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&KLQD *HRORJ\

&KLQD *HRORJ\

-RXUQDO KRPMSDIJHKLQDJHRORJ\ FJV FQ
KWWSV ZZZ VFLHQFHGLUHFW FRP MRXUQDO FKLQD JHRORJ\

$ FRPSDUDWLYH VWXG\ RI WKH PDLQ IDFWRUV FRQWUR
HDUWKTXDNHY LQ :HVWHUQ &KLQD VLQFH WKH :HQFKXI

&KDR 3HXL TLDOQJIXIMLDR =HODQBKOLMJ IHL 3DQJ

P&KLQD 8QLYHUVLW\ RI *KRMALIHIURKY. QBHLMLQJ
EQKLQD ,QVWLWXWH RI *HR (&XMLLQUR OFPRIQR\ 0RO VERWY BY 1 D W X6UHD. O [5G NVERXLUAH V
F&KLQD 8QLYHUVLWXRID®IRV EKHQBH YV

$ 5 7, & I ( , 1) 2 $ % 6 7 5 $ & 7

$UWLFOH KLVWRU\ '"HWHUPLQLQJ WKH PDLQ FRQWUROOLQJ IDFWRUV RI HDUWKTXDN
SHFHLYHG -X0\

HEHLYHG Lo UNYLVHG 1RUP lR@gPLéWJ(TXDNH JHRKD]DUGV DQG SRVW GLVDVWHU HPHUJHQF\ UHV
SFEHSWHG ‘HEHPEHU D JHRORJLFDO IDFWRUV FRQWUROOLQJ WKH QDWXUH FRQGLW
$YDLODEOH RQOLQH 'HFHPEHUFDQ EH DQDO\]HG 6XFK LQVLJKWV IDFLOLWDWH HDUWKTXDNH GL

7KH DXWKRUV FRPELQHG ILHOG LQYHVWLIJDWLRQVY DQG VSDWLD!

-H\ZRUGV VHLVPLF HYHQWY H[DPLQLQJ WHQ HDUWKTXDNHYV LQFOXGLQJ W|

;';EEETDDSG@DUWKTXDNH WKH PDLQ FRQWURO IDFWRUV RI VHLVPLF JHRKD]DUG 7KH DXWK
0DLQ FROWURO IDFWRUV XVXDOO\ DIIHFWHG E\ PDQ\ IDFWRUV DPRQJ ZKLFK DFWLYH QD
&RPSDUDWLYH VWXG\ JURXQG DFFHOHUDWLRQ 3*$ WRSRJUDSKLF VORSH DQG JHRPRL
*HRORJLFDO GLVDWHU VXUYH\ HQDROWLQRQH DQG ULYHU V\VWHP DUH WKH PRVW LPSRUWDQW

PHYWHUQ &KLQD HDUWKTXDNHV LQGXFH PRUH KLJK DOWLWXGH DQG KLJK VSHHG

60ORSHV RI f* f DUH SURQH WR VHFRQGDU\ VHLVPLF JHRKD]DUG
WKH ULYHU VI\VWHP 6HFRQGDU\ JHRKD]DUGY DUH QRW RQO\ UHO
DVVRFLDWHG IDXOWYV LQ WKH HDUWKTXDNH DUHD 7KH PD[LPXP
QXPEHU DUH SRVLWLYHO\ FRUUHODWHG DQG WKH KRUL]JRQWD
SURPRWLQJ UROHV LQ VHFRQGDU\ JHRKD]DUG IRUPDWLRQ UH
GLVWULEXWLRQ RI VHLVPLF JHRKD]DUGV LV SUHGLFWHG SURY
UHVSRQVH SODQV IROORZLQJ GLVDVWHUV

< &KLQD *HRORJ\ (GLWRULTE

,QWURGXFWLRQ DXWKRUV SURSRVHG WKH JHRKD]DUG\
HDUWKTXDNH VKRZHG HYLGHQFH RI 3X

7KH VSDWLDO GLVWULEXWLRQ ODEQB! INRARQREGPYVWIYRKDAPIWHEW DQG Zt
LQGXFHG E\ HDUWKTXDNHV DQG WKHEBVWRHQ & RP@WBR AR IDREWRRY 1P bih 6
LPSRUWDQW GLUHFWLRQV LQ WKH VWXG\WRIpHDUWKT XD W REEBIDYGY\ DG
BUHYLRXV VWXGLHV KDYH H[WHQVLYHP¥DRRRO\IVER MKHD dBFMARIIMW RQ W
LQGXFLQJ VHLVPLF JHRKD]DUGV &KHERREQWW LR GLVDVWHUN B& WKH :HQFKX

DQG /L :/ +DQ <6 HW DO <5QYHY YPOOH\PREAG GHWHUPLQHG WKH
<6 D =KDQJ <6 HW DO EROPDYRUDEOH IRU PRXQWDLQ GLVDVWHUYV
+XDQJ 54 HW DO VWXGLHG WKH LPSPFW URIS RBHIWWKRIW WKH ODQG

JHRKD]DUGV WULJJHUHG E\ WKH :H@RQEKX@QHRBWWEKXRNNH 240V FRQWURO

ZKHUH WKH YHUWLFDO VHLVPLF IRUFH
J)LUVW DXWKRU ( PDLO DGGUHVV SHQJFKDR # FRP &I?_IP?EI@'J_IQW DQG W K H ODQGVOLGH KD G
&RUUHVSRQGLQJ DXWKRU ( PDLO DGGUHVV \LQ]KLTLDQFHYDQLK)LFéVQJEbFJQ |§|I<]LHI|L|-_DW\7LQ Q DGGLWLRQ vV
VHLVPLF LQWHQVLW\ DV WKH SULPDU\
/LWHUDU\ HGLWRU ;L MLH &KHQ
GRL FJ ODQGVOLGHV =KRX %* DQG =KDQJ <0
< &KLQD *HRORJ\ (GLWRULDO 2IILFH +RZHYHU VHLVPLF LQWHQVLW\ FLC



3HQJ HW DO &KLQD *HRORJ\

VXEMHFWLYHO\ E\ LQYHVWLJDWLQJ DWKYWH IGDWPIG HW R DIXYBIG\|E\WEB® PDLQ II
HDUWKTXDNH WR SHRSOH PDQ PDGH Q/ WWRKIFW XUHIV. R Q Q GZ KL QDDUWMX WIXE M
HQYLURQPHQW RIWHQ FRQVLGHUDEHD UMD NWIKH WRLVPEEO HWB@Q\W WKt
ORUHRYHU VHLVPLF JHRKD]DUGV DUHHHBREFHDFOMRUPEWHRQWR DVVLVW
GHWHUPLQH VHLVPLF LQWHQVLW\ JLYLQJ ULVH WR DQ LVVXH RI PXWXDO
UHIHUHQFH *HQHUDOO\ KLJK LQWHQVHRQRPWAHO/VBYMWLOHEHUDOO\
FRLQFLGHQW ZLWK WKH FRQFHQWUDWHG DUHDV RI JHRKD]DUGV
KRZHYHU LQ VRPH DUHDV XVLQJ RQO&*EbQ\MbY/L%\FB\W'\P\Rﬁ%Z/*WQlFWKH 3
HPHUJHQF\ UHVSRQVH DVVHVVPHQMKHRIVLER(W RS WWKEXBNE %HOW  &F
JHRKD]DUGY GHYLDWHYV VXEVWDQWLBOOWH RPASKR D RAPYH v I BRXDWKROBLS
$PRQJ WKH PDQ\ LQIOXHQFLQJ ChPWRRPHRI WHREWRRQIFF IDXOW JRQHYV
JHRKD]DUGVY WKH QDWXUH DQG I1UDFWRUMHRRERUMKEXPINDMwQYHH Mo W
JRQH LV LPSRUWDQW :DQJ '3 HW DOPFURVV-ZHYWHUEQ{&KBQD )LJ 7KLV
KRZHYHU ZKHWKHU LW SoOD\V IBRERWKYD bW VYR OMR LWKHg VHFRQG v
XQUHVROYHG TXHVWLRQ H)XUWKHUWRSRIUWRK\ PERFXUYHFINMHWRH PRVW
JHRKD]DUGV LV LQIOXHQFHG E\ SHDNPRYRRIQVWFFWOHISHWLRQFKHY$ UDSLG |
WRSRJUDSKLF VORSH WHUUDLQ HOHRPWURYVLRIG BQGWDBHFKHQW PHBMKWMK
VHLVPRJHQLF IDXOW DQG ULYHU V\\RWHMPKHKERBYE UXSOWIWVR K QHIHBHWQ IKD
ZKLFK IDFWRUV GRPLQDWH 1RWDEO\DX@QWJdRQEY WK VH[ WA\ R UMM RARR U SK
GHWHUPLQH KRZ WR SULRULWL]H DKUMHDH EHRHIQ HRHBHIBQEQ WHWHFXHVWHUQ
UHVSRQVH IROORZLQJ DQ HDUWKTXDROP WIH N 7? WO LNDNWXKTXDNH HYHQWYV
&RQVLGHULQJ WHQ UHSUHVHQWPWRXQ@WDHIRMVKDYBERM ROQEHNVME UQ &K
JHRKD]DUGV LQ &KLQD fV ZHVWHUQ ®PRW QRMOIDLNQRD XV BEHPDQ\ FDRKDOWLHYV
DXWKRUV FRQGXFWHG D FRPSDUDWLIYHJIMVUXG WRHD WRKIHWKBYVRRWGV RI O
JHRKD]DUGV DULVLQJ LQ WKH HDUWHRXDNHJGRQHRUPKI®JIJDXWKRQLVI LFDQW

)LJ 'LVWULEXWLRQ PDS RI VWURQJ HDUWKTXDNHV LQ ZHVWHUQ &KLQD &KLQ
*HRIJUDSKLFDO ,QIRUPDWLRQ + DUH HDUWKTXDNH QXPEHUV DV VKRZQ LQ 7DEOH)



3HQJ HW DO &KLQD *HRORJ\

GLVDVWHU FKDLQ HIIHFW 7DEOH D@ YH N MDIPIDOHL R K H H: SIRUFW X DDHUH JD WK
0 HDUWKTXDNH WKDW RFFXUUHGHR® UNKIBFRRQPHQWKDDQW)IDR@®WHSDUWPH
JRQH RQ 0D\ WULJJHUHG RYHU,QIRUPHRKIROQ XY GIDMWULEXWLRQ RI W

)& HW DO 7DQJ & HW DO DI\G DONRVPQE XEQ® HPWQ\W\ ZHUH FRO
KLJK VSHHG UHPRWH JLDQW ODQG VO (IBHWKITQ 6 NFHO DAGPLLR LO R/Z) DW RREQ O L7GKHHV
<LQ <3 HW DO E :DQJ <) HWSUMRYLGHGDE) &KIQD 6WURQJ ORWLRQ 1t
&KHQ ;/ WKDW IRUPHG EDUULRIU(Q@DNHWM UL QL BHFPKDQALFV &KLQD (DU

DQG DSSUR[LPDWHO\ SHRSOMKBLHG @G ZHQW\PLNIDWIRQ PHWKRG
GXH WR WKHVH VHFRQGDU\ JHRKD]DHBVWERRMNDINH |LCHIOGS 0ZRUNV 2SDUW [
HDUWKTXDNH LQ <LOLDQJ RQ 6HSWHP®%HU WURQEHURBFKQLFDO UHT;
ODQGVOLGHYV FROODSVHV DQG URRARKILROOGQVXGIWDVWHUV WULJJIHULZ@H
D FROODSVH ODQGVOLGH GHEULV I0RUEFG,6VDVVEIOW WKDLR) HWHKK W HRKD]DUG
'3 HW DO WKLV FDXVHG WKH O DIQREOV/RLLGH ® WDTIL® QW R RRIASIKALFULQIRUP
VFKRRO LQ ZKLFK SHRSOH ZHUH NLIOHDH@ DI WK \RO LKBDF EREDUWK T XD
EORFNHG WKH ULYHU WR IRUP D G®PPHDFODGHSLFMHL QL WKH UHODWLRQ
HDUWKTXDNH LQ /XGLDQ RQ $XJXVW ORFDWWRQJDHEHSRRWHWLDO LQGXFLQJ
VHFRQGDU\ JHRKD]DUGV DQG IRUPHGUMBN *DIQM LIM® BUDMHGEVQILGH =+ )

ZLWK D YROXPH RI T P ZKLFK FDMRERBIJWBSEKY EOWVWOREHWRHERPRUSKRORJLI
EXULHG DQG GHVWUR\HG ZLWK FDVXRPWHRYKD]|WUBOVURFIRWPRGVDWR IDXOW
P KLJK DQG DSSUR[LPDWHO\ i P DDUWHK TGIOINFH. QQUERGDUH H[WUDFWHG

WKUHDWHQLQJ WKH VDIHW\ Rl RYHU UHOSWRSQWKGRZEWWUEZHER JHRKD]DUG
<4 HW DO <LQ =4 HW DO <DHRPRUSKGF<DQG+JHRORJLFDO IDFWRL
‘X :< HW DO DQDO\VLVY WKLV VWXG\ LQYHVWLJDW
GLIIHUHQFHV DPRQJ WKH LQGXFLQJ
JHRKD]DUGV LQ GLIIHUHQW HDUWKTXD

PDLO FROWURQOOLOQJ IDEWRUV RI VHLVP
JLUVWO\ WHQ FROOHFWHG VHLVPRJHQLF LQIRUPDWLRQ DQG

JHRVSDWLDO GDWD DERXW WKH GLVWU$EXNGRD B & VIHFRAGRY\ JHRKD]DUGYV
DULVLQJ IURP WKH WHQ HDUWKTXDNHV IURP DXWKRULWLHV DQG

FRQGXFWHG ILHOG LQYHVWLJDWLRQV RKQHVIRRRHP DWYS ROD D QWGH GV R MFU DEXW L R Q
7KH FRRUGLQDWH LQIRUPDWLRQ RI XMXDJOU G | BFRAVQMG/ ED QDG Y®UMDBWWN HRI F R ¢

ODWHULDOV DQG PHWKRGYV

7TDEOH &RPSDULVRQ RI FKDUDFWHULVWLFVY RI WHQ VWURQJ HDUWKTXEL
1R (DUWKTX@;NH JRFDO ,QWHQVSWKFHQW6HLVPLF IDXOW W\SBYHUDJH)DWDOLWIXHEHU R
QDPH GHSWK NP VORSH f JHRKD]DUGV

"HQFKXDQ
HDUWKTXDNH

<XVKX
HDUWKTXDNH
IXVKDQ
HDUWKTXDNH
OLQ[LDQz%=K
DQJ[LDQ
HDUWKTXDNH
<LOLDQJ
HDUWKTXDNH

IXGLDQ
HDUWKTXDNH
-LQJJIX
HDUWKTXDNH
<LQJIJMLDQJ
HDUWKTXDNH
rTrQ
HDUWKTXDNH

'LQJUL
HDUWKTXDNH

<LQJ[LX %HLFKXDQ <LQJ[LX )DXOW 7KUXVW
SUHGRPLQDWHY ZLWK D GH[WUDO
VWULNH VOLS FRPSRQHQW

/RQJEDR*DQ]JL <XVKX )DXOW 6LQLVWUDO
VWULNH VOLS

/RQIJPHQ'DFKXDQ 6KXDQJVKL )DXOW %OLQG
WKUXVW IDXOW

OLQ[LDQ+E®WDQ 'DQJFKDQJ )DXOW B6WULNH

DQJ[LDQVOLS SUHGRPLQDWHY DQG KDV D WKUXVW

MXQFWLR@PSRQHQW

/IXRJHKH =KDRWRQJ /XGLDQ )DXOW 6WULNH
VOLS W\SH ZLWK D VPDOO DPRXQW RI
WKUXVW

/RQIJWRX%RBOXQDR ;LDRKH )DXOW 6LQLVWUDO
VWULNH VOLS

<RQJSLQIXZHQ )DXOW 6WULNH VOLS W\SH

.DFKDQJ6XGLDQ )DXOW 'H[WUDO VWULNH VOLS

TTrQ+'HURTrQ =KRQJGLDQ )DXOW 1RUPDO

QJ MXQFWDIXFOQW SUHGRPLQDWHY ZLWK D VLQLVWUDO
VWULNH VOLS FRPSRQHQW

'LQJUL $ ORZ DQJOH WKUXVW IDXOW ]RQH
DORQJ WKH VRXWK PDLQ ERXQGDU\ RI
WKH +LPDOD\DQ RURJHQLF EHOW

IRWBUWKTXDNH PDIJQLWXGH GLIIHUHQFH RI OHYHO WKH HQHUJ\ UHOHDVHG E\ WKH GLIITHUHQF



3HQJ HW DO &KLQD *HRORJ\

YDULHW\ Rl IDFWRUV LQIOXHQFH JHRKD]PUWD RBHPOMNQRY )LQFEXGLKQI DYH
HDUWKTXDNH PDJQLWXGH 3*$ IDXOWLWDEWWWUWDRWBW®RRONSKMIR DIQIGH VHL
JHRPRUSKRORJ\ RI WKH HDUWKTXD NWH VDWHD Z HDUHS W KNP HIDIQKEF W VN R UHV S H
SRVW HDUWKTXDNH UDLQIDOO WKHUH XMKIDQ Z1MGHQY WK HD @R B W KIZGI VWK R |
QXPEHU VFDOH DQG GHJUHH RI G IRDIH LEMHVYRIHD | RBQ H HEHM@MHQ WKH
JHRKD]DUG HYHQWV $00 WHQ HDUW%DXD{HYQD QW K] HG QLIE DN K I \ EVMWX &O D \
DUH WHFWRQLF HDUWKTXDNHV FDXVHWGK B\ IRAORH Q¥ WD L YW\X OW G] RWKHH W WSHH
RI JHRORJLFDO GLVDVWHUV LQGXFHR®PSDUH WKPALWORSRJISDISKD UMOKLIK L
LQFOXGLQJ ODQGVOLGHY FROODSVHDWBGWEWKHUBRYV WKROW®RGSGR JWOBNY F
GDPPHG ODNHV DQG VDQG OLTXHIDFMHR®LQD HONW )LJV D E 7KH PDLQ
'HQFKXDQ LQ QRUWKZHVWHUQ 6LRKRDQ 3URYLOMEG 1DQDQ WKHUV 7KH
WUDQVLWLRQ JRQH EHWZHHQ WKH ILUWW D) GD¥FKRRQG6XWBSYVRL & BDXQIV YV )
ODQGIRUP ZLWK WKH WHUUDLQ GHWKHQGLQJ INRRDD: MORUWKTXDWH RQ $S
ODQGIRUP W\SHV LQFOXGH SODWHDXWRRRXDWOL O UL QPQ\GFRQBEHQW ZDWK G
ODUJH KHLJKW GLIIHUHQFHYV P ODWHHS WKSR SLYSKMWHYOKBHYW V
DYHUDJH f DQG FRPSOH[ JHRORHORDM®WWRIXEWRKIUHV: J)LJW DLJ D
E  7KH UHJLRQDO VWUXFWXUH LV L Q5 MWKHU/LEXIWPH® VEKHD\Q ZMDHK® W]RQW ORSF
ZKLFK LV KLJKO\ DFWLYH RQ WKHGHDWOEEQV PORRP LK HR IG IWIONWWHU SRLC
4LQJKDL+7LEHW 30DWHDX /LX &= HWZHOH NP7RB G/ H LWL FUBWISBIFWLYHO\
LV PDLQO\ FRQWUROOHG E\ WKH %HLFKMNDQER [IQIQL XK PIXIQMD Q) HDUWK T XL
*XDQ[LDQ+-LDQJ\RX )DXOW ) DQG :MRFWXBOQVIWHYIQDHD)DW RW *DQVX 3URYI
) WKH ULYHU V\VWHPV LQFOXGHVRWWHK:QRWWRQYHIWPLEREHOW DQG
3HLMLDQJ DQG -LDOLQJ ULYHUV 7RRUWHLNPRWHQIOF HBIGIW RIV WHKKHH 4L Q
%HLFKXDQ+<LQJ[LX )DXOW ) ZKLFKRKOWKRDVQOWUQKDRVYW DIQGR :% HW D
VRPH GH[WUDO VWULNH VOLS FRPSRQBIQ®IRURH 7H RYHQBR®DWHUUDLQ L\

HDUWKTXDNH RQ 0D\ LQGXFH® KH RKRY WKGVZ WKDWQZBYHUDJH HOHY
PDLQO\ FRQFHQWUDWHG LQ WKH KDWRISRUZDHKL RV ARKSH IIDX OM H RFRREXW K Z
1: DFFRXQWLQJ IRU DSSUR[LPDWHQYY DRE WKKH WRWDDXOWY DUH Wt

JHRKD]DUGV DQG ZHUH PDLQO\ LQ WKH WKH @RHQKLWD JRIQH IIRIOW RI :HV\
ZKLFK WKH H[WUHPHO\ ODUJH KLJKXDSHHOLVKPRWHHOKMEYDXGWY ) DOQ
HYHQWV ZHUH PDLQO\ LQVLGH WKH 4 LOWHQRDMW)Y JRQH UORWWRPYV LQFOX

WKH GLVDVWHU SRLQWV ZHUH PRILFHRION U D MYHHG) \D W7 K B HYDWOL QI VRPIR ¢
+ P J)LJ D DQG ZHUH GLVWUWLEXWEOG MXOW Q)WKFRPSULVLQJ PDI
yLJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DUGYV

=KDQJ[LDQ HDUWKTXDNH
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WKUXVW FRPSRQHQW 7KH 04 )DLQ[ED KAKDQBUWDIH GLVWDQFHV IURF
HDUWKTXDNH RQ -XO\ LQG X FH & HINWRPKRD DIV IDHOMW PPLQQG ULYHU V\V
FRQFHQWUDWHG LQ WKH * LQWHQVINP\ JROH HFWQL\YRIOWKH GLVDVWHU
SRLQWYV ZHUH FRQFHQWUDWHG DWXMRMKYDWLRQWKRM VRXWKHUQ SDUW
P )LJ D DQG ZHUH GLVWULEXWHNG EBOVZ MHRB R4 DISKORBHKLIK LQ WKH
7DEOH &RPSDULVRQ RI JHRKD]DUGY LQGXFHG E\ WHQ VWURQJ HDUWKTX
1R 1DPH *HRKD]DUGVHWK®PHDUG FKD U DHDNVWHUG WM WULHF N 7\SLFDO JHRKD]DOGVQ FRQWURO
IDFWRUV

‘HQFKXD@ROODSVH*HRORJLFDO GLVDWWRBRBYLFDB® GLVDNKMH DV X®IQUHEBWOAD GEWQYGEH DXOW
HDUWKTXMNHGVOLGHQXPHURXV DQG OBDXNH® RYBUDWKAMWK D YROXPH RI 7RSRJUDSKLF
'HEULV IORYROXPH ODVVLYHDRIGRYOHWEKH ODRRBEYVIL®EXOHG 2KQR8H V WKH
5ROOLQJ VUWRBRWH ODQGVO LEHWKXQQ WKWW PDXNMHEY WR YD GV OLGH RIFRIWSKLF
'DPPHG ODEPBPUULHU ODNH KDV JWHDWKY DQG UHFRUGHG LQ &KIKHRIKMHGLIIHUHQ
6DQG OLTXHRMFMQWODO GDQEHWDSSHDUDQFHVRQIKHANMWRX ODQGVOIGH ZLWK D
HFRQRPLF ORVVHYROKRKRHGRIQRYPF U 1

50% 7 EXULHG YLOODJHVY DQG NLOOHG
RYHU SEHRISOH HW
DO

<XVKX &ROODSVH*HRKD]DUGV QXPEHWKX &RXQW\ LVWKHHPEMWH QR ODUJFWLFTHOHD X O W
HDUWKTXMNH;VOLGH.QFUHDVHG VLJIQIGHRYGWO GLVW U L E N R/KIE DGV WKIHG G H QRERRWI SK L F
'"HEULV IORYSDWLDO GLVWULERWLR@YDM 7K D JIJHRO RILHF HD UWKDORSNH DQG WKH
8QVWDEOHPRIRBBROOHG E\ I®X\CDWW HK i @ RIZHB B LZD W \SHWHR)! G L V DAHRIP R Z KIUH
6XUIDFH UXRUBUNQG HOXYLDOL PHYHMKDW EHIRSUHHE WKHIORZ GLVRMWIHKW FEIDILQUH Q
6DQG OLTXEBDDFOWRIGH LV PRIDHWWKRRDEHQWHPROWDQ GLYWULEXWHIGY RQ WAKKM HP
DQG WKH HIIHFW BIHDMRKD ] D ULGW X WLHW WD BIBQGILR HFR/QJWLD QK H
FKDLQ LV HYLGHQMFRQRPLF ORVVHYLRIHEO®WQ WKH FRXQW\ DQG XUEDQ
T \XDQ DUHD
IXVKDQ &ROODSVHG6PDOOHU PRQRPHEHF¥RRGBU\ GLVDVWEYNHGLE KRN Q JREMWRIXYH IDXOW
HDUWKTXMDNH;VOLGHPDLQO\ VKDOORZ WXXNBFEBHHDWK R QIDFEOXVL@H ZLWK D 3*BOXPH RI
'"HEULV IOREROODSVHY DQG GDQ®VYDDGHWRSHUW\TORV PG D ODUJHHRPRUSKLF
5ROOLQJ VYWRRIPHDWLRQ PHFKDQLVPV GHEULV IORZ GLWHHKLAIKW BX.IRXUHQ
'‘DPPHG ODNBFOXGLQJ WHQVLOH GHEULV IORZ S5LYHU VA\VWHP
FUDFN:*FROODSVH:*FROOLVLRQ#
VFUDSHU+GHEULV IORZ
YLEUDWLRQ* WKURZLQJ HWF

OLQ[LDQ &ROODSVH7KH WRWDO QXPEHKHRHDUWKTXDNH7KQGXFYIHURHVYG PRRML KB U B KOOV
=KDQJ[LDPQGVOLGHIHRKD]DUGYV DIWHUDWEMOLGH G L U HF DG \NQIOGEHNG LD 6D PW K DW LJUD SK L
HDUWKTXDINWLY IOREDUWKTXDNH URVSHRSOH DQG GDPDJIZHKGFKYEUUHFWODEWXKRIOR J\
5RO0OLQJ VMR @Y PDLQO\ GKRXVHEXWHG LQ GHDWKYV $QRWKHU V81 BIHADWK ROMVL
WKH DUHD IURP /DOX 9LOODJH WR WKH ODQGVOLGH LQS5BRR]DOO
%DR]L 9LOODJH PDLQO\ ORHVV 9LOODJH ZLWK D YROXPH RI
FROODSVHV DQG ODQGVOLGHYV DSSUR[LPDWHO\ 1
FDXVLQJ WZR GHDWKYV
<LOLDQJ &ROODSVH7KH JHRKD]DUGV DKiH UROOLQJ VWR®HVPDQ G XGIND EW H Us B\W L QM IIDVX O\ |
HDUWKTXMNHEVOLGHQXPHURXV ZLGHONKH WD UWEXWB & H RIQ O D BGHDRIGE KL W RXDK QLD QW V
'"HEULV IOREQG RI GLITHUHQW QM XH\H GDPBGQ\ SHRSMXPBQY OSSUR[LPBRMROUSKLF
5RO0LQJ VRRIQHW RFFXU DOWGJWWIOH | MV ESIR F N D JP DIYIEG WKKRHK Wi KHOWKW GLITHUHQ
ZHDWKHULQJ XQOBDBLOH R OP REVOGLIGHUHQFH LV DSSURIRDWHHONHP
UHVLGXDO VORSH<BEYBQJ OLMIMIPH RPH PRQWKDXVHG E\ WKH
&RXQW\ LV WKH PRBMWWHG HQR/HH BI'D UW K RXDMH NGO H& VX UHV RI
GLVWULEXWHG SHRSDHJ '3 HW D@LPHVWRQH LQ WKH /RZHU
3HUPLDQ 4L[LD ODRNRX
JRUPDWLRQ
/IXGLDQ &ROODSVH*HRKD]DUGY DUH DKHPBIN ZXW H JARKFRUGYSVH DQG ©IVOLGAHO LIBHD Rl
HDUWKTXMNHEVOLGHRPSOHWH LQ W\SH ZKQEKZLGHBUH TREGNGL\DQ IRUPHG MRISRIJUDSKLF
'"HEULV IORGLVWULEXWHG 7IOHFRNEWIDQDORU 1LXOPPMLDQJ GDNPIRGHODNH
*URXQG FRODDWUVHEXWHG G HIXPHEMUDRIRUVID K BLIHMK SR YRWXPADRI *HRPRUSKLF
*URXQG ILVWDHXRHXQDR+;LDRKHHORWWYBQG ODUDSSORGE PRWWO\ KHLJKW GLIIHUHQ
8QVWDEOHWIOR SKDRWRQJ/XEUBIQK)DXODAD W L WWKIGLHH D WRMRMW B8 J WKH BLLWHHY \D\@ & H P
DQG GLVWULEXWHIDQORQUGHIWH 7K GRYBYWHRI RYHU 3i*$
FDQ\RQ LQ D JRQDUHSRO/WHIEQQ CHIRBROW LQ WHQ YLOODJHV
7KH ODQGVOLGHVKIRXYHI ARHG YV ZLWBRZQVWUHDP *DQMLD]KDL
FKDUDFWHULVWLFRHRS®GUD I IHFWHG DIQBA/OLGH DQG :DQJMLDSR
ODQGVOIGHS HW DSSUR[LPDWHO\ 50BQGVOLGH NLOOHG SHRSOH
T RIDVVHWV XQGHERS\KHUBEBWH PLVVLQJ DQG
'DQJ < HW DO KRXVHV ZHUH EXULHG RU
GDPDJHG
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7TDEORRRQOQWLQOXHG

1R 1DPH *HRKD]DUGVHWRKPHD UG FKDUDHDNWHUG M WL N 7\SLFDO JHRKD]DOGBVYQ FRQWURO
IDFWRUYV
-LQJIX &ROODSVH7KH SURSRUWLRQ RH QHRZWKH VPDODRWRSRJUDSKLF $FWLYH IDXO\

HDUWKTXMDNH;VOLGHGLVDVWHU SRLQWWHD\L WIPD® & KHQED UWKTXDNH DUHD S5LYHU VA\VWHI
*URXQG ILWKMHDLQ W\SHV WKHHREDWKIXWNH DPSOLILFDWLRQ +XPDQ
5RO0OLQJ VIVRIQ WKDOORZ VP HOIH W Q& VARG HWLGHQW DQG WKHFWLYLWLHV
6DQG OLTXBHFWRRQDSVHV YHKH®DWOMMHERYHUDJH UDWH LV

VLWHY DUH PDLQ®\ GHK VWK HEXRBK® DWLRQ GHQVLW\

-LQJJIX &RXQW\ DQE WBBHOO DQG WKHUHIRUH WKH

PDLQO\ ODQGVOLGBYDJH FDXVHG E\ WKH
GLVDVWHU LV VPDOO ZLWK QR
FDVXDOWLHYV

<LQJMLD@ROODSVH (DUWKTXDNH LQGEHAHGPLFQHZGXFHGLRBRORJLFDO $FWLYH IDXO!

HDUWKTXMDNH; VOLGHIHRORJLFDO GLVIBMWBVWHUWHWUH VPDOO LQ QXPEHU *HRPRUSKLF
'"HEULV IOREDLQO\ GLVWULEXVRHEGLQQGHQVLW\ DQG VPDOO LQ KHLIJKW GLIIHUH
8QVWDEOH.DERBAJ 7TRZQ DQBFDOH FDXVLQJ RQO\ SDUW RI WKH S5LYHU V\VWHI

OHQJQRQJ WRZQVRREQWIKHQ WR FUDFN DQG +XPDQ
PDLQ W\SHV RI GLAVDXMLKPUVQRUFDVXDOWLHV DFWLYLWLHV
ODQGVOLGHV DQG XQVWDEOH

VORSHV DFFRXQWLQJ IRU

"rTrQ &ROODSVH7KH HDUWKTXDNH7WH LHDHWHKG XDNHIR@GEXFHG $FWLYH IDXO\
HDUWKTXMNHGVOLGHIHRORJIJLFDO GLVIDWOQHYW OLBHY DQG FROODSVHV LQ 7TRSRJUDSKLF
'"HEULV IORBPRQJ ZKLFK ZHPDH QPIE®QWDLQY LQWHUUXSWHG VORSH
8QVWDEOHD®®RME DFFRXQWERPRRQLFDWLRQV HOHFWULFLW\ *HRPRUSKLF

PDLQO\ FROODSVIDRIG IRDOMHREZHD® G GDPDJHG PDQ\ KHLIJKW GLIIHUH
E\ ODQGVOLGHYV DLGG LVOQNMWWIDXEEOMXUHYV VXFK DV 5LYHU VA\VWHI

VORSHV DQG IHZEULGHEHYLVDORE@DQG DQG ZDWHU
FRQVHUYDQF\ 7KH FROODSVH RI
URFNV FDXVHG RQH GHDWK DQG D
GLUHFW HFRQRPLF ORVV RI 50%
T <DQJ - HW DO

‘'LQJUL &ROODSVH*HRKD]DUGV KDYH RB QA\DW VBKIX DN H7 K HV3-DAXIRGE LIDR O D QERAVDLLYGH 11D O \
HDUWKTXMDNH;VOLGHODUJH TXDQWLW\ ®HIBVKRDO®LYVVL@KRQJIJVH 9LOODJIH -LRRROIUUDSKLF
'"HEULV IORYLQJOH VFDOH DQQMXWHIG DSSUR[LPDWHAWK DQ D WHIR KM
6XEJUDGH JHQHUDOO\ GLVWULEXWHRBSWR ZDIWEFWIHGP DQG D YROXPHRARUSKLF
VHWWOHPHQW /DQGVOLGHV ZYKRUD Rl WKH KRSSHR[LEDWHO\ KHLJKW GLIIHUH
*URXQG |LWNXLUGHQW FKDUD FWHH MWMWRKTRDNH OUG R QWBHVKH -L O RIQGHDIQWEMN H |

3GU\ ODQGWOILEBWGDPDJHG WR YDUBLYHGHEORKNLQJ WKH URDG IURP

DO DQG WKH GLUHFW-HFRQRFREZ @ RMRV WKH SRUW DQG
UHDFKHG 50% DITHFWLQJ WKH VDIHW\ Rl WKH
SRUW

WKH VRXWKHDVW DQG LQ WKH HDVW PBRPMIILVYN G DE) GD GBSHHEH YDOOM\Y DG
PRXQWDLQ ODQGIRUPV ZLWK D JH QWG MXPS R R R SWILIFQVORGE YIDOHOUDYH Z L
f JLJV D E 7KH PDLQ IDXOWWILXK WEHVKHJIGRDQDUEBRWKH) WKH 1(
*DQJL+<XVKX )DXOW ) *LFXRQDQ+%¥DWHKILVYDKIOIW LY 1PQPQ®G ORZ LQ 6:
'DEHLWRQJ+;LDRVXPDQJ )DXOW ) PDR@GOWGHYRORSQV UWNKHUL1: WUHQGLQJ
VIVWHPV LQFOXGH WKH 7RQJWLDQ =LTX6KREOBQ=KDIXWU L)Y HUW G7KXOLDQIH
PDLQ VHLVPRJHQLF IDXOW LV WKH *PRIR+tYXVKX MXOWPVY L@EWKGH WKH 1
PDLQO\ VLQLVWUDO VWULNH VOLS PRWHRY 7KKHVBYVPRXXYIKK IDXOW LV
HDUWKTXDNH RQ $SULO L Q G X)F H GZ KIHARK IFJPRISWL \PHDL. QRDL Q O\ VW U L N
FRQFHQWUDWHG LQ WKH * LQWHQVRWSRGBEW DFRRXQWLQJILORDQJ HDUW
DSSUR[LPDWHO\ RI WKH WRWDO ORVIWQRBKXMKEH THRIOVMWHG\SRHYWVPDLC
ZHUH FRQFHQWUDWHG DW DSSUWRLPWMWHOLW\ ]RQH PDFFRXQWLQJ IR

)LJ D DQG ZHUH GLVWULEXW HVBKHL WKRWDOKHOG®\ fRYOREH GLVDVW
UDQJH )LJ E 7KH DYHUDJH GLVWDGORBY¥HQRR DIWKHGGE DWVWHU SRRQWNV [
WR WKH VHLVPRJHQLF IDXOW ) DQGLUMWBIEXWMGHEHWMDHHQ WM  f+ f V
DQG NP UHVSHFWLYHO\ GLVWDQFHV IURP WKH GLVDVWHU SRLC
<LOLDQJ LV RQ WKH VORSH EHOW RO@® @ KH. YQHRW W\R/F\DHPN HHUIWHH G J HN IR ID\@ B H
<XQQDQ+*XL]KRX 30DWHDX ZKLFK EHORGLYD QR UMDH LYR UV FKHROMMWMKHHDY W H U
<XQQDQ IROGHG EHOW RI WKH <DQJWEH@RQDVL S\CRD WWRKHP 24 PHQ K L JKR X Q W |
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<XQQDQ+*XL]KRX 30DWHDX ,W LV DQ DI LQEJFR HROQWXLTW B NHD JRGH LV LQ
JHRPRUSKRORJLFDO KHLJKW GLIIHYKMQEOBQ 3URYLQFMWIIBMS WKH VRXWKHU
WRSRJUDSKLF VORSH DYHUDJH PRXROMWBLQWJ LR QDNF OMURKQERPSOH[ WH
VWUHVV [UHTXHQW VHLVPLFLW\ ERQ® VOOK JKRFANVWLERG WREPBDHISKLF Y
JHRORJLFDO FRQGLWLRQV )LJV D PBLQDKHF XD RPRXIDRRLQVREHWK D JHRPR
YDXOW ) WKH =KDRWRQJ+/XGLDQRI)DXCPWDQ)Y D@D ®BHUWIKIH WRSRJIJUDSKLF
:XOLDQIHQJ )DXOW ) DUH PDLQO\ GHYHRR S H®@ )\WXDW DUHDNKH @D QFDQJN
WKH PDLQ ULYHU V\VWHPV LQFOXGH -WRBIJXLXIODOQN 6D\ XD UHQ BDAIOAKEH Y HOR S
ULYHUV 7KH PDLQ VHLVPRJHQLF IDXOW HW WYXW HRYRUFRDO®RGH. DVKKH /DQFD Q.
)DXOW ) DQG LWV DFWLYLW\ SURSHLWWUVV 70K H/ LROLLQN U B DV R RIHQNIHF VIO XD \
7KH 04 /IXGLDQ HDUWKTXDNH RQ $PXOW ) 7KHLQGXFHIGQIJIX HDUWKTXD N
JHRKD]DUGV PDLQO\ FRQFHQWUDWHG QGXWKB X3HRKDYBQGEVWAHRQH DLQO\ FI
DFFRXQWLQJ IRU DSSUR[LPDWHO\ GRUUWRW LW RWIAG O0RQWRIQWIKW\ JRQH 0L
GLVDVWHU SRLQWV ZHUH FRQFHQWUDWH® OFPM QW UDWHB DW WKH KHLJ
)LJ D DQG ZHUH GLVWULEXWHGDBIBWZHHAHWHKIG LYW ULEOWEB EHWZHHQ
)LJ E 7KH DYHUDJH GLVWDQFHV |UWKM WIX¥YHG DV BV \E HUWIRLEHVY MR RV KWK H
VHLVPRJHQLF IDXOW ) DQG ULYHU VMLWPRJHQUWHA IDXORVDRPGDQG ULYHU V\V
NP UHVSHFWLYHO\ NP UHVSHFWLYHO\

)LJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DU

)LJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DUGYV DC
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<LQJMLDQJ LV LQ WKH QRUWKZHWRFARQSISPWRWLRD O HKRIQXW GLIIHUH
BUHIHFWXUH <XQQDQ 3URYLQFH 'XWRWSR JUDSKLHFQWO RSIHRW HIF YWHRUTLIH f
PRYHPHQWYV DQG LQWHUPLWWHQW REWLMHPHQRWOWVKH QED®GHR WPKHV 'rTr
FKDUDFWHUL]HG E\ PXOWLSOH OD\HUYQVKB MLIBDQUD)MXROMLIKW JUPEG XDQE D
GHFUHDVHV IURP 1( WR 6: ZLWK D JHIDUFO IWRSRIWDYIC\ -DQEKMQS5LYHU UX

DYHUDJH VORSH RI f JLJV DE TWRPDQHRNWERFORGNRIWKH 67KH PDLQ \
WUHQGLQJ 6XGLDQ )DXOW ) DQG WHKHRrQ+ WRHGLOD 'POXQ@IMLD QIZKLFK LV
)DXOW ) DQG WKH PDLQ ULYHU V\WMHRW URE6OWEHLMWHK N ODSLERPSRQHQV

OHQJJD DQG 1DQGL ULYHUV 7KH PDRQ@ WMUOXFPRJIJHQLF |IDRXQGW FIHMVGWKIRKD]DU
GH[WUDO VWULNH VOLS 6XGLDQ )DXQQ® WKH 7KHLQWHQ¥LWINRREJ ORVW RI
HDUWKTXDNH RQ 0D\ LQG X FHG® U R R Q FCHUBA/U B VIHEO D W + P )L
FRQFHQWUDWHG LQ WKH + LQWHQVIGUV ZROHE XWDHGE EHWEHHERL WIKHVHEB:  f \
SRLQWYV ZHUH FRQFHQWUDWHG LEAWDDHHY IURP WKP GLVDVWHU SRLC(
)LJ D DQG ZHUH GLVWULEXWMHEG BEHW B HQ VWKH ZfHU H NP DQG
VORSH )LJ E 7KH DYHUDJH GLVWDQFH®JUWRR WK GLKBVWRHINERHYWV R
WR WKH VHLVPRJHQLF IDXOW ) DQGHULRIQU YKHWHP &HWDD DQBP1HSDO E
DQG NP UHVSHFWLYHO\ HSLFHQWHU RI WKLV HDUWKTXDNH ZD
TTrQ LV LQ WKH QRUWKZHVW RI <4XQGEBQWHWRWRIQFG 0LQ WKMHUWKTXDNH
ORQJLWXGLQDO YDOOH\ DUHD RI WK GH QIGX.MQ ULRIXD W Q L@ K HROR XWKKIH U Q
VRXWKHDVW HGJH RI WKH 4LQJKDG7REHWDJIJHOBWHDIXWLRAY RY ! P
FKDUDFWHUL]JHG E\ KLJK DOWLWM®RSRIJUDSKP FRPSOHH VWUDWD DQG

)LJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DUGV I

)LJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]D
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DFWLYLW\ DQG GHQVH IDXOW JRQHV3*%$ JRXFR KLJKHWH WKDQUWKHMWHPZHU ZD
LV GHQVH PDLQO\ LQFOXGLQJ WKH 'YRWRR[BOFEX IOLTRBYYVDKDQ WKDW R
3HQJTX ULYHUV 7KH PDLQ VHLVPRJHQLF7KBIXGWRWUM BV IOHR ZDXQIDH XSSHU Z
WKUXVW IDXOW ]J]RQH DORQJ WKH VHRSWKLARE®VERRQEGHDW\GRUDWMKIRQ HYHQ
+LPDOD\DQ RURJHQLF EHOW 7KH 0g WKURQJHR XHD UWKKTHDNWKRIXDNH SURFH\
$SULO LQGXFHG JHRKD]DUGV PDKQWWWKGKHQREZ B WHGCI X QW IDXOWV
WKH + LQWHQVLW\ JRQH DQG RV W/ IHN € LW@DL/SV HUX 6 RIMVQ W\Q 6 UMK H VHF R C
FRQFHQWUDWHG DW HOHYDWLRQV RRRUH: QXPHURXV DODDQKU LQ VFDOH

ZHUH GLVWULEXWHG EHWZHHQ KSSHWORIMU)ZDOE® HIMKAWY )RU H[DPS
DYHUDJH GLVWDQFHV IURP WKH GLVEDRUWKTERNGW W KHR %HLHF KB X Q W LRI HX

DQG ULYHU V\VWHP ZHUH NP DQG H[$HULUHQPSHFWWKHEVW DFWLYLW\ ZL)
FRPSRQHQW DQG WKH VHFRQGDU\ JHR
'LVFXVVLRQ VLIQLILFDQW XSSHU ORZHU ZDOO HIIHF

VFDOH DQG GHQVLW\ RI GLVDVWHU SR
$PRQJ WKH JHRKD]DUG LQGXFLQJ IDKWRUNYUH Py WKA S WON K IDREU WKDQ W
UDLQIDOO RU WKHLU FRXSOLQJ RIWBHG WKHIIBUHVHEREQG\DE L VGALY DEVWNWHIG/ Z
6HLVPLF JHRKD]DUGV PDLQO\ RFFXU ZQOWKRI NKHP VHRIVP RWH Y HFI DXOGW | Q I
DQG VWURQJ ZHDWKHULQJ ZKHUHD\W BMKIH HREOYVDUGHUVLRERKXHA E\WKH XS
UDLQIDOO PDLQO\ RFFXU LQ DUHDV RVKWH VILIZODQ EDOORO XOYOLX®V VIRG I +IUR FANQ [ L
LQWHUIDFHV ZLWK D VOLGLQJ VXUIOPBG\DMIG H QW HILIDG KX EHMWERG®QWUDVW
VWUDWLILHG URFN DQG EHGURFN <XQGXBHGVED VWULNHKNOQS /IDXOWV VXF
HW DO 7KH WZR W\SHV Rl GEXMVKWHOL@HMPKDOKDQV[LDUH DQG <LOLDH!
HYLGHQWO\ GLIIHUHQW DQG WKHUFRRUVBLFWRXVHKSSHN ORI EUILHIDHRW D
GLIIHUHQFHV LQ WKH PDLQ FRQWWHROMDUYBWILIBE®WRWY RIEMWZR@GDU\ JHRK
HDUWKTXDNH LQGXFHG DQG UDLQIDORI LVOKHK F H @ FK-MDIR HIDAWDWKHK X PoNUG v KHUH
$FFRUGLQJ WR WKH SUHYLRXV VWXBLWRRIWRHFPDAIXOWNQWRROWNIWPFH U.
IDFWRUV RI VHLVPLF JHRKD]DUGV BR®VMWaHU HGE WLUAW ¢ @WK IO HEPIHU JHQF\
VHLVPRJHQLFE IDXOW VHLVPLE 3*$ JWRKRIPMSKLEF VORSH DQG

JHRPRUSKRORJLFDO KHLJKW GLIITHUHQFH DQG GLVWDQFH IURP IDXOW
JRQHV DQG ULYHU V\VWHPYV 6HLVPLF SHDN JURXQG DFFHOHUDWL

$SFWLYH QDWXUH RI WKH IDXOW 7KH HDUWKTXDNHV LQIOXHQFH JHRKD
UHFLSURFDWLQJ VHLVPLF PRWLRQ GHV
(DUWKTXDNHV DUH XVXDOO\ FRQWQROOHWREGE\WR XQWWDEWRWW\WKH PR
DFFRUGLQJ WR WKH QDWXUH RI WKWHUMBPUPRIMQLPOVWUY XHEWXUHYV DQGDQJ
PHFKDQLVP RI IDXOW PRYHPHQW WKH QDWXODR R WKH IDXOW DFWLYLWKUR>
FDQ EH GLYLGHG LQWR WKUXVW DQWKWWWH®BWLAR GV MWL\S HBH W/ZKHHH Q@ R3/W D Q C
HDUWKTXDNH GLVDVWHU HIIHFWV FDXWMHG EN QAKX W@ R HFIOLU MK QDN W H LRVRQ W L
PRWLRQV DUH VLJQLILFDQWO\ GLIIHWHGWOHUDWHERQD R I J BWIXHWHKH GLYI
GLUHFWO\ DIIHFW WKH QXPEHU OFPQOMOLOGKGGLEDVWHIEXWLREULRXYV
FKDUDFWHULVWLFV Rl VHFRQGDU\ GGVUNDWWHUYRWOWYIH,QH 6 GGG LIHIRND J NWRXC
VHFRQGDU\ JHRKD]DUGV LQGXFHG E\LWKUWYXW WOFH HDXIEDWY KKHH @XPEHU
VLIJQLILFDQW XSSHU ORZHU ZDOO HINAWD/W ERIG D XIVEBI GW WH KK SSPHSW R DIOPHRW R
WKH WKUXVW IDXOW DV WKH DFWLYB*% GDWHD FIDW KEH | B E O/\N LDAHVGL YR RN GKDV

yLJ 5HODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DU
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ZKHUH 5 LV FRUUHODWLRQ FRHIILFL
VHFRQGDU\ JHRKD]DUGV < LV WKH PD
DUH WKH QXPEHU RI HDUWKTXDNHYV

LL 7KH PD[LPXP VHLVPLF 3*$ DSSH
GLUHFWLRQ (: DQG 16 DQG VKRZV \
PRWLRQ SOD\V D OHDGLQJ UROH LQ
JHRKD]DUGY ZKHUHDV YHUWLFEDO JU
IRUPDWLRQ RI VHFRQGDU\ JHRKD]DUG\

7TRSRIJUDSKLF VORSH DQG JHRPRUS

8VXDOO\ XQGHU WKH LQIOXHQFH RI

DQG KLIJK WRSRJUDSKLF PDJQLILFDWL

)LJ &RPSDULVRQ RI WKH GLVWULEX RI?FFXUU]H & Rlcp(VvHFR GRYL 2
XSSHU ORZHU ZDOO RI WKH %HLFKXDQ %%PH%&%&V\% HFI':)\MU%’A\}’FE SBoskL

FKXDQ HDUWKTXDNH TXDNH DU

ZKLFK REMHFWLYHO\ UHIOHFWV WK L;'E KH 1§ § Lllé &H \}9\Q
DURXQG WKH PRQLWRULQJ VWDWLR W = bV
N
g S

LQIRUPDWLRQ IRU HDUWKTXDNH GDP v/ Ay
W FDQ EH XVHG DV ILUVW KDQG H< ] @HV DU}
DVVHVVPHQW DQG JRQLQJ RI PR u HUWE ¢ CBW\NP Rl VHEE
HDUWKTXDNHV HDUWKTXDNH DUH ZLOO EH UHGXFHG
,Q WKLV VWXG\ IURP WKH 3*$ GDW{ R Lk W WK T,X0 Mk B U PR 3 UD S
/DEOH ~ WKH UHODWLRQVKLS EHWZ H'ﬁegd%*é'ﬂ(LPFDH-lﬁ’LfK\ﬁ/*%EPQB?HQFH WK
DQG WKH QXPEHU RI VHFRQGDU\ JHRW]M@MW\L/WW I-Ik@JRL\\)SHHG UHF
'XH WR WKH UHPRWH ORFDWLRQ RJpWKkh\FXNKX RBGP 'EP RU HI
HDUWKTXDNH DUHDV ZKHQ WKH HDUWK &R RF U & W%@%MHZ@K{ QR

PRWLRQ REVHUYDWLRQ VWDWLRQ IB{HFHKRFO WKEHUWREKHDRWHUZ L QG b «
WKHUHIRUH WKH PRWLRQ GDWD RI MK AYZRDWIHDON KT XD H Y oZdd Vb QR S H
FROOHFWHG 7KURXJK FRPSDUDWLY H P@AOMILY D kO L RAOIRY L Q JUWERU G H

SRLQWYV FDQ EH REWDLQHG HW DO &XL 6+ HW DO ILX
L 7KH PD[LPXP VHLVPLF 3*$ LV SRUYUWHMRSR\ ORAUINHOIBMHEQ WKH :HQF
ZLWK WKH QXPEHU RI VHFRQGDU\ JHRKOXPWGH] 15 1 P . @ WKHIKW GLIIHU

WKUHH HDUWKTXDNH DUHDV Rl 3*$ V\@QRSH RIJ ffHGFKXDNQHG YLOODJHV |
IXVKDQ DQG /XGLDQ VHYHUDO JHRKDO]DBGNWKDYH DSSEHROHGS& HW DO
ZKHUHDV WKH LQGLYLGXDO VFDOH DQ®G OPVWEOLBOZIDYG XPKY HEHG WHBH XBUDQ |

JUHDWHU WKDQ WKDW LQ RWKHU DUHDSSUR[LPDWHO\ 1 P D KHLJK\
SHDUVRQ FRUUHODWLRQ FRHIILFLHQSSWERHWPHDWBOFXODRVHGBGQBF PRVGRGH
WR ZKROH YLOODJH DQG NLOOHG RYHU
7TDEOH 3*$ PD[LPXP FRUUHVSRQGLQJ VWDWLRQ LQIRUPDWLRQ IRL
12 (DUWKTXDNH QmWDWLRQGQ\mMLRQ{NQ\ﬁéég#XPFSQ¥VPD[J 'LUHFWLR SLLVFva(\QNFHﬁLL'\Y\{DH W\SH
"HQFKXDQ HDUWRODRIDNH & (713 6RLO
/XVKDQ HDUWK T9XDRH QJ % ;' 05 VRLO
OLQILDQ*=KDQJIPLRQ o 0;7 05 6RLO

HDUWKTXDNH

N R AN Rm A~~~

<LOLDQJ HDUW KIDODNDKD J </7 . 5RFN
/IXGLDQ HDUWKTROQNWRXVKDQ (71% 6RLO
-LQJIX HDUWKTXRQ@BSLQJ -<3 (71% 6 VRLO
<LQJMLDQJ HDUWKTXDNH /+6 . 6RLO
‘rTrQ HDUWKTXDNHEHHQJ i (71% (: &HPHQW

IRWBx*'DWD IRU WKLV VWXG\ DUH SURYLGHG E\ &KLQD 6WURQJ ORWLRQ 1HWZRUN &HQWUH DW
E+xGrTrQ V GDWD/REWDH\WQHGFIWRKRHUH ZDV QR PRWLRQ REVHUYDWLRQ VWDWLRQ LQ <XVKX DQG



3HQJ HW DO &KLQD *HRORJ\

UDSLGO\ SURGXFHV VXEVWDQWLDO GL\
PHFKDQLFDO EDODQFH DQG PDWHULDO
DQG IRUPV VHYHUDO IUDFWXUHV LQ \
FRPSUHVVLRQ XSOLIW ]JRQH OHDGLQ
JHRKD]DUGYV OHDQZKLOH WKH GRZQFX
DQG ORQJ WHUP VFRXULQJ DQG VRDNLQ
IORZ QRW RQO\ FKDQJHV WKH FRPSRVL
URFN DQG VRLO Rl WKH ULYHUEDQN E
WRSRJUDSKLF DQG JHRPRUSKLF FRQGL)\
JHRKD]DUGV )URP )LJV + LW FDQ EH
JHRKD]DUGV DUH PDLQO\ GLVWULEXWHC
WKH IDXOW DQG DUH *OLQHDU " DORQJ
WKDW WKH IDXOW JRQH DQG ULYHU V\
GLVWULEXWLRQ SDWWHUQ $FFRUGLQJ
VFDOH KLJK VSHHG ODQGVOLGHV RFFXU
IURP WKH VHLVPRJHQLF IDXOW LQ WK
DFFRXQWLQJ IRU PRUH WKDQ KDOI RI |
ODQGVOLGHV UHJLRQDOO\ X 4

JLJ S5HODWLRQVKLS EHWZHHQ WKH 3*\4$H>|3[V|DQ\(BH\QI{_I'FF QRXE-W RWKHFJUHDWHU W

RQGDU\ JHRKD]DUGV ODQGVOLGH DQG WKHUH LV D QHJDW

%\ FRPSDULQJ WKH VORSH GLV@%%HHL% GHI%?%&E’)&@LRG WKH GLVW

JHRKD]DUGV LQGXFHG E\ WKH WHQ H f@\ J— e 4VLSgWHLv[\)/(
WKH IROORZLQJ UHJLPHV FDQ EH GHI

L 7KH JUHDWHU WKH JHRPRUSKL ﬁ ?ﬁ %8 %B% H VHFR
VWHHSHU WKH DYHUDJH VORSH WKHW gg é& gN ]#@%

SRLQWV RQ WKH KLJK VORSH VXFK

'LQJUL RQ WKH FRQWUDU\ WKH VP §E%§ VWUL
GLIIHUHQFH DQG WKH ORZHU WKH D % HM
QXPEHURIJHRKD]DUGSRLQWVFNQO fEQ%SDb

-LQJJX DQG <LOLDQJ
LL :KHQ WKH DYHUDWKHYGRSBIVWHY ﬁgéf%'ﬁ§ZV\NKDW RYHU?O$HSQ
PDLQO\ FRQFHQWUDWHG EHWZHHQ [3! BNVHPE Y RO R LR
! f WKH GLVDVWHU SRLQWV DUH P%E W W wH VEﬁ%ﬁ% IDXOV
fx g L RWKHU HDUWKTXDNH DU
QWK sk

LLL :KHQ WKH WRSRJUDSKLF VORsGl-P{Q YWRRE RPUWKTXL
wwf &

VHFRQGDU\ JHRKD]DUGV LV KLJKHU Z?R¥ F?' ¥HEMEBRPHQUGREXPW .Q

f WKH SURSRUWLRQ RI VHFRQG§&\V RQ}EHF] M2 HEQr JHBYRIPUGY DQG
VLIJQLILFDQWO\ 2YHUDOO f+ f LVERWWHY RV YHRRWLERaKRIK HISOL
HDUWKTXDNH LQGXFHG VHFRQGDU\ JNRKB Q‘H/\ JHRKD]DUGV ZDV LQFUHDVE

VHLVPRJHQLF IDXOWYV
'LVWDQFH RI IDXOW ]JRQH DQG ULYHUKEWWKRZY WKDW WKH IRUPDWLRQ

JHRKD]DUGV LV QRW RQO\ UHODWHG W
KHQ DQ HDUWKTXDNH RFFXUV WKH ODDEK@MH G REQ HW KX ®FN@BOLDWHG IDXO)

7TDEOH &RPSDULVRQ RI VORSH GLVWULEXWLRQ RI VHFRQGDU\ JHRKD]DUGV LQGXFF}
SHUFHQWDJH RI GLVDVWHU SRLQWYV ZLWK
1R (DUWKOQRPNH *HRPRUSKLF KHLJKW $1H UHDU H QUFBIRISH—F

fx f f* f f+ [ f* f fx fU f

"HQFKMDQWKTXDNH
<XVKRUWKTXDNH

/ XV KHDIU W K TXD N H

OLQ[LDQ =KIDmUWIOTXDNH

<L OLHDQUW K TXD N H

/XGLHOODUWKTXDNH

-LQHXUWKTXDNH i i
<LQIMLMUWWKTXDNH i
TTrEDUWKTXDNH

"LQHDUWKTXDNH
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)LJ 5HODWLRQVKLS EHWZHHQ WRSRJUDSKLF VORSH DQG SURSRU

LL ,W FDQ EH VHHQ IURP )LJ FWMEBWGW KN THRKDYDEGWLRQHRRQRW RC
VHFRQGDU\ JHRKD]DUG SRLQWYV LV QIBXIDWL YBXO MROURH @ QWOKG @EWE B\K AV |
GLVWDQFH WR WKH ULYHU V\VWHP DDGWKWXDWH DUPO®\ FRQFHQWUDWHG
EHWZHHQ A NP IURP WKH ULYHU V\VWHPY 7KH PD[LPXP VHLVPLF 3*$ LV S
LLL &RPSDUHG ZLWK )LJV DAF ZMWRDWKEH QRRBBUWKIDWHWREGGDU\ VHI
FXUYH EHWZHHQ WKH GLVWULEXWLRKRWIDWQR RO JHRXQD BBW LR@GS WKW D
GLVWDQFH RI WKH ULYHU V\VWHP RVKRZAR @G EEHWIW R K D LDHMEB\R QAKHUH DV
UHODWLRQVKLS WKDW LV WKH IOXFHXDWLRGURPRWWHEXURAHY VPDOOHU
WKH FKDQJLQJ WUHQG LV PRUH VWDEOH LQGLFDWLQJ WKDW WKH
GLVWULEXWLRQ RI GLVDVWHU sRLQV&\?HLGVUP@Q}WW‘GMLQ?WF&QMHHEWWGR@\

WKH ULYHU VA\VWHP ZKLFK DOVR IROORZV WKH FWXDO LOQYHV LJDWLR%
WKH ILHOG &KDR 3HQJ DQG =KL TLD QF

LGHD &KDR 3HQJ =KL TLDQJ <LQ +DL
&RQFOXVLRQV FRQGXFWHG WKH VXUYH\ ;X MLDR =KI
$00 DXWKRUV GLVFXVVHG WKH UHVXC
7KURXJK FRPSDUDWLYH DQDO\VLV FROQWKRAUIDSWRUV LQIOXHQFLQJ
WKH JHQHUDWLRQ RI VHFRQGDU\ JHRKD]DUGV LQGXFHG E\ WHQ
HDUWKTXDNHV FRQVWUDLQWY RQ WKH ®BUVOWIRRYQWWRRERRDHIWDBRW RO W Hr i
REWDLQHG 6XFK LQIRUPDWLRQ SURYLGHV FUXFLDO LQVLJKW LQWR
VWUDWHJILHY IRU SUH HDUWKTXDNH G{¥DPRHMKR{UIMCHOERAR RE %PQE?R@ﬂaQ/\AF'
HDUWKTXDNH HPHUJHQF\ UHVFXH RSH DWL LQJ WR UHGXFH
WKH ORVVHV FDXVHG E\ HDUWKTXDRH ﬁ‘/"?—ﬂ'bp\/'9 IROORZLQJ
LQVLIJKWY KDYH EHHQ REWDLQHG IURP
L 7KH RFFXUUHQFH RI VHLVPLF DEEFKg %/'59 LQWON VXS
DIIHFWHG E\ PDQ\ FRQWUROOLQJ IDF Vo d?Qé g l_V}DU|§ %<\gt$|ﬁ”_|
QDWXUH RI WKH VHLVPRJHQLF IDXOW vz RIUDS
VORSH DQG JHRPRUSKLF KHLJKW GLIIHUHQFH KH v LVPLF DUHD
DQG GLVWDQFH IURP WKH IDXOW ]RQ@X%QQW@WD\U\VWUWWMNWKH PRVW
LPSRUWDQW
LL &RPSDUHG ZLWK VWULNH VOLSKH DUWKTWDNHM /DMK XONG 5HVRX
HDUWKTXDNHV LQGXFH PRUH KLJK D GWEWKGIHF DRIGE&KLIKO VS HH G XWHPIRW HR |
ODQGVOLGHV ZKLFK DUH PRUH QXPHURXY¥X\FOXVHD BWKAXDBNHULBXKORJILFED
KDUP DQG KDYH D VLJQLILFDQW XSSHIRDRFHW ZDOO HIIHFW VXFK DV
WKH :HQFKXDQ HDUWKTXDNH RQ 0D\ *HR (QYLURQPHQW ORQLWRULQJ ,QV\
LLL 7KH VORSH UDQJH fA f LV PRV YHMMH DMWR R/ LWVPERUW RQ KLC
VHFRQGDU\ JHRKD]DUGYV VHFRQGDUVRORYWIDO SRDPOIMNGW UHQPDAQ O\  H|
FRQFHQWUDWHG EHWZHHQ A NP OUBF.DWKEHKDQYHWQVERXBMW\ *DQVX 3L
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yLJ &XUYH RI WKH UHODWLRQVKLS EHWZHHQ WKH GLVWULEXWLRQ UDWLR RI JHF
DQG F ULYHU VA\VWHP LQ WKH HDUWKTXDNH DUHD

*HR (QYLURQPHQW ORQLWRULQJ GOQWHWXWHHRORXX@®IDQGLVDVWHU LQ

3URYLQFH (PHUJHQF\ LQYHVWL DDMWDRRI UHBRYWRNQW\ <XQQDQ 3URYL
HDUWKTXDNH JHRORJLFDO GLVDVWHU*H@ (XKYOLR\MRR® 5 QW WO RQXLYRQQJI ,Q
BURYLQFH BURYLQFH (PHUJHQF\ LQYHVWLJDW

*HR (QYLURQPHQW ORQLWRULQJ 3QVWHWMWHKTX®INH<XOPQRJILFDO KD]DUC
3URYLQFH (PHUJHQF\ LQYHVWLJIJBDKR@D3UHBRAUMXWRH) KLGGHQ
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*HR (QYLURQPHQW ORQLWRULQJ ,Q@VWH WALV K REVWHDGWQ GRL M FQ
BURYLQFH ,QYHVWLJDWLRQ uHSRUW’R@’KQGGHG@@QJ‘%U\PW PHRER A FBOBQ

GLVDVWHUV DIWHU 3 °~ DQG 3 ~ HDUW%VXB’&HP"‘{_L(EQ KH PRELOLW\ RI
3UHIHEWXUH RQVLGHULQJ WK IULF LRQDO ZHDNHQL

) ‘ \D% VS{?HUL *HRORJ LQ &K
HRORJLFDO LVDVWHU (PHUJHQF XLGDQﬁH;QNL MHJ

&HQWHU RI WKH OLQLVWU\ RI /DQG DR SHQ/MU,EHV Rl(YgRrg)LXQ,@RQ FKDUDFWHUL
'RUN UHSRUW RI WKH H[SHUW JURXS R@ WKHHPHWHHRED QU HYSRAIXBNRILQ <L
JHRORJLFDO GLVDVWHUV LQ WKH 3 ‘DADUMRORNDNH GLVDVWEKDYUHDI ZIQN k

7LEHW 4L 6: ;X 4 /DQ +; =KDQJ % /LX -< 6S|
DQDO\WLVY RI ODQGVOLGHV WULJJHUHG E
SHIHUHQFHYV (DUWKTXDNH &KLQD (QJLQHHULQJ *HROR
M HQJJHR
&KHQ -3 /L -) 4LQ ;: 'RQJ 4- 6XQ < 6B Wk * sKPMRvHG /L / =KDQJ <% 7DQJ *3

VWDWLVWLFDO DQDO\VLV RI VHFRQGDU\ JHROFICPHBIGRVDY WHRRGCHEOKGH WIH JIHUHC
‘HQFKXDQ (DUWKTXDNH $FWD *HRORJLFD HRBWKI XPdhio 1y KDMH WWRKE\ *HRWHFKQLF!
+ GRL M [ + GRL \%

&XL 3 =KX << +DQ <6 &KHQ ;4 =KXDQJ -4DQJ &7rKX - o ; 'LQJ - IDQGVOLGHV L
‘HQFKXDQ HDUWKTXDNH LQGXFHG ODQGVOHBHWWHEDXPNH DG WMKEKWKREHDOEQW VWUR
SUHOLPLQDU\ ULVN HYDOXDWLRQ /DQGVOLWHKY %HLFKXDQ BRHD RI &KLQD (QJLQHHUL
v GRL M HQJJHR

&KHQ ;/ /L &< :DQJ 00 /L =) 7KH PDLQ:PERWRUWVLHD XV LPRW KH SHVHDUFK RQ UH
VHLVPLF ODQGVOLGH GLVWULEXWLRQ GLIIHPAREW RLGEG M RD QGG B HOINWKWR KX WV K OH
FDVH Rl ODQGVOLGH GLVWULEXWLRQ LQ % HPEMDIX IDNH D& KLUKQHH H RORKQVDG RRIRPRFN

*HRSK\VLFV + LQ &KLQHVH ZLWK (QJOL¥K DEYWKIDENWHIRWK (QJOLVK DEVW

M LVVQ :DQJ ;< 6WXG\ Rl IDVW HYDOXDWLRQ V

&XL 6+ <DQJ 4: 3HL ;- +XDQJ 54 *XR % ZKPXNFHG ODQGVOLGHYV DQG WKHLU HIIHFW

*HRORJLFDO DQG PRUSKRORJLFDO VWXG\ EKWXH HDIKPOWLABORRDHBEN OHEKDQLFV DQ!
WULJIJHUHG E\ WKH 0 'HQFKXDQ HDOWKERPNH ZL&KH ¢@IOLVK DEVWUDFW

*HRPRUSKRORJ\ GRL M JHRPRYUSKk :DQJ ": SHODWLRQVKLSV EHW?Z

'LQJ <+ :DQJ <4 6XQ -= &RUUHODWLRD WEWRWIHNH VHRGXEHG ODQGVOLGH DQG

ODQGVOLGH DQG FROODSVH DQG VHLVPLF &BU®P HWHRIRB QRD O WX XIDDION IF® VRII R&K L Q D
SUHGLFWLQJ VORSH HDUWKTXDNH GLVDVW HU WEKK (@I K RXEMWDWOD RW*HRBK\VLFY M LV

6 * LQ &KLQHVH ZLWK (QJOLVK HmERMWUDEWHQIRA* =KX 4 y,QYHUVH JUDGI
6 IURP URFN DYDODQFKHY WULJJHUHG E\ :H
‘DL )& ;X & <DR ; ;X [ 7X ;% *RQJ 40 -RXWUBLEDWIRDGBRFN OHFKDQLFV DQG (QJLQHE
GLVWULEXWLRQ RI ODQGVOLGHV WULJIJHUHKIEQHVNKH ZLWK, (QJIPONKXDQEVWUDFW
HDUWKTXDNH &KLQD -RXUQDO RI $VLDQ (DUWK 6FLHQFHV +
GRL M MVHDHV :DQJ '3 +H 60 *H 6- 3DQ &3 =KDL 0* 0
+XDQJ 54 /L :/ JDXOW HIIHFW DQDO\VLYV RIQGXF KB ]| EYGVWY LHDHWHGT EDNH RI 6HS
‘HQFKXDQ HDUWKTXDNH -RXUQDO RI (QJVNXHHWVYWILROM RRIGLVDVWHU UHGXFWLRQ
+ LQ &KLQHVH ZLWK (QJOLVK DEVWUDFW GRLZ LQV&KUQHVH ZLWK (QJOLVK DE
LVVQ
+XDQJ 54 =KDQJ :) 3HL ;- (QILQHHULQDQIHROFIQF O ¥yIMXGA RR@QJ 3 =KDQJ -

'DIXDQJEDR ODQGVOLGH -RXUQDO RI (QHAHMHM ®I YHMRBBRIKXIH VHFRQGDU\ JHROR
+ LQ &KLQHVH ZLWK (QJOLVK DEVWUDFW /XGRIDQ HDUWKFRYRNHIHQ <XQQDQ -RXUQ
* LQ &KLQHVH ZLWK (QJOLVK DEVWUDF

+DQ <6 /LDQJ & &XL 3 +DQ - ;XH - =KDQJ <; ; 6XVFHSWLELOLW\
RI PRXQWDLQ KD]DUGV WULJJHUHG E\:XHQFKXKDQ HORUWK/TXDIQH=4WRX <4 $ VW)
WRSRJUDSKLF IDFWRUV -RXUQDO RI 6LFKDOX® V8 MWMHWXEWXUKYIDQBHIHRKD]IDUGY WL
6FLHQFH (GLWLRQ 6 + LQ &KLQHVH QLMWIKDIQJIGLEKRIEHRORDFWQG (QILQHHULC
GRL M MVXHVH v LQ &KLQHVH ZLWK (QJOLVK DEVWUDFW ¢
/L ;- =KRX =+ +XDQJ 0 :HQ 5= <X +< /X ': =KRX <1 &XL
- 3UHOLPLQDU\ DQDO\VLV Rl VWURQIXPRWPDR®@ UBRRUGLQUNQ KRP '"WRH ) /IDQG
PDJQLWXGH "HQFKXDQ &KLQD (DUWKTEDNWKHRI $XIXVW /IXGLDQ &KLQD 0z
6HLVPRORJLFDO 5HVHDUFK /HWWHUV XSSEDWBALLQYHQWRUUDQG DQDO\WLV RI W
Rl (DUWK 6FLHQFH + GRL Vv
/DL 0 =KX -* -LDQJ 3 6XQ =7 /L '+ <X + /RQJ4&+ =K&WHG\ RQ /DUJH VFDOH /DQGVOLGH"
*URXQG PRWLRQ GDWD VWXG\ RI WKH %BHIMQOHURBLUHQFEH 3UHVV + LQ &KLQHVI
(DUWKTXDNH (DUWKTXDNH 5HVHDUFK LQ;%I8FKXDQ <X * # LQ &SKLQG\VRIQ WKH FKDUDT
ZLWK (QJOLVK DEVWUDFW GRL M FODIQG VSDWLDO GLVWULEXWLRQ RI <XVKX
/LX &= :HQ 06 /LX <+ /[LX 44 *X ;; 5HJ L RGID ¥ PIRORIY VIPGI@ WHR O R J\ + LQ &
RQ JHRORJLFDO GLVDVWHUV LQ 3 " HQFKX\DWUDRWPGRIDUHD &KLQDQ

+\GURJHRORJ\ DQG (QJLQHHULQJ *HRORJX <4 <L® =4LBERKIQHVH'HYHORSLQJ FKDUDF
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SURFHVV Rl *DQMLD]KDL ODUJH VFDOH OD®GMHIGH WQ RXGHRY F IUHQ BXYX VW
HDUWKTXDNH DUHD RI QRUWKHDVW <XQ QM OLWRKDEY® URIFWQJGBHHULQJ GTN|

I+

*HRORJ\ + LQ &KLQHVH ZLWK €QOO+¥K:DEVWUDEW, ©RIQJ 1 /L +7 6W X C
M FQNL MHJ VLWH HIIHFW RQ WKH IDLOXUH PHFKDQLVI
'LDR :% &KHQ << :DQJ <% =KDQJ <6 5HM QDX WHHL G PE\F: AEQFKXDQ HDUWKTXDNH &KLC

SURSDJDWLRQ PRGHOLQJ DQG JURXQG PRWLRQ FKDHUDFWQ BIKLQHRAH RILWKHQJOLVK DEV
0 UG $XJXVW OLQ[LDQ HDUWKTXDNH LQ *D/@VX[E&KLQHVH -RXUQDO RI

*HRSK\VLFV + LQ &KLQHVH ZEKW® £@JOX \kK DERMQUBEW6D /3 -LDQJ ;: 7K
GRL FMJ 1 DQG GLVWULEXWLRQ FKDUDFWHULVWLFV RI
<XDQ 50 7DQ ;% &KHQ *+ ;X :: +XJH ODQGV/XIGEBY RIMDAMXVKTHEONH DQG FRPSDULVRQ :
DW WKH VSHFLDO SODFHV RI WKH FRVHLVPHLEUWKSWRNH DSFGV BV K HRWD PHFD O LY PF D
H[SODQDWLRQ EDVHG RQ WKH IRUPDWLARQ@ KRRGEDVKRDE WHFMNRWD LFGR L M LVV<
JHRPRUSKRORJ\ $ FDVH VWXG\ Rl 'RQJKHQRXY HMBPRWLROX @PQENVA@EGH 'LVWULEXWL
(DUWK 6FLHQFH )URQWLHUV + LQHRKIDQBEV B VZLYWEX FHIBOEVIVKH /XGLDQ HDUWK
DEVWUDFW GRL 6 D FRPSDULVRQ WR WKH -LQJJX DQG <LQJML
<LQ <3 =KHQJ :0 /L ;& 6XQ 3 /L % &DWRYXWWRBKLRIODYGYD IZEMNK /DQGVOLGHYV
DVVRFLDWHG ZLWK WKH 04 ‘"HQFKXDQ HDUWKBXDNH %XOOHWLQ RI
(QJLQHHULQJ *HRORJ\ DQG WKH (QYLURM@RHQW< <DR <+ GRL 'HYHORSPHQW ODZ |
Y% FKDUDFWHULVWLFV Rl JHRORJLFDO KD]DUG
<LQ <3 =KDQJ <6 D HQFKXDQ HDUWKTXDNXIEGLD®ILOXGQODQJI3URRYARFAH &KLQD (DUWKT.
DQG JHRORJLFDO GLVDVWHU %HLMLQJ 6FLHQFH+ 3UHN® &KLQ@HVH IZQWK (QJOLVK DE\
&KLQHVH M LVVQ
<LQ <3 :DQJ O /L E )HQJ = E '\QDPLF UHNBRQA*H £KDQDRWHULVWRPHW FKDUDFWHULVWL

RI 'DJXDQJEDR ODQGVOLGH WULJJHUHG BPDQBYPKEBHQ LBD BWXWXZNMWHUQ &KLQD 1
&KLQHVH -RXUQDO RI 5RFN OHFKDQLFV D-®RXUMIQQHHULQY LQ &KLQHVH ZLWK (QJOlI

+ LQ &KLQHVH ZLWK (QJOLVK DEVWUDKIMQJIGRL 'RQJ 6M HRXQ&7 *XR &% <DR ; /L %
*HRKD]DUGV LQGXFHG E\ WKH /XVKDQ
<DQJ - =HQJ =; /L 0+ )DQJ <* 7DQ =6 :X 6=6LFKXDQ3URYLQFH B6RXWKZHVW &KLQD 7\¢

7KH VHLVPR JHRORJLFDO KD]DUGV DQG VHLEPRWHQEKW WRXF® X BKDRIDWWHULVWLFV  $F\
rTrQJ '"HURQJ HDUWKTXDNH (DUWK 6FLBQWHRRXUQDO Rt &KG@&D
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