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2ULJLQDO $UWLFOH

7DNHDZD\ IRRG LQ &KHQJGX 6LFKXD:
&RPSRVLWLRQ DQG QXWULWLRQDO Y

LDQZHwoBE L Q\XHodX®:XDQ KR HLTLQJo&Q J
OLQJTL ed@XDQ :D@i& :HQMLDooRQ JILDR/L3RR X
3LQJ <D Q

‘HVW &KLQD 6FKRRO RI 3XEOLF +HDOWK DQG :HVW &KLQD )RXUWK -
&KLQD

%DFNJURRQXEMHAMLSREXODULW\ RI WDNHDZD\ KDV FDXVHG KHDOWK SURE
WULHQWY DQG FRPSRWDIZWL PG RO \S R © XOKHQWERG®M X QD 'HVHIQD Q

GRPO\ FROOHFWHG WDNHDZD\ PHDOV IURP WDNHDZD\ $ODPMIRWBY 7KH T
EOHV DQG PHDW ZHUH DVVHVVHG DQG ZHLJKHG QXW WID-FFGWW \Z ZUiK HG MAK H BV
IROORZLQJ WKH $2%& 2IILFLDRPHYKX®RRGESD URIGSQDWKVEKXLQHVH DQG 86 GLHWD
LQWDNHVY WKH DYHUDJH HQHUJ\ SURWHLQ VDOW IDWG YALVABVDLW) WHXG DY
RPPHQGDRUR@WH WDNHDZD\ PHDO %\ FRQWUDVW WKH ZKROH JUDLQ YHJHV
DQG GLHWDU\ ILEUH FRQWHQWYVY ZHUH LQVXIILFLHQW )RBRIHPRPSRVLWLRQ\
PHDOV SUHSDUHG ZLWK YDUPRRBWWRRNLHG PHRMHKRBE WEE ORZHVW QXWULW
GLVK VHW PHDO KDG KLJK HQHUJ\ GHQVLW\ 7KH QXWULH®8 FROEWHQW RI S
SDUHG ZLWK RWKHU PHDOV DVVHVVHG DQG VD GQNDIB@GE WD WQZ HAUHD W[TFH WV LW
DZD\ PHDOV WHQGHG WR KDYH KLJK IDW FRQWHQW EHEBR¥BXRMLR[FWHVV YHJ
7DNHDZD\ PHDOV VKRXOG KDYH ORZHU FRQWHQWYV Rl HQRUIRXKRDW FDUERK
JUDLBYHWDEOHV IUXLWV GDLU\ SURGXFWV DQG HJJV $WWHKMWLRQ VKRX
IULHG GLVK VHW PHDO WR SUHYHQW UHVXOWDQW KHDOWK QGRERYHPV VXFK
HUQPHQW DJHQFLHV QHBIGGW R VAR WN RV R BID\W WHKUSW REOHP V

.H\: RUGWDNHDZD\ PHDOV QXWULWLRQDO YDOXH QXWULWLRQDO FRPSRVLWL

,1752'8&7,21 VRPH VWXGLHV RQ WDNHIRZDGXRWREG K
7KH WUDGLWLRQDO GLHWDU\ SDWWHYE R SHR FEN KWV LFHD QIR 2N WKX V \
WKH GHYHORSPHQW RI WKH DQWRQRPW DXRC VPRI LSDH. WISS GBWEDWHYV  VLP L
WKH FRPELQDWLRQ Rl ZKLFK KDV RQ¥R HDHHEG QRWHEX UGKEONHWHRIRSLQJ U
WDNHDZD\ PHDOV pWDNHRXWY LQu@XWUIBNDRG WEHMOWRW LRQID LQFOXG
SDQ,Q UHFHQW \HDUV WKH UDSLG$6HVYHRRISQ® BN FIDWMKHWWDSBHYHORSLQ
DZD\ LQGXVWU\ KDV DURXVHG EXVH{EHULPQEHSEXEOSEG HWRQRPWFLOUR ZV
&KLQD 7KH IUMDXHQEDRIRRG FRQVMPRWHRBQFKWYHY KDYH HPHUJHG VXF
PDUNHGO\ LQFUHDVHG LQ (XURSH*%$X@WHKB®LDBKEQXKMKHEKMHONBE DQG
6WDWHB\E UR[LPDWHO\ RI DGXOW@RPQE GHRHORBRPHQW KDV OHG WR Wi
OHVFHQWYV LQ WKH 8QLWHG .LQJGARPVXDNRIPQAD K H CFAXID\QB HDWR \WKH :HVWH
OHDVW RQFGLMLZBHNGLHWDU\ KDEGWWVDKGHY Y ERHQVREHDZD\ SODWIRUPV k
VHUYH®WKHU :HVWHUQK AR QMGRAMODIQWY OHLWXDQ 'L'L DQG %DLGX W
PHWKRGV IRU REWDLQLQJ WDNHDZDH YAHCIRBWP DQW WR RFP®IOQB BTRBHQW V
RXWOHW WR RUGHU IRRG GLUHFW®XHRQFW R QS WWDAKD/ZD WK P WIKE RKRKD V
PRELOH DSSOLFDWLRQV 7DNHDZD\ PHDOV WHQG WR KDYH KLJKHU

HQHUJ\ IDW VXJDU DIXEG N DIOW VA - _

DQG PLQHUDOV WKDQ PHDDINSIDH EF ) Qig BRJH’LDRQHL \‘NRE 'HVW)R&XKULV?/Ej
IRRG FRQVXPSWLRQ KDV EHHQ S YFH Re H(/E?ﬁ% D %é% WK BRI
DGLSRVLW\ LQ WKH 8QLWHG 6WDWH V; %&\(%QDOLD DOG (XURS

7DNHDZD\ IRRGV DUH FIORFN LIRRGMPY RX )D

DQG WHHIHDVHG FRQVXPSWLRQ LV mMjaXFGBMWHERBLWK PDQ\

QHJDWLYH KHDOWK RXWFRPHV LQ@PQXGHEES \Go6U W H QMU RIDP HF&RMAVRHZG F R
QDU\ KHDUW GLVHDVH FDQFHU GXQHEHSHNVVERQ OEMIREHBGLSRVLW\

DQG FDUGLRYDVFXODU GII$ONMDKVRHXARD' DSMFQ B
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FRUGLQJ WR WKHOLQH &DWHULQUQYBMWRZIDWH WKH HQHUJ\ YDOXH DQC
ODUNHW 5HVHDUFK 5HSRUW LQ &HKILQQ®DV UOWDXH®G ZB\ PHIHIBL IVKDW ZHU
5HVHDUFK WKH RQOXQW RUGHEKDR@XWKONWY ZKHUH WDNHDZD\ VHUYLFHV
LO\ JURZQ VLQFH Q WKH EEDQBMOWNEKHIQ WORNADZDHG &KLFNHQ

PDUNHW UHDFKHG 86" ELOOLR® G Y G DWIGH LFRVEHWY RUIODEOH RQ WD
RQOLQH RUGHUV ZDV DSSUR[LPDWH®YR LEEORGRG LRPSODIWHEWXG\ ,Q L
ZLWK WKH JURZWK UDWH RI REOHQFMRBOBHWHGJ EIHWZHHQ -DQXDU\

UHDFKHG $FFRUGLQJ WR WKH SHUOPDIGRNKEBERD $IWHU ZHLJKLQJ WK
'HYHORSPHQW 5HVHDUFK 5HSRUW IUKDWDWH® FHWKMWDEBHWXD@G JUDLQ!
5HYLHZ ,QVWLWXWH WKH VFDOH RIRWHGILRBOG LALLM R UG RDE® 1 QP DIPKEWD Q D

UHDFKHG DSSUR[LPDWHO\ 86 GEHYAURQQB QMKMW KR @XRQWY RI FUXGH
EHU RI RQOLQH RUGHUV ZDV DSSURLIORFHOWMIOV ZPDWBUROQWKQ VDOW FDUER
7KH UG 6WDWLVWLFDO 5HSRUW&RXGEOWSHURYHVE QR YHBRG O BIPWY ZDWH

LQ &KLQD LVVXHG E\ WKH &KLQDW,ROWMY GHWWIHINZREMNH, QHRIH GHWHFW |
PDWLRQ &HQWHU UHYHDOHG WKDRWLELD® FHPENWLFDOWKHPLVWY $2$4
QXPEHU RI RQOLQH RUGHUV KDG WRH DSRXIH@G\VLVPLOOL R HDIQH® J\ YDOXH"
FUHDVH RI FRPSDWHG ZLWKHWENLIQIGWKH $WZDWHU FHQRWH LT XEY DG
YHORSPHQW RI WKH WDNHDZD\ LQ GQD/MVLWKZWV\D GHUR IBHEB HEGRESUREH FRS:
OHPV FRQFHUQLQJ IRRG VDIHW\ PRWKRREQ DHBN D & HS BRGNHUWLR® FRH I
WUDIILF VDIHW\ DQG HPSOR\PHQW.Q QFDOGEXWDRQRQYKH KKQHD YROYHQW H
DEOH QXWULHQW FRQWHQW RI W PMMXZFDG ZRRGXV RB QW R HIBWHFWOW RW D C
LPSDFW D JRSKIODOWRQ6WXGLHV RO WKFRHZEUH @& WEZBQ VKR SOHWHE PWQH ZD
EHWZHHQ WDNHDZD\ IRRG DQG GL¥RDWH\W WX FKWHUREDVERQIDQGAJ WKH \
GLDEHWHYV KDYH XVXDOO\ EHHDQ HGXEWAHGHBWX V L G & M7KBH D H\E D WH P H WK |
HSLGHPLRORJLFDO PHWKRGV +RZBERBWHW WR EHWHRW WRWRO GLHWD!
BHQH WKHVH UHKBQ® \OZEW W DVWRINFGDWROBWHG E\ PDVV GLIIHUHQFH (
UHOLDEOH FRQFOXVLRQV 6XJJHWIVA R QRO ORY GEXIFEWNING ON FRXBQHG SO
PHDVXUHV KDYH EHHQ LPSOHPHQWSIGF WY RMRPM UK DY WUOLHS WWRR GHWHUP
HOLPLQDWH WKH QHJDWLYH LPSDPAR QLU X\W DINGI® ACH Ol IRIRVE H\EKAME AR Q W Q W
JRYHUQPHQW KDV WDNHQ VWHSV FXR DMWIGE IV WKKH YRGH X F HF REWHQW
FRPHV Rl WDNHDZD\ FRQ VPRPRSSMILRRW LIQJF@KBLYXD . UDWLR ZDV PRODU ZK
ZLWK WKH WDNHDZD\ LQGXVWU\ D QXGSG HMUHTBMLRIY WDKH. @ FRIQWDHEQ W LADYV F
RI WDNHDZD\ IRRGV QHDU VFKRR®WY XWKH) IRRGIEYORRRVUWILRQ@D7DEOH 6H
WLRQV ,Q $XVWUDOLD VRPH ORFDPFRRGHQQ PR WK HK I X B 09O FRIGYDULR
UHVWULFWLRQV RQ IDVW IRRG DGYHUWLVHPHQWY DQG LPSRVHG KLJK
WD[HV ROWIDRNY DQG VXJDU\ GULWIW )L VWIFQOG RRWD M\VLV

ODZ UHTXLULQJ IRRG ODEHOOLQJ 7KHJ G W/MS DHIU HP @O0 PVHXGU KUVQJ 6366
DUH UHTXLUHG WR DGG WKH ZD U QLQLF DDFE H D6 AX@GBO Y OW SUBBEFVEDV
RQ IRRG SDFNDJLQJ LI WKH VDOW FRRIMWL IS ® W HKE[ FPHMIEW LW W H FUDKDFCR PV L JQ L I L
PHQGHG OLPLWYV 6LPLODQ®\IDMWIN\MQRIE KD W WH WGPV LLQIR R O &I RKRY
7)$ FRQWHQW RI DOO IRRGV SURG®KNH® HVQMGK VWU DIOHQ W VF OQW HQW YV Z
LWHG WR Rl WKH PDI[LP %$® WHRWDIDMLDYMGRI®BN BGWLDWLRQ PHGLD® LQ\
UHFRPPHQGDWLRQV DQG LQWHUYHPWURQW Q@G HFRBONRFDN QWO RE OHD WD W |
WKH 8QLWHEXSWBWHKDYH EHHQ SXBQVWUHEX\QHEX IGDDVD ZHUH H[SUHVVHC
ORUHRYHDUBKWRQ WKH QXWULHQWUDQDW\VDY RIQRDRBO2D\GLVWULEXWHC
IRRGV LQ &KLQD LV VFDUFH *LYHQ® DK H MDPIHXDO JURZWK RI
WDNHDZD\ IRRG FRQVXPSWLRQ DQG 7&KIHP QWX W& LGDOMD FRD WK 8 VO XG\MWD ZHU
WLRQDO FRPSRVLWLRQ RI WDNHDZW D UR RIGH ILHH® R ER M. QUEDIWKOH WKL QHVH 'l
WDWLYHO\ DVVHVVHG YDULRDYDQWHWHGHHV, GRWQ WHQ WV BRXWEHIOLQHV $S:
LQFOXGLQJ HQHUJ\ YDOXHV FUXGBIJEGRWHDQ V WIRWD OL HIWD UY H R HE MOIIGQ +
PLQHUDOV ZDWHU DVK VDOW DY¥PHODED®VFDUERKIGOBDWHYS KHOQGEL |
LQDIWHU UHIHUUHG WR DV FROOHRWLYKDW HDUKER KQUGW D MHIVR Q B O HMVTDXUW O L
ILEUH DQG YLWDPLQV WR HYDOXDOWRY W KSH R S &/H LHDLVR QDIOU HRXE BDBWL R PG
7KHVHHIIDEDH XV WR PDNH REMHFWH.INHH W®IF IR PADHIQGD WLKR-Q @ DL O\ UHFRPF
WR VHUYH DV D UHIHUHQFH IRU JRWNMUQRQQWWYVZIPRGYUXPEHE EDQGVR GHW
WDNHDZD\ YHQGRUV VHHNLQJ VXLWDE®H SMWPWBOLHY IRU UHGXFLQJ
WKH QHJDWLYH KHDOWK LPSDFW R 7K FRQDAKRBEWWRO HRD 2DD NPHHDZD \ PHD (

FRQVXPSWLRQ DOHQW DPRQOWRAXQUHDGM XYV WKH UHF
RPPHQGHG LQWDNH RI 86 DQ& &KLQHYV
0(7+2'6 \HDUV ZDV VHOHFWHG DV WKH JXLGH I

6DPSOLQJ DORDYDMNWDRZD\ PHDOVFOXGLQJ VSHFLDO SRSXODWLRQV VXF
,Q WKH SUHVHQW VWXG\ FKHPLFD@DB@YDWMNVQY PBWHKIHPEIDORFHKEOMGRIHQ DC
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FXPVWDQFH VXSUBHUHIRUH FRQVXPLQJ WDNHDZD\
7KH WRIXDUHG W H\DW SFOUH DVRW HV WL @OWD XM HREI WRUH HQHUJ\ WKDQ LV QH
FRPSDUH WKH UHFRPPHQGHG LQWINXR D/OLR Y KRH WIDNWOZIDG FYDIDXW FDQ W
$QDO\WLV Rl YDULDQFH TEDAOIG WREWKDY®G K\SHUWHQVLRQ GLDEHWHV C
WKH OHDVW VLJQLILFDQW GLIIHUHQFH /6'° W WHVW ZHUH HP
SOR\HG WR DQDO\EBVGIEI IGXWQEHYMANI GW G URRGLQ FRQWHQW
FRPSRVLWLRQ LQ WKH IROORZLQJ7XHR R S0 RUHRWS M IHD FIRQMHDIOW LQ WDNH
7KLV VWXG\ GLG QRW LQYROYH KXPDQ@ RU JD@LPDDQ®DUW LF SSDANALHRIO

RU VDPSOHV VR HWKLFDO DSSURYDRFRRYWRW QRUHGHG DQG RI WKF
GDLO\ DOORZDQFH 5'$ LQ WKH '"*$ IRL

5(68/76 JDQG J UHVSHFWLYHO\ WHKHG

*HQHUDO DQDO\VLYV GDN UHFRPPHQGHG QXWULWLRQDO LQ\

2YHUDOO WKH UHVXOWW UBWHRQ H®E WRIQY,IVGHUD PQIK YDJ UHVSHFWLYHO!
OQXWULWLRQDO SURILOHV RI WKH WHINHBFRDWHQMO R | BXW WO\ DRZID\ P H I
WKHP ZHUH H[FHVVLYHO\ QXWULWWRKVGFRP SMXHH'G, ZBWRWHENM LQ WKH V
7DEOHYV DQG VXPPDULVH WK$URRG HFR®PSRRLWRGIKVQEQ KW D\ KL JIK
OQXWULHQW FRQWHQWYVY RI WHKHAR®DWNKDQDW R HDNRZ HUDHQ A FFHSWDEOH PDHF
VWUDWHV WIQIPM WKW ZGHIQH WHKH PWDVEXWGRYDOXGWH HQBNVKH '*$ 7KHUF
DQG WKH UHFRPPHQGHG LQWDNH IBHH PWRB ZBRXQOWOQRILEDRWHLQ LQ V
7KH &9 RI WKH QXWULHQWY SHU PHDONQZBAK H RAEWLHABBLERY M BIR X 19 Y8 QMO
PHDOV UDQJHG IURP ZDWHU WWRDW W KH WWBRRIDN HDA@E R1 & KLQHVH Wi
WKDW RI QXWULHQWY SHU PHDO YWKH G 2DRP J FDWERX)\ J SRUWL
GUDWHV WRWLQRO $PRQJ WKH VDIOCPRNMWHW ZREGHMRI®WDOXH LQ WKH SU
WKH FRQWHQW Rl VHOHQLXP ZDV WLWMQMP HOU R D Q GLIAMBLHR MG K DEERXID WY G |

WKH ODUJHVW &9 EOH IRU PDQ\ VWUXFWXUH\D G RBWXDXQ FW
$V SUHVHQWHG LQ 7DEOH WKH GHD/QD DN ISIKRWRL @/ KR WMDNH DV FUXFLD
ZD\ PHDOV ZDV J ZLWK J RI YHIJHWDEOHYV J RI
FHUHDO DQG LURQHHDW TKDNHBWDO IDW FRQWHQW

PHDOV FRQWDLQHG HJJV 7KH ODUWKH/ \F HOXQ ZWR WRXOQ GD YWR F RAMKMHHQW LQ V
FRQWHQW RI HJJV IROORZHG E\ PHDWJ YHJHWD DM@/ D QL FHW HBHIO O
1RQH RI WKH VXUYH\HG PHDOV FRIQW BQGHRE WRW W GRWLERNOUD DIHG -
SURGXFWV DQG WKH FHUHDO ZDVKRIXIOXOEHMAEQH @IRQWHKH 7EHD QG
'*$ UHFRHPQG WKDW DW OHDVW KDDIl RWKH FHUHDOV RO BRIQY WKB &KUQH
VXPHV EH ZKROH JUDLQV :KROHVDPBSOMVFHUMHIXOW SURWHEMWK ZDV ZLV
DJDLQVW FRURQDU\ KHDUW GLVHDVNKX\&4+'QGIFRBOEI\ EHPONWHHQW SUR
WKH\ DUH VRXUFHV RI SK\WRFKHP%BR®VGEGF EQD W KSH WIDNWHD DIQGPHD OV -
SK\WRHVW:KRDHQ YU DL QL RWHK LUBRDL@®RVKFRQWHQW WKH IDW FRQWHNFW XDV |
EH VXSSOHPHQWDO WR WDNHDZD\ +PHDIOOVKOOR k6 H B YWH.D J VBN WBIUIQHDV DQ |
W\ Rl PHDW DQG YHJHWDEOHV LQ WK B JWHX LDW# \FHREQ MH-DIOA HZIDW HIDHOO OF D O F X C
WLYHO\ ORZ ZLWK PRVW PHDOV FRRWBD®.QJ WGHDRQWLVAKSZD REHU WKD
PHDW DQG DQ DYHUDJH RI W\ SHK/DRI R IHWH\NW DVED NN D ZIK\HRIHB BW P HD Q
YDOXHV DUH LQFRPSDIWQEIOSD BLRIKGBKHUW KLLAKDLQ IDW HWSHWFXDOQ\HD GD
WLRQ RI IRRG W\SHV IRU KHDOWK\ DHDLVMBVQ PBD WIMHMHOQWKH OLNHOLKRRG R
FDXVH RWKHU DGYHUVHKHK HDVO W R QHN HHF
(QHUJ\ WBRZD\ PHDOV VKRXOG WKHUHIRUH EH
7KH HQHUJ\ Rl WKH VXUYH\HG PHDOV UDQJHG IURP W R
NFDO J PHDQ NFDO J HRXWDO GHOWDWRILEUH FRQWHQW
N - J ZKLFK ZDV PRUH WK DQKWMKPHDKFRFRPWMRG HZELHWD U\ ZIDRUH FR
KHDOWKR UG MWHWMA % ULWLVK N- PBDQW ZIVVGLIILFXOW J J D
IRU PRVW LQGLYLGXDOV WR FDOFSGDWHH BQUHFWD\ WKB HBFXLIYDEHRQW
VLW\ RI RQH PHDO WR MXGJH ZKHWKHIH WSKIHIL LR IG HNGR IK UGIRDZHRID MEKDHY W
WR UHJXODWH DQG PDLQWDLQ D KHDOWRD ® QHFRPPHQIEHEH EPRKW '*$
SHRSOH WHQG WR HDWRWRKHUWD P H GXRHRVWOMWI 5,V KDYH QRGPOHIRWY W HR B PAL
WKH GHQWLWXH '*$ WKH GDLO\ HQHEBEUHUHIWDMHPH&W GDLO\ GLHWDU\ IL
RI D&@R®PWQ DQG PHQ LMFDO D@G XDO DJHG + \HDUV VKRXFGRAHGLQJ WR
NFDO UHVSHFWLYHO\ ZKLFK L% VZIRHOBLWRWHR WKH &GKH@HMWH ILEUH F
"5,V DQG WKH (DWZHOO *XLGH OR U WX H Q6 WIKWML W N HEIRZDK PHDOV  ZK|
+ NFO IRU ZRPH® DQNFFDO IRU PRI FRAWRI IUXLWY YHJHWDEOHV DC
7KH PHDQ HQHUJ\ LQ VXUYH\HG PMWDMHDIZWK WHBIOKLJKMWW FRQWHQW FF
i ANFDO+ 1 i ZLWK DSSUR[LPDWHOM KNOHWIHQWLDO EHFDXVH LW DIIF
WKH PHDOV FRQWD IDFIFRXQWLQFDRQWISBWRDPDO PLFURELRWD GHILFLHQ
LPDWH®\ RI WKH GDLO\ HQHUJ\ WKLXKUBIPH @WK BECBIWMBVZVWFK DV ERZ
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TDEO7KH ZHLJKW RI PHDOV PHDW I

L QWHUTXDUWLOH UDOq-I]gLDQ

SWHPV 1 OHDQ 6' OLQ 0D][ &9

THLIKW
9HIHWDEOHYV
&HUHDOV
OHDW
SRWDWR

(J3

"1RUPDO GLVWULEXWLRQ
MR@RUPDO GLVWULEXWLRQ

TDEOHXWULWPB@VDODWLRQ DQG PLQHUDOV RI WDNHDZD\ PHDOV SHU J

SWHPV 1 OHDQ . QWHUTXDUWLOH UO[?-RBJLF‘DQ 6’ OLQ 0D[ &9

(QHUBNFDO
SURWHLQ J
YDW: J
ORLVWXUH J
$VK - J

'LHWDU\ ILEHU J
&DUERK\BUDWH
6DOW: PJ
6RGLXP PJ
ODJQHVLXP PJ
3RWDVVLXP PJ
1D . UDWLR
&DOFLXP PJ
O0DQJDQHVH PJ
&RSSHU —J
=LQFJ
BHOHQLXP —J
9LWDPLO5®
&DURWHQH
5HWLQ@RO
7KLDPPQH
S5LERIOPYLQ
1ILDFRQ
9LWDPIPQ’ &
9LWDPIPQ’ (

"1RUPD QG BXWWRIQ
MR@RUPDO GLVWULEXWLRQ
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7DE 1XWULWLRQDO FRPSRVLWLRQ

QWHUTRRQUMLOH U

JWHPV 1 OHDQ OHGLDQ 6' 0LQ 0D[

(QHUJ\ 'NFDO
SURWHLQ J
YDW’ J
ORLVWXUH J
$VK - J

'LHWDU\ ILEHU J
&DUERK\GUDWH J
6DOW: PJ
6RGLXP PJ
ODJQHVLXP PJ
3RWDVVLUXP PJ
&DOFLXP PJ
O0DQJDQHVH PJ
&RSSHU PJ
=LQF PJ
BHOHQLXP —J
9LWDPLO5®
&DURWHQH
5HWLQ@RO
7KLDPPQH
S5LERIOPYLQ
1LDFRQ
9LWDPIPQ’ &
9LWDPIPQ’ (

'1IRUPDO GLVWULEXWLRQ
MR@RUPDO GLVWULEXWLRQ
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7/IEC &RPSDULVRQ RI QXWULHQWY LQ WDNHDZD

&KLQHVH $PHULFDQ {YDOXH
ODOH JHPDOH ODOH JHPDOH ODOH JHPDOH

WHPV 1 OHDQ OH&GLEDE

(QHUJ\ '‘NFDO
SURWHLQ J
YDW’ J

'"LHWDU\ ILEHU J
&DUERK\GUDW
6DOW J
6RGLXP PJ
ODJQHVLXP PJ
3R W PV \PLIX
&DOFLXP PJ
O0DQJDQHVH PJ
&RSSHU PJ
=LQF ' PJ
BHOHQLXP —J
9LWDPLO5 @
7KLDPLQH PJ
S5LERIODYLQ PJ
1LDFLQ PJ
9LWDPLQ & PJ
9LWDPLQ ( PJ

1RUPDO DGXOW RAH.QIHADHY ¥ IDAVXE PSRKG W IUF DHOU Bl FXWUHHE VIV Q FHR U QH/DBHBSI' 5 O RZGHILAV ZDV XD MG RRKLQHVH UHIHZHQ AHX VELSVIDPE V
FDURWHQH UHWLQRO W KILIWPD REQWEDLFELRY G-D YRMQ AMXIPLRFRSSHU D @GHVHOMGIL KR WIDINMHVSH UHIHUZHQ AHX VBR®IRMY DQG PDQJDQHVH
UHIHUHQFH LQWDNHV NG SRH$S SHIQHE T HHDVED ' *$
"1IRUPDO GLVWULEXWIWHR/Q RQH VDPSOH W
A1 RQQ R U PIDVOW @ L E KMWTLXFOQH M W

LV WKH UDWLR Rl WKH PHDQ PHGLDQ WR WKH UHIHUHQFH
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REHVLW\ DQGLEUBEFDMHUOVR LP SWPRYG DY D WKHWLAWIRHEEQWHQW LQ WKH WL
WKHUHIRUH PD\ DIIHFW BRHHU\HRMEBWER®UVPLHQW QHFHVVLWDWLQJ FD
IRXQG WKDW GLHWDU\ ILEUH LQ $XBAVRVWADKOH.D P\H DWW R PG HL W DVX\HRJ ® HE M ¢
WKDQ WKH ORFDO UHFRPPHQGHG G L7H\W DRID JQHVDMPAVFRQWHQW YDULHG El
PJ J DQG DQG PJ SHU PHDO
&DUERK\GUDWH FRQWHQW WDNHDZOV FHR(DWDLQHG ! PJ RI PDJQ
7KH PHDQ FDUERK\GUDWH FRQWHOGWGRDQVRBJQBMHDZ IFROMWHDW LQ WDN
ZDV J J DQG J SHU PHDIOSHU PHDO DFFRXQWLRU ERWK WKH
7KH '*$ UHFRPPHQG WKDW WKH$'H DR &KLWQHRH '5,V
FDUERK\GUDWHY IRU DOO LQGLYLGHXIHSRWRRALEPEFRQWBQ@QMEDQJIHG IU
+ UHVSHFMWQG HOKH FRUUHVSRROGRE@J &KWAHVH PJ SHU PHDO 7KH PH
'5, YDOXHV DUH + J DRB HQHUJ\ SARROW BQ W DL\QP WIDOIW YD V PJ DFFRXC
HG E\ FDUERK\GUDWHY ZDV DSSUR[LPDWGI®\ RI WKH WRWRPPHQGHG $
HQHUJ\ ZKLFK LV ZLWKLQ WKH UDSKIHQNSHFGOLIH®B EQ®WPWHK UHFXV SRWD
RPPHQGDWLRQV +RZHYHU WKH DWDNMUED\ WBDNG YD ZD\V PIHD\CR/ LQVXIILFL}
FRQWDLDWGEUDOH FDUERK\GUDWH FR@WNHQ/DOHRQLXPIFEBOWHOW UDGQIHG IUR
PHDO ZKLFK ZDV PRUH WKDQ WKHI'DQG[FHVWIRY HSRBWERKU 7KH '*$ UHFRHF
GUDWHY DUH FRQYHUWHG LQWR | DWK DOM DWGHLA@HQW R PR E B WIDM\HD (RAJ GO ELHD C
WHV  /LX HW DO IRXQG WKDW D KUKIRXIOGWBMH R+ FBDERBQEU DK HV&KLQH
LQFUHDVHV WKH ULVN RI &+ WKDW WKH VHOHQLXP LQWDNH IRU DQ
VKRXOG EH PHEDQ VHKBIHQLXP FRQWH
‘DWHU FRQWHQW WDNHDZOV IV J DFFRXQWLQJ IR
7KH PHDQ ZDWHU FRQWHQW LQ WKH WRNMIZD\$PHDDRDDDDQG &KLQHVH
J J DQG J SHU PHD&KL LQWDNH FRQWHQW UHVSHFWLYHO\ 7}
QHVH '5,V UHFRPPHQG WKDW WKH MRWDOVRDLOVY XIDWHHQWWDNH IRU
PHQ DQG ZRPHQ VKRXOG EH DSSURTKADWH®IADQHNVH FRQWHQW UDQJHG
IURP GULQNLQJ ZDWHWRPQ®ULQNLSJI/ZD J DQG PJ SHU 7HDUS$ UHFRP
WHU UHVSHFWLYHO\ 7KHUHIRUHP MWKG WXDNO MPHD I B U DPRUIDMH L QWL
REWDLQHG IURP IRRGV ZHUH / IDMGLYLGEXIRW PHHDQG RPG GRRXDGGE !
ZRPHQ UHVSHFWLYHO\ RU URXJK®KLQHNVBHW ,FHDO 7KMERPPHQG WKDW
IRUH WKH ZDWHU FRQWHQW LQ W K@ WDNH DRZID P P& DIDYHXHV 18 R X THKIDW Y G L Y

LQ OLQH ZPWRWWTXLUH VKRXOG EH PJ GSSHWROHRLMEOH PJ ¢
7KH PHDQ PDQJDQHVH FRQWHQW LQ Wi
OLQHUDO FRQWHQW PJ ZKLFK ZDV KLJKHU WKDQ WKH *

7TKH FRQWHQWY RI WKH VHOHFWHGKPLQKUPOWHL'G, WKHKNMDNRDAD\WKH P
PHDOV DUH SUHVHQWHG LQ 7DEOHWKMQEG D/NDHEZAD \ PHKIGDW DAEDY WHK®I LFR S X O

WHODQJIJHG IHRP PJ J DQE x SHRSOHBAKRXDGBH RI H[FHVVLYH LQWDN
PJ PHDO FDOFXODWHG LQ WKH IRURPKRH YRGHE XPREROHWUW GMD ULKHH EHWZH
VRGLXP RROQNHQWURPPJ J DQG PJ J DQG DQG PJ SHU SRUWI

PJ SHU PHDO 7KH VDOW FRQWHBRRPOHQINWEKDW PHDFOVYQAWDNH IRU L
VLIJQLILFDQW IRU WKRYVH HHG UHFRPD OV XKR XKDEHGHD\G DMKH &KLQHVH ¢
PHQGHG WR OLPLW WKHLU LQWDNH RIUWMRBPRP Q@ MOKDWR @/IKYP JLQF LQW
LQWDNH VKRXOG EH PJ DQ DYHUBDHUWRIROG PUKBN®G EB\ 7KH PHGLI
PHDO DFFRUGLQJ WR WKH '*$ +REHYMHBRBWHEHQWXQ RIDWKBZD\ PHDOV Z|

WDNHDZD\ PHDOV PHW WKLV U HFRPRX®W DWL RRB I 7WHKHD YWAR UHFRPPHQ
DJH VDOW FRQWHQWWDNHDZIPJPHIV®@QUBYG LQ G ILFHDML QUQFXFIREWHQW ,Q

J RI VDOW ZRXOG EH LQJHVWHGVROWWK D E®G HP XS SNULE @ IY\DVRKH FERIQLD H @ W
FRQVXPHG DV WDNHDZD\ ILQGLQJV FRRWLVWH@D\ZLMKFWKH UH WLPHV
VXOWYV RI $IVKILY FRQIWMHQW ZDV DYIPQRVWV TKALWF M DIOKKHH LV XQOLNHO\ WR E
GDLO\ VDOW LQWDNH IRU DGXOWYV $QJD® DORERKXKNHQMHKD\ELRXKEADYV QRWI
'LHWDXLGHOLQHV IRU &KLQHVH FRDMWE MKKHFRBWHAHOFRQWHQW RI WKH \
*XLGH IRU WKH %ULWLVK +LJK VRGLRP LQWDRH FDRDQBDG WR/ R\ PJ S
SHUWH@W!RYWU R RWKHU KDUPIROWHLIRQFWKH '*$ UHFRPPHQG WKDW F
LQFOXGLQJ NLGQH\ GLVHDVH JDVWQG E YADEXEL@ MR B GDQ G\IRYWHRERXOG E

URVLYV &KLQHVH '5,V UHFRPPHRQ@G LWYWBW
7TKH FDOFLXP FRQWHMWRUDQBBG IURPDNH RI FRSSHU IRU DQ LQGLYLGXD
DQG WR PJ SHU PHDO PHGLDQ PJGDRJ 3K PHBQODQ FRSSHU FRQWE
DQG RQO\ VL[ WD QR HAHDOVPBERRHBDWFZD V PJ ZKLFK ZDV KLJKHU

XP 7KH "*BRPRHQG WKDW FDOFLXPPHQWDWHRQV DEBH @ROHUDEOH XSSHU
GLYLGXDO - \HDUV VKRPXO& EEGC MPKWKH &KLQHVH '5,%J GD\ LXKLFK LV
&KLQHVH '5,V PHQGHWKMDW WKH FWOFHXYPWKDW NRH $PHULFDQV DRWH&KLC
IRU DQ LQGLYLGXDO ! \HDUV RI DQWDMNHRXOG EH
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mPot stewed meal

700 Fried dish set meal
600 8 Donburi meal

500 B Fried rice
400
300
200

100

llzE- mm@%ﬂ

Weight(g) Vegetables(g) Rice(g) Meat(g) Egg(gx10)

JLIXUAKH IRRG FRPSRVLWLRQ IRU WDNHDZD\ IRRG RI GLITHUHQW FRRNLQJ PHWKRGV

Pot stewed meal
O Fried dish set meal
B Donburi meal

180 B Fried rice

160
140
120
100
80
60
40
20

QR

\\\\\\\\\\\\\\\\\\\\\\\\S]

ﬁ |

e e | O [

e | 2 o | s | 2 | P 1
AL A% KB MEE

Energy Protein (g) Fat (g)  Dietary fiber Carbohydrate = Sodium

Density (g>10) (2) (gx10)
(KJ/10g)

%

JLIXURKH EDVLF QXWULHQWYV IRU WDNHDZD\ IRRG RI GLITHUHQW FRRNLQJ PHWKRGYV

9LWDPLQ FRQWHQW GLYLGHG LQWR GIRQ BXVS$ H FDIEDE SIUMH S D
%HFDXVH YLWDPLQV DUH ORVW GXHLGE FRRARWNHG PHOMWGDY® XYHUHWDEO
RQO\ XVHG WR PDNH WKH EHVW HWWHDRHG UK HAHP HQLIDHEGY IRIFW R DMWY |
YLWDPLQ $ FDURWHQH YHWDPIRDRIBYKAMD RIQIWHGLHQWY DUWHH ZUWHICH ® HD R
QLDFLQ YLWDPPRQ&( POGHYLW J5( XWHMWELQWROLPSURYH WDVWH DQG FDQ |

HTXLYDOHQW J J PJ DOGRWIGLVRIVHW PHDOV D VHW PHDC
PJ DQG PJ J UHVSHFWL PHDOWDRQRWIHWDBEOHY DQG ULFH SODFH(
J J PJ PJ PJ)RRGPFRPSRVLWLRQ DQG EDVLF QXWL

PJ SHURGRWWYSHFWLYHO\ $OWRRRIKWKIHWBPEQWHJIRULHY DQG WKH
FRQWHQMU PHDO H[FHGHG WKH &K)RIMHH 51D QW KHIRRGIWHQW V
RI RWKHU YLWDPLQV SHU PHDO H[FIFRH @ HEQMWEKGDBBUBQBEH, ZDRUREVHUYHC

ERWK JXLGHOLQHV RI PHDOV DPRQJ WKH WDNHDZD\ PHDO

ZHLJKW Rl ULFH ZDV WKH ORZHVW LQ |
&RPSDUDWLYH DQDO\VLYV ORZHG WWSIRWG PHDOV IULHGIDONH D
&RPSDULVRQ RI QXWULHQWYV LQ VDONH WX GR RE UHQHH W KHWZ IR HQ OW KBIQK
UHIHUHQFH LQWDNH SHU PHDO SRWNVHZHG PHDOV ZDV VLIJQLILFDQW 7

7DEOH LQGLFDWHVUBQAH QIQLWERGRMWCBWHEHQWFH ZDV VLIQLILFDQWO\ OR:
FRQWHQW LQ WDNHDZD\ IRRG FRP S\DKUWHHGH Z LWRKX /K H GIGE RRWRHQWGW HBM G Q F
HG LQWDNHKS SHU PHDO PHDOV DQG IULHG GLVK VHW PHDOV Z|

ZHLJKW RQIBHB® WLFH ZDV VLJQLILFDQ
&RPSDULVRQ RI WDNHDZD\ PHDOVWHKIMHS DQHI® XH/GE L WHVWIKE WGP IBD® VD @®
RXV FRRNLQJ PHWKRGYV LQ S/RWHZHG PHDOV ZDV VLJQLILFDQWO
'HSHQGLQJ RQ FRRNLQJ PHWKRG WRREXDDR\ PHDOW FK® RUGHU RI HJJ Z
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7DE 7KH GLIIHUHQFH RI IRRG FRPSRVLWLRQ IRU W

)RRG FRAaREPYSDZDT IRRG RT GLITHINQWWRENLEQY | pYE8C CLVKIHE yirn

5LFH ZHLJKVRW VWHZHG PHDO
'RQEXUL PHDO
JULHG GLVK VHW PHDO
JULHG ULFH

9HIJHWDEOH ZRM JKWHZHG PHDO
'"RQEXUL PHDO
JULHG GLVK VHW PHDO
UG ULFH

OHDW ZHLJKBRW VWHZHG PHDO
'"REXUL PHDO
JULHG GLVK VHW PHDO
JULHG ULFH

(JJ ZHLIJKW 3RW VWHZHG PHDO
'"RQEXUL PHDO
JULHG GLVK VHW PHDO
JULHG ULFH

S WKH GLITHUHQFH ZDV VLJQLILFDQW

KLJKHVW ZDV DV IROORBEWG GIRFOHE XSRPFP®IDOWR QURI WDNHDZD\ IRRGV FR(
GLVK VHW PHUVQWZBGGISR®N DQGHDWMQLILFDQW
GLIIHUHQFH ZDV QRWHXHGHWHABPPY$ERWBUGRQJ WR WKH SUHVHQFH DQG W\:
EXUL PHDOV PHDOV ZHUH GLYLGHG LQWR SRUN E
7KH HQHUJ\ GHQWMMZRIGWHKHD OSRVEBRY PNHQLIGXFN DQGDIRR VH [H 6 HDHDH
LFDQWO\ ORZHU WKDQ WKDW RI |@OHD/\&LWERV\W VS HVHBO P HDQV DQ GHIA EO +
ULFHOHD 7KH RUGHU Rl SURWHLQRR® WREOBRMLIRPPLRQZBYE WRVLF QXWU
KLJKHVW ZDV DV IROORZV IULHG)ULRHBH GRQBEXUUXRHDOV IULHG
GLVK VHW PHVQWZBGGISR®N DQG IHMLUQLQFDRRWG FRPSRVLWLRQ 7DEC
GLIIHUHQFH ZDV QRWHZBHDBPRIQD OS/RIMOVE KIHW ISR&J N JURXS ZD K D/Q V@ K DL\¥ DLW
ULFH DQG IULHG GLVNDUHWLEHYBONMS @WOIEA MIQG PL[HG PHDW JURXSV 7Kt}
SRWVHZHG PHDOV DQG IULHG ULHAK RFD D RZHNW | MFID FWIKHUWVEDV DV IRC
WKDQ WKDW RI GRQEXUL PHDOV DIURXSLHG[BGVRKHDMWIBRROVSRKEBWU\ J
FDUERK\GUDWH FRQWHQW Rl GRQERUWKAHB R XOADW\ VURXSLFDWY WDIQLILFI
KLIJKHU WKDQ/WHKDMGRAHIRW 1R VEHELIDPBQRKXGM| 1R VLIQLILFDQW GLII
IHUHQ@Q¥HREVHUYHG LQ VRGLXP DQG/HUW HR QW HYHU M VEBIEVIZHH HGILIJKW EHW Z|
JURXSV HJJ ZDV SURYLGHG LQ WKH SRUN EHH
DQG WKH HJJ SURYLGHG LQ WKH PL[H

FImeatless
Opork
Bbeef
700 _
600 E 7 poultry
500 S E B mixed meat
400 | B
300 § é
200 | [

JLIXUMRKH IRRG FRPSRVLWLRQ IRU WDNHDZD\ IRRG ZLWK GLIIHUHQW PHDW
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JLIXURKH EQXWULHQWYV IRU WG®INHDZB® WR RBDZAL W K

7TDEOWHKH GLIIHUHQFH RI EDVLF QXWULHQWYV IRU WDNHDZD\ IRRG RI GLIIHK

)RRG FRPSé%m%%'&/\ IRRG RI GLIRGRROWNHYRRLBR D0 PUDBGVEIW P HIOG UL FH

(QHUJ\ GH@RIWMWWHZHG PHDO
'RQEXUL PHDO
JULHG GLVK VHW PHDO
JULHG ULFH

3URWHLQ 3RW VWHZHG PHDO
"RQE X HILOP
JULH® SHW PHDO
JULHG ULFH

)DW 3RW VWHZHG PHDO
'RQEXUL PHDO
JULHG GLVK VHW PHDO
JULHB ULF

&DUERK\G WBRMHVWHZHG PHDO
'RQEXUL PHDO
JULHG GLVK VHW PHDO
YJULHG ULFH

6RGLXP 3RW VWHZHG PHDO
'"RQE XWID O
JULH® G VHW PHDO
JULHG ULFH

‘LHWDU\ ILERW VWHZHG PHDO
'RQEXUL PHDO
JULHG GLVK VHW PHDO
YUHS ULFH

S WKH GLIITHUHQFH ZDV VLIJQLILFDQW

VLIQLILFDQWO\ GLITHUHQWRWEREDQ WRDWHIOD WKRQPBQWO\WVLY J

5HIDUGLQJ EDVLF QXWULHQWYV 7mKEHOHRU UW® B VHLRHU D\QGRBOWILWYDYV SHU
RI WKH SRXOWU\ PHDO JORZXISUZ WK D/QGORQXWWDICHPAWY LQ GLITHUHQW WDNHI
WKH PHDWOHVVY SRUN DQG EHHI BEBXK &Y DWHR @GV RAMMIHQ QFRQMAH GWW ZHH
LQ WKH SRUN JURXS ZDV VLJQLILFDQ®&B®I\®RZHU W KADQ BRIS & ULDQNV N G
SRXOWU\ JURGBXFFTKFHRQWHQW LQ WKH HWPLJK®& RHDYWHWIHWDEOHY DQG GLF
PHDO ZDV VLJQLILFDQWO\ KLJKHU ®KDQ VDKBWULRY W IQH JIRBJINY HE ZFBIWVUHO L
DQG SRXOWU\ JURXSVY DQG WKDW QRWHWHIGH EFHFHA HHUR X\SK ADAH VLK QLRI YHJH
LFDQWO\ ORZHU WKDQ WKDW LQ WKH RHDMWOMNVYQSRBNW B G CRNDRADRNGLUOL @
PHDW JURXSV 1R VLJQLILFDQMW LWRHULBURYNISHQGHUBUHQRMHKHA WDNHDZD\
REVHUYHG IRU IDW GLHWDU\ ILEUHOBYQ&ZHARDHEWRKWS BOMWHIVFDO VRXUFH RI
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7DE 7KH GLIIHUHQFH RI IRRG FRPSRVLWLRQ

Y)RRG FRPSRVIDMHBDZD\ IRRG RlGLHHUHQmHDmeﬂmumHWMﬂGGme\%ﬂﬂe
5LFH ZHLJKWOHDWOHVV

3RUN

%HHI

3RXOWU\

OL[HG PHDW

9HIJHWDEOH @HDW\WKWHVV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

OHDW ZHLJKWHDWOHVV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

(JJ ZHLIJKW OHDWOHVYV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

S WKH GLIITHUHQFH ZDV VLIJQLILFDQW

7TDEOWHKH GLIIHUHQFH RI EDVLF QXWIUW K @AYIHRB QWD WHDXD\ IRR

JRRG FRPSRZ{E%T(%QDV\ IRRG RI GL”HUHQW%I'RQJJN %HHI 3BRXOWUW\HG PHDW

(QHUJ\ GHQUEHWWOHVV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

SURWHLQ OHDWOHVV

3RUN
%HHI
3RXOWU\
OL[HG PHDW
)DW OHDWOHVYV
3RUN
%HHI
3RXOWU\

OL[HG PHDW

&DUERK\GUMWBWOHVYV
3RUN
%HHI
3RXOWU\
OUHG PHDW

6RGLXP OHDWOHVYV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

"LHWDU\ ILECHDWOHVV
3RUN
%HHI
3RXOWU\
OL[HG PHDW

S WKH GLITHUHQFH ZDV VLJQLILFDQW
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JLIXURDNAHD GHOLYHU\

JLIXURKH VWUHHW IRRG LQ &KHQJGX

WRR PDQ\ PHDWY LQ D PHDO PD\ ORERQWAKRHGGLHWDU\ ILEUH

LQWDNH J)LUVW SHRSOH RIWHQ HDW WDNHDZ

WDNHDWPNDMAHY WKDW DUH GHFLGHG E!
',6&866,21 DQG WKXV VXFK PHDOV DUH W\SLFDOC(
6KLIWYV LQ FRQVXPSWLRQ LQRP QGBHLGHERQRQMHU\GILQHVKHY )JRU H[DPSOF
VWURRGVWR WDNHDZD\ $ % & EXW RQO\ $ % DQG $ & RSWLRQV

&KHQJGX LV ZHOO NQRZQ IRU P D QN KW\ S\HD/N R D XDV USHODWV | R B 8 MW MR/ G®LL P L
$OPRVW DOO WKHVH VWUHHW IRRBNUNUH H DRE B EOMHQ B QU MADXNOMD Y D\Q D (
SODWIRUPV HYHQ LQFOXGLQJ EHWHUI/IHRY QRIRGAHW KH\RR KRMU WKH (
SRW ORFDO FRRNLQJ DQG EHHI JRRMXRU ,® ZRGGLWKHRYD D5 HRES@RIXUQ :KLC
&KHQJIJGWRRWHVSLF\ IRRG DQG WKRUXI\W RRPOIRGKWRIS®RH RIWHQ HDW ZLWH}
VSLFHV LV D FULWLFDO IRRG FKRLFRIQN® & XMHEDNOEXO G Q VH®/HD DOWDLRIH U Y I
'KHQ SHRSOH RUGHU WDNHDZD\ ROXPBKSIMD\DWHRHWDEOUWNKDQ® WDULRXV P
JHQHUDOO\ SURYLGH D FKRLFH RDZMB\LFHDON YGIHOF UMDRKH D@ VOHRMS HU VR Q [
VSLF\ VOLJKWO\ VSLF\ RANGLRP VEPSFHFRQG WXSNHDZD\ IRRG PD\ ORVH \
LODU WRWRKH IGLQLQJ H[SHULHQFA®DYRKWBWXNDQJGLUBQYVSRUWDWLRQ

HQFH EHWZHHQ WDNHDZD\ DQG V@HMHW KRRG IRUHV LQRWVLQ HFKMVDU\
FRQWHQW RI WKH PHDO EXW LQ WIKHR 68 DI L PRIK HFR PV8IOHH PMDO L R X V
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VHSDUDWHO\ DQG IUHVK IRRG LV WHR@VZBY WHRRRQ LEHD QG WKH YHJHW!
7KLUG PRVW SHRSOH WHQG WR FRRIQ@QWXPHXWD NHDZ DU PHDWZHUH KDUG
GXH WR WKHLU FRQYHQLHQFQIOFR®BBEDBE DIQNEK QWKHHG W G D\B R WE RRXHF K D V
VWRUH GLQLQJ PRGH +RZHYHU WIKWQUWHOG X FHNTSHRSWO ARYV{PSWLRQ RI
FLVH EHIRUH DIWHU D PHDO EHFD XM ROKH\ \QXHE-5 RMQ WD \R XRQ RAL WK Y F
FRRN DW KRPH 7KHUHIRUH WDNPRZIDD IRREGXF NG DPRX KW YYH ULFH LQ W
ORZHU HQHUJ\ YDOXH DQG IDW FRQWHQW DV FRPSHQVDWLRQ IRU
WKH ODFN RI PRYHASB®GR WS HQ HBHFREPWRR@WLRQV IRU SROLF\PDNHUYV
DQ DSSURSULDWH DPRXQW RI H[HQF&KHQD/XW R NH\D ZIRUH/ WRDHP HUJILQJ |
VWHSV D GD\ RU IPQ W HRQ PLR\G HAXBPSBLPRIG HO 7KHUHIRUH WKH ODZV |
LV LQGLVSHQVDEOH IRU SHRSOH HOB/WEG & WIRNWDEB\DZD\ VWLOO QHHG WR
DQG UHJXODWLRQV IRFXV RQ WKH VDI
5SHFRPPHQGDWLRQV IRU WDNHDZD\DIRB EPRQQXPSWQRRWULWLRQ KDV QRW
$V PHQWLRQHGQXRSWKRQWIFR'DNHREQWRPRROVYHZ UHFRPPMMBGOWRAQ VK DY
VKRXOG EH DFFRPSDQLHG ZLWK PRIWPH G [BIWFRFHOWRUBDXWL@® MWK KH HIITHFW
H[WUD HQHUJ\ FRQVXPHG WR UHG MO MIXZ2D UPWD RY REGHAWIMDDD @R ZHYHU
RWKHU RYHUERGXFPSWGRYHDVHVWKE SAGHELRDIGRP $XVWUDOLD DQ
WDNHDZD\ PHDOV VKRXOG EH FRQWHIKXG® MRLRRVH /&G QLAWY FHW PHQWLRQV
GD\ WR IQFRUGLQJ D GHILFLHQF\ MIYRHQG WHEQHP KQSIOONCH EF GRQYXPSW
DQG GLHWDU\ ILEUH 7DNHDZD\ PRD ®\DNHDZD K LER GV D3IRW LEQRDNHUV VKF
FDUERK\GUDWH FRQWHQWY DQG VWRXOGXWHKXW ERQDEFROGBEHERL @ DNHD:
GLYLGXDOV ZLWK FRQGLWLRQV VXFKGDM KAISH UWMIDPWIDRQN GDZEHBGIE UH.
PHOOLWXV DQG FDUGLRYDWHK®DOEHVRIMSHD RICDVEKRXQKQJ GDRRO WR
FXODWLRQ UHVXOWYV UHYHDOHG VBKDWKURP®JW. /DHPDDN\ PHDID WD BHWK Kl
TXDWHO\ DYDLODEOH LQ WDNHDZR\GRIDIVHY AR} & KE ) HAVHG B LIFHRWP S X O VR
PD\ FDXVH FRQVLGHUDEOH ORVV RIDEHWDPKRXOEXSURP FRIROWQI LQGLFD
DQG KHDWLQJ )XUWKHUPRUH PRGID QUKD®XVORIXWEBHOMIFME (FRQRPLF
GLG QRW FRQWDL® (¥ BU FDQIEQBSBO&NYRBWYPHVR FXUE WKHEFRRQROWP 5WGRQX
0\ GLG QRW KDYH UHWLQRO 7KHRGRUWKFIK BAD N BB BB D WDEMOWVIKMGS KL F
ZHUH FRQVXPHG IUHTXHQWO\ |UXNMXYDGDRRGFRORXU YHIJHWDEOHYV
QXWV DQG ZKROH JUDLQV ZRXOG QHHG WR EH VXSSOHPHQWHG
7KH IULHG ULFH W\SH RI WDNHD ZBHK PRIPRCH 230 WROR@QE WRRU KWDIYNHDZD\ SUR
WKH @@XWWLWLRQDO YDOXH DQGS$LWNFFHROW XPSXELARQQGKREWEG WKDW F
WKHUHIRUH EH LQIUHTXHQW ORU HGYHWDUD B®HE8 HWXRX-O/G ZDY DE 8 R BMH/GH
WR RU VXSSOHPHQWDO WR GRQEXHDOWEG MNBNIXMWXGVHWDRNHDAE®\ PHD
KRZHYHU DWWHQWLRQ QHHGV WRVIEYH SDQLHU WR VW IOM KIDIW H@HEUBDUERK!
GHQVLW)\ RI IULHG GLWW HZH/G PHD@YMIEGWS RWROH JUDLQ YHJHWDEOH |
KDG ORZ HQHUJ\ GHQVLW\ DQG IDWLORQWE Q WQIEQ G LKMI B US U R BUHH QF RQ W H
FRQWHQW DQG LW FDQ WKHUHIRIRRE HS FWRQWIRHG | P RG HAURANFHREG ISFOW D7 W
ZLWK D GLHWDU\ ILEUH VXSSOHPHQMLGHOLQHY DQG PDVUHSBRN®W G @& HTDGY
7DNHDZD\ PHDOV ZLWK SRXOWU\ WNDPW ZHUH IRXQG WR KDYH
WKH PRVW EDODQFHG QXWWMYMLR® DPRQYI WKHSFHDKRXOG EH WDNHQ WR
7KH SRUN ULFH PHDOV ZHUH ORZ WQ SVRWGIQQ EZ KIHKX FDQJEMKH FRQWH
LQFUHDVHG E\ DGGLQJ HJJV $ PLDOG MRMIKWQPKDOKIDEZT RDWHM LDOV DQG
WKH DGGLWLRQ RI PRUH VDOW DQGDDW VWP WRISYFOLK H VWY WKDWWH URHFNR P F
LQJ LW XQVXLWDEOH IRU IUHTXH@QG PWRUXFEWDRE WKRHWDERXQW RI IL
PHDWOHVV WDNHKZDK RHD DWZ W REDEWD BAHY 6HFRQG D IRRG ODEHO
WR WKH DGGLWLRQ RI PRUH YHJHWDE® HWILNOHWRD P HHD & RRINENDJBQSU R Y
WDVWH URTWKHHNPHMEWR EH HDWFRARQWIQRPRGERMOW LRRG FRP S R WRRIQ D (
$FFRUGLQJ WR $SSHQGL[ Rl WKW RKHQENHPHIRSWOBAIWKLKLIK HQHUJ\ G|

WDU\ *XLGHOLQHYV 6FLHQFH (GVWRRQGHEH WNE8GEWW KM RIKQG FRQVXPH
QHVHLMRY WBRFLHW\ WKH UHFRP P H RLGH® GL HRWIRHUDPHDEXOWY WKDW FDC
PDQ FRQWDLQV J Rl ULFH J GAPLHQUH WG EBBIW L V L @ BRMEUHIQ GLHODIOR Q Lk
PHDWYV J RI FKLFNHQ DQG J BIURRUGQJ WKH RVEDXWIHDFOVORD G FRQW!
DQG J RI HJJV IRU OXQFK DQG SULFIHVHWHRWHDEPRMUDJIHIFRQVXPHUV WHF
RI SRWDWRHYV JRAAHIWKD &V JZFDI\ \PRA\D O V

EHDQ SURGXFWV DQG J RI DTXDWLF SURGXFWV IRU GLQQHU
+RZHYHU WKH WDNHDZD\ PHDOV DRRABDHDMUHGC/ RQ ZO XWGHBWIKMH D WAMX GLHV

DJH RI J RI FHUHDOV PDLQO\ ARRMHKH EHVIWRRIPRIODW NQRZOHGJH WKI
PDLQO\ SRUN EHHI SRXOWU\ QXWUYWIRY FRQWHQW LQ WDNHDZD\ P
SRWDWRHVJ RQ HJJV VHFWLRQ ZBRRPSIDWHBSPARWWK RXU GDWD ZLWK SUL

WKH UHFRPPHQGDWLRQV IRU OXQAKIYODHQUBNEGEHQAMY WRPIHUUHNY HIRQFK HU V
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UHVHDUFK LQ RWERURRXMDNMWABMOIDWHSRUWLRQ DV ZHOO DV WKH SHU
WKH QXWULWLRQDO FRPSRQHQWVWRIRWKHD PHDDD\6PHD OV LQY$WKH DQG
8QLWHG .LRUGREBFK ZHUH BRLQ MARW IDEWNRH ) $V 7)$V 6)$ DQG
PHDOV DQG WKH HQNEDO SRUXMH RAQWBDNHWERUH ERWK DVVRFLDWHG ZLWK
K\GUDWH FRQWHQW J SRUW L RRH U HDEQUER WDR/AR B O D LD VWLGEMR @ WY GEW IS0 X/ VA
J SRUWLRQ ZHUH VLPLODU W RQWKHRW\WHDUQ GHW HFWH\RHQ WHWW RGW KDY
7DEOH ZKHUHDV SURWHLQ FRQRXMQGD ER U DWSRU\W R ZN-D/E\RE W DR Q H
FRQWHQW DQSRUAMLRRW RI PADONXODWLRQ LQVWHDG RI PHDVXUHP
J SRUWLRQ ZHUH WLPHYV W L FZHDW U@V H G WP RE VKR URHWHWDLOHG YL
UHVSHFWLYHO\ WKDQ WKRVH LQ RXU VWXG\ 7DEOHV 7KLV
PLIKW EH GXH WR GLIIHUHQFHV L@RUWXAHORVYDRQUBELOLW\ RI UDZ PD
WHULDOV LQ WKH 8QLWHG .LQJGRKH QG H&HKIQID V WKKHE \DLXQMKLEEDW HG DQ X
DAMXQG HQHUJ\ GHQVLW\ DQG WRVRNMOWDRQSRIUWDNHREZBKPHDOV LQ &K}
QHVH WDNHDZD\ PHDOV ZHUH WK H R@®BNVRQRR | DNVINHDRRSEPHDQG PLIKW
WKH HQHUJ\ SHU SRUWLRQ ZDHE RESBLNY WKDQ VG R \DVKPEHYDW\ &+' DQG
7KH SURWHLQ DQG FDUERK\GUDWRI| FRHVUHQ WS\ R\W H HQP RR®GIOWDWEBW DQG
ZKHUHDV WKH VD OW. R QRHH Q WWAIRWWHFR\GK WDNHDZD\ PHDOV ZHUH UHOLI
FOXGHG WKDW LI WKH VDOW FRQWW®RVFDRI| E2K R ® FIF HYXLWWO \T B E BWBEE@ B
WKH QXWULWLRQDO TXDOLW\ RI &KUIDWHVHH WD NHQ ZIL\QMHDOW ZB® G GG LHWIE
EH VLJQLILFDQWO\ LPSURYH$ LKL @ H) BERWRIEQ.EQYERW WDNHDZD\ IRRG
HWIRXQG WKDW D GLHW ZLWK D KXPHG@PRDMNHWKID QY RRQFPZD\GD\ &RQV)»
PHD®ZZKROH JUDLQV DQG IUXLW ZTRNO\G IDIRFJ HBYHUQKPH QWVRIHQFLHYV Q
Rl GHDWK DQG GLVDEK®GLWN\2RONDBGEEGW KM KSKREOHPOWFDXVHG E\ XQEDC
SUHVHQW VWXG\ 7DEOHV DQG WLREL EDRWHD WHDXD WAKHD OM TXHQW
FRQVXPSWLRQ RI WDNHDZD\ IRRG ZDV LQ OLQH ZLWK WKH GLHW
PHQWLRQHG DERYH HEWNOHB HOR U S\BH-3D M/IKIY( 17 6
IDVW IRRG FRQWULEXWHG WR KLJKI ZRXTBVOINNH BAR PRIODONP WK N 3XEOLF +H
1HZ =HDODQG DQG WKDW IDVW |RMWR%&YGQFEROWI§@31HW|WFKLQJ 8
UHIRUPXODWLRQ WR UPﬂiWX(FG—LHNDY(PEﬂf(@ WRRG 6DIHWY ORQLWRULQJ DQG
GHPRQVWUDWHG WKDW WKH LQWH &jﬁ @H\R/LFFF%BQH?HIB‘V‘VQﬁﬁé %P UR
DQG LQVXIWBLLK@WLGRWVKH ERG\ WKDQ WKH
UROH RI K\SHUQDWUHPLD DORQH §é37\42'8 NEYARFWRU LQ WKH SDWK

RIJHQHVLV RI K\SHUWHQMDRQU BVKLRW MY & k WP ENFODUH QR FRQIOLFW RI L
DVVRFLDWHG ZLWK D KLJKHU ULVN7RIVKIRHNWHR VKR ORDR GGERN @ QHVH |
HYHQWVQ WKH SUHVHQW VWWXIBW LR)RR P HBPBOWRORQG *4BOW BXPEHU &16
1D . LQ WKH FROOHFWHG WDNHDZD\ PHDOV ZDV DSSUR[LPDWHO\

ZKLFK LV PRUH WKDQ WZLFH D) (I I&K(®V WKDW RI WKH SDU

WLFLSDQWYV ZLWK D VLJQLILFBIQ® OILYIHH\U HDAXWE HBRQRPEFEFGR11HUHC
&9' 7KXV ORQP FRQVXPSWLRQ RI W@NM%&FDQZIDMW FRQVXPSWLRQ DPRQJ
PLIJKW LQFUHBRRH ' WRKBKHUVNW DO Fﬂa GRL

WLYHO\ DIIHFW FREFKXRE HUKHWOMNX |
FRQVXPLQJ IDWWKDRRBPRUHB ZHHN L Lgl\\f’KH 8. IXWULWLRQ
ULVN RI REHVLW\XLE\H[SHULPHQWDOZ%Pd%@vzé*Ul"bVND $ 7ULFKRSRXORV ' B6¢
FREWHQW ZLWK WKH DERYH FRQFOXWId®R QY WPHIGoMQ@PIRXIW RI KRPH DQG LW\
(XURSHDQLHRAMRXQWH (XURSHDQ 3UR\
6WXG\ OLPLWDWLRQV ,QYHVWLJIJDWLRQ LQWR &DQFHU DQG 1XW!
JLUVW ZH VHSDUDWHG WKH PHDW YHDOWBED®WWU HJIJBRDQG ULNH RI
WKH WDNHDZD\ PHDO DV FRPSOHWHO\ DV SRVVLEOH WR DFFXUDWHO\
ZHLJK WKHP EXW D IHZ RI WKHP PDX %WLRDNHL@H%»‘Q BEVYRR ( SROH RI IF
OXWHO\ VWSO UDHVEKGWLQJ LQ PHDVMIRFPRRAN M WEH\SPHULRBR GLHW

6HFRQG $ GHYLDWLRQ ZRXOG EH sURRRY V\/DZ(RCMSRQ[Y&EB%%WLQJ IXwWu - (
WKH LQWDNH SHU PHDO E\ GLYLGL GPp .
LQWDNH E\ 7KLUG PDQ\ GLIIHUHQQg\jD SHV %‘EFE@E@&% % \C/??P%/WL/"ROQL]I
DUH DYDLODEOH DW RXWOHWN HFWG7 | \w N DA SN WD\EGRW VR © DOR
WKH GLYHUVLW\ RI DOO WDNHDZD\ P#PO R )R%@JJN[KGXI@(\M\WK@W UdHKDY 1 X
VHDUFK LV UHTXLUHG WR DQDO\VH WKH TXDOLW\ RI VDWXUDWHG IDWW\
DFLGV 6)$V 7)$V RWKHU IDWW)\ DRBDGVYD\DQEXE HU WHULQL QFPQQ R3 &KDPSD.
DFLGV LQ WKH WDNHBY GMAVBIDW\H G %QV\ *$ IRIRAGV FRQVXPSWLRQ DPRQJ 86
DQG 7)$V LOHD8\WRRBQG WKH UHVXKWYGUKHQ  GUHWDLHQRRLEIHV D-NBPSW HW
YHDOHG WKDW WKH &KLQHVH JURX$VYXBY WKH ORFRLVW LQ %)$V
J J J SRUWLRQ DQG 7)$V J J

WKDW IUHTXHQW FRQVXPSWLRQ RI WD &&g“g %@%N&&Dﬁd%iﬁml;



IXWULWLRQDO HYDOXDWLRQ RI &KLQHVH WDNHDZD!

JUHQFK 6% 6WRU\6QWDHEADUN )XONH$SORY YBRRG DQGIUXYQOH UHVWDXUDQW FRC
+DQQDQ 3 )DVW IRRG UHVWDXUDQW GOV \DHP®RPUJID BRCHYFWQWHQW LQWDNHYV
DVVRFLDWLRQV ZLWK QXWULHQW LQWWWMH IRRGGRAKRLFHVHNDRGG
EHKDYLRUDRRVAELBY\ YDULDEOHV ,QWLVKIENY 65 HORMDQ 3) %RJJV '$ S5RVH
OHWDE 'LVRUG GRL VM LMR-5 &RQVXPSWLRQ RI UHVWDXUDQW IRRG\
GLDEHWHV LQ $IULFDQ $PHULFDQ ZRPH
&LPDGRQ +0 *HUHPLD 5 3HOODQGD /& 'LHWDU\GRRELWYV DIMFQ
ULVN IDFWRUV IRU DWKHURVFOHURVIUXPBRV® XGHRQWW NKHRP6 % K< DIWRWD $\$ 3
*RQODOYHV VWDWH RI 5LRDYUSDIGH B® HIXO H GO 6UVDNHYV IRU HQHUJ\ FDUETF
GRL V[ DFLGV FKROHVWHURO SURWHLQ DQG DP
$GDPV - *RIIH / %URZQ 7 /DNH $$ 6XPPHUEHOIRIL& v
‘KLWH 0 :ULHGHQ : $GDPVRQ $- )UHBRHWR\.PQBOVRPLURG / OFIDXJKWRQ 6$ *I
GHPRJUDSKLF FRUUHODWHY RDHDWLQ@H @8 D80 WBXIR DG 6 RWYY XA S WIHRQD BER G LFD |
PHDOV DW KWRIPHWERIBBULY Rl WKH 8. QDWAL RAWRUYV LQ \RXQJ DGXOWV (XU -
GLHW DQG QXWULWLRQ VXU -ZBMKBY GRL HMFQ
1XWU 3K\V $FW GRL V 'RQLQ $6 1LJKWLQJDOH &0 2ZHQ &* 5XG
'* :KLQFXS 3+ 7DNHDZD\ PHDO FRQVXP:
.DQW $. :KLWOH\ 0, *UDXEDUG %, $DRDANHILRP IRERARURQDBLVHDVH W\SH G
PHDOV DVVRFLDWLRQV ZLWK ELRPDURHBHVLR\ AKU RRIL G B®EGH DRHFGIRMR/Q DO VW X
GHWDU\ LQWDNH LQ $PHULFBQ DEXOWSUHEKS$LN &KLOG GRL DUFKGLVFK
- 2EHV GRL LMR
'DJQHU .+ 30DVVHU ( 3URHOO & .DQ]DRW 6$.&RRSEWKDKN QW LY DXEDUG %, $ZD
VWXGLHV RQ WKH WUDQV IDWW)\ DF L ® HTRIQW HDYW RR L [$W V. RAY \E BAQ. RIK RBGLER P\DHUINVH
&RQYHQLHQFH SURG)F\WWV ID)RR G| RRKE EHW DU\ LQWDNH LQ $PHULFDQ mMGKOWYV
GRL M IRRGFKHP - 2EHV /RQG GRL LMR
'XQIRUG ( :HEVWHU - %DUJL ) 1HDO %DAXWULHHXFRQWHQWLIR) GHU $' :LMP
SURGXFWV VHUYHG E\ OHDGLQJ $XVWUDBGLMQHIWAMY IRR GY FR DE QY ORAKRX Z <7
$SSHWLWH GRL M DSSHW 1& 'LHWDMUGBDOWQG WKH ULVN RI W\SH
7DQDVH*&LIILQ 3 .RVNL .* &RRSHU 0-RVHRFANHOIBWS$ DQG REHVH LQGLYLGXDOV
6RGLXP DQG SRWDVVLXP LQ FRPSRVLWH IRREGRIVDPSOHY IURP WKH
&DQDGLDQ 7RWDO 'LHW 6WXG\ - )RRGE&EKPRSFIDND S ME&DQQ 6( =LUSROL * *RQ
GRL M MIFD && HW DO ,QWDNWH HRROEM\IDVW IRRG
-DZRURZVND $ %ODFNKDP 7 6WHYHQVR@N}G 'BYHBVW,*FDQFHU ULVN LQ $IUI
"HWH@QDWLRQ RI VDOW FRQWHQW LQ KRWRWHNG $PHUPLADQVZRAHWKHXWU &DQF!
8QLWHG .LQJGRP $SSHWLGWRL MGRL
DSSHW -LDR - ORXGRQ $9 .LP 6< +XUYLW] 30 '
-DZRURZVND $ %ODFNKDP 7 'DYLHV+HDOMMKHYPRVIRRDWLRQV RI DGXOWVYT HD!
1XWULWLRQDO FKDOOHQJHYV DQG KHDIGRY KRUPS®LFRNWLHROQW. RH WBMWDZXD\D QW V
DQG IDVWWRRSH Y1 GRL QXUHM  GRL QXWG
1DJR (6 /DFKDW &. 'RVVD 5% .ROVWHUHC
1JX\HQ %7 3RZHOO /0 7KH LPSDFWI RKNRPHNVBOPWILQ@W ZLWK DQWKURSRPH
FRQVXPSWLRQ DPRQJ 86 DGXOWYV HVI\NRWHWP DRQL FH QM YLIN ZDRIGSURVSHREWLYH V!
QXWULHQW LQWDNHV 3XEOLF +GMIOW K XMW U GRL
Vv
IDFKDW & 1DWRJDHWHHQ 5 5S5REHUIURL@GHIDQW®D B3 .RK :3 <XDQ -0 *URVV 0'
- .ROVWHUHQ 3 (DWLQJ RXW RI KRPH H/O\Gd WHO/HDIDWRWF LRRVA RQ VZDWHK DQG FDU(
GLHWDU\ LQWDNH D V\VWHPDWLF U H DL\ HRIQWARK GiW UG HQLAHF X TERWL R Q
5HY GRL M ; FLUFXODWLRQDKD
[ 3RSNLQ %0 /PRWGIRQ 3 7KH QXWULWLRQ
JUHQFK 6$ +DUQDFN / -BUHVWBXUDQWRMBGZLGH REHVLW\ G\QDPLFV DQG WKI|
DPRQJ ZRPHQ LQ WKH 3RXQG RI 3UHYHE@WLRQODWX GMHWDLEH O8B0O& GRL
EHKDYLRUDO DQG GHPRJUDSKLF FRUUHODWMWMRW - 2EHV 5HODW

OHWDE 'LVRUG GRL VM LMR /HWK 7 -HQVHQ +* OLNNHOVHQ $$ %\VW
"XIIH\ .- *RIDGR/PHQ 3 6WHIIHQ /0 -DFREKWX®DD-WLRQ RQ WUDQV IDWW\ DFLG FF
B3RSNLQ %IXOBH FRQVXPSWLRQ IURBWKMHWRY FRRG 6 XSSO GRL M

HYWDEOLVKPHQWY UHODWLYH WR RWRWKHHMWFDXWRYWYVXS GLIITHUHQWLDOO\
DVVRFLDWHG ZLWK PHWDEROLF RXWFRPHDQIRYURXQAD DEXODNUYV &< 1 XMWDWVHWW 0°

GRL MQ &RQVXPHU DZDUHRRIGVFIRORDNVM LQIRUPL
TXUEXWW & 5LFKDUGVRQ - 3HMRRGQJHU & <RUN LRISBEFWHRHRRMI WLRQ RI D PHQ
WDNHDZD\V QHDU VFKRROV LQ WKH 8URIDXG6RWILRIKQRRFP RBEHEONF BHIRAW K
V\VWHPDWLF UHYLHZ Rl WKH HYLGHQFH DM®KEOLF +HDOWK 2]l

GRL SXEPHG IG\ &DUSHQWHU .- 7KH : 2 $WZDWH
-DQVVHQ +* 'DYLHV ,* GSLFKDUGVRQOWPROIWBOHMHROXUH 7KH OLIH DQG WLP
'"HWHUPLQDQWYVY RI WDNHRZORSIMQARQADWDW IRRG- RRWU V GR/L MQ
QDUUDWLYH UHYLHZ 1XWU 5FHRL 5HY VXSSOB 6

6 9RLFD & 'HKHOHDQ $ OHOLQGD +D\GHF

LQGXFWLYHO\ FRXSOHG SODWBD IRDVV VS
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WKH GHWHUPLQDWLRQ RI WR[LF DQG HWHQWLEBEU KGO RCHBBDRWODKDRG MIF WYWHRIWG L H
WASHV RI IRRG VDPSOHV $,3V&RQIHUHQFH 3BREKWELGA W V\VWHPDWRF WIQHDO\V

GRL *OREDO %KXUGWHHDWH 6WXG\ /IDQFHW
OLUPLUDQ 3 %DKDGRUDQ = 1D]JHUL 3 $]JL]L ) 'GRWDU\ V
VRGLXP WR SRWDVVLXP UDWLR DQG WKRKDQF6 G&MFHEROK\SRUWBQVERQW DQG
DQG FDUGLRYDVFXOD U EDWH® VHR Q% LSREEIOPBAE R Q GRL &6
VWXG\ &OLQ ([S +\SHUW HGRL 1DJDWD & 7DNDWVXNDIPL]X6HKLP&RG LIX P6K
LQWD®GE ULVN RI GHDWK IURP VWURNH L
5ROOV %- %HOO ($ &DVWHOODQRV 9ZREKRZ 06 WHRONHPDQ & RL 675

7TKRUZDUW 0/ (QHUJ\ GHQVLW\ EXW QRW IDW FREWHQW RI IRRGYV
DIlHFWHG HQHUJ\ LQWDNH LQ OHDQ D® REHMHFARPIHRQY $P -5&HCGXFLQI SRSXOD

1XWU GRL DMFQ ZRUOGZLGH IURP HYLGHQFH WR LPS
%HOO ($ &DVWHOODQRV 9+ 3HONPDQ&D/UGERWUEDUW 0/ 588DV M SFDG
%- (QHUJ\ GHQVLW\ RI IRRGV DIIHFWV HQHUJ\ LQWDNH LQ QRUPDO
ZHLJKW ZRPHQ $P - &0LQ 1XGRL /Y - 4L /| <X & <DQJ / *XR < &KHOQ
DMFQ &RQVXPSWLRQ RI VSLF\ IRRGV DQG WRW
5RO0V %- 7KH UROH RI HQHUJ\ GHQVLIARUMD OKW\R BIRGRXRQWIRSQVERYHG FRKRU
R IDW - 1XWU V GRWV MQ K GRL EPM K
6 =DQJ*XR & :DQJ = <&KHQ@JX =KX = HW DO

BUHQWOLFHHEE 6$ )DVW IRRGV HQHUDG KHIQMLAWH WOR & KH &KLQHVH 'LHWDU\ *>
REHVLW\ D SRVVLEOH PHFKDQLVWLF @H@N RRHESRUIHYG KHDOWK" 7KH &KLQHVH
GRL M [ [ $GKHUHQFH 6FRUH $VLD 3DF - &BRIQ 1XW
6LPSVRQ +/ &DPSEHOO®%-GBEHWDHZ DWEWHFDSMFQ
PLFURELRWD LQWHUDFWLRQV $OLPH®NPWIKDHURS FRPEWIQHEO0 0BRGLXP LQ FRPP
GRL DSW FRQVXPHG IDVW IRRGV LQ 1HZ =HDODQ
'DQGHUV $- YDQ GHQ %RUQH -- GH RESRUVEXQXWVKINEDLF +HDOWRLIXWU
-RQDWKDQ 0& .ULVWHQVHQ 0 ODUV 0 B6RKROV +$ )HVNHQV
(- (IIHFWV Rl GLHWDUHDISSHN IRQHV HEGMBWX )Y +- DOGLOW LPSDFW RI VRGLX
LQWDNH DQG ERG\ ZHLJKW D V\VWHPBRWD WHYLH R @IKIBRGEREIWIGRLHS KURO
FRQWUROOHG WULDOV 2EFRL5HY M GRL M VHPQHSKURO
; [ -D\HGL $ *KRPDVKL ) =PUGDU 66 'L6HKWEU
&RIIH\ - 5DXEHQKHLPHU ' )PDQOMH® GL YPRGPPR WEBRMXPVVLXP UDWLR DQG ULV
6LPSVRQ 6- 2 /HDU\ ) SV /GG SWENHBEMWHPDWLF UHYLHZ DWQHV SRROY®IL QPHHINL
IRRGV +RZ GR WKH\ FRPSDUH" ,QW DQDOWURMRRG 6FL GRL M FOQX
GRL M LMJIV
9LOOHJIDV 5 /LX 6 *DR <7 <DQJ * /L7DKHWHGJ : (6RRV 1 (YDQVVKBEWIZREDOU
'2 3URVSHFWLYH VWXG\ RI GLHWDU\ FIDOEW K REQIXWSY EHWMEHARQFFRQVXPSWLR
LQGH[ JO\FHPLAQPIRDHQFHQRBI W\SH PGEDDEHWRKWVLGH WKH KRPH DQG GLH\
PHOOLWXVDU® ® IEKEQHVH ZRPHQ $UF|DGQWHWQHQN\0/ 3XEOLF +HD@WRK 1XWU
GRL DUFKLQWH
/ILX 6 :LOOHWW :& B6WDPSIHU 0- +X )%F)(UJDQ[I—IU 6DPBWRQ0 &RYDV 0, $VVRFLE
/| +HQQHNHQV &+ ODQVRQ -( $ SURNBOVMWAYWLR®YXA\WRI HQHUJ\ LQWDNH G
GLHWDWALBOORDG FDUERK\GUDWH LQWDBMH DEXEG WKWHN RIVN RI REHVLW\ L
FRURQDU\ KHDUW GLVHDVH LQ 86 ZRPHBGEW H RO QHDXQNEIRSXODWLRQGRAU - 1XV
GRL DMFQ v



