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OHUULW'& -DPQLN - (O 6RKHP\ $ )72 JHQRWSHHWDU\ SURWHLQ +LQG\* HW DO 6HYHUDO WASH GLDEHWHV DAIMRERQWHGQ JHQHY
LQWDNH DQG ERG\ ZHLIKW LQ D PXOWLHWKQER SREIIIBMING/  DQQRWDWHG WR :17 VLIQDOLQJ LQWHUDFW ZHWKGLHG@DWILRQ WR
DFURW VHFWLRQDO VWXG\ *HQHV DQGAXWULWRRQ « GRL LQFLGHQFHRIW\SH GLDEHWHV *HQHV 1XWULWLRQ GRL

v %

;LDQJ[ HW DO )72 JHQRWASH DQG \HDU FKDQJHAAGRRSRVLWLRQ DQBWWLPHU -0 +DXE 0" (IHFWV RI'LHWDU\ LB}, WV &RPSRQHQWV RQ
IDW GLVWULEXWLRQ LQ UHVSRQVH WR ZHM\KN GEY'¢ GGTWIL DO OHWDEROLF +HDOWK  1XWULHQW\  « 3

LDERWHY ~ «9  «1R  «3 +RVVHQL (VIDKDQL) .RRFKDNSRRU * DQHVKSRXUKFLQWHUDFWLRQ
H/XLV' HWDO (IIHFWV RI D +LIK 3URWHLQ /RERIIGUDWH LHW Y HU\RMDW PDVW DQG REHVLW\ DVWWRFLDWHG JHQH SROERBGISKEWDU\
D 6WDQGDUG +\SRFDORULF LHW RQ :HLJKW DQG-8DDGLRYBY  ILEHULQWDNH LQ UHODWLRQ WR REHVLW\ SKHQRVIASHHSBEMY
)DFWRUV 5ROH RI D *HQHWLF SDULDWLRQ LQ WHF2UNQH DDULDQW  «9 1R GRL V

- IXWULJHQHW IXWULJHQRPLFYV «9  «1R  «3

Wy-E

]
djvs-ucE 6SUDFNOHQ & 1 HW DO $WRFLDWLRQ DQDGWHDORIQGIMLGXDOV DQG
ORUULV$ 3 HW DO /DUJH VFDOH DVWRFLDWISRQ DIGEMMVIQVLIKWY LRWRQV DQFHVWU\ DQDOWHVY ZLWK (XURSHDQHYGIELY GBIRDOV U
WKH JHQHWLF DUFKLWHFWXUH DQG SDWKR SKWLBOFEMRIMMSL DWXGHR FLDVWRFLDWHG ZLWK FKROHVWHURO D@E@NILIPBIQLGH OH
JHQHWLFV PROHFXODU JHQHWLFV «9  «1R «3  «

&RUQHOLV 0 & HW DO 7&)/ GLHWDU\ FDUERBUGUDIWN RIWSH /X ; HW DO *HQHWLF 6XVFHSWLELOLWA WR DEBABMGHERDQIH 2Y HU
GLDEHWHV LQ 86 ZRPHQ  7KH $PHULFDQ MRXUQBO®BMULWLRQ 7LPH DQG 5LVN Rl ,QFLGHQW +\SHUOLSLGHPLD LQ &KLQHVH
« 1R «3 o« 3RSXODWLRQV&/,1 &%/ 3(563(&7,9( &LUFXODWLRQRRME DQG

“DOEHWH & 7ROHGR - ODUWLQH] *RQIDOH] 0&IHWABTH IDFWRUY ~ SUHFLVLRQOHGLFLQH «9 - «IR  «3  «

PRGLI REHVLW\ ULVN OLQNHG WR 33$5* DQG )72W0L0 DQ X< HWDO *HQHWLF DVWRFLDWLRQ ZLWK CLIESZBV VY &+
HOGHUO\SRSXODWLRQ D FURWV VHFWL R QBB SIQRMRMNAMY WKQHVFLUFXPIHUHQFH PRGLILHV DQ $32$ HIIHFW RQ

1XWU «9 «3

JUDQNV 3: OHULQR - *HQH OLIHVMWAOH LQWWASSO MBLIEHWHY o .
&XUUHQW 2SLQLRQ LQ *HQHV 'HYHORSPHQW«9  «3 [V.fvey
‘HLQIDHUWQHU 2 /XHWMRKDQQ' 9DQPLHUOR/RIBIQKEQFHG

FKROHVWHURO DEVRUSWLRQ DUH D VWURQDEGHRYBVRXORU BLVHDVHV
batge LQSDWLHQWV ZLWKRXW GLDEHWHY PHOOL\G/3KRKHRLRWLESIDEY

&RUQHOLV 0 & HWDO 78)/ GLHWDU\ FDUERDGELIDIWN RI WASH «9  «IR «3
GLDEHWHV LQ 86 ZRPHQ  7KH $PHULFDQ MRXU@FO@BAUULWLRQ :LOOHU & - HW DO 'LVFRYHU\ DQG UHILQHRHQWRFCRFHG ZLWK OLSLG

«9 «1R  «3 « OHYHOV 1DWXUH JHQHWLF«% 9 1R «3
&RUHOOD ' HW DO OHGLWHUUDQHDQ GLHWYHHBAF HINKMHRIGVKH  5RGU JIXH] ( HW DO &KROHVWHU\O HVWHU MIUDQETBU SURW
7&)1 UV SRO\PRUSKLVP RQ FDUGLRY DVFXODUNJINFWRUV SRO\PRUSKLVP PRGLILHV WKH $OJRHEIRHHIDVH ULVN DVWRFLDWHG ZLWK

DQGVWURNH LQFLGHQFH D UDQGRPLIHG FRQMURQJKIG WULDO ~ $32( DOOHOH -RXUQDO RIQHXURORJ «9 3  «3  «
FDUGLRYDVFXODU ULVN SRSXODWLRQ 'LDEHWH\AFRBH

HOOHWW * /  %URW /DURFKH ( ODFH2- /HWXEMIOU DEVRUSWLRQ =
LQ WKH LQWHVWLQH WKH UROH RI*87  $Q@MVBHY 1 «9  « qESV~~Ev wy-E
3 « JLIXHULGR 6 3 HW DO )DWWA $FLGV &RQVXPSBRER OFKMDEROLF

$VSHFWV ,QYROYHG LQ 2EHVLW DQG WV $WWRIGHIWHGL KVRILHQWY

« «1R SLL( GRL QX

e."{f.xq

&KDPYHUODLQ $0 HW DO $OD 7KU SRO\PRUSKLVPRIVMBELG ELQGLQJ
JHUUDULV 53 &KRH - < 3DWHO &5 ,QWHVRISIOREER| JUXFWRVH SURWHLQ JHQH DQG VDWXUDWHG IDW LQWIVRIQISUEQBIWERY DQGLQVXOLQ

$QQ 5HY 1XWU «9  «3 UHVLVWDQFH WKH &RURQDU\ $UWHU\ 5LVN 'HY KRRSPHEXDIY
&HUZRQRJIURGIND 6HQF\QD $ HW DO JUXFWRVH &RRQBERG /LSLG &$5.$ VWWXG\  OHWDEROLVP «9 IR «3
OHWDEROLVP LQ 2EHVH &KLOGUHQ DQG $GROHWBHD@FEHQ ODUWLQH]/RSH] ( HW DO (IIHFW RI $OD 7KU SRSBIRFRLRI )$%3 RQ

LQ(SHULPHQWDO OHGLFLQH DQG %LRORJ  QIHASUHZ <RUN 1< DQWKURSRPHWULF DQG ELRFKHPLFDO YDULDEOWY DPRIBYERGVH

RXDUG 9 )HUUDULV 5 3 7KH UROH RI IUXFWRREMMIDQWSGLVHDVHY 'DWELHW  IXWULWLRQCS  «IR  «3
OLQNHG WR H[FHWLYH IUXFWRVH LQWDNH KWRTRD RI 3 «
9 «1lR «3

“ve,o~qle~Ez UAL ofvf <




Tltfv,.

'XERLV 3 & $ HW DO OXOWLSOH FRPPRQ Y D UHIIMIN IBLVHDVH
LQIOXHQFLQJ LPPXQH JHQH H[SUHWLRQ 1DWRYH JHQHWO
1R «3

)DOODQJI/ ( HW DO 'LIHUHQFHV LQ WKH UDPNGRVAEIZH DVVRFLDWHG ZLWK
+/$'4 )LYHRU +/$'4 7ZR DUH UHODWHG WR VXV\EIG JOXWHQDQWLIHQ
SUHVHQWDWLRQ 1DWXUH LPPXQRORJ\

IXQG) HW DO 0DSSLQJRI +/$ '4 KDSORW\SHV LORXS RI 'DQLVK
SDWLHQWV ZLWK FHOLDF GLVHDVH 6FDQMHYLQ /DEsQ
1R «3

dEefevrlv~yv  teev'vZz

C'q~,Wy'GE OHJIDYLOOD 0 HW DO ,QYHVWLIDWLRQ RI WKE GEZINNEIWZH

SHUFHSWLRQ DQG Y HJHWDEOHY FRQVXPSWLRQ XEIW$26 757
7KRPSVRQ$. OLQLKDQHS$O0 :LOOLDPV &0 7UD@WI DFLGV LQVXOLQ QWHUQDWLRQDOMRXUQDO RI IRRG VFLHREHY DQG @ERMIL Wik
UHVLVWDOFH DQG GLDEHWHV (XURSHDQ -RXBRDARIGOMRO 1R «3

9 1R «3
« o« « 'HVKDZDUH 6 6LQIKDO 5 *HQHWLF YDULDWLRUDWEL WMFHSWRU JHQH
*DWWR /0 6XOOLYDQ'5 6DPDQ6 3RVWSUMFMWUAIHBLHWDU\ WURER/S 3523 WDVWHU VWDWXV DQG WKHLU DVVRIEVR\FRRQPDVVLQGH|
IDWW\ DFLGV RQ DSROLSRSURWHLQ D DQG FRROWWYBUNALHV DQG IRRG SUHIHUHQFHV LQ ,QGLDQ SRSXODWLRQ 483D «3
DFLGFRPSDUHG ZLWK WUDQV RWKHU VDWXUDWWBIEHEIO WQVIDFLGY D

V\VWHPDWLF UHYLHZ ~ 7KH $PHULFDQ -RXUQIIIORINGGUQMERQ  «
9 «IR «3 1ROGHQ$ $ OF*HDU\- ( +D\HV- ( 'LIHUHQBID ELWWHUQHW LQ

FDSVDLFLQ SLSHULQH DQG HWKDQRO DVVRE\PRUBKZV/AKLER
OR]DIIDULDQ " HW DO *HQHWLF ORFL DVVR REDWWHG ZUWWRI SKRVSKREOXEWS SOH ELWWHUWDVWH UHFHSWRU JHOHEHKIKWIEROR )\ «
WUDQV IDWWA DFLGV D PHWD DQDO\VLV Rl JHQRRHFZDBHRQ RO «3
VWXGLHVIURP WKH &+$5*( &RQVRUWLXP  7KH $PHEXEQDO RI &OLQLFDO
IXWULWLRQ  «9 «1R «3

[€v~ev ywgev~ev

_Jvig 3HUH] +HUUHUD $ HW DO 7KH DQWLR[LGD @WH®RMIWMKEU
WHPSHUDWXUH ZKHWKHU QDWXUDO RU DGGH® FRXQS\SURWHF

5RNH. ([SORUDWLRQ RI WKH SHUFHLYHG DQG BIEWXIERD RIPID SRVWSUDQGLDOR[LGDWLYH VWUHW LQ REHVHISHRSOWA )RRG «

IDWW\ DFLGV DQG WKH LPSDFW RI )$6 DQG )$6 JHRHWRUPDWLRQ RO  «1R  «3

RQGLHWDU\ LQWDNH DQG EORRG OHYHOV RI (3$I3QGHE 3K\VLRORJ\

1XWULWLRQ DQG OHWDEROLVRY 1R GRL DSQP &KDQJ. 7 HWDO ORGXODWLRQ Rl WKH H[SUWKIR RQIRIV RI
JOXWDWKLRQH 6 WUDQVIHUDVH E\ $QGUR JUD SKHWAIFFYODW

DQGDQGURJUDSKROLGH )RRG DQG FKHPLFDO WR[LFR®@BRO
/LX) HWDO 'LHWDU\Q SRO\XQVDWXUDWHGLQWDNBEFIPRGLA WKH « 1R « 3

HIIHFW RI JHQHWLF YDULDWLRQ LQ IDWW\ DF LR@GHARDRRODV

DUWHU\GLVHDVH 30R6 2QH «9 «1R H 7DQJ' HW DO *ULOOHG PHDW FRQVXPSWLRQ DROGRG IV LQ
SURVWDWH FDUFLQRJHQHVLV &DQFHU (SLGHPLR{YRO\DRXB
:DWDQDEH < DWVXQR < 2PHJD SRO\XQVDWXUDMBIE.BWRU %WLRPDUNHWY « RO «1R «3

FDUGLRYDVFXODU GLVHDVHV SUHVHQW SD\(I8H0G SKWKHHA R|
&OLQLFDO3KDUPDFRORM «9 1R «3

/DONLQHQ 0$ )DXODQG $ 6KLPLIX % L $JUHQ - RANG( DDNVR O °SO*V~=(°* |
! -
6FKZDE 8 3LKODMDPINL - QIODPPDWRU\ UHVSREWDIROBOROHLE |\ ) v 0ot DO $ VWXGL RI $8( DO@SPRBSKLVP LO

?;LGC;HSH?(GV RQJ$6 JHORWSH 8P - £OLQ 1XWU 9 LVFKHPLF DQG KHPRUUKDJLF VWURNH  &OLQDFAWEKLPLFD

/L < < D $GGXFLQ *O\ 7US *HQH OXWDWLRQ DQGQWIEDO +H\SHUWHQVLRQ
_}th LQ D &KLQHVH 3RSXODWLRQ $ OHWD $QDO\VLYV LEREMKEQY
3/R6 2QH « «9 «1R H GRL
6LPRSRXORV $ 3 $Q ,QFUHDVH LQ WKH 2PHJD 2PHIDMWW $FLG 5DWLR MRXUQDO SRQH

,QFUHDVHV WKH 5LVN IRU 2EHVLW\  1IXWULHQWV 1R «
GRL X 6RQJ< HWDO ,QIOXHQFH RI &<3 % *HQH 3RO\RFUSRIWKH

3UHYDOHQFH RI +\SHUWHQVLRQ DQG WKH %0 R@ ®SHRUH L
ODWKLDV $0 HW DO )$6 JHQHWLF YDULDQWV DERRPAIZDWXUDWHEHQ ,QWHUDFWLRQ ZLWK 'LHWDU\ 6DOW ,QWRNEKWEIXIHQBWLFY DQG
IDWWA DFLG PHWDEROLVP LQ D KRPRIHQHRXV LV@DRQ SRBXADO 1 XWULIHQLPKFYV «9 «1R «3

RILSLG5HVHDUFK  «9 1R  «3

6LPRSRXORV $ 3 7KH LPSRUWDQFH Rl WKH RPHJD RIBMM DFLG
UDWLR LQ FDUGLRYDVFXODU GLVHDVH DQG RIMENBI¥KURQLF G~ S°U(|

([SHULPHQWDO%LROR\ DQG OHGLFLQH IR «3 $UPDQLQL ' HW DO 5HODWLRQVKLS EHWZHH@Z2DWHINDQRBIVRVPRODOLWA
YDVRSUHWLQ DQG DOGRVWHURQH LQ WKH ORRG BUHRXBHE -&OLQ
].|.{. HSHUWHQV *UHHQZLEK «9 « 1R «3
+H4 HWDO $WRFLDWLRQV RI $&( *HQH ,QVHHWLRQ BRO\PRUSKLVP
$OOLHQGH ) HW DO $FFXUDF\ RI D *HQHWLIRHMDAQRVLW R $&( $FWLYLW\ DQG $&( P51$ ([SUHWLRQ ZLWK +\SNUREQQ D
+\SRODFWDVLD LQ &KLOHDQ &KLOGUHQ &RPSRMEPMBREDWKKNVW -~ - &KLQHVH3RSXODWLRQ 3/R6@QH «9 «1R H GRL
3HGLDWU*DVWURHQWHURO 1X\& 1R H GRL MRXUQDO SRQH
03*

/L < < D $GGXFLQ *O\ 7US *HQH OXWDWLRQ DQGQWIHDO +\SHUWHQVLRQ
$OPRQ5 6MRHVWURHP 0 1LOWRQ7. [DFWDWR@SBIQFH DVD | QD &KLQHVH 3RSXODWLRQ $ OHWD $QDOWVLY LEFDMET\RY
GHWHUPLQDQW RI PLON DYRLGDQFH DQG FDOFKKRGQWRRRGQ  3/R6 2QH « «9 «1R H
DGROHVFHQWV -RXUQDO RI IXWULWLRQ 6FLHRFHH  GRL GRL MRXUQDO SRQH

MQV

7RPFIRQHN ORUXV - HWDO  &7DQG  *$/&7  JHQH
SRO\PRUSKLVPV LQ GLDJQRVLQJ K\SRODFWDVID BQIEKHGGUH
(XURSHDQ*DVWURHQWHURO -« 9 «1R  «3
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_teg~y'v=yv  {q|eyz Syfaly~ S
6FK|FKWHU ) HW DO *HQHWLF DVWRFLDWLRQ\ORQKIKKRDOW WKH /XR = HW DO $WRFLDWLRQV Rl WKH 07+)5 UVSRO\PRUSKLVP ZLWK
$32(DQG $&( ORFL 1DWXUH JHQHWLFV « RO «1R «3 FRURQDU\ DUWHU\ GLVHDVH DQG OLSLG OHYWMGVUBE XAAX/ERIS

ORUHQRSOLDID 0 - HW DO "RHV ZHLIKW ORW SURJQBVRGGHEHWLA SC0WHEPHWD DODOWLY ILSLGVLQ HHDOWAKOQG LHRD - «
PDNHXS' 2EHVLWM UHYLHZV ~ «®RO «1R  «3

&DPSV 6 * - $ HWDO $WRFLDWLRQ RI)72 DQ% $6IQH YDULDWLRQ
ZLWK HQHUJ\ UHVWULFWLRQ LQGXFHG DGDS\YDWORQW LQ UHW
H[SHQGLWXUHDQG SK\VLFDO DFWLYLWA *HQH RO « 3

+XR < HWDO (IILFDF\ RIIROLF DFLG WKHUDPPRUEEHYHQWLRQ RI
VWURNH DPRQJ DGXOWV ZLWK K\SHUWHQVLRDRD &RRQD -« 1R
«3

ILHZ 6 & *XSWD ( ' OHWK\OHQHWHWUDK\GMRIRGEXFWDVH 07+)5
& 7 SRO\PRUSKLVP HSLGHPLRORJ\ PHWDEROLVPHDQG WK
avwy} €yfa~ye DVWRFLDWHGGLVHDVHV  (XURSHDQ MRXUQDOGHWHBLFDO 3HRO

«1R «3
ORIDIDULIDGHK 0 HW DO (YDOXDWLRQ RI)72 UV DQG 0& 5

uv SRO\PRUSKLVPV DV SURJQRVWLF ELRPDUNREBMWR-W\ D
SRSXODWLRQEDVHGFURW VHFWLRQDO VWXG\ BRFDQRBGLFD& Syfq}y- S
RO «1lR «3

$GDPVND 3DWUXQR ( HW DO 7KH 08& 5 JHQHWLF DDULDQIRYLDWHG
ZLWK ORZHU YLVFHUDO IDW DFFXPXODWLRQWSGDQAKBOSRY O VHOVRIYLWDPLQ% LQ.QGLDQ SRSXODWLRQ <98 «
UHODWLYHLQFUHDVH LQ FDUERK\GUDWH X?QULJDWESEDQ MRXUQDD 3
RIQXWULWALRQ  « 3 (UWXJ ( < <LOPD] 5 $ 5HGXFHG IHUULDAW®I IRQG YLWDPLQ % OHYHOV
JHRYVND XQLHF $ HW DO $VWHWLQJ HIIHFW RMLEGWHEBDVZHHQ WKH 'Hngufgggg%%ggggﬁﬁ&ﬁ%&ﬁgEJHQ ani(x;(éxp .
$7SRO\PRUSKLVP UV DQG SK\VLFDO DFWLYR@A ! ROV
REHVLWAUHODWHGWUDLWY -RXUQDO RI VSRLMOBEG KHDOWO
«1R  «3 :ROIHQEXWWHO % + 5 HWDO 7KH PDQ\ ERENGDPLQ YLWDPLQ

% GHILFLHQF\ OD\R &OLQLF 3URFHHGLQIV |GRIRY BXDOLWA

2XWFRPHY «®RO «1R «3

7DQZDU 9 6 HWDO &RPPRQ YDULDQW LQ )a7VIBN¥RFLDWHG ZLWK

agxte,xs’~Ev  u~y

.DPEOH 3 * HW DO 5ROH RI SHUR[LVRPH SURDEINUEIVMRG UHFHSWRYY £ gly~  \/
JDPPD 3UR $0D SRO\PRUSKLVP LQ KXPDQ DGLSRVHIMMYXIRHQW
RIDGLSRJIHQHVLY DQG DGLSRF\WH JOXFRVH DREMILSEGISRBWH  DYLV - 3 HWDO &RPPRQ ORZ IUHTXHQF\ DEGHEHWLF YDULDQWV

«RO «1R «3 DWRFLDWHG ZLWK OLSRSURWHLQ VXEFOD\MHGHIRMWKIUBO\ES!
+VLDR 7 - /LQ( 7KH 3UR $OD SRO\PRUSKLVPH QHUR[LVRPH )1L§QL¥|KPHQ IURP WKH (76,0 WWXG\  30RV*HQRWLFV « RO «

SUROLIHUDWRU DFWLYDWHG UHFHSWRU JDPPLLQISHOINQIRQ WR
REHVLWA DQGPHWDEROLF SKHQRWASHV LQ D 7DLZDYAR{LBRSX 3DWKWKLQLIH 6 & HW DO *HQHWLF GHWHQURHYD@WE RXVFHSWLELOLWA
(QGRFULQH «RO «1R «a WR K\SHUFKROHVWHUR OHRESUHKHQVLYH OLWHUDWXUH UHYLHZ  /LSLGV

ODWVXR 7 HW DO 3385 JHQRWISH DFFRXQWV IRUGBIWEXDO YDULDRIHP WK DQG LVMDVH  « RO «3
LQ ERG\ ZHLIKW UHGXFWLRQ LQ UHVSRQVH WRUAFOREH BENVLW\, "RRG $ ' HW DO 3DWWHUQV RI GLHWDU\ L QHIDXHADYRWHORLG DQG
«®RO «1R  «3 WRFRSKHURO VWDWXV DUH DVWWRFLDWHG ZLWRHELRGLUSRAV RI
JUDGHVWWHPLF LQIODPPDWLRQ DQG FDUGLRYY BAGXZIM LRXMQDO RI
IXWULWEKRQ  « RO «3

Svivfaeyg-.fse

6FKXFKDUGW - 3 HW DO *HQHWLF YDULDQUBRQNKHOEVWHU DUH Sy fly~ Q

DWRFLDWHG ZLWK HUWWKURF\WH PHPEUDQH /& 3813 SWHEMWWY

ZLWKPLOG FRJIQLWLYH LPSDLUPHQW 7KH MRYIGROKRIIIDWK BILQIHQGULFNVRQ 6 - HW DO %HWD FDURWHQRR[\JARDVH VLQJOH
«RO «1R «3 QXFOHRWLGH SRO\PRUSKLVPV LQ UHODWLRQ WRGRIIVPRQEDUR

JLOGTYLW S HW DO /RW Rl IXQFWLRQ PXWDRINRIQROG D™ UHWLQROFRQFHQWUDWLRQV LQ ZRPHQ RI (XUR SARIQIEHNHQY

PRQRR[\JHQDVH LGHQWLILHG LQ D SDWLHQW ZRWKIRISPLIFDU -RXUQDO RI&OLQLFDO IXWULWKRRO  «1R  «3

DQGKISRYLWDPLQRVLV'$ 7KH -RXUQDO RI @XWULWIRQ ~ «1R  /HXQJ: & HWDO 7ZR FRPPRQ VLQIOH QXFOHRWRRHSRIPY LQ WKH
«3 JHQH HOFRGLBEDURWHQH  "PROR[\HQDVH DOVAHU

+R 3KDP / 7 HWDO SHIHWDULDQLVP ERQH QRXUHIDRE YLWDPLQ ' 5P YRWHQHPHWDEROLVP LQ IHPDOH YROXQWHHIGWR XIKRDRS6(

ORQILWXGLQDO VWXG\ LQ $VLDQ YHJIDQV DQG @RRSHDOMRXUQDOC RO «1R  «3

RIFOLQLFDO QXWULWLR@RO  «1R «3 LQGTYLVWW $ HWDO /RW RI IXQFWLRQ P)REDRURMRQG ™
PRQRR[\JHQDVH LGHQWLILHG LQ D SDWLHQW ZRWKIRISPILIFDU
DQGK\SRYLWDPLQRVLV $ 7KH -RXUQDO RI IKWULWABRD  «

Q~fy{yua~f & IR «3
&DUOVHQ 0 + HWDO 7KH WRWDO DQWLRIMED @RUARQWBIQ
IRRGV EHYHUDJHV VSLFHV KHUEV DQG VXSSOERRUOGIVEH Syfaly~

IXWULWLRQ -RXJQDO « RO « 1R

/DQGHWH - 0 'LHWDU\ LQWDNH RI QDWXUDQVDQWLRREDDV DQG
SRO\SKHQROV &ULWLFDO 5HYLHZV LQ )RRG 6EXWOEWDRIG  «
RO «1R «3

&RWD / $ ' HWDO *HQHWLF GHWHUPLQEQDVRIQNLR[LGDQW v'g(}gjo\
3URJUHW LQ OROHFXODU %LRORJ\ DQG 7UGRMHIIFWLR QD@ ;

3RXUHVPDHLOL ) HW DO $VWRFLDWLRQ EHQ/ZHHEHBWIRDPIHQH
%VP, SRO\PRUSKLVP DQG ERQH PLQHUDO GHQVLY® DY/DRERE|
JUDQLDQZRPHQ &HOO -RXUQDO« RO  «1R «3

HWDO $WRFLDWLRQ EHWZHHQ WKHUHEWBWRRY JHQH
USKLVP DQG RVWHRSRURVLV  %LRPHGLFDGREBISRUWN

RO «3
<LQ ; HWDO $VWWRFLDWLRQ RI YLWDPLQ ' URFRHSWRDEG $SD,
UV SRO\PRUSKLVPV ZLWK VXVFHSWLELOLWRVRHIBRO
Syfqly~ S LGLRSDWKLFVFROLRVLV GHGLFL@QHRO  «1R «H

$OEHUVHQ 0 7KH PHWDEROLVP RI YLWDPLQ RQORBIQNVLF GLVHDVH
BWUHFKW 8QLYHUVLW\ 5HSRVLWR W &KDSWHU« 3

&DUWHU 7 & HWDO &RPPRQ YDULDQWV DMISIDAYRUYY WHV Rl WKH
WLWXH QRQVSHFLILF DONDOLQH SKRVSKDWQMH JHQH LQIOXH
FLUFXODWLQJIS\UL@GRRMEKDWH FRQFHQWUDWLRQ LQ KHDOWK\ DGXOWV  7KH
-RXUQDO RI IXWULWLRQ « RO «3

LP < 1 &KR < 2 (YDOXDWLRQ RI'YLWDPIQWBNH DQG VWDWXV RI
WR \HDU ROG .RUHDQV 1XWULWLRQ 5HVHDUFMDRE}S 3UD «
RO «1R «3
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‘RRG$ 0 Q6 / 6WRFNOH\5 $ &KURQLF REFWWLYH SXOPRQDU\ 7DQULYHUGL + HW DO ,PSURYHG HQGRWKHOLXBREHIIBMIRD LQ
GLVHDVH WRZDUGV SKDUPDFRJHQHWLFV *HQRPH P8R&LFLQH HQGXUDQFH DWKOHWHYV DQG LWV UHODWLR QARUSERYP SR

U 3 &LUFXODWLRQ-RXUQDO« 9 «1R «3

‘HLW 5 % HWDO $ FDQGLGDWH JHQH DSSURIHFKWEH@WELS $ 0D ) HW DO 7KH DWRFLDWLRQ RI VSRUW SHUIRWPEEDEHDE $&71

% UHJLRQ DV D ULVN IDFWRU IRU DJH GHSHQGHQEGILFRVRQ JHQHWLF SRO\PRUSKLVPV D WWHPDWLF UHY LHZ QDG AHWD
3/R6IJHQHWLFY «RO «1lR «3H 30R6RQK «c «U «aH

'XFFL) HWDO 77& $1.. '5' DQG &+51$ &+51$ &+51% 7VLDQRV*, HW DO $VWRFLDWLRQV Rl SRO\PRUISKWPXR-OH RU

LQIOXHQFH GLIHUHQW SDWKZD\V OHDGLQJ WRDYRRNLQREHK PHWDEROLVP UHODWHG JHQHV ZLWK SHUIRUPDQBHPEZ\ORXQW

DGROHVFHQFHWR PLG DGXOWKRRG %LRORJLRDO SWFSROWU\  PDUDWKRQUXQQHUV - DSSO 3K\VLR& 9 «3
«1lR «3

by|ss@EV  fev~yees{y

ofe|e

Ql{ I ODFLHMHZVND .DUGRZVND $ HW DO $VVRFLDWLRRHEBV 900

JHUUDJIXWL * 3DVFDOH ( /XFDUHOOL 0 $OFRKRQ MEHROHFXODU 3RO\PRUSKLVP Rl WKH 3HUR[LVRPH 3UROLIHUDWRBHFAEYWBY

ELRORJ\ SHUVSHFWLYH &XUUHQW PHGLFLQDORKHPLVWWU\ 3 *DPPD*HQH DQG 6 WUHQIWK $WKOHWH 6WDWXV /26 2Qkt 9 «
, H

%¥:KOHU . 0 HW DO &RPPRQ VLQJOH QXFOHRMK. ZRGHIUDMDQJ GUXI$SKPHWRY ,, HW DO 7KH DWRFLDWLRQ RI $&( Gi&BB$ JHQH
DGGLFWLRQ PRUH WKDQ D GHFDGH RI UHVHDRBKEELRERREWL  «  YDULDQWV ZLWK VWUHQIWK SKHQRW\SHV LQ PUEGBHOGKRAO -
RO «1R «3 3K\WVLRO6RL «9 «3

=DULGJH"' HW DO $OFRKRO SRLVRQLQJ LV CPPRDQEHRVHHFHQW  *LQHYLFHQH 9 HW DO *HQHWLF 9DULDWLRQ R$&(KHESFENQ

PRUWDOLW\ WUHQGV LQ 5XWLD HYLGHQFH GUBRREIDSHWRLIOH *HQHV DQG 7KHLU $VWRFLDWLRQ :LWK )XQF WL RRFCSEXKNVIADH

PRUWDOLW\VWDWLVWLFV DQG DXWR SVLHYXUQDBLRINSL BRPIORID R NQ/LWKXDQLDQ (OLWH $WKOHWHV  OHGLFkQD .DX@DV « 1R «
«RO «1R «3 3

Lyteletyv{yv xqsy.y}efy cv-yesly  uls {eeefy

3DWULTXLQ O $ HW DO $GGLFWLRQ SKDUPDBRAMOHRDAY F UHYLHZAWRRQ 1 HW DO *HQHV IRU HOLWH SRZHU DQG RSIRMYFBHES71
WKH JHQHWLF YDULDWLRQ R WKH GRSDPLQHYIERMMWMHAE JHQHWLBHDGY WKH ZD\  6SRUWV PHGLFLQH«c  «U  «a  «

«RO - «IR - «3 OLNDPL ( HWDO $&71 5 ; JHQRW\SH LV DVVRFLIAVE VSULQWLQJ LQ
%HQWRQ' <RXQJ+ $ $ PHWD DQDOWLV RI WKRQHUOB\EHWZHHQ —HOLWH -DSDQHVH WKQMIMEQDWLRQDO MRXUQDO RI VSRUWY PHGLFLQH
EUDLQ GRSDPLQH UHFHSWRUV DQG REHVLW\ [KPQUHAWHQ RI F «c  «U «a «

EHKDYLRUUDWKHU WKDQ IRRG DGGLFWLRQ" MBWHRO\RLREEIL WA ) b WULRX .+ HW DO $&71 5 : DOG $&( , HOH YDULDOWY

«RO - «IR «3 LQIOXHQFH SHUIRUPDQFH LQ HOLWH VSUL RV RXCWLH08:
+DUULVRQ. 7KH VRFLDO SRWHQWLDO RI PXWIFRRWBERYAU\ 0XVLFHQRPLF\ «9 « GRL %
6FLHQFH « «RO «3

cov~yess{y  Uul|* ~ywv~ye Sv,q

o, VY~

f...vy /HRQVND 'XQHLF $ HW DO ,QGLYLGXDO 5HVSRRI(FHHEBHVIA ,QGXFHG
‘RRG$ 0 DQ6 / 6WRFNOH\5 $ &KURQLF REFWLYH SXOPRQDU\ )DW /RW DQG ,PSURYHPHQW RI OHWDEROLF 3URQDRPAGR
GLVHDVH WRZDUGV SKDUPDFRJHQHWLFV *HQRPH®HGLFLGIRO  LVSVWRFLDWHG ZLWK 3RO\PRUSKLVPV RI $GUHQNVRLFERFNS -

«1R «3 6SRUWV 6FL 0RG «9  «1R «3

‘HLW5 % HW DO $ FDQGLGDWH JHQH DSSURIHFKWEH@WELS $ 6Q\GHU (0 HW DO ,QIOXHQFH Rl DGUHQHUJREJUHBRRSWSH RQ DLUZD\
% UHJLRQ DV D ULVN IDFWRU IRU DJH GHSHQGHD@QILIFRVRQ IXQFWLRQ GXULQJ H[HUFLVH LQ KHDOWK\ RGXOWY &KW\

3/R6IJHQHWLFY «RO «1R «3H a «
'XFFL) HWDO 77& $1.. '5' DQG &+51$ &+51% &+51% &HOLV ORUDOHV & HW DO 3K\VLFDO DFWLYMWRHDMNMAQMRMYKH )72
LQIOXHQFH GLIIHUHQW SDWKZD\V OHDGLQJ WROYRRNLQRPHK JHORWASH RQ REHVLWA WUDLWV LQ (XUR SHD QRS OMAMXE
DGROHVFHQFHWR PLG DGXOWKRRG %LRORJLRDO SWFEROWU\ 2EHVLWk «9 «, «3
«lR «3
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RCE oS(e T (3 o, \

f g y}y y { } fy{q &KXIKWDL 0 HW DO ,PSDFW RI 3K\VLFDO $FWARGVOIMGQGH[ LQ
7LDQ = HWDO 5ROHRI &<3$ )SRO\PRUSKLVPOQBHU ULVN HYLGH@HEHWGLRYDVFXODU DQG 0XVFXORVNHOHWDO +HDOWHLEBEY LHZ
IURP D PHWD DQDO\WLV Rl FERRQWURO VWXGLHV «*HQH « THFKQRORJ\,QVWLWXWH « 9 «3

RO «IR  «3 9%ODQFKHW 6 &KLNKL 6 ODOWDLV' 7KH ESRMILFDORDFWLY LWLHY RQ
*XELWRVD - HW DO +DLU FDUH FRVPHWLFVLRBFOMKDEISKR WR VRERELWLYH DQG PHQWDO KHDOWK LQ KHDOWKEDQ®IDWIKRORJ
FOD\ DQG KHUEDO VKDPSRR D UHYLHZ &RVPHWEERY «U «3 *HULDWUSWIFKRO 1HXURSWFKLDWU 9LHE®  « 1R «3

:LHIDQG & HW DO 'HUPDO [HQRELRWLF PHWDERRESDMBLZRE) EHWZHHR 6LOYD 3$ HW DO +SHUWHQVLRQ DQG ORIMHRY IWQHIRLF
QDWLYH KXPDQ VNLQ IRXU LQ YLWUR VNLQDGBG/Y GMHHPVMVWHP 68RQ\PRUSKLVPY LQ UHQLQ DQILRWHQVLQ DOGRMIVAGR{DERWKHOLDO
SKDUPDFRORJ DQG SKWWLR@RJ  « RO «1R  «3 QLWULFR[LGH VQWKDVH 0RO &HOQWLRFKHP  «1R  «

3

Rvxe€g,~ge ,vuq

*XQHV$ 'DKO 0 / DULDWLRQ LQ &<3 $ DFWIQG WY FOLQLFDO
LPSOLFDWLRQV LQIOXHQFH RI HQY LUR QPHQB/IMIRIWNR UV DQ
SRO\PRUSKLVRY «RO «1R «3

(ZD% 'DQXWD O 3RO\F\FOLF DURPDWLF K\GURFDUERQV DQG 3+
UHODWHG '1$ DGGXFWV -RXUQDO RI DSSOLHG JHOROLFW  «3

.LOIR\% $ HWDO *HQHWLF SRO\PRUSKLVPKILRQIDBWIVYVIHUDVHV
DQG F\WRFKURPH 3 V WREDFFR VPRNLQJ DQG W@QRM RI
+RGINLQO\PSKRPD $PHULFDQ MRXUQDO RI KHPRWRORA\RO

«lR «3
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€Y, g—~E&z SE%\E,fe JE °q%oy...eesqly Sq¥hoytv~EY ».fqsyly
€offyviyv  evfv-ugtyy € {qwue}, eaxuv|, fvfq o€ve sq,
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