,VFKDHPLF +HDUW 'LVHDVH 5LVN 6FRUHY DQG W
SHYLHZ

*ULPD .%%H]]ILQD@G 5DLQIRUG /
'"HSDUWPHQW RI 5DGLRJUDSK\ )DFXOW\ Rl +HDOWK 6FLHQFHV 8QLYHUVLW\ RI 0DOWD %f.DUD %\SDVV OVLG
'"HSDUWPHQW 5DGLRJUDSK\ 'LDJQRVWLF ,PDJLQJ 8&' 6FKRRO RI OHGLFLQH 8QLYHUVLW\ &ROOHJH 'XEOLQ ¢

&RUUHVSRQGLQJ DDXWKRIRUJ *ULPD 'HSDUWPHQW RI 5DGLRJUDSK\ )DFXOW\ Rl +HDOWK 6FLHQFHV 8QLY]|
( PDLODUHQ ERUJ JULPD#XP HGX PW

SHFHLYHG -®mWH $FFHSWHG GDWH )HE IXKEOLVKHG GDWH

&RS\ULJKW *ULPD .% 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &UHDW
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH DUH F
,OQWURGXFWLRQ $UWLFOHV QHHGHG WR LQFOXGH WKH SRS

VWXG\ YDOLGLW\ DQG RU UHOLDELOLW\ F

IXPHURXV GLDJQRVWLF VWUDWHJILHV Fwa@* VHIR QYDA R Y O B EBHEDWL ¢
VXVHUIULRIP FRURQDU\ DUWHU\ GLVHDVH DOVR UHIHUUHG WR

LVFKDHPLF KHDUW GLVHDVH ,+' > @ &QURODU\ DOJLRJUDSK\ LV FXUUHOWO\
VWLOO FRQVLGHUHG DV WKH JROG VWDQ pummm —— ~ SloDTXI
FDXVLQJ REVWUXFWLYH ,+' \HW FRURQP
FRVWO\ DQG PD\ VWLOO QRW EH DEOH|" VRXV
&$' ZKLFK DOWKRXJK UDUH PD\ VWLOO
> @ 6LQFH WKH RYHUDOO ULVN RI ,+' L — 1
ULVN IDFWRUV VHYHUDO ULVN DVVHVVH ki s :

HVWLPDWH WKH ULVN RI @/ HADEIBWMKURROFS

OHWKRGYV

(YLGHQFH DFTXLVLWLRQ ) e —

35,60 3UHIHUUHG 5HSRUWLQJ ,WHPV|I
OHWD $QDO\VHV JXLGHOLQHV > @ DL|G -
VI\IVWHPDWLF UHYLHZ $ VHDUFK RI WLMW DO O\
FRQGXFWHG RQ 3XEOHG 6FLHQFH 'LUHFW
&RFKUDQH GDWDEDVHV WR IWVWDEH. | L QFIOm vibikwgy L FU RV W R U W
FULWHUIROORZLQJ VHDUFK WHUPV ZHUHLXXHIBUKMHUYHG S HSRUWLQJI ,WHPV |IRU €
SUHGLFWLRQ PRGHO FDUGLDF ULVN BH WO LEW- R\ HNRFAHRBUIQ GHERKGWR F ULVN
SUHGLFWLRQ LQGH[ LQ FRPELQDWLRQ ZLWK WKH WHUP LVFKDHPLF KHDUW
GLVHDVH ZHUH FURVV VHDUFKHG XVLQJ WKHIROORZLQI DOIRULWKP FBDUGLDF ULVN
SUHGLFWLRQ PRGHO $1' LVFKDHPLF KHDUW GLVHDVH FDUGLDF ULVN
SUHGLFWLRQ IDFWRU $1' LVFKDHPLF KHDUW GLVHDVH LVFKDHPLF KHDUW
GLVHDVH $1' FDUGLDF ULVN SUHGLFWLRQ LQGH[ $Q DGGLWLRQDO VHDUFK
WHUP ,VFKDHPLF KHDUW GLVHDVH DQG ULVN VFRUHV ZzZDV XVHG IRU 6FLHQFH
'‘LUHFW GDWDEDVH WR FRYHU PRUH SRWHQWLDO VHDUFK SUREDELOLWLHV IRU WKI
VLWH ZKLFK KDG RYHUDOOS$SMHKAXEBEBUFQOWREBEHBHRJIHCKLWVd
UHPRYHG WKH WLWOHV DQG DEVWUDFWYV RI WKH VHDUFK UHVXOWY ZHUH VFUHHQHG
RQH RI WKH DXWKRUV WR GHWHUPLQH WKHLU HOLJLELOLW\ )LJXUH BUHIHUUHG
5BHSRUWLQJ ,WHPV IRU 6\VWHPDWLF UHYLHZY DQG OHWD $QDO\VHV 35,60%
~RZAKDUW $00 VWXGLHV WKDW PHW WKH LQFOXVLRQ FULWHULD UHJDUGOHVV RI W
VDPSOH VL]H ZHUH LQFOXGHG

,QFOXVLRQ FULWHULD

$UWLFOHVY SXEOLVKHG IURP -DQXDU\ XQWLO 2FWREHU ZDV
FRQVLGHUHG IRU UHYLHZ

H VHDUFK zZDV OLPLWHG WR (QJOLVK ODQJXDJH DUWLFOHV SXEOLVKHG LQ
SHHU UHYLHZHG MRXUQDOV

(OLJLEOH VWXGLHV QHHGHG WR GLVFXVV RQH RU PRUH FDUGLDF ULVN VFRUH
SUHGLFWLRQ PRGHOV LQ UHODWLRQ WR LVFKDHPLF KHDUW GLVHDVH
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7DEOH IRU DOO GDWDEDVHY OLVWHG DUWWREVHW KBW H UIRKQLG H)& OIW H W\K HZUH U\HF U
DSSOLHG WR UHPRYH FRPPHQWDULHV RU HGLWRULDOV RU VWXGLHV WKDW LQFOXGt
RQO\ WKH DEVWUDFW ZLWK QR LQGLFDWLRQ RI WKH W\SH RI PHWKRGRORJ\
IROORZHG 'XSOLFDWHG DUWLFOHYV ZHUH DOVR UHPRYHG OHDYLQJ D WRWDO RI






1HZ 5LVN 6WUDWLILFDWLRQ VFRUBDOBBHULQL HW DO

&OLQLFDO 6<17%; VFRUH &66 :DQJ HW DO

676 3520 $G HW DO
(XUR6&25( ,, JDUURNK\DU HW DO
$PEOHU VFRUH 6X0O0OLYDQ HW DO
3URYLGHQFH VFRUH 6LRQWLV HW DO

I9HWHUDQV $GPLQLVWUDWLRQ VFRUH

$66,*1 VFRUH

3URVSHFWLYH FDUGLRYDVFXODU|PXQVWHU

352&%$0 VFRUH

5H\QROGV ULVN VFRUH

SDWLHQWV XQGHUJRLQJ VWUHVV+XBEDVUIQ4R BFRSBUW RI D .ZRN HW DO
GLDJQRVWLF SURFHGXUH

ORULVH VFRUH /DL HW DO

7KH 'XNHfV VFRUH ORULVH DQG -DOLVL

BUHWHVW DQG H[HUFLVH (&* VFRUHV

7DEOSl VXPPDU\LBRH@WHMNG VFRUHYV RULJLQDO 2FWREHU

Te XVH RI ULVN VFRUHV LQ LVFKDHPLAFRBPDVILMBRQ WM E R X WRHN M KHD GEHUN RRWIR  V

PDMRU VXUJHU\ KLJKHU SRVLWLYH SUHGL WLYH YDOXH RY
RU WKH *ROGPD UH DQG  HRU Wit

5LVN VFRULQJ V\VWHPV VXFK DV WKRM}-@W%L@@S}/RN Q\”g,_\vv\ﬂb Hs RYLEORHG XVLQJ
6RFLHW\ Rl $QDHVWKHVLD $6$% *ROGPDQ il \¥@ my lgv Pt EMROWR X
DQG /HH HW DO > @ DOO XVH PXOWLYDW,Q@/@DEQ,Q(Q,\JW\ RICCHOWLN SUHRSHUDW
FOLQLFDO IDFWRUV WKDW PD\ SUHGLFW FDUGLDF PRUELGLW\ DQ PRUWDOLW\ LQ

SDWLHQWY DERXW WR XK GUHLEIRV P, R B HWKHG

LQ E\ $6$ ZDV WKH RULJLQDO ULVN DVVHVVPHQW V\VWHP XVHG IRU
SUHRSHUDWLYH DVVHVVPHQWYVY EXW DV VXFK LW KDV QRW EHHQ IRXQG WKURXJK
UHVHDUFK WR EH SUHGLFWLYH HRI*ROGBDRF FRPSOLFDWLRQV > @

5LVN 6FRUH > @ VWXGLHG D FRKRUW RI SDWLHQWV IRU WKH SUHVHQFH RU
DEVHQFH RGLRHHMDQWLDF ULVN IDFWRWV IRU HDFK SDWLHQW

ULVN VFRUH WKRXJK KDYLQVHEHM® WHWDVRARGEDWOXFWHG

ZHDN PRGHO DV LW SURYLGHG MXVW RYHU VL[ ULVN IDFWRUV SHU FRPSOLFDWLRQ
DQG VWXGLHG D ODUJH QXPEHU RI ULVN IDFWRUV WKDW ZHUH GHSHQGHQW RQ HDFK
RWKHU LQ VRPH FDVHV /HH HW DO SXEOLVKHG WKH 5HYLVHG &DUGLDF 5LVN
,QGH[ RU /HH ,QGH[ ZKLFK LV WKH PRVW ZLGHO\ XVHG ,W DVVLJQV D SRLQW
HDFK IRU WKH SUHVHQFH RI LQGHSHQGHQW ULVN IDFWRUV IRU PDMRU FDUGLDF
FRPSOLFDWLRQV LQ SDWLHQWV X®GHLHRLQJ PDMRU VXUJHU\ > @

,QGH[ LV PRUH UREXVW WKDQ WKH *ROGPDQ &DUGLDF 5LVN 6FRUH DV LQLWLDO
VWXGLHV LQYROYHG D ODUJHU FRKRUW RI SDWLHQWYV ZLWK D ODUJHU LQFLGHQFH
FDUGLDF HYHQWYV SHU B VNHRIFL Q @/H[G DWMRN WD IEHV D

EURDGHU DSSGRDPGKRWRQVUIGHDF ULVN IDFWRUV DOWKRXJK LW

PD\ VWLOO UHTXLUH WR EH IXUWKHU XSGDWHG WR LPSURYH LWV SUHGLFWLYH
DFFXUDF\ > @

H *ROGPDQ 'HWVN\ DQG /HH FDUGLDF LQGLFHVY ZHUH FRPSDUHG IRU
VHQVLWIHEMWFQ®/\SUHGLFWLYH YDOXHY LQ D VDPSOH RI FDUGLDF
SDWLHQWYVY 5HVXOWYVY RI WKLY DQDO\WLFDO VWXG\ LQOGLFDWHG WKDW WKH VHQVLW
YDOXHV IRU WKH *ROGPDQ 'HWVN\ DQG /HH LQGLFHV ZHUH RI
DQG UHVSHFW IWSHF\L PHRIGDIH W EKHUH R IRU
WKH *ROGPDQ FDUGLDF ULVN VFRUH DQG IRU WKH "HWVN\ LQGH[ LQ



SODQ VWUDWHILHVY WKDW PD\ ORZHU WKH LQFLGHQFH RI P\RFDUGLDO LVFKDHPLD
DQG HYHQ P\RFDUGLDO LQIDUFWLRQ

H )UDPLQJKDP VFRUH DQG DOVR WKH VI\VWHPDWLF FRURQDU\ ULVN
HYDOXDWLRQ 6&25( VFRUH VHUYH WKLV SXUSRVH EXW QHZ ELRPDUNHUV DQG
LPDJLQJ PHWKRGY KDYH HPHUJHG ZLWKLQ WKH SDVW \HDUV KLJK VHQVLWLYLW\
& UHDFWLYH SURWHLQ &53 OLSRSURWHLQ DVVRFLDWHG SKRVSKROLSDVH $ DQG
VHFUHWRU\ SKRVSKROLSDVH $ FRURQDU\ DUWHU\ FDOFLXP &$& VFRUH
FDURWLG LQWLPD PHGLD WKLFNQHVV DQG DQNOH EUDFKLDO LQGH[ ZKLFK FDQ
DGG IXUWKHU YDOXH WR D SDWLHQW ULVN DVVHVVPHQW > @

$FFRUGLQJ WR D FRKRUW VWXG\ E\ .DYRXVL HW DO > @ WKH )UDPLQJKDP
ULVN VFRUH )56 LV cWKH PRVW FRPPRQO\ XVHG &+' ULVN SUHGLFWLRQ
LOQVWUXPHQW LQ FOLQLFDO VHWWLQJ DQG FRQVWLWXWHYV WKH EDVLV IRU WKH $G)>
7TUHDWPHQW 3DQHO ,,, JXLGHOLQHYVY HRU FKROHVWHURO ORZHULQJ WKHUDS\d
JUDPLQJKDP ULVN VFRUH ZDV XVHG WR HYDOXDWH WKH LPSRUWDQFH RI
FRQVLGHULQJ QHZHU ULVN IDFWRUV WKDW PD\ EH LQGLFDWLYH RI ,+' VXFK DV
OHYHOV RI 1 WHUPLQDO IUDJPHQW RI SURKRUPRQH % W\SH QDWULXUHWLF
SHSWLGH 17 SUR%13 YRQ :LOOHEUDQRJIJHFWRU DQWLIHQ OHYHOV
OHYHOV FKURQLF NLGQH\ GLVHDVH &.' OHXNRF\WH FRXQW &53 OHYHOV
KRPRF\VWHLQH OHYHOV XULF DFLG OHYHOV &%$& VFRUHV FDURWLG LQWLPD PHGLD
WKLFNQHVYV F,07 SHULSKHUDO DUWHULDO GLVHDVH DQG SXOVH ZDYH YHORFLW\

> @ SDUWLFLSDQWYV LQFOXGHG DV\PSWRPDWLF SDUWLFLSDQWV ZLWK D
PHDQ DJH RI \HDUV ,QGLYLGXDOV ZLWK D NQRZQ KLVWRU\ Rl P\RFDUGLDO
LQIDUFWLRQ 0, FRURQDUDVD@WWHE\ FEWUSDVV

SHUFXWDQHRXV WUDQVOXPLQDO FRURQDU\ DQJLRSODVW\ 37&% ZHUH QRW
LQFOXGHG LQ WKLV UHVHDUFK $ OLPLWDWLRQ RI WKLV VWXG\ ZDV LWV ODFN RI
DSSOLFDELOLW\ WR D \RXQJHU FRKRUW RI SDWLHQWY UHGXFLQJ LWV SRWHQWLDO
EH XVHG LQ GLYHUVH HWKQLF FXOWXUHV 2XW RI DOO WKH QHZHU ULVN IDFWRUV Wtk
ZHUH VWXGLHG WKH FRURQDU\ DUWHU\ FDOFLXP &%$& VFRUH DSSHDUHG WR EH

D JRRG SUHGLFMVRUHRXOW ZDVMKHGVHYHUDO RWKHU

VWXGLHV > @

W FDQ EH DUJXHG WKDW WKH YDULDWLRQ RI FHUWDLQ ULVN IDFWRUV ZLWK DJH
VXFK DV 17 SUR%13 PD\ EH D EHWWHU SUHGLFWRU RI FRURQDU\ GLVHDVH LQ
ROGHU SRSXODWLRQV WKDQ WHKHFDWOHF RO FWORQXP VFRULQJ > @



H $XV6FRUH ZDV GHYHORSHG E\ 5HLG HW DO > @ IRU DQ $XVWUDOLDQ
&RKRUW RIDYHWKHQINWVHO\ XVHG (8523(%$1 6<67(0 IRU

FDUGLDF RSHUDWLYH ULVN HYDOXDWLRQ (XUR6&25( YDOLGDWHG SRRUO\ LQ WKLV
SRSXODWLRQ ZKHQ XVHG WR SUHGLFW RXWFRPHV IROORZLQJ &%$%* 2Q WKH
RWKHU KDQG WKH (XUR6&25( DSSHDUV WR EH WKH PRVW ZLGHO\ XVHG SUH
RSHUDWLYH ULVN SUHGLFWLRQ PRGHO LQ (XURSHDQ FDUGLDF VXUJHU\ > @ ,Q
ODOWD WKH (XUR6&25( LV WKH ULVN VFRUH XVHG E\ FDUGLDF VXUJHRQV LQ
SDWLHQWYV DERXW WR XQGHUJR 3&, DQG &$%* /LWHUDWXUH KDV VKRZQ
SLWIDOOV LQ WKLV ULVN VFRUH > @ VHYHUDO DXWKRUV GHVFULEH D (XUR6&25(
PRUWDOLW\ RYHUHVWLPDWLRQ LQ ORZ ULVN SDWLHQWY DQG DQ XQGHUHVWLPDWLR
RI PRUWDOLW\ LQ KLJK ULVN SDWLHQWYV

2WKHU VXFK VFRULQJ V\WWHPV LQFOXGH WKH 6\QHUJ\ %HWZHHQ
SBHUFXWDQHRXV &RURQDU\ QWHUYHQWLRQ ZLWK 7D[XV DQG &DUGLDF 6XUJHU\
6<17%$; VFRUH D VHPL TXDQWLWDWLYH DQJLRJUDSKLF VFRUH GHYHORSHG WR
SURVSHFWLYHO\ DVVHVV SDWLHQWYV XQGHUJRLQJ FRURQDU\ UHYDVFXODULVDWLRQ E
3&, RU &$%* WKH $JH &UHDWLQLQH DQG (MHFWLRQ )UDFWLRQ $&() VFRUH
> @ XVHG WR SUHGLFW RSHUDWLYH PRUWDOLW\ LQ SDWLHQWYV XQGHUJRLQJ HOHFW
FDUGLDF VXUJHU\6 WKMHWLHNERMHRNIL (56 DQG WKH
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