7KLV DXWKRUTYfV 3') YHUVLRQ FRUUHVSRQG
DSSHDUHG XSRQ DFFHSWDQFH )XOQ\ IRUPD\
PDGH DYDLODEOH VRRQ

6\PSRVISXRFHHGKQDV V\DQHWHBHH@ F H
IQQRYDWL RRQN XBBHEGDQFH IRU $VLD

GRL DSMFQ 33
3XEOLVKHGX@BOLQH

5XQQLQJ,MLWE@H6XIJDU DQG VZHHWHQHUYV V\PSRVLXP

$GDP '"UHZQRZVKXF3BD®' &LDUDQ * )RUMKWHL BKF&ULFNHBGR®K' 7HH
3K' 3DXOLQH &KD/MQLDBK $PIQ LBKT7WRQWBGD®BKED 6RILD $PDUUD 3K

&HWHU IRU 3XEOLF +HDOWK 1XWULWLRQ 8QLYGHNWWORSS$:BVKLQIWF
'HSDUWPHQW RI 3K\WLRORJ\ )DABQWLQRI %QRVHRUY LIXGRM (DHXV D Q
6ZLW]HUODQG

&OLQLRAOAWKRQ 5HVHD U Fo{ GJHIQSRUWAIL W X3WH IRU &QUIHID GBI Q V6B HHIRH
OROHFXODU 6HGLBEQHH

7(61XWUL+HDOWK 6W UD.WH OLDF /&R ©X ¥ O WMDAXF\ L D
,QWHUQDWLRQDQVAV LMV &L @ RKXW &K H@M/S BV HD 5HILRQ

1IDWLRQDO 8QLYHUVLW\ RT 0DOD\\IQR Y B XNWBRIM &Y DIBQ SEROGBQWRIN L
0DOD\VLD

JRR®® 1IXMURQ 5HV H D UFKIVMBN @M WRAWEHF L HQ FH %IQRX W B DK A RUY &L
OHWUR ODQLOD 3KLOLSSLQHYV

$XWKRUVY HPDLO DGGUHVVHY DQG FRQWULEXWLRQV
$' RYHUDOO VFLHQWLILF VXSHUYLVLR®D PIGUMWHX D Q6 MWBSURNHG DI
ZURWH SOFSHS S\# X Q&1 FEUHVHQWHG FQ B UZURBN R USIHEAY UHG/XDV J

.0& SUHVHQWHG D QHUZ B RMEH SIDNSHMW®E#N HREK/Y SUHVHQWHG DQG ZURV
HVWHH#QXWULK HEZO \8 K HARPPQRI M G LSDHSAKD Q#L ¥ LS H B VRUQIMWMIG DQG ZL
SDSBUODP#XNP HT3 PSUHVHQWHG WQ GQLGREMW SH DS F RV HSIW H G
DQG ZURWH SDSHU SUHSDUHBMR QLID® BWU W #R D WIKVHH BPDRUXKNV R U L S
DPDUUD VRILD#JPDLO FRP

&RUUHVSRQGLQUOPXMRRORILD, GWBUYDWLR QD VW HWRAK H QEFRINW KHD!
S5HILRQRKD@PHXOWDQ S5SREO®JIDSRUH7HO )D[
(PDIMVRILDDPDUUD#LOVLVHD RUJ VJ DPDUUD VRILD#JPDLO FRP



$%675%$8&7

%DFNJURXQG DQGS5PEMPIFWRIEHHAM W\ LQ 6RXWKHDVW $VLD
HFRQRPLF JURZWK KDV EHHQ OLQNHG WR D ULVLQJ FRQVX
VIPSRVLXP REMDGL]GHIBXWKHDVW $VLD H[SORUHG UHJLRQD
VXJDUV DQG KHDOWK DQG LGHQWLILHG ZD\V LQ ZKLFK WKFE
UHJXODWRU\ DJHQFLHV IRRG SOHRNGKAEGIW \D QIEQ 6VADISHH EHR/Q V @
RQ WRKHORZLQJ WRSLFV ZHUH SUHVHQWHG FXUUHQW VFLI
DQG PRQRULF VZHHWHQHUV RQ ERG\ ZHLJKWQ R DDWILKR DQ
IRRG SURGXFHUV WR UHGXFH VXJDU FRQVXPEBWHR®DOD® MK R
VXJDU FRQUXQRSWEKBIHVWLRQV IRU FRQVXPHU JXLGDQFH §
HITHFWLYH DSSURDFKHV WR SUR P RM\X QN/B® WIKY H B R/Q QX PLSY
RI HQHUJ\ LQ WKH IRUP RI DGGHG WHQENVFRQ GDNW DEDME
SURILOHV DQG KHDOWK 7KHUHLV D QHHG IRU EHWWHU VX
VHOHFWHG 6RXWKHDVW $VLDQ FRXQWULHY $PRQJ IHDVLI
IUXFWRVH FRUQ V\UXBH DQGLBB QR XAX YZU HDW H @HBUH ZHWK OF
FRFRQXW VDKSHUNJOHDOWK EHQHILWY VKRXOG EH H[DPLQHG
WUDFNHG LQ GHWDLO 3URGXFW UHIRUPXODWLRQ WR GHYH
DFFHSWFHRQEXPHUV FROQWLQXHV WR EH D FKDOOHQJH IRU
&RQFOXVADREQBMUALYDWH FROODERUDWLRQV WR GHYHORS K|
FRPPXQLFDWLRQ VWUDWHJILHYV FDQ IDFLOLWDWH FRQVXPHU

.H\ :RUGD/GGHG VXJDU 6RXWKHDVW $VLD LQGLJHQRXV VZt
IRRG FKRLFHYV

1752'8&7,21
7KH'DGYHQW RI WKH QXWULWLRQ WUDQVLWLRQ LQ 6RXWK
SXUEKDVHV DQG GLHWDU\ SDW@HH\Q VRKDV HID B QDM RRR G R
SROLFLHV DQG IRU SRSXODWLRQ KHDOWK ,QFUHDVHG HF
PHDQW WKDW WKH WUDGLWLRQDO 6RXWKHDVW 6( $VLDQ
KDYH JLYHQ ZD\ WR FROQNW FDQLOAE RRWHWDQLPDO SURWHLQ)
EXW DOVR PRUH SURFHVVHG DQG SDFNDJHG IRRGV FRQWDL
W LV WKH UDSLGO\ ULVLQJ FRQVXPSWLRQ RI IRRGV DQG
VHHQ DV IDPWRIRFRQWULEXWLQJ$\®R HGE WDQD B ¥ HWI\W U VDRV
VIUXSV DGGHG WR IRRGYV DQG EHYHUDJHV ZKHQ WKH\ DUH



VXJDUV WKDW QDWXUDOO\ RFFXWHW®O UU %DW WHIBIVWB E QWD L
DPRXQWV RI DGGHG VXJDUV WHQG WR EH HQHUJ\ ULFK EX
LQFUHDVLQJO\ DVVRFLDWHG ZLWK ORZHU LQFRPH JURXSYV
QRERPPXQLFDEOH GLVHDVHV 1&'V V LQWBMN GPLHIN DRERFOLIPVY \ @G
,QWHUQDWLRQDO DJHQFLHV LQFOXGLQJ WKH :RUOG +HDOW
OLPLW WKH FRQVXPSWLRQ RI IRRGV DQG EHYHUDJHV FRQW
JOREDO SXEOLF KHDOWK

7KHUH DUH RQOU YDWPLRIDEO REWVWD RQ WKH FXQ® HDEWB HR Q
VXJDUV LQ BKH$VIBD 6RXWKHDVW $VLD 5HJLRQ RUJDQL]JHG
DGGUHVV WKH VWDWH RI NQRZOHGJH RQ DGGHG VXJDU FRQ
E\ ZKLFK ERWHUYURQBHBRQAD Q DG G U H BW QWKIH VIHD L VWHAHHD U F
DQG HIIHFWLYH DSSURDFKHV WR_.SURPRWH KHDOWK\ HDWI
3XEGUARYDWH SDUWQHUVKLSV ZHUH VLQJOHNYRXWG DEH R HIRV
ZHUH GLVAOH VHRESRVLXP REMHFWLYHY ZHUH WR  GLVFXVV
RI VXJDU DRIEDQRZHHWHQHUV ' RQ HDWLQJ EHKDYLRUV ERG
VXUYH\ 6( $VLDQ FR®QWUWQLGH W RRKUFOINYRI| HBRORMH LVOKHD XN H
LQGLJHQRXV VZHHWHQHUY DQG SURSRVHRRDWORHU JRQ
VXJDU VZHHSMHODHY G LVFXVVLRQ H[SORUHG HIIHFWLYH DSSU
LQ WKH TKHLR®SRVLXP. SUHVHQWPWWRRY UHBR USXEG LIVEKIR
KHQFH HWKLFDO DSSURYDO ZDV QRW UHTXLUHG

&855(17 6&,(17,),%,"(1&(
$GGHG VXJDUV IURP FDQH DQG FRUQ
$GGHG VXJDUV LQ WKH JOREDO IRRG VXSSO\ ODUJHO\ FRP
IUXFWRVH FRUQ NVU)HS) BPQWGH@W DUBP VXJDU EHHW VXFURV
QDWXUDOO\ SUHVHQW LQ IUXLWV DQG YHJHWDEOHV DQG O
GLVDFFKDULGH LV VSOLW LQWR JOXFRVH DQG IUXFWRVH
7KHVH WZR GLVDFFKDULGHY DUH HYHQW XBRON DIENKEWERAMG |
JDODFWRARQWUDVW GLJHVWHG VWDUFK \LHOGV RQO\ JOXFI
LUUHVSHRWLRMIRILQ VW DR UFXQR S IVNKWDWINXHGD GYHUVH PHWDE
RI DGGHG VXJDUV SDUWAHWNWBQEG IERPHWOIMHY ZHUH PDI
H[FHVVLYH OHYHOV RI IUHH IUXFWRVH

JUXFWRVH LV PHW BIERW IZIB\& LQREKHMFRRYHUVLRQ RI JOX
S\UXYDWBKWKIBRRFHVVY NQRZQ DV JO\FRO\VLV LV FORVHO\



HQHUJ\ VWDWXV Rl FHOOV 3KRVSKRIUXFWRNLQDVH D NH\
FLWUDWH RQHD®WHY¥HG®WUDVW IUXFWRVH PHWQGRQWP
)XUWKHUPRUH WKH FRQYHUVLRQ RI IUXFWRVH LQWR S\UXY
DQG DOGRODVH % ZKLFK DVHADRQOERIAHO/HQWSHMD DW KRB N
FRQVHTXHQFH DOO IUXFWRVH DEVRUEHG®HMKRFN SWBRMW H X \8 L
K\GUR[\DFHWRQH SKRVSKDSKRDRICO WHFBQDOBMKYDHVH PR\
'KHQ IUXFWRVH LQWDNH LV KLJK WKH OLYHU EHFRPHV HI[S
DQG IXUWKHU FRQYHUWYV IUXBWR©®MKFRINWE RDQ/G LIQWRY \O D F 1\
HLWKHU WHPSRUDULO\ VWRUHG LQ WKH OLYHU RU H[SRUWH
*OXFRVH DQG IUXFWRVH DUH JHQHUDOOX LQJHVWHG WRJH
*OXFRVH HQKDQFHV BWLRE@XBOWRNWHSHOER/MRKDWH D PHWDEF
IUXFWRVH DFWLYDWHY JOXFRNLQDVH DQG S$RPRW HV XVOKH
SR8WDQGLDO IUXFWRVH FRQFHQWUDWLRQ LQ WKH EORRG
JO\FHPLF WHVSRIQIEMNYY FRQVXPSWLRQ RI IUHH IUXFWRVH K
DGYHUVH PHWDEROLF FRQVHTXHQFHV DPRQJ WKHP D ULVH
VHQVLWLYLW\ WR LQVXOLQ. 'DLO\ IUXFWRVH LQWBNHV DI
KHSDWLF VHFUORZLEB® RMLWHUY/'/ WULJO\FHULGH DQG WR |
OHYHOV

$ SHUVLVWHQWO\ KLJK LQWDNH RI IUHH IUXFWRVH FDQ k
SRVWSUDQGQBYPHIOXPRGHRQ OLSNW RMWDERVHVIPQ OLYHU J
OHDG WR D PRGHUDWH KHSDWLF JOXFRVH UHVLVWDQFH 6
KHSDWLF IDDAM) G RUDAMBW KWSRWQAWRWULGH VHFUHWLRQ ZKLF
DQG SRVWSUDQGLDEHEERRGP MWDER\FHUDOWHUDWLRQV PD\
WBR KDELWXDO KLJHK HY XRXRGHPEIVAMWOLNHO\ QRW EH DVVRFL
LI VXJDU RYHUFRQWSRSMRGHY FWHULQ PRGHUQ XUEDQ VRFLI
DGGHG Q@MWIDNHY DRKVPR QW 1R XW K U R XBIKRXRQ WHEH ARQUX P S'W
H[FHVVLYH DPRXQWV RI VXJDUV KDV EHHQ O L QIN®FR WROD FK L
IDWW\ OLYHU GLVHDVHV RU HYHQ GLDEHWHYV

$GGHG VXJDUV DQG KHDOWK LQ 6( $VvLD
6RPHDGHQJ LQWHUQDWLRQDO VWXGLHY RQ WKH KHDOWK HII

DWLVN SRSXODWLRQV LQ 6( $VLD

ORUWDOLW\



7ZR ODUJH 86 EDVHG VWXGLHV 1XUVHVY +HDOWKX6SNXG\ D
BWXG\ H[DPLQHG VWMKH DN Y RFRQWKLFRSW@/HER W HRQ VX EIHY HU D J H
DQG ORZ FDORULH EHYHUDJHV /&% 2WS\HE LULLF/ NP RRU WD E
FDUG XFOMDWILVHDVH &®'6%FPRFWIPSWLRQ ZDV DVVRFLDW
ULVN RI WRWDO PR WWKD/ELWA F R P BDWG & XWL RX PZENK RLIQE61%

VHUYLQJVWARHUNHUYLQJY PRQWK +5 WR &SHU ZHHN +5
&, WR SHU GD\ +5 e SKU 6b\
&, 66% LQWDNH ZDV DVVRFLDWHG ZLWK LQFUHDVH¢

DVVRFLDWLRQ ZDV OHVV SURQRXQFHG IRU FDQFHU PRUWDC
$GGHG VXJDU PD\ LPSDFW &9' DQG FRURQDU\ KHDUW ¢
UHVLVW D QFHU DQGX ®LQ HPRODQWRQLR FR@GI @ .BELHP DO DQG |
VWXGLHV VKRZLQJ WKDW LVRFDORULF UHSODFHPHQW RI V
VXFURVH RU IUXFWRVH LQFUHDVHV IDVWLQJ LQVXOLQ OF
IDVWLQJ JOXFRVH FRQFHQWUDWLRQ DV ZHOO DV JOXFRVH
UKGEHY FHOOXODU 7IKXWX CRYHBEQQVUEPLQJ VXFURVH DQG KL.
GULYH LQVXOLQ UHVLVW EQHRH BWHED K LSHULIQIWK O EQ ROBHPIHIMDLN
REVHUYHG LQ &+' DQG &9!' SDWLHQWY DQG ZRUVHQV ZKHQ
KLJK LQ VXJDU
,Q FRQWUDVW WR 8 6 PROQX GLKINQ HY N WEEENWU O\ PHQ
ZRPHQ ZLWK DQ DVHUDVHR®OMRXQG WKDW WKH KLIKHVW
VXJDU LQWDNH ZDV DVVRFLDWHG ZLWK VLIJQLHS5FDQWO\ UH
&, FRPSDUHG ZLWK WKH QRZWB\RD TEKSREMWDIQOH) L
WUHQG LQ ERWKHAHMWXGDHY DUH QHHGHG WR FRQILUI
HOGHUOY SRSXODWLRQV DQG WR XQGHUVWDQG WKH PHFKD

&RIQOHWKQFWLRQ

+LIJK IJUXFWRVH FRQVXPSWLRQ DQG LQWH OD QDHGHIERIAW O QT H
DQG GHPHMGWOW QHXURJHQHVLV LV DQ LPSRUWDQW FRPSF
WLVVXH UHPKRGABQYU DO WHWYRX VEVUBMDPHFHG QHXURWUR SK
LV D YLWDO PHGLDWRU RI QHXURJHIQHY DY M ®H QU RAD e
GHYHORSPHQW OHDUQLQJ DQG PHPRU\ 6WXGLHRDVKRZHG
UHGXFH KLSSRFD®BRQJUHZERUQ LQIDQWYV JO\FHPLD DW |
LQYHUVH DVVRFLDWLRQ ZLWK SODVPD %'1)



%UDLQ KRSRUDOSUHFHGHV WKRIJQHWHLOYRSEGHDWS GHVXG \K X P I
DPRQJ ROGHU &KLQHMHUDGRBWY DJH \HD UV IHP
WKDW D IDVWLQJ EORRG JOXFRVH OHYHO LQGLFDWLYH RI
DRFLDWHG ZLWK LQFUHDVHG ULVN IRU FRJQLWLYH LPSDL
5SHFDOO YOIWAMPLD ZDV FRQWLQXRXVO\ DVVRFLDWHG ZLWK F
WKDW G\VIXQFWLRQ LV DVVRFLDWHG ZLWK LQFWHWRWLQJ J
UDQJH

,PPXQH IXQFWLRQ
,Q YIHWWUBHQFH VKRZHG WKDW SURFHVVHG VLPSOH VXJDUV
DQG LQFUHDVHG LQLOMPPDWRHUVVAWFDBDORREOH EORRG FX
LQFXEDWHG ZLWK VXJDU FDQRIPR®&B VIMH D HRPKCD\DFEB\G EQR P E
,Q FRQWUDVW DfD OB YARIZWHDOBRHWIDV RI KXPDQ LQWHUYF
IRXQG QR HIIHFW RI G UHMD B W\ YUHX § WRW H LROD & H D Q NGIJPR D WA
FRPSDUHG ZLWK XKEVR VH IDHFAV YORQ LPP X QLWAUBDMLRBRX UQ
WKH JXW PLFURELRPRALWHRHXUHGWMQFH VKRZLQJ UHILQHG
RYHUJURZWK RI RSSRUWKXIQKBYBELI EDFMHHROKID H[SHQVH RI EI
PLFUREHWEHDYQQJ ELOH RXWBQ®X AHE/ COWELRNVN LY BQBW. Q10|
&RPSDUHG ZLWK &DXEDVLDQV LW LV NQRZQ WKDW $VLDQ
DEGRPLQDO REHVLWY LEFWHH DAWVING/ XYH. V B H YN0 WERGIWHRH PDLQ
FXSQWLW LQ LQIODPPDWRU\: GV PEHUKHI) RO DRREHMNL WAKDW YLV F
SDUW RI WKH LPPXQH V\WWHP SURYLGLQJ PXOWLSOH OL
SDWKRJHQV DQG IRUHLJQ PDWWHU DV ZHO 0O DAD BBRDKIRIGH
/36 W UDQVORKHVHTWHNRRPLQH KQWKR |BIXUFRMXFODHVGRBW DIIH |
E\ UHGXFLQJ WKH QXPEHU RI LQWHVWLQDO V\PELRWLF PXF
WKH LQWHVW L QB XPHWPIEQD RO W\SRIK IS HIXMHEBUOLHKLYOHDN
OHDGV WRLOBWRRGHRQGRWR[HPLD L H SUHVHQFH RI /36
LQIODPPDWRHV WQSHIRQY KHU ZD\ E\ ZKLFK IUXFWRVH PLJKW
E\ LQFUHDVLQJ 26HWWR®EXFH D SURORQJHG DQG ORZ OHY
FKDUDFWHUL]JHG E\ FKURQLF LQIODPPDWLRQ DQG LQFUHDV}
DQG W\SH GHDPEHVUKWXGIJHVWHG W KDWDKIM K DU EFWR R HL K X
Y X O Q HIUDEOML GLXBO KLJK 9$7 VWRUHY DQG KHQFH $VLDQ HW
LQ WKHVH SHRSOH DUH ERWK PHWDEROLF GLVRUGHUV DQCG
WKH LQWUDDEGRPLQDO LPPXQH V\VWHP



1HRSODVWLF GLVHDVH
7KH 6LQJDSRUH &KLQHW D SHROWHKFALXEG\FRKRUW VWXG\ LQ
DJHG RU ROGHU SDUWLFLISY QRS REXHKO R SLLGNRNW WGID W H G
DVVRFLDWLRQ EHWZHHQ FRQVXESWWR® HRG EBIYERQDWWH® /¢
ZLWK ULVN VRLFSBR@EHDLG XD OV FRROWKEPWIQINY SHU ZHHN HI[:
VWDWLVWLFDOO\ VLJQLILFDQW LQFUHDVHG ULVN RI SDQF!
FRPSDUHG ZFIRQK XPRIQ \G MXMNHRH QW | R R XSRGHHQW LB ®, FWR 8 H
GLDEHM(HVH ZDV QR VLJQLILFDQW DVVRFLDWRRG BHWNHHQ
SDQFUHDWERHFD@WHKWRUY SURSRVHG WKDW KLJK LQVXOLQ
SDQFUHDWLF FDUFLQRJHQHVLY &KURQLFDOO\DNURFIBVHG .
ZLWK LQVXOLQ+LDWVHIQAMNOLYQMALD UHVXOWLQJ IURP LQVXC
LQFUHDVH FHOO GLYLVLRQ ZLWKLQ WKH SDQFUHDIMIBQG L
JURZWK |PDFWRUSDQFUHDWYHAUHQHENQHVDQG ,*) UHFHSWI
IRXQG LQ KXPDQ SDQFQ\ FW RS DADHIEF H U WRKH QRAUWNPKOROU ¥ HVOXQIV H
WKDW GLHWDU\ LWHPV WKDW OHDG WR K\SHUJO\FHPLD T
LQIOXHQFH SDQFUHDWLF BRQUIRRIBWHROQV LQ WKLV $VL
7KH UROH RI K\SHUJO\FHPLD LQ SDQFUHDWLF FDUFLQRJHC

VWXG\ LQYROYLQJ HEXIOYWIV DR HGG LY HUD/ H DO G R XHIGQ X&
IRU \HOLWEHWHYV ZDV DVVRFLDWIHGFUHDWYHBOBRVMNW RN ZROR B
DGMXVWHG +5x x AWK H[FHVV ULVN KLJKHU LQ WKR\

VLQFH GLIRQRWUWHQHEARQYJ WKRVH ZLWKRXW SUHYLRXVO\ GL

PPRO / KLJKHU UDQ@GHRRVHODHWYHDOJZDYV DVVRFLDWHG ZLWK |
&, VXIIJHVWLQJ WKDW LQFUHDVLQJ EORRG JOXFRVF
GLDEHWLF LQGLYLGXDOV LQFUHDVHV WKH ULVN IRU SDQFULI

(MHFWV RXDRWOVZHHWHQHW YV QRIQEAHKDMIVRUHDQG KHDOWK
(IHIHFWV RQ ZHLJKW

$ FRPSUHKHQVLYH UHYROH[ER LRI VWK HRIZ| DRYE\D QRO L F
VZHHWHQHU /1&6 FRQVXPSWLRQ RQ ERG\ ZHLJKW LQ KXFP
VWXGLHV 3URVSHFWLY H RRZHGL HQ ARRRQY W B @ @WWH V X OW V
/1&6 RQ ERG\ ZHLJKW DQG REHVLW\ ZLWK VRPH V@G&GLHV \
RWKHUV VXJJHVW LRHDRW ROMUAM KV LQJ WKH IL[HG HIIHFW P
ORZHU %0, UHVXOWRQJY XPBW LREB SHU \HDU VR

ZKLOH XVH Rl WKH UDQGRP HIIHFWV PRGHO WKKRBKE QR FKD



WHUP LQWHUYHQWLRQ VWXGLHV VKRZHG WKDW PRIQWVRPSWI
FXPXODWLYIHQWQNHJ FRPSULVLQJ SUHORDG RIWHVWUPRDO'1
FRPSDUHG Zl6WNKWIXUQWG LQWHUYHQWLRQ VWXGLHV GHPRC
ZHLIJKW XVLQJ /1&6 SURGXFMANNQME SAXRBXNFWS&, WR

+REYHU WKH DXWKRUV DFNQRZOHGJHG WKDW D KLJK GH
VWXGLHY DQG WKHUH ZDV QR LQIRUPDWLRQ UHJDUGLQJ WK

(IHIHFWV RQ HDWLQJ EHKDYLRXU
7KH VHQVH Rl WDVWH LQIRUPV IRRG FKR IHRH \DHIIBY RRIV DW B
RI D IRREHDQEWWLHQWYV ,QW LYURBXD®HWDVWH VHQVDWLRQ\
SUHIHHUBQE VKDSH GLHDMDA PEMHEBYULRIWHFWHG LMQUHWRYF F
LQ GLHWDU$Q UDIFWOLF MW X GADW D RUQHING SOWLQJIV IRU VRG
VXFURVH ZHUH KLJRSIDUIHEG &KR QN VR FHRZEG WHE MOIIFOMWM. QJ LQG
WDVWH UDWLQJV WR GLHWDU\ EHKDYLRU LV FKDOOHQJLQJ
HVWDEOLVK WK 6% HHHHVOQKMM\R Q¥ WIHQVLW\ UDWLQJV KDYH EHF
GLHWDU\ LQWDNH RI VXJDRBV GHEG LQAKNREE IRHRED\O DMK
DQWKURSRPHWU\ DQG GLHWDU\ LQWDNHYV

7KH ORIRNHOVVRFLDWLRQ EHWZHHQ VQ@HBIQG HOL\HW Q W\H @
LQWDNHV ZDV UHSRUWHG LQ RRQ®D PR@N KWRXRGU REWHWWKKHE M H |
HQG RI PRQWKV VZHHW GHWHFWLRQ DQG OLNLQJ UHPDLQ
FROQFH®WUDWXFURVH BWY PRMEHIHRMWHMHOMHLQWHQVLW\ GURS S
OHYHO DJDLQ IROORZLQJ D UHWXUQ WR WKH XVXDO GLHW
GLHWDU\ LOWDNMXERHVYXHRQW BH® FHSOW XBIOVE H W B/R @\DH/ W H
VZHHW OQNS&QBFRRIFWXPSW LR ®WSTBW VEBWM FLSDQWYV ZKR SU
FRQFHQWUDWLRQV Rl VZHHW VWLPXOL LQ D WHVW EHYHUD.
$VLDQV.-DUH DW KLJKHU PHWDEROLF ULVN RI GHYHORSLQJ
7KHULVY VRPH XUJHQF\ WR FXWWLQJRIX/MJIZG PMTR R WH\H W RH F
WKBPBWQ PHHW WKH GXDO JRDOV RIL QWG DAR QNDEPHUW DFEG HIS QM
'HVSLWH VRPH FRQFHUQV WKDW /1&& FRQGE XOSW HRQDRIB B(
ODWHU HQHUJ\ LQWDNH VHYHUDO V\VW H PDQDLG\ VIHH/Y L |
FRQVLVWHQWO\ VXSSRUW WKH X® H RORU&GH IR GURFIEILRBIQ G
WKH 8 6 )RRG DQG 'UXJ $GPLQLVWUDWLRQ )'BG&DWLYSYU
DVSDUWDPH QHRWDRKFDBBORX®IDWPBHFFKDULQ DGYDQWDPH
HIWUDFWHG IURP SODQWYV VWHYLD UHEDXGRVLGH $ DQG |



$ VHULHV Rl UHFHQW VWXGLHV FRPSDUHG WXHSDPSMDAPMH R
DQG QDWXUDO PRQN IUXLW VWHYLDKRXEG6JRGF HRLHU U\HV QR
2YHUDOO WKHUH ZHUH QR GLIIHUHQFHV LQ WRWDO GDL
SDUWLFLSDQWY FRQVXPHG WKH FDOR UL K KN X\FKIURA/BHORDHRH W H
YHUVLRQV VZHRKMMWRNQB G PRIQWK |V XLWR RKWR DM ED WWKBIPMW\SH R
DUWLILFLDO RU QDWXUDO GLG QRW DIIHFW SRKR)SWDQG!L
JOXFRVH SURILOH® XML RN VD QR OOOHRIRQEQMEKR X JK GHVLUH W
KXQJHU DQG SURVSHFWLYH FRQVXPSWLRQ UDWLQJV ZHUH
SUHORDGVY WKHUH ZDV QR HYLDGPHSOWFLHR @ | | RIOFHRVAL GIQ HIL.I8 E
VHQVRU\ PDWFKHG UHIRURKODUHHBUSIURKE SRVY LLEMD DN R FR
VXJDU FRQWHQW WR PDQDJH JOHERPADG Z K WG R XUSHWVASRQV/|
EHWWHU XQGHUVWDQGLQJ RI VHQVRU\ SDWWHUQV ZLWKL¢
RQJRLQJ DGYDQFHV XQDSWR®X RN I HBYRWRH SRWHQWLDO WF
VXJDUV DQG RWKHU SXEOLF KHDOWK VHQVLWLYH QXWULHQ
H[SHULHQFH IRU WKH FRQVXPHU

(IHHFR\QY KHDOWK DQG UHODWHG LVVXHV

$ QXPEHU RI LQYHVWHVYDWROQOVZKHWKHU /1&6 FDQ EH XVHG
DUJXLQJ WKBWLOWRQYH VZHHWHQHUYV DUH QRW SK\WLRORJLF
FRPRXQGV DV KLVWRIDWKGO\ WXBIVAHH®UWLILFLDO VZHHW
SURFHVVHY LQYRHIX®DWLQJ HQHUJ\ DQG JOXFRVH KRPHRV
DUH QRW \HW WERBIOGEH X QGHIH Y PORQKRK ERG\ ZHLJKW DUH
3URSRVHG 'SK\VLRORJLFDO PHFKDQLVPV E\ ZKLFK /1&6 FI
EDODQF HERBHLIKW LQFOXZWUDO PHFKDQLVPV VXFK DV WK
/1&6 ZLWK . VZHHW WDVWH UHFHSWRUV LQ WKH JXW SDQI
DOWHUDWLRQV LQ JXW PLFURELRWD DOWHUDWHR®@V LQ
IRRG GXH WR XQFRXSOLQJ Rl VZHHW WDVWH IURP FDORULF

 QWHUDFWLRRUROWKZHIMMWDVWH UHFHSWRUYV

W LV QRZ NQRZQ WKDW VZHHW WDVWH UHFHSWRUV 7 5 7
JXW SDQFUHDV WKDW SXEDAR D BUFRERIDQLX QILOX FRHFFHIWHKAHL R Q
SUHVHQFH Rl JOXFRVH WKHVH UHFHSWRUV DUH DFWLYDW
JOXFDIRNH SHSWLGBQG J@HFRVMGHQW LQVXOLQRWURSLF S|
VWLPXODWH SB®G0NDWR FV IEFUHMNKH H ORR® JDONGRYIH FQ B OH



VZHHWHQHUV OLNH VXJDUV LQWHUDFWL Q@ LK Q/IZHH HMD X\ K
KRPHRV&KURGLF /1&6 LQJHVWLRQ LQ KXPDQV LQFUHDVHG
JOXFRVHIORKW REHVH IMXEMRVFWVDEBN HUBHOL QR | HNWWDIG \T V
DPRQJ REHVH DGXOWV VKRZHG WKDW VXFUDORVH LQJHVW|]
SHDN SODVPD JOXFRVH FRWQEPQMDUNDHG R.Q \DXK ERMHALH W, L
FRQFHQWES®WR[RGDWHO\ KLJKHU FRQFHQWUDWLRQ RI LQ
WKH VDPH OHYHO RI JO\FHPLD DV ZKHQ ZDWHU ZDV FRQ
6LPLODUO\ VWXGLHV LQ REHVH PLFH VKRZHG QW&PMHGLHW
K\SHULQVXOLQHPLD DQG LQVXOLQ UHVLVWDQFH

$OWHUDWLRQV LQ JXW PLFURELRWD

&KDQJHV LQ JXW PLFURELRWD UHSUHVHQW DQ XQH[SORUH
JOXFRVHRNRMVLY DQG HQHDQL EDOW QA6 FRQVXPSWLRQ SU
LQWROHUD @FMHLR QY WEWMKH IX VK XFPLFQ\R ELRW DEDFWHULDO |
/1&6 FRQVXPHUV ZHUH GARGMQFWMVURPGORMQGHQW RI %!
FRQVXPSWLRQ FRUUHODWHG ZLWK FOLQLFDO SDUDPHWHU
ZHLIJKW IDVWLQJ LERSFOR G HI® XIPR\FR VHWWRLFHWREQB® LQKDEL
$VLDQ SHRSOH GLIIHU/TURP WKRVH KBFEXHRERW\W R I1/RE ©
GLIIHR VWXGLHV KDYH \HW EHHQ GRQH WR G i$WHUP LXMW W
PLFURELRPH DQG LWV DFFRPSDQ\LQJ KHDOWK RXWFRPHYV

$OWHUDWLRQV LQ FRQGLWLRQHG UHVSRQVHV WR VZHHW IR
&HSKDOLF SKDVH UHVSRQVHYV D&YRW SIMULHY 1B GW L\FILESORVJIR.ED S|
VDOLYDWLRQ DQG JDVWUKQF ROFPBWDHFRIHWF L R R U PRIG KW W QR/
JKUHOLQ "WKHUPRJHQHVLY WKDW IDFLOLWDWH GLJHVWLR
DSSHWLWH DQG VDWLHWAHNQWR PEURWHHURNDY\KERIPIHEGHIE Bl W MY
SUHGLFWV WKH SUBVB@RY RIVFDQERQHUJ\ VRXUFH HOLFLYV
SUHSDUH IRU WRBUEBEBKLGDDWRI\8 QAL NWK W XIDW /1&6 SURY
FRQGLWLRQHG VWLPXOXVWR WKZHHPIBWF B VQUIHFDMXOVR W K R/ K RGUVV b
FKURQLFXHISRVR /1&6 HYHQWXDOO\ GLPLQLVKHV WKH DELOL
OHDGLQJ WR VXSSUHVVLREXRS ERQGLRVQ RPOM G HIBBMVW HYHQ
LV RQFH DJDLQ DFFRPSDQLHG E\ FDORULF FRMWBRWG LPS
DSSURBWHO\ WRVWZBHWRRGV GHPRQVWH[B\WRMBGLQ DW&6 ZK



VKRZHG LQDELOLW\ WR FRPSHQVDWH IRU DG G/L2MHR\Q-DIH 6 D
SUMHDO E\ UHGXFLQJ LQWDNH DW VXEVHTXHQW IHHGLQJV
&RQVLVWHKAWHZILWIGEMDJIJY D UDQGRPL]HGLRURNDRWHKY KRD
IRXQG WKDW ZKHQ VXFURVH ZDV JLYHQ DV D SUHORDG E
LQJHVWHG VLJQLILFDQWO\ OHVV HQHUJ\ WKDQ ZKHQ WKH\
F\FRODVH DFHVXOOM®PPHWDRHUHQWLDO HQHUJ\ LQWDNH ZDV
GLIIHUHQFHV LQ EUDLQ UHVSRQVHV WR IRRG YLHZLQJ IROC
DV PHDVXUHG XVLQJ HOHFWURHQFHSKDORJUEIDLQ6XBHRYV
DVVRFLDWHG ZLWK FRJQLWLYH FRQWURO DQG IRRG FDWHJF
ULJKW LQVXOD OHDGLQJ WR UHG XFHDGWIEK\DMTE HFQRW SIHRE\G
EHKDYLR® SUHORDG HQKDQFHG DRWWDLOYUHQLRBOY W ODONSIG
RI UHZDUG GLG QRW FKDQJH LQVXODU DFMRG W QWDNG
FRPSDUHG TWR{ ZDMWWHKWR UV VXJIJHVWHG WKDW WKH GLIIHUHQF
DQ LQLWLDO VWDJHMWRD ORSDISHV D QFRQS & RQW DVQGLFDWLQJ SF
RI KDELWXDO /1&6 FRQVXPSWLRQ RQ IRRG LQWDNH EHKDYLI

3RWHQWLDO WR[LFLW\ RI VSHFLILF /1&6 VXFUDORVH DV DQ
/1&6 GLIIHU LQ WKHLU FKHPLFDO VWUXFW XW K HY®IGGHERIPSRN
FRPSRXQGV LQ Y XOQHI® DFEOCRHY H UR[RHW Q@RD PEE@H LV VXFUD
VIQWKHWLF WULFKORULQDWHG GLVDFFKDULGH XVHG PRUHI
VXEVWLWXWH LQ IRRG DQG EHYHUDJH SORGXFVWERWKXHBLER
DTXHRXV PHGLIW LIFKIHUB BWISBEMSWDEOH 'DLO\ ,QWDNH $',
PJ NJ ERG\ ZHLJKW GD\ ZLWK QR UHVWULFWLRQV IRU YXO0Q
QXUVLQJ PRWKHUV LQIDQW®V FKIVDIG PHG L FDG HFRQ\G LYHLRQ
PXOWLSOH -PHGREKDWLR®\W QG LBRAXNMHG WKH IROORZLQJ EL
DVVRFLDWHG ZLWK VXFUDORVH LQJHVWLRQ WKDW UHTX!
YXOQHUDEOH JURXSV
(HIHFWVFRD®KRVH RQ SUHV\VWHPLF GHMW R | EFHIDVHR @ GP |
VXFUDORVH LV QRW DEVRUEHG LQ WKH JDWKHWRER®WHVYV
XQFKDQJHG EQMWRDEBERNO VWXGLHV VKRZHG WKDW VXFU
H[SUHVV ILRQ RVIMOLER®OU BVEH LIQ G3 F\WRFK UWRBH SURWHLQ V
ZKLFK DUH LQYROYHG WERRPHM GHW R A |88 DW IPRH@ @ B-R 00X/l
WUDQVSRUWHU WKDW VHUYHV DV D EDUULHU WR KDUPI
HQWWWHRWF EDFN LQWR WKH S QWWWWDEWY BRPRHQ\ ZZWK k



DPSKLSKLOLF FRPSRXQRAK QR B DY B LU XR \&HBQE Q3 HPHAVLF L ¢
SURPRWH HOLPLQDWLRQ RI [HQRELRWLFV IRUHLJQ FRF
DGGLWLKWHR/XIJK R[LGDWLRQ DQG UHGXFW MR @RWHIDERQRQ
DQG ZDROMEWLYDWLRQ RI WKHVH GHWR[LILFDWLRQ SUR!
HITHFW ~ ZKLFK GHFUHDVHV WKH FRQFHQWUDWLRDFR/I D [+
DQG OLYHU WR OLPRW YW K@ DE L\O\VWKRPRKFHHED XWKKIRW W K H
H[SUHVVLES® BRQ®&@ &<3 IROORZLQJ VXFUDORVH LQJHVWL
SK\WLRORJLFDO UHVSRQVH WR RUJDQRFKOR QIGQ W KSHV W |
WKH ERG\V HIIRUWV WR UHGXFH DEVRUSWLRQ PD\ D
ELRDYDLODELOLW\ RI VXFUDORVH

8QLGHQWLILHG PHWD EROR@/G! K GLHIMHHR W BERMNQ! DREDBH KXP® (
SRWKNWWDWWHG WKDW UHFHQ@W IWEKGLROP LOR QDY X/XSR D
YLYPQGLALQDWHG *XQFKDPQDEGIGIRL QHFWWDWLRQ RI LVR
VXFUDORVH VKRZHG W KIHWSIWH G @FH. IRD CPHLW D@ R (DAD G WHKE
OD\HU FKURPDWRJUDPMURIP IHPWO/ H[QWGJ KWPDQV IROOR:
DGPLQLVWUDWLRQ UHYHDOHG WKH SUHVHQFH RI PHWDE]
FXUUHQWO\ XQNQRZQ

S8QNQRZQ VUKHFWDARVH WKDW7KB VD EWH&WKAE DOVDHER UD W R U
VKRZLQJ WHFRP®RVIGNLRQ RI VXFUDORVH ZLWK LQFUH
&KORURSURSDQROV ZHUH JHQHUDWHG ZKHQ VXFUDORVH
IDW&KORURSURSDQROV DUH D JURXS RI FRQWDPLQDQV
FDUFLQRJHQLF @QFGFRIXPRYQENV 2WKHU FRPSRXQGV WK
GHSHQGLQJ RQ LQJUHGLHQWYVYV RI WKH IRRG PL[WXUH L
GLR[LOV 'SRO\FKORULQDWHG QDSKWKDOHQHYV
(IHNHEWMBQJHQR XV L QWHWHWVL QW REDEG \DIQU B R 2\ \Y X GALKIVW
VXFUDORVH UHGXFHG WKH QXPEHU RI LQGLJHQRXV JX\
VX8SVVLRQ RI EHQHLURLDIOFEQRAWBHOWB UDWLRQV LQ WKH
DW DQ HTXLYDOHQW GRVH RI  OQRJLPBERUERIRWHKHN $'% 08 D
%DFWHULD LQ VRLO VDPSOHV ZHUH VKRZQ WR PHWDERO
'&) DQ DON\ODWLQJ DVWIQWW VI IQIWN EMIFWWS®IL B0l HFWRS HRU
VXFUDORVH RQ JXW PLFURELRPH RI JWRY\&W PALWELYNXOR
LPPXQH GHILFLHQFLHY DQG WKH HOGHUO\ QHHG WR EH C
3RWHQWLDO IRPUIDQRWROIRFUMAH FRPSRXQGYV DUH VKRZ
HYHQWY WKURXJK DOWHUDWLRQ RI '1$ PHWK\ORVLRQ SC



RUJDQRFKORULQH VZHHWHQHU V&R UDLQV B OKNGILDRML P 1 VF B B |
LQGXFHV HSLJH®@MW\XGRE HW ISOIWRQVWUDWHG WKDW VXFUD
PRWKHUV LV SWKWMHGLRQDOW YV $ENVREUBIWWVWQPRQ NQFDQ RV
PD\ EH JUHDWHU GXH WR WKHLU ORZ HIS WDHQO/ IBRQ R QGH
LPPDWXUH FOHDUDQKH PRGRBQWUMDMWLRQ RI VXFUDORVE
IRXQG WIR @G KLJKHU WKD® OMK HR W DAZ\M H WAK-BRAYIR H ¥ X F U
HW DDBIFRPPHQG PRUH VWXGLHYV DUH QHHGHG WR GHWHL
H[SRVXUH WHR J18&BKHWKHU DPSOLILFDWLRQ RI VZHHWQH\
PLJKW DIIHFW IXWXUH IRRG SUHIHUHQFHV DAXGFKKRLFF
H[SRVXUH WKURXJK EUHDYW RIXOW FLEWR BVRINGH ILQE Z K |
DSSURSULDWH IRU FRQVXPSWLRQ EVVODFWDWLQJ PRWKH!

352'8&7 ,1129$7,27@ 5('8&( 68*$5 $1(1(5*< ,17$.( ,1 7+(
5(*,21 (1+$1&,1* 7+( 6(16253523(57,(6. 2) )20'$1'86,1*
,1',%(1286 6:((7(1(56 $6 $/7(51$7,9(6
(QKDQFLQJ WKH VHQVRU\ SURSHUWLHV RI IRRGV
7KH XVH RI /1&6 WR UHSODFH VXJDU FDORULHV LQ EHYHUD
FDQ EH UHGXFHGOWRSDODRYDEK O LMR\Z HY HRID L\Y RHD B @& Q MH
UHGXFWLRQ WKDW FDQ EH DFKLHYHG LQ EHYHUDJHV LV IDL
VROLG DQG VROLG IRRG LWHPV ZKHUH HYHQ VPDOO UHGXF
IDW FDQ KDYH D VLJQLILFDQW®T® HIW WX KW XLLPHS DEVG K@ QWKRH
KDUG WR FRPEDW = 7KLV PHDQV SURGXFLQJ uFDOWVLBHUHG
RI WKH EHYHUDRW WR@DWRO\ PDLQWDLQLQJ SDRQWIELOL)
VHQVRUV FXHV $QRPOMRIRBQDWLYH DSSURDFK LV WR FRQVLG|
FRXOG.EH PRGLILHG WR LPSURYH WKH LPSDFW RI LWV QXW!
YRRG WH[WXUH KDV D XQLTXH FDSDFLW\ WR LQIOXHQFH H!
HQH\ LQWDNH DQIBVNENRERWXY VWXGLHV KDYH FRQVLVWHQ
KDUGHU DQG FKHZLHU IRRGV DUH RIWHQ FRQVXPHG LQ V
FDORULHV WKDQ VRIWHU RU OHAKH Y LVFRX M [ BRIROGOD R/W REQH YH
IURP WIS OHDPHFX R| PDWBDWMHOGVWRIRYKHLU VWUXFWXUH IRR
WKH VSHHG LQ ZKLFK WKH\ DUH HDWHQ DQG FRQVXPHUV
EHKDYLRXUV WR SURFHVV GLITHUHQW WH[W XUUQN FXNEKQDV
IUHTXHRERVHTXHQWO\ KDUGHU DQG FKHZLHU IRRGV WHQC
FKHZLQJ DQG FDQ UHGXFH LQWDNH VLPSO\ E\ VSHQGLQJ OR



+RZHYHU WH[WXUH FDQ DOVR LQIOXHQFH HRHEG\OLGWD N H
DERXW WKH SRWHQWLDO VDWLDWLQJ SRZHU RI D IRRG )RI
WR ZKLFK WKH\ DUH H[SHFWHG WR EH ILOOLQJ H[SHFWHG
PHDOV H[SHFWHG VDWLHW\ DQ& H\RIRR L GHER 8 M OGN KOQ V§ [DUL
H[SHULHQFHG DV WKLFNHU FUHDPLHU DQG FKHZLHU DUH
LQGHSHQGHQW RI WKHLU DFWXDO HQHUJ\ FRQWXP®MG LTKL\
(XURSH DQG:MWDLV PRUH FHRRRAXPHRWIWH[WXUH LQ SDUWL
FUHDPLQHVV FDQHOHEBQW \EHOWNIV ZLWKRXW KDYLQJ W
LPSO\LQJ WKDW WKHVH EHOLHIV DXUQH @ HRDQYIm® G ZILRWK MRS A
,PSRUWDQWO\HPWIRKG\DW[HW\ YDOXH PEBOBDIRUWRRERGHB
DQG VXEVHTXHQW DSSHWLWH VHQVDWLRQV  PHDQLQJ WKD\
WHQGY WR EH VHOHFWHG LQ VPDOOHU SRUWLRQV DQG
FRQVXPBWDRQD VLPLODU IRRG ‘Rl DQ HTXDO FDORULF FR(
VDWLDWLQJ

+RZ FDQ IRRGV EH GHVLJQHG IRU HQKDQFHG VDWLHW\"
SURFHVVLQJ WDH@3H VD YWHBHOLHIY PHDQV WKDW GRRGWKDQG
WH[WXUHV WKDW VORZ GRZQ WWW URIWH UR V DI\Y WHNIRHHD[@ G F
VWXGLHV XVHG IRRGV FRPPRQO\ FRQVXPHG LQ 6LQJDSRUH
WR GHVLJQ WZR HTXLFDORULF YHUDNR BWBERK D \§ R B XYO-DUV LR (
GLIIHUHG LQ WKH JULQGLQJ RI ULFH JUDLQVLEWILRSWRAWRXBRE
LQ )LIXURKLY SURGXFHG D WKLQ OHVV FKHZ\ pIDVWY{ SRUU
YHUVLRQ WKDW ZEXWHARKQDXORHLL MMGD VORZHU WPWH DQG F

UHGXFWLRQ ,PGRUQWDMNHO\ WKHVH WH[WXUDO PRGLILFD
H[SHFWHG WKH VHQVRU\ HQKDQFHG SRUULGJH WR EH PRU
GHV S LW HGDR D I9G\KLH H

7KH VHQVRU\ H[SHULHQFH RI HDWLQJ FDQ EH YLHZHG DV
7KHUH LV SRWHQWLDO WR SURPRWH VWURQJHU DSSHWLW
FRQVXPHG LQ D JLYHQ PHDO EHYBHSS®UR RK \KPIFNW ¥ RZAY 1
%HVLGHV FRVW D SULPDU\ FRQFHUQ RI DQ\ IRRGRERPSDQ
FRQVXPHU DFPMIWDKEROGEWNR UHPRYH QXWULHQWY IURP D |
VHQVRU\ FKDUDFWHULVW LSV RRRIXMWKBWU RIRWRXO BN LQD O
IXQFWLRQDO IRRG WH[WXUH DSSOLHG WR VORZ HDWLQJ UD
SDODWDEOH DQG PXVMWFIIFWR QW WKL R WHRUYSBEXEDRENF\M QK



FKHZLQHVV WH[WKRIFRQRJXUW PD\ EH OHVV SDODWDEOH
FKHZLQHVV LQ SRUULGJH

$ VHFRQG SRLQW RI LQWHUHVW LV WKH SRWHLEDWH G L
H[SHFWDWLRQV RI VDWLHW\ DQG QXWULHQRR @EDX®ISSV VR W |
(DUO\ FXHV IURP WKH VHQVRU\ H[SHULHQFH RI HODWIHE D S
SKL\RORJLFDO VDWIRHWLPALLWQDIOW SRVVLELOLW\ Rl ODWHU U
HQHUJ\ LQWDNH DW D ODWHU HDWR@VN RFKDWLRG QMUDW
H[SHFWDWLRQV RI VDWLHW\ VKRXOG QRWLR YIHRK-L\HW HFED B/Ri\
FRQVXPSWKRQ® LPSOLHV WKDW WKH VXFFHVV RI' FRPELQLC
HQHUJ\ GLOXWLRQ ZLWKLQ WKH &BFHQSHROMX V@ 5D WD NRI@'
FHUWDLQ MH[SHFWHGY EDVHOLQH F DIDRA IZH TR EMHRY RS
FRQVLGHUDWLRQ JRLQJ IRUZDUG

SOWLPDWHO\ WKH VXFPHVY RYPQRYDWVRIRRR) IRU VDWLHW)\ F
GHSHQGHMQWR RRXV ORQJHU WHUP DVVHVVPHQWYV RI WKHLL
ZWKLQ WKH ULJKW <FRQVUXMPHYU URPKRKISWDQW WR DFNQRZOHGJ
IRRG SURGXFW RU WO F&QLYNHWW KD W KZAWQN H D K RROXEDAD I0SH0 H
FKDQJHV WR WKH zZD\ PDQ\ FRPPRQO\ FRQVXPHG IRRGV DQC
FRPELQHG ZLWK FDUHIXO HOHUJ\ GHQVLW\ GLOXWLRQ LV R«

BRXWKHDVW $VLDQ LQGLJHQRXV VZHHWHQHUV DV SRWHQWL
*O\PPLF LQGH[ *, 'LV EDVHG RQ WKH EORRG JOXFRVH UHVSF
VWDQGDUG JOXFRVH VROXWLRQ 7KH PDJQLWXGH RI WKH
PHGLXP DQG KLJRKH *, PHWKRG KDV EHH@ X\DHE RR UG EO I
IRRGV DQG WKHUH DUH UHFRPPHQGDWLRQV WKDW LW VK
FRPSRVLWLRQ WDEOHV WR JXLGH IRRG FKRULFHM L QW RIHEHR
VZHHWHQHUV DV VXJDU DOWHUQDWLYHV WKH JO\FHPLF L
VXJDUV IURP ORFDO VRXUFHV ZDV H[DPLQHG FRFRQXW VD
REWDLQHG IURP YDULRXV SDOP VSNBDHV ENDR QUX ¥DXUD UV X
JUDQXOHV DQG PXVFRYDGR EURZQ VXJDU

6ZHHWHQHUV ZHUH DQDO\]HG IRU SUR[HRDWWL®RPSRD QW
$2$& PHWRBRHBMPDWH FRPSRVLWLRQ RI WKH VXJDUV LV VKR:
KDG WKHWAL PRLVWXUH FRQWHQW $VK FRQWHQW ZDV KLJ¥
ZKLOH VRUJKXPIDQ@ HEXM IKVIKBHO®W YRQIBURWHILH KLIJK LQ FL
7KH DPRXQW RI WRWDO FDUERK\GUDWHY ZDV FROD RX QVKMH G



VXJDU 7DEOH ZKHUHLQ WRGMXD B IVWHEBR K \ GAORMANENW XABHY >
$VK)DW3IBWHLQ 7RWDO &DGEBKQRWDYW\HY @ KH VXP RI VXJD
WRWDO FDUERK\GURW 6 \E B FID R\PAHRRM KBIF WX JD U

JLIXUH  VKRZW RQWRHQBRHFBR QXW VDS VERFBR OXMG WD B X8\ U
FRQWDLQHG ERWK GLHWDU\ ILEHU J J DQG LQXOLQ
KDV QR GLHWDU\ ILEHU EXW KDV LQXOLQ WWBI FRFRWQIXM LM
VI\UXS

ORQ®QG GLVDFFKDULGH\W ZBVHFRQRPDWHRG DESREKR Q X IVE OBIS
VIUXS KDG WKH ORZHVW VXFURVH FRQWHQW. EDRWD ONRKZHH & LJ
E\ FRFRQXW MDIRSQY XJDID W KHVKL MMKFURVH FRQWHQW

$ JO\FHPLF LQGH[ VWXGW O \DERBDGKEWBGMFDOW. R \QKKUPLD/Q
IRU DOO VWXG\ SDUMWHFLSH@WYV ZHYBVIODEFREBRRG /| EXW
QRW OHVV WKDQ PPRMJ/P BABHGLFDWOLRKRYVRIU DQG 1R
VPRNAKN SDUWLFLSDQWY ZHUH JLYHQ JUDPV DYDLODEOH
DQG D VWDQGDUG JQX FORY HR WHRUOXW K R/Q) ILINOMHYL FINEHGEH E OR R (
VDPSOHV ZHUH WDNHQ DMRP. HDFK SDUWLFLSB@MAM\ZDV
VHSDUDWHG DQG DQDO\]HG IRU JOXFRVH OHYHOV RQ WKH V
7KH VWXG\ SURWRFRO,ZDY DSSURYHG E\ WKH )RRG DQG 1XV

JLIXUH VKRZVLW KIQRBIEBLRE LIJHQRRFR/XIWUYDS VXJIJDU FRF
VIUXOQG NDRQJVXJDU“JDYH DQYGE RIUHVSHFWLYHO\ DQG ZHU
DV ORZ *, * 7KH RWKHU VXJDUV ZHUH FODVVLILHG DV PHGL

7KH LQXOLQ D QN HIXFWRRVQDWRUDO LQGLIJHQRXV VXJDUV
&RFRQXW VDS VXJDU FRQWDLQHG LQXOLQ J J ZKLO
GLHWDUY ILEHU D JIDQ@RQXADV IUXFWRVH FRQWHC
WLPHVUK WIKBY JOXFRVH FROWKQWO LQGLJHQRXV VXJDUV
IUXEFWRVH | SOWAHR/HQUBRZ JOTKHFIHF VKHDSIRQVIH KW KHOS U]
RI RYHUZHLJKW REHVLW\ DQG W\SH GLDEHWHDWHOD LRAX V
SRWHQWLDO KHDOWK HIITHFWV

7KHUH LV DQ LQFUHDVLQJ GHPDQG IRU FRFRQXW VDS VX.
WKH ORFDO DQG LQWHUQDWLRQDO PDUNHWVY 7KH JOREDO
86 ELOOLRQ GRPLQDWH®EQGQ®ORGHWKM FKLOLSSLQHV &
FRFRQXW VDS VXJDU SURGXFHUV LQ WK HWBHKH QULH\BW QIHY /]l
DQG 9LVCMWWRI WKH PRVW VXFFHVVIXO SURGXFHUV DQG HI[¢



VIUXS DQG RWKWHRIG KRWRQXW WKH &RFRQXW 5HSXEOLF (DV
ODUNHWLQJ 3KLOLSSLQHV

)XQFWLRQDO SURSHUWLHYV RI LQGLJHQRXV VZHHWHQHUV
9DULRXV SDGR NG HF [SYBRQ D WX V I8OFRDFERHVO Q XIFHBIIH UDX FWLFD Q\
KDYH EHHQ XVHG LD V6 R XWZKIHHMERMD BRIL DR K R X V DB@®WP RM WH B W \
DUH LQGLJHQRXV LQ WKH IRUHVWV RI 6RXWKHDVW $VLD D
WKH\ UHVWRUH GIDMD XWGQURYBUZX KQ GWIHQHR XADW AHHWHQH U\
LQJUHGIH @R FDO GLWKMYV GMEDANWYV D RIRERQ XWK H/ XUHDIL R
LPSRUWDQW LQJUHGLHQW LQ ,QGRQHVLDQ VZHHW VR\D
LQWHUPHGLDWH PRLVWXUH PHDW GHQGHQJ

8VLQ® YPWWRRGY DYDLODEOH V@WXWLWXJIDKRZOG S\OKDRV VH
KLJK WRWDO SKHQROLF FRQWHQW DQG JRRG DQWLR[LGDQW
DVVD\ IHUULF UHGXFLQJ)DSBW MR V®D QN8 +S R\ & RFADLA @ F D Y H (
DQWLR[LGDQFMDURWW@H EOHDFKLQJ DQWLRE GDR®XFWEN W
HTXLYDOHQW FRQWUDVW UHILQHG FDQH VXJDU VKRZHG O
DQWLR[LGDQW DFWLYLW\

3K\WRERHBP JURXSV SUHVHQOW LQ RLO SROPGWNJDIODLDEQK
DONDORKIGOH WKRVH 'LQ FRFRQXW VXJDU LQFOXGH SRO\SK
OLFURQXWULHQWY SUHVHQW DUH LURQ ]JLQF FYDIO¥DRPQVR
& FDORLK® SRWDVVLXP 20 KDL BRMWHRWLDOO\ EHQHILFLDO
VKRUW FKDLQ IDWW\ DFLGV DFHWDWH SURSLRQDWH VPD(
K\GUR[\PHWK\OIXUIXUDO D GHFRWEBRWLWKRRK SPDR GIXFVF WRLF
DQWLR[LGDQW LGB ISMPRO R X\IOID HW[KLELWHG DQWLPLFURELDO
VWUD LQFRBIDHUXJI9Q RM D6 DX UHXYG $&( DQJLRRGHMLPLQJ
HQJVPH LQKLELWRU\ DFWLYLW\

8VH LQWRQDFO IRRG SURGXFWYV

BURELRWLF LFH FUHDP PDGH ZLWK FRFRQXWD$WWRE VXUOO X

DFLGRSKIXAM\LYDO KLJKHU DQWLR[LGDQW FDSDFLW\ DQG

WKDW PDGH ZLW KoWHIRQW ® VX HOADW KD SBOPR¥RQXW VXJDU V

JO\FHPLF LQGH] “ “ UHVSHFWLYHO\ WKDQ W
“ $W SUHVHQW QR VWXGLHV KDYH EHHQ FRQGXFWH

WKHVH VZHHWHQHUV WR/\GBI 8 CRRSIPHQ \W KRIRREWVGLVHDVHYV



$66(66,1* /(9(/6 2)8*$5 &2168037,21 6287+ ($67 $6,% 7+
1((' )25 &21680(5 *8$1&(
/JHYHOV DQG VRXUFHV RI VXJDU LQWDNH LQ 6RXWKHDVW $VI
5LVLQJ FRQVXPSWLRQ RI VZHHWHQHG IFRQW WLEX VEH YWIR D
REHVLW\ UDWHYQLRUB(H$V MR H[DPLQH OHYHOV DQG VRXUFH
BRXWKHDVW $VLDQ FRXQWULHV GDWD ZHUH H[WUDFWHG
QXWULWLRQ VXUYH\V IRU 7KDD®@IQ GK LODLSI\\VQEYO HAG BRQ
VZHHWHQHG IRRGV DQG EHYHUDJHV ZHUH REWDLQHG IURP
'KLOH WKH QDWLRQZLGH FRQVXPSWLRQ VXUYH\ UHVXOWV °
EH FRQVLGHUHG ZKR OIOG HQHDLLID BAOKH WHHIR®® O VRXUFHV R
FRPSULVLQJ WDEOH VXJDU ZKLWH EURZQ WUDGLWLRQDO
PLON ERWK WUDGLWLRQDO DQG PRGHUQ VZHHWY FDNHV ¢
7KH DYDLODEOH GDR®D IUPD HUOWW \EIRWXK IRRKE ARV R B 8WQLR
QHFHVVDULO\ WKH VDPH 7KH )$2 IRRG EDODQFH VKHHW GI
VXJDU DQG VZHHWHQHUV DYDLODEOH IRU SHU FDSLWD FR
7KDLODQG ODQGRLVUDESDMEY. HIFHHGRHG RVKH JUDPRXVBHU G
7KDLODQG DQG ODOD\VLD KDG WKH JUHDWHVW DPRXQWV R
VXJDU ZDV EHORZ EXW. DERYH RIUDRVY DG IGWDLR Q-H20 FB
2YHUDOO WRHH PPIRXOWDLODEOH IRU FRQVXPSWLRQ LQ WKH
WKDW WKH UHVSHFWLYH SRSXODWLRQV ZHUH DW SRWHQV
H[FHHGLQJ UHFRPPHQGDWLRQV DLPHG DW SUHYHQWLQJ GL\
,Q FRQWUDVW WKHQPR&KN WKHIFHQW XBIBMRIRREQ FRIQRZHG YD L
UHV%OWYH\V.LQ 7KDLODQG DQG 0DOD\VLD UHSRUWHG KLJIK
'+2 UHFRPPHQGDWLRQV ZKLOH WKRVH LQ 3KLOLSSLQHV D
VXJDU'LQWDNH BRORPPWEGDWAIRDK 5HVXOWYV IRU 7KDLODC
KDYH EMSIRUWHG LQ HDUXRGH FSIDSWKH VXUYH\V ZHUH DFF
ELRPDUNHUV RI VXJDU LQWRBNXNH XAKLFKULQHFXRWH DQG IU
DEXQGDQFH R WWHEPHUEWRRWRSH / & LQ VHUXP ILQJHUVW
DODQLQH

7KH 7KDLODQG +HDOWKRIAHGELWKDIMHERUW WR WKH VX
SRSXODWLRQ DJHG \HDUV BR&LRRIHEPRDW \UH B XWMAUHHW M Q H G
ZHUH FRQVXPHG RQ D ZHHNO\ EDVLV E\ Rl WKH SRSXO

UHJXODUO\ EN SULPDU\ VFKRRWHKPYVGRIHKQKHDOWK EHKDYLRU
WKDW Rl 7KDLV DJHG \HDUV DQG RYRIRGINGEKGOGLVFU



OLNHG WR HDW H[WUHPHO\DWZ H HW GAKDI. \GARHEHA K QVLNFRMQXID K \
UHVXOWYV IURP WKH VHFRQG 7KDLODQG 1DWLRQDO )RRG &
VKRZHG WKDW WKH PRVW SRSXODU WK W R X GD MR RRGQ FIRIH!
DQG DERYH ZDV MEBAHWHFHRIHEH PL[
7KH ODOD\VLD $GXOW 1XW URRWLHRWDL 6 X DGR OWHM ® IJHG
VKRZHG D GDLO\ SHU FDSLWD FRQVXPSWLRQ RI WKH IROC
EWR) OHODND J FRQGHQVHG PLON HTXLYDOHQW WR DS
VZHHWHQHG EHYHUDJHP IFKFRSF 8 O DN FGRUL@INDIBISHE R WD W H O
VXJDKH WRS VZHHW IRRGV FRQVXPHG GD L ORWHM FUDE® H U/
ZKLOH WKDW FRQVXPHG ZHHNO\ ZDV ORFDO NXLK WUDGLWI]
'DWD IURP WKH 3KLOLSSLQHVTY 1IDWLRQDO 1XWULWLR
ZHLJKLQJ VKRZHG D GDLO\ SHUDARDP®IQEIVHIMRBMW RRPPR QL
FRQVXPHBWZZRRGY DPRQJ )LOLSLQR KRXVHKROGV ZHUH
FKRFRODWH PLON SRZGHU 4 FDSLWD GD\ DQG VRIW GULQ
,QGRQHVLDfV 1DWLRQDO (FRQRPLF 6XUYHEREBRPLF6V XV YH
WKDW LQFOXGHILWH TREVIWXIRMWLW\ DQG YDOXH RI IRRG
SXUFKDVHG DQG RZQ BURGXRWHRQQRU G&EBRPRG LW LHYV
VKRZHG SHU FDSLWD/ FRQVXPSWLRQ RI FDQH EURZQ VXJ
DSSUR[LPDRMHSH U FIRSIWVFDLEWMBINHHZ RI VXJDU LQWOQEH LQ
686(1$&HVXOROQFOXGHG WKDW UHSRUWHG FRQVXPSWLRQ RI
ZHOO EHORZRI4Z FXW
8VLQJ D VIKRMOHUHFDOO WKH 7RWDO 'LHW BWXG\ D
%DVLF +HDOWK 5HVHDUFK 5,6.(6'$6 VXUYH\ WKDW FROOI
YDULDEOHV VKRZHG WKDW PHDQ VXJDU LQWDNH RI DOO DJ
WKH HQWLUH SRSXODWVRODBREVXRA® O\ FRQVXREHEH/ ZHHV
MHOO\V JHODWLQ V\UXS KRQH\ MDP FKRFRODWH ZKLWH
VZHHWHQHUYV
ODUNHW UHSRUWV FRQVLVWHQWO\ VKRZHG DQ LQFUHDVL
EHYHUDJHYV LQ DOO IRXU FRXQWH LBINSRHW WKDIL\® B G GV KIBDIVO!
VXJDU XVHG E\ IRRG DQG SKDUPDFHXWLFDO PDQXIDFWXUH
ZLWK WKH JUHDWHVW LQFUHDVH LQ FRQIHFWLRQHL

DG LQFUHDVH UMRSHFWIR'HO\ %DNHYVBRGHA WMAKDW L
7KDLODQG FDUERQDWHG VRIWGULQNV H[KLELWHG WKH J
SURFHVVHG IRRGV



$ UHSRKRZHG WKDW LQ ODOD\VLD WKH FRPELQHG V
FRQIHFWLRQHUNWERLORIGONZRSY PLQWY HWF FKRFRODYV
ELVFXLWV LQFUHDVHG IURP 50WR PLCPQICRQ R@ MXH
3KLOLSSLQHV LPSRUWV Rl VXJDUV DQG VXJDU FRQIHFWL
PLOOLRQ W® PLOOLRQ L® JOREDO DQDWKRAHGHSBRDW
UHWDLO VDOHV IRU FRQIHFWLRQHU\ LQFUHDVHG IURP 86

UHSUHVHQWLQBRIWGWIRZWKDOHY LQFUHDVHG IURP 86
PLO@WIGKULQJ WKH VDPH SHULRG UHSUHVHQWLQJ JURZWK

,Q ,QGRQHVLD 5XVPDQD DQG /LVWL\RULQL UHSRUWHG W
FRQIHFWLRQHU\ LQFUHDVHG IURP 86ELOOERMILE Q (8Q W F
,QGRQHVLD %XV IUHS\RUKRZWMBRWKDW FRQIHFWLRQHU\ PDGH
VDOHV IRU SDFNDJHG IRRGV GXULQJ WKH SHUIIRIFRKRWRF
GULQNV LQGXVWU\ LQ ,QGRQHVLD ZDV ZRUWERLMWNSS DRJURBZ W |

UDWH R)URP WR YD WIERMXNWQN HHHUDJHYV VKRZHG W
FRPSRXQGHG DQQXDO JURZWK UDWHV MXLFH MXLFH GUL
GDLU\ VR\ FRIIHH HQHUJ\ GULQNYV WHD

'KLOH QDWLRQZLGH VXUYH\V VKRZHG LQFRQVLVWHQW U}
UHSRUWY FRQVLVWHQWO\ VXJIJHVWHG LQFUHDVLQJ OHYHO
&RPSDUHG ZLWK IRRG EDODQFH VKHHWY QDWHEQYHGHQGX\V
DFFXUDWH UHSUHVHQWDMWLRRQRKXHFARG GE\ +HRRMBX M UG X®IOHW D |
DVVHVVPHQW LQVWUXPHQWYV XVHG&KRRUQXMADLMONR Q@ /X URR B
TXHVWLRQQDRDUHVSURQH WR PHDYNKQMXKHEMW WBEROOV DUH
SURQPHWRXUHPHQW HUSRUOMBN® )WAAR RU PRUH GD\V RI U
HVWLPDWH WKH GLVWULEXWLRQ RI XVXDO LQWDNHV LQ
DGKHUHQEH WR GLHW DUR QH RR PPIIGE WRARQNG UHFDOO GO
DVVHVVPHQW PHWKRGV FRQVLVWHG RI ))4 7KDLODQG 0
3KLOLSSLQHUH KRX® WIHFDOOSQRBROMYRDWLQJ Rl LQWDNH
EH DQ LVVXH KDYLQJ EHBQ REQBU YH®R Q8 \VOLIDAD VWKIE MHF W V
$Q RQOLQH QHZV UHSRUW FLWLQJ \{DR\PHR® WKW , 'K H U Q)
UHJLRQ FRQWLQXHV WR HPHUJH DV WKHJU®BR®KOHER QQHIF W
WKH JOREDO VXJDUWRDUXNUS®DVY H[SPIFOWH® Q PHWULF W|
LV H[SHFWHG WR OHDG LQ WBWRVRR| D\PIQXDO \IMRRRNEIKD W I
UHSRWWJIJHVWHG WKDW WKH FKRFRODWH PDUNHW LQ $VLD
WKDQ (XUR SK {PQI® LR WS WR DQG WKDW *DQQXDO $VLD



UHDFK EQ E\ WKH HQG RI IURP EQ LQ JUF
GXULQJ WKH IRUHFDVWHG SHULRG L®@D BRI HM\ UG R W RK RE RWDH
DG LPSURYLQJ $VLDQYHFER YRKRPVHRDIQLWXGH RI IXWXUH LQF
VXJDU LQ WKH UHJLRQ LW LV QHFHVVDU\ WR NQRZ SUHFLV
RUGHU WR JXLGHHBWQYFOD QG GU H XV VWHKHQISER BRGURYLQ J
GLHWDU\ DVVHVVPHQW PHWKRGV XVHG LQ QDWLRQZLGH QX
UHFDOO LQ DGGLWLRQ WR ))4V DQG ELRPDUNHUV RI VXJDU

&RQVXPHU JXLGDQFH kQXaRXIWKP® VW& 6 X \DH

6XJDU

([FHVVLYH L@MDBNWHXRDWD\G PD\ SURPRWH~D 6 RIEGIW WYRH ZHHQ BI K\
JDLQ DQG (REHMLWURP VXJDUV PD\ GL&VISQDHHRRGEVYRQNIG !
GLHWV RI ORZHU @QX\8UPHQ W DBH @M W®RMWHKRHID & RYIFGHIH L
DVVRFLBWEZR® QE LQWDNH XRIDUV DQG$CGWRRDOIK FDUHYH/QW LI
WUHDWPHQW Rl GHQWDO GLVHDVHV DUH JUHDWO\ LPSURY
FRPPXQLWLHYV

JRRBDVHG GLHWDU\ JXLGHOLQHV )%'*V JLYH GGHMMDU\ D¢
UHODWHG FRQGLWLRQV 'L H OQXWULHQW GHILFLHQFLHV
)%'*V WRXFK RQ D YDULHW\ RI WRSLFV VXFK DV HDWLQJ D
IRRG LWHPV DQG IRRG ODEHOOLQJ 7KV $W LD VDG RRXK
ODOD\VLD 3KLOLSSLQHV B6LQJDSRUH 7KDLODQG DQG 9LHW
FRQVXPSWLRIULEK VIRRGYV DQG +RAMMHDJHWKHUH LV QR C
UHFRPPHQGDWLRQ LQ WKHVH QDW LRQ W& H XOLRRXIQLW) HRM WK G
VXFK DV/WKDW IRXQG LQ WKH PRVW UHFHQW :+2 JXLGHOLC
WRWDO HQHUJ\ LQWDNH

6\VWHPDWLF DSSQRBEKBVWR FRPPKIQVADMSIS JRDFKHYV VKR
WKH' QHHG WR U QGWCAVMKXHFBKY LRAIGY D QPG HE HIYWNOV® NHAWH S ZR
WR FRQYLQFH FRQVXPHUXJK LV W) NHVIN X TRV XPHEOHQ
LQIRUPDWLRQ RQ VXJDU FRQWHQW RI IRRGYV DQG EHYHUDJ
IRU IRRGMEYBIDJHY ZLWK QRXRW GOHWY DYBHDSFUHVHQWO\ QR
FXUUHQW IRRG FRPSRVLWLRQ WDEOHV RI 0DOD\VLD DQG
LQFIO XBKH VXJDU FRQWHQW WKHRRGRUH LPSRUWDQW WKD'
FRPPRQO\ FRQVXPHG IRRGV DQG EHYHUDJWD FENMD PBG H RIRG\
DQG UWRDBW PHDOV IURP KDZNHUV FDIHV UHVWDXUDQWYV



IHDVLEOH PHWKRGRORJLHV IRU GHWHUPLOQWMLFHHEDBUWRR M
HVWDEDKNKHGE DU FRQWHQW RI IRRGV LQ IRRG FRPSRVLWLR
FRQVXPSWLRQ VWXGLHY WR HVWLPDWH D SRSXODWLRQTV |
*UHDWHU HIIRUWV DUH QHHGHG WR KAHRIBNHR@DRRHBUWHHGK Q C
IRRGV DQG LGHQWLI\ SURGXFWV ZLWK ORZHU VXIDWLRQQW
LQIRUPDWLRQ &PO@VXPHUE VKRXOG EH HGXFDWHG WR UHFR.
DV VXJDUV FDQ EH SUHVHQWXEQ RADHJ LRXR Z IR WRKX¥PWRINIR U Q
PDOWRVH PR®OBVVGNYV MWAUJ\ FDUERK\GUDWH SURWHLQ
WRWDO VXJDUV VKRXOG DOWRLEM IGHROPD WG RIQR SR OQ X
$OLPHQWDULXV KMHWSKREOXVEHOLRHYV UHODWHG WR QXWUL
ZKLFK LQFIDLDPG/HVHRODWHG WD WIRQDO® DXMKRULWLHV VKR X
UHJXODWKIDRMQWWUH KDUPRQENHGHZUWXKXQRB®HRQV FDQ EH XV
FRQVXRHUYXJDU FRQWHQW RI SDFENDJHG IRRGYV DQG WR LGH
BRXWKHDVW $VLD RQO\ 7KDLODQG DGRBW HF& QWKHQWHR X LR R
WKH @PBOD\VLD RQO\ UHTXLUHY ODEHO@RIUQDRURXEBU FRQW |
0DQ\ FRQVXPHUV LQ 6RXWKHDWRD WV PH DSXW F K DEHOU HD/®
KDZNHU VWIVNBA8VFRDOHH UHVWDXUDQWY DQG RWKHU HDWH L
LQ WKH UHJLRQ 7KH FRQWULEXW LR QRRIGKN QIHQG \ ETHQ Gl LODXWA VY
JUHDW B UWWRVSDRENBUH® DRR®RY WKHVH ORFDO PHDOV GHVV
KDYH KLJK VXJDU FRQWHQW DQG WKH\ FDQ FRQWULEXWH V
WKHUHIRUH LPSRUW D QM HDRV KIN/EBVE 8FQAVDXP\H WK DW DUH KL
+RZHYHU WKHUH DUH QR UHJXODWRU\ UHTXLUHPHQWV WR
EHYHUDJHV '"PDNLQJ WKLV GLIILFXOW WR DFKLHYH
W FDQORW EH DVVXPHG WKDW W KHP®D® HF RRRAGW/L B XQ\E RELHY
LQWDNH IRU DOO SRSXODWLRQ JURXSV )RU HIIHFWLYH DQ
SURJUDPV WKH PDLQ VRXUFHV RI VXJDU DQG WKH DPRXC
VKRXOG EH LGHQWLILHG 7KD%IURSUHDWEOIR WU DI\ LR SR
LQWDNH UHGXFWLRQ DQG UHTXLUHV ERWK Q@BDWDLBQ®G O/X\ D |
FRQWHQWS$RISRR@GWHG RXW HDUOLHU LW LV XUJHQW WKDW
IRRGV D QGHEHEH DDYMOMGEAWLRQ PHWKRGV XVHGKIUQ GLHV
UHFDOOV DQG IRRG IUHTXHQF\ TXHVWLRQQDLUHV DUH NQR
RI REMHFWLYH PHWKRGY WR DFFXUDWHO\ GHWHUPLQH VXJEL
,GHIOMQL) WKH PDLQ FRQWULEXWRUV RI VXJDU LQWDNH ZLC
FKRLFHVY DQG WKH JRYHUQPHQW WR HVWDEOLVK PHDVXUHV



JRRG PDQXIDFWXUHUV LQ WKH UHJLRQ DUH BWERMNVYDRIHSUW
SDFNDJHG IRRGV DQG VR IDU WKH\ KDYH UHVSRQGHG SRV
ZD\V WR UHGXFH WKH VWRDW FFRAD/ONQMMQ BH RIFHILENWR DRR GWR F
IRRG YHQGRUV RI GLYHUDH FKDEIDWIPRKE)GWRQVXPHUV VKR
HPSRZHUHG WR VHHN DQG GHPDQG IRU ORZHU VXJDU YDULF

,Q VXPPDU\ WKHUH LV JHQHUDO FRQVHQVXV WKDW SRSX
WRWDO IDW WUDQV IDW VWXBD R\ GGV O DWR\VS/RL RIFFOMXA X A
UHGXFH VXJDU LQWDNH LQ WKH UHJLRQ VRPH SUDFWLFDO
LW LV QHFHVVDU\ IRU DOO VWDNHKROGHUV WR LQFUHDVH
(IHIHFWLYH ZD\V WR%FR PRXYDRIBIWHVR FRQVXPHUV LQFOXGL:
LQWDNH DUH QHHGHG WR HQVXUH «LPSH@RFNH GW K Q @/HKB
UHFRPPHQGBRMR®R®VVHULRXV HIIRUWY PXVW EH PDGH WR KF
EHYHUD ZLWK KLJKQWR DMK ER p\M@I& WKH VXJDU FRQWHQW R
IRRGV DQGH¥EHYHUDM WR EH 7RKQMBU X KGINEHDWH® QHHG WR L
IRRGYV DQG EHYHUDJHV WKDW - FRQWULEXWH WR WKH VXJDU

JRRG VW UXFQ PG DWLRQBOW RPSRXWKHDVW $VLDQ )%'*V
5HIJXODWLRQ RI HQHUJ\ EDODQFH DQG SUHYHQWLRQ RI
FRQVXPLQJ D ELRGLYHUVH GLHW ZKLFK UHWDLQV PXFK R
SURSHUMIUHQXWULHQWOGMBREWRIWHG RXW WKDW IRRG VWUXI
GLIIHUHQFH WR ELRORJLFDO DQG KHDOWK RXWFRPHV ED
PDFURQXWULHQW KDQGOL @D EW KWK 8B K3 X WF BERIUR D@ \LRYID IR
ZDV VKRZQ WKW WQIWRQMDFW UHGXFHG ULMVNXRW GUOLERHHWIHQY/F LE
WKH UKXM IRRG PDWUL[ LV LPSRUWDQW IRU KHDOWK PDLQ
KHDOWK UHWN DAFKADHG VL QJ T K HF RPS\WRXQHDMW MR R G X QDX AW X U
HQHUJV E\ SURYLGLQJ VDWLHW\ DQG UHGXF LI XK H DORMHK\L B
PLFURELFOKIOTYUWWRPPHQGYV WKDW GLHWDU\ JXLGHOLQHV
VWUXFWXUH DQG WKDW IRRG FRPSRVLWLBRQFWBRHEOBVSURBX
VXFK DV GHJUHH Rl SSBBREMALYOMI VI H[\@XDGFRMLWR Q HWRE U H
VXJDU LQWDNH WR SUHYHQW GLVHDVH B6RXWKHDVW $VLD
VWUXFWXUH E\ DGRSWLQJ WKH %UD PLAYLLIP® Q%W \* S BEROAHH \QHDG
EDVLV RI \RXU GLHW ~



/IRZ DQGFDPR®RULF VZHHWHQHUYV
7KH ZRUOGZLGH LQFUHDVH LQ REHBLWKH 8 HGRD EHYBHIORE
BRXWKHDVW $VLD OLWWOH LV NQRZQ DERMMWWRRBV XPIHU¥ G
DQG KHQFH WKHLUKZRWB QMXDIDAWKIVWLYH VWXG\ LQ 6LQJIDS
VXUYH\ LQ O0DOD\VLD ERWK XQSXEOLVKHG DQG IXQGHG E\
WR GHWHUPLQH KRZ ORFDO DGXOW FIROQO/ XRFH QD BHUB®LR H G
DQG LI WKHVH SHUFHSWLRQV ZHUH SRVLWLYH RU QHJDWLY]|

,Q 6LQIJDSRUH IRFXV JURXS GLVFXVVLRQV ZHUH FRQG X
FRQVXPHUV DJHG WR \HDUV IURP GLIIHUHQW LQFRPH Jl
IRRG DQG QXWULWLRQ DQG GLG QRW ZRUN LQ WKHVH Il
UHVSRQG&IQMWPWVH DQG ,QGIBQHIDDOD\VXJDU DQG VZHHWHC
DV 3EDG’ IRU KHDOWK DQG PRVW VXEMHFWXPRWW H G XVE Rl HORLV
ZHUH FRQFHUQHG DERXW LWKH.D\CD IBIQVG - RD \EX NBOOMXHR W H
VWDWHPHQWY UHJDUGLQJ VZHHWHQHUV ZHUH

$ 3-XVW D OLWWOH ELW RI"VZHHWHQHU FDQ DOUHDG\ EH

$ 3,1 LWJV ORZ FDRRBYHH RAH WKREXOKBI IHFWYV ~

2WKHU FRQFHUQV ZHUH WKDW VZHHWHQHUV *PD\ OHDG WF
LV D VDIH LQWDNH OHYHO ~ DQG VXEMHFWV 3GR QRW NQR:
DIFW NLGIDHOWLFLSDQWMYBHOLHYHG WKBWSSURYHG E\ UHJ
DV EHLQJ VDIHARU FRQVXPSWLRQ LW GRHV QRW QHFHVVDL

,Q ODOD\VLD D VXUYH\ ZDV FDUULHG RXW XVLQJ D VWUXF
ULVNV DQG EHQWINENHRIHQBIWWQAHUH PHDVXUHG RQ SR
TXHVWLRQQDLUHYV ZHUH DGPLQLVWHUHG WR KHDOWK IF
RSLQLRQ OHDGHUV LQ WKH .0DQJ 9DOOH\ UHJLRQ 5HYV
VZHHWHQHUWKBVORRMYQJKMDOWK ULVNV IROORZHG E\ VXJ
ZHUH WKROQIKAN WKRH K L J K H Xt O WKKHUID@W KQ WIHVNWH VZHHWHQH L
FRQVLGHUHG VDIH IRU FRQVXPSWLRQ Rl SUHJQDQW ZRPHQ
DURLDOD VZHHWH@GHWS ZOIGHQWRWDJIJUHHG ZLWK WKH VWDWH
FRQVXPH SURGXFWV VZHHWHQHG ZLWK QDWXUDO LQWHQ)\
DUWLILFLDO VZHHWHQHUV ~

,Q VXPPDU\ 6LQJDSRUH UHVSRQGH®WYV YK+ MIGHYXDDW LD
QDWXUDO QHJIJDWLYHO\ DQGVKHVWHYUYH G RW HQUB R KYWKLLHD WRK
O0DOD\VLDQ UHVSRQGHQWY YLHZHG QDWXUDO VZHHWHQHL
KHDOWKLHU SURGXFDY DVEKD (QD@WY WVHAHKWH QOWNR YLHZHG QO



VZHHWHQHUV DV KDYLQJ WKH ORZHVW KHDOWK ULVN IROO
ZKLFK KDG WKH KLJKHVW KHDOWK ULVN
7KH 0DOD\VLDQ UHVXOWYV DUH FRQVLVWHQWJHLWX. QUK H

QDWXUDO VZHKHWHYHUNRZQ E\ WKH JOREDO LQFUHDVH LQ
VZHHWHQHUV SDUWLFXODUO\ VWHYLD ZKLFK H[SHULHQFHG
SHULRG WKH 8 6 RQWDWHSRUWDW W UHADANH Q& VAH & D Q B WAK |
DUWLILFLDO VZHHWHQHUV DUH DIIHFWLQJ FRQVXPHU DW
FRQVXPHU DYRLGDQFH RI DUWLILFLDO VZHHWHQHUV ZLW
DVSDUWDPH SHUFHLYHG DV DUW LUVFRDVORE QBWHIX DWW K\HT
*UDQXODWHG VXJDU ZDV QHDU WKH PLGGOH RI' D VSHFWUX]
EDG IRU KHDOWK ZLWK KRQH\ DW WKH*“WRS DWI®D ARF RQHW
WRS BRQOWKH ERWWRPVEEBPWRBRXPNVEHUH VXFUDORVH HU\WKI
DVSDUWDPH DQG +)&6 °

ILPLWDWRILR®W HYLGHQFH UHJIDUGLQJ /1&6
7KH 86 $FDGHP\ Rl 1XWULWLRQ DQG 'LHWHWLFV VWDWHG W
Rl «QRQQXWULWLYH VZHBWH@HKWLY DKH 8 DARIQYXBBDQ WKDW
IHGHUDO QXWULWLRQ UHFRPPHQGDWLRQV VXFK DV WKH '
'LHWDU\ 5HIHUHQFH QWDNHYV DV ZHOOQDOQ ISQUGILMLERE & \K H
VFLHQWLILFHY D/DGWHPHWWHUXVH RI /1&6 WKH $PHULFDQ +HEC
WKH $PHULFDQ 'LDEHWHV $VVRFLDWLRQ $'$ VWDWHG WKL
IDFLOLWDWH UHGXFWLRQV LQ DGGHG VXJDUV LQWDNH WK
ZHLIRW@ZHLIJKW FRQWURO DQG SURWEIW. B G PHOHEROLE H
+RZHYHU WKHVH SRWHQWLDO EHQHILWY ZLOO QRW EH IXO
LQ HQHUJ\ LQWDNH IURP RWKHU VRXUFHV ~

7KH MRLQW VFLMWQMWAMKF G/\ED WHPHBRRQ BPQBGHG WKDW ZKL(
PD\ EH D WRRO WR UHGXFH HQHUJ\ LQWDNH DQG PDLQWDI
GHWHUPLQH FRQFOXVLYHO\ ZKHWKHU WKH XVH RI /1&6 WR
DQG IRRGVGAUGHEX WKV DOUV RU FDUERK\GUDWH LQWDNHV RU
ERG\ ZHLFOWGRRPHWDEROLFKWUMND LDHF@HRIUNOEG KXPDQ W
H[SORULQJ WKH SRWHQWLDO UROH RI /1&6 LQ DFKLHYLQJ D
PLIQPL]LQJ FDUGLRPHWDEROLF ULVN IDFWRUV ~

ORVG{O HWDPOQHG WKH K\SRWKHVHV UHVHDUFK DSSURDF
RQ QFDORULF LQWHQVH VZHHWHQHUV DQG WKHLU HIIHFWYV



JDSV ZKHUH QHZ V\VRWHBDWR B UY HYH W IVl F K DIXWWHK RWWH GR @ F C
WKDW
Xx &XUUHQW UHYLHZV Rl WKH HYLGHQFH SUHVHQW VHYHUDO
EH DVVRFLDWHG ZLWK ZHLJKW FKDQJHV EXW GR QRW UF
LQFOXGHOUMNXGILWBEOH WR LOOXPLQDWH WKLYV
x7KH HYLGHQFH LV GRPLQDWHG E\ VPD ODQGC/\WOXBLWWZ LK
SDUWLFLSDQWYV
x 7KH UHYLHZV FRPELQH UHVXOWV IRU PXOWLSOH FRPSRXQ
Xx 7TKHUH LV D ODFN FRASRXEIGRAEULD VWK FO\WVHV. JLYHQ GLIIH
HDFK LQWHQVH VZHHWHQHU
x 7KH ULVN RI ELDV LV QRW DFFRXQWHG IRU'LQ D QXPEHU R
x 7KH IROORZLQJ K\SRWKHVHV KDYH QRW EHHQ H[DPLQHG
x 7KH QRWLRQ WKDW LQWHQVH VZHHWH@RHUYV ,DLOBH B8EVWY
VKRZV WKDW SHRSOH FRQVXPH SURGXFWV ZLWK LQWHQ\
LQVWHDG RI VXJDU
Xx5HYHUVH FDXVDWLRQ WR H[SODLQ KHDOWK HIIHFWV 7K
SDWWHUQV UHODWHGRWRJBYAWWDQOHIGQBXWLIQIILQ GLIIHUH
x &KRRVLQJ ORZ HQHUJ\ SURGXFWV PD\ OHDG WR D 3OLFI
FRQVXPH D ORZ HQHUJVIRRG IHHO HQWLWOHG WR LQGXOJ
FRXQWHUDFW DHLNJKMWHFWY RQ
6RPH UHYLHZV KDYH FRQFOXGHG WKDW HYLGHQFH LV LQ
QRQQXWULWLYH VZHHWHQHUV DV VXJDU VXEVWLWXWHV L\
UHJXODW LR ®@FRIVEHORR GVISH )BZOHPRWEHRG UHVXOWYV VKRZLQ.
ZLWKLQ WKH FRQWH[W FEIRQ WKH-PISOWY. R\Q GZIB/MH ID®M DG WHDINWM D B C
OHYHOV. /1&6 VKRZHG QR GHOHWHULRXV LPBROWF RQFAHRU
fRZHYHU WKH DXWKRU DOVR QRWYWHGEWKDWD®RADH MNH VR BG
VKRZHG WKDW GDLO\ H[SRVXUH WR KLJK LQWHQVLW\ VZHH
PDQQHU ZLWK LQFUHDVHG FDUGLRPHWDEROLF ULVN LQFU
REHVLW\ LQFLGHQFH RLWY HMQGE LZRW BQBGREBGIXFRVH KRPH
FRQWUROOLQ@LAH UDQJH R ¥RPHRKM\GHUVFDUGLRPHWDEROL
/1&6H[SRVHG VXEMHFWY LQ WKH DEVHQFH RI VLIQLILFDQWO
JRU UHVXOWYV RI DW G\&DSBR IFFHD BOHHFR WKH JISQHQW® GR S
RXW WKDW LW VKRXOG UHSUHVHQW DV IDLWKIXOO\ DV SRV



DQLPDO DQG REVHUYDWLRQDO VWXGLHV DV PRVW OLNHC
H[SRWWHKHYFHOKGH LQGLYLGXDOV JHQHWLFDOO\ GLVSRVHG
PLQRULWLHVY ORZ LQFRPH JURXSV WK®R\DIHD FRQE X RIYGIL ZHHW\
REHWHRXWKHDVW $VLDQ SRSXODWLR QM VN F G WO J RIKHD GUW |
LQFUHDVHG ULVN IRU PHWDEROLF G L¥HIDN K QOOM WD\RFZRIWH @ HAY
IRU VWXGLHY DPRQJ 6RXWKHDVW $VLDQ VXEMHFWV UHJDUG
$GGLWLRQDO UHFRPPHQ@®HBK UMWHH DUHOKH Y D Q WO KRGH WWKKH U
IROORZLQJ &RQGXFW H[SHULPHQWDO VWXGLHV WKDW F
FRQVXPSWLRQ DQG FKURQLFMVIBUFPHDWNKGYLKRZQ L&R PORIQUH W
GLIIHUHQW W\SHV DQG IRUPXODWLRQV R1K®RQBWWHILMWAW H
VXEVWLWXWLQJ VSHFLILF DQG FRPELQHG QRQQXWULWLYH \
ELDV VXFK DV DGLSRVLW\ DQG 8VH LPSURYHG DVVHVVP
FDSWXUH IFR@ WA PGRQ Q X W U L\ E WHR R/NEHHH WRIQWHIUBHUHG LQF O X
VH[ HWKQLFLW\ JHQHWLF SUHGLVSRVLWLRQ WR REHVLW\
SUHQDWDO RU QHRQDWDO YV DGXOWKRRG HQYSURRWPHQW
WR LQLWLDW LRHY BHNADERSl FRQVXPHU SHWRHHEPWILRWONY WRB @R
RI /1&6 QHHG WR EH IXOO\ FKDUDFWHUL]JHG LQ B6RXWKHD
UHFRPPHQGDWLRQV ERH AD&HP UBIDURDSSD@DFKHY PD\ EH FR
HIDPLQLQJ WKH WNDROWK GLIHQRXYV VZHHWHQHUYV LQ ORFDO

3$1(/ ',6&866,21

7KH IROORZLQJ UHVHDUFK QHHGV WR SURPRWH KHDOWK\ HI
'HYHORS HIIHFWLYH FRPPXQLFDWLRQ VWUDWHJILHV ZLW
KHDOW KO MHKWEXEOLFDWH S BUWWDNHKRIOGBVUY FDQ ZRU
WKURXJKSSKEDWH SDUWQHUVKLSY WR MRLQWD®IGHIYHOR
WR VXJDU DQGONZWBIYHWVQWKRXOG EH FRPSUHKHQVLEOH
LPSURYLW WRBRULF OLWHUDKENP DQR RPISIR ZIHURUPHG FKF
PHVVDJHV VKRXOG IRFXV RQ EDODQFLQJ WKH HQWLUH
VLPSO\ UHGXFH IRRG LQWDNH VR H QFRXHNDW HQS K$XUPD® [
FRRUGLQOO®HGFLBOLQDU\ DSSURDFK ZLWK LQSXWV IUR
DQG ILHOGV RWKHU WKDQ QXWULWLRQ ZRXOG EH QHHGH
JRU HDFK FRXQWU\ LQ WKH UHJLRQ LGHQWLI\ EHVW S
IDFLQJ SKEDWH SDUWQHUVWIRS\S IR RRW URIY SRIRWHD OW K\
H[DPSOH LV WKH 6LFRH)Q SSRQHDHE[BHHY LMEH +HDOWK 3URPR



FROODERUDWHY QHWK WRR 8 X85S ®M KXG\WRWHKILEFHDOV HPED
WKLV ZKR®®\ FKDKS DSSURDFK WR ZRUN WRWKDRIZUM R IGU
EHYHUDJHKHHF WRREG VHOOHUV ZHUH DSSURDFKHG WR LQ
PHQX WKHEZBMWHGA WKRVH KHDOWK\ PHDOV GR QRW VHO(
7R RWARPH WKDW +3% ZRUNHG ZLWK WKHP YHU\ FORVHO
HWF WKD®HWBWODRRINHG ZLWK VHYHUDODWBIGWHIB H Y LG
DORQJ WKKHZDURJIJUDP VWDUWHG RIl ZLWK WKH TXLFN VH
FRPPXQDO GLQLQJ DQ® QRDB WK HRARRG WR KRWP RKISNHHD W H U
UDWH IRU KHDOWK\ PHDOM K® HRP Y HKDAL VE) HBWME BH3% JF
KDV GRQH EXVLQHVV UHHUHZ\D QG WKKW KMIPMED M W ISR L
VBOHUV VWDUWHG RIl WKLQNLQJ WKDW KHDOWK\ PHDOV
WKH @WK\ PHDO LV JORQVAPHVWWDBWHR@®RZ PRUH LQIRUP!
FKRLFHV DUH RXW WKHUH W&KH\WWWHVMKYW D QW WK H
‘KHQ +3% VKDUHV WKLV SRVLWLYH GDWD WR SDUWQHUV
WKH WZR SDUWLHKHED Q KARUHN RW R J HWK HI DSIURRUDRRIGV RC
SRVLWLYH WUHQG DQG GHILQLWHO\ PRYLQJ IRUZDUG
'HYHORS HIIHFWLYN GRWDNBROGHHFWRRQ PHWKRGV IRU
FROOHFWLRQ RI VSRQWDQHRXV WLPHO\ FRQVXPSWLRC(
UHOPWRUV DQG WKE &HDDERWHFIHRQR ORQJHRI MXVW
SURPRWH K KDE®W K W RB RO G+D YDIDIBKDYDLODEOH LQ VWR
WUDFNV WKH QXPEHU RI VWHSY DQG LQFRUSRUDWHYV VR
IRU ¥FRPHUV WR EH SKAKHFD@Q®RUBBWLRI) LV FROOHFWHG
XVH WKLV L @I RRHIDWKIURHQ WAERWLYHQHVYV R TWKCH CBJRG U M\P
1IDWLRQDO &HQWHU IRU ,QIRUPDWLRQ 7HFKQRORJ\ 1H
8QLYHUV.LW\ ,QVWLWXWH RI 1XWULWLRQ WRSPUWHBDWM D
GRZQQRDEBDOFXODWBW HRORULHDD QVEH XD ® QRU SODQ QL
WV QRW \HWVHPGRDWHIL EXW IRDWKMHQGLEWOVLWHOO
FRPPXQLFDWLRQ V\WWHP EXW XVLQJ HOHFWURQLF TXH
PRUH IUHTXXQW U SDRIRLING N7KIH @FAMNKRG FDQ EH DSSOLH(
DQG IRRG VFLHQFH LQ WKH IXWXUH SDUWLFXODUO\ LQ
EDVLV IRU XQGHUVWDQGLQJ KRZ SHRSOH HDW DQG KRZ &
W VKRXOG EH QRWHG WXID W RFR R QRVQUAIHYH DALV B VISBH VWS H F'
1+$1(6DVSLUHV WR PRYH RQDIYPHLELW\ RI LPSO$PHQWLQ.
PHWKRG RYHU WKH LOQWHUQHW RU OLQNLQJ SKRWRJUDSKYV



DFFXUDF\ RI HVW LMD VQ @ JQRRUMHHRWI VFQ H H G V KR HETHV DDV W M Y N
VFRSH IRU HUURU WKHUH EXW QHYHUWKHOHVV RQOLQH XVF
DFFXUDF\ DQG SUHFLVLRQ Rl WUDGLWLRQDO PHWKRGV ZK}
BFH H[DPLQHG DQG DGGUHVVHG

$&.12:/(**(0(176
7KH DXWKRUV ZLVK WR DFNQRZOHGJH WKH 6 RUIDSRYHQIHL
WKH V\PSRVLXP

&21)/,&7 2) ,17(5(67 $1' )81';16&/2685(
7KH VAPSRVLXP ZDV VXSSRUWHG E\ ,/6, 6RRW KB DYWL BN U D05
LWV LQGXVWU\ PHPEHUYV

5()(5(1&(6
%DNHU 3 PBWRFHWHG IRRGY DQG WRHHEXBHMWLRQ VERRQVLWL
REU
'+2 *XLGHOLQH VXJDUV LQWDNH IRU DGXOWV2D QBQEKDWGR@Q  *I
86'$ :KDW DUH DGGHG VXJDUV" @ >BYWHGDEOH IURP
KWWS ZZZ FKRRVHP\BDQWHPR®RUHLHE K VF DORDIUAN KINGRGH G
5LE\ -( )XMLVDZD 7 )UXFWRKPMHISEY REOWQREWBXSSO 6 6
OF*XLQQHVV 23 &KHUHBEQIWRIQISXFWRVH RQ KHSXW UF23QRF&Y HQP
1XWU OHWDE &DUH
OD\HV 3@WHUPHGLDU\ PHWDEROLVP RI IUBRERYE &GP - &O0LQ 1XWU
&DPSRV 9& 7DK\W\LRORJLFDO KD QGO LKRIQRDE QH W D WAX IDXAW RIS O L
KHDOQWK< 2EHV /RQBXSS® GRL LMR
/JHEFRXOWUH 9 (JOL / &DUUHO * 7KH\DV@D]HFWWYHRN I8 X6RKRYHL WA G
RYHUIHHGLQJ RQ KHSDWLF LQVXOLQ VHQVLWLYRBEHN\VD@QG L6QWYB K
6SULQJ GRL RE\
BWDQKRSH ./ 6FKZDU] -0 .HLP 1/ *ULIIHQ HIBG RQNDPAHD $ 9 U X DVKRD/
VZHHWHQHG WRYWHWGERFHRVHEHYHUDJHY LQFUHDVHV YLVFHUDO DC
LQVXOLQ VHQVLWLYLW\ LQ RYHUZIHLIKQYREMVH KXPDBQV
_&1
ODOLN 963DQ<$ 'H .RQLQJ / 6FKHUQKDPPHURQWHYUPHMRQ V&P $ W 1) R
Rl VXYVDPWHWHQHG DQG DUWLILFLDOO\ VZHHWHQHG EHYHUDJHV DQ
GRL &,5&8/$7,21$+$



'LIERODQWRQLF -- 2.HHIH -+ $GGHG VXJDUV GULYH FRURQDU\ K
K\SHUVLQVXOLQDHPLD D QHZ SOHUDGLJBRRSHQ +HRINOQKUW

/ILX =0 7VH /$ &KDQ ' :RQJ & :RQJ @GW® N'HHADNUD WANKRBIWDWHG ZL\
ERG\ IDWQHVV EXW GHFUHDVHG FDUGLRY D VFXO W PRYUMFINCLIWA \L\G
OU DQG 0OV 26 Rl +RQJ .RQJ ,QW - 2EHGRIRQG LMR

3RXORVH 60 O0Ll6GAMWW 07+ BEKNAWMKWULWLRQDO IDFWRUV DIIHFWL
FRIQLWLYH IXQFWLRQ $GBRIXWUDQ

*X]]DUGL 0$ 6DQJXLQHWWL ( %DUWROOL $ .HPHO@LS$6 3RQHRWIVD
(OHYDWHG JO\FHPLD DQG EUDLQ JOXFRVH XWLOL]DWLR@ SUHGLF)
)ORZ OHWDE GRL :

-DJLHOVNL $& -LDQJ &4 :X /| 7DKHUL 6 =KIPQ¥ :61 &4OCHPDHPLIDRV
DVVRFLDWHG ZLWK FRJQLWLYH LPSDLUPHQW LQ ROGHIHDGXOW\
$JHLQJ GRL DJHLQJ DIX

0\OHV ,$ )DVW IRRG IHYHU UHYLHZEQJ WKH LXMWFWYV RI WKH ZHV
5DKLPDQ ) 3RRO (- 7KH LQ YLWUR HIIHFWV RI DUWLILFLDO DQG
XVLQJ ZKROH EORRG FXOWXUH DVVD\V - ,PPXQRORVD\ ,PF

'HOOD &RUWH .: 3HUUDU , 3HQFJQVNL .- 6FKZLQJVKDFNO / +HU
VXJDU LQWDNH RQ ELRPDUNHUV ‘Rl VXEFOLQLFDODQPOWIRRDRILR
LOQWHUYHQWLRQ VWXGLHVGRIXWULH Q@Y

%URZQ . 'H&RIIH ' OROFDQ (LQGRK¥RQ G\WEHRVLV RI WKH LQWHVV
WKH HITHFWV RQ LPPXQLW\ DQG GLVHDRMH 1XWULHQWYV

'+2 ([SHUW &RRYXGHIURSPRPWHERG\IRU $VLDQ SRSXODWLRQV D
SROLF\ DQG LQWHUYHQWLRQ VWUDWHJILHV /DQFHW

7FKHUQRI $ '"HVIUMKRSK\VLRORJ\ Rl KXPDQ YLVFHUDO REHVLW\

GRL SK\WWUHY
"HV{EHUKDUG 0- 1XWULWLRQ WKH YLVFHUDO LPPXQH VA\VWHP D
REHVLW)\ 31%6 GRL SQDV

OXHOOHU 17 2GHJDDUGXP @QUHUMRQ .RKIHUHLUD 0% 6RIW GULC
MXLFH FRQVXPSWLRQ DQG ULVN Rl SDQFUHDWLF FDQFHU WKH
(SLGHPLRO %LRPDUNHUV 33RLY (3,

3DQJ < .DUWVRQDNAUD IIX) <DQHW DEABHWHY SODVPD JOXFRVH L
RI SDQFUHDWLF FDQFHU D SURVSHFWLYH VWXGD ®IVLV FLIO O FRE R
VXAGLHV ,QW - &DQFHU GRL LMF

5RJHUV 3- +RJHQNDPS 36 GH *UDDI & +LJJV HQH O XF K Z$H HMWINQ H
FRQVXPSWLRQ DIIHFW HQHUJ\ LQWDNH DQG ERG\ RBDIKWH\S \RN W
WKH HYLGHQFH IURP KXPDQ DQG DQLPDO VWXGLHVGRQW - 2

LMR



9LVNDPD®Q 'RQJHQ 0 YDQ GHQ %HUJ 0& 9LQNQXWRNHQWGHHODWL RC

FRPPRQO\ FRQVXPHG IRRGV %UGRLXWU 6

JRUGH &* YDQ .XMLN 1 7KDOHU 7 GH *UDDI & ODUWLQ 1 2UD¢

VDYRXU\ PHDO FRPSRQHQWVY DQG UHODWLRQVKLS ZLWK IRRG FI

VDWLDWWR® H$SSH GRL M DSSHW

&R[ 'l +HQGULH *$ &DUW\ ' B6HQVLWLYLW\ KHGRQLFV DQG SUHII

DGXOWV DQG FKLOGUHQ RI GLIIHULQJ ZHLJKW VWDWXV D FRPSU
GRL M IRRGTXDO

%HUWLQR 0 &KDQ 00 7DVWH SHUFHSWLRQ DQG GLHW LQ LQGLY

EDFNJURXQGV &KHP 6HQVGRL FKHPVH

HDVW 56 (IIHFWV RI WXJDBUW DRX®E RDWV ERIQW. D Q G% FHXD YW ®FMW H

GRL M FREHKD

&LFHUDOH 6 5LGGHOO /- .HDVW 56 7KH/DVV.RFLDWLRQ EHWZHHC

LQWDNH LQ \RXQJ DGXOWV -QRRG 6WFL +

JRZ -<4 [DF\ .( OF%ULGH 5 .HDVW.56-7KH DVVRFLDWLRQ E|

DQWKURSRPHWU\ DQG GLHWDUY LQWDNH LQ Q8XOWV 1XWULHQW

‘LVH 30 1DWWUHVV /%HDXFEKPDWPS *. 5HGXFHG GLHWDU\ LQWDNH

SHUFHLYHG VZHHW WDVWH LQWHQVLW\ EXW QRW SHUFBRYHG SO

DMFQ
ODKDU $ 'XL]JHU / 7KH HIIHFW Rl IUDTUXMHQEFLDIOFRDNKWS\YHRY F
OLNLQJ E\ ZRPHQ - )RRG 6FL 6

ODWWHV 5' 3RSNLQ %0 1RQQXWULWLYH VZHHWHQHU FRQVXPSWL
LQWDNH DQG WKHLU SXWDWLYH PHFKDGRVPV BRFQOLQ 1XWU
=KHQJ 0 $DARMPOOL 0 +HLWPDQQ %/ 5D QNDZAH I$W BQENGN E WKMULD
ZLWK RWKHU EHYHUDJH DOWHWBDWLKHNOWK URMWARPRYV ORGFD
GRL M MDQG
3HSLQR.0<. OHWDEROLGXMWIUHPMWYHRVZHRQWHQHUV 3K\VGRD %HKD
M SK\VEHK
ODOLN.96 3DQ $ :LOOHWWZBHWX Q%G 6BHDHWUDIHY DQG ZHLJKW .
DGXOWV DWVFVWHRLHZDQRG\VRMNWD $P - &OLQ 1XWUGRL
DMFQ
JLWFK & .HLP .6 3RVLWLRQ RI WKH $FDGHP\ Rl 1XWULWLRQ I
QRQQOXWULWLYH VZHHWHQHUV - $BRGE 1XWUMDRWS
7H\ 6 6DOOHK 1 +HQU\ - )RUGH & (IIHFWV RI DV YZUHWWPIDHMBRQ
EHYHUDJHV RQ SRVWSUDQGLDO JOXFRVH LQVXOLQ DQGRHQHUJ\
LMR
%XUNH 09 6PDOO '0 3K\WLRORJLFDOQRWUKIVQNHPV ZENHIKHFKUYR
ERG\ ZHLJKW DQG PHWDEROLVP 3KBRIRO %HKBYSK\VEHK



OH\HHUVSDFK $& :ROQHUKDQVVHQ %O Ph\H RO LOORH & 8O B X Q A WIZRIGIDW

IXQFWLRQ 3K\WLRO %HKIBRL M SK\VEHK
6XH] - .RUHP 7 GRIOEHUHAD® 6HJIJDO (FOORQDFKF DUWNRQLFLDO VZHHW
PLFURELRPH JV ILOQQIGQ FKDOOHQJHYV *XW OLFURBRY

/JHH <. &RQZD\ 3 3HWWHUVVRQ 6 %DODNULVK 1DLU * 6XURQR ,
$VLD 5HJLRQ FRQIHUHQFH SURFHHGLQJVHDKH DRWH LRWY PLFL REH
&OLQ 1XWU GRL DSMFQ
&UH]H & &DQGDO / QUBM\VVHIHEH®W-HIDQRQL 1 6FKQHLWHU 3 0
7RHSHO 8 7KH LPSDFWFRIORDQ@ R WLZH EOY BN HRQQB REUDLQ UHVSF
D UDQGRPL]JHG FURVVRYHU FRQWUROOHG WULDO L@RKHDOWEF
QX
6FKLIIPDQ 66 5RWKHU ., 6XFUDORVH D/ VAIQWKHWLF RUJDQRFKC
LVVXHWR[LFRO (QYLURQ +HDOWRL
5DKQ $ <D\OD\DQ 9% 7KHUPDO “GHJUDGDWLRQ RI VXFUDORVH
FKORURSURSDQROVHVIHDFWKIRI JO\FEHURO )RRG &IGHRR
M IRRGFKHP
SRWKHU ., 6\OYHWVN\ $& @XWUILRDL.QH66/ZHRIQHQHUYV LQ EUHDVV
SRWHQWLDO LPSOLFDWLRQV RI UHFHQW ILGRELQIJW $UFK 7R[LFR(

OF&UHENE . )RUGH &* BHQVRU\ LQIOXHQFHV RQ IRRG LQWDNH F
2EHV 5HY GRL REU

&KDPEHUV / OF&ULFNHUG . <HRPDQV 05 2SWLPLVLQJ IRRGV IRU

GRL M WLIV

5SRELQVRQ ( 5RQABLUBIWWHUYV ) GH *UDDI & )RUGH &* 7XGXU 6PL
VIVWHPDWLF UHMQBD\MQG RHWDRQLQJ WKH HIIHFW RI HDWLQJ UDV
$P - &OLQ 1LXWU GRL DMFQ

GH *UDDI & 7H[WXUH DQG VDWIHDWMWLIRRQ H[SKRVXREHWRPRURK\V

GRL M SK\VEHK
%UXQVWURP -0 OLQGPRIYDHUSO™IMNOWE LU DREEW KH. JFRQQVKRPDRIV ,QV
IRQG XS $06 GRL LMR

JRUGH &* /LP &+0 /HRQJ & &KLD (0( OF&RRFRNHUGV.FYDEMQ R U Db\

9DULDWLRQV LQ 2UDO 3URFHVVLQJ &KDVDF® HRRGW L R RIGF WRYFWD
GRL F IR K

OF&ULFNHUG . /HQVLQJ 1 <HRPDQV 05 7KH LPSDFW RI IRRG I

H[SHFWDWLRQV Rl VDWLDWLRQ VDWLHW\ DQG WKARWVW )R
M GRKD O



OF&ULFNHUG . )RUGH &* &RQVLVWHQF\ RI HDWLQJ UDWH RUDO

DFURVYV PHDOV 1XWULHQWVQX GRL
&DVVDG\ %$ &RQVLGLQH 59 ODWWHV 5' %G HQUHLIN EQW D XPS VI KR
\RX H[SHFW" $P - &0LQ 1XWRL DMFQ

<HRPDQV 05 5H 5 :LFNKDP 0 /XQGKROP + &KDPEHUV / %H\RQG
EDVLV RI VHQVRU\ HQKDQFHPHQW RI VDWLIBWL ,QWMR2EHV /RQG
OF&ULFNHUG . 6DOOHK 1% )RUGH &* 5HPRYLQJ HQHUJ\ IURP D E
PRUH WKDQ WKH VDPH HQHUJ\ DGGLWWRRQ $\& D58 HWH

BULNDHRRQJWD 5 (IIHFWV RI VXJDU FDQH SDOP .VXJDU FRFRC
GLJHVWLELOLW\ DQG SK\VLFRFKHPLFDO SURSHUWLHV. Rl ZKHDW E
3XUQRPR + 9RODWLOH FRPSRQHQWV Rl FRRFRQXXWDUHGE(YDIRRG.

/IRZ 5+3 %DED $6 $ERXOID]OL ) (IIHFWV RI GLIIHUHQW OHYHOV

FRFRQXW SDOP VXJDU RQ WKH VXUYLYDELOLW\ Rl /DFWREDFLOO

VHQVRU\ D[QGIDQWBURSHUWLHV )RRG 6FL 7THFKQRO 5HV

&KDL\DVXW & .DVLND 3 3DHUDMDQ 6 6LYDPDUXWKL %6 7KH WF

SURSHUWLHV Rl YDULRXV KRQH\ DQG VXJDUV $VLIB@®RL- 3KDL
DMSFU Y L

2ERK )2 ,PDILGRQ - $QWLR[LGDQW DQG VHQVRU\ SURSHUWLHV R

SDOP VXJDU $IUDPRPXP PHOHJXHWD DQG FLWUGRL DFLG
EHYHUDJHYV

7UIGDIG 73 1XWULWLRQDODQG KHDOWK EHQHILWYV RI FRFRQXW VI

DQG 1XWULWLRQ ,QVWLWXWH 'HSDUWPHQW RI| 6FL@$Y BH DED AHF|

IURRWWS SFD GD JRY SK/RRBEBOGWUTGH WIPQUGD G

2ERK )2 ,\DUD / ,GHPXGLD 0 RXMPLEBOHD®G3RWMWBRWLRQDO FK

DQWLPLFURELDO DFWLYLW\ RI RLO SDOP V\UXS UDIILD SDOP V\U

5DQLOOD /* .ZHR@RY¥HVH 0, /DMROR )0 6KHWW\ . $QWLGLDEHWHYV

RI FRPPRQO\ FRQVXPHG FDUERK\GUDWH VZHHWHQHUV XVLQJ LQ Y

'+2 *OREDO UHSRUW RQ:RBUDBHVWIDWOWKQ@HYDQL]DWLRQ

_.ULHQJVLQ\RV : &KDQ 3 $PDUUD 069 &RQVXPSWLRQ DQG VRXU

UHYLHZ $VLD 3DF - &0LQ 1XRU DSMFQ

$PDUUD 069 .KRU */ &KDQ 3 ,QWDNH RI DGGHWG3DXJID & OLG 0IXWNDV
GRL DSMFQ

$WPDULWD ,PDQQLQJVLK 1 -DKDUL $% 3HUPDHVLK ' &KDQ 3 $P

DGGHG VXJDU LQ ,QGRQHVLD D UHYLHZ G&WLD 3BMMEOLQ 1XWU



OLQLVWU\ RI 3XEOLF +HDOWK 7KDLODQG KHDOWWHSIURILOH UH:
$YDLODEOH IURP
KWWS ZRSV PRSK JR WK RSV WKS WKS HQ LQGH[ SKS"LG JURX
5RMURRQJZDVLQNXO 1 .@G6 ITKRmBLMDIOKE MDRHLRQDO )RRG &RQVXPS
B3RZHUSRLQW SUHVHQWDWLRQ 6\PSRVLXP RQ 'LHWDU\ ,QWDNH

PHWKRGRORJLHV $SULO +LOWRQ +RWHO 6LQJDSRUH
,QVWLWXWH IRU 3XEOLF +HDOWKORUBELGLWW L6RXQDXGI\+HD O WKODQV |
IXWULWLRQ 6XUYH\ 0%$16 9RO ,,, J)RRG FRQVXPSWDRQLYWDWLV

RI +HDOWK ODOD\VLD

JRRG DQG 1XWULWLRQ 5HVHDUFK ,QVWLWXWH RIEG FROK XPSM RR

VXUYH\ FRPSRQHQW )RRG FRQVXPSWLRQ DQG QXWULHQW LQW
@ $YDLODEOH IURP

KWWS ZZZ IQUL GRVW JRY SK LPDJHV VRXUFHV IRRGBFRQVXPSW

+DUGLQSUDKOLVLYV NRQWORV GIDHRPDNDP. SHQGXGXN ,QGRQHVLD *L

(8 0DOD\VLD &KDPEHU RI &RPPHUFH DQG ,QGXVWU\ (80&8&, ¢

FRQIHFWLRQHU\ SURGXFWV LQ WKH 0DOD\VL@®$YPRLODMEWH IURP

KWWZ3BZZ HXPFFL FRP GRFXPHQW YV &RQIHFWLRQDU\ 0DU

EG GD EG G H

6DQWLDJR ' 3KLOLSSLQHV JURZLQJ VZHHW WRRWK IRU LPSRUWH

>SFLWHG @ S$YDLOREWMS ZZZ SKLOLSSLQHVDURXDURZKBZRUOG

VZHWWRRWKP S R WX BITBU

$JULFXOWXURP®&BIDGD ODUNHW RYHUYLHZ 3KLOLSSLQHV *OF
@ $YDLODEOH KWWB ZFZ A WHVRXUFHVQMHR® HQWH 6 @ H

'*6,0 $766($ 3') HQJI SGI

5XVPDQD < J/LVWL\RULQL ( 6XJDU LPSRUWYV ULVLQJ LQ ,QGRQH

1HZV SFLWH@SYDLODE BM \WBRPZZZUEIORRP B ZV DUWLFOHYV

U D\ZX J DRIS RUNAKG U J L @JL Q G R QAN ILLD® U V

(,%1 Y(BQGRQHVLD %XVLQHVV 1HWZRUN (,%1 VHFWRU UHSRUW\
@ $YDLODEOH IURP

KWWS ZZZ 10DQGHIWUREHVARPHIQMSRUW VLWHY WUDGH ILOHV QH:
B SGI

)$2 &DUERK\GUDWHV LQ KX)RRE @QGUS WILLEFOMWRPUHH 2UIJDQL]DWLR

1IDWLRQDO &DQFHU ,QVWLWXWH 'LHWDU\ DVVEY¥YFPHDIE K LI RDRE

KWWSV GLHWDVVHVVPHQWSULPHU FDQFHU JRY

OLUQDOLQL . =DOLODK 06 6DILDK 0< 7DKLU $ 6LWL +DVOLQGD I

ORKG +DV\DPL 6 1RUPDK + (QHUJ\ DQG QXWULHQW IOQWDNHYV

IXWULWLRQ 6XUYH\ 0$16 0DO - 1XWU



3DF\QLDN % 7KH VWDWH RI WKH LQGXVWU\ 5LVLQJ LQ WKH (
@ YDLODEOKHWWSRP ZZZ FDQG\L QG XV VW R/HA/FBRMENLIGNG ROV IV \
ULQWLQVKHEDVW"Y SUHYLHZ
<X ' ODUNHW LQVLJKWV 7ZR SHUFHQW IDVWHU $VLD 3DFLILF
FKRFRODWH VDOHV &RQIHFWLRQHU\ QHZV@RPDLODEOH IWRPV
KWWS ZZZ FRQIHFWLR QH U\3THZWRRW SDRAUNIHIN\E KR E BVDDOMY
E\
7HH (6 +DUGLQV\DK 5 )ORUHQWLQR 5) ORKG ,VPBRLWOHG 6 KWWK R WY
JXLGHOLQHV RI BRXWKHDVW $VLDQ FRXQWULHV 3DUW $ FRPSI
1XWU 6XS60
7HH (6 ORKG ,VPDLO 1 ORKG 1DVLU $ .KDWLMDK 3 IXWULHQW
(GLWLRQ .XDOD /XPSXU O0ODOD\VLDQ )RRG &RPSRVLWLRQ 'DWDE
5HVHDUFK
)$2 :+2 &RGBLPHQWDULXV JXLGHOLOHV RQ QXWRPM LROD O D E)fRRIA
DQG $JULFXOWXUH 2UJDQL]DWLRQ :RUOG +HDOWK 2UJDQL]DWLRQ
)$2 :+2 &RGH[ $OLPHQWDULXV IXLGHOLQHY RQ QXWUIBWPRQ DQG
,WDO\| )RROGLFEOGWXUH 2UJDQL}DWLRQ :RUOG +HDOWK 2UJDQL]DW
‘DKOTYLVW 0/ )RRG VWUXFWXUH LV FULWLFDO IRU RSWLPDO KHD
*UDQG 9LHZ 5HVHDUFK ,QF 86 1RQ VXJDU VZHHWHQHUV PDUL
DQDOWHYLRQDO RXWORRN FRPSHWLWLYH VWUDWHJILHV DQG
@ $YDLODEOHKWWRP/ ZZZ JUDQGYLHZUHYHD\WEN JORR LQ G X
V Z H H WRHUHNW
\OYHWVN\ $& '5RWKHU.., 7UH QRZVDLAOR WIKH \FRHAWR OWU R Q 3RN\CL R
3\ % GRL M SK\VEHK
(XURPRQLWRU ,QWHUQDWLRQDO :KHUH GR VXJDU DQG @WZHHWHQ
$YDLODE®M/\MBRP EORJ HXURPRQH®WMRXJPRPAHWWEBREG D\ KWPO
BWHUN 5" &RQVXPHU DWWLWXGHV RQ VZHHWHQHUV FKD@JLQJ )l
$YDLODEOHWWRY ZZZ IRRGEXVLQHVVFRE Y XPRHMMRNYIH-HRAHHOH U V
FKDQJLQJ
*DUGQHU &RMEWW - *LGGLQJ 66 6WHIIHQ /0 -RKQVRQ 5. 5HDG
EHKDOI Rl WKH $PHULFDQ +HDUW $VVRFLDWLRQ 1RQQXMMJLWLYH
D VFLHQWLILF VWDWHPHQW |URW® IMRKQH DSPE WD G PHHDLLAD G V VIREH \
&LUFXODWLRQ GRL &5 E H F HH
ORVGiO $ 9LVW *( 6YHQGVHQ & 'LUYHQ + /LOOHJDDUG ,7/ ODW]
HYLGHQFH UHODWHG WR LBWW QR D/'ISHWLHOH D\ ® ER G IHHLIKW
UHYLHZ RI UHYIQHZV 3#HR6 2 GRL MRXUQDO SRQH



%UX\HUH 2 $KPHG 6+ $WODQ & % HO HOMKLGH UH BER U \§ R DIRWZWR.| OV K&

QXWULWLRQDO EHQHILWY DQG ULVNV UHODWHG WR LQWHQVH V
v [

%HUQDUGR :0 6LPRHV 56 %X]]LQL 5) 1XQHV 90 *OLQD )3$ $GY

RI DUWLILFLD®VWRDMAFQMIWYLHZ 5HY $VVRF OHG % UBRL

$]DG 0% SBERMWD $0 &KDXKDQ %) S5DEEDQHWELROQXW&RBNWH
VZHHWHQHUV DQG FDUGLRPHWDEROLF KHD@®DWYLVD RV\V\WYBBRWL]F
FRQWUROOHG WULDOV DQG SURVSHFWLYH GRKRUW VWKXIBMHY &0

JRKQHU 6 7RHZV , OHHUSRKO -- QXWDQWKYRXWZFRPMNQRIUYR @
UHVHDUFK ODQGVFDSH GRXWU - V [

Y)RZOHU 6 FD/I®RRULH VZHHWHQHU XVH DQG HQHUJ\ EDODQFH UH
DQLPDOV DEOBOGDIURVSHFWLYH VWXGLHV LQ BWPBQV GRLVLRO ¢

M SHKVE

/ILP 8 (UQVW 7 %XFKWKDO 6' “/DWFK 048D E WB\IKDAQ &/R P HQNKD
JUHDWHU DEGRPLQDO DQG YLVFHUDO DGLSRVLW\ WKDQ &DXFDVL
'LDEHWHVH GRL QXWG



7TDEOHXWURPGWRYVLWIRIQ HRE RXVY NDPSIOH

6XJDUV J WPSOH
ORLVWXUH $VK SURWHLQ )DW &DUERK\GUDWHYV

&RFRQXW VDS VXJDU
&RFRQXW VDS V\UXS

BRUJKXP

.DRQJ

1LSD 1"
%X UL

6XJDU FDQH JUDQXOHYV

OXVFRYDGR

IRBAHWHFWRME DQDO\VHG

7TDEOBDOFXODWDRIL GBDEPERK\GUDW K\ DRP S OIHY

6XJIDU 7TRWDO &+2 JLHWIRBHMXOL&@+2 J XVHG LQ FDQBXOIOWIE@H
J6 J J 6 J DYDLODEOH &+H2 J

&RFRQXW VDS VXJDU
&RFRQXW VDS V\UXS
BRUJKXP

.DRQJ

1LSD

% X UL

OXVFRYBIRRQ VXJDU
6XJDU JUDQXOHYV

7TDEOBXJBRP SRV LWIRIQ HREREV YV Z Z

Z Z
6XJDUV 6XFURVH *OXFRVH JUXFWRVH ODQQRVH

&RFRQXW VDS VXJDU
&RFRQXW VDS V\UXS
.DRQJ

1LSD

% X UL

OXVFRYDGR

1RW DQDO\VHG



7TDEOBXPPDU\ RI LQIRUPDWLRQ RQ RXWIXUW D QW 3N HDLR PRXTHNFWHIG/ 6

SOLQBDPSOH VL(iH
6RXUFH RI LQIRUPGJMN_CR\QGHVE)‘E{@VKRG FKDUDFW H W%'IQ_QV 5HVXOWYV
)$2 IRRG EDODQFHQVMKXHHW G WD QD QD $YDLODEOH VXSSO\ RI VXJDU VZHHWHQHUV J FDSLW

7KDLODQG
0DOD\VLD
3KLOLSSLQHV
,QGRQHVLD

IDWLRQZLGH QXWULWLRQ VXUYH\V
7TKDLODQG

7KDLODQG +HDEXWRDU\ RI SRSXODWLRRG IUHTXHQF\ NJ VXIDU FRQVXPHG SHUVRQ \ DSSUR] J VXJIDL
5HSRUW 3URILOHVXOWYV RI DJHG \DQGHVWLRQQODLMH ))4SURSRUWLRQ RI WKH SRSXODWLRQ DJHG \ DQ
YDULRXY QDWLRQDORYHU IROORZLQJ IRRGV ZHHNO\
VXUYH\V &DUERQDWHG DQG VZHHWHQHG GULQNYV
6QDFNV
SURSRUWLRQ RI SULPDU\ VFKRRO FKLOGUHQ UHJXODU
GULQNYV
$PRXQW RI VXJDU XVHG LQ LGNV HHYHU NJ
VDFN
LQFUHDVH
'"ULQNYV
OLONGHAHFRVV
&DQGLHYV
SKDUPDFHXWLFDOV RWKHUV
7TRWDO

JRRG FRQVXPSWLRQ EHKDYLRXU RH[KKELWDQBG \ DQ
VXFK EHKDYLRXU

$GGLQJ VXIJDU WR IRRGV ZKHQ

HDWLQJ FRRNLQJ

(DWLQJ H[WUHPHO\ VZHHW GHVVHUWY VXFK DV HJJ
GURS VZHHRG WKRIPVMMUBBDWLQH

IRWKRQJ ZD[ JRXUG LQ V\UXS

Q7KDLODQG 1RWRWRMD/OL RO WLILHG 6HPLXDQWLWDWRYW SRSXODU VZHHWHQHG IRRG FRQVXPHG GDLO\ E\
JRRG &RQVXP SWURYHA\ IRXVUVDIHLQGLYLGXD@AV VLQJOH KIHG « \
6 XUYH\ FOXVWHUDJHG \ DQGFPQ@GIFDOO LQ FRIIHH LQ RQH J FDSLWD GD\

VDPSOLQROGHU VX¥DPSOH RI

QD QRW DSQE®LPVYEDGIDEOH GDWD



7TDEOBXPPDU\ RI LQIRUPDWLRQ RQ VXJDU LQWDNHRQ VHOHFWHG 6RXWKHDVW $VLDQ FRXQWULHYV

6RXUFH RI LQIRUPDMWXRQGHVED@PSOLQJ 6DPSOH VOHWKRG 5HVXOWYV
PHWKRG
FKDUDFWHULVWLFV
ODOD\VLD
ODOD\VLDQ $GXO0ORWNFW L ROXIWWLD JH DGXOVWWPLXDQWLWBWHMMW LWHPY FRQVXPHG GDLO\ J FDSLWD GD\
IXWRQVBXUYH\VXUYH\ VWUDWLILHGEHG XYW H4 JIWXJIDU ZKLWH EURZQ PHODND
0%16 VDPSOLQJ J FRQGHQVHG PLON DSSUR] J VXJDU

$W OHDVW FXS VZHHW EHYHUDJH FKRFRODW!|
SUML[HG GULQN FRUGLDO

7RS VZHHW IRRGV FRQVXPHG GDLO\ ZHHNO\ J FDSL

"DLO\ J FDSLWD GDRI SRSXODWLRQ

6XJDU ZKLWH EURZQ OHODND

&RQGHQVHG PLON

&UHDP FUDFNHUYV

"HHNO\ J FDSLWD ZN

/JRFDO NXLK FDNHYV

BKLOLSSLQHV

IDWLRQDO 1XVWURWHRW L ROXIDOWLD JH 2QBDb\ KRXVHBEROGDSLWD LQWDNH RI VXJDUV DQG V\UXSV J GD\
6 XUYH\ VXUYH\ VWUDWLILHKRXVHKROBRG ZHLIJKLQORVW FRPPRQOIRFR®W ERPHIGOLSLQR KRXVHKROGV
VDPSOLQJ WKHLU PHPEHUYV Rl KRXVHKRHEY ZW
J FDSLWD GD\
6XJDU
&KRFRODWH PLON GULQN
SRZGHU

6RIWGULQNYV
,QGRQHVLD

IDWLRQDO 6RRURRYWNMARNYDOXOWILDJIH JRRG FRQVXPSEWHIRW IRRGY FRQWULEWRL®QHUWVKIHSEWDOWDORULF LQW
(FRQRPLF 6XUYKWUYH\ VWUDWLILHHRXVHKROGWUWVWLRQQDLUH 6XJDU FDQH EURZQ J FDSLWD GD\
686(1%$6 VDPSOLQJ TXDQWLW\ RI VHOHHKHGEWHDP FDNH

IRRGY FRQVXPHG 6ZHHW OLTXLG PLON
GDLO\ ZHHNO\ 5RWL PDQLV VZHHW EUHDG
.XH NHULQJ FULVS EUHDG ELVFXLWYVY FRRNLHYV

QD QRW DSS®RLPVPEDGIDEOH GDWD



7TDEOBXPPDU\ RI LIRARP IYWIDU LQWDNH LQ VHOHRFRIQ&VW6 RXWKHDVW $VLDQ FRXQWULHV

6RXUFH RI LQIRUPDMWXRQGHVED@PSOLQJ 6DPSOH VOHWKRG 5HVXOWYV
PHWKRG
FKDUDFWHULVWLFV

7TRWDO 'LHW 6WNMRBWNFWLREXEVYDPSOHOWRPHPEGHUQIOKH UHFDGBEGRHQW Rl WKH SRSXODWLRQ ZKR FRQVXPHG I J VXJI

VXUYH\ 5,6.(6'%$6 LQ $IJH JURXS
KRXVHKROGV PRQWKYV
\
!
7TRWDO
OHD@JMNDU LQWDNH DOO DJHV “ J GD\

OHDQ SHU FDSLWD LQWDNH GD\ IRU VZHHW IRRGV DO

OHDQ LQWDNH
J FDSLWD GD\

-HOO\ JHODWLQ

6\UXS

+RQH\

-DP

&KRFRODWH

6XJDUHZKLW

&DQG\

%URZQ SDOP VXJDU

6ZHHWHQHUV

QD QRW DSQE®LPVYEDGIDEOH GDWD



YLIXUK pIDVWYT DQG uVORZY YHUVLRQ RI D U
L QMHD E\

H PHORZISERBXODEJHR U HGWXH

JLIXUMLHWDU\ ILEHU DQG LQXOLQ FRQWHQW RI FRFRQXW VDS VXJDU DQG V\I\UXS



YLIXUHMO\FHRBELGH[IQRGLIJHB@ BRI VYV FQIVNVWM FDWLRQ



