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$ FNQRZ QHGIHP HOW

- H J DI XE@ DFNQRZ GIGIH VIKH LRGI RI 72 362 + LQ VKLY UHVHDLFK HI I RUN
Z KR SWRYLGHG J XLGDQFH DURXQG FDVH VHBIFIRQ DQG VIKH GHVLIQ RI ViKH
UHVHDUFK SURMIFW

- H DUH DOVR J LDVl XOVR DAWH SHRS® Z KR SDUMFLSDWAG LQ VIKLY UHVHDUFK
© H HQJDIHG JRYHWQP HQWUHS UIHVHQVDVYHY WIDNHKR@BHUY DQG FRP P XQIW
P HP EHW : H VKDQN D@VKH SHRS®1 Z KR FRQWLEXWAG ViKHLU YDOXDE O
SHUWSHRPAYHY LOVLJKW DQG LGHDV VR VKLV UHVHDUFK HI | RUN

© H VIKDON $ BIVDQGLRV * MRV | RUWHYLHZ 1QJ DQG SLRYLGLQJ HGLVRUDO
VXSSRUMQ VKH SUHSDUDWRQ DQG SXEQFDVIRQ RI WKLV ULHSRUN

7KH 5R\ DO5 RDGV FDP SXV LV GRFDWG RQ VIKH WDGIMIRQDO! DQGV Rl ViKH
/ HNZ XQJHQ VSHDNLQJ 3HRS®N VKH 6RQJKHHV DQG ( VT XLP DAVL DURQV

7KH UHSRUAZ DV SXEQAKHG E\ WH 7DQVGMVAS@DY 5HHDURK RQ
QM LDWG $ SSURDFKHV VR 6XWRIQDEIDN 75-$6 @E Z ZZ WIDVDE FD
Z KIFK IV ®IG E\ WH &DQDGD 5 HVHDURK &KDIULQ &TP DM &KDQIH
YARGLYHIMW DQG 6XWRIQDELDN DW6 R\ DC5 RDGV 8 QLYHUAW
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&KDIBIQI HV DQG YDULHY
2 SSRUMQMHV
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7KLY UAVHDUK LGHQWIHG RSSRUMQIMEV DQG FKDEBHIQI HV VXURXQGLQJ XUEDQ DIUFXGXUH LQ

VZ R FRP P XQMHV RQ 9 DQFRXYHUMDQG %& / DQIIRUG DQG 7RIIQR 7KH IIQGIQIVRI WLV
UHVHDURK HOXA.GDWA Z D\ VRl HQKDQAQJ GRFDCBRIAHY | RUEHWHUVXSSRUMY |RRG SURGXPURQ
LQ XUEDQ DUHDV

4 XDOMWYH IHVHDUK P HWRGV Z HH XVHG  Z IW WH GDW VRXUAHY FROMWAQJ Rl LOWMUINEHZ
WDQVRUSW DQG S@QQIQJ GRREXP HQW ' DVib DQDOMY IQYROHG WH XVHRI 1 9LYR VRIVZ DUH\R

FRQGXPWINHP DWF FRGIQU DQG DQDOMY VR IGHQAN  FKDEBIQI HV EDUIHYY DQG RSSRUMQIHY
| RUXUEDQ DJ UEXOXUH [Q ERW P XQIASDOAHV

-Q/ DQIIRWG WH DQDOMY LHYHDBIG MXHY UIHDWG R WDSLG XUEDQ] DARQ DQG EXUHDXPAUDWE
SIRAHWHV -Q 7RIIQR WHWXG\ |RXQG WDVWKH FRP P XQW V FRDWEOBRFDAWRQ SUHVHQOW
FKDIBIQJ HY UHDWAG VR ERW WH GRFDCFTP DM DQG FRP SHAARQ | RUUHVRXUAHV ILRP WH
RXUMWP LQGXVM %RW FDVH WMGLHY VKDUH FRP P RQ FKDEBIQI HV LHDWG VR FLRW
MUVGIPARQDOIP MIMRQV DQG EXUHDXPDAE KXUGBN P SDPAMQ) DGP LOMADWYH SURFHWHY
DQG UHVRXURH DARFDMRQ + RZ HYHU VXSSRUAYH SRTAHV LOWI DARQ LOR JUHHQ

L DVAKPVUH DQG FRP P XQIW HQIDIHP HQWRI IHUSURP IMQJ SDIMZ D\ VIRUXUEDQ

DI UEX®MUH GHYHRSP HQW

5HARP P HQGDWRQV SLRGXPHG WILRXJ K WLV Z RUN IQFOXGH

WWHDP @IQJ LHIXOWRUY 1 WDP HZ RNV

SWRP RWQJ FRADERWDWYH J RYHUQDQRH

LW LDWRI XUEDQ DI UEXOXUH LOWR JUHHQ 1QNIDWAKRXIH DQG

SURUW 1QJ SXETF DZ DIHQHW DQG FRP P XQIW HQIDIHP HQUWR HQKDQFH XUEDQ
DJUEX@OUH DQG GLYHUI\ GRFDCHRQRP 1HVIQ ERW LHIIRQV
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2 YHU Rl WH Z RUGV SRSXOMRQ OvHV 1Q AWHY DQG Rl D@ RRG SIRGXAHG Z RUGZ IGH
VXSSTHY XLEDQ GP DQG ) $2 6 XMBIQDE®! XUEDQ GHYHBRSP HOWZ L@QHT XILH GHHSHU
FROMGHIDMRQ |RUKRZ VR HOKDOQFH WH LR®I RI XUEDQ DQG SHULXUEDQ DIUEXOXH LQ &RFDO

IRRG VA VMP V ) $2 Q UHFHQWGHADGHY AMHV KDYH EHFRP HWH FHQAH Rl DMMQURQ
| RUVXWILQDELDN FRQAHUOQV DQG DPARQV VXK DV LHGXAQI JUHHQKRXVH JDVHP RQV
LOFUHDVMQ) BRFDOLHVITHQAH DQG DGDSWQU VR FIP DM FKDQIH 0 DUAR

“QGXVIMDQ DARQ DQG XUEDQ] DARQ KDYH BIG VR LOMUFRQOHAMG VRARHARQRP LF DQG
HOQYILRQP HQUBAMVXHV WDWOQHI DWYHO DI HPWRRG SURGXPWRQ DI RUEDEIDN DQG
DFFHVMELDW 1Q AMHV * KH) HIWK HADO .KXP DR 6LEDQGD 7KH LOMOWLLHG
XUEDQ MQGVADSH KDV GHRUHDVHG DI UEX@XUDADQG DYDIMELDN DQG LQRUHDVHG GHSHQGHQRH
RQH WLQDARRG VRXUAHV $VAWAVILRZ  WDQVSRUBMRQ QHVE RUNV P X\VMDFFRP P RGDW WH
QO] Rl JRRGV FRQMEXWR] VR SRBMRQ DQG JUHHQKRXVH JDVHP MRQV $ GGMRQDD®
XUEDQ DUHDV RIWIQ H| SHUHORH VRARHARQRP LE GVSDUMEN Z W P DUILQDM HG FRP P XQUMEHV
KDYIQJ @ WG DFFHWVR | UHVK DQG QXWIMRXY | RRG RSWRQV GXH VR LQFRP H LOHT XDOW DQG
WH SUHVHORH RI RRG GHVHUV 6DWMUAZ DIW VDO &RQHTXHOMD XUEDQIRRG

A VWPV DLH HOBQIBIG .Q D FRP S®f Z HE RI FKD@IQIHVILRP  LOQGXVAMDQ DARQ DQG

XUEDQ] DWRQ QHFHVWMVMOJ WH GHYHBSP HOWRI QHZ VMDWI IHV VR ERWAUDRKLIHYH UHMTHQW
DQG HT XIMZE®! | RRG SURGXFWRQ DIl RUGDELOW DQG DAFFHVWELON

2 XUIRRGV VWP LV UHVSRQVE®! | RUDSSLR] LP DWM® RQH WLLG R * +* HP DMMRQV
&USSD HADO $GEMRQD® WH H FHVMYH XVH R Z DMUUAVRXUAHV FKHP LEDO

|HOA HY DQG SHWAGHY FRQMEXWAV R VRIOGH] IDGDMRQ Z DMUSR@XRQ DQG EIRGLYHIAW
®RW 7KHHQHU\ LOMOYH | RRG SLIRGXPURQ WDQVSRUAMRQ DQG SDANDILQI SURFHWHV

| XUMHUH DFHUEDW HQYLLRQP HQWCEXUGHQV 5HFARIQY LQUI WHVH FRQPHUQV &FDT LQJ IRRG
SLRGXPARQ DQG FRQVXP SWRQ DUH SRWIE®! VADWI LHV VR VXSSRUMNXWEAQDELDN 0 X@BU

8 UEDQ DJUFX®OXUH KDV WH SRWMQWDOR P W DWAVRP HRI WH LP SDRW ILRP XUEDQL] DMRQ
DQG |RRG SUIRGXPARQ WLRXJK D YDUHW RI VRARHFRQRP [F DQG HQYILRQP HQWICEHQH LW
YXFKDQ * KH HIWK HWDO % JURZ LQJ |RRG FRVHUVR FRQUXP HW/ XUEDQ

DI UFEX@XUH FDQ UHGXFH WH J UHHQKRXVH JDV HP DMRQV DWRADMG Z W BQJ GMBQRH
WDQVSRUMMRQ ) $2 0 RUHRYHU IMFDQ SURP R VX\AVBIQDE®1 DI UFX®XUDCSUDPAFHY
VXFK DV RUWDQIF IDLP 1QJ DQG UHGXFAHG SHWHAGH XVH [P SLRYIQ) VRICKHDOK DQG ELRGLYHUMW
FROVHUDMRQ * KH| HIHK HWDO ) XUMHUP RUH XUEDQ DIUFX®4UH FDQ SO\ DQ

1P SRUBQMR®! Z I UHVSHRWR DFFHVWIQJ 1 UHVK DQG QXWIMRXY IRRG WXV MFDQ EH RQH

P HDQVVR DGGUHW | RRG LOHT XDOAHV 1Q XUEDQ DUHDV 6DMAMZ DIV DO 2 YHD®

LOWI LDWRJ XUEDQ DIUEXOMUH LR XLEDQ S@QQQJ DQG SRAA 1WDP HZ RNV FDQ FRQMEX\WM
WR P RUIH UHMTHQWHT XIMRE®! DQG VXMWRIQDE®! XUEDQ IRRGV WMP V DI QI Z IW WH JREDO

JRDYRI P W DAQJ HQYLLRQP HQWEAP SDRW DQG HQKDQAQJ |RRG VHRXUW 0 XU
UXFKDQ * KH HIMK HWDO
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$OMRXIK XUEDQ DJ UEXEMUH KDV WH SRIMQADOR FRQMEXW VR | RRG V VWP \X\EBAQDELON
DQG UHMAHQAH VXK EHQH W DUH QRWI XDUDQWHG  DQG FKDEBIQI HY H MAIQ WALP VR
HI1HPAYHO GHYH®SIQI XUEDQ DI UEXOXUH VA VWP V DQG FDSDAW $FFRWEQI® WL UHVHDURK
H 1 RUAH SEUHV WH RSSRUMQUHY DQG EDULHY/ VR XUEDQ DI UEXOXH XMQJ WH

FRP P XQMHVRI / DQIIRUG DQG 7RILQR RQ 9DQFRXYHUMDQG %4IMYK &ROP EID %& DVFDWH
AXGLHV

7KURXJIK DQ DQDOMY Rl VHP LMAKPXUHG .QMUYHZ DQG GREXP HOWGDWD WL UHVHDURK DIP V
WR P SURYH XQGHUAMIQGIQI RQ WH RSSRUMQMHV DQG FKDIBIQI HV XUEDQ DI UFXOXLH 1Q

9 DQFRXYHUAMDQG P XQUESDOAHY Z W UHVSHPWR P SGP HOWQJ QHZ XUEDQ DI UFXOXUH
SIRMPW 2 XWRP HVRI WLV Z RINLQIRWP HG FROMGHIDWRQV DQG UHFRP P HQGDAWRQVIRU

IP SLRYIQJI BFDARRG A VWP V DQG EHWMULQWI LDWQJ XUEDQ DIUFEXGXUH QR P XQIASDOAHV
SOQQIQI SRTAHV DQG HIXOMRQV 7KHZ RINZ DV IXIGHG E\ WH UHVHDURK TXHWRQ

'KDW DUH WKH RSSRUWXQLWLHY DQG FKDOOHQJHV DURXQG
LQ GLIIHUHQW W\SHV DQG VL]HV RI LVODQG PXQLFLSDOLWI
VXVWDLQDEOH DQG UHVLOLHQW IRRG V\VWHPV

P DIH 72362+ XWEDQIDWP DW RAMGH* LHHQ 9IRVRUD &DQDGD
6RXUAH 5REHIM HZ HOD
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7KHWP DQG SWDPWAHV DLIRXQG XUEDQ DIUFX®XUH YDU IQWHUP HDQQI P MRQ DQG
VDB GHSHQGIQ) RQ KRZ UHVHDUAKHWY DQG SUDPAWARQHWY XVH WH WP DQG SUDPWEHV
61HI QHUHWDO 8 LEDQ DJ UFXOXUH LOFOXGHY YHIWFDCDJ UFX®XUH LRRIVRS | DLP [Q

FRP P XQIW JDUGHQV UHMIGHQWDQI DUGHQV DQG FRP P HIADOXLEDQ IDWP V ' HSHQGIQU RQ
WHUP MRQ XUEDQ DI UEX@XUH JURXSV FDQ RSHUDW WHUI DUP VDV QRQ SURI W RUDVIRU

SURI MEXVIOHWHV

$SHRWGEQIR) $2 5INROR DQG 58 $) S 8UEDQDQG SHUXUEDQ DIUFX@XH 8 3$
FDQ EH GH L.QHG DVWH JURZ LQJ RI SOQW DQG WH WDIMQJ RI DQIP DO Z IWLQ DQG DUIRXQG
AMHV 8 3$ SLRYIGHVIRRG SUIRGXFWILRP  GlLLIHIHQWVSHVRI ALRSV DQG DQIP DY DVZ HODV
QRQ IRRG SLIRGXPW HJ DLRP DWE DQG P HGIHQDKHEV RUQDP HQBCS@QW DQG WHH
SIRGXFW  61HIQHUHADO S GHIQH XUEDQ DIUEX@UH DV UHFRQQHPWQD Z W WH
FRP P XQIW WRXJK IRRG NREV DQG HFRQRP LF GHYHBSP HQW -Q WP VRI AW SOQQIQ]

+ RGIVRQ HWDO GH LOHV XUEDQ DJ UEX@EMUH DVWH SURGXPMRQ P DUNHWQI DQG
GMMEXWRQRI | RRG 1Q XUEDQ DUHDV DQG DWKHUHGIHV EH\ RQG WH IGHDRI IRRG IRUKRP H
FRQUXP SWRQ RUHGXFDWRQDCBXLSRVHY -Q DGGIMRQ XUEDQ DI UFXOXUH LOFOXGHY DARADWG
SK\ VIFDCDQG RUI DQL] DMRQDAQN IDVAKPMUH SRIAHV DQG SLRIWDP VZ IWIQ XUEDQ
VXEXUEDQ DQG UKIDCEXIOHQYLRQP HOW S $®QI Z IW WH Z IGH IDQIH Rl GHI LQMRQV
WHUH KDV EHHQ DQ H WIQGHG GVEXWRQ EHVE HHQ VAKROUY DERXVWKH SRWQWDCEHOH W
DQG @ MMRQVRI XUEDQ DJ UEXOMH

%HQHI W RI 8 LEDQ $J UFX@XH

8 LEDQ DJUFX@XUH FDQ SLRYIGH P XGAS®! VRADOHRQRP IE DQG HQYILRQP HQWCEHQH W WDW
FDQ FRQMEXW R D FRP P XQIW V VXWRAQDELON DQG UHMAHORH 3 RWQUWDORADCEHQH W
LOFOXGH FRP P XQW HQIDIHP HQWIRRG QMDA WN.@Y GHYHBSP HQWKXP DQ Z HOEHQJ
VRADAQFOMRQ DQG [P SRUBQWD |RRG DFFHWIELON | RRG VHREXUW DQG Di | RUGDELDN

0 X@IDQ HADO 0 XVIE VDO ) RUIQWEQRH FRP P XQIW JDUGHQV VIXFK DV
XQLYHUMW EDVHG JDUEHQV SXETE VFKRRQJDUGHQV DQG VKDUHG EDAN. DUG J DUGHQV KDYH

SO\ HG IP SRUBQMNREN 1Q SLIRP RWQJ |RRG NQRZ GIGIH W@ DQG YDXHV VR VWX GHQW DQG
JHHWDCEXETF VR VXSSRUNBQI WP VHRXUW 0 XMF HWDO

QWP VRI HFRQRP IF EHQH W XUEDQ DJUFX®XUH FDQ FRQMEXW R GRFDCHARQRP [F
GHYHBRSP HQWMURXJK LOFRP H DQG HP S&\ P HOW HQHIDARQ QRQ RQW |RUIDLP HY EXWDOR
| RURWHUMBNHKRGHY/ DRQI WH YDOXXH FKDIQ -Q DGGMRQ XUEDQ DI UEXOXUH FRQMEXWAV \R
XUEDQ JUHHQQ] [QRUHDVMQI BFDCDHVMHAEY DQG WXV VRXUMVP  DQG SLRSHUV YDOXHV

$] XQUH VDO )XW )R« ) RUDk 7KHWRXUVP DPAYW DURXQG XUEDQ

DJ UEX@XUH VXSSRUN WH GHYHBSP HOARI WH GRFDCHRQRP \ $VORWG E\ ) XWW ) RUQ« DQG
) RUDk DJUEX@DORXUMP  FRQWIMW D VSHADT HG VHRRUZ WKIQ WH UHD® R
VXVVBIQDE®! VRXUVP  1Q Z KIFK JUHHQ LQH IDVAKPWUH VXFK DV URRIVRSY DQG FRP P XQIW

JDUEHQV EHFRP H DQ RSSRUMXQIW | RUVRADCHQI DI HP HQWHOWIURIQP HQWDQG SLRP RARQR
@FDARRG SLRGXPARQ DQG KLIK TXDOW JDVARQRP E H SHUHQAHV | RUYMVRYY DQG RFDY
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8 LEDQ DJUEX®XUH DOR RI1HY/ YDXDE®! HQYILRQP HWBCEHQH W WADQ EH LOWAT LDWG Z IWK
JUHHQ LQN DK P UH VADWAI LHV Z IWIQ XUEDQ @QGVFDSHY * UHHQ LN DK
LOFRUSRUDWA QDLDCDQG VHP L QDVWIDCHBP HOW LR XUEDQ VHWQIV FDQ FRQMEXWV

LI QULFDQUD VR XUEDQ VXWRQDELON DQG UHMAHQFH ( YDQV HWDO / 1Q HWDO

* UHHQ LQN IDVWAKPUH SO\ V D FUKADOR®! 1Q XUEDQ DIUFX®XUH E\ DARZ 1QJ WH FXGRYDMRQ R
IRRG FURSV1Q XUEDQ JUHHQ VSDRHV @\H FRP P XQIW JDUGHQV HGEE®! @QGVFDSHY RUYHUAFDO
IDLP LQJ VA VWP V 7KH FRP SOP HQBU UHDMRQWKLS EHVE HHQ J UHHQ LQH IDVAKPMUH DQG
XUEDQ DI UFXOXUH HQKDQPHV | RRG VHEXUW “WERGWLY BFDA RRG SLIRGXPURQ | RAMUQY

VXVWLQDE® XUEDQ HQYLLRQP HQW Z IWK P XA XQPARQDQ) UHHQ VSDFHV WDVWAP XORQHRX\WD
VHUH HAR®JIFDADQG | RRG SURGXPURQ SXUSRVHV ( YDQV HADO / 1Q H\DO

7KH EHQH LW DAWRADWG Z IW Rl XUEDQ DJ UFEX®XUH SRUMRQ IMDV D SRZ HUXCP HDQVRI
VXSSRUMQ WH UHVRUDARQ DQG UHI HQHUIDWRQ RI YDURXY HFRV VWP VHUYIEHV LOFOXGIQI DIU
TXDQN P SLRYHP HQWELRGLYHUAW HQKDQRHP HQWZ DVt DQG Z DWAUP DQDI HP HOQWDQG
HQHU\ HILFHOR 8 UEDQ DI UEX®XUH FDQ DOR FRQWEXW R FCP DM DGDSVIMRQ REMIPAYHY
0 F RXJD@HADO B1HI QHUHDO 6SUQ) HWDO ) RUQWEQRH LRRIVRS
JDUEHQV KDYH EHHQ VKRZ Q VR HQKDQRH HQHU\ HIIFHQR  DQG FDQ LI QULFDQUD UHGXFH
VR Z DMUKQRII E\ XS R GHSHQGIQJ RQWH GHVIQ : DIMUY DQG 6VRHPHD LGGHQ
$ JREDCP DSSIQ) WXG\ UHYHDBIG WDWKUEDQ DI UFXOXUH SRUMYHOD P SDFW IRRG
SIRGXPIRQ QUWRIHQ I1f DARQ HQHUI\ FRQVHIYDARQ SRADDWRQ FIP DM LHIXOMRQ VRIO
IRUP DARQ DQG EIR®J LFDCSHWFRQWROZ WK D FREYPWYH YDOXH Rl WHVH VHULEHV \RVBIRU \R
RYHUS 6' EI@RQ &MRQ HWDO $GGEMRQD®  XUEDQ DI UFXOMUH LQUDWYHY
SIRYIGH DQ HGXFDWRQDCB@MRLP 1 RUYMVRLYY DQG BRFDY VR H S&UH DQG EHMIUXQGHUARQG
KXP DQ QDVUH LHDMRQWKISY D FXADDVSHPARI DGGUHWIQI HQYLLRQP HQWCRKDABIQI HV
Z KIB! | RAWMUQ) D VARQI HUFRQOHPARQ EHVE HHQ FRQUXP HWY DQG SLRGXFHWY/
0 XOUXQPARQDAN LV D | RXQGDWRQDCBUQAS®! Rl JUHHQ L UDVAKPXH  ( YDQV HADO

DQG LOWRGXAQ) MIQUR XUEDQ GQGVFDSHY WURXJK XUEDQ DI UEXEMUH RI 1 HWY YH/DW!
SDWZ D\ VR HQKDQFH D WDQIH RI ®FDCHARV MP VHUMEHV

/ IP WVDVMRQVRI 8 LEDQ $.JUFXOXH

' HVSIW WH QXP HIRXV DGYDQUR HV DWRADWMG Z W XUEDQ DI UEX@UH WHUH DUH QRE®!
@ MMRQVZ KHQ FROMGHUQ] IW [P SBP HQWMRQ LQ XUEDQ DUHDV 2 QH VI QUIFDQW
FROWMDIQWY WH OFN RI DYDIDE®! VXIVIBE®! VSDFH LQ GHQVHD SRSXOWG AMHV * KH| HIWK HW
DO 6LHI QHUHWDO 7KHKLIK FRW\DQG TP WG DYDIDELDN RI DI UEX@XUDODQG

P DNH IMGLLI LEXGYRUXUEDQ DI UEXGXUH [QMDAYHV VR H SDQG DQG DGHTXDWO P HHWIKH

JWRZ 1QJ GHP DQG | RUBFD® VRXUFHG IRRG 6SHRKWHWDO 0 RUHRYHU XUEDQ
DJUEX@OMUH RIWQ | DFHV LHIXOWRUY DQG ] RQIQU KXUEBN DVVRP H AMIHV @FN VXSSRUAYH
SRIAHV RUP DIQWAQ RXVEDWG UHI XOMRQV WDWKIQGHUWH JLRZ W Rl XLEDQ | DLP LQJ
DPRYMEN 6P MHWDO
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5 DSIG XUEDQL DWRQ DQG XUEDQ VSWDZ CKDYH I XUMHUH DFHLEDMG WHVH DAXHY E\ GUYIQU
XS SURSHUN YDOXHV DQG FRQVHTXHOWD LHQWBARRW 7KH SUQAS®IRI KLI KHVADQG EHVK\VH
LV [ LHT XHQW HP S\ HG VR DARFDWM XUEDQ @QGV VR XVHV WDW HT KL KHUELG UHQW
SRWQUWD® GVSOAQ) DI UEX@XIDCDPRYIEN $] XQUH HWDO 7KLV DAXH LV FRP SRXQGHG
E\ WHWRGIR W[ JHOHIDMRQ ILRP  SURSHUNV YDOXHV DQG HARQRP LE DRAYMEV 1Q XUEDQ
SOQQQI Z KIFK FDQVRP HAP HV FRQI GRWZ W RWHUSURUMEV VXFK DV DI | RUEDE®! KRXVQU
Z DMULQ DVWAXPXUH DG WH SLRP RARQ Rl XUEDQ DI UEXEMUH LOMDWYHY $] XQUH HADO

0 XVIE VDO 3URSHUV Vi HV DUH D YVBOHYHQXH VRXURH | RURMEV DQG VSHADO
W LOPHOWYHY HVSHADE WRVH GILHAMG DAWWHRVRYY @\H DIUEXOXH P D\ LOAWRGXFH
FK DEBIQI HV LHDWG \R @QG LHFOWLLEDARQ DQG XVDIH  7KHVH AKDEBIQI HV KDYH WH SRWQWDO

VR [P SDAMNE  UHYHQXHV DQG LQI XHQPH XUEDQ GHYHBRSP HWGHAMRQV 7KH:  RUT YDQN

2 WHUEDULHY/ VR XUEDQ DJ UEX@MUH LOMDWYHY H MVEH RQG MVAAKH DYDIDELON Rl QG
7KHVH LOFOXGH FX@UDCDFFHSVEELDN OFNRI QXWIMRQ HGXFDMRQ DQG |RRG QMDA DQG
FRP P XQIW DFFHSVBQRH 61HI QHUHADO 1 RWE® SXEQF DAFHSVDQRH RI XUEDQ

DI UFXOXUH [QMDAWYHV Z IWILQ FRP P XQMHV FDQ EH DI THPMG E\ WH XVH Rl DIURFKHP LEDYY
WDWSRVH UMV VR WH TXDDV DQG KHD®K RI SURGXFHWY FRQUXP HY/ DQG WH HQYLLRQP HQW
WXV SURVHOWQ) GRFDCKHD®K DQG HAR®JLFDCKD] DUGV / DYD@H 31FDUG + RZ HYHU WH
DGRSWRQ Rl RUDQE [DLP 1QJ P HMRGV FRP HVZ IW IW RZ Q VHMRI FKD@BIQIHV | RUXUEDQ
DIUFXOXUH IQFOXGLQI FRQPHUQV LHDWG VR RGRXU/ VWP P LQJ ILRP EIR |HUA} HYY DQG

FRP SRWQJ Z W Z DWMP DMUDY (GHP DQ* RG 0 HBIQG 0 RUHRYHU FRQICGFW
DUMQU [LRP FRP SHWQJ @QG XVH DQG SLRSHUN WKWP D HP HUH DV\WH IQMHWRI
YDURXVFRP P XQIW P HP EHLY DQG WINHKRGHY/ GR QRWDE D\ VDD Q SRWQUWDE DI 1 HAAY
WH RYHLD@BXEQF DFFHSVBQRH DQG IQYROHP HQWIQ XUEDQ DI UEX@XUH [QMDWYHY 6 SHEKWHW
DO

8 LEDQ $ J UFXOXH -QMDVIYHV

0 XGAB®! LQMDAWYHV DQG DSSURDAKHY H MAVGFDIM DQG JREDD |RUSLRP RWQJ XUEDQ

DJ UEX@XUH DQG RYHUFRP 1QJ WH FKDEBIQIHV | DAHG LQ W LP SGP HQWMRQ DRLRW GLLI HIHQW
XUEDQ DQG P XQIASDOFRQM W 2 Q WH LOMUODAWRQDOFD®! IV WH 0 LDQ 8 LEDQ ) RRG 3RIR
3DPWO0 8)33 7KLV SDPWYWH Z RUTSV | LUMIQWMUQDARQDADI UHHP HOWRQ VXRLQDE®! XUEDQ
IRRG A VMP V Z KHUH AMIHV DUH IGHQWILHG DVNH. SO\ HWY/ 1Q EXIEHQI VXWILQDE®! | RRG

VA VWPV DQG WH QHHG | RUIQWUODAWRQDCFRAERIDARQ VR DRKLHYH VXLQDE®! MV 1V
WHRIQ] HG 0 LOQ 8 LEDQ) RRG 3RIA 3DFW oD\ : WP DQ 7KHO 8)33 VD
QRQ ELQGIQI DI UHHP HQWMDW/HUYHV VR FRRUGLODW IQWMLODARQDA RRG SRIAHY VKDUHV EHVV
SUDPAFHV DQG HYDOXDARQ A WP V DQG MDIP VVR LIQVSILH AW BIG AKDQIH 1Q JRYHUQDQRH
VXVMLQDE B GHW DQG QXWIMRQ VRADADQG HARQRP LEHTXIW |RRG SLRGXPURQ |RRG VXSSO
DQG GMMEXWRQ DQG |RRG Z DVM
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$VORWGIQWHO 8)33 $VP RUIHAMAVIP SGP HQADQG P HDVXUH XUEDQ | RRG SRTAHV WH
EHWHUZ L@EH WH FRBPWYH GDUQIQI SUIRFHW DERXWKRZ H I HRAAYHD WDQMRWP  XUEDQ | RRG
VWP 0 IDQ8 LEDQ) RRG 3RIA 3DFW $VRI \RGD AMEHV KDYH WL QHG WH

DIUHP HQMOQFXGIQU 6DQ) LDQAMVAR YRWRQ 1 HZ <RWIN 7RUIRQR DQG 9 DQFRXYHU

2 Q RFDADQG UHJ LRQDOFDBN VRP H WMV LQ WH 8 QMG VWA KDYH P SGP HOMG
VDWW LHV DQG WL QUFDQWAKDQI HV 1Q WHUSRTAHV VR VWHQI WHQ DQG HQFRXUDI H XUEDQ
DJUFX®XUH GHYHBSP HQW) RUH DP S 1Q &DORUIID DSSIRYHG WH 1 HZ 8 LEDQ
$JUFXOUH -QPHOWYH =RQHVS PWSWHP E® %@  Z KIFK DIP VR LORIHDVHWH XVH R
SUYDMO RZ QHG YDFDQWDQG | RUXUEDQ DI UEX@MUH DQG VR [P SLRYH @QG VHRXUW | RUXUEDQ
DIUFXOXUH SLRMFV $WHP EO® %@1 R =LIDV 7KLV 1V SRME®! GXH R WH
GHVLI QDARQ Rl DUHDV Z IWIQ WHUERXQGDUHV DV XUEDQ DI UEX@XUH LOPHQWYH] RQHV Q
WHVH DUHDV @QGRZ QHWY/ FDQ FRP P MINHU®QG R DI UEXOMUDOXVH | RUDWBDVWLYH \ HDL/\R
UHAHYH D UHGXPURQ LQ WHUSURSHUW W HV 7KHUSDURHO/ SLRSHUN VB[ DWHWP HOW WHQ
EDVHG RQ WH DJ UEXOXDOYDOXH Rl WH @QG UDWHUWDQ WH P DUINHWIDW YDOH Rl WH @QG
=LIDV

$V DORWHUH DP S®! -@IQRLY DSSWRYHG D EL@IQ WDWHQDE®N GRFDQI RYHUDP HQW
VXSSRUARI XUEDQ DI UFX@UH WLRXJIK GLLI HIHQWORHQWYHY 6XFK LOFHQWYHV LOFOXGH
LHGXPARQV 1Q XWDN | HH VHUYEHV DQG SURSHUN VB[ HY ' XQNDX + RXVH %@

P DIH 6LJQIRUXWEDQ IDWP P DINAWVWDW RANMGH* LHHQ 91IRVRUD &DQDGD
6RXUAH 5REHIM HZ HO
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&DWHB6WG ' HVFFUSVIRQV

7KIVVAXG\ XWI] HV D FDVHWXG DSSURDAK VR H DP LOH RSSRUMQIMHY DQG EDULHLY/ I RU
GHYH®RSIQU XUEDQ DJ UEX@MUH SUDFWEHY RQ 9 DQFRXYHUMDQG %4IMYK &ROXP EID &DVH
XGIHVD@RZ |RULQ GHSW H SRUMRQ RI D SDUAEX@USKHQRP HQD 1Q WLV FDVH XUEDQ
DIUFX@OMWH -Q WH FDVH RI WKLY UHVHDURK. SURMIPAMKHVH FDVHY 7RILOR DQG/ DQIIRUG DIIRUG
WH RSSRUMXQIW VR XQGHUMBQG XUEDQ DI UEX@MUH SUDPWAH DQG J RYHUQDQRH DRIRW

9 DOFRXYHUDQG

7RILOR LV GRFDWG DAMH WS R WH ( VRZ DD 3HJQUX® 1Q WH $ EHQL &D\ RTXRVS HILRQDO

' MMPARQ 9 DQFRXYHU-MDQG V Z FMNFRDVWDQG IMKDV D WMQQIQ) QDWLDODQGVFDSH
FKDUDPMU] HG E\ KJJHG VKRUHIDHV XK DIQIRUAVV DQG SUR] [P IW VR WH 3DALLLE 2 AHDQ
W SRSXOMRQ WRXJK LHDAWYHD VP DOKDV EHHQ VMDGLO JURZ LQJ GXH VR W SRSX@UW DV D
VRXUMAGHVAODWRQ DQG D GHVLDE®I SOFH VR @rH 7KLY SRSXOMRQ JURZ W EUQIV FKDEBIQI HV

VXFK DV LIQRIHDVHG KRXMQI GHP DQG UMQJ FRWRI @QU DQG JUHDWUSUHWXUH RQ &RFDO
UHVRXUAHV 7RILQR 0 XQIESDOV

7RILQR V EIRSK\ VFDCRKDUDPMUMARY VXFK DV W WP SHUDW FZP DM DQG SUR] P IW VR WH
RAHDQ FUHDW DQ LGHDCHQYLLRQP HQWRUH SGRUQI VXWELQDE®! DQG FIP DM UHMCHQWKUEDQ
DJUEX@MUH SLDPAFHV IQFXGIQ) WH XVH RI VDOWRGILDQWALRSY ) XUMHLP RUH WHVRZ QV
VAWRQJ FRQOHPARQ VR VRXUVP  DQG WH P SRUBQFH RI ®FDA RRG SURGXPARQ | RUWH
KRVSLMZON LQGX\ P DNH MDQ H FHEIQWADVH | RULQYHWAM DAQU KRZ  XUEDQ DJ UEX@XUH FDQ

FROMEXW VR | RRG VHEXUW FRP P XQIW UIHVI@HORH DQG HFRQRP L GLYHUMLIFDARQ 7RILOR
0 XQEFESDOW

/ DQJI RUG LV MXDMG RQ WH VRXWHLQ WS RI 9 DQFRXYHUAMDQG Y RQHRI WH
P XQIASDOAHV 1Q WH &DSIMICE HILRQDO IMMEWZ KHUH 9LEVRUD LV WH FRUH AW DQG MY RQH

Rl WH | DAMVILRZ IQJ FRP P XQWMHVIQ %8 ' HSQHU W SRSXOMRQ JLRZ W, LV GUYHQ
E\ IDPRW/ Q\H P RWH DI I RUGDE®! KRXVIQJ) RSWRQVWDQ RITHHG E\ RIHUFAWAV 1Q WH UHIIRQ
DJWRZ Q) ®FDCHARQRP \  DQG IWSWR] [P IW R 9IFRUD WH SURYIQADAFDSIVZO/ DQIIRUGV
@FDCHRQRP \ KDV VHHQ VI QUIFDQAGHYHEBRSP HOWQ UHFHQW HDUY Z IW YDURXV FRP P HUADO
DQG LQGX\VMDCDPAYMHY FROMEXWQJ VR W HFRQRP LE YVDON

7KH WDSIG XUEDQ] DARQ DQG LORHDMQI KRXVIQI GHP DQG LQ/ DQJ | RUG WDIVH FRQPHUQV DERXW
OQG XVH |RRG VHEXUW DQG WH VWRQDELON Rl RFDARRG MV VAMP V &IW RI / DQIIRUG

“QYHV DAQJ XUEDQ DI UEXEMUH LQ / DQI I RUG SURYIGHV IMIKWQR KRZ. WL JURZ 1Q
AW FDQ EDDQFH IW HARQRP LE GHYHBRSP HOWZ W WH QHHG | RUVXWLQDE®! DQG UHVITHQW
IRRG SLIRGXPARQ Vi VMP V 0 RUHRYHU / DQIIRUG V GLYHUH FRP P XQIW DQG HRRQRP LE EDVH
P DN\H IMD YDOXDE®! FDVH WXG\ |RUH DP LQIQJ WH VRADODQG HARQRP LF DVSHRW Rl XUEDQ
DIUFXOXUH 1Q D WDSIGO H SDQGIQUI XUEDQ FROW] W&IW RI / DQJIRUG
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' DVID &REIFPIRQ

7KH UHVHDURK LQYROHG VHP L\VAKPWLHG [QMUHZ VVZ W ML VWINHKRGHWY/ ILRP WH FDVH
VMGLHV 3 DUAALSDOQW LOFOXGHG IQGIVIGXDY [ LRP ®FDQAJRYHUDP HOW LQ 7RILQR DQG / DQIIRUG
QRQ SLRIIVRLI DQI] DARQV DQG | RUSURI MRLI DQL} DMRQVWDWZ RIN LQ WH DUHD Rl XUEDQ
DIUFXOMWH 7DE®I  SURVIGHVDVXP P DU Rl WH IQMXYLHZ SDUAASDQW UHVSHRARYH FDVH
VMG FRP P XQMHV DQG VHARWDCD! | LADWRQV

7DEG  $IILIDWRQ DG BFDWRQVR! LIOMMEZ SDUANASDQN

6HAVRLD / DQIIRUGH 7RILQRb
/ RFDQJRYHUQP HQW b b
1 RQ SWRIIVIRU DQ] DMRQb b b
8 LEDQ DI UEX®UH EXVIQHWD b b

7KH [OMUYLHZ VVRRN SOFH LQ 0 DUFK YID=RRP YIGHR FRQIHHOAQJ DQGWH WDQ
EREHHQ P IOXWIVDQG  KRXU 7KH IQMUYHZ TXHWMRQV VHH$SSHQG]  Z HH GHMIQHG
VR FRYHUYDURXV\RSIEV IQFXGIQI RUDQ] DARQ HOWN GHVBLY WH LOWMUYHZ HHV LRBV1Q
XUEDQ DJ UEXOXUH SLRMFW RSSRUMQHY DQG VXFRHWHY EDULHUY VR DRKLHYIQD VXFPHW
SDURHUKLISY UHDWIG VR XUEDQ DIUEX@MUH DQG WH [P SDRARI XUEDQ DI UEXOMUH DWGL HIHQW
VFDBN DVZ HODV H SHAEMRQV XMQJ DMP IMUP HWRGREI LFDADSSLRDAK DV GRQH 1Q 1 HZ HD
HWDO $SSWRYDALRP WH 5HVHDUK ( WIEV%RDUG Rl 5R\ DG5RDGV 8 QLYHUAW Z DV
JUDQWG SURUVR \WH GDVD FRIPARQ

7KLY UHVHDURK DOR LQFOXGHG SXETE GRFXP HQW DV SDUAR! W GDVVHWDQG WHVH Z HUH
H DP LOHG R LGHOW\ DUHDVRI DDJ QP HQMMOMRQ DQG J DSV UHDWG VR GRFDOXUEDQ
DJUFX®XUH GHYHBRSP HQAEDVHG RQ FXUHQABRFDCBMQV 7KH GRFXP HQWGDVE VHUYH R

FRP SGP HQWAH GDVBILRP WH VHP L\VAKPXUHG LOWUYIHZ V' DQG W DV DQDO] HG DRQIMGH
WH LOMYLHZ WDQWRUSW 7DE®I  SLRYIGHVDVXP P DU RI DO@MH GRFXP HQW DQDO] HG 1Q
WLV UHVHDURK  ( DK GRFXP HQWZ DV FRGHG \R KLI K@ KWDQG | RFXV RQ DAIQI RWP DARQ LHDWG
VR XUEDQ DI UFX®XUH 1Q ERW GRFDWRQV
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7DEG®!  3XEQE GRAEXP HIWILQFOXGHS LQ WH GDVIVAN

&DWH 6WXG\ " RFEXP HQW

e 2IIIHDGRRP P XQW 3@QW @Z 1R

/ DUIRED e 6HWIQU 2 XU7DEGI &DSMICBHIIRQDO IMMEW RRG
$JUEXOXUHBWDMI\  5) $6 b
e 2IIHDCGRP P XQW3@QW @Z 1R
7RIIORD
e $EHOLODGA $SIUEXOXWDBOQ > b
' DVID $ QDO WY

' DV DQDOMY LQYROHG WHP DAF FRGIQJ DQG DQDOMY 7KH DQDOMY FRP P HQFHG Z IW WH
IOMYLHZ GO 7KH IQMXYLHZ GDVD XQGHEZ HQMADQVFUSMRQ RUDQ] DMRQ LOWUMEZ
FROMQAZ DV DUDQIHG LQ D &I LFDOMHT XHQPH VR P DNH IMP RUH P DQDJ HDE®! DQG DFFHWE®!

| RUIXUMHUDQDOMY  DQG FDWAIRU] DARQ WDQURUSW Z HUH JURXSHG DAFRUGQ) VR BRFDWRQ
/ DQIIRUS RU7RILQR 1BV DQG Z HH VXEVHTXHQ® LP SRUMG LOVR 1 9LYR VRIVE DLH

7KHFRGLQJ SURFHW EHIDQ Z W LQGXPWYH FRGLQI Z KIFK GHYHBRSHG FRGHV EDVHG RQD
FRP SUHKHQWYH GDW LHYLHZ. * XUQJ WY SIRAHW LQMDOFRGHY HP HUHG E\ GILHAW®
LGHQW LQJ LHRXUIQ) FRQPHSW LGHDV DQG WHP HVILRP WH LOMUYIHZ V' 7KHVH FRGHV Z HH

VSHALLE VR WH FROWMQADQG FROM VIRI WH LOMUYLHZ V DQG VHUYHG DV WH | RXQGDARQ | RUWH
WHP DWF DQDOMY &RGHVZ HHFRP SRVHG Rl IQI®1 Z RUGV RUWLP /W DWADSWWUHG WH

JHQHUDOFRQAHSW RUWHP HV

) RGRZ LQJ WH IQMIMHZ GOV DQDOMY WH GRFXP HQAGDVD Z HUH [P SRUMG LOWR 1 9LYR DQG
Z HUH FRGHG XVIQJ WH FRGHV SURGXFHG WURXJIK WH LOMUYLHZ WDQVFUSWDQDOMY 7KLY
DSSURDAK SLRYIGHG D VWXPMUHG DQG FROVMMQWEDMY | RUFRGIQU WH S@QQLQU GREXP HQW

HQVXUQJ WDWAH \VDP HWHP HV DQG FRQPHSW IGHQWIHG LQ WH LOMUMHZ V FRX@ EH

H SRUHG Z IWIQ WH GRFXP HQW -Q DGGIMRQ |RERZ IQJ DQ LQGXPWYH FRGIQJ DSSLRDFK QHZ
FRGHV DQG WHP HV' Z HIH LGHQWIHG DQG DGGHG VR WH FRGIQJ 1LDP HZ RINDVWH. HP HUHG

LQWH UHYIHZ Rl HDFK GRPXP HQW
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) RGRZ 1Q) WH IQMDAFRGIQI SKDVH D] IDAFRGIQU Z DV SHURWP HG R UH LOH DQG FDWIRU] H
WH LQWDOFRGHV 1LRP WH WDQUVRUSW DQG SXETF GRFXP HQW QW P RUH JHQHWDADQG
GHVRUSWYH WHP HV DQG VR FLHDW D P RUH FRQAVH QANKDAGHQWILHY FRKHMYH WHP HV

DP RQJ WHVZ R GDVD VRXUFHV $VH SOIQHG E\ 6WDXW D[ LDOFRGIQU IGHQWIHY
LHDMRQWKLSY EHVE HHQ RSHQ FRGHV VR GHYHRS P DNRUFRGHV 0 DNRUFRGHV DUH WH
DJJUHIDARQ RI RSHQ FRGHV Z IW FERVH IQWMULHOMRQ RURYHUDSSIQU S $JJUHIDURQ

Z DV GRQH 1Q FDVHV Z KHH WHH Z HH LHDWYHO [HZ IHHHORHV LH Q@ RUGMW LQWH
GDV | RUD VSHALLE FRGH DQG Z KHQ WHUH Z DV D FRVH LHDMRQWKLS EHVE HHQ FRGHV DQG FRX@
EH LOFRUSRUDWMG LOWR D ELRDGHUWHP H LOFOMLYH RI DQRWHUFRGH

7KH IL.ODOMS RI WH DQDOMY LQYRIYHG D GHEXPWYH FRGIQUI DSSLRDAK Z KIFK Z DV XVHG \R
LOWMI DWW WHP HV LOVR FDWU RUHV 1Q FRKHWLYH VXFRQPWDQG P HDQIQI I XCH SUAWWMRQV ) GFN
YID SUH IGHQAIHG FDWAI RUHV VR IGHQAN  SDMALQV DQG LHIMRQWKISY -Q WLV \VMS DD
WH JHQHIDWG FRGHV DQG WHP HV Z HUH RU DQL HG LOWR FKDEBIQIH DQG RSSRUMQIW
FDWAJRUHV DV WLV DARZ HG | RUDQ DQDOMY WDW/SHALIFDI DCGUHWHG WHWXG, V UHVHDURK
TXHWMRQ DQG REMPWYHV ) LIXUH  L@\MADWAY DQ RYHWHZ Rl WH FRGIQJ SLRFHW

P DIJH 0 DUINHWI Q DQG XLEDQ IDIP DW RANMGH* LIHHQ 9IRVMRUD &DQDGD
6RXUH 5REHIM HZ HO
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/ DQJIRUG

7KH DQDOMYV IGHONIHG  WHP HVY DWRADMG Z I WH/ DQIIRUG GDVD 2 XWRI WHVH HIKW
WHP HV UIHDWG R FKDEBIQI HV EDUIHLY -Q VRVBOFKDEBIQI HV EDUIHYY KDG D VRVECR!
FRGHG UH HIHQFHV DQG I RXUWHP HV KDG QRWEHDE® KL KHUFRGHG UH HUHQPHV WDQ WH
RMHWIQWDWKH HFHHGHG WHHHOFHVQ Q Q  DQGQ 6l WHP HVDWH
LHDWG VR RSSRUMQIMHV 2 SSRUMQUWHVKDG DVRBCRI  FRGHG UH HLHQRHV DQG RQD RQH
WHP HH FHHGHG  (HHUHQRHV Q

7DE®!I  7KHP HVUHDWGS VR FKDEDIQIHY DQG RSSRUMQUAHY | RUXUEDQ DIUFXGXUHLQ/ DQIIRWG

7KHP Hvb &KDTBIQI HVD 2 SSRUXQIVIHVD
94RSK\ VIFDOTP MIMRQV 1Q AMEVD b b
&IV 1QI UDVAKPMUH DQG VHUMEHMVD b b
&TP DM FKDQIH UMMIHQRHD b b
&IRW MUVGIPWRQDATP IVMRQV DQG o o
EXUHDXFUDAE SURFHWHVD

* UHHQ LN IDVAKPUH GHYHBSP HOWDQG GHMIQb b b
"WML HG RFDA RRG LOMHWW b b
/ DQG DYDIDELON DQG YDXHo b b
/ 1P IMMRQV 1Q LQI LDWAXPUH FDSDAWD b b
/ 1P WG JRYHUDP HQWXSSRUN DQG VXSSRUAYH o o
LHIXOMRQb

/ RZ HFRQRP F YIDEIDAD b b
0 XQEFASDCSURUMHMD b b
6RAR FXOXDOIP MMRQ\b b b
6RAR HARQRP LF EHQH Wb b b
6XSSRUAYH SRIR DQG LHIXDWU [P HZ RUND b b
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&KDOOHQJHV DQG %DUULHUV

7KH/ DQII RUG GDV DQDOMY UHYHDBIG HLIKVWKHP HY UIHDWAG VR FKDABIQJ HV DQG EDULHYY
7DE®  SUHVHQWDVXP P DU Rl WH FKDIQIHY EDUIHYY DQG GHVBLAY DQG H SOQDMRQVRI
WH LGHQWIHG WHP HV DUH GVRXWHG EHBZ

7DE®  &KD@UIHY DQG EDUUIHY/ UHDWG VR XUEDQ DIUEXGMUHLQ/ DQIIRWG

(P HUHG 7KHP Hvb &RGHb
; L@@H P DQDIHP HOWFRQWAKPARQ @ MDARQV
YARSK\ IFDOIP MDARQV 1Q AWHWD
0 XUEDQ LQUDVWKPWH DQG LW \WKDGH VRIOT XDOMb
/ RQJ DQG FRWD EXUHDXFUDWE SLRFHGXUHV VSNV
&LRW MUVGIFWRQDATP [VIMRQV
EXUHDXFUDVE SLRFHWHD e DQG QRQ DUAEXOWG Vi WP SLRYIQADCDQG
UHI LRQDOMDWI IHV b
" HIRHQWS/ 5 P DQDIHP HWDQG SLRGXPWNW
OQG YDOXH @QG FOWILIFDWRQ ] RQIQI E\ @7
/ DQG DYDIMELDV DQG YDXHb
o e VSDFH DYDIME®! | RUXLEDQ DIUEX@MH DQG
DSSURSUDW @QGH
&RHIXQGEQI LML HOHIDARQDOADOVMRQ
@@ WG W | LHVRXUPHY @ WG Z DWUDQG
/1P MMRQV UDVWKPUH
FDSDAWD Qi G Z DWMZ DWULQ LDWAKPMIUH QHHG | RULHVHDURK
DQG WHIDEGIGDW  QHHG | RULQI LDVAXPWLH
FDSDAW H SDQMRQb
/ P WG JRYHUIQP HQWXSSRUV DQG
IP WG VXSSR
VXSSRUAYH UHI XOMRGh / 1P IMGVXSSRUK
( FRORP IF YDOXH HFRQRP LFDAQYHWR HQW
/ RZ HFRORP IE YIDELOAD I LQDQRADCGEMOQPHQWH BZ DWWV 1Q DI UEXEDO
NREV @P WG UHVRXUFHV DYDIDE®! EXGIHWDQG
WP Hb
0 XOAS®IP XQESDCSURUMAND + RMQ) X;EQSDJ UFX@YH BZ MASURUW DQG
| RZ FRP P XQIW HQIDUHP HQW®&Z SHRS®!
RAR FXOXDOP MMRQVD
° - DZ DUHQHW FKHDS IRRG SUH HHQRHD
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) RXURXWRI WH HIKWHP HJHG WHP HV GHP RQMADMG D KLIKHUQXP EHURI FRGHG
UH HUHQAHV 1Q LHDMRQ VR XUEDQ DI UEXOXH LQ/ DQIIRUG 2 QH Rl WHVHWHP HV LHDWAV\R
FLRW MUVGIPARQDOTP MMARQV DQG EXUHDXPUDWE SURFHWHVY Z KIFK Z HUH LGHQWIHG DV
WL QULEDQUKX UGB | RUXUEDQ DI UFXOXH

7KH FKD@IQI HV LOFOXGH BIQIW\ DQG FRVWD EXUHDXFUDAE SURFHGXUHV D @ANRI FRRUGIODMRQ
EHVE HHQ GLLI HIHQW RYHLQP HQUBOGHSDUR HQW DQG JRYHUQP HQUBOBIYHY DQG SRWMQWDO
FRQI GAW EHVE HHQ SLRYIQADOUHI IRQDODQG P XQIASDOXUEDQ DI UEXGMUH VWDWATLHY DV'Z HD
DVP VDD QP HQWZ IWK GRFDAQHHGY ) RUH DP S®! VRP H IOQMUMHZ HAVILRP  ERW GRFDAWRQV
UHARJ Q1] HG WDWIKHUH LV D GMMPWBIYHO RRG DQG DI UEXOXUH VAWDWMI\ SOQ + RZ HYHU Z KL
D QQI DQG P SGP HOWQJ WHVH VDM LHY DWKH P XQEELSDOBIYHOWHUH KDV EHHQ @P WG
FROVGHIDWRQ Rl ®FDAQHHGV DQG FRQGIMRQY WDWARX @ VXSSRUNKUEDQ DJ UEX@MUH
LOMDAWYHV ) RUIQWEIQRH YDURXY FKD@QU HV DUH DWRADWG Z W VHEXUQD DFFHW/VR Z DIMU
UHVRXUPHV DQG DI | RUEDE®! KRXMQU | RUXUEDQ DIUFX®XUH [ DUP HYY DQG Z RINHWY/

$ QRWHURKDIBIQI H VR XUEDQ DI UFXOMUH GHYHRSP HQWQ/ DQJIRWG IV WH H MMOPHRI

P X@®S®! P XQHSDCSURUMAY DQG UHVRXURH FRP SHWIARQ Z KHUHQ KRXVIQJ DQG RWHU

FRP P XQW QHHGVVBNH SUHFHGHQRH RYHUXUEDQ DI UFX@XUH LQWDWYHY $GGMRQD® \WH
IMXH Rl @QG DYDIDELON RUGANWHUHRI  DQG SURSHUV YDOXHV W QULIFDQWD P SDRW XLEDQ
DJUFX@H

AAXHY IHDWIG VR WH P DQDIHP HQARI WH $JUFX®XUDO DQG 5HVHIH $/5 GDGV\R

@ MMRQV IQ SUIRGXPAYW DQG DYDIMELON FHDWQJ FRQWDIQW |RUE\ @Z RU] RQLQJ

DP HQGP HQW ) RUH[ DP S®! LQDGHT XDW HQJIRUAHP HOWRI $/ 5 UHI XOMRQV FDQ BDG \R
OQGRZ QHYY HQI DI LQJ 1Q QRQ DI UFXGXUDCDPRYIMEHY RQ SUIRWIPWG DI UEXAXDADQG 7KLY
Z HDN HQI RUAHP HQWADQ LHVX@VLRP  LQVXI | LEHQAWHVRXURHY W 11Q) RUSROAFDCY. LR

HQUXUH FRP STDQFH

“QDGHTXDW P RQVRUQJ DQG LHSRUAQI P HFKDQIVP VFDQ P DNH MGLLI LEX@WR WDRN FKDQI HV

1Q @QG XVH DQG DWHW WH H I HAAYHOHWRI $/ 5 SRIAHV &RQVHTXHOWD ] RQQI E\ @Z VDQG
OQG FOMLLEDMRQ | XUMHUUHWMEWAH DYDIODE®! VSDFH | RUXUEDQ DI UEX@XUH DQG WH KLIK

YDOHRI @QG P DNHV MKDEQILQJ | RUXUEDQ DI UEX@XUH SLRMIPW VR VHRXUH DI | RUGDE®! DQG
VXVBE®I RFDWRQV
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2 WHUFK DOIQU HV LQFOXGH LQ UDVAKPWUH DQG FDSDAW @P MMRQV 7KHVH @ MIMRQV
HOFRP SDW YDURXV GIP HOMRQV LOFXGIQJ SK\ MEDAQI IDVAKPMUH HFRQRP [E IDRRY/ DQG

VRADCFRQWDIQW ) RUH[ DP S®! WH LQDGHT XDW FRUH | XQGIQU DARFDWG R XUEDQ
DJUFX®XUH SLRMPAV D L QULEDQUKXUG®! VR WHUGHYHRSP HOWDQG VXWWBIQDELDN 6XFK

IXQGIQI FKDOBIQIHV FDQ | XUMHUMADIQ DOHDG, @P MG Wi | UHVRXUAHV WHUHE\ P SHGIQJ RU
VBZ Q] GRZ Q WH SLRIUHW Rl WHVH HAWHQWDAQMDWYHY $GEMRQD® \WH DEVHQRH RI

HI T HPAYH LOWLI HOHIDWRQDANQRZ BIGI H WDQM HUGIMXSW WH HI T HPAYH VKDUQJ RI FUMFDO
WN.@ DQG H SHWWH P SDRAQJ LOGLYIGXDY DRWYH HQI DI HP HQWQ XUEDQ DI UFX@XUH

SUIRMFW DQG H DRHUEEDWQJ VRADCFRQWADIQWV

0 RUHRYHU WH LOVXITIHHOR Rl Z DWAUDQG Z DWMZ DWULQ LDVAKRMIUH FRP SRXQGV WH

FKDEBIQIHV | DFHG E\ XUEDQ DI UEX@UH SOAQ) FROMADIQW RQ IW RSHIDWRQV / DWD WH
QHHG | RUP RUH UHIDE®! UHVHDURK DQG GDVD H DFHLEDWA WHVH GLLILEXGAHY DV DFFHW VR VIXFK

HWHOWDAQI RIP DARQ DWXP HV D SLYRVBOLR®I 1Q QI RUP HG SOQQIQJ DQG GHAMRQ P DNQJ 1Q
WH G\ QDP LE DQG HYHUHYROLQJ |HG Rl XUEDQ DIUEX@XH % DGGUHVWMQI WHWH

P XOMDFHWIG FKDEBIQI HV FRKHVLYH®  XUEDQ DI UEX@UH FDQ SDYHWH Z D\ | RUVX\WRLQDE®
JURZ W DQG UHMIHQRH Z IWIQ XUEDQ HQYILRQP HOW

2 WHUPK DEBIQI HV LOFOXGH WH ELRSK\ VIEDOTP MMRQV 1Q AV WDWSUHYHQWKLEDQ
DIUFX®XUH H SDOMRQ 8 UEDQ DJUFX®XUH | DFHV YDURXV ELRSK\ MEDOFRQWDIQW [QFO(GIQJ
Z |@GOHP DODIHP HQWLH FRH MAQJ Z IW GHHU ELLGV DQG RWHUVSHAHY VXAK EHDWY DQG
FRXJDW/WDWP D\ DOR EH DMDPMG GXH VR WH SUHVHOPH Rl RWHUVSHAHY DQG |RRG

GHDIQ Z WY SRIWQADCFRQI GFW EHVE HHQ DI UEX®XUH DQG XUEDQ Z I@MH FROMAKFURQ
FROVADIOW GXH VR @ WG DYDIDE®! VSDFH QHLIKERWKRRG E\ @Z V' DQG WXRMDO

WHTXILHP HQW DQG VRIOTXDON FRQFHLQV DUMQJ 1LRP FRQUP LODAWRQ GXH VR IQGXVMDO
DRPRYIWHY / IP WG JRYHLOP HQWXSSRUA DQG VXSSRUAYH UHI XOMRQ Z HH DOR UHFRIQ HG
DV D FKD@IQI H | RUXUEDQ DIUEX@MUH 1Q/ DQIIRWG JLYHQ WH XQFBDUHIXDWRY [LDP HZ RN

$ QRWHUXUEDQ DI UFX@MUH FKDBIQIH FROFHUQV BZ HARQRP LF YIDELOW ( FRQRP LF | DRVRW/
WV QUIEDQWD P SDPVWKH VXFPHW RI XUEDQ DIUEX@OXUH Z I KLIK HFRQRP LE LQYHWR HQW

LHTXLUHP HOW | RULQ UDVWAKPUH DQG IQORYDMRQ DBRQJ Z WK 1 LODQRDOGMOQPHWYHY DQG &Z
SURI MIELDW 1Q DIUEXOXDAREY SRWQMDE KDP SHUQJ W HARQRP | YIDELOW ) IQD® VRAR
FX@XWDOIP MMRQVS@. D AXADORG! Z W &Z FRP P XQIW HQIDIHP HQWIP WG

DZ DUHQHW DP RQJ SHRS®! DERXWKUEDQ DJ UFX®UH EHQH W DQG D SUH HHQPH | RUFKHDS
HDV® DFFHWIE®! | RRG KIQGHUQJ WH GHYHBRSP HOWDQG DERSWRQ Rl VXWRIQDE®! XUEDQ
DJUFX@MUH SUDPAEHV 1Q XUEDQ HOYILRQP HOW
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2SSRUWXQLWLHYV

7KHP DAF DQDOMY Rl WH GRFXP HOWDQDOMY DQG LOWMUYIHZ V ULHYHDBIG VHYHUDORS SRUMQIMEV
| RUXUEDQ DI UFXOXUH WDWADQ SRVMYHO [P SDFW DQIIRWG 6L WHP HVHP HUHG ILRP WH
DQDOMYRI RSSRUMQMHV RI XUEDQ DI UEXOXUH 1Q/ DQIIRUS 7DEGI  SUHVHQW DQ RYHWHZ

Rl WH I LQGIQIV DQG GHVGIG H SOQDARQVRI WHWHP HV DUH SLRYIGHG EHBZ

7DE®I 2 SSRUXQWAHY UHDWG VR XUEDQ DIUEXGMUHLQ/ DQIIRWG

7KHP Hb &RGHDb
$ YDIDELDV | RUIDUP HUV P DUNHW RWHY DQG O HU
&IMAHV 1O DVAXPMUH DQG P DUNHW AW VIO IDWAXPXUH Z DIMUDQG HQHUI\
VHUYEH\D ®Z HUWDQVSRUMMRQ FRWWP RUH WERUUHVRXURHV
DQG XUEDQ FRP SRW\DYDIDEIDND
&P DWW FKDQIH UHMAHORHD &P DWW FKDQIH DQG FRP P XQIW UHM@HQRHD
$P HQG QN IDWAKPXUH SRTEHY DQG WBQGDLG
GHYHRSHUV LRGI DQG HQIDIHP HQWIXQPARQRI
v LD 1O DAMKENH JUHHQ LQ UIDWAKPXUH JRYHUOP HOASLRP RURQ

GHYHBSP HQADQG GHMJI Qo

JUHHO L IDVAKPMH JUHHQ LHQRYDUARQV LOFHQWYHV
LOMUHVALQ J UHHQ LI LIDWAXPMH QHZ. EXIABHQIV
GHMIQ WP SHUIDXUH FRQAROEIRGLYHMW DQG
HVKHWE YDO(HD

-QOMHWIQ |RRG DAFFHWEELIONV |IRRGIHP RYHP HQW

“QMVLIHG ®RFDARRG IOMHW | SXETF LOMHMDQG FRQAHUD DERXWRRG VHRXUW
VXSSRUNRUGFD®
“QGLIHQRXV SHRS®! HQI DI HP HQWQDWIH KXP DQ
6RAR HARQRP LE EHQH WD UHDMRQWKLS JRYHUQDQFH XUEDQ DI UEX®XUH DVD

WADWI\ VR GLYHOAL\ HFRQRP \ b

6XSSRUAMYH SRIA DQG
WHIXOWRUY WP HZ RINb

/ DQG BDMQI SIRILDP  \XWRIQDELMV JRDY Z RUGQU
Q2 &3b
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2QH RSSRUWXQLW\ OLHV LQ OHYHUDJLQJ FLWLHV H[LVWLQJ L
VXSSRUW XUEDQ DJULFXOWXUH 7KLV LQFOXGHV XWLOL]JLQJ C
DQG HVWDEOLVKLQJ FRQQHFWLRQV ZLWK ODUJHU PDUNHWYV Z
LQIUDVWUXFWXUH VXFK DV ZDWHU DQG HQHUJ\ VA\VWHPV FD{
DIJULFXOWXUH SUDFWLFHV /RZHU WUDQVSRUWDWLRQ FRVWYV
DFFHVV WR XUEDQ FRPSRVW IXUWKHU LQFUHDVH WKH YLDELC
VHWWLQJV

$QRWKHU RSSRUWXQLW\ DULVHV IURP JUHHQ LQIUDVWUXFW X!
LQFOXGHY DPHQGLQJ LQIUDVWUXFWXUH SROLFLHV DQG VWDGC
HQJDJLQJ GHYHORSHUV WR LQFRUSRUDWH JUHHQ HOHPHQWYV
JDUGHQV SURPRWLQJ JUHHQ LQIUDVWUXFWXUH WKURXJK JR)
LOQFHQWLYHYV IRU JUHHQ UHQRYDWLRQV LQWHJUDWLQJ JUHHC(
DQG KDUQHVVLQJ WKH EHQHILWY RI WHPSHUDWXUH FRQWURC
WKURXJK JUHHQ LQIUDVWUXFWXUH

BRFLR HFRQRPLF EHQHILWY FDQ DOVR EH JDLQHG WKURXJK X
RSSRUWXQLWLHY LGHQWLILHG WKURXJK WKLV UHVHDUFK LQF
FRPPXQLWLHYV LQ XUEDQ DJULFXOWXUH IRVWHULQJ QDWXUH
WR EHWWHU JRYHUQDQFH DQG XVLQJ XUEDQ DJULFXOWXUH L
HFRQRP\

~QFUHDVHG LQWHUHVW LQ ORFDO IRRG ZDV LGHQWLILHG DV I
JURZLQJ LQWHUHVW LQ IRRG DFFHVVLELOLW\ WKH IRRGLH PF
IRRG VHFXULW\ DQG WKH VXSSRUW IRU ORFDO IRRG V\VWHP\
UHVLOLHQFH HPHUJHG WKURXJK WKH GDWD DV WKHPH WKDW
DJULFXOWXUH LQ HQKDQFLQJ FRPPXQLW\ UHVLOLHQFH WR Wk
FKDQJH

$ VXSSRUWLYH SROLF\ DQG UHJXODWRU\ I[UDPHZRUN SOD\ D S
DJULFXOWXUH RSSRUWXQLWLHYV —-PSOHPHQWLQJ ODQG OHDV
VHWWLQJ VXVWDLQDELOLW\ JRDOV DQG LQFRUSRUDWLQJ VS|
&RPPXQLW\ 30DQ 2&3 FDQ VLJQDO DQG VWUHQJWKHQ WKH F
DQG VXVWDLQLQJ XUEDQ DJULFXOWXUH SUDFWLFHYV
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7RILOR
7KH GDVD DQDOMYV IRXQG ~ WHP HV\R EH DWRADWG Z W 7RIIQR 2 XWRI WHVH HBIYHQ

WHP HV | DOXQGHUWH FDWUIRUY Rl FKD@BIQIHV EDUIHY DQG D \VRVECRI
FKDEBIQI HV EDULIHYY UH HIHQAHV Z HH FRGHG  7KHWHP HV Z W WH KLIKHVWQXP EHURI

UH HIHOAHV 1Q WDONRUEHUILRP KLIKHWIR &Z HVWDUH DVIRGRZ V @ MIMRQVIQ
IQUDMKXAMHDQGFDSDAW Q  VRAR HARQRP IF@P MMRQV Q QP WG JRYHUQP HOW
VXSSRUN DQG VXSSRUAYH HIXOMRQ Q P XQIASDOSURUMAY Q  @QG DYDIDELOW
DQGYDOH Q  DQGJHRIWSK\ DQGP HWWRIRBRJ\ @ MMRQV Q  7KHRWHUM]

WHP HV UHDWG \R RSSRUMQMHY DQGKDGDVRICRI  FRGHG LHHUHQRHV 7ZRRI WH

WHP HV Z HH QRAWFHDE® KLIKHUWDQ WH RWHLY 1LQ WHUFRGHG UH HLHQRHV DQG WH Z HH
WHRQO VERWDM FHHGHG WHHH¥PHV Q Q  7DE® \KRZVDVXP P DU Rl
WKHVH UHVXQOV

7DE®!I  7KHP HVUHDWG R FKDEIQIHY DQG RSSRUMQUAHY | RUXUEDQ DIUFXOMUHIQ 7RILQR

7KHP Hwb &KD@QIHV| 2 SSRUMQMHW

%ARSK\ VIFDO [P MDARQV 1Q AMEHMD b

&IMHV 1QI UDVAKPMUH DQG VHUYEHWD b

&@P DWW &KDQIH 5 HMIHOAD

&RDWRCK.RP P XQWhb

O O O O e
O

&LRW MUVGEIRARQDAIP MMRQV  EXUHDXRDWF SLIRFHWH\D

* HRIWDSK\ 0 HWWRWIR®J\ @P MIMRQVD

* UHHQ -Q LDVWAXPUH GHYHBRSP HOWDQG GHMI Qb

QMWL LHG GFDA RRG LOMUHWY

/ DQG DYDIMEIDV DQG YDXHb

[ [P MMMRQV 1Q -QN IDVWAKRXUH DQG &DSDAWD

/1P WG JRYHUP HQWUXSSRUV  VXSSRUAYH LHI XOMRQ

/| RZ ( FRQRP IF YIDELOAVD

0 XQHSDOSURUMHVD

6RAR FXOXWDAIP MMROQVD

BRAR HARQRP LE %HQH Wb

6XSSRUANYH 3RMA DQG 5HIXOWRU ) LDP HZ RUNb

Sl og|lo|lo|lo| P |oc|lo|o|P|%|oc
o

O | oc| o

TRXUWP DvVSUP DY HAROQRP \ GUYHWb
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&KDAQI HV DQG YDULHY/

(LIKWKHP HV Z HIH FDWAI RU] HG DV FKD@BIQI HV DQG EDUIHWY 1Q WH 7RILOR GDV DQDOMY
7DE®I  SUHVHQWDVXP P DU Rl WH FKDEBIQIHY EDUIHYY DQG WH GHVIBLGY DQG H SOQDWRQV
Rl WH LGHQWIHG WHP HV DLH SLRYIGHG EHBRZ

7DE®  &KDBIHY DQG EDUIHY UHDWG VR XUEDQ DIUEXAXUHIQ 7RILCR

7KHP HWb

&RGHWD

%ARSK\ IFDOIP MIMRQVb

&ROMDIQV R JURZ W Z LG@H P DQDIHP HQW

&RDWECERP P XQWh

&RDWEBCFRP P XQMHV IQFOMRQ Gl HIHQWARDWEIODHHGWD

&URW MUVGIFARQDO
@ MMRQV EXUHDXFADR

&URW MUVGIPARQDATP MMRQV DQG EXUHDXFAUDAWE
SIRAHWHD

* HRJUDSKIEDCDQG
P HWIRLR®J LFDOIP LMMMRQVD

+LJK DYHUIDIH WDIQI DOGZ WP SHIDMUHY QRQ DI UEXOXUDC
DUHD X QDI | RUGDE®! Z HDWHUFRQGIMRQMD

$SSURSUDW OQG GH IFHQMS/ 5 P DQDIHP HQWDQG
SIRGXPIMW ©QG FOWLLEDARQ @QG YDOH TP MG

/ DQG DYDIDELDN DQG YDXHo

DG DG VWADWU LE @QG XVHV VSDRH DYDIME®! | RUXUEDQ DI UFEXOXH
SIRWW ]RQQJ E\OZ b
&RUH IXQGQI  LOMLI HOHIDWRQDOADQVMRQ OFNRI SURMFV
FROWOXIW @P WG \WBI LIVRXUAHV @P WG Z DMUDQG

/ 1P MMRQV 1O 1O LDVAKPUH

DOG FOSDRIND Z DWMZ DMULQ IDVAKPMUH QHHG | RULQLDVAKPUH DQG

FDSDAW H SDOMRQ QHHG | RUUMVHDURK DQG UHIDE®! GDVD
GH LEHQAKUEDQ DJ UEXOXUH ®RFDWRQ  DFFHVMELOMD

/1P WG JRYQWUXSSRUNV
VXSSRUAYH UHI XOMRQD

/ DANRI LQFO(YH SRIAHY @ANRI VXSSRUAYH LHI XOMRQ
TP WG VXSSRUNP MQI UHIIRQDARFXV b

/ RZ HARQRP IE YIDELOAD

/ RZ \DWAV LQ DJ UEX®XUH REV RSHIDARQDADQG HARQRP IF
FKDOIQIHV @ WG UHVRXURHV DYDIDE®! EXGIHWDQG WP H

WDQVSRUMMRQ FRW\b

0 XQHSDOSURUMHD

+ RAMQI &®Z HWMBURUW  LHVRXUAHY FRP SHIWARQHD

6RAR FXOXWDAIP MMRQVD

) RRG GHP DQG ®FDOGIHW ®&Z FRP P XQW HQIDIHP HQW
®Z FRP P XQW IQMHWEZ SHRS®I DZ DIHQHW
SUHHHQAH IRURKHDS IRRG  VRADCBHWSHRWYHV RQ
XUEDQ DJ UEX@OXUHD

7RXUWP DVSUP DU
HARQRP \ GUYHWb

&KDQIHVIQ GHP RIWDSKIEV DQG OQG VRXUMP DQG Z DMU
GP DQG&o
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$FFRUGIQ) VR DOMH LOMUYEZ HHV JHRIWDSK\ DQG FIP DM @P VDMARQV FROVAMW D

WLJ QULLFDQWAKDEBIQI H | RUXUEDQ DI UFX@MUH LQ 7RILOR 3 DUARSDQW QRWG FKDXBIQI HV
DURXQG P DQDILQU DGYHWH Z HDMHUFRQGIMRQV VXFK DV KLIK DYHUDIH WDIQI DADQG &Z

WP SHIDW(UHV HYHQ LQ VXP P HU Z KIFK FDQ DI  HAADI UEXGUDCSURGXPWW DQG YIDELOV

10 7RILOR / DQG DYDIMELDN DQG SURSHUN YDOXHV SUAVHNDGGIMRQDCRKD@IQI HY Z W WH
QHHG \R 11QG DSSIRSUDM @QG | RUXUEDQ DI UFX@XUH SURMPW DGGUHW DXHV Z IWK
GHIIEHQAS/ 5 P DQDIHP HQWDQG SLRGXPMW QDYLI DM @QG FOMLLFDARQ FRP SOf WV
DQG P DQDUH @P WG \WDWI LE @QG XVH DQG VSDRH DYDIDELDN Z KIG! FRP SOLQJ Z W
|RQQI E\@ZV

/ 1P MMRQV 1Q LQ LDVAKFUH DQG FDSDAW LV D P DRUFKD@IQIH DQG WLV IQFXGHY FRWH
IXQGIQI VKRUR HV GLI LEXGAHV 1Q LML HOHIDARQDONQRZ BIGJ HWDQV HU @P WG W |
UHVRXUAHV WDWDI | HAABLRMPAFRQUOXIW  QHHGV | RULQI LDVWKPUH DQG FDSDAW H SDQVRQ
VR VXSSRUNHFRQRP LE DQG VRADOA VWP V DQG YDOXHV WH QHHG | RUUHVHDURK DQG UHIDE®!
GDVD VR VXSSRUNKUEDQ DI UFXGXUH [QMDAYHY DQG [P SRUBQWD MXHY DURXQG Z DMUVXSS®
DQG Z DAMZ DWULQI LDVAKPMUH 7KH WMAULAXH Z DV IGHOWLHG DVWH VRS FKD@BIQIH LQ
7RILQR | RUXUEDQ DIUFX@XUH DQG MDSSHDUHG | HTXHOWD 1Q WH GDVD -Q DGGIMRQ TP WG
JRYHUQP HQWUXSSRUVDQG DOANRI - VXSSRUAYH UHI XOMRQV SRVH FKDEBIQI HV 1Q WH | RUP
RI LQVXI [ LEHQWD L[QFOMYH SRIAHV LQ WP VRI @QG XVH TP WG VXSSRUNRUXUEDQ

DI UFXOXUH [QWDAWYHY DQG WH DEVHQFH RI D UHILRQDA RFXV RQ XUEDQ DI UFXOXH
GHYHBRSP HQW

2 WHURKD@IQI HV LHDW VR P XGAS®! DQG VRP HWP HV FRQIGPAQ] P XQIASDCSURUMAY DQG
FRP P XQIW QHHGV ) RUH DP S® WH SURUMI DARQ RI KRXMQJ RYHUXUEDQ DJUEX@XUH LV
LOGIFDWYH Rl WH FRP SHWARQ | RULHVRXUFHV DQG @QG 6XFK SURUM DWRQ DQG SOQQLQY
QHHGV DOR FUHDWA FKD@BIQI HV DURXQG J DUDHUQJI VXSSRUNRUXUEDQ DJ UEXOXUH SLRMIFW 1Q
XUEDQ HOYILRQP HQW 7KHVH FKDIBIQU HV FDQ BDG VR WIQMRQV Z IWKIQ WH FRP P XQW DV
WENHKRGHWY/ JUDSS®! Z W @P WG UHVRXURHV DQG GLYHU HOWRDY ) IQGIQ) EDDQFH

EHVEZ HHQ KRXMQJ DQG XUEDQ DIUEXOXH UHP DIQVD FRP S®f VIMWN | RUXUEDQ S@QQHY/ DQG
SRMA P DNHWY

2 WHUFK DEIQU HV IGHQWILHG WURXJ K WH DQDOMY LOFXGH ELRSK\ IFDOIP VIMRQV WDWIQ
7RILORVFDVH DUH LHDWG VR WH FROADIQW VR JURZ W, GXH VR Z DIMUVXSS® FDSDAW DQG
@FDQIHRIWDSKIF DQG Z L@ H P DQDIHP HQW7RILQR | DFHV D XQLT XH FKDAIQI H DV D FRDWEO
FRP P XQW UHTXLUQ] FROMGHIDWRQ Rl FRDWEOQHHGY VXK DV FXGMUDCBUHVHUDARQ

FRP P XQIW UHM@HQFH VRXUMP P DQDI HP HQWFRWEICHIRVIRQ DQG | @RRGIQI DQG VXWBLQDE®
IMKIQ)  DQG GRFDOGIHW VR HQVXUH WH YIDELDN DQG Q) WP XUEDQ DJ UEXOXUH SLRMFW

7KHVH FKDEBIQI HV FLHDW SUREGP V DURXQG ®Z HARQRP F YIDELDV 1Q WH DJ UEXOXUH VHRRU
1Q JHQHDAQ 7RIIQR Z KIFK IV UIH GG LQ ®Z Z DIH NRE VDOUHY DQG KLIKHUIQYHWR HQW
GHP DQGV I RUXUEDQ DJUFX@XUH SLRMPW 1Q 7RILOR
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7KH OLPLWDWLRQV LQ ORFDO LQIUDVWUXFWXUH DQG FDSDFL
DWWUDFWLYH JHRJUDSK\ KDYH JLYHQ ULVH WR D FRPSOH][ LC
LQ XUEDQ DJULFXOWXUH 7RXULVP DV WKH UHJLRQ V SULPDL
WKHVH FKDOOHQJHVY SDUWLFXODUO\ ZLWK UHVSHFW WR ZDW
FUHDWHG E\ WKH WRXULVP LQGXVWU\ SODFHVY DGGLWLRQDO \

UHVRXUFHV

7KH KD HY DLH FRP SRXQGHG E\ ARW MUMGIFARQDAIP IMMRQV DQG EXUHDXRIDWF
SWIRAHWHV Z KIFK SUIHVHOWRWP IGDE®I REVWRFGN VR H ITHRWYHO 1P SGP HOWRJ XUEDQ

DI UEXOXH LOWDWYHY $ GGUHWMQI WHVH P XN DRHWG FKD@IQJ HY LHT XILHV D FROFHUMG
HI1RUNRZ DUG DRKIHYIQ) H THRRYH FRRUGIQDWRQ DQG VP S@\ 1lQJ SUIRAHWHY DRRW GLLTHUIHQW

JRYHWQP HOWGBIYHY

2SSRUWXQLWLHYV

7KHP DWE DQDOMY Rl WH GRPXP HOWDQG LOMUYIHZ GDVD UHVXEMG LQ WH IGHQWIFDAWRQ R
VHYHUDCRSSRUMXQUMEHV | RUXUEDQ DI UFX®XUH WDWADQ KDYH D SRVMYH IP SDAARQ 7RIIQR 7KH
DQDOMY LHVXEMG LQM] NH WHP HY HDFK UHSUHVHQWQI D GMAQPADVSHRWRI WH SRWIQWDO
EHQHIWRI 1P SGP HOWQJ XUEDQ DI UEX®XUH L.QWH DUHD 7DE®I  SUHVHQW DQ RYHYLZ R
WH 1 LQGIQIV DQG GHVIBIG H SOQDWRQV R WH WHP HV DUH SLRYIGHG EHBZ

7KHP DAF DQDOMY RI WH SXETE GRFXP HQW DQG [QMYEHZ V UHYHDBIG VHYHIDCRS SRUMQUAHY
| RUXUEDQ DIUEXOXH 6XFK RSSRUMQUMHY LHDW VR VRAR HARQRP LE EHOHI W Z KIFK LQYROH
EXICHQI IHDARQWKISY FRIDERUIMRQ DQG SDUHUAKISY HQIDILQI DQG VXSSRUM WH

FRP P XQIW DQG HWREQKLQ) FRQQHPARQV Z WK -QGLIHQRXV 3HRS®N 7KH WHP DWF DQDOMY
DOR KLI K@ KW WH SRWIQWDA RUXUEDQ DI UEXEUH VR | RUMUJI RYHUODQRH VRADCFRKHMRQ
DQG WH SUHVHUDAWRQ R WDGIMRQDONQRZ BIGIH $GGIMRQD@  XUEDQ DI UEXOXUH LV VHHQ DV
DQ H T HPAYH VADWU\ VR GLYHUAL\ DQG ERRWINH GFDCHARQRP \

WY IP SRUBQUWR UHFRI QL] H WDWZ KLB! FXUHQASRIR DQG LHIX@WRY FRQGIMRQV SUMVHQW
FKDEBIQI HV | RUXUEDQ DI UEXOXUH IQ 7RIIQR DV UHSRUMG DERYH  RSSRUMQIMHY Z HH DOR
IRXQG LQ WY WHP DAE DUHD $ |RXQGDAWRQDAWDP HZ RINH MV XSRQ Z KIFK P RWH
VXSSRUAYH SREIFHY FDQ EH EXIOUQ WLY UHIIRQ DQG RWHUUHIIRQVWILRXIKRXW/&:  7KH
FXUHQWIDP HZ RINVHHW\R [P SGP HOWD @QG BDMQJ SLRIWDP  |RWP XMW SRIAHV R
EROWUGFDA RRG A VWPV VXSSRUAKUEDQ DI UEXOMUH LQ UHMGHQADADUHDV GHYHRS
VXVWRIQDEIDV SOQV DQG LW DM XUEDQ DI UFXOMUH UHDWG FROMGHIDWRQV IQWR RI 1 LIFDO
AW SOQV
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7DBH &KDOOHQJHV DQG EDUULHUVY UHODWHG WR XUEDQ DJUL]

7KHP Hwb &RGHW

$ YDUDELON |RUIDLP HUVP DINHW AW V

L UDVAKAMUH Z DIMUDQG HQHU\  GHYHBRSP HQW
&MV QI UDVAKPMUH DQG SXEQF DP HQWHV GILHPAP DUNHVIVSH I DUP LQJ
VHOMEHVD RSHIDWRQ &Z HUMDQVSRUBMRQ FRWP RUH @ERU
LHVRXUFHV VKRUAMLP  @QG XVH RSSRUMQMEHY XUEDQ

DJUEX@XUH LQ FRP P HUADODQG LQGXVAMDA RQHb

&P DW FKDQUH DGDSVIMRQ DQG P W DARQ

4P DMACQIH FE FRP P XQW UHM@HQRH t
' HYHBRSHY LOMHQ JUHHQ 1O DVAKPMUH QHZ
* UHHQ 1O LDVAKPUH
GHYHBSP HOWDQG GHMICh mVGI-MJQ XUEDQ DJ UEXOYUH DQG W HAKHWE

) RRG DFFHWEION 1RRG FXOXWH IRRGHP RYHP HQW

QMG BFDARRG QMIMN | < SRUNRUGFDD
UYXITQ) IHDMRQWKISY FRADERUDWRQ DQG
SDURHUKIS FRP P XQIW LQYROHP HOWDQG VXSSRUV
SRAIR HFRORP [EEHOH b LOGLIHQRXV SHRS®! HQIDIHP HOWQDWIH  KXP DQ

LHOMRQWKIS RSSRUMQW |RUJRYHUDDQAH VRADO
FRKHVIRQ WDGIMRQDONQRZ BIGIH XUEDQ DJ UEX@MUH
DVDVADWMI\ VR GLYHUML\ @RFDCHARQRP \ 1

/ DQG GDMQJ SLIRIWDP  SRIAHV | RUGRFDARRG
A VWP V VXSSRUAKUEDQ DI UFX@MUH LQ UHVIGHQWDO

DUHDV VXVWRIQDELDNV S@Q Z RWEQJ LQRIIAD® &3 b

6XSSRUMH SRTA DQG
WHIXOWRU WP HZ RINb

2SSRUWXQLWLHYVY LGHQWLILHG WKURXJK WKH DQDO\VLV LQFO.:
LQIUDVWUXFWXUH DQG VHUYLFHV 7KHUH LV SRWHQWLDO IRU
Rl IDUPHU V PDUNHWY DQG LPSURYLQJ WKH FLW\ V LQIUDVWU
HQHUJ\ WR VXSSRUW XUEDQ DJULFXOWXUH -W DOVR LQFOXG
LPSOHPHQWLQJ GLUHFW PDUNHW W\SH IDUPLQJ RSHUDWLRQV
DQG SURYLGLQJ PRUH ODERU UHVRXUFHYV
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6KRUW WHUP ODQG XVH RSSRUWXQLWLHY DQG H[SORULQJ XU|
LQGXVWULDO JRQHV ZHUH DOVR LGHQWLILHG IRU LQVWDQFH
FDQ EH UHSXUSRVHG WR WKULYLQJ XUEDQ JDUGHQV 7KLV RS
SURPRWHYVY JUHHQ LQLWLDWLYHV ZLWKLQ WKH XUEDQ ODQGVF
JRQHV WKDW DUH XQGHUXVHG FDQ EH WUDQVIRUPHG LQWR LC
IDUPLQJ RSHUDWLRQV 7KHVH XUEDQ DJULFXOWXUH SURMHFW
LQGXVWULDO DUHDV WR JURZ FURSV VXFK DV OHDI\ JUHHQV

RSHUDWLRQV FDQ XVH H[LVWLQJ LQIUDVWUXFWXUH VXFK DV
OHYHUDJH SUR[LPLW\ WR PDUNHWY DQG GLVWULEXWLRQ FHQ!'
UHSXUSRVLQJ DEDQGRQHG WUDLQ LQIUDVWUXFWXUH VXFK D
RSHUDWLRQ IRU DJULFXOWXUDO SXUSRVHV RIITHUV D XQLTXH
FORVHU WR XUEDQ FHQWHU 7KLV DSSURDFK QRW RQO\ PDJ[LP
DOVR RITHUV WKH SRWHQWLDO IRU VKRUW WHUP HFRQRPLF D
UHLPDJLQLQJ XUEDQ DUHDV IRU DJULFXOWXUDO SXUSRVHV &

2ZWKHU RSSRUWXQLWLHY LQFOXGH KRZ XUEDQ DJULFXOWXUH
HQKDQFLQJ FOLPDWH FKDQJH UHVLOLHQFH ZKLOH FRQFXUUH(
ZHOOEHLQJ REMHFWLYHV -Q WHUPV RI DGDSWDWLRQ VWUDW
PRUH UHVLOLHQW E\ GLYHUVLI\LQJ WKHLU IRRG VRXUFHV DQC
VXSSO\ FKDLQ GLVUXSWLRQV FDXVHG E\ HIWUHPH ZHDWKHU F

&RPPXQLW\ JDUGHQVY DQG ORFDO XUEDQ IDUPV DUH SULF
UHVLGHQWY WR SURGXFH IRRG ORFDOO\ UHGXFLQJ GHSHQGHE
WUDQVSRUWDWLRQ 7KLV ORFDOL]J]HG DSSURDFK FRQWULEXWI
UHODWHG GLVUXSWLRQV 8UEDQ DJULFXOWXUH FDQ FRQWULE
DQG FRPPXQLW\ UHVLOLHQFH E\ FRQQHFWLQJ SHRSOH SURYL
IRRG DQG FUHDWLQJ RSSRUWXQLWLHYV IRU HGXFDWLRQ DQG
*LWWOHPDQ HW DO $GGLWLRQDOO\ XUEDQ DJULEFXOW>
E\ VHTXHVWHULQJ FDUERQ UHGXFLQJ IRRG WUDQVSRUWDWLF
JUHHQ LQIUDVWUXFWXUH WKURXJK JUHHQ URRIV HQKDQFLQJ
6SHFKW HW DO

7TKH LQWHJUDWLRQ RI JUHHQ LQIUDVWUXFWXUH LQWR XUEDAQ
ZLWK WKH GHYHORSPHQW DQG GHVLJQ RI PRGHUQ FLW\VFDSH
LOWHUHVW RU UHFHLYH LQFHQWLYHV IURP WKH FLW\ WR LQFI
QHZ SURMHFWY VHDPOHVVO\ ZHDYLQJ XUEDQ DJULFXOWXUH
DHVWKHWLFV DQG IXQFWLRQDO EHQHILWY /DVWO\ WKHUH LV
IRRG LQLWLDWLYHV GULYHQ E\ LQFUHDVLQJ IRRG DFFHVVLEL
IRRGLH PRYHPHQW ZKLFK KDV EROVWHUHG VXSSRUW IRU O}
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7KLV UHVHDUFK H[DPLQHV WKH FKDOOHQJHYVY DQG RSSRUWXQL
DIJULFXOWXUH LQ /DQJIRUG DQG 7RILQR 7KH VWXG\ V H[SORU
FKDOOHQJHVY DQG RSSRUWXQLWLHV LQ /DQJIRUG DQG 7RILQR
EHWZHHQ JHRJUDSKLFDO VRFLR HFRQRPLF UHJXODWRU\ DQ
ILQGLQJV RI WKLV VWXG\ LQGLFDWH WKDW XUEDQ DJULFXOW?
DUH SDUWLFXODU WR HDFK ORFDWLRQ V FKDUDFWHULVWLFV
EURDGO\ :KLOH HDFK ORFDWLRQ IDFHV XQLTXH FKDOOHQJHYV
WKH SRWHQWLDO IRU XUEDQ DJULFXOWXUH WR WKULYH LQ W

7KH VSHFLILF FRQGLWLRQV RI JHRJUDSK\ ORFDO FXOWXUH
DQG GHILQH WKH YLDELOLW\ RI HGXFDWLRQDO UHFUHDWLRQ
SURMHFWYVY )RU H[DPSOH 7RILQR V FRDVWDO ORFDWLRQ H[SF
UDLQIDOO DQG VWURQJ ZLQGV (QYLURQPHQW DQG &OLPDWH
~VODQG 8QLYHUVLW\ Q G OLPLWLQJ WKH JURZLQJ VHDVRQ
JURZQ ORFDOO\ $FFRUGLQJ WR DOO WKH LQWHUYLHZHHV JH
7RILQR IRU XUEDQ DJULFXOWXUH SUHVHQW UHTXLUHPHQWV I
LQIUDVWUXFWXUH DQG RU WHFKQRORJ\ HJ JUHHQKRXVH D¢
VIVWHPY UHVXOWLQJ LQ FKDOOHQJHVY DURXQG HFRQRPLF YL

2WKHU SODFH DQG FRQWH[W VSHFLILF FKDOOHQJHYVY LQFOXGI
HFRQRPLF GULYHU DQG VLJQLILFDQW FKDOOHQJH IRU 7RILQR
IDQJIRUG 7RILQR LV D SRSXODU WRXULVW GHVWLQDWLRQ D¢
WRXULVP UHODWHG DFWLYLWLHY FDQ OHDG WR FRPSHWLWLR
DIJULFXOWXUH LQLWLDWLYHYVY DQG RWKHU UHVRXUFHY SDUWL
UHODWHG WR 7RILQR V PRVW VLIQLILFDQW FKDOOHQJH OLPL
SHVWULFWLRQV LQ WKH ZDWHU VXSSO\ ZHUH LGHQWLILHG LQ
DQG LQWHUYLHZYV &OLPDWLF DQG JHRJUDSKLFDO FRQGLWLRC(
IRU ZDWHU FUHDWH FRQGLWLRQV OLPLWLQJ ZDWHU VXSSO\ >
XUEDQ DJULFXOWXUH

%RWK /DQJIRUG DQG 7RILQR H[SHULHQFH FKDOOHQJHV IRU XL
FURVV MXULVGLFWLRQDO OLPLWDWLRQV DQG EXUHDXFUDWLF
OLPLWDWLRQV DULVH LQ UHJLRQV OLNH 7RILQR DQG /DQJIRU
JRYHUQPHQWDO HQWLWLHYVY KDYH DXWKRULW\ RYHU ODQG XVl
FDQ OHDG WR LQFRQVLVWHQW RU FRQIOLFWLQJ SROLFLHV UFE
DJULFXOWXUHS$QBHAW VR HW $0/0OD UHVXOW FKDOOHQJHV HI[L)\
DIJULFXOWXUH LQLWLDWLYHV WKDW PD\ QHHG WR QDYLJDWH |
DQG REWDLQ DSSURYDOV IURP GLIITHUHQW DXWKRULWLHV ZK
DGPLQLVWUDWLYH EXUGHQV
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%XUHDXFUDWLF SURFHVVHY LQYROYH REWDLQLQJ SHUPLWYV
DFWLYLWLHV LQFOXGLQJ XUEDQ DJULFXOWXUH SURMHFWYV ¥
FRQVXPLQJ DQG FRVWO\ DQG PD\ LQYROYH GHDOLQJ ZLWK PX
UHJXODWRU\ DIJHQFLHVY )UHHPDQ HW DO &XPEHUVRPH L
FDQ GHWHU LQGLYLGXDOV DQG RUJDQL]DWLRQV IURP HQJDJL
GXH WR WKH SHUFHLYHG FKDOOHQJHY DQG XQFHUWDLQWLHYV
EXUHDXFUDWLF ODQGVFDSH

%XUHDXFUDWLF OLPLWDWLRQV LQ XUEDQ DJULFXOWXUH LQLYV
RWKHU FKDOOHQJHV IDFHG LQ /DQJIRUG DQG 7RILQR VXFK D
DQG FDSDFLW\ ODQG YDOXH DQG DYDLODELOLW\ OLPLWHG J
UHIJXODWLRQ DQG FRQIOLFW DPRQJ PXQLFLSDO SULRULWLHYV
IRU XUEDQ DJULFXOWXUH LQLWLDWLYHV %XUHDXFUDWLF SUF
LQIUDVWUXFWXUH DQG FDSDFLW\ 7KH WLPH FRQVXPLQJ QDW
SURFHGXUHV FDQ LPSHGH WKH GHYHORSPHQW RI QHFHVVDU\
DQG ZDVWHZDWHU V\VWHPV ZKLFK LV YLWDO IRU XUEDQ DJU|

%XUHDXFUDWLF KXUGOHYVY DUH DOVR FRQQHFWHG WR ODQG Y
&RPSOH[ DGPLQLVWUDWLYH UHTXLUHPHQWY PD\ GLVFRXUDJH
PDNLQJ WKHLU SURSHUWLHY DYDLODEOH IRU XUEDQ DJULFXO
DIIRUGDELOLW\ *LWWOHPDQ HW DO -Q DGGLWLRQ OLP
VXSSRUWLYH UHJXODWLRQ DUH LQWHUWZLQHG ZLWK EXUHDX
FOHDU DQG VXSSRUWLYH UHJXODWRU\ IUDPHZRUNYVY FDQ OHDC
XUEDQ DJULFXOWXUH SUDFWLWLRQHUYV PDNLQJ LQLWLDWLQJ
ORXJHRW J)LQDOO\ FRQIOLFWYV DPRQJ PXQLFLSDO SULR
EXUHDXFUDWLF SURFHVVHV WKDW UHTXLUH FRRUGLQDWLRQ I
OHYHOV RI JRYHUQPHQW 7KHVH FRQIOLFWYV PD\ KLQGHU WKH
ZLWK WKH QHHGV RI XUEDQ DJULFXOWXUH 'XEEHOLQJ 'H =H
EXUHDXFUDWLF KXUGOHYV SUHVHQW FKDOOHQJHVY WKDW LQWFE
REVWDFOHY PDNLQJ WKHP D FULWLFDO FRQVLGHUDWLRQ IRU
DJULFXOWXUH ODQGVFDSH LQ /DQJIRUG DQG 7RILQR

-Q UHJLRQV OLNH /DQJIRUG DQG 7RILQR ZKHUH XUEDQL]DWL
WR LQFUHDVHG ODQG SULFHV DQG SURSHUW\ YDOXHV VHFXU
DIJULFXOWXUH DW DIIRUGDEOH SULRNYLEHHFR®KWY HBOORUWIHQLIRE C
SURFHVVHYV LQFOXGLQJ FRPSOH[ SHUPLWWLQJ SURFHGXUHYV
GHOD\ WKH DOORFDWLRQ RI SXEOLF ODQGV IRU XUEDQ DJULF
RI REWDLQLQJ DIIRUGDEOH ODQG IRU VXFK SXUSRVHYV
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'XH WR OHQJWK\ GHFLVLRQ PDNLQJ WLPHOLQHY DQG DGPLQL\
SURFHVVHYV GLVFRXUDJH JRYHUQPHQW HQWLWLHYV IURP GHVL
DIJULFXOWXUH &RQVHTXHQWO\ WKH VFDUFLW\ RI DYDLODEOF
SULYDWH ODQGYV VXLWDEOH IRU XUEDQ DJULFXOWXUH GULYL
DFFHVVLELOLW\ ORXJHRW

$FFRUGLQJ WR LQWHUYLHZHHV LVVXHVY DURXQG $/5 PDQDJHP
DOVR VLIQLILFDQWO\ VORZ GRZQ DPHQGPHQW E\ODZV WKDW
LQLWLDWLYHY -Q DGGLWLRQ FRPSOH[ JRYHUQDQFH VWUXFW
OLPLWDWLRQV FDQ UHVXOW LQ OLPLWHG RSSRUWXQLWLHYV IR
JRYHUQPHQW VXSSRUW DQG UHVRXUFHV GLUHFWO\ DIITHFWLC
UHTXLUHG IRU XUEDQ DJULFXOWXUH VXFK DV IXQGLQJ DQG K
PXQLFLSDOLWLHY PD\ KDYH YDU\LQJ SULRULWLHYV DQG IXQGL
QHHG WR EH SULRULWL]HG PDNLQJ LW GLIILFXOW IRU XUEDQ
DGHTXDWH VXSSRUW 6PLW HW DO JRU HIDPSOH LQWHL
VXFK DV KRXVLQJ DQG ZDWHU VXSSO\ PLQLPL]JHG XUEDQ DJUL

7KH SUHVHQFH RI PXOWLSOH PXQLFLSDO SULRULWLHV VXFK
XUEDQL]DWLRQ JURZWK HQYLURQPHQWDO FRQVHUYDWLRQ D
LQ UHVRXUFH DOORFDWLRQ (F@® ISRWR F NGGHFLIWLR QM ED Q

DJULFXOWXUH EHLQJ LGHQWLILHG DV DQ REMHFWLYH>LQ /DQJ
&OD\RTXRW 5HJLRQDO 'LVWULFW DQG &DSLWDO 5HJLRQDO 'LV
VWUDWHJILHY XUEDQ DJULFXOWXUH PD\ RQO\ VRPHWLPHV DOL
SULRULWLHY UHVXOWLQJ LQ OHVV DWWHQWLRQ DQG IXQGLQ

%LRSK\VLFDO DQG VRFLDO FXOWXUDO FRQVWUDLQWY DOVR S
RU ODFN WKHUHRI WR GHYHORS DQG H[SDQG XUEDQ DJULFX
%LRSK\WLFDO FRQVWUDLQWY VXFK DV ZLOGOLIH PDQDJHPHQ
GHVLJQ DQG LWV FRQVWUXFWLRQ DQG ZDWHU DYDLODELOLW
FDQ EH JURZQ DQG WKH RYHUDOO SURGXFWLYLW\QGHWEDN D
DO $GGLWLRQDOO\ WKHVH FRQVWUDLQWY PD\ UHTXLUH V
DQG VXVWDLQDEOH SUDFWLFHV WR HQVXUH VXFFHVVIXO DJUL
FRPSOLDQFH ZLWK ORFDO E\ODZV ]RQLQJ UHJXODWLRQV DQ
&RQVLGHULQJ WKH ORFDO FRPPXQLWLHV VRFLDO FXOWXUDO
SHUFHSWLRQV FXOWXUDO KHULWDJH FRPPXQLW\ DZDUHQHV
WHQXUH VIVWHPV WKDW FDQ LQIOXHQFH WKH DFFHSWDQFH D
LQ WKHVH RHMRQVHW D@JVOH\ HW DO
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'"HVSLWH FKDOOHQJHYVY DQG EDUULHUV XUEDQ DJULFXOWXUH
IDQJIRUG DQG 7RILQR 7KH VWXG\ ILQGLQJY UHYHDO FRPPRQ
FRQWULEXWH WR WKH VXFFHVV RI XUEDQ DJULFXOWXUH SURN
DQG UHIJXODWRU\ IUDPHZRUNY DQG WKH UHFRJQLWLRQ RI WK
VXSSRUWLQJ SROLFLHY DQG WKH DFNQRZOHGJPHQW RI XUED(
DGYDQWDJHV RIIHU D SURPLVLQJ SDWKZD\ IRU VXVWDLQDEOH
ZHOO EHLQJ LQ ERWK UHJLRQV )RU H[DPSOH LQFOXGLQJ XU
GHPRQVWUDWHY D FRPPLWPHQW WR DQG UHFRJIJQLWLRQ RI Wi
ORFDOL]J]HG IRRG SURGXFWLRQ ZLWKLQ XUEDQ DUHDV E\ ORFLEL
VXFK DV LWV UROH LQ FOLPDWH FKDQJH PLWLIJDWLRQ DQG DC
VLIQDOV WKDW XUEDQ DJULFXOWXUH LV FRQVLGHUHG DQ LQYV
DQG GHYHORSPHQW ZKLFK FDQ SURPRWH WKH DOORFDWLRQ
LPSOHPHQWDWLRQ

$V FRPPHQWHG E\ VRPH LQWHUYLHZHHVY XUEDQ DJULFXOWXU
LQIUDVWUXFWXUH DQG FRQWULEXWH WR JUHHQ LQIUDVWUXF)\
VLIQLILFDQW RSSRUWXQLW\ 7KH LQWHJUDWLRQ RI XUEDQ DJ
LQIUDVWUXFWXUH DOLJQV ZLWK WKH VXVWDLQDEOH GHYHOR
~Q /DQJIRUG ZKHUH UDSLG XUEDQHHEOQMIRQ KPS ORPAXQW HGEJ

XUEDQ DJULFXOWXUH ZLWKLQ JUHHQ LQIUDVWUXFWXUH FDQ |
LPSDFWV DQG SURPRWH D PRUH EDODQFHG XUEDQ UXUDO UH:
IRU LWV QDWXUDO EHDXW\ FRPELQLQJ XUEDQ DJULFXOWXUH
WRZQ V FRPPLWPHQW WR HFRORJLFDO FRQVHUYDWLRQ ZKLOF
UHVLGHQWY WR FRQQHFW ZLWK WKHLU ORFDO HQYLURQPHQW

-Q DGGLWLRQ LW LV FUXFLDO WR UHFRJQL]H WKDW XUEDQ D
FUHDWH VSDFHVY WKDW FDQ SURPRWH FRPPXQLW\ HQJDJHPHQ
LOWHUDFWLRQ DQG VKDUHG DORW NVOIHW IHW DDKHYRWAHS® ERV V H L
DV SODWIRUPV IRU NQRZOHGJH VKDULQJ DQG FDQ SOD\ D SLY
HFRQRP\ E\ LOQOLWLDWLQJ QHZ XUEDQ DJULFXOWXUH SURMHFW
DJULFXOWXUH DOLJQV ZLWK WKH JURZLQJ LQWHUHVW LQ LQW
UHVXOW LW HPHUJHV DV D YLDEOH VWUDWHJ\ WR DGGUHVYV F
DV WKH SULPDU\ HFRQRPLF GULYHU DQG WKH RIWHQ ORZ HFR
XUEDQ DJULFXOWXUH SURMHFWY 7KLV LQWHJUDWHG DSSURD
EHQHILWY WKDW XUEDQ DJULFXOWXUH FDQ EULQJ WR WKH VR
PDNLQJ LW D YDOXDEOH WRRO IRU VXVWDLQDEOH FRPPXQLW\
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7KH VWXG\ XQGHUVFRUHYVY WKH VLIJQLILFDQFH RI VXSSRUWLYH
IUDPHZRUNYVY DV FDWDO\VWYV IRU VXFFHVVIXO XUEDQ DJULFXO
LOQWHIJUDWLRQ RI XUEDQ DJULFXOWXUH ZLWKLQ JUHHQ LQIUD
VWUDWHJI\ IRU SURPRWLQJ ORFDO IRRG SURGXFWLRQ DQG DG
FKDOOHQJHV VXFK DV FOLPDWH DGDSWDWLRQ DQG HFRORJLI
FRPSOHPHQWDU\ DSSURDFK WR XUEDQ SODQQLQJ FDQ KHOS 7
HFRQRPLF JURZWK DQG VXVWDLQDEOH ODQG XVH SUDFWLFHYV
PDQDJLQJ UDSLG XUEDQL]DWLRQ V LPSDFWV +RZHYHU WKH I
XUEDQ DJULFXOWXUH LQ WKHVH UHJLRQV LV FKDOOHQJLQJ &
EXUHDXFUDWLF KXUGOHV DQG FRQIOLFWYV LQ PXQLFLSDO SU
LPSOHPHQWDWLRQ DQG UHVRXUFH DOORFDWLRQ /LPLWHG OL
UHJXODWLRQV IXUWKHU FRPSRXQG WKHVH LVVXHV SDUWLFX
VSDFH IRU DJULFXOWXUDO DFWLYLWLHYV LV VFDUFH %DODQF|
ODQGVFDSHV DQG GLYHUVLI\LQJ WKH ORFDO HFRQRP\ WKURX
WKRXJKWIXO QHIJIRWLDWLRQ DQG FRPPXQLW\ HQJDIJHPHQW

'"HVSLWH FRQVWUDLQWY SRVHG E\ FOLPDWH JHRJUDSK\ DQG
Rl XUEDQ DJULFXOWXUH LQ /DQJIRUG DQG 7RILQR V 2IILFLDO
LQGLFDWHYV D FRPPLWPHQW WR VXVWDLQDEOH DQG ORFDOL]FE
EURDGHU JRDOV RI HQYLURQPHQWDO VWHZDUGVKLS DQG FRP
DJULFXOWXUH V SRWHQWLDO H[WHQGYV EH\RQG IRRG SURGXF
FRPPXQLW\ HQJDJHPHQW VRFLDO FRKHVLRQ DQG NQRZOHGJ
IRULQWHUDFWLRQ DQG VKDUHG DFWLYLWLHYVY XUEDQ DJULFX
GLYHUVLILFDWLRQ DQG KHOS PLWLIJDWH FKDOOHQJHYV OLQNH

P DIH 8EDQIDPP DW RAWMGH* LIHHQ 9IRRUD &DQDGD
6RXUAH 5REHUM HZ HOD
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7KH ILQGLQJV RI WKLV VWXG\ HPSKDVL]H WKDW UHFRJQL]LQJ
FRPSRQHQW RI VXVWDLQDEOH XUEDQ GHYHORSPHQW SUHVHQ
DQG 7RILQR WR QDYLJDWH WKHLU XQLTXH FKDOOHQJHV %\ O
HPEUDFLQJ LQQRYDWLYH DSSURDFKHYVY OLNH LQWHJUDWLQJ X
LQIUDVWUXFWXUH DQG IRVWHULQJ FRPPXQLW\ SDUWLFLSDWI
FXOWLYDWH UHVLOLHQW OLYDEOH DQG KDUPRQLRXV XUEDQ
RI HYROYLQJ JOREDO DQG ORFDO G\QDPLFV %DVHG RQ WKH I
UHFRPPHQGDWLRQV IRU SURPRWLQJ DQG LQFUHDVLQJ DGRSW
EHHQ GHYHORSHG

6VWHDP @OQH LHIXMVRU WP HZ RUNV DQG SRAOFLHV

/IRFDO JRYHUQPHQWY VKRXOG SULRULWL]H WKH GHYHORSF
DQG SROLFLHVY WR DGGUHVV WKH FKDOOHQJHV XUEDQ DJU
IDQJIRUG DQG 7RILQR 7KLV UHFRPPHQGDWLRQ LV GLUHFW
DXWKRULWLHY DQG UHOHYDQW JRYHUQPHQWDO DJHQFLHYV
QDYLIJDWH EXUHDXFUDWLF KXUGOHYV PRUH HIILFLHQWO\ E\
SURFHGXUHV ]JRQLQJ UHJXODWLRQV DQG DGPLQLVWUDWL
VXSSRUWLYH SROLFLHY DQG FOHDU UHJXODWRU\ IUDPHZR
HQYLURQPHQW FRQGXFLYH WR XUEDQ DJULFXOWXUH SURF
6XFK LQLWLDWLYHYVY VKRXOG FRQVLGHU HDFK UHJLRQ V XQ
FRQGLWLRQV DQG WKH QHHG IRU VSHFLDOL]HG LQIUDVWU X

-QFUHDVH FROODERUDWLYH JRY
LOWHUDJHQF\ FRRUGLQDWLRQ

IDQJIRUG DQG 7RILQR VKRXOG SURPRWH FROODERUDWLYH
FRRUGLQDWLRQ WR RYHUFRPH FKDOOHQJHVY UHODWHG WR
DQG EXUHDXFUDWLF SURFHVVHV 7KLV UHFRPPHQGDWLRQ
UHJLRQDO JRYHUQPHQWYV DQG RWKHU UHOHYDQW VWDNHK
DPRQJ GLITHUHQW OHYHOV RI JRYHUQPHQW DQG UHJXODWEF
LQ GHFLVLRQ PDNLQJ FDQ EH PLQLPL]J]HG (VWDEOLVKLQJ F
DQG FRRUGLQDWLRQ FDQ VWUHDPOLQH DGPLQLVWUDWLYH
DSSURYDO RI XUEDQ DJULFXOWXUH SURMHFWY &ROODERU
PXQLFLSDO SULRULWLHYV ZLWK WKH QHHGV RI XUEDQ DJULI
DUH DOORFDWHG HIIHFWLYHO\
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( QIDIH LQ WUDVIAJ LE J UHHQ LOI LDWAK VK LH
LOWAI LDVIRQ Z WK XUEDQ DJUFX@XUH

%RWK /DQJIRUG DQG 7RILQR VKRXOG HPEUDFH WKH VWUDW
DIJULFXOWXUH ZLWKLQ JUHHQ LQIUDVWUXFWXUH 7KLV UHF
SODQQHUV DUFKLWHFWV DQG ORFDO JRYHUQPHQWV -QW
JUHHQ LQIUDVWUXFWXUH DOLJQV ZLWK WKH VXVWDLQDEOF
UHJLRQV -Q /DQJIRUG ZKHUH UDSLG XUEDQL]DWLRQ KDV
FRXQWHUEDODQFH GHYHORSPHQW LPSDFWV DQG SURPRWH
UHODWLRQVKLS -Q 7RILQR NQRZQ IRU LWV QDWXUDO EHD
ZLWK JUHHQ GHVLJQ FDQ HQKDQFH WKH WRZQ V FRPPLWPH
FRQVHUYDWLRQ ZKLOH SURYLGLQJ RSSRUWXQLWLHV IRU U
ORFDO HQYLURQPHQW DQG GLYHUVLI\ WKHLU ORFDO HFRQ
LQFRUSRUDWHG LQWR XUEDQ SODQQLQJ DQG GHYHORSPHC

&ROQGXPWNSXEQF DZ DLHQHW DQG FRP P XQW

HQIDIHP HQWHI | RUNV

7R OHYHUDJH WKH SRWHQWLDO RI XUEDQ DJULFXOWXUH D
IDQJIRUG DQG 7RILQR VKRXOG SULRULWL]H SXEOLF DZDUH
HQJDJHPHQW HIIRUWY 7KLV UHFRPPHQGDWLRQ FRQFHUQV
FRPPXQLW\ RUIJDQL]DWLRQV DQG HGXFDWLRQDO LQVWLWX
XUEDQ DJULFXOWXUH DQG LWV UROH LQ ORFDO IRRG SURG
DQG FRPPXQLW\ UHVLOLHQFH FDQ UDLVH DZDUHQHVYV DPRC
FRPPXQLW\ WKURXJK ZRUNVKRSV HGXFDWLRQDO SURJUDP
LQLWLDWLYHYV FDQ IRVWHU D VHQVH RI RZQHUVKLS DQG LC
SURMHFWYVY WKDW FDQ KHOS GLYHUVLI\ WKH ORFDO HFRQRF
HQJDJHPHQW FDQ FRQWULEXWH WR WKH VXVWDLQDELOLW\
LOQLWLDWLYHYV LQ ERWK UHJLRQV
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$QGHUVVRQ ( OF3KHDUVRQ 7 .UHPHU 3 *RPH] %DJJHW
TXYHQGDO O XUVWHU 6FDOH DQG FRQWH[W GH
VHUYLFH SURYLGLQJ XQLWV (FRV\VWHP 6HUYLFHYV

KWWSV GRL RUJ M HFRVHU

$VVHPEO\ %LOO 1RKWWSV OHJLQIR OHJLVODWXUH FD JRY
ELOO1IDY&OLHQW [KWPO" ELOOBLG $%

$1XQUH * $ $PSRQVDK 2 3HSUDK & 7DN\L 6 $ % UD
RI WKH UROH RI XUEDQ DJULFXOWXUH LQ WKH VXVWDLQDE
KWWSV GRL RUJ M FLWLHYV

%RZHQ * $ 'RFEXPHQW DQDO\VLY DV D TXDOLWDWLYH
4XDOLWDWLYH SHVHDUFK HRXWQBO GRL RUJ 45 -

%XFKDQ 5 +RZ &DQDGLDQ /RFDO *RYHUQPHQWYV (QKL
([SORULQJ IRRG VHFXULW\ DSSURDFKHV LQ XUEDQ UXUDO
BRXWKHUQ 9DQFRXYHU -VODQG 8QLYHUVLW\ RI :DWHUORR

&DUOHW ) G6FKLOOLQJ - +HFNHUW O *UHHQLQJ €
DJULFXOWXUH DV D VWUDWHJI\ IRU UHFODLPLQJ YDFDQW O
JRRG 6\VWHPV

&LW\ RI /IDQJIRUG 2IILFLDO &RPPXQLW\ 30DQ %\ODZ !
KWWSV Z7ZZ ODQJIRUG FD ZS FRQWHQW XSORDGYV RI1I
SGI

&OLQWRQ 1 B6WXKOPDFKHU 0O OLOHV $ B8OXGHUH $UDJF
*HRUJHVFX 0 +HUZLJ & *RQJ 3 $ *OREDO *HRVS
BHUYLFHV (VWLPDWH RI B8UEDQ $JULFXOWXUH (DUWK V )XW
KWWSV GRL RUJ ()

&ULSSD 0 G6ROD]]JR ( *XL]]JDUGL ' ORQIRUWL )HUUDULR

JRRG VA\VWHPV DUH UHVSRQVLEOH IRU D WKLUG RI1 JO
HPLVVLRQV 1DWXUH )RR&WWSYV GRL RUJ Vv
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'"HSQHU : /IDQJIRUG WRSV SRSXODWLRQ JURZWK LQ ¢
&DQDGD FHQVXV 9IKWMEVYD ZHAZWLFQHZV FRP QHZV OC
WRSV SRSXODWLRQ JURZWK LQ E F WKLUG IDVWHVW LQ FD

'"XEEHOLQJ O 'H =HHXZ + BUEDQ $JULFXOWXUH DC

$GDSWDWLRQ (QVXULQJ IRRG VHFXULW\ WKURXJK DGDSWD
KWWSV GRL RUJ B

'XQNODX 6 $SULO SBUEDQ )DUP 7D[ &UHGLW 30DQ -

$SSURYDO 135 -OOLQRLV

(GHOPDQ *ROG / OHOHQG\ O &UHDWLQJ 2SSRUW X
$IJULFXOWXUH LQ /HZLVWRQ $XEXUQ
KwwSVY VFDUDE EDWHY HGX FRPPXQLW\BHQJDJHGBUHVHD

(QOYLURQPHQW DQG &OLPDWH &KDQJH &DQDGD &OLPL
ORFDWLRQV 7RILQR %EW3WHSWULA®HBDWRPEZHDWKHU JF FD

(YDQV ' )DODJEQ 1 +DUGPDQ & $ .RXUPSHWOL 6 /L
- (FRV\VWHP VHUYLFH GHOLYHU\ E\ XUEDQ DJULFXOW
D VI\VWHPDWLF UHYLHZ (FRV\VWHP 6HUYLFHV

KWWSV GRL RUJ M HFRVHU

)$2 5LNROWR 58%) SBUEDQ DQG SHUL XUEDQ DJULF)>
BUEDQ DQG SHUL XUEDQ DJULFXOWXUH VRXUFHERRN )$2
KWWSV GRL RUJ FE HQ

JUHHPDQ & 3DUG\ - &RKHQ %YUHDNLQJ GRZQ E

VWUXFWXUDO EDUULHUV WR XUEDQ DJULFXOWXUH WKURXJ
UHVHDUFK DSSURDFK /RFDO (QYLURQPHQW

)XVW« JRUQ« ) JRUQ« 0 ) SBUEDQ *DUGHQV DV 6X\
IRU &KLOGUHQ LQ )DPLO\ 7RXULVP 5HVRXUFHYV

KWWSV GRL RUJ UHVRXUFHV

*KHJHOMHK $ *XWEHUOHW - &ORXWLHU 5HFHQ

SRVVLELOLWLHYV ZLWK XUEDQ DJULFXOWXUH LQ 9LFWRULD
*HRJUDSKHU /H *«RJUD SKWWIMIDGRH@QRUJ FDJ
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