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$ UHYLHZ RI FDUERQ LVRWRSH H
FKDQJHV DQG PDULQH UHG EHG
7JULDVVLF ZLWK LQVLJKWYV IURP
QRUWKZHVW &KLQD

+DQ[LDR2DX0 % FL3IQDVIOXLEQRKXL =KD QDQODWJ :X

' XORQJ FDL

PEFKRRO RI (DUWK 6FLHQFH &KLQD 8QLYHUVLW\RI*HRVFLH
35 &KLQD

E6FKRRO RI (DUWK DQG (QYLURQPHQW 8QLYHUVLW\RI/HHG
FEBWDWH .H\ /DERUDWRU\RI %LRJHRORJ\DQG (QYLURQPHQW

RI*"HRVFLHQFHV XKDQ +XEHL 35 &KLQD

$EVWUDFW

7KH (DUO\ 7ULDVVLF ZDVDQLQWHUYDO FKDUDFWHUL]HG E\
LVRWRSHH[FXUVLRQV &,(V PXOWLSOHDQGZLGHVSUHDG
EXWIOXFWXDWLQJWHPSHUDWXUHYV ,QRUGHUWR FRPSUHK
LOQWHU UHODWLRQVKLS ZHKDYHLQYHVWLIDWHG WKH <LZI
4LQOLQJVKHOIVHD DWWKHHDVWHUQ FRUQHU RI 3DOHR 71
PDULQHUHG EHG 05% RFFXUUHQFHVY UHGR[FRQGLWLRQV
VKRZJUHDW YDULDWLRQVEHWZHHQ GLITHUHQW UHJLRQV E

*ULHVEDFKLDQ ZHUH WKH\RIDOPRVW JOREDO HIWHQW ZKL



LOQOWHUYDOV WKHUH LV JUHDW UHJLRQDO YDULDWLRQ RI UH
*ULHVEDFKLDQDQR[LD ZDV DEVHQW LQ 6RXWK 7LEHW DQG 4
05%VLQWKHODWWHUUHIJLRQDUH GRPLQDWHG E\LQWUDEFC(
FDXVHG E\IHUUXJLQRXV RFHDQ ZDWHUV DGYHFWHG IURP W
7TKHPRUH ZLGHVSUHDG 6SDWKLDQ 05%V PRVWO\GHYHORSI
DOVR OLNHO\D SURGXFWRIDGYHFWLRQ RIDQR[LFIHUUXJL
9LJRURXV XSZHOOLQJDW WKLV WLPHLV XQOLNHO\EHFDXV|
SURGXFWLYLW\DQG GLDIJHQHWLF FRQGLWLRQV WKDW ZRXC
R[\K\GUR[LGHV UHVSRQVLEOH IRU W Kb 5% R USRPISH OB VA R (
WKDW WKH QHIJDWLYH H[FXUVLRQ LQ WKHG6PLWKLDQ IURP 3

A WR A WKHSRVLWLYHH[FXUVLRQIURP1 WR 3 DFUR\
ERXQGDU\UDQJHV IURP A WR ADQG LWV DPSOLWXGH L\
<DQJW]H 30ODWIRUP 7KHVLPLODULW\RI1 YDOXHV DW<LZD
VHDPRXQW FDUERQDWHYV RI WKH3DQWKDODVVD 2FHDQ LQG
DWWKHWLPHRIG6PLWKLDQ 05%V IRUP BW DROXHANKE XODIRED O D
WKH3 DQG1 &,(VVKRZV WKDW YDOXHV DUH ADQG A KH
FRPSDUHG WR GHHS VHWWLQJVY UHVSHFWLYHO\ ,Q FRQWUD
ZLWK ZDWHU GHSWK RI WKH VXEV H &X b O&>3CH ¥ ( KRZY A K DWR
WKHUHDUH ODUJH GLITHUHQFHV EHWZHHQ UHJLRQV WKDW (
VWUDWLILFDWLRQ KLVWRULHV RIHSLFRQWLQHQWDO EDVL(
WLPH 3B3UHYLRXV VWXGLHV KDYHVXJJHVWHGD FROODSVHR

JUDGLHQW GXULQJ3 DVVRFLDWHG ZLWK YLJRURXV XSZHOC



ZLGHVSUHDG DQG LV OLNHO\D UHJLRQDO VLIJQDO 7KH RULJ
LVRWRSH YDOXHV GXULQJWKHPLG 6PLWKLDQ 1 H[FXUVLRC(
3 H[FXUVLRQ UHPDLQV XQFOHDU DIQVEKDIORERW HBUGRQPFHKBE
&KDQIJHV LQ WKH SURSRUWLRQV RIFDUERQDWH FDUERQ DQ

LPSRUWDQW

,QWURGXFWLRQ
JROORZLQJWKH FDWDVWURSKLFHQYLURQPHQWDO FKDQ
HIWLQFWLRQ WKH (DUO\7ULDVVLF ZRUOG H[SHULHQFHG FF
ZKRVH RULJLQV KDYHEHHQ PXFK GHEDWHG H J :LJQDOOH
6RQJ HW DO /\X HW DO 2FHDQLF UHGR[FRQGL
WHPSHUDWXUHY DOO VKRZ KLJK DPSOLWXGH FKDQJHV GXU
SDWWHUQRIRULJLQDWLRQVDQG H[WLQFWLRQV RIPDULQH
6WDQOH\ 6XQ HW DO +XDQJHW DO 1RWD
H[WLQFWLRQ FULVLV IRUQHNWR SHODJLF RUJDQLVPVLQW
PDMRU SR¥,WKYHV 6WDQOH\ =KDQJHW DO D 'DLH
HW DO ORVW DPPRQRLG IDPLOLHV EHFDPHH[WLQFW D
6PLWKLDQ FRQRGRQW JHQHUD DOVR GLVDSSHDUHG GXULQ.
WR EHUHSODFHG E\QHZDPPRQRLGDQG FRQRGRQW WD[D L
%UD\DUG HW DO =KDQJHW DO D 'DLHWDO
2FHDQ WHPSHUDWXUHV URVH UDSLGO\ DFURVV WKH 3F

UHPDLQHG KLIKWKURXJKRXW WKH (DUO\7ULDVVLF UHDEFKI



EHIRUH WKH RQVHW RI DJUDGXDO FRROLQJ WUHQG IURP W
-RDFKLPVNL HW DO &KHQ HW DO *RXGHPDQG H
WKHUPDO PD[LPXP RUVXEVHTXHQW FRROLQJWUHQG KDYH
QHNWRQ SHODJLF FULVLV QRWHG DERYH DOWKRXJK ZLC
FRQWULEXWHG HJ 6XQ HW DO 'LGPDQQ HW DO
%ODFN VKDOHV DUH ZHOO NQRZQ IURP WKH PLGGOH=*(
6PLWKLDQ+6SDWKLDQ ERXQGDU\ EXW LQ PDQ\ UHJLRQV
PDULQH UHG EHGV 05%V LQ WKH HDUO\ 6SDWKLDQ 6XQ H'
/ILHW DO D 05%V KDYHEHHQ GRFXPHQWHG IURP PL
6RXWK &KLQD 7LEHW -DSDQDQG &DOLIRUQLD 6% *DOIHW
TDNDKDVKL HW DO 6XQ HW DO 6RQJHWDO
KDYH EHHQ DWWULEXWHG WR D YDULHW\ RI FDXVHV LQFOX
FOLPDWH 6RQJHWDO /ILHW DO D
&RLQFLGHQW ZLWK WKH PDULQHUHGR[FKDQJHV DQG ELF
FDUERQLVRWRSHUHFRUGDOVRVKRZV PDMRUFKDQJHV H
=KDQJHWDO D DOWKRXJKWKHDPSOLWXGH RI WKt
&,(V YDULHVY FRQVLGHUDEO\IURPUHJLRQWRUHJLRQDQG
3D\QHHW DO 6RQJHWDO I\X HW DO =KDF
DO TKHRULIJLQDQG VLIQLILFDQFHRIWKHVH WHPSRU
YDULDWLRQV KDVEHHQPXFKGHEDWHGDQG VHYHUDO DOW|
KDYHEHHQ SURSRVHG 7KHLQWHU UHODWLRQVKLS EHWZH]I

XQGHUVWRRG



, Q WKLV VWXG\ ZHUHYLHZDQG GLVFXVV WKH @UO\7ULD
WKHOLJKWRID QHZO\H[DPLQHG KLJKO\H[SDQGHG UHFRU(C
SHUPLDQ+*7ULDVVLF GHSRVLWLRQLQ D OLWQIOHHVW XGLHG 3
‘HSURYLGHQHZ IDFLHVDQG SDODHRQWRORJLFDO GDWD LC
UHVSRQVLEOHIRUWKH XQXVXDODVSHFWV RIWKH (DUO\ 7U
SHILRQDO FDUERQLVRWRSHRVFLOODWLRQVDUHFRPSDUH
I[JURP RWKHU UHJLRQVLQ RUGHUWRLQYHVWLIJDWHDQG EHW

FULVLVLQ WKHFRQWH[W RIWKHWXPXOWXRXV KLVWRU\RI\

*HRORJLFDO VHWWLQJDQG VWUDWLJUDSK\

'XULQJWKH ODWH 3HUPLDQ /DXUDVLD DQG *RQGZDQD PH
VXSHUFRQWLQHQW RI3DQJHD ZKLFK ZDV HPED\HG E\ WKH 7}
DQG 3DOHR 7HWK\V OHWFDOIH 'LHDQG 7DQJ 7KH
WHUUDQHV IURP *RQGZDQD LQ WKH HDUO\3HUPLDQ WR VX
PLGGOH 3HUPLDQ+(DUO\7ULDVVLF OHG WR WKHRSHQLQJR
RIWKH 3DOHR 7THWK\V OXWWRQLHW DO OHWFDOIH
3HUPLDQ+7ULDVVLF WUDQVLWLRQ WKH4LQ®KQQBHD ZDV D
DQG 1RUWK &KLQD EORFNV WKDW RSHQHG ZHVWZDUGV LQW
YJHQJHW DO <LQDQG 3HQJ /LHW DO E 7KH
6DLTHUODQJVKDQ VHFWLRQV SURYLGHD UHFRUG RI GHSRV

4LQOLQJ6HD /DLHWDO /ILHW DO E



7KH<LZDJRX VHFWLRQLV ORFDWHGLQ 7rZR &RXQW\ *DQ
&KLQD )LJ , WIALHOGV D FRQWLQXRXV VXFFHVVLRQ RI 8S¢
VWUDWDDQG LY FRPSRVHG RIWKH<DQJX)RUPDWLRQ =KDC
DQGODUHVRQJGXR)RUPDWLRQ PWKLFN )LJV $x' Z
FRQIRUPDEOH FRQWDFWY /DLHWDO 7TKHQHDUE\6DL
DOVR\LHOGV D FRQWLQXRXV RXWFURS RI WKHVDPH WKUHH
8SSHU BHUPLDQ <DQJX )RUPDWLRQLVPDLQO\FRPSRVHG RI
OLPHVWRQH RROLWLFOLPHVWRQHDQG GRONRPLWH OLPHV\
UHSUHVHQWHG E\JUH\RUUHG WKLQ WR WKLFN EHGGHG E!
SHGDUJLOODFHRXVOLPHVWRQHLY FRPPRQDWR®@LTHUODQ
EXW WKLY OLWKRORJ\LVDEVHQWDW <LZDJRX 7KHODUHVR
WKLFN EHGGHG FU\WWDOOLQHGRORVWRQH GRORPLWLFO
PRVWO\JUH\DW6DLYfHUODQJVKDQ EXWUHGDW<LZDJRX 7
GDWHG XVLQJD FRPELQDWLRQRIFRQRGRQWELRVWDWLJUI

DO

ODWHULDOV DQG PHWKRGYV
$ VHGLPHQWDU\ ORJ Rl RYHU P WKLFNQHVV ZDV ER
EHJLQQLQJ ZLWKLQ WKH <DQJX )RUPDWLRQ DQG H[WHQG
JRUPDWLRQ 6DPSOHV ZHUH FROOHFWHG HYHU\ FRXSOH |
WKLQ VHFWLRQ VDPSOHV ZHUH SURGXFHG $ SRODUL]LQJ F

ZDV XVHG IRU SHWURJUDSKLF DQDO\VLV DQG SKRWRJUDSIH



DOVR XQGHUWDNHQ RQ SROLVKHG VHFWLRQVHAWLRGVWRQ
R UHSUHVHQWDWLYH VDPSOHYV 7KH\ZHUH FRDWHG ZLWHK
VL]IH RI S\ULWH IUDPERLG SRSXODWLRQV ZDV PHDVXUHC
PLFURVFRSH 6(0 XQGHU EDFNVFDWWHUHG HOHFWURQ ¢
IDERUDWRU\ RI %LRJHRORJ\ DQG (QYLURQPHQWDO *HRC
*HRVFLHQFHV XKDQ ,QDGGLWLRQ PLFUR 5DPDQLPDJLQ
VHFWLRQV XVLQJ D :,7HF &RQIRFDO 5DPDQ ,PDJLQJ V\VW
XVHG DQG IRFXVHG E\D 1T REMHFWLYH 1 $ IRU LPDJ
UHVROXWLRQ RI PSHU SL[HO /DVHU SRZHU ZDV PDLQW
JUDWLQJ ZDV XVHG WR FRYHU D ZD ¥YH QY XPEWIHFMQUMBCRU H V R
RI FP7KHGDWD ZHUH SURFHVVHG ZLWK WKH :,7HF 3URMHF\
FRVPLFUD\V ZHUH UHP RYGHVGHXWQ GKH SHDON LOWHQVLW\IRU G
ERQGV ZzDV LPDJHG DV D FRORXU FRGHG K\SHUVSHFWUDO 5/
S\ULWH JUDLQ =/6 WKH LQQHU SDUW RI D UHG RRLG

LQWUDFODVW =/6 TKHVWDQGDUG 5DPDQ VSHFWUXP RI

DUHIURP KWWS UUXII LQIR

7TRDQDO\]H WKH Y B MDEDCHWINRWKH (DUO\N 7ULDVVLFEF ZI
UHFRUGVIURP VHFWLRQV $SSHQGL[$ IRUFRPSDULVRQ Z
/ILHW DO &G B@HIDWLYHDQG SRVLWLYHH[FXUVLRQV RI\

EHHQ ODEHOOHG 1 1 DQG 3 3 E\6RQJHWDO DWHU


http://rruff.info/.

SHVXOWVDQG QWHUSUHWDWLRQ

J)DFLHV $VVRFLDWLRQV

%DVHG RQILHOGIHDWXUHV DQG SHWURJUDSKLFDQDO\V
LGHQWLILHGDQGJURXSHGLQWR IRXUIDFLHVDVVRFLDWLR
HQYLURQPHQWY 7DEOH )LJV £ RROLWLF VKRDO RSHQ

VWRUP GRPLOQDWHG LQQHU SODWIRUPDQG UHVWULFWHG F/|

2ROLWLF VKRDO

'HVFULSMKLRQDFLHVY DVVRFLDWLRQ FRQVLVWYV RI WKH VLQJ
FKDUDFWHUL]JHG E\OLJKW JUH\ WKLENEHGV RI RROLWLF JL
2WKHU WKDQ RRLGV ZKLFK FRQVWLWXWH + RIWKHUREN
DQG WKH UHPDLQLQJFRPSRQHQW LV FRDUVH FDOFLWH FHP
GLDPHWHU DUH ZHOO VRUWHG PRVWO\URXQGHG RFFDVL
IULQJH FHPHQW DQG ZHOO GHYHORSHG FRQFHQWULF OD\H
DQG PLFURVSDU ODPLQDH )LJV $+ % /RFDOO\GRORPLWL

FRDUVH VXEKHGUDO GRORPLWH FU\VWDOV KDYHUHSODFH

, QWHUSUBWDWLRYHUSUHWHG WR UHSUHVHQW D KLJK HQH
FHPHQWY DUH FRPPRQ LQ PDULQH SKUHDWLF HQYLURQPF
DFFXPXODWHG EHORZ WKH YDGRVH ]JRQH DOWKRXJK WKH S
VDENKD OLNHGLDJHQHVLV DIWHU GHSRVLWLRQ +RZHYHU
ZLGHVSUHDG GXULQJ WKH 3HUPLDQ+*7ULDVVLF WUDQVLW

HIWHQVLYH PDULQH DQR[LD DW WKH WLPH /L HW DO



SULPDULO\LQ HTXDWRULDO ODWLWXGHV GXUDQGWKH 3HI
LW KDV EHHQ VXJJHVWHG WKH\ VKRZ D UDSLG WUDQVLW
DUDJRQLWLF FDOFLWLF ELPLQHUDOLF RRLGV GXULQJ WK
FKDQJHV RI VHDZDWHU FRPSRVLWLRQ DW WKLV WLPH /L H
UHFRUGHG KHUH IRUPHG GXULQJ WKH LQLWLDO SKDVH RI W
WKH\ VKRZ D ELPLQHUDOLF FRPSRVLWLRQ ZLWK DOWHURQI
ODPLQDH )LIV $+x % 7KHVHRFFXUUHQFHVY DUHEHORZ Wk
LQWHUYDO DQG LW LV QRWHZRUWK\ WKDW WKH\ DUH DOVR
"RRGV 7TKXV ELPLQHUDOLF RRLGV DUH D IHDWXUH RI

LQWHUYDO EXWDUH QRW WLJKWO\OLQNHG WR WKH WLPH RI

2SHQ FDUERQDWH SODWIRUP

'"HVFULS)WERKV DVVRFLDWLRQ FRQVLVWV RIWKUHHPLFUR
ELRFODVWLF FDUERQDWHY 7DEOH ,QWKH <DQJX )RUPDW
EHGGHG EUDFKLRSRG JDVWURSRG SHORLG SDFNVWRQH JU
RROLWH Ol , QWKHORZHUDQG PLGGOH SDUWV RI WKH RY'
JUH\RUUHG WKLQWRPHGLXP EHGGHGELYDOYH JDVWURS/!
ZLWKWKLQWR WKLFNEHGGHG ZDFNVWRQH SDFNVWRQH Ol
DVOl )RVVLOV ZKLFKZHUHRULJLQDOO\FRPSRVHGRIDUDJ
LVRPRUSKRXV FRDUVHFDOFLWH FU\VWDOV )LJV ' * DQC

RUSDFNVWRQHDUHJHQHUDOO\FRPSRVHG RIFRDUVH VSDU



IRVVLO IUDJPHQWYVY JHQHUDOO\KDYHPLFULWLFHQYHORSH"®

ELRFODVWV DW WKHLU FRUH DUHDOVR FRPPRQLQOI )LJV

7KLVDVVRFLDWLRQ FRQWDLQV GLYHUVH VKDOORZ PDUL(
JDVWURSRGV ELYDOYHV FRQRGRQWYV IXVXOLQLGV RVWU
DOJDHLQ 3HUPLDQ VWUDWD DQG J D&ODUKDSFIGLY/S KR QVV K H O
(QWROERMRGRQWY RVWUDFRGHYV *RRFRRLSIW DYIGPISRAHDIP L
DERYHWKH 37% *DVWURSRGV DQG ELYDOYHV DUH H[WUHPF
7UDFHIRVVLOV DUH FRPPRQ LQ WKDWDVVRBRLWHRQ DQG LG

3DODHR SWKR FXW K H USZK R\QKGIIMERBHQ R PLLIW HV <D QJ

L QWHUSURMID@/ILRUVLW\RI EHQWKLFIRVVLOV DQG WUDFH I
DVVRFLDWLRQ LQGLFDWHY GHSRVLWLRQ L® 3@B@ORUHQ W L
HQYLURQPHQW ZLWK WKH FRPPRQ FRUWRLGV VXJIJHVWLQJ \
ZDWHUV 7KH ORQJ WHUP VKLIW IURP 0Ol WROI DFURVV WKH
RIWKHPLFULWLFPXGFRQWHQW WKDW LV OLNHO\UHFRUGL
&KDQJKVLQJLDQ WR WKH *ULHVEDFKLDQ 7KLV ZDVIROORZF

VWDEOH ZDWHU GHSWK ZLWK 0l GRPLQDWLQJ XQWLO WKH H

6WRUP GRPLQDWHG LQQHU SODWIRUP

'"HVFULSMKLRQDFLHV DVVRFLDWLRQLY GRPLQDWHG E\UHG
EHGGHG FDOFDUHQLWHV RIOI TURP WKH XSSHU SDUW RI WK

DUHPDLQO\LUUHJXODU VKDSHG DQJXODULQWUDFODVWYV



RFFDVLRQDOO\VPDOO RRLGY PLFULWL]HG EXWPPLWK FRUW
LQ GLDPHRWEVY DUH FHPHQWHG E\ WKLFN LVRSDFKRXV ULPF
ELPLQHUDOLF OLNHWKRVHRIOI ZLWKDOWHUQDWLQJPLF
DOWKRXJK PRVW DUHHQWLUHO\PLFULWH )LJ WA+ ' 2FFD\
DUHFRYHUHG E\DFLFXODUDUDJRQLWLF " FHPHQWV ZKLF
SRVVLEO\GXHWR DEUDVLRQ )LJV (

'LYHUVH DQG DEXQGDQW FRQRGR @W FKAE 6 D@.E) D LQI
IRUDPLGUCHUK/DPPLQD D XM RRIGRIDIFXIVEDP SHORPRY S L UD
VLQH®OWRRRVSLUHOOD'VSEAXLWOLUQRIPE QY PBYRWUHRVLFD
RWKHU ELRFODVWVY LQFOXGLQJELYDOYHV JDVWURSRGV D
+XPPRFN\FURVV ODPLQDWHG VWUDWD DQG KRUL]JRQWDO E}
ILHOG WKH\ERWKKDYH WKLQ ODPLQDH * PP DQGKXPPR
()

L OQWHUSURMKIIANLRIQGGHG FDOFDUHQLWH VKHHWYV ZLWK KXP]
DUHD W\SLFDO SURGXFW RI VWRUP GHSRVLWLRQ DQG WKH ¢
6PLWKLDQ DW <LZDJRX LQGLFDWHV FRQVLGHUDEO\VWRUP
FDOFDUHQLWHY FRQWDLQ DQ XQXVXDO PL[RIDQJXODU LQW
KDYHEHHQ JHQHUDWHG E\VWRUP ZDYH ORDGLQJDQG IUDJ
IROORZHG 6XEVHTXHQW WUDQVSRUW ZDV SUREDEO\RIRQ(

WLPHIRUDEUDVLRQ 7KHUHG FRORXURIWKHVHVWUDWD L\

SHVWULFWHG FDUERQDWH SODWIRUP



'HVFULSWERKY DVVRFLDWLRQ FRQVLVWV RIWKUHH PLFUR
6SDWKLDQ GHSRVLWLRQ DW <LZDJRX 7KHROGHVW OHYHOV
JRUPDWLRQ ZKLFK FRQVLVWV RI JUH\RU OLJKW UHG WKLQ V
ZDENHVWRQH SDENVWRQH 0l 7KHVXFFHHGLQJORZHU SD
JRUDPDWLRQ LV PDLQO\OLJKW JUH\ EXW WKH ZHDWKHULQJ
SLQN WKLEFNEHGGHG RUPDVVLYH FU\WWDOOLQH GRORVW
GRORPLFULWH GRORPLWHOLPHVWRQH 0l 7KLVIDFLHV G
ODUHVRQJGXR)RUPDWLRQDFURVV WKH UHJLRQ EHLQJNQF
'DQJFKDQJVHFWLRQV RI WKHGB6RXWK 4LQOLQJEHOW /DLDQ
VPDOO VXEKHGUDO FU\VWDOV + PPLQORQJD[LV )LJ
ODUHVRQJGXR)RUPDWLRQ NLGQH\ UHG SXUSOH UHG RU JI

SHORLGDO SDFNVWRQH JUDLQVWRQHEHGV RIOI GRPLQDW

J)RVVLOV LQ Ol LQFOXGHPDQ\RVWBDFRG\ODGEYRPH FRQ
TLQOLQIBQNEKLURIQDWKX\DWHPKALMIRES ROWKH =KDOLVKDQ
LQ 01 WKHUH DU RUFIRQR/GRGWW KR & XV XX QQIDUGFXY G HW
,FULRVSDWKBRG&\VDPIYNMLRSRGY DQGLQ 0l WKHUH DUH DE XC
*ORPRVSLUD DORRRXSRWHDODOQE ROH R F RDRBLRIDMWAX V
7UDFH IRVVLOV RI WKLV 0DBUBW DWDRERFONELLDR @ D UHZ

6NROLNBROYGDOBYROLWKMY * |, <DQJ

, QWHUSUHKMLDWIM/RFLDWLRQLVLQWHUSUHWHG WR KDYH Et
UHVWULFWHG ORZHQHUJ\QHDUVKRUHHQYLURQPHQW /DL
IRVVLOVLQDVVRFLDWLRQ ELYDOYHVDQGJDVWURSRGV D
DUHFRPPRQ 7KHGRPLQDQFH RI WKLV JURXSDPRQJVW WKH

VXJIJHVWV D PRUHUHVWULFWHG HQYLURQPHQW EHFDXVHR



DOWKRXJKLQIRUPDWLRQ RQWKHLU WD[RQRPLFFRPSRVLW
HXU\KDOLQH WD[DDUH SUHVHQW 3RWHQWLDOO\ WKHRQJF
KDYHUHVWULFWHG PDULQH FRQQHFWHGQHVY /DLHWDO

WKLV EHORZ

3\ ULWH SHWURJUDSK\DQG UHGR[OHYHOV

S\ ULWHIUDPERLG SRSXODWLRQ VL]JHVFDQ EH XVHG WR D
WKHPHDQ GLDPHWHUDQG VLIHUDQJH GHFUHDVLQJ ZLWK L¢
UHVWULFWLRQ HJ :LONLQHWDO LIQDOO HWDO
DW <LZDJRXDUHQRW W\SLFDO R[\JHQ UHVWULFWHG IDFLH\
VXUSULVLQJ WKDW WKHDQDO\VLVRI SROLVKHG VHFWLRQ
VDPSOHV ZLWK RQO\UDUH IUDPERLGV LQOI OHDYLQJRQC
IUDPERLGYV LQOI DQG Ol )LJ 7TKHVH ODVW VDPSOHYV FRF
WKHUHG VWRUP GRPLQDWHG LQQHU SODWIRUP EHGV LQ W
ZDVIRXQG LQ WKH*ULHVEDFKLDQ VWUDWDDQG RQO\RQHV
IUDPERLGYV )LJ 6RPH S\ ULWHIUDPERLGVY ZHUH SDUWO\ R

ZDVVWLOO FOHDUO\ SUHVHUYHG DOORZLQJWKHLU VL]H WR

OHDQIUDPERLG GLDPHWHUV UDQJH IURP WR P ZLWI
GHYLDWLRQ * P LQOI EHGVIURP WKHODWH'LHQHUL
,QWKH :LONLQV PHDQ YHUVXV VWDQGDUG GHYLDWLRQ SO
GLVWULEXWHDURXQG WKHDQR[LF G\WVR[LFERXQGDU\ ZLWk

=/6 DQG WKHORZHU SDUW RI %HG =/6 SORWWLQJ FC



)LJ TKHVHEHGVDUHLQWHUEHGGHG ZLWK 05%V WKDW E
IURP WKLY OHYHO XSZDUGV )UDPERLGV UHDSSHDU WRZDUC
UDQJHLQWR WKHEDVDO 6SDWKLDQ )LJ 6 LWKGQVWULE X\

WKH G\VR[LFILHOG )LJ

7KHUHGR[KLVWRU\RIWKH <LZDJRX VHFWLRQ UHFRUGHG
VXEVWDQWLDOO\IURP WKDW UHFRUGHG LQ WKH HSLFRQWL
DQG HOVHZKHUH ODULQHDQR[LD LV ZLGHVSUHDG GXULQJ V
6SDWKLDQ LQWHUYDO LQ VORSH WR EDVLQ VHFWLRQV LQ 6
HW DO 6RQJHW DO 6RXWK 7LEHW /L HW DO D
WKH &DQDGLDQ $UFWLF *UDVE\HW DO FODVWLF UDPS
:LJQDOO HW DO DQG WKH 1IHRWHWK\DQ FRQWLQHQWD
DO 2Q0\WKH\RXQJHULQWHUYDO RI G\WR[LF FRQGLWI
6PLWKLDQ RYHUODSV LQ DJH ZLWK WKLV ZLGHVSUHDG 6PL\

)LJ

ODULQHS5HG %HGYV

5HG FRORXUHG VWUDWD DUHGHYHORSHG DW PDQ\OHYH:
EHGVRFFXULQ WKHHDUOLHVW *ULHVEDFKLDQDQG FRQWL(
ODWH*ULHVEDFKLDQ+*+PLGGOHG6PLWKLDQ VXFFWHMVLRQ 5HC(
6PLWKLDQ VWUDWDDQG WKLFNUHG EHG XQLWV RFFXULQ W
LPDIJHV RIRROLWHV DQG ELRFODVWLF SDFNVWRQHV IURP W
VKRZ WKDW WKHUHG SLIPHQWDWLRQLV GXHWRPLFURQ WF

RIZKLFKIJRHWKLWH LV WKHPDLQ FRPSRQHQW DOWKRXJK Kl



7TKLQ VHFWLRQDQDO\WLV RIWKHUHG RROLWLFJUDLQVWR(
ZLWKLQ RRLGVDQG WKHDQJXODULQWUDFODVWW )LJV %+

PDWUL[EXWLWLVY QRWIRXQGLQ WKHFHPHQW

$XWKLJHQLFLURQ R[LGHV LQ 05%V DUH JHQHUDOO\ REVH
VFDOH SDUWLFOHV WKDW FRQWUDVW ZLWK LURQ R[LGHV G
ODUJHU DQJXODU SDUWLFOHV &DL HW DO +X HW DO
6RQJHW DO /L HW DO D %DVHGRQ WKLV REVHUYD
LURQ R[LGH FRQWHQW RIWKH <LZDDRXVKR 1B ¥ IDFQ GLUYW $ B R
(+ * ZLWKRQO\IHZ JUDLQVLQ WKHPDWUL[RISRVVLEOH G
ODWKHVRQ HW DO KDYHGRFXPHQWHG LURQ RRLGV FR
ZLWK VXEVLGLDU\DSDWLWH DQG FKDPRVLWH DQGLQWHUS
GLDJHQHWLFDOO\ LPPHGLDWHO\EHORZ WKH LIR@LPHQW V>
+RZHYHU LQ WKH FDVHRIWKH RRLGY GRFXPHQWHG KHUH V
FDUERQDWH ZLWK RQO\D IHZ LURQ R[LGH ODPLQDH DQG ZH
SULPDULO\RQ WKH VHDIORRU LQ DJLWDWHG FRQGLWLRQV
EXULDO LQ WKHVHGLPHQW PD\KDYHDOORZHG WKHIRUPDW
SUHFLSLWDWLRQ IURP LURQ IHUURXV ULFK SRUHZDWHUYV
WKH VHDEHG ZKLOVW WKH RRLGV ZHUH EDWKHG LQ IHUURXV

VXFKZDWHUV LV GLVFXVVHG EHORZ

'LVFXVVLRQ

(DUO\7ULDVVLFDQR[LFHYHQWV DQG PDULQHUHG EHG)

7KH3HUPLDQ+*7ULDVVLF PDVVH[WLQFWLRQ KDV ORQJEH



RIZLGHVSUHDG PDULQHDQR[LD H J &ODQUINOE®Q Q& ™Y@ W FK
*UDVE\HW DO ZLWKVXFKFRQGLWLRQV SHUVLVWLQJ V
LQKLELWLQJUDSLGUHFRYHU\ HJ +DOODP 6XQHWDC
LVWKHUHIRUHLQWHUHVWLQJ WKDW WKH <LZDJRX VHFWLRC(
WKURXJKRXW PXFKRIWKLVLQWHUYDO LQFOXGLQJ WKH 3HL
4LQOLQJ6HD ORFDWLRQ LV DOVR XQXVXDOLQVKRZLQJD VX
+LQGHRGOM ZKLFK SHUVLVWV IURP WKH 37% WR DURXQG Wk

+RZHYHU WKHUH PD\EHD KLDWXV DW WKHH[WLQFWLR
LWLV SRVVLEOH WKDW D VKRUW DOEHLWEULHI SKDVHRIR
DW<LZDJRX 7KHFRPPRQRFFXUUHQFHRIO5%V LQ WKH 4LQ(
FOXHWR WKH XQXVXDO VWDWHRIRFHDQ UHGR[LQ WKLV UH

IXUWKHU EHORZ

$ FRPSLODWLRQRI (DUO\7ULDVVLF RFHDQLF UHGR[IOXF'
UHJLRQDODQG WHPSRUDO YDULDWLRQV )LJ 2XUPHWD |
KDYH XVHG D FRPELQDWLRQ RIVHGLPHQWRORJLFDODQG JF
WKH ZLGHVSUHDG QDWXUH RI WKH R[\JHQ SRRU DQR[LF GHSES
*ULHVEDFKLDQ ZHUH WKHVH FRQGLWLRQV DOPRVWJOREDO
HSLVRGHLV QRWNQRZQIURP WKH4LQOLQJ6KHOIG6HD )LJ
GXULQJ WKLVWLPH +RZHYHU WKHUHLV D VKRUW KLDWXYV L
UHIJLRQ DQG DURXQG WKH37% LQ WKHODWWHU UHJLRQ :LJ
WKH SRVVLELOLW\WKDWDQDQR[LFHSLVRGHLQ WKHVH UH.
VLIQDOWR HPHUJH IURP WKHDQDO\VLV LV WKHREVHUYDWL

ZLGHVSUHDG LQ WKHODWH ' 'LHQHULDQ HDUO\6PLWKLDQ Q



VKHOI VHDV )LJ

7KHYDULDEOHGHYHORSPHQW RI (DUO\7ULDVVLF RFHDQ
YDULHW\RIFDXVHV ,WPD\UHIOHFW D WUXH UNMJLRRWYDO YDU
RISUHFLVHO\GDWLQJDQG FRUUHODWLQJVHFWLRQV IURP .
UHVROXWLRQ RIWKHLQGLYLGXDO VWXGLHVDQG WKH GLIIH
VLWHV +LJKHVWUHVROXWLRQ VWXGLHVY VKRZWKDW WKH D
PXOWLSOHDQR[LFHYHQWY HJ =KDQJHWDO D S5HGR
EHWZHHQ RFHDQV ,Q SDUWLFXODU WKH1HR 7THWK\DQ UHF
&ODUNVRQ HW DO DQG6RXWK7LEHW :LJQDOODQG 1H
VXEVWDQWLDOO\IURP WKDW VHHQ LQ RWKHURIMHILRQV QR\
GXULQJWKH*ULHVEDFKLDQLQ WKHLPPHGLDWHDIWHUPDW
7TKH4LQOLQJ VKHOIVHFWLRQV ZHUH DOVR FRRBEDUDEO\ ZHC
SDQWKDODVVD 2FHDQ ZDVLQWHQVHO\DQR[LF HX[LQLF DUF
SHUVLVWHG LQWR WKH ODWHU (DUO\ 7ULDVVHF LQ HTXDWR

VHFEWLRQV )LJ

:KLOVW GHWDLOHG UHJLRQDO UHGR[ YDULDWLRQV FDQ F
PHWDO HQULFKPHQWY DQG LURQ VSHF8DOXNRWYX B\ HRORFK
SURYLGHD EURDG RYHUYLHZ RIWKH JOREDO H[WHQW RI PD!
LQGHSHQGHQW UHFRUG RI (DUO\ 7ULDVVLF UHGR[ H J &XL

E ORGHOOLQYI RKIWEHHV LQGLFDWHY WKDW VHDIORRU DC
DURXQG WKH 37% =KDQJHW DO &XL HW DO DQG H'
PLG ODWH 6PLWKLDQ =KDQJHW DO E =KDRHW DO [
RIWKHUHJLRQDO FRPSLODWLRQV 7KXV WKHLPSURYHPHQ

'LHQHULDQ+HDUO\6PLWKLDQ VHHQ LQ PDQ\UHJLRQV LV DO



UHFRUGYV )LJ +RZHYHU WKHLQFUHDVHG DUHD RIDQRJ[LI

6SDWKLDQ VXJ8HWWWRGOE&Y/LV QRW UHIOHFWHGLQ WKH UHJ

05%V DUH DOVR FRPPRQ LQ WKH (DUO\ 7ULDY VLB HVSHFL

DQG WKHLU RFFXUUHQFHV KDYHDOVR EHHQ OLQNHG ZLW
6RQJHW DO /LHW DO D +RZHYHU FRPSDULQJ WK}
DQG DQR[LD RIWKH <LZDJRX VXFFHVVLRQ VKRZV OLWWOH L
H[FHSW IRUWKH SUHVHQFH RIUHG EHGV LQ WKH HDUO\ PLG
7HWK\DQ UHJLRQV DQG DOVR VHHQ LQ GHHS RFHDQ UHFRUG
GLVWLQFW RFHDQRJUDSKLF PRGHOV KDYH EHHQ SURSRVHG
RFFXUUHQFHV ,Q 6RXWK &KLQD 05%V KDYHEHHQ DVFULEH
IHUUXJLQRXV RFHDQ ZDWHUV DQG SUHFLSLWDWLRQ RILUR
6PLWKLDQ+HDUO\6SDWKLDQ HSLVRGH RIRFHDQ DQR[LD 6X
VLWXDWLRQ SHUWDLQHG RQ WKH 3HULJRQGZDQDQ PDUJLQ
XS GLSRID FRQWHPSRUDQHRXV DQR[LFEDVLQLQRXWHU S
,Q WKLV UHJLRQ WKH IHUUXJL Q R XIVYZD XVSHZUH\O IDUHHE R K AVLRHWRKUH
+RZHYHU LWLV XQOLNHO\WKDW VXFK XSZHOOLQJZLOO KD
SULPDU\SURGXFWLYLW\EHFDXVH WKHLQFUHDVHG RUJDQL
WKH KLJKO\UHDFWLYH LURQ R[LGH QDQRSDUWLFOHV IRUPL
IHUUXJLQRXV ZDWHUV ZRXOG QHHG WR KDYHEHHQ DGYHFW
WR YLJRURXV XSZHOOLQJ ODWKHVRQ HW DO 7KH /L HV
UHTXLUHV WKHUH WR EH D VXEWOH EDODQFHEHWZHHQ VXS
QXWULHQWY 7KLV PD\KDYHEHHQDFKLHYHG E\ WKH VHTXH"

RILURQ R[LGHQDQRSDUWLFOHV LQWR WKHVHGLPHQW

6R ZKDW PRGHO FDQEHLQYRNHGIRUO0O5%V DW <LZDJRX"



PRVW SHUVLVWHQW GHYHORSPHQW LV LQ WKHIBWKWKLDQ V\
KLJK HQHUJ\ VWRUP IDFLHY ORUHPLQRU UHG EHGV DUH DO
SUR[LPDO 6DLJHUODQJVKDQ VHEFWLRQ =KX HW DO $W
EUDFNHWHG E\ VWUDWD ZLWK DEXQGDQW IUDPERLGV LQGLT
FRQGLWLRQV 3URGXFWLYLW\PD\KDYHEHHQ VRPHZKDW KL
05% GHYHORSPHQW OHDGLQJWR WKH GHYHORSPHQW RIRU.
ZLWKLQ WKH VHGLPHQWVY DQG IUDPERLG UDWKHU WKDQ LU/
)LJ & 'XULQJWKHSURORQJHGLQWHUYDORIUHG EHG IRU
DGYHFWLQJIURP WKHDGMDFHQW DQR[LF 3DOHR 7HWK\V 2F
RILURQ EXW QRW QXWULHQWY UHTXLUHGIRUUHG EHG IRU
RFHDQ ZDWHUV RI WKH DGMDFHQW 3DOHR 7HWK\V 2FHDQ ZH
EHEFDXVH RIDOO WKHRFHDQLFUHDOPV DW WKLV WLPH WKI
%DVHG RQ JOREDO UHGR[ SUR[LHV WKH 6PLWKLDQ 05%V RI
ZLWK D JOREDOO\LQWHQVH H[WHQVLYH SKDVH RIDQR[LD )
HW DO D PD\EHDSSURSULDWH LQ ZKLFK IHUUXJLQRXV

YLIRURXVO\XSZHOOHG IURP WKHDGMDFHQW RFHDQ )LJV

7KH VLWXDWLRQ IRUWKH 6SDWKLDQ 05%V DW <LZDJRX LV
WKH IDXQD VXJIJHVWV D PRUHUHVWULFWHG VHWWLQJ VHH
E\DGHFOLQHLQ WKHH[WHQW RIRFHDQ DQR[LD )LJ QW
DO PD\EHDSSURSULDWH DGYHFWLRQRIIHUUXJLQRX
UH R[\JHQDWLQJRFHDQ LQDYHU\ORZSURGXFWLYLW\VHD
R[LGH SUHFLSLWDWLRQLQ WKHVXUILFLDO VHGLPHQWV )L.
PRGHO LV WKDW WKH 4LQOLQJVKHOI ZDV UHDVRQDEO\ ZHO(
WKH 6SDWKLDQ GHVSLWH LWV UHVWULFWHG IDXQD 7KHVH \

FRXOGEHGXHWRGLITHUHQW UHDVRQV JOREDORFHDQ FLU



DFURVV 66% VXSSOLHG IHUUXJLQRXV ZDWHUV 6RQJHW DO
WKH 6PLWKLDQ+6SDWKLDQ FULVLV UHVXOWIGQJLQ DQ LPSR

DVVHPEODJHV LQ WKHG6SDWKLDQ

3RWHQWLDOO\ WKHLURQVRXUFHLQ WKH 4LQOLQJ6HDF
WHUUHVWULDO UXQRII UDWKHU WKDQ RFHDQLF DGYHFWLRC
WKH*WUDGLWLRQDO PRGHO  RIUHG EHG IRUPDWLRQ DQG L'
PDQ\3KDQHUR]JRLF05%V )RUWKH 4LQOLQJ6HD 05%V WKLV
SUHIHUHQWLDO RFFXUUHQFH LQ WKH QHDUVKRUH 6DLYHUO
6RQJSDQ *DQJLKLQWHUODQGDQG WKXV D SRWHQWLDO VRX
HW DO +RZHYHU RXUG5DPDQ VSHFWUDO DQDO\VLV GL¢
R[LGH JUDLQV DQG WKH/RZHU 7ULDVVLF VXFFHVVLRQ FRQV
LQGLFDWLQJ WKHUH ZDV OLWWOH QR UXQRII LQWR WKH 4LQ
IHUUXJLQRXV GHHSHU ZDWHUV LQWR D JHQHUDOO\ ORZ SUR
OLNHO\WR EH WKH GRPLQDQW SURFHVV IRUWKH 05% IRUPD

WKH (DUO\7ULDVVLF

&DUERQLVRWRSHIOXFWXDWLRQV DQG (DUO\7ULDVVLEF

7TKHVXEVWDQWLDO FDUERQ LVRWRSHH[FXUVLRQV RI WK
WRWKHHYROYLQJUHGR[VWDWHRIWKHRFHDQV DQG PD\ Kt}
FRQGLWLRQV GXULQJO5% IRUPDWLRQ 7KH3HUPLDQ+7ULD\
PDMRU QHJDWLYH &,( 1 LQPDQ\ORFDWLRQV EXW WKLV LV

<LZDJRX )LJ SRVVLEO\EHFDXVHLWLVPRVWO\XQUHFR



HW DO 7TKHVXEVHTXHQW H[FXUVLRQV RI WKH (DUO\ 7U
SRVLWLYH &,(VLQ WKHHDUOLHVW 6PLWKLDQYHQG 6SDWKLD
SHUWXUEDWLRQLQ WKHPLGGOH+ODWHG6PLWKLDQ ODEHO!
HW DO 6XQHWDO 7TKHVH &,(VDUHFOHDUO\PDQL
)LJ TKHDPSOLWXGHV RIWKHVH & LVRWRSH VKLIWV SDI
DUHDPRQJVW WKH ODUJHVW RI WKH 3KDQHUR]RLFDQG WKH
F\FOLQJ HJ 'XHWDO TKHIJUDGLHQW EHWZHHQ VKD(
YDOXHYro#kDV DOVR EHHQ XVHG WR HYDOXDWH HQYLURQPH

GHJUHHRIZDWHU FROXPQ VWUDWLILFDWLRQ 6RQJHWDO

6HYHUDO PRGHOV KDYHEHHQ SURS RMHW&G/BRUNSODLQ WK
DQG PDULQHUHGR[UHFRUGV RI WKH (DUO\ 7ULDVVLF LQFOX
&2 I[URP WKHG6LEHULDQ 7UDSV DV D FDXVHRIERWKWKH1 DC
3D\QHDQG .XPS *DOIHWWL HW DO 6RQJHWDO
'XHW DO TKHUHLVLQGLUHFW VXSSRUW IRU WKLV

FRQFHQWUDWLRQV LQ PDULQH VHGLPHQWYV DV D SUR[\IRU V

DO +RZHYHU WKHPHUFXU\VSLNHGXULQJ1 LVQRWR
VHHQ GXULQJ1 *UDVE\HWDO DQG\HW WKH1 &,(LVR
JUHDWHU PDIJQLWXGH WR WKH1 &,( 6RQJHWDO (YLG

YROFDQLVP GXULQJWKHPLG 6PLWKLDQLVDOVRPLVVLQJ I
HW DO 'LGPDQQ HW DO W WKX¥%bEBBRHYVY WKDW \
RI'1l FDQQRWEH XQHTXLYRFDOO\DWWULEXWHG WR YROFDC

OLQNHG ZLWK WKH SXUSRUWHGO\H[WHQVLYH RFHDQLF DQF



+RUDFHN HW DO VXJIJHVWHG RYHUWXUQLQJRIDV
GHH& ULFK HQULFKHG ZDW H& YOBMBRIGHKF L Q WRIMKIWO/ORZ ZD W
GLVWLQFW EXW VLPLODUPRGHO =KDQJHWDO VXJJIHV
XSZDUG H[SDQVLRQ RIVWUDWLILHG Z® WHRK ZIRW B GV DWW R
VKHOIDUHDV 5HGR[LPSOLFDWLRQV GLITHUEHWZHHQ WKH\
RYHUWXUQ RIWKH+RUDFHNPRGHO LPSOLHV LPSURYHG RJ\.
=KDQJDQG FROOHDJXHV VXJJHVW WKHVSUHDG RIDQRI[LD 7
VXSSRUWHG E\WKHJOREDO UHGR[UHFRUG EHFDXVH ZLGH’
REVHUYHG GXULQJ1 )LJ ,QFRQWUDVW =KDQJHWDO
LVRWRSHUHFRUG EURDGO\ VXJJHVWV LQFUHDVHG VSUHDG
E DOWKRXJKWKHGHWDLOV RI WKH RXd)¥ H EBRCARW FORYV
=KDR HW DO D ,QLQGLUHFW VXSSRUW RIWKH=KDQJH
1 &, (DWWKHVWDUW RIWKH7ULDVVLFDOVRFRLQFLGHYV ZL

VSUHDG RIDQR[LD LQ VKHOI VHDV

7KHRULJLQ RIWKH1 &,(UHPDLQV FRQWURYHUVLDODQG
WKHVXEVHTXHQW PDMRU LQFUHDVHLQ &&LVRWRIBHYDOXHYV
LQ B&rpeEDQ EH GULYHQ E\ VXEVWDQWLDO EXULDO RIOLJKW R
KDVEHHQUHJXODUO\LQYRNHG WRH[SODLQ WKH VKLIW IUR

'LGPDQQ HW DO 'XHW DO DQG DOVR WKH HDUC
DO *LYHQ WKDW RUJDQLF & EXULDO LV W\SLFDOO\DVYV
LWLVWKHUHIRUH VXUSULVLQJ WKDW WKH1 3 WUHQG FRL

RFHDQLF DQR[LDDFFRUGLQJWR WKHS8LVRWRSH SUR[\ =KD



VHGLPHQWDU\UHFRUGV VKRZ D ORMY RIS EWREDQ/ KD © H\X QQH\

7TKHH[WHQW RIDQR[LD GXULQJWKHG6PLWKLDQ+6SDWK
/| 8UHFRUGV YDULHV FRQVLGHUDEO\ )LJ EHFDXVH WKH
RI=KDR HW DO D DQG=KDQJHWDO E GLIIHUVOLJK
XQFHUWDLQW\ZKHQ DSSO\LQJD GLDJHQHWLF FRUUHFWLRC

FOHDUO\VKRZDUDSLG GHFOLQHLQ WKHH[WHQW RIDQRJ[LL

$ SXUSRUWHG WUH QBzs KIDWDEHHQWRUQHUHG DV HYLGHQFEH I
LQFUHDVLQJ S\ULWH EXULDOLQWKH1 +#3 LQWHUYDO B6WH
VXSSRUWLQJGDWD DUH QRW QHDUO\DV FOHDU FXW DV WK F
SHUWXUEDWLRQ VHHQ GXULQJ 36 & (HPRUMEK/HKARRZUHV RN K B |
LQFUHDVHLQ YDOXHV DW WKH VWDUW RI WKH 6 $5DWKLDQ WK
DO 7KH ODFN RIVXSSRUW IRULQFUHDVHG SURGXFWL"
PDQ\PRGHOV E\ VXJJHVWLQJWKDW WKHHQKDQFH EXULDO F
KLJK SURGXFWLYLW\XSZHOOLQJ]RQHV RIOLPLWHG H[WHQ
. XPS /\X HW DO 6RQJHW DO EXW WKHLVVXH |
KDYH QRWEHHQ LGHQWLILHG DQG WKHLU H[LVWHQFH LV QR
,QDGGLWLRQ SK\VWLFDOHYLGHQFHIRUKLJK SURGXFWLYLW
WUDQVLWLRQ VXFKDV SKRVSKRULWH GHSRVLWLRQ LV OD|
LQGLUHFWHYLGHQFH IRU WKLV PL[LQJBRBHUGURPWKH FRC
EHWZHHQ1 DQG3 6RQJHWDO ' Bed U9 UH SYRW\WOHRGHOA D
XSWR AKHDYLHUWKDQ YDOXHVIURPEDVLQDO ZDWHUV V

JUDGLHQW WKDW LV RYHUWKUHHWLPHV VWHHSHU WKDQ V&



, QFRQWUDVW WKHJUDGLHQW GHFOLQHV GXULQJ WKH
ORFDWLRQV GLVDSSHDUVDOWRJHWKHU VXJIJHYWLQJD EUH

SHUKDSV VXSSRUWLYHRILQFUHDVHG XSZHOOLQJ DW WKLYV

‘H KDYH UH H[DPLQHG WKH PDJQLWXG HVIDIGE UHJLRQDO
0/ &nWUMHFRUGY EHWZHHQ WKH 3 WR3 &,(V ODWH 'LHQHULD
DODUJHOLWHUDWXUH FRPSLODWLRQ )LJV $SSHQGL]
PDJQLWXGHRI3 1 DQG3 YDULHVFRQVLGHUDEO\ 7KH 3 1
UDQJHV IURP A WR A ZKLOVW WKH 1 3 SRVLWLYHH[F}
W R AZLWK WKHDPSOLWXGHEHLQJJUHDWHVW LQ WKH 1R

,Q GHWDLO WKH1 YDOXHV VKRZWKHLU ODUJHVW UDQJt
DQG 3DQWKDODVVD 2FHDQ ,Q 6RXWK &KLQD WKH 3 YDOXH)\
DUHDOO KLJKHU WKDQ WKRVHLQ WKH 1DQSDQMLDQJ %DVLC
RQO\UHFRUG DYDLODEOH IURP WKH 4L QoD G X HVDIGHW K L \

FRQVLVWHQWO\DPRQJVW WKH KHDYLHVW YDOXHV NQRZQ I

$V SUHYLRXVO\REVHUYHG WKH &,(YDOXHV DOVR VKRZY
DQG1 RQDYHUDJHKDYHKHDYLHULVRWRSLF YDOXHV LQ VK
DQG GHHS ZDWHUV ZKLOVW 3 &,(YDOXHV VKRZ QR FRQVLVW
)LJ &RPSLODWLRQRIGDWD IURP VHFWLRQV ZRUOGZL
WKH JOREDO&SYWMHMOHWRI 3 DQG 1 &,(VDUH ADQG A KHD
VKDOORZ VHWWLQJV WKDQ GHHS VHWWLQJVY UHVSHFWLYHO

DQDO\WHV VKRZ WKDW WKHVH GDWD FRPPRQO\IROORZD QR



H[FHSWLRQV $SSHQGLFHV % & 7KH3 YDOXHV VKRZ WKH J
VHWWLQJV EXW VKRZ QR FRQVLVWHQW YDULDWLRQ ZLWK ZLC
0/ &HYWDOXHV VKRXOG EH HVWLPDWHG ZLWKLQ RQH VLQJOH
DO OH\HU HW DO WKUHH GLVWLQFW UHJLRQV KDY
HYDOXDWH WKLY YDOXH WKH 1DQSDQMLDQJ %DVLQ WKH /R
$UDELDQODUJLQ WKHIRUPHUWZRDUHLQ (DVWHUQ 7HWK\\
1HR 7THWK\V )LJV ,Q WKH 1D Q& DYQIMILDH G %WDIVQ D3 W.KH 0
XSWRa A EXWGHFUHDVHVWRa AGXULQJ1 DQG WKHQ
3 +RZHYHU WGH SDDKWHMW IURP WKH GHHS ZDWHU /HNDQ
1DQSDQMLDQJ %DVLQLV TXHVWLRQDEOH DQGUHTXLUHV I»
WKH/RZHU <DQJW]H %DVLQ VL[VHFWLRQV SURYLGHD VKDC
LVRWRSH YDOXHV WKHVKDOORZ ZDWHU <DVKDQ VHFWLRQ
OHLVKDQ VHFWLRQ DQG WKH GHHS ZDWHU +XVKDQ :HVW 3L!
DQG 6RXWK ODMLDVKDQ VHFWLRQ V&SP BFBV[BBUHXULRJI 3
1 YDOXHVDUHa A DQG3 UHPDLQV SRVLWLYHDWa A )L
ODUJLQ&WYWOXHV IRU3 LV a A1 Lva A 3 LVa A %\ H
WKHVH WKUHH VHSDUDWH U H& L RIDO X AW ALDQGEH I IR Q W KIHH O L
VKRZ PDMRU GLIITHUHQFHV 7KXV WKHFROODSVHRIWKHFD
DVILUVW REVHUYHG E\6RQJHW DO LQ 6RXWK &KLQD L
<DQJW]H %DVLQ ZKLOVW WKH JUDGLHQW UHYHUVH GXULQJ
ODUJLQ UHFRUGV )LJ 7KH VKDOORZ ZDWHU <LZDJRX VH

<DQJW]H %DVLQLQ WKH (DUO\7ULDVVLF )LJUQ DAGLW DO\



VWDUV LQ )LJ W LVLPSRUWDQW WR QRWH WKDW WKH FD
IURP OLPHVWRQH ZLWKLQ HSLFRQWLQHQWDO EPRWQ DQG V|
QHFHVVDULO\UHIOHFW WKH JUDGLHQW VHHQ LQ WKH DGMD
LQIHUUHG& MW DGLHQWY ZLWKLQ VXFKEDVLQV PD\RQO\ UH
VWUDWLILFDWLRQ LQW H Q V& WD \W IV ¥ XIH W WVW K\ WDAKLH LiF D V
ZLGHVSUHDG DQGRIYDULDEOHLQWHQVLW\ LQ3DUO\7ULL

IURP WKH6PLWKLDQ RQZDUGV H[FHSW LQ WKH/RZHU <DQJW

7KH YD O X8 0B/ GHSHQGHQW RQ VHYHUDO IDEFWRUV LQFOX
SURGXFWLYLW\ FDUERQDWH FRPSRVLWLRQ DQG HVSHFLD
VHWWLQJV FRQQHFWLYLW\ZLWK WKH ZRUOGYTV BFHDQV 7k
YDOXHV WKDQ DGMDFHQW RFHDQLF ZDWHUV GXOWR UHPLQ
RUJDQLF PDWWHU LQ SODWIRUP VHWWLQJV 3DWWHUVRQ D
DQG GHHSHQLQJRID FDUERQDWH SODWIRUP FDQ HQKDQFH
DQG OHDG WR PRUH SRVDWWXHWYWBR®BWRIZDUG RFHDQLF YD
,PPHQKDXVHU HW DO , Q&W: KW/ \DWF B IO DVWWRS WKW DD OO\ F
E\VHD OHYHO FKDQJHDQG ZDWHU PDVV FRQQHFWLYLW\ 7K
JHQHUDOO\&MBMDHIUN <LZDJRX FRPSDUHG WR WKH PRUH UH
DVWKH 1RUWK <DQJW]H 30DWIRUP )LJ <LZDJRX ZDV OR
SODWIRUPRQDFRQWLQHQWDO PDUJLQ IDFLQJWKH 3DOHR
KHDYL&VXUIDFH ZDWHU YDOXHV ,Q FRPSDULVRQ WKH 1RU\
ORFDWHG ZLWKLQ WKH H{WHQVLYH HSLFRQWLQHQWDO VHD

H[SHFWHG WR KDYHOLJKWHU YDOXHV DV LV REYHUYHG $0\



RI 1RUWK <DQJW]H 30DWIRUP YDOXHV FRXOG UHIOHFW WKH
FRQQHFWLYLW\RIWKHUHJLRQ ,Q FRQWUDVW GXULQJWKF
LVRWRSH YDOXHV RYHUODS ZLWK WKRVH IURP WKH VHDPR X
2FHDQ )LJ 7KLV VXJJHVWV JRRG RFHDQLF FRQQHFWLYL
05% IRUPDWLRQ LQ WKH 4LQOLQJ6HDDQG VXSSRUWYV WKH L
RFHDQ ZDWHUV ZDV SRVVLEOH DW WKLV WLPH B@®WKH IOLS
05%V LQ WKH6PLWKLDQ )LJ RWKHU WKDQ WKH 4LQOLQJ |
FROQQHFWLRQV EHWZHHQ HSLFRQWLQHQWDO VHDV DQG RFH
7KLV LPSOLHVY WKDW WKH ZLGHVSUHDG PLG ODWH 6SDWKLD

FRQQHFWLYLW\

6R ZKHUH GRHV WKLV OHDYH WKH Q%Y & B OHJHW ¥ G XD O QR.
WKH 6PLWKLDQ+6SDWKLDQ WUDQVLWLRQ" 7KLV UHYHUVDO
DQGLVQRWDJOREDO SDWWHUQ $V QRWHG D UH LQYLJRU|
FRXOG EH OLQNHG WR FRQWHPSRUDQHRXV JOREDO FOLPDW
5RPDQR HW DO DQG VWLPXODWHG PDULQH SURGXFWLY
RIQXWULHQWV LV DKLJKO\SRSXODUPRGHO HJ 6RQJHW
BWHEELQV HW DO /\X HW D O =KDR HW DO D 'X
UHFHLYLQJPXFK VXSSRUW IURP JHRFKHPLFDO DQG VHGLPH

E =KDR HW DO D 6XQ HW 'EBO8& 1WWU D KLIOW MR KR X O G
UHIOHFW D ORVV RIVWUDWLILFDWLRQ ZLWKLQ®DR\ HSLFRC

XSZHOOLQJQHHG QRW EH D FRUROODU\



7TKH XOWLPDWH FDXVH RIWKHWZR SULQFLSDO SRVLWLYF
3 bQG3 DOVRUHPDLQV HQLJPDWLF 1HLWKHWHHBUVRGH F
HQKDQFHG RFHDQLFDQRI[LD )LJ ZKLFKHQVXUHY WKDW \
RUJDQLF & EXULDO UHPDLQ PRRW $VLPLODULVVXHRFFXU\
OLGGOH 3HUPLDQ LQWHU Y D& pMAKXKIND Y AS RAKIDWLF B YR GRH
FRLQFLGH ZLWK JOREDOO\HOHYDWHG RUJDQLF & GHSRVLW

E 3RWHQWLDOO\ WKLV SRVLWLYH &,(FDQEHPRGHOOH:
RUJDQLF & EXULDO UHODWLYH WR  FDUERQDWH EXULDO DV V
=KDQJHWDO E 8QIRUWXQDWHO\ WKLV VFHQDULR GR
6SDWKLDQ &,(EHFDXVHD SRVLWLYH &D LVRWRSHWUHQGV \
LOQFUHDVHRIFDUERQDWH EXULDO DW WKLV WLPH =KDR HW
QRWUHSOLFDWHG LQ WKH GDWD RI6RQJHWDO E ZKLFI
DFDUERQDWHFULVLVDURXQG WKHO6PLWKLDQ*6SDWKLDQ \
ORUHVWXGLHVDUHFOHDUO\QHHGHG RIWKHVH YDULRXYV L\
WKHPDMRU &,(VRIWKH (DUO\ 7ULDVVLF DUH FRQWUROOHG
FDUERQ EXULDODQG FKDQJHV LQ WKH SURSRUWLRQ RIFDU!
GHSRVLWLRQ %LRIJHRFKHPLFDO ER[PRGHOOLQJFRXOG KH
IDFWRUV FRQWUROOLQJ &,(V HJ =KDQJHWDO E HVSHI
6PLWKLDQ+6SDWKLDQ WUDQVLWLRQ )XUW KHLRIQONH\NEW L JD
EHWZHHQ UHJLRQDO VHD OHYHO IOXFWXDWLRQVDQG &,(VE
HJ WKH,PPHQKDXVHUHWDO PRGHO KDV UDUHO\EH

(DUO\7ULDVVLF



&RQFOXVLRQV

TKH4LQOLQJG6HD UHJLRQ <LZDJRXDQGG6DLTHUODQJVKD
VKDOORZ ZDWHU KLVWRU\RIGHSRVLWLRQ GXULQJ WKH 3HL
WKH (DUO\ 7ULDVVLF WKDW IHDWXUHV D PXFK EHWWHU R[\J}
VHHQLQ PDQ\RWKHU FRQWHPSRUDQHRXV VKHOIVHD UHJLR
VHWWLQJVDUHUHFRJQL]HG RROLWLF VKRDOV LQ WKH &KD
FDUERQDWH SODWIRUP IURP ODWH &KDQJKVLQJLDQ WR PLG
LQQHU SODWIRUP LQ WKHPLGGOH+*ODWHG6PLWKLDQDQG UH
ODWHVW G6PLWKLDQ WR 6SDWKLDQ $GLYHUVHPDULQH FRPF
*ULHVEDFKLDQ+*6PLWKLDQLQWHUYDO EXWLQ WKH6SDWKL

VXJIJHVWV UHVWULFWHG PDULQH FRQGLWLRQV DW WKLV WL

TKH4LQOLQJG6HD DOVR ZLWQHVVHG WKH SURORQJHG GHE
ZKLFK GRPLQDWH 6PLWKLDQDQG\RXQJHU 6SDWKLDQ VWUD
JOREDOO\ILQGVY WKDW WKH\DUH FRPPRQLQ WKH ODWWHU F
6PLWKLDQ HI[DPSOHV KDYH QRW SUHYLRXVO\EHHQ UHFRUG
EHGIRUPDWLRQ +t HQKDQFHG LQSXW RIWHUULJHQRXV LURC
4LQOLQIJ6HD 05%V ZKLFKZHUH GHSRVLWHG LQ D FDUERQDMW
OLWWOHFODVWLFLQSXW $QDGYHFWLRQPRGHO LV SURSR
IHUUXJLQRXV ZDWHUV IOXVKHG IURPDGMDFHQW 3DOHR 7H

ZLWKLQ WKH4LQOLQJVHDV LV OLNHO\WR KDYGAHAWKHQ YHU\ C



SUHVHUYDWLRQ RI WKH KLIJKO\UHDFWLYHLURQ R[LGH QDQ|
WR VHGLPHQWYV 3\ULWH SHWURJUDSK\ VWXG\DW <LZDJRX\
I UDPERLGVLQ VWUDWD VWUDGGOLQJWKHG6PLWKLDQ 05%V
G\VR[LFFRQGLWLRQVLQ SUHVXPDEO\PRUH SURGXFWLYH zZ

HDUOLHVWG6SDWKLDQ

&RPSLODWLRQRIJOREDO UHGR[KLVWRU\DQG 05%V VKR?
IURP *ULHVEDFKLDQ WR 6SDWKLDQ ZLWK QRWDEOH UHJLRQ
4LQOLQJBKHOIBHD 2Q0\GXULQJWKH37% DQG EDVDO *ULH
QHDU JOREDO ZKLOVW WKH 'LHQHULDQ+6PLWKLDQ ERXQGD
EHWWHU R[\JHQDWHG LQWHUYDOV 7KH ODVW WZR LQWHUY!|
FDUERQLVRWRSH SHUWXUEDWLRQV 3 DQG3 DQG WKH\DL
H[FXUVLRQLQ WKH ODWH 6PLWKLDQ 1 &XUUHQW H[SODQL
DUHFRQWURYHUVLDO 3 LV ZLGHO\UHJDUGHG WR UHIOHFW
& EXULDO DV RFHDQLF FLUFXODWLRQDQG XSZHOOLQJ EHER
FOLPDWH +RZHYHU JHRFKHPLFDO RUVHGLPHQWRORJLFDC
DQG EODFN VKDOH DEFFXPXODWLRQ VOLJKWO\SUHGDWHV W
PLVPDWFK ZLWK WKH HQKDQFHG SURGXFWLYLW\QRWLRQ R
FRLQFLGHQW ZLWK 3 KDYH\HW WR EH GLVFRYHUHG $OWHU
WKH UHVXOW RIDFDOFLILFDWLRQ FULVLVDQGD GHFOLQH L
EXULHG DV FDUERQDWH UHODWLYH WR RUJDQLF FDUERQ 31
VKLIW IURP VWURQJ SRV LW L & MOROZXHHD/NROQ QY K DIQWILYWH. R/Q 1U

3 6RQJHWDO ZKLFKDUH XVHG WRLQYRNH WKH ORVYV



XSZHOOLQJEHFRPHVHVWDEOLVKHG 5HYLHZLQJ WKH FXUU
SUHVHQFH RI WKLV FKDQJHLQ VRPHUHJLRQV EXW LWV PDJC

SUHYLRXVO\UHSRUWHG

&RPSDULVRQ RI WK Kb MEDDXHVEHIDNK HOVHZKHUH UHYHDCG
DOWKRXJK WKH XVXDO (DUO\ 7ULDVVLF SHUWXUEDWLRQV D
IHZ SHUPLO KHDYLHU WKDQ VHHQ IRUH[DPSOH LQ WKH HSL
DQG DUHPRUHDNLQ WRWKRVHRI3DQWKDODVVDQ RFHDQ V
UHIOHFW WKH JHQHUDOO\PRUHRSHQ FRQQHFWLRQ RI WKH
KHDYLHU VXUIDFH ZDWHUV RI WKH RSHQ RFHDQ 6XFK FRQQ
XQXVXDO SUHYDOHQFHRI05%V LQ WKH 4LQOLQJVHFWLRQV
ZKHUHDGYHFWLRQ RIGHHS IHUUXJLQRXV RFHDQ ZDWHUV Z
IRUWKHLU IRUPDWLRQ 7KHH[SDQVLRQRIO05% IRUPDWLRQ |
PD\UHIOHFWDQ LQFUHDVHLQ RYHUDOO EDVLQ DQG VKHOI \
DQG RUIOXVKLQJRIIHUUXJLQRXV ZDWHUV IURP RFHDQ EDV

UH R[\JHQDWLRQ HYHQW

$FNQRZOHGJIJPHQWYV

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO
JUDQW QRYV DQG &KLQD 6FK

&RXQFLO :HWKDQN .DQJ/L 'RQJ+DQ[LQVKXR :X %DRMLQ



1LX ;LDRKRQJ 6RQJ +RQJ +H 3HQJIHL /L /LQIHQJ 0D +DL
<RQJFKDR :DQJOLDR\DQDQG IRUWKHLU JUHDW KHOS LQ IL
ODWHU H[SHULPHQWYV $QG WKDQN &KHQ <DQ /\X =KHQJ\I

GLVFXVVLRQLQLPSURYLQJWKLVPDQXVFULSW

JLIXUHDQG 7DEOH &DSWLRQV

JLIXUH 7KH (DUO\ 7ULDVVLF SDOHRJHRJUDSKLF PDSV PRC(
*OREDO SDODHRJHRJUDSK\ % 5HJLRQDO SDODHRJHRJUD S
VHFWLRQ $EEUHYLDWLRQV <:* <LZDJRX VHFWLRQ 6(/6

6/ BRXWKHUQ /RQJPHQ[LD VHFWLRQ *%* *UHDW %DQN RI *X

JLIXUH )LHOG SKRWRV IRU <LZDJRX VHEWLRQ $+' 2XWFEL
ZLWK EHG QXPEHUV PDUNHG <DQJX )RUPDWLRQ EHG -
+ ODUHVRQJGXR )RURDWI[RXPFPRFW\ FURVVY EHGGLQJ LQ
ZLWK LQWHUSUHWDWLYH VNHWF KV K L3DVDIQDSUHWPDL Y DWH. R
%HGGLQJ SODQH YLHZV RI WUDFH IRV VLOARFARHWPPV PP
ODUHVRQJGXR )RUPDIVRBGRN HKDOLVKDQ §REPDWKRY |,

ODUHVRQJGXR )RUPDWLRQ

J)LIXUH 7KLQ VHFWLRQ LPDJHV $+& 0l OLJKW JUH\ RRO
ELPLOQHUDOLF RRLGVY KDYHDOWHUQDWLRQVIRQBB Ok LWH FL
RRLGV ZLWK LVRSDFKRXV DFLFXODU IULQJH FHRHQW DQG R

SRUHV DUH ILOOHG E\ FRDUVH FDOFLWH FU\VWDOV $+£% |



VXEKHGUDO GRORPLWH FU\WWDOV UHSODFLQJ RRLGV
EUDFKLRSRG JDVWURSRG SHORLG SDFN JUDLQVWRQH RI O
ol )x* UHG JDVWURSRG ELYDOYH SDFNVWRQH IRVVLO IUD
VDPSOH =/62 EHG + GDUN JUH\ JDVWURSRG ELYDOYH
ELRFODVWY DW WKH FRUH VDPSOH =/62 EHG , 01 Ju

VKRZV D PLFURJDVWURSRG VDPSOH =/6 EHG

JLIXUH 7KLQ VHFWLRQ LPDJHV $+* 01 $ (£* UF
SDFNVWRQH JUDLQVWRQH ZLWK FRPPRQ DQJXODU LQWUDI
XQHTXDO WKLENQHVV DEFLEXODU DUDJRQLWLF " FHPHQW\
DUHGLUHFWO\FHPHQWHG E\ EORFNWRDPPLROWD XVMRURB OGS
IRUDPLYARPRYVSLUHOOD YVEGUDOORQR LGHYRWH SRVVLEOH
R[LGH JUDLQV $IURP VDPSOH =/6 EHG (IURP VDPSOH :
VDPSOH =/6 EHG *IURP VDPSOH =/6 EHG  %*& UHC
WKH PDWUL[ VKRZV D WKLFN LVRSDFKRXV ULP FHPHQW ZI
FDYLWLHV VDPSOH =/6 EHG ' JUH\RROLWLFJUDLQVW

+L-, Ol + JUH\ RVWUDFRGH ZDFNHVWRQH VDPSOH =/6€

RVWUDFRGH SHORLGDO SDFNVWRQH VDPSOH =/6 EHG

GRORVWRQH ZLWK VXEKHGUDO FUMV/WOIOVUNG BF®HR DG D C |

SDFEFNVWRQH . 1@BPRVQLUHOQORK XOPBOIHO056' EHG /

I[URP VDPSOH 056" EHG

J)LIXUH <LZDIJRX VHFWLRQ VKRZLQJOLWKRORJLF ORJ FRC

FRQRGRQW HOHPHQWY SHU VDPSOH HDFK ZHLJKLQJ %= NJ



RFFXUUHQFHRIRWKHU WD[D PLFURIDFLHY VDPSOH QXPEH
IUDPERLG GLDPHWHUYV FDUERQDWH YIDDME RRXDGRIR B SN UHF
( (XUNJQDWKRGRYLVSDWKRGRWSDWKRGXV

7TULDVVRVSBWKRWKRIRQGROHOOD

J)LIXUH :LONLQ 30ORW PHDQ GLDPHWHU YHUVXV VWDQCGC
IUDPERLG VL]HV IURP <LZDJRX VHH ILJXUH IRU VDPSOH k

GHULYHG IURP %RQGDQG :LJQDOO

J)LIXUH IDWHVW 3HUPLDQ WR (DUO\ 7ULDVVLF FDUERQ L'
DQR[LF JOREDO VHDIORRU DUHD PDULQH UHG EHGV DQG L
GLITHUHQW UHJLRQV G6XEGLYLVLRQV RI IRXU VXEVWDJ
ELRVWUDWLJUDSK\ 'DL HW DO DQG LWV UHIHUHQFH
&KDQJIJKVLQIJLDQ+*ULHVEDFKLDQ DUH I[URP % XUJHVV
*ULHVEDFKLDQz'LHQHULDQ ERXQGDU\ 2YWFKDURYD HW DC
ERXQGDU\ :LGPDQQ HW DO ‘DLHW DO E WKHG6PL
'LGPDQQ HW DO ORGHO HVWLPDWHV RI'ITUDFWLRQDO
DQR[LF DUH EDVHGHFR® WEW / IURP =KDQJHWDO lTUR
IURP =KDR HW DO D IURP =KDQJHW DO E
FDUERQDWHV $*x) FKHUW , DQG VLOLFHRXV FOD\VWRQH
4LQOLQJ VKHOIVHD $ 6DLYfHUODQJVKDQ &KHQ ;LDR H
VWXG\ & 1RUWKHUQ <DQJW]H 3ODWIRUP VKRZLQJVKDOO

LOWHUPHGLDWH GHHS OHLVKDQ :‘HVW 3LQJGLQJVKDQ 6F



' 1DQSDQMLDQJ %DVLQ LQWHUPHGLDWH %LDQ\DQJ
6XQ HW DO DQG GHHS -LDURQJ 6XQ HW DO (
:LJQDOO DQG +DOODP 'LJQDOO DQG 7ZLWFKHWW
1HR 7HWK\V ) BRXWK 7LEHW :LJQDOO DQG 1HZWRQ
LQWHUPHGLDWH 7XORQJ 6HORQJ DQG GHHS ;LXNDQJ *
+ $UDELDQ ODUJLQ &ODUNVRQ HW DO ,+- 3DQWKDO
*UDVE\ HW DO - -DSDQ 7DNDKDVKL HW DO

.+/ %RUHDO . 6SLWVEHUJHQ VKHOI :LJQDOO HW DO
$UFWLF &DQDGD *UDVE\HW DO $EEUHYLDWLRQV 6

GHHS

J)LIXUH 5DPDQ LPDJHV $ ,QQHU SDUW RI D UHG RRLG VK
RUJDQLF PDWWHU UHG TXDUW] EOXH FU\ROLWH RUDQ
=/6 % LQOQHU SDUW RI D UHG DQJXODU LQWUDFODYV
PLFURPHWHU VL]HG LURQ R[LGHV ZLWK D IHZ PLFURPHWH
=/6 & JUH\ ELRFDOVWLF SDFNVWRQH VKRZLQJ S\ULWH I
ODUJHO\ R[LGL]HG WR LURQ R[LGHV DOVR ZLWK RUJDQLF F
VSHFWUD RI WKH PLQRBUDROYRJHEFHQWUK BRPPRQO\ JRHWK

RFFDVLRQDO KHPDWLWH

JLIXUH 6FKHPDWLF PRGHO IRUHYROXWLRQ RI'4LQOLQJ 6t
6SDWKLD BKHOI FDUERQDWHYV H[SHULHQFH VXEVWDQWLDO

HSLVRGH LQFUHDVLQJ DGYHFWLRQ RI ITHUUXJLQRXV RI



S3DOHR WHWK\V 2FHDQ SURPRWHG WKH GHSRVLWLRQ RI 05%
ZLWK D FHVVDWLRQ RI 05% IRUPDWLRQ LQFUHDVHG SUR
UHPLQHUDOL]DWLRQ ZLWKLQ WKH VHGLPHQWYV SURGXFLC(
SODWIRUP VHGLPHQWY ' UHVXPSWLRQ RIDGYHFWLRQ RI Il

VKHOIDUHDVDQG GHYHORSPHQW RI05%V

JLIXUH &RPSDULVRQ Rl FDUERQ LVRWRSH UHFRUGV 'D
4LQOLQJ 30DWIRUP /LHW DO *XDQGDR 1DQSDQMLDC
OHLVKDQ EODFN IURP 6KHQ HW DO EOXH IURP 6RQJ
3LQJGLQJVKDQ EODFN IURP 7RQJ DQG =KDR EOXH I
1IRUWKHUQ <DQJW]H 30DUIRUP 0XG ,QGLD EODEN IURP

.U\WW\Q HW DO

J)LIXUH &RPSLODWLRQ RI FDUERQ LVRWRSH YDOXHV GXL
DQG WKH PDIJIQLWXGAHIDWKMEBD QBVLWLYH H[FXUVLRQV G
IURP &pudHFRUGYV UHFRUGV LQ WRWDO $SSHQGL[ $ (V'
VHFWLRQV DUH GLYLGHG LQWR VKDOORZ LQWHUPHGLDYV

LQIRUPDWLRQLVPDLQO\V\IURPG6RQJHWDO DQG/LHWD

J)LIXUH BKHIDGLHQW IURP VKDOORZ WR GHHS ZDWHU VHF

WKH SHDNRIWKH3 1 DQG3 &,(VLQWKHHDUO\7ULDVVLF
$SSHQGL[$ KiK& AW SRVLWLYHLQ 1DQSDQMLDQJ %DVLQ DG

%DVLQ EXW QHJIJDWLYHLQ $UBRELY@BIDDWMLY HKE& BDQSDQML

%DVLQ DQG $UDELDQ ODUJLQ EXW SRVLWLYHLQ/RZHU <DQ.



<LZDIJRX YDOXHV IURP WKHA4LQOLQJG6KHOIG6HD 7KH3 YDOX

/IHNDQJ VHFWLR @QAMOHOMHWNKH XHVWLRQDEOH FI 7RQJHWD

7TDEOH OLFURIDFLHVDQG GHSRVLWLRQDO VHWWLQJV IRU

7TULDVVLF VXFFHVVLRQ RI<LZDJRX VHFWLRQ

$SSHQGLFHVY 6XSSOHPHQWDU\GDWD

$ 6XPPDU\RI'3 1 3 YDOXHDWLYKHSDKBVLWLYH H[FXUVLR
GHULYHG&URPIFRUGY LQ WKH ZRUOG

% $QDO\VWLV RIWKHSHDNYDOXHVRIWKH3 1 DQG3 &,(VL
& $QDO\WLV RIWKHSHDNYDOXHVRIWKH3 1 DQG3 &,(V L
" 6L]JH GLVWULEXWLRQV RIWKH S\ULWHIUDPERLGV DW <LZD
PHDQ GLDPHWHU RIWKHIUDPERLGVY P 6' VWDQGDUG GHY

Q QXPEHUV

SHIHUHQFHYV

%RQG '3 * :LJQDOO 3 % 3\ULWH IUDPERLG VWXG\ RI F
ERXQGDU\VHFWLRQV DFRPSOH[DQR[LFHYHQWDQG LW

FRQWHPSRUDQHRXV PDVV H[WLQFWLRQ *HRO 6RF $P %

%RQG '3 * :LJQDOO3 % :DQJ : ,]JRQ * -LDQJ + 6 /DL
1HZWRQ 5 - 6KDR / < 9HGULQH 6 &RSH + 7KH P

OLGGOH 3HUPLDQ PDVVH[WLQFWLRQDQG FDUERQLVRMW



3DODHRJHRJU 3DODHRFOLPDWRO 3DODHRHFRO

%UD\DUG $ %\OXQG . * -HQNV HU 6WHSRKEBQJXHO 20L)D
( 9HQQLQ ( 6PLWKLDQ DPPRQRLG IDXQDV IURP 8W|
(DUO\ 7ULDVVLF ELRVWUDWLJUDSK\ FRUUHODWLRQ DQGC

3DODHRQWRO +

%UsKZLOHU 7 *RXGHPDQG 1 *DOISWWUH ' %XHFKPDQ® %
( +RFKXOL 3 $ ODUWLQL 5 7KH/RZHU 7ULDVVLEF V
LVRWRSHUHFRUGV IURP 7XORQJ 6RXWK 7LEHW DQG WK

SDODHRFHDQRJUDSK\ 6HGLPHQW *HRO +

&DL <) +X ;; /L ; 3DQ < * 2ULIJLQ RIWKHUHG FRO
OLPHVWRQHIURP WKHO9LVSL4XDUU\VHFWLRQ FHQWUDC

WUDQVPLVVLRQHOHFWURQPLFURVFRS\DQDO\VLV &UH!

&KHQ < ODIQHWRVWUDWLJUDSK\WLPHVFDOHLQ 6RXW
S3DOHR]RLF OHVR]J]RLF XSKHDYDOVDQG LWV JOREDO FRUL

8QLYHUVLW\RI*HRVFLHQFHV :XKDQ S LQ&KLQHVH

&KHQ % -RDFKLPVNL 00 6KHQ 6 = /DPEHUW // /DL ;
- <XDQ ' ; SHUPLDQLFH YROXPHDQG SDODHRFOLP
LVRWRSH SUR[LHV UHYLVLWHG *RQGZDQD 5HYV +

&ODUNVRQ 02 :RRG 5% 3RXOWRQ 6 : 5LFKR] 6 1HZW

6 $ %RZ\HU ) .U\VW\Q / '"\QDPLF DQR[LFIHUUXJLC



GXULQJWKHHQG 3HUPLDQ PDVV H[WLQFWLRQ DQG UHFR
QFRPPV
&XL < =KDQJ )) :DQJ -< -LDQJ 6 - 6KHQ 6 = 0DL
2FHDQ $FLGLILFDWLRQ 'XULQJWKH (QG 3HUPLDQ ([WLQF
J)URP 8B DQG /&D 3UR[LHV DQG (DUWK 6\VWHP ORGHOLQJ L
'LFNVRQ $ - %HNNHU $ (GV /DUJH,JQHRXV 3URYLQ
(QYLURQPHQWDO DQG %LRWLF &KDQJHV *HRSK\VLFDO 0
'DL ; <XDQ =: %UD\DUG $ /L 07 /LX ;. -LD (+ 'X <
6RQJ + - &DOLEUDWLQJWKH ODWH 6PLWKLDQ (DUC

LOQVLIKWV IURP WKH1DQSDQMLDQJ %DVLQ 6RXWK &KLQI

'X < 6RQJ + < $OJHR 7 - 6RQJ # -6KILDQ/L &KXRQJ
-1 $ PDVVLYHPDJPDWLF GHJDVVLQJHYHQW GURYH
7KHUPDO OD[LPXP DQG 6PLWKLDQ+6SDWKLDQ ERXQGDU\
30DQHW &KDQJH

JHQJ 4/ 'X <6 =KDQJ =+ =HQJ ; < (DUO\ 7ULDVVL
RI 7RQJEDL UHJLRQLQ +HQDQ DQG UW¥X BIRRORJLREVLJIQLI
LQ &KLQHVH

JRVWHU : - 'DQLVH 6 3ULFH *' 7ZLWFKHWW 5 - 6>
GHOD\HG PDULQH UHFRYHU\IROORZLQJWKH ODWH 3HUP

QRUWKHUQ ,WDO\ 3/26 21( H H
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*DOIHWWL 7 +RFKXOL 3 $ %UD\DUG $ %XFKHU + :HLV
6PLWKLDQ+6SDWKLDQ ERXQGDU\HYHQW (YLGHQFH IRU.
ZDNH RIWKHHQG 3HUPLDQ ELRWLF FULVLV *HRORJ\

*DOIHWWL 7 %XFKHU + ODUWLQL 5 +RFKX0& 3 $ :HLV
%UD\DUG $ *RXGHPDQG 1 %U+KZLOHU 7 *XRGXQ
(DUO\ 7ULDVVLF RXWHU SODWIRUP SDOHRHQYLURQPHQW
BRXWK &KLQD DQG WKHLU VLJQ LI L6AHDELPH IRW WHRIE LR W

+

*OHGKLOO 0 %XFN . 1 7KH RUJDQLF FRPSOH[DWLRQ
HQYLURQPHQW D UHYLHZ )URQW OLFURELRO -

*RXGHPDQG 1 5RPDQR & /HX 0 %XFKHU + 7URWWHU -
'"\QDPLFLQWHUSOD\EHWZHHQ FOLPDWH DQG PDULQH ELI
HDUO\ 7ULDVVLF 6PLWKLDQ+6SDWKLDQ ELRWLF FULVLYV

*UDVE\ 6 ( %HDXFKDPS % (PEU\ $ 6DQHL + 5HFEXU
RFHDQ DQR[LD *HRORJ\ -

*UDVE\ 6 ( %HDXFKDPS % %RQG '3 * :LJQDOO 3 % 6D
DQRPDOLHV DVVRFLDWHG ZLWK WKUHH HHWWQFWLRQ HY'|
3HUPLDQ HIWLQFWLRQ DQG WKH 6PLWKLDQ 6SDWKLDQ H
0DJ -

*UDVE\ 6 ( %RQG '3 * :LJQDOO 3 % <LQ 5 6WUDFKD

7UDQVLHQWUIHDWRALFMHX[LQLD LQ WKH VRXWKHUQ 3DQ

*HRORJ\ ¢



+DOODP $ 'K\ ZDV WKHUH D GHOD\HG UDGLDWLRQ DIWt
+LVWRULFDO %LRORJ\ +

+DPPHU ‘ -RQHV 07 6FKQHHEHOL +HUPDQQ ( +DQVHQI
$UH (DUO\ 7ULDVVLF HIWLQFWLRQ HYHQWV DVVRFLDWHG
UHDVVHVVPHQW RI WKH 6PLWKLDQ 6SDWKLDQ ERXQGDU\

+

+RUDFHN 0 5LFKR] 6 %UDQGQHU 5 .U\WW\Q / 6S|WO &
UHFXUUHQW FKDQJHV LQ /RZHU 7ULDVVLF RRHDQLF FLUF
UHFRUG IURP PDULQH VHFWLRQV LQ ,UDQ 3DODHRJHRJU

t

+X ;0 6FRWW 5: &DL <) :DQJ & 6 OHOLQWH 'REULQH
&UHWDFHRXV RFHDQLF UHG EHGV BQE%\R GE I0IVHU RQWJIW
(DUWK 6FL 5HY -

+XDQJ < * &KHQ = 4 :LJQDOO 3 % =KDR / 6 IDWHV
7ULDVVLF UHGR[FRQGLWLRQ YDULDWLRQV LQ UDPS VHW
IUDPERLG HYLGHQFH *HRO B6RF $P %XO0O .

,PPHQKDXVHU $ 'HOOD3RUWD * .HQWHU - $ 0 %DKDPR
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