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S5HFHLY¥MGQGH UHFHLYHG LQ UBQX\DHUG DFB R SYHHE® XD U\

.H\ZR1 $SEVW
,Q JHQHUDO XQGHUJURXQG VSDFHV DURHRIDWXRRELD WHXX 7
Risk XQFHUWDLOQW\ LQ JHRWHFKQLFDO HQYLURQPHQWY 6LQF

VWUXFWXUHYVY DUH RIWHQ DVVRFLDWHG ZLWK XQFHUWDL(
Multi-Criteria Decision PDQDJHPHQW PHWKRGY DQG SUHYHQWLRQURFRFGLGEHR QY \F

Macking WKH IDFWRUV DIIHFWLQJ WKH LPSOHPHQWDWLRQ SURFHV
UDWLQJ RI SURMHFWYV LV D NH\ SDUW RI WKH ULVN DVV
Game Theory SURFHVV RI HDFK SUFENH AW U2 B OINRKEWEFRRGWL DV TXDQWL\
DSSURDFKHV DUH XVHG WR DOORZ WKHP WR EH XVHG LQ
AHP WKLV ZRUN D QHZ PRGHO LV SURYLGHG IRU ULVN PDQD.
JLQH XVLQJ WKH JDP i UL MHRIL\PDEREF PRIORKR GV % DVHG R
TOPSIS DQVZHUV Rl WKH VSHFLDOLVWY DQG H[SHUWV WR WKH SU

LGHQWLILHG XVLQJ WKH 7RB6VEHD QP DENHIQXFBFIWK RGYV DL
UDQNHG $FFRUGLQJO\ WKH JURXSLRERFRQQRWLB LN DY G
ULVN JURXS LV UDQNHG DV WKH OHDVW VLIJQLILFDQW I
DSSURSULDWH UHVSRQVH WR WKH PDLQ ULVNV RI WKH UI
RI WKH JDPH WKHRU\ DQG UDQ$MEGR L\@ KW HARPUWN R/1 W IP\ENR W/\R
WKH SURMHFW LV LGHQWLILHG DQG WKH DSSURSULDWH
RUGHU RI LPSRUWDQFH 7KH UHVXOWY REWDLQHG LQGLFI
WKH PRVW VLIQLILFDRW DULWY N DOAGE RWE HWHUPYW RI LPSRI
UDQNV $GGLWLRQDOO\ WKH XVH RI QHZ ILQDQFLQJ PHYV
SURMHFW ILQDQFLDO SUREOHPV LV DOVR FRQVLGHUHG D
LQ WKLV SURMHFW

,QWUR®XFWLR
1RZDGD\V WKH ZRQBWGVLOV BOWLYNM WKH SRWHQWLDO RI JDL
HYHQFUHDVLRU @HKKQ® HOVKEHBED XRIRHRW KW Q J$RU LANQ XIHOVR EH GHIL(
XQLTXH FKDUDRBRMWHYWILFY DOSVKADWQRGWQWLRQDO LQWHUDFWL
7XQHOV DUH DUWLI VSN MGG H BRUFRDUGMD LQW\ LV D SRWHQWLDO
SURYLGBFL WD BRU S D UVDLFFOCOMLUXIDRFIRAWY U R O O DEIOVN RXMWIF RRIQ V H T X
VWRUDJH XQGBIQVERY G W WVROQW KIFAVPHRQ WDNHQ LQ VSLWMN RI
GHYHORSRE®WG ZDWHU ONGWWPBQWISPHQW LV WKH LGHQWLILFD
DQG FOFMHL¥ L& LHV SULRULWIWBDMWVYRY GHILQHG LQ ,62
7KHUHIRUH WX Q@& H RN L WKKHD MWK F H U WIDH DWHRREM H BV@BL Y H V
LQIUDVWURAMHFWHY 7 X GQHYNYI7KRSEMQHULF SURFHVV IRU ULVN
RQ WESHUWLHVDM YRODHEY RQ WCKHRSLHF YRR BULHD
GLEMAO\ LQYROYHG @ WKH SURMHFW

B4 corresponding author: madjid.nikkhah@gmail.com (M. Nikkhah).
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I 4
JLIXURAKHHQHULF SURFHVV IRU ULVN PDQDJHPHQW

7KHVH ULVNV PD\DGIGFRESWHENL.®Q GXRXV DQG7KXIWHKHEXQWHG IRU
UHTXLDQQXQH[SHFWHG RWDRMH. RIRHFKBQLVP FDSDEOH Rl DVV
UHVXOWLQJ D@ ®DWLRPWH GCRROM MW AKDUDFWHUL]DWLRQ RRVXFKLZRFS
DYRLG VXFKVEBHRDOHRRE DLUHG WR VSLWH RI WKH VWXGLHV FRQGX

FDUU\ IRXW.VN PDQDJHPHQW SURJUDRBGLVNW DO +DPLGL
PDQDJHPHQW KQXPEGYHRIDDSSURDFKH¥OLDKPDGL HW DO =
LOQFOX@WIKM) LGHQWYDLFOWNLRRQ HDQG;XH DQG 6KL +XL HW DO

FRQWURO RI ULVN 5BDN WININ XIDW LIRA) DY@ +DIJKVKHOD W@ WKH
PDQDJHEKDMK FDWHKEHOLYDR®UY OBN RI D VSHFLILF IRUPXODWL
WRIDQN WKMLEJ ULVNV DQG PDRQDOKWRWMNODY D 7XKHREPGIBW HU LD
DSSURSULDWH UHDFWIGRQ LV DFERIFSULRRHBQD O\VWKIHIRHS$SW RBBU\
7XQQHOLQJ DQG XQGHUJURXQGK BRHFMUIXFN DR/Q DZ EWMW FK R1 Wk
LPSRVH ULWNSHR® DHWOLQYROY HG HDAHIAHRKNML\PLQJ DW IDFLOLWD
RQ WKRVH QRW GLUHFWO\ LQYRONWRO XY MRKCH RS WRHHMFHY L \T\KXH V
QDWXUH RISURMHFMO/ QRUPDOGLVNIYRMYOW LV W KM KERYWHRO®HV W
VLIQLILFD QWRILRRINQWXF K/ ADWO DMK LGHQWLILFDWLRQ DVVHYV
DFFLGHRMAK FUHDWH FDWD VW URSKALLFQ W E R @HEBWWR QIMALRRQ R/IK H
'XHVR WKH LQKHUHQWHYX 6 FPRLIW /6 BMWAHY\ IRFXV RI WKLV SDSHU L\
VLIQLILFD QWXBRYYGREFHOD\ ULV I\ IDNUZAHDND WIWN IDFWRUV LQYROY
WKHQYLURQPHQWW® HWIPRUWH )XRURWXQPKRONG YDHWLRXKNHSOD\HUV RI
LQ XUED@WHWHDVYY D ULVN RI GDFPOQWX\O R SOWSHMILORBUWERSEH &RV
DQG WKHLU SURSHUWLHV RU HYRUQJ DKLMW RWKFAD®URKIHFOL QERQV LG
)LQDOO\ WKHUH LV D VRFLDO ULVN WIHK®Q B/ MPKHHD WY XDQAH QWKQH) IDFV
SURMHFW PD\ JLYH UL\DHIMMRNERE R UFNRTRMR WHAMHWYLVN PDQDJHPHQW
WKH FRXUVH R@WKH SURMHFW XVLWEBPH WKHRURUNY KHKEY3 DQG
ORVW RI \ERHQGHGBOIFLVLRQ SUREMIBB W RFEFFWHRIGB W VW XVHG WR UD
D JURXSV LQ WKH FDVH VWXG\ 1H[
FRPSOH[ HQYZKRQWP HFQRWIOLFW L @IPRQYMWWROARMIHPHQWLRBDBIG SOD
RI ORJLF XQFHUWDLQ D @G H P SWHW HVRHFQNVEBRHHGM] R 8 DALIR® V
UHTXIMMWRIGEH FRQVLGHUHGD 7R WRPHWXGFKVKH HIIHFWV RI GLIIHU
FRPSOH[LW\ SUH | HUHTQMHK MROHG HWHUPLQH DSSURSULDWH FRPE
RI VSHRRDN WWHFKQLTXHV D QI® FRFRRUAH S)\W ¥ DW R\ Z DWKWH GDIRH WK M
UHYHDO WKH DYDLODEOH LQIRUPDIMHPRH®WZLWK WKH
DSSURSULDWH @UDQXODULW\

6LQFH WKH UDWLQJ RI ULVN JURCOSAMLLMOH WDDQ®HHIMVQAR Q PHWKR C
SURMHFWY GHSHQGV RQ PDQ\ FUXOWHIL W WbEDY DRDQQID EWHFKQLTXH
PDNLQJ GHFLVLRQV LQ VXFK DX\HDIWX GADNRR IGHHQ SDRIEA W MO HFW
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RSWLRQV LQ RWKBLVPWHWH SUREQHPV, ..
(VSHFLDOO\ ZLWK WKH KHOS Rl "FEPS¥WHUV WKRVH

PHWKRGV KDYH EHFRPH HDVLHULRE Wkl “VEoy BFvR wkH\

KDYH IRXQG JUHDW DFFHSWDQFH LQ PDQ\ DUHDV R
GHFLPDRQQJ SURFH\QOHWQHHWLQBIL 7 17 & F2:

HFRQRP\ RU PDQDJHPHQW  $PR@J, BDQ)=1r, £
PXOAWILWRKQDRTWHY 0%$;0,1 0%$:;0%: )

6$: $+3 7236,6 6@HBE(&75( ZKHHHYV DVVRFWEHOHA IWVWBRQGR Q
DUH WKH PRVW |UHTXHQ@QOW KMHG \ W & B 6 WDRRIFEILA WKL R O
ZRUNVKH $+3 DQG 723BHEXIWHW KRRV ¢ poF XWRMW IMHISDUDWLRQ PHDVX
UDQWKWHLVN JURXS RI WKH FDVI—bd/Lqu?k\VLRQQ XFOLGHDQ GLVWE

IROORZLQJ WKH ED¥OD ERRE HFWKHEK howHUQDWLYH IURP WKH
$+3 DQG 723ONKRGV DV

7236, HWKRG
7KRA236,6 PHWKRGHVH ENHKGH Q i EFRL
DQG +ZDQJWV RX OWFRLSIOMH U L D PI-%/lKgPéEkR”FR?OQ
XVHER LGHQWLI\ VROXWLRQV IURP DY“LQLWH VHW RI
DOWHU QWYY RVSULQFLSOH LV VEKBWo WiKhh FRKGH@HSDUDWLRQ TUF
DOWHWEBRWOGHKDYH WKH VKRUWHYY% W@ LEWRQFH yURPD v
WKH SRVLWLYH LGHDO VROXWLRQ DOG WKH IDUWKHYVW GLVWDQFH
IURP WKH QHJDW LY HGZ @23 6,8 ROXWLRQ
SURFHGXUH FDQ EH H[SUHVVHGLQ B \&WLHY-RI VWHSYV
PHQWLRQHG EHORZ @’9©E' E\%VQWOQ

&RQVWWUWFW GHFLVLRQ PDWUL[ DOG
GHWHQIKY ZHLIKW RI FULWHULD op o F x@RMWLOIODWLYH FORVHOH

&DOFXWEWLQRUPDOLIHG GHFLY, PR UL UHODWLYH FORVH
7KH QRUPDOWL'G ND@RHODWHG DNz | WK UH¥WSNVF@HMRHG DV

U LL % L Gir Letd |
§ Ky To ¢ G EG S E
5DIQQWKH SUHIHUHQFH RWIGHU )
DOWHUQDWLYHV XVLQJ WWKW LQCG
DOWHUQDWLYHV LQ D GHFUHDVL
&DOFXWRWIZHLIKWHG QRUPDGGIYHGF GHFHWVRIRWKH 7236,6 PHWKRG
PDWUL[ 7KH ZHLJKWHGRQRWUPDDOWIBURBWYXMH VKRXOG KDYH WK

FDOFXDBM HS3Jyy EL sat& 4 & FL IURP WKH SRVLWLYH LGHDO VROX'
4 & & GLVWDQFHYTY IURP WKH QHI®DWLYF

ZKHWBHALY WKH ZHLIKW RI WKH g%% FRL R ALE XUV B HH D RITRCQ R ZP
FULWHUYE & IDRQ G X $ VLPSOWDWLRQDO FRPSUH

Lstal ILstas:

<
<

"“LF

[
J U U
€t

'"HWHUPWRHQ3RVLWLYH
LGHDO VROXWLRQ

FRQFHSW

x $Q LQWXQ® IPO-HHDU ORJVF WKD
WKH UDWLRQDOH RI KXPDQ FKRLFF

x (DVH RI FRPSXWDWLRQ D
FRPSXWDWLRQDO HIILFLHQF\

x $VFDODU YDOXH WKDW DFFR>
EHVW DQG ZR UNEWL OWRVAH/D B WU M HA
UHODWLYH SHUIR WDPODWHHQIRUL YHD
VLPSOH PDWKHPDWLFDO IRUP

3RVVLELOLW)\ IRU YLVXDOL]DW

X
LGHDO DQG QHJIJDWLYH
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$+3 OHWKRG 6RPH WHFKQLTXHV OLNH WKH HLJ
7KH $QDO\WLF +LHUDUFK\ 3URFXVNG $#RB FRPOWXBGBWH WKH UHODW
ZDV GHYHORSHG EDWKRPEWJAMIM®M HDFK SDLUZLVH FRPSDULVRQ F
RI V. DQG LW UHSUHVHRDWYV ZBLMRROPDMMYVLREWDLQHG E\
GHFLPDRQQJ DQDO\WVLV ,W ZDV FGE!—IAV.I,_Egl—I_Gr WR
DVVLVW SODQQHUV LQ UHV¢RO“FCP_‘Q FRPSOH][
GHFLPDRQQJ SUREHOHPW ODUJH RKREBHLY WKH ELJIJHVW HL#AHQYDO
Rl SODQQHUV SDUWLFLSDWH DQ@® ® VDRKHP XKW WR IP FWIUWH U LD
H[LVW LQ VHYHUDO VSHFI@LF 7WHPHR QHWIVRKEQYF\ IRU SDLUZLVH F
7KURXJK $+3 H[SHUWYVH MXBGPMBRWNOFXODWHG E\ WKH FRQVLVW!
PHDVXUH WKH UHODWLYH ZHLIJRPWBVRUWWUWRHQ FUWREDHELIOD W\ W
> @)RU WKLV DFWLRSODLUQLWHEBROSDULVRQ PDWUL[ LV IL®OHG L
FRPSDULVRQFRDWHULRQHVWDEO:RVIHG&, LV WKH FRQVLVWHQF\ L
XVLQJ D UHODWLYH LPSRUWDQFRBEMWDDGH®VIURW URBXWHE &\ Z
6DDW\ @7KLV+ VFDOH PHDVXUWWQWRPFA LQGH[ IRU PDWUL[ $ DQG
LQWDQJLEOHV L@ @EANVWIYHVWEWP® LQKH FORVHU WKH LQFRQVL
7DEH JHUR WKH JUHDWHU WKH FRQVLVYV
7KH SDLUZLVH FRPSDULVRQPHBQDWBWRHDMQ SXW MXGJPHQWY DU
GHFLPDR®U WR HYDOXDWH WKHKHPSHDFWKRL KD¥FK WR EH HOLFLW
IDFWRU RQ WKH REMHFWLYH >DQ@LQPROWOLDNVWHEQWUDDWLR RI DE
UDQGRP UHFLSYWRHADGKPBWWHUKR®DOO\ FRQVLGHUHG DFFHSWDE
BFL s&4 8 &; LWKH UHODWLYH LPSRUNVWAYHIE RHWKHNY PD\ EH XVHG
E HOHPHQWYV FRPAZRQHE WQ WHKHN LW f
H[SUHVVHV WKDW KI;[J\K(HGLFYID/WI@KH—FVTR-I'
VWURQJHU SUHIHWHRYEURQ FUKAVHULRQ

5 0
PDW gyl s ZK HER FD QG5 _ %LT/(
T T
pLiTes 5 Tes
Tgr PYRNE: I
7DEOH 6FDOH RI UHO®D@LYH LPSRUWDQFH
IXPHULFDO [ JLQIXLVWLI
(TXDO LP¢

HDN LPSRUWDQFH R
(VVHQWLDO RU Vv
'"HPRQVWUDWF
$EVROXWH
,QWHUPHGLDWH YDOXHV EHWZI

7TDEOH 5DQGRP LQGH[ YDOXHV > @

0
4 rw r{r ssi gty U £V V' gV-

,Q WKH ODVW VWHS WKH UHGIXWEWH RH LDEVQBSUIVEXWMHEGXPEHU R
GHFLPDRQQJ HOHPHQWYVY DUH DOJWHIUSQ INEGYHWVRWUHQJIWKY RI W
REWDLQ DQ RYHUDOO UDWNQJ PRIW KRG DRIBIW HUQDWLYHV

IROORZV Xx 7KH DGYDQWDJHV RI $+3 R

a , PXORMWILWHULD PHWKRGYV DUH LWV

L 9¢9.¢ Lt &l DSSHDO GHR LWRRBODY®G LWV DELOL
€ FKHRERNRQVLVWH @ HIQHWBIOHEH U V

ZKHOALV WKH W RWDDOWVHHEARFEWLRH QG WKH SDLUZLVH FRPSDULVRQ
LWKH ZHLJKW RIE DOWRHFEZQWWGWHWUDLIKWIRREDWGLBEQ®
DWW B OEPXWMK H Z H LDIW W BRLIEV K/HH
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X $GGLWLRQDOO\ WKH $+3 FARRQERISWKDXYKMAKH GLIITHUV IURP W
GLVWLQFW DGYDQWDJH WKDW LIK LGHRARPSKRIFD\O F RCHFHSM R Q
SUREOHP LQWR LWV FRQVWLWXHRYW DSHIRR QODXFUJFRRRHOBQH RI \
KLHUDUFKLHV Rl FULWHULD +H3IMD\MWKWH RPQR UMM QWRRILRQEU HD VH
HDFK HOHPHQW PHYLWGINDB Q HERHERIWRL DPRXQW RI PRQH\ DV D

X $+3 KHOSVXWR FRSAEMHFWLIDYXHWUHHPHQWY BRQE8 KHIRWEBWQHQ!
DQG REMHFWLYH HYDOXDWLR® RBHID \HITXIDE> @RONHTXHQWO\
SURYLGLQJ D XVHIXO PHFKDQLWRURUPHREM MRIDGEKPHQWDIHRXV W
FRQVLVWHQF\ RI WKH HYDOXDNWLR® UPFHDAKERGR MUMERCHHF R QIO LF
DOWHUQDWLYHYV $+3 UHGXMHWXDRILRWYV EKZELFK PD\ EH DGHT
GHFLPDRQQJ WZRHUVRQXRUFRPHY DUH VRPH

X 7KH $+PHWKRG VXSSRUWROQURKOLWDU\ RSHUDWERQWOWRYSFK
GHFLPDRQQXWKERQVHQVXV E\ FpDORKG BPWLHH O O VIDRIDWW. RICDW ER QD V
WKH JHRPHWULF PHDQ DRIUMKWHGHRIG POREXDI0O XREWULFW FRPSHW
FRPSDULVRQV > @ *DPHVY SOD\HG DJDLQVW QDWXUH

X $+3 LV XQLTXHO\ SRVLWLRQEGFWRERROGEHREHQFHUWDLQW\ F
VLWXDWLRQV RI XQFHUWDLQW\ VIWOIVLYMNFBR\QFH Yk BHGMBQDV
FDSDROBHULWFRDIOHY ZKHUH P B\ PHV LI'LW LV DVVXPHG W
RUGLQDQRW\HJRVW > @ RI QDWXUH ZKLFK DHUBOMQNQRZQC
'LIITHUHQW DSSURDFKHV WR ULYNR®GXbh BMIBLFRAWDE K H S@D\HU
XVHRBQH RI WKH QHZO\ GHYHOR SWZRHUWREGRAP JDRAMQRQYPDQVRUP
FRPELQDWMRPDRH WKHRWKHDQGHILQWEBWY RI "#BCIBMHIOQOBVHUV
PXORMILWHULDPDGHRQLY LROQVKRGY » DQGUHVSHFWLYHBWV WRKRI$D\
IROORWIKMIIDPH WKHRU\ LV GHV I XQF YRR@OD\HU , GHI#H3BIRQ Wk

DOO VLWXDWRRQMQWWHR®DRI SOI

*DPH 7KHRU\ LF* E\ GHILQLWLRQ ) RSIHDVCRID |
7KH JDWKHHRU\ LV RIWHQ GHVFUL]JHWXP JIAPHV JLYHQ WAJ ALOHW
DSSOLHG PDWKHPDWMWKDWRGLH #%& ¢> @ Q WKLV JDPH HDFK SOD
VLWXDWLRQV ZKHUH PXOWLSOHXQLTXH VWUDWHJ\ IRU H[DPSOH
LQ DQ DWWHPSW WR PD[LPL]H W6XFKGBILQLWLRRHRN RWYPRI® PH
WKH SXEOLFDWLRQ RI WKH 7KLV VXIILFLHQWO\ JHQHUDO WR LQ
(FRQRPLF %HKD YIHRQVVEMUIRW Q WZRHUVRQ/ YAUFDPHV LQFOXGLQJ

1HXPDQQ LQ VIPEROL]JHV WIGLIITHUHQ® [SRY UWPR@GDAYLGHG Wt
WKW PWKHRU\ VIVWKR PR@HUQ .WKH VHWV RI VWURWMHILGNWLEQ W
WKHRUEHYHORSHG IURP V WRSURSHUO\ GHVFULEHGRI$DEDWRR §

VWKH PRGHUQ EMHFBIMHKSRWDI VWUDWHILHV RI WKH SOD\HUV L(
HFRQRPLF WKHRUSUYLRFRQEPGNSHUVRQ/ JAUFOPH LV EDVHG RQ D
RIWVWKJIDPH WKHRU\SOQERBOXGHMVSULQFELSOH
VWUDWHJ\ LQIRUPQWIRQOUEQHRR®PHy: , .  _. L AU @€ .

SODYADQ VEMMK) GLWIRGAX DWOWRXSV VXFR BV =~ 7' = (g0 07 7
WD QXIDFWXUHU JRYHUQPHQWRDQG QDWLRQ
$ JDAMSOD\HG E\ WZR RSSRQHQWYV %LWK VVMLJLF*\/\/O\\.

c

RSSRVLWH> L @W HPHDVOVY IRUPDO QY AR BW: L ¢gy (o * 17 35

RQ SDVVLQJ IURP RQH JDPH VLV\yyRooRzLQJ HTXOBHWLRER DUH YD
LQFUHDVH ROI WKHR@GWMW\SOD\HU UHVXUWYV LY U

QXPHULFDOO\ HTXDO BHFRHDWKHAfL®< WKIHFSD\ IEJI==y L ¢
RWKHU VR WKDWWIQH DX PVRW WKW HIRUH WKH VHWV RI SOD\F

RIIV RI WKH SOD\RNUWKL\ W XR@DW, L‘%;GHG WR D VHW RI PL[HG
V

FRQVLGHUHG DV [HRURRILROGH SWX

LV HTXDO WR WKH ORVV RI WKH W RB@) ﬁﬁLP&%%\§ﬁ§ggLHvRél

WZRHUVRQVXAURBRDPHY DUH DOV % POWLEDO RISHEWD
QW éé& L K\HWUP[[D HEJ \

JDPHV 7KH PDWKHPFDWZIRDOVRR g% FDWLRO V¥

JHWRXP JDBBRII |XQF WKW H

WZRHUVRQ JDPHV ZLWK JHUR VX
QXPHOOFMHTXDO DQG RESIRVRWMHDIOQ VLJIQ
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,Q WKH DERYH H[DPSOH WKHy; RSWLPDOs PL[HG
VWUDWHJILHV RI ERWK SOD\HUV PUH \WHKH FKRLFHN RI WKH WZR
VWUDWHJILHV ZEWZ(KSORE\MIEIHO\I’_M@_HIV‘@IE ’r €

WKH JDPH LQ WKH PLIHG VWUDWHRHYKHY)RHBORRI s Wil ki o w R 1
VHMD/QID U QLWH WUV RQZRFAUR "p| oL p | ] L7IK Y
JDPH LV FDOOHG D PDWUL[ JDPH, IRU,ZKLFK, WKH YDOXH

Rl WKH JDPH DQG RSWLPDO PL[HG VWUBDWHILHV:<RI HDFK

SOD\HU H[LVW LQ Do®DR®uHW | BRwW kgt vivlis

LQILQLWH RSWLPDO VWUDWHJILWY PD{ IDLGEEWR H[LVW 7KH
PDWUL[ Rl WKHK=@gDPHZKLFK LVW LV VXIILFLH®} WR KOHDUHPRUH W
=gR T DQG DOVR DVV2RAHG WEBWWL[ JDPH EHFRPHV D OLQHD
12488 44, DQG L :Mad@da ad; LV WKHSUREOHP

RSWLPDOUDQVWKLY FDVH WKH IROORZLQJ

HFXRWRUH SUHVHQWHG > @ &EDWHNXGDVKKOEDQ UDLOZD\ OLQ
N N N ODVKKDG OHWUR LV D UDLO V\VW}
O lgoF € T LgLe) LYF FLW\ RI ODVKKDG ORFDWHG
. uu L@U : C(@BSU : . KRUDNIDQDYURYLQEP QQ2SHUDWHG
-4 a 4 ODVKKDG 8UEDQ 5DLOZD\ WKH S
Al sghyCE T Myl < F0 € UHIHUUHG WR DV ODVKKDG /LJKW
o YT ‘ee ‘ee SBUEDQ 5DLBEDM.GHUUHQWO\ XQGHU
S . WKDQ N P PL BLMHBBYDWLRQ
1RZ DVWKIPART DQBL-RI&Z KXV  7KH WIRMQD® K RI WK H Rl BRW HV KW
N HQ®REI $PLULHK 6W WR WKH HQG RI
“ 1FoF € TgF T OHQJWK RI WKH URXWH LQ 3KDVH
A vuy s U JHUGRZVL %0OYG WR WKH LQWHUYV
& ORUHRWHKWH WRWDO QXPEHU RI V!
‘oL ) ODVKKDG S8UEDQ 5DLOZD\ &RUSRUI
Al gy Cs WgF r

& ce $URXQG NP RI WKHK B QEUHED R |
€ ‘ 5DLOZD\ /IKDHHHQ RSHUDWHG WK
7KHUHIRUH LW LV VXAQERLRQW WR@QEOPERULQJ PDFKLQH 7KH UL
WKH RWKHU KDQGOD\HH XRDY YRMIBLHV IURP NWRR W KRHKDEH M
PD[LPL]H KLV SURILW KKIW[LPL]LQ@HVLJQHG YLD WKH /LQLQJ DQG (|
DQG ZKHUH QHFHVVDU\ RQ VRPH ¢
URXWH WKH $XVWULDQ OHWKRG K
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(IIHFWIULLMVHULD DQG ULVN JURRBWKRGVY ULVNV DUH EHWWHU H
7XQQHOV DQG XQGHUJURXQGGLVMWUXBWXUHYGLPMWMRUY DQG W
LQGLVSHQVDEOH ZKHQ LQVWD O OHPD QHELEQIQMVWUXFW XUH
LQ FRQJHVIVOKE HDQ WDV VLQJ WKH7RXDQEWNIRMH WKH OHYHO RI FRQ
WKH[LVWLQJ XUEPRFXOMYQQBOWRUH DFFXUDWH UHVXOWV WKH
KRZHYHU DUH H[SHQVLY H QM U RFWXRIEW WHRU BXX\DHEGH 7 K HAWWHH 8 H W/ |
PLVWDNHV PDR®OWIFR QWRH VXM Q F HWL PO WKMW\ DQG JHQH RE®/IDLQ HX
YDULRXV VWDNHKRW® GHRQV VERXAWEGRBD LMPRHP ZHUH XVHG DV WKH L
DQG ODWHU LQ WKH H[SORLWDWKHR®\VWDJH 3DUWLFXODU
LVVXHV DUH WKH SRVVLEOH KLJKKFRYWYNRQ P RIQWHIH) DQFN JURXS
GDPDDAG SURWRWWHRHRYLURQPHOQW BFQGBULHG RXW XVLQJ WKH 7
FRQVHTXHQFHV RI KDJDWXH BERWWKKRGXUDY ZKDW IROORZV
H[HFXWLRIGHB QRBLW DAVLRQ
$ KD]DUG PD\ EH GHIMXKHOBWD WIOH) HYHQW7DEOH 5LVN JURXS
SRWHQWLDO RI KDUP %RWK WKHL.SUREDELOLWVMWRP VXFK DQ
HYHQW DV ZHOO DV WKH FRQVHTXHQFHROBHSHOGD RHDIHRWHFKQL
FLUFXPVWWEEHNVHQW GD\ WXQQ# O GHVLJO/HFKQLFDO ULVN
WKH LVVXH RV WL|PD\GMGHUHPWJ' C +XPDQ IDFWRU ULVN
ZD\WMLQHVN JURXSV KDYH EHHQ L®HC v .0, VZUJP%L.]UD[WLRQDO ULVN
PRVW LP RROUWDBMFKDQL]HG WXQ§H0LQJ5HQ/\§RSQ(; T UL
SUHVHQWHG LQ 7DEOH : ‘

THFKQLFDO ULVNV DUH RQH RI Wg:H PRVW LPbéég(%}g{lgwow_LWV
¥

LQ WXQQHOLQJ SURMHFWYV WKH PRVW LPSR WoRU L&KL F K

DM JLYHIQIXQH B, 1DWXUDO GLVDVWHU ULV
,Q WKLV ZRUN VL[ DWWULEXWHV ZHUHRH FRQVLGHUHG LQ WKH

UDWLQJ RI WXQQHO ULVN JURXSV7pEoh dYPWLRYDRRWWENYONLQJI 5LV
JURXSV LQ WKLV ZRUN LQFOXGHY DWWULEXPHVYDQG
DOWHUQDWLYHVY WKH KLHUDUFK{FDO VWUX&IOOIH RT ZKLFK LV

VKRZQ LQ )LJXUH F K HW HRIS R U $RIUQ W BUREDELOLW\
UDQNLQJ WKH ULVN JURXS Rl WKH FDVHPYMWX\GR \WWIUH
VXPPDUL]HG LQ 7DEOH 9 ,PSDFW RQ FRVWV RI SURMF

5DQNLQJ LQGLFDWRUYV DUH EDVKG XSRQPBRHWHR®R & BRM IR W

ULVN LPSDFWV RQ WKH PDLQ REMHEWIL YRSOPRW \RR B SWIRMBIFAW H RIS
DQG WKH SUREDELOLW\ RI ULVN DQG LWV PDQDJHDELOLW\

'LWK WKH KHGS LRMHRXPWENHFRIWVLRQ

'ULOOLQJ
PDFKL
sLvN RI LOMFFXCEWHS SLYNV UH
GHYLFH JX i (0]
—

'DPDJH , Q| (o= el 2YHUFDYD
RQ ,QlUDV

FRQVWUX

7KH ULVN
VHDOLQ

w
JLIXUAHFKQLFDO ULVNV RI WXQQHOLQJ SURMHFWYV

S5DQNLRIULVN JURXT2R¥160J ,Q WKLV SURFHTGXUHWKWL@RUPDO
PHWKRG ZHLJKWHG GHFLVLRQ PDWUL[ 7DE
7KH ILUVW VWHS ZDV WR FR OO HFMFRUKGH. ®IJ S MRW W KRS LADR.BREIVO L] H (¢
XVLQJ WKH SURSDDHGHWHEBRKWRI 7DEOH DQG WKH FULWHULD ZHL
H[SHUWV LQYROYHG LQ WKH VXUMH EQEWKGHD ZHEBRWORDWUL[ ZD
$IWHARPS O MWKIHOHV W L RRUWDBIWKH LQ (TV ~ WR
H[SHUMXHFL?DR@DRRE W D l7QES
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L Jatsygauyawauwaduwgatvvaatsr=
7KH VHSDUDWLRQ RI HDFK DOWHUOND WIDWAL QUREDW KHDUGHBIG RXW
VROXWILREQDEH7KH UHODWLYH FORWKRAHVWYWY D UHVXOW RI ZKLF!
WR WKH LGHDO VROXWLRQ LV DOVFRERBOIFFXODWHG DXVE QURFIND O ULV

7DE&H

*LYHQ WKH SHUIRUPHG FDOFXO
FORVHQHVYV RI WKH QXPEHU WR
DOWHWMDWHYWWDWHG LQ WKH RUG
7TDEOH

UDWHG DV WKH PRVW DQG OHDVW
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7TDEOHKH VHSDUDWLRQ RI SRVLWLYH D@&KQHUBWLYWH YH> HO @ WHRXIHWLWRV

n. S S 03,
Aie
Aig
#
Aig
Aic
.
#Z
A
4.
hs.
7TDEOH 7KH UDQNLQJ RI WKH DOWHUQDWLYHV E\ 7236
5DC n, 5LVN J
A, (FRQRPLI
He 7THFKQLFDO ULVN
. SHVRXDNGEBWTXUBEPNQW
He &RQWUDIFWNX D O
h4 +XPDQ IDF
#: *HRORJLFDO DQG .
he 2UJDQL]DW
4. 3ROLWLFDO ULVN
#s. I1DWXUDO GLVDVWHU ULVN
f. 6RFLDO ULVN

5DQNRQILVN JURXS IPHWKRG QRUPDOL]JDWLRQ 7KH YDOXH RI HI
7KH ILUVW VWHS LQ WKH $+3WSURKHEXWKH ISULRRLW\ YDOXH R
GHFRPSRVH WKH GHFLVLRQ SUREWHPHIURYRIRN D SIOLHHGD LERKW KH  ZHL
RI WKH PRVW LPSRUWDQW HOHP QMW B YR F DAOKFHK CCCHEHGLRQ (T D
SUREOHP 7KH KLHUDUFK\ RI UDDDHEH)J WKH ULVN JURXS
IRU WKHVRMDAG\ LV LDLOXVUWAKHW HSF ERUGLQJ WR WKH FDOFXODWLRC
SDLUZL\BH (FIRFRQ PDWUL[ HVWD BQMNKHBGR XS L@QIWKH RUGHU RI SUL
QLGRLQW VFDOH LOHJL¥KIQLW KHDE
ILQDO ZHLJKW RI WKH FULWHULD LV FDOFXODWHG WR
GHWHUPLQH WKH SULRULW\ WKURXJK WKH FRQFHSW RI

| Risk Management |

%\

of project
C¢: Impact on
performance of project

occurrence

Cy: Manageability
Cs: Impact on Quality

C,: Probability of

\| C3: Impact on project
\| C4: Impact on costs of

Aj: Geological and
geotechnical Risks
A,: Technical Risk
A, Organizational
Risk ‘
Ag: Resources and
Equipment Risk
Ay: Social Risk
Ayo: Natural disaster
Risk

A;: Human factor Risk

A;: Political Risk
Ag: Economical Risk

Ag: Contractual Risk

JLIXUHLHUDU NKWPPDRON XUH RI WKH GHFLVLRQ SUREOHP
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7TDEOH3DLUZLVH FRPSDULVRQ PDWUL]
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7DEOH 7RWDO ZHLJKW Rl DOWHUQDWLYHYV DQG UDQNLQJ
n. 5LVN J 7RWDO 5D
% *HRORJLFDO DQG .
fe 7THFKQLF
5, +XPDQ IDF
B¢ 2UJDQLIDW
5 &RQWL UL
4  5HVR.DQG HT)UlI
5, 3ROLWL
5. (FRQRPLF
5. 6RFLD
fs. 1IDWXUDO GLVDVWHU ULVN

5LVN URDAEQUULHG RXW WKURXRKWWREMSHBHDP LQYROYHG LQ W

PHWKBRE® DHVXOW RWKHKLFKRXSVSBRMHFW

HFRQRPLF ULVNV DQ® MARFHPWLYIHONYV ZHUH

UDWHG DV WKH PRVW DQG OHDVW L/WIRVYWDRWHJULWNVRI HDFK SOD\

,Q WKH IROORZLQJ SDUW XVLQJHKWKH. UF WHEWEBWHRWL HVQ GRRWK LV U

PRGHOLQJ WKH ZRUVW FDVH VPWG@GDULR LQ WKH SURMHFW

DQG WKH UDQNLQXRQ RW KWK H UMWRNWKUMHHQW DQG TXDOLW\ RI HTXL!

JURXSV DUH GHULYHG DQG DS IUPRPDLIBWHR DM E B NDQDRU

WKH H[LVWRQH SUWNHHGHRQ WKEDIHW\ DQG PDLQWHQDQFH ZDUF

GHJUHH RI LPSRUWDQFH Ts 7LPHO\ DFFHVV WR WRROV DQG |
To 5LVN RI LQFUHDVLQJ WKH FXUUH

S5LVDWVHVVPHQW XVLQJ JDPH WKKRODWLRQ

7KH JDWHHRU\ SURYLGHV D RDWRBRFWOGEFBEYUREOHPYV

IUDPHZRUN IRU DQDO\RMNIL QVKH. 7QHHOALER\BHODWDRIG LQYRLFHV

SURFHVVHV DQG VWUDWHILHV R DGYd&hMERIE KL RWY SODVHUV

LQ GLIIHUHQW W\SHV RI FRPSHW | Wil)Hi ¥bWXRBWALR QW IBKB WV

VLPSOHVW W\SHV Rl FRPSHW LWLN\HHVEIWPWLERRY DUH

WZRHUVR QY X]HUBPHV Te6 5LVN RI LQDFFXUDWH GHYLFH J)

7KHVH JDPHV LQYROYH RQO\ W&B SQ)@WHMQ%K.'#MB@IUDVWUXFW
FDOOHGXHHURPHYV RRHDEOVB\HU #£I \’(/WUXFWLR

ZKDWHYHU WKH RWKHU SODHHJQR MMQ§W§ ﬁ HPSOLILHV
D JHWRP JDPH EHFDXVH RQH ZL D QI3J RIQWNGHETX DR\Q
DPRXQW RQH V RSSRQHQWXWP om gWKRS]HUR

f

JDPHV LQFOXGH PRVW FODVVERRO\ERBWE J 1B BRY \ MK B IVOIIF R\Q E
LQFOXGLQJ PRHVHOKPHQWYV LQUW¥HKY JP@ H

DWW ZKDWORZ b 3URYLVLRQ RI LQMHFWLRQ VOX
WHFKQLFDO VSHFLILFDWLRQV LQ D
$ 30D\HUV WK Rl WKH PSRQHQWYV
7KH SOD\HUV LQFOXGH WKH LQ Do§yb§NJu WLRQ O
GHFLPDR@UV 7KH JDPH FRQVWMWXO@b I&VLQMHFWLRQZLWK

SOD\HUWKWHLVNV LQYROYHG LQ WUDLOHG

BUEDQ 5DLOZD\ /LQH  WKH ILU U
GHULYHG IURP WKH UDQNLQJ RIH@L& E',%H_Eﬂ bb?%ﬁogLQJ VH
, Q

WKH SURMHFW REWDLQHG IURP 6
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4 BHUIRUPLQJ GXDO PDSSLQJ FRIQWYRORD W HZS HFQDLHFE. QJ PHWKR(
OHQJWKV WR HQVXUH SURSHU GBUBGLYJVARKRFKNLDRHHWUDF NLQDQFLD:
b ,GHQWURK@H FRPSOLFDWLRQWKXWKH JDPH LV GLVSOD\HG DV IRC
U 2EVHUYGQUPBQHPHQWLQJ WKka,_:VR@\L/JuHFW DQG

WLPHO\ WHFKQLFDO GULOOLQJ L XFWLRQV WR UHVWULFW WK
LQGXFHG VXEVLGHQFH FDXVHG 5E <LAWIEHAWXOQQHO GULOO

IDFH SUHVVXUH VHJPHQW EDFN_L WLRQ

U (YDOXDWLQJ DQG FRPSDULQJE\N ATW YROXPH

RI WKH PDWHULDOVGZULMD(OWQ(J—IW@IG}W&L%

DQG WKH XVH RI FRQWURO V\WVWHPV IRU WKH ZHLJKW DQG
YROXPH RI GULOOLQJ PDWHULGGVS(WXFK DV ODVHU

VFDQQHUV RQ WKH FRQYHI\RU 1/4$ G“DUH D VHWHRIHWWEBD HDFK S
UL 3URSHU VHDOLQJ RI WKH WXQ E)FKIX)OG\ L WURGXFHG ,I D SOI
U $SSURSULDWH FRQQHFWRU G WLV WR EH VHOHEY
FRQILUPDWLRQ IRU FRQQHFWLQ VL b SUREDEL
U, $SSO\LQJ WKH SURIHVVLRQD % F'W%Y 'XOFWLR
DVVHPEO\ WHDP RI GULOOLQJ w B B L Vgﬂg,szﬁf \/\\;VHG IDLO 7
Us 2EWDLQLQJ VXIILFLHQW J¥RUBG® Q¥ OHFWLRO DPRQ
ZDUUDQWLHV TURP WKH VHOOHLW[le ‘%6%%“&1&%@M@HWKLV
WRROV DQG HTXLSPHQW VWUDW HJLHV DUH_XWHKIG VHKH B H NRA
UWs 2EVHUYDQFH RI LQWHDQBWLﬁ@@% WO PWIR @Ry [ROOR 7
IDFWRU\ VWDQGDUGV IRU SURGXFW VHOHFWLRQ DQG

LPSOHPHQWDWLRQ RI TXDOLW\ FRQWURO SURJUDP EHIRUH
DQG DIWHU WKH SXUFKDVH RI HFHVVDUY WRROV DQG
HTXLSPHQW Lllslgd Ly: I LgLs LgFri

WL, 6DIHW\ DQG KHDOWK SULQFLSOHV 14:

Wg ,QVXUDQFH RI HTXLSPHQW

Uy $ VWURQJ VXSSRUW WUHPHMD\WR SURYLGH

DFFHVV WR HTXLSPHQW DQG WR DQWLFLSDWH IXWXUH QHHGYV
IRU HTXLSPHQW DQG WLPHO\ GHDLMHYA RI; WKHIP: MyF ri

. &RPSOLDQFH ZLWK WKH VWDQGDUGY DQ@ WHFKQLFDO
SULQFLSOHV LQ WKH FRQVWUXFWLRQ RI ZDUHKRXVHV

b. 3UHGLFWLQJ IRUHLJQ SXUFKBEWHWRUWKH.$Q®\BHE VWUDWHILI

WDNLEWLRQ DV VRRQ DV SRVVLEIW®RP WKH GHVLUHG JDPH 7KH U}
REWDLQHG DVOWKRZQ LQ 7DE

7DEOH 2XWFRPH PDWUL]J

i:| iy | Zg | iy | ig | iy | Zg | PLQ

iv| ic| Zv| i5 | iy | ic| Z:

Ni¢
o




Nikkhah et al./ Journal of Mining & Environment, Vol. 10, No. 3, 2019

$FF

,Q WKH
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'XH WR WKH UHVXOW RI UDQNLQJ X
IEJI=Fy z DQG WRH UBWXOWKH ZRUVW FDVH

IROORZLQJ WKH RSWLRDOLWYRO X W LVIMER B Q RUKHHFDNE ODHV

SUREOHP MD@®HQV SUHVHQWHG $ QZRHFAOWH VFHQDULR LV D FRQI

D

7D

QG

PDQDJHPHQW ZKHUHLQ WKH SODQ
SRWHQWLDO GLVDVWHUV FRQVLG

EOH 7KH FDOFXODWHE RSWLPRBWYWEFEOH R KWFRPH WKDW FDQ UH

2 DOFXODWHG YDoxHy WR RFFXU LQ D JLYHQ VLWXDWLR

L:

= ZRUNDWH VFHQDULRV LV D FRPP
VWUDWHJILF SODQQLQJ VSHFLIL
SODQQLQJ WR SUHSDUH IRU DC
FRQWLQJHQFLHV WKDW FRXOG UH\

H RU RWKHU VLPLODU LVVXHV

7KH UDQNLQJ RI HFRQRPLFDO W|

DQBTXLSPHQW ULVNV LV SUHVHQV

WKH GHJUHH RI LPSRUWDQFH %\

I

H WKDW WKH SULRULW\ Rl HDFK ULV
o EDVHG RQ WKH GHJUHH RI LPSRU\
H GHFLPDR®GU FDQ SODQ RQ KRZ PX

DUH DOOBFDWHAG WKR HDFK ULVN EI
H LPSRUWDQFH DQG WKH UHVSROQ\

7TDEOH7KH F
T

DOFXODWHG R@WLPDOST?D%ES(@Q/WJ?QJ PRUH UHVRXUFHV W

&DOFXODWHG YDOXHV

OG HOLPLQDWH RU PLWLJDWEF

[

H WKHVH ULVNV RQ WKH SURMHFW JI

H 7R FRSH ZLWK WKHVH FRGLWLR
VWUDWHILHY ZDV XVHG WR UHVSH
H WKH GHJUHH RI LPSRUWDQFH JLYH
$FFRUGLQJ WR 7DEOH WKH LU

LPSRUWDQW RQH DPRQJ WKH UHVS
LPSRUWDQFH LV LQGLFDWHG LQ W

7LPHO\ DFFHVV WR V
'DPDJH WR WRRO'
5LVN FVHDOLQ

H 'ULOOLQJ ERI

6DIHWPDLQWHQDQF

H

H ~

H 7DEOH 7 FOW FAORSW LP DY YDOXHYV
H 5L "HJUHH RI LF

" JLQDQFLQJ

H

H

7TDEOH7KH UDQNLQJ RI HF R (PRORAHFU MDHOF KIDQRBOMKH KN LGIRHWHH RI LPSRUWDC

5DQN

5LVN 'HJUHH RI LPSRUWDQFH

JLOQDQFLQJ SUREOHPV
7LPHO\ DFFHVVHWRLWRRQW DQG
'DPDJH WR WRROV DQG (TXLSPHQW
7KH ULVNWRDQRQ@J WXQQHOV
'ULOOLQJ ERULQJ PDFKLQH
6DIHW\ DQG PDLQWHQDQFH ZDUHKRXVHV
7LPHO\ SD\PHQW RQG LQYRLFHV H
5LVNV UHRGDIWHGWWR H
5LVN RI LQFUHDVLQJ WKH FXUUHKF\ UDWH
'DPDJH ,QIOLFWHG RQ ,QIUDVWUXFWXUH FRQVWUXFWLRQ
'DUUDQW\ DQG TXDOLW\ RI HTXLBEPHQW

,QIODWLRQ H
,QYDOLG GHYLFH FRQGXFW H
2YHUFDYDWLRQ H

,QFRPSOHWH DQG LODGHTXDWH LOMHFWLRQ RSHUDWLRQ
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/DEOH7/KH UDQNLQJ RI VWUDWHJLHY XVHG WR UHVSRQG WR ULVNYV E

5DQN 5LVN UHVSRQVH HJUH

LPSRUWDQFH
8VH RI QHZ ILQD'DW WLPHV RI FUHGLW VKRUWDJH

(YDOXDWLQJ DQG FRPSDULQJ WKH RXWSXW YROXF
WKHRU\ DQG WKH XVH RI FRQWURO V\WVWHPV IRU WKH ZHLJKW DQG Y
DODVHU VFDQQHUV RQ WKH FRQYH\RU

&RPSOLDQFH ZLWK WKH VWDQGDUGY DQG WHFKQ

2EVHUYLQJ DQG LPSOHPHQWLQJ WKH FRUUHFW DQ
WKH LQGOEMHGHQFH FDXVHG E\ WKH WXQQHO GULOO IDFH SUHVVXUL

([SHULHQFHG DQG WUDLQHG RSHUDWRU DQG SHUYV
RSHUDWRUYV

,GHQWLI\ URXW

SURYLVLOMHFWLRQ VOXUULHY DFFRUGLQJ WR WE H
7KH KHDOWK RI WKH FRPSRQHQWYV RI WKH LQMHF

VLPXOWDQHRXY LQMHFWLRQ ZLWK SURJUHVYV H
7KH VDIHW\ TULQF H

2EVHUYDQFH RI LQWHUQDWLRQDO QDWLRQDO D¢
LPSOHPHQWDWLRQ RI TXDOLW\ FRQWURO SURJUDP EHIRUH;DQG DIW
DQG HTXLSPHQW

$SSURSULDWDQG TXDOLW\ FRQILUPDWLRC H

BUHGLFWLQJ IRUHLJQ SXUFKDVHV UHTXLI H

2EWDLQLQJ VXIILFLHQW JXDUDQWHHV DQG ZDUUD

DQHSTXLSPHQW H

3URSHU VHDOL: H

BHUIRUPLQJ GXDO PDSSLQJ FRQWURO DW VSHFLIL

WUDFN H

$ VWURQJ VXSSRUW WHDP WR SURYLCDQWLFLSDW

IRU HTXLSPHQW DQG WLPHO\ GHOLYHU\ Rl WKHP H

,QVXUDQFH F H

$SSO\LQJ WKH SURIHVVLRQDO DQG H[SHULHQFHG H
&RQFOXVLRQV ZHUBMHVSHFWRPNBG DV WKHQRRVW

5LVN UDQNLQWKHQWRODHFWLRQ RDQGHWHUD@HDVW VLIQLILFDQW UL
VXMEHFWLYH 1DFWRUH RRUVKHLWHUBDUWWMUPRUH WKH ZRUVW ULVN \
RI DQ\ SURMHF WV KX 8 FHLODLADT \ L FOWIGFVOWILQIGH® KH DSSURSULDWH
LV ULVN PDQDJHPHQW 6LQFH PWRL\SDIMUPBNOAVHRU \H [BQGEVVHG LQ F
FULWHULD LQIOXHQFH ULVN LPS5RDWHRWDIMNLQBEMWH VFHQDUI
GHFLVRARMLQJ LQ WKLV ILHOG LWVD\QHEMPS OKHDRUNGY RQH RI WKH L
SURFHVV LPSRUWDQFH RI WKLV PHWKRG DQ
,Q WKRYN QHZ PRGHO IRU ULVNRWEKGDJIJRPWXWRGYV LQ 7WKLH N HPDXQDA!
ZDBSUHVHRWMEH 0DVKKD & IOWM K URENWQHHGWIKHHGELYN RI ILQDQFLD
WKH KMXED RH WKHW KPHKDPWL. WHUIDDY WKH PRVW VLJQLILFDQW ULVN
GHFLPDRQQJ PHWKRGV  %DVHRBWKRIQY UNNMNYNBBUIHQ WKH QH[W UF
VSHF LD WVSHUWVYT UHSOLHV RW R REHRH VEKIHE BIBUNVMG HL \RHKBIH Z
TXHVWLRQQDLUHV YDULRXV ULNVQD QFRXEB W HWKHREW LDV GVLPHV R
XVLQUKRA236,6 DQG $+3FURMOMILDQDQFLDO SWKHERMABWIRXQG WR
GHFLPDRQQJ PHWHKRGWDQNHG WKH PRVW LPSRUWDQW UHVSRQVH
$FFRUGLQJO\ WKH HFRQRPLF DQG VRFLDO ULVN JURXSYV
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S5SHIHUHQFHYV > @;LD < ;;LRQJ = 'RQJ ; DQG /X
>@)RXODGIDAD OKIDP]LQL $ DQG 5LVN $VVHVVPHQW ODNEQJHFAQYGRQ
0 + 5LVN HYDOXDWLRQ RI WXC8QFHUWDLQW\ LQ 7XQQHO DQG
IX]]\ 7RSVLV ,Q ,QWHUQDWLRQI(QJLQHHQWQRS\ Q

PDQDJHRRQW SS > @DJKVKHQDV 6 6 OLNDHLO 5 6L
>@ (VNHVHQ 6 ' 7HQJERUJ 3 .D3 DQG +DJKVKHQDVS$ Q6Z PRGHO IR

OHLFKHUWY 7*XLGHO MMHYQHRWOLQ.HYDOXDWLQJ WKH JHRORJLFDO ULVN
PDQDJHPHQW LQWHUQDWLRQDO SURSHBBDAMHWWXG\ WKH VHFRQG SDL
ZRUNLQJ JURXZSQIRHOOLQJ DQG 8QKDVKWMRQ@HFWURQ - *HRWHFK (QJ
6SDFH 7THFKQRORJ\

>@5DVODQDYV 6 $OFKLPRYLHQ] - > @ 5RVINRZVND (OXGWLWHULD GHFL

5HVLGHQWLDO DUHDV ZLWKPDNLQJ PRGHOV E\ DSSO\LQJ WKH 7:
DQDO\VLV RI WKH FRQGLWLRQ RI EFULVS DQG LQWHUYDO GDWD O0XOWL
UHWURILW VWUDWHJILHY DQG VFHCODNLQJ 8QLYHUVLW\ Rl (FRQRRILFIYOLQ
Rl 6BWUDWHJILF 3URSHUW\ ODQDJHPI W

>@ (VNHVHQ 6 ' DQG .DPSPOLY@ > @&KHQ 6 - DQG +ZDQJ )X]N\
UHGXFWLRQ VWUDWHJI\ LQ XUEDQ \PXOWLSOH DWWULEXWH GHKIMLRQ PI
WKH &RSHQKDJHQ7$0HWUBG ,DXQCPXOWLSOH DWWULEX8H L&HFLVLRE U
&RQJUHVV 7XQQHOV XQGHU 3UHVV+HLGHGBHUJ

>@ 6KDKULDU . 6KDULIIDGHK 0 > @OVD\HG ($ 'DZRRG $ 6 DQG .DL
*HRWHFKQLFDO ULVN DVVHVV (YD OXOIDWMHUWQDWLYHV WKURXJK

IRU FMR 7%0 VHOHFWLRQ LQ GLRI 7236,6 PHWKRG ZLWK HQWURS\ ZH

FRQGLWA@®QNOOLQJ DQG 8QGHUJ7UHQGV 7HFKQRO

7HFKQRORJ\

> @HVSRGRY = OLWLU 6 DQG 3HOW
>@ <D¥XL * +X0L < &KX / :HL /$SSOLFDWLRQ Rl WKH $+3 PHWKRG |
DQG 46RQJ = 5LVN OHDVXUHPHWUDQVSRUWDWLRQS ODQWMHRRRJHRQRLQ

&RQWURO RI :DWHU ,Q OBXQRVOLXUDGRYL

TXQRHONWEQH 5HVHDUFK 7RSLFV 2 7o WU KB Gl
SULWHULD 'HFLVLRO ODNLQJ Ss > @DUDKDOLRV #KH DSSOLFDWLRQ

$+37236,6 IRU HYDOXDWLQJ EDOODVYV

>@ +DPLGL - . 6KDKULDU . 5HJCV\VWHPV E\ VKLS RSHUDWRUV 7UDQVS
DQG %HMDUL5tVN DVVHVVPHQW EC' 7UDQVSRUW DQG (QYLURQPHQW
RI' URFN 7%0 IRU DGYHUVH XWHRDIRJ @6DDWY 7 7KH DQDO\WLF KLH

)X]]$+3%XOOHWLQ RI HQIJLQHHULQ gy REFHYVY  SODQQLQJ 3ULRULW\ 6F
HQYLURQPHQW $OORFDWLRQ+LODF*UHZ <RUN ,QWHU:
>@$OLDKPDGL $ D@® MIDNBIDIGHG-DUI%RRN &RPSDQ\

0 '"HVLIQ D QHZ LQWHOOLJHQS "o g4/ Vvi" © "7LDIJKDWL + DQG $OL:
PDNLQJ XVLQJ JDPH WKHRU\ DQG 'y {ORSL QJ BV HGVIDISSWRDFK WR LQ|

PDQDJHPHQW LQ GHVLJQ FRQVWU \ v\ \vpp oM WXUH XVLQJ DQDO\WLF
WXQQHO SURMHFWV FDVH TKMXGl'g 5 FRORILFDO ,0GLEBWRUV
,OWHUQDWLRQDO -RXUQDO Rl $GrYuUUFRAG UUDUAIUFWAULQJ

THFKQRORJ\ > @6DDW\ 7/ +RZ WR PDNH D GHFLVI
D

>@=KDR 5 1HLJKERXU * +DQ - DU(?_I;)}(\)I_\\LV#FUKLUH\‘l}JgWFHKJ\IIBI-FR\FHVV

"HXW] 3 8VvLQJ JDPH WKHRU\ Vv> @/HH $ +H®K: & DQG &KDQJ & -

VWUDWHJI\ VHOHFWLRQ IRU HQYLUS$ IX]]\ $+3 DQG %6& DSSURDFK IRU

HPLVVLRQV UHGXFWLRQ LQRWKEBDQSHUIRUPDQFH RI ,7 GHSDUWPHQW LQ

RI /RVV 3UHYHQ@WRREVVQ, QGXVWULLQGXVWU\ LQ([SADMZDQV\VWHPV Z
DSSOLFDWLRQV

> @XH- - DBRIGHO 6 5LVN ODQDJHP> @5DPDQDWKDQ $50RWH RQ WKH XVH
RI &RPPHUFLDO %DQN *XDUDQWHDQDO\WLF KLHUDUFK\ SQUWBBVVPEOFW
(YROXWLRQ *DPMHWKKHPROUWLFY LQ 3UDVVHVVPHQW -RXUQDO RI HQYLURQP
7TKHRU\

> @+XL 5 /XQG -5 DQG OPGMOL > @ODFKDULV & 6SULQJDHO - 'H
WKHRU\ REDG/HGVONHYHHG ULYHU V9HUEHNH $ 3520(7+(( DQG $+3 7KH
ZLWK QRQFRRSHUDWLRQ :DWHU EGHVLJQ RI RSHUDWLRQDO V\QHUJLI

$QDO\WLV B6WUHQJIWKHALIMK 136 BM(V +R
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$+3(XURSHDQ -RXUQDO RI 2SHUDW> @RURE (Y 1 1*DPH WKHRU\ OHFWX
HFRQRPLVWY DQG VHORWHPV WBUHQWH

0,
> @=DKLU 6 &0XVWHUV LQ D JurlGLHREH, WXHGLOHVV

PDNLQJ LQ WKH YHFWRU VSDFH IRl> @:DWVRQ - 6WUDWHJI\ DQ LQWURG
KLHUDUFK\ SURFHVV (XURSHDQ -RJDPH WKHRU\ {UDRUWRQO

SHVHDUFK > @2VERUQH 0 -$Q LQWURGXFWLRQ W
> @O0LOOHW , DQG :HGOMRGHGBOL(WKHRED 1R 1HZ <RUN 2[IRUG
ULVN DQG XQFHUWDLQW\ ZLWK \SUHVIWQDO\WLF KLHUDUFK\

SURFHRWW QDO RIa&& U Ibwa WILD '"HFLVLR i
$QDO\VLV LVSRRXxZHOYH@GHU DQG .URP § + 0

+D]DUG DQG WKH FRQVHTXHQF
> @ 7LMV 6 ,QWURGXFWLRQ WR JDWHXWWKRHY DQG KXPDQ OLIH VW L
+LQGXVWDQ %RRN $JHQF\ VDIH DQG UHO L BLEIDIK AV X&BBZH ORXIGD 7

> @.DUOLQ 6 ODWKHPDWLFDO PH\N]'I{'%K\)_'LI%%QGV

WKHRU\ LQ JDPHVY SURJUDPHM@MJ DQG HFRQRPLFV
&RXULHU &RUSRUDWLRQ
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