQVHO %RRWV 6QDFNHUV 'H *URRW
W\SLFDOO\ XVHG ' MRLQW PRYHPHQWY DQG PRPHQWYV WR
NQHH LQMXULHV LQ F\FOLVWY DV WKH NQHH FDQ PRYH XS
GRZQVWURNH (ULFVRQ 1LVHOO (NKROP *UHJHUVH(¢
5XE\ +XOO +DZNLQV SPEHUJHU DQG FROOHDJX
DVVXPSWLRQ GXULQJ VHDWHG VXEPD[LPDO HUJRPHWHU F\
7TKH\ FRQFOXGHG WKDW WKH ' VDJLWWDO SODQH NLQHPD!'

DQJOHV PHDVXUHG LQ ' DV ORQJ DV FDUH ZDV WDNHQ LQ
PRWLRQ RI DOO WKH MRLQWY ZDV JUHDWHVW LQ WKH VDJ
ODUWLQ $Q DGYDQWDJH RI FROOHFWLQJ ' NLQHPDW

XVHG ZLWK PDUNHUV RQ WKH SHGDO VSLQGOH DQNOH OIL
FRQG\OH DQG KLS JUHDWHU WURFKDQWHU 7KLV PHDQV



FROOHFWLRQ VHVVLRQV LV PXFK VKRUWHU WKDQ ZKHQ XV
ZKHUH WR UHIOHFWLYH PDUNHUYVY KDYH EHHQ XVHG %
DO :LONLQVRQ HW DO 7KLV LV D SDUWLFXOD U(
HOLWH DWKOHWHY DUH SDUWLFLSDQWY DV WKH\ KDYH OL
$OVR VDIJLWWDO SODQH PDUNHUV FDQ EH UHFRUGHG RQ |
UHGXFLQJ WKH WLPH UHTXLUHG IRU ODERUDWRU\ VHW XS

7TDEOH $SSUR[LPDWH UDQJH RI PRWLRQ RI WKH KLS I
VDIJLWWDO IURQWDO DQG WUDQVYHUVH SODQHV GXULQ.
HUJRPHWHU

$SSUR[LPDWH UDQJH RI PRWLRQ f

+LS .QHH $QNOH
6DJLWWDO )OH[LR RO HH] G Q W RGRQVLRDH[LR Q
SODQWDUIOH[LRQ
JURQWDO $EGXFWLREBXFWLRQ ,QYHUVLRQ HYHUVLR

DGGXFWLRQ DGGXFWLRQ
7UDQVYHOH/GILDO ODWBKMGDDO ODWHEGXEWLRQ
URWDWLRQ URWDWLRQ DGGXFWLRQ

$GDSWHG IURP 8PEHUJHU ODUWLQ

OHDVXULQJ KLS MRLQW FHQWUH GXULQJ F\FOLQJ

1IHSWXQH DQG +X00O LQYHVWLJDWHG WKH GLIIHUHQW PHW
VHDWHG VXEPD[LPDO F\FOLQJ 1HSWXQH +XO0O 7KH)
RZLQJ WR WKH LQKHUHQW LQDEFXUDF\ RI D PDUNHU SODF
WURFKDQWHU *7 EHFDXVH RI VRIW WLVVXH DUWHIDFW 6
FRQVLVWHG RI SXWWLQJ D PDUNHU RQ WKH DQWHULRU VX
GHWHUPLQLQJ WKH KLS MRLQW FHQWUH E\ FDOFXODWLQJ
RULHQWDWLRQ LQ WKH VDJLWWDO SODQH EHWZHHQ WKH ¢
RI WKH SHOYLV LQ WKH VDJLWWDO SODQH 7KLV PHWKRG
WKH *7 ZKHQ FRPSDUHG WR DQ LQWUDFRUWLFDO SLQ IL[H
KLIJKOLJKWYV WKH SRWHQWLDO IRU HUURU ZKHQ PHDVXULC
QR VWXGLHV LQYHVWLJDWLQJ WKH ORFDWLRQ RI WKH KLS
EH H{SHFWHG WKDW WKHUH ZRXOG EH JUHDWHU PRYHPHQ
URFNLQJ DQG URWDWLRQ LQ VHDWHG PD[LPDO F\FOLQJ



DQ HUJRPHWHU H[SHULPHQWDO HYLGHQFH RI WKH JUHDW
SUHVHQWHG LQ $SSHQGL] :KHQ D F\FOLVW LV VSULQW
WKHLU SHOYLV PRYHPHQW FRXOG EH ODUJHU GXH WR WKF
I UDPH 7KHUHIRUH WKH PDUNHU VHW XVHG WR PHDVXUH I
WUDFN VSULQW F\FOLQJ QHHGYV FDUHIXO FRQVLGHUDWLRC
DQG IRU GHWDLOV RI FKRVHQ PDUNHU VHW XVHG LQ WK

.LQHWLEV

7KH NLQHWLFV WKH PDJQLWXGH DQG GLUHFWLRQ RI WKH
DQG WKH MRLQW UHDFWLRQ IRUFHVY DQG PRPHQWV RI WKF
LQWHUPXVFXODU FRRUGLQDWLRQ

7KHUH DUH WKUHH PHWKRGV XVHG LQ ELRPHFKDQLFV WR
IRUFH FUDQNV ZKLFK PHDVXUH WKH IRUFH DSSOLHG WR W
WKH IRUFHV DSSOLHG WR WKH SHGDOV DQG VKRH SUHVV)

IRU GHWDLOV RI WKHVH VIVWHPV ([DPSOHV RI WKHVH
DYDLODEOH DUH )DFWRU 3RZHU OHDVXUHPHQW 7UDFN &U
ZKLFK PHDVXUH WKH ' IRUFH DSSOLHG WR WKH FUDQN W
SRVLWLRQ IRUFH SHGDOV +* PRGHO ,&6 6HQVL[ 3RLWLHL
IRUFH FRPSRQHQWYV )[ )\ )] DQG WKUHH PRPHQW FRPSR
SHGDO ZLWK DGGLWLRQDO GHYLFHV HQFRGHUV UHTXLUH
SUHVVXUH LQVROHV * 3HGDU 1RYHO OXQLFK *HUPDQ\ Z
GLVWULEXWLRQ RQ WKH VKRH LQVROH 7KH FRPPHUFLDOO
WKH GHVLJQ WR WKH WUDFN IRUFH SHGDOV GHVLJQHG E\
&KDPSRX[ 'RUHO 7KH SHGDOV GHVLJQHG E\ '"URXHW
WR LQYHVWLIJDWH WKH UHODWLRQVKLS EHWZHHQ FUDQN |
HIITHFWLYHQHVV IRU HOLWH WUDFN VSULQW F\FOLQJ ZKHQ
YHORGURPH GHPRQVWUDWLQJ WKDW IRUFH SHGDOV FDQ
'URXHW +XJ /HSUHWUH &KDPSRX]

.LQHWLF GDWD FDQ DOVR EH PHDVXUHG DW YDULRXV SRL(
EDFN ZKHHO KXE DQG ERWWRP EUDFNHW 'ULVV 9DQGHZ
ELRPHFKDQLFV WKH LQWHUHVW LV KRZ WKH F\FOLVWYV DS
LQIRUPDWLRQ LV UHTXLUHG IRU WKH LQYHUVH G\QDPLFV |



PRVW VXLWDEOH PHDVXUHPHQW V\VWHP IRU WKH NLQHWL
IRUFHY EHLQJ DSSOLHG WR WKH SHGDO DQG WKH FRQYHQ
EHWZHHQ SDUWLFLSDQWY WUDFN ELF\FOHV ZKHQ FROOHF
PHDVXUHG XVLQJ WKH IRUFH SHGDOV FDQ WKHQ EH LQSXYV
FDOFXODWLRQV WR FDOFXODWH WKH MRLQW UHDFWLRQ IF

,QYHUVH '"\QDPLFV
7R FDOFXODWH WKH QHW MRLQW IRUFHV DQG QHW MRLQW
G\QDPLFV WHFKQLTXHV FDQ EH XVHG ZKLFK ZHUH ILUVW ¢
KXPDQ ORFRPRWLRQ (OIWPDQ 7KLV PHWKRG KDV EH
YDULHW\ RI UHVHDUFKHUV XVLQJ VOLJKWO\ GLIIHUHQW D\
+X00 +X00 -RUJH YDQ ,QJHQ 6FKHQDX HW DO
LQYHVWLIJDWH WKH UHODWLYH FRQWULEXWLRQ RI KLS NC
IRUFH (OPHU HW DO .DXW] +XO0O ODUWLQ %U

YDQ ,QJHQ 6FKHQDX HW DO

IHZWRQLDQ PHFKDQLFYVY DUH DSSOLHG WR HDFK LQGLYLGX
WKH SHGDO UHDFWLRQ IRUFHVY DUH NQRZQ UHIHU WR )LJ
IRUFHV WKDW DFWHG RQ D VHIPHQW DUH WDNHQ DV HTXD
VHIPHQW DQG WKH WUDQVODWLRQ DFFHOHUDWLRQ RI WKI
NLQHPDWLF GDWD IRU WKH YHUWLFDO DQG KRUL]JRQWDO
WKDW DFWHG DERXW WKH VHIPHQW FHQWUH RI PDVV PXV)\
PRPHQWXP 7KHVH WKUHH HTXDWLRQV FDQ WKHQ EH VROY
PRPHQWY DW WKH DQNOH 7KLV SURFHVV LV UHSHDWHG IF
SRZHUV DUH FDOFXODWHG DV WKH GRW SURGXFW RI WKH
YHORFLWLHV



YLIXUH JUHH ERG\ GLDJUDP Rl WKH ERG\ VHIJPHQWV RI
7KH OHJ LV VXEGLYLGHG LQWR WKUHH ULJLG OLQNV )RU
&R0 FHQWUH RI PDVV RI VHIJPHQW P PDVV RI VHIJPHQW
DFFHOHUD®WLE@RDD DFFHOHUDWLRQ RI &R0 ROIMHHPHQW LQ
DFFHOHUDWLRQ RI &R0 RI VK FHQW LLED P GLHGIFOV URI@ FW L R
)st KRULJRQWDO SHGDO UHDFWLRQ IRUFH , SULQFLSDO
DQJOH DQJOH FRQYHQWLRQ DQWLFORFNZLVH IURP KRUL
DFFHOHUS)WBLLRRJLBDO MRLQW UHDFWLRQ SEBFIHPDQ MBLOQMF
UHDFWLRQ IRUFH ¢ QGLEMDHFWRRQW5S5UHDFWLRQ IRUFH LQ |

GLVWDO MRLQW UHDFWLRQSIRRIER DLAY NI FELLQAM EAURIPRHEON 0
MRLQW PRPHQW $GDSWHG IURP YDQ ,QJHQ 6FKHQDX HW



$OQWKURSRPHWULFV
7TKH LQYHUVH G\QDPLFV FDOFXODWLRQV UHTXLUH ERG\ VF
PDVVHV PRPHQWYVY RI LQHUWLD DQG ORFDWLRQ RI WKH PD
IRU HVWLPDWLQJ WKHVH SDUDPHWHUYV ZKLFK LQFOXGH W
'"HPSVWHU JHRPHWULF PRGHOV RI WKH KXPDQ ERG\
UHJUHVVLRQ HTXDWLRQV GHULYHG IURP PDVV VFDQQLQJ |
=DWVLRUVN\ G6HOX\DQRY 7TKHVH PHWKRGV UHTXLUH
PHDVXUHPHQWY RI WKH SDUWLFLSDQW W\SLFDOO\ WRWD ¢
KRZHYHU PRGHOV VXFK DV <HDGRQ UHTXLUH PHDV
DOQWKURSRPHWULF SDUDPHWHUYVY DUH GHULYHG IURP VW X(
+RZHYHU VSULQW F\FOLVWYV KDYH EHHQ VKRZQ WR KDYH
DYHUDJH DGXOW SRSXODWLRQ )ROH\ %LUG :KLWH
DQG %DUUDWW GHPRQVWUDWHG XVLQJ D ORQWH &DUOR V
XQFHUWDLQWLHYVY LQ ERG\ VHIJPHQW SDUDPHWHUV ZHUH O
SDUWLFXODUO\ DW KLJKHU SHGDOOLQJ UDWHYV :KHDW %
PRPHQWYV DQG SRZHUV FDOFXODWHG IRU VSULQW F\FOLVW
DOQWKURSRPHWULF YDULDEOHY DUH FDOFXODWHG IURP Wi
IHYD RU '"HPSVWHU

7R REWDLQ SHUVRQ VSHFLILF ERG\ VHIJIPHQW SDUDPHWHU
FDQ EH XVHG ZKLFK LQFOXGH PDQXDO WHFKQLTXHV VXFI
GLVSODFHPHQW RU GLJLWDO WHFKQLTXHV VXFK DV ERG\
&KRSSLQ +HOOHU :KHDW 7TKHUH DUH PDQ\ GLIIHUH
" GLJLWDO LPDJHV IURP ZKLFK DQWKURSRPHWULFV FDQ E
2QH VA\VWHP ZKLFK LV TXLFN ORZ FRVW FRPPHUFLDOO\ D
VXUIDFH LPDJLQJ VI\VWHP XVLQJ GHSWK FDPHUDV H J OLF

&ODUNVRQ :KHDW +HOOHU &KRSSLQ .RUGL HW
ZRUNHUV GHPRQVWUDWHG WKH JRRG EHWZHHQ VHVVLRQV
VI\VWHP ZKHQ WKH\ PHDVXUHG WKLJK YR®OXPGEH &ODEVROXWH

.RUGL HW DO 7KH\ IRXQG WKH ' GHSWK FDPHUL
WKH JURVV WKLJK YROX@RZHUPRMPKDQ PHDVXUHG E\ DQ 05,
.RUGL HW DO ZKHUHDV D VWXG\ E\ % XOODV DQG FR

FDPHUD V\VWHP V\VWHPDWLFDOO\ RYHUHVWLPDWHG WKLJ



SUHFLVLRQ ' VXUIDFH LPDJLQJ VI\VWHP %XOODV HW DO

EHWZHHQ VHVVLRQV FKDQJHV LQ DQWKURSRPHWULFV WKF
VI\VWHPV QHHGVY WR EH FRQVLGHUHG 7KH ' GHSWK FDPHL
D F\FOLVWY{V FKDQJH LQ WKH ERG\ VHIPHQW SDUDPHWHU)
RQH FRQVWUDLQW WKDW ZLOO LQIOXHQFH WKH F\FOLVWT"
EHHQ XVHG WR PHDVXUH WKLJK YROXPH ZKLFK LV NQRZQ
GXH WR PXVFOH K\SHUWURSK\ %XOODV HW DO .RUG|

OXVFOH $FWLYLW\

(OHFWURP\RJUDSK\ (0% WKH PHDVXUHPHQW RI PXVFOH I
REWDLQ WKH PXVFOH DFWLYLW\ VHTXHQFH DQG OHYHO RI
7KLV FDQ EH UHFRUGHG XVLQJ VXUIDFH (0* VHQVRUV ZKLF
VWXG\LQJ LQWHUPXVFXODU FRRUGLQDWLRQ LQ F\FOLQJ H
IOH[RUV SVRDV DQG LOLDFXV FDQQRW EH PHDVXUHG 7K
FROOHDJXHV WR LQYHVWLJDWH WKH FKDQJHV LQ LQWHUP
VXEPD[LPDO DQG PD[LPDO F\FOLQJ 'RUHO HW DO

7KH '"HOV\V 7ULJQR /DE V\VWHP 'HOV\V ,QF %RVWRQ 0$%

VHQVRUV (DFK VHQVRU XVHV D VLQJOH GLITHUHQWLDO HC
HOHFWULFDO VLIQDOV IURP WKH VXUIDFH RI D PXVFOH 71
LV WKH\ DUH HDV\ DQG TXLFN WR DSSO\ DQG DUH QRW LQ
FRQVLGHUDWLRQV ZKHQ ZRUNLQJ ZLWK HOLWH DWKOHWH
OLPLWDWLRQV RQH RI ZKLFK LV WKDW WKH\ FDQYW PHDV.
LOQWUDPXVFXODU ILQH ZLUH HOHFWURGHYV ZKLFK DUH LQY
+XJ 'RUHO ,Q F\FOLQJ WKLV PHDQV WKH SVRDV LO
ELFHSV IHPRULV VKRUW KHDG PXVFOHV FDQYfW EH VWXGL}
ZKHUH WKH VHQVRU GHWHFWV HOHFWULFDO DFWLYLW\ Ul
VWXGLHG 5REHUWVRQ &DOGZHOO +DPLOO .DPHQ KLW
FDQFHOODWLRQ ZKLFK UHIHUV WR WKH FDQFHOODWLRQ R
PRWRU XQLW DFWLRQ SRWHQWLDOV )DULQD OHUOHWWL

LQIOXHQFH WKH (0* VLJQDO DUH WKH W\SH RI HOHFWURG
RI VXEFXWDQHRXYV IDW EORRG IORZ PXVFOH WHPSHUDW X
EHORZ WKH VXUIDFH DQG WKH ORFDWLRQ RI HOHFWURGH\



FDQ FRQWURO VHYHUDO Rl WKHVH IDFWRUV WR LPSURYH '
UHGXFLQJ VNLQ LPSHGDQFH WKURXJK SUHSDULQJ WKH VN
WKH HOHFWURGH DQG FDUHIXOO\ ORFDWLQJ WKH VHQVRL
VKRXOG EH SODFHG RQ WKH PLGOLQH RI WKH PXVFOH EHC
DQG WKH QHDUHVW LQQHUYDWLRQ JRQH ZLWK WKH GHWH
WR WKH OHQJWK RI WKH PXVFOH ILEUHV 'H /XED

2QFH WKH (0* GDWD KDYH EHHQ FROOHFWHG WKH (0* VLJQ
YDULHW\ RI PHWKRGV XVHG LQ WKH OLWHUDWXUH WR VPR
VPRRWK OLQHDU HQYHORSH 7KHVH DUH WKH %XWWHUZR
&KDOOLV URRW PHDQ VTXDUHG 506 S5REHUWVRQ H
6LQJK /DWDVK 7TKHUH LV QR DJUHHPHQW LQ WKH O
PHWKRG WR SURFHVV WKH (0* VLJQDO ,Q F\FOLQJ WKH (0O
QXPEHU RI SHGDO F\FOHV WR REWDLQ DQ DYHUDJHG OLQF
FUDQN DQJOH %URFKQHU 1LHOVHQ HW DO 'RUHO HW
HQYHORSH LV UHSUHVHQWDWLYH RI WKH (0* DFWLYLW)\ DQ
'RUHO HW DO +XJ +RZHYHU E\ DYHUDJLQJ WKF
UHYROXWLRQ YDULDELOLW\ LV ORVW ZKLFK FDQ EH LPSRL
FRRUGLQDWLRQ VWUDWHJILHYV

7R DOORZ (0* GDWD WR EH FRPSDUHG EHWZHHQ SDUWLELS
WHVW FRQGLWLRQV DQG GLIIHUHQW WHVWLQJ VHVVLRQV
UHODWLRQ WR D UHIHUHQFH YDOXH REWDLQHG GXULQJ V\
%XUGHQ ODWKLDVVHQ :LQNHO  +1JJ 5HVHDUF|
PHWKRGY 7KHVH LQFOXGH QRUPDOLVLQJ WKH (0* GDWD W
FRQWUDFWLRQ 09& IRU HDFK PXVFOH WKHUH LV VHW RI
09& IRU HDFK PXVFOH .RQUDG BHUIRUPLQJ DQ 09& I
XVXDOO\ WDNHQ DV WKH PD[LPXP YDOXH IURP D VHW RI W
2QH RI WKH DUJXPHQWY DJDLQVW WKH XVH RI WKH V)
SHUIRUPHG DW GLIIHUHQW MRLQW DQJOHV PXVFOH OHQJ\
UHTXLUHG IRU WKH WDVN EHLQJ VWXGLHG SDUWLFXODUO
7KLV LV GLVSXWHG E\ %XUGHQ ZKR VWDWHV WK
09&V SURGXFH VLPLODU RXWSXW WR VWDQGDUG 09&V DQC
FRQWUDFWLRQ PRGH RU MRLQW NLQHPDWLFV %XUGHQ



RI 09&V ZLWK WKH MRLQW SRVLWLRQV UHOHYDQW WR F\FC
FRQWUDFWLRQV DQG WKHUHIRUH SRWHQWLDOO\ GR QRW
G\QDPLF WDVNV (ULFVRQ +XQWHU DQG FROOHDJXHYV
PHWKRG ZKHUH WKH 09& IRU WKH 5) PXVEOH ZDV PHDVXUF
WR DFKLHYH D FHUWDLQ NQHH MRLQW DQJOH ZLWK D WUD
H[WHQVRUV RQ D G\QDPRPHWHU +XQWHU 6W &ODLU *LEV
RQ ELF\FOH VWDWLF PHWKRG GLG QRW HOLFLW DV ODUJH
LVRPHWULF 09& +XQWHU HW DO .RUGL FRPSDUHG V
09&V SHUIRUPHG RQ D G\QDPRPHWHU ZLWK PXOWL MRLQW
F\FOLQJ HUJRPHWHU .RUGL )ROODQG *RRGDOO %DUUDV
FRQFOXGHG WKDW LVRPHWULF UHIHUHQFH WDVNV PD\ QR\
SHDN PXVFOH DFWLRQ RYHU WLPH LQ VSULQW F\FOLQJ WH

SHVHDUFKHUVY KDYH GHYHORSHG QRUPDOLVDWLRQ PHWKR
UHGXFH WKH WLPH QHHGHG WR FDUU\ RXW WKH QRUPDOL)
PD[LPXP PXVFOH DFWLYLW\ GXULQJ D PD[LPDO VSULQW RQC
7TXFNHU 'HUPDQ IDPEHUW 5RXITHW +DXWLHU

'RUHO DQG FROOHDJXHV PD[LPDO F\FOLQJ GRHV QRW PDJL
'RUHO HW DO 'RUHO DQG FROOHDJXHV XVHG WZR P|
(0O* DFWLYLW\ WR RYHUFRPH VRPH RI WKH VKRUWFRPLQJ R
DO 7TKHVH PHWKRGV ZHUH LVRPHWULF 09&V DW D YLC
WKRVH XVHG SHGDOOLQJ DQG LVRNLQHWLF 09&V XVLQJ M
F\FOLQJ ERWK RI WKHVH ZHUH FDUULHG RXW RQ D G\QDPR
HYHQ XVLQJ WKLV SURFHGXUH GXULQJ DQ DOO RXW VSULC
WKH 09& YDOXH VKRZLQJ WKDW WKH 09& SURFHGXUH GRH

DFWLYLW\ 'RUHO HW DO +RZHYHU FRPELQLQJ WKH)
EH WKH PRVW UHOLDEOH DW JHWWLQJ D PD[LPDO UHVSRQ
'RUHO HW DO +XQWHU HW DO 7KLV PHWKRG UH

VR LW FDQ RQO\ EH DSSOLHG LQ ODERUDWRU\ EDVHG WHYV
6LQFODLU DQG FROOHDJXHYV FRPSDUHG GLIITHUHQW (0* QR
LVRPHWULF 09&V RQ D G\QDPRPHWHU PLQXWH VXEPDI[LP
PHDQ DQG SHDN DFWLYDWLRQ IRU HDFK PXVFOH DQG \%
DFWLYDWLRQ IRU HDFK PXVFOH 6LQFODLU HW DO 7



QRUPDOLVDWLRQ PHWKRG ZDV WR QRUPDOLVH XVLQJ WKH
VXEPD[LPDO F\FOLQJ WULDO 6LQFODLU HW DO

7ZR VLPSOH PHWKRGV WR DYRLG KDYLQJ WR FDUU\ RXW D
WKH SHDN YDOXH LQ WKH VLJQDO + WKH SHDN G\QDPLF Pt
5\DQ *UHJRU DQG WR WKH PHDQ RI WKH VLJQDO =
%XUGHQ %DUWOHWW +RZHYHU %XUGHQ DQG %DU\
PHDQ G\QDPLF PHWKRG VKRXOG QRW EH XVHG LI ZDQWLQ.
WULDOV PXVFOHV LQGLYLGXDOV RU WR UHWDLQ WKH QT
%XUGHQ %DUWOHWW

&XUUHQWO\ WKHUH LV QR DJUHHPHQW EHWZHHQ UHVHDUF
SURFHGXUH WR XVH %XUGHQ %DUWOHWW +XJ
QRUPDOLVDWLRQ SURFHGXUHV %XUGHQ UHFRPPHQG
LVRPHWULF 09& DV WKHUH LV QR VWURQJ HYLGHQFH DW S
VSHFLILF 09& RU WKH LVRNLQHWLF VSHFLILF 09& QHHG WF
7KHUHIRUH LQ $SSHQGL] WKH WHVW UHWHVW UHOLDE!
SURWRFROV DUH DVVHVVHG IRU EHWZHHQ VHVVLRQV FRPS
F\FOLQJ

7R FRPSDUH LQWHUPXVFXODU FRRUGLQDWLRQ VWUDWHJIL
PXVFOH DFWLYLW\ LV GHWHUPLQHG IURP WKH (0* VLJQDO

'RUHO HW DO '‘XF %HUWXFFL 3HUQLQ *UDSSH
XVHG D QXPEHU RI GLITHUHQW PHWKRGYV WR GHWHUPLQH \
RI PXVFOH DFWLYLW\ D QXPEHU RI VWDQGDUG GHYLDWLR

6' +RGJHV %XL 8OLDP .XULNL OtFROLV GH $]HYHC
SXEHQ $OYHV DQG D SHUFHQWDJH RI WKH SHDN YELC
+RSNHU $UNHVWHLMQ 3DVVILHOG .RQUDG 7Kl

WKH WKUHVKROG IRU D PLQLPXP SHULRG RI WLPH IRU WK}
PHWKRG LV E\ YLVXDO LQVSHFWLRQ WR GHWHUPLQH PXVF
H[SHULHQFHG UHVHDUFKHU LQ (0* LW FDQ EH KLJKO\ UHS'
% XL $JDLQ WKHUH LV QR DJUHHPHQW RQ ZKDW WKU
RQVHW DQG RIIVHW RI WKH PXVFOH DQG WKHUHIRUH WKH



DSSURSULDWH WKUHVKROG ,Q $SSHQGL] WKH VXLWDE
WLPLQJV WR GHILQH EXUVWYV RI (0* DFWLYLW\ GXULQJ PDJ

7KLV SURJUDPPH RI UHVHDUFK UHTXLUHV LQWHUPXVFXOD
FRPSDUHG RYHU WLPH DQG WKHUHIRUH WKH UHOLDELOLYV
DFWLYLW\ LV LPSRUWDQW 'RUHO DQG FROOHDJXHV IRXQC
WHVW UHWHVW UHOLDELOLW\ RI ORZHU OLPE PXVFOH DF\
WKH WZR WHVWLQJ VHVVLRQV ZHUH VHSDUDWHG E\ D PL
&RXWXULHU +XJ /IDSODXG DQG FROOHDJXHV IRXQG
HLIKW ORZHU OLPE PXVFOHV WR EH KLJKO\ UHSHDWDEOH
WZR WULDOV VHSDUDWHG E\ VHSDUDWHG WKUHH GD\V /D
-REVRQ DQG FROOHDJXHV IRXQG ORZ EHWZHHQ VHVVLRQV
DFWLYLW\ PHDVXUHG GXULQJ VXEPD[LPDO F\FOLQJ -REVR
ORZHU UHOLDELOLW)\ IRU RQVHW DQG RIIVHW RI PXVFOH D
DQWHULRU VROHXV JDVWURFQHPLXV DQG UHFWXV IHPRU

$ VROXWLRQ WR WKH GHJUHHV RI IUHHGRP SUREOHP SURSE
VIQHUJ\ K\SRWKHVLV ZKLFK VWDWHY WKDW WKH EUDLQ DC
WKH QXPHURXV PXVFOHV E\ JURXSLQJ WKHP LQWR IXQFEWL
ZKLFK UHSUHVHQW SUH VWUXFWXUHG PRWRU SURJUDPPH\
SURYHQ %HUQVWHLQ . XWFK O9DOHUR &XHYDYV 7
DQDO\VLV Rl WKH (0* VLIJQDO FDQ EH FDUULHG RXW WR H]
SULQFLSDO FRPSRQHQW DQDO\VLV 6LQJK /DWDVK |

IDFWRULVDWLRQ 'H ODUFKLV HW DO OXVFOH VI\QHUJ
LQ SUHYLRXV VWXGLHV WR WU\ DQG H[SODLQ WKH ORFRPF
DO +XJ 7XUSLQ &RXWXULHU 'RUHO SULQFLSH

QHJDWLYH PDWUL[ IDFWRULVDWLRQ FDQ DOVR EH XVHG D'
PXOWLYDULDWH GDWD VHWYV VXFK DV (0* GDWD IRU PDQ\
QRW MXVW WR H[WUDFW PXVFOH V\QHUJLHV %ODNH DN
K\SRWKHVLV ZKLFK DVVXPHV WKH H[WUDFWHG PXVFOH V\C
VWDWLF UHSUHVHQWDWLRQ RI SUH VWUXFWXUHG PRWRU .
HFRORJLFDO G\QDPLFV IUDPHZRUN DV LW DVVXPHV WKH E
WKH FRRUGLQDWLRQ SDWWHUQV DUH QRW VHOI RUJDQLVL



5HSUHVHQWDWLYH H[SHULPHQWDO GHVLJQ

%UXQVZLN SUR'S R VIHHGS WHOHRNIIFW 5YWH RZ [KSLHFKL P HQ W D O
UHIHUV WR WKH FRPSRVLWLRQ RI WKH H[SHULPHQWDO WD
EHKDYLRXUDO VHWWLQJ WR ZKLFK WKH UHVXOWV RI DQ L
JHQHUDOLVHG $UD~MR 'DYLGV 3DVVRV %UXQVZLN
5HQVKDZ $UDXMR ,Q WKH FRQWH[W RI LQYHVWLJID\
VXJIJHVWVY LQWHUPXVFXODU FRRUGLQDWLRQ FDQQRW EH L
FRQVWUDLQW WKDW GLIIHU IURP WKRVH UHTXLUHG IRU W|
KLJKOLJKWHG LQ D VWXG\ E\ %DUULY DQG FROOHDJXHV Z}
GU\ ODQG DQG DTXDWLF WUDLQLQJ IDFLOLWLHV %DUULYV
GHPRQVWUDWHG WKDW WKH WDVN FRQVWUDLQWYV DUH QR
IDFLOLW\ LV QRW UHSUHVHQWDWLYH RI GLYLQJ 6LPLODU
RYHUJURXQG DQG WUHDGPLOO UXQQLQJ ZKLFK IRXQG WK
WKH WUHDGPLOO JDLW ZHUH VLPLODU WR RYHUJURXQG JC
GLIIHUHQFHVY EHWZHHQ NQHH NLQHPDWLFV SHDN JURXQG
5LOH\ HW DO IDPE DOVR IRXQG GLIIHUHQFHV |
FRPSDULQJ HUJRPHWHU DQG RQ ZDWHU URZLQJ /DPE

,Q F\FOLQJ PRVW Rl WKH VWXGLHVY KDYH EHHQ XQGHUWDN
ZKLFK LV QRW UHSUHVHQWDWLYH RI WKH WDVN EHLQJ VW
DQ HFRORJLFDO G\QDPLFV WKHRUHWLFDO IUDPHZRUN LW
WKH FRQGLWLRQV GXULQJ WKH H[SHULPHQW DUH DV VLPL
WR VWXG\ VR WKH FRQVWUDLQWY DFWLQJ RQ WKH DWKO}
KRZ DSSOLFDEOH WKH VWXGLHV XQGHUWDNHQ RQ D F\FOL
6RPH RI WKH VSHFLILF GLIIHUHQFHY EHWZHHQ F\FOLQJ RC
WKH WUDFN DUH DLU UHVLVWDQFH ZKHQ PRYLQJ DURXQG
PRYHPHQW RI WKH ELF\FOH DQG WKH ULGHU V\VWHP WUD
RYDO WUDFN ZKHUH WKH EHQGV Rl WKH WUDFN FDQ EH DV
VSULQWLQJ RQ WKH WUDFN WKH ULGHUV DOVR KDYH WR F
ZKLOVW WU\LQJ WR SURGXFH PD[LPDO SRZHU *DUGQHU H'
F\FOLVWV ZHUH JHQHUDOO\ DVNHG WR UHPDLQ VHDWHG 2
WKHLU HIIRUW WKH F\FOLVW ZLOO DGRSW D VWDQGLQJ SR
'DYLGVRQ :DJQHU O0DUWLQ



7KH GLIITHUHQFHV EHWZHHQ ILHOG DQG ODERUDWRU\ F\FO
%YHUWXFFL DQG FROOHDJXHV ZKR IRXQG WKDW PD[LPDO D
VLIQLILFDQWO\ GLITHUHQW ZLWK D KLJKHU UDWH RQ SHUF
FRPSDUHG WR D ILHOG URDG F\FOLQJ WHVWV %HUWXFFL
GLIIHUHQFHV ZHUH DOVR KLJKOLJKWHG IRU %0; F\FOLVWYV
DQG UHGXFHG WLPH WR SHDN SRZHU LQ ILHOG WHVWYV FRI
5\0DQGV 5REHUWYV +XUVW +RZHYHU LQ FRQWUDYV
VLPLODU PD[LPDO WRUTXH DQG SRZHU SHGDOOLQJ UDWH
LQHUWLD HUJRPHWHU DQG ZKHQ F\FOLVWYV SHUIRUPHG D \
WUDFN FRQFOXGLQJ WKDW HUJRPHWHU GDWD FDQ EH XVt
*DUGQHU HW DO +RZHYHU WKH\ GLG QRW UHFRUG ¢
VXFK DV FUDQN IRUFHV MRLQW DQJOHV DQJXODU YHORF!
DFWLYLW\ WKDW FKDUDFWHULVH LQWHUPXVFXODU FRRUG

7KHUH DUH RQO\ WZR ILHOG VWXGLHV RI LQWHUPXVFEXODL
PXVFOH DFWLYLW\ GXULQJ DQ RXWGRRU NP F\FOLQJ W
DQG WKLJK PXVFOH DEWLYLW\ GXULQJ WUDEN F\FOLQJ :D
KLIJKOLJKWHG VHYHUDO GLIIHUHQFHV LQ LQWHUPXVEXODL
ILHOG FRQGLWLRQV %ODNH DQG :DNHOLQJ IRXQG LQWHUI
GHSHQGLQJ RQ WHUUDLQ DQG SDFLQJ VWUDWHJI\ %ODNH
FRQFOXGHG WKDW FDUH VKRXOG EH WDNHQ ZKHQ DSSO\LC
WR RXWGRRU F\FOLQJ DQG KLJKOLJKWHG WKH LPSRUWDQT
ILHOG RU FDUHIXO UHSURGXFLQJ WKH RXWGRRU HQYLURQ
:DNHOLQJ ':DWDQDEH DQG FROOHDJXHV IRXQG VLJIQL
WKH %) PXVFOH IRU WKH ULJKW OHJ FRPSDUHG WR WKH O
7\SLFDOO\ PXVFOH DFWLYLW\ ZRXOG EH DVVXPHG WR EH
KLJKOLJKWLQJ WKH HIIHFW Rl WDVN FRQVWUDLQWYV RQ FR

6WDWLVWLFDO SDUDPHWULF PDSSLQJ
6WDWLVWLFDO SDUDPHWULF PDSSLQJ 630 3DWDN\ L
FRQWHPSRUDU\ ELRPHFKDQLFV VWXGLHVY WR FRPSDUH ELF
FRQGLWLRQV &RO\HU 1DJDKDUD 6DOR -XGVRQ HW
:DUPHQKRYHQ HW DO 630 DOORZV WKH GDWD WR EH
VHULHY DQG QRW MXVW IRU NH\ GLVFUHWH GDWD SRLQWYV



YDULDEOH :DUPHQKRYHQ HW DO S3DWDN\ DQG FROO
WKH FHQWUH RI SUHVVXUH GDWD GXULQJ ZDONLQJ PD\ RE
FRPSDUHG WR XVLQJ 630 WR FRPSDUH WKH ZKROH WLPH V
3DWDN\ HW DO -XGVRQ DQG FR ZRUNHUYV DOVR KLJK
ZKHQ WKH\ FRPSDUHG OHIW DQG ULJKW IRRW JURXQG UHD
LGHQWLILHG DV\PPHWULHYVY EHWZHHQ OHIW DQG ULJKW IR
VWDQFH SKDVH -XGVRQ HW DO

'KHQ LQWHUSUHWLQJ 630 UHVXOWV &RO\HU DQG FROOHDJ
VL]JH KDG WR EH ODUJHU WKDQ QRGHV RI WKH WLPH V
ZKHQ FRPSDULQJ JURXQG UHDFWLRQ IRUFHV LQ VSULQWL ¢
UHVHDUFKHU QHHGV WR XVH WKHLU MXGJHPHQW ZKHQ GH
WKDW FDQ EH FRQVLGHUHG PHDQLQJIXO IRU WKHLU WLPH
WKH RQH GLPHQVLRQDO ' WLPH VHULHV ELRPHFKDQLFDC
WKH 630 DQDO\VLVY DQG FDUH QHHGV WR EH WDNHQ QRW
OHDG WR VI\VWHPDWLFDOO\ ELDVHG ' GDWD \LHOGLQJ KLJ

SRELQVRQ 9DQUHQWHUJKHP &KDOOLYV 630 UHTXLU
WKH GDWD 7KLV SURFHVVLQJ RI WKH GDWD FDQ GLVWRUYV
ODWKLHX 6DGHJKL /IDEHOOH :DUPHQKRYHQ HW DO

SUREOHP IRU JDLW ELRPHFKDQLFDO GDWD ZKHUH WKH GD
JDLW F\FOH DV SDUWLFLSDQWYV KDYH GLIITHUHQW VWULGH
F\FOLQJ WKH ELRPHFKDQLFDO GDWD DUH QRUPDOLVHG W
WKLV VWXG\ WKH SHGDOOLQJ UDWH ZzDV DOVR FRQWUROO
WLPH 7KHUHIRUH F\FOLQJ ELRPHFKDQLFDO WLPH VHULH\
SUREOHPYV DV JDLW ZKHQ WLPH QRUPDOLVLQJ WKH GDWD

6XPPDU\

7KLV SURJUDPPH Rl UHVHDUFK XVHG DQ HFRORJLFDO G\QI
LQYHVWLIJDWH KRZ VWUHQJWK WUDLQLQJ LQIOXHQFHG LQ
VSULQW F\FOLQJ ,Q DFFRUGDQFH ZLWK FRQFHSWYV LQ HFF
QHHG IRU PRUH UHVHDUFK RQ LQWHUPXVFXODU FRRUGLQL
WKH ODERUDWRU\ ZKHUH WKH WDVN DQG HQYLURQPHQWTE
WUDLQLQJ DQG FRPSHWLWLRQ FRQGLWLRQV ,W LV SURSR



LQGLYLGXDO FRQVWUDLQWY RI HDFK DWKOHWH E\ FKDQJL
SDUDPHWHUV PXVFOH IDWLJXH DQG LQWUDPXVEXODU FR
SURJUDPPH Rl UHVHDUFK ZDV WKHUHIRUH XQGHUVWDQG L
LQWHUPXVEXODU FRRUGLQDWLRQ SDWWHUQV GXH WR EKD
VWUHQJWK WUDLQLQJ



&RDFKHVY SKLORVRSKLHVY RQ WKH WUDQV
WR HOLWH VSRUWYV SHUIRUPDQFH

7KLY UHVHDUFK ZDV SXEOLVKHG %XUQLH / %DUUDWW 3 'DY
:KHDW - &RDFKHVY SKLORVRSKLHV RQ WKH WUDQVIHU RI

SHUIRUPDWHUQDWLRQDO -RXUQDO RI 6SRUWYV 6FLHQFH &RDF!

 QWURGXFWLRQ

&RDFKHV Rl VSRUWY UHTXLULQJ PD[LPDO HIIRUW RYHU D
WUDEFN VSULQW F\FOLQJ VSULQW ND\DNLQJ P DQG VS
VWUHQJWK WUDLQLQJ UHSHWLWLYH PXVFOH DFWLRQV DJ
DVSHFW RI DQ DWKOHWHYTV WUDLQLQJ SURJUDPPH *DUFtD
$FFRUGLQJO\ VSULQW DWKOHWHY IURP D UDQJH RI VSRU\
LQ DGGLWLRQ WR VSRUW VSHFLILF WUDLQLQJ *DUFtD 3DC

'"HVSLWH WKH FRPPRQ SUHVFULSWLRQ RI VWUHQJWK WUDL
VKRZV WKDW WUDQVIHU WR VSRUWYV SHUIRUPDQFH YDULH"
*HQHUDOO\ WKHUH LV SRVLWLYH WUDQVIHU WR VSRUWYV ¢
-HQNLQV IRXQG VWUHQJIJWK WUDLQLQJ LPSURYHG P VWD

%OD]JHYLFK -HQNLQV +RZHYHU VRPHWLPHVY WKHUH
WUDQVIHU L H VWUHQJWK WUDLQLQJ LV GHWULPHQWDO
<RXQJ ORLU DQG FROOHDJXHV IRXQG D VLPLODU VWL

ZRUVHQHG P DFFHOHUDWLRQ WLPH LQ DQ HTXLYDOHQW

BWUHQJWK WUDLQLQJ LQFUHDVHY PXVFOH VWUHQJWK DQC
_.UDHPHU VR WKH IRFXV Rl QRQ VSHFLILE VWUHQJWK
VWUHQJWK H[HUFLVHV WKDW DUH QRW VSHFELILF WR WKH "
OHJ SUHVV LV RIWHQ RQ WKHVH PXVFXODU DGDSWDWLRQ
FDXVHV QHXUDO DGDSWDWLRQV VXFK DV UHFUXLWPHQW
KLJKHVW WKUHVKROG PRWRU XQLWVY LQFUHDVHG PRWRU
WHQGHQF\ Rl PRWRU XQLWV WR ILUH VIQFKURQRXVO\ FRC



FRRUGLQDWLRQ &DUUROO HW DO 6DOH =DWVLR
QHXURPXVFXODU DGDSWDWLRQV DUH ZHOO FRUUHODWHG
ORFRPRWLYH VSRUWV H J VSULQW F\FOLQJ UXQQLQJ NI
SRZHU RI HOLWH VSULQW F\FOLVWV IRU H[DPSOH LV VWU
ZKLFK LQ WXUQ LV FRUUHODWHG ZLWK OHDQ OHJ YROXPF
DVVHVVHG E\ WKH DPRXQW RI PDVV WKDW FDQ EH OLIWHC
PHDVXUHG LQ WKLV H[DPSOH E\ WKH LVRPHWULF PLG WKL
VSULQW F\FOLQJ SRZHU DQG VSULQW F\FOLQJ WLPHV 6WF
EHWZHHQ GHWHUPLQDQWY RI VWUHQJWK DQG VSRUWYV SH
DQG URZLQJ .XPDJDL HW DO 6ODWHU HW DO

'HVSLWH EHQHILFLDO QHXURPXVFXODU DGDSWDWLRQV VF
LQWHUPXVFXODU FRRUGLQDWLRQ PD\ H[SODLQ WKH UHGX
DVVRFLDWHG ZLWK VWUHQJWK WUDLQLQJ ,QWHUPXVFXOD
WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRUW SHUIRUPDC
VWUHQJWK IURP VWUHQJWK WUDLQLQJ PD\ QHHG WR EH D
LQWHUPXVEXODU FRRUGLQDWLRQ WR LPSURYH VSRUW SH!
%REEHUW DQG 9DQ 6RHVW ZKR VKRZHG WKDW DQ LQFUHD)
DFFRPSDQLHG E\ D FKDQJH LQ LQWHUPXVEXODU FRRUGLQ
KHLJKW WR LQFUHDVH %REEHUW 9DQ 6RHVW 7KLV
QHHG WR FKDQJH LQ UHVSRQVH WR FKDQJLQJ FRQVWUDLQ
NH\ LGHDV LQ HFRORJLFDO G\QDPLFV DQG 1HZHOOYV PRGI|
1HZHOO SURSRVHG WKDW SDWWHUQV RI FRRUGLQDWLRQ +
DQ LQGLYLGXDO GXULQJ DFWLRQ &RQVWUDLQWY DUH ER>
RUJDQLVDWLRQ RI HPHUJHQW FRRUGLQDWLRQ SDWWHUQV
WUDLQLQJ PD\ EH H[SHFWHG WR FKDQJH WKH LQGLYLGXDC
FKDQJLQJ PXVFOH VWUHQJWK ERG\ VHIJPHQW SDUDPHWHL
FRRUGLQDWLRQ 6HFRQG PXVFOH UHFUXLWPHQW SDWWH!L
WDVN FRXOG UHWDUG VSRUWY SHUIRUPDQFH ZKHQ H[SUH\

&DUUROO HW DO RU H[DPSOH WKH VWUHQJWK WU
FRPPRQO\ FRQVLVWYV RI QRQ VSHFLILF VWUHQJWK WUDLQL
DQG OHJ SUHVVHV 3DUVRQV 7KHVH H[HUFLVHV KRZ

LOWHUPXVFXODU FRRUGLQDWLRQ SDWWHUQV FRPSDUHG V



,Q WKLV ZzD\ H[WHQVLYH QRQ VSHFLILF VWUHQJWK W
FRRUGLQDWLRQ VXFK WKDW F\FOLQJ SHUIRUPDQFH LV UH(
E\ WKH WUDLQLQJ SULQFLSOH RI VSHFLILFLW\ ZKLFK VWD
UHVHPEOHVY D VSRUW PRYHPHQW WKH JUHDWHU WKH WUD
DWKOHWHY <RXQJ =DWVLRUVN\ _UDHPHU

7KH PRWLYDWLRQ IRU FRQGXFWLQJ WKLV VWXG\ ZDV VLPS
SURJUDPPH Rl UHVHDUFK WR H[DPLQH KRZ WR LQWHJUDW!
FRRUGLQDWLRQ WUDLQLQJ ZDV FRQGXFWHG WKH DLP ZD\
H[LVWLQJ NQRZOHGJH DQG LGHDV WKDW XQGHUSLQQHG H
LQWHJUDWLRQ ,Q HVVHQFH WKLV LV FRQVLGHUHG WR EH
SUDFWLFH RI HOLWH FRDFKHV GHVLJQ RI VWUHQJWK DQG
LQ VSRUWV VXFK DV F\FOLQJ *HDULW\

(OLWH FRDFKHVY DQG DWKOHWHY DUH KLJKO\ PRWLYDWHG
DQG LPSURYH WKHLU WUDLQLQJ SURWRFROV WR DFKLHYH
VSRUWV SHUIRUPDQFH 7KLV JURXSYTV SKLORVRSKLHV PD\
HEHVW SUDFWLFHY +HUH D TXDOLWDWLYH DSSURDFK ZD)\
FRDFKHVY H[SHULHQWLDO NQRZOHGJH DQG LQVLJKWV DQ
VFLHQFH UHVHDUFK WR SURYLGH LQVLJKWY WR HQKDQFH
UHVHDUFK *UHHQZRRG 'DYLGVY 5HQVKDZ “-RQHV %]
3KLOOLSV 'DYLGV 5HQVKDZ 3RUWXV $OVR WKHUF
OLWHUDWXUH DERXW HOLWH FRDFKHVY DSSURDEKHV WR V
$ VHOHFWLRQ RI VSRUWV GHPDQGLQJ PD[LPDO HIIRUW RY!
IRU DQDO\VLV DV WKHUH DUH FOHDU SDUDOOHOV EHWZHH
EH VIQWKHVL]HG 7KH DLP RI WKLV VWXG\ WKHUHIRUH ZC
SKLORVRSKLHV UHJDUGLQJ VWUHQJWK WUDLQLQJ DQG WK
DIIHFW WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRUW SH!

OHWKRGYV

TKLUWHHQ SDUWLFLSDQWYV PDOH DQG IHPDOH ZHUH LU
EDVHG VDPSOLQJ 3DWWRQ 7KH FULWHULD ZDV WKD
RU DWKOHWHY LQ WKH VSRUWV RI WUDFN VSULQW F\FOLQ



DWKOHWLFV VSULQWLQJ 7KH SDUWLFLSDQWY ZHUH FRPSH
7KH FRDFKHVY DOO ZRUNHG DW LOQWHUQDWLRQDO OHYHO D
VHQLRU VTXDGV ZLWK VRPH VSHFLDOLVLQJ LQ VWUHQ.
HISHULHQFH UDQJHG IURP WR \HDUV 6L[ RI WKH FRD|
20\PSLF *DPHV ZLWK ILYH KDYLQJ FRDFKHG 20\PSLF PHGI
20\PSLF PHGDOOLVWY ZKR KDG FRPSHWHG DW LQWHUQDW
SDUWLFLSDQWY ZHUH UHFUXLWHG WKURXJK D KLJK SHUIR
HOLWH VSRUWYV FOXE DQG ZHUH SURYLGHG ZLWK WKH GHYV
IRUP 7KH VWXG\ ZDV DSSURYHG E\ WKH 6KHIILHOG +DOOD
DQG :HOOEHLQJ 5HVHDUFK (WKLFV 6XE &RPPLWWHH

7TR DGGUHVV WKH UHVHDUFK DLP D FRPELQDWLRQ RI HSLV
RQWRORJLFDO UHODWLYLVP WR LQIRUP D LQWHUSUHWLYL

6SDUNHYV 6PLWK 7KH LOQWHUYLHZV ZHUH VHPL VWU
TXHVWLRQV WR DOORZ SDUWLFLSDQWY WR H[SUHVV WKRX
6PLWK 7KH OLVW RI TXHVWLRQV WKDW IRUPHG WKH |

JHQHUDO ZDUP XS TXHVWLRQV RQ VSRUW EDFNJURXQG DQ
VSHFLILF TXHVWLRQV DVNLQJ DERXW FRDFKLQJ SKLORVRSE
WUDLQLQJ SURJUDPPHV VWUHQJWK WUDLQLQJ DQG WKH
SHUIRUPDQFH UHIHU WR $SSHQGL] IRU LQWHUYLHZ JXL
WR REWDLQ PRUH GHWDLO 6SDUNHV 6PLWK $ SLOR
DVVHVV TXHVWLRQ VXLWDELOLW\ $00 LQWHUYLHZV ZHUH
WRRN SODFH DW WKH SDUWLFLSDQWYfV SODFH RI ZRUN ,Q
PLQXWHV LQ OHQJWK PHDQ PLQXWHV DQG ZHUH UHFRU

7KH LQWHUYLHZY ZHUH WUDQVFULEHG YHUEDWLP DQG VPI
LPSURYH WKH IORZ RI WKH WH[W 7R HQKDQFH GDWD WUX"
FKHFNLQJ ZDV FDUULHG RXW /LQFROQ *XED JRU W
VHQW WR SDUWLFLSDQWYV WR FKHFN IRU DFFXUDF\ FRUUF
IRU FODULILFDWLRQ RQ DQ\ WUDQVFULSW SDVVDJHV ZKHU

7KH SULPDU\ UHVHDUFKHU XQGHUWRRN DQ LQLWLDO DQDC
LOQGXFWLYH UHDVRQLQJ LQ WKH VRIWZDUH SURJUDPPH 19
DOORZHG WKH SULPDU\ UHVHDUFKHU WR LGHQW'L. I\ HPHUJ|



LQWHUYLHZ D GHFOLQH LQ QHZ LQIRYWRDMWHBRQLARY REVHU
WKHRUHWLFDO VDWXUDWLRQ ZDV LGHQWLILHG DV DOO QH
VIVWHP ZLWKRXW WKH HPHUJHQFH Rl QHZ WKHPHV &RWH

$ WKHPDWLF DQDO\VLV ZDV FRQGXFWHG %UDXQ &ODUNF
6PLWK 'DWD ZHUH LQLWLDOO\ FRGHG LQWR UDZ WKH
ORZHU DQG KLJKHU RUGHU WKHPHY 7KHPHV ZHUH UHZRU?!
UHYLHZLQJ JHQHUDWHG WKHPHY DQG WKH RULJLQDO GDYV
RXWSXW WUXVWZRUWKLQHVY ZDV DQDO\WW WULDQJXODWI
DQDO\WHG D VDPSOH RI WKH LOQWHUYLHZ WUDQVFULSWYV L
JHQHUDWHG ZLWK WKH UHVHDUFK WHDP EHIRUH ILQDO WK

SHVXOWYV

.H\ WKHPHV HPHUJLQJ IURP LOQWHUYLHZ GDWD ZHUH JURX:
pWUDQVIHU RI VWUHQJIJWK WUDLQLQJ WR VSRUWYVY SHUIRUP
UHYHDOHG LQLWLDO GDWD QRGHV IXUWKHU JURXSHG L
&RDFKHVY SKLORVRSKLHV ZHUH VLPLODU DOWKRXJK NH\
LQFOXGHG TXDQWLW\ DQG VFKHGXOLQJ RI WUDLQLQJ VHV

BWUHQJWK 7UDLQLQJ
&RDFKHVY EHOLHYHG WKDW QRQ VSHFLILF VWUHQJWK WUD
DWKOHWHVY PXVFOH VL]H DQG VWUHQJWK )LIXUH 7Kl
WUDLQLQJ ZDV PXVFOH OHYHO DGDSWDWLRQV W\SLFDOO!
KLJKOLJKWHG E\ WKH IROORZLQJ FRDFKHYV

% LJIJHU PXVFOHVY DUH JHQHUDOO\ VWURQJHU PXVFOH
SUHVHDVRQ LV DERXW PXVFOH PDVV QRW W\SLFDO K\:
EXW ZH DOVR ZDQW VWUHQJWK DV ZHOO 6R LW V REY
LW V RXU SKLORVRSK\ WKDW VL]H LV RQH RI WKH ELJJ

KRZ VWURQJ WKH PX¥RARBDEZK OO EH °



:H DUH LQ WKH J\P IRU K\SHUWURSK\ DQG PXVFOH PI

D ELJJHU VWURBJIHWGRXNKOH -

SDUWLFLSDQWY DOVR VWDWHG WKDW DQ DWKOHWHTV H[S
WKHLU VSRUW

S6WUHQJWK IRU DQ > DWKOHWH@ LV GLITHUHQW WR VW

WDVN VSHFLBLEB FRDFK

8>:H QHHG@ H[SORVLYH SRZHU EXW ZH QHHG WKH ED

WKHQ WKDW QHHGV WR EH VI\QFKURQLRILFKLWK WKH |

'XULQJ SUHVHDVRQ WUDLQLQJ WKH FRDFKHVY IRFXV ZDV L
DQG VWUHQJIJWK %HFDXVH RI WKLV QRQ VSHFLILF VWUHQ
SURJUDPPHV DV WKLV FRDFK H[SUHVVHYV

S*HQHUDOO\ DW WKH VWDUW RI >WKH SUH VHDVRQ@ «
WKH J\P WKUHH WLPHV D ZHHN DQG « >KDYH VSRUW V.

SUREDEO\ WZLFH D ZHHN ZKLFB LV&RDIFKWHQDQFH UHTI

+RZHYHU GXULQJ WKH FRPSHWLWLYH VHDVRQ WKH DLP Z
E\ UHGXFLQJ WKH QXPEHU DQG YROXPH RI J\P VHVVLRQV
RI WKH VWUHQJIJWK DQG FRQGLWLRQLQJ FRDFKHV KLJKOLJ

36R IRU >J\P VHVVLRQV FORVH WR FRPSHWLWLRQ@ G
PDLQWDLQLQJ LOQWHQVLW\ « DQG LQFOXGLQJ VRPH «

HITRUWWZ 6 & FRDFK

&RDFKHV WA\SLFDOO\ WDONHG RI SUHVFULELQJ QRQ VSHFL
VHVVLRQV IRU H[DPSOH VTXDW OHJ SUHVV GHDGOLIW E



5% HLQJ DQ XSSHU ERG\ VSRUW EHQFK SUHVV EHQFK
ZRXOG EH « LQ DQ\ ND\DN SURJUDPPH IURP FOXE WR

3 6 & FRDFK

$)URP D J\P VWUHQJWK VLGH RI WKLQJV ZH KDYH VWL

OLIWV VR WKLQJV OLNH VTXD®W #G6RBRGERDWK WUDS ED

S3UHIHUDEO\ PRVW RI >WKH VWUHQJWK WUDLQLQJ@ L

SULPDU\ PRYHPHQWY VTXDW GBDGGRIMWNKFOHDQV OH

:KHQ LQFUHDVHG VSHFLILFLW\ ZDV GHVLUHG UDWKHU WK
PRUH VSRUW VSHFLILF L H E\ PLUURULQJ WKH VSRUW PF
SUHIHUUHG WR DGG UHVLVWDQFH WR VSRUWLQJ PRYHPHQ
PRYHPHQWYVY ZRXOG EH UHVLVWHG URZLQJ UHVLVWHG UXC
UHVLVWDQFH SHGDOOLQJ

S3DUDFKXWH RU D EXFNHW RIIl WKH ERDW VR WKH\ ZR)

ZRUN EXW LW ZRXOG EH L@ WKERBRQWH[W RI URZLQJ "~

S5HVLVWDQFH UXQQLQJ + KLOOV « >DQG@ VOHGJH ZR
WKRXJK , GRQ W GR DQ\ PRUH WKDQ P LQ D UHS ZLW

WRR PXFK ZHLJKW RQ&RIDWKHU °

&RDFKHV EHOLHYHG WKDW WKLV UHVLVWHG VSRUW PRYHPF
QRQ VSHFLILF VWUHQJWK WUDLQLQJ H[HUFLVHV DV WKH\
WKH VSRUW $FFRUGLQJO\ WKHVH VHVVLRQV ZHUH XVHG

VWUHQJWK WUDLQLQJ DQG VSRUWYV SHUIRUPDQFH DV WKL

S6R IRU D FRXSOH RI WKRVH DWKOHWHYV WKH J\P VWU)

EHWZHHQ WZR RU WKUHH VHVVLRQV D ZHHN LQ D KHD



EORFN ZLWK VRPH >UHVLVWHG PRYHPHQW WUDLQLQJC

PXFK FURVVRYHU DV ZH3FDQ&R® MKKDW SHULRG °

2Q0\ WZR SDUWLFLSDQWY LQFOXGHG J\P HIHUFLVHV WKDYV
WKH FRRUGLQDWLRQ DVSHFWV WUDQVIHUUHG

37TKHUH DUH VRPH DWKOHWHY WKDW DUH GRLQJ VOLJFk
OLNH 5/ V >5RPDQLDQ GHDGOLIWV@ RU WKH ILUVW S>
ZKLFK DUH YHU\ VLPLODU >WR WKH VSRUWYV PRYHPHQ
VRPH WUDQVIHU DQG WKHUH LV FRRUGLQDWLRQ DVSH

XVHI®O+ 6 & FRDFK

,Q FRQWUDVW DV KLIKOLJKWHG E\ WKH IROORZLQJ TXRWI
J\P VHVVLRQV LV WR LQFUHDVH PXVFOH VL]H DQG VWUHQ.
LPSURYLQJ H[SORVLYLW\ DQG FRRUGLQDWLRQ

8, WKLQN P\ YLHZV DQG P\ SKLORVRSKLHV «« KDYH FK
DQG \HDUV DJR , ZRXOG KDYH KDG D VWURQJHU « YLH
GLIITHUHQW ZD\ ZKHUH LW ZDV PRUH VWUHQJWK EDVHC
HIHUFLVHV « FKDQJHG DIWHU WKH VWUHQJWK SHULRG
DQG OLIWHG UDSLGO\« :KHUHDV QRZ « ZH DLP IRU V
WKH J\P EXW WKH LPSRUWDQFH RI WKH ELNH LQ WKH
ZKLFK UHDOO\ PDNHV VHQVH ZKHQ \RX WKLQN DERXW
FRRUGLQDWLRQ DQG WKH H[SORVLYLW\ WKDW \RX ZDC
DQG VR ZH PDQLSXODWH WKH YROXPH RI WKDW ZRUN
WKH WUDLQLQJ ZHHN UDWKHU WKBQ WU\ DQG JR D

&RDFK



JLIXUH 6WUHQJIJWK WUDLQLQJ ORZHU DQG KLJKHU RUG
1XPEHU RI HISHUW VRXUFHV LQ EUDFNHWYV

7TUDQVIHU RI VWUHQJIJWK WUDLQLQJ WR VSRUWYVY SHUIR
SDUWLFLSDQWY EHOLHYHG WKDW WKH WUDQVIHU RI VWUH
DV VLPSOH DV DWKOHWHYV JHWWLQJ VWURQJHU LQ WKH J\]
WKHLU VSRUW )LJXUH 7TKHUHIRUH WKH\ GLG QRW EHC(
EHWZHHQ pJ\P VWUHQJWKYTY DQG VSRUWYV SHUIRUPDQFH D1
VWUHQJWKY GLG QRW WUDQVIHU WR SHUIRUPDQFH VSHHG

3, KDYH NQRZQ DWKOHWHYV WKDW FDQ OLIW D ORW PR
RQ WKH >WUDFN@ VR LW OHDGV PH WR WKLQN IRU PH

GLUHFW FRUUHODWLRQ DOWKRXJK IRU VRPH SHRSOH



WKDW , DP FRDFKLQJ LW VHHPV WR EH WKDW KH KDV |
SURJUHVVLRQ LQ WKH J\P LQ WHUPV RI KLV 50 VTXD\
WUDQVODWH GLUHFWO\ WR WKH >WUDFN@ ZLWKRXW L

3 +* $WKOHWH

&RDFKHV LGHQWLILHG VHYHUDO WUDLQLQJ SURWRFROV L
WKRXJKW DIIHFWHG WKH WUDQVIHU HIIHFWLYHQHVV DQG

,QFOXGLQJ VSHHG DQG WHFKQLTXH VHVVLRQV GXULQ.
SKDVH ZDV RQH Rl WKH WUDLQLQJ SURWRFROV FRDFKHV V

S6R LQ WKH VSULQJ SHULRG ZH ZRXOG DGG LQWR WKH
SURJUDPPH VRPH PD[LPDO ERXWV RI VSULQW ZRUN RQC
RUGHU WR PDNH VXUH J\P ZRUN LV UHOHYDQW WR D P

PRYHPHQW &RDFK

) RU D FRXSOH RI WKRVH DWKOHWHYV «« LQ D KHDY\ J\
EORFN LQFOXGH PD\EH LWV D VW\OH RI ZDUP XS RU :
UHFRYHU\ VHVVLRQ RQ WKH ELNH ZH VKRXOG KDYH D
OLWWOH ELW RI DFFHOHUDWLRQ LQ WKHUH ZLWK D JH
6R ZH DUH VWLOO NHHSLQJ UHODWLYHO\ ILW WKHUH

DQRG VSHHG ZRUN LQ WKHUH EXW3WK&RDIFKLY JHWWLQ

2QH IDFWRU DIITHFWLQJ WUDQVIHU RI VWUHQJWK WUDLQLC
KHDY\ VWUHQJWK WUDLQLQJ ZKLFK PHDQW WKDW DQ HQV
REVHUYH SHUIRUPDQFH EHQHILWY DV D FRDFK SURSRVHG

3, GRQ W WKLQN \RX VHH DQ\ >LPPHGLDWH@ WUDQVIH

DPRXQW RI IDWLIJXH WKDW WKH VWUHQJWK SODFHV W



ZKHUH \RX GR VHH WKH EHQHILWYV LV ZKHQ \RX IUHVKI

\RX VHH WKRB UHZPLRX "’

SDUWLFLSDQWY DOVR KLIJIKOLJKWHG VSRUWYV WHFKQLTXH

8:H KDYH DOUHDG\ WDONHG DERXW WKDW WKH LQIOXH
VHHQ D ORW Rl SHRSOH ZKR KDYH JRW PRUH VWUHQJ\
DOQ\WKLQJ RQ WKH ZDWHU VR LW LV QRW MXVW D ORC
WKHUH LV VRPHWKLQJ HIWUD WKDW KDV WR FRPH ZLW
VWUHQJWK (YHQ LQ WKH PRVW VSHFLILF H[HUFLVHV =
LV IDU IURP WKH JLYHQ VR LW FDQ EH WLPH SRRUO\ |

GRZQ DW DGWKOHWH

S6R \RXU WHFKQLTXH QHHGV WR DGDSW WR JR ZLWK

L, QWHUYLHZHU

8<HDK H[DFWO\ ERWK LQ WHUPV RI PBRYHPHQW VSHHC

$WKOHWH

SDUWLFLSDQWY DOVR EHOLHYHG WKDW VSHHG DQG WHFKC
DWKOHWHYfVY WUDLQLQJ SURJUDPPH WR PDLQWDLQ WHFKQ
QRQ VSHFLILF VWUHQJIJWK WUDLQLQJ ZDV SULRULWLVHG L
WUDQVIHU RI pJ\P VWUHQJWKY WR VSRUWYV SHUIRUPDQFH

S6R LI ZH WRRN DQ DWKOHWH DQG VDLG 35LJKW ZH QI
ZH DUH JRLQJ WR VSHQG WKH ZKROH \HDU WU\LQJ WR
WKDW V SRVVLEOH WR GR ZLWK DOPRVW DQ\ DWKOHW
WHDFKLQJ WKHP« >PRYHPHQW@ G\QDPLFV « RU VSHE

MXVW JHW VORZHU IURP E&ERQEKVWURQJHU ~



&RDFKHV DOVR EHOLHYHG WKDW WKH WUDQVIHU SHULRG |
LPSURYHG VSRUWYVY SHUIRUPDQFH ZDV LQGLYLGXDO DQG F
H[SUHVVHG

3, GR WKLQN WKHUH LV D ORW RI LQGLYLGXDO UHVSR(
DWKOHWHY ZKR DUH IXQGDPHQWDOO\ GLITHUHQW WR |

EH DEOH WR WHV& FRR® FK

S,WfV D IDLUO\ ORQJ WUDQVLWLRQ >IURP QRQ VSHFLI
LPSURYHG VSRUW SHUIRUPDQFH@ DQG WKHUH KDV GF
ZKHUH ZH KDYH JRW DWKOHWHY VWURQJHU EXW QRW
GHILQLWHO\ EHHQ SHULRGV ZKHUH ZH KDYH JRW DQ D

VWURQ3HU&RDEFK

)LIXUH 7TUDQVIHU RI VWUHQJIJWK WUDLQLQJ WR VSRUW!'
RUGHU WKHPHV
1XPEHU RI H[SHUW VRXUFHV LQ EUDFNHWYV



'LVFXVVLRQ

7KH SKLORVRSK\ DQG LGHRORJ\ EHKLQG VWUHQJWK WUDL
LQ VSRUWY GHPDQGLQJ PD[LPDO HIIRUW RYHU D VKRUW S
PDLQ ILQGLQJV VXJIJHVW WKDW FRDFKHV YLHZHG WDVN VE
SHUIRUPDQFH DQG WKDW WKLV LV WA\SLFDOO\ DFKLHYHG
VWUHQJWK WUDLQLQJ bQG UHVLVWHG VSRUW PRYHPHQW

7KH FRDFKHVY UDWLRQDOH IRU LQFOXGLQJ QRQ VSHFLILF
SURJUDPPHV ZDV SUHGLFDWHG RQ PXVFOH OHYHO DGDSW
VWUHQJWK D QRWLRQ FOHDUO\ VXSSRUWHG LQ WKH VFLH
VWUHQJWK WUDLQLQJ &DUUROO HW DO 5iQQHVWDG
OXVFOH VL]H DQG VWUHQJWK KDYH EHHQ FRUUHODW
PD[LPDO VSRUWV IXUWKHU VXSSRUWLQJ WKH FRDFKHVY S
HW DO $ IHZ SDUWLFLSDQWYV VSHFLILFDOO\ PHQWLR
DFKLHYH QHXUDO DGDSWDWLRQV ZKLFK W\SLFDOO\ LPSUR
LPSRUWDQW LQ H[SORVLYH VSRUWY WKDW UHTXLUH KLJK
DO &RUPLH HW DO E 'HVSLWH VWUHQJWK WUDL
RWKHU DGDSWDWLRQV ZKLFK FRQWULEXWH WR LQFUHDVH
PXVFOH WHQGRQ VWLIIQHVY DQG FRPSOLDQFH WHQGRQ S
DQG PXVFOH DUFKLWHFWXUDO FKDQJHV $DJDDUG HW
VSHFLDOO\ UHIHU WR WKHVH DGDSWDWLRQV

2Q0\ D IHZ FRDFKHY DSSOLHG WKH WUDLQLQJ SULQFLSOH
GHVLJIJQLQJ J\P H[HUFLVHV FRQWUDVWLQJ ZLWK VRPH SUF
VSHFLILFLW\ RI WKH VWUHQJWK WUDLQLQJ QHHGV WR LQF
VSRUWYV SHUIRUPDQFH %RVEFK <RXQJ =DWVLRUV
FKRVH J\P H[HUFLVHV WR LQFUHDVH VWUHQJWK RI PXVFO}
+RZHYHU FRDFKHV VXSSOHPHQWHG WKHVH H[HUFLVHV ZL
XVLQJ WKH VSRUW PRYHPHQW ZLWK DGGHG UHVLVWDQFH
DSSURDFK KDV EHHQ VXJJHVWHG LQ WKH OLWHUDWXUH D\
SXPSI HW DO <RXQJ



&RDFKHV SHUFHLYHG WKDW WKHUH ZDV QRW D GLUHFW FF
VWUHQJWKY DQG LPSURYHG VSRUWLQJ SHUIRUPDQFH 7KL
WKDW QRQ VSHFLILF VWUHQJWK WUDLQLQJ LV LPSRUWDQ\
+RZHYHU WKH\ DFNQRZOHGJHG WKDW WKH WUDQVIHU RI \
LV QRW LQHYLWDEOH DQG WKDW WKH FRUUHFW WUDLQLQ.
DQG WHEKQLTXH VHVVLRQV GXULQJ D VWUHQJWK WUDLQL
VXFFHVVIXO WUDQVIHU Rl VWUHQJWK 7KH EHOLHI WKDW \
LQFUHDVHG pJ\P VWUHQJWKYT DQG LPSURYHG VSRUWLQJ S
ILQGLQJV VKRZLQJ WKDW WUDQVIHU RI VWUHQJWK WUDLQ
&DUUROO HW DO <RXQJ &RDFKHV LGHQWLILHG
FRQVLGHUHG WR LQIOXHQFH WUDQVIHU 6SHFLILFDOO\ W
UHGXFHG WUDLQLQJ ORDG LV UHTXLUHG WR UHGXFH IDWL
VWUHQJWK WUDLQLQJ D QRWLRQ ZKLFK LV VXSSRUWHG L
=DWVLRUVN\ .UDHPHU

&RDFKHV DOVR FRQVLGHUHG WKH UROH Rl FRRUGLQDWLR
WKDW LW ZDV LPSRUWDQW WR PDLQWDLQ DQ DWKOHWHTV
FRRUGLQDWLRQ DQG PRYHPHQW SDWWHUQV DQG VSHHG ¢
DJUHHPHQW ZLWK WKLV LGHD VRPH UHVHDUFKHUV FRQVL
UROH LQ DFKLHYLQJ VXFFHVVIXO WUDQVIHU RI VWUHQJWK

&DUUROO HW DO &DUUROO HW DO IRU H[DPSOH
FRRUGLQDWLRQ KDV D UROH WR SOD\ LQ WUDLQLQJ WUDQ
RFFXU LI WKH LQWHUPXVFXODU FRRUGLQDWLRQ SDWWHUC
SHUIRUPDQFH &DUUROO HW DO %H\RQG DVSHFWV R
VRPH UHVHDUFKHUV KDYH VXJJHVWHG WKDW LQWHUPXVFX
PHFKDQLVP WR H[SODLQ WKH WLPHIUDPH * DV LGHQWLILH
LQYHVWLIDWLRQ * EHWZHHQ LQFUHDVHG VWUHQJWK DQG
DQG 9DQ 6RHVW IRU H[DPSOH XVHG D PXVFXORVNHOHWD
LQFUHDVH LQ OHJ VWUHQJWK PXVW EH DEFFRPSDQLHG E\ D
LQ RUGHU IRU YHUWLFDO MXPS KHLJKW WR LQFUHDVH %R
HDFK DWKOHWH QHHGVY WR DGDSW LQWHUPXVEXODU FRRU
XQLTXH VHW RI SRUJDQLVPLF FRQVWUDLQWY' H J PXVFO}
YHU\ ZHOO GHVFULEHG E\ WKH HFRORJLFDO G\QDPLFV WK|



PRGHO RI FRQVWUDLQWY 1HZHOO 7TKH DVVRFLDWHG
FRRUGLQDWLRQ DGDSWDWLRQ PD\ WKHUHIRUH H[SODLQ
VXFFHVVIXO WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRU
FRDFKHV LQ WKH SUHVHQW VWXG\

7KLY VWXG\ bDGGHG WR WKH OLWHUDWXUH H[DPLQLQJ H[SH
XQGHUVWDQGLQJ RI D VDPSOH RI HOLWH FRDFKHV LQ KLJI
UHVHDUFK LV QHHGHG WR GHWHUPLQH WKH UHODWLYH LP
FRDFKHV WKDW DIIHFW WUDQVIHU RI VWUHQJIJWK WUDLQLQ
FRDFKLQJ SUDFWLFH 7KLV ZRXOG DOORZ WKH GHYHORSP/|
KRZ EHVW WR FRPELQH WKH EHQHILWY RI QRQ VSHFLILF V
PXVFOH OHYHO DGDSWDWLRQV ZLWK VSRUW VSHFLILF WU
WHFKQLFDO DELOLW\ WR SHUIRUP D VSRUW PRYHPHQW 7tk
UHFUXLWHG IURP VSRUWYV WKDW UHTXLUH PD[LPDO HIIRUYV
LQYROYH D F\FOLFDO DFWLRQ IRU HI[DPSOH VWURNH LQ U
DQG FUDQN UHYROXWLRQ LQ SHGDOOLQJ DQG DUH UHODYV
QRW FOHDU ZKHWKHU WKH ILQGLQJYV PD\ EH DSSOLFDEOH
VSRUWY VXFK DV WHDP JDPHV ZKLFK FRQWDLQ PRUH RSt
PDI[LPDO EXUVWYV RI HIIRUW 7KHVH PD[LPDO EXUVWYV RI H!
LQWHUPLWWHQWO\ UHSHDWHG WKURXJKRXW D ZKROH FRP
VSRUWYVY LQ WKLV VWXG\ ZKLFK UHTXLUH RQH DOO RXW HII

&RQFOXVLRQ

7KH PDLQ ILQGLQJV DUH WKDW FRDFKHV YLHZ WDVN VSHF
SHUIRUPDQFH DQG WKDW WKLV LV EHVW DFKLHYHG ZLWK
WUDLQLQJ DQG UHVLVWHG K RUM @WRINHP R Q WWW Hl QU @/LKQW U
SHUIRUPDQFH ZDV EHOLHYHG WR EH D FRPSOH[ SURFHVYV
DQG FRRUGLQDWLRQ KDYLQJ SDUWLFXODU LPSRUWDQFH

FRRUGLQDWLRQ LV VXSSRUWHG E\ D WKHRUHWLFDO PRGH
VWUHQJWK IURP VWUHQJWK WUDLQLQJ PD\ QHHG WR EH D
LQWHUPXVFXODU FRRUGLQDWLRQ WR LPSURYH VSRUW SHI
7KH LGHD WKDW HDFK DWKOHWH QHHGVY WR DGDSW LQWH!L
FKDQJH LQ KLV KHU XQLTXH VHW RI *RUJDQLVP FRQVWUDL



GHVFULEHG E\ WKH HFRORJLFDO G\QDPLFV WKHRUHWLFDO
FRQVWUDLQWY 1HZHOO

7KH FRDFKHVY H[SHULHQWLDO NQRZOHGJH DQG WKH IDFW
LQ WKH WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRUWYV S
LQWHUSUHWDWLRQ RI WKH VWUHQJWK WUDLQLQJ LQWHUY



&RPSDULVRQ RI ELRPHFKDQLFDO GDWD RI
YHORGURPH DQG LQ WKH ODERUDWRU\

,QWURGXFWLRQ

,Q ELRPHFKDQLFV UHVHDUFK WKH PHDVXUHPHQW RI NH\ Y
W\SLFDOO\ XQGHUWDNHQ LQ ODERUDWRU\ VHWWLQJV DO\
UHYHDOHG GLIIHUHQFHV ZLWK PHDVXUHV UHFRUGHG LQ D
UXQQLQJ DQG URZLQJ %DUULV HW DO %XWWRQ OR\
&XVXPDQR &DYDQDJK 6WHUQDG IDPE 5LOH\ H

SURSRVHG WHHSARQAHBMDRILYH HUSHHUPHQW V& @/HK\HL
GHVLJQ RI H{[SHULPHQWDO WDVN FRQVWUDLQWY VR WKDW
ZKLFK WKH UHVXOWV RI DQ LQYHVWLJDWLRQ DUH LQWHQG
%UXQVZLN 3LQGHU HW DO 7KLV LGHD LV LQ DFF
G\QDPLFV WKHRUHWLFDO IUDPHZRUN DQG 1HZHOOYfV PRG}
LPSRUWDQW WR VWXG\ DWKOHWH EHKDYLRXUV XQGHU VSt
WKDW IDLWKIXOO\ VLPXODWH FRPSHWLWLYH SHUIRUPDQF!
TXHVWLRQV RI VSHFLILFLW\ Rl PRYHPHQW FRRUGLQDWLRC
ODERUDWRU\ WDVN FRQVWUDLQWY H J ZKHQ XVLQJ HUJI
SHUIRUPDQFH HQYLURQPHQW

7R H[HPSOLI\ LQ ELRPHFKDQLFDO DQDO\VHV RI F\FOLQJ S
LQYHVWLIJDWHG PRYHPHQW EHKDYLRXUV RQ DQ HUJRPHW!
UHSUHVHQWDWLYH RI F\AFOLQJ RQ D WUDFN RZLQJ WR WKF
FRQVWUDLQWY EHWZHHQ VSULQWLQJ RQ D ODERUDWRU\ H
YHORGURPH ,Q SUHYLRXV ZRUN *DUGLQHU DQG FROOHDJ
SRZHU SHGDOOLQJ UDWH UHODWLRQVKLSY EHWZHHQ VSUL
F\FOLVWV SHUIRUPHG D P HIIRUW IURP D VWDQGLQJ VW]
VLPLODU UHODWLRQVKLSY EHWZHHQ ODERUDWRU\ DQG LI
FDQ EH XVHG WR PRGHO VSULQW F\FOLQJ SHUIRUPDQFH *
GLG QRW UHFRUG GHWDLOHG ELRPHFKDQLFDO YDULDEOH\
DQJXODU YHORFLWLHV PRPHQWY DQG SRZHUV DQG PXVF
LQWHUPXVEXODU FRRUGLQDWLRQ LQ VSULQW F\FOLQJ



OXVFOH DFWLYLW\ GXULQJ F\FOLQJ KDV EHHQ VKRZQ WR G
FRQGLWLRQV %ODNH :DNHOLQJ :DWDQDEH HW DO
LQYHVWLIJDWHG PXVFOH DFWLYLW\ GXULQJ DQ RXWGRRU
PXVFOH FRRUGLQDWLRQ IOXFWXDWHG GHSHQGLQJ RQ WH!
:DNHOLQJ 7KHUHIRUH WKH\ FRQFOXGHG WKDW FDUH
WKH ILQGLQJV IURP PXVFOH FRRUGLQDWLRQ VWXGLHV XQ
ODERUDWRU\ WR RXWGRRU F\FOLQJ %ODNH :DNHOLQJ
IRXQG VLJQLILFDQWO\ KLJKHU (0* DFWLYLW\ IRU WKH %) P
WKH OHIW OHJ GXULQJ WUDFN F\FOLQJ DJDLQ KLJKOLJKW
EH DGRSWHG ZKHQ ULGLQJ RQ WUDFN LQ WKH YHORGURPF
HW DO

$OWKRXJIK VLPLODU PD[LPDO WRUTXH DQG SRZHU SHGDO(
GXULQJ WKH DFFHOHUDWLRQ SKDVH RI VSULQW F\FOLQJ E
RWKHU UHVHDUFK KDV GHPRQVWUDWHG GLITHUHQFHV LQ F
ODERUDWRU\ DQG ILHOG FRQGLWLRQV &RQVHTXHQWO\ U
HITHFW RI WKH GLITHUHQW WDVN DQG HQYLURQPHQWDO FF
LQ VSULQW F\FOLQJ EHWZHHQ DQ HUJRPHWHU DQG WKH W
ZDV WR PHDVXUH ELRPHFKDQLFDO YDULDEOHY WKDW GHYV
DQG FRPSDUH WKH UHVXOWY WR D SHUIRUPDQFH RQ DQ H

OHWKRGYV

SDUWLFLSDQWYV

SDUWLFLSDQWY ZHUH VHYHQ HOLWH WUDFN VSULQW F\FOI
\U ERG\ PDVV . NJ KHLJKW : P 10\LQJ P

“ V. PDOH IO\LQJ P 3% : V DQG IHPDOH

ZHUH PHPEHUV RI WKH QDWLRQDO WHDP DQG FRPSHWHG L
SDUWLFLSDQWY ZHUH SURYLGHG ZLWK VWXG\ GHWDLOV D
VWXG\ ZDV DSSURYHG E\ WKH 6KHIILHOG +DOODP 8QLYHU\)\
‘HOOEHLQJ 5HVHDUFK (WKLFV 6XE &RPPLWWHH



([(SHULPHQWDO SURWRFRO

$Q LVRNLQHWLF HUJRPHWHU ZDV VHW XS WR UHSOLFDWH
DOO SDUWLFLSDQWVY FUDQN OHQJWK ZDV VHW WR PP

ELF\FOH 5LGHUV XQGHUWRRN WKHLU W\SLFDO ZDUP XS R
SHGDOOLQJ UDWH DQG UHVLVWDQFH IRU DW OHDVW PLC
VSULQWY DW D SHGDOOLQJ UDWH RI USP RQ WKH LVRNI
UHFRYHU\ EHWZHHQ HIIRUWV $00O SDUWLFLSDQWY KDG Sl
LVRNLQHWLF HUJRPHWHU VR ZHUH IDPLOLDU ZLWK WKH S
ZDV FKRVHQ DV WKLV LV D W\SLFDO SHGDOOLQJ UDWH GX
F\FOLQJ DQG ZLWKLQ WKH RSWLPDO SHGDOOLQJ UDWH UD

2Q WKH WUDFN ULGHUV XQGHUWRRN WKHLU W\SLFDO ZDU
PLOQXWHV EHIRUH SHUIRUPLQJ VHDWHG KDOI ODS VSUI
NP K EHIRUH VWDUWLQJ WKH KDOI ODS HITRUW WKH SI
WKH WUDFN XS WR WKH UHTXLUHG VSHHG ZKHQ WKH PRWF
HITRUW ZDV FKRVHQ DV LW ZDV FORVHVW WR D VSULQW R(
SHGDOOLQJ UbDWH DQG WKH ULGHUV ZHUH PRWRU SDFHG
RYHUFRPH WKH LQHUWLD RI WKH IL[IHG ZKHHO EHIRUH VWI
VWDWLRQDU\ DW WKH VWDUW RI HDFK HIITRUW LQ WKH FDP
WKUHH KHHO UDLVHV ZLWK WKH OHIW OHJ ZKLFK ZDV XVF
NLQHPDWLF GDWD LQ SRVW SURFHVVLQJ EHIRUH UROOLQ
SDUWLFLSDQWY W\SLFDOO\ KDG PLOQXWHY UHFRYHU\ EHW
VHVVLRQV ZHUH FRQGXFWHG HLWKHU RQ WKH VDPH GD\ R

,VRNLQHWLF HUJRPHWHU

$ 650 (UIRPHWHU -XOLFK *HUPDQ\ F\FOH HUJRPHWHU IUI
FRQVWUXFW DQ LVRNLQHWLF HUJRPHWHU )LJXUH 7KH
GULYHQ E\ D N: $& LQGXFWLRQ PRWRU $%% /WG :DUUL
FRQWUROOHG E\ D IUHTXHQF\ LQYHUWHU HTXLSSHG ZLWK
$79 +8 6FKQHLGHU (OHFWULF /WG /RQGRQ 8. 8VLQJ
SDUWLFLSDQWYV WR VWDUW WKHLU ERXWYV DW WKH WDUJH
LQ DFFHOHUDWLQJ WKH IO\ZKHHO



)LIXUH SDUWLFLSDQW VHW XS IRU ODERUDWRU\ WHVW
7KH HUJRPHWHU ZDV ILWWHG ZLWK 6HQVL[ IRUFH SHGDOV
JUDQFH DQG D FUDQN HQFRGHU ORGHO /0 5/6 .RPHQGEC

+] 1RUPDO DQG WDQJHQWLDO SHGDO IRUFHV ZHUH UH\
DQJOHV LQWR WKH HIITHFWLYH SURSXOVLYH DQG LQHIIHF
IRUFHV )LJXUH



)LIXUH /HIW VLGH MRLQW DQJOHV DQG FUDQN IRUFHV
7'& WRS GHDG FHQWUH %'& £RWWKRB KGB Q SOFHHIQ W U H
DQJGH DQNOH RQJIRUVR DQJOH

/IDERUDWRU\ NLQHPDWLF DQG NLQHWLF GDWD DFTXLVLWLTE
,Q FRQWHPSRUDU\ ELRPHFKDQLFV VWXGLHV RI F\FOLQJ W
PHDVXUHG ZKLFK UHTXLUHV D ODUJH QXPEHU RI PDUNHUYV

HW DO %URFKQHU 1LHOVHQ HW DO ':LONLQVRQ
F\FOLQJ WKH PRYHPHQW LV SUHGRPLQDQWO\ LQ WKH VDJ
YDQ ,QJHQ 6FKHQDX HW DO BUHYLRXV VWXGLHV

F\FOLQJ KDYH MXVW FRQVLGHUHG WKH VDJLWWDO SODQH
PXVFOHV SURGXFH SRZHU WR JHQHUDWH HIIHFWLYH FUDQ
DO ODUWLQ %URZQ OF'DQLHO HW DO 7KH
SURJUDPPH RI UHVHDUFK ' NLQHPDWLFV LQ WKH VDJLWW
VLPSOH PDUNHU VHW SHGDO VSLQGOH WR GHILQH WKH S|
PDOOHROXV ODWHUDO IHPRUDO FRQG\OH DQG JUHDWHU \
KLS MRLQW FHQWUHY UHVSHEWLYHO\ 7KLV VLPSOH PDUN
WLPH UHTXLUHG IRU GDWD FROOHFWLRQ VHVVLRQV ZKLFK
ZKHQ ZRUNLQJ ZLWK HOLWH DWKOHWHY $SSHQGL] DQG



FKRLFH RI XVLQJ WKH JUHDWHU WURFKDQWHU PDUNHU WR
PD[LPDO F\FOLQJ

7ZR GLPHQVLRQDO NLQHPDWLF GDWD RI HDFK SDUWLFLSD
XVLQJ RQH KLJK VSHHG YLGHR FDPHUD ZLWK LQIUD UHG U
,'6 2EHUVXOP *HUPDQ\ 5HIOHFWLYH PDUNHUV PP GL
SHGDO VSLQGOH ODWHUDO PDOOHROXV ODWHUDO IHPRU
DFURPLRQ )LJXUH 7KH VDPH UHVHDUFKHU DWWDFKHG
.LQHPDWLFY DQG NLQHWLFV RQ WKH HUJRPHWHU ZHUH UH
6+8 6KHIILHOG 8. ZKLFK VIQFKURQLVHG WKH FDPHUD DC(
VDPSOHG WR +] WR PDWFK WKH FDPHUD GDWD DQG ZD\
LQFOXGLQJ DXWR WUDFNLQJ RI WKH PDUNHU SRVLWLRQV

9HORGURPH NLQHPDWLF DQG NLQHWLF GDWD DFTXLVLWLR
2Q WKH WUDFN WKH WZR GLPHQVLRQDO NLQHPDWLFV RI H
FDSWXUHG XVLQJ 4XDOLV\V 2SXV FDPHUDV UHFRUGHG
PDQDJHU VRIWZDUH 470 4XDOLV\V *RWKHQEXUJ 6ZH
LQ WKH WUDFN FHQWUH DQG FRYHUHG D FDSWXUH YROXP|
EODFN OLQH IURP SXUVXLW OLQH WR VWDUW RI WKH EHQC

JLIXUH 6FKHPDWLF RI P WUDFN LQ YHORGURPH ZLW|
7KH VDPH PDUNHU VHW DV XVHG LQ WKH ODERUDWRU\ ZD\
WKH OHIW VLGH RI WKH ELF\FOH IUDPH WR GHILQH WKH EL
VHDW VWD\ VHDW WXEH GRZQWXEH IURQW ZKHHO D[OH -



GLDPHWHU PDUNHUV ZHUH XVHG IRU WKH WUDFN GDWD FR
ORGHO ,&6 6HQVL[ 3RLWLHUV )UDQFH ZLWK D SHGDO V
ELF\FOH $ P FDEOH UDQ IURP WKH SHGDO WR D EDFNSD]
6HQVL[ 3RLWLHUV )UDQFH :L )L '$4 ORGHO F'$4 1,
,QVWUXPHQWYVY &RUSRUDWLRQ 8 . /WG 1HZEXU\ 8. DQG
9 % VPDUWSKRQH FKDUJHU EODFN SRUWDEOH FKDUJHU
‘H\EULGJH 8. WR WUDQVPLW GDWD IURP WKH IRUFH SHGLE
FDEOH ZDV DWWDFKHG WR WKH ULGHUVY OHJ XVLQJ 9HOF

)LIXUH SDUWLFLSDQW VHW XS IRU WUDFN WHVWLQJ

(0O* GDWD DFTXLVLWLRQ

(0* VLIJQDOV ZHUH UHFRUGHG FRQWLQXRXVO\ IURP QLQH F
ODWHUDOLV 9/ UHFWXV IHPRULV 5) YDVWXV PHGLDOL\
KHDG RI ELFHSV IHPRULV %) VHPLWHQGLQRVXV 67 OD)
62 DQG JOXWHXV PD[LPXV *0%$; ZLWK 'HOV\V 7ULJQR ZL!
'"HOV\V ,QF %RVWRQ 0$ 7KH VNLQ DW WKH HOHFWURGH



VKDYLQJ WKH DUHD WKHQ FOHDQLQJ LW ZLWK DQ DOFRKR
SODFHG LQ WKH FHQWUH RI WKH PXVFOH EHOO\ ZLWK WHK
PXVFOH ILEUH RULHQWDWLRQ DQG VHFXUHG XVLQJ ZUDSV
SHGDOOLQJ 7KH VDPH UHVHDUFKHU DWWDFKHG WKH (0* V
ZLUHOHVYVY VHQVRU FRQWDLQLQJ DQ DFFHOHURPHWHU

OHIW FUDQN DUP WR REWDLQ D PHDVXUH RI FUDQN DQJOH
,Q WKH ODERUDWRU\ WKH (0* VI\VWHP ZDV RSHUDWHG DQG
$FTXLVLWLRQ VRIWZDUH 'HOV\V ,QF %RVWRQ 0$ VDPSC

7KH WUDFN VHW XS ZDV YHU\ VLPLODU EXW WKH (0* V\VW
WKH 4XDOLV\V WUDFN PDQDJHU VRIWZDUH 470 4XDOL
XS VDPSOHG WKH (0* DQG DFFHOHURPHWHU GDWD WR
VIQFKURQLVHG ZLWK WKH NLQHPDWLF GDWD XVLQJ D 'HO\
'HOV\V ,QF %RVWRQ 0$ DQG DQ H[WHUQDO WULJJHU

%RG\ VHIPHQW SDUDPHWHUYV

7KH ERG\ VHJPHQW SDUDPHWHUV VHIJPHQWDO PDVV FHQ\
RI LQHUWLD ZHUH HVWLPDWHG YLD WKH WDEOHV RI GH /F
LQYHUVH G\QDPLFV FDOFXODWLRQV IRU WKLV SURJUDPPH
6SULQW F\FOLVWV KRZHYHU KDYH EHHQ VKRZQ WR KDYH
DYHUDJH DGXOW SRSXODWLRQ )ROH\ HW DO OF/HDQ
%DUUDWW GHPRQVWUDWHG XVLQJ D ORQWH &DUOR VLPXO
LQ ERG\ VHIPHQW SDUDPHWHUV ZHUH ODUJHVW RQ WKH F
DW KLJKHU SHGDOOLQJ UDWHYV :KHDW %DUUDWW 7
SRZHUV FDOFXODWHG IRU VSULQW F\FOLVWYV ZLOO GLIIHU
VHIPHQW SDUDPHWHUY DUH FDOFXODWHG IURP WKH WDEC
VSHFLILF IRRW VKDQN DQG WKLJK ERG\ VHIPHQW SDUDPH
VHVVLRQ ZRXOG KDYH EHHQ GLIILFXOW DQG WLPH FRQVXF
V\VWHP GHVFULEHG LQ %XOODV HW DO .RUGL HW DC
XVH 7KH UHVHDUFK TXHVWLRQV LQ WKLV SURJUDPPH RI U
UDWKHU WKDQ EHWZHHQ SDUWLFLSDQW GLIIHUHQFHV PHI
ERG\ VHIPHQW SDUDPHWHUYV ZLOO KDYH D VPDOO LPSDFW
WKHUHIRUH WKH WDEOHV SURGXFHG E\ GH /HYD ZHU
UHVHDUEFK



'DWD SURFHVVLQJ
$O0O0 NLQHWLF DQG NLQHPDWLF GDWD ZHUH ILOWHUHG XVL
ORZ SDVV ILOWHU ZLWK D FXW RI IUHTXHQF\ RI +] VHOH
UHIHU WR $SSHQGL] IRU GHWDLOV 7KH VDPH FXW
NLQHPDWLF DQG NLQHWLF GDWD DV UHFRPPHQGHG E\ %H]
SURFHVVLQJ DUWHIDFWY LQ WKH FDOFXODWHG MRLQW PR
,QVWDQWDQHRXV FUDQN SRZHU ZDV FDOFXODWHG 11U
WRUTXH DQG WKH FUDQN DQJXODU YHORFLW\ 7KH DYHUD.
DYHUDJLQJ WKH LQVWDQWDQHRXY OHIW FUDQN SRZHU RY
DQJOHV ZHUH FDOFXODWHG XVLQJ WKH FRQYHQWLRQ VKR
FDOFXODWHG DV WKH DQJOH EHWZHHQ KRUL]JRQWDO DQG

JUHDWHU WURFKDQWHU :LONLQVRQ HW DO -RLQW P
G\QDPLFV (OIWPDQ XVLQJ SHGDO IRUFHV OLPE NLQ
SDUDPHWHUV GH /HYD -RLQW H[WHQVLRQ PRPHQWYV

IOH[LRQ PRPHQWY DV QHJDWLYH -RLQW SRZHUV DW WKH
E\ WDNLQJ WKH SURGXFW RI WKH QHW MRLQW PRPHQW DQ

'DWD ZHUH DQDO\VHG XVLQJ D FXVWRP ODWODE 5 D 0D
VFULSW (DFK VSULQW RQ WKH HUJRPHWHU ODVWHG IRU

UHYROXWLRQV ZKLFK ZHUH UHVDPSOHG WR GDWD SRLQ
PDI[LPDO F\FOLQJ IDWLJXH RFFXUV RQ D UHYROXWLRQ E\
ODUWLQ 7TKHUHIRUH WR FRPSDUH WKH VDPH UHYROX
VL[ UHYROXWLRQV SHU WULDO WR WKH WUDFN ELF\FOH \
UHYROXWLRQ IURP HDFK HUJRPHWHU VSULQW ZDV VHOHFYV
RQ WUDFN WKDW UHYROXWLRQV ZKLFK FRUUHVSRQGV W
ELF\FOH JHDU VL]H ZHUH FRPSOHWHG DIWHU WKH F\FOLV'
EHIRUH WKH\ HQWHUHG WKH FDSWXUH YROXPH DQG WKHL
VDPH OHYHO RI IDWLJXH ZDV FRPSDUHG EHWZHHQ WKH HU
7KH ODERUDWRU\ VHVVLRQ PHDQ YDOXHV IRU WKH WLPHYV
ZHUH FDOFXODWHG I'SERYROHKWRIRQVRREDFK RI WKH VSUL
HIFHSWLRQ RI RQH SDUWLFLSDQW ZKR RZLQJ WR WHFKQLF
vVSULQWY VR WKH VHVVLRQ DYHUDJH IRU WKLV SDUWLFLS



F\FOHV IRU HDFK MRLQW ZHUH FDOFXODWHG DV WKH UDW|
IOH[LRQ ODUWLQ %URZQ

7TUDFN NLQHPDWLFVY DQG NLQHWLFV ZHUH SURFHVVHG XVL
DQDO\VLYV RI ODERUDWRU\ VSULQWY +RZHYHU DV WKH EL
YROXPH PDUNHU WUDMHFWRULHYVY ZHUH FRQYHUWHG WR C
ELF\FOH WKH [ GLUHFWLRQ ZDV GHILQHG DV WKH GLUHFW
GHILQHG DV QRUPDO WR WKH YHUWRLFD® FRKOW®H R DWKUB DWW
FRRUGLQDWH V\VWHP 7KH WUDFN IRUFH SHGDO GDWD ZHI
XVLQJ D 3HDUVRQYY FRUUHODWLRQ WR ILQG WKH VWURQJ
PHDVXUHG E\ WKH IRUFH SHGDO HQFRGHU GXULQJ WKH K
DQJOH PHDVXUHG E\ WKH PRWLRQ FDSWXUH V\VWHP WR L
WKH WZR VHWV RI GDWD VR WKH\ FRXOG EH VI\QFKURQLVH
HQFRGHU WR WKH WUDFN ELF\FOHV GXH WR WKH W\SH RI |
DQJOH ZDV FDOFXODWHG IURP WKH SHGDO PDUNHU WUDM
RI WKH FDPHUDV RQO\ UHYROXWLRQ P GLVWDQFH |
ZHUH DOVR WHFKQLFDO SUREOHPV ZLWK IRUFH SHGDOV L
ODSWRS GXULQJ wuLDOV 7KHUHIRUH HITRUWY ZHUH RE'
SDUWLFLSDQW DQG HITRUW IRU SDUWLFLSDQWY 7KH P
IRU WKH WUDFN VHVVLRQ ZHUH FDOFXODWHG IURP WR |
Rl HITIRUWYV UHFRUGHG IRU HDFK SDUWLFLSDQW

7KH DFFHOHURPHWHU GDWD IRU WKH FUDQN DUP ZHUH ILC
ORZ SDVV ILOWHU ZLWK D FXW RIlI IUHTXHQF\ RI +] 7KH
DFFHOHUDWLRQ RI WKH VHQVRU LQ WKH GLUHFWLRQ RI W
FHQWUH 7'& FUDQN SRVLWLRQ 7R VIQFKURQLVH WKH (0*
NLQHWLF GDWD WKH 7'& ORFDWLRQV IURP WKH DFFHOHUF
WR WKH FRUUHVSRQGLQJ 7'& PHDVXUHG E\ WKH FUDQN HQ
KDG WR EH FDUULHG RXW IRU WKH DFFHOHURPHWHU GDWI
UHVDPSOH WKH GDWD WR LWV QDWLYH VDPSOLQJ IUHTXHC
VDPSOHG WKH GDWD WR +]

7KH Ubz (0* VLJQDOV IRU WKH VSULQW HIIRUWYV ZHUH KLJ|
RUGHU FXW RIlI IUHTXHQF\ +] WR GLPLQLVK PRWLRQ DU



X]QHWVRY  5R\ URRW PHDQ VTXDUHG 506 PV ZL
ILOWHUHG %XWWHUZRUWK VHFRQG RUGHU FXW RIlI IUHTX

7KH ODERUDWRU\ GDWD ZHUH WKHQ LQWHUSRODWHG
F\FOH XVLQJ VSOLQH LQWHUSRODWLRQ PHWKRG DQG WK
FUHDWH D OLQHDU HQYHORSH IRU HDFK PXVFOH 7KH (0* \
YDOXH LQ WKH OLQHDU HQYHORSH DFURVV WKH FUDQN F\
VHVVLRQ PHDQ (0* OLQHDU HQYHORSH ZDV FUHDWHG IURP
VLIJQDOV ZHUH SURFHVVHG XVLQJ WKH VDPH PHWKRG DV »
+RZHYHU IHZHU UHYROXWLRQYV “ UHYROXWLRQV IR
ZHUH REWDLQHG RZLQJ WR SUREOHPV RI :L )L VLIQDO GUI
WKH ULGHU DQG WKH EDVH VWDWLRQ LQ WUDFN FHQWUH
WKH WUDFN 'XULQJ WKH WUDFN GDWD FROOHFWLRQ VHYH
WKH\ VWDUWHG UHDGLQJ D FRQVWDQW YROWDJH 7KHUHIF
62 SDUWLFLSDQW DQG */ SDUWLFLSDQWY ZHUH UHPR
PHDQ OLQHDU HQYHORSH WR DOORZ WKH VDPH SDUWLFLS
ODERUDWRU\ DQG WUDFN VSULQWYV

6WDWLVWLFDO DQDO\VLYV

‘'LITHUHQFHV EHWZHHQ WKH HUJRPHWHU DQG WUDFN VSUL
SHGDOOLQJ UDWH DYHUDJH OHIW FUDQN SRZHU RYHU D F
ZHUH DVVHVVH®BWHWVYLWY SDLIHHWEQFHY LQ WLPH VHULHV GD
SRZHUV FUDQN IRUFHV MRLQW DQJOHV DQJXODU YHORF
(0O* OLQHDU HQYHORSHVY EHWZHHQ WKH HUJRPHWHU DQG
VWDWLVWLFDO QRQ SDUDPHWAWHN WD ZSHH X6/1H86G | R3.D DIOKG
HI[FHSW FUDQN IRUFHV ZKHWHVWVRW®BYD XVEILBY V3 WDINAG ‘
IRUFH FRQVLVWY RI WZR YHFWRU FRPSRQHQWYV HIIHFWLY
WKHUHIRUH D PXOWLYDULDWH VWDWLVWLFDO WHVW ZDV
VWDWLVWLFDO VLBQLILFDRQFIBD QO WWHNW W R



SHVXOWYV

'LVFUHWH YDULDEOHYV
7TKHUH zDV D VLJQLILFDQW GLIITHUHQFH EHWZHHQ DYHUDJ
UHYROXWLRQ IRU WKH VSULQWY RQ WKH HUJRPHWHU

3 ZKLFK JLYHVY DQ LQGLFDWLYH WRWDO FUDQN
UHYROXWLRQ IRU ERWK FUDQNYV RI DQG : IRU WKH H
UHVSHFWLYHO\ 7KHUH ZDV D VLIJQLILFDQW GLIIHUHQFH E
WKH VSULQWY RQ WKH HUJRPHWHU DQG WKH WUDFN 7DEC

VSULQWY RQ WKH HUJRPHWHU ZDV ) WBSP DQG IRU W
7TDEOH "XW\ F\FOHV IRU WKH HUJRPHWHU DQG WKH WUL
OHDQ 6
/IDERUDWRU\ 7TUDFN 3
$QNOH
.QHH : “
+LS

,QGLFDWHYV VLIQLILFDQW GLBIHUHQFH EHWZHHQ FRQGLW

7LPH VHULHV YDULDEOHYV
7KH FUDQN SRZHUV ZHUH3VLJQLIREDWKHOHUURPMAWMHU FRPS
WUDFN VSULQWY IRU SDUW\VBQ ®@MRFUDQN)EJROH [ WIRH
FUDQN IRUFHV ZHUH V3 JQLILFOWQWRMN JUHIRWHWHU FRPSDU
VSULQWY EHWZHHQ FUDQN DQJOHV f DQG f )LJIJXUH



JLIXUH &RPSDULVRQ RI PHDQ FUDQN SRZHUV IRU WK
VSULQWYV
$UHDV RI WKH JUDSK VKDGHG JUH\ ZKHUH WKH 6130 LV VL



JLIXUH &RPSDULVRQ RI PHDQ FUDQN IRUFHV IRU WKF
VSULQWYV
$ &UDQN IRUFH VHSDUDWHG LQWR HIIHFWLYH DQG LQHIIH

% 9LVXDOLVDWLRQ RI FUDQN IRUFHV

$UHDV RI WKH JUDSK VKDGHG JUH\ ZKHUH WKH 6130 LV VL

7KH MRLQW DQJOHV ZHUH VLIQRURADIQNBUJIRPBWHUW FRPSEL
WUDFN VSULQWY EHWZHHQ FUDQN DQJOHV NQHH f WR

f YLIXUH DQG )LIJXUH 7KH MRLQW DQJXODU YHOR
GLIIHBHQW EHWZHHQ WKH HUJRPHWHU DQG WUDEN VSULQ
F\FOH NQHH f WR f JUHDWHU IOH[LRQ@®JIXPDU YHC

WR f JUHDWHU H[WHQVLRQ DQJXODU YHORFLW\ RQ WKH
JUHDWHU H[WHQVLRQ DQJXODU YHORFLW\ RQ WKH HUJRP
DQJXODU YHORFLW\ RQ WKH WUDFN DQG f WR f JUHD
HUJRPHWHU )LIXUH 7KH MRLQW PRPHQWYV ZHUH VLJI
EHWZHHQ WKH HUJRPHWHU DQG WUDFN VSULQWYV IRU SUR
WR f DQG f WR f JUHDWHU RQ WKH WUDFN NQHH
PRPHQW RQ WKH WUDFN DQG f WR f JUHDWHU H[WHC
DQG KLS f WR f JUHDWHU IOH[LRQ PRPHQW RQ WKH |
SRZHUV ZHUH VLJQLBSBLFDQWEHWAHHQMWXW HUIJRPHWHU DQC
IRU SURSRUWLRQV RI WKH FUDQN F\FOH NQHH f WR



f WR f JUHDWHU RQ WKH WUDFN DQG KLS f WR f
HUJRPHWHU J)LIXUH

JLIXUH &RPSDULVRQ RI PHDQ MRLQW DQJOHV DQJXC
SRZHUV IRU WKH HUJRPHWHU DQG WKH WUDFN VSULQWYV
$UHDV RI WKH JUDSK VKDGHG JUH\ ZKHUH WKH 6130 LV VL

JRU HDVH RI SUHVHQWLQJ WKH GDWD WKH WKLJK DQJOH D
DV KLS DQJOH DQG DQJXODU YHORFLW\



)LIXUH &RPSDULVRQ RI WRUVR DQJOH IRU WKH HUJRPF
$UHDV RI WKH JUDSK VKDGHG JUH\ ZKHUH WKH 6130 LV VL

(0* DFWLYLW\ ZDV WKH VI3JQLILFHOHWIHHEL HHURINWHU D Q (
VSULQWY EHWZHHQ FUDQN DQJOHV IRU WKH 9/ WR f
7% f WR f 67 f WR f 62 fWR f DQG *0$; f



JLIXUH &RPSDULVRQ RI (0* OLQHDU HQYHORSHV QRU
vVLIQDO IRU HDFK PXVFOH IRU WKH HUJRPHWHU DQG WKH
9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULV 90 YDVW
DQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV
62 VROHXV *08%; JOXWHXV PD[LPXV $UHDV RI WKH JUDS
6130 LV VLIQLILFDQW

'LVFXVVLRQ

&\FOLVWYV SURGXFHG KLJKHU FUDQN SRZHU RQ DQ LVRNLQ
ODS HITRUWYV RQ WKH WUDFN 7KHUH ZDV D KLJKHU SHDN |
SRVLWLRQ JUHDWHU NQHH PRPHQW RYHU 7'& DQG ODWHU
PXVFOHV IRU WKH VSULQWY RQ WKH HUJRPHWHU FRPSDUF
HUJRPHWHU WKH ULGHUV RQO\ KDYH WR IRFXV RQ SURGX
WUDFN WKH\ DOVR KDYH WR FRQWURO WKH ELF\FOH GLUH



SURGXFH PD[LPDO SRZHU *DUGQHU HW DO ZKLFK PI
SURGXFLQJ PD[LPXP SRZHU RQ WKH WUDFN

7KH PD[LPXP FUDQN SRZHU PHDVXUHG IRU WKH HUJRPHWH
VLPLODU WR WKH PD[LPXP SHGDO SRZHU PHDVXUHG E\ LQ

IRUD VHFRQG VSULQW DW USP RQ DQ LVRNLQHWL
7KLV LV VOLJKWO\ KLIJKHU WKDQ PHDVXUHG LQ WKH EXUUHI
H[SHFWHG DV WKHLU SDUWLFLSDQWY ZHUH DOO PDOH DQC
UDWH %RWK RI WKHVH IDFWRUV ZRXOG EH H[SHFWHG WR
PDJQLWXGH Rl WKH MRLQW SRZHUV WKURXJKRXW WKH FUI
YHU\ VLPLODU WR SUHYLRXV VWXGLHV RI PD[LPDO F\FOLQ
%URZQ OF'DQLHO HW DO

7TKLIK DQG NQHH DQJOHV ZHUH ODUJHU GXULQJ WKH GRZC
WUDFN ELF\FOH VLJQLI\LQJ WKH F\FOLVWV ZHUH SHGDOO
HUJRPHWHU )LJXUH 7KH GXW\ F\AFOH IRU WKH NQHH M
WKH HUJRPHWHU FRPSDUHG WR WKH WUDFN VSULQWYV 7D
ORQJHU HIWHQGLQJ WKURXJKRXW WKH FUDQN F\FOH GXUL
, QFUHDVHG GXW\ F\FOHVY KDYH SUHYLRXVO\ EHHQ VKRZQ V
PD[LPLVH SRZHU SURGXFWLRQ LQ F\FOLQJ (OPHU HW DO
LQFUHDVHG GXW\ F\FOH LQFUHDVHV WKH SRUWLRQ RI WK}
SURGXFH ZRUN KHQFH LQFUHDVLQJ SRZHU SURGXFWLRQ
%WURZQ 7TKH LQFUHDVHG GXW\ F\FOH RQ WKH HUJRPH
VLIQLILFDQWO\ ODUJHU NQHH PRPHQW DURXQG 7'& IRU W
FRPSDUHG WR WKH WUDFN )LJXUH WRWK RI WKHVH FF
WKH KLJKHU FUDQN SRZHU REVHUYHG IRU WKH VSULQWYV F
SDWWHUQV ZHUH VLPLODU EHWZHHQ WKH HUJRPHWHU DQ
WKH PDLQ SRZHU SURGXFLQJ PXVFOHV 9/ 90 *0%$; KDG D \
(0O* DFWLYLW\ IRU WKH HUJRPHWHU FRPSDUHG WR WKH WU
PXVFOHV ZHUH DFWLYH IRU D ODUJHU SRUWLRQ RQ WKH F
PDMRU SRZHU SURGXFLQJ SKDVH RI WKH FUDQN F\FOH ZK
IDFWRU WR WKH LQFUHDVHG GXW\ F\FOHV DQG FUDQN SRZ
WKH HUJRPHWHU VSULQWYV



2Q WKH HUJRPHWHU SDUWLFLSDQWY GLVSOD\HG D WHQGH
LQVWUXFWLRQ WR UHPDLQ VHDWHG SRVVLEO\ EHFDXVH W
GLUHFWLRQ RI D PRYLQJ ELF\FOH 7KLV DOWHUHG ULGLQJ
SURGXFH PRUH FUDQN SRZHU RQ WKH HUJRPHWHU E\ LQFL
NQHH PRPHQW RYHU 7'& ZLWK GHOD\HG RIIVHW RI WKH PD
9/ 90 *0$; &KDQJHV LQ F\FOLQJ SRVLWLRQ KDYH EHHQ VI
DFWLYDWLRQ SDWWHUQV IRU ORZHU OLPE PXVFOHV 'RUH
DOWHUHG ULGLQJ SRVLWLRQ RQ WKH HUJRPHWHU FRPSDU
LQIOXHQFHG WKH (0* DFWLYDWLRQ SDWWHUQV 7KH F\FOL
WKH WUDFN ELF\FOH FRPSDUHG WR WKH HUJRPHWHU )LJX
GLIIHUHQW HQYLURQPHQWDO FRQVWUDLQWY EHWZHHQ WK
HUJRPHWHU ZDV VHW XS WR PDWFK WKH WUDFN ELF\FOH ¢
WDVN FRQVWUDLQWY IRU WKH WUDFN VSULQWY IRU H[DP:
EDQNLQJ RI WKH WUDFN DLU UHVLVWDQFH ZKHQ PRYLQJ I
LQ WKH YHORGURPH PLJKW KDYH LQIOXHQFHG WKH MRLQ!
IXUWKHU UHVHDUFK LV UHTXLUHG WR LQYHVWLJDWH ZKLF
LQ ULGHU SRVLWLRQ

7TKHUH ZHUH VLJQLILFDQW GLIIHUHQFHY GXULQJ SDUW RI1
67 PXVFOHV EHWZHHQ WKH HUJRPHWHU DQG WUDFN VSULC
WKH FUDQN F\FOH WKHVH PXVFOHVY DFWLYDWH WR IOH[ W
GXULQJ WKH XSVWURNH 7KHUHIRUH VOLJKW DOWHUDWLR
WKH XSVWURNH PLJKW H[SODLQ WKH GLIITHUHQFHV LQ NQF
XSVWURNH EHWZHHQ WKH HUJRPHWHU DQG WUDFN VSULQ!

7TKH QHIJDWLYH DQNOH SRZHU EHWZHHQ 7'& DQG f ZDV VI
WR WKH HUJRPHWHU DOWKRXJK QRW VWDWLVWLFDOO\ VL
JDVWURFQHPLXV PXVFOH LV WKRXJKW WR H[SHULHQFH D \
DFWLYHO\ OHQJWKHQV HQHUJ\ LV DEVRUEHG DQG VWRUH
VKRUWHQV SRWHQWLDOO\ UHXVLQJ WKH HODVWLF VWUDL
WHQGRQ XQLW *UHJRU HW DO OF'DQLHO DQG FR ZR
QHIJDWLYH SRZHU DEVRUSWLRQ DW WKH DQNOH MRLQW GX
SHGDOOLQJ UDWH RI USP DQG WKHQ JUDGXDOO\ UHGXFI
PLQLPDO QHJDWLYH SRZHU DW USP DQG DW USP SRV



UHJLRQ Rl WKH FUDQN F\FOH OF'DQLHO HW DO 7KLV
SRZHU ZLWK LQFUHDVHG SHGDOOLQJ UDWH ZDV DVVRFLDYV
DQNOH SRZHU SURGXFHG LQ WKH GRZQVWURNH SRWHQWL
EHLQJ VWRUHG LQ WKH PXVFOH WHQGRQ XQLW EHWZHHQ
7KHUHIRUH WKH JUHDWHU QHJDWLYH DQNOH SRZHU LQ W
VWUHWEK VKRUWHQLQJ F\FOH PLJKW SDUWLDOO\ H[SODLQ
GXULQJ WKH GRZQVWURNH IRU WKH HUJRPHWHU VSULQWV

7KH ILQGLQJ WKDW F\FOLVWV SURGXFHG KLJKHU FUDQN S
LV LQFRQJUXHQW ZLWK GDWD UHSRUWHG E\ *DUGLQHU DQ
SRZHU YDOXHVY EHWZHHQ HUJRPHWHU DQG WUDFN VSULQMW
YDULDELOLW\ *DUGQHU HW DO +RZHYHU WKHLU HJ[!
WKH FXUUHQW VWXG\ 7KH\ XVHG DQ LQHUWLDO ORDG HUJ
HUJRPHWHU DQG WUDFN HIIRUWV ZHUH IURP D VWDQGLQJ
GXULQJ WKH DFFHOHUDWLRQ SKDVH 7KLV PHDQW PD[LPXF
*DUGQHU HW DO VWXG\ ZDV NP K ZLWK D PD[LPXP
FRPSDUHG WR NP K DQG USP LQ WKLV VWXG\ 7KH\ L
DQ 650 SRZHU PHWHU ZKLFK RQO\ VDPSOHV DW +] *DUGC
BHQVL[ IRUFH SHGDOV XVHG LQ WKH FXUUHQW VWXG\ VDP
H[SHULPHQWDO SURWRFRO EHWZHHQ WKH WZR VWXGLHV ¥
ILQGLQJV $OVR LQ FRQWUDVW WR WKH ILQGLQJV RI *DUC
OHYHO YDULDEOHY EHWZHHQ ILHOG DQG ODERUDWRU\ WH
GLVFLSOLQHV VXFK DV URDG DQG %0; %HUWXFFL HW DO

HW DO $ VWXG\ FRPSDULQJ VSULQWY RQ DQ HUJRPH
%0; LQGRRU WUDFN IRXQG VLJQLILFDQWO\ KLJKHU SHDN S
SHDN SRZHU SURGXFWLRQ LQ ILHOG WHVWYV FRPSDUHG WF
7KHLU ILQGLQJY DUH RSSRVLWH WR WKLV VWXG\ ZKLFK IR
KLJKHU FUDQN SRZHU RQ WKH HUJRPHWHU FRPSDUHG WR
GLIIHUHQFHY EHWZHHQ VHDWHG 10\LQJ HIIRUWYV RQ WKH V
VWDUWLQJ UDPS %0; ULGHUV XVH WKHLU XSSHU ERG\ WR
RVEFLOODWLQJ WKH ELF\FOH IURP VLGH WR VLGH 2Q D ILJl
DQG KHQFH SURGXFH UHGXFHG FUDQN SRZHU 5\0DQGV H\



7KHUH ZHUH VHYHUDO GLIIHUHQFHVY LQ WKH NLQHWLF PHD
HUJRPHWHU DQG WUDFN VSULQWYV 7KH ULGHUVY WUDEN E
SHGDO ZLWK D QRUPDO SHGDO RQ WKH ULJKW KDQG VLGH
WKDQ D VWDQGDUG SHGDO DQG WKH ULJKW SHGDO ZRXOG
EHQGVY 7KHUH ZDV D GLIIHUHQFH LQ PDVV EHWZHHQ WKH
D IO\LQJ HIIRUW ZDV XVHG WKH HIIHEW RI WKLV PDVV GLI
ULGHUV DOVR GLG QRW UHSRUW DQ\ SHUFHLYHG GLIIHUH
SDUWLFLSDQWY KDG WR ZHDU D EDFNSDFN ZKHQ ULGLQJ F
LQIOXHQFHG WKHLU SHGDOLQJ WHFKQLTXH DQG SRVLWLR
ZDV OLJKW DQG WKHUHIRUH WKH HIIHFW ZDV H[SHFWHG V
WKH RQ WUDFN WHVWLQJ PHWKRG SRVVLEOH VROXWLRQYV
WKH EDFNSDFN VKRXOG EH LQYHVWLJDWHG WR PLQLPLVH

7KHUH ZHUH VHYHUDO WHFKQLFDO SUREOHPV ZKHQ FROO|
PDLQWDLQLQJ :L )L FRQQHFWLRQ EHWZHHQ WKH (0* VHQV|
IRUFH SHGDO RQ WKH ULGHU DQG WKH ODSWRS UHFRUGLC
(0* VIVWHP VXIIHUHG IURP GURSSHG GDWD ZKHQ WKH :L )L
VWDWLRQ DQG VHQVRUV ZDV ORVW ZKHQ WKH ULGHU PRY!
SRVVLEOH VROXWLRQ WR WKLV SUREOHP ZRXOG EH WR KL
WKH (0* GDWD +RZHYHU WKLV ZRXOG PDNH VIQFKURQLVL
NLQHPDWLF GDWD GLIILFXOW DV FXUUHQWO\ D KDUGZLUH
PHDQ LW ZRXOG QRW SRVVLEOH WR DVVHVV WKH TXDOLW\
VHVVLRQ ZKLFK ZDV D SUREOHP LGHQWLILHG E\ %ODNH D
F\FOLQJ %ODNH :DNHOLQJ $ GDWD ORJJHU RQ WKH
VROXWLRQ IRU WKH SUREOHPV ZLWK WKH IRUFH SHGDOV :
WKH WHVWLQJ PHWKRG ZDV WKDW LW ZDV QRW SRVVLEOH
WKH W\SH RI ERWWRP EUDFNHW RQ WKH WUDFN ELF\FOHV
EH ILWWHG 7KHUHIRUH WKH FUDQN DQJOH KDG WR EH FD
WUDMHFWRU\ ZKLFK PLJKW KDYH LQWURGXFHG VPDOO HUL

7KLV VWXG\ KDG D VPDOO VDPSOH VL]H SDUWLFLSDQWYV
ZHUH PHDVXUHG IRU WKH WUDFN VSULQWYV ZKLFK UHGXFF
UHODWLYHO\ ODUJH LQWHU SDUWLFLSDQW YDULDELOLW\



ODUJHU VDPSOH VL]H DQG REVHUYLQJ PRUH FUDQN UHYRC
LQYHVWLIJDWH LI WKH VDPH EHKDYLRXU LV REVHUYHG

&RQFOXVLRQ

7KHUH DUH UHODWLYHO\ VPDOO GLIIHUHQFHY LQ PRYHPHC
YHORGURPH WUDFN DQG RQ DQ HUJRPHWHU +RZHYHU WK
F\FOLQJ OHG WKH F\FOLVWV WR DGRSW D GLIIHUHQW SRV]
NQHH PRPHQW RYHU 7'& DQG ODWHU RIIVHW RI PXVFOH DF
PXVFOHV $00 WKHVH IDFWRUV PLIJKW FRQWULEXWH WR D
RQ WKH HUJRPHWHU FRPSDUHG WR WKH WUDFN ZKHUH WK
VWDELOLW\ DQG GLUHFWLRQ RI WKH ELF\FOH )XWXUH UH\
GLIIHUHQFHV LQ MRLQW DQJOHV (0* DFWLYLW\ DQG FUDQ
HQYLURQPHQWDO DQG WDVN FRQVWUDLQWY EHWZHHQ WK
7KH RQ WUDFN GDWD FROOHFWLRQ PHWKRG KDV WKH SRW
DVVHVV SHGDOOLQJ RQ D WUDFN 7KH ILQGLQJV LPSO\ LW
ELRPHFKDQLFDO DQDO\VHV RI PRYHPHQW RUJDQLVDWLRQ
UHSUHVHQWDWLYH HQYLURQPHQW )XUWKHU UHVHDUFK L\
EHWZHHQ F\FOLQJ RQ DQ HUJRPHWHU DQG D WUDFN ELF\F
SDUWLFLSDQWY DQG REVHUYLQJ D JUHDWHU QXPEHU RI F

$OWKRXJK WKLV VWXG\ UHYHDOHG GLIIHUHQFHV LQ VSULC
VSULQWLQJ RQ WKH HUJRPHWHU DQG RQ WKH WUDFN D G
WKH ODERUDWRU\ IRU WKH WHVWLQJ SURWRFRO IRU WKH
UHDVRQV IRU WKLV GHFLVLRQ ZHUH WKH FXUUHQW RQ WL
PHDVXUH RQH UHYROXWLRQ SHU HIIRUW RQ WUDFN GXH W
DYDLODEOH ZKLFK LV LQVXIILFLHQW WR VWXG\ FRRUGLQI
YDULDELOLW\ LQ PD[LPDO F\FOLQJ ,Q DGGLWLRQ WKHUH
WUDFN GDWD FROOHFWLRQ VHVVLRQV ZKHUH :L )L FRQQH!
VHQVRUV IRUFH SHGDOV DQG WKH ODSWRS UHFRUGLQJ W
ZHUH ORVW ,W ZDV DOVR YHU\ GLIILFXOW WR REWDLQ WK
VHVVLRQV 7KLV PHDQW WKHUH ZDV D ULVN WKDW LW ZRX
IURP PDQ\ SDUWLFLSDQWY RU DW WKH WLPH LQWHUYDOV



7TKHUHIRUH WKH WHVW UHWHVW UHOLDELOLW\ RI WKH ELT
PDI[LPDO F\FOLQJ RQ WKH HUJRPHWHU LV TXDQWLILHG LQ



%LRPHFKDQLFDO PHDVXUHV RI PD[LPDO F
HUJRPHWHU D WHVW UHWHVW VWXG\

7KLV VWXG\ KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ E\ WKH MR
UHYLVLRQV %XUQLH / %DUUDWW 3 'DYLGV . RUVIROG 3
PHDVXUHV RI VKRUW WHUP PD[LPDO F\FOL@FIROOWD/Q HUJRPHWH|I

%LRPHFKDQLFV

 QWURGXFWLRQ

7KH UHOLDELOLW\ RI D FOLQLFDO RU VSRUWYV VFLHQFH Wi
UHSURGXFLELOLW\ RI D SHUIRUPDQFH ZKHQ D WHVW LV St
6FKDERUW +DZOH\ 7KLV LV DQ LPSRUWDQW FRQVL(
FOLQLFLDQV DQG DSSOLHG VSRUWYV VFLHQWLVWY DV WKH
WKH HDVLHU LW LV WR GHWHFW D UHDO FKDQJH LQ RXWEFI
WHVW LV ORZ WKHQ WKH RXWFRPH RI D WHVW PD\ FRQFH
&RQYHUVHO\ LI WKH UHOLDELOLW\ RI D WHVW LV QRW NQ
PLVLOQOWHUSUHWHG DV D PHDQLQJIXO FKDQJH LQ SHUIRUPI

$SSOLHG ELRPHFKDQLFV UHVHDUFKHUVY DUH RIWHQ LQWH U
WHUP HIIHFWV RI LQWHUYHQWLRQV WKDW DLP WR LPSURY
RXWFRPHV ,Q FOLQLFDO JDLW DQDO\VLV IRU H[DPSOH W
DVVHVVPHQWY DUH XVHG WR LQIRUP FOLQLFDO GHFLVLRQ
RI LQWHUYHQWLRQV VXFK DV VXUJHU\ SK\WLFDO WKHUDS
ELRPHFKDQLFV .DGDED HW DO OF*LQOH\ %DNHU :R:
HW DO 7HVW UHWHVW UHOLDELOLW\ VWXGLHV RI FO
SODQH NLQHPDWLFV DQG NLQHWLFV KDYH KLJK YDOXHV R
FROOHFWHG LQ WKH WUDQVYHUVH DQG FRURQDO SODQHYV
NQHH DEGXFWLRQ DGGXFWLRQ DQG KLS NQHH DQG IRRW
ORZHVW UHOLDELOLW\ OF*LQOH\ HW DO ZLWK WKH
VDPH RUGHU RI PDJQLWXGH DV WKH UHDO MRLQW PRWLRQ



FOLQLFDO JDLW UHOLDELOLW\ VWXGLHV KDYH WKHUHIRUH
YDULDEOHY WKDW QHHG WR EH LQWHUSUHWHG ZLWK SDU\
LQIRUP FOLQLFDO GHFLVLRQ PDNLQJ OF*LQOH\ HW DO

$Q XQGHUVWDQGLQJ RI WHVW UHWHVW UHOLDELOLW\ KDV
PRYHPHQWY DV ELRPHFKDQLFDO PHDVXUHV DUH RIWHQ X
ORQJLWXGLQDO LQWHUYHQWLRQV VXFK DV FKDQJHV WR W
PRGLILFDWLRQ &RVWD %UDJDGD ODULQKR 6LOYD  %DL
7DWH &\FOLQJ LV D FRPPRQO\ XVHG VSRUWLQJ PRYH
UHODWLYHO\ FRQVWUDLQHG PRYHPHQW WKDW FDQ EH DFF

IHSWXQH .DXW] :KLOVW WKH UHOLDELOLW\ RI \
F\FOLQJ LV ZHOO UHSRUWHG %LQL +XPH +RSNLQV
/IDSODXG HW DO RQO\ D VPDOO DPRXQW E\ FRPSDUL
RI VKRUW WHUP PD[LPDO F\FOLQJ 7KLV FRPSDUDWLYH GH
EHLQJ DQ LPSRUWDQW SDUDGLJP IRU VWXG\LQJ SK\VLROR
5RGUtIXH] PXVFOH FRRUGLQDWLRQ DQG PRWRU FRQ\
GLUHFW UHOHYDQFH WR D UDQJH RI FRPSHWLWLYH F\FOLC
DO 7KHUHIRUH TXDQWLI\LQJ WHVW UHWHVW UHOLD
LV LPSRUWDQW 7HVW UHWHVW UHOLDELOLW\ KDV EHHQ T
RXWSXW RQ DQ LQHUWLDO ORDG F\FOLQJ HUJRPHWHU ZLW

ORUD 5RGUtIXH] +RSNLQV HW DO OHQGH] 9LOOD
ZLWK WUDLQHG F\FOLVWV SURGXFLQJ UHOLDEOH SRZ
ODUWLQ 'LHGULEFEK &R\OH 7TKHUH KDYH EHHQ QR V'

DQG EHWZHHQ VHVVLRQ UHOLDELOLW\ RI ELRPHFKDQLFDO
MRLQW DQJOHV DQJXODU YHORFLWLHV PRPHQWYV DQG SR
PD[LPDO F\FOLQJ GHVSLWH WKHVH PHDVXUHV EHLQJ LPSR
WHFKQLTXH DQG LQWHUPXVFXODU FRRUGLQDWLRQ RI D P¥
-DFREV YDQ ,QJHQ 6FKHQDX 'DNHOLQJ %ODNH

(0* DFWLYLW\ FDQ EH XVHG WR GHWHUPLQH PXVFOH DFWL
OHYHO RI DFWLYDWLRQ 'RUHO HW DO +XJ 'RUHO

LQYHVWLIDWLQJ LQWHUPXVFXODU FRRUGLQDWLRQ LQ F\F
PXVFOH DFWLYDWLRQ KDV WR EH FRRUGLQDWHG DSSURSU
WUDQVIHU IURP WKH PXVFOHY WKRXJK WKH ERG\ VHJPHQV



5DDVFK HW DO -RLQW NLQHWLF PHDVXUHV PRP
NQHH DQG DQNOH WKURXJKRXW WKH SHGDO UHYROXWLRQ
WKH MRLQWY WR SHGDO SRZHU DQG FDQ EH XVHG WR LGH
EHWZHHQ F\FOLVWV (OPHU HW DO ODUWLQ %URZQ
&RPELQLQJ LQIRUPDWLRQ RQ PXVFOH DFWLYDWLRQ IURP [
G\QDPLFV DQDO\VLY SURYLGHYV D GHHSHU XQGHUVWDQGLC
SURGXFH WKH PRYHPHQW +HQFH ERWK DUH UHTXLUHG W
LQ PD[LPDO F\FOLQJ DQG ZHUH FKRVHQ IRU PHDVXUHPHQV
%URFKQHU 1LHOVHQ HW DO 'RUHO E

7KH DLP RI WKLV VWXG\ ZDV WR TXDQWLI\ WKH WHVW UHW
PXVFOH DFWLYDWLRQ YDULDEOHYV GXULQJ PD[LPDO VSULQ
ZLWKLQ VHVVLRQ UHOLDELOLW\ ZRXOG EH EHWWHU WKDQ

OHWKRGYV

SDUWLFLSDQWYV
JRXUWHHQ WUDFN VSULQW F\FOLVWYV SDUWLFLSDWHG LQ \
DW WUDFN F\FOLQJ FRPSHWLWLRQV DW HLWKHU ODVWHUT
-XQLRU QDWLRQDO OHYHO $OWKRXIK WKH SDUWLFLSD
PDOHV DQG IHPDOHV DJH ‘ \U ERG\ PDVV
P WKH\ ZHUH VLPLODU ZLWK UHVSHFW WR F\FOLQJ SF
V. 3DUWLFLSDQWYV ZHUH SURYLGHG ZLWK VWXG\
FRQVHQW 7KH VWXG\ ZzZDV DSSURYHG E\ WKH 6KHIILHOG +1
DQG :HOOEHLQJ 5HVHDUFK (WKLFV 6XE &RPPLWWHH

([(SHULPHQWDO SURWRFRO

$Q LVRNLQHWLF HUJRPHWHU ZDV VHW XS WR UHSOLFDWH
$O00 SDUWLFLSDQWVY FUDQN OHQJWKYV ZHUH VHW WR P
WUDFN ELF\FOHV 5LGHUV XQGHUWRRN WKHLU W\SLFDO ZI
SHGDOOLQJ UDWH DQG UHVLVWDQFH IRU DW OHDVW PLC
VSULQW VHFRQGV DW USP ODUWLQ DQG FROOHDJXH
FDQ SURGXFH YDOLG DQG UHOLDEOH UHVXOWYV IRU PD[LPI
VHVVLRQ ODUWLQ HW DO DQG VR RQH IDPLOLDULVD



5LGHUV WKHQ FRQGXFWHG [ V VHDWHG VSULQWYV DW D
LVRNLQHWLF HUJRPHWHU ZLWK PLQXWHVY UHFRYHU\ EH\
DQ LGHQWLFDO VHVVLRQ “ GD\V DSDUW DW DSSURJL
K $ SHGDOOLQJ UDWH RI USP ZDV FKRVHQ DV WKL\
WKH 10\LQJ PHYHQW LQ WUDEN F\FOLQJ DQG ZLWKLQ W
WUDFN VSULQW F\FOLVWV 'RUHO HW DO 7KH FRPSH
YROXPH RI WKH SDUWLFLSDQWY PHDQW WKDW LW ZDV QR\
KRXUV SULRU WR WKH WHVWLQJ VHVVLRQV VR LQVWHD:
VDPH WUDLQLQJ LQ WKH SUHFHGLQJ KRXUV EHIRUH ERW

,VRNLQHWLF HUJRPHWHU
$ 650 (UJRPHWHU -XOLFK *HUPDQ\ F\FOH HUJRPHWHU IU]
FRQVWUXFW DQ LVRNLQHWLF HUJRPHWHU 7KH PRGLILHG
N: $& LQGXFWLRQ PRWRU $%% /WG :DUULQJWRQ 8. 7
D IUHTXHQF\ LQYHUWHU HTXLSSHG ZLWK D EUDNLQJ UHVL
6FKQHLGHU (OHFWULF /WG /RQGRQ 8. 7KLV VHW XS HQD
ERXWV DW WKH WDUJHW SHGDOOLQJ UDWH UDWKHU WKDC
|O\ZKHHO 7KH HUJRPHWHU ZDV ILWWHG ZLWK 6HQVL[ IRUJ
3RLWLHUV )UDQFH DQG D FUDQN HQFRGHU ORGHO /0 5
VDPSOLQJ GDWD DW +] 1RUPDO DQG WDQJHQWLDO SHG
FUDQN DQG SHGDO DQJOHV LQWR WKH HIIHEWLYH SURSXC
FUDQN FUDQN IRUFHV )LJXUH

.LQHPDWLF DQG NLQHWLF GDWD DFTXLVLWLRQ

7ZR GLPHQVLRQDO NLQHPDWLF GDWD RI HDFK SDUWLFLSD
XVLQJ RQH KLJK VSHHG YLGHR FDPHUD ZLWK LQIUD UHG U
,'6 2EHUVXOP *HUPDQ\ 5HIOHFWLYH PDUNHUV ZHUH SOC
PDOOHROXVY ODWHUDO IHPRUDO FRQG\OH JUHDWHU WURI
UHVHDUFKHU DWWDFKHG WKH PDUNHUV IRU DOO VHVVLRQ
PDUNHU VHW XVHG DQG WKH GHILQLWLRQ RI KLS MRLQW

DSSHQGLFHYV DQG .LQHPDWLFV DQG NLQHWLFV RQ W
&UDQN&DP VRIWZDUH &6(5 6+8 B6KHIILHOG 8. ZKLFK V\C
SHGDO IRUFH GDWD GRZQ VDPSOHG WR +] WR PDWFK \

GDWD SURFHVVLQJ LQFOXGLQJ DXWR WUDFNLQJ RI WKH P



(0* GDWD DFTXLVLWLRQ

(0* VLIJQDOV ZHUH UHFRUGHG FRQWLQXRXVO\ IURP QLQH F
ODWHUDOLV 9/ UHFWXV IHPRULV 5) YDVWXV PHGLDOL\
KHDG RI ELFHSV IHPRULV %) VHPLWHQGLQRVXV 67 OD\
62 DQG JOXWHXV PD[LPXV *0$; ZLWK 'HOV\V 7ULJQR ZL
'HOV\V ,QF %RVWRQ 0$ 7KH VNLQ DW WKH HOHFWURGH
VKDYLQJ WKH DUHD WKHQ FOHDQLQJ LW ZLWK DQ DOFRKR
SODFHG LQ WKH FHQWUH RI WKH PXVFOH EHOO\ ZLWK WK
PXVFOH ILEUH RULHQWDWLRQ DQG VHFXUHG XVLQJ ZUDSV
SHGDOOLQJ 7KH VDPH UHVHDUFKHU DWWDFKHG WKH (0* V
ZLUHOHVV VHQVRU FRQWDLQLQJ DQ DFFHOHURPHWHU
OHIW FUDQN DUP WR REWDLQ D PHDVXUH RI FUDQN DQJOH
7KH (0* VIVWHP ZDV RSHUDWHG DQG UHFRUGHG LQ (0*ZRU
'HOV\V ,QF %RVWRQ 0$ VDPSOLQJ GDWD DW +]

'DWD SURFHVVLQJ
$00 NLQHWLF DQG NLQHPDWLF GDWD ZHUH ILOWHUHG XVL
ORZ SDVV ILOWHU ZLWK D EXW RIlI IUHTXHQF\ Rl  +] VHOF
'LQWHU UHIHU WR $SSHQGL] IRU GHWDLOV 7KH
FKRVHQ IRU WKH NLQHPDWLF DQG NLQHWLF GDWD DV UHF
DYRLG GDWD SURFHVVLQJ DUWHIDEFWVY LQ WKH FDOEXODW
,QVWDQWDQHRXV FUDQN SRZHU ZDV FDOFXODWHG IURP W
WKH FUDQN DQJXODU YHORFLW\ 7KH DYHUDJH OHIW FUDQ
WKH LQVWDQWDQHRXYV OHIW FUDQN SRZHU RYHU D FRPSO
WHFKQLFDO IDXOW ZLWK WKH IRUFH PHDVXUHPHQW LQ WK
FDOFXODWH WRWDO DYHUDJH FUDQN SRZHU SHU UHYROXYV
-RLQW DQJOHV ZHUH FDOFXODWHG XVLQJ WKH FRQYHQWL]I
ZHUH FDOFXODWHG YLD LQYHUVH G\QDPLFV (OIWPDQ
NLQHPDWLFV DQG ERG\ VHIJPHQW SDUDPHWHUV GH /HYD
ZHUH GHILQHG DV SRVLWLYH DQG MRLQW IOH[LRQ PRPHQV
ERG\ VHIJPHQW SDUDPHWHUV IRU WKLV SURJUDPPH RI
-RLQW SRZHUV DW WKH DQNOH NQHH DQG KLS ZHUH G
WKH QHW MRLQW PRPHQW DQG MRLQW DQJXODU YHORFLW



'DWD ZHUH DQDO\VHG XVLQJ D FXVWRP ODWODE 5 D 0D
VFULSW (DFK VSULQW ODVWHG IRU V SURYLGLQJ VL[ FRI
UHVDPSOHG WR GDWD SRLQWY DURXQG WKH FUDQN F\F
DQJOHV DQJXODU YHORFLWLHV PRPHQWY DQG SRZHUV Z
REWDLQ D VLQJOH HQVHPEOH DYHUDJHG WLPH VHULHV IR

7KH DFFHOHURPHWHU GDWD IRU WKH FUDQN DUP ZDV ILOV
ORZ SDVV ILOWHU ZLWK D FXW RII IUHTXHQF\ RI +] 7KH
DFFHOHUDWLRQ RI WKH VHQVRU LQ WKH GLUHFWLRQ RI W
FHQWUH 7'& FUDQN SRVLWLRQ 7R VIQFKURQLVH WKH (0*
NLQHWLF GDWD WKH 7'& ORFDWLRQV IURP WKH DFFHOHUF
WR WKH FRUUHVSRQGLQJ 7'& PHDVXUHG E\ WKH FUDQN HQ

7KH UDzZ (0* VLJQDOV IRU WKH VSULQW HIIRUWV ZHUH KLJ
RUGHU FXW RIlI [UHTXHQF\ +] WR GLPLQLVK PRWLRQ DU

PHDQ VTXDUHG 506 PV ZLQGRZ DQG WKHQ ORZ SDVV ||
RUGHU FXW RIlI I[UHTXHQF\ +] %URFKQHU 1LHOVHQ HW
LOWHUSRODWHG WR GDWD SRLQWYV DURXQG WKH FUDQT

PHWKRG DQG WKHQ DYHUDJHG RYHU FUDQN UHYROXWLR
PXVFOH 7KH (0* VLIJQDOV ZHUH QRUPDOLVHG WR WKH PHL
DFURVVY WKH FUDQN F\FOH IRU HDFK PXVFOH 7KH UHOLDE
QRUPDOLVDWLRQ PHWKRGYV LV GLVFXVVHG LQ $SSHQGL]

FKRLFH RI QRUPDOLVLQJ WKH (0* VLIJQDOV WR WKH PHDQ
UHVHDUFK $SSHQGL] SURYLGHV WKH MXVWLILFDWLRQ
ZHUH QRW XVHG LQ WKH (0* DQDO\VLV IRU WKLV SURJUDP

6WDWLVWLFDO DQDO\VLYV

'LITHUHQFHV LQ GLVFUHWH YDOXHV EHWZMWWEGWWWVLRQV Z
'LITHUHQFHV LQ WLPH VHULHY GDWD LQVWDQWDQHRXYV FL
DQJXODU YHORFLWLHVY PRPHQWYV SRZHUV DQG QRUPDOLYV
VHVVLRQV ZHUH DVVHVVHG XVLQJ VWDWLWWHWVD® BBUBPH
XVHG IRU DOO YDULDEOHV H[FHSW FUDMHV VW ZBNVXXKHKUH A
3DWDN\ &UDQN IRUFH FRQVLVWYV RI WZR YHFWRU FR



LOQHITHFWLYH FUDQN IRUFH DQG WKHUHIRUH D PXOWLYDL
3DWDN\ 7KH OHYHO RI VWDWLVWLHARO MDD WHVWYF I

7KH UHOLDELOLW\ RI WKH GLVFUHWH YDULDEOHYV EHWZHH
FRUUHODWLRQ FRHIILFLHQW ,&& WHVWV ,&&V ZHUH FDO
9HUVLRQ ,%0 8. /I WG 3RUWVPRXWK 8. EDVHG RQ DYHL
DJUHHPHQW WZR ZD\ PL[HGNHIIAFNIMW HREBDO W&QREWKH QXPI
WULDOV LQ D VHVVLRQ ZKLFK LQ WKLV VWXG\ LV WKUHH

DQG /LTV JXLGHOLQHV YDOXHV OHVV WKDQ DUH LQGLEF
DQG LQGLFDWHY PRGHUDWH UHOLDELOLW\ WR
LQGLFDWHYV H[FHOOHQW UHOLDELOLW\ .RR /L JRU I

KDYLQJ H[FHOOHQW UHOLDELOLW\ ERWK XSSHU DQG ORZI
LQWHUYDOV PXVW IDOO ZLWKLQ WKH H[FHOOHQW UDQJH

6WDQGDUG HUURU RI PHDVXUHPHQW 6(0 IRU EHWZHHQ VI
IRUPXOD :HLU ZKHUH 6' LV VWDQGDUG GHYLDWLRQ |

5'/ L58&is F+% %
OLQLPDO GHWHFWDEOH GLIITHUHQFH 0'" ZDV FDOFXODWHC
IRUPXOD :HLU

/&& L 5'/ Hsa{x¥H
7KH FRHIILFLHQW RI YDULDWLRQ &9 ZDV FDOFXODWHG IR
FRPSOHWH UHYROXWLRQ +RSNLQV

7KH DGMXVWHG FRHIILFLHQWSEREZBX W DFE B D5 MG URRW QDK
NLQHPDWLF NLQHWLF DQG (0* WLPH VHULHVY GDWD WR HY
ZDYHIRUPV ZLWKLQ DQG EHWZHHQ VHVVLRQ .DGDED HW |
VLPMOBMMHQGV WR DQG LUWKHROGVUHMVBLVVIKH.OBWMXVWHG

RI PXOWLSOH FRUUHODWLRQ &0& ZDV FDOFXODWHG E\ W
FRHIILFLHQW RI PXOWLSOH GHWHUPLQDWLRQ .DGDED HW
EHWZHHQ VHVVLRQ IRU HDFK WLPH VHULHY YDULDEOH ZHL
WKHQ DYHUDJHG DFURVVY DOO SDUWLFLSDQWYVY WR REWDLC
*URZQH\ DQG FROOHDJXHV VXJJHVWHG YDOXHV Rl &0& JUF
KLIJK GHJUHH RI UHSURGXFLELOLW\ *URZQH\ OHJODQ -RK



$SDUW IURP WKLV UHIHUHQFH WKHUH DUH QR SXEOLVKHG
WKHUHIRUH WKH JXLGHOLQHYV IRU LQWHUSUHWLQJ WKH 3

ZKHUH YDOXHYV LQGLFDWH ORZ UHSHDWDELOLW\ \W
UHSHDWDELOLW\ WR LQGLFDWHY JRRG UHSHDWDELC
UHSHDWDELOLW\ +LQNOH :LHUVPD -XuUV 7TKH (0* G

IRU VLIQDO TXDOLW\ DQG WKH IUHTXHQF\ VSHFWUXP RI W
FDOFXODWHG (0* VLIQDOV ZLWK D KLIJK IUHTXHQF\ FRQWI]
I[UHTXHQF\ QRLVH GXH WR PRYHPHQW DUWHIDFW 'H /XFD |
wuLDOV ZHUH GLVFDUGHG 7KHUHIRUH WKH &0& IRU ZLWk
OLQHDU HQYHORSHV RI WKH 9/ 90 67 DQG *0%; PXVFOHYV
SDUWLFLSDQWY $W OHDVW WULDOV IRU HDFK PXVFOH S
FDOFXODWH &0& 7KH FDOFXODWHG UHOLDELOLW\ RI WKH
ERXQG DV YHU\ QRLV\ WULDOV ZHUH GLVFDUGHG

7KH FURVV FRUUHOGD WDR @ BFAFAXIQBWHBWVWR FRPSDUH WKH
ZLWKLQ DQG EHWZHHQ VHVVLRQ (0* OLQHDU HQYHORSHV

7KH EHWZHHQ VHVVLRQV FURVV FRUUHODWLRQ FRHII
VHVVLRQ PHDQ (0* OLQHDU HQYHORSH DQG ZLWKLQ VHVV
ZDV FDOFXODWHG FRPSDULQJ WKH (0* OLQHDU HQYHORSH

SHVXOWYV

'LVFUHWH YDULDEOHYV

$00 GLVFUHWH YDULDEOHYV GHPRQVWUDWHG JRRG WR HI[F
& & ! 7DEOH 'LVFUHWH FUDQN OHYHO YDULDEC(
H[FHOOHQW EHWZHHQ VHVVLRQV UHOLDELOLW\ ,&& N !
NLQHPDWLF DQG NLQHWLF YDULDEOHV $YHUDJH FUDQN S
WKH OHIW VLGH RQO\ ZDV : DQG “ : IRU VH
7TDEOH ZKLFK JLYHVY DQ LQGLFDWLYH WRWDO FUDQN
ERWK FUDQNYV RI DQG : 0" EHWZHHQ VHVVLRQV IRU
ZDV : DQG EHWZHHQ WR 1 UHVSHFWLYHO\ 7DEOH
W\SLFDOO\ GHPRQVWUDWHG PRGHUDWH WR H[FHOOHQW U
I[URP WR f 7TDEOH 3HDN MRLQW DQJXODU YHORFL
ZDV W\SLFDOO\ PRGHUDWH WR H[FHOOHQW H[FHSW IRU S



DQJXODU YHORFLW\ ZKLFK KDG SRRU WR JRRG UHOLDELOL
IRU SHDN MRLQW DQJXODU YHORFLWLHV UDQJHG IURP W
PRPHQWY GHPRQVWUDWHG PRGHUDWH WR H[FHOOHQW EH
SHDN NQHH IOH[LRQ PRPHQW ZKLFK GHPRQVWUDWHG SRR
OD[LPXP DQNOH DQG NQHH MRLQW SRZHUV GHPRQVWUDWH
EHWZHHQ VHVVLRQV ZKHUHDV PD[LPXP KLS SRZHU VKRZH

0" EHWZHHQ VHVVLRQV IRU SHDN MRLQW PRPHQWYV UL
PD[LPXP MRLQW SRZHUV  WR : &9 IRU DYHUDJH OHIW
UHYROXWLRQ ZDV “ DQG “ IRU ZLWKLQ DQG E



7TDEOH 'LWKLQ VHVVLRQ UHOLDELOLW)\ IRU NLQHPDWLF DQG NLQHWLF YDULDEOHYV

9DULDEOH 8QLWYV OHDQ 6 OHDQ 8& 6(0 0"
6SULQW 6SULQW 6SULQW GLIIHUHQFHYV /% 8%

3RZHU DYHUDJH RYHU D: FRPSOH®WH F F

UHYR( OHIW

3HGDOOLQJ UDWH FUSP F F

OD[ HIIHFWLYH FUDQN IRUFH F 1 F F

OD[ LQHIIHFWLYH FUDQN IRUFH F 1 F F

OLQ LQHIIHFWLYH FUDQN IRUFH F 1 F F

OD[ LQVWDQWDQHRXYV FUDQN SRZFAU F F

3HDN DQNOH SODQWDUIOH[LRQ DB®JOH F f F

3HDN DQNOH GRUVLIOH[LRQ DQJOH F F

3HDN NQHH H[WHQVLRQ DQJOH F f F F

3HDN NQHH IOH[LRQ DQJOH F f F F

3HDN KLS H[WHQVLRQ DQJOH F f F F

3HDN KLS IOH[LRQ DQJOH F f F F

3HDN DQNOH SODQWDUIGHJLRQ DBJXODU F F

YHOF

3HDN DQNOH GRUVLIOH[LRQ DQJXPDU YHORFLW\ f

3HDN NQHH H[WHQVLRQ DQJXODUFYHORFLWYF¥ f Vv

3HDN NQHH IOH[LRQ DQJXODU YH®RFLW\ F fV
3HDN KLS H[WHQVLRQ DQJXODU YHORFLW\ F

3HDN KLS IOH[LRQ DQJXODU YHORFLW\ Ff
3HDN DQNOH SODQWDUIOH[LRQ PRPHQW F 1
3HDN DQNOH GRUVLIOH[LRQ PRPHRW E P

\%

f
\%
[

-|-|T|-|-|T|'I'I'|'Iﬁ




7DEOH FRQWLQXHG

9DULDEOH 8QLWYV OHDQ 6° OHDQ .&& 3 6(0 0"
6SULQW 6SULQW 6SULQW GLIIHUHQFHV/% 8%

3HDN NQHH H[WHQVLRQ PRPHQW F 1F F
3HDN NQHH IOH[LRQ PRPHQW F 1P F F
3HDN KLS H[WHQVLRQ PRPHQW F 1PF F
3HDN KLS IOH[LRQ PRPHQW F 1P F F
OD[LPXP DQNOH SRZHU F F F
OD[LPXP NQHH SRZHU F F F
OD[LPXP KLS SRZHU F F F

LQGLFDWHY VLJQLILFDQW GLIIHUHQEF&&EHW Z HIHVPKV. QVWHRQYIMRQ LQWUDFODVY FRUUHODWL
ERXQG FRQILGHQFH LQWHUYDOV 6(0 VWDQGDUG HUURU RI PHDVXUHPHQW 0'" PLQLPDC



7TDEOH %YHWZHHQ VHVVLRQV UHOLDELOLW\ IRU NLQHPDWLF DQG NLQHWLF YDULDEOHYV

9DULDEOH 8QLWYV OHDQ 6' OBDQ,&&IIHUHQFH 6(0 0
6HVVLRQ B6HVVLRQ N /% 8%

3RZHU DYHUDJH RYHU D FRPSOHWH UHYROXWLRQ OHIW RQO\ “ “
3HGDOOLQJ UDWH USP “ “

OD[ HIIHFWLYH FUDQN IRUFH 1

OD[ LQHIIHFWLYH FUDQN IRUFH 1

OLQ LQHIIHFWLYH FUDQN IRUFH 1

OD[ LQVWDQWDQHRXV FUDQN SRZHU :

3HDN DQNOH SODQWDUIOH[LRQ DQJOH f “ “

3HDN DQNOH GRUVLIOH[LRQ DQJOH f “ “

3HDN NQHH H[WHQVLRQ DQJOH f “ “

3HDN NQHH IOH[LRQ DQJOH f “ “

3HDN WKLJK H[WHQVLRQ DQJOH f “ “

3HDN WKLJK IOH[LRQ DQJOH f “ “

3HDN DQNOH SODQWDUIOH[LRQ DQJXODU YHORFLW\ f Vv

3HDN DQNOH GRUVLIOH[LRQ DQJXODU YHORFLW\ fv

3HDN NQHH H[WHQVLRQ DQJXODU YHORFLW\ f Vv

3HDN NQHH IOH[LRQ DQJXODU YHORFLW\ f Vv “ “

3HDN WKLJK H[WHQVLRQ DQJXODU YHORFLW\ fVv “ “

3HDN WKLJK IOH[LRQ DQJXODU YHORFLW\ f Vv “ “

3HDN DQNOH SODQWDUIOH[LRQ PRPHQW 1
3HDN DQNOH GRUVLIOH[LRQ PRPHQW 1P “ “
3HDN NQHH H[WHQVLRQ PRPHQW 1 “ “
3HDN NQHH IOH[LRQ PRPHQW 1P
3HDN KLS H[WHQVLRQ PRPHQW 1P




7DEOH FRQWLQXHG

9DULDEOH 8QLWYV OHDQ 6' OBDQ,&&IIHUHQFH 6(0 0
6HVVLRQ B6HVVLRQ N /% 8%

OD[LPXP DQNOH SRZHU
OD[LPXP NQHH SRZHU
OD[LPXP KLS SRZHU : “ “

LQGLFDWHY VLJQLILFDQW GL3IHUHQF&&E HN Z HH B WZAHWQ R'GIWVLRQV LQWUDFODVV FRUUHC

8% ERXQG FRQILGHQFH LQWHUYDOV 6(0 VWDQGDUG HUURU RI PHDVXUHPHQW 0'" PLC




7LPH VHULHV YDULDEOHYV
&UDQN SRZHU GHPRQVWUDWHG H[FHOOHQW ZLWKLQ DQG
)LIXUH &UDQN SRZHU ZD¥ VLIQEHWIZEWQ\VEVIVHE
RQH DQG WZR EHWZHHQ FUDQN DQJOHV WR f RI F
LQHIIHFWLYH FUDQN IRUFH ZDV VOLJKWO\ OHVV UHSHDWD
IRUFH &0& - ZLWKLQ DQG EHWZHHQ VHVVLRQ DOWK
H[FHOOHQW UHOLDELOLW\ )LJXUH 7KH BUDQN IRUFHV
EHWZHHQ VHVVLRQV RQH DQG WZR EHWZHHQ FUDQN |
F\FOH DQG DQG f RI FUDQN F\FOH )LJXUH

YLIXUH &UDQN SRZHU JURXS PHDQV IRU VHVVLRQ RQH
$UHDV Rl WKH JUDSK VKDGHG JUH\ ZKHUH WKH 630 LV VLJ
GHYLDWLRQ RI DGMXVWHG FRHIILELHQW RI PXOWLSOH FRL
DQG EHWZHHQ VHVVLRQV E



)LIXUH &UDQN IRUFHV JURXS PHDQV IRU VHVVLRQ RQt
$UHDV Rl WKH JUDSK VKDGHG JUH\ ZKHUH WKH 630 LV VLJ
GHYLDWLRQ RI DGMXVWHG FRHIILELHQW RI PXOWLSOH FRL
DQG EHWZHHQ VHVVLRQV E

-RLQW DQJOHV DQG DQJXODU YHORFLWLHY GHPRQVWUDW!

UHOLDELOLW\ &O0& )LIXUH $QNOH MRLQW DQJO

OHVV UHSHDWDEOH WKDQ WKRVH DW WKH NQHH DQG KLS |

VLIQLILFDQWO\ GLIIHWWBDMHQ VHVVLRQV RQH DQG WZR EH
WR  f RI FUDQN F\FOH )LJXUH

-RLQW PRPHQWYVY DQG SRZHUV GHPRQVWUDWHG H[FHOOHQ'
UHOLDELOLW\ &0& - J)LIXUH +LS MRLQW PRPHQW
UHSHDWDEOH WKDQ WKRVH DW WKH NQHH DQG DQNOH MR
GLITHBHQW EHWZHHQ VHVVLRQV RQH DQG WZR EHWZHHQ



RI FUDQN F\FOH )LJXUH +LS MRLQW SRZHU ZDV V
EHWZHHQ VHVVLRQ RQH DQG WZR EHWZHHQ FUDQN DG
F\FOH )LJXUH

YJLIXUH -RLQW DQJOHV DQJXODU YHORFLWLHV PRPHQ
VHVVLRQ RQH DQG WZR

$UHDV RI WKH JUDSK VKDGHG JUH\ ZKHUH WKH 630 LV VLJ
GHYLDWLRQ RI DGMXVWHG FRHIILFLHQW Rl PXOWLSOH FRL
DQG EHWZHHQ VHVVLRQV E

JRU HDVH RI SUHVHQWLQJ WKH GDWD WKH WKLJK DQJOH D
DV KLS DQJOH DQG DQJXODU YHORFLW\

(0* OLQHDU HQYHORSH QRUPDOLVHG WR WKH PHDQ YDOXH
ZLWKLQ DQG EHWZHHQ VHVVLRQ UHOLDELOLW\ )LJXUH



HQYHORSHYVY UDQJHG EHWZHHQ WR DQG WR
VHVVLRQ UHVSHFWLYHO\ 7KH 7% %) DQG 67 PXVFOHV GHF
IRU (0* DFWLYLW\ DQG WKH 9/ DQG 90 PXVFOHV WKH KLJK
FURVV FRUUHODWIZRKQFFRHAFREBEDH®W WLPLQJ RI (0* OLQHDU
EHWZHHQ VHVVLRQV UDQJHG IURP WR J)LIXUH

)LIXUH (0O* OLQHDU HQYHORSHV QRUPDOLVHG WR PHI
PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULV 90 YDVW
DQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV
62 VROHXV *0%$; JOXWHXV PD[LPXV OHDQ DQG VWDQGD
FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0& ZLWKLQ
E OHDQ DQG VWDQGDUG GHYLDWLRQ RI FURVV FRUUHOD
Z DQG EHWZHHQ VHVVLRQV E



'LVFXVVLRQ

7KH SXUSRVH RI WKLV VWXG\ ZDV WR TXDQWLI\ WKH WHVW
DQG (0* DFWLYDWLRQ YDULDEOHYV PHDVXUHG GXULQJ VKR
PDLQ ILQGLQJYV ZHUH WKDW EHWZHHQ VHVVLRQV WHVW UF
PRGHUDWH WR H[FHOOHQW IRU WKH ELRPHFKDQLFDO YDU!
DQG IXUWKHUPRUH WKDW ZLWKLQ VHVVLRQ UHOLDELOLW\
UHOLDELOLW\ +RZHYHU VRPH YDULDEOHV VXFK DV SHDN
KLS MRLQW SRZHU GHPRQVWUDWHG ORZHU UHOLDELOLW\
ZKHQ XVLQJ WKHVH YDULDEOHYVY WR HYDOXDWH FKDQJHV L

LWKLQ DQG EHWZHHQ VHVVLRQ YDOXHV RI &0& IRU MRLQ

GHPRQVWUDWHG KLJK UHOLDELOLW\ &0& ! J)LIXUH
LQ WKH FOLQLFDO JDLW DQDO\VLV OLWHUDWXUH ZKHUH K
NLQHPDWLFV &0&fV W\SLFDOO\ JUHDWHU WKDQ OF*L

VSHFLILFDOO\ WKH DQNOH MRLQW NLQHPDWLFV DQJOH D

OHVV UHSHDWDEOH WKDQ NQHH DQG WKLJK MRLQW NLQHF

ZLWK JDLW VWXGLHV ZKHUH ORZHU YDOXHV Rl &0& DUH RE

GRUVLIOH[LRQ SODQWDUIOH[LRQ FRPSDUHG WR NQHH DQGC
OF*LQOH\ HW DO

7KH VRXUFH RI WKH ORZHU UHOLDELOLW\ LQ WKH DQNOH |
VHHPV XQOLNHO\ WR EH D PHDVXUHPHQW HUURU JLYHQ W
SODFHPHQW HUURUV IRU WKH ORZHU OLPE DUH JUHDWHVYV
LQWUD H[DPLQHU SUHFLVLRQ IRU WKH JUHDWHU WURFKD

D[LV RI WKH IHPXU DQG PP LQ WKH DQWHULRU SRVWH
PDOOHROXV PP DORQJ WKH ORQJ D[LV ILEXOD PP L
'HOOD &URFH HW DO 'HOOD &URFH HW DO ) XU\

67$ RI WKH ORZHU OLPE PDUNHUV LQ F\FOLQJ LV DOVR O
DQNOH MRLQW JUHDWHU WURFKDQWHU PDUNHU GLVSODE
PP DQWHULRU SRVWHULRU DQG PP SUR[LPDO GLVWDO

PP DQWHULRU SRVWHULRU DQG PP SUR[LPDO GLVWEL
FRPSDULVRQ WKHUH DUH SRWHQWLDO ELRORJLFDO H[SOD
DQNOH MRLQW NLQHPDWLFV ODUWLQ DQG 1LFKROV IRU H



KDV D GLITHUHQW UROH WR WKH NQHH DQG KLS MRLQWYV L
LQVWHDG RI PD[LPLVH SRZHU ODUWLQ 1LFKROV OR
ZRUNV LQ V\QHUJ\ ZLWK WKH KLS MRLQW WR WUDQVIHU SF
VXUURXQGLQJ WKH KLS MRLQW WR WKH FUDQN )UHJO\
QRWLRQ E\ VXJIJHVWLQJ WKDW F\FOLVWYV PD\ UHJXODWH W
VIQHUJ\ LQ RUGHU WR PDLQWDLQ D VWDEOH HIIHFWLYH F
HISHULPHQW ZRXOG EH UHTXLUHG WR WHVW WKLV K\SRWHK

,Q WHUPV RI MRLQW NLQHWLFV MRLQW PRPHQWYV DQG SR.
PRUH SUR[LPDO FRPSDUHG WR GLVWDO MRLQWYV * ZLWK W

MRLQW )LJIJXUH 7KLV REVHUYDWLRQ PD\ EH GXH WR W
PLVSODFHPHQW HUURUV EHLQJ ODUJHVW DW WKH KLS MRI
DO /L HW DO ,W PD\ DOVR EH DWWULEXWHG W

LQ JHQHUDO 67%$ PDUNHU PLVSODFHPHQW IRUFH SHGDO
SURSDJDWH WKURXJK WKH LQYHUVH G\QDPLFV FDOFXODW
'DYLGVRQ ,Q HLWKHU VFHQDULR WKLV LQGLFDWHYV V
SUR[LPDO WR GLVWDO MRLQW UHOLDELOLW\ DUH OLNHO\ \
ELRORJLFDO YDULDELOLW\

7KH SHDN NQHH IOH[LRQ PRPHQW VKRZHG SRRU WR PRGHL
ZLWK WKH ODUJHVW 0'" Rl DOO MRLQW PRPHQWYV 1P (
PLVSODFHPHQW LV GHSHQGHQW RQ NQHH IOH[LRQ DQJOH
WKDW WKH JUHDWHU WKH NQHH IOH[LRQ WKH ODUJHU HU

ODUNHU GLVSODFHPHQW FRXOG WKHUHIRUH H[SODL
NQHH IOH[LRQ DQJXODU YHORFLW\ DQG PRPHQW GDWD )X
GHWDLOHG PDUNHU VHWV DQG PRGHOV RI 67$ WR UHGXFt
PDUNHU PLVSODFHPHQW RQ WKH FDOFXODWHG NLQHPDWL
LPSURYH WKH UHOLDELOLW\ RI WKH FDOFXODWHG NQHH I

$YHUDJH OHIW FUDQN SRZHU RXWSXW RYHU D FRPSOHWH
ZLWKLQ DQG EHWZHHQ VHVVLRQ VXSSRUWLQJ WKH ILQGL
WUDLQHG F\FOLVWY DUH DEOH WR UHSURGXFH UHOLDEOH
VHVVLRQ ODUWLQ HW DO (IIHFWLYH FUDQN IRUFH H
SRZHU ZKHUHDV LQHIIHFWLYH FUDQN IRUFH GHPRQVWUD\



UHOLDELOLW\ ZKLFK ZDV DVVRFLDWHG ZLWK WKH ODUJH L
FUDQN IRUFH EHWZHHQ FUDQN DQJOHV RI f DQG f )L.
SHGDOVY PHDVXUHPHQW SUHFLVLRQ ZRXOG SURYLGH DQ
GLIIHUHQFHV LQ UHOLDELOLW\ EHWZHHQ WKH HIIHEWLYH |
WKH PHDVXUHPHQW SUHFLVLRQ YDOXHV DUH WKH VDPH IR
LOQVWUXPHQWHG SHGDOV XVHG LQ WKLV VWXG\ FRPELQHC
PHDVXULQJ UDQJH 05 DQG FURVVWDON EHWZHHQ WKH EF
3RLWLHUV )UDQFH 7KHUHIRUH LW VHHPV SUREDEOH WF
HIITHFWLYH DQG LQHIIHEFWLYH IRUFH PD\ KDYH D ELRORJLF
H[SDQGHG XSRQ XVLQJ WKH (0* UHVXOWYV

(0* OLQHDU HQYHORSHYV JHQHUDOO\ GHPRQVWUDWHG H[FF
)LIXUH +RZHYHU WKH KDPVWULQJV %) 67 DQG WKH
ORZHVW UHOLDELOLW)\ IRU (0* DFWLYLW\ :UHQ DQG FROO|
RI WKH KDPVWULQJV PD\ EH FDXVHG E\ PHDVXUHPHQW HU!
VHQVLWLYLW\ RI WKHVH PXVFOHV WR HOHFWURGH SODFHF
RYHUO\LQJ IDW PDVV :UHQ HW DO 7KH ORZHU UHOL
KDPVWULQJ PXVFOHV %) 67 PD\ DOVR KDYH D ELRORJLED
ILQGLQJY DUH FRQVLVWHQW ZLWK RWKHU VWXGLHV ZKR V
DUWLFXODU IXQFWLRQ 5\DQ *UHJRU 9DQ ,QJHQ 6FF
H[DPSOH GHPRQVWUDWHG WKDW WKH EL DUWLEXODU PXVI
GLUHFWLRQ RI WKH H[WHUQDO IRUFH RQ WKH SHGDO YDQ
LGHQWLILHG WKDW WKH SDUDGR[LFDO FRDFWLYDWLRQ RI
EL DUWLEXODU DQWDJRQLVWY KDPVWULQJV HPHUJHV VR
FRQWURO WKH GHVLUHG GLUHFWLRQ RI WKH IRUFH DSSOL
GLVWULEXWLRQ RI QHW PRPHQWY RYHU WKH MRLQWYV YD

2Q D PHFKDQLFDO EDVLVY WKH JRDO RI PD[LPDO F\FOLQJ 1
IRUFH DV WKLV PD[LPLVHV WKH SURSXOVLYH SRZHU DQG
WKH FUDQN IRUFH DQG (0* GDWD WRIJHWKHU WKHUHIRUH

F\FOLVWYV PD\ UHJXODWH EL DUWLFXODU PXVFOHVY DFWLYI
IRUFH ZLWK WKH DLP RI PD[LPLVLQJ HIITHFWLYH FUDQN IR
RXWFRPH DW WKH H[SHQVH RI WKH LQHIIHFWLYH IRUFH ZK
RXWFRPH 7KH EL DUWLFXODU PXVFOHV %) 67 DQG */ DU



F\FOH ZKHUH WKH LQHIIHFWLYH FUDQN LV PRUH YDULDEO!
PHEKDQLVP XQGHUO\LQJ WKLV ILQGLQJ 7KLV SULQFLSOH
.DGDED HW DO *LDNDV % DOW]RSRXORYV DQG U
'"HOLWD ZKHUH WKH SURSXOVLRQ DQG EUDNLQJ JURX
SRVWHULRU DQG YHUWLFDO GLUHFWLRQ KDYH EHHQ VKR:
YDULDELOLW\ WKDQ WKH PHGLR ODWHUDO IRUFH +RZHYH
H[SHULPHQWY DUH UHTXLUHG WR FRQILUP RU UHIXWH WKt

630 LQGLFDWHG D VLIJQLILFDQW EHWZHHQ VHVVLRQ GLIIHLI
F\FOH IRU FUDQN SRZHU FUDQN IRUFHV DQNOH DQJXODL
SRZHU 7KHVH GLIITHUHQFHYV DUH XQOLNHO\ WR EH PHDQLC
WKH FUDQN F\FOH DQG W\SLFDOO\ RFFXU LQ UHJLRQV RI

7KH H[SHULPHQWDO SURWRFRO FRXOG KDYH LQWURGXFHC
DOWKRXJK WKH SDUWLFLSDQWYV ZHUH LQVWUXFWHG WR Ul
HUJRPHWHU WKH\ WHQGHG WR KRYHU VOLJKWO\ RYHU WK
LQFUHDVH FUDQN SRZHU ZKLFK LQFUHDVHYV SHOYLV PRY|
XS WR PDWFK HDFK SDUWLFLSDQWYfV WUDFN ELF\FOH 7KH
VWDQGDUGLVHG WR SHUFHQWDJH RI LQVLGH OHJ OHQJWK
OHVWGDJK 6RPH RI WKH SDUWLFLSDQWY KDG D UHOEL
WR WKHLU OHJ OHQJWK ZKLFK UHVXOWHG LQ UHODWLYHC
WUDQVYHUVH URWDWLRQ ZKHQ WKH\ VSULQWHG 7KLV VW
DQG EHWZHHQ WULDO YDULDELOLW\ SDUWLFXODUO\ DW W

&RQFOXVLRQ

7\SLFDOO\ WKH ELRPHFKDQLFDO YDULDEOHV WKDW GHVF|
+RZHYHU VRPH YDULDEOHV KDYH ORZHU UHOLDELOLW\ L
ZKHQ XVLQJ WKHVH WR HYDOXDWH FKDQJHV LQ PD[LPDO F
DOORZ XV WR VSHFXODWH WKDW ELRORJLFDO YDULDELOL'
WKH LQHIITHFWLYH FUDQN IRUFH DQNOH NLQHPDWLFV DQC
PHDVXUHPHQW HUURU LV WKH VRXUFH RI WKH ORZHU UHO
JXUWKHU UHVHDUFK XVLQJ SXUSRVHIXOO\ GHVLIJQHG H[SH
UHIXWH WKHVH VSHFXODWLRQV 7KHVH UHOLDELOLW\ GDW



SUDFWLFDO UHOHYDQFH RI D ORQJLWXGLQDO LQWHUYHQW
SHUIRUPDQFH VXFK DV WKH VWUHQJWK WUDLQLQJ LQWHU



/KH HIITHFW RI VWUHQJWK WUDLQLQJ RQ L
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ

,QWURGXFWLRQ

&RDFKHV Rl VSRUWY UHTXLULQJ PD[LPDO HIIRUW RYHU D
VSULQW UXQQLQJ WUDFN VSULQW F\FOLQJ VSULQW ND\D
%0; RIWHQ FRQVLGHU VWUHQJWK WUDLQLQJ UHSHWLWL®
EH D IXQGDPHQWDO DVSHFW RI DQ DWKOHWHYV WUDLQLQ.
'"HOHFOXVH *DUFtD 3DOODUpV ,]JTXLHUGR 3DUVF
VSULQW DWKOHWHY URXWLQHO\ XQGHUWDNH J\P EDVHG V
VSHFLILF WUDLQLQJ ZLWK WKH DLP WR LQFUHDVH PXVFOH
'"HOHFOXVH *DUFtD 3DOODUpV ,]JTXLHUGR 3DUVF

$OWKRXJIJK FRDFKHV IURP WKHVH VSULQW VSRUWYV LQWH.I
WUDLQLQJ DV D IXQGDPHQWDO SDUW RI VSULQW DWKOHW|
QHFHVVDULO\ EHOLHYH WKHUH LV D GLUHFW FRUUHODWLF
HJ DVVHVVHG E\ WKH DPRXQW RI PDVV WKDW FDQ EH OL
HIHUFLVH ZLWK J\P HTXLSPHQW DQG VSRUWYV SHUIRUPDQ
JLIXUH 7KLV HISHULHQWLDO REVHUYDWLRQ LV VXSSRI
VKRZV WKDW WKH WUDQVIHU RI VWUHQJWK WUDLQLQJ WR
LV SRVLWLYH WUDQVIHU WR VSRUWY SHUIRUPDQFH L H V
+RZHYHU VRPHWLPHVY WKHUH LV QR HIITHFW RU HYHQ D QF
LV GHWULPHQWDO WR SHUIRUPDQFH %OD]HYLFK -HQNL(
DO <RXQJ

,QWHUPXVFXODU FRRUGLQDWLRQ LV D PHFKDQLVP ZKLFK
VWUHQJWK WUDLQLQJ WR VSRUWY SHUIRUPDQFH LQ WZR :
DVVRFLDWHG ZLWK D VWUHQJWK WUDLQLQJ WDVN FRXOG

GXULQJ WKH VSRUW PRYHPHQW &DUUROO HW DO )R
SURJUDPPH RI D VSULQW F\FOLVW FRPPRQO\ FRQVLVWV R|
H[HUFLVHV VXFK DV VIXDWV GHDGOLIWV DQG OHJ SUHVV
KRZHYHU KDYH YHU\ GLIIHUHQW LQWHUPXVEXODU FRRUGI
SHGDOOLQJ .RQLQFN[ HW DO JRU LQVWDQFEH ZKHQ t



MRLQW LV YHU\ LPSRUWDQW LQ RUGHU WR GHFHOHUDWH \
&RUPLH HW DO E 7R DFKLHYH WKLV DLP WKHUH LV V
KDPVWULQJY DQG TXDGULFHSV *XOOHWW HW DO 60|
LQWHUPXVEXODU FRRUGLQDWLRQ SDWWHUQ LV GLIIHUHQV
F\FOLQJ ZKHUH FR FRQWUDFWLRQ EHWZHHQ WKH TXDGULF
SURYLGH ILQH FRQWURO RI WKH GLUHFWLRQ RI IRUFH DSS
WKH NQHH MRLQW 'RUHO HW DO YDQ ,QJHQ 6FKHQD>
QRQ VSHFLILF VWUHQJWK WUDLQLQJ FRXOG DFWXDOO\ LP
F\FOLQJ SHUIRUPDQFH LV UHGXFHG

6HFRQGO\ LPSURYHPHQWY LQ VSRUWY SHUIRUPDQFH PLJI
VWUHQJWK DUH DFFRPSDQLHG E\ FRQFRPLWDQW DGDSWD\
7KLV QRWLRQ WKDW WKH FRRUGLQDWLRQ SDWWHUQV QHH
FRQVWUDLQWY HJ PXVFOH VL]H VWUHQJWK DQG IDWLJX
G\QDPLFV DQG 1HZHOOYfV PRGHO RI FRQVWUDLQWYVY 1HZHC
FRRUGLQDWLRQ SDWWHUQV HPHUJH IURP WKH FRQVWUD L(

%YREEHUW DQG 9DQ 6RHVW GHPRQVWUDWHG XVLQJ D
LQFUHDVH LQ OHJ VWUHQJWK PXVW EH DFFRPSDQLHG E\ D
LQ RUGHU IRU YHUWLFDO MXPS KHLJKW WR LQFUHDVH %R
IXUWKHU VXSSRUW IRU WKLV QRWLRQ 7KH\ SHUIRUPHG D
LGHQWLI\ WKH LOQOWHUPXVFXODU FRRUGLQDWLRQ SDWWHU
WKHLU PXVFXORVNHOHWDO PRGHO %REEHUW 9DQ 6RHV\

+RZHYHU HYHQ ZLWKRXW D PXVFXORVNHOHWDO VLPXODW
VWUHQJIJWK WUDLQLQJ DITHFWV LOQOWHUPXVFXODU FRRUGLQ
NH\ PHFKDQLFDO IHDWXUHV WKDW UHSUHVHQW IXQFWLRQ
KDYH EHHQ LGHQWLILHG IURP SUHYLRXV UHVHDUFK )LUV\
VIQHUJ\ GXULQJ WKH GRZQVWURNH WR HQDEOH WKH DQN
WKH KLS HIWHQVRU PXVFOHV WR WKH FUDQN )UHJO\ =D
EL DUWLFXODU KDPVWULQJ PXVFOHVY DFWLYDWLRQ WR FR
WKH SHGDO )RU H[DPSOH LI JUHDWHU PXVFOH IRUFH LV !
RI WKH KDPVWULQJ PXVFOHV ZLOO KDYH WR DGDSW WR FF
DSSOLHG WR WKH FUDQN VR WKDW LW LV GLUHFWHG PRU
6FKHQDX HW DO 7TKLUG DW KLJKHU SHGDOOLQJ UDW



G\QDPLFVY DUH D PDMRU FRQVWUDLQW RQ SRZHU SURGXFW
.DXW] YDQ 6RHVW &DVLXV DV WKHUH LV LQVX
WKH PXVFOHV WR DFKLHYH PD[LPDO IRUFH SURGXFWLRQ C
FRRUGLQDWLRQ VWUDWHILHVY WKDW FDQ PD[LPLVH WKH P
SRZHU SURGXFLQJ SKDVH RI WKH GRZQVWURNH DUH EHQH
WLPH WKH DFWLYDWLRQ RI WKH SRZHUIXO KLS DQG NQHH
WKH\ DFWLYDWHG DV PD[LPDOO\ DV SRVVLEOH DW D FUDQ
FHQWUH 7'& + WKH ORFDWLRQ RI SHDN FUDQN SRZHU 'R
JRXUWK DW RSWLPDO SHGDOOLQJ UDWHYV DQG EHOR:
SURGXFWLRQ F\FOLVWV DFWLYHO\ SXOO XS GXULQJ WKH

SRZHU LQ PD[LPDO F\FOLQJ 'RUHO HW DO 'RUHO HW
WR VXEPD[LPDO F\FOLQJ ZKHUH WKH XSVWURNH PD\ EH P
'RUHO HW DO 'RUHO DQG FROOHDJXHV IRXQG SRVLW

SRZHU DQG DYHUDJH FUDQN SRZHU RYHU D FRPSOHWH UH
PHFKDQLFDO HIIHFWLYHQHVV ,( UDWLR RI HIITHFWLYH FU
SRZHU RXWSXW GXULQJ WKH XSVWURNH LQ PD[LPDO F\FOL
7KHVH NH\ PHEFKDQLFDO IHDWXUHV ZLOO EH XVHG WR DVV
LQWHUPXVEXODU FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ

&RQVLGHULQJ WKH HYLGHQFH RI SRVVLEOH PHFEKDQLVPV I
LQIOXHQFH FRRUGLQDWLRQ WKH DLP RI WKLV VWXG\ ZDV
EDVHG VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ RQ VKRUW '
LQWHUPXVFEXODU FRRUGLQDWLRQ SDWWHUQV ,W ZDV K\S|
FKDQJH PD[LPDO F\FOLQJ FRRUGLQDWLRQ SDWWHUQV =+ PI
DQG SRZHUV (0* DFWLYDWLRQ SDWWHUQV DQG WKH NH\ P
PD[LPDO F\FOLQJ

OHWKRGYV

3DUWLFLSDQWYV

7ZHOYH WUDFN VSULQW F\FOLVWV SDUWLFLSDWHG LQ WKH
WUDFN F\FOLQJ FRPSHWLWLRQV DW HLWKHU XQGHU LQW
LQWHUQDWLRQDO DQG QDWLRQDO OHYHO RU -XQLRU Q
SDUWLFLSDQWY ZHUH YDULHG LQ WKHLU DQWKURSRPHWU|



\U ERG\ PDVV ¢ NJ KHLJKW “ P WKH\ .
UHVSHFW WR F\FOLQJ SHUIRUPDQFH OHYHO 10\LQJ P 3
ZHUH SURYLGHG ZLWK VWXG\ GHWDLOV DQG JDYH ZULWWFE
DSSURYHG E\ WKH 6KHIILHOG +DOODP 8QLYHUVLW\ )DFEXOV
(WKLFV 6XE &RPPLWWHH

([SHULPHQWDO SURWRFRO
$Q LVRNLQHWLF HUJRPHWHU ZDV VHW XS WR UHSOLFDWH
DOO SDUWLFLSDQWY XVHG D FUDQN OHQJWK RI PP RQ
XQGHUWRRN WKHLU W\SLFDO ZDUP XS RQ WKH HUJRPHWH|
UHVLVWDQFH IRU DW OHDVW PLQXWHV IROORZHG E\ RQ
SLGHUV WKHQ FRQGXFWHG [ VVHDWHG VSULQWYV DW D
ZLWK [ V VHDWHG VSULQWYV DW D SHGDOOLQJ UDWH RI
PLQXWHV UHFRYHU\ EHWZHHQ HIIRUWV 7KH USP SHGD
XVHG DV D PHDVXUH RI F\FOLQJ VSHFLILF VWUHQJIJWK %DL
HIWHQVLRQ SKDVH ODVWYV IRU DSSUR[LPDWHO\ PV ZKLF
DOORZ SHDN PXVFXODU IRUFH WR EH GHYHORSHG $DJDDL

%XFNWKRUSH )ROODQG 7LO0OLQ -LPHQH] 5H\HV 3D
&RQYHUVHO\ D SHGDOOLQJ UDWH RI USP ZDV FKRVHQ I
SHGDOOLQJ UDWH GXULQJ WKH 10\LQJ PHYHQW LQ WUL

SHGDOOLQJ UDWH UDQJH IRU WUDFN VSULQW F\FOLVWV '
SUHYLRXV H[SHULHQFH RI XQGHUWDNLQJ J\P EDVHG VWUH
UHVLVWDQFH WUDLQLQJ H[HUFLVHV ZLWK PDQ\ RI WKH SEL
WUDLQLQJ YROXPH LQ WKH SHULRG LPPHGLDWHO\ SULRU
WKH SUR[LPLW\ RI WKH FRPSHWLWLRQ VHDVRQ RU HQG RI
SDUWLFLSDQWYV WKHQ XQGHUWRRN D WUDLQLQJ SURJUDP|
EDVHG VWUHQJWK WUDLQLQJ VHVVLRQV SHU ZHHN FRQVL\
H[HUFLVHV VTXDWV OHJ SUHVV DQG GHDGOLIW 7KH ZHL.
VHWVY RI HDFK H[HUFLVH ZHUH SUHVFULEHG E\ HDFK SDUW
FRDFK DORQJ ZLWK DQ\ RWKHU VXSSOHPHQWDU\ H[HUFLV
SURJUDPPHYV ZDV SUHVFULEHG E\ WKH SDUWLFLSDQWVY F\
DW OHDVW WZR WUDFN F\FOLQJ VHVVLRQV DQG RQH URDG
D ZHHN 5HIHU WR $SSHQGL][ IRU GHWDLOV RI WKH SD



J\P H[HUFLVHV LQ WKH LOQOWHUYHQWLRQ SHULRG )ROORZL
XQGHUWRRN DQ LGHQWLFDO WHVWLQJ VHVVLRQ WR WKH ¢
XQGHUWDNH VLPLODU WUDLQLQJ LQ WKH SUHFHGLQJ KR

,VRNLOQHWLF HUJRPHWHU
7KH VDPH HUJRPHWHU ZDV XVHG DV GHVFULEHG LQ VHFWL
SHGDOOLQJ UDWH WR ZLWKLQ USP IRU HDFK VHVVLRQ P
USP VHVVLRQ : USP 7KLV VHW XS HQDEOHG ¢
Dw WKH WDUJHW SHGDOOLQJ UDWH UDWKHU WKDQ H[SHQ
7KH HUJRPHWHU ZDV ILWWHG ZLWK 6HQVL[ IRUFH SHGDOV
JUDQFH DQG D FUDQN HQFRGHU ORGHO /0 5/6 .RPHQGEC
+] 1RUPDO DQG WDQJHQWLDO SHGDO IRUFHV ZHUH UH\
DQJOHV LQWR WKSHURISHKPWLYH PQGDIS@G®IULHBWILORIQ) WKH F
FUDQN IRUFHV DQG WRWDRO)UHVX®ODWDQW FUDQN IRUFH )

.LQHPDWLF DQG NLQHWLF GDWD DFTXLVLWLRQ
7ZR GLPHQVLRQDO NLQHPDWLF GDWD RI HDFK SDUWLFLSD
VDPH PHWKRG DV GHVFULEHG VHFWLRQ

(0* GDWD DETXLVLWLRQ

(0* VLIJQDOV ZHUH UHFRUGHG FRQWLQXRXVO\ IURP QLQH F
ODWHUDOLV 9/ UHFWXV IHPRULV 5) YDVWXV PHGLDOL\
KHDG RI ELFHSV IHPRULV %) VHPLWHQGLQRVXV 67 OD\
62 DQG JOXWHXV PD[LPXV *0$; ZLWK 'HOV\V 7ULJQR ZL
'"HOV\V ,QF %RVWRQ 0$ 7KH VNLQ DW WKH HOHFWURGH
VKDYLQJ WKH DUHD WKHQ FOHDQLQJ LW ZLWK DQ DOFRKR
SODFHG LQ WKH FHQWUH RI WKH PXVFOH EHOO\ ZLWK WK
PXVFOH ILEUH RULHQWDWLRQ DQG VHFXUHG XVLQJ ZUDSV
SHGDOOLQJ 7KH VDPH UHVHDUFKHU DWWDFKHG WKH (0* V
DQDORJXH VHQVRU ZDV FRQQHFWHG WR D UHHG VZLWFK Z
RPLWWHG D SXOVH ZKHQ WKH OHIW FUDQN DUP SDVVHG W
VI\VWHP ZDV RSHUDWHG DQG UHFRUGHG LQ (0*ZRUNV $FTX
%RVWRQ 0$ VDPSOLQJ GDWD DW +]



$QWKURSRPHWULFV

7KH SDUWLFLSDQWVYT OHIW WKLJK YROXPHY ZHUH PHDVXU
VIVWHP GHVFULEHG LQ SUHYLRXV UHVHDUFK %XOODV HW
WKH VIVWHP FRQVLVWHG RI IRXU FRQVXPHU GHSWK FEDPHL
OLFURVRIW &RUSRUDWLRQ 5HGPRQG 86% PRXQWHG YHUYV
E\ P DOXPLQLXP IUDPH %RVFK 5H[ZRUWK $* 7KH ' G
RSHUDWHG DQG FDOLEUDWHG XVLQJ .LQDQWKURGB6EDQ VRI
6+8 8. ZKLFK ZDV DOVR XVHG WR UHFRUG WKH VFDQV DG
WR FDOFXODWH WKLJK YROXPH 7KLJK YROXPH ZDV FDOEX
ODQGPDUNV DW WKH VXSHULRU DQG LQIHULRU ERXQGDUL|
ERXQGDU\ RI WKH WKLJK ZDV GHILQHG DV FP GLVWDO WR
ERXQGDU\ DW WKH PLGSRLQW RI WKH VXSHULRU ERUGHU |
VWDQGDUGYV Rl WKH ,QWHUQDWLRQDO 6RFLHW\ IRU $GYDQ

6XWWRQ 7KH WKLJK YROXPH ZDV FDOFXODWHG XVLQ
HTXDWLRQV &ULVFR OF*RYHUQ + IXOO GHWDLOV RI
YROXPH LV GHVFULEHG LQ %XOODV HW DO .RUGL HV

*\P VWUHQJWK

$ EDFN VTXDW H[HUFLVH ZDV XVHG WR HYDOXDWH WKH HII
SURJUDPPHYVY DV UHFRPPHQGHG E\ 3DUVRQV SDUWLF
ZHLIJKW OLIWHG UHSHWLWLRQV DQG VHWYV IRU WKH VTXD\
FORVHVW WR WKH ODERUDWRU\ WHVWLQJ VHVVLRQV 7R C
EHWZHHQ SDUWLFLSDQWY DQG VHVVLRQV VTXDW SUHGLF
PXFK ZHLJKW DQ LQGLYLGXDO FDQ OLIW IRU RQH UHSHWL)

IRUPXOD

ZUURGUCcD x
2NA@E W AGST o

:KHUH WKH QXPEHU RI UHSHWLWLRQV RI WKH H[HUFLVH SF



6 XEMHFWLYH PHDVXUHYV

$W ERWK WHVWLQJ VHVVLRQV WKH SDUWLFLSDQWYV ZHUH

KLJK VOHHS TXDOLW\ GLVUXSWHG WR JRRG DQ
WR KLJK 7KLV ZDV XVHG WR DVVHVV SDUWLFLSDQWVT
EHOLHYH WKDW D KHDY\ VWUHQJWK WUDLQLQJ SHULRG LQ
SHUIRUPDQFH LQ WKH LPPHGLDWH SHULRG IROORZLQJ VW
&KDSWHU 7KH SDUWLFLSDQWY ZHUH DOVR DVNHG WR L
D /LNHUW VFDOH SRRU WR HI[FHOOHQW WR SURYLG
SRUWD [/DVW

'DWD SURFHVVLQJ
$O0O0 NLQHWLF DQG NLQHPDWLF GDWD ZHUH ILOWHUHG XVL
ORZ SDVV ILOWHU XVLQJ D FXW RIlI IUHTXHQF\ RI +] DQG
VSULQWY UHVSHFWLYHO\ ZKLFK ZHUH VHOHFWHG XVLQJ L
VDPH FXW RIl IJUHTXHQF\ ZDV FKRVHQ IRU WKH NLQHPDWLI
E\ %H]RGLVY DQG FROOHDJXHVY WR DYRLG GDWD SURFHVVL(
PRPHQWV %H]RGLV HW DO ,QVWDQWDQHRXYV OHIW F
SURGXFW RI WKH OHIW FUDQN WRUTXH DQG WKH FUDQN D
SRZHU ZDV FDOFXODWHG E\ DYHUDJLQJ WKH LQVWDQWDQI
SHGDO UHYROXWLRQ -RLQW DQJOHV ZHUH FDOFXODWHG
-RLQW PRPHQWY ZHUH FDOFXODWHG YLD LQYHUVH G\(
IRUFHVY OLPE NLQHPDWLFV DQG ERG\ VHIPHQW SDUDPHW
VHFEWLRQ WKH ERG\ VHIPHQW SDUDPHWHUV VHJPHQWD
PRPHQWYV RI LQHUWLD ZHUH HVWLPDWHG YLD WKH WDEOF
ZHUH RQO\ VPDOO FKDQJHV LQ SDUWLFLSDQW PDVV “
FP EHWZHHQ SUH DQG SRVW LQWHUYHQWLRQ VXJIJHVWLQ
WKH OHJ PDVV EHWZHHQ VHVVLRQV $OVR WKH DFWXDO P
XVHG IRU WKH FDOFXODWLRQ RI WKH ERG\ VHIPHQW SDUD
G\QDPLFV FDOFXODWLRQV 7KHUHIRUH WKH WDEOHV SUR
VXLWDEOH WR FDOFXODWH WKH ERG\ VHIPHQW SDUDPHWF
PRPHQWYV ZHUH GHILQHG DV SRVLWLYH DQG MRLQW IOH[LF
DW WKH DQNOH NQHH DQG KLS ZHUH GHWHUPLQHG E\ WDI
PRPHQW DQG MRLQW DQJXODU YHORFLW\ 7KH SRZHU WUD



FDOFXODWHG DV WKH GRW SURGXFW RI KLS MRLQW UHDFEV
%URZQ

'DWD ZHUH DQDO\VHG XVLQJ D FXVWRP ODWODE 5 D 0D
VFULSW (DFK VSULQW ODVWHG IRU V VR SURYLGHG IRXL
USP DQG USP UHVSHFWLYHO\ &UDQN IRUFHV DQG SR.
YHORFLWLHVY PRPHQWY DQG SRZHUV ZHUH UHVDPSOHG W|
F\FOH DQG WKHQ PHDQ YDOXH DW HDFK WLPH SRLQW ZDV
HQVHPEOH DYHUDJHG WLPH VHULHV IRU HDFK WULDO 2ZL
SDUWLFLSDQWYVY WKHLU VHVVLRQ DYHUDJH IRU WKH VSUL!
LOQVWHDG RI WKUHH VSULQWY $0OVR WKH VHVVLRQ DYHUL
I[URP RQO\ RQH VSULQW IRU ILYH RI WKH SDUWLFLSDQWYV

5HODWLYH GLVWULEXWLRQ RI MRLQW SRZHUV KDV EHHQ X
F\FOLQJ %DUUDWW _.RUIl -HQVHQ _RUIl +XQWH
FDOEFXODWH UHODWLYH MRLQW SRZHUV WKH MRLQW SRZF
IOH[LRQ SKDVHV DV GHILQHG E\ WKH MRLQW DQJXODU YHC
DQG QHJDWLYH YHORFLW)\ IRU IOH[LRQ DQG WKHQ QRUPD
D FRPSOHWH UHYROXWLRQ

7KH Uubz (0* VLJQDOV IRU WKH USP VSULQW HIIRUWYV ZH
%WXWWHUZRUWK VHFRQG RUGHU FXW RIlI IUHTXHQF\ +]
IXFD HW DO URRW PHDQ VTXDUHG 506 PV ZLQGR:

NWXWWHUZRUWK VHFRQG RUGHU FXW RIlI IUHTXHQF\ +]
VIQFKURQLVH WKH (0* GDWD ZLWK WKH NLQHWLF DQG NLQ
REWDLQHG IURP WKH DQDORJXH VHQVRU ZHUH PDWFKHG
E\ WKH FUDQN HQFRGHU 7KH GDWD ZHUH WKHQ LQWHUSR
FUDQN F\FOH XVLQJ VSOLQH LQWHUSRODWLRQ PHWKRG I
UHYROXWLRQV WR FUHDWH D OLQHDU HQYHORSH IRU HDFI
QRUPDOLVHG WR WKH PHDQ YDOXH LQ WKH OLQHDU HQYH!
PXVFOH 'XH WR QRLV\ (0* GDWD IRU VSHFLILF PXVFOHYV IR
OLQHDU HQYHORSHV IRU WKHVH PXVFOHVY ZHUH FUHDWHG
LQVWHDG RI WKUHH



$VVHVVPHQW RI NH\ PHFKDQLFDO IHDWXUHV RI PD[LPDO F
7KH VWUHQJWK RI WKH KLS DQNOH V\QHUJ\ ZDV TXDQWLIL
FRRUGLQDWLRQ SDWWHUQ EHWZHHQ WKH KLS DQG DQNOH
FDOEXODWHG XVLQJ WKH YHFWRU FRGLQJ PHWKRG VHH E
EL DUWLEXODU KDPVWULQJ PXVFOHV WR FRQWURO WKH G
WKH SHGDO ZDV DVVHVVHG E\ FRPSDULQJ WKH ,( DQG WK
DQG 67 PXVFOH SUH DQG SRVW VWUHQJWK WUDLQLQJ LQW
DFWLYDWLRQ GHDFWLYDWLRQ G\QDPLFV RI WKH PDLQ SRZ
GRZQVWURNH WKH (0* DFWLYDWLRQ WLPLQJV RI WKH *0$;
FRPSDUHG SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUY
JHQHUDWLRQ LQ PD[LPDO F\FOLQJ ZDV DVVHVVHG E\ FRPS
SRZHU SURGXFHG LQ WKH XSVWURNH VHFWRU SUH DQG SFR

AXDQWLI\LQJ KLS DQNOH MRLQW V\QHUJ\

,W KDV EHHQ VXJJHVWHG WKDW WKH KLS DQG DQNOH MRL
WKH SRZHU SURGXFHG DW WKH KLS MRLQW WR WKH FUDQ!
TXDQWLI\ KLS DQNOH MRLQW FRRUGLQDWLRQ DQG WKH VW
YHFWRU FRGLQJ WHFKQLTXH ZDV XVHG &KDQJ 9DQ (PPHLU
+DGGDG OF'HUPRWW 6SDUURZ 'RQRYDQ 9DQ (PPHU
9HFWRU FRGLQJ LV W\SLFDOO\ DSSOLHG WR NLQHPDWLE G
FRRUGLQDWLRQ IURP VHIJPHQWDO DQJOH DQJOH GLDJUDP
FRGLQJ PHWKRG ZDV DSSOLHG WR MRLQW PRPHQW PRPHQ
DSSURSULDWH YDULDEOHV WR LQYHVWLJDWH WKH KLS DQ
WKDW WKH QHW KLS DQG DQNOH MRLQW WRUTXHV DFW LQ
=DMDF 7KH FRX IO®WVQBDIDFMXIDDWHG IURP WKH KLS DQN
GLDJUDPV IRU HDFK SRLQW RQ WKH FUDQN F\FOH WKH MF
W R HTXDOO\ VSDFHG GDWD SRLQWYV DURXQG WKH FUDQ

$SSHQGL] HTXDWLRQV DQG 7TKH FRXSOLQJ DQJOF
WKH YHFWRU UHODWLYH WR WKH ULJKW KRUL]JRQWDO EH
PRPHQW SORW $SSHQGL] J)LIXUH

7KH FRXSOLQJ DQJOH ZDV FDOFXODWHG IRU HDFK LQVWDC
RI WKH VSULQWV DW USP IRU HDFK SDUWLFLSDQW 6LQ
LQ QDWXUH WKH PHDQ FRXSOLQJ DQJOHV ZHUH FRPSXWH



$SSHQGL] HTXDWLRQV DQG 7KLV SURFHVV ;
JURXS PHDQ FRXSOLQJ DQJOHV SUH DQG SRVW VWUHQJIWK
JLIXUH

7KH PHDQ FRXSOLQJ DQJOH IRU HDFK SDUWLFLSDQW ZDV
SKDVHV LQ SKDVH DQWL SKDVH KLS SKDVH DQG DQNOH
E\ &KDQJ DQG FROOHDJXHV &KDQJ HW DO JLIXUH

YLIXUH 7KH FRRUGLQDWLRQ SDWWHUQ FODVVYLILFDWLR
'KHQ WKH FRXSOLQJ DQJOH YDOXHV DUH f DQG f D SF
SKDVH ERWK WKH KLS DQG DQNOH PRPHQWY DUH LQFUHD
WKH KLS DQG DQNOH MRLQWY DUH ZRUNLQJ LQ V\QHUJ\ &
DUH f DQG f D QHJDWLYH GLDJRQDO WKH FRXSOH L
WKH KLS PRPHQW LV LQFUHDVLQJ ZKLOVW DQNOH PRPHQW
DUH SDUDOOHO WR WKH KRULJRQWDO f DQG f WKH D
KLS PRPHQW * DQNOH SKDVH :KHQ FRXSOLQJ DQJOHV DU

f WKH KLS PRPHQW LV FKDQJLQJ EXW QRW WKH DQNOH



FRXSOLQJ DQJOHVY UDUHO\ OLH SUHFLVHO\ RQ WKHVH DQJ
DV XVHG E\ &KDQJ HW DO J)LIXUH 7TKHhIUHTXHQF
OD\ ZLWKLQ HDFK RI WKHVH FRRUGLQDWLRQ SDWWHUQV G
FUDQN DQJOHV RI  WR f ZDV FDOFXODWHG IRU HDFK S|

,QGH[ RI PHFKDQLFDO HIIHEWLYHQHVV (
7KH RYHUDOO LQGH[ RI PHFKDQLFDO HIIHFWLYHQHVV ,( |
GHWHUPLQHG DV WKH UDW{L R/ R IOW R H DOU; Q (RIWH DPEBE BVMH R |

IDIRUWXQH &DYDQDJK ( OHPQDYDND ERYHRJ \DIQKS ), (
ZHUH FDOFXODWHG IRU WKH IRXU IXQFWLRQDO DQJXODU \
+XJ HW DO JLIXUH 7KH YDOXHV RI IRUFH DQ
GLIIHUHQW VHFWRUV ZHUH ZHLJKWHG E\ WKH VL]H RI HDF
F\FOH L H IRU WKH WRS IRU WKH GRZQVWURN|
YJLIXUH JRXU IXQFWLRQDO DQJXODU VHFWRUV RI WKH F

DV GHILQHG LQ 'RUHO HW DO +XJ HW DO



6WDWLVWLFDO DQDO\VLV

6WDWLVWLEDO WHVWV IRU GLVFUHWH YDULDEOHV ZHUH S
9HUVLRQ %0 8. /WG 3RUWVPRXWK 8. 'LIIHUHQFHV EH
EHWZHHQ VHVVLRQV ZHUWMHWKHY YRIG WY HQQ RSDALNGIG\ G LV \V
YDULDEOHV DQG :LOFR[RQ PDWFKHG SDLUV WHVWYV IRU Wi
WKH TXDOLWDWLYH VFRUHV DQG FRRUGLQDWLRQ SKDVH I
VTXDW SUHGLFWHG 50 EHWZHHQ VHVVLRQV ZDV FRUUHOD
FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ IRU VSULQ
3HDUVRQ FRUUHODWLRQ 7KLV ZDV WR DVVHVV LI WKH ERI
WKDW WKHUH ZDV QRW D GLUHFW FRUUHODWLRQ EHWZHH
SHUIRUPDQFH ZDV HYLGHQW LQ WKLV VWXG\ 'LIIHUHQFHV
LQVWDQWDQHRXV FUDQN SRZHUV FUDQN IRUFHV MRLQW
SRZHUV DQG QRUPDOLVHG (0* OLQHDU HQYHORSHV EHWZ
VWDWLVWLFDO SDUDPHWVUAVH WP\ 8 SAHUH 63W0H GSIRIWEBGO YD LU
FUDQN IRUFHV ZKHU H7 #RNWHA\D @ D § J§VHSD L3DHAGD N\ &UD
FRQVLVWY RI WZR YHFWRU FRPSRQHQWY HIIHFWLYH DQG
D PXOWLYDULDWH VWDWLVWLEDO WHVW ZDV UHTXLUHG 7
FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ IROORZLQ.
GDWD ZHURYS\ERERGUHODWLQJ WKH SDUWLFLSDQWYV SU
KLS DQG NQHH MRLQW H[WHQVLRQ SRZHUV ZLWK FKDQJH |
FRPSOHWH UHYROXWLRQ EHWZHHQ VHVVLRQV IRU VSULQW
FRUUHODWLRQ 7KH OHYHO RI V3 DWLVRWU FADMO VW HYMW VF I Q
VL]H YDOXHV (6 ZHUH FDOFXODWHG IRU DOO GLVFUHWH °
ZHUH FDOFXODWHG XVLQJ WKH IROORZLQJ HTXDWLRQ ,YC
/ILQGZDOO

aL AR YD

~ AW YRBAOUBR

"KHUH (60sprvbd@euPUH WKH JURXS PHDQV SRVW' QG SUH LQ
DQ&GsrvRUH WKH JURXSVY VWDQGDUG GHYLDWLRQV



(6 ZHUH LQWHUSUHWHG XVLQJ &RKHQfV FODVVLILFDWLRQ
ZHUH FRQVLGHUHG VPDOO EHWZHHQ DQG ZHUH F
WKDQ ZHUH FRQVLGHUHG ODUJH &RKHQ

SHVXOWYV

'LVFUHWH YDULDEOHYV

6TXDW SUHGLFWHG 50 LOQFUHDVHG IROORZLQJ WKH VWUH

LQFUHDVH ZDV YHU\ FORVH WR EHLQBVWDWLSWLFDOO\ VL
$YHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYI

VLIQLILFDQWO\ LQFUHDVHG SRVW VWBHQIJWK WUDLQLQJ L

7DEOH 'LVFUHWH YDULDEOHY SUH DQG SRVW VWUHQJW
9DULDEOH OHDQ 6°
8QLWYV 3UH 3RVW 3& K QBIFW
6L]H
0DVV NJ

7KLIK YROXPH FP*
6TXDW SUHGILFWHG
50

$YHUDJH FUDQN
SRZHU USP
$YHUDJH FUDQN

SRZHU USP

(QHUJ\ OHYHO W R
6OHHS TXDOLW\ W R
OXVFOH VRUHQHVYV W R
3HGDOOLQJ VFRUH W R

X LQGLFDWHY VLIQLILFDQW &GLIIHUHQFH EHWZHHQ VHYV
X $YHUDJH FUDQN SRZHU RYHU D FRPSOHWH UHYROXWL
DQ LQGLFDWLYH WRWDO SRZHU IRU ERWK FUDQNYV RI
UHVSHFWLYHO\ IRU VSULQWYV DW USP DQG : D
UHVSHFWLYHO\ IRU VSULQWYV DW USP



7DEOH 3HDN MRLQW PRPHQWYV SURGXFHG DW  USP SL
LQWHUYHQWLRQ

3HDN MRLQW PRPHQW OHDQ 6°
1P 3UH 3RVW &KDQIHIHFW
VL]H

$QNOH SODQWDUIOH[LRQ

$QNOH GRUVLIOH[LRQ

.QHH H[WHQVLRQ « z 1¢
.QHH IOH[LRQ

+LS H[WHQVLRQ

+LS IOH[LRQ

X .QHH HIWHQVLRQ PRPHQW GDWD ZHUH QRQ SDUDPHWL
7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ F\FOLQJ VS
USP EHWZHHQ SUH DQG SRVW VWUHQJWK WUDLQLQJ LQ

7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ ,( IRU FRPE
IXQFWLRQ VHFWRUV EHWZHHQ SUH DQG SRVW VWUHQJWK
ZDV D VLJQLILFDQW GLIIHUHQFH LQ DYHUDJH FUDQN SRZH
DQG SRVW VWUHQJWK WUDLRLQJ LQWHUYHQWLRQ 7DEOH



7TDEOH ,QGH[ RI PHFKDQLFDO HIIHFWLYHQHVV ,( DQG

IRXU IXQFWLRQDO VHFWRUV IRU VSULQWYV DW USP S
LOQWHUYHQWLRQ OHIW VLGH RQO\
O9DULDEOH OHDQ 6"
8QLWYV 3UH 3RVW 3& KO Q HHF W
6L]H

( FRPSOHWH UHY “ ! .
( GRZQVWURNH ! “ “
,( ERWWRP “ “ “

( XSVWURNH ! “ !

( WRS “ : “
$YHUDJH FUDQN “ : “

SRZHU GRZQVWURNH

$YHUDJH FUDQN “ “ “ 1%
SRZHU ERWWRP

$YHUDJH FUDQN “ “ :

SRZHU XSVWURNH

$YHUDJH FUDQN “ : “

SRZHU WRS

X LQGLFDWHY VLIJQLILFDQW ®GBLIIHUHQFH EHWZHHQ VH

x ,( FRPSOHWH UHY DQG DYHUDJH FUDQN SRZHU LQ GRZ
SDUDPHWULF

7KHUH ZDV ORZ SRVLWLYH FRUUHODWLRQ U EHWZH

DQG FKDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYHU D FRP.

USP EHWZHHQ SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWH



YLIXUH SHODWLRQVKLS EHWZHHQ FKDQJH LQ VTXDW ¢
DYHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXW
SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ

SHDUVRQYY FRUUHODWLRQ FRHIILFLHQW U

7KHUH ZDV D VWURQJ SRVLWLYH V3JQLILFBDHWZARQUSDD W
VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ UHODWLYH KLS MR
OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ IRU "
)LIXUH 7KHUH ZDV DOVR D VWURQJ QHJBWLYH VLJQLI

EHWZHHQ SUH VWUHQJWK WUDLQLQJ LQWHUYHQWLRGQ
FKDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHMW
EHWZHHQ VHVVLRQV )LJXUH 7KHUH ZDV OLWWOH FRU
LOQWHUYHQWLRQ UHODWLYH KLS DQG NQHH MRLQW H[WHQ"
FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ IRU VSULQ



JLIXUH &KDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYH
VSULQWYV DW UsP EHWZHHQ SUH DQG SRVW VWUHQJWK
ZLWK UHODWLYH KLS DQG NQHH MRLQW H[WHQVLRQ SRZH
VHVVLRQ

SHDUVRQYYV FRUUHODWLRQ BRHIILFDR@W U LQGLFDWHYV



YLIXUH &KDQJH LQ DYHUDJH OHIW FUDQN SRZHU RYH
VSULQWYV DW USP EHWZHHQ SUH DQG SRVW VWUHQJWK
ZLWK UHODWLYH KLS DQG NQHH MRLQW H[WHQVLRQ SRZH
VHVVLRQ

SHDUVRQYYVY FRUUHODWLRQ FRHIILFLHQW U

7LPH VHULHV YDULDEOHV * 6SULQWV DW USP

.QHH MRLQW DQJXODU YHORFLW\ ZDV EHWQ HIH 6 DSQMIOD GG | $
VWUHQJIJWK WUDLQLQJ LQWHUYHQWLRQ EHWZHHQ FUDQN |
SRZHU ZDV VLJQLILFDQWOE HBW PIHKWO GWH DQG SRVW VWUHC
LOQWHUYHQWLRQ EHWZHHQ FUDQN DQJOHYV WR f )LJI»
GLIIHUHQFHV EHWZHHQ LQVWDQWDQHRXV FUDQN SRZHUYV
YHORFLWLHVY PRPHQWY DQG SRZHUV )LJXUH )LIXUH



)LIXUH &UDQN SRZHU IRU VSULQWYV DW USP SUH I

LOWHUYHQWLRQ
$ %

JLIXUH &UDQN IRUFHV IRU VSULQWYV DW USP SUH
LQWHUYHQWLRQ
$ &UDQN IRUFH VHSDUDWHG LQWR HIIHFWLYH DQG LQHIIH

% 9LVXDOLVDWLRQ RI FUDQN IRUFHV



JLIXUH -RLQW DQJOHV DQJXODU YHORFLWLHV PRPHQ
USP SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLR
$UHDV Rl WKH JUDSK VKDGHG JUH\ ZKHUH WKH 630 LV VLJ

JRU HDVH RI SUHVHQWLQJ WKH GDWD WKH WKLJK DQJOH D
DV KLS DQJOH DQG DQJXODU YHORFLW\

7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ UHOD
SRZHUV EHWZHHQ SUH DQG SRVW VWUHQJWK WUDLQLQJ L



JLIXUH 5HODWLYH MRLQW SRZHUV LQ H[WHQVLRQ DQG
USP SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLR
+73 +LS WUDQVIHU SRZHU

7KH 3 YDOXHV DQG HIIHFW VL]HV IRU UHODWLYH MRLQW S
EHWZHHQ SUH DQG SRVW VWUHQJIJWKILQWHUMHQWLRQ $QI

$QNOH IGBH[LRQ (6 .QHH B[WHQVLRQ .QHH
IOH[LRQ (6 +LS HWHQVLRR +LS3OH[LRQ
(6 +73 H[WHQVLR(@® +73 IDH[LRQ(6

7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH
FRRUGLQDWLRQ SKDVHV GXULQJ WKH GRZQVWURNH IRU V¢
VWUHQJWK WUDLQLQJ LOQWHUYHQWLRQ )LJXUH



)LIXUH +LS DQNOH PRPHQW FRRUGLQDWLRQ SDWWHU(
WKH FUDQN F\FOH IRU VSULQWYV DW USP SUH DQG SRV\
7KB YDOXHV IRU FRRUGLQDWLRQ SDWWHUQV EHWZHHQ SU
,Q SKIBVH $QWL SKDVH +LS SXDVH $QNOH3SKDVH

(0* DFWLYLW)\ IRU WKH %) PXVFOH3 ZDV VEHWIZHHIQSWOH BQl
SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ EHWZHHQ FU



JLIXUH (0* OLQHDU HQYHORSHV QRUPDOLVHG WR PH
PXVFOH IRU VSULQWYV DW USP SUH DQG SRVW VWUHQJ\
9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULYVY 90 YDVW
DQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV
62 VROHXV *08$; JOXWHXV PD[LPXV

$UHDV Rl WKH JUDSK VKDGHG JUH\ ZKHUH WKH 630 LV VLJ
'LVFXVVLRQ

7KLV VWXG\ LQYHVWLIJDWHG WKH DFXWH HIIHFWV RI D VW
LQWHUPXVFXODU FRRUGLQDWLRQ LQ VKRUW WHUP PD[LPD
TXDQWLILHG E\ VTXDW SUHGLFWHG 50 LQFUHDVHG SRVW
REVHUYDWLRQ ZDV DFFRPSDQLHG E\ D VLIQLILFDQW LQFU
D FRPSOHWH UHYROXWLRQ IRU VSULQWYV DW USP ZLWK



FUDQN SRZHU SURGXFHG LQ WKH ERWWRP VHFWRU RI WKF
ILQGLQJV RI SUHYLRXV UHVHDUFK WKDW VWUHQJWK WUDL
SRZHU 6WRQH HW DO :LOVRQ HW DO +RZHYHL
F\FOLQJ VSHFLILF VWUHQJWK SHDN MRLQW PRPHQWYV DW
WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZKLFK ZRXOG
VWUHQJWKYT WR WKH LQFUHDVH LQ F\FOLQJ SRZHU DW l
DYHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXW
FKDQJHV LQ WKH RWKHU ELRPHFKDQLFDO YDULDEOHV LQ
DQJOHV DQJXODU YHORFLWLHV PRPHQW DQG SRZHUV PX
PRPHQW V\QHUJ\ VXJJHVWLQJ WKDW LQGLYLGXDO FRRUG
DGRSWHG E\ WKH SDUWLFLSDQWY WR LQFUHDVH DYHUDJH
UHYROXWLRQ IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHF

7KLV VWXG\ LQYHVWLIJDWHG WKH DFXWH HIIHFWV RI D VW
F\FOLQJ FRRUGLQDWLRQ 7KH UHVXOWYV RI WKLV VWXG\ ZF
SRVVLEOH PHFKDQLVPV RI KRZ VWUHQJWK WUDLQLQJ FRX!
WKDW KDYH SUHYLRXVO\ EHHQ LGHQWLILHG LQ WKH OLWH
ZDV ZKHWKHU IROORZLQJ D SHULRG RI VWUHQJWK WUDLQ
VWUHQJWK WUDLQLQJ H[HUFLVHV FRXOG VWDUW WR EH H]|
SHUIRUPDQFH WKHUHE\ KDYLQJ D GHWULPHQWDO HIIHFW

7KLY SRWHQWLDO RXWFRPH ZDV QRW VXSSRUWHG E\
PXVFOH DFWLYDWLRQ SDWWHUQV SUH DQG SRVW VWUHQJ
2Q0\ WKH %) PXVFOH DFWLYDWLRQ SDWWHUQ ZDV VLJQLIL
DQJOHV RI f WR f )J)LIXUH IROORZLQJ WKH VWUHQ
WKH LQGLYLGXDO SDUWLFLSDQWVY SUH DQG SRVW (0* DF\
VXEMHFWLYHO\ WKH\ ZHUH VLPLODU LQ VKDSH ZLWK GLIII
SDUWLFLSDQWYV IRU RQH PXVFOH HDFK WKH VKDSH DQG W
DFWLYLW\ RI 5) %) 67 DQG 7$ ZHUH GLIIHUHQW EHWZHHQ
WKDW WKH VWUHQJWK WUDLQLQJ H[HUFLVHVY FRRUGLQDW
PD[LPDO F\FOLQJ IROORZLQJ WKH VWUHQJWK WUDLQLQJ L

7KH VHFRQG PHFKDQLVP H[SORUHG KRZ LQWHUPXVFXODU
WKH WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRUWYV SHUI
REVHUYH D SHUIRUPDQFH LPSURYHPHQW LQWHUPXVFXOD



DGDSWHG WR HQDEOH DWKOHWHY WR XVH WKHLU LQFUHD
VWUHQJWK WUDLQLQJ &RRUGLQDWLRQ SRVW VWUHQJWK
DVVHVVHG WKURXJK DQDO\VLV RI IRXU NH\ PHFKDQLFDO ||

JLUVW LW KDV EHHQ VXJJHVWHG WKDW WKH KLS DQG DQN
GRZQVWURNH )UHJO\ =DMDF ,W ZDV SRVWXODWHG
WKH VWUHQJWK RI WKH VIQHUJ\ EHWZHHQ WKH KLS DQG D
QR FKDQJH LQ WKH VWUHQJWK Rl WKH KLS DQNOH V\QHUJ
VWUHQJIJWK WUDLQLQJ LOQWHUYHQWLRQ L H WKH IUHTXHQF
FRRUGLQDWLRQ SDWWHUQ ZDV XQFKDQJHG )LJXUH

6HFRQG DFWLYDWLRQ RI WKH EL DUWLFXODU KDPVWULQJ
GLUHFWLRQ RI WKH DSSOLHG IRUFH WR WKH SHGDO YDQ
K\SRWKHVLVHG WKDW VWUHQJWK WUDLQLQJ PLJKW DOWH!
SDWWHUQV )ROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHL
DFWLYLW\ IRU D VPDOO UHJLRQ RI WKH FUDQN F\FOH )LJ>
PXVFOH DFWLYLW\ PLJKW EH UHODWHG WR WKH FRQWURO
+RZHYHU WKH ,( ZDV XQFKDQJHG LQ DOO FUDQN VHFWRU\
LOQWHUYHQWLRQ 7DEOH VXJIJHVWLQJ WKH GLUHFWLRG
IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ D
FRXOG EH WR PDLQWDLQ WKH VDPH ,( :KHQ LQWHUSUHWL
PXVFOH IRUFH WKH HOHFWURPHFEKDQLFDO GHOD\ WLPH E
RI PHFKDQLFDO IRUFH QHHGV WR EH FRQVLGHUHG 7KLV |

.RPL +XJ HW DO ZKLFK DW USP HTXDWHV W
7DNLQJ LQWR DFFRXQW WKH (0' ZKHQ LQWHUSUHWLQJ WK
KDPVWULQJ PXVFOHV ZHUH SURGXFLQJ D IRUFH IRU VOLJK
PDJQLWXGH LQ WKH ERWWRP VHFWRU Rl WKH FUDQN F\FO
WKH ERWWRP VHFWRU FUDQN SRZHU IROORZLQJ VWUHQJW

7KLUG DW KLJKHU SHGDOOLQJ UDWHV PXVFOH DFWLYDWI
FRQVWUDLQW RQ SRZHU SURGXFWLRQ OF'DQLHO HW DO

6RHVW &DVLXV 7KHUHIRUH FRRUGLQDWLRQ VWUDW
IRUFH SURGXFWLRQ LQ WKH PDLQ SRZHU SURGXFLQJ SKD\
2QH RI WKHVH VWUDWHJLHV LV WR WLPH WKH DEWLYDWLR



PXVFOHV *0$; 9/ 90 VR WKH\ DFWLYDWHG DV PD[LPDOO\
RI DURXQG f IURP WRS GHDG FHQWUH 7'& * WKH ORFDW
DO OF'DQLHO HW DO LW ZDV VSHFXODWHG WKD
DFWLYDWLRQ WLPLQJ RI WKH *0$: 9/ 90 ®K VFKDHM HVRIZ® Y H |
PXVFOH DFWLYDWLRQ WLPLQJY DQG SDWWHUQV RI WKH PI
*0$; 9/ 90 IROORZLQJ WKH VWUHQJWK WUDLQLQJ VXJJHV
DOWHU WKHLU VWUDWHJILHY WR OLPLW WKH HIIHEW RI DF)
FUDQN SRZHU

JRXUWK DW EHORZ DQG RSWLPDO SHGDOOLQJ UDWHYV IRU
F\FOLVWYV DFWLYHO\ SXOO XS GXULQJ WKH XSVWURNH JHC
SRVWXODWHG WKDW VWUHQJWK WUDLQLQJ PLIJKW DOWHU
+RZHYHU IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHUYF}
DQG WKH FUDQN SRZHU SURGXFHG LQ XSVWURNH 7DEOH

QRW LPSURYH WKHLU XSVWURNH 7KHUHIRUH ZLWK WKH F
PXVFOH DFWLYLW\ IROORZLQJ VWUHQJWK WUDLQLQJ WKH
PHFKDQLFDO IHDWXUHV RI PD[LPDO F\FOLQJ WR XVH WKH

I[URP WKH J\P EDVHG VWUHQJWK WUDLQLQJ

7KLY VWXG\ GLG QRW LQFOXGH D ORQJ WHUP IROORZ XS V
IROORZLQJ WKH FRPSOHWLRQ RI WKH VWUHQJIJWK WUDLQL(
SRVVLEOH WR DVVHVV ZKHWKHU WKH SDUWLFLSDQWY DGD
SHULRG RI F\FOLQJ IRFXVVHG WUDLQLQJ WR XVH WKHLU L
GXULQJ WKH J\P EDVHG VWUHQJWK WUDLQLQJ SHULRG 7K
6RHVW ZKR UHFRPPHQGHG D SHULRG RI VSRUWYV VSHFLILF
VWUHQJWK WUDLQLQJ WR DOORZ DWKOHWHYVY WR DGDSW W
XVH WKHLU LQFUHDVHG PXVFOH VWUHQJWK REWDLQHG U]
VSRUWYV SHUIRUPDQFH %REEHUW 9DQ 6RHVW

$YHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXW
LQFUHDVHG IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHU
H[SODLQ WKLV FKDQJH DUH XQFOHDU DV WKHUH ZHUH QR
VWUHQJWK SHDN MRLQW PRPHQWY DW USP 7DEOH

LOQWHUYHQWLRQ 1RU ZHUH WKHUH DQ\ VLJQLILEDQW FKDC



DQG IRUFHV MRLQW PRPHQWY DQG SRZHUV DQG PXVFOH I
H[FHSWLRQ Rl WKH ODWHU RIIVHW RI WKH %) PXVFOH IRO(
LQWHUYHQWLRQ )LJXUH YLIXUH )LIXUH YLIXUH
GLIIHUHQFH EHWZHHQ NQHH MRLQW DQJXODU YHORELW\ D
F\FOH EHWZHHQ VHVVLRQV +RZHYHU WKHVH DUH XQOLNF
GLIIHUHQFHV RFFXU IRU YHU\ VPDOO UHJLRQV RI WKH FUL
PDJQLWXGH 7KHUH ZDV KLJK LQWHU SDUWLFLSDQW YDUL!
DV HYLGHQFHG LQ )LJXUH ZKHUH WKHUH LV D ODUJH V
FRQWULEXWLRQ RI LQGLYLGXDO MRLQWY LQ WKH H[WHQVI
+LJK LQWHU SDUWLFLSDQW YDULDELOLW\ LQ FRRUGLQDW.
SUHYLRXVO\ E\ % URNHU DQG *UHJRU ZKR IRXQG KLJK LQW
PRPHQW SDWWHUQV SDUWLFXODUO\ DW WKH KLS MRLQW
KRPRJHQRXV JURXS RI F\FOLVW MXQLRU QDWLRQDO WH

'RUHO DQG FROOHDJXHY DOVR IRXQG KLJK LQWHU SD
SDWWHUQV LQ HOLWH WUDFN VSULQW F\FOLVWV 'RUHO H
YDULDELOLW\ REVHUYHG LQ LQLWLDO FRRUGLQDWLRQ VW
FKDQJHV LQ WKH ELRPHFKDQLFDO YDULDEOHY IROORZLQJ

JROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ S
LQGLYLGXDO FRRUGLQDWLRQ VWUDWHILHY WR LQFUHDVH
UHYROXWLRQ L H VRPH SDUWLFLSDQWYVY IRU H[DPSOH FER
LQFUHDVHG FUDQN SRZHU XVLQJ KLS DQG NQHH H[WHQVR
LPSURYHG WKH XSVWURNH OHVV QHJDWLYH RU PRUH SRV
KLS DQG NQHH IOH[RUV 7KHVH FKDQJHV FRXOG EH FDXVt
LPSURYHPHQWYV LQ FRRUGLQDWLRQ RU D FRPELQDWLRQ F
SDUWLFLSDQWY GHYHORSHG LQGLYLGXDO VWUDWHJILHV W
E\ 1HZHOOYV PRGHO RI FRQVWUDLQWY 1HZHOO ZKLF
FRRUGLQDWLRQ HPHUJH IURP WKH FRQIOXHQFH RI FRQVW
VIVWHP ,Q WKLV VWXG\ VWUHQJWK WUDLQLQJ ZRXOG EH
FRQVWUDLQWY VXFK DV PXVFOH VL]H VWUHQJWK DQG IDVW
SDUWLFLSDQWVY FKDQJLQJ LQGLYLGXDO RUJDQLVPLF FRQ
LOQOWHUYHQWLRQ ZLWK WKH WDVN FRQVWUDLQWYV ERXOG K
SDWWHUQV HPHUJLQJ



7KH ORZ SRVLWLYH FRUUHODWLRQ EHWZHHQ FKDQJH LQ V
DYHUDJH OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXW
VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ )LJXUH DGGV F
FRDFKHVY EHOLHIV WKDW WKHUH LV QR GLUHFW FRUUHOD
DQG VSRUWYV SHUIRUPDQFH &KDSWHU %XUQLH HW DO
I[URP SUHYLRXV UHVHDUFK VXJJHVWLQJ WKDW WKH WUDQ\
SHUIRUPDQFH YDULHV SRVLWLYH QR FKDQJH RU QHJDWL
2QH RI WKH IDFWRUV FRDFKHV EHOLHYH FDQ LQIOXH(
WR VSRUWYV SHUIRUPDQFH LV IDWLJXH LQGXFHG E\ D SHUL

%XUQLH HW DO +RZHYHU WKHUH ZHUH QR VLJQLI
SRVW VWUHQJWK WUDLQLQJ VXEMHFWLYH PHDVXUHV RI ID
PXVFOH VRUHQHVYVY 7DEOH VXIJIHVWLQJ WKDW IRU WE

ZDV QRW D IDFWRU LQIOXHQFLQJ WKHLU SHUIRUPDQFH DW
WHVWLQJ VHVVLRQ

7KH LQFUHDVHV LQ SDUWLFLSDQWVY uJ\P VWUHQJWKY VT
VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZHUH QRW DVVRFL

7KXV LW LV XQOLNHO\ WKDW WKH LQFUHDVH LQ pJ\P
LQFUHDVH LQ WKLJK PXVEFOH FURVVY VHEWLRQDO DUHD &6
LQ mJ\P VWUHQJIJWKY GLG QRW UHVXOW LQ DQ\ VLJQLILFDQ
SHDN MRLQW PRPHQWY DW USP 7DEOH 7KHVH WZR
WKDW WKH LQFUHDVH LQ pJ\P VWUHQJWKY FRXOG EH EHFE
FRRUGLQDWLRQ GXULQJ WKH VTXDW H[HUFLVH DOORZLQJ
+RZHYHU WKLV LV VSHFXODWLRQ DV WKH SDUWLFLSDQW V
GXULQJ WKH VTXDW H[HUFLVH SUH DQG SRVW VWUHQJWK
$V LQWHUPXVFXODU FRRUGLQDWLRQ RI VTXDW H[HUFLVH |
WKHUH ZDV QRW D PHFKDQLVP WR FDXVDOO\ OLQN WKH LC
LQ F\FOLQJ SRZHU DW USP DV PXVFOH VWUHQJWK DSSI
WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ

'KHQ H[SORULGRVWKHWRBEHIPODLQ WKH LQFUHDVH LQ DYHUI
RYHU D FRPSOHWH UHYROXWLRQ IROORZLQJ WKH VWUHQJ
UHODWLYH MRLQW H[WHQVLRQ SRZHU DSSHDUHG WR LQIO
ZLWK WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZKHQ V¢



7KHUH ZDV D VWURQJ SRVLWLYH VLJQLILFDQW FRUUHODW
LOWHUYHQWLRQ UHODWLYH KLS H[WHQVLRQ SRZHU IRU V¢
OHIW FUDQN SRZHU RYHU D FRPSOHWH UHYROXWLRQ SDI
SRZHU LQ WKH SUH WHVW VKRZHG JUHDWHU LQFUHDVH LQ
FRPSOHWH UHYROXWLRQ IROORZLQJ WKH LQWHUYHQWLRQ
UHODWLRQVKLS EHWZHHQ UHODWLYH MRLQW H[WHQVLRQ
SRZHU RYHU D FRPSOHWH UHYROXWLRQ IRU VSULQWV DW
VTXDW H[HUFLVH WDUJHWV WKH KLS HIWHQVRUV DQG WKH
WKH KLS HIWHQVRU VWUHQJWK DQG SRZHU ,W FRXOG EH
GRPLQDQW VWUDWHJI\ JUHDWHU UHODWLYH MRLQW H[WHC
NQHH MRLQW ZRXOG DFKLHYH D JUHDWHU LQFUHDVH LQ F
WUDLQLQJ LQWHUYHQWLRQ $W WKH KLJKHU SHGDOOLQJ L
EHWZHHQ WKH UHODWLYH MRLQW SRZHU FRQWULEXWLRQV
FUDQN SRZHU IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQW!
SHGDOOLQJ UDWHV WKH LQLWLDO FRRUGLQDWLRQ VWUDW
SURGXFHG DW WKH NQHH RU KLS KDG OHVV LQIOXHQFH R
PD[LPDO F\FOLQJ SHUIRUPDQFH 7KLV REVHUYDWLRQ LV F
DQG FROOHDJXHY WKDW LQWHUPXVFXODU FRRUGLQDWLRC
DFKLHYH PD[LPXP SRZHU SURGXFWLRQ DW KLJKesSSHGDOOL
LQ DGGLWLRQ WR WKH LQWULQVLF IRUFH DQG SRZHU YHC
'RUHO D 'RUHO HW DO 6DPRJLQR HW DO

7TKHUH LV D SDXFLW\ RI UHVHDUFK VWXG\LQJ HOLWH DWKC
UHTXLUHPHQW IRU UHVHDUFK XVLQJ HOLWH DWKOHWHYV D
+DNNLQHQ ZKR VXJIJHVWHG WKDW IRU ZHOO WUDLQHG DQC
WKH PDIJQLWXGH DQG WLPH FRXUVHV RI WKH QHXURPXVEFX
GLITHU WR XQWUDLQHG SDUWLFLSDQWY VPDOOHU LPSUR
+DNNLQHQ +RZHYHU W\SLFDOO\ WKH UHVHDUFK LQ\
EHHQ FRQGXFWHG XVLQJ XQWUDLQHG RU DFWLYH SDUWLF
ZKHWKHU WKHUH LV DQ DGHTXDWH UHVHDUFK EDVH WR LCQC
SURJUDPPHV IRU HOLWH DWKOHWHY :LOOLDPV .HQGDOO
SURYLGHVY D YDOXDEOH FRQWULEXWLRQ WR WKH OLWHUD



,Q ZHOO WUDLQHG DQG HOLWH DWKOHWHY LW LV RIWHQ ¢
FKDQJH LQ SHUIRUPDQFH IROORZLQJ D VWUHQJWK WUDLQ
+INNLQHQ .RPL $0pQ .DXKDQHQ +DNNLQHQ 3DNDU
.RPL 7KHUHIRUH FKDQJHV PLJKW KDYH RFFXUUHG L
PXVFOH DFWLYLW\ IROORZLQJ WKH VWUHQJWK WUDLQLQJ
GHWHFWHG E\ WKLY PHDVXUHPHQW SURWRFRO ,Q &KDSW!|
YDULDEOHV PHDVXUHG XVLQJ WKLV PD[LPDO F\FOLQJ SUR
MRLQW H[WHQVLRQ PRPHQWY DQG SRZHUV PLQLPDO GHW
DQG . DQG SHDN NQHH IOH[LRQ PRPHQW 0" Rl 1P .
OHDVW UHOLDEOH ZLWK ODUJH 0"V 7KH PDJQLWXGH RI W
IROORZLQJ WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZC
ZDV QRW SRVVLEOH WR GHWHUPLQH LI D yUHDO FKDQJHT
PHDVXUHPHQW HUURU 7KLV LVVXH LV HVSHFLDOO\ UHOHY
H[HUFLVHV LQ WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRGC
WDUJHWYV WKH KLS H[WHQVRU PXVFOHV LQ SDUWLFEXODU

0'" D ODUJH FKDQJH LQ PDJQLWXGH WKLV YDULDEOH ZRXC(
EH REVHUYHG $V GLVFXVVHG LQ &KDSWHU IXUWKHU GH
PHDVXULQJ ORZHU OLPE NLQHPDWLFV LV UHTXLUHG XVLQ
PRGHOV RI 67$ WR UHGXFH WKH LQIOXHQFH RI 67$ DQG V
FDOFXODWHG NLQHPDWLFV DQG NLQHWLF YDULDEOHV ZK
FDOFXODWHG NQHH IOH[LRQ DQG KLS MRLQW YDULDEOHYV

$ SRVVLEOH OLPLWDWLRQ RI WKLV VWXG\ FRQFHUQV WKH
GLG F\FOLQJ WUDLQLQJ VHVVLRQV RQO\ GXULQJ WKH LQW
ZDV WR UHFUXLW HOLWH DQG KLJK OHYHO WUDFN VSULQW
ZRXOG KDYH EHHQ XQHWKLFDO WR DVN RQH VDPSOH RI HC
WUHDWPHQW JURXSV RZLQJ WR WKH SRWHQWLDO IRU LQW
KLJK OHYHO FRPSHWLWLRQV 7KLV LVVXH KRZHYHU PDNF
FKDQJHV ODFN RI FKDQJH DUH GXH VROHO\ WR WKH VWU
HOLWH DQG KLJK OHYHO DWKOHWHY DOVR PHDQW LW ZDV
WKH VWUHQJWK WUDLQLQJ SURJUDPPHV QXPEHU RI VHVV
DOWKRXJK WKH SURJUDPPHYV DOO LQFOXGHG VLPLODU H[H
ZLWK WKHLU SHUIRUPDQFH SUHSDUDWLRQ WR VXFK D ODU



REVHUYDWLRQDO DQDO\WLF DSSURDFK ZDV LPSOHPHQWH(
XQGHUVWDQGLQJ IXUWKHU RI HOLWH DWKOHWHYV ZKLFK D
UHVHDUFK :LOOLDPV .HQGDOO

$QRWKHU OLPLWDWLRQ RI WKLV VWXG\ ZDV WKDW LW ZDV
FRQWUDFWLRQ RI WKH PXVFOHV DURXQG WKH NQHH MRLQ
WUDLQLQJ LQWHUYHQWLRQ DV WKH (0* DFWLYLW\ ZDV QR
QRW D PD[LPDO YROXQWDU\ FRQWUDFWLRQ 09& 7KHUHIF
ZKHWKHU WKH DPSOLWXGH RI WKH DFWLYDWLRQ RI WKH D
GXULQJ WKH NQHH H[WHQVLRQ SKDVH RI WKH FUDQN F\FO
OHYHO RI FR FRQWUDFWLRQ FKDQJHG 7KH GHFLVLRQ ZDV
VLIQDOV WR D 09& IRU HDFK PXVFOH DV WKLV PHWKRG KD
EHWZHHQ VHVVLRQV FRPSDULVRQV IRU PRUH GHWDLOV U

DQG HYHQ ZKHQ XVLQJ F\FOLQJ VSHFLILF 09& SURFHG
LV QRW DOZD\V HOLFLWHG 'RUHO HW DO 7KHUHIRU!
PHWKRGV RI KRZ WR DVVHVV PXVFOH FR FRQWUDFWLRQ D
UHOLDEOH (0* QRUPDOLVDWLRQ SURFHGXUH IRU EHWZHHC

&RQFOXVLRQ

7TUDFN VSULQW F\FOLVWVY pJ\P VWUHQJIJWKY LQFUHDVHG 1|
DQG WKLV ZDV DFFRPSDQLHG E\ D VLIJQLILFDQW LQFUHDVI
FRPSOHWH UHYROXWLRQ IRU VSULQWYV DW USP +RZHYF
VSHFLILF VWUHQJWK DQG WKLJK YROXPH IROORZLQJ WKH
ZRXOG FDXVDOO\ OLQN WKH LQFUHDVH LQ pJ\P VWUHQJWK

USP )XUWKHUPRUH WKH LQFUHDVH LQ DYHUDJH OHIW
UHYROXWLRQ ZDV QRW DVVRFLDWHG ZLWK VLIQLILFDQW F
PD[LPDO F\FOLQJ DQG RWKHU ELRPHFKDQLFDO YDULDEOH'
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ 7KHUHIRUH WKH SD
LQGLYLGXDO FRRUGLQDWLRQ VWUDWHILHY WR LQFUHDVH
6 XFK REVHUYDWLRQV DUH FRQVLVWHQW ZLWK WKH WHQHYV
SUHGLFWHG E\ 1HZHOOYV PRGHO RI FRQVWUDLQWY 1HZH(
WR LQYHVWLIJDWH KRZ WKH F\FOLVWVY LQWHUPXVFXODU F
DGGLWLRQDO SHULRG RI F\FOLQJ IRFXVVHG WUDLQLQJ IR



WUDLQLQJ LQWHUYHQWLRQ WR DVVHVV ZKHWKHU F\FOLV\
WUDLQLQJ WR HQDEOH WKHP WR OHDUQ KRZ WR XVH WKH|I
WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ WR LQFUHDVH



2YHUDOO 'LVFXVVLRQ

7KH DLP RI WKLV SURJUDPPH RI UHVHDUFK ZDV WR LQYHV!
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ LV LQIOXHQFHG E\ V
REMHFWLYHV ZHUH LGHQWLILHG 7KLV FKDSWHU VXPPDUL
SURJUDPPH Rl UHVHDUFK LQ UHODWLRQ WR HDFK REMHEW
UHVHDUFK IROORZHG E\ WKH OLPLWDWLRQV DUHDV IRU I
NQRZOHGJH

6XPPDU\ RI ILQGLQJV

2EMHFWLYH RQH 7R XQGHUVWDQG FRDFKHVY SKLORVRSKL
WUDLQLQJ WR HOLWH VSRUWV SHUIRUPDQFH

6HPL VWUXFWXUHG LQWHUYLHZV ZHUH FDUULHG RXW ZLW|
IURP WKH GLVFLSOLQHV RI WUDFN VSULQW F\FOLQJ %0;
VSULQWLQJ 7KH LQWHUYLHZV FDSWXUHG WKH FRDFKHV
VWUHQJWK WUDLQLQJ DQG WKH UDQJH RI IDEFWRUV EHOLH
WR VSRUW SHUIRUPDQFH &KDSWHU 7KHLU YLHZV LQGL
VWUHQJWK WUDLQLQJ *WUDGLWLRQDO  J\P EDVHG VWUHC
VSRUW PRYHPHQW LV WR LQFUHDVH DWKOHWHVY PXVFOH
LV W\SLFDOO\ XVHG LQ FRQMXQFWLRQ ZLWK UHVLVWHG V¢
LQFUHDVHG UHVLVWDQFH UXQQLQJ SHGDOOLQJ RU URZLC
HIITHFWLYH WUDQVIHU Rl HQKDQFHG PXVFOH VWUHQJWK W
WUDQVIHU RI VWUHQJWK WUDLQLQJ WR VSRUWYV SHUIRUPL
DVVRFLDWHG ZLWK IDWLJXH DQG FRRUGLQDWLRQ KDYLQJ
WKH FRDFKHV SODFHG RQ FRRUGLQDWLRQ LV FDSWXUHG [
HFRORJLFDO G\QDPLFV DQG 1HZHOOfV PRGHO Rl FRQVWU
QHHGV WR DGDSW WKHLU LQWHUPXVFXODU FRRUGLQDWLR
KLV KHU XQLTXH VHW RI 3RUJDQLVP FRQVWUDLQWV" H J |
1HZHOO 7KLV SHUVSHFWLYH LV DOVR VXSSRUWHG E
PRGHO WKDW GHPRQVWUDWHG LQFUHDVHV LQ PXVEOH VW
WR EH DFFRPSDQLHG ZLWK D FKDQJH LQ LQWHUPXVFXODU
SHUIRUPDQFH %REEHUW 9DQ 6RHVW 7KH FRDEKHVY



WKH IDFWRUV WKH\ LGHQWLILHG DV EHLQJ LPSRUWDQW L
SHUIRUPDQFH ZHUH FRQVLGHUHG LQ WKH LQWHUSUHWDWIL
LQ &KDSWHU DQG 2EMHFWLYH

2EMHFWLYH WZR 7R LGHQWLI\ YDULDEOHYV WKDW GHVFULE
PDI[LPDO F\FOLQJ
$ UHYLHZ RI WKH OLWHUDWXUH LGHQWLILHG VHYHUDO NH

&KDSWHU DQG JLUVW WKH KLS DQG DQNOH MRLQW DI
WKH GRZQVWURNH WR HQDEOH WKH DQNOH WR WUDQVIHL
PXVFOHV WR WKH FUDQN )UHJO\ =DMDF 6HFRQG D

UHFWXV IHPRULY DQG KDPVWULQJ PXVFOHV DFWLYDWLRQ
RI WKH HIWHUQDO IRUFH RQ WKH SHGDO YDQ ,QJHQ 6FKH
SHGDOOLQJ UDWHV PXVFOH DFWLYDWLRQ GHDFWLYDWLRC
FRQVWUDLQW RQ SRZHU SURGXFWLRQ OF'DQLHO HW DO

6RHVW &DVLXV DV WKHUH LV LQVXIILFLHQW WLPH V
DFKLHYH PD[LPDO IRUFH SURGXFWLRQ GXULQJ D FUDQN F'
VWUDWHJILHY WKDW FDQ PD[LPLVH PXVFOH IRUFH SURGXF'
SKDVH RI WKH GRZQVWURNH DUH EHQHILFLDO )RXUWK D\
PDI[LPXP FUDQN SRZHU SURGXFWLRQ F\FOLVWYV DFWLYHO\
JHQHUDWH SRVLWLYH SRZHU LQ WKH XSVWURNH GXULQJ F
VXEPD[LPDO F\FOLQJ ZKHUH WKH XSVWURNH PD\ EH PRUH
HW DO 'RUHO DQG FROOHDJXHV IRXQG SRVLWLYH U}
DQG DYHUDJH FUDQN SRZHU RYHU D UHYROXWLRQ DQG EI
HITHFWLYHQHVY ,( UDWLR RI HITHFWLYH FUDQN IRUFH W|
RXWSXW GXULQJ WKH XSVWURNH LQ PD[LPDO F\FOLQJ 'RL

7KHUH DUH VHYHUDO ELRPHFKDQLFDO YDULDEOHV WKDW
KDYH EHHQ XVHG WR GHVFULEH LQWHUPXVFXODU FRRUGL

7KHVH LQFOXGH PHDVXULQJ (0* DFWLYLW\ WR GHWH
DQG RIIVHW WLPHVY DQG OHYHO RI DFWLYDWLRQ PHDVXUL
NLQHPDWLFV ZKLFK FDQ EH LQSXW LQWR LQYHUVH G\QDPI
NLQHWLFV DW WKH KLS NQHH DQG DQNOH MRLQWV WKUR)
LQIRUPDWLRQ RQ PXVFOH DFWLYDWLRQ IURP (0* DQG MRL
DQDO\VLYV SURYLGHV D GHHSHU XQGHUVWDQGLQJ RI WKH



WKH PRYHPHQW +HQFH ERWK DUH UHTXLUHG WR GHVFUL
PDI[LPDO F\FOLQJ DQG ZHUH FKRVHQ IRU PHDVXUHPHQW D
F\FOLQJ IRU H[SHULPHQWDO VWXGLHV &KDSWHUYV DQ

2EMHFWLYH WKUHH 7R FRPSDUH WKH ELRPHFKDQLFDO GD
YHORGURPH DQG LQ WKH ODERUDWRU\

7KH VWXG\ UHSRUWHG LQ &KDSWHU LGHQWLILHG UHODW
RUJDQLVDWLRQ EHWZHHQ VSULQWLQJ RQ D YHORGURPH W
VWDWLF WDVN FRQVWUDLQWY Rl HUJRPHWHU F\FOLQJ OHC
LQFUHDVH NQHH MRLQW GXW\ F\FOH DQG NQHH PRPHQW R
PDLQ SRZHU SURGXFLQJ PXVFOHV $00 WKHVH IDFWRUV S
LQ RYHUDOO FUDQN SRZHU RXWSXW RQ WKH HUJRPHWHU |
DOVR QHHGHG WR FRQWURO WKH VWDELOLW\ DQG GLUHFV
QHHGHG WR DVVHVV ZKHWKHU WKH GLIIHUHQFHV LQ MRLQ
ZHUH RZLQJ WR WKH GLIIHUHQW HQYLURQPHQWDO DQG WI
DQG WKH WUDFN ELF\FOH VSULQWY 7KH ILQGLQJV LPSO\ |
ELRPHFKDQLFDO DQDO\WVHV RI PRYHPHQW RUJDQLVDWLRQ
UHSUHVHQWDWLYH HQYLURQPHQW

$OWKRXJK WKLV VWXG\ UHYHDOHG GLIIHUHQFHV LQ VSULC
VSULQWLQJ RQ WKH HUJRPHWHU DQG RQ WKH WUDFN D G
WKH ODERUDWRU\ IRU WKH WHVWLQJ SURWRFRO IRU VW XC
DGGUHVV 2EMHFWLYHVY DQG 7KH UHDVRQV IRU WKLV G
FROOHFWLRQ PHWKRG FRXOG RQO\ PHDVXUH RQH UHYROX
OLPLWDWLRQV RI WKH HTXLSPHQW DYDLODEOH ZKLFK LV L
WR EHWZHHQ UHYROXWLRQ YDULDELOLW\ LQ PD[LPDO F\F(
SUREOHPV GXULQJ WKH RQ WUDFN GDWD FROOHFWLRQ VH
ORVW EHWZHHQ WKH (0* VHQVRUV IRUFH SHGDOV DQG WK
PHDQW GDWD IURP WULDOV ZHUH ORVW ,Q DGGLWLRQ LW
WKH YHORGURPH IRU WHVWLQJ VHVVLRQV 7KLV PHDQW W
SRVVLEOH WR FROOHFW GDWD IURP PDQ\ SDUWLFLSDQWYV
UHVHDUFK TXHVWLRQ 7KHUHIRUH WKH ODERUDWRU\ WHYV
XVHG WR DGGUHVV 2EMHFWLYHV DQG



2EMHFWLYH IRXU 7R TXDQWLI\ WHVW UHWHVW UHOLDELOI
PHDVXUHG GXULQJ PD[LPDO F\FOLQJ RQ DQ HUJRPHWHU

7KH WHVW UHWHVW VWXG\ LQ &KDSWHU LGHQWLILHG ELF
PD[LPDO F\FOLQJ RQ DQ HUJRPHWHU ZHUH PRUH UHOLDEO
VHVVLRQV 7\SLFDOO\ WKH ELRPHFKDQLFDO YDULDEOHV \
UHOLDEOH +RZHYHU VRPH YDULDEOHV VXFK DV SHDN NG
KLS MRLQW SRZHU GHPRQVWUDWHG ORZHU UHOLDELOLW\
ZKHQ XVLQJ WKHVH YDULDEOHYV WR HYDOXDWH FKDQJHV L
0"V LGHQWLILHG LQ WKLV VWXG\ FDQ EH XVHG E\ UHVHDU
SUDFWLWLRQHUV WR KHOS XQGHUVWDQG WKH PDJQLWXGF
ELRPHFKDQLFDO YDULDEOHV IRU D pJUHDO FKDQJHY WR KD
XVHG WR KHOS WKHP LQWHUSUHW WKH HIIHFW Rl ORQJLW
ELF\FOH VHW XS DQG WUDLQLQJ SURJUDPPHYV RQ DWKOHW
DV WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ UHSRUWHC
$OWKRXJK PHDVXUHPHQW HUURU LQVWUXPHQWDWLRQ HU
DQG VRIW WLVVXH DUWHIDEWVY FDQ H[SODLQ VRPH RI WKt
VWXG\ LW FDQ EH VSHFXODWHG WKDW ELRORJLFDO YDUL]
ORZHU UHSHDWDELOLW\ REVHUYHG LQ VHYHUDO YDULDEO
NLQHPDWLFV DQG KDPVWULQJ PXVFOHVY DFWLYDWLRQ SD

2EMHFWLYH ILYH 7R LQYHVWLJDWH WKH HIIHEW RI J\P ED
LQWHUPXVEXODU FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ
7KH VWXG\ UHSRUWHG LQ &KDSWHU IRXQG WUDFN VSULQ
IROORZLQJ D VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ DQG
LQFUHDVH LQ DYHUDJH OHIW FUDQN SRZHU RYHU D FRPSO
7KLV VXSSRUWV WKH ILQGLQJV RI SUHYLRXV UHVHDUFK W
FRUUHODWHYV ZLWK F\FOLQJ SRZHU 6WRQH HW DO

ZDV QR FKDQJH LQ F\FOLQJ VSHFLILF VWUHQJWK DQG WKL
WUDLQLQJ LQWHUYHQWLRQ ZKLFK ZRXOG FDXVDOO\ OLQN
LQFUHDVH LQ F\FOLQJ SRZHU DW USP )XUWKHUPRUH V
SRZHU RYHU D FRPSOHWH UHYROXWLRQ ZDV QRW DVVRFLI
PHEFKDQLFDO IHDWXUHV RI PD[LPDO F\FOLQJ DQG WKH RW|
GHVFULEH LQWHUPXVEXODU FRRUGLQDWLRQ LQ PD[LPDO F



SDUWLFLSDQWY PLJKW KDYH DGRSWHG LQGLYLGXDO FRRU
VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ WR LQFUHDVH FUD
ZLWK WKH WHQHWY Rl HFRORJLFDO G\QDPLFV DQG ZRXOG
FRQVWUDLQWY 1HZHOO

7KHUH ZDV QR HYLGHQFH RI WKH WZR SRVVLEOH PHFKDQL
LGHQWLILHG LQ WKH OLWHUDWXUH RI KRZ LQWHUPXVFXOTL
VWUHQJWK WUDLQLQJ WR VSRUWY SHUIRUPDQFH IROORZL
J)LUVW LW ZDV SRVVLEOH IROORZLQJ D SHULRG Rl VWUHQ
SDWWHUQV RI VWUHQJWK WUDLQLQJ H[HUFLVHV XQGHUWL
VWDUW WR EH H[SUHVVHG GXULQJ VSRUWLQJ PRYHPHQW
KRZHYHU HYLGHQW LQ WKH UHVXOWV Rl WKH SUHVHQW V
DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZHUH Y|
IROORZLQJ D SHULRG RI VWUHQJWK WUDLQLQJ WKH VSRU\
SDWWHUQV QHHGHG WR EH DGDSWHG WR HQDEOH WKH DW
REWDLQHG IURP WKH VWUHQJWK WUDLQLQJ EHIRUH DQ LP
REVHUYHG +RZHYHU WKHUH ZDV QR FKDQJH LQ DQ\ RI Wt
PD[LPDO F\FOLQJ DQG WKH RWKHU ELRPHFKDQLFDO YDULL
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ IROORZLQJ WKH VWU
ILQGLQJV VXJIJHVW WKDW WKHUH LV QR LPPHGLDWH DGDS
FRRUGLQDWLRQ SDWWHUQV WR XVH WKH LQFUHDVHG PXV]
VWUHQJWK WUDLQLQJ WR LPSURYH SHUIRUPDQFH

ILPLWDWLRQV

7KH OLPLWDWLRQV RI HDFK VWXG\ KDYH EHHQ LGHQWLILH
WKH PDLQ OLPLWDWLRQV WR WKLV SURJUDPPH RI UHVHDU

7KH HIITHFW Rl VWUHQJWK WUDLQLQJ RQ LQWHUPXVFXODU
DVVHVVHG ZLWK DQ LVRNLQHWLF HUJRPHWHU EDVHG WHYV
GLIIHUHQW WDVN DQG HQYLURQPHQWDO FRQVWUDLQWV W
ZKLFK PLJKW KDYH DIIHFWHG WKH UHVXOWYV SUHVHQWHG

FKDQJHV ODEN RI FKDQJH LQ LQWHUPXVFXODU FRRUGLQD
GLIIHUHG LI WKH FRRUGLQDWLRQ SDWWHUQV KDG EHHQ P



LQ WKH YHORGURPH +RZHYHU DV KLJKOLJKWHG SUHYLRX
DQG SUREOHPV ZLWK WKH RQ WUDFN GDWD FROOHFWLRQ
WR PHDVXUH LQWHUPXVFXODU FRRUGLQDWLRQ LQ PD[LPD
WUDLQLQJ LQWHUYHQWLRQ

7KLV SURJUDPPH Rl UHVHDUFK XVHG WKH WKHRUHWLFDO |
1HZHOOYV PRGHO RI FRQVWUDLQWY WR LQWHUSUHW FKDQ
HIITHFWV Rl VWUHQJWK WUDLQLQJ RQ LQWHUPXVEXODU ER
EHQHILW RI XVLQJ WKH WKHRUHWLFDO IUDPHZRUN RI HFR
LV LW FRQVLGHUY DWKOHWHY DV FRPSOH[ DGDSWLYH V\V\
WKHLU DFWLRQV ZLWK HYHQWVY REMHFWV DQG VXUIDFHV
LQFRUSRUDWHY KRZ FKDQJLQJ RUJDQLVPLF FRQVWUDLQW
VWUHQJWK IDWLJXH ZLWK WUDLQLQJ HIIHFW WKH FRRUGL
+RZHYHU WKLV DSSURDFK GRHV QRW LGHQWLI\ WKH QHXL
XQGHUSLQ WKHVH FKDQJHY LQ LQWHUPXVEXODU FRRUGLQ
FROOHDJXHV KLJKOLJKWHG WKH ODFN RI NQRZOHGJH LQ V
GHVLJQ VSHFLILF H[SHULPHQWY WR LQYHVWLJDWH WKHVH
&DUUROO 6HOYDQD\DJDP 5LHN 6HPPOHU 7KH\ VX
DGDSWDWLRQV DVVRFLDWHG ZLWK VWUHQJWK WUDLQLQJ
UHVLVWDQFH WUDLQLQJ FRXOG HQKDQFH WKH HIITHFWLYH(¢
SUHFLVH QDWXUH Rl WKHVH DGDSWDWLRQV VWLOO QHHG\
&DUUROO HW DO +RZHYHU WKH DLP Rl WKLV SURJU
LGHQWLI\ WKH QHXURSK\VLRORJLFDO PHFKDQLVPV WKDW
FRRUGLQDWLRQ

6XUIDFH (0* VHQVRUV ZHUH FKRVHQ WR PHDVXUH PXVFOH
TXLFN WR DSSO\ DQG DUH QRW LQYDVLYH ZKLFK DUH LPES
ZLWK HOLWH DWKOHWHY +RZHYHU WKLV PHDQW LW ZDV (
DFWLYLW\ RI WKH GHHS PXVFOHV VXFK DV WKH KLS IOH[R
LPSRUWDQW LQ PD[LPDO F\FOLQJ +XJ 'RUHO SDDVF
FRQWULEXWLRQ RI WKHVH PXVFOHV WR WKH LQWHUPXVEFEX
DVVHVVHG DORQJ ZLWK ZKHWKHU WKHLU PXVFOH DFWLYL\



JRU WKLV SURJUDPPH RI UHVHDUFK WKH GHFLVLRQ ZDV P
VLIJQDOV WR D 09& IRU HDFK PXVFOH DV WKLV PHWKRG RI
EHHQ VKRZQ WR EH XQUHOLDEOH IRU EHWZHHQ VHVVLRQV
ZDV QRW SRVVLEOH WR GHWHUPLQH LI WKH DPSOLWXGH R
WKHUHIRUH LI WKH OHYHOV Rl FR FRQWUDFEWLRQ RI WKH |
VWUHQJWK WUDLQLQJ

7KLV SURJUDPPH Rl UHVHDUFK XVHG MRLQW PRPHQWY DQ!
DFWLYLW\ WR LQYHVWLJDWH LQWHUPXVFXODU FRRUGLQD)
QDWXUH MRLQW PRPHQWY DQG SRZHUV RQO\ GHVFULEH W
PDQ\ LQGLYLGXDO PXVFOH DFWLRQV WKDW FURVV WKH MF
ZRXOG SURYLGH D PRUH FRPSUHKHQVLYH DQDO\VLV RI LQ
LW LV QRW SRV VRQEORXWROMHIRWWFAHY DQG WKHUHIRUH MR
DQ H[SHULPHQWDO DSSUR[LPDWLRQ RI PXVFOH IRUFHV DQ
PXVFOH IRUFHV D FRPSXWHU PXVFXORVNHOHWDO VLPXOD'
DSSURDFK ZDV QRW FKRVHQ RZLQJ WR WKH OLPLWDWLRQ)\
G\QDPLF V\VWHP VXFK DV DQ HOLWH DWKOHWH DQG WKH
VSHFLILF PXVEXORVNHOHWDO PRGHOV

SHFRPPHQGDWLRQV IRU IXWXUH UHVHDUTF

7KH HIITHFW RlI RQH SHULRG RI VWUHQJWK WUDLQLQJ RQ L
F\FOLQJ ZDV LQYHVWLJDWHG DV SDUW RI WKLV SURJUDPP
SURJUDPPH Rl UHVHDUFK VXJJHVWHG WKHUH ZDV QR DFX\
LQWHUPXVFXODU FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ +FR
SHULRG ZDV FRQVLGHUHG DQG QR IROORZ XS WHVWLQJ Vi
WKDW HIIHFWV FRXOG EH VHHQ LI D ORQJHU SHULRG RI W
LQFUHDVH RXU XQGHUVWDQGLQJ Rl KRZ LQWHUPXVFXODU
WUDLQLQJ SKDVHY DQG FKDQJLQJ FRQVWUDLQWY ORQJLV
DOORZ WKH LQYHVWLJDWLRQ RI KRZ VSULQW F\FOLVWVY F
ZKROH VHDVRQ $OVR WKLV SURJUDPPH RI UHVHDUFK RQ(
FRRUGLQDWLRQ DW D SHGDOOLQJ UDWH RI USP ZKLFK :
SHGDOOLQJ UDWH GXULQJ WKH 10\LQJ P HYHQW LQ WUL
SHGDOOLQJ UDWH UDQJH IRU WUDFN VSULQW F\FOLVWV '



F\FOLQJ UHTXLUHV GLIITHUHQW W\SHV RI HITRUWY DW D YD
DFFHOHUDWLQJ IURP D VWDQGLQJ VWDUW DV UHTXLUHG |
WLPH WULDO HYHQWY 7UDFN VSULQW F\FOLQJ DOVR UHTX
SHGDOOLQJ UDWHYV GXULQJ WKH KLJK YHORFLW\ SKDVH RI
JHDU UDWLR DQG KHQFH WKH SHGDOOLQJ UDWH FKDQJHV
WKHUHIRUH EH XVHIXO WR LQYHVWLIJDWH WKH HIIHFW RI
FRRUGLQDWLRQ RQ WKH GLITHUHQW W\SHV RI WUDFN VSUI

YXUWKHU GHYHORSPHQW FRXOG EH XQGHUWDNHQ WR LPSL
XVHG WR PHDVXUH ELRPHFKDQLFDO YDULDEOHYV WKDW GH
PD[LPDO F\FOLQJ ZKHQ FDUU\LQJ RXW IXWXUH VWXGLHV =
DQG ZHOO WUDLQHG DWKOHWHY LQ UHVSRQVH WR WUDLQ
VHQVLWLYLW\ RI WKH PHDVXUHPHQW WHFKQLTXHV IRU H]J
DQG PRGHOV RI 67$¢ WR UHGXFH WKH LQIOXHQFH RI 67% D
WKH FDOFXODWHG NLQHPDWLFYV DQG NLQHWLF YDULDEOH
FDOFXODWHG NQHH IOH[LRQ DQG KLS MRLQW YDULDEOHYV
GDWD FROOHFWLRQ PHWKRG FRXOG EH GHYHORSHG WR Pt
WR FDSWXUH WKH EHWZHHQ UHYROXWLRQ YDULDELOLW\ L
FRXOG EH XQGHUWDNHQ WR PLQLPLVH WKH WHVWLQJ HTX
WKH DWKOHWHY VR UHPRYLQJ WKH QHHG IRU EDFNSDFN
ILITHG WR OHJ 7KLV ZRXOG PHDQ WKH WHVWLQJ SURWRFR
KDYH WKH SRWHQWLDO WR DOORZ HDV\ PRQLWRULQJ RI FI
LPSRUWDQW WR PHDVXUH FRRUGLQDWLRQ LQ D UHSUHVHC
FRRUGLQDWLRQ XQGHU WKH WKHRUHWLFDO IUDPHZRUN R
PRGHO RI FRQVWUDLQWYV

7KH HIITHFWV Rl VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ RQ
SURSHUWLHV ZDV TXDQWLILHG XVLQJ pJ\P VWUHQJWKTY G
ZKLFK ZDV PHDVXUHG SUH DQG SRVW VWUHQJWK WUDLQLC
PHDVXUHPHQW RI LQGLYLGXDO PXVFOH SURSHUWLHV LVR
PXVFOH DUFKLWHFWXUH DQG QHXUDO GULYH MRLQW OH)\
WRUTXHV DQG UDWH RI IRUFH GHYHORSPHQW DQG LQWH!
H[HUFLVH 7KHUHIRUH LW ZDV RQO\ SRVVLEOH WR VSHFX(
LQFUHDVHG WKH pJ\P VWUHQJWKY SRVW VWUHQJWK WUDL



LQWHUPXVFXODU FRRUGLQDWLRQ GXULQJ PD[LPDO F\FOLC
LQGLYLGXDO PXVFOH DQG MRLQW OHYHO SURSHUWLHV )R
XVHIXO WR PHDVXUH WKH LQGLYLGXDO PXVFOH DQG MRLQ

7KH SUH DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRC
JURXS UHVHDUFK GHVLJQ DSSURDFK +RZHYHU DQ DOWHL
WKH GDWD XVLQJ DQ LQGLYLGXDO SDUWLFLSDQW UHVHDU
%DWHV -DPHV %DWHYV -DPHV %DWHV  'XIHN :
H[SHULPHQWDO GHVLJQ LV RQH ZKHUH WKH LQGLYLGXDO
%DWHV 7KHLU SHUIRUPDQFH RU EHKDYLRXU LV W\SL
XQGHU GLIIHUHQW FRQGLWLRQV ZLWK WKH SDUWLFLSDQV
%DWHV 7KH LQGLYLGXDO SDUWLFLSDQW DSSURDFK F
WKH VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ ZKLFK DUH RE
LQ LQLWLDO PD[LPDO F\FOLQJ FRRUGLQDWLRQ SDWWHUQ\
SURJUDPPHY GXULQJ WKH LQWHUYHQWLRQ SHULRG

SUDFWLFDO DSSOLFDWLRQV

7KLV SURJUDPPH RI UHVHDUFK KDV VHYHUDO SUDFWLFDO
VFLHQWLVWY ZRUNLQJ LQ VSRUWYV UHTXLULQJ D PD[LPDO
VWXG\ UHSRUWHG LQ &KDSWHU FDSWXUHG WKH FXUUHQ\V
SKLORVRSKLHV RI VWUHQJIJWK WUDLQLQJ DQG WKH WUDQV
SHUIRUPDQFH IRU VSRUWYV WKDW UHTXLUH PD[LPDO HIIRU
LQIRUPDWLRQ FDQ EH XVHG WR KHOS LQIRUP FRDFKLQJ S|
GDWD FROOHFWLRQ PHWKRG GHYHORSHG LQ &KDSWHU K
KHOS FRDFKHYV DVVHVVY SHGDOOLQJ RQ D WUDFN DQG LQ
FRXOG KHOS WKHP WR XQGHUVWDQG KRZ WKHLU WUDLQLC
DQG FRXOG KHOS WKHP WR LGHQWLI\ DQ\ DUHDV RI D F\FC
LPSURYHPHQW DQG WR DVVHVV WKH HIITHFWLYHQHVV RI W
WKH ULGHUYYVY WHFKQLTXH 7KH WHVW UHWHVW UHOLDELO
GXULQJ PD[LPDO F\FOLQJ LQFOXGLQJ WKH PLQLPDO GHWH
UHSRUWHG LQ &KDSWHU 7KLV LQIRUPDWLRQ FDQ EH XV&H
UHVHDUFKHUV WR KHOS XQGHUVWDQG WKH SUDFWLFDO Ul
VXFK DV FKDQJHV WR ELF\FOH VHW XS DQG WUDLQLQJ SUF



SHUIRUPDQFH &KDSWHU KLIKOLJKWHG WKH LQGLYLGXDC
WUDLQLQJ DQG KRZ FRDFKHVY DQG VSRUW VFLHQFH SUDF\
J\P EDVHG VWUHQJWK WUDLQLQJ RQ DWKOHWHVY LQWHUP

&RQWULEXWLRQV WR NQRZOHGJH

7KLV SURJUDPPH Rl UHVHDUFK LQYHVWLJDWHG WKH HIIHF
FRRUGLQDWLRQ LQ PD[LPDO F\FOLQJ DQG LWV PDLQ FRQW

X &DSWXUHG WKH H[SHULHQWLDO NQRZOHGJH RI HOLWH
VSULQW F\FOLQJ %0; VSULQW ND\DNLQJ URZLQJ DQC
SKLORVRSKLHV UHJDUGLQJ VWUHQJWK WUDLQLQJ DQG
EHOLHYHG WR DIIHFW WUDQVIHU Rl VWUHQJWK WUDLC
EHOLHYHG WKH WUDQVIHU RI VWUHQJWK WUDLQLQJ W
SURFHVV ZLWK IDFWRUV DVVRFLDWHG ZLWK IDWLJXH
LPSRUWDQFH

X ,GHQWLILHG WKH NH\ PHFKDQLFDO IHDWXUHV DVVRFL!
SUHYLRXV UHVHDUFK

Xx '"HYHORSHG D PHWKRG WR PHDVXUH ELRPHFKDQLFDO
RQ WUDFN LQ WKH YHORGURPH ZKLFK LGHQWLILHG U]
PRYHPHQW RUJDQLVDWLRQ EHWZHHQ VSULQWLQJ RQ |
HUJRPHWHU

X 4XDQWLILHG WKH WHVW UHWHVW UHOLDELOLW)\ RI WK
PD[LPDO F\FOLQJ ,GHQWLI\LQJ WKH 0"V ZKLFK FDQ El
VSRUWY VFLHQFH SUDFWLWLRQHUV WR KHOS XQGHUV
LQ WKH ELRPHFKDQLFDO YDULDEOHYV IRU D uUHDO FKI
LOQOWHUYHQWLRQ

x $ J\P EDVHG VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ L¢
DYHUDJH FUDQN SRZHU RYHU D FRPSOHWH UHYROXWL
+RZHYHU WKLV ZDV QRW DVVRFLDWHG ZLWK VLJQLILF
PHFKDQLFDO IHDWXUHV RI PD[LPDO F\FOLQJ DQG RWK
GHVFULEH LQWHUPXVFXODU FRRUGLQDWLRQ LQ PDJ[LP
WKDW WKH SDUWLFLSDQWY PLJKW KDYH DGRSWHG LQ
LQFUHDVH FUDQN SRZHU IROORZLQJ WKH VWUHQJWK \



&RQFOXVLRQ

,Q VXPPDU\ WKLV SURJUDPPH RI UHVHDUFK LGHQWLILHG \
FRRUGLQDWLRQ LPSRUWDQW LQ WKH WUDQVIHU SURFHVYV
DV WKH\ EHOLHYHG WKDW LW ZDV LPSRUWDQW WR PDLQW
VSHFLILF FRRUGLQDWLRQ DQG PRYHPHQW SDWWHUQV DQ
SHULRG 7\SLFDOO\ WKH ELRPHFKDQLFDO YDULDEOHV WK
IRXQG WR EH UHOLDEOH +RZHYHU VRPH YDULDEOHV VXF]
PD[LPXP KLS MRLQW SRZHU KDYH ORZHU UHOLDELOLW\ LC
ZKHQ XVLQJ WKHVH WR HYDOXDWH FKDQJHV LQ PD[LPDO F
LOQWHUYHQWLRQV VXFK DV FKDQJHV LQ WUDLQLQJ RU ELF)
ZHUH FKDQJHG IURP VSULQWLQJ RQ D IL[HG HUJRPHWHU L
WUDFN ELF\FOH LQ WKH YHORGURPH GLIIHUHQW PRYHPHC
REVHUYHG ZKLFK LV DFFRUGDQFH ZLWK WKH WKHRUHWLFI
DQG 1HZHOOYTV PRGHO RI FRQVWUDLQWYV 7KLV ILQGLQJ LF
ELRPHFKDQLFDO DQDO\WVHV RI PRYHPHQW RUJDQLVDWLRQ
UHSUHVHQWDWLYH HQYLURQPHQW 7KLV SURJUDPPH RI Ut
J\P EDVHG VWUHQJWK WUDLQLQJ GLG QRW DOWHU LQWHU]
DQG WKH NH\ PHFKDQLFDO IHDWXUHY DVVRFLDWHG PD[LP|
PLJKW DGRSW LQGLYLGXDO FRRUGLQDWLRQ VWUDWHJILHV
FRQVWUDLQWY DIWHU WKH VWUHQJWK WUDLQLQJ LQWHUY



SHIHUHQFHV

$DJDDUG 3 $QGHUVHQ - / "\KUH(3RXOVHQ 3 /HIIHUV
6 3 6LPRQVHQ ( % $ PHFKDQLVP IRU LQFUHD\
KXPDQ SHQQDWH PXVFOH LQ UHVSRQVH WR VWUHQJWK WL
7KH -RXUQDO RI 3K\VLRORJ\

$DJDDUG 3 6LPRQVHQ ( % $QGHUVHQ - / O0DJQXVVR(
,QFUHDVHG UDWH RI IRUFH GHYHORSPHQW DQG QHXL
IROORZLQJ UHYV L VRWIUGAHOWRU BBISBIOQHG 3K\VLRORJ\

$EHUQHWK\ 3 - -«ULPIH - /RJDQ 3 $ 7D\ORU $ : '.
$FXWH DQG FKURQLF UHVSRQVH RI VNHCGRWWU PNGEBIHQW R
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PHWKRGV Rl QRUPDOLVLQJIRMOW EXW IRY J & HFAVLWRP\RJUD SK\
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$VNHZ * 1 ODUVK 5 / 7KH HITHFWV Rl OHQJWK W
SRZHU RXWSXW RI PRXVHKH NRPOHWDIOO RAR XVFIOBIVBMWQWDO %L
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%HHOHQ $ 6DUJHDQW $ - (IITHFW RI IDWLJXH RQ
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OXVFOH DFWLYDWLRQ GXULQJ F\FOLQJ DW GLIITHUHQW FDG
FDSDFRWUQDO RI (OHFWURP\RJUDSK\ DQG .LQHVLRORJ\
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%REEHUW 0 ) 9DQ 6RHVW $ - (IITHFWV RI PXVFO
MXPS KHLJKW $ VLEPK®IDPALQRIQDWVWXERLHQFH LQ 6SRUWYV DQ
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FRPSDULVRQ RI ROG OHGLHOBA PHINLKQRIGVWLQJ DQG 3K\VLFV
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ELRPHFKDQLFV DQ/XISHRXRWMIQRHE6WUHQJIJWK &RQGLWLR

&RWH - 6DOPHOD - + %DULD $ 5SXVVHOO 6 -
XQVWUXFWXUHG @XPWW VBN WLKYR-D 8 DIVWDIV

&ULVFR - OF*RYHUQ 5 (IILFLHQW FDOFXODWLRQ
VHIPHQWHG KRPRJHQRXV W KARXH GR P HRI Vo RRMIOF R B I HFW V

'DYLGVRQ & - :DJQHU % O ODUWLQ - & 6HDW I
QHXURPXVFXODU FNBQREQQBMIHUG6FLHQFH LQ 6SRUWYV DQG
6

GH /HYD 3 $GMXVWPHQWY WR ]DWVLRUVN\ VHOX\DQ
-RXUQDO RI %LRPHFKDQLFV

'H /XFD & - 7KH XVH RI VXUIDFH HOHRXURP\®RJUD SK
RI $SSOLHG %LRPHFKDQLFV

'H /XFD & - *LOPRUH [ ' X]QHWVRY O 5R\ 6 +
VXUIDFH (0* VLJQDO ORYHPHQW DUWLIDFYWVRODQGDEDRHOLQ|
%LRPHFKDQLFV

'H ODUFKLVY & 6FKPLG 0 %LEER ' &DVWURQRYR $ 0
6 JHHGEDFN RI PHFKDQLFDO HIIHFWLYHQHVV LQGXF]
GXULQJ PWRQQ@LHUV LQ &RPSXWDWLRQDO 1HXURVFLHQFH

GH 9H\ OHVWGDJK . 3HUVRQDO SHUVSHFWLYH ,Q V¢t
SRVWHKSBDLHG (UJRQRPLFV

'"HEUDX[ 3 %HUWXFFL OXVFXODU GHWHUPLQDQ\
GXULQJ H[HUFLVHV RISRPERWE UL QWHWRRGW\LQ %LRPHFKDQ
%LRPHGLFDO (QV¥XBHHULQJ



'"HOHFOXVH & ,QIOXHQFH RI VWUHQJWK WUDLQLQJ F
6SRUWYVY OHGLFLQH

'HOOD &URFH 8 &DSSR]]R $ .HUULJDQ ' & 3HO
DQDWRPLFDO ODQGPDUN FDOLEUDWLRQ SUHFLVLRQ DQG L
MRLQW OHGEIOFHDW %LRORJLFDO (QJLQHHULQJ &RPSXWLQ.

'HOOD &URFH 8 /HDUGLQL $ &KLDUL / &DSSR]JR $
DQDO\VLV XVLQJ VWHUHRSKRWRJUDPPHWU\ 3DUW  $VVH
PLVSODFHPHQW DQG LWV HFMHFEWY RRYVWRUBW NLQHPDWLF\

'HOS 6 / $QGHUVRQ ) & $UQROG $ 6 /RDQ 3 +DEL
* 2SHQ6LP 2SHQ VRXUFH VRIWZDUH WR FUHDWH D
VLPXODWLRQV R((PRYDIPWIMNLRQV RQ %LRPHGLFDO (QJLQ

'"HPSVWHU : ®SDFH UHTXLUHPHQWYV RI WKH VHDWHG RSH!
NLQHPDWLF DQG PHFKDQLFDO DVSHFWV RI WKHRERG\ ZLYV
ULJKW 3IDWWHUVRQ $LU )RUFH %DVH 2KLR 86%) :$

'LQJZHOO - &XVXPDQR - 3 &DYDQDJK 3 BWHUQDG
VWDELOLW\ YHUVXV NLQHPDWLF YDULDELOLW\ Rl FRQWLQ
-RXUQDO RI %LRPHFKDQLFDO (QJLQHHULQJ

'RUHO 6 D OD[LPDO IRUFH YHORFLW\ DQG SRZHU YHC
$VVHVVPHQW DQG UHOHYDQFH ,Q % LRPUHFRXD QL F&/DRR W QR
DQG WHYWLQJ 6ZLW]JHUODQG 6SULQJHU

'RUHO 6 E OHFKDQLFDO HIIHFWLYHQHVYV DQG FRRUG
F\FOLQJ SHUIRUPDQFH ,Q - ORILGPHEFKOMRRM &R W(GIL QL
W HV WBLSQ J 6ZLW]HUODQG 6SULQJHU

'RUHO 6 'URXHW - &RXWXULHU $ &KDPSRX[ < +XJ

SHGDOLQJ WHFKQLTXH DQG PXVFOH FRRUGHGDRLLR GXUL
6FLHQFH LQ 6SRUWV ([HUFLVH



'RUHO 6 'URXHW - +XJ ) /HSUHWUH 3 &KDPSRX[ <
SHGDOV WR TXDQWLI\ ' IRUFHV DW WKH VKRH SHGDO LQW
BUHOLPLQDU\ VWXG\ L@ RFOSYWWH W OBIMNK RGO LQWALRPHFKD
%LRPHGLFDO (QBLQHHULQJ

'RUHO 6 &RXWXULHU $ *XLOKHP * $UH (0* SDW
PRGLILHG DW GLIITHUHQW SRLQWYV RI WKH F\FOLQJ WRUTX't
DW WKH&RQJUHVYV RI WKH ,OWHUQDW RO IBRFLHW\ RI1 %]

'RUHO 6 &RXWXULHU $ +XJ ) ,QWUD VHVVLRQ
PXVFOHV DFWLYDWLRQ SBRWWQQD® RIXWWOLHRIWIHEPDIRILODSK\ D
.LQHVLRORJ\

'RUHO 6 &RXWXULHU $ +XJ ) ,QIOXHQFH RI GLI
PHFKDQLFDO DQG HOHFWURP\RJU DFOLFGS DWW WIHUR VRE X QDG
OHGLFLQH DQG 6FLHQFH LQ 6SRUWYV

'RUHO 6 &RXWXULHU $ +XJ ) ODLQWDLQ D SUR:
FULWLFDO WR DFKLHYH PD[LPDO YHORFLW\ GXULQJ D SHG
WK &RQJUHVV RI  QWHUQDWLRQDO 6RFLHWRRH(OHFWURI

'RUHO 6 &RXWXULHU $ /DFRXU - 5 9DQGHZDOOH +
JRUFH YHORFLW\ UHODWLRQVKLS LQ F\FOLQJ UHYLVLWHG
DOQDODHIGLFLQH DQG 6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

'RUHO 6 *XLOKHP * &RXWXULHU $ +XJ ) $G M)
FRRUGLQDWLRQ GXULQJ DQ MHIEL RXQWH \DSUG GWLA\TFPOH QO B B
([HUFLVH

'RUHO 6 +DXWLHU & $ G5DPEDXG 2 5RXIIHW ' 3UDD.
%RXUGLQ O 7RUTXH DQG SRZHU YHORFLW\ UHODWLI
WUDFN VSULQW SHUIRUP D QRHWHY TR WO B QRO VR/XE\ED Q VRV \6
OHGLFLQH



‘UuLvv 7 9DQGHZDOOH + 7TKH PHDVXUHPHQW RI P
RXWSXW RQ D F\FOH HUJRPHWBMHG $ FUHWUFRQ QWHNUDWLF
GRL

'URXHW - &KDPSRX[ < 'RUHO 6 'HYHORSPHQW |
LQVWUXPHQWHG IRUFH SHGDOV IRU WUDFN F\FOLQJ 3
7KH HQJLQHHULQJ RI \BBSRUW YRIDWXPH 6SULQJIHU

‘XF 6 %9HUWXFFL : 0 3HUQLQ - 1 *UDSSH ) 0
XSKLOO F\FOLQJ (IIHFW RI VORSH SRVWXUH KDQG JULS
ODWHUD®RXUZQDWO RI (OHFWURP\RJUDSK\ DQG .LQHVLRORJ\

(OIWPDQ + JRUFHV DQG HQHUJ\ FKBPHHYFIDQWKH Ot
-RXUQDO RI 3K\WLRORJ\

(OPHU 6 - %DUUDWW 3 .RUII 7 ODUWLQ - &
SURGXFWLRQ GXULQJ VXEPD[LOADEL PLQYEH FODQ GP®FL i QFFCHL QQ
DQG ([HUFLVH

(ULFVRQ 0 2 1LVHOO 5 (NKROP - 9DUXV DQG Y
MRLQW GXULQJ HWFORHBALBDD FLPQL@®XUQDO RI 6SRUWYV 6FL

(ULFVRQ 0 2Q WKH ELRPHFKDQLFV RI F\FOLQJ $ VWXG\ F
GXULQJ H[HUFLVH RQ WIB SUEORW K HHE BRRFFFWWRHULD O WKHV LV
,QVWLWXWH B6WRFNKROP 6ZHGHQ

(ULFVRQ 0 2 %UDWW $ 1LVHOO 5 1pPHWK * (NKR

DERXW WKH KLS DQG NQHH MR LEFW Q GLXQDLYQLID IU-FREHIDHU R
5SHKDELOLWDWLRQ OHGLFLQH

)DULQD * OHUOHWWL 5 (QRND 5 O 7TKH HI[WUDF
WKH VXUID-RXKU@QDO RI $SSOLHG 3K\VLRORJ\

YDUULV ' - J/LFKWZDUN * $ %URZQ 1 $ &UHVVZHOO
'"HFRQVWUXFWLQJ WKH SRZHU UHVLVWDQFH UHODWLRQVKI
6FDQGLQDYLDQ -RXUQDO RI OHGLFLQH 6FLHQFH LQ 6SRU



JROH\ - 3 %LUG 6 5 ‘KLWH - $ $QWKURSRPHW
IURP GLIITHUHW WMYHQWRXUQDO RI 6SRUWY OHGLFLQH

JUHJO\ % - =DMDF ) ( $ VWDWH VSDFH DQDO\VL
JHQHUDWLRQ DEVRUSWLRQ DPRXGUQWDO QMU RPHFIKDIQERG L

*DUFtD 3DOODUpV - ,JTXLHUGR 0 BWUDWHJILHV W
VWUHQJWK DQG DHURELF ILW@SRUWRUOHBZEQQHWQG FDQRH

*DUGQHU $ 6 ODUWLQ ' 7 %DUUDV 0 -HQNLQV ' *
RXWSXW GHPDQGV RI HOL@\WHVUQDMNL R QD IOQVR ¥VUBMDMIOQRI 3H !
$QDO\VLV LQ 6SRUW

*DUGQHU $ 6 ODUWLQ - & ODUWLQ ' 7 %DUUDV 0
OD[LPDO WRUTXH DQG SRZHU SHGDOLQJ UDWH UHODWLRQ
ODERUDWRU\ D(XGRSHOQ@ WRKXWWOD O RI $SSOLHG 3K\VLRORJ!

*HDULW\ % 7KH GLVFLSOLQH Rl SKLORWBEBRIW®E VW L
&RQGLWLRQLQJ -RXUQDO

*LDNDV * %DOW]RSRXORV 9 7LPH DQG IUHTXHQF
UHDFWLRQ IRUFHV GXULQJ ZDONLQJ $Q LQYBIMWLIDWLRQ
3RVWXUH

*LEVRQ - -7KH HFRORJLFDO DSSURDFKRNR/ RQV XRBR& JKMLRH
OLIIOLQ
*OD]JLHU 3 6 ‘DYLGV . &RQVWUDLQWY RQ WKH FF

PRWLARSRUWY OHGLFLQH

*RGZLQ $ $JQHZ 0 BWHYHQVRQ - $FEXUDF\ RI 1
VWDWLF TXDVLVWDWLF DQ®¥RPSO0 H{I G DRPHF KR ERQ
(QJLQHHULQJ



*UHHQZRRG ' 'DYLGV . SHQVKDZ , ([SHULHQWL
FRDFKHVY FDQ KHOS LGHQWLI\ LQIRUPDWLRQDO FRQVWUDL
LOWHUFHSW-IRXHUQB® LRRQQSRUWYV 6FLHQFHV

*UHJHUVHQ & 6 +X00 0 |/ 1RQ GULYLQJ LQWHUV
F\FOLQJ FRPSXWHG XVLQJ D PRGHO WKDW LQFOXGHV WKU
VKDQN IRRW DQG WKH HIITHFW -RIXWIQDS® RIN I %LR DM F KB QWHER

*UHJRU 5 - %URNHU - 3 5\DQ 0 O 7TKH ELRPHF
([HUFLVH DQG 6SRUW 6FLHQFHYV 5HYLHZV

*UHJRU 5 - &DYDQDJK 3 5 ID)RUWXQH 0 .QHH
SURSXOVLRQ LQ F\FOLQJ $ FUHDWLRXWV@DXWLRQ WR ORI
%LRPHFKDQLFV

*URZQH\ ( OHJODQ ' -RKQVRQ 0 &DKDODQ 7 $Q
PHDVXUHV Rl DGXOW QRUPDO ZDONLQ®ILWVLORVOWVXUGHR WL

*XOOHWW - & 7LOOPDQ 0 ' *XWLHUUH] * 0 &KRZ -
ELRPHFKDQLFDO FRPSDULVRQ RI EDFN DQG IURQW VTXDW!
-RXUQDO RI 6WUHQJWK DQG &RQGLWLRQLQJ 5HVHDUFK

+INNLQHQ . .RPL 3 $0pQ O .DXKDQHQ + (0* F
IRUFH SURGXFWLRQ FKDUDFWHULVWLFV GXULQJ D \HDU \
(XURSHDQ -RXUQDO RI $SSOLHG 3K\WLRORJ\ DQG 2FFXSDW

+DNNLQHQ . 1HXURPXVFXODU DQG KRUPRQDO DGDS
SRZHU WUDLQL@IXURDAHRLHBSRUWY OHGLFLQH DQG 3K\VLF

+DNNLQHQ . 3DNDULQHQ $ $OHQ O .DXKDQHQ + R
1IHXURPXVFXODU DQG KRUPRQDO DGDSWDWLRQV LQ DWKO
-RXUQDO RI $SSOLHG 3K\VLRORJ\



+DPLOO - +DGGDG - O OF'THUPRWW : - , VVXHV
I[URP D G\QDPLFDO V\V-WNMBQB® RY SISEWLHIE %LRPHFKDQLF

+DQQDK 5 OLQVKXOO & %XFNWKRUSH 0 : JROODQG
QHXURPXVFXODU SHUIRUPDQFH SRHURLPGIQW BB UMAV LIRI® R D\H

+HLO ' 3 %RG\ PDVV VFDOLQJ RI IURQWDO DUHD LQ
DHUR KD QCGWHREBMHMDWY -RXUQDO RI $SSOLHG 3K\VLRORJ\

+LFNV - / B8FKLGD 7 . 6HWK $ G5DMDJRSDO $ 'HO'S
JRRG HQRXJK" EHVW SUDFWLFHV IRU YHULILFDWLRQ DQG
DQG VLPXODWLRQWRRUPRY RPHAQAWPHFKDQLFDO (QJLQHHUL

+LOH\ 0 - <HDGRQ 0 5 OD[LPDO RAVE®BR® QWY IUR
%LRPHFKDQLFV

+LQNOH ' ( :LHUVPD : XUV 6 * $SSOLHG VWD
VELHQFHV WK HG SS %RVWRQ +RXJKWRQ OLIIO
+LQW]\ ) *UDSSH ) %HOOL $ (IHIHFWV RI D QRQ

SHUIRUPDQFH GXULQJ D-RXO@DHDURR BB RBHW WeHPLW Q FH OH

+RGJHV 3 : XL % + $ FRPSDULVRQ RI FRPSXWH
GHWHUPLQDWLRQ RI RQVHW RI PXVFOH FRQWUDFWLRQ XV
(OHFWURHQFHSKDORJUDSK\ DQG &OLQLFDO 1HXURSK\VLRC(

+RSNLQV : * OHDVXUHV Rl UHOLDELOB®RUWWW SRUW
OHGLFLQH
+RSNLQV : * B6FKDERUW ( - +DZOH\ - $ 5HOLD

SK\VLFDO SHUI|RIBFRDUWFH OMHB\LWIVQ H



+ULVWRYVNL 5 %DODJXH 6HUUH 1 6FKROOKRUQ
QRWLRQV LQ WKH VFLHQFH RI FRPSOH[ VI\VWHPV DQG QRQ
+ULVWRYVNL ' $UDXMR 1 %DODJXH 6RRRPIBOH[ % XWWRQ
VIVWHPV LS SVSRUWRQGRQ 5RXWOHGJH

+XJ ) &DQ PXVFOH FRRUGLQDWLRQ EH SUHFLVHO\ V
HOHFWURP\R)XIDFPKO"'RI (OHFWURP\RJUDSK\ DQG .LQHVLRO

+XJ ) %HQGDKDQ ' /H )XU < &R]JJRQH 3 - *UpORW
RI PXVFOH UHFUXLWPHQW SDWWHUQ GXULQJ SHGDOLQJ L«
UHVRQDQFH LPDJLQJ DQG HOKWRSHRBRBP\RRKNDS RO VRN XES\SOLH
3K\WLRORJ\

+XJ ) 'RUHO 6 (OHFWURP\RJUDSKLFRQIDIDULV RI
RI (OHFWURP\RJUDSK\ DQG .LQHVLRORJ\

+XJ ) '"URXHW - &KDPSRX[ < &RXWXULHU $ 'RUHO
YDULDELOLW\ RI HOHFWURP\RJUDSKLF SDWWHUQV DQG SH
(XURSHDQ -RXUQDO RI $SSOLHG 3K\VLRORJ\

+XJ ) 7XUSLQ 1 $ &RXWXULHU $ 'RUHO 6 &R
VIQHUJLHV GXULQJ SHGDOLQJ DFURVMEUQBOHRQW PHFKDQ
1IHXURSK\VLRORJ\

+X00 0 -RUJH O $ PHWKRG IRU ELRPHFKDQLFDO
SHGDOBKXQDDO RI YLRPHFKDQLFV

+XQWHU $ 0 6W &ODLU *LEVRQ $ /DPEHUW 0 1RDNH
(OHFWURP\RJUDSKLF (0* QRUPDOL]DWLRQOMGWRRGHI RU F
DQG 6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

,YDUVVRQ $ $QGHUVHQ 0 % -RKQVRQ 8 /LQGZDOO
DGMXVW 1RQSDUDPHWULF HIIHFW VL]HV FRQILGHQFH LQ\
3VI\IFKRORJ\ Rl 6SRUW DQG ([HUFLVH



-DFREV 5 YDQ ,QJHQ 6FKHQDX * - L QWHUPXVFXC
SXVK RARXUQDO RI %LRPHFKDQLFV

-DPHV & 5 %DWHV % 7 (ISHULPHQWDO DQG VWEC
PRYHPHQW OHDMRURRHQW LQ 3K\WLFDO (GXFDWLRQ DQG (

-DPHV & 5 %DWHV % 7 "XIHN - 6 &ODVVLILFD'
ELRPHFKDQLFDO UHVSRQVH VWUDWHJLHRXIRQDDFRRPPRGD
$SSOLHG %LRPHFKDQLFYV

-REVRQ 6 $ +RSNHU - $UNHVWHLMQ O 3DVVILHOG
UHOLDELOLW)\ RI PXVFOH DFWLRXWQ 5@ \R WHLHFW G R B LRIUB\
.LQHVLRORJ\

“-RQHV 5 %H]RGLV |, 7KRPSVRQ $ &RDFKLQJ VS
SHUFHSWLRQ Rl UDFH SKDVHWWA G QDIMAKRILFO G RFRIGNVOU K I
6FLHQFH &RDFKLQJ

-XGVRQ / - &KXUFKLOO 6 0 %DUQHV $ 6WRQH - $

+RUL]JRQWDO IRUFH SURGXFWLRQ DQG PXOWL(VHJPH
DFFHOHUDWLRQ SK D\ RQ EHXDGY VBQULAWUQDO RI OHGLFLQ
6SRUWYV

.DGDED 0 5DPDNULVKQDQ + :RRWWHQ 0 *DLQH\ - *|
5SHSHDWDELOLW\ RI NLQHPDWLF NLQHWLF DQG HOH
JDLMRXUQDO RI 2UWKRSDHGLF 5HVHDUFK

.DXW] 6 $ +X00 0 |/ $ WKHRUHWLFDO EDVLV IRU
WR WKH SHGDAXUQP\®E RIPILRPHFKDQLFV

. HOVR - $ 6 7XOOHU % 9DWLNLRWLV %DWHVRQ ( )
VSHFLILF DUWLFXODWRU\ FRRSHUDWLRQ IROORZLQJ MDZ
IRU FRRUGLQDWRXH @ V@ REWPSIHHM. PHQWDO 3V\FKRORJ\ +X
DQG 3HUIRUPDQFH



.HOVR - $ 6 3bUw &KDSWHU &RRUGLQDWLRQ G
‘DYLGVY 5 +ULVWRYVNL ' % 6 $UDXMRE&RP&ROPOXWWRQ ¢
VI\VWHPV LSVSRUW/RQGRQ 5RXWOHGJH

.LQRVKLWD + %DWHV % 'HOLWD 3 L QWHUWULDOC
JDLW SD UBRIPRPAHHFUD QISBV ,: $ &KDPSDLJQ ,/ +XPDQ .LQ!
3XEOLVKHUV

QXWWIHQ + 0% .RPL 3 9 %DVLF FRQVLGHUDWLR(
(G 9ROXPH ,,, RI WKH HQF\FORSDHGLD RI VSRUWYV PHGLFL
QG HG SS 2[IRUG % ODFNZHOO 6FLHQFH

.RQLQFN[ ( 9DQ /HHPSXWWH O +HVSHO 3 (ITHFEYV

YHUVXV ZHLJKW WUDLQLQJ RQ PD[LPDO SRZHU RXWSXW D¢
(XURSHDQ -RXUQDO RI $SSOLHG 3K\VLRORJ\

.RQUDG 3 7KH $%& RI 1B* 6FRWWVGDOH 1RUD[RQ ,1&

.RR 7 . /IL 0 < $ IXLGHOLQH RI VHOHFWLQJ DQG
FRUUHODWLRQ FRHIILFLHQWXUQDOQRDEBEUBSWDEUWVHDUG

.RUGL 0 )ROODQG - *RRGDOO 6 %DUUDWW 3 +RZD
WUDGLWLRQDO DQG WDVN VSHFLILF UHIHUHQFH WDVNV W
GLIIHUHQW VSULQ®RWXUFOPOLRI WH¥WURP\RJUDSK\ DQG .LQH

.RUGL 0 *RRGDOO 6 %DUUDWW 3 5RZOH\ 1 /HHGHU
S5SHODWLRQ EHWZHHQ SHDN SRZHU RXWSXW LQ VSULQW F\F
LVRPHWULF WRU-TRXUQDRGKIFVYWODIHFW U RP\RJUDSK\ DQG .LQH

.RUGL 0 +DUDODELGLYV 1 +XE\ 0 %DUUDWW 3 +RZD\
SHOLDELOLW\ DQG YDOLGLW\ RI GHSWK FDPHUD ' VFDQQL
-RXUQDO RI 6SRUWYV 6FLHQFHYV



.RUIl 7 +XQWHU ( / ODUWLQ - & OXVEXODU DQ
FRQWULEXWLRQV WR PD[LPXP SRZHU F\FOLQJ LQ FKLOGUH
GHYHORSPHQWD O PR WRXUURDPOWIRPSHULBMWQWDO %LRORJ\

.RUIl 7 -HQVHQ - [/ $JH UHODWHG GLIIHUHQFHYV
FKLOGKRRG 7KH LQIOXHQFHV RI PXVFXODU SRZHU SURGX
FDXVHG E\ PPSVHROBPWHQWDO %UDLQ 5HVHDUFK

XPDJDL . $EH 7 %UHFKXH : ) 5\XVKL 7 7DNDQR 6
6SULQW SHUIRUPDQFH LV UHODWHG WR PXVFRKUQVELFOH
RI $SSOLHG 3K\VLRORJ\

XWFK - - 9DOHUR &XHYDV ) - &KDOOHQJHV DQ
WKH H[LVWHQFH RI PXVFOH Y& B BRMY/XRIDQH RWDDAD RALRIQ R
GRL MRXUQDO SFEL

IDIRUWXQH 0 &DYDQDJK 3 (IHIHFWLYHQHVYV DQG
ULGLQJ ,Q + ODWVXL . %LRPBI\KMKQLRGW,, % ,QWHUQDWL
RQ VSRUWV \6BLHQFH %&KDPSDLJQ ,/ +XPDQ .LQHWLFV

/IDL $ . 0 $SUQROG $ 6 ':DNHOLQJ - 0 'K\ DUH
DFWLYDWHG LQ P\ VLPXODWLRQ" $ PXVFXORVNHOHWDO PR
WDVRNMQ DOV RI %LRPHGLFDO (QJLQHHULQJ

IDPE ' + $ NLQHPDWLF FRPSDULVRQ RI7TKHJRPHWHU
$PHULFDQ -RXUQDO RI 6SRUWYV OHGLFLQH

/IDSODXG ' +XJ ) *UpORW / SHSURGXFLELOLW\ |
DFWLYLW\ OHYHO LQ WKH FRXUVH RIRBQQDQ®EWHPHQWDO St
(OHFWURP\RJUDSK\ DQG .LQHVLRORJ\

IDWDVK 0 /)XQGDPHQWDOV RI/RRBRQ FRRF@WHROF 3UHVYV

/HDUGLQL $ &KLDUL / 'HOOD &URFH 8 &DSSR]IR $
DQDO\VLV XVLQJ VWHUHRSKRWRJUDPPHWU\ 3DUW VRIW
FRPSHQVIDWWRQ3IRVWXUH



JHLUGDO 6 5RHOHYHOG . (WWHPD * &RRUGLQD
SRZHU WUQWRIIU@DWLRQDO -RXUQDO RI 6SRUWYV OHGLFLQH

/I - /X 7 J/LQ & .XR 0 +VX + 6KHQ : 6RIW
PDUNHUV RQ WKH ORZHU OLPE GXULQJ F\FOLQJ (IIHFWYV R
-RXUQDO RI %LRPHFKDQLFV

e/ &DOGZHOO * ( &RHIILFLHQW RI FURVYV FRUU
FRUUHVSRQEBUHQEBBD RI (OHFWURP\RJUDSK\ DQG .LQHVLROR.

ILQFROQ < 6 *XEDLDIW XUDOLVWRGARJ X6DIH

ODF'RXJDOO - ' &KDSWHU +\SHUWURSK\ DQG K\S
(G 9ROXPH ,,, RI WKH HQF\FORSDHGLD RI VSRUWYV PHGLFL
QG HG SS 2[IRUG % ODFNZHOO 6FLHQFH

ObuwLQ - & 'LHGULFK ' &R\OH ( ) 7LPH FRXUYV

PD[LPXP F\FOLQQWHRUZEBDWLRQDO -RXUQDO RI 6SRUWV OHGL

ObUWLQ - & (OPHU 6 - +RUVFURIW 5 ' %URZQ 1 $
ORZ FRVW LQVWUXPHQWHG VSDWLDO OLQNDJH DFFXUDWH
HUJRPHRXUWI QDO RI $SSOLHG %YLRPHFKDQLFYV

ODUWLQ - & URZQ 1 $ 7 -RLQW VSHFLILF SRZ]
GXULQJ PD[LPDRXR\EDOX®I %LRPHFKDQLFV

ODUWLQ - & 'DYLGVRQ & SDUG\MDN ( 8QGHUVYV
SHUIRUPDQFH 7KH LQWHJUDWLRQ RI PXV,ROWHB8R DML RQH\O
-RXUQDO RI 6SRUWYV 3K\VLRORJ\ DQG 3HUIRUPDQFH

ODUWLQ - & *DUGQHU $ 6 %DUUDV 0 ODUWLQ ' 7
F\FOLQJ XVLQJ ILHOG GHULYHG SDUTHGIWHQM DQG BEUHDE
6SRUWV DQG ([HUFLVH



ODUWLQ - & 1LFKROV - 6LPXODWHG ZRUN ORRS\
F\FOLQJ 3IREHBRXUQDO RI ([SHULBMWQWDO %LRORJ\
GRL MHE

ODUWLQ - & :DJQHU % O &R\OH ( ) ,QHUWLDO
PD[LPDO F\FOLQJ SRZHU LQOUHSLBAUQH BIQHUBEVHQEFRIXMQ 6S
([HUFLVH

ODWKLDVVHQ 6 ( :LQNHO - +1JJ * O 1RUPDOL]I
DPSOLWXGH IURP WKH XSSHU WUDSH]LXV PXRRKOQD®@ HUJFR
RI (OHFWURP\RJUDSK\ DQG .LQHVLRORJ\

OF'DQLHO - %HKMDQL 1 6 ( 6 - %URZQ 1 $ 7 0DU
VSHFLILF SRZHU SHGDOLQJ UDWH UHORWUBRY KRISY¥SCSRUHQ
%LRPHFKDQLFV

OF*LQOH\ - / %DNHU 5 :ROIH 5 ORUULV 0 ( 7
GLPHQVLRQDO NLQHPDWLF JDLW PHBNXW HPFHRQYWNX UH V\VW E

OF/HDQ % ' SDUNHU $ : $Q DQWKURSRPHWULF C
WUDFN FEOUZDY RI 6SRUWV 6FLHQFHV

OHQDUG 0 'RPDODLQ O 'HFDWRLUH $ IDFRXWXUH 3
VHWEDFN RQ SHGDOOLQJ WHFKQSRXMW W I%HRWHEFKQBVYFVLQ

OHQGH] 9LOODQXHYD $ %LVKRS +DPHU 3 5HS
PD[LPDO F\FOLQJRXSQIDPWRWHBHNMHQFH DQG OHGLFLQH LQ 6¢

OLOQHU & ( :HVWODNH & * 7DWH - - 7THVW= UL
ELRPHFKDQLFV GXULQJ-RWRBSQDMXR S % IDRFGLRKID/QLFV

OLUND * $ 7KH TXDQWLILFDWLRQURRQRPQRVYWPDOL]D



ORLU * 6DQGHUV 5 %XWWRQ & *ODLVWHU O 7
UHVLVWDQFH WUDLQLQJ RQ DFFFROHVUD WILRIF H/FKUDL@IW \E H U |

OXMLND 3DGLOOD 6 6FLHQWLILF EDVHV IRU SU
OHGLFLQH DQG 6FLHQFH LQ 6SRUWV DQG ([HUFLVH

O\HUV & $ /D] 3 - 6KHOEXUQH . % 'DYLGVRQ % 6
DSSURDFK WR TXDQWLI\ WKH LPSDFW RI XQFHUWDLQW)\ SU
VLPXODWIL@RMVV Rl %LRPHGLFDO (QJLQHHULQJ

1HHGKDP 5 1DHPL 5 &KRFNDOLQJDP 1 4XDQWL
FRRUGLQDWLRQ GXULQJ JDLW XVLQJ BRRR@DIQHI YHFWRU
%LRPHFKDQLFV

1IHSWXQH 5 5 +X00 0 $FFXUDF\ DVVHVVPHQW RI
KLS PRYHPHQW LQ -RXDWBG RIFBLRBHFKDQLFV

1IHSWXQH 5 5 +X00 0 |/ (YDOXDWLRQ RI SHUIRU
RI VXEPD[LPDO VWHDG\ VWDWH F\FOLQRXVQQOD RIRUZDUG
%LRPHFKDQLFDO (QJLQHHULQJ

1IHSWXQH 5 5 .DXW] 6 $ OXVFOH DFWLYDWLRQ [
7KH JRYHUQLQJ SURSHUWLHV LQ IDVW F\F[GIUFDLY HK ORI P
6SRUW 6FLHQFHV 5HYLHZV

1IHSWXQH 5 5 .DXW] 6 $ +X00 0 / 7KH HIITHFW
FRRUGLQDWLREXUQPF RIGILRPHFKDQLFV

1HZHOO . 0 &RQVWUDLQWY RQ WKH GHYHORSPHQW
+ :KLWOLQIURWRW GHYHORSPHQW LQ FKLOGUHQ $VSHFWV
SS /IDQFDVWHU ODUWLQXV 1LMKRII

1HZHOO . 0 &RRUGLQDWLRQ FRQWURO DQG VNLOO

5 % :LOEHUlLlIIHEMQJ SHUVSHFWLYHYV LQ PRWRU OHDUQLQ
SS $PVWHUGDP 1RUWK +ROODQG



1HZHOO . O -RUGDQ . 7TDVN FRQVWUDLQWY DQG
FRPPRQ ODQJXDJH ,Q : ( 'DYLV (FRORJIJLFD®KWDE®N (BQD:
DQG PRYHFSHQW /IHHGV +XPDQ .LQHWLFV

2 %U\DQ 6 - %URZQ 1 $ 7 %LOODXW ) S5RXIITHW
PXVFOH FRRUGLQDWLRQ DQG SRZHUXQRMRWFXW QG XULHW WISW

3DUVRQV % 5HVLVWDQFH WUDLWQHQRW K OIQWH OH
&RQGLWLRQLQJ -RXUQDO

SDWDN\ 7 & 5RELQVRQ 0 $ 9DQUHQWHUJKHP - & KD
FDQ VI\VWHPDWLFDOO\ ELDV VPDOO VDPSOHV RI RQH GLPH
-RXUQDO RI %LRPHFKDQLFV

3DWDN\ 7 & B5RELQVRQ 0 $ 9DQUHQWHUJKHP - 6DYD
&URPSWRQ 5 + 9HFWRU ILHOG VWDWLVWLFV IRU RE
WUDMHFEWRU\ DQDO\VLY GXULQJ JDLW ZLWK HYLGHQFH RI
VIVWHP URWDWLRB®VWXUH

SDWDN\ 7 & &DUDYDJJL 3 6DYDJH 5 3DUNHU ' *RXC
&URPSWRQ 5 + 1HZ LQVLIKWY LQWR WKH SODQWDU
VSHHG XVLQJ SHGREDURJUDSKLF VWDWRXWQBDOREDUDPHYV
%LRPHFKDQLFV

SDWDN\ 7 & *HQHUDOL]HG Q GLPHQVLRQDO ELRPHF
VWDWLVWLFDO SDRBRPIQWO LRI POLRAHBPKDQLFV

3DWWRQ 0 4XDOLWDWLYH UHVHDUFK DJBGHHGY DORQWRRQ F
6DJH 3XEOLFDWLRQV

3D\WRQ & &KDSWHU ORWLRQ DQDO\VLV XVLQJ YLC
(GVWLRPHFKDQLFDO HYDOXDWLRQ RI PRYHPHQW LQ VSRU
DVVRFLDWLRQ RI VSRUW DQG BSHUFLVHRFEERQFHERXIW DGEIGC



3HDUVRQ 6 - &REEROG 0 2UUHOO 5 +DUULGJH 6
DQG PXVFOH P\RVLQ KHDY\ FKDLQ FRPSPWOLERQH. QQRBXQJ
6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

3KLOOLSV ( 'DYLGV . B5HQVKDZ |, 3RUWXV 0 $
FULFNHW IDVW ERZOLQJ 3HUFHSWLFRXW®A&DGE[BHBRMLISQBNHLE
OHGLFLQH LQ 6SRUW

3LGFRH 3

7KH LPSDFW Rl HOHFWURPDJQHWLF NLQHPDWLF WUDFNLQ.

(0* GDWD XVHG WR GHW HUHPGIQH ®@ M VIFOG GRFRQWIWM LQ 6SRU
6

3LQGHU 5 'DYLGV . B5HQVKDZ |, $UDXMR 5HS
GHVLJQ DQG IXQFWLRQDOLW)\ RI-BXVIQDOFR | DGR BW D F\MLEF
3V\FKRORJ\

SRUWD O IDVW$-GOFWLRQDU\ RI Q%GEI®GF KHDROUNK 2[IRU
8QLYHUVLW\ 3UHVV

SUHHFH 6 - :LOODQ 3 1HVWHU & - *UDKDP 6PLWK 3
O9DULDWLRQ LQ SHOYLF PRUSKRORJ\ PD\ SUHYHQW W
WLARXUQDO RI ODQXDO ODQLSXODWLYH 7KHUDS\

3XHR % -LPHQH] 20PHGR - O $SSOLFDWLRQ RI P
IRU VSRUW SHUIRBRAW®KNH DQDO\VLYV

5DDVFK & & =DMDF ) ( OD % /IHYLQH : 6 0 X\
PDI[LPXP VSHHG-BKNGODOXRI %YLRPHFKDQLFV

5DQNLQ - : 1IHSWXQH 5 5 $ WKHRUHWLFDO DQD
VKDSH WR PD[LPL]H FUDQN SRZHURUQI)I RV BN RPHWK B Sl

SDQNLQ - : IHSWXQRXBQBDO RI $SSOLHG %LRPHFKDQLF



5LOH\ 0 $ 6KRFNOH\ . 9DQ 2UGHQ * /JHDUQLQJ
PLQBRSLFV LQ &RJQLWLYH 6FLHQFH

5LOH\ 3 2 'LFKDUU\ - )UDQ] - &URFH 8 ' :LOGHU 5
$ NLQHPDWLFY DQG NLQHWLF FRPSDULVRQ RI RYHUJ
OHGLFLQH DQG 6FLHQFH LQ 6SRUWV DQG ([HUFLVH

5SREHUWVRQ ' * &DOGZHOO * ( +DPLOO - .DPHQ *
S5SHVHDUFK PHWKRGV [HHEVRRNPRQQ.LEMWLFV

S5RHWHQEHUJ ' /XLQJH + :VHS@XFIOH 3X0O0 '2) KXPDQ
PRWLRQ WUDFNLQJ XVLQJ PURLDWHKOQW TIFHKIQMRDRI VHDV R H
$SULO WKH 1HWKHUODQGV ;VHQV 7THFKQRORJLHYV

5 QQHVWDG % 5 +DQVHQ ( $ SDDVWDG 7 (IHF
RQ WKLJK PXVFOH FURVV VHFWLRQDO DUHD SHUIRUPDQFI
ZHOO WUDLQMGOGRSHORVMRXUQDO RI $SSOLHG 3K\VLRORJ\

5RWKZHOO 0 G6WRQH - $ 'DYLGV . :ULJKW &
LQ HOLWH DQG VXE HOLWH EULWLVK UXJE\ OHDJXH SOD\H!
(XURSHDQ -RXUQDO RI 6SRUW 6FLHQFH

SRXIITHW ' 0 +DXWLHU & $ (0* QRUPDOL]DWLRQ
LQ F\FORRUQDO RI (OHFWURP\RJUDSK\ DQG .LQHVLRORJ\

5XE\ 3 +XO0O0 0 / +DZNLQV 7KUHH GLPHQVLRQ
GXULQJ VHDWRGUR\BOLRIJ%LRPHFKDQLFV

5XPSI 0 & /RFNLH 5 * &URQLQ - % -DOLOYDQG )
GLIIHUHQW VSULQW WUDLQLQJ PHWKRGV RQ VSULQW SHUI
UHYLHRZXUQDO RI BWUHQJWK DQG &RQGLWLRQLQJ 5HVHDUF

5\DQ 0 0 *UHJRU 5 - (0* SURILOHV RI ORZHU HJ[\
F\FOLQJ DW FRQVWDQW -ZRRXUNXDRD B | Q& FRADGRIRHIUD SK\ D
.LQHVLRORJ\



5\0DbQGYV / 3 5REHUWV 6 - +XUVW + 7 9DULDE
WHVWLQJ RI SHDN SRZHU WRUTXH DQG WLPH RI SHDN SR
PRWRFURVVRRABQDWWRI 6WUHQJWK DQG &RQGLWLRQLQJ 5H

6DGHJKL + ODWKLHX 3 $ 6DGHJKL 6 IDEHOOH +
UHJLVWUDWLRQ DV DQ LQWHUWULD,Q(¢ D U\W QNDOUAVD ER Q Y VR\QL
1HXUDO 6\WWHPV DQG 5HKDELOLWDWLRQ (QJLQHHULQJ

6DOH ' * &KDSWHU 1HXUDO DGDSWDWLRQ WR VW
9ROXPH ,,, Rl WKH HQF\FORSDHGLD RI VSRUWVQBHGLFLQH
HG SS 2[IRUG %ODFNZHOO 6FLHQFH

6DPR]JLQR 3 +RUYDLV 1 +LQW]\ ) K\ GRHV SRZI

KLJK SHGDOLQJ UDWHYV GHGILLR.DWSDQG VB FL\KFQERJI'Q 6SRUW

6DUDERQ 1 )RQGD % ODUNRYLF * &KDQJH RI P}
XSKLOO F\FOLQJ RIXYBRSHMQ VFORBHDO RI $SSOLHG 3K\VLRC

BHLIHUW / .RPDU - %DUERVD 7 7RXVVDLQW + O0LOO
&RRUGLQDWLRQ SDWWHUQ YDULDELOLW\ SURYLGHV IXQFW
VZLPPLQJ SHU6BRRMYFBIHGLFLQH

6LQFODLU - 7D\ORU 3 - +HEURQ - %URRNV ' +XUVV
UHOLDELOLW\ RI HOHFWURP\RJUDSKLF QRURXOQDWIRRQ P
+XPDQ .LQHWLFYV

6LQJIK 7 IDWDVK 0 / (IITHFWV RI PXVFOH IDWLJXF
([SHULPHQWDO %UDLQ 5HVHDUFK

BNRYHUHQJ . (WWHPD * YDQ %HHNYHOW 0 /IRFI
FRQVXPSWLRQ UHODWHG WR H[WHNBDRQ® PP MQ WQF VIS®IF!



6ODWHU / 9 +DUW - 0 OXVFOH DEFWLYDWLRQ SD
WHFKQERXH®DO RI 6WUHQJWK DQG &RQGLWLRQLQJ 5HVHD

60DWHU * - 5LFH $ - OXMLND , +DKQ $ * 6KDUSH
SK\VLTXH WUDLWV RI OLJKWZHLJKW URZHUV DQG WKHLU U
%ULWLVK -RXUQDO RI 6SRUWYV OHGLFLQH

6R 5 & + 1J - . 13 * < ) OXVFOH UHFUXLWF
$ UHYIBKXZVLFDO 7KHUDS\ LQ 6SRUW

6SDUNHV $ & 6PUWBORONDWLYH UHVHDUFK PHWKRGV L(
KHDOWK )URP SURFRYUGRNR SRRBKXRHWJIH

6SDUURZ : 'RQRYDQ ( 9DQ (PPHULN 5 %DUU\ (
PRWLRQ SORWV WR PHDVXUH FKDQJHV LQ-REWQDOORPE DQ
ORWRU %HKDYLRU

6WHzZDUW $ 6XWWREBOQOFRPSRVLWLRQ LQ VSRUW H[HUF
/IRQGRQ 5RXWOHGJH

6WRQH - $ O0OD\QDUG , : 1RUWK - 6 3DQFKXN 'D
DQG VSDWLDO RFFOXVLRQ RI DGYDQFHG YLVXDO LQIRUPD!
RUJDQL]DWLRQ LQ RQH KDG@EW®G BB WKRIORIJEFHKDYLRUV

6WRQH 0 + .DUDW]DIHUL & &KDSWHU &RQQHF
UHVSRQVHV WR WUDLQLIRIOX®H ,,9 RRWIKH(GQF\FORSDHGLLE
PHGLFLQH B6WUHQJWK M@GH®RZHES LQ VSREZWRUG %ODFNZ
6FLHQFH

BWRQH O + 6DQGV : $ &DUORFN - &DOODQ 6 'LFNL
0 7KH LPSRUWDQFH RI LVRPHWULF PD[LPXP VWUHQJ
GHYHORSPHQW LGQRMUWQDW F\BHUMHIQIWK DQG &RQGLWLRQ

6XSHM O "PHDVXUHPHQWY RI DOSLQH VNLLQJ ZLWt
FDSWXUH VXLW DQG *R&&UQD.OVRVVBBRUWY 6FLHQFHV



6ZLQWRQ 3 $ J/OR\G 5 .HRJK - : $JRXULV |, 6WHZIL
ELRPHFKDQLFDO FRPSDULVRQ RI WKH WUDGLWLRQDO VTXI
7KH -RXUQDO RI 6WUHQJWK &RQGLWLRQLQJ 5HVHDUEFK

7LO0LQ 1 $ -LPHQH] 5H\HV 3 3DLQ 0 7 * YROODQG
SHUIRUPDQFH RI H[SORVLYH SRZHU DWRBEWHWMHUVXV X
6FLHQFH LQ 6SRUWYV ([HUFLVH

7RPDV $ 5RVV ( = ODUWLQ - & YDWLJIXH GXUL«
8QLTXH UROH RI FXPXODWILHGILFRQMW DREWERQM G FHOHY 6SR L
([HUFLVH

7UHVFK 0 & -DUF $ 7KH FDVH IR PQEHRW LQVW
2SLQLRQ LQ 1HXURELRORJ\

7XO0OHU % 7XUYH\ 0 7 JLWFK + 7KH EHUQVWHL
RI PXVFOH OLQNDJH RU FRRUG L QD WIKYH SWWRE X KW XOUS-B U, RD-F
WR XQGHUVWDQGLQJ KXPDQ PRWRS EHKD Y LRIO GQGIDMMU R
IDZUHQFH (UOEDXP $VVRFLDWHV ,QF

7XUSLQ 1 $ &RVWHV $ ORUHWWR 3 'DWLHU %
PXVFOH DFWLYLW\ SDWWHUQV G X{ROQIQ\DHD RIHES B Q & W WLJ

7XUSLQ 1 $ &RVWHV $ ORUHWWR 3 'DWLHU %
H[SODLQ WKH DGYDQWDJH Rl XVLQJ WKH VVRXQGD®JRIRVL\
6FLHQFH DQG OHGLFLQH LQ 6SRUW

7XUYH\ 0 7 & REPBIGILG D Q¥ IBRIOGFKRORJILV W

8OLDP .XULNL + OtFROLV GH $]JHYHGR ) GH )DULD 1HJU

&RPSDULVRQ RI GLIIHUHQW DQDO\VLY WHEKQLTXHV |
RQVHW LQ LQGLYLGXDOV ZLWK SDWHDO®RRH KR H B W SR\R U
DQG .LQHVLRORJ\



S8PEHUJHU % 5 ODUWLQ 3 ( 7THVWLQJ WKH SODQ
HUJRPHWHURRBQDQJRI $SSOLHG %LRPHFKDQLFV

YDQ GHU .UXN ( SHLMQH O O $FFXUDF\ RI KXPDQ
IRU VSRUW DSSOLFDWLRQMUWRBBWE RRXWIQHD O IRW 6SRUW 26 F

YDQ ,QJHQ 6FKHQDX * - %RRWV 3 - 0 'H*URRW * 6¢C
‘RHQVHO : : / 0 7KH FRQVWUDLQHG FRQWURO RI |
MRLQW PRYHRUBRWALHQFH

YDQ ,QJHQ 6FKHQDX * - 9DQ :RHQVHO : : / 0 %RRWV
'H *URRW * 'HWHUPLQDWLRQ DQG LQWHUSUHWDWL
PRYHPHQW $SSOLFDWLRQXWR SHWDRP-RWHQOFOFRILYSSOLHG
DQG 2FFXSDWLRQDO 3K\VLRORJ\

YDQ ,QJHQ 6FKHQDX * - GH .RQLQJ - - GH *URRW *
VSULQWLQJ SHUIRUPDQFH LQ UXQ®S%RU WP FGICQLF D@ VSHI

YDQ 6RHVW $ - &DVLXV [ - 'KLFK IDFWRUV GHW
UDWH LQ VSWHBLF\GBLIIG 6FLHQFH LQ 6SRUWYV DQG ([HU

‘:DNHOLQJ - 0 %ODNH 2 0 &KDQ + . OXVFOH E
SRZHU RXWSXW DQG PHFKDQLFDO HKH.FRKQGDAIRILPE PRY
([SHULPHQWDO %LRORJ\

‘:DUPHQKRYHQ - &REOH\ 6 'UDSHU & +DUULVRQ $ %
&RQVLGHUDWLRQV IRU WKH XVH RI IXQFWLRQDO SUL
ELRPHFKDQLFV ([DPSOHV |I8KRRURW/ ZBIVRHPUH FIKRIZQ QRV

'DUPHQKRYHQ - +DUULVRQ $ B5RELQVRQ 0 $ 9DQUHQ
6PLWK 5 3DWDN\ 7 & $ IRUFH SURILOH DQDO\
IXQFWLRQDO GDWD DQDO\WLVY VWDWLVWLFDO SDUDPHWUL



PDSSLQJ LQ RQ ZDWHBXLQDOHRVERDWMWQPY DQG OHGLFLQH

-DWDQDEH . 6DWR 7 OXNDLPRWR 7 7DNDVKLPD : <L
7 (OHFWURP\RJUDSKLF DQDO\VLV RI WKLJK PXVFOH\)\
YHORGURPHQDO RI 6SRUWYV 6FLHQFHV

‘HLU - 3 AXDQWLI\LQJ WHVW UHWHVW UHOLDELOLW
FRHIILFLHQW D/IG WROHJ @@MO Rl 6WUHQJIJWK &RQGLWLRQLQ

'KHDW - %DUUDWW 3 ,QIOXHQFH RI ERG\ VHJPHC
XQFHUWDLQWLHV LQ MRLQW VSHFLILF SRZHU GXULQJ VSU
3DSHU SUHVHOQWHQVWHMUQYBWLRQDO &RQIHUHQFH RQ %LRPFL
3RLWLHUV )UDQFH

'LONLQVRQ 5 ' J/LFKWZDUN * $ &UHVVZHOO $ *
VHDWHG DQG QRQ VHDWHG F\BGRQW 3 IWR LYK DBI\Y HO D QD

'LOOLDPV 6 - .HQGDOO / 5 $ SURILOH RI VSRUW
-RXUQDO RI 6FLHQFH DQG OHGLFLQH LQ 6SRUW

'LOVRQ * - 1HZWRQ 5 8 OXUSK\ $ - +XPSKULHV %
WUDLQLQJ ORDG IRU WKH GHYHORSP HQW IFAL@QH DPIGF DWK
6FLHQFH LQ 6SRUWYV DQG ([HUFLVH

'LQWHU ' $ %LRPHFKDQLFV DQG PRWRU FRQWURO |
SsS +RERNHQ 1- :LOH\
'UHQ 7 $ 'R . 3 B5HWKOHIVHQ 6 $ +HDO\ % 8

PHWKRG IRU FRPSDULQJ G\QDPLF HOHFVW RXRRROURISK\ VLJ
%LRPHFKDQLFV

<DYX]HU * gNHQ g (OKDQ $ 6WDP + - 5HSHDW
WKUHH GLPHQVLRQDO NLQHPDWLWY LBRBWWUHQWY ZLWK V



<HDGRQ 0 5 .LQJ 0 $ 'LOVRQ & ORGHOOLQJ W
MRLQW WRUTXH DQJXODU YHORFLW\RXMOQDWLRIQVKLS LQ K.
%LRPHFKDQLFV

<HDGRQ 0 5 7KH VLPXODWLRQ RI DHULDO PRYHPHQ
PRGHO RI WKH KKPDQ@QDEORBN %LRPHFKDQLFV

<HDGRQ 0 5 LQJ © &KDSWHU &RPSXWHU VLPX

,Q & 3D\WRQ 5 %MURPEIRWIWQLEDO HYDOXDWLRQ RI PRYF

H[HUFLVH 7KH EULWLVK DVVRFLDWLRQ RISSSSRUW DQG H[H
/IRQGRQ 5RXWOHGJH

<RVKLKXNX < +HU]JRJ OD[LPDO PXVFOH SRZHU F
PRGHOOLQJ -RXIDDIFRI 6SRUWY 6FLHQFHYV

<RVKLKXNX < +HU]RJ 2SWLPDO GHVLJQ SDUDPF
VA\VWHP IRU PD[LPDO PXVEEXOHOBPIRZRU BRODRPFHKWDQLFV

<RXQJ : % 7UDQVIHU RI VWUHQJWK DQG SRZHU WU/
,QWHUQDWLRQDO -RXUQDO RI 6SRUWYV 3K\VLRORJ\ DQG 3H

=DWVLRUVN\ 9 0 BHOX\DQRY 9 1 7KH PDVV DQG
WKH PDLQ VHJPHQWYV RI WKH KXPDQ ERG\ ,Q + ODWVXL
%LRPHFKDQLBS 9,,, % ,OOLQRLV +XPDQ .LQHWLFV
=DWVLRUVN\ 9 0 .UDHFHHQFH DQG SUDFWLFH RI VWUH

QG HG /IHHGV +XPDQ .LQHWLFV

=HUQLFNH 5 ) /IRLW] 5DPDJH % &KDSWHU  ([HU
FRQQHFWLYH WLVVX3HRQ®RPH ,RPRI W&H HQF\FORSDHGLD RI
BWUHQJWK DQG SRBHHWGLQSWSRUW 2[IRUG %ODFNZHOO 6|

=XLNHU 77KH HIIHFWV RI GLIITHUHQW VSHHG VNDWLQJ SX\
PHFKDQLFDO SRZHU SRZHU GLVWU ISEXSKIEFROQ \DKHGE HO@ KN WIH U
6FLHQFH '"HOIW 8QLYHUVLW\ RI THFKQRORJ\ WKH 1HWKH






$SSHQGLFHV



$SSHQGL[ $

(TXLSPHQW RSWLRQV IRU PHDVXULQJ NLQHPDWLF DQG NLQHWLF GDWD RI D F\FOL

7TDEOH (TXLSPHQW RSWLRQV IRU PHDVXULQJ NLQHPDWLF GDWD RI D F\FOLVW RQ D ELF\FOH LQ WKH YHORGURPH
(TXLSPHQW,| 3 Y RIDXFXNDFW|XUHU ‘KDW '&GRMHV WKHFFXUDF\ 6HQVRU \SH DQG VLI]IH 7UDQVPLVVLRQ YWABRWLINLOXLEWMHFERWRQLVDWLRQ 6H XS 'OWD_WRBHEHWWR@QBHQ 3UREOHPV 3JLORW
QDPH HTXLSPHQ VDPSOLQJ UHTXLUHPHQW\Y YDULDELOLW\ ELNHV DQG|F\FOLVWYV &RPPHQWYV
PHDVXUH" UDWH
3DVVLYH PDRSKY 4XDOLV\V OHDVXUHW3 “ VXESL[HO 3DVVLYH GBIFRHAWLEB LY \7KKDEDMHEU DV QH&BGSWK LEHH Y R|O ¢OP HF 2 QWEKH &DPHUD VHW,| OR W RH IO H FBWVIHY 470 IRU L QLIKMDIADJ LQ|VBKBRW WHVWLQJ GHYV
PRWLRQ FD|SRAXRHU DV UHIOHFWLYH+RDQRHB|DO PDUNHUV 7KH WRHFRPSXWHU ZLUHG WRIJHWKHWKHKHFDPHUDV\QFKURQLVHG RUWKDOLEUDWLRUNHUV RQGDKMHD SURFHVYHQRGURPH |+ 2ZUWKKQ FDPHUD| V DQC(
FDPHUD V\VWHP FRRUGLQDWH\RG®& GHSHQGV RQ VL]H RI FDPHUDV ILWWH G® WR. O/NEGS R Z\NQ Q HPRHDWL F V KWIRPH K KLFK| GGHHINKD HWDPH PDUNHU ODEHROHQBHIDGSFDRPFBEDWHUYV FDQ DFk
DQG WKHQ 03 FDSWXUH YROXPH DQG ZKLFK DUH SRVLWDRPQHGWR $HXDOLV\V 7UDFWKH RULJLQ |RENMKAEHHHQ ELNBY IDQGLQJ|DRDA\ JKRVW [PDURNDBUIWXUH YRODXPH |
FDOFXODWHW]" KLJK QXPEHU RI FDPHUDV XS DORQJ WKH KD Q GUHIIRD K& WRUWMDFHEQO OHEH 470 | DQRBREDO FRRUGL[QUDMBHFWUHHHUDWLRQ ROVRREKDH UHIOHFEWIORRQJ WKH EOD
FRRUGLQDWHASHRG PRGH WR P ZLWK PP FHQWUH &DPHUYDM BRU&HGH XVLQJ WULJJIHUVRRE M © H DR |E PIDSJIONHRH/GW RFRIFQOG V@D W HW XU IGHHWN XF& LW RQ WKH EDFN V
JOREDO FRRUGLQDWH PDUNHUV DQG| XS WR P SRZHU + WKHUH DUH VRFNHWVFRQQHFW 4XDODWGWDFG®W WR WKH WUDKFN\FOLQJ $,0 PRGRRGUDLOV URTX\MKH WUDFN| 7KH F
VI\VWHP *&6§ ZLWK PP PDUNHUYV LQ WUDFN FHQWUH '"HOV\V (0* V\VWBHWWKH SXUVXLW OLQH FDQ GR DXWRPDWNBU PDVN¥YHUH VHW XS DORQJ
&DQ VIQFKURQLWH HIDNRDOLEUDWLRQ WUDFNLQJ R| PDUNHUV KDQGUDLO LQ UDFN
IRUFH SHGDOVY EDQG DORQJ|WKH WUDFN WR FDSWXUH OHIW V
PDWFKLQJ SHGDMWR OFQUHIHV H KH FDSWXUH NLQHPDWLFV TKH Wl
PHDVXUHG E\ SNGD®PH + UHTXLUH RSHQ WR WKH BXEOL
DQJOH HQFRGHWUDRFANHQ@WRLEH FOHDU IRU RXWVLGH *% WUDLQL
IRUFH SHGDOY BPLO@XWSHIN\GW® JHW JRRG VHVVLRQV VR KH FL
DQJOH PHDVXUWG GMNEUDWLRQ ZRXOG QHHG R EH \
PDUNHUV RQ $HGDO GRZQ DQG VHW XS IR
VSLQGOH DQG|DQNOH E\ VHVVLRQ ZKLFK ZLOC
4XDOLV\V VI\VWHP KUV LQ DGGLWLRQ
WHVWLQJ VHVVLRQ
2SWLPLVHG FDPHUD
ORFDWLRQV DQG SUR
WR OLPLW JKRYW PD!
DQG WKH QHHQG IRU P
PDVNV
(OHFWURPDQJQHWLF| 3ROKHPX '2) SRVLWAIRQ 6WDWLF DFFXWHRQVAWKDQIKWEZHHEBKBEHWZHH @ RXHOMRER] UHTXDNAPWHFRUG| DRWDHDV\ WR VWONFWDRR MRHX|UFRXBERB[UHTXLBRHWZDUH RXVWOBOIQWYNWLF ILHBIGORW WHVWLQJ IRX!
WUDFNLQJ V\VWHP DQG RULHQWDWLRQ RI P RI VRXUFH|ER[ J VPDOO AXE®G KXE :LUHOSRAHU VRXUFH | &RHIGDEA XMHY RIOXMWNAIR QV/* MWQ G || DWFKHSRZHU VRIRMAH-WRER| BREGLWLRQ DQBPLWWHG E\|VRXWEGH WR PHDVXUF
VHQVRU RULHQWDWLRQ ZKEFRO®UH ZLUEGWARBQ KXE|DSRZHU JRULOOD UKMHXNVBXGFH SHGDO V\VWHP\ELBIRIXUFH SRZHU VRXURH MWRWDWLR @R[ FROFWD P L MRLIQW VDIHG SHGDO V
DQG SRVLWLRIQKXEP J ZKLFEEFDSXWHU ,Q ERYJPHHHGY WR EH DWWDFKHG| ER[ GHILQHV RULJLQ RI EH PRYHG HEHWHZHHRQ LQ KB* WRX QP BIGGRFRHWLRQ ZLWK 3RO
506 'ULIW IUHHEH ZRUQ RQ D| BMB®WHV WKHUHWR WKH ELNH 7KLV ZRXOG FRRUGLQDWH [V\VWHP RI ELNHV )L[ VERQYRBRUGLQDWH &DQ ILOWHHIQWRUV RZLQJ WR
+RZHYHU PHWDWHRQERUYVOWU| KXERERKO X LWK WHIRASSHHGD EUDFNHW WR EH BROKHPXV 7KHUHIRUH DQG KXEV|WRVWHP ZKLHKUHRROY H PDJQHWLF LOQWHUIHU
QHDU VHQVRUV@FHDHG WR DWWDIRD FBEOHRWKO G RBIRXIDVRVXUHG| WR FRQQHFW| ZRX0OG QHHG WR PHDVXUH F\FOLVW PPpR®¥HXE WR EH|FRRQYWDMHD W IBRPWRKIHH®ULYHWUD
LQWHUIHUH ZUIVEKWZBHAKWHQVRDVGEZRUH D GDWWD VORIWKKH VHODW SRVW GLPHQVLRQV R IRUFH Rl VHQVRUWHREBWE&GDO FRRYSEQBWHVHW\EWWPQRWWKHUHIRL
ILHOG F\FOLVWYV OHJVWR KXE ZKLFK ZRXOG SHGDO FRRUGLQDWH OHJV KLS QNWHWH P VR VXFFHVVIXOXLWIDEDM IRUPHDV)
QHHG WR EH ADUULHG E\ VI\VWHP WR OJQN WKH WZR DQNOH DPSOLWXGH RRQELNH NLQHPDWLF
WKH F\FOLVW |LQ D VI\VWHPV WRIJHWKHU 7R VLIQDO &DQ DSSO\
EDFNSDFN VIQFKURQLVH|WKH V\VWHP QRWFK ILOWHU DW DUHD RI
ZLWK "HOV\V (j0o* PRVW LQWHUIHUHQFH
ZRXOG QHHG WR KDUGZLUH "HOV\V VXJIJHVWHG
LQWR WKH WU|LJJHU XQLW FDSWXULQJ PRWLRQ
ZKLFK ZRXOG QRW EH GDWD DW KLJKHU UDWH
SRVVLEOH &R|XOG +] +RZHYHU
SRWHQWLDO ILW 'HOV\V WKLV LV QRW SRVVLEOH
VHQVRU WR FUDQN DUP VR ZLWK WKH 3ROKHPXV
FRXOG PDWFK|FUDQN DUP VI\VWHP ,QWHUIHUHQFH
DFFHOHUDWLRQ ZLWK FUDQN IURP PHWDO|RQ WKH
DQJOH PHDVXUHG E\ ELNH ZLWK 3[ROKHPXV
PDJQHWLF ILHOG




(TXLSPHQW 3 JROEDGEXN D FW[XUH U "KDW '®RHV WKHFFXUDF\ 6HQVRU W\SH DQG VL]H 7UDQVPLVVLR(} ¥XBAWLN\L(QXLERFEWRQLVDWLRQ 6HW XS "‘TWD@URBHENWWRBHQ BUREOHPYV JLORW
QDPH HTXLSPHQW VDPSOLQJ UHTXLUHPHQWM YDULDELOLW\ ELNHV DQG|F\FOLVWYV &RPPHQWYV
PHDVXUH" | UDWH
FUDQN HQFRGHU LQ SRVW
SURFHVVLQJ
QVWUXPHQWHG &XVWRP | EDHAVOMXUHY WKHLWDO| 6WDWLFDOO\ WRKH 6/\ROGVW V| ZKBIUWY E HSOWLWDIOH PHFKD QL F O 0&D QONDD WX UH &D/Q EH VV\QF K RJLRHREKD QLFDRXOG QHHG BLRSOH HT XD V6DREQWWRWKH|FaFEGVMQ ODER{UDWRU
VSDWLDO OLQNDJH| RQ GHYLFHSRVLWLRQ RH®RKRGH|U PHDQ KRUL]RQWM® 6 WQRSODRHHRIARIGHUYV RQ| VERXOG EH UHTXL BB G\ WRI ERIO X WLREVIPYFH SHO®RQMIEA D QG RFDAMMDO L Q ND FID MG DW H [WARKX &, 6EH | L[ HBAWSRQLYHUVLW\ Rl 8\
.6/ GHVFULEHGDQ@HULRU [VXSHSHRY RI . PP|D@REXEOH VLGHG PHFEIDQLFDO O LQNIEI M B WHKH \f HIDIT SIRWMG Z LWEO XJJLQJ LQWROWKHHUDWR \ HOMWBHRORIIHORFDWLRQ H@EWDO OLQNDUGYALFHK G\QDPLFV
0DUWLQ HW@M®F VSLQHIHWROXWDRPHDQ YHUW | FAKQ HUKBY BIW ISWHRFGNGHG XV QG DWD ORJJIHU MXQFWLRQ ER| ®NFXVUHGEHOW BMRVEHHOL EWMHYPHQW  R|l MWK BWWDFKHGXWRGNVK@YHUVH NLQH
LQ VDJLWW[DO SODQH . PP ZKHF®RQQHFWRU FHQWULM®D ®Q@WR DQDORJIXH IRU SHGDOV 1RMW)EXUHOLQNDRY WEH®W PHFKDQLFDO| GLOMKNDJIHKHUHIRURH FDOFXODWH NQH|
&DQ WKHQ LQIHU KLS| FRPSDUHG WR| WIGH 86,6 7KH| HRERHUWHU 7KLV KDV D KRZ WR VI\QFKURQLVH EHWZHHQ F\RVILDAWQRZ(D WKH\ FUDVK [WEKREFZWORQ :RXOG U}
MRLQW SRVILWLRQ E\| EDVHG PRWLR|QWIOI W WHIPHQMDEGBH WR FRRSXWHU ZLWK (0* VHIPHQW OH|QUWRYV IRWW D FKE&BWRQW®S IRU XVH |
DVVXPLQJ I VIVWHP KDG D PHRXQWHG WR WXHKHUH YROWD|JH WKH PHFKDQ|LED®H SRWHQWWDOBN ELNH DRG VD
FRQVWDQW|RIIVHW KRULJRQWDO HEFRR®QRFWRU D/QGHSRRVHQWYV [DQ DQJOH 7R OLQNDJH DQG OHOHE DQJ GWHR| LRRVQEBU QY ZLWK IL[L !
IURP WKH $/6,6 WKDW| * PP DQG O KHMDG LQ SODFHXZHWKKRY VI\VWHP RQ WKH RI HDFK VHIPHQW OLQNDJH WR WUDFN
LV PHDVXUHG LQ D YHUWLFDO HUURKWHDGHG IDVWHWQHRN WKH FDEOH ZRXOG IURP WKH HQFRGHUV WKH ULGHU
VWDWLF FRQGLWLRQ PP WZR VHIPHQW| ,@HHG WR EH ARQQHFWHG WR
FRQVWUXFWHG X\GOWD ORJIJHU DWWDFKHG
DOXPLQLXP VHJIWR@EWNH
EHDULQJYV DQG GLIJLWDO
HQFRGHUYV
_QHUWLDO | 091 VHQV (DFK VHQWRRG\ VXLW6XSHM WKHQHVLH VXLW |ZLWHK GHQVRURP XXE\ DG GLWLR QD QWHM UXUH DRGZLQ HW DP6HW XS WLPH LRPHQXLSPHQWHQV XVHV D7KH ,08 V FDRQ3LOIRAUWHVWLQJ FRQ
PHDVXUHPHQ@W. RPHFK LQFRUSRUOWH V]’ PRYHPHQW DFFRQEGFILUHV EXL@W WQEDFN SRFNRIME MWWRHU WR ) PAHLYBIH Y RO X WILIRIGRX OW\ DOL1QIQHIHG WR FRRQYDHG VEH. W HETDRRHFXDQLFVOJQLILFDQW WEKHQSWREOHPY ZLWK
VIVWHP 0 J\WURVFRSHY ,QGLYLGXBDV GHSHQGH|QSWRBOHPYV ZLW K R P SXWIQU PZIRGBHVY GDWDPUHTXLUHG +RAMHQMIDQG ODE PLQV WR FKIVRIEH IL[HG PRRGWEH KLFK LEWHUIHUHQFPDIURPMW RH QWHUIHU
DFFHOHURRHWHUARUY GXUDWLRQ RI|[PRMWR QR ILW D WRLD BMUHAO H R U IRU GDWD FOSMRAUHRYEWLR Q@ VUHWHPYG HELNRUV, | F\ROLWMOMHG WR 5 RPBIWIDRL RIMOQWKW K- NRRW VHQVRU R
DQG +] V KLJK DFFXUPF[DPSOH URZHUWUBMXHPLVVLRQ +DV EHHQ V WKHUH DU$Q DGGLWLR QD &RVWADHIM L T2HWHH WD P H| VEDNHG RQ +DYHQ W VHHQVRB\PHWDO RQ WKH
PDIJQHWRPHWHUV ORZ DFFXUDFY VIXILMWVMDRR VPDOX¥HBUIRSSHWP|VSULQW SUREOHPV Z|[ WK WHQ\WHRCUWR| DFFRIQUHPYP RI KHLGEWVLQJ|VXQWKURSRPHWHNVHDUFK ZKMUMDLQ 7KH VAVWHP
'2) Rl ERG\ LQ ORQJHU WU LDRBA $WKOHWHRQKDWKOHWLHY WUDFN ZLWK | GULIW WKLV /RFDO 3JRIVQ® LR RWQV L] RXO & ADOHORVHBY XUHPHQWVHQV XVHG WWKHUHIRUH XQVXLWLE
VHIPHQWYV *RGZLQ $JQHZDOVR IRXQG WKFRPSKWHU DW P W 6\WWHP XVHG LELDRPHFEDQLFEEWZHHQ F\BOMXWHY ELODVHIDWXOH NLOFPBWXEN.QJ NLQHPDV
HVWLPDWHEG E\ BWHYHQVRQ LQKLELWLQJ BHDWLQRW EHHQ XVHG LQ D VNDWLQJ &DQ PRGHO &DQ|LQSXW VIPPHWU\ ,W LRU LQSXW LIQWRH F\FOLVW RQ WK
LQWHJIUDWLQJ ORWLRQ GHSH|Q@EXWWDVWHUY EKUFKODU DUHD VIQFKURQLVHG RHDNKXUHPHQW XQFOHDU ZKDWQMHMVHGS\QDPLFV
J\URVFRSH |[GDWD HUURU TXHVWLRROWDDRQVEGWW MH DRG DRRSH (0* XVLQJ '"HOV\®LVWDQFH IURP VHQVRU | IRU WKH KLS| FADOD¥XBDWLRQV $V WKH
DQG GRXEQH DERXW VXLWD|EKREWKRFK HPLW&RFNFURIW XVHG WULJJHU :RXO®WRHERQ\ ODQGPDUN &RXOG XVH I[RRWMQV VXLW LV ZRUQ
LQWHJUDWLRQ RI VHQVRUV ZKH ZFLKDHOIRQV VL J QNG QWRVER P DV X UH GLIILFXOW WR| VVQF PERRUDH\ R1 WKH VHQVRU WR FFERSDIH IWROLVW DQG
DFFHOHURRHWHU GDWBLUHFWLRQ DIQBRESUXMMIU WKHYHOLOW NQQHPDWLFV RQ ZLWK IRUFH SHEDRRHFKDQLFDO PRGHO | SHGDO DQJOHPHBRPXWKN VHIPHQW
ZLWK WLPH IDVW PRYHPHQWDFN SRFNHWN WKHQURDIG ZLWK D FDU VIVWHP :RXOG GBYHQEBR RQ DFFXUDWH | IRUFH SHGD®\RWIRH RRIMVLRQV ZRXOG
0DJQHWLF YHQVRU &RFNFURIW LQGLYLGXDO VHRURBYLIQJ WKH F\FOLVW WU\ DQG PDWFK/HRRMRU SOD[FHPHQW DQJOH DV IRRWHVEIQVIRRKOW WR
XVHG WR OLPLW GUL|WHYDOXDWHV WKRQOYH @WHUHYWHB LZLWREZEWLUHOHVYV DQJOH IURP ;VHEDOZEWBWLRQ SRVHV 1 | LV DWWDFKHGPWRWXKH WKH SRVLWLRQ
,08TV IRU PHDVRUPEY 9HOFURWDMQUBSALWK WKH 091 SHGDO DQJOH|IBRPHRUBHRVH DQG WKH F\FOLQJ VKRHRI WKH SHGOO VSLQGOH
URDG F\FOLQJ| WR IL[ LQGLYLGXD®WRS SHGDOV G\QDPLF KDQG WRXFK ZKLFK LV UHTXLUHG IRU
NLQHPDWLFV | VHQVRUV DQG|FDEOLQJ WR DQG VTXDW FDOLEUDWLR LQYHUVH G\QDPLFV
SRZHU SDFN QHZ ,Q &RFNFURJW FDOFXODWLRQ DV LW LV
LQGLYLGXDO YHQVRUV DUH GLIILFXOW\ LQ WKH SRLQW RI IRUFH
ZLUHOHVV *RGZLQ HW SHUIRUPLQJ |[VTXDW DSSOLFDWLRQ
DO IRXQEG SRVH LQ F\FOLQJ VKRHV
PRYHPHQW RFFXUUHG DQG DV IRRW VHQVRUV
EHWZHHQ VHIPHQW DQG DWWDFKHG WR VKRH
VHQVRU DWWDFKHG E\ FRXOG QRW UHPRYH
9HOFUR VKRHV
9HORGURPH 03 5DVSEHUU\ 3, 9LGHR PRDIDBU|[MI&H LPDJHY D|JBDWWILWHKHG OHFMH. YRDJHYV DUHBRQH %DFN VWUDIKKVS RUIRUPDQFRIQH V\VWHPLRQH 0D\ EH SRV VREQFH WROXW2RQ @RI WR ORZ UHVRC
FDPHUDV &DPHUD VWUDLJKW LQDWLYH| WRIHWKHU IURPFDRHUD\RQ NMRDOMRPDWLFD(®O\ FDSWXUHG WUDFN VR RQ@QDO\VLV V\VWSIRURD QKW D\ DXWRPDWH WKWKH LPDJHV [DD@GOIRDPH UDWH QR
%RDUG YHORGURPH UMRROXWMRDW UXQ DORBH QUKEHHV ZKHQ WKH F\FOLVWYV SHGDO UHYR/OXWQRGQURPH XVHYVWDOOHG|LQ WKH GLILWLVDWLRIQUBPMVKBWH| VXLWDEOH IRU|PHDV)
ORGXOH ULJKW VLGH RIQOWRU| OHQJIJWK RI WHKH PRYHV WKURXJUK WKH EDFN &RRUGLQDWHG 8BORGWRPG | 3DVVLYH PDUNHUV RQ|WKH NLQHPDWLFV R|l VSUL
‘RXOG UHTXLRIMSDEOH RHORGURPH /RZ VWUDLJKW DQ|G VDYHG LQWR WLPLQJ 87& |URPIOHFWLYH|/PDUNHUYV YLGHR F\FOLQJ
GLJLWLVDWLRQ RI UHVROXWLRQ |[RI LPDJHV *36 WR VIQFKURUGHMHLUHG WR EH ILWWHG




(TXLSPHQW ROEDXGFXN D F W[X U H U 'KDW '®RHV WKHFFXUDF\ 6HQVRU W\SH DQG VL]H 7UDQVPLVVLRQ) ®WXBAWLN\L(JXLERFERWRQLVDWLRQ 6HW XS "DWD Q3 R BHE
HTXLSPHQW VDPSOLQJ UHTXLUHPHQWM YDULDELOL ELNHV DQG|F\FOLVWYV &RPPHQWYV
PHDVXUH" | UDWH
LPDJHV WR|JSWHO VWDWGFORZ VDP$0OLQJ WKH SHUIRUPDQFH GHYLFHV LQ WKWR F\FOLVW |WR DLG
NLQHPDWLRVLPDJHYV | IUHTXHQF\ Rl WKH YLGHRYV DQDO\VLY GDWDEDVH YHORGURPH 7K&ENIJPWLVDWL[RQ

VXSSRUWV QRW EH DFFXUDWH HQRXJK
s WR VIQFKURQLVH ZLWK
S DQE IRUFH SHGDO
[ s
YLGHR
FDPHUD
JLIHG IREXV
6DPSOLQJ
IUHTXHQ[F\

DSSUR]

+]




7TDEOH (TXLSPHQW RSWLRQV IRU PHDVXULQJ NLQHWLF GDWD RI D F\FOLVW RQ D ELF\FOH LQ WKH YHORGURPH
(TXLSPHQW 3URGOFQW ID FW|[X UH U "KDWD@MHYV WKBHFXUDF\ 6HQVRU W\SH DQG VL]H 7UDQVPLVVLR}) ®WXBAWLN\L(JXLERFERWRQLVDWLRQ 6HW XS "DWD®URBHEWWQ@BHQ 3UREOHPV 3LORW
QDPH HTXLSPHQWDPSOLQJ UHTXLUHPHQWM YDULDELOLW\ ELNHV DQG|F\FOLVWYV &RPPHQWYV
PHDVXUH" UDWH
YRUFH SHG 6HQVL[ | OD[LPXPRUERIPELQHG HUPDRBRPSRQHQW |IRUFHG WR MXQJFWWOQOERJHU R &DQHRHDWXUH ODWFK SHGDO|DRBQHILW SHEDAGWARSHGDO3URSULHW\ \ RIRAIDGHIVRUQ HGLIRRW WHVWLQJ
FRPSRQHQWYV +] OLQHDULW\ DIQWRUTXH VHQVIRDQA® BKEQ DR IEH £ FRQMG FWH® VR UHYROXVWHDYX WDWG E\ PRWDEQ ELNH| SFHWRHPQ ELNBY HH[SURFHWUYBENLRVH |[WILDHQWLILHG| WKDW R
)L )\ )1 DQG K\WWHUHVLV "KHDWVWRQH RXODPLUHOHVV| MXQFWLRQ ER[ |ZKHAKLUHG LI >X\DIS)WXUH V\VWHP @LEMKDWLRQFDEOH IURP GBWDOE VSULQW F\FOQLWR/ VRAHFHUSHGDO EHL
PRPHQW PHDVXULQJ UDGEWH. GJHV VWU D MU DMWIFHW VLRQFWEQHFWV WR FFEOI)MURGFRGEHGDRO DQJOH|PHDVXUHG WR FA\FOLVWTV OHJV SHGDO VWUDOSHL®RU DQG GHHSHU
FRPSRQHQWYV &URVVWDON EHRKAHHKQSURGXFEHFRPSXWHU SHGDOV PHDVXUH FUDPGN DHGED® HQFRGHU WR EDFN LQWR HQVXUH WKHLWKBBW GRHQGDUG
o[ 0\ 0] FRPSRQHQWV | YROWDJH RXWSXWV ZKLFK 1 XVLQJ PRWLR@FKURQLVH |WKH EDFNSDFN QRW XQFOLS| ISREGDWKMWKH|ULIJKW S
RQ WKH SHGDO PHDVXULQJ UDGINQ EH FRQYHUWHG WKH FDSWXUH V\YVWHKHPWHRY ORWLRQ FRQWDLQLQJ SHGDO GXULQELIKMUVYKWKH WUDFN DU
3HGDO DQIG FUDQN SHGDO IRUFH DQG PHDVXUH FUDGD QXD VI\VWHP FDQ WKHQ MXQFWLRQ|[ER[ DQG SRZHU HIIRUWWKRKEDQNLQJ DQG
HQFRGHU PRPHQWYV (DFK SHGDO OLPLWHG WR @XPEWWFRURQLVHG ZLWK ZLUHOHVV [,'$4 SHGDOV ZHUHVWKRHWHIRUH [RQO\
PHDVXUH WKH KDV D FDEOH |URP LW UHYROXWLRQWWHK IO WDQW H P GHVLJQHG IHRUSRWWLEDS WR XVH O}
SHGDO DQG FUDQN ZKLFK UXQV WR D EH FDSWXUH|G E\ WKH WR EH ILWWHGNRDKDGXQFWLRQ EF
DQJOH 2U FDQ MXQFWLRQ ER[ FRQQHFWHG PRWLRQ FDSWXUH GHYHORS D YRGQGVIZRQHWRNV 1,'$4
XVH PRWLRQ WR D FRPSXWHU ODE VHW VIVWHP 4XDOLV\V XVH D FDEOH WHHGVWRLEW |FDUULH
FDSWXUH [VAVWHP XS 2U WKH FDEOH FDQ VI\VWHP FDQ |PHDVXUH VWUDS WR SHGDEDFRSDMN [RQ WKH
WR PHDVXUH UXQ WR MXQFWLRQ ER] WR UHYROXWLRQV ULGHU SURWHFWHG
FUDQN DQJOH WR ZKLFK FDQ EH|FRQQHFWHG IRDP VR LQ WKH HYH!
DYRLG ILWWLQJ WR D GDWD ORJJHU RU RI DQ DFFLGHQW VKR
FUDQN HQFRGHU ZLUHOHVV 1,'$4 ZKLFK QRW LQMXUH F\FOLV\
WR ELNH WUDQVPLWY GDWD WR +DG SUREOHPV ZLWK
FRPSXWHU LQ|WUDFN PDLQWDLQLQJ ZLUHO
FHQWUH + WKHVH ZRXOG FRQQHFWLRQ EHWZH
QHHG WR EH HDUULHG LQ D 1,'$4 LQ EDFNSDFN
EDFNSDFN &RIXOG HLWKHU DQG EDVH FRPSXWHU
PHDVXUH FUDQN DQJOH WUDFN FHQWUH
ZLWK FUDQN HQFRGHU RU 7KHUHIRUH EURDGEFI
PDUNHUV RQ $HGDO EHVSRNH :L )L
VSLQGOH WR FDOFXODWH QHWZRUN XV|LQJ
FUDQN DQJOH|IURP YHORGURPH |DFFHVV
NLQHPDWLF GPWD SRLQWV IRU |[IRUFH
SHGDOV WR LPSURYH
GDWD WUDQVPLVVLR
YRUFH FUD( DE W RUVIRZF\U 7RUTXH DIQG &UDQN SRVLWDRQFALWHDQN 7UDQVPLWFWRU HORIVMO\BIDIQ PHDVXUH DWK GLIILFXOWMOLEUDWLR QR YHURUD QN LDRBG) L HW\ | RAEVOFKWIR QUR/ [ QRWLWKRVHQ| DV RQQO
LQHIIHFWLYH IRUFH| “ f )RUFH 7RUTXH IURP FUDQNV WRUDEMARSRZHUH® EQVIUHR® O X V8 RR/YY DDA FR X|OGRDVH BBBRUH NDWVRW WRIMBORFHVV DQG RXMISXW\VWHRDYHQG PP HUDQN
DSSOLHG WR WKH DFFXUDF\ “* # f& ORJJHU ILWWH GF W@ROW K HK B VNEID) WM AT M L (OH. GH 87& RU XVH (0* EHWZHHQ E[LEBWD WKH FUDQNV| IMHQJWK DQG DOO WK
FUDQN DQ|G FUDQN ZKLFK LV FKDUJHG YLD D DFFHOHURPHWHU VHQVRU &UDQNV VKRXOG EH PP RQO\ DQQ WUBGHRNV XVH PP
DQJOH '|RQO\ FRQQHFWRU RQ WKH IURQW RIILWWHG WR FUDQN DUP WR | FRPSDWLEQH ZLWK VSULQW F\FQL®WWAR ZRXOG|EH
WKH FUDQNV WDPNHV KUV PDWFK FUDQN|DQJOH ERWWRP EUDFENHW W\SLFDOO\ X[VELIILFXOW WR PRYH
XVHG RQ &HUYHOR PP OHQJWK FUDHQWAHHQ ELNHV ZLW
WUDFN ELNH 7KLV D WUDFN VHYVLRQ
QHHGV WR EH
FKHENHG
3UHVVXUH 1RHGEDU [QVROMDVXUH = +] +\WWHUHVLY 6KRH LQVROH |LYSRDLRM) XSG D WD QMRPBIVGURIQ X [ULDRREZHD VXQUIHMDYFKURQLVDWIRG GOWR EFKRFOWYH LQVROPBURSIG HW\ RAWEGDBPHOWR UHAQ O\ PHDVXUHV
SUHVVXUH UHVROXWLRQ| RREHWZIDHQ | D@G6' FDUG ZKLBRQEG&VSDWD ORJJHD QKISHGDWY | GRQH WKURXJK PRUWHFH LQVEDOWWH]H SDENRFHVY GDWBDHAKLERDO IR WAHHMDREBO IRUFHYV D
GLVWULEXWLRQ RQ| RIIVHW WHPSHUHDMRHU G GIHAHSBUYIRRQVKH SERHQ RQLWKH ZDUWWR@RPWOROWDVJIJHU ER[ |[1REPINOOAWY JEWWRHHQ F|\ RXIWSWW YV WL PIHQYHUVHVG\QORLFWUVH G\QDPLFV
WKH LQVR[OH RI WKH N3D . LQVROH VL]H |7RH WQ\DRWHYWWHGPY HD BI6 % Q VR WH TWR. BREHU WKH 1RYHO V\VREBR IWXWOW VKRHY 7KHQ FHQWUH RI SUFMNVOKXGIDWLRGWORXRDWHL.RQV UHT)
VKRH DQG FHQWUH DUH PP WKILFNDEOH WR D FRRQXWHIWKLFK ZRKXOG QHHG WR| DV WKH GRPLQ DQWDPWEPWWHU\ SDFN WRQG \ FRRUGLRRWIHRQWDO K®RGL]RQWDO DQG
Rl SUHVVXUH EH DWWDFKHG WR EDFN Rl WKWR LW WULJJHUXYDWKW (3G DWWDFK YHUWLFDO IRWAHHMVLFDO IRUFHV
2QO0\ PHDVYXUHV F\FOLVWV OHJV| DQG PRWLRQ FIFRERBN WR WKH EDFN RI 7KHUHIRUH WKH V\VW
YHUWLFDQ® IRUFH VIVWHP 7KLV |ZWKEBCGBRW &DOLEUDWLR( LV QRW VXLWDEOH IR
ZRUN LI QHHGV GNRWVEHRRW VR QR ORDG




(TXLSPHQW,| 3URGOOFQW IDFW|XUHU KDWD&HYV WKHFXUDF\ 6HQVRU \SH DQG VLI]IH 7UDQVPLVVLRQ YWABRWLINLHOXLEWHFERWRQLVDWLRQ 6H XS 'DWDBWURBHEHWWQRBHQ 3UREOHPV 3LORW
QDPH HTXLSPHQWDPSOLQJ UHTXLUHPHQW\ YDULDELOLW\ ELNHV DQG|F\FOLVWYV &RPPHQWYV
PHDVXUH" UDWH
KDUGZLUHG FRERRBEBWWRRQ EHIRUH WKH PHDVXULQJ NLQHWLF
DV LQVROHV QUHWD@W RI HDFK WULDO RI VSULQW FAFOLQJ

F\FOLVW ZKR|LV PRYLQJ
DURXQG WKH WUDFN DQG
WKH PRWLRQ FDSWXUH

VI\VWHP LV EHVLGH WKH
WUDFN




$SSHQGL[ % 7RUVR DQJOH RI WUDFN VS
PD[LPDO F\FOLQJ

,QWURGXFWLRQ
0DQ\ VWXGLHVY LQWR F\FOLQJ NLQHPDWLFV DQG NLQHWLF\
SDUWLFLSDQWY DGRSW DQ XSULJKW F\FOLQJ SRVLWLRQ
VWDQGDUGLVHG WRUVR DQJOH RI f :LONLQVRQ HW DO
XVHG D WRUVR DQJOH RI DSSUR[LPDWHO\ f 7TKH F
WKH SHGDO IRUFHV DQG PXVFOH DFWLYLW\ 'RUHO HW DO
WKH ELRPHFKDQLFV UHVXOWVY WR RWKHU VWXGLHV WKH S
FRQVLGHUHG 7KHUHIRUH WKH DLP RI WKLV VWXG\ ZDV W
VSULQW F\FOLVWV GXULQJ PD[LPDO F\FOLQJ ZLWK WKH HL
ELF\FOH SRVLWLRQ

OHWKRGYV

7KH SDUWLFLSDQWYV ZHUH WUDFN VSULQW F\FOLVWYV W
&KDSWHU DQG WKH UHPDLQGHU IURP D VXEVHTXHQW VW
GDwWD ZDV FROOHFWHG DORQJVLGH WKH SHOYLF WLOW GD
ZHUH SODFHG RQWR WKH OHIW DFURPLRQ $& DQG JUHDW
UHFRUGHG WUDFNHG DQG SURFHVVHG XVLQJ WKH PHWKR
DQJOH ZDV FDOFXODWHG DV WKH DQJOH EHWZHHQ WKH KIF
DQG *7 :LONLQVRQ HW DO (DFK VSULQW ODVWHG IR
UHYROXWLRQV ZKLFK ZHUH UHVDPSOHG WR GDWD SRLQ
DQJOH ZDV DYHUDJHG RYHU WKHVH UHYROXWLRQV WR RE)
VHULHV IRU HDFK VSULQW IRU HDFK SDUWLFLSDQW 7KH P
DYHUDJLQJ WKH WLPH VHULHVY WRUVR DQJOH GDWD IRU D

SHVXOWYV
7KH PHDQ WRUVR DQJOH ZDV “ f JLIXUH

'LVFXVVLRQ

7KH F\FOLQJ HUJRPHWHU ZDV VHW XS WR PDWFK HDFK SDI
ZKLFK UHVXOWHG LQ WKH SDUWLFLSDQWY ULGLQJ ZLWK D
HYLGHQFLQJ WKDW WUDFN VSULQW F\FOLVWYV DGRSW D SF



7KLV GLIIHUV IURP WKH F\FOLQJ HUJRPHWHU VHW XS XVHC(
XSULJKW F\FOLQJ SRVLWLRQ LV DGRSWHG 8PEHUJHU 0D

)LIXUH OHDQ WRUVR DQJOH GXULQJ VSULQWYV DW U ¢



$SSHQGL[ & ,QWHUYLHZ JXLGH

,QWURGXFWLRQ
1DPH

:KDW LV \RXU UROH"
+RZ GLG \RX JHW LQWR F\FOLQJ"

+RZ PDQ\ \HDUV KDYH \RX ZRUNHG DV D FRDFK SDUWL

ODLQ TXHVWLRQV
'KDW LV \RXU FRDFKLQJ SKLORVRSK\"

:KDW DUH WKH NH\ IDFWRUV DQG DWWULEXWHYV IRU G|
F\FOLVW"

+RZ GR \RX GHVLJQ WKH DWKOHWHVY WUDLQLQJ SURJ
D +RZ GR WKH DWKOHWHY WUDLQLQJ SURJUDPPH FKD(

SUREH :KDW DUH WKH UHDVRQV EHKLQG WKH FKDQ

E'R WKH DWKOHWHY KDYH D WDSHU EHIRUH FRPSHWL

3UREH ,V WKHUH D GLIIHUHQFH LQ WDSHU OHQJWK
VWUHQJWK WUDLQLQJ"

3UREH 'RHV WKH WDSHU GHSHQG RQ WKH LPSRUWL
3UREH :KDW DUH WKH UHDVRQV EHKLQG WKH WDSF

+RZ GR \RX GHYHORS VWUHQJWK LQ VSULQW F\FOLVW!

SUREH *\P WUDLQLQJ DOWHUQDWLYHV"

SUREH 'HWDLOV RI VWUHQJWK WUDLQLQJ KRZ SURJL
DUH XVHG LQ VWUHQJWK WUDLQLQJ LQ WKH J\P"
BUREH +RZ GR \RX PHDVXUH VXFFHVV LPSURYHPHQ\

+RZ GR \RX WKLQN J\P EDVHG VWUHQJWK WUDLQLQJ L
SHUIRUPDQFH RQ WKH ELNH" ,V WKHUH DQ DGDSWLRQ

BUREH 'R \RX WKLQN WKHUH LV D SRVLWLYH QHJIDW
BUREH $Q\ H[DPSOHV DQHFGRWDO HYLGHQFH"



+RZ GR \RX GHYHORS OHJ VSHHG"

$UH WKHUH DQ\ DUHDV \RX ZRXOG OLNH LQYHVWLJDW
WUDLQLQJ DQG KRZ LW WUDQVIHUV WR RQ ELNH SHUI

,V WKHUH DQ\WKLQJ HOVH \RX ZRXOG OLNH WR DGG"



$SSHQGL[ ' 3HOYLF WLOW GXULQJ PD[LPI

,QWURGXFWLRQ
1HSWXQH DQG +X0O0 FRPSDUHG WKH DFFXUDF\ RI GLII
KLS MRLQW FHQWUH LQ VXEPD[LPDO F\FOLQJ 7KHLU VWXC
PHWKRG IRU PHDVXULQJ WKH KLS MRLQW FHQWUH ZDV ZKlH
DQWHULRU VXSHULRU LOLDF FUHVW $6,6 DQG WKH JUHD\
VWDWLF WULDO 1HSWXQH +XO0O 7KLV RIIVHW LV DV
G\QDPLF WULDOV +RZHYHU WKLV PHWKRG DVVXPHV WKH !
VDIJLWWDO SODQH 7KLV DVVXPSWLRQ LV UHDVRQDEOH IR!
VPDOO FKDQJHV LQ SHOYLF WLOW f DW : KDYH EHHQ
+RZHYHU QR YDOXHV Rl SHOYLF WLOW GXULQJ VHDWHG P
WKH OLWHUDWXUH WR GHWHUPLQH LI WKLV DVVXPSWLRQ
DLP Rl WKLV VWXG\ ZDV WR PHDVXUH SHOYLF WLOW GXUL:
UDWH RI USP

OHWKRGV

7KH SDUWLFLSDQWY ZHUH WUDFN VSULQW F\FOLVWV W,
&KDSWHU DQG WKH UHPDLQGHU IURP D VXEVHTXHQW VW
5HIOHFWLYH PDUNHUV ZHUH SODFHG RQWR WKH DQDWRPL
OHIW DQWHULRU VXSHULRU LOLDF VSLQH $6,6 WKH SRV\
LOLDF FUHVW ,& 7KH PDUNHUV ZHUH UHFRUGHG WUDEFN
GHVFULEHG LQ VHFWLRQ 7KH SHOYLF WLOW ZDV FDOF)
KRULJRQWDO DQG D OLQH FRQQHFWLQJ WKH 36,6 DQG WKt
F\FOLQJ VSULQWYV WKH $6,6 PDUNHU ZDV RIWHQ REVFXUHC
7'& DQG WKHUHIRUH WR HQDEOH WKH SRVLWLRQ RI WKH
WULDO WKH YHFWRU EHWZHHQ WKH ,& DQG $6,6 PDUNHU Z
PDUNHU RQ WKH ,& DQG WKH $6,6 ZDV PHDVXUHG GXULQJ
ZDV IL[HG DW f IURP 7'& + WKLV YHFWRU ZDV DVVXPHG F
SHOYLF WLOW ZDV FDOFXODWHG DW HDFK WLPH SRLQW G}
YLIXUH LOOXVWUDWHY WKH FRPSDULVRQ RI WKH SHOYL
WKH WUDFNHG $6,6 PDUNHU SRVLWLRQ IRU WKLV SDUWLF
WKLJK RU E\ XVLQJ WKH $6,6 PDUNHU SRVLWLRQ FDOFXO



, & PHDVXUHG GXULQJ WKH VWDWLF WULDO 7KH FDOFXOD\
PHWKRGV DUH YHU\ VLPLODU

(DFK VSULQW ODVWHG IRU V SURYLGLQJ VL[ FRPSOHWH F
UHVDPSOHG WR GDWD SRLQWYV DURXQG WKH FUDQN F\F
WKHVH UHYROXWLRQV WR REWDLQ D VLQJOH HQVHPEOH D
HDFK SDUWLFLSDQW 7KH UDQJH RI SHOYLF WLOW IRU D V
EHWZHHQ WKH PD[LPXP DQG PLQLPXP SHOYLF WLOW YDOX
SHOYLF WLPH VHULHVY GDWD IRU WKH VSULQW IRU WKH SD
FDOFXODWHG E\ DYHUDJLQJ WKH WLPH VHULHV SHOYLF W]
SDUWLFLSDQWYV

SHVXOWYV

7KH SHOYLF WLOW IRU WZR H[DPSOH SDUWLFLSDQWYV WKU
J)LIXUH DQG )LIXUH 7KH PHDQ SHOYLF WLOW YDOXH
SDUWLFLSDQWYV LV VKRZQ LQ )LIJXUH 7KH PHDQ SHOYLE

JLIXUH 3HOYLF WLOW IRU D VLQJOH SDUWLFLSDQW GX!|



JLIXUH 3HOYLF WLOW IRU D VLQJOH SDUWLFLSDQW GX|

JLIXUH OHDQ SHOYLF WLOW GXULQJ VSULQWYV DW U S



'LVFXVVLRQ

7KH PHDQ SHOYLF WLOW UDQJH ZDV PHDVXUHG DV : f
DVVXPSWLRQ RI WKH FRQVWDQW RIIVHW PHWKRG WR GHIL
URWDWH LQ WKH VDIJLWWDO SODQH GXULQJ F\FOLQJ

ILPLWDWLRQV

7KH $6,6 PDUNHU ZzDV DWWDFKHG WR WKH IURQW RI WKH F
DGRSW DQ DHURG\QDPLF F\FOLQJ SRVLWLRQ ZLWK D VKDC
LV HYLGHQFHG LQ $SSHQGL] + D PHDQ WRUVR DQJOH RI
WKH VDPH WULDOV DV XVHG LQ WKLV VWXG\ 7KLV F\FOLC
IRUZDUGV ZKLFK PHDQW WKH $6,6 PDUNHU KXQJ IURP WKH
VOLJKW RIITVHW WR WKH DFWXDO ERQ\ ODQGPDUN 7KLV D
PRYH GXULQJ WKH VSULQWY FUHDWLQJ VRPH PRYHPHQW L
SDUWLFLSDQWYV WKH $6,6 PDUNHU ZDV REVFXUHG GXULQJ
FRQVWDQW RIIVHW IURP WKH ,& PDUNHU ZDV XVHG ZKLFK
DUWHIDFW



$SSHQGL[ ( 7THVW UHWHVW UHOLDELOLW
PHDVXUHG GXULQJ PD[LPDO F\FOLQJ RQ |
WKH JUHDWHU WURFKDQWHU SRVLWLRQ
IURP LOLDF FUHVW PDUNHU

,QWURGXFWLRQ

,Q WKLV WKHVLV &KDSWHUV DQG WKH KLS MRLQW FlI
RQ WKH JUHDWHU WURFKDQWHU *7 +RZHYHU D PDUNHU
H[SHULHQFH VLJQLILFDQW VRIW WLVVXH DUWHIDFW 67%
1IHSWXQH DQG +X0O0 FRPSDUHG WKH DFFXUDF\ RI GLI|
KLS MRLQW FHQWUH LQ VXEPD[LPDO F\FOLQJ 7KHLU VWXC
PHWKRG IRU PHDVXULQJ WKH KLS MRLQW FHQWUH ZDV ZK|
DQWHULRU VXSHULRU LOLDF FUHVW $6,6 DQG WKH *7 zZD\
IHSWXQH +XO0O 7KLV RIIVHW LV DVVXPHG WR EH FF
7KH\ WKHQ WUDENHG WKH SRVLWLRQ RI $6,6 PDUNHU GXU|
VPDOOHU 67$% 7KLV PHWKRG WR GHILQH WKH KLS MRLQW F
PD[LPDO F\FOLQJ ODUWLQ HW DO OF'DQLHO HW DO
VWXG\ ZDV WR DVVHVV LI WKH WHVW UHWHVW UHOLDELOL
DQJXODU YHORFLW\ PRPHQW DQG SRZHU LV PRUH UHOLD
FHQWUH JUHDWHU WURFKDQWHU SRVLWLRQ LV GHILQHG
LOLDF FUHVW ,& DQG WKH *7 WKDQ E\ D PDUNHU SODFHG

OHWKRGYV
7KH KLS MRLQW FHQWUH JUHDWHU WURFKDQWHU SRVLWL
EHWZHHQ WKH ,& DQG WKH *7 7KLV LV DQ DOWHUQDWLYH
ZKHUH WKH KLS MRLQW FHQWUH ZDV GHILQHG E\ WKH WUL
G\QDPLF WULDOV 7KH YHFWRU EHWZHHQ WKH PDUNHU RQ
GXULQJ D VWDWLF WULDO ZKHUH WKH OHIW FUDQN ZDV IL
DVVXPHG FRQVWDQW GXULQJ WKH VSULQWYVY %DUUDWW
SRVLWLRQ ZDV FDOFXODWHG IRU WKH G\QDPLF WULDOV D
PDUNHU 7KH GDWD LQ WKLV VWXG\ ZDV FROOHFWHG GXUL
7KH VDPH PHWKRGYVY GHVFULEHG LQ &KDSWHU ZHUH WK



NLQHWLF DQG NLQHPDWLF GDWD DQG WR FDOFXODWH WK
UHOLDELOLW\

5HVXOWV

7KH WHVW UHWHVW UHOLDELOLW\ RI WKH KLS MRLQW YDU
WURFKDQWHU SRVLWLRQ ZDV GHILQHG E\ D FRQVWDQW Y
SUHVHQWHG LQ )LIJXUH

'LVFXVVLRQ

7KH WHVW UHVW UHOLDELOLW\ IRU WKH KLS MRLQW YDULI
DQG SRZHU ZHUH YHU\ VLPLODU WR WKH PHWKRG RI GHIL
PDUNHU RQ WKH *7 ZKLFK ZDV DVVHVVHG LQ &KDSWHU
PXOWLSOH FRUUHODWLRQ EHWZHHQ VHVVLRQV IRU WKH K
PHWKRGV RI GHILQLQJ WKH KLS MRLQW FHQWUH 7KHUHIR
RI UHVHDUFK WR GHILQH WKH KLS MRLQW FHQWUH E\ WKH
FRQVWDQW RIIVHW PHWKRG GLG QRW LPSURYH WKH EHWZ
GXULQJ PD[LPDO F\FOLQJ WKH SHOYLV URWDWHYV LQ WKH
$SSHQGL] YLRODWLQJ WKH DVVXPSWLRQ RQ ZKLFK WK



JLIXUH +LS MRLQW DQJOHV DQJXODU YHORFLWLHV PF
IRU VHVVLRQ RQH DQG WZR

+LS MRLQW FHQWUH JUHDWHU WURFKDQWHU SRVLWLRQ |
EHWZHHQ WKH LOLDF FUHVW ,& DQG WKH JUHDWHU WURF
VKDGHG JUH\ ZKHUH WKH 630 LV VLJQLILFDQW OHDQ DQG
DGMXVWHG FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0
EHWZHHQ VHVVLRQV E

JRU HDVH RI SUHVHQWLQJ WKH GDWD WKH WKLJK DQJOH D
DV KLS DQJOH DQG DQJXODU YHORFLW\



$SSHQGL[ ) 6HOHFWLQJ FXW RIlI [TUHT
%WXWWHUZRUWK ILOWHU XVHG WR VPRR
NLQHWLF GDWD LQ PD[LPDO F\FOLQJ

,QWURGXFWLRQ
7\SLFDOO\ UHVLGXDO DQDO\VLV :LQWHU LV XVHG WI
WKH ILOWHU XVHG WR SURFHVV ELRPHFKDQLFDO NLQHPDYV
FROOHDJXHV UHFRPPHQG XVLQJ WKH VDPH FXW RII IUHTX|
GDWD WR DYRLG GDWD SURFHVVLQJ DUWHIDEWYV LQ WKH F
7KHUHIRUH WKH DLP Rl WKH VWXG\ ZDV WR VHOHFW
%XWWHUZRUWK IRXUWK RUGHU JHUR ODJ ORZ SDVV ILOW
PD[LPDO F\FOLQJ DW D SHGDOOLQJ UDWH RI USP

OHWKRGV

5HVLGXDO DQDO\VLV ZDV FDUULHG RXW WR VHOHFW WKH
IRXUWK RUGHU ]JHUR ODJ ORZ SDVV ILOWHU IRU WKH FUD
VSULQWYV DW USP LQWHU 7KH FUDQN IRUFH DQG
I[URP WKH WHVW UHWHVW VWXG\ &KDSWHU 7KH PD[LPX]|
LQHIIHFWLYH FUDQN IRUFHV DQG DOO WKH PDUNHU FRRU
R +] ZDV FDOFXODWHG IRU HDFK VSULQW IRU HDFK SDU
JLIXUH IRU DQ LOOXVWUDWLRQ RI WKH PD[LPXP UHVLG)]
PDI[LPXP UHVLGXDO IRU FUDQN IRUFHVY DQG PDUNHU FRRU!
SDUWLFLSDQW ZHUH FDOFXODWHG )URP WKHVH YDOXHV \
FDOFXODWHG

SHVXOWYV

)LIXUH DQG )LIXUH LOOXVWUDWH WKH UHVLGXDO DC
WUDMHFWRULHYV IRU D VLQJOH VSULQW DW USP IRU DQ
IRU WKH FUDQN IRUFHVY DQG PDUNHU FRRUGLQDWHYV IRU D
+] ZDV YHU\ VLPLODU IRU ERWK VHVVLRQV 7DEOH



7TDEOH OHDQ UHVLGXDO IRU D %XWWHUZRUWK ILOWHL
FUDQN IRUFHY DQG PDUNHU FRRUGLQDWHYV IRU VHVVLRQV

9DULDEOH 8QLWVY OHDQ 6°
6HVVLRQ BHVVLRQ

&UDQN 1
ODUNHU FF F

JLIXUH 5HVLGXDO DQDO\VLV IRU FUDQN IRUFH GDWD |
HIDPSOH SDUWLFLSDQW



J)LIXUH 5HVLGXDO DQDO\VLV IRU PDUNHU FRRUGLQDWH
DQ H[DPSOH SDUWLFLSDQW

3 SHGDO VSLQGOH /0O ODWHUDO PDOOHROXV )& IHPR
WURFKDQWHU ,& LOLDF FUHVW [ GHQRWHV KRUL]JRQWDC
FRRUGLQDWH

'LVFXVVLRQ

7KH VDPH FXW RII TUHTXHQF\ ZDV FKRVHQ IRU WKH NLQHP
UHFRPPHQGHG E\ %H]RGLVY DQG FROOHDJXHV WR DYRLG G
FDOFXODWHG MRLQW PRPHQWV %H]JRGLV HW DO 7Kl
ZDV FKRVHQ DV WKLV EHVW EDODQFHG RYHU VPRRWKLQJ"
VPRRWKLQJ WKH PDUNHU WUDMHFWRU\ GDWD )LJXUH |
ZDV XVHG WR SURFHVVY DOO NLQHPDWLF DQG NLQHWLF GD
USP LQ WKLV SURJUDPPH RI UHVHDUFK &KDSWHUYV DQ!
FDOFXODWLRQV ZHUH QRW EHLQJ FDUULHG RXW DQG MXV)
SRWHQWLDOO\ D ORZHU FXW RII I[UHTXHQF\ RI +] FRXOG
ZRXOG RYHU VPRRWK WKH FUDQN IRUFH GDWD



$SSHQGL[ * &RPSDULVRQ RI WKH WHVW
(0* QRUPDOLVDWLRQ PHWKRGV IRU PDJ[LP
T, QWURGXFWLRQ

7R DOORZ (0* GDWD WR EH FRPSDUHG EHWZHHQ SDUWLFLS
WHVW FRQGLWLRQV DQG GLIIHUHQW WHVWLQJ VHVVLRQV

UHIHUHQFH YDOXH %XUGHQ ODWKLDVVHQ HW DO
DIJUHHPHQW EHWZHHQ UHVHDUFKHUV RQ ZKDW LV WKH EH’
NXUGHQ %DUWOHWW +XJ 6HYHUDO F\FOLQJ V.

PHWKRGY KDYH EHHQ GHYHORSHG WKHVH LQFOXGH QRUP
VWDWLF LVRPHWULF PD[LPXP YROXQWDU\ FRQWUDFWLRQV
DO DQG QRUPDOLVLQJ (0* DFWLYLW\ WR WKH PD[LPX
PD[LPDO VSULQW RQ D ELF\FOH $OEHUWXV .DMHH HW DO
+RZHYHU DV WKLV SURJUDPPH RI UHVHDUFK LQYHVWLJDW
PD[LPDO F\FOLQJ XVLQJ WKLV PHWKRG ZRXOG PHDQ WKH
E\ LWVHOI DQG ZRXOG WKHUHIRUH EH WKH SHDN G\QDPL
5\DQ *UHJRU

'RUHO DQG FROOHDJXHV XVHG D FRPELQDWLRQ RI LVRPHW
RQ D G\QDPRPHWHU WR REWDLQ PD[LPXP PXVFOH DFWLYL'
QRUPDOLVH (0* DFWLYLW\ GXULQJ VSULQW F\FOLQJ 'RUHC
PHWKRG KDV VHYHUDO OLPLWDWLRQV LW LV D WLPH FRQ'
QRW SUDFWLFDO IRU XVH ZLWK HOLWH DWKOHWHY ZKR KD
VHVVLRQV ,Q DGGLWLRQ SHUIRUPLQJ PXOWLSOH 09&V RC
RZLQJ WR WKH QXPEHU RI PD[LPDO PXVFOH FRQWUDFWLRC(
SDUWLFLSDQWY SHUIRUPDQFH DQG F\FOLQJ ELRPHFKDQLF
UHTXLUHG E\ WKH H[SHULPHQWDO SURWRFRO 7KHUHIRUH
LOQYHVWLIJDWHG DV D SRVVLEOH VROXWLRQ WR QRUPDOLYV

7KH DLP ZDV WR DVVHVV LI D VLPSOH PHWKRG WR REWDLC
SHUIRUPHG ZLWK WKH OHIW FUDQN IL[HG DW f ZDV UHC
GXULQJ PD[LPDO F\FOLQJ DQG WKHQ WR FRPSDUH WKLV F
G\QDPLF QRUPDOLVDWLRQ PHWKRGYV



OHWKRGYV
JRXUWHHQ WUDFN VSULQW F\FOLVWYVY WKH VDPH SDUWLFL
LVRPHWULF 09&V RQ D FXVWRP PDGH F\FOLQJ HUJRPHWHU
WKDW FRXOG EH DGMXVWHG WR PDNH LW LVRPHWULF E\ Il
VDPH HUJRPHWHU DV XVHG LQ .RUGL HW DO 7KH HU
HDFK SDUWLFLSDQWYfV WUDFN ELF\FOH SRVLWLRQ DQG WHK
7KH (0* VHQVRUVY ZHUH DWWDFKHG WR WKH SDUWLFLSDQW
WKHLU W\SLFDO ZDUP XS GHVFULEHG LQ VHFWLRQ W I
[ VLVRPHWULF 09&V RQ WKH HUJRPHWHU ZLWK V UHF
SDUWLFLSDQWYV ZHUH LQVWUXFWHG WR SXVK GRZQ DV KD
UHPDLQLQJ VHDWHG DQG KROGLQJ RQWR WKH GURSSHG K
PXVFOHV ZHUH UHFRUGHG FRQWLQXRXVO\ WKURXJKRXW W
WKH 09& HIIRUWY ZHUH URRW PHDQ VTXDUHG 506 PV Z
DQG WKH SHDN YDOXH LQ UPV (0* VLJQDO IRU HDFK PXVEFC
09&

7KH (0* VLIJQDOV PHDVXUHG GXULQJ WKH VSULQW WULDOV
SHDN LVRPHWULF 09& IRU HDFK PXVFOH $OVR WKH (0* VL
QRUPDOLVHG WR WKH SHDN YDOXH LQ WKH OLQHDU HQYH(
PHWKRG DV DQ DOWHUQDWLYH QRUPDOLVDWLRQ PHWKRG

$GMXVWHG FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0
FURVV FRUUHOD¥W IARHY H RADIOIFEAABWHG IRU WKH QRUPDOLYV
ELF\FOH LVRPHWULF 09& (0* OLQHDU HQYHORSHV XVLQJ V

7KH PHWKRG DQG UHVXOWYV IRU WKH (0* VLIJQDOV QRUPDO
DUH SUHVHQWHG LQ &KDSWHU

SHVXOWYV

KHQ WKH (0* DFWLYLW\ IRU HDFK PXVFOH ZDV QRUPDOLV}
LVRPHWULF 09&V WKHUH ZDV D ODUJH UDQJH LQ WKH PDJL
IRU WKH PXVFOHYVY UDQJLQJ IURP Rl WKH LVRPHWULF



WKH LVRPHWULF 09& IRU WKH 7$ PXVFOH )LJXUH YLIX L
LQWHU SDUWLFLSDQW YDULDELOLW)\ LQ PD[LPXP YDOXHV
HDFK PXVFOH )LJXUH YLIXUH &0& YDOXHV IRU (0*
EHWZHHQ W R DQG W R IRU ZLWKLQ DQG
UHVSHFWLYHO\ 7KH 7$ %) DQG 67 PXVFOHV GHPRQVWUDW
DFWLYLW\ DQG WKH 9/ DQG 90 PXVFOHV WKH KLJKHVW UH



JLIXUH (0* OLQHDU HQYHORSHV QRUPDOLVHG WR LVF
HDFK PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULYVY 90 YDVW
DOQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV */
62 VROHXV *08$; JOXWHXV PD[LPXV OHDQ DQG VWDQGD
FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0& ZLWKLQ

E OHDQ DQG VWDQGDUG GHYLDWLRQ RI FURVV FRUUHOD
Z DQG EHWZHHQ VHVVLRQV E



)LIXUH (0O* OLQHDU HQYHORSHV QRUPDOLVHG WR LVF
HDFK PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR
YDULHG \ VFDOH RQ VXESORWY IRU FODULW\

9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULV 90 YDVW
DOQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV */
62 VROHXV *08%; JOXWHXV PD[LPXV OHDQ DQG VWDQGD
FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0& ZLWKLQ
E OHDQ DQG VWDQGDUG GHYLDWLRQ RI FURVV FRUUHOD
Z DQG EHWZHHQ VHVVLRQV E

(0* OLQHDU HQYHORSH QRUPDOLVHG WR WKH SHDN YDOXH
ZLWKLQ DQG EHWZHHQ VHVVLRQ UHOLDELOLW\ )LJXUH
HQYHORSHY UDQJHG EHWZHHQ W R DQG W R
VHVVLRQ UHVSHFWLYHO\ 7KH 7% %) DQG 67 PXVFOHV GHF
IRU (0* DFWLYLW\ DQG WKH 9/ DQG 90 PXVFOHV WKH KLJK



630 LQGLFDWHG D VLI®LILFD@MWWZIHHQUWIOVWLRQV IRU WKH
EHWZHHQ f DQG f R WKH FUDQN F\FOH IRU (0* DFWLY

YDOXH LQ WKH VLIJQDO )LJIJXUH 7KLV LV XQOLNHO\ WF
OHVV WKDQ RI WKH FUDQN F\FOH
)LIXUH (0* OLQHDU HQYHORSHV QRUPDOLVHG WR SH

PXVFOH JURXS PHDQV IRU VHVVLRQ RQH DQG WZR

9/ YDVWXV ODWHUDOLV 5) UHFWXV IHPRULV 90 YDVW
DQWHULRU %) ELFHSV IHPRULV 67 VHPLWHQGLQRVXV */
62 VROHXV *0%$; JOXWHXV PD[LPXV OHDQ DQG VWDQGD
FRHIILFLHQW RI PXOWLSOH FRUUHODWLRQ &0& ZLWKLQ
E OHDQ DQG VWDQGDUG GHYLDWLRQ RI FURVV FRUUHOD

Z DQG EHWZHHQ VHVVLRQV E $UHDV RI WKH JUDSK VKEC
VLIQLILFDQW



'LVFXVVLRQ
7KH RQ ELF\FOH LVRPHWULF 09& (0* QRUPDOLVDWLRQ PHW
UHOLDELOLW\ WKDQ WKH SHDN RU PHDQ G\QDPLF PHWKRG
J)LIXUH DQG )LIXUH "KHQ WKH (0* DFWLYLW\ GXULQ
QRUPDOLVHG WR WKH RQ ELF\FOH LVRPHWULF 09&V WKHU
DFWLYLW\ IRU WKH PXVFOHV UDQJLQJ IURP RI WKH LV
RI WKH LVRPHWULF 09& IRU 7$ PXVFOH 7KLV GHPRQV\
LVRPHWULF 09& ZDV QRW VXFFHVVIXO DW HOLFLWLQJ PDJI
PXVFOHV 7KHUH ZDV DOVR KLJK LQWHU SDUWLFLSDQW YC
LQ WKH RQ ELF\FOH LVRPHWULF 09& LQ FRPSDULVRQ WR W
FRQFOXVLRQV RI .RUGL DQG FR ZRUNHUV WKDW RQ ELF\FC
WKH EHWZHHQ VHVVLRQV UHOLDELOLW\ RI PXVFOH DFWLY
.RUGL HW DO 7TKHUHIRUH LQ DJUHHPHQW ZLWK .RU
LVRPHWULF 09& PHWKRG ZDV GHHPHG XQUHOLDEOH WR QF
PD[LPDO F\FOLQJ EHWZHHQ VHVVLRQV

7KH ZLWKLQ DQG EHWZHHQ VHVVLRQ UHOLDELOLW\ YDOX]I
OLQHDU HQYHORSH QRUPDOLVHG WR WKH PHDQ YDOXH LQ
FRPSDUHG WR WKH SHDN YDOXH LQ WKH VLJQDO SHDN G\
OLQHDU HQYHORSHV QRUPDOLVHG WR PHDQ YDOXH LQ VL
DQG WR IRU ZLWKLQ DQG EHWZHHQ VHVVLRQ UH!

7KHUHIRUH WKH (0* QRUPDOLVDWLRQ WR WKH PHDQ )
PHWKRG ZDV FKRVHQ DV WKH QRUPDOLVDWLRQ PHWKRG |
SURJUDPPH Rl UHVHDUEK



$SSHQGL[ + 6XLWDELOLW\ DQG UHOLDEL
WLPLQJ RI PXVFOH DFWLYLW\ LQ PD[LPDC

,QWURGXFWLRQ
7R FRPSDUH LQWHUPXVEXODU FRRUGLQDWLRQ VWUDWHJL
RIWHQ WKH RQVHW DQG RIIVHW WLPLQJ RI PXVFOH DFWLY
VLIQDOV 5HVHDUFKHUV KDYH XVHG D QXPEHU RI GLIIHUH
WKUHVKROG ZKLFK GHILQHV WKH RQVHW RI PXVFOH DFEWL"
DERYH WKH EDVHOLQH YDOXHV DQG 6' +RGJHV %X
DQG D SHUFHQWDJH RI WKH SHDN YDOXH 'RUHO HW L
.RQUDG 7KH (0* VLIJQDO W\SLFDOO\ QHHGV WR H[FHH
SHULRG RI WLPH IRU WKH PXVFOH WR EH GHILQHG DV RQ
RQVHW DQG RIIVHW LV E\ YLVXDO LQVSHFWLRQ ZKLFK LI G
(0* FDQ EH KLJKO\ UHSHDWDEOH EHWZHHQ GD\V +RGJHV
DJUHHPHQW EHWZHHQ UHVHDUFKHUV RQ ZKDW WKUHVKRO
DQG RIIVHW RI WKH (0* DFWLYLW\ $OVR LW KDV EHHQ GHF
UHOLDELOLW\ Rl RQVHW DQG RQVHW WLPLQJV IRU FHUWDI
'RUHO HW DO -REVRQ HW DO 7KHUHIRUH WKH
LQYHVWLIJDWH WKH VXLWDELOLW\ DQG UHOLDELOLW\ RI R
DFWLYLW\ GXULQJ PD[LPDO F\FOLQJ

OHWKRGYV

7KH (0* GDWD IURP WKH WHVW UHWHVW VWXG\ &KDSWHU
DFWLYLW\ EXUVWYVY 7KH GDWD FROOHFWLRQ LQFOXGHG D
RQ WKH HUJRPHWHU ZLWK WKH OHIW FUDQN DW f IURP 7
VLIQDO IRU HDFK PXVFOH 2QFH WKH (0* VLJQDOV IRU WKI
SURFHVVHG WR FUHDWH OLQHDU HQYHORSH IRU HDFK PXV
WKH PXVFOH DFWLYLW\ EXUVWYV ZHUH GHWHUPLQHG 7KH
HQYHORSH IRU HDFK PXVFOH ZDV LGHQWLILHG 7KH EDVH(
DV WKH PHDQ YDOXH RI WKH UPV (0* ZLQGRZ OHQJWK P
WKUHVKROG IRU GHWHUPLQLQJ RQVHW DQG RIIVHW IRU D
WKH SHULRG ZKHUH WKH VLIJQDO ZDV DERYH D WKUHVKRO
DQG WKH EDVHOLQH UPV (0* YDOXHV 'RUHO HW DO 4



H[DPSOH RI WKH GHILQLWLRQ RI PXVFOH DFWLYLW\ EXUVW
WKUHVKROG ZDV FKRVHQ DV LW ZDV XVHG LQ D VWXG\ E\ °
DFWLYLW\ LQ PD[LPDO F\FOLQJ 'RUHO HW DO )RU D
UPV (0* YDOXH QHHGHG WR H[FHHG WKH WKUHVKROG IRU |
FRQYHUVHO\ IRU D PXVFOH WR EH GHILQHG DV RIl WKH U]
WKUHVKROG IRU D PLQLPXP RI PV 8OLDP .XULNL HW DO
RI WKH PXVFOH DFWLYLW\ EXUVWV WR WKH WKUHVKROG G
RQVHW RIIVHW WKUHVKROG ZDV GHILQHG DV WKH EDVHOL
EHWZHHQ WKH SHDN DQG WKH EDVHOLQH UPV (0* YDOXHYV
VXFK DV WKH 7$ FKDQJLQJ EHWZHHQ RQH DQG WZR EXUV\
YJLIXUH DQG )LIXUH LW ZDV GLIILFXOW WR DVVHV
WKHUHIRUH WKH UHOLDELOLW\ Rl WKH RQVHW DQG RIIVHW
LQVSHFWLRQ



J)LIXUH 2QVHW RIIVHW RI PXVFOH DFWLYLW\ IRU D VHYV
7TKUHVKROG GHILQHG DV RI WKH GLITHUHQFH EHWZHHC
(0* 7KUHVKROG GHILQHG DV WKH EDVHOLQH UPV (0*

GLITHUHQFH EHWZHHQ WKH SHDN DQG WKH EDVHOLQH UPV

SHVXOWY DQG GLVFXVVLRQ

)LIXUH LOOXVWUDWHY WKH PXVFOH DFWLYLW\ EXUVW)\
IRUDOO SDUWLFLSDQWY $00 SDUWLFLSDQWYV KDYH RQH

IRU WKLV PXVFOH 7KHUHIRUH LW ZRXOG EH SRVVLEOH W
YDOXHV RI 9/ PXVFOH DFWLYLW\ EXUVWV +RZHYHU PXVFC
WZR EXUVWYV LQ D FUDQN F\FOH )LJXUH DOWKRXJK S
KRZHYHU RQ YLVXDO LQVSHFWLRQ WKLV VHHPV DQ DUWH
VKRXOG EH EXUVWY 7KH LQWHU SDUWLFLSDQW YDULDEL
SUHYLRXVO\ EHHQ UHSRUWHG LQ WKH OLWHUDWXUH IRU P
DO +XJ HW DO OXVFOHV VXFK DV WKH */ 62 DQ



WZR EXUVWV RI PXVFOH DFWLYLW\ GHSHQGLQJ RQ WKH SELC
WU\LQJ WR FDOFXODWH JURXS PHDQ PXVFOH DFWLYLW\ E>
FROOHDJXHV ZDV WR GLVFRXQW WKH VHFRQG EXUVW RI P
WKHUHIRUH H[FOXGH LW IURP WKH FDOFXODWLRQ RI WKH
DQG GXUDWLRQ RI EXUVWY 'RUHO HW DO 7KH\ DOV
SHULRG EHWZHHQ WKH WZR EXUVWV RI PXVFOH DFWLYLW\
RQH JOREDO EXUVW RI PXVFOH DFWLYLW\ WR VLPSOLI\ WK
-REVRQ DQG FR ZRUNHUYV DGRSWHG D VLPLODU DSSURDEFK
DFWLYLW\ ZDV GHILQHG DV WKH SULPDU\ RQVHW DQG WKH
FRPELQH WKH WZR EXUVWV RI PXVFOH DFWLYLW\ WR FUHEL
+RZHYHU E\ DGRSWLQJ WKLY DSSURDFK LPSRUWDQW IHDV
FRRUGLQDWLRQ SDWWHUQ ZLOO EH ORVW

$OQRWKHU LVVXH ZKHQ GHILQLQJ RQVHW DQG RIIVHW PXVF
WKH WKUHVKROG ZKHUH WKH PXVFOH DFWLYLW\ FDQ EH G
VXEMHFWLYH DQG WKHUH LV QR FRQVHQVXV EHWZHHQ UH
DQG WKH FKRLFH RI WKUHVKROG FDQ LQIOXHQFH WKH UH\

&DOGZHOO 7KLV LV LOOXVWUDWHG E\ )LIXUH DQ
PXVFOH DFWLYLW\ EXUVWYV XVLQJ GLITHUHQW WKUHVKROG
DFWLYLW\ EXUVWYV FKDQJHV IRU SDUWLFLSDQWYV DQ

GHILQLWLRQ XVHG )RU WKH SDUWLFLSDQWYV PXVFOH DF\V
WKH PXVFOH DFWLYLW\ EXUVW RI 62 FKDQJHV RIIVHW LV
WKUHVKROG GHILQLWLRQ %RWK RI WKHVH UHVXOWYV KL
RINTVHW WLPLQJV RI PXVFOH DFWLYLW\ EXUVWYV DQG QXPE
KHQ WKH PXVFOH DFWLYLW\ EXUVW GDWD ZDV YLVXDOO\
WKH PXVFOHV WKDW FDQ KDYH PRUH WKDQ RQH EXUVW R
VXFK DV WKH 7$ ZDV ORZ )LJXUH J)LIXUH $V LOO
)LIXUH WKH 7$ PXVFOH DFWLYLW\ FDQ FKDQJH IURP R
DFWLYLW\ EHWZHHQ VHVVLRQV 7KLV ILQGLQJ LV LQ DJUH
IRXQG GXULQJ VXEPD[LPDO F\FOLQJ WKDW VHYHUDO PXVF
ZLWKLQ VHVVLRQ UHOLDELOLW\ YDOXHV IRU RQVHW DQG F
ZDV VXSSRUWHG E\ D VWXG\ E\ -REVRQ DQG FR ZRUNHUV Z



UHOLDELOLW\ RI RQVHW RI WKH 7$ 6(0 zZDV f DW
5) GXULQJ VXEPD[LPDO F\FOLQJ -REVRQ HW DO

%DVHG RQ WKH H[SORUDWLRQ RI WKH (0* GDWD LW ZDV W!
RITVHW PXVFOH DFWLYLW\ EXUVWV WR VWXG\ LOQOWHUPXVF.
RZLQJ WR WKH FKDOOHQJHVY DQG SUREOHPV LGHQWLILHG

J)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
PXVFOH IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP
7TKUHVKROG GHILQHG DV RI WKH GLIITHUHQFH EHWZHHQ

(0~



)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
PXVFOH IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP

TKUHVKROG GHILQHG DV RI WKH GLITHUHQFH EHWZHHQ
(0~



)LIXUH 2QVHW DQG RIIVHW DQG GXUDWLRQ RI EXUVW
PXVFOH IRU DOO SDUWLFLSDQWYV IRU VSULQWYV DW USP
7TKUHVKROG GHILQHG DV WKH EDVHOLQH UPV (0* YDOXH
EHWZHHQ WKH SHDN DQG WKH EDVHOLQH UPV (0*



$SSHQGL[ , 4XDQWLI\LQJ KLS DQNOH PI
GHWDLOHG YHFWRU FRGLQJ PHWKRG

7R TXDQWLI\ KLS DQNOH MRLQW FRRUGLQDWLRQ DQG WKH
D YHFWRU FRGLQJ WHFKQLTXH ZDV XVHG &KDQJ HW DO

DO 7KH FRX5QIDYJIHAD@IFXKHODWHG IURP WKH KLS DQNO
J)LIXUH IRU HDFK SRLQW RQ WKH FUDQN F\FOH WKH N
LOWHUSRODWHG WR HTXDOO\ VSDFHG GDWD SRLQWYV D!

DQG 7KH FRXSOLQJ DQJOH LV GHILQHG DV WKH RULH
ULJKW KRUL]JRQWDO EHWZHHQ WZR DGMDFHQW SRLQWV R

@L - P KTy F TapP 1 KUgys o Ugp P 1
@L uxr E -4ieitey Ky > & ToP 1 KUgsF UepO 1

Via 6?2 Va

Wy 62 Wa

@L szr E —fd—— LK > Tg0O r

va67v
ZKHUH f 7 \VV KLfS PRPHRQD@&NOH PRRAFHHDFW LQVWDQW GXULQJ
FUDQN F\FVHKK RUW®N UHYROXWLRQ



)LIXUH $Q LOOXVWUDWLRQ RI WKH FDOFKX &D B/ IDRIN CRHJ
PRPHQW SORW RQH VLQJOH UHYROXWLRQ GXULQJ D VSUL

YLIXUH +LS DQNOH PRPHQW SORWYV IRU VSULQWYV DW
WUDLQLQJ LOQOWHUYHQWLRQ



7KH FRXSOLQJ DQJOH ZDV FDOFXODWHG IRU HDFK LQVWD(
RI WKH VSULQWYV DW USP IRU HDFK SDUWLFLSDQW 6LQ
LQ QDWXUH WKH PHDQ FRXSOLQJ DQJOHV ZHUH FRPSXWH

J)RU HDFK SDUWLFLSDQW (g KRIUP B /G VFRIXFB@ ZQYV FQIFHK
IURP WKH PHD Q§KRQG]|REBNM\BRPBAQHQWY DW HDFK LQVWDQ
F\FOH XVLQJ HTXDWLRQV DQG

T@L—ZA?(@I@.. ‘&40
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P="F GA TSP r<=§yP r
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7KH OHQJWK RI WKH DY®MUDJE WRKXSPORXQSODLQEIEQJOH YDUL
ZDV FDOFXODWHG XVLQJ WKH HTXDWLRQV IURP 1HHGKDP

[CERN

BOL ¥ V6 E o8 ss

% #A ¥las FRo—

7KLV SURFHVV ZDV UHSHDWHG WR FDOFXODWH WKH JURXS
VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ )LJXUH



JLIXUH OHDQ FRXSOLQJ DQJOH IRU KLS DQNOH PRPHQ!
DQG SRVW VWUHQJWK WUDLQLQJ LQWHUYHQWLRQ
6KDGHG DUHD UHSUHVHQWYV FR¥XBOLQJ DQJOH YDULDELOL'



$SSHQGL[ - '"HWDLOV RI SDUWLFLSDQWY WUDLQLQJ SURJUDPPH'

7DEOH '"HWDLOV RI SDUWLFLSDQWYV WUDLQLQJ VHVVLRQV DQG J\P H[HUFLVHV LQ WKH
SDUWLFLSDQW 7UDLQLQJ VHVVLRQV SHU ZHHN ODLQ J\P H[HUFLVHYV
7TUDFN *\P b5RDG 7XVERHRU 6TXDWYV &OHDQ 'HEGOHIWYV &DHDII6XSSOHPHQWDU\
UROOHUYV SUHVWVWXUEB[WHQWRIQYHMUFLVHV
\RJD EDFN IDXO®O® DEBOPDOVLQJIOH
SDUWLDO SXOO DQG DQG

%XOJDULI 5RPDC GRX

; ; ; ; ; ; ; 6% % 5RZ JRRG
PRUQLQJV EHQFK SUH
FKLC
; ; ; ; ; ; ; 6$ '% 5RZ EHQFK
SUHVV FKLQ XSV JRR
PRUQ
6$ '% 5RZ EHQFK
SUHVV ZDONLQJ OXQJ
FKLC
6$ '% 5RZ EHQFK
SUHVV ZDONLQJ OXQJ
FKLC
6$ '% 5RZ EHQFK
SUHVV ZDO
; ; VWHS XSV KLS ¢
DUP URZV EHQFK SUH\
ER[ M
; ; ; ; ; ; ; 6$ '% 5RZ EHQFK
SUHVV ZDONLQJ OXQJ
FKLC




7DEOH FRQWLQXHG
SDUWLFLSPOMWMQLQJ VHVVLRQV SHU ZHHNODLQ J\P H[HUFLVHYV

7UDFN *\P 5RDG/XUER RW KH&TXDWV &OHDQHDGOLINMY  /HJ /HJ &DOIBXSSOHPHQWDU\
UROOHUYV SUHVWVXUB[WHQWRQHMUFLVHYV
\RJD EDFN IX@®» D@BOPDOVLQJIOH
SDUWLDO SXO0O DQG DQG
%XOJDULI 5RPDC GRX

; ; ; ; 6% '% 5RZ EH
SUHVV ZDO

: X ; 6% '% 5RZ EH
SUHVV ZDO

; ; ; 6% '% 5RZ EH
SUHVV ZDO

; ; ; ; EHQFK SUHVV
URZ ODW

$YHUDJH
QXPEHU RI
VHVVLRQV SHU
ZHHN I1XPEHU

Rl SDUWLFLSDQWYV
WKDW XQGHUWDNH
H[HUFLVHYV




