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POVWLWXWH RI $JULFXOWXUDO (QJLQHHULQJ :URFODZ 8QLYHUVLW)\ RI (¢
EQVWLWXWH RI $JULFXOWXUDO (QJLQHHULQJ .0U®SZ,QIRUPDWLFYV 8QLYHU
F6$$7%8$6S | R WRR &Y 6D

&GRQWDFWKGH®OHOHPR VNLHIRURFAHPDLO MHU]J\ ELHQLHN#XS ZURF SO

$57,&/1( ,1)2 $%675$&7
SUWLFOH KLVWRU\ 7KH DUWLFOH SUHVHQWY WKH TXDOLW\ DVVHVVPHQW RI W
SHFHL&HHSWHPEHU WHFKQRORJLFDO OLQH WKUHVKLQJ XQLW LQ 6%$%37%%$8 6S ]
5HFHLYHG LQ WKH UHYLVHGUIRGP O(YRDXDWLRQ RI WKH &,0%5,% DEUDVLYH PDFKLQ]
2FWREHU PDGH EDVHG RQ WKH PDFUR DQG PLFUR GDPDJHV RI VHHG
$FFHSIAWREHU PDGH DIWHU WKUHVKLQJ DQG WKURXJK GHWHUPLQDWLRQ F
FDSDFLW\ DQG HQHUJ\ 7HVWV ZHUH F

H\ZRUGYV %RVPHB@® 1RUPR 2GLOR 2K WR O RUNHD\R BRIG F

DEUDVLYH PDFKLQH ZDV DSSOLHG IRU GHWHUPLQDWLRQ RI PHFKDQLFDO GDPD.
PHFKDQLFDO GDPDJHV ELJJHVWGPPPURY ZHUH UHSRUWHG DW WKH OHYHO RI D
YDULHW\

FRUOQ VHHG GDPDJHV DW WKH OHYHO RI 7KH LQFUHDVHG YDOXH

RFFXUUHG DIWHU WKUHVKLQJSIKIHWK LZXHVW JHUPLQDWLRQ
2Q WKLV EDVLV LW ZDV VWDWHG WKDW WKH TXDOLW\ RI
WKUHVKLQJ XQLW ZDV ZLWKLQ WKH QRUP

, QWURGXFWLRQ DQG WKH REMHFWLYH RI WKH SDSHU

7TKUHH FXGWDYDWLRAZKHDW FRUQ DQG ULFH KDYH WKH IXQGDI
JOREDO DJULFXOWXUH &RUQ LV D JUDLQ RQ DFFRXQW RI WKH RE
LWV FXOWLYDWLRQ DV ZHOO DV FURSV LQ WKRHLARBQH RQOFUHDVH
WH PRVW SURGXFWLYH FXOWLYDWLRQ SODQWYV &RUQ LV FXOWL
IRU JUHHQ IRUDJH 7KH PDLQ UHDVRQ IRU ZKLFK FRUQ LV VLJQ
LQFOXGLQJ LW WR WKH PDLQ FRPSRQHQW RY IRREODVRU FDWWOH
5DG]\ VND DQG 6]\PD F]DN ,Q FDVH RI VHHGY FRVWYV |
HOQHUJ\ XQLW DUH ORZHU WKDQ IRU RWKHU JUDLQV )URP RQH
WRQQHV RI GU\ VHHGYV PD\ EH REWDLQHGH ,®I WHQRNMNAEG L[EH PHQWL
FOXGHG LQ WKH FRUQ VLODJH LV RQH RI WKH FKHDSHVW DPRQJ
FXOWLYDWLRQ RI FRUQ LV VWULFWO\ UHODWHG WR WKH JRQLQJ
UHIHUUHG WR D UHOHYDQW N XULUHKWVWeRQ QVKXIOWWDYIRYLRQ YRLWK
'ROQR O VNLH 2SROVNLH DQG :LHONRSROVNLH .VL *DN
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7TKH VAIPSWRP RI IXOO PDWXWIOMHRGE BODHHIGVISR W MW BRH QDPHO
EODFN VSRW DW WKH EDVH RI WKH RFRUURE/AK IQBDAV PW R/ OU L MU PL (
6HSWHPEHU ZKIOWDMH YYLWBIGHWLHY LQ 2FWREHU &RUQ IRU VHHGV
WKH ZDWHU FRQWHQW LQ VHHGV LQ WHWDWDRKE MHRWEKR® ULNVHW\ L
XVHG DW WKH KDUYHVWLQHKHRNVFROQHRWYW GCHIPOGVHKWRUWHWGY RFF)
D IXXD®™XH VRZLQJ PDWHULDO LV REWDLQHG 7KH ILUVW VWDJH FF
EDUNLQJ &REV DIWHU WHK UHPRYDO RI FRYHULQJ OHDYHV DUH

QRW H[FHH®GI DR8G]\E\4 *UXQGDV HW DO .RZDOLN 6]
DQG 'UHV]HU %LHQLHN TKUHVKLQJ WDNHV SODFH ZKHCQ
GURSV EHORZ VRPHWLPHYV WKUHVKLQJ LV FDUULHG RXW DW

ODWHU DGULQVULROVPVWH&Y 7KH VRZLQJ PDWHULDOH ZKLFK PXVW E
SDUHG DQG VWRUHG E\ 6HHG &HQWUDO 6WDWLRQ 7KH REMHFWL)
TXDOLW\ DVVHVVPHQW RI WKH RSHUDWLRQ SURFHVV RI WKH +¢(,'
IRU FRUQ FREV

30DFH DQG VXEMHFW PDWWHU RI WKH UHVHDUEFK

7KH UHVHDUFK ZDV FDUULHG RXW LQ 6%$$7%$86 32/6.$ 6S ] R
7KH REMHFW RI WKH UHVHDUFK FRQVLVWHG RI WKH WKUHVKLQJ
ILIXUH ZKLAK LQ MO XG' WHFKQRORRISFW O HDMVMMHIRW RIVFRU Q
FREV %HIRUH WKUHVKLQJ FREV ZHUH GULHG $IWHU GU\LQJ FR!
VLYH PDFKLQH ZKHUH FREV DUH WKUHVKHG ZLWK WKH IRUFH S
UXEEL@®ERIDIDLQVW HDFK RWKHU DQG ZLWK VPRRWK URXQGHG L
GRZQ WKURXJK VOLWV EHWZHHQ WKH FDJH EDUW WRZDUGV WKH
SRUWHG WR WKH HQG SDUW RI WKH PDFKLQH 2MBIIUH WKH RXWOF
WKH FRUQ VHHG LV WUDQVSRUWHG WR WKH VHSDUDWRU DQG F
FRQYH\RUV RXWVLGH WKH EXLOGLQJ 7KH 0DQXDO RI WKH DEUDV|

JLYH FRUQ YDULHWLHV ZHUH/RNOBEWHG BRI MRUP R HVHDUFK
'LND@RUQ FREV ZHUH KDUYHVWHG LQ WKH SK\WLRORJLFDO PDWX
DIWHU FDIOHOMB EODFN VSRW DSSHDUHG %RXUJRLQ -'/ ' DQG %F
XVHG IRU KDUYHVWLQJ OROHQGRZVNL

% RVPAD/QD PL[WXHPIR)WIKHN FDU\RSVHV W\SH 7KH YDULHW\ LV F
ELJ F\OLQGULFDO FREV 7KLV SODQW LV KLJK ZHDO OHDYHG DQ
WHQW RI VWDUFK LQ D VHHG ,W LV D YDULHW\ RI DQ LQWHQVLY!
RI BBRQJ RQ EHWWHU VRLO WHVW VWDQGE® IRKURRIHWFRQG UHVHD
D YDULHW\ ZKLFK LV ORGJLQJ UHVLVWDQW DQG KDV D KLJK FURS
PLGGI®W O\ VLQJOH PL[WXUHV ZLWK WKH 6HPL )OLQW FDU\RSVHV \

2GLYBRWLHLY D VLQJOH PL[WXUH RI FRUQ ZLWK DQ HDUO\ WLPH
YOLQW FDU\RSVHV W\SHG LBRQL F WO WLHDWKIQK FURSYV RI VLODJH
VWDUFK FRQWHQW PD\ EH REWDLQHG 7KLV YDULG®\ LV FKDUDFW
KLJK \LHOG RI GU\ PDVV

2NDWR D PHOEOM VHHG YDULHW\ RI D VLQJOH PL[WXUH RI 6DD\
FKDUDFWHUL]HG ZLWK 6HPL )OLQW FDU\RSVHV KLJK PDVV RI WKI
PDLQO\ ZLWK ORGJLQJ UHVLVWDQFH
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'LNDQY WKH ILIWK LQYHVWLJDW®IE FIDWHM\ FKDUYFIVMKIUHB E'
FURS RI IUHVK DQG GU\ PDVV RI VLODJH ORUHRYBU LW KDV ZKR!
LW\ WR OXPS\ VPXW VWHP DQG URRW ORGJLQJ

D
LO
FLUBUHD NHU
VH
HIFF
E

JLIXUHXOOHU DtYLHEZVFKHPHPRWRAWRWRPLUH VBEUHBQ
FRE L@®HWDIDO ONLIQUR X EHO WMKIRT W IEKHR RBVBARHM) FoRREXWJ F H
0D QXKD EBH U
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OHWKRGRIORAVHDUFK

$VVHVVPHQW RI WKH TXDOLW\ RI WKH H[SORLWBWLRQ SURFHVYV
LQJ XQLW ZDV FDUULHG RXW WKURXJK DQDO\VLV 7KH PRVW LPSR
GDPDJHV RI VHHG DQG WKH VHHG JBIWH @ DNMKILRHY ik D@D FLMMW\Q & HI
FDUULHG RXW LQ WZR VWDJHV ,Q WKH ILUVW RQH FRUQ PDWHU
WR WKH WKUHVKLQJ XQLW ,Q WKH VHFRQG RQH PDWHULDO VDP
OHIW WKH DEUDVLYH PODRPKNK@H LUV DMQ® W RHVHHFRQG VWDJH P
PDWHULDO ZDV GHWHUPLQHG $00 WHVWV ZHUH FDUULHG RXW L
PDVV RI HDFK VDPSOH ZDV J 6HHGV EHIRUH DQG DIWHU WKUHYV
FROQOWURO DQ8 WBRVMHHVZKHUH UHSRUWHG ZHUH AHLJKHG :KHUH|
WHUPLQH GDPDJHV LQ WKH UHPDLQLQJ PDVV LW ZDV EDWKHG L(
D G\H zDV ILOWHUHG ZLWK D VLHYH (LWIGDWOHEKXKWMWRIFD®DJQLI\L
RSVHV LQ@QPWRHGRUN VSRWV RQ WKH VHHG ZHUH GHWHUPLQHG
ZHLIJKHG ZLWK D SUHFLVLRQ XS WR J 7THVWV ZLWK UHJDUG V
HQHUJ\ ZHUH FDUULHG RXW LQ WKH ODRRUCFRRSDR) 6$$7%$8 32/6

S5SHVHDUFK WHWX®WYV DQDO\VLV

$FFRUGLQJ WR WIKH QRUZRLFK GHILQHV WKH TXDOLW\ UHTXLU
FRUQ WKH PD[LPXP QXPEHU RI VHHGV PD\ QRW E[FHHG 7KH
WDLQHG VKRZ WKDW RQO\ RQH YDULHW\ H[RHRGRAGFWRLY ERUGH!I
GDPDJHV LQ WKH VHHGV VKRZHG WKDW WKH E2ZNDMAMN GDPDJHV |
YDULHW\ %RWPKDHQ :LNDQD DQG 60 (QRHDPK 2GR
$IWHU WKUHVKLQJ VIR D RO REFEQWRIDE BRVPDQ
2GLOR :LNDQD D®OG (QRUPR :KHUHDV WKH ELJIJHVW PLFUR
GDPDJHV EHIRUH WKUHYKD®R RFHERYPH® IRYGDRGHDRHV
,Q FDMWRDOPREO (QRVUPRLHWLHY QR GDPDJHV ZHUH UHSRU\
WUHVKLQJ WKHGILRDBNW FPPRFXURUHG IRU VKB WROORZLQJ YDULHW
%RVPDQ 60 (QRUPR DQG LQ :ENDKWIRIDQG 2GLORDULHW\
ZLWK WKH ELJDECWEBDFRRHY EHIRUH DQG2NIDMWBRILWWUHVKLQJ L\
'LNDQRED (QRWUPR.HWLHV KDG WKH VDPH QXPEHU RI GDPDJHV WK
D SHUFHQWDJH FROWDBIIHV RIWHBURKUHVKLQJ %HIRUH WKUHVKL
FRQWHQWGRIPPURBRRARULHW\ ZDV DQG ZDXUHVKHYIWKDQ DIW
7KH UHVHDUFK SURYHG D/KD G BB JE VI RFFWURINFGJ RQ FDVH R
2NDWR DQG PKRIWRDQDULHWLHY KDG WKH PRLVWHVW VHHGYV
ORLVWXUH RI WKH WHVWHG YDULHWLHVS$ERRRIGH GUWR WKV ZL
QRUP51 WKH VHHG PRLVWXUH DIWHU GU\LQJ VKRXOG QRW HI[F
RXW WKDW DQ\ RI WKH LQYHVWLJDWHG YDULHWLHV DIWHU WKUH\
ORLVWXUH ZDV ZLWEBDQLANDLWR DQ & MR WKIHQKLIJKHVW PRLVWXUH
FRUQ FREV EHIRUH GU\LQJ DQG DIWHU GU\LQJ WKH PRLVWXUH Z
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YDULHWLHYV W FDQ EH MXVWLILHG E\ WKH IDFW WKDW WKHVH Y
LQIOXHQFHV WKH SURORQJDWLRQ RI WKHHKGWQHWEPM LAKH ORZ
FDVHLRNIDQD YDULHWAKLFK DIWHU GU\LQJ KDE® (QRBPRPRLVWXUH
YDULHW\ EHIRUH GU\LQJ KDG PRLVWXUH RI DQG DIWHU GU\LC
WLIDWHG YDULHWLHYV %RWK YRUNVHWGNVERMK WKHROR ZDW \
ZHOO DV DIWHU GU\LQJ

7TDEOH
ORLVWX & RIDRQR EV

ORLVWXUH
%HIRUH GU\LQJ $IWHU GU\LQJ

&RUQ YDULHW\

2NDWR
%RVPDQ
2GLOR
'LNDQD
60 (QRUPR

6HHGV YLDELRDA\WAH ZKHWKIUPLQHG ZLWK WKH JHUPLQDWLRQ FD!
RQH RI WKH VLJQLILFDQW TXDOLW\ SURSHUWLHVDRI VHHGV 7DEC
WLRQ RI WKH JHUPLQDWLRQ VL]H RI WKH LQYHVWLJDWHG YDULF
ZLWK WUBBWRH. QDWLRQ FD 2D PKWDRS DAXG FOREZWMW JHUPLQDWLRQ F|
DQG HQHWIRVWRAQ2GLOR 60 (QRUIMR D @P®CDBEW®ERI VDPH
JHUPLQDWLRQ FDSDFLW\ ZKLFK ZDV +RZHYHU WKH ILUVW RQ
FDSDFHWPLODWLRQ FDSDFLW\ DQG HQHUJ\ GHSHQGHG RQ WKH LQ

7TDEOH
7TKH FDSDHQWHED QB UP LRIDWHIR QVM S MWHGI V X E

*HUPLQDWLRQ
*HUPLQDWLRQ HQHWBIPLQDWLRQ FDSDFLW\

&RUQ YDULHW\

2NDWR
%RVPDQ
2GLOR
'LNDQD
60 (QRUPR
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,Q WKH ILQDO VWDJH RI UHVHDUFK D VWDWLVWLFDO DQDO\VL
RXW KHQ FRPSDULQJGDHPDXEW\D IRVHRD WMKRIHVKLQJ LW ZDV UHSF
KLIKHVW DYHUDJH DQG WKH VWDQGDUG GR2NDWIRRQ DV ZHOO DV
HW\ WDKQLBH WKH ORZHVW VWDWQVMWREPRLHWXUHWUEZHDM IRU
ZKHQ GLVFXV@D®DFPDFRR VHHGY DIWHU WKPNMNWDOROUHWW ZDV UHS|
KDG WKH ELJJHVW DULWKPHWLF PHDQ FPNGLREAIPRBBIRVWDQGDUG |
EHIRUH WKUHVKLQJ WKH ORZHVW PHDQ PHGNDQDQGG/WDQGDULC
60 (QRWHEREOH

7TDEOH
6WDWLVWLRD PDDEYIRD WVERPDEHYRUH DW & UH WKHLD J

7\SH RI GDPDJHV

ODFWGRPDJIJHV

9DULHW\
RI FRUQ %HIRUH WKUHVKLQJ $IWHU WKUHVKLQJ
P Ebg " BRBLoo SN S Raing OHEL DRIV W Ro
2NDWR
%RVPDQ
2GLOR
'LNDQD

60 (QRUPR

OLFG®PDJIJHYV

2NDWR
%RVPDQ
2GLOR
'LNDQD
60 (QRUPR

$FFRUGLQJ WR WKH VWDWLVWLFDO DQDO\VLVY LQ HDFK FDVH W

RI WKH PHDQ ZKLFKXIQQ IRWWPHERRDRYJREDO PDWHULDO LV DQ DF
DQG SURYHV WKH UHSHDWDELOLW\ RI UHVXOWYV

7KH REWBIVXIO®V'V Rl UHODWRYE FODRBIYHRI FPIDFMIRGY ZHUH SU
VHQWHG LQ ILJXUHV DQG %RWK LQ WKH ILUVWSDV ZHOO DV Wk
WLRQV WKHLU LQFUHDVHG YDOXHV RFEOPDHE DOV KHLWKWHVKLQ
WLYH YDOXH LQ ERUGHU FDVHV LQFUHDVHIDEDDIS\SWIRHQ DQG
E\ ZKLFK GRHV QRW P H DF AHSIWD BAGKHH Y B MYXUHV Q RQ
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ODFUR GDPDJHV

'DPDJH

OEHIRUH V
EDIWHU W

2NDWR %RVPDQ 2GLOR :LNDQDG6,

(QRUPR

KUHVKLQJ
KUHVKLQJ

JLIXUBDFIGROPDEHYRUH DW & UHWKHWD J

OLFUR GDPDJHYV

'DPDJH

OEHIRUH V

EDIWHU W

m

2NDWR %RVPDQ 2GLOR :LNDQDG6,

(QRUPR

KUHVKLQJ
KUHVKLQJ

JLIXUGLFGFDOPDEHVRUH DW&UHWKLWD J
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&RQFOXVLRQV

%RVPDQ DQZBNDWR YDULHWLHY KDG WKH KLJKHVW PRLVWXU
EHIRUH GU\LQJ 7KH ORZHVW PRLVWXUIENEGDRUYBUGLBWQJ ZDV
ZKLFK DIWHU GU\LQJ KDG RI PRUQWI)OWH HVRUHWKH LQ
WKH FREV PRLVWXUH DIWHU GU\LQJ GLG QRW H[FHHG WKH DGP
1XPEHU RI GDPDJHV FDSDFLW\ DQG HQHUJ\ RI JHUPLQDWLRQ
D YDULHW\ 7KH PIQGCHVGPWFRHM EHIRUH DQG DIWHU WKUHVKL(
FDVRRRDWRULHW\ 7KLV YDULHW\ KDG DOVR WKH ORZHVW FDSEL
JHUPLQDWLRQ :KHUHDV WKH VPDOOHVW GIDPDJHV EHIRUH
SRUWHIGNDRRWDES 1RUPRULHWLHY WKH\ DOVR KDG WKH ELJJHVW F
DRG HQHUJ\ RI JHUPLQDWLRQ
KHQ DVVHVVLQJ WKH TXDOLW\ RI RSHUDWLRQ RI +(," OLQH WHK
WKDW WKH WHFKQRORJLFDO SURFHVV SHUIRUPHG E\ LW JXDU
TXDOLW\ RI FRUQ ZLWK SDUDPHRWHUWY SXUVXDQW WR DSSOLFDE

SHIHUHQFHYV

%LHQLHN - =DZDGD - OROHQGRZVNL ) .RPPQDRIFMNMRFL FUBMQLDN
OLQLL WHFKQRORJLF]QHM GR REWYWBNHWRDERORIDAJRD NXNXU\G]\

'UDJD VND (3URJQR]D URJZREXQLDS®RNXU\G]\ XSUDZLDQHM QD ]JLDUQR
Z DVSHNFLH Z\EUDQHJR VFHQDONW® JRGDQQNEGWRWSQLZHUVIWHW X
PL VEB]XUVNLHJR ,661

'XEDV $ 7HFKQRORJLD SURGXNBW]DZDXNXGOEQLFWZR :LH -XWUD
6% 1

*UXQGDV 6 6RVQRZVNL OHHDQ@HBB @®I -ZKHDW JUDLQ HQGRVSHUP FUDFNV
[UD\ PHWKRBHHGLQJV Rl WKH ,QWHUQDWLRQDO 6FLHQWLILF &RQIHUHC

,QVWUXNFMD REVaxXJL aXV]F]DUNL 05 31U

.RZDOLN ,=ELyU NXNXU\G]\ Z WHFKQRQRGJD JLDUQRZHM

.VL *DN - 5HJLRQDOQH JUY*QLFRZDQLH XSUDZ\ NXNX®E®]D Z 3ROVFH Z O
$JULFXOWXUD

OROHQGRZVNL %DGDQLD SRUNRPEDMQX %RXUJRLQ -/ '] %RXUJRLQ *

$ ,Q*\QLHULD 5ROQLF]D
5DG]\ VND 6 6]\PD FIDAWXU\SNBV]W\ XSUDZ\ RV]FXKSXMIG]D QLH"

6 N 7 3UJ\E\a (NVSORDWDFMD DJUMXMNXYICGRQBELRIBUDR L &&0
QLFWZR $NDGHPLL 5ROQLF]HM Z 3R]QDQLX ,6%1

6]\PDQHN 0 'UHV]Hi84\Z JHVSR4X RPARWRZHJR QD VWRSLH RP&4RWX L
NXNXUYGINQLHULD 5ROQLF]D
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28&(1$% -$.2 &352&(68 (.63/2$7$8&=(632a8 20a272:(*2
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6WUHV]E]JBQWHNXOH SUJHGVWDZLRQR RFHQ MDNR FL SJUDF\ JHVSR&4X RP4
QHM +(,' Z ILUPLH 63RF% ¥ ORG]|LH2FRHYNENM]F|BHSLGRERQDQR

QD SRGVWDZLH SRZVWD&\FK SR RPARFLH PDNUR L PLNURXV]NRG]H LD
VLAl L HQHUJLL NLHANRZDQLD ]JLDUQD %DGDQLD SWRWSDRZDG]RQR GOD
60 1RUPR 2GLOR 2RIIZWRDF]NRQR®]KVPMHFKDQLF]Q\FK JLDUQD Z\NRUJ\VW
PHWRG NRORDMZHWIM]H XAQNEBG]HQLD ]JLDUQD VWZLHUG]RQR QD SR]LR
D PLNURXV]NRG]HQLD QBZISRIVFRRIH ZDUWR FL XVINRG]H Z\VW SRZDAa\ !
RP4REDMZL NV]D VLAD GRNAKNRZDQUD MHM SRGVWDZLHHVWZLHUG]RQR *F
VX HNVSORDWDFML JHVSR4X RP4ARWRZHJR RGSRZLDGD4D QRUPLH

64RZD NOYXaRKRFHDUND XV]NRG]HQLD PHFKDQLF]QH RGPLDQD ]JLDUQR NX



