S8OLYHUVLW

8QLYHUVLW\ Rl &RORJQH + $OEHUWXV 0DJQXV 30DW] TeYe) J)DFXOW\ RI OD
DQG 1DWXUDO

,QVWLWXWH RI *H
OLQHUDORJ\

‘ROl 'XPPDQQ
ZGXPPDQQ#XQL NR

&RORJQH 1RYHPEHU

'"HDU 3URI 'RQQDGLHX

WKDQN \RX IRU FRQVLGHULQJ RHGU ULK\ QD LPAKF B D Q/LVFPH RIQW LW O
RUJDQLF FDUERQ EXULDO LQ WKHD@WDR &DBWDFAHROQY BRIWK $WO
6LWH " JRU SXEOLFDWLRQ LB ROHPHOMSSERWWRKHKBOMWRXU UHYLVHG
YHUVLRQ RI PDQXVFULSW FS | LKA DK KPWGHE IQH QVIRR\RIX U
VXJIJHVWLRQV DQG WKH VXJIJHVWLRQW PDGHFRQWGRH QWYWHKDMUZ H
KDYH DGGUHVVHG DOO RI WKH UDYIOHZ B 0D PIORVQRFEWH B R U QUGIY RXWR Z

7KH UHYLVHG YHUVLRQ RI WKH PDQ¥VRQ L\SKR S WWWHRIPURIUK P QK B V
FDUERQ 2& EXULDO YDULDELQLWLVEKXKNVYHRIH R ©RHGWRDU P
WHFWRQLF WUHQGV WR DYRLG/RXIBY GXE QILWKH B XD B BN LR XV
+RZHYHU ZH GHFLGHG WR LQF O XREQJ DVEWIPHU IBE R F FKDIQRGI\RQ O
FKDSWHU WR SURYLGH WKOHRFHEOYR ZUDNKK DFZD QB UNSHFWRQLF
FRQWH[W IRU WKH GDWD SUHVHQWXG\ DORS VBHLVWXWYXHG. R SDWWLR |
RUELWDO IRUFLQJ RQ 2& EXULDRD QHZFRRGKE WHBXD VWURBY
LPSOHPHQWLQJ GLITHUHQW RUELBDADDRBR/QL DRI X U BWHRWYL RQHD Y®
REOLTXLW\ 2XU *&0 UHVXOWV QQGIFDWHN W KM IRXBIGNBDROQM UK O
RYHU FRQWLQHQWDO K\GURORJ\ HB LRX WIKBINIQGS FIIDRDI HYVLQH I O HF W
SUHFLSLWDWLRQ DQG WRWD D UXIQWRKIG H, R$ RIX\Y DRI W DK DW KHVPG XH WR
RUELWDO IRUFLQJ LV JUHDWH G YWKHDGE) BV KOHGRMEP BLIQBEKIQJH LQ
%DVHG RQ WKHVH UHVXOWYV ZHY R\SLROMKHRQL H WS KIFWI IRADEQ. ®DROL Q L P D
LQ REOLTXLW\ DQG D SHULKHOLR® GXWLEH ZRIXWMKWKBD PDQ@IBULYHU RI
VKRUW WHUP IOXFWXDWLRQV LQQ &7KX V LLDON HY SWKHHWOMELR @ DV
FRQVLVWHQW ZLWK RXU SUR[\ GREMEDR WZRIQAK ALR)EGGE K DMYHH WHRD W F
HQKDQFHG EXULDO RI 2& UHF XU WXHG GBS LIVRG LCADVWHQ\ E$H | R H7 RG
HQDEOH WKH UHDGHU WR DVVHVVHRXUHYKD WY A G WGHIWRK VZHR G
LQFOXGHG D WRWDO RI VXSSO MB®IQ B D UDV L\ X UMW WBXG SO H P
UHYLHZHU

7R DGGUHVV WKH RWKHU PDMRU SIRLQWWY RQFOKWHBLVP RI UHYLHZ
EDFNJURXQG LQIRUPDWLRQ RQ WKBQWHERPHYWROBIQRGVKDOHYV
WXUELGLWLF VHGLPHQWYV FKDSWMUWKRDRHGR| OLGWKRDMIHDWLIUDSKLF
VXE XQLWV FKDSWHUYV DQG QJ BEHSBHDEKG FROOBWBRSOL

DQG GLVFXVV WKH LPSDFW RI GM& & XWD\VDKU GLQHXODWLR Q) R®

WKLV ZH SURYLGH 7 DQG 6 ODWEW R &Y QDIOH GHRSWKK WW® @ IFPWVRY R |
WKH 6 SWODQWLF 6XSSOHPHQWD®&\ )LIXUH LQ 6XSSOHPHQW

=«OSLFKHU 6WUD % H
&RORJQH

7HOHIRQ

7HOHID]



,Q UHVSRQVH WR WKH FRPPHQWYV RWEHWVK\DWHRXHZBIHZ PRIS WO LQJ
GDWD VXJJHVW WKDW KXPLGLW W B U B LRV\ERKDE) HRUFQ QQHRERRQUUH G
RYHU WKH HQWLUH FRQWLQHQWHD OFRDHY RO VRIX WRKGW Q@ GGUWKD L
FRQWLQHQWSYV LOQWHULRU ZKLFKHBDW@ROYEHWEKHOBBRGHOQWQ G LV
SUR[\ GDWD PHQWLRQHG E\ UHY LLK)Z B H QOFMHGRU K@¥FHHMVEY KBIWLHV LQ
WKH H[DFW SODFHPHQW RI WKH SURBRN NG JEDLWLFKPQHRHVRD RXD | R
UHVXOWYV :H IXUWKHU LQFOXQRXY DV WXEGHUG\PRHQUR IHWSDBY L
ZKLARMKRZHG WKDW WKH .&0 LV FDSDE GII® @ IWHPHWDWN QU HAS BMU RF
DS&2 RI SSP WKDW DUH FRQVLVWHFW ZR @K IRWR2$UHFRQVW

S3OHDVH ILQG D YHUVLRQ RI WKH UMHGWK® @ DHMKE HOIRAW :H. WK PDU
ZRXOG OLNH WR WKDQN DO OFROWMWUZKBW LD LHHIGRED WK HRLQJ R X U
RULJLQDO VXEPLVVLRQ ZKLFK ZDQJyWHKHKH®DSOXW\LR)I IRRSUBDSHU
'H ZRXOG EH JODG WR UHVSRQGVWR) G QR RXRMKXWMY WXBDWWRKQP D\
KDYH

6LQFHUHO\

‘ROl 'XPPDQQ

3DJH



'ULYLQJ PHFKDQLVPV RI RUJDQLF FDUHR®\E:
6RXWK $WODQWLF &DSH %DVLQ '6'3 6LWH

'ROI 'XPPMPQEHEDVW L DQ 36WHHLLD + ROPIVQNK LD EWHSKD QL H DXNKE
JO|JHOHQV 2 +E8KUIOWWLDQ +DQBWDIHWKMHFMRHU .DKBADV :DJQH
, QVWLWXWH RI *HRORJ\ DQG OLQHURARH 8QLYHWUHUPDIQRI &RORJQH &RO

*(20$5 +HOPKROW] &H® WHWHIRWFRKFHB O .LHBO *HUPDQ\
,QVWLWXWH RI *H RSMFLLHHUFHLMNV \* RIHDVEXNDPUMD LYY DQNIXU*HUP D Q\

OD[ 30DQFN ,QVWLKNHKPLN WRIY %HRDHRF *HUPDQ

0$580 8QLYHUVLW\ Rl %YUHPHQ %UHPHQ ' *HUPDQ\

/\AHOO &HQWUH 6FPHRR/@ LRH QBHH U D | BRFWHW F WHHLH. DQED WOL @@ XYH KV (+  $¢
DQRZ DW ,QVWLWXWIRHRW K H RVILLHERRHND R MWK UW DP 0DLQ *HUPDQ\

BORZ DW 6FKRRO RI *HRJUDSKLFDO 6FAUINQFRE® 8@LYEHA VAW RI %ULVWRO
Correspondenceto :ROI 'XPPDQQ ZGXPPDQQ#XQL NRHOQ GH

$EVWUOWWQVLYH EODFN VKDOH GHSRVLW¥RIRWR HIGV O Q QMWKLHF (D' M 6 5 RUIW MY
HPHUJLQJ RFHDQ EDVLQ ZDV D JOREDBHRQ EXSR DWW D DRID\ELDE GFLRRE D RMXEFUD (
EDVLQV LV NQRZQ WR EH FRQWUROSMLGE EK\GIRICRIN. FDHF WDRYEL FORFBWQ R J3U
WHPSRUDO DQG VSDWLDO VFDOHV RN KK IQEKWXWH DRORUON GRS HYN W R RBUME
+HUH ZH SUHVHQW QHZ EXON DQG PR GISRX.DMU JIGIRIFIKG FMH®LP IQW U HFRPR ®
&DSH %DVLQ DW 'HHS 6HD 'ULOOL QJZ3HJ RMMEMD H & 8 W&KL WHHQ H U & LFALKU F X O D W L
GULYLQJ PHFKDQLVPV Rl RUJDQLF FDWEGBFEXWDMHO L$HP XOWQ\PEHWILRQ+HO
EXULDO UHIOHFRDHG VIXF PHE VWRK® @B IEDIFOHY KDQOAH UHG EHGY ZDV FDXVHG
R[\JHQDWLRQ GXH WR DEDWLQJ K\G WRIUDVE K B RMW KWHUG V2ERQ Q UD V8 R X DAK/
EDVLQ HYROXWLRQ DQG RFHDQ JDWHMZD\ FERQYW ORS PRI WQIX\D QFGIBFR VI D B LS
&DSH %DVLQ DW JHRORJLFDO WLWHBDFOHVKOIOB\VHTXKIQRBUFRPSSLVHV I
KLJK ! DQG UHODWLYHO\ ORZ a P DRWIDHQV R ¥ DFHWR QVKRIQ\WWHBMWUREHLQJ
2FHDQLF $QR[LF (YB'QWH QHJIDWHGXWHOWLD/GV LM RUH D QE MOW HAD Z$(V DWKHV
LQWHUYDOV Rl HQEBRQFEXURDOQDRRIFQBRIBMIG X MK RRWVRGLPHQWY GHULYH
FRQWLQHQW LQGLFDWLQJ FORVHO\FRMRORSIDWH G6 ¥OERDWHEOP\Q @ XRFRR Q HIOQ
IOXFWXDWLRQV LQ ZHDWKHULQJ GHHUYH &I ODAD QL ARGWILQSHXQW | DR NWHKGH W
KXPLGLW\ DULGLW\ ZHUH WKH XQGRIGIOVYLRIJ HEKDYGIFH/GRR WIEHLVE LMDLYER K SE X
7KHVH UHVXOWV VXJIJHVW WKDW GHHBFPDQL BB VHQ Y LURDPR@GHG RY HPH WL
WHUP IOXFWXDWLRQV LQ ULYHULQHODWWLRICHEKW S| &X M K H : 6 DH[I$ RD LZG®AK D) C
WKDW FRXOG KD YH DRRWH® \I M D I RMUQIXR\PU WHIBIVIFQRVQRY RAKHHQGHHS RFHDQ



,QWURGXFWLRQ

7KH (DUO\ &USRWFIXKFHRX¥ H 0D KDV OR®J EGWE WDHM¥XRU JHRORJLVWYV DQG
WR WKH ZLGHVSUHDBURGHRXEOPGRHVRIFPADUERY) BURPQILQH JUDLQHG VH
SUHIHUHQWLDOO\ GHSRVLWHG LQ H® HQJWXH RZFOHNHQ RE DW K B VE WHKIDNX & HRY H3D!
=LPPHUPDQ HW DO KHVH HDWKIQY WRU&D EXU FD® ERAY PRQWUROOHG E\ D
SURGXFWLYLW\ SUHVHUYDWLRQ DQG GLORWLRQ SbIE KXV HX B ®® DR U

7KLHUVWHLQ ZKLFK ZDV DIIHFWIG EQ PXLO WILSHGHW SW RFE H VWHD/O B ¥ W 2
JHRORJLFDO WLPH VFDOH 2& EXWIRF®! \ZDNVFRRGWLUR.MA HED Z L QV BIF RARRHW B\S |
DQG RFHDQ FLUFXOBWLBRQ 'RQQDX®PPH QRUMW XOODQG 1DWODQG ‘DJQHU

ZKLOH VKRUWHU WHUP H J RUEL\WDBOIDW FBBRMYHKHU LFFK B IQU FX/OLDQVR R DWW U E JD H
WKH PDJQLWXGH RI 2& EXULDO RQ WIVDH) & ABIOMY R MANP QRO KKK ®WH G W K
+RIPDQQ DQG :DJQHU ‘:DJQHU HW DOrHUUOHRKW @LF HW DOXULQJ EULLI
PDULQH EODFN VKDOHV ZHUH GHSRNVARWPS® QHE G RE) DLOYBALHRIRAK CRRHEEIABGNIEDRXG-
HFRORJ\ -HQN\QV 'HLVVHUW HAM BOUER Q +(FJELDP D WO WS BI UHGGEDAR BRI © QL
$QR[LF (YHQWV 2$(V 6FKODQJHU DQGRIHOQHWNQPRVW VIRSHUD RIM -HQN\QV
WKHUHLQ RFFXUUGI\G$SWULDQJ WRHF(IRQL HW DO Q Bl Q@WZADAH PDAJINEHGEH ER O
H[FXUVLRQ DW LWMVRGHWH W O0H QH DIHHLYG ZHDQFHL QRU & % ULHQ HW D® DQGD(
HOHYDWHG DWFRQFKIQW FD&2LRQV 1DDIV HW DO

'XULQJ WKH (DUO\ $SWLDQ DW WRKMWKVS\W B DRIW2E (2 FH DW KRR GIWPLH/WH.® R
SURJUHVVLYHO\ RSHQHG IURP 6RXWK WR IRUGN KK 3K G | MIRBEHEDRIO RW K|
YROFDQLF :DOYLV 5LGJH )LIXUH WG KD R IDWKIHV\R DRGSR EDYWEW DRU 2& U
HW DO $UWKXU DQG 1DWODQ®&LWK K PFAGCRQIIRI® 8 W\ KQ JK 2& EXULDO U
%LRIJHRFKHPLFDO PRGHOLQJ LQG LF®RWIWKWSKDOND G WFLHV E DABL @ XAD\DIKD Y & I K
JOREDO 2& EXULDO GXULQJ WKH $SWUBRQ® D ® |DW KB FH R\ W OF R® R BBCH QD
'DWD IURP 'HHS 6HD 'ULOOLQJ 3URMIDFSD 0GB GDW HW X i&\BWED DM GO0 DHR 2
Rla + P =LPPHUPDQ HW DO XQHWKHVXQJIROW WBEDMQ HKDQFHG 2& G
RI WKH :DOYLV 5LGJH GXULQJ WK HD (DHGB\ EM RWHKBIUWDN V VW H FY/ERG. EQ VY R VM R P
RI QXWULHQWYV IURP VXUURXQGLQJ FROWMKQRGWMWSD® KXU DQIED1V W Q B Q3D
ZLWK SUHYLRXV VRVX@QHNWHDD %H¥FG\ BB YHRHRR] MW DO LQGLFDWH'
G\QDPLFV DW 6LWH ZHUH WLJKW®Q MRS & K \RBWRIORDD O\Q G ULX G QR I
DVFHQGLQJ WURSLFDO OLPE RI W KWMHRMWRRSIKEDOL B R@GHOUH\H&H 6 O= RDKIH , T,
UHFRUGY ORFDWHG DORQJ FRQWLQYHQWIX® 2 5D UV XOTFKOD\S BRWGRXQFRG F
DQG TXDOLW\ DV WKLV LV ZKHUH RWQM @RIMH. FPIRY \W KBIQUHHFWROQ W K B GRVRGDVL|



OHVV SURQRXQFHG F\FOHV DW VLMD WLRMDK R U VRK I/ K/R U ® DUDH ZQ MKWL R © U\
IURP WKH FRQWLQHQW :DJQHU HW DO

2XU VWXG\ LQYHVWLIJDWHY WKH GULYLQJ PHERBSEL%PVLR PDULDHH 2 & VERXUN
5LGJH DQG WKHLU FRQQHFWLRQV WR PLG ODWLWR®RH\DMPLRAKS K Bl Y H FE FILHWQF
H[WHQVLYHO\ :H SURYLGH QHZ LQR BHFX®LIFUD QIGRE K HP®EP GEWBIW D QEERF B O F
SDOHR ODWLWXGHYVRHR ZD®WBQG BSWKXRH + 0HOPIX)HQ 7KLHGH DQG 9D
$QGHO HW DO ZKHUH DQ H[WHQV¥HYEHDY¥S WHPRYEOB BN ¥HKH G K L\SERD U C
LQFOXGLQJ 2$( D 'XPPDQQ HW DO Z UHSKWVYMWIEODPOWKDQBW VKRV RI 2¢
SRRU VHGLPHQWY 'XPPDQQ HW DO F GHSR\GLFDRQDI RRIICLWERDWPIRQ D
FRPELQH RXU QHZ SUR[\ GDWD ZLWK JE@KUDD & FE LSUFR\OLIBML RQVR RIG\N D L Q@W |
F\FOLF IOXFWXDWLRQV LQ DWPRYVSKWHULRFORLUY XD PN GRQD NVQ & XFARHMW GE H Q@
HYDOXDWH LWV LPPSIRUMPBIQFEH HR U LREH G BB 8 L&ED/SHQY%M® V L Q

*HRORJLFDO VHWWLQJ DQG VWUDWLJUDSK\ RI '6'3 6LWH
ILWKRVWUDWLJUDSK\

6LWH ZDV GULOGR® WROQWRMW DRHAFIVH RI 6RX8VK $1U ( DW D PRGHUQ ZD
P 7KH 6KLSERDUG 6FLHQWLILF 3DUWUO\ &USWDRFMBR®VRVHGIPPRRQWY ZHUH S
FRUH UHFRYHU\ RI a 7KHLVKXUSIE DU ® \VRL HQWLHUF SGUYLGHG WKH (DUO\ &!
VHTXHQFH LQWR WZR OLWKRVWUDWVLUWFSKRLEWQLWY 7KH @R EZSBRDYIGN6 FAR
RI (DUO\ $SWLDQ DJH DQG ZDV GHSRNQWID® Q8 \[HQMHSRSUPR{Q WD ODIDIP WR
LQWHUYDOV RFFXU VFDWWHUHG WKDRBJRRXW. QMK H UEDJIN \SHHB6N IV W R/DIEH E
DFFRXQW IRU a Rl WKH UHFRYHUH®R DHGHIH@W @ H B EXRIENS WD W HCE BN QVIXQ E
WUDFWLRQ RU GHEULV IORZV DQG SR\WQM@W EDO O WEESG VER\DIEVH [ HEMRREVSO D
IUHTXHQWO\ ODFN ELRWXUEDWLRQWLRGYFRWULIQG XFHSRERWMWRP XZQGHW FRF!
$UWKXU DQG 1DWODQG 7KLHGH DRGRIDED OQBHIGGHQFH &KGLRWWW W
KHPLSHODJLF DQG WXUELGLWLF RULPHQHUKHWRIUPH D @& HUXHT XHR W B Y FRP
QDQQRIRVVLO OD\HUV DQG PXGVW®&D K H RWMLWWLIRAYV X QGG UF /W DQJ X O & FRRXL
ODWWHU DUH DVVRFLDWHG ZLWK VDB GGMWR© B EIDQ GJ N 5 QIEY PYE I WRK) H UTH G\
VHWWOHG RIXRWQR I DDOWIHQV
7KH RYHUO\LQJ OLWKRVWUDWLJUFRKQWA X VWR | FRWHV $ S L D)Q JXUDH IKKD O HV
FURVV ODPLQDWHG VLOWVWRQH EH®\EO@EDDMW UIRDALQ D VGV U X F WXKIHH \6 KELHSFES
UHIOHFWLQJ D VWUHQJWKHQL QB QW GOIBI LN HUH S HF WQ B WO R BDW & X U
EHGV EHFRPH OHVV IUHTXHQW ZKLFXQIDRUEHHRVQRQNRIGVW B L\PXEMY G/HRQXFK



$IULFDQ PDUJLQ 1DWODQG 7 K LY HSQMR DRIX GH® ¥ KIDRQ A HLAQVWRKI HWAKHHG & D S|
LQWHQVLILHG GHHS ZDWHU PDVV H[FKIFHIHQ ZE WKL QV K$IU V& M D FIQGV 160RX VD
SURJUHVVLYH RSHQLQJ RI WZR JDW H BD 3 D QBP0 * DWEBHHE BRWDIQ G REHDPNDLAN O D
'XPPDQQ HW DO

,Q WKH SUHVHQW VWXG\ ZH GLYLGKUWHKH VW&RFMWYP UV VDS KHR RKiQ L\VQW RZ
XQLWYV GHILQHG E\ WKH VKLSERD D® K KLOLQW § HIYFV SHDWWY L. @ XFUREU DO D F IQDAM U D \
LQ FRUH DQG UHG EHGV LQ FRUWH VXEGLVKGBEW QWR WHZE DHWY RV WUL
GLVWLQFW FRORU)DXX®H2& FRYWHE®RSBRVHG E\ 'XPPDQQ HW DO

%LRVWUDWLJUDSK\ DQG FDUERQ LVRWRSH VWUDWLJUDSK\

$JH FRQVWUDLQWYV IRU (DUO\ &UHW PPHRXV EB'GH BHRQV ¥ DIONF DU MRIX V QDD
RULJLQDOO\ GHIHBIHRED BN Ve UBIVR UHFE QWG X\ 'XPPDQQ HW DO LQGLF
$OELDQ DJH IRU WKH LQYHVWLJDWEXS §RGWHEQEN EHRXWQ PRV L)1BR@ERS D H |
floralis DW a PEVI 'XPPDQQ HW DO DI X QWK KK (DAHRQ VSISIWHB @ EODFN VK
DQG PEVI EDVBBWHULWWLFKPDUERQ LVRW RSH BIVAXUWMRQ® )LIXUH E

ODWHULDOV DQG PHWKRGYV
6DPSOLQJ VWUDWHJ\

6DPSOLQJ DW 6LW K JHWHGE RKIHPLLG\HW D OIVF YK DOM WQEWEIGLWLF FRDUVH JUDL
VKDOH LQWHUYDOV L H FP+GP WKLWRSYPDGHLQQENHHNADHY VDIQIGAKW G QHH R
JHRFKHPLVWU\ Rl WXUELGLWLF VHGL® HQW\W K DR XR ZMYHIL HEH HHQ JG HIVF TLLEC
1DWODQG .DJDPL 7KHVH BWWGE VHXHUQIGE ADWYH W K D WPWIXUDELL W L F
DORQJ WKH SUR[LPDO 6: $IULFDQ FR DAWR [ 1\DMQOEDVQGR Q HV FRRHERD W HRL O D U
-DFTXLQ DQG 'H *UDELWE®VINWWURQJIGRPHOPXQFHERILAFHOXGLQJ SUHVHUYH
IUDJPHQWY -DFTXLQ DQG 'H *UDFLDQVN\ 7KL\AREQDXG DUOREBRDN BV W UD L ¢
WUDQVSRUWHG IURP WKH VKHOI| WR Q\RKY GHB &8 W ETHV ERD @ R QN XIUHWK R ¥ RD)
WKH VDPSOHV ZHUH VFUHHQHG XVLQJH HRFEKEALEG G U WBIL Q DWLLR \8 UR [L HOWU R
DQG UHIHUHQFHV WKHGHALR DDQ)XGP ERMBSRH HVHWIDWHIQF HU R FD VG VW REIHVL B M X U |



$QDOVWLFDO PHWKRGV
ODMRU DQG WWDBRIHMNEMEE\ ;5)

ODMRU $0 6L . 7L DQG WUDFH HCRHHRHMQWD WALR QIM. ZEX HIGHWHBROQQHG R
VDQGVWRQHV XVLQJ DQ ,WUD[ [ UD\ IRRRHGNEMREFD 056\ \&\R M PIV6 FEXGIGHI) H
'ULHG DQG JURXQG VDPSOHV ZHUH SUHVVHG LQWR SODVWLSFQBDXBHMMY ZKU
SHUIRUPHG DW D UHVROXWLRQ RI PP SQG MHDVRWHRHOWLRIOHWEPEJIJRQL
PHDVXUHPHQWY SHU VDPSOH ZKLFK Z$HEMROXWUHDHB & PRIQNU FHOFKH @ IVRIDI
FDOLEUDWLRQ DJDLQVW UHIHUHQFHLWRRKO0 H ¥ LRFIKNDQHRZH) RHHOHPXHQHVE DIDORRPI V|
VHH 6XSSOHPHQW 6

7UDFH HOHPHQMWED Q8300 6

,Q DGGLWLRQ WR ;5) DQDO\VLV EWDIDFENH VRIDT2H:. WIDRXAHWVIBRFHUEQJ DZHU
WKHLU LPPRELOH WUDFH HOHPHQWVN 7K((6FRPSRY DG LIRMU I GIDOW K\HDHB H §
(/$1 LQGXFWLYHO\ FRXSOHG SODVPD3RDNVQV SHFMNIU RFGHSW HRIO QR Z 10GJ W
$OLTXRWV Rl GULHG DQG JURXQG VDRSO HKVWZR] Wi FEARPHE X2 \&\WOHIEG DWK E V HFBX H Q
$0 SUHVVXUH GLJHVWLRQ V\VWHP 3'6RQARIWHUROQV $RID0 WLEQD SHREOWLW K

$FLGV XVHG IRU GLJHVWLRQ ZHUH HUY P D Q \V X S{UIDZSOSWH SKHIBWFNOHUF N *
+&02 XOWUDSXUH 9:5 86$% DQG +&0 UPDWQXSUDIXUMLILHDBN.R'H ZDV FF
H[WHUQDO PXOWL HOHPHQW V\WDRGO0 U PMROXIW LRRIVXWIRIQ $Q LQWEUQDO
DORQJVLGH WKH VDPSOHV WR PRQLWE W HQWWHQM H G 8 UGDIOW &ZR F$H U\
*RYLQGDUDMX ZHUH XVHG WR P& QDWRVDRAGDRALYV RIH B QREGXFFGU DIEEW K L

/ILSLG ELRPDUNHU DQDO\VLV

$OLTXRWV IURP \DIPRVS OZHMU H +H [WMWU D FRVGI GOBIUW K BRSWKIDEROY S *HUPDQ\

GLFKORURPHWKDQH Y Y P/ DRSUBBRIOVBURAHWEKOQQH BHURN 6 PLC
XOWUDVRQLF EDWK 7KH H[WUDFW\QB®UBIQRR P ELHGH @ LW DX @ WSIDSXW R UADIW ¢
GLFKORURPHWKD QHFDQDVHGL RQ Z W IGK® XQGRU PLPEDYDKYLQJ D URWDU\
DFWLYDWHG FRSSHU WXUQLQJV ZHUHO BEBIG®E DIOR VX R EX-H M7 & B SWOPLIRH § HP\F
PRODU SRWDVVLXP K\GUR[LGH VRO XMX\RQD ® HOA B D@ W @ B XIBHAH{ W DR WM GFD W
ZLWK KH[DQH OHUFMBRBQD6RQESS DUWH M ISROID® LLVWPWIR) MFKVLRQV DOLSKDV
K\GURFDUERQV DQ@ RR R/SR)RDWR FRFHEUS/D O/LHD BRE X PQ PJ + PP
OHUFN *HUPDQ\ GHDFWLYDWHG ZLWK QHXOWH[DSiH LEKW R UR PHW QD QK
GLFKORURPHWKDQH+PHWKDQRO WY Y1 H WHHY SHIV VB X @\ [P RHIBSRWLLORY |



IUDFWLRQ ZDV IXUWKHU VHSDUDWES R R YRVWOWOQIDWLIDGE W) G R F B BVRXREVE/R
VLOLFD JHO 6LJPDZAOGKULEKUIB6HOXWH® & LAWKKKH[DPHWDWH OHUFN 6XS
UHVSHFWLYHO\ 'HXWHUDWHGVHQW B B & FEROVBMEDUE VZHUH XVHG IRU TXDC
WKH VDWXUDWFW LIR@LSKDRAW FWRJ DQDO\V LV
7KH VDWXUDWHG DDH.\$K DDADLIFO \ PHDG WIVR K FRRKBWRGUD SK\ PDVV VSHFWURP}
06 06 7KH GLVWULEXWLRQ RI DP\GEODRD HKYG DR FOOULEFROWR SUMQRLGY ZDV DQL
*& FRXSOHG WR DQ $JLOHQW 06' RASRHWILOQN H 6, @ Q P\RHEMH W ADHIEQ BRMIBRQ L
>8& @ IUDJPHQWYV 6DPSOHV ZHUH LQMHFWHBPRQWR—IP'%VLE FROKPML W \PS
RSHUDWHG LQ VSOLWOHVV PRGH DQERKHADWKGHGRPV FPY WRIU JP& DWD FI
PLQ 7KH *& WHPSHUDWXUH ZDV KHOG DW f& fO8WIR Uf R PREQQNVIRQ F U H B VMWK MRS, F
ILQDO WHPSHUDWXUH ZDV KHOG IRE\ HOHGW,RRQ ]IDPSIDFW Z D,V DWK L HOHBQ G
ZDV PRQLWRUHG XVID@NDQH XWRKHGWUE VROXWLRQ DQG ZDV EHWWHU WKD
6WHUDQH DQG KR SDHUHHGD.Y A\ B B WA@Y *B.QF RXLSICHHBAVWR DQ $JLOHQW & |
LQ PXOWLSOH UHDFWLRQ PRQLWRUL®GE BRI P DGH 60BPBROGINPIHUHPLQMHP®
D VSOLW VSOLWOHVV LQMHFWRU RSHILIXW H® ¥ X VIS G LDAWOHNWURRIG HI IPW D W DX
PLQ 7KH LQLWLDO *& WHPSHUDWXUH ZMWF BKHDGHBWVR f & [RQIBVRMMRYf QWKELD W
PLQ ZKLFK ZDV KHOG IRU PLQ ,RQL]DMLRQ@DV D& KEVIYREG DV, XMWG DV I
FROOLVLRQ HQHUJ\ RI 9 5HSURG X LIE) ®IRWXV E DWWPRXEBLDAURSU AR QXWRLIQIL R J
VLPLODU FRQF HDKHID WS RRGX Y BIOOWW \ YRIUR H B VKW P S RRQQGIM IBIQ 8 QW \FRRV V
WKDQ EXW DOZD\V EHWWHU WKD@DWLIRRW DOO UHSRUWHG ELRPDUNHU

*HQHUDO FLUFXODWLRQ PRGHOLQJ

ORGHO VLPXODWLRQV ZHUH FDUULHG .RXOW ZDWK WKH DIOHO &OLPDOWH ORGH
VSHFWUDO DWPRVSKHULF PRGHO ZFfWK D R® UL RUWDLG DG \ORHONEMDIVR G ARH FaN (¢
WR WKH RFHDQ+VHPO2FBDRERFSRQHQR) UMW ZERV&EDL KRULJRQWDO UHVROXW
YHUWLFDO OHYHOV 7KH PHULGLRG®DY HRFMRQ UHWRRDOVIGRQ W KD GIX X0 BARILQ
IRU WKH (DUO\ &UHDWDLRHRRV HF BOINBXHEHOA Q 'XPPDHQPOLIJKWO\ PRGLILHG
DUHD QRUWK RI WKHf :® OMLYHSGDALQD QVE B q B B (B DH/DKE\R P RVILQ X VWG DLap
WKH (DUO\ $SWLDQ @RXQ GBZD PRQRMPIIERX QW IRMRWKH UHGXFHG QRUWKZDU
GXULQJ WKH $SWLDQ 6XSSOHPHQWDU\ )LIXUH LQ 6XSSOHPHQW 6

7ZR \HDU ORQJ VLPXODW&R @WHYHOK PW P RYSK BQIGF SSP ZHUWKSHU IR L
UDQJH RI VWREDWHFEQVWE XFWLRQV IRU WKH $SWLD Q& S$0EKDQIFHICE O D GX Wi
2$( D 1DDIV HW DO UHVSHPF&2 FRQYF HQYWQ DVWKRQK GKDINQJ WKH K\SH
PD\ KDYH EHHQ HYHOWKDIXKHU 1DOWHLQUEKRAH® WKDW WKH .&0 LV FDSDEO



RFHDQ WHPSH&UDRMIXUHBIDPW DKLFK DUH EURDGO\ FRQYU R W HIQHMW RZQ WML U K W/ LOF
D 7KLV PRGHO GDWD FRQJUXHQFH RDL® GEBMODFR URYHICGD ¥\ LOYV VWXPH) @ B BDO G H. Q
WKH \RXQJ $WODQWLF 2FHDQ :H DUH S\Sf8 2 HPIRGHOF B B SILGHVGIY WAK D@ R¥(U D
UHDVRQDEO\ ZHOO ZKLOH WKH RIM YV (BDXOD VE IURIQV D BRERMOUHEBHDDYHFRAQQ C
%DLQLDQ 5H VXDHNGY RZYHHIH VDRHH LOHIDVWW  Z KHRG W H PRGHO UHDFKHG D T
JOREDOO\ GHSWK LQWHJUDWHG WHBBMUDWHORBULIW&RENESOHPRRGHDA \H
6

‘H IXUWKHU SHUIRWRMG RIWE\L W[SEI WIHP HS $R/2DWR D\DVHY/V WKH LQIOXHQFH R
LQ VRODU LQVRODWLRQ RQ FRQWL @MNQMDOR K\ELWRIOR BDWIrX PFH WHHDB/O ES{RREA
—et"—fce  feef” FrHfWHKMHUESRAUH IROORZHG WKH PHWKRG ®RH G UWNRZFO H\Q B WP |
FRQILJXUDWLRQV UHSUHVHQWLQJ PD[LRQ OL@G OFHRH GIDHQU K3 @ PR YW WRLUE) VIR ©
REOLTXLW\ DQG SUHFHWRW® bR XNOMAVD QER\E IARQKHQWUDWLRQV XVHG D FF
RI ZLWK YDU\IIQIGREOHFNNVWLRQ WRPPUHHDRBEDWZDUPf REOLTXLW\ SHU
VXPPHU VROVWLFH DQG D 3FROSHKMOPRQ GRXWERW VRXWKHR 8 QZLL QXMHA
+HPLVSKHUH 7KH VHQVLWLYLW\ H[SHUDPR@WNURHBHEEWD@ERKGDWRIIRQUR
REOLTXLW\ ORQJLWXGH RI SHULWHDOUIRQPQG IIQWHIUDWHBRIGRHIOD QRW K
DWPRVSKHULF G\QDPLFV WR DGDSW WR WKH RUELWDO SHUWXUEDWLRQ

5HVXOWYV
7RWDO RUJBDRQFRQWHQW

72& FRQWHQW DG BVEX ONW /6 LWH ZHUH SUHYLRXVO\ U$BSS/RIUDADHG CER L' X © P\D-
DW 6LWH UDQJH IURP WR 7 2B Z)LW X URD FNDIGGO) LM XWH QFHY EHWZHHQ
XQLWYVY L H EODFN VKDOHV JUD\ DY& DUHISVEBIBY H 5BIG CEHER @OW DB LI D

UHVSHFWLYHO\ ZKROHEODREN RENORMWWVUDQILIXURPD %ODFN VKDOH VDPSO
JHQHUDOO\ FRQILQHG WR VKRUWRL EW B BN V& 0LQH FXRQERNR D) G DX WHK IEFON. R B GSHI
VKDOH XQLW LQWRDORY 72&HEODEN VK& TRREOKFN VKDOHV" L H ! 72& W
2& EXULDO HQG PHPEHU VWDWHYV DQISOW R/ HIZF E ® DY DAWH L\ KSD G H\RFH QY LR @ QRF
VXEXQLW FRPSULV D MAH VKIDMRIUY /R RO HVK EBGXVWHU DURXQG D PHDQ RI

DSSHDU WR FRQVWLWXWH EDFNJURYSWEL B G )IPHQWMDWLROLG K W2G@J EVD O N DU
UDQJH RI 72& FRQWHQWY L H * W )DRUXUWHH\DW DIQFGV HEG RRRQINWWRZ VHYH
VWUDWLJUDSKLF LQWHUYDOV )LJRUHYV FEQ 72 & RWE WKRZIWH DIFURWK R\ GFLKYIL G |
RFFXU JUDGXDOO\ DQG DUH XQUHOWWHG I IVRL MV V [7 K G B BRIHRIE QVHNMNK D W NERGVLK M
LQWHUUHODWHG DFR® WDQKXB USHW N@WKD WKH H[DFW S\O/RH?RBPMW HRMWMRQMW T2



6HGLPHQW FRPSRVLWLRQ DQG SURYHQDQFH
'LVWULEXWLRQ RI . 6L DQG =U

7R WUDFN FKDQJHV LQ JHRFKHPLFOB BF®&E FR\DHW DR L) HRO DWKHGY WRL PBHDINY V
=U $0 UDWLRV REWDV QW G) [EXX; BHOMOMEOIDFMY DW 6LWH G =VKRY BR WIDAMGN\ | L C
JUDLQHG VHGLPHQWY ZLWK UDWLRW FORAHS RIRRODYHUDJH \DKDXO B U BH6G IY\DVD D
LQWHUFDODWHG WXUELGLWLF VD QGVWREHV6L) $DX GR Ul WU 56 SWEMDQEML 0EO O \
72& DQG ORZ 72& EODFN VKDOH LQWHNDYDQYQ FRFRHUMWUDVWK 738 U DIXIURV
KLJK 72& EODFN VKDOHV VKRZLQJ D KLJKB[U PHPRP.SOOUHBWAR BRZ 72& EOI
PHDQ UDWLR RI c 7XUELGLWR\F ZEQBK \WRQWO \VKRYH.USW KD WRPH UD QG
VDQGVWRQHV KRZ8WHDOWDKRKZ JKHEW W B)Q IXDW L FV R !

6HGLPHQW SURYHQDQFH

,PPRELOH WUDFH HOHPHQW DQG 5(( DHRFWHPILY WRY HGLBIF K VRIGDIUROF R3O M
SURYHQDQFH W\SHV DQG WHFWR Q LFO\RMNW/W RQIOR ZZH) X WHCH GLSSFLRPE IQ RW KR
OF/HQQDQ HW DO UHVSHFWLYGH®H Q WUWRKHILARR UH J IS,RGWH Q R MW HVGH R Q
FROQWLQHQW ZHUH LGHQWLILHG EDVHX®\WDR FRPSDUHBRIQ ZR WK K HIRLAK H B D R
FRPSULVLQJ VKDOH DQG PXGVWRQH RDRFSIOH S URRIPGWHIBGIL® H/QX\S S\ORXPUHHWWYHE
UHOHYDQW UHIHUHQFHYV

$00 EODFN VKD O B FMD PGPV W RZQWELS D(OS IIRW WFHRIDQWL GNEDW DEL FI B XY ZH W E H
728& DQG KLJK 72& EODFN VKDOHV )LJINVH KRZHF K/RZDFAVERIEAD BN FAK DB SL ¥ B G
URFN SURYHQDQFH OF/HQQDQ HW DO HQULRERFEXQALQRI7TKWBFF DO® D WL
DGGLWLRQ DOO ORZ7K2&W DPSO/MMVEWEIRZWH. RR UL Q Q LFFFPVDILYIH F R Q IWQLIW QWD O
LPSO\LQJ D IHOVLF WR LQWHUPHGLDKLF K H 8 LPOIQRV WXRSSIRAHVFHRGPER DLWW B R
5(( /D &H 3U 1G DQG 6P DQG D SURQRXQXHB QHJBWQ YMHERY B GRRIOVOSDUD
WKRVH UHSRUWHG IURP WKH .DURR DQG &DSH VXSHUJURXS )LJXUH FtH
,Q FRQWUDVW W IGH5\WU\DLFIK) Bl M P H (BW NDIIKKD D28V BVOX JJHV WYV D JUHDWHU FRQV
VRXUFHV DV LQGLPREHE E\KVORLJKPWOREMU JDIKR WDWLRY )LIXUH G DQG
FRPSDUHG WR ORZ 72& EODFN VKDOHSYO RW XORW WR MWK &ERQWESQHYWDO
G LQGLFDWLQJ D EXON VHGLPHQW RGKXREHWHRPSRVHYWR Q OF ® RXH PMRUHUJI
LQFOXGH WKH .DDSYDDO &UDWRQ DQG .DURR YROFDQLFV )LIJXUH FtH



,QRUJDQLF SDOHR UHGR[ SDUDPHWHUYV
'LVWULEXWLRQ RI VXOIXU DQG LURQ

7KH VWUDWLJUDSKLF YDULDWLRQ RIKDXO R{ UNKRIQ T2H.QFR € O/RIDIO \ ) § DXIWDHD O
$SWLDQ EODFN VKDOHV IOXFWXDWH DQREXQBFL BBV WROXH“RI LQ /DWH ¢
$OELDQ UHG EHGVXDUWHIHVWHQ WD O B O B FIK B K D BW HXUDL PHUIG FER QDV PHIDDVQ RV
ZKLOH KLJK 72& E ODIFN VKPRV PERQMDX QN X UF FIRIDWY K QML V “
)H 6 72& UHODW LR @\RK GS VI HDWHHQ XWLHDGVHHG Rl W WHDI\CH 8 CEDHVRIG RQ GLDJQRVWLF
'HDQ DQG $UWKXU $UWKXU DQBI6DKIHAD QS S UR[LVPOK D DVMKWMHE®H J U HH
5DLVZHOO HW DO 5HG EHG DQUR IQDB\ IV KDOPLYIDPE OHYH RDW W HUB\ S L F D
LQ DQ R[LF HQYLURQPHQW %HUQHM DQWBDVUKDOBU DQG UHGHBAMGY VKRZ
WKH WKUHVKROG YDOXH RI ZKLPD WH R DFH UDRORME XFRMBRYWRWHIEE FILE. PF R
5DLVZHOO HW DWKDOHV %IORZF R Y HWDWIORKL ARYMHBL)BJ D EURDGHU UDHRJH E|
OLQH /RZ 72& EODFN VKDOHV DQG KWRKW2R ER S5 KK DWKIDROHW ZFLOKK W HQYRLQ R
72& EODFN VKDOHV IDOO FORVH VWRVWHUZEMW ZHHE ODWR®BO\ ODHLIK VE& EC(
WR KDYH 6 )H UDQ@ LRV R UMD HUF WHG LRIJ “PH EQCGKRUBLWDEOHR[LWFH V'
WR HX[LQLF FRQGLWLRQV 5DLVZHOO HW DO

'LVWULEXWLRQ RI UHGR[ VHQVLWLYH WUDFH PHWDOV

'LVWULEXWLRQ RI MV MWH DFIG RHWDO@W. IVO® =1Q LXEODFN VKDOHV LV SUHVHQV
F+l DQG HQULFKPHQW IDFWRUV ()WH UH DA LY K QV B HRW HRNOKRWKD B D) E DXR W K
72& )LIXUH F#l $OELDQ UHG EHGWHORD %K KD PSHBQ ZHMRAYH WR RU E

DQG IRU 1L &X 9 DQG =Q UHVSHBWLYHO\D@GPX@DUDUH BZHYWQ
/IDWH $SWLDQ JUD\ VKDOHV ZKLFK KKREZ HYHIR WVKIR D § &E&XV D Q WRIZD DX\ KQ D F |
VKDOHV VKRZ PLQRU LI DQ\ 70 HQU IPHKIPGIQW RH\RQG $6 YDOXBY&LWK
IRU 1L &X 9 DQG =Q UHVSHFWLYNOAKDQHRQWH IFKW UREVYKH 2§ HEOBF FRQ V|
9 DQG =Q EHLQJ SKWELFXADGQFBWHGFE\ PHIQG ()Y R UHVSHFWLYHO\ (QULF
DQG &X LQ KLJK 72& EODFN VKDOHV LRIPRUH PR HVWJ BEMS K FRMIDYI FD O X H V
&URVV SORWV RI 70&(BWRYDGE VDAG G2 VQLR Q DIOKHQPRIBRDWLRPY RI VHGLPHQW!|
WKXV SDOHR UHGR[ FRQGLWLRQV QGLEHRYDWGDUG HWLD® 72& E®OFMRVEDO
GLIIHUHQFHV LQ 70 72& UHODWLRQVUKHSWRRWRZL7 Z& E® DB R G/ KQOH/ODWI XUt
WR LQFUHDVH ZLWK 72& FRQWHQW DO@HRXIKHRQO\LRRQ\HKKSEBWYV D FOR DU
DQG =Q ()V VKRZQWVBEWFDWWHU D& ERMRVHB@DWLRQVKLS WR 72



%LRPDUNHU GLVWULEXWLRQ

2XU ELRPDUNHU DVVHVVPHQW IRFXVNW YV IRXG VGHOKUHARD O HRERY X RIQAB\L VE B RVQRVX U F
ELRPDUNHU SDUDPHWHUV ZKLOH DHGHVEDRR®B G NGHW/KEK WV VHRABE (RE Z\KKRLO/HV WXXC

7TKHUPDO PDWXULW\

BHGLPHQWY DW 6R@®\ LP PWMXWKHIWRDQ HVAHWBWWG\W DO BWHUDQHI
WKHUPDOO\ OHDVW VWDEOH . . .+ WHURRLVRPHULF FRQMJXUDWLRQ\

+ KRSDQHV GRPLQDWH RYHU PRUH ¥ WCRSDHQHY D Q% W®E PRVW VWDE
DV . + 6 KRPRKRSDQHV DQG . + DQH 7WDIMQRUWKREMEVHQW RU RF
7KH UDWLRV RI + > . + . KRSDQH+ @ KRSDQH UDWLRV YDU\ E
PHDQ RI “ JLIXUH E GR QRWKRQFUR IVVWWHPDUFIRAU W UBIQG ZKHQ FRI
WKDW WKHUPDO PDWXUDWLRQ HIIHFPRYVHKIY® WL QWLEA QM E QHWLKAS B ER/PR Q NG-RU

2UJDQLF FDUERQ VRXUFHV

9DULDWLRQV LQ 2& VRXUFHV DUH MO/MHYRHD®ORDYHEG FoH WKHWIKKNQ\DWH Y Bl QOHE
L H BQG+& KRSDQHV &K Dl @ CONMIIMAK W RQ/FRH &URR BRROHFXODU ZMWLRIRW +0:
DONDQHV VKRZ DQ RGG RYHU HYHQ SSHE8 RPULIQDRH:HRIBIHW KEY IP\HDQGF DILLERWQ
LQGLFDWLQJ D KLJKHU ODQG SODQOL @ WRIQ ® QGUEDFL@QG RDQV  7KKIJUDWL
/0: & & DQG ®&ONDQHV LQGLF® W UYEDRMWHULDWERED DYSAW +DQVRQ+0: RGG
QXPEHUHGR&S ONDQHV YDULHV IURP WR ) LHX WHKREZ D/PRZB& PEDBN/O
UDWLRrRI FRPSDUHG WR KLJK 72& EODFN VKDOHWWWKR®KRKDYH D PHDQ /0:
$ VXLWH RW &KR&DQHV UHIOHFWLQJ 2& LQSXWV HWRPDSGRNBUNVRWUF & [
GHVPHWK\OVWHUDQHY LQGLFDWLYH RQW XIND Y\IRW L © J2 & RQFEHWAMHIY D VB IURIQ 8 |
GRPLQDWHV RYHU @0 ERMHWH B CE 2 & WIHRM QU-D KWAVERR REHQUFCHW K\OVWHUDQ BB WR
& +& KRSDQHV UDQJLQJ IURP WR KD OXHWHD GH FRD UWREBWEHIWDIAN G/ E\ PHD
RI r ZKLFK LQFUH BVEOIF X VMKDDH L QVDXHD®I WR D PHDQ

7KH HIWHQSHBS\OFKROHVWIRQHWKDQ® FD @ ISQREYD WRH FROQVOH. DOWDH WR 2
DO LV SUHVHQW WKURXJK R YO\E XD QA AR GG HINGRBHRWIR BOO/WHH WIKQHH  Z K L
OLQNHG WR KLJKHU ODQG SODQW LQSWR\DSSYRQUPD @G MHKLI) WAHOD\QLYH F
WHUULJHQRXV 2& 7KH UD'WURWQHRIFR $BP\&ZLWK 72& )LIXDE®) H DRB 1REQJ
EODFN VKDOHV VKREZHUD QHSPHD® UDWIKRRE LQFUHDVHVQWKRLJK 72& EODFN \
JUDFWLRQDO DEXQGDRFHY GRWUHURQEY &G HSLFWHG DV D WHUWRQOGUN IGWB QWL
GLIIHUHQW HXNDU\RWLF VRXUFHV +MD QUDDEGSOHDLARMW/FKMBEMN &/ R. G RPK. QD W



72& EODFN VKDOBYG BRIPOBWH @ WHU K 72& EODFN VKDOHV VXJIJHPADWILQH D
2&

3DOHR UHGR[ FRQGLWLRQV

2XU PROHFXODU SDOHR UHGR[ DVVHRWY RH @WFR\S EQN HD W Q L\U KMRGWDWO LELX
RFFXUUHQFH RI ZKLFK LV OLPLWHG WR DQR[LF GHSRV/\RRKDOKD VEX\Q/GLOHF
QRUPDOL]|HGOWPD@H IROORZLQJ 6LQQLQJKH M@ VWPWHWRWODQJIJH INRRSDQF
YDU\ FORVHO\ ZLWK 72& )LJXUH HV GZRWHK GRZ EO®H FNDOBRNOHWOKRZLQJ Pl
DQG r UHVSHFWLYHO\ )XUWK HU R FIDHE ZH | VB BWERDHB! WE®G \CDPSF
GHULYDWLYHV DQG UHODWHG FRPSRXQGW HXRQHDSURRISOBR VLRS\O\DSKRYV
LVRUHQLHUDWH Q 6 HoW K E WBI\G LLYQH 0 QWIRASAOKH/ DQDO\]HG

'LVFXVVLRQ
THPSRUDO WUHQGYV LQ RUJDQLF FDUERQ EXULDO

&KDQJHV LQ 2& EX Q3O EQDW KD $ 8\WAM\GLLQ | RB ARQW WGE PRIWLIFBPOBIULRQ DHRX
2& EXULDO GHFUHDVHG LQ WZR VWBGW XIFF WMV DRIG VRH G @ Q FNIKVHK D O ¥ R QR \X
JUD\ VKDOHV LQ WKH ODW2VWDRSOBVUBG EHGV LQ WKH $OEL®®Q WKIZYE& REX
WUHQG ZH LGHQ@AW N SIY\HRI®HV GRIMMI@K DLQF HGLAK EX& EODFN VKDOHV SXQ
LQWHUYDO )LJXUHVH KRV & ILYWHN YRE@VOHMBOK SHOO DERY¥2& FOHDUO
VHSDUDWLQJ WKHP IURP EDFNJURX Q& \EXXGW PXG W DR ZRQ 1Z R & K7 @MW & @ WY/GIH
KLJK 72& LQWHUYDOV RFFXUUHG GRUNQWKH HSWHR® WQF B X®VOH U E X &V QIRK
EF 7KH H[DFW GXUDWLRQ DQG WIKH GUHIRKXQW\ VRR I K MM W VL 8 DAHHG IR@V W
FRYHUDJH DW 6LWH L H WKH\ RB\ KDY KDY B VEHHD GRRAJKHW KD QG 7VEEH. Q
VHGLPHQW VHFWLRQV +RZHYHU FRMNSDKDE N HE X HQIAM N UDDW L RIQVQL Q HESR
DQG 6RXWK $W O RRNKFEX WD WIKGW &KV BIBRMBAWWULEXWHG WR JHRFKHPLFDO |
FOLPDWH YDULDWLRQV GULYHQ E\ RUBHMDABRRHWLRO % H F NP © QR QHQVDIMT : D
HW DO .RORQLF HW DO V W RMKHOHP B WFBMOR | R U E LARDWHIR U F HQUL RQ 2.
RI *&0 H[SHULPHQWY LPSOHPHQWLQJ G LHIHUMHOVW \RUEQWDRQ SRE AKXV DR\Q B
RXU *&0 LV JHDUHG WR VLPXODWH DRKPRMSKHIUQ FS 8 H RIESIMY/G VE L R QG F@XGLIRQ
XSZHOOLQJ DOO RI ZKLFK DUH NQ®RZQWR WKHIHFE@\LRAX G B GRU UHIFWW.M\HL D&

DQG UHIHUHQFHY WKHUHLQ %DVWGZRQSHERYLSWHRD GBSRVEOVURQPOW R (



HQKDQFHG 2& EXULDO ZKLFK LV GV¥BDXWYH B RLLQY MG DVRIRGHRA HRAY GORVUW.IHS K
FRQGLWLRQV LQGXFHG E\ WKH RSHOHMQ RDWRXDW $WOPQ WQFHAR DWKHUQ 2

3DOHR UHGR[ YDULDWLRQYV
3DOHR UHGR[ FRQGLN VKD I& XCUHLSRN EBDRSWILO QVKH (DU

(DUO\ $SWLDQ EODFN VKDOHV FRQWDUQXUHKEB ERQYW HQWVYRMURY DQG |
DEXQGDQFHV Rl WKH UHGR[ VHQV LWILHGH LEL RIFMHYNMDHUHED WRSSEHD HLV XUHH O H F
ZKLFK IDOO ZLWKLQ WKH UDQJH RIJPRGHMNIUIL PXR R MW VDWW RQIVWKH 3RPX 0
$UDELDQ 6HD 6LQQLQJKH 'DPVWp HWQ@ALFDWH OREVR\R B QHRR/@MHLRQYD W L R
ZDWHUV GXULQJ WKH UDWOLRSSRILDQ '8N CGDPODWIRYJI + 5DLVZHOO HW DC
GHJUHH RI DXWKLJHQLF 70 HQULFKYH® \® R Z 07 2)8& EFOIRANH WK R G516 VY D)OXIH VW F
FRQGLWLRQV GXULQJ EDFNJURXQG VHIRS EMMQWPANWLBQF &R 6 R DWWHIQ WWALRQK
DQG VHGLPHQWRORJLFDO HYLGHDHH LRMKKXGXFAG RPWOQ FRQGLWLRQ
YHQWLODWLRQ FDXVHG E\ WKH QDH YRUZOD GG W HYVQ/ & DS\W HGDIH.RP H Y UAXB 5 R
*&0 UHVXOWV LQGLFDWH QHDUO\ VWEHQGMS B YW SS D)W URF MK K GIDVE HR% DI
ZDWHUV DFFXPXODWHG 6XSSOHPHQWDV\KRORMHQH\QLFXBBOHRH @MIBS ZDW
LQ DOO PRGHO UXQV UHJDUGOHVV RARIQRS.OH REDNDHHGHHFOW. FROW L F DERX Q G [
6XSSOHPHQWDU\ )LINOQMW 6LQ L6XGISPOBNPHY B QWKWDY BWUWVHVWHQW IHDWXUH R
FLUFXODWLRQ GXULQJ WKH (DUO\ $SWLDQ
$QR[LD LQWHQVLILHG GXULQJ KLJK 72& REBEGIUYDRN VPO | KQ GFLRFQOWHHGWAA )L J
LQ UHGR[ VHQVLWLYH 70 $0 H/\DD/DARE/S RAMDXWHRVFHLIXDID Gl YXHWKHU
UHODWLRQVKLSYV VKRZ WKDW PRVW BDWLRK 728 B o/ BHINVWRKIDIXH.\) K) DRI W H L |
HX[LQLF FRQGLWLRQV 5DLVZHOO HMFDPRQGLWLRQW L @ KOLMKAVDKHBHYHLBY EN [
ZDWHU FROXPQ IURP QRQ VXOILGLEVEXRQB QR[IGHL I |UFXQUWIEQRKEGRFROG 7
GLVWULEXWLRQ RI UHGR[ VHQVLW ILYOH X DVK KRARKZHHWHH V X B B\O\HH ILDYXHF W R REMLVRAD V
VFDOH $0JHR DQG DDLERVYIGOODUG HWW QG .XPS OH\H
$W 6LWH DOO DQDO\]HG UHGR[ WH®R WWHQGIV7RYV WERIZFKO® RQMW DD GO S C
YDULDWLRQV )LJXUH 7KLV VW UR®UI NHLLPH.@W ULMG RR VW Q M DVE VY BHMOX/H Y QS
GLVVROYHG 70 LQYHQWRU\ DUH QHJOWILIREIDH HJ B GWHIGD W K$D G RRLQID@R FR
$0OJHR DQG 0D\QDUG &URVWHEBBRWWRR LYW LDE® SXENVWHUQV R
DQG 9 DQG =Q LQ KLJK 72& EODFN VKDIOHW HDYXUHQ S DIUDD@G! @ X (WK 72&
H[FHVV 70 HQULFKPHQW ZDV FRQWURW O B)GF K\ [2 & RAXSGI00 IWRR WIK B VGl GIXPHQ
KDV EHHQ REVHUYHG LQ VHGLPHQWXJG®BRY ARG XQIGRHQV ERWEHD@RDIVF HK L



0D\QDUG 7ULERYLOODUG HW DOWKHLUDBIBKPI LG O\ DWMVINLIPRU RIGRPV U L H Q \
ILWWOH HW DO ,Q FRQW U D VI DKM K U712]& & ED FNK KK\ O B W IDDUGH HF® U L FK |
IURP 2& LQSXW DVHLQOERDRMHER BU MO W LIRDGEH\VEZHHIXUH F 7KLV PRGH
VXSSRUWV HX[LQLF FR®IGLMQALR @D \B BIRWIWQ & €& U VWDKEH D@REHU ZDWHU FROXPQ

7ULERYLOODUG HW DO 6 TEMRIWHVHQRAWLURIQHWR+9 ,,, :DQW\FOWQRVY*R
LQVROXEOH K\GUR[LGH SKDVHV WRDMWK ADAD $/BHWFEBOWP® D QG RX DKW WM GULH
WR D GHFRXSOLQJ RI 9 VXSSO\ IURPUREXWKRQ=9QLPVOWM[KLVERV® D)\GLMWXUH

HX[LQLF VHWWLQJYV DQG SRWHQW LRG®\S H B EGXHQW/V =IQR IBARYDG/H \ZRDMP HAKLHR QVHR L

DQG 0D\QDUG YXUWKHU HYLGHR®H KR UKHI& QIPVHRIY ®IOW L RRFHE XIU R P
,,6 NHURJHQV +DUWZLJ HW DO OLWL Q@G MPOONXKQJ H[FHVV DYDLODEL
,Q FRQWUDVW WR PB Q\KDHWR/ RBLHS RE BWHR® & D\8 HRIQWX [LI\HU DQG .XPS D (

KLJK 72& EODFN VKDOHV DW 6LWH DUKRZNYG MU GRHG R SRR SERML @ YWH REK HF
LVRUHQLHUDWHQH GHULYDWLYHV DQEWWRHU DU\OKIWRSHBBBDGVODRRSR
LQGLFDWLQJ FRPSRXQGV DW 6LWH RI BXWHM FRRZWRQ HXWMQ R [ DEXE® RARISHIM
LQWR WKH XSSHU ZDWHU FROXPQ 7IIDN RFH® QRJIILD DK PE V¥R G GHL[ W HRXQW RN KD
EDVHG RQ WKH GDWD SUHVHQWHG KARDWH+BHEBDMUYRBU YERIRWIRXXNORWH UQ/G
GHSWKV LQ WKH &DSH %DVLQ L H LQ BX639SIEHPMQ W DUYKHYXUBDWHU
SUHYLRXVO\ EHHOQIHGHB® W RHIEV I*© RHHR 1$ @/ICCD/MMWE B WNW B OE\ ' X P PBMQKD Y H
DQ HIILFLHQW YHQWLODWLRQ DW 8§Q RMLWUPHEGIL DVWEHD D MWHHWU | 8 18 SNBKINRU S K BILODE
ZDWHUYV

(DUO\ $SWLDQ+$OELPQHORBILYHNHDZRQWHU R[\JHQDWLRQ

(DUO\ $SWLDQ EODFN VKDOHYV ZHUHOMVS ORQEHEOEL DIWHHES BHGYQ J U DX UK DF
2& EXULDO RYHU DW OHDVW 0D *UDGVWHLQ HW DO 2XU PXOWL SUF
2& EXULDO ZDV DFFRPSH®RHEKP\QBREMBEE WHEKWLOHKHBLEBQFH LQFOXGHYV [
VXOIXU FRQFHQWUDWLRQV )LIJXUHRBVKLSVKZLWYX IGQVERMDYLEXWIBHOBWI D D (
LQ UHGR[ VH QGNOLMPIHYGMWWHIPEIHF K PHQIWQ G @ G DLWX BN OBHI RIDDG n & HBWHRWVL
JLIXUH | 6LQQLQJKH 'DPVWp HW DRQVLVWHTKHVIMO G HWVXIIWVWD DHWRZR V\
DQR[LF HX[LQLF WR VXER[LF DQG RLEK ZPYGEIW\RHG/ EVU BDVSWEW QY WEH @LKQ J
GXH WKH SURJUHVVLYH RSHQLQJ RI \@ZR D6\R K\¥ B \$W O RFWD IV H®R XRVE HW & H F
*HRUJLD %DVLQ DWHGBQMDWW EGE\E B \GDBVPQDIGS LRARDWKY. FEQ W U@ WD\WQL@ XAV T
W LV QRWHZRUWK\ KRZHYHU WK DOW VDIMYHH @S WILDKQ (JV IRI VIKDDME ¥ KREXIW C
Ftl 7DNLQJ DERYGHQEQHNQRIRHDFFRX\QWQ @HNFHRQWLEBW WKLYV HQULFKPH:
DXWKLJHQLF SURWFNWXVBNYVEXW G0 MKESQDIO) $ PRFHRVAIXWULHQWY WR /DWH



%DVLQ WKURXJK GHWWHWDO LQSXVREYMEHRYHQLEQVLOLFD %|QLQJ HW DO
7KH H[DFW PHFKD QIHPD LRZWRHBH LGHQWLILHG

&RPSRVLWLRQ RI| RUJDQUE\FPSMERMQ EODFN VKDOHYV

%RWK ORZ 72& DQG KLJK 72& EODFN XKEQ@KYV FR QY0 LEWWOHER KXY BERR-ZLPRERW -
Rl VWHUDQHV DQG KRSDQHV UHBRS$IDGR A@MR RN OR ® RAKRDFQR V
JLIXUH E +HQFHH MKHUMYHL R QBKKRIS\DWBILE XRALRWONG X H WR WKHUPDO PDW
LOQOWHUSUHWHG WRUUBWLHRRV $ QLVBRIHWRXUFW LIRMGRR 2 &
(DUO\ $SWLDQ ORZ 72& EDFNJURXQG \ADGILLRHD WY GF RGHW D HY VDU R D[OV 2 & HZ RW
WHUUHVWULDO 2& ER EDDFHGYW B OKQ EBIQMHUN G EY DWW RZBOMO:QHOUDWLRV )L
ORZHU VWHUDQH KRSDQH UDWLRARR QWIKXLEK WA RIQQ GLREM \E D6 W UK DJ KW\ L |
OROGRZDQ HW DO VWRDPQH WBWLRY )LIXUH H DO®HUKQHKHUIRE
7KHVH UHVXOWYVY DUH FRQVLVWHQW @ LGADKN B UMK D RIXVIOR 5 PEGR N KO BQFRF R | (W
LQ ORZ 72& EOBBNWZXIDOHMW DO
,Q FRQWUDVW KLJK 72& EODFN VKD OWH VY QP®LLREDON H®R FES UN K HnGR@N QO K¥H ) BJ
F ,Q FRQQHFWLRQ ZLWK KLJK VW MXMNQGRLR {DQ@HHNBINIDRNMD YLERSE D8 HER Y H U
ODQG SODQW WHWUWDQHGV&SSRUW D SUHGRPLQD QMDA PQGLOH Q¥ PKRIWQFH )L
HW DO  QFUMWMHDBQH QBWISRYV VLPLODUO\ VXJIJHYXWHQKDQIPHG QG
EHHQ OLQNHG WR PD&VIRGKXWN DWORIP FKOROGREIG RUBKLPDULD 1HWWHUVKHL
RI KHWHURWURSKLF XQLFHOOXODQ G URWLRWD U ILKQ AOKKIBW QRIF FRWIVP X @ L THW B,
SOD\V D NH\ LQ WKH H[SRUW R| FDUPEROQNVMW RFPODWRE SKRWDP SRW W \MR/ \BHOG
Rl HYLGHQFH ZH FRQFOXGH WKDW KHVKR7 28QEKORFN &/ ISD®IGX FPVD UWL WS IDVRGS
LQ WKH &DSH %DVLQ 7KLV LV IXUWKH,UD\DGS S, UMHHIR EH QWK B L RAKF K UGJUHRIFHHD
PJJ72& LQ KLJK 72& EODFN VKDOHV +BOELQ HW DO +DUWZLJI HW

'"HSRVLWLRQDO SURFHVVHY DQG SURYBEWBQFH RI (DUO\ $SWLDQ EODFN

(DUO\ $SWLDQ EODFN VKDOHV DUH LQWHUFDODWHG ZLWK DEXQGDQW VDC
UHSUHVHQW WXUELGLWHY GHSRVLOM G7K® B KIDSE RRUI® @ PLHIQOH\ HQID URQF
UDLVHV WKH TXHVWLRQ DV WR ZKHWKWHI KHBW 7RKDQRA V7 2H \I © MHHQ QMDIVLE
VHGLPHQWDWLRQ VLPLODU WR WKRVRISREWIQU YIHRG WW $IXOCBQRX¥ DOEHOR K
DO JRUVWHU HW DO 2XR[IHRFKHRLBLOSQUDQG HU]ISOSWDWLRY
KRPRJHQRXV JUDLQ VL]H DPRQJ DOO D @PDHMMIGIOWKILGE KHKWD O B X\MDPEBO@FY RZIL Y
PDWHULDO FRPSDUHG WR VDQGVWRQBQG)WKHWHRRG UKIWH GREVLEEWIOD WL RA



UHFRUGHG LQ EODFN VKDOHYV DW 6LWH VXJIHXWHW E D VX FEFRDAQKQ B-O/D N VK D O
RULJLQ

,PPRELOH WUDFH HOHPHQW DQG 5(( GRERWDOWHIUE BW LR IQIVW K U MK DF2RR P R Q7L
LQ VHGLPHQW SURYDP\VQWQEBXEKLWR ZNDWR XW LAY \DHGL ZHDWKHULQJ UHJLP|
$IULFDQ FRQWLQRI®M & HRELPHHD WR WK AXCKIO® B DSH ADVLQ ZHUH PRVW OLN
$IULFDQ VKHOI E\ ZHVW IORZLQJ UL OHUDWEWHRG UH LW 3DUWUQGJH DQG 0
WR SDOHR GUDLQDJH UHFRQVWUXFW LKROQAH RBHQP VM R US B B G RP HDQWR RU B X YWHH
$WODQWLF FORVH WR WKH PRGHUQLPQWD QYW V6 IUWMH'W PRV WK HL 5FHFRAQHW S
ILVVLRQ WUDFN DQDO\VHV VXSSRUVR@\K BQI& SIDOHR VEKID LQ B 1N LIRHF R @WK H X
DUHDV RI 6: $IULFD DW a WR a OBORRQQRYFWWYBOULYHU L®SXW WR Wk
FRQVLGHU WKUHH SRWHQWLDO VHBKRHOW F& X Y RID RJMRERW B X &K & Q FONK QWA
JLIXUH D 3DOHR]RLF WR (DUO\ THVRRRLEG G/ K B EPIHQYVEW UUBRXBKHP DLQO!
FHQWUDO SDUW RI 6 $IULFD -X D D R 'R LG DURIGIF DILLHF R XWHDWDRWH. @ FHR RVKIS L C
VXSHUJURXS LQ WKH ( DQG 1( DQG PHGWPKHK DQRW RDIQURFW BQR] RHWDIRRU S K
&UDWRQ ORFDWHG LQ WKH 1( 7KH WLPRKMFAGREPO W PSRMLMHL R 8 JR R QR W.N QS
WR WKH FRPSOH[ JHRORJ\ Rl WKH . FIVDYDRO®L B WIHVER B HIDWG VWUHHTOXDIVP A B VL. QAW U
GDWD RI ULYHU EHG VHGLPHQWYV |URYD PRG&WIWRIQY HUWH/ GBI RQ O D W R H DL
DO

7UDFH HOHPHQW GV WRAULIRL/QGD W KR QHRBOWIN RJRP AVKHIG.IDFURR DQG &DSH VXSHL
ZHDWKHULQJ VRXUFH RI ORZ 72& EOPGFINFDKWHVHY PLLJRUH RRAMULEKIWLRQ U
.DURR YROFDQLFV LQ WKH ( DQG 1( HRLFHOGYYVS@DWRBHY D/ GHRBMWHG E
KLJKHU 7L =U )LJXUH F G DQG OLJKUN\B\WLE W I HWKLHR QDHBH B B B B JRADWIRG E
$UFKHDQ XSSHU FUXVW FRPSRVLWLRID GRRXQBIQW V HEB R PHMOHHR RS K BRRUHU F
ORFDWHG DORQJ WKH FRDVW LQ WXRQ:IDR® RD | LFL WKFN VWP LQRVK F R QL O DE,
KDYH EHHQ LQIHUUHG DV WKH VRXUDAM ®HVHRQ RIDWI)ILEQGLWLF VK GV FPHDQ W
LQSXW GXULQJ ORZ 72& EDFNJURXQG MH®DLWHG WDRWF RQ H\H G R FDYQHBWOR IR
D ZKLFK WRGD\ UHSUHVHQWYV D P®MIRQUGE DB L QiDL Y WEOY LBBHY MOKIDMRSIR (VR E

,Q FRQWUDVW WUDFH HOHPHQW D QG 16 (Y KIRPISR WLXS ISHROMNV RID W K 1 KW ZER ERX D |
IRU WKH .DDSYDDO &UDWRQ DQG R UXIDIWHR/RVYRD FIKIDFYF HGIXHELFHAW VX S
JLIXUH D  7KHVHDGDMWEIR QpRUVFDACEEFDYHDR ORFDWH® TVQ L\ WHH FIRROW UE B Q
FRDVWDO DUHDV Q@D VAHG SRIR S\RK/LH QMEIHR YW IO VKH IWURP ORZ WR KLJK 728
HQKDQFHG PRLVWXUH VXSSO\ WR WKH FRQWQQW QAN K\& \L\Y WHIR. RIH JD R OR/HR)I
VIVWHPV H J WKH ISDOB®G RIR RQFAUHIDM RH IFLKHPLOWM QVLW\ R1 EDVDOWLF



+LJK 72& EODFN VKDOHV GLVSOD\ RY)HUPOK IGLJK KBODBEBWURVWUFalRU LOC
3ROODUG & RIQW/LLY \W R QW FZI M RV WILLDPM XHUBIH MKW Q O SPDR A ¥ BDWRQLFV
UDWLRV VXEVWDQWLDOO\ ORZHU WX & D/DKIRA H LU M B RV IGHVEL R GLKEHDIW L 7@, & D\
EH H[SODLQHG E\ WKH FKDQJH LQ VHGURHRW EORFNQIKPRH 8 URBRVHBGI RZ
FKDQJH LQ WKH ZHWWRH U UQ ¥ K R X@FHV K ER@W WORI W KB RIVFW B $SP 2 €@ WW
DUJLOODFHRXV VHGLPHQWYV Rl WKH .DURR \UBG &SISH SIX i$ U IURDX WV HDLSD
JLIXUH D 7RGD\ ULYHUV GUDLQLRVLR®& B ®H. QSOXW\F SIIRFW I FYX0DSIAN $U L F K
WR RI WKH WRWDO FOD\ PLQHUD® QOMBHPERBUH UQ WHKW IMREXHWKH/G LIBHIDRK
UHFRUGV DOVR VKRZ RADIODWURWURQI/QE 0. QFWHIYVMWGE LQ WKHVH FRDVWDO \
HQKDQFHG LQSXW RI . WR WKH 6: $1UDLG0O B VREDE OA DKIQHH®HBS® VRXWKHUQ
$VVXPLQJ DQDORJRXV PHFKDQLVPRVIHR W KWKWM &/ HMMHEFGRNXS/E GHD GRIRK DIV
UHIOHFW SHULRGV RI VWURQJ SKXWFD 0 HILRQVRQORE B RDNWDYH . GLIMVEKK DR J H
HYLGHQFH FRPHV IHRPHQKWH RIRREODUDBVERD RN KKDIORAY DQG XQZHDWKHUHG
E VXJJHVWLQJ HIILFLHQW EHGURRN WKR WIHRAL ZH YW fPL 6 RWPD 6 WA FRWS R Q
WUDQVSRUW IURP VRXUFH WR VLQN
%DVHG RQ DERYH OLQHV RI HYLGHQFN \ZKD O H R SRVHH WEHDO/R \KULW K @ 2@X B0 0
SUHFLSLWDWLRQ DQG VWURQJ ULYHBDQXBRRIW LQR B WHKHEKISERHED B RIQEV I IUE
ZHDWKHULQJWRB XARQ WLRR Q VDG LMW @V IBEHEDRFN HURVLRQ DORQJ WKH

&OLPDWH VLPXODWLRQV

,Q RUGHU WR WHVWPVHRGED& NE PHIFIX® 6LRX WK H WRO@WLF EDVLQ ZH PRGH
RFHDQRJUDSKLF FNURSOIFWILKQ D BKE Y BIQVXISZ ZOQGQJ DQG FRQWLQHQWD
DQG WRWDO UXQ RIlI LQ UHV$RD VK DR RW E2XWD PRGHLOL DWYRQWWQQGLFDW!
$IULFDQ FRQWLQHQW ZHUH ORFDWH@ELOGVEHQ W KH KNP G D X \( WHI® &V B R X IWH
LQ DQQXDO PHDQ SUHFLSLWDWLR@ WIEWRYN WIR) MFKOH PIDNH/L WE LSD O HRXIB R/J V|
RI VRXWKHUQ $IULFDQ VLPXODWHG WBYRRUY VP R&MH 6 [ 5Y LALFPGNQLW W HQRD Z R WK
IXUWKHU VXSSRUWHG E\ WKH (DUO\VWRHUNWOQVHRXYHGGWERVEWW LRQ@ \R K H Gl
FKDUDFWHUL]JHG E\YD SRRPLWPOFRRBWK RI D SDOHR ODWLWXGH ®RI WH /0 B FD/C
RYHUDOO DULG DQG KXPLG FRQGLWLRQV WHKXPBRRYYHW\DPLIXUH 7IHAWXE R\
WKDW WKH GHVFHQGLQJ OLPE RI WKIDWRIW WHBQV X B WHR SIDRDMH D & H® & O/LH
KXPLG FOLPDWH EHOW ZDV ORFDWHG QRUWRDRIRGL WW DO %RXFR\WQ BDWFRO G
WKH VLPXODWHG ]RQDO PHDQ HGJH RIGW&B 6&RKM KHGQDYHEKWSEHBWHWDGH H
WKH DWPRVSKHULF PDVV VWUHDP IRKFIFWHE @ WW WRMQG KB B DB®BHOf &M RU
H[SHULPHQWY UHVSHFWLYHO\ 7KULWHSRYVRRKHRRL D CERQWID AHHRPW Z § /KL D §D



VHFWLRQV IURP '6'3 6LWH LQ WKH $QRIR QVIX k% PIVQ [§ CODYYES ' 8 BDBALMMBIX DW S D(
a f 6 UHVSHFWLYHO\ :DJQHU HW DO
,Q FRQWUDVW WRQ \BR R QR R\GK-HHU BR DRWLIRW B:V$VW.EFRQJIO\ LQIOXHQFHG E\
VIVWHP RXU VLPXODWLRQV LQGLFDWHD QRQODWKH \6EDSIHLRBRHODUQLQVE
6XSSOHPHQWDU\ )LIXUH LQ 6XSSOBRHIHNF® QQRW) RWBGIH KRRKAH YRD OW KFR DV
EHORZ WKH KRUL]JRQWDO PRGHO UHVRODMUNHROFBOH X S\ZAH OTKIHD D B WHI BH. RH |
SROHZDUG SRVLWLRQ RI WKH VRXWWBE B RXVSDRIGS WK IF [D Y @ RW K BIW B G CAK&WD .
ZLQG UHJLPH :KLOH WKH SUHVHQW GD\ %HQJXHOD XSZHGIOZDRQAW >XCULNUH
VXEWURSLFDO OLPS RI WKH +DGOH\ &HGOWKHWK H LFRQH FRRXWL QHHIQQV SERMLMOL
SUHGRPLQDQFH RI WKH PLG ODWLWWXGSZHO\OL B U LYW HHPQD B B/MEREHHINQHE R N Q G
LQ WKH $QJROD %DVLQ HYHQ WKRXJKGLEWWRNHU 8 DR WEVZRXQWGR K MWK-H EWPHD®D
UHVXOWV ZH FRQF G3GHOMKRW KRG DWPHR Q LWKEOMDUMLWXGH Rl 2& EXULDO
2XU VLPXODWLRQV IXUWKHU LQGLBDWHGPLRRRID OY HWHNWR R ¥ Mp BGR GRKDMA G b
DW D FRQVWDQW RUELWDOpPRRQDQRNUDW LRDQ SWHFLSISPDWLRQ RBHAH VR
FRQVLGHU UHSUHVHQWDWLYH IRU WKHQRD\S§BRFHQWQIFBIHDVEBIWNG HRIQVR X UJ X
G $ GRXEOLQJ RIp®IVPRWVEKWHWER RYHUDOO KLJKHU SUHHALSULVWR®Y GR QY L\RROIA
VXEWURSLFDO UHJLRQV IXUWKHU ZQRWKWIXQ HQXD B F HEG K\GLUIRIO\R LIQF D BB F O F
DWPRVB&HDIQRG JOREDO PHDQ WHPSHUDWXUH ©H®IG LIFQOGLYRIGHQXHQFHEV BV
DULGLILFDWLRQ LQ LWV VXEWURSEESIONQRUWRQHUR \$IEVERIYGHK Bl Q@ Q [DIYBAED .
SURSRVHG FDWFKPHIDW HDWED REBDWEZRIWQORERW KLYKBKO D +RZHYHU ZH QR
p&2 OHDGV WR D PR UHQIUR BHOPFHG WK BVRX BP0 DDRQEDOXSSOHPHQWDU\ )L
6 ZLWK UHGXFHG SUHFLSLWDWLRQ+DQ\DPO\EUD® IMXPWPHIV H G X U RQY H MEHHU [
$XIXVW
,Q FRQWUDVW FKDQJHV LQ RUELVRXQ G FRIQWURDNR Q@ G R QMUY IDQRRLG! IS\GRIIR
SFROG VXPPHU RUELW ™ L H f REWKFXIQNZ L © MUHLLK BB 6 R QZIGRNHE LIDGQ DV@\FRIFHLD
PHDQ SUHFLSLWDWHR®URBR VR HW WKKPIHQRVDIGHPLIXUH D FRPSDUHG W
RUELW" f REOLTXLW\ SHULKHOWR®HsXZKQB KV RBYKHW Q@ Q/ X BF KBl DARD Y Q
JLIXUH E 7KIWLRQ\DSURSGRWUH DVIHY HOMRX QURIF LSH@MWLRQ PD\ LQHIDUW
WHPSHUDWXUHV a f& GLIIHUHQFHRIHWG KHIQQH RW K UKW W Z® LFFRQ F IDIXVUHDMI
SUHFLSLWDWLRQ +LJKHVW VHDVRQP®OCDVH G EGOWMQ JLODWRKY V&R OREQ RUD XY
WKUHH WLPHV KLJKHU IRU WKH *FROG UWEPPHULRYBDDWLRQ\ZBUR PSR MDDV L
WKH 6: FRDVW RI $IULFD 6XSSOHPHGWBHQ W EXUHWP SDQICQ JLW KB® VHGLPHQW St
SUHGRPLQDQWO\ RFFXUUHG LQ FRDW W 3Q FOYUHHDD/Q FZK IGIKWIDV | BR® VA R BV H D& |
SUHFLSLWDWLRQ DVVRFLDWHG ZLWK ® WAR O/& H/ ¥ RPNW R 0 BELM'L R\) \D REWKKY LPQ



KLIJKHVW YDULDELOLW\ GXULQJ DXVWWD®\ JXKPRHH\WDQ® @& W XD 6 &% SDHPRH
ODUJH VSDWLDO H[WHQW RI WKH H® KIDWIPKG PR \RW XX WX\W 90 Q W HIGX ALV
SURSRVHG FDWFKPHQW DUHD IRU VBRH W DDQLOLF ZE FWKREZ RAKKID WHWX 6 WAL P X
FKDQJHV LQ WKH RUELWDO SDUDPHWHKWVJK VD WHIE\Y PIRFELH®P W XGXW L LI YORE
6XSSOHPHQWDU\ )LIXUHV DQZKLE® 6XSISIGIWRHQW ¥LPLODU UHVSRIELMW ROARQW
GXULQJ GLIIHUHQW SDUWV Rl WKBIWSWLDSP D H EHIRUH GXULQJ DQG

'HSRVLWLRQDO PRGHO IRU 2& EXULDO

,QWHUQDO KHWHURJHQHLWLHV LQ 2&$BX\LO\Y LA DIFQG VKRSRA DWL RIQVRI (D |
EHWZHHQ KLJK 72& DQG ORZ 72& LQW HDUWIRMW RX2&HE XU UBIG XRQ MQW HP R 6D
*HRFKHPLFDO FKDUDFWHULVWLFV RI DPSOK IFRP 3D& D B WH GYSRW IDW. R QW B |
SDOHR UHGR[ FRQGLWLRQV 2& VRXUKH72BQEODHELYKDOH B URYHD BEISR V 1A
HQKDQFHG SURGXFWLRQ DQG SUHVHHXPLWLR@EROQBDWLRA\2&XEG B PSDMQR G A
DQG ZHDWKHULQJ VG\HIOA M FHRU HVGH GUR RIXQWYH B Q RY LUPLDRD @WAR I W DQ QLD WIKKUHS O E
DQ H[SDQVLRQ Rl WKH FDWFKPHQWLBUWD \WQRLH VS RMH APRR WDREBQWR @ SQW
DORQJ WKH FRDVW GXH WR LQFUHDUHELHYXDMY UXK) RUIR SRINHH & KROQV RXWE t.&
FRQWLQHQWDO K\GURORJ\ L H SENPIDSL WIDWPFOQLRORE DK DXR W\ DLQCGHBILBM U
VROVWLFH FDXVLQJ FROGHU VXPPHWPH RIUERIDHELWGE RVK\H AHRSQ & RBILFHUW RXHQ
&DSH %DVLQ 2XU UHVXOWV LQGLFDWH KX\GLPROBLI WHRVE B BNMWK DR FRRUPN QQ
ZKLFK PD\ H[SODLQ WKH VLPLODU 2& KEXP& DIQ) WHV B R QV HE B XRULK) J GXQQ QK|
8QIRUWXQDWHO\ WKH LQFRPSOHW S VWUHDQWL Y WOS KLKPFRR @ VUY UHD DQWLIB 1 VWK
RI KLJK 72& LQWHUYDOV DQG WKHUW IRUPNVWRI R L MADVOD IRRQLALIQLIQ J HD @/ IRKY E
&UHWDFHRXV VHGLWHKEVWDSHUKERUG WBRHW HY \R RAH GRIQ \KH.G K PUHIDWIR O KWR U C
VWXG\ DUHD EHFRPH DYDLODEOH

:LGHU LPSOLFDWLRQV

2XU VWXG\ UH HPSKDVL]HV WKDW R FUHDIN BOS/ RQ W XS HIW FLRIQJWGE X BIQQN VWKUHR B
IRU HQKDQFHG 2& EXULDO WKURXJK EDVS QL FHRARHONMDWLIHR/QSDE@E FOWR QR VKH G
RFHDQ LQWHUDFWLRQV 7KH UHVXOWV RI WKLV VWBKGA | X UR KIHQR DX JWHONDF R/
PDUJLQV RI HPHUJLQJ RFHDQ EDVL QMVIHBI® W H QX LML Y BIRW RWKKID BR 8 W L QH®@
WKLV FORVH ODQGVREHRY WRSSHO\LRE WZRRBKH B XUHIMYXWYWVKDW QR ODUJH VFD!
DORQJ WKH 6: $IULFDQ PDUJLQ GXULQXUMK HL®SBX SO HXEGW HP H Q@ BIUX Q G +
KLIKHU VHQVLWLYLW\ WR DFURVVRAHDQ BXWLQH@W\ VQD NG RIR M RHDPUH R X ©
VXEVWDQWLDO DQG DOPRVW GLUHR®QWAW DS MR GFHREING REQWIVGE HA KL FHE KGHX



E\ UHFHQW PRGHOLQJ GDWD 6KDUSBSOHV HOKIPOYHV LQ]HMWN DIQYGE RHRHDHY ED
DQG XQGHUGHYHORSHG DV VRPH WP KV RVPDMIXXUK HE GRS B R E)QADI & WY B |
BWHHO 7UDEXFKR $OH[DQGUHWRKWDI® FKD U D B W GADLYVEWHDRQ BMABEH SR I
ODFN UH GHSRVLWHG EKIQAVKKK B VR EHBQ LIVGIWOHURSA NWRGW UHVLGHQFHJIJWLPHYV
LQ QHDU KKRUH ®YLYRQPHQWYV

2XU *&0 UHVXOWV HXWKXMW RRWE KHD\RGS$ BRXABDKZRV VORKFIBMVFHQGLQJ OLPE
LQIOXHQFHG E\ WKH DXVWUDO ZHYWMUDIL® W K R IV VKQ \RYV W K H YOHIWRH OF
&HOO GXULQJ WKH (DUO\ &UHWDFHRKG R®LFKHKD B XSADR YIHYD GQ DIE 6 X OG\D WD
DO 7KH UHVXOWYV VXJJR2HV¥ LD OF G RMDH LFR XDSQOGEL @ U ER W POQ L ROH
RSHUDWLQJ EHQHDWK WKH )HUUH@® W&HHOG DWL P L O/BIY\ FRRIE@HIDWE KD K HE HBGDR

&RQFOXVLRQV

,Q WKLV VWXG\ ZH UHFRQVWUXFW. WEKRQY RAXFRIPFEER \RL V3 IDFOP RD Q I G\RH GFLRRQH®)
$OELDQ &DSH %DVL/Q&NWWBHRQ WH Y GLVWULEXWLRQ IRG BHBRD WKW LGMDIMYL
LQRUJDQLF JHRFKHPLFDO FRPSRVLWURQXRIWAH G HIP IR Q W B/ SHOMWFGHLU W DY W L 2 WEHURRC
%DVLQ GXULQJ WKH (DUO\ $SWLDQ JEPHUD® WKHSGRFARWW G IRW\K H GF G XIPRYL HI
H[WHQVLYH EODFN VKDOHV 7KH UL PK®H \$\6 B RIEQFRE® B RN LWKIDFOH R IDM& 61OV H
0\U GRFXPHQWHG LQ KLJK 72& + E QROFFEIX W/ KUDHGS H W QW IHYUHYAD\OW K W R KB K R X\
72& LQWHUYDOV ZHUH WKH UHVXOW HS RVQKCHEF M Q GEHKW CDYR RLIF P DAY B U2RRE C
FRQGLWLRQV &KDQJHV LQ 2& EXULDW LZRHQ\H VOL DKW BU RROGS 8 HGI WRRP WU K A W/
VXJIJHVWLQJ RUELWDOO\ GULYHQ PIUG @D LKNOPG 16 LXK P ¥ 6 LALMLVP DRVH ] R@ KV B M
%DVHG RQ WKLV WLJKW FRXSOLQJ RHH$RIHRFKHPLFSID HBUACLRDQG RAKH
LQWHUDFWLRQV ZH SURSRVH WKDW QDUURZ LPPDWXUH FRQWLQHQWDO VK
RSHQ RFHDQ QXWULHQMW %8WDLQQIHLD B% D@/ MPLHPGW RW KHUE B RWILLRDS KLU FWWKHHY @D
WHUPLQDWHG WKH FRQGLWLRQV | DOHRAUDHE® H. QRN ¥ & RS ¥ W\HESULY@RAULHRIQV HD V QU E
FRQFRPLWDQW GHFUHDVHV LQ 2& EXHHS @ DMHIL FBIWY WD DA DRVQ L@ MAMIRDLM Hi
FOLPDWLF SHUWXUEDWLRQV 7KLV IOKB®\X XW LR R \F ®QRMXG AL W K R WWF @&IKR-D D
IRU 2& SUHVHUYDWLRQW MR- BEBQIPIG R & E

'‘DWD DYDLODELOLW\

$00 RULJLQDO GDWD RI WKLV SXBRXIKWISRO$ZED ODBHD BXE B LDMIHLO DREWD HDW ¥
6FLHQFH KWWSV 7Z7ZZ SDQJDHD GH



$XWKRU FRQWULEXWLRQV

3+ 6) -2+ -5 DQG 7: ZHUH LQYROY HRl MK MWK MW R®\F B Q & YXOIFT IX]IDUMLAR QX Q G L Q
'5) DQDO\WHV %LRPDUNHU DQDO\VLV BHYHVERQGKIFBVH&+E\D:QGQEH, &Y X6 G|
E\ 0/ XQGHU VXSHUYLVLRQ RI +8. 66 DQG H)SHLUBHQ RXW MKHHEBDWEG \
PDQXVFULSW ZLWK FRQWULEXWLRQV IURP DOO DXWKRUV

&RPSHWLQJ LQWHUHVWYV

7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFW RI LQWHUHVW

$FNQRZOHGJIJPHQWYV

‘H WKDQN 1LFROH ODQWNH DQG 6LPR® SDRLNQRZW B LDIFRTUX WK IURDXSS 8 UMD R.D
VDPSOLQJ RI 6LWH ORGHO LQW HJ&UPRMBELRMN Z HIHD WRIQ GKIF WH® BWLWHKY
%O|KGRUQ IRU JHQHUDWLQJ PRVW RI WKW BRIGW DRHR %W H&D QE R X HHEFOOLQ QF
SDUDPHWHUV IRU WKH K\GURORJLFPVWHGLYBRSOBN BREMDG H & LEA WHKVHH DHHK
-2+ DQG 6) UHFHLYHG IXQGLQJ IRU WKLWFERBRXQGRWLRKQH')*H WRID®D FHY K E

+(

S5HIHUHQFHYV

$0JHR 7 - DQG 0DUDPFWGHOHBHQWGRIIKDNILIRY IDRERWH VKDOHV RI 8SSHORWRIQRVYO
&KHPLFDO *HRORJ\ KWWSWRGRL RUJ M FKHPJ

$OJHR 7 - DQG ODN\WDAHPHW®B O FRYIDGH DWRL R Q WH/U DP D QW LAHRQQAG IDVDIRY QEP RQWWMQ H  F
*HRVSKHUH KWWSV GRL RUJ *(6

$UWKXU 0 $ DQG 1DWODQG - + H&DREW®DFIR %R X\M K LSAHOMOWILE WW HI 5RDW LRIQ6
(DUO\ &UHWDFHRXV %DVLQV LQ 'HMISF'UEBDQQ&REWXQW YW QOWKHI$WDDIDDI BQDH |
0 +D\ : : DQG 5\DQ : % ) ODXULFHU(ADQ BHRISKWLFDHPSQLRQ :DVKLQJIWR!
KWWSV GRL RUJ PH S

$UWKXU 0 $ DQG GIDIIPDH %% D%N BRRQOBVWHAKSBRYLWPY DQG (QYLURQPHQHNWLIRZ $QF
RI (DUWK DQG 30DQHWDU\ 6FLHQFHV DQQXUHKWWISY GRL RUJ

%HENPDQQ % )O|Q®O36 6FRK®] 0 DQG :DJQHU 7 2UELWDO IRUFLQUUREF & WDHWD
RFHDQ UHVSRQVH 1DWXMWASY G RLDRWXIU H Q

%HKURR] / 1DDIV % ' $ 'LFNVR@EXUJ 6RYH DQG 3BHQWRIRWRBLFDO®RQEULY HQ
GHSRVLWLRQDO HQ&RXW R PHOMWD/Q WQ RAWEHH WDF MR (30DOHR BDDERFODLSOWROR J\
KWWSV GRL RUJ SD



%HUJHU $ /RQJ WRHIUGDYLDUV LW RRO@MY UR @ DLP® WX B WK WWEIHH B WHRRVUSXDHW IRA VFLHQF H\
KWWSV GRL RUJ /792", &2

%HUQHU 5 $ DQG 5DLVZHOO 5 %XULDO RI RUJDQLF FDUERQ DQG SYHRWKLFXOI
&RVPRFKLP $F KWWSV GRL RUJ

%KDWLD 0 5 DQG &URRN . $ 7R FH B\IZDFNQW PRODUWHRMWR QYW VMW VEIDQVIL GV F
&RQWULEXWLRQV WR OLQHUDORJ\ DQRL3IRWIRORJ\EI KWWSV

%LUFK * 7KH GLVWULEXWLRQ RI FP@N\IPQQRHU MIKWH RIEX/WVK &R/ R [ B Q QADRDE R/1IRFP\O
6RFLHW\ RI 6RXWK $IULFD

%|QLQJ 3 6KDZ 7DQ@O®KQUHPV.DFN ¥ LQGILFNWMRUDRI WWNHK RQ JOSHAHOPDRKL K HGLF
&RVPRFKLP $F GR LK WWIS V M JFD

%RXFRW $ - X & G6FRWHVHQUWR]|BLF BOOHREOQOPDWS $Q $WDDV WH/LANBROR.
&RQFHSWV LQ 6HGLPHQWRIMRIARDQG 3D6(30 6RFLHW\ IRU B6HGLPHQWDU\ *HRC
KWWSV GRL RUJ VHSPFVS

%UDORZHU 7 - DIQQG 7KHREZUYWRHEXFIVGHHS\ZDWH YV FLYBNOUDWHRRVLRFHIDV *HROR.
KWWSV GRL RUJ /3$6'&! &2

%UD\ ( DQG (YDQV ( 'LVWULEXWWRQURIFRI®DWDRROQORI DMROUFB XEHHGY *HRFKLP
KWWSV GRL RUJ

&DR : =DKLURYLF 6 )ODPHQW 1- :DD@MLDRQYOBU( 5 *RORRPIHODRSYDLADHIR J HHR JUMB K\ \
3DOHR]RLF XVLQJWBUIRIMREEREGERFHY WSV GRL KW EJ DF
&DR : :LOOLDPV 6 )ODPHQW& DQG=D+OLQHRY LF X6 B GDE MEHYINAULE XIWILALG RW R V

FOLPDWH LQ D SDODHRJHRJUDSKLF IUDPHZR UMNW WSRO RGREDRUODJID]LQH
&DURQ " $ 7KH ULVH RI 5KL]DULD GRW RWH QD WXKWHW SV

&KDERXUHDX $ & O6RQROBKHUN 38 DBODRPRFXHDX *XL DQB $KRWDDQ HY DBR K LIWHO/D R MWW K
D FOLPDWLF SDUDGR[" &OLP 3DVW FS KWWSV GRL

&KXPDNRY 1 0 =KDUNRY 0 $ +HUPDQ GD QG D'RIBXAHQNRBBOBMIUKQNR XV L*DQDQ
$ 6 &OLPDWLF E&WDMAWDRHRXW WLBB G6AWRDWIIBEDOKARUUHODWLRQ

&RFFLRQL 5 (UEDOL 6ID@MYD 3y HPRD URDHOAAMUH B X WRH®D Q MW RWOD EK\ [URP WMKHR QR U J |

ODUFKH FHQWUDOOLAMDWLR@WARUPS O BRQYNMWRE HR XK O XMMHRIU F K KWW SV

&URXGDFH , : DQG 5RWKZHOO 5GRHQ@WF&MRUIY 6MES®ILEFD WRLBOYV RI D WRREP BEW\W O

VFLHQFHV 6BUGEOHEWUJ *HUPDQ\ Ss

&URZOH\ 7 - <LS . - - DQG %DROHY DQ BODNERRYLLMFRXM FOLPDWH *HRSK\VL
KWWSV GRL RUJ x|

'H :LW 0 3RVW *RQGZDQ6G WKBLEHMYHORSPHQW RI GLDPRQG SODFHUV LQ ZHVWHUQ
KWWSV GRL RUJ JVHFRQJHR



'"HDQ : ( DQG $UWKXU 0 $ ,URQUUIXDRUUPQUERQUARIDWILRIQVKIXHRBHMDZ&OHUHW
$PHULFDQ -RXUQDO RI 6FLKWWISY GRDRDMWIJ

"HIJHQV ( 7 (PHINH % & DQ@GF:LHVQEHWGLONHY 7WHH SULQFLSDO PHKKIDBOVBHHISO
$WODQWLF 2FHDQ LQ 1RUWK $WODQBXFPBINEDMREH® QR JUDSE\6 KICANDHEWREQ 1 -
*HRORJLFDO 6RFLHW\ Rl /RQGRQ /RQGRQ 8. KWWSV GRL RUJ JVO VS

'LFNVRQ $ - /JHQJ 0 - ODQOLRDWPRVSKHURLE ® Q55| KOH 8K HHMF HAIDGLQJ
SURGXFWLYLW\ DQG B6RXWK $IULFDQ PROMRRQ UXRD\NBYVBOWBHEKEIZHIF 0,6
KWWSV GRL RUJ M TXDVFLUHY

'LQJOH 5 9 DQG +HQGU\ 4 % /D W®WHP IR MAFSDQ GV RAMKHOD B\ WHYEXQGE \SESEDD ) D J H
VIVWHPV LQ VRXWKZHVOH UQRPIRLFD 0

'RQADGLHX < 3SXFpDW ( ORLURXGFRQLQHAN O-RHKHP X HW WIHQGY HHQ W L O DWIDH @ RRXFAVH C

FKDQJHV LQ FRQVDMILHR@MW DO WRQHLARBP X WIS VRQ/RL RUJ QFRPPV

'XOVNL 3 B5HIHUHRBHIPRMKHPLIFOW BOWGLADO GHAVDQE\ ,&3(06 DQG FULWLFDO Gl
*HRVWDQGDUGVY 1HZVOHWWHU KWWSWE GRIL RUJ M

'XPPDQQ : 6WHLQQRQ B8 3}8|PWO 6+ 2YERQRHO $ +HUUOH - 2 %UHWVPRQHDGEHU/
7 7KH LPSDFW RI (DUO\ &UHWDFHRXW BXODMEDR ¢ DRGRDEIQ R B\MRIBHERDGEX $\WIDDG

BRXWKHUQ 2F HDQ \EWVAED & W W G R LK /OIS V M HSVO

(JOLQWRQ * DQG +DPLOWRQ 5 -HQ/MDI HSLFXWLFKOMBMWEXD [V 6FILHQFH

(UED ( 1DQQRIRVVLOV DQG VXSHUSOXPHRQL®KHULHIWVO\ IBSOHRROHDRIQOR
KWWSV GRL RUJ 3%

JRUVWHU $ . X\SHIHRQ 6 &7XWUXPWWBN]]IR 0 3 DQG PLOQBEQJIKKH' BPWYREDRQDQ
RFHDQLF DQR[LF HYHQW LQ WKH 6RXWK $WODQWLF 1HZ LQVLJKWV IURP D JH
3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\ M SDODHRWWSV GRL RUJ

*DUYHU - , S5R\BALBNS57 BQG&KURRHOPLDOQWKROF RI WKH 7DFRQLF | RIQDAFGIGR IDI EQ!

JUDLQHG VHGLPHQWYV ZLWK DQ XOWWDBDBEHVURXEFRHNV WBXUQBRLRRUIHGLPHQS F E
F G

*DU]JDQWL ( 3DGRDQ 0 6HWWL OD /yS®] SRLYQGRIHKHXPLEWXFRDWURQ RDWURSEF

ULYHU PXG VRXWKHEDMO$tHREOMRI\&KHP GRLKRWAS M FKHPJHR

*RYLQGDUDMX . RIGRRSNOQW KR Q XGWVE Q GSWLRKO HR U JHRVWDQGDUGV *HRVW

KWWSV GRL RUJ M [ L

*UDGVWHLQ ) 0 KRUW] ® ®WG 2JJ * 7KH *HRORJLF $PRWHBOOR 1HWIGWHOYDREC

KWWSV GRL RUJ F

+DKQ $ &RPSWRQDFRE QH\HWVWMRQVHQ )/XED\R 0 3 6FKHIX% ( DOE® £DEROWQ

UHFRUG IURP WKH 6RXWK $IULFDQ 1DPDTXDODQG PXGEHOW $ VRXUFH WR VL
KWWSV GRL RUJ M TXDLQW

+DQ - DQG &DOYWWER® GLGWBHBEBDXWIIRFKWRUIDBDJDEGDRGFURELRORJLFDOVDRWWYXIHW\
1IDWLRQDO $FDGHP\ RI 6FLK@YMBW GREROWI



+DUWZLJ $ GL 3ULPLR 5 $QND RPN G KRWIFWHLUGW MR GOROR ) EQ HRFEFRPRG R 0YDRIL
ULFK EODFN VKDOHV RIIVKRUH VRXWKZHVWWWEWIUGRD RWY *HRFWHRUJIJHRFKHP

+HOG , O DQG 6RGHQ % - 5R E XMW DOH ¥ SFFOHVAE RIQWKBIRKXK\UEILRIDOD RI &OLPDWH
KWWSV GRL RUJ MFOL

+HUELQ - 3 O0XOOHU & GH *OURLMHQOVDOQEQ&) -DEGXLAWHUQHK UQ 3W K&l UGIRKDAF
$WODQWLF 5HYLVWRFI%QBVDOHLUDGBH RWWSV

+HUUOH - 2 3URVV - )H)ULHGUIHX & )RAUGHQJI P HIEBIXRYHWWPIDHHERIXK BAMOLIRRKN IKDGHQ
IURP WKH 8SSHU $SWLDQ DQG /RZHU SOBRLD@FRI V3R DRR RQRVILLIDGE RAD BD@DHRFOLPD
KWWSV GRL RUJ 6

+RIPDQQ 3 DQG :DJQHU 7 ,7&= FROQ@DRNDV RDO/BW H GUMMDW B RN RQ L Q MDKR WILIRSK\F

DQG 3DOHRFOLMDWSRORGRL RWJ SD

+XDQJ : < DQG OHLEWHKRDY DV HRRURIJHRPERLIPQ&GER¥PRFKLP BWWSYVY GRL RUJ
JHWW - o DQG LRQYHQJ WKH V& URRNV 66KHHOIL QIS RMDWHQ HDO® SHQDIW L REH/IXQ SM GU |
1XPHULFDO ORGHO *OREDO %LRJHRF&EWPLGFMIORWVFOHYV JE KWW

-DFTXLQ 7 DQG 'H *UDFLDQVN\ 3 Q&[LR\BXURL Q0 XFWDBFEHRRQW/K RS MPMD QWM MB Q2G- H D (
SHWUROHXP JHRORJ\

-HON\QV + & *HRFKHPLVWU\ R1 RFHDQL¥WWQRPFHRSK\WHEGWYV *HRI\R\FWRAHHPRLV
KWWSV GRL RUJ JF

-LQJ ' DQG %DLQEIUHWOFHBXAULWPRPDWWW EDVHG RQRVVBRPXEGROHQBBIRSVLV
&KHLUROHSLGLDMHDWH &KLRMD VRYXWWBFHRXV KNMWHDWFIGRL RUJ M FUHWUHV
.DJDPL + 6HGLPHGQRVBDSH PDADXUBVD Q@HEQLPROIDN % D\EL® /HJ ,QLWLDO 5HBRUWYV
3URMHFW 9ROXPHV GRL RKWW GVGS SURF

.RORQLF 6 :DJQHI$ 76LQRUDWKHN "IDPFONZR UWK (%HOO % (UED ( - 7XWHEHRQ %
DQG 7VLNRV + %RO/MMAL /@ DROH VBKIS QRUWKZHVW $1ULFDRQAKHD R BKIQ DR BIRHEH €
FRXSOLQJ DQG JOFRRED 8 XRILIDW LFDPMR FHD QRJUD SK\ KWWSV GRL RUJ ST

.RRSPDQV 0 3 .|VIVHRJ3HWODY + P GFKREMWIHQ 6 +DUWJIHUV : $ IGH /HIRF\KEp -
- 6 'LDJHQHWLF DQG FDWDJHQHWDMHBX®D X A\WG IRA HWMRURAQ R H HHIKEMNQ AF BRRY PRFKLP ¢

KWWSV GRL RUJ \%
.RXQRY $ 9LROD * 'H:LW 0 DQORRUHEDOHR .3 UDAER RRAYHIK ¥ D.Q 6 B VWK MW W H
FRDVW RI 6RXWK $IULFD (YLGHQFH OURPV DSBWWWKHSIUVFDRQ-WKNDEGNODRD *HF
KWWSV GRL RUJ JVVDMJ

/IDPSLWW 5 6[RXWQNU', 5DQGRODWHUWRVRUIIQRE FDUERQ WR WKH GHHESHWFHDQ
KWWSV GRL RUJ JE

IDVNDU - )LHQHDX$0 *MVQBLQRDQFKB QHZ /IDPUELWDO VROXWLRQ IRU WKWHWORQRRYHU
$VWURSK\VLFV V GRL RWWS



/IHYHQWKDO - 6 $Q LQWHUSUHWRQMKLG R IL DWW E R RNDLEHEBDIVHEDE R BNQFOVEIING RYR Q/R IR C

*HRFKLP &RVPRFKLP $F KWWSV GRL RUJ

JLWWOH 6 + 9DQFH ' /\RQV 7 W ORQRQORODIPH PHWERQDXWKLIHQLFLOYU I K WRHIQW
PRGHUQ R[\JHQ GHIISPIHUQWD\HVWRWUQDO RI 6FLHQFH KWWSV GRL RUJ
ODFGRQDOG ' *RPHDQHWHHOPHWSAYHU /D *DKDJDQ / 'DOJLHO , 7KRPDN & 7
OHVR]RLF EUHDN XS Rl 6: *RQGZDQD WURSDUERWLRRWHI@W LLDHY [RR Q\DKCH KV B X W KR O®! 6 R >
*HRORJ\ KWWSV GRL RUJ [ V

ODGHF * 9 1(02 2FHDQ HQJLQH ,QVW3ieN X Ve BUHW U)K B QfRHQ GIERARORDGEHO BVDWLRQ 1R

ODWWKHZV . - ODORQH\ . 7 =DKIHMRRQFO06 DQOG@REPBOG6SE)DWH ERXQEGDNUQHFR®)
VLQFH WKH ODWH 3D@GI BRLGHWIRE DS KIKQWWSY GRL RUJ M JORSODFKD

OF$QHQD $ )O|JHO 6 +RIPDQQ $ 3HBVOH- - 7TDOERMHVDQ@G 5HWKHMHQHU -7 :DC
$WODQWLF FRROLQJ DVVRFLDWHG ZLWWKHD PREBU& QHW P EBWRK HS BIBNRRVE LEGIIQUFLHD J
KWWSV GRL RUJ QJHR

OF/HQQDQ 6 +HPPLQBO6' 0P'@® +DQVRRFDO PISBPRIDFKHEY WSR RAHKEQ P €@ DMV IDV\QA®R W H
3URFHVVHV &RQWUROOLQJ WKH &RPSIRELENLRROKRNVERQ VW LD QGHLPN G WY R 8 G L6FSIHE L
6RFLHW\ Rl $PHULFD %RXK®&MISV86%E RLSRIUJ S

OHOJXHQ 0 )DFLHREDUBERRIDWH RBQ V WRIGX.WHR®/ V¥ \ IRV WEIHO BEQ WWHU'® '8 R MMK(DVDQ® FH
&UHWDFHRXV LQ ,QLWLDO 5HSRUWVIRIOWRH 'HHSGCEMB GUEQ GARO GURMRFHUBHQW
3ULQWLQJ 2IILFH :DVKLQJWRQ '& 86% GVGXWWSF GRL RUJ

OHQHJDWWL $ 3 :HLVVHUW + %URERQG B GWARINVVHW $)DDQG &DVWQDW L LD E
WKURXJK WKH HDUGBGH®®W L RQ WK M IBDSR R FIHDHYRKUD S K\ KWWSV GRL RUJ

OH\HU . 0 DQG .XPS / 5 2FHD&DXNHWX[DL@GE ERQYHDAHQRHYLBW@®XDO 5HYL
6FLHQFHYV KWWSV GRL RUJ DQQXUHY HDUWK

OROGRZDQ - O 6HLIHUW : . DQXI® EHWRHNH S—HWSJMW\BLRMU_MDR@ HQ)Y
SHWUROHXP VRXU%KOORPMVQ $$3* RL RKWWSV D& EF G F G

OROGRZDQ - 0 )DJR ) - J/HH & < 6DFRPRXIQL 615 $SOMDIRGED WROOQ PHQW NBHG L
BURS\OFKROHVWDQHYVY OROHFXODU )RWFLEBQFHDIJQRVWEGCRIKRADEIVQH YEGLBRWFH

ORRUH $ %OHQNARWRHHULO®QG HRAIRKINDG KN DIOFDBURVLRQ KLVWRUW\D SBXPHV R L

KWWSV GRL RUJ M [

1DDIV % ' $ DQG' 3MQFRVRQBHQWD OVRR QERMMLIR @ W @ 0)Q WELXFU LK)QJ RV D@\ & U H \
*HRFKHP KWWSV GRL RUJ M RUJIJHRFKHP

1DDIV % ' $ &DVWUR - 0 'HEHKOPLEW ' 4XLMQQRDOBRDW FQG \XBWRLLEGHG
UHOHDVH GXULQJ @RWIED(Q ROMD @LFLBHWXUH *HR\KPLWO¥ GRL RUJ QJHR
1IDWODQG - + &R PDRWHNIDRXEG S UEDYHIORNAM ¥ GRD W HFVVHGLPHQW YV G ULID ®RHIG6 R R VWKKH
$IULFD '6'3 6LWH LPSOLFDWLRQVWIRHK B\RKKHV K DSWOD DFQW E K O D@V L RIQL WRLQDIO 3 BIHRS/RHUFW
9ROXPH HGLWHGOE\D@®®BODRQ +: % YHUREHORV 3ULQWLQJ 2I1ILFH :DVKLQJWRQ

KWWSV GRL RUJ GVGS SURF



IHWWHUVKHLP % - %URFNV - - 6FKZHOP $ +R$SHWKLHEHQORW )1R ZBFIF NINH 8BIQ
3 SXWDWLYH VSRQJH ELRPDUNHUV LIQ XDLBAO WXOVBURSKRODRPDID VI XHYWXKBR (FRC
KWWSV GRL RUJ \Y

2 %ULHQ & / GSREIMYRRNVW % ' 6MQPQLQBKHEPRRXWHQ $OVHRQOW ' %RUWRWRLQQ &
DQG %UDVVHOO 6VHD \&XUH DDPH MRKRSH LRI X WH BIY RV & ISFOFD QNWRQLF IRUDPLQLIHU
(DUWK B6FL 5HY KWWSV GRL RUJ DEV DP

3DUN .HHQO\VLGH 1 /DWLI 0 6WU|IK $ B5HGORBLBEDORBHEFNIQHUWQ\VHDWE JHIKEHE
ZDUPLQJ LQ WKH .LB0-RAUPDWHROI R®GHKRPWWHBY GRL RUJ MFOL

SDUWULGJH 7 & DOGBPPXEKIGF BYREBNE ISROLRD WRRWHRWWKHK SHVIRABOQF-RXUQDO RI *HI|
SHGHUVHQ 7 D@QR{DD YHU VB URG X RW.YR®N WKHW) RRPDWLRQ RI 2UJDQLFHEXDWERQ 5
5RENV" $$3* %XOOHWIKWWSY GRL ERUJE 6 F G

3pUH] 'tb] / DQG (DJOHV * B6RXWK \BMDFBIQWDR OSDQHR®WMDWKRXVWUSFLHQWLI
KWWSV GRL RUJ Y%

SHWHUV . ( :DOWHUV & & DOGIND ROIGGRHZDOROXPH 7HHRRDBEBRHUV D @GV \RRW R
DQG (DUWK +LVWRU\HWDIPEUBGBNWQLHZ$<RUN KEW\ 8

3URWR 'HFLPD ) QEGIREHVFRD/ 6RBDWWHBVWHUQFPWWFDIUGNR XIVQQ D@IQKRH B € 531 SR DW
'ULOOLQJ 3URMHFW 9ROXPH HGLWHE E\ %RODO6L*RYHUQPHBGVEABQFH BVKLQJWR

5DLVZHOO 5 %XENOH\ ) %HUQHUWJIBHS RD@GU$WGHMAHII@QHRFDQUIRQRW\FRHQEVRMVRQ<
ZDWHU R[\JHQDWLRQ -RXUQDO RI 6HGWPWOW D G\REHR/WHD UF K

5DYQnVvV 5 DQG 6WHHO 5 S$UFKLWHAWLRID\R | $BBY LVQHOOHWLBEDVLQ VXG EKWDN SV
G G F G

5D\QDXG - ) DQE BREWHURSLFDO VXUYH\ RI RUIJDQLF PDWWHU IURP '6'3 VLWHV

6HD 'ULOOLQJ 3URMHFW 9ROXPH \[HBGLWMG E\ 8%R CAYHIQPHDWE 5H B&KLQIJWR
KWWSV GRL RUJ GVGS SURF v

SRHFNQHU ( %IXPO * %RQDYHQWXUIRUJIHWWONRS| +BUFPPRWY0,6 .RUQEQXHK /

5KRGLQ $ 6FKEOKXO]Z#HLE® 7RPSINLQVDWPRAMIKHULF JRIQ HPWRIBMH G L(&+$ODWB$57 , O]
GHVFULSWLRQ OMH OFDWQBNWERRWRWPD QYD BESRU W HLR

6FKODQJHU 6 2 DQG -HQN\QV + &HY&QMWD FIDRXW \R PHIBQER @Q\QR[XAQFHYV *HROR

6HZDOO - 2 YDQ GH :DO 5 6 : YUK RBXW =22DQLMNGCHRRWARMWE& DBQ G&EROP@GVIHU PR
FRQGLWLRQV IRU IRXU &UHWDFHRXV KWLWISWOGRHLVRBDLP 3DV¥®G

6KDUSOHV - OLGOGHOMEXKHODO -. - DQCGKDWFNURGABVWLRQ'RI ULYHULQH QX" RIEHDQ@W V
%LRIJHRFKHPLFDO &\FOHV KWWSV GRL RUJ J

6LQQLQJKH 'DPVWp 0- B 0.X6FHKERXWHQH 66 6BREO5X0 MONFRYDIQH €& 7@ HDD NG\ WADRN |
DVVHVV SDODHR[LEIW \GESBVQW VRIGLPMUWN K 30DQHWKSMFWSY GRL RUJ v [



BWHLQ 5 5XOON|WWHU - DQG :HOWHF FDUERBBOFXPKOYWGRPHRIWRULQ $WKGI D/@WIHF
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