SNUDLQLDOQ
JRRGRXUQDO

ORR®RPH , VV XH

ALY . b€\



8NUDLQLDQ )RLV 8NUDL)RF-RXU:fe gZjh?
LQWHUQDWLRQDO VFLHQWZImEhMR XD Bq@repbN Zggy
SXEOLVKHY LQQRYDWLYH iS)&HIZY R |j Wakite HES HUMI Ke « A g\
LQ WKH ILHOGV RI IRRG VRZHQPBPH i QJéQalHWZjQh\h€ gZmd|
DQG WHFKQRORJ\ FKHPLM®WWU\o¢hemQ-RP Fi*@D Q@hghfsdb -
PDQDJHPHQW mijZ\eeggy

SNUDLQLDQ )RR@ DREXWQIDF SWHID DIRAD@ XU QPO dkm}lvky
LQGH[HG E\ VFLPEDRPHWULBZDM T Ijbqgbfb [ZaZfb

,QGH[ &RSHUC
(%6 &2
*RRJOH 6FKRODU
B8OULFKV:HE
&$%, IXOO0 WH[W
2QO0LQH /LEUDU\ RI 8QLYHUVLW\ RI 6RXWKHUQ '
'LUHFWRU\ RI 5HVHDUFK -RXUQDOV ,QGH[LQJ
'LUHFWRU\ Rl 2SHQ $FFHV\W24FKRODUO\ 5HVRXUF}
(XURSHDQ 5HIHUHQFH ,QGH[ IRU WKH +X®BQ@USEHY DQG V
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2$-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAVEW RESG W[ FH
)67$ )RRG 6FLHQFH DQG 7THFKQRORJ\ $SEVWUDF
(PHUJBERJIUVHV &LWDWRQ ,QGH]

SNUDLDPR®P& XUQIERq_gh mi_j_e-
gZmdh\bo nZlbhhXge MdjZ€gb a | _ogeqg
gZmdiZl_]JhjsgzZdZa Fegekl_jkI\Z hk\elb
gZmdb MdjZ€gb”«

(GLWRULDO RIILFH DGGUHVVAj_kZ j_"Zdp-€
IDWLRQDO 8QLYHUVLW\GZpehgZevgbc mge\_jkbl_I

R)RRG 7THFKQRORJLHV 0Zjgh\bo | _ogheh]ec
9RORG\P\UVND VW \me<heh~bfbjkvdz
8NUDLQHY Db€\

HPDLRIMBQXIW#
6FLHQWLILF &RXQFLO RI WKHJLRWLROMDA@gh \q_ghx jZ*hx
8QLYHUVLW\ RI )RRG 7THFKQRO®RZp+hgZevgh]lh mge\_jkbl_Im

UHFRPPHQROMJQYK® IRU SULQWLQJoZjgh\bmgheh]ec
3URWRFRO lihihdhe <\sA

< 18)7 < GMC

FFFSNUDLQLDQ )RRG -RXRDPIK ,VVXHF



SNUDLQLDQ )RRGXERXIRQRBVGDVODUFK DUWLFOHYV VKRUW
VFLH@WEIMFWKH UH O QBOORWHONXUH UHYLHZV

TRSIFRVWYHUDJH

JRFHQJILQ YJRRG QDQRW

JRRG FKHPLVWU\ )JRRG SWRBHVV

YRRG PLFURELRORJ{FRQRPLFV DQG IPERQRIZIHO B WW U \
3K\WLFDO SURSHUWS$XWRRR®LRQ RI IRRG SURFHVVHV
YRRG TXDOLW)\ DQG )RRIGIVEDFNDJILQJ

SHULRGRFIWWKH M RXYXPHO \HD U

BHYLHZLQJ D ODQXVFULSWORGUVBXEQWEDWLDYWLFOHYV
SXEOLFDWLRQ LQ 38NUDLQLDEOQRBHIHUBRXHQ@BG EDUWHN GRKXE
DFDGHPLFVY DSSRLQWHG E\ WKH (GLWRUV D®QREDBQ@RVRQH
DIILOLDWHG WR WKH %RDUG DQG RU WKH 3XEOLVKHU

&RS\UL$KWKRUV VXEPLWWLQJ DDWH RO BWFMWRHGS WRO SE
HOHFWURQLF VWDWBRMY@WRUNRQVLQRMD DQ LQIULQJIJHPHQW
FRS\ULJKW QORVMBBBILOOWKH SXEOLVKHU DOBUQWOD WQ R E UH:
LQWHUQDWLRQDO VWD QG D URAKIDY HD IRD GH.R/VS © BE D W\EREG J
RWKRQWULEXWLRQV EHFRPH WKH OHJDO FRWWHUERMY RI W |

$FDGHPUFHWRXKIHF\(GLWRULDO %RDUG RI SNVUWLERAOQ

IROORAY LQWHUQDWLRQPOONG DUFRRYDIHHGRIEEEH O DWIKGEL Q J
DFDGHPLF J RWKPRVYH GHWDLOMXR®D WRLY VHH $YRL

SODIJLDMH®IPJLDULVP DQG RWKHU TXHVWLRQDEOH ZULW
ZULWLQJ" 7KH (GLWRD®GB® QRW UBOVXR QMWMINEXWRUV RI WK
UHDGHUV WR GXOO\ IROORZ WKLV JXLGDQFH LQ RUGHU W

JRU)BPO O JXI$@BXIMRWS OHD VRXIHYENVWW H

KWWS XIM KR XD

FFFSNUDLQLDQ )RRG -RXRDPIK ,VVXHF



8NUDLQLDQ )RRG -RXUQDO

, QWG DWLRQDWRYRDOG

(GLWRIJKLHI

I9DOHULL'OUBQRIDWLRQDO 8QLYHUVLW\SRNURIRBH7HFKQROR.
OHPEHUV RI (GLWRULDO ERDUG

$JRWD *BEBGHLHQYLWKXDQLDQ ,QVWLWXWH RI $JUDULDQ (F
QULVARPYUFLS$YV FHRKQLFDO 8QLYHUVLW\ RI OROGRYD
/JHOLHYHO'® *@REDO +DUPRQL]BDVWLRFL DRHMANB WU DB QG V
ODUN 6KIDRWWV $V 3WEBDFN 6HD $VVRFLDWLRQ RI )RRG 6FLH
S5RPDQLD

3DVFDO 'XSHBRLYHUVK®M &HUQDUG /LRQ )UDQFH

BHPLK 2WGH\RI(JH 8QLYHUNHW\

BRQEPDULHIBURI 8QLYHUVLW\ OWHIDQ FRIRDQRDH RI 6XFHI
6WDQND 'DPUDRRABXVH 8QLYHUVLW)\ 3$QJDO .DQFKHY  EUI
%XO0JDULD

BWHIDQ 6WHIBQRIYLYHUVLW\ Rl )RRG 7THFKQRORJLHV %XO
7HWLDQD'B\BREDWLRQDO 8QLYHUVLW\ RI )RRG 7THFKQROR
7RPD%HUQWWURB]F]HFLQ 8QLYHUVLW\ 3RODQG

9DOHULL O\UBQFKRNWLRQDO 8QLYHUVLW\ IRU )RRG 7THFKQ
9LNWRU 6WDEQUNBWYBRWLRQDO 8QLYHUVLW)\ IRU JRRG 7HFK
90DGLPLU *UNGBWRYYH O DEMIYWHQ$SIJUDULDQ 7THFKQLFDO 8Ql
9RORG\P\U /YDB@BR|RZD 6WDWH 8QLYHUVLW\ 86%
<RUGDQND 6WHSRQQRMDVLW\ Rl 30RYGLY 3DLVLL +LOHQGD
<XOLYDD]NRU 3UR,QVW LWKWHU B,Q RIUQJBIQH. F L @MW\Q ARV N L L
1IDWLRQDO $FDGHP\ Rl 6FLHQFHV RI 8NUDLQH

<XULODWW $V 3B6FIHFLQ 8QLYHUVLW\ 3RODQG

ODQDJLQJ (GLWRU

20HNVLL *XEHYLBUWBWLRQDO 8QLYHUVLW\ RI )RRG 7HFKQ
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&RQWHQWYV
JRRG 7HFKk

+DIL]H )LGDQ 6WDQNR 6W

$OEHQD 6WR\DQRYD 6WDQND 'DP\DQRYD 6H]DL (UF
&KDUDFWHUL]DWLRQ RI DURPDWLF FRPSRXQGV DQG
IRXU VSLFH HVVHQWLDO RLOV IURP IDPLO\ /DPLDFHI

*DO\3SROLVFKXN 2NVDQD %DVV 7H
&U\RSURWHFWLYH DELOLW\ RI VWDUFK VIUXS LQ WK
IUXHMU U\ LFH FUHDP « &« « « « « &« & KKK LKL LKL KL KL KL

)DWPD OLKRXE )UHKD *RXUL 7RX
%LRDFWLYLWSIROB GIMWHD BKRHQL[ GDFW\OLIHUD /

=KLYND *RUDQRYD O0ODULDQQD

7TRGRUND 3HWURYD 6WHIDQ 6WHIDQRY
$QWLR[LGDQW SURSHUWLHY DQG FRORU FKDUDFWHI
FROQWDLQLQJ IXQFWLRQDO FRPSRQHQWYV ««««&«««KK

*DO\QD 6LPDNKLQD 1C

BYLWODQBEKHUPKKHDMQ 6YLWODQD .DPLQVND

,PSDFW RI FU\RSURWHFWLRQ RQ PLQLPL]IDWLRQ RI L
I[UHH]JLQJ RI EHUULHY « &« ««&««EE LK LKL L KK L LK

9DOHULL 6XNPDQRY SLQ
(IIHFWLRK SUHVVXUH DQG VR\ SURWHLQ LVRODWH F|
KROGLQJ FDSDFLW\ DQG WH[WXUH RI SRUN PHDW ED

Ul .HV %D\L.|VW $VI(\XE<C <[o(.D\
'"HWHUPLQDWLRQ RI WKH VKHOF QW BUFRRW H® EHD
OLQDHXV PDULQDGH VWRUHG XQGHU UHIULJHU

20KD 'XOND 9LWDOLL 3U\E

$QDWROLL .XWV 2NVDQD 9LWULDN

8VLQJ RI FOLQRSWLOROLWH DFWLYDWHG FKDUFRDC
SXULILFDWLRQ WHFKQRORJ\ WR HQKDQFH WKH ELRC

BURFHVVHY DQ ««««««&KKK KKK LKL KKK
20HNVDQGU 6KHYFKHQNR $QDWROLL ¢

"HWHUPLQDWLRQ RI WKH SIWU\WDWHR\HRY KRH DVK I3 RMIR R
RI VWUHDPVVRIHW R HP HIBVY. D « « « « « « « « « « « « & K & «
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9DOHQW\Q 3HWUHQNR <DURVO
ORGHOLQJ RI KHDW WUDQVIHU GHWHULRUDWLRQ UH
VROXWLRQV LOQHYQ®GRVW WIRDJY ¢k @ £« « « « € € € « &« «

,U\QD "'XERYNLQD %RU\V 'DY\(
ORGHOOLQJ RI WKH K\GURG\QDPLF FRQGLWLRQV WK
WUHDWPHQW E\ DOWHUQDWLQJ LPSXOVHV RI SUHVV

9LWDOLL 5DFKRN 9RORG\P\U 7
<XOL\D 7HO\FKNXQ 6WDQND 'DP\DQRYD
ORGHOLQJ RI WKH SURFHVV RI NQHDGLQJ WKH \HDV\

HOHPHQWYV «« &« EEEEEE KKK KKK KL L L
(FRQRPLFV DQG 1««««&««KKLK LKL K

/IDGD 6KsUsQ\DQ C
' PSDFW RI WKH LOVXUDQFH FRVWV RQ WKH FRPSHW|
HQWHUSULVHV RI 8NUDLQH LQ WKH FRQWH[W RI WK}

I1DWDOLLD 6RORPLDQLXN )HC
SHODWLRQ RDQBEDTOMDMDMWIWIHYH OHYHOV RI DYDLODE
RI IRRG LQ GHWHUPLQJ WKH OHYHO RI IRRG VDIHW\«

20HQD .UXKORYD 7HWLDQD

,U\QD 7VINKDQRYVND 9RORG\P\U 3RWDSRY
&RPSUHKHQVLYH DQDO\WLV QF\XKFNGQERUBGCQRRYD B Q LH
RI QXWULWLRQ@DO VXSSOHPHQWY RQ WKH EDVLV RI
LURQ 30DJQHWRIRRG ™ ««««&«««&KKLKKL KL KKK KKK

FEVW « &KL K KL KKK KL KKK K LK KL « «

,QVWUXFWLR Q& &KL KKK LK KKK
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JJJ)RRG 7THFKQ@RDRJ\

&KDUDFWHUL]DWLRQ RI DURPDWLF FRPSRXQG
DQWLPLFURELDO SURSHUWLHV RI IRXU VSLFH
IDPL@MPLDFHDH

+DIL]JH )| 6WDQNR 6 7DQ\D ,YLC
$OEHQD 6WR\D&QRIYQND 'DP\DBRYDL (UFLVOL

18QLYHUVLWI RI )RRG 7THFKQRC
+$QJHO .DQFKHY 8QLYHUVLWI RI 5XVVH 5D]JUDG %UDQ|
+$WDWXUN 8 QUXHIXWLWXUNHI

$EVWI
.H\ZRUGV ,QWURC S5HSUHVHQWDWLYHYV
IDPLO\ DUH ZLGHO\ XVHG LQ WKH IRRG
(VVHQRWDDO FKDUDFWHUL]JHG E\ D KLJK FRQWHQW RI
*DUGHQ WK\PH ODWHULDOV DQGW P ABNXKRGX\Y WH
5RVHPDU\ FKHPLFDO FRPSRVLWLRQ DQG DQWLEDFYV
6SHDUPLQW RLOV Rl JDUGHQOP XM\PKOJIJDURVHPDU\

6ZHHW EDVLO 5RVPDULQXV/RIIYBHQUW®PQW@WD VSLFDWD
SOWLEDFWHULD®QG VZHRWLPXWVLEDYLOLFXP
S5HVXOWY DQG GLNREXYNUBRBRQYWRD JRI
YRODWLOH FRPSRQHQW REDMDVQWGRIE)
HVYVHQWLDO RLO IURP JDUGHQ WK\PH FR

DQGWHUSLQHQH W KDV EHHOQ
HXFDO\SWRO DQG FDPSKRU l
$UWLFOH KLVWRU\RLO RI URVHPDU\ DQG BRGBYRQPMRQHQH
LQ VSHDUPLQW RLO UHVSHFWLYH

SHFHLYHG TXDQWLWDWLYH DQG TXDOLWDWLY
SHFHLYHG LQ UHY&YE‘)‘\;/'B‘@PG WKHLU DURPDWLF FRPSRQH!
$SFEHSWHG SUHYLRXV UHVHDUFKHV PD\ EH SUREDE
HQYLURQPHDGNDHQHWLF IDFWRUV GLIIH

DQG WKH QXWULWLRQDO VWDWXV RI W

IDFWRUV WKDW FDQ LQ IO KHRKAHHU WHKKH. R L ¢
&RUUHVSRQGLQJ DARVERY WKH PRVW VXVFHSWIZK®H EDFV
HVVHQWLDO RLOV Rl VSRPVRVYWGD®WEH
+DIL]H )LGDQ PRVW SURQRXQFHG DQWLEDFWHULDO
(PDLO (VFKHULFKEDWKROQKLELWLRQ JRQH
KDILJHILGDQ#DEY EJpp
&RQFOXVKRQMVXOWV REWDLQHG SUR
D WKRURXJK H[DPLQDWLRQ RI WKH FKHF

DQWLPLFURELDO SURSHUWLHV RI YDUL
>y /IDPLDFHDH IDPLO\ ZLWK D YLHZ WR D Z
- WHFKQRORJ\

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

7KH IDPLO\ Rl /DPLDFHDH DOVR NQRZQ DV /DELDWDH K
DERXW JHQHUD DQG W R VSHFLHV 5HSUHVHQWLI
ZLGHO\ XVHG IRU YDULRXV SXUSRVHV EXW MXGHMWWRR VIW
WKH\ DUH FKDUDFWHUL]HG E\ D KLJK FRQWHQW RI DURPEL
URVHPDU\ VDJH RUHJDQR DQG JDUGHQ WK\PH DUH RQO\
FXOLQDU\ SURGXFWLRQ DOO RYHU WKH ZRUOG > @

*DUGHQ WKWP¥XOJDULYV DQ HYHUJUHHQ KHUE QDWLYH
DQG WKH OHGLWHUUDQHDQ > @ 7KH SODQW KDV EHHQ
LQJUHGLHQW WR DGG IODYRU WR FKHHVHV > @ DQG Ol
UDEEDW BRG ODPE > @

7KH KHUE JDUGHQ WK\PH LV SXQJHQW LQ WDVWH DQG
YLWDPLQV HWF > @ 7KH HVVHQWLDO RLO RI JDUGHQ
DQWLPLFURELDO D F\NKMUY LLRKWD FBRIDIDIUGHY WK\PH HV
RLO LV RQH RI WKH PRVW FRPPRQO\ XVHG DURPDWLF SUF
WKH IRRG LQGXVWU\ DV SUHVHUYDWLYHY DQG DQWLR[LGTE

$ VWXG\ LQFOXGLQJ HVVHQWLDO RLOV DQG WIKYHH SDV
JDUGHQ WK\PH KDG RQH RI WKH PRVW SRWHQW EDFWHU
(VFKHULFBDD FRQ@H O O D L/QWH K L DWPLRAQB/G B\DRSMAQR¥ RFF XV D)
> @

5RVHPBRVPDULQXV/RILW R@MORN WKH ®8V WP IS RR QORI S
RI WKH IDPLO\ /DPLDFHDH 7KH QDPH URVHPDU\ GHULYH\
GHZ DQG PDULQXV + BHMZQRQWKWHDHD 5RVHPDU\ KDV
FXOLQDU\ VLQFH GHFDGHV 1DWLY H K B ODIQN OHG IQRIZU D
GLVWULEXWHG DOO RYHU WKH ZRUOG PDLQO\ GXH WR LV
LQFOXGLQJ LQ WKH IUDJUDQFH DQG IRRG LQGXVWULHV >
KDYH EHHQ XVHG IRU WKHLRRRMKIQUDRW IFB QWX PH® WRPDPIDC
KHUEDO WHD ZKLOH URVHPDU\ H{WUDFWYV DUH URXWLQHC
WKH VKHOI OLIH RI SHULVKDEOH IRRGV 7KH FXOLQDU\ P
DUH DWWULEXWHG/ WRR FKHKH LFDVWWFRQUBALWXHQWY FROO
VHFRQGDU\ PHWDEROLWHY > @ ORUHRYHU RQH JURXS
PROHFXODU ZHLJKW FDOOHG HVVHQWLDO RLOV ZKLFK S
SURSHUWLHV R WKH ®BGBQWFBWLRQ RI URVHPDU\ LQ WKH
WKH FRUUHVSRQGLQJ FKHPRW\SH Rl WKH VSLFH ZKLFK KI

$FFRUGLQJ WR )X HW DO > @ PLQLPXP LQKLELWRU\ FR
UDQJHG IURWR Y Y DQG SRVVHVVHG VLJQLILFDQW D
*UDBRVLWLYH EDFWEHIDWWXH B FWBP LD

6SHDUPHQWKD YSLURDW® DURPDWLF SODQW WKDW FDQ
OHDYHV RU SRZGHU I\ PRYHQVRGHWDE RYGWUDGLWLRQDO
DGGLWLRQ VSHDUPLQW HVVHQWLDO RLO KDV HFRQRPLI
FRQIHFWLRQDU\ FRVPHWLFV DQG SKDUPDFHXWLFDO SUH
OHDYHV KDYH EOWY RUIHE DVHQW LQ YDULRXV IRRG SURC
GRXJK ,UDQLDQ \RJKXUW GULQN FKRFRODWH EHYHUDJF
FKHZLQJ JXP > @

6SHDUPLQW HVVHQWLDO RL® KIXGXN BNREIIQUGD 6WILND QN D
DQ&% WURSLFDOBWVLGHYV LWV IODYRULQJ SURSHUWLHV V
DQWLPLFURELDO DJHQW DQG DV D SUHVHUYDWLYH LQ
FRPSRXQGV > @

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

6ZHHW EBVRXOP EDVLOLWRX® FXBUEGDRIN PDMRU LPSRUWD
FXOLQDU\ DQG RUQDPHQWDO E RV LEDNV DOEFWRRWHK N D UG RF L
DOVR JURZQ DQG WKHUH DUH PDQ\ K\EULGY EHWZHHQ VSH
IUHVK VLPLODU WHRHEDQ\WVRWWHIHBRWVHG IUHVK DV GUL
6ZHHW EDVLO OHDYHV FRQWDLQLQJ HVVHQWLDO RLO RI ¢
GULHG WR VSLFH XS YDULRXV NLQGV RI PHDOV $SDUW
WUDGLWISQBIGODW® PHGLFLQDO KHUE > @ 7KH SUHVI
FRPSRVLWLRQ GHWHUPLQH WKH VSHFLILF DURPD RI SOD(
$OWKRXJK HVVHQWLDO RLOV LQ GLIIHUHQW EDVLO FXOW
PRORHWSHQHY DQG SKHQ\OSURSDQRLGY > @ )UHVK VZHH
LQ YDULRXV GLVKHV DQG IRRG SUHSDUDWLRQV HVSHFLD
DQWLPLFURELDO > @ DQG LQVHFWLFLGDO/ ZH@WDEWY Y
HVVHQWLDO RLO LV ZLGHO\ XVHG LQ WKH IRRG

, WV XVDJH LQ FXOLQDU\ SUDFWLFH LV EDVHG RQ WKH
HPSKDVL]H PHDW DQG YHJHWDEOH IODYRUV JLYLQJ WKHP
DURPDWLF FR®SRMVEWWSLFHY DUH REWDLQHG E\ ORZ W
YHJHWDEOH RLOV XVHG LQ FXOLQDU\ SUDFWLFH 7KH UHV]
XVHG VXFK DV VDODG GUHVVLQJV VSLFHV IRU PHDW DQG

'XH WR WKH ZLGH XVH Rl WKH /DPLDFHD VSLFHV LQ W
LQIRUPDWLRQ LQ %XOJDULD DERXW WKHLU DURPDWLF F
DIJDLQVW IRRGERUQH SDWKRJHQV LW KDYH EHHQ LQYROY

7KH DLP Rl WKH SUHVHQW VWXG\ LV WR FKDUDFWHUL]H
RLOV RI IRXU VSLFHV RI WKH IDPLO\ /DPLDFHDH DQG DQW
EDFWHULD FDXVLQJ IRRGERUQH LOOQHVVMYS TILMKWS RW H.
WHFKQRORJ\

ODWHULDOV DQG PHWKRGYV

30DQW ODWHULDO

*DUGHQ WKA\PXKYV Y XOJDURWHPRDMVPRDULQXYV /RIIT VEHIDWCAINQ W
OHQWKD ¥SLVDMHV?Z FHIPKIPOEDYLZIHXHP SXUFKDVHG IURP Wi
ORPDWNHW LQ 3ORYGLY 6DPSOHV ZHUH LGHQWLILHG E\ L
30RYGLY %XOJDULD

7KH PRLVWXUH FRQWHQW RI UDZ PDWHULDOV ZDV GHW

fK > @

(VVHQWLDO RLOV

7KH HVVHQWLDO RLKWVREUH REMWMIR®RGKAGWRGLVWLOOL
ODERUDWRU\ JODVV DSSDUDWXV DFFRUGLQJ WR WKH %UL

7KH RLOV ZHUH GULHG RYHU DQK\GURXV VXOIDWH DQG
XQWLO DQDO\VLV

7KH *® DQDO\FIDWBADMG RXW ZLWK DQ $JLOHQW & 06°
$JLOHQW $ JDV FKURPDWRJUDSK $JLOHQW 7HFKQROR.
-: +3 06 FROXPQ —P P I PP ZDV XVHG ZLWK K|

P/ PLQ7KH RSHUDWLRQDO FRQGLWLRQV ZHUH RYHQ Wi

f& IRU PLQ WRWDO UXQ WLPH PLQ LQMHFWRU WHF
H9 LRQ VRXUFH WHPSHUDWXUH f& WUDQVIHWPOQQH Wi

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

DQG PDVV UDQDH 7KH 06 ZDV RSHUDWHG LQ VFDQ PRGH 2
LQMHFWHG LQWR WKH *& 06 VIVWHP DW VSOLW UDWLR
$IJLOHQW $ *& VIVWHP )," WHPSHUDWMNUWHDPH 80 X @/ IRRIG |
ZLWK *& 06 VLPXOWDQHRXV WULSOLFDWH LOMHFWLRQV Z
VDPH RSHUDWLRQDO FRQGLWLRQYV

7TKH LGHQWLILFDWLRQ RI FRPSRXQGV ZDV PDGH E\ FRP
IURP PDVV VSHFWDDR Q EE UERPISDUEQ@ WKH OLWHUDWXUH
UHWHQWLRQ LQGLFHV WKDW ZHUH GHWHUPLQHG XVLQJ
DONDQHWIR B &H[DQH XQGHU WKH FRQGLWLRQV GHVFUL
RI YRODWLOW FRVY FREIBAWHG XVLQJ WKH QRUPDOL]DWLRC
DUHDYV

'"HWHUPLQDWLRQ RI DQWLEDFWHULDO DFWLYLW\

$V WHVW PLFURRUJDQLVPV ZHUH XVHG VWUDLQV RI SC
IRRGERUQH LQIHFWLRQV LQWR[BPPW.ERGW HWL® & RAWRY
RLOV ZDV WHVWISA&VRIWLLYH/NEDRWBBULDDPRQRFEWRIHDE G
BWDSK\ORFRBF&WY DX UHXYGQHUIDRAV LY H (M/F KW H UEKLO&F RO L

DB®OPRQHOODX ERWWHHERFDU $ERQ\ 1&7& 7KH V

JURZWK PHGLDWRHIRD G $JDU %DVH OHUFN %DLUG 3DUNFH
<RON 7HOOXULWH HPXOVLRQ \XSFEMEHIMHQ W6LRISDEN DBBS
&21.(< $JDU OHUFN UHVSHFWLYHO\

7KH PHGLIDQREMBDWKRBXILWXVSHQVLRQ RI WKH EDFWHUL

OHOWHG DQG FRROMHDOHER/LYH PHGLD ZHUH LQRFXOD
PLFURRUJDQLVPV DQG QH[W HTXDOO\ GLVSHQVHG LQWR
VWHULOH ULQJV FHG®RQZHMMGSWRH DPRXQW RI HDFK VDP
LQWR WKH ULQJV 3HWU\ GLVKHV ZHUH LQFXEDWHG DW
VSLFHY DQG WKHQ WKH GLVWLQFW JRQH RI JURZWK LQKL
7KH XVHOXRMEKPYH UHVXOWHG DV DQ /D PRROREG \ AFRRQ FHIOGIW |
DXUHXFREO IHQWHWRMWKH UHVSRQGLQJ VHO&)BWLY RKAH G L X
WRWDO SODWH FRXQW ZDV HVWLHFRWYA® LD\ WKHF KFRLOMKH
DSSURSULDWH GLOXWLRQ

5HVXOWY DQG GLVFXVVLRQ

&KHPLFDO FRPSRVLWLRQ RI HVVHQWLDO RLOV

*DUGHQ WKWPXV YXOJDULV

7KH PRLVWXUH RIGMKHH S RID@IGY DNDAKH \LHOG RI HVVHQ
ZDV “ LQ DEV GU\ PDVV ZD/KH RLO ZDV OLJKW \HOOR:?:
FKDUDFWHUSKMWQROWNVSIRFFGRU 7DEOH 7KH RLO LV FRQ
UHSUHVHQWLQJWRWDRI FMRRHWHQW 7ZHOYH RI WKHP ZHUH
DQG WKH UHVW FRQVWLWXHQWY ZHUH LQ FRQFHQWUDW
RI WKH RL\O IRIOUWWKAN R O WHUSLQHQHKF\PHQH /
FDUHQH FDUYDFURO FDU\RB&GOOHQH 7TKH UHVXOV
%XOJDULDQ HVVHQWLDOXRPU® RERPDWEMFEROJ RRHPRW\SH >
DOVR KDYH D SURIRXQG LQIOXHQFH RQ LWV ELRDFWLYLW

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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7DEOH
&KHPLFDO FRPSRVLWLRQ RI HVYVHQWLDO RLO RI JDUGHQ WK\F

&RQWHQW

&RPSRXQGQV5, [ *DpUC
\NMPH5waum3HDUPL@@LL

O

TULF\FOHQH ‘

SLQHQH “ “ “ “

&DPSKHQH L " z z

6DELQHQH “ ‘ “ “

SLQHQH “ “ “ “

2 F W HRO “

O\UFHQH ! : : :

.3KHOODQGUHQH )

/| &DUHQH ) }

. 7HUSLQHQH -

S&\PHQH “

ILPRQHQH “ " "

(XFDO\SWRO L - - -

FLV2FLPHQH “ -

3KHQ\OHWK P QD|O ‘

WUDQNLPHQH “ “ : :

7HUSLQHQH “ “ “ “

. 7HUSLQROHQH - ‘

ILQDORRO “ : : :

SOHQW R H ‘

&DPSKRU : :

WUDBQWKRQH ‘

3LQRFDUYRQH ‘

,ZVRPHQWKRO “

7THUSL@®RDQ “

OHQWKRO “

%RUQHRO “ ‘

OHQWKRO “

7THUSLOQRI®H “ :

OHWK\OFKDYLFRO :

3LSHULWRO “

'LK\GURFDUYRQH “

FLYDUYHRO “

. 7THUSLQHRO ) : :

9HUEHQRQH
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7TDEOKRQW
&KHPLFRRSRVLWLRQ RI HVVHOWLDO RLO RI JDUGHQ

LQXH
WK\PH U

&RPSRXQG

&RQWHQW

V5,

*DUC
W K\PH

1

5RWVHDU

\6SHDU

LB,

O

&LWUDO

“

3XOHJRQH

&DUYRQH

SLSHULWRQH

7TK\PRO PHW

SOHQWHKQ RQH

7K\PRTXLQRQ

,ZVRPHQWK\O

DFH

7TK\PRO

%RUQ\O DFH\V

VDWH

&DUYDFURO

(XJH

FL¥DUY\O DF

AW D

WUBQ@VYH\O

D F H

OHWK\OHXJH(

DRO

%RXUERQH(

(OHPHQH

&DU\RSK\OO

HQ Hi

. % HUJD

& XEH

(OHPHQH

~

(OHPHQH

(OHPHQH

.+ XPXOHQH

. &DU\RSK\OQ

HQ Hi

OXXUROHQH

%LF\FORJHUH

DFUHQH

%LVDEROHQ

H

. %XOQHVHQH

i

&DGLQHQH

/ &DGLQHQH

/] &DGLQHQH

6SDWKXOH(

DRO

*HUP D F U HR®

/IHGHQH R[LG
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7DEOKBRQWLQXH
&KHPLFDO FRPSRVLWLRQ RI HVYVHQWLDO RLO RI JDUGHQ WK\F

&ROQWHQW

) &RPSRXQGQV5, [ *DUC
AR 5R\P®U\6$HDUPL@‘@*\/L

&DU\RSK\OOHQH [R[LGH z :

*HUPDFUHQH]|" “

&XEHQR@HSIL “

/| 8DGLQRO : “ :

W&DGLQRO “ “ ;

.&DGLQRO : “ “

3K\WRO :

6TXDOHQH “

QRW LGHQWLILHG

7KH PRLVWXUH RI WKH URVHPDUTKHD PLSHIOHG ZRIVHV VHQ W L
“ LQ DEV GU\ PDYV ZDMKH RLO ZDV OLJKW \HOORZ
FKDUDFWHULVWLF UHIUHVKLQJ SOHDVDQW RGRU 7KH R
UHSUHVHQWLQJ RI WKH WRWDO FRQWHQW G6L[WHHQ
DQG WKH UHV@WV ZRIOWWMLQVRRQFHQWUDWLRQV XQGHU
FRQVWLWXHQWVZMNEBH DRIl REB@HERD H FDPSKRU
.SLQHQH FDPSKHQH .ERHQBRQGUHQH
WHUSLQHRO YHUEHQRQH DQG ERUQ\O DFHWI
DURPDWLF FRPSRQHQWYV LQ WKH FRPSRVLWLRQ RI WKH H
WKRVH REWDLQHG E\ 'H ODVWUR HW DO > @V HEWLDIOVRC
REWDLQBEGRMURPLQDORY FDPSKRU FKHPRW\SH > @ 7KH G
FRPSRVLWLRQ ZHUH H[SODLQHG ZLWK WKH GLITHUHQW HI\
7KH PRLVWXUH RI WKH VSHDUPLQ@WHWD P ®GHRIDBNZ/THNQ W L
“ LQ DEV GU\ PDVV ZDOXH RLO ZDV OLJKW \HOORZ Ol
FDUDEZDQW\ RGRU 7DEOH 7KH UHVXOWV VKRZ WKDW  F
WKH WRWDO FRQWHQW ZHUH LGHQWILQLFARQLF} @\ H DRALIOR Q R
DQG WKH UHVW FRQVWLWXHQWYVY ZHUH LQ FRQFHQWUD
FRQVWLWXHQWYV XDV |IRO YRBVRLRQ EH U H DQG OLPRQHQ
WKDW TXDOLWDWLYH DQRP SRDQWQ W ZWW KHMKHDWK Q &/’ QDAULH
> @ 7KURXJK DURPDWLF FRP S8R X\Q3VFID@MBXDWMHEL DI U RA
FDUYRQH OLPRQHQH FKHPRW\SH Rl WKH WHVWHG VDPSOH
7JKPRLVWXUH FRQWHQW RI WKH VZHHWKED\Y HO & IRR SO/M

RLO ZDV “ LQ DEV GU\ PDVV ZDV . 7KH RLO
W\SLFD®SIUHVEKEBRYOWY SUHVHQWHG RQ 7DEOH VKRZ WKL
RI FRPSRQHQWY UHSUHWHRMWLQJFRQWHRQIWNVKRXUWHHQ

FRQFHQWUDWLRQV RYHU DQG WKH UHVW FRQVWLWXH
VHHQ WKH PDMRU FRQVWLWXHQ@WVIR&&@ORZYRORRIOH RLO .
PHWKVOFKDYLFRO HXBHQRROH . FDGLQRO
EHUJDPRWHQH PXXUBPPQHQH FRPSDUDEOH WR UHVX(
UHVHDUFKHUV > @ 7KH UHVXOWY LQGLFDWHG WKDW % X(
LV D OLQDORRO FKHPR W\SH > @
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7KH FODVVLILFDWLRQ RI WKH LGHQWLILHG FRPSRXQ!
VXPPDUL]JHG LQKHIXWHGRPLQDQW SDUWLFLSDWLRQ RI R[
HYVHQWLDO RLO RI VSHDUPLQW URVHPDU\ DQG VZHHW EI

1111 —

FRPSRXQGV

mURVPDBVUDUGHQ WEHWAHHW EDVBEBDUPLQW

JLIXUHURXSFRPSRQHQWY LQ HVVHQWLDO RLOV IURP /DPI
K\GURFDUERQV
R[\JHQDWHG K\GURFDUERQYV
PRQRWHUSHQH K\GURFDUERQYV
R[\JHQDWHG PRQRWHUSHQHV
VHVTXLWHUSHQH K\GURFDUERQYV
R[\JHQDWHG VHVTXLWHUSHQHV
SKHQ\OSURSDQRLGYV
GLWHUSHQHYV
WULWHUSHQHV

7ZR JURXSV RI FRPSRXQGY ZHRUHPEORRLADQOMQWLDO RI
R[\JHQDWHG PRQRWHUSHQHV DQG PRQRWHUSHQH K
R[\JHQDWHG VHVTXLWHUSHQHV VHVTXLWHUSHQ

SKHHOSURSDQRLGV
&RPSRXQGV LGHQWLILHG LQ JDUGHQ WK\PH HVVHQWL

RI\JHQDWHG PRQRWHUSHQHV PRQRWHUSFE
VHVTXLWHUSHQH K\GURFDUERQV RIV\JHQDWHC
RI\JHQVHVTXLWHUSHQHYV WULWHUSHQHYV DQG

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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'XNH > @ VXPPDUL]J]HG WKDW WKH PDMRU DURPDWLF FF

RLO7RN XOZBIUHVDY IROORZV WWWR®LQHQHSF\PHQH
FDUYDFUR®QG OLQDORRB UHDVRQ IRU WKH GLIITHUHC

FDXVHG E\ WKH RULJLQ RI WKH VDPSOH HQYLURQPHQWDO
LQ PHWKRG RI LVRODWLRQ DQG VHDVRQDOLW\

2[\JHQDWHG PRQRWHUSHQHV SKHQ\OSURSDQRL(
K\GURFDUERQV ZHUH WKH GRPLQDQW JURXS LQ V
IROORZHG E\ R[\JHQDWHG VHVTXLWHUSHQHYV DQG R

2[\JRDWHG PROQRWHUSHWKN GRPLQDHQWHJIURXS LQ VSHDL
IROORZPABQRWHUSHQH K\GURFDUERQYV VHVTXLWHU
DQG SKHQ\OSURSDQRLGV

7KH GLIITHUHQFHYV LQ WKH TXDQWR® RWHYN HD@MEL DXOD RILOV
WK\PH URVHPDU\ VSHDUPLQW DQG VZHHW EDVLO DQG Wk
SUHYLRXV UHVHDUFKHY PD\ EH SUREDEO\ GXH WR GLIIHL
GLITHUHQW FKHPRW\SHVXD/QRI WKH GXOWQWVYLBQ XOI YOV DW R
LQIOXHQFH WKH RLO FRPSRVLWLRQ

$QWLEDFWHULDO DFWLYLW\

7KH UHVXOWY RI DQWLEDFWHULDO WHVWLQJ DUH SUHV

$00 HVVHQWLDO RLOV VKRZHG JRRG DQWLEDFWHULDC(
IRRGERUQH SEPRAEBRIMKWH PRVW VXVFHSWLEOH EDFWHULXP
VSHDUPLQW DQG URVHPDU\ SRVVHVVHG WKH PRVWR®ULRQR
ZLWK LQKLELWLRQ JRQH PP DQG HRPAFWDYKs DQ DW |
( FROOH WR WKH WZR PDMRU FRQVWLWXHQWY DV WK\PRO
EUHDN WKH RXWHU PHREWRLQH EDEWMHRILD DQG LQFUHDVH
F\WRSODVPLF PHPEUDQH 2Q WIRH (RWRK N U HKHDN & D WIKGH \HWVR/
DOQWLEDFWHULDO6 SHRSRAMFIDWRL QKW SUHVHQFH RI WKH
OLQDORRO

7KH ZHDNHVW SRWHQWLDO ZDV REVHUMB ®&$EVOQWAK K HYVIH
VSLFHV ZLGHO\ XVHRARI\FERRQWDUQWHRFRKSRXQGV WKDW |
SRVVHVV DQWLEDBWHXGILHY KIDYHAWIVRKRYQ WKDW FRQVWL!
VWUXFWXUH LQ HVVHQWLDO RLOV VXFK DV HXJHQRO
DOQWLEDFWHULDO DRMOIGHKIGHY IRDWRZHE BDOFRKROV H
> @

7TDEOH
'LDPHWHU RI ]JRQHV RI JURZWK LQKLELWLRQ PP RI W

%DFV ( FROL6 HQWHULFDPRQR 6 DXUHXV
$7&8& 1&7& F\WRJHQHW7&&
1&7&

6DPSOH =RQHV RI JURZWK 1

*DUGHQ i} i} ! !
5RVHI i} i} i} i}
6SHDI i} i} “ i}
6ZHHW i} i} ) i}
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2XU UHVXOWYV IRU JDUGHQ WK\PH ZHUH LQ DJUHHPHQW
> @

7KH UHVXOWV Rl WKH DQWLEDFWHULDO DFWLYLW\ Rl W
ILQGLQJV RI +RUYiIWK DQG .RapRYQW L@DEFWSHRILWY BES WRKFHK)
DXUKZU ZLWK LQKLELWLRQ JRQH YDUKH GJBWXD WD ®ENW
LQ WKLV VWXG\ DUH FRPSDUDEOH WR WKH ILQGLQJV RI OR
EDVLO HVVHQDWLDRQRIRQ MK BYHRIQHW ELWP DQEROL

PP

'LIIHUHQFHV LQ WKH JHRJUDSKLF HQYLURQPHQW WKH
PHWKRGV RI LVRODWLRQ DQG VHDVRQDOLW\ Rl WKH VDP
GLIIHUHQFHV LQ VSHFWUXP RI DQWLEDFWHULDO DFWLYLW

&RQFOXVLRQ

,Q WKH SUHVHQW VWXG\ WKH DURPDWLF FRPSRVLWLRC
RLOV Rl WK\PH URVHPDU\ VSHDUPLQW DQG VZHHW EDVL
SUHVHQFH RI DOFRKROV DQG NHWRQHV LQ OVKH M URPHD V
LGHQWLILHG DURPDWLF FRPSRXQGV H[KLELW DQWLPLFURI
7KH HVVHQWLDO RLO RI JDUGHQ WK\PH SRVVHVVBG WKH
DXUHXYG PRQRF\WRWHGIKWEMYHH QW LDO WRLED\RUOVYKRZHG |
SURQRXQFHG DQWLPLFURE HIROW EY E BB Z®IVHRRY WD VXVWH S V
WR WKH HVVHQWLDO RLO RI VSHDUPLQW DQG URVHPDU\
WKRURXJK H[DPLQDWLRQ RI W KIHQ AKLHPR ERRE LIIRP SRIRLSM IURN
UHSUHVHQWDWLYHV RI /DPLDFHDH IDPLO\ ZLWK D YLHZ W

5HIHUHQFHYV

$GDBV ,GHQWLILFDWLRQ RI (VVHQWLDO 2LO &RPS
4XDGUXSROH O0DVV 6SHFWURVFRS\ &DURO 6WUHDP ,0C
$NDUFD * dDJORU $ 7RERBIUHIIHFWV Rl VSLFLQJ RQ TX
FKHHWOHNMBIUVWY RS =+
$OLUH]D . )DHJKH + 6%DPDN 6 6WXGD®RI WKH HIIHFW |
7K\PXV YXOUDQ[VHW\ LQ7PDCGHW BRRFS GSPHQW OHG
$\JXQ 2 $VODQWDV 2 20NMUYH\ RQ WKHXPDEWRERRO
&DUUD D WUDGLWLR QPRG70QUNLS/K FKHHVH
%DODVXEUDRRQID 9LYHN.XPDWL' 5 JRUPXODWLRQ F
QDQRHPXOVLRQ IURP O#BIYPMXP HNWHODNDEX® W\ @ @W LED |
DQWLR[LGDQWLBRE&DEOXDF\W IXLWT KL BV R ED®WXW ISBJ

+
%DOLDIRHWNRYD $ 'LDNRY) LPSURYHG DSSDUDWXV IRU
RI URVH IBIDRYZQMW \6FLS S+
%RUXJD 2 -LDQX OLGFLD&$ FROYRUKDWIK\PXV YXOJDUL
HVVHQWLDO RLO FKHPLFDO FRPSRWHGLRQHD & DQWLP

%RZHUV : 6 51LVKLGBRWHQW MXYHQLOH KRUPRQHV PL
6FLHQFH SS =
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%R]LQ OLPXMRF 1 6LPLQ 1* $QDFNRYDUDFWHUL]DWLF
YRODWLOH FRPSRVLWLRQ RI HYVHQWLDO RLOV Rl VRP
DQG DQWLR[LGDQW DFW-LYIWRRGRIKMRESHOWLUH RLOV
&KHQQL (® $EHG ' 5DNRWRPDQRPDQD 1) )HUQDQGH]
&RPSDUDWLYH VWXG\ RI HVVHQWLDO RLO\2FH[RXWPDFW H
EDVLOLFXRVLQJ GKLNGWROODWLRIQHBIQ® L NRRZHHN H[W U
OROHFXOHVSS
&LU@L 0 OHQD 3 7DVVRWWL 0 +HUUOLQJHU . $ 1LHI
! 3KHQROLF DQG YRODWLOH FRMSRWK IV VEQ FROIWD
H [ W WORFOM F X O HOV&
&RUQDUD / /D 5RFFD $ MBUVLOL7 6D CODNWILRODNDL XVHYV F
WKH HDVWHUQ 5L Y L-HU\DK @ RBXUDLLDP CHMBEDAD \
'DXTHQO $ $EGXOODK OHGLFLQDO DQG IXQFWLRQDO
7K\PXV YXO JOWUEW - $SSO %LBO 3KDUP
'H ODVWURBXWD & OLQFLRQH $ 3RRIBRQOKRORJILFDO I
FKHPLFDO FKDUDFWH U I5JPWPLORIL QR4 V URM ERIBQIS 6 WAD
+RUWLF SS+
'MHGGL 6 %RXFKHQDK * 6HWWIRPSR\GINDIORBMID®G D Q
DFWLYLW\ RI WKHRIP\DHQW XV OR REGERIHCHEDLIDW &RPSG
SS +
'XNH $ +DQGERRN RI 3K\WRFKHPLFDO &RQVWLWXF
(FRQRPLF 30DQWV &5& 3UHVV %RFD 5DWRQ )/ 86$%
(O +DWW/IDELEDRXL $ $P]D]JL 6 %DNUL < +DUKDU + ¢
7DE\DRXL &KHPLFDO FRPSRVLWLRQ DQG DQWLEDFW
RLOV IURP VRXWKKRAXVRYBWRRIHRLGH WD Q&K P RN HYOXX®J D |
QRELOQYWNUIQYQAURQ 6FLS +
)X< =X &KHQBKL :DQJ X6 (I1HWWK QWLPLFURELDO DF
RI FORYH DQG URVHPDU\ HVVHQWLDBK\\RRONK DO BEM DQ
SS
*HRUJLHY ( BWR\DQRIYDXLGH IRU WKH 6SHFLDOLVW LQ
&XOWLYDWLR®L YHIRMGW\YR| )RRBX E® FKRRWOHRJILHV
*LO@HWW  *URZLQJ DQG XVLQJ WK\PH VWRUH\ SXEOI
86%
+DEWHPDULDP 6 X WILKEHS RRAHHUD\VE BR © AR ULROVH/P RIU L F L C
GLWHUSHQHV IRU $O]KHLPAHRMNGGERPSOYHP HQMEHD FBIQ (
PHGLFLQH S$UWLFOH |’ SS
+DUOH\ 50 $WNLQV 6 %XGDQWVH\ $/ &DQWLQR 3
00 .RN5 .UHVWRYVNDMD ¥ - 6RGIDQIHY 38 $FRWIRYD H
SSi LQ .XELW]JNL . HG 7KH )DPLOLHV DQG *HQ
,Q .DGHUHLW -: HG O9ROXPH 9,, )ORZHULQJ 30DQWYV
$FDQVWHKDEBFOXGLQJ $YLFHQQLDFHDH 6SULQJHU %HL
+RUYIWK 3 -.R4PRYD YIDMWR EDFWHULDO DFWLYLW\ RI F
D JD LEQWIWS K\O R F R RO D 0 BIMX ¥ S
+XVVDLQ $, $QZDU ) 6KDKISG &BPRMEKD16& ¥DP-DEEDU
5RVPDULQXV RIBLAH\QDHQWLDO RLO $QWLSUROLIHUDWL"
DFWLYLWDJHY OLFURSSBRO
.DQDWW 6 5 &KDQGHU 5 GRDWMRILGDQW SRMMEWLD O
VSLEDWE) UDSUBWHRQHG YRIRRGE &PKHIPWS S +
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.DUDEHJRYLF , 7 O9XNRVDYOMHYLF 39 1RYDNRYLF 0

$ 0 /DPLF ,QIOXHQFH Rl WKH VWRUDJH RQ ELRDF

DWWULEXWHVHRUKHUPR®A@RDIWHU 9%ISRYW UXFW

.LYLORPSROR 0 #\RW\OD L&RHPG U H K HEBLWLHGIV MRZFD O O L

FKURPDWRJUDSK\ LQ DQDO\VLV RI /DPLDFHDH KHUEV &

DQWLR[LGDQW SKKQURPDW REIBGY

ODURWSWLIFFDJOLD 5 (*LRYDQQHBOHQFHYV LQ HVVHQWLD

RI ED2ALPXP EDYLQWHEXPLDQ FXOWLYDU UHODWHG WR PF

- $JULF )RRG &SISHP:

ODUW)LQHQF p V5 LRV /JHVVHU NQRZQ KHUEDO VSLULW

$OLFDQWH SURMDQFKNUQHDSWLQ 8SODQG ,QGX VW

'HYHORSPHQW $GPLQEVWUDWLRQ SS

ORJKDGGDP $ 0 ' 6KD\HJK - - OLNDLO I$ @ WEGARLEFUIDRF W L Y L \

RI HYVHQWLDO 2RLOXR[WDBEWHOXPHY RQ D YDULHW\ R

EDFW-HUH® 30DQW 5H5\B+

1LN&LU + 'XULG . 2PHUDJLG ( 1LNJLU + OUHPWRDI DU

FKDUDFWHUL]DWILRQ DID@GW DRWVFIURR] L COHGMWW KU RASH. B I WD\

IDPLDFHDH H W HIOMWDIOQ RRIOWKH &KHPLVWY DQG 7HFI

+HU]JHJRBIS@D

2NPHQ $6 2NPHQ * $UWODQ $ S$WNEKMFWHULDO DF

OHQWKD SLSIWUWBPWY DJDLQVW EDFWHULD LVRODWHG

DQWLR[LGDQWGCRPWLYBWRHRISXF

3ROLWHR 2 -XNLF 0 ORIOHRPLFDO FRPSRVLWLRQ DQG D

RI lTUHH YRODWLOH DJRLFERP ED Y UGERFBSYLOG ZLWK LWV

RLXRRG &KHP SS #

7KH 6WDWH 3KDUPDFRSRHLOVRIHGK 9 HGBFLQDLDRVFRZ

6DUHU ( <D+PXU PRSUDWPH] 2WOX &RPSRVLWLRQ DQC

DFWLYLW\ RI WKH GINVQYW® IV VDS RELWD | (BISRWADHQIW 2L O 5H

SS =

6PLWBOPHU $ 6WHZDUW -$QWHP LWFRIRELWDHY RI SODQW

RLOV DQG HVVHQFHV DJDERVQHI ISYOAWMEVRE R ® /DM W0 LI RB B
SS =

6XSSDNXO 3 OLOW] - 6KRQQHYHOSQWLBLBURELDO SUF

EDVLO DQG LWV SRVRR ECSD BI$ BOWEP W)IRREG L&SH B

7TRPDLQR $ &LPLQR ) =LPEDODWWL 9 9#HQXWL 9 6X
,QIOXHQFH RI KHDWLQJ RQ DQWLR[LGDQW DFWLYLW\ DC
HVVHQWIRIRG RIKHWE S =*

IHOGKXLI{HQ 7TMHHYBYPBRNKRYHQ -/ 0 =ZHLMWI]HU
+DDJVPD® 6WUXFWXUDO UHTXLUHPHQWYVY IRU W
FDUYDFBROLF )RRG &&KHEBR

=KDQJ < $GHODNXQ 7 $ 1HMX WHUSHQRLG JO\FRVLGH\
S5RVPDULQXV/ROHELOROERWWYV DS &D
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&U\RSURWHFWLYH DELOLW\ RI VWDUFK VV\UXS
RI DURPDWLF DRHUIDXULAH FUHDP

*DO\QD 3ROLVFKXN 2I7HWLDQD 2VPDN 1D

IDWLRQDO 8QLYHUVLWI RI IRRG

$EVWI

.H\ZRUGYV

,QWURGXRWLRQWSRVH RI WKH UHVHDUFK
FH FUHDP LQIOXHQFH RI VWIDULRXV\BXSERIK\GUDWH FF
6\UXS DQG LWV FRPSRVLWLRQDO PL[WXUHV RQ W
&RPSRVLWLRQ FKHPLFDO LQGLFDWRUV RI LFH FUHDP RQ W
JUHHILQJ ODWHULDOV D@ PHMWERGNEWXWH RI VXJI
'DWHU FUHDP ZDV XVHG VWDUFKIXQBWS RGIMXK DL

WHFKQRORJLFDWUXSREB U WRIHG KODRZILFDWLF
6& DQG JOXFRAMRHH VIUXS *)6 ZLWK D (

FRQWHQW RI DWKH HDYRWFRSLF WHPSHUD)
GHWHUPLQHG XVLQJ %HFNPDQQ V WKHUPF
SUWLFOH KLVYWRUURIHQUZDPWAH FDOFXODWHG LQ DFFRUGDQF}!

YDOXHV RI WKH FU\RVFRSLF WHPSHUDWXU

5SHEHLYHG LQYHVWLIJDWHG XVLQJ D OLJKW PLFURVFRS

SHFHLYHG LQ UHMWH®&QFUHDVLQJ [ DQG |

IRUP 5HVXOWV DQG)BUVFRPSDRIWH UHSODFH

$FFHSWHG VXU LQ WKH LFH FUHDP WKH VWDUFK V\U)
VDFFKDULQL]DWLRQ ZDWXFWRVHQV\U® SR F R)\
GH[WURVH HTXLYDOHQW DQG V\I\UXS F
HTXLYDOHQW *)6 LQ FRPSDULVRQ ZLWK

&RUUHVSRQGLQJVXJDU GXH VWRQWHR WVRKI PRW RVLIQLILFDC

DXWKRU UHGXFHV WKH FU\RVFRSLF WHPSHUDWXUH |

6& ERRVWV WKLV ILJXUH 7KHUHIRUH LOQ
THWLDQD 2VPDN yyERPPHQGHG EDODQFH RQ WKH FRQWHQMW
(PDLO VWDJH WHPSHEUDW X UH LFHRFBIND R PL RV X UH V
RVPDNWJ#XNU QH¥® G L HQW WR FRPELQH WKH FU\RSURWHF
ZLWK GLIIHUHQW GH[WURVH HTXLYDOHQW
FRUUHODWLRQV EHWZHHQ *)6 DQG 6& LQ

FDOFXODWHG DOORZLQJ WR UAPMHYH WKI
DFFRUGLQJ WR BRURPURO WORPSOHVRU DURPI
LFH FUHDP DQG IURPIRU IBWRWFURBP
OLFURVWUXFWXUDO DQDO\VLV RI LFH FUHDF
WKH H[SHGLHQF\ RI FRPSOHWH UHSODFHPH
FRPSRVLWLRQV ZKLFK SURYLGHV WKH I
KRPRJHQHRXV ILQLVKHG SURGXFW VWUXFW
VDPSOHV ZLWK VXJDU
&RQFOXVKREW\RVFRSLF WHPSHUDWXUH '
WKH FRQWHQW RI WKH IUR]JHQ ZDRMHU DQG
WKH GLVSHUVH LFH FUHDP V\VWHPV FDQ E
2 VWDUFK V\UXS FRPSRVLWLRQV ZLWK GLIIHU
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,QWURGXFWLRQ

&U\RVFRSLF WHPRRHRIOWXUHV WMRU BURDGKX AW LARDHRR IL\W K |
SK\WLFDO FKDUDFWHULVWLFV WKDW GRIROHDRIL WY K HV K HWQHL)
IUHH]LQJ KDUGHQLQJ DQG VWRUDJH RI WKH ILQLVKHG SU
XQVWDEOH LQ WLPH DQG FDQ EH GHWHFWHG GXH WR Gl
SURGXFWLRQ DQG VWRUDJH > @

(IDFWO\ W KHRA RAQKAHH BK H P L FIDKCH PIQRD O KERXRIBOZDWHU LG
IRU LFH FUHDP SUR GXFAWIVR @ [DX VHHRAWW KRQ FW\VW DO OL]DWL
WKH FU\WWDOV LQ WKH ILQLVKHG SURGXFW > @ /RZ PRO}
VXFURVH ODFWRVH DQG VDOW UHYHDO WKH EHKWW ROIH FV
RI SURWHLQV DQG SRO\WDFFKDULGHV LQ WKLV SURFHVV
FRQQHFWLRQ RI ZDWHU ZKLFK FDQQRWIEFRYROYWQW W Z R
VROXWLRQV RI VLPSOHDQG GRXEOH VXJDU VDOWV LQ WK

7KH FU\RVFRSLF W HRISHIWPD A{WHK RH\VLFEHSHQGV QRW RC
RI GLVVROYHG PROHFXOHV EXW DOVRHVRP WREHU PROHF
ZHLJKW H[KLELW JUHDWHU FU\RSURWHFWLYH FDSDFLW\ >
GRXEOH VXJDUV KDYH D JUHDWHU LQIOXHQFH RQ WFU RI

([FHSW IRU OHVV FU\RSURWHFWLYH DH LVORW'\QRIHGRK ¥
FU\WWDOOL]JH GXULQJ VWRUDJH ZLWK’ W KL FRIRRD/W DROE R\
VXEVHTXHQW DFFUHWLRQ > @

$ VSHFLDO SODFH LQ WKH PDUNHW IRU IURJHQ GHVVH
ZKLFK GR QRW KIMWQRLMNON RRPIRVKLQ FHUWDLQ VSHFLHV
FHUWDLQ UHTXLUHPHQWYVY IRU WKH FRQWHQW RI VZHHWHQ
7KXV WKH FRQWHQW RFVXDPU D 6BVWRAMMLEF WK HWRD Q JH

W LV VXJDU WKDW WUDGLWLRQDOO\ SHUIRUPV WKH
VRXUFH RI GU\ PDWWHU WKH SURSRUWLRQ RI ZKLFK LV E
IUXIOWYRUHG LFH FUHDPXRI WRRXRZHU V&B XELIDIUN F O R XIE
ODUJH FU\VRUHDW I[EDVAB RQ VXJDU WHXBWWRUDQH LMVR
SUHYHQW WKH DSSHDUDQFH RI D KDUG VXJDU FKRS RQ WK
LV UHFRPPHQGHG WR UHSODWH R®) RFWBRBORWIBRED UDRQY HL

$W WKH VDPH WLPH VWDUFK V\UXS LV WKH EHVW D
LQGLFDWRUV DWBFHKR®PWIRDD® FKDUDFWHULVWLFV 3D
SRO\IXQFWLRQDO WHRK @R O/RUKXBSDRI YORSHYWIWGHIUHHV RI I
FDSDEOH RI DPSOLI\LQJ VWUXFWXULQJ DEHCIMADP DQ@ G

7KH DXWKRUV IRU WKH ILUVW WLPH KDYH SURYHG WKH
VXJDU LQ LEWKWHDRN EDVH RQ VI\UXS DQG LWV FRPSRVLW,
RI KLJK DQG@DRX\UXS WKH GHJUHH Rl VZHHWQHVV WKH U
SKDVH YLVFRVLW\ DQG WKH VL]H RI LFH FU\WW@OW%XWG E
HVSHFLDOO\ LPSRUWDQW LV WKH VWXG\ RI WKH SURFHVYV
VXJDU WXERDWLFEDQE \IUPMLWKH VDPH WLPH LQIRUPDW
VWDUFK V\UXS RRHWKFADSXK PKLIFIRD FIDHPU L @ WMKEIWV RIIULRPXHS ALY/ T
7KH SXUSRVH RI VFLHQWLILF UHVHDUFK LV WR VWXG\
FDUERK\GUDWH FRPSRVLWLRQ DQG LWV FRPSRVLWLRQD
FKHPLFDO LQGLFDWRUV RI LFN\BXBBP RQ WKH EDVLV RI V
7KH UHVHDUFK REMHFWLYHV DUH DV IROORZV
i WR VWXG\ WKH FU\RSURWHFWLYH DELOLW\ RI VWDUFK \
DQG WKH SRVVLELOLW)\ Rl FRPELQLQEHWKHLVW ¥S H P D:
FRPSOHWH UHSODFHPHQW RI VXJDU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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JJJ)RRG 7THFKQ

W RSWLPL]JH WKH FRPSRVLWLRQ RI
VXJDU LQ LFH FUHDP RQ WKH EDVLV RI
PLIWXUHV IRU WKH SURGXFWLRQ RI

RDRJ\

LFH FUHDP

FDUERK\GUDWH FRP¢
WKH DQDO\VLV

ILQG RXW WKH GHBDHMD WRH L\OWOHHPE FRY DRWNXYWIH SURFH

PLIWXUHV ZLWK GLIITHUHQW FDUERK\GUDWH FRPSRVLWL

WR FRQILUP WKH HIILFLHQF\ RI

UHSODFLQJ VXJ

PLFURVWUXFWXUDO DQDO\VLV

ODWHULDOWHWRR GV

ODWHULDOV

DU LQ V

$V D VXEVWLWXWHURMDWVX4DY XKRHEPRPHVDUFK VIUXS ZLW|
DQG WHFKQRORZVFDXS SRIREMHBABPKBWI ILFDWLRQU SRWRQEB J

VAU XS

VWDUFK FRQYH

*)6 ZLWK D GU\ PDWWHUDERPGWHQW RI DW OHDVW

7TDEOH
6HQVRU\ DWW UL E XFRKHH\P IDRDE® SKURBHRIWLHY RI JOXFRVH V\UXS Z

UVLRQ > @

,QGLF 6\UXS &DUD *OXF IUXFWRYV
*)6
2UJDQR +RPRJHQHRXV Y| +RPRJHQHRXV {

FKDUDFWHUL

VRARGERUOHVYV OLT
PRGHUDWHO\ VZ
DQ\ IRUHLJQ WD\

X LI 6O O K AL WKD VR &8 R
HMWHU ZVWHRWW
WRIUBIQ GOVR DO W H

4

W 7KH
LWKRXV
DQG VPFH

"H[WURVH F
(

ODVV IUD
JOXFRVH

ODVV IUD
PDOWRVH

ODVV IUD
PDOWRWULRWV

DE\
LV

ODVV IUD
KLIJIKHU VXJD

UV

ODVV IUD
IUXFWRVH

DE\

SURILOH RI

7KH UHFLSH FRPSRVLWLRQ RI WKH H[SBBERHGQGWQ BHVDIP
D W\SLFDO PL[WXUHV FRPSRVLWLRQ RI D ZLGH DVVRUWPH

DURPDWLF LFH FUHDP PD¥V IUDFWLERRDRGCGQJI PR WANHU

FLWUlF DFV&DELOL]DWLRQ V\VWHP .UHPRGDQ S '&

|,

I[UXEMU U\ LFH BUWHDIRIDIFWLRQ Rt GU\ \DOBROXIBQ RAW XJD U

D PDVV IUDFWLRQ RI GU\ PPWW MUK R IFIRQXW\N § \B REG \ER
VI\VWHP KUHPRGDQ S '&

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JRU FRQWURO VDPSOHV RI LFH FUHDP ZLWK D PLQLP
lUXeEmEU\ ZHUH VHOHFWHG

JRU FROWWDRSOHY RI LFH FUHDP ZLWK WKH PDR.PXP FF
VXJDU I[UXLYW DQG EHUU\

,Q WKH H[SHULPHQWDO VDPSOHV WKH PDVV IUDFWLRQ
FRPSRWVWIWWRKQHY IRU WKH UDWLR EHWZHHQ VA\UXS IURP
WR WKH PRVW SRSXODU IRUPXODWLRQV ZLWKLQ WKH SHU

* *IRU DURPDWLF LFH FUHDP

* *IRU IBHUW\ LFH FUHDP

KRQWDLQ DRRDRY 6686 DVRWILGY LQ WKH FRPSRVLWLRQ RI *

DQG UHVBRBWHYHO\

,FH FUHDP PL[WXUHV ZHUH SDVWHRXMWH® DARROHG A&R
DQG PDLQWDLQHG DW WKLV WHPSHUDWXUH IRU KRXUV >

([SHULPHQWEHOPLBHMRGXFWLRQ ZDV FDUULHG RXW RQ W
RI WKH EUDQG )BOEUH 7TKH LQYHVWLIJDWHG LFH FUHL
KDUGHQHG DQG VWRUHG LQ D IUHH]JHU &DUDYMHOO $ 6

@

OHWKRGV

7KH UHVHDUFK ZDV FRQGXFWHG LQ WKH IROORZLQJ VH

i GHWHUPLQHG WKH FU\RSURWHFWLYH FDXPWRWHN R/NFRS
ZHOO DV WKHLU FRPSRVLWLRQV E\ PHDVXULQJ WKH F
DURPDWUKEBIMQG L HV

i VWXGLHG WKH G\QDPLFV RI IUHH]LQJ RI IUHH ZDWHU G
RI ORHPSHUDWXUH SURFHVVLQJ RI PLIWXUHV ZLWK G
XVLQJ DWVRARRU UHJUHVVLRQ DQDO\WLV RI H[SHULPHQWD

i FRQILURKIB H[SHGLHQF\ RI XVLQJ FRPSRVLWLRQV RI
PLFURVWUXFWXUH DQG WKH H[WHUQDO W\SH RI LFH FU

KU\RVFRSLF WHASHUBEDWMFRSLF WHPSHUDWXUH RI LF}
GHWHUPLQHG XVLQJ FU\RVWDW DQS&S %HFRNPDQQ WKHUPRP

7TKH DPRXQW Rl ITURJHKH AORARMOQW HRI ITUR]JHQ PRLVWXI
WHPSHUDWXUH GHYIVRHFY.DRWHQRPROHFXODU VROXWLRQV ZI
IRUPXOD > @

& > W W @

ZKHUHQ&PEHU REDWRHHQ
WWHPSHUDWXUH 2z

OLFURVWUXFWXUKDO PDEDAWNVXFWXUDO DQDO\WLV RI W
RXW XVLQJ D OLIJKW PLFURVERWHK Bl MRRMDEQDQGKD,BEHU ZL
RI [ DQG | 7KH VL]HV RI BUWWYRBEBORV ULFRGFUHD P VI
GHWHUPLQHG XVLQJ D JUDGXDWHG H\HSLHFH JULG > @

7KH UHVXOWYV RI WKH WULSOH UHSHWLWLRQ VWXG\ ZH|
DQG VWDWLVWLFDO SURFHVVLQJDW D JLYHQ FRQILGHQFL!

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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S5HVXOW\G DWERXVVLRQ
'"HWHUPLQDWLRQ RI WKH FU\RSURWHFWLYH DELOLW\ RI

$W WKH ILUVW VWDJH RI WKH ZRUN WKH FU\RVFRSLF
DQG IEMUWWA LFH FUHDP RI WUDGLWLRQDO FRPSRVLWLRQ 2z
UHSODFHPHQW RI VXJDU WR V\UXS *)6 DQG 6& DQG WKHL!

$FFRUGLQJ WR JLIXUH WKH VXEVWLWXWLRQ RI VXJDU
HTXLYDOHQW GRHV QRW DOORZ WR GHFUHDVH WKH FU\RS
WKH WUDGLWLRQDO W\SHV RI LFH RUBADR) ERBDRMH XHOHRM\
IUHH]LQJ RI IUHH ZDWHU ZL WK\ WK B OFQLHDAWY W Q YA WX BRID UQ
RI RQO\ *)6 WK H rULWGWH WM LIRS R URMDMWE M/ KD HFQ QRU W K H
RI VRIW LFH FUHDWPRNQOG L FFKAUMDPUH LW LW RENURNXVY X8R
ZLWK VVUXS RI ORZ '( DW UMKADLVR \Q HHI) WHRV ERMl FODWXHIL H G

YUXEW U U\

AL

| FRQWUORO

$SURPDWLF

&U\RVFRSLF WHRBSHUDWXUH

J)LIXUH &U\RVFRSLF WHPESE R DMZRSWEKHMXIDU DQG LFH |

ZLWK FRPSOHWH UHSODFHPHQWHRHQYXJIDU RQ *)6 D

i FRQWHWRDPSOHYV RI LFH FUHDP ZLWK D PLQLPXP VX
DURPD WL RJXEHNEU

i FRQWHBWRODPSOHV RI LFH FUHDHFRQWK QWKHRIPD[LP XP
VXJDU D¥RPDWHERNEU\

i VDPSOHWRQWDLQ D PDVV IUDFWLRQ RI 66 VROL
FRPSRVLWLRQ RI *)6 36 LQ DPRXQWYV RI

UHVSHFWLYHO\

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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6WXG\ RI lUHH ZDWHU IUHH]LQJ SURFHVYV

YRU WKLV SXUSRWMWBDEDH CRRHEWVRWRPRBLF WHPSHUDW XL
WKH FRQWHQW RI IUR]JHQ ZDWHU LQ LFH FUHDP ZDV FDOF
RI ORBEPSHUDWXUH SURFHVVLQJ > @
+IlUHH]LQJ RLQXV 7
+WHPSRUDU\ VWRED PH QKWL FHZF U H
+VWRUDJH RI LFH FUHDP IRU D GXUDWLRQ RI XS WR
+VWRUDJH RI LFH FUHDP IRU D SHULRG RI XS WR |
+KDUGHQLQJ RI LFH FUHDP LQ DKFRQWLQXRXV ZD\ |

¢ *KDUGHQIFGIJFRIHDP LQ D FRQWLRXRXV ZD\ PLQXV

JLIXUH VKRZV JUDSKLF ' PRGHOV WKDW GHPRQVWUD
LQGLYLGXDO VWDJHV Rl WKH WHFKQROREHWDWD §BRFHWD
REWDLQHG GLPHH WRRDPDWIR®D PHWKRG

7ZRGLPHQVLRQDO DSSUR[LPDWLRQ RI WKH WHFKQRORJ
WKH SURFHVV DV D ZKROH DQG DW HDFK VWDJH VHSDL
GHWHUPLQHG SODQH ZLWK DQ DSSUR[LPDWLQJ RQH 7KH

JLIXUH VKRZV JUDSKLFDO ' PRGHOV WKDW GHPRQVW
DW LQGLYLGXDO VWDJHV Rl WKEHSWR EHFWVFIRUDBURPDWLF

2Q WKH SODQH ;= )LIXUH DUH VKRZQ UHFRPPHQGH!
ORYXJU V\UXS LQ *)6 3& FRPSRVLWLRQV ZKLFK VDWLVI\
RI IUR]JHQ ZDWHU IRU FRQWURO VDPSOHV RI WUDGLWLRQ!
DUH VLQJOHG RXW $FFRUGLQRWWPUJRWHS R @W RRIOWRPY D

AA A A A

LFH FUHDP IRU D PLQLPXP DQG D PD[LPXP FRQW
IURP PLQXV f& WR PLQXV f& )RU FRQWURO VDPSO
WKH PLQLPXP DQG PD[LPXP V XQ N UR F REDUNHK R W KW K H

DQG UDQJH IURP PLQXV WR PLQXV f&

7DNLQJ LQWR DFFRXQW WKLV WKHJBPHQY D \RHD QQRW B
VDPSOHV RI LFH FUHDP DW WKH LQGLYLGXDO VWDJHV RI W
PBBH LW SRVVLEOH WR LGHQWLYXWKH WD WS RB@&D @ (F RACKIHH
FRPSOH[ IRU DURPDWLF LFBIQR3 HOBPHBRLWFH FUMDP 3&
DQG WR LVRODWH WIK®YHIMDBIHV Rl YDOXHYV
JURP )LIXUH VKHRHQWKAKBUDFWHU Rl IUHH]LQJERIUZDW H U
LFH FUHDP ,QFUHDVHG FR@EMHQWLRHVPUBPDK [P®NHWH LIW X
WR IUHH]H ZDWHU $W VWDJH IUHH]LQJ LQ DURPDWL!
FRPSRVRMWARB V\UXSV IURP WR RI ZEWHX\D WHR |UR]HC

YXUWKHU KDUGHQLQJ RQ QG VWDJH LQFUHDVHV WKH
LFH FUHRP WR Gt DQG DW VWRXSVWRDQ®QG YHOHVSHF
7KHUHIRUH LW VKRXOG EH QRWHG WKDW WKH PRVW LP:
WHPSHULQJ LFH FUHDP LQ WKH WHFKQRORJLFDO F\FOH R
WKH UHFRPPW®BEBUDRZXUH SURFHVVLQKWRORQLZXWYK KQ
FRQWHQW RI VXJDUV LV DQ H[WUHPHO\ LPSRUWDQW FRC
SURGXFW

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

W

&FCVFQ FIILF]FC ZDVEL
&FCOFCOVFIIWF]FC ZLVEL

6WDJH QXPEHU \31\\@’ 6WDJH QXPEHU \;;g

4 E

JLIXUHUDSKLF " PRGHOV RI ZDWHU IUHH]LQJ G\QDPLFV DW |
WHFKQRORJLFDO SURFHVV IRJUDYVREDMWAH FDHDRG 1UXL\

5HVHDUFK RI PLFURVWUXFWXUDO DQDO\VLV RI LFH FUFL

7R IXUWKHU FRQILUP WKH DSSURGDEB®WHDW VR/ R IX ZDKLH
FUHDP D FRPSDUDWLYH DQDO\WLYV RI WKH PLFURVWUXF
VDPSOHV ZLWK FRPSOHWH UHSODFHPHQW RI VXJDUV ZDV |

JRU LFH FUHDP WKH DURPDWLWKDBVWERZEWWEXRNG QV KIH\
RSWLPDO UDQJH RI E\ ZHLJKW RI vXJD4dV DQG IR
PDVV IUDFWLRQ RI ,¥KJBUNDP VDPSOHV ZHW H P\GXENDIFXAUH
SURFHMMVMIWQWGHQLQJ DW D WHPK HDWQIBWXWRUBDIIJMLRWWD WHPSH

K IRU PRQWK

7TR LOOXVWUDWH WKH HIITHFW RI KLJKHUW RQRNOEM XYWL QG
WKH FRPSRVLWLRQ RI WKH 36 RQ WKH VL]H RI DLU EXEEOF
FUHDP OVD\PRI FODVVLFDO DQG LPSURYHG FRPSRVLWLRQ
JLYHQ PLFURSKRWRJUDSKY LW LV HYLGHQW WKDW WKH \
RI WKH GLVSHUVH SDUWLFOHYVY HVSHFLDOO\ LQQVWHKHDV
DURPDWLF LFH FUHDP FRPSRVLWLRQ RI WKH *)6 FRPSRVL)\
DLU EXEEOHV LQ LFH FUHDP GURSSHG IURP RPLFRIRQV W

PLFURQV WR PLFURQYV

$ VOLIKWO\ OHVV LQIOXVY®QHFUVRQ QVRHWKH WDHY BKBVYVH .
I[UXEMJU U\ LFH FUHDP WKH PD[LPXP VL]H RI DLU EXEEOHYV .

PLFURQV DQG FWIWRWDOFRLRURBKN WR PLFURQV 7KH KL
PDWWHU LQ SDUQWHF X DSJO D/QRAH FRSUWLHNER (BWR O ME DX FVAK® WLRS H
GLVWULEXWLRQ RI DLU LQ LFH FUHDP DQG LQ DGGLWLRQ

@

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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JLIXUH $LU EXEEOHVY DQG LFH FU\VWDOV RI DURPDWLF LFH FU
I[UXEMWUU\ LFH FUHDP ZLWK VXJDU H | DQG V\IUXS

FFFSNUDLQLDQ )RRG -RXBROPW ,VVXHF
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,Q FRPSRVLWLRQ RI VXFK VDPSOHV WKH V\UXS ZLWK
ELQGY ZDWHU DQG GHWHFWYV PUXRBW RAMUHFSN MUK WKW H $
VWDELOL]LQJ WKH DLU EXEEOHV [H)BHPWEXD QUFDZWHK RR
FU\WWWDOV 7KH REWDLQHG UHVX@WRYQFREUHQWWIHFZDW
UHFRPPHQGDWLRQV UHJDUGLQJ WKH H[SHGLHQF\ RI D SD
> @ $W WKH VDPH WLP HW KRW W K MW DUEDW WK HSH W WK
DFWLRQ RI VIUXS LQ WKH IRUPDWERBPRFMDOZEKGBUDEQHU I
VFLHQWLILFDOO\ DFKLHYHG FRPELQDWLRQV RI WKLV VZH
GXULQJ WR FRPSOHWBIUUIHE OMKAFH FRPSRRLWKRQ RI WKH ILC

7KH SURVSHFW RI IXUWKHU UHVHDUFK LV WR FDUU\ RX
UROH RI VWDUFK LQ FRPSRVLWLRQ RI LFH FUHDP RQ PLO

&RQFOXVLRQV

7KH FU\RVFRBLPFPWXHMH RI PLIWXUHYV IRU WKH SURGXFWLF
E\ WKH XVH RI VWDUFK V\UXS ZLWK GLIITHUHQW GH[WUR
RI PRQRVDFFKDULGHVY WKH VIUXS H[KLELWYV D GLIITHUHC
JRU FRPSOHW N WRH S\OQIPHPHQ WKH FRPSRVLWLRQ RI LFH
JOXFIRMHFWRVH VIUXS GH[WURVH HTXLYDOHQW DQG |
R IRU UDWLRV RI WR IRU DURPDWLF LFH FU
IlUXEMWU U\H PR FUQ WKH LFH FUHDP DW DOO VWDJHV RI W}
RI' 'lUHH]LQJ RI IUHH ZDWHU LV VLPLODU WR WKH VDPSO
&RPSRVLWH PL[WXUHV RI VIUXS KDYH D FRPSUHKHQVLY
LFHUHDP VA\VWHPYV

5HIHUHQFH

$GDSD 6 G6FKPLGW . -HRQ , +HUDOG 7 )ORUHV &

FU\WWWDOOL]DWLRQ DQG UHFIHY IWDR® 6EFDWLHR Y | @WHBQR
SS +

&RRN . / . +DUWHOOBFKDQLVPV RI LFH FU\WWDOOL]C

SURGXBEWRPBQHKHQVLYH 5HYLHZV LQ )RR|G 6ELHQFH )RF

2JXDPDEK2VHK2 <HNHHO (IHHFRMVHHBRLEBME UHVVLRQ

R@® RO H F2HD® KW H U PR B DGAULARRP U FRXQUKHAD FLIRRURD O

6FLHR®EHFKQRORJ\ +

9DOHUD 3 3LQWRU $ YZVKRBQRFROORLGR DIIHFW \

SHUFHSWLRQ RRIF H\BWIRBER O QiR EG V

20HQHY ,X $ IDNWR]D VDNKDUR]D L PLQHUDOQ\

3URL]YRGVWYR L UHDOL]DWVLLD PRUR]JKHQRJR:L E\VWL

JHVKFKHQNR 0 ( 2VREHQQRVWL RSUHGHOHQL
SURL]YRGVWYH PRURJKHDRHIR |JDPRURJKHQ®\H SURGXN'
&RJQH K /DXUHQW 3 $QGULHX - )HUUDQG - (I
RI LFWHDP IUHH)RYJ&KHP( +

.DPLQVARD|]QLFND $ ODWXVLDN 0:LWSDBBERBENNDW. '
*RQGHN ( -DN¥EWRNDUN $ 7KH LQIOXHQFH RI NDS
LWV K\GURO\VEMHV\RQOWKIHYWUREMBR G FVVj] +

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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+HUUHUD 0/ &DQQ -, )HUUHUR & +DJLZDUD 7 =D
7KHUPDO PHFKDQLFDO DQG PROHFXODU UHOD[DWLRQ
DQG IUXFWRYRRIE®RSW L\RLGW =+

$UHOODQR 0 %HQNKHOLID + )OLFN ' $OYDUH] *
PHDVXUHPHQWY GXULQJ VRUEHW IUHH]LQJ E\ PHDQV
PHDVXUHPHQW )%50 WHFKQRORJ\ ,QIBRXHQERRMI RSH
(QJLQHHULQJjj =

%X\FN - 5 %DHU 5 - &KRL - (IIHFW RI VWRUDJ
DQG IBWOLFH-RXHQPO RI 'DLU\jjGFLHQFH

3DYOLXN 5 <X 3RKDUVND 99 %HUHVWRYD $ $
YLWDPLQQRKFKEGREB®RRR PRUR]J\YD ] Y\NRU\WWDQQLD
GULEQRG\VSHUVQ\NK GREDYR®MNR Y WRVKORBOIR I/ N LU RYX Q
SHUHGRY\NK WHNKQRODRKLL

*ROGIHLQ . 5 60DYLQ - / 'K\ 6XJDU ,V $GGHC

&RPSUHKHQVLYH S5HYLHZV LQ )RRG FFLHQFH DQG 6DIHYV

%XOGR 3 .LUNHQVJDDUG - - . 'LNLQJ / &U\V

FUHDPRQGXUWISHQLQJ DQG LQ L RXDQDEXRIW B UURKeEUW® IQFEH
+

ODUVKDOO 5 7 *RIl + ' +DWVFWHQUBEDPLQJIHY B6

<RUN

2]GHPLU K 7KH HIIHFW RI XVLQJ DOQHUQBPWLYH V

TXDORWUQDO RI )RRG 4%D@LW\

3DUNHGD OD VL ZR VX & +LJK IUXFWRVH FRUQ V\UXS 3L

DQG SXEOLFKH ®ORMHFRQ@RORIV DQG OROHFXPDU %LRC
+

%RIJGDQRY ( *OLXNR]Q\H P DIDXYWRVR)E\HL VIOULR
)XQNWVLRQDOQ\H RVREHQQRVWL SUL SURL]JYRGVWYH |
B3URGXNW\ ,QJyHGLHQW\

%DVV 2 3ROLVFKXN * *RIQWHDULXINDNRIXR/QFRD YDV W HU L Vv
PLIWXUHV RI LFH FUH D$N BDW & L\DWD)RR{G \-\REXSQ D O

%DVV 2 3ROLVFKXN * *RAAPKURONH Rl VZHHWHQHUYV
DQG TXDOLWDWLYH L@SUPRYRDY R RF HRUHIDFO
20HQHY ,X $ 2VQRYQ\H VWUXNWXUQ\H HOHPHQW
3URL]YRGVWYR L UHDOL]DWVLLD PRUR]JKHQRJR+L ELVW

ODVOLNRWBRORVFKXN * ( 8QLW IRU IRRGYV WHPSHI
UHIULIJHBUWDWLRQDQ -RXUQDO RIj))RRMG 6FLHQFH
&DQL\LOPD] ( 80DUNXUO % .DUDPDQ 6 2SWL

LQJUHGLHQWY DQG DR GUWERWVIIRQL XAH GUHRPELQHG
-RXUQDO RI IRRG SURFHVVLQJjpQtG SUHVHUYDWLRQ

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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%LRDFWLYLW\ RI $OJHUBK® K@ PGOBWHMNLIHU!L

)DWPD OLKRXE )UHKD 6DILD /DN 7RXI

JEQ .KDC8QLYHUVL $0Ji

$EVWI

-HVZRUGV QWURGXKWLRQUHQW VWXG\ ZDV FRQG X
$QWLEDFWHULD® YDOX®WMWBRSK\WRFKHPLFDO SURILOH D

$SFWLYLW\ DFWLYLW\ RI $O0JBHYRBIQ LS DGOIPF Z/DOMHMUD /
BKRHQL[ GD ODWHULDOV DQ@BDRHWIORMGWH DQG TXDQW
'DWHYV SRO\SKHQROV IODYRQRLGV DQG
$OJHULD DFWLYLW\ SK\WRFKHPLFDO DQDO\VLV ZHU

DQG PHWKDQROLF H[WUDFWV RI VHYHQ Y
HYDOXDWLRQ RI DQWLEDFMWMHIK\D®R FIRFFW K V
DXUHXE&& DQEKHULFKAMR & ROL

VWUDLQYV

SHVXOWV DQG IH\WRAKHMRIFDO VFUHHQ
$UWLFOH KLVWRYYXHRXV DQG PHWKDQROLF H[WUDFWV V
VHYHUDO IDPLOLHV RI FKHPLFDO FRPSRX

AV LQUWHHQ%QV VDSRQLQV DQG WHUSHQRLGV L¢
A 7K UHHQLQJ RI WKHVH H[MWDWIWWH U F
SFFHSWHG GLIIHUHQFHV ZLWK D JUHDWHU SUHVHQFH

HIWUDFW ZKLOH WHUSHQRLGY DUH SUHVF
PHWKDQROLF H{WUDFW $ TXDQWLWDWLYH

&RUUHVSRQGLQVKRZHG VLIJQLILFDQWO\ KQJWKIHPH®NKDQF

DXWKRU HIWUDFW IURP “  WR “ *$(J

“ 4( J DQG “ WR  “ = YV
)DWPD OLKRXE WR  “ *$( J “ WR 4( J DQG
(PDLO “«  WR ¢ LQ DTXHRXV H[WUDFWV IRU

PLKRXE #\DKRRJBYRQRLIB&XFQGJ SRZHU UWHKWSHIBWLLEH O\ \
REDFWHULDO VSHFLHV 3WR H®L] L&XHW DAL U
/ TUXEWWJDU ZHOO G MKRZHRQ DD PODLP XP

LQKLELWLRQ ]ROH RILDPHWHUDQG “
PP IRU WKH P HWHRK\D Q R WIKFHMNE BVWIDDWQ VW
6 DXUHXY FROWUDLQV UHVSHFWLYHO\ 7
LQKLELWRU\ FRQFHQWUDWLRQV 0,& UDQ.
WKH PHWKDQROLF HFWRIDDAMD LEJ VARRMOR. YD UL F
OHVV WKDQ J P/ IRWWEBR HW\WH WKW ®& R OYLOF
7DPH\WSWHWEB®®BK QW DEDODR \DW UH XV
ERQFOXVYRQ WKH LQWHUHVWLQJ FRQWH
IODYRQRLGYVY DQG DQWLR[LGDQW DFWLYLW
SRZHU RI GDWH H[WUDFWVS U R GDFRN FIRRMEDC
"2, EH DQ HIFHOOHQW VRXUFH RI DQWLR[LGDC
; IRRG SUHSDUDWLRQ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QWURGXFWLRQ

7KH XVH RI DQWLELRWLFV LV FXUUHQWO\ FRQWHVWHG
WR[LFRORJLFDO ULVNV DQG RQ WKH RWKHU KDQG WKHLU
RI VWUDLQVY DQG EH UHVSRQVLEOH IRUW\ WKWDERXW HN IDU
SODQW FRPSRXQGV DYDLODEOH DW ORZ FRVW 'XH WR V
HITHFWV WKH\ FDQ FRQVWLWXWH SKDUPDFRORJLFDO DOW
RI VHYHUDO SD&KRFRARWHKHRXY¥DQGV RI 3KBHQL[GOWHNV\ O UL
DUH NQRZQ WR KDYH PDQ\ PHGLFLQDO SURSHUWLHYV DQG
WKH OLGGOH (DVW DUH XVHG LQ WUDGLWLR@ D ORRJHRLYFHH.D |
WYX LHUXLW KDYLQJ PDQ\ IDYRUDEOH ELRORJLFDO SURSHUW
,Q $0JHULD WKH GDWH RFFXSLHV D YHU\ LPSRUWDQW S
HVWLPDWHG DW WRQV WKLV DOORZHGNKEERWER FRAF
GDWH > @ %XW LWV YDOXDWLRQ DQG H[SORLWDWLRQ
HOQGRZHG ZLWK DQWLEDFWHULDO DFWLYLW\ ZKLFK SU
ELRSKDUPDFHXWLFDOV DUH YHU\ OLPLWHIO XMW FR.EAMHRF W
ELRDFWLYLW\ RI VHYHQ YDULHWLHV RI $OJHULDQ GDWHV
DFWLYLW\ DJDLQVW WWR HOPWHR E BXV VIVXUHXMH TXHIQHU LLE
KXPDQ SDWKRORJ\ DQG RIWHQ UHVSRQVLEOH IRU IRRG SF

ODWHULDOV DQG PHWKRGYV
30DQW PDWHULDO

6HYHQGDWH SDOWWXWREYWORBBWXULWR¥V¥HOONM NQRZQ |
+fPLUD $GKHP )JLJ %RX]UR X USKNDHIMEEDXPHKY U W/QWKNE D @ DL R
RI *KDUGDLD VRXWKHUQRBOWHKBLB[SAHULP KYWBWLRQ N
KDUYHVWHG VHDVRQ LQ WKH VDPH ORFDOLW\ ZHUH
VDPSOHYVY ZHUH SODFHG LQ KHUPHWLF EDJV DQG VWRUHG

(IWUDFW SUHSDUDWLRQ

7TKH SXOSV RI BDHKLMFROXWOHWOHDQHG DQG JURXQG FRH
IRU HIWUDFWV )RU DTXHRXV H[WUDFW J RI HDFK YDUL
ZDWHU DQG FRQWLQXRXV VWLUUHG IRU K DW URRP WHPS
LV SUHBDRIHGQJ J RI SXOSV WR P/ Rl PHWKDQRO ZDWH
VORZ VWLUULQJ IRU K DW URRP WHPSHUDWOBHR W KHQ
UHPRYH PHWKDQRO

SK\WRFKHPLFDO DQDO\VLV

SK\WRFKHPLFDO DQDO\WLV RQ ZIDDMXHHBR XN [ WS- WP\H VW\RK D
GHWHUPLQHG 6RPH SK\WRFKHPLFDO JURXSV KDYH EHHQ
GHVFULEHG E\ &LXOHL > @&HWWDNQQDQY ER LWVEK/HSHIL OUDJIHQ
VDSRQLQV SHU IURWK W HVIWU MIHAWVEIHRXR WER E\ 6 RO N\RKZY H
WR PO RI FKORURIRUP DQG PO R62FRCHHHD Y BBIIMS BBE VAKX O
FRORU LQGLFDWHYVY WKH SUHVHQFH RI WHUSHQRLWWVW @

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

> @ 7KH WRWDO SKHQROLFV FRQ\&HRMDO MHDK GHWD BIH @ X
WR 6LQJOHWRQ DQGXYRQVLIPBWKR®FLGADV VW BQIBWDWHSG 7
LQ PJ RI *DOOLF $FLG (TXLYDOHQW *$( GVRDPRXQW ZN
GHWHUPLQHG DFFRUGLQJ W R HWPBOR.G@RD TIXGIE RIDVIGD BV>V \¢
UHVXOWY DUH GLVSOD\HG LQ PJRRIIUKMK FANMLUIG WT XIKYD D 6
DFWLYLW\ LV SHUIRUPHG DFFRUG L QX 9\R WRKEW)B 5 Q HPG \B K R
LQ PJ RI YLWDPLQ & SHU J RI WKH IUHVK IUXLW

$QWLEDFWHULDO VXVFHSWLELOLW\ DVVD\

%DFWHULDI@QR/ WUDL QWIHUHQFH EDFWHULDO VWUDLQV Z
VXVFHSWLELOLW\ DVVD\ RBEVED® RE R RMX ¥MRE H HEKNADUDE W V
(VFKHULF&KTLO&FROLVWRU& DWW JO\FHURO

$JDU ZHOO GLIIXVLRQ DVVD\ DQGKGH®RW RQ QDLW ORDQ R
DFWLYLW\ RI WKH DTXHRXV DQG PHWKDQROL D BHYWALDF W V
HYDOXmMWHENW WKH VWDQGDUG DJDU ZHOO GLIIXVLRQ DVV
EDFWHULDO VXVSHQVLRQ RI KRXUV DW f& DQ LQRFXC
D GLOXWLRQ RI WK DQG WK RI WKH6 EDRBIQKBLD O V X
FRDDV SHUIRUPHG LQ VWHULOH GLVWLOOHG ZDWHU EHIR!
E\ WLJKW VWUHDNV ZLWK D VWHULOH FRWWRQ VZDE RQ W

P/ Rl 0OXOOHU +LQWRQ DJDU )RXU ZHGIOWY G HWKRRIDWHGG
DJDU ZLWK WKH WLS RI D VWHULOH 3DVWHXU SLSHWWH D
SDOP GDWHV H[WUDFWYV JP/ $00 SODWHV ZHUH LQF>
DFWLYLW\ LV HYDOXDWHW HU RHDWXULQKIWVEKMW ICRQRRQH
WKH ZHOO 7KH SHUFHQWDJH RI JURZWK LQKLELWLRQ
=" 3" ,=' ,QKLELWLRQ =RQH 'LDPHWHU '* 3HWUL 'LVK
DVVHVVPHQW RI PLQLPXPR@®KLELWRKNH ARFRUSGRUDWLRQ \
LV XVHG > @ ZLWK VRPH PRGLILFDWLRQV $ FRQFHQWUD\
FUXGH H[WUDFWV ZDV SUHSDUHG UHVSHFWLYHO\ LQ ZC
FRQFHQWUDWLRQV RI DQG J P/ P/ RI HDFK H[WL
LQFRUSRUDWHG LQ P/ Rl 0XOOHU +LQWRQ DJDU PDLQWI
WKH DJDU SODWHV FRPSOHWHO\ VROLGLILHG / RI WK
XQGHU WKH VD MY FRQEHWDEGVYHSDUH LQRFXODWHG E\ VZ
GLVK DQG DOO LV LQFXEDWHG IRU K DW f& 7KH &0, L\
ZKLFK WKHUH LV QR YLVLEOH JURZWK > @ 7KH VROYHC
GLVGV ZOD®HU DQG PHWKDQRO ZDWHU DUH XVHG DV QHJD
DUH XVHG DV SRVLWLYH FRQWUROV WR FKHFN WKHLU H
FRPSDUHG WR WKH FULWLFDO YDOXHV RI WKH GLDPHWHU

WKH JRQHV Rl LQKLEBYWLEASGEDWD @G\7KHVH DUH 7HW

J GLVF &HIWD]LGLPH J GLVF &KORUDPSKHQLFRO
YRVIRP\FLQ J GLVF &HID]JROLQ J GLVF DQG &ROLV\

6WDWLVWLFDO DQDO\VLYV
(DFK DVVD\ ZDV FDUULMOORXNWSHQOLWHQBOLBDWHI[SUH\

VWDQGDUG GHYLDWLRQ 6' 7KH GDWD ZHUH WUHDWHG X\
E\ WKH $129% WHVW IROORZHG E\ WKH 'XQFDQ WHVW IRU F

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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S5HVXOW V@AY FXVVLRQ
SK\WRFKHPLFDO FKDUDFWHUL]DWLRQ RI GDWH H[WUDF

7TDEOH
SK\WRFKHPLFDO VFUHHQLQJ RI DTXHRXV DQG PHWKDQR

N %o}V § Z] 8§y d &% '| v8Z} C| ol o}
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9HU\ LQWHQVH LQENGQANY ZHDN

AXDOLWDWLYH SK\WRFKHPLFDO DQDO\VLY 7DEOH GH
DQG WHUSHQRLGYV LQ PHWKDQROLF DTXHRXV GDWH H[WL

7KH UHVXOWV GHSHQGHG RQ WKH UHDFWLRQV JRLQJ
REVHUYDWLRQV REWHVUPISRDW FAGR EW RW K H U \B8 KIRHWQK R U V
GDFW\UXHWDLY D SRWHQWLDO VRXUFK® R$ VRPSQGDVR® HRW
H[WUDFWV FRPSRVLWLRQ IRXQG WKDW PHWKDQROLF H[WU
DTXHRMV RQWFK SRVVHVVHG PRUH VDSRQLQV ZKLOH ER
FRQWHQINVW UHVXOWYV LQGLFDWHG WKH LQIOXHQFH RI WK
RI VHFRQGDU\ PHWDEROLWHY G6LPLODU ILQGL@Q ZHUH
FRQWUDVW DQWKRF\DQV DQG DONDORLGYV ZHUH DEVHQW

AXDQWLWDWLYH DQDO\VLV RI WKH FRPSRVLWLRQ RQ V!
GLIIHUHQFH EHWZHHQ WKH VHYHQ GDWHD FMN ¥ WILW BW V JHJ WH
WHKHIKHVW OHYHOV RI IODYRQRLGV BRIGUER B SR B DIKOH C
YDULHWLHV WKXV UHIOHFWLQJ LQWHUHVWLQJ DQWLR[LC
UHVSHFWLYHO\ 7KH DTXHRXV H[WUDFW UH YG\D ORBSD ORG
WR WKH PHWDQROLF H[WUDFW ORUHRYHU WKH DQWLRI[L
ULFKQHVV LQ DQWLR[LGDQW FRPSRXQGV RQ WKH DTXHR:
SURSRUWLRQDO WR WKH IODYRQRLGWKE MMM CB\K R\DR WHHHP P. F
JURXS RI SRO\SKHQROLF FRPSRXQGV ZKLFK KDYH PXOWL

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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SUHVHQWY VWURQJ DQWLR[LGDQW SRZHU > @ DQG FRXOG
@

7DEOH
3RO\SKHQROV FRIDWVRQWVGNQG DQWLR[LGDQW DFWLYLW\ F
PHWKDQROLF GDWH H[WUDFWYV

PSR 3RO\SK J)ODYR $QWLR]
9DULH PJ *$( J PJ4( J | DFEWLYLW\

$TXHRXV

*KD “ ( 1

$GKHP “w | 1

I

7DPH «“ [ “w E “w |
T
[

$NHUE “w E “

% H QW “w E “ ( 1

% RX] “w | " | 1

+1'|'P| “ | 1 | 1

* K D “w | “ [ M

7DPH “w [ “ [ “

$GKHP “ | “ | “

% H QW “w E “ | “

I
[
T
$NHUE «“ D “ [ “ E
I
(

% RX] “ ( “ E “

+1'|'P| « I “ ( “ |

7KH PHDQV IROORZHG E\ WKHQOQWKWHNDPH FROKPGQ DHUB!
VLIQLILFDQWO\ GLITHUHQW S

$QWLEDFWHULDO DFWLYLW\ RI GDWH H[WUDFWV

7KH DQWLEDFWHULDO DFWLYLW\ RI WKH DTXHRXV DQ¢
YDULHWLHV DJDLQVW WZR(VEBWHRREKIGIEE EOQE W HUL® O
BWDSK\ORFRBF%E DXUHXNYHDOHG WKDW WKH DTXHRXV H[
LQKLELWLRQ JRQHVY DURXQG WKH ZHOOV ZKHUHDV PHWKD
DFWLYLW\ DIJDLQVW WKH WZR EDFWHULDO VWUDLQV 2XU
VWXGLHV @LKMH GLIIHUHQFH EHWZHHQ WKH DQWLEDFWHUL
WKH QDWXUH DQG WKH FRQFHQWUDWWRSH RR | WHIQYE BPBHBVAD E R
WKH DELOLW\ WR H[WUDFWLQJ DQG VROXELOL]LQJ SK\W
VWURQJO\ RQ WKH @R GFHQWGWQSIHWR &RZDQ > @ LW FRX
DQWLEDFWHULDO VXEVWDQBEHW RR® BMH Q IYGP HW EDQRY D L
ORUHRYHU WKH DFWLYH H[WUDFWV3ZHUHRSLDIUIKED QV
=" WR PP (WKRQLRQ WR PP 7PHEQHVLVWDQFH RI
QHJDWLYH EDFWHULD PD\ EH SRR O\ IMACH [SWIHHND EB RMK
SUHYHQWLQJ WKH SRVVLEOH DFWLYH FRPSRQHQWV RI G
F\WRSODVPLF PHPEUDQHV > @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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7TDEOH
$QWLEDFWHULDO DFWLYLW\ RI PHWKDQROLF GDWHV H[WU
=" PF =" PF
9DULHWLHV $QWLELRWLFV
( FROL6 DXUHXV ( FROL6 DXUHXV
*KD e “ F T &HID] Tl T
7DPH "D “ T T&ROLVW o T
$GHP) d " T T7HWUD " T
$NHUE T " T T $PSLF o o
%HQW "D " TT)RVIRP T T
% R X o “ F T &HIWD] : :
+PL o “ T [ &KORUDP! e o

OHDQ YDO X8V S

)

,QKLELWLRQ HRDBHDRFHWBORZHG E\ W
OHWWHUV D ELG WKHHVDPH)GERIOXPQ DUH VLIJQLILFDQWO\ GLIIHU

7TKH PHWKDQRUIDAFP HYWDUWWHW \RZAKLFK ZDV VLIJQLILFDQWO
HITHFWLYH VKRZHG WKH6P DXEPHRPWVY="QHDUQWW RI WKH SR
ZHUH LQKLELWRGL P@G QHDUO\

RI WKH SRSXODWLRQ ZI

7DEOH

OLQLPXRKLELWRU\ FRQFHQWUDWLRQ 0,& DQG FHUWHKOWRIHVFR
GDWHV H[WUDFWYV

( FRO

L

O9DULHWLHV

&RQFHQWUDWLRC

*KD

7DPH

$GHP)

$NHUE

% HQW

% R X

+9PI

6 DX

UHXV

9DULHWLHV

&RQFHQWU

DWLRC

*KD

7DPH

$GHP)

$NHUE

% HQW

% RX

+9PI

SUHVHQFH RQRURIRVZRVK ,

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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E.
E.
E.

JLIXUH $QWLEDFWHULDO DFWLYLWLHY RI PHWKDQROLF HJ[\
ZLWK QHJDWLYH D E DQG SRVLWLKFRDID E FRQWU
DQ&EDXUHXVVWUDLQV

FFFBNUDLQLDQ )RRG -RXBROPW ,VVXHF
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*]Pv 8]}v Jv &IPHE i
VS] 1}8] © (JE %o}e]S]&}e (FuENOV oW o]+S]v po( § U
SE GRWOYE u%Z v] }o
T v (WSd(u EJSU | & }w¥< @& *% S]A oCX Prdy-s
T v (W3Sdu EJSU | & }w¥< @& *% S3]A oCX PulEe-g-

OLQLPXP LQKLELWRU\ FRQFHQWUDWLRQ 0,& YDOXHYV

7TDPHVULW ®NEHERRX HEKD/OD FWsV D 4 DHEXVOH "KHUHDV IRU
VWUDLQV D 0,& RI J P/ LV UHFRUGHG IRU WKH PHWKIL
FXOWLYDUY ALEHHDAWDOW ZKLFK VKRZHG D 0,& RI J P/,

WKH JURZWRKORI

([WUDF$NH RERRQBK QW YEIDWLMHWLHY JDYH DQ LQWHUHV\
SRVLWLYH EDFWHULD RI W R UHVSHFWLYHO\ PP DQ

PP UHVSHFWLYHO\ $D/EAOHG\ PRQGKHFWHG RQ WKH EDFW
$0JHULDBYKDWUVHWHLI CCHUWHIFRX HRQ O/ RPH EDFWHULDO VSHFL
RI WR DJPHQVW®LFK DU RDMWBYWOKH GLDPHWHUV ZH R
DOO PHWKDQROLF H[W WD FaW ¥RR® WHKIHDVBWX GHEP WKH DQ\
RI PHWKDQROLF H[WUDEWV RI 6D'XGL BP RADKQE/Y H
PP RQ FRO® WKHVH YDOXHV FRUUHVSRQG WR WKH PLQLP;
DQRWKHU VWXG\ WKH DQWLEDFWHULDOUDBWYHKLW! RI PH\

WR [PHPLUQVFROI@DOXHY FRPSDUDEOH W R WKR® B WREWD L
FXOWLYDUV H[WUDFWV LQ WKH SUHVHQW VWXG\ ZKLFK HJ

2Q WKH RWKHU KDQG IRU WKH FRQWURO DQWLELRWLF
PD[LPXP LQKLELWLRQ GLDPHWHU RI 6 DRPHXYGFROBP D
UHVSHFWLYHO\ 7KH LQWHUHVW RI WKH UHVXOWV ZH RE
DQWLEDFWHULDO DFWLYLW\ FRPSDUDEOH WR WKDW RI GI
(IITHFWLYHO\ WKH PHWRPBAWOWUN HJWUBFW RP ZDV PRUH
3 WKDQ DOO DQ&LELRMNFY[DRRRQRIW IMARRUGHT7KH
UHVXOWYV RI WKLV 6VWDXGEHXKR KHGKWK DWVLVWDQW WR &K
FHIWD]LG P i RA®IVQMWHG WR FHIWD]LGLPH DQG WHWUDF\F
H[WUDFWV Rl WKH GLITHUHQW I®DW R RIOGWL Y\DIUSR LK@V S W
WDQQLQV PD\ EH LQYROYHG LQ WKH ELRDFWLYLW\ RI SOD
GHPRQVWUDWHG LQ RWKHU VWXGLHV FRQGXFPWHEBFRQ WK
VWXGLHG GDWHV H{RQWBWY KHIMEMHRIHQHLW\ Rl FKHPLFLC
H[SODLQ WKH DQWLEDFWHULDO DFWLYLW\ REVHUYHG

&RQFOXVLRQ

7TKH VHQVLWLYLW\ RI &V KO DMEREG RHEI® E PRMHUDROSDUHQW
HIWUDFWWAHKRIDIUWHW\ IRO O R ZHNGI EEE BARMBRMHVRE ROWD UHV XOW
YHU\ LPSRUWDQW EHFDXVH LW SURYLGHY DQ DQVZHU HOF}
IRUD SRVVLEOH WKHUDSHXWLF XVH 7KH GDWH FWRXOG EH
ZKLFK JLYHVY DGGHG YDOXH WR WKLV IUXLW SOD\LQJ ERW|
IRRG VWRUDJH E\ WKHLU DQWLEDFWHULDO HIIHFWV EXW
QXWULWLRQDO TXDOLWLHV E\ LWW FROAMKUDEXWKRQSRQ\$&
FRPSRXQGY DQG WKH DQWLR[LGDQW SRZHU VR LW ZRXC
LQJUHGKH GWIIHUHQFH EHWZHHQ WKH DQWLEDFWHULDO DI

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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DQG PHWKDQROLF LV GWHIERX\XWHWRUDPWWY IFR EBWPDRWG D
EXW QRW LQ WKH VDPH SURSRUWLRQV 6R LGHQWLILFDW!
QHFHVVDU\ DQG FRXOG VKHG PRUH OLJKW RQ WKH GLIIH
HIWUDFWYV

5HIHUHQV

*ROG 6 * ORHOOHUBQWBP&FURELDO G IWH(QUODQG
-RXUQDO RI OHGISFLOH

)\PDW $ / $QWLELRWLFV D Q G L{FOPMHIGALFFOVOL F R XH\QL
6FLHQWLILF DQG 7HFKQEIDO 5HVHDUFK

$0OBKWD\HK 0 6 <DJKPRXU 505 )DLEUL<(0GS$ 6DOHP .
$QWLPLFURELDO DFWLYLW\ RI SODQWV XVHG LQ IRO
-RXUQDO RI (WKQRSKIBUPDFRORJ\

ORVWDID $$YNDBD $ $ $BPDMIZRXG 7 0 6B6KRONDP\ ( 1

00 $QWLPLFURELDO DFWLYLW\ RI VRPH SODQW
FDXVLQJ IRRG SRLVIRQALIQ IRKXKIMHDY RY WLRORIHIHLFDO 6FLH
$ODUVL 0 $ /IHH & < DQAXWXQWWW RRPDO SURSHUWL

UHYLBHA WLFDO 5HYLHZY LQ )RRG ®BFLHQFH DQG 1XWULYV
+DUUDN + %RXMODERUJLVDWLRQ WHFKQRORJLBEXH GHYV

HGV 1SS

9D\DOLO 3 . "DRARHH QDFMWNULIHBD HBRKQUJILQJ PHGLF
IRR&GULWLFDO 5HYLHZVY LQ )RRG ®BFRLHQFH DQG 1XWULWI
$BKDKLE : ODUVKDOO 5 - 7TKH ITUXLW RI WKH GDYV

EHVW IRRG IR UQW/HIH QXDWRIQ'D O FRKQID O RG IRREU BW L R
+
ODQVRXUL $ (PEDUHN * .RNNDORX ( .HIDODV 3
DQWLR[LGDQW DFWLYLW\ Rl WK I KFOIG UL B Q FRIRSH. | € D Iy
&KHPLVWES =
)$267%$7 YRBGULEEOWXUH 2UJDQL]DW LR/® IR® DNVEKCHH 8 |
DWWWS ZZZ IDR RUJ IDRVWDW IU GDWD 4& YLVXDOL]J!
&LXOHL , 3UDFWLFDO 0DQXDOV RQ WKH ,QGXVWULDO
$URPDWLF 30DQWYV OHWKRGRORJ\ IRUW$E@B@LVMWMIRRDF
&KHPLFDO ,QGXVWU\ %XFKDUHVW
3XVKNHU $ . .DXVKLN 6 /DNKDQSDXO 6 G6KDUPD . .
SK\WRFKHPLFDO LQYHVWLJDWLRQ RQ WKH EBWN IR} VRF
ODFMXH ,QGLD %@WM QQBHFVWDUFK SEWHUQDWLRQDO
%UXQHWRQ3KDUPDFRJQRVLH 3K\WRFKLPLH SODQWHYV
PPpGLFDOHV LQWHIFQ D W R MODLHN
6LQJOHWRQ 9 / 5RVVL - $ &RORULPHWU\ RI
3KRVSKRPRRREGKRWXQJVWL B PHUIGF BQD-RINOD O RI (QF
9LWLFXO\83%UH
IDPDLVRQ -/ &DUQDW $ &RQWHQWYV RI SULQFL
OHDYHV RI &UDWDHJXV PRQRJ\QD -DFW [RQGLQUIXWB WL
RI WKH YHUMGHAM QP® 30DQWYV SK¥WRWKHUD S\
2\DL]X 0 BWXGLHV RQ 3URGXFWV Rl %URZQLQJ 5H
RI 3URGXFW Rl %URZQLQJ 5HDFWLRQD3WDKS DRIXIEQ DR A
1XWULW LSRQ +

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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9D0OJDV & 'H 6RX]D 6 0 6PKkQLD ()$ 6PKkQLD $ - 5
7R '"HWHUPLQH $QWLEDFWHULDO $% WDMION'D @I - R & WD
OLFURELRORS\#

$QGUHZV - 0 %6%$& VW DHSAADLLEG. IO H\VG \ GALIYVEVWLDQUIF P H
-RXUQDO $QWLPLFURELDS® &KHPRWKHUD S\
+LPUBWXOND : + $ORK®DO 1 )DWKLODK $ 5 "HW H

SHUFHQWDJH LQKLELWLRQ Rl GLDPHWHU JURBWRW 3, '*
DJDLQVW RUDO &RRGQDBO RBEHBAGH¥LQDOSEOBQWY 5HVHI
':DLWHV . % 'XII\/ % %pEpDU & 0 ODWORZ $ 7DONL
DO BWDQGDUGL]HG PHWKRGV DQG TXDOLW\ FR
PLFURWLRQ VXVFHSWLELOLW\ WHVWLQJ RI 0\FRSODVPD
DQG S8UHDSODVPIRXUBDO\WLEBORQLFDGHLREURELRORJ\
$QGUHZV - 0 '"HWHUPLQDWLRQ RI PLQRIKUR DQKLE
$QWLPLFURBLIDHURIBKPRS O+ SS
&$6)0 (8&%$67 &RPLWp GH OfDQWLELRJUDPPH G
OLFURELRORJLH $YD LRFEGRHE RO RIZH RIPJ
$OODLWK $ $ $ $QWLR[LGDQW DFWLYLW\ RI %DKU
/ TUXLW RI YDULRYXWHBERQODWILRIDUDW -RXUQDO RI )RRG 6F
SS +
$QMXP ) 0 %XNKORWBE $(# .KDQ 0, I1IDGHHP 0 +XV\V

06 SK\WRFKHPLFDO FKDUDBWRMNHQVWBBBRXQWWH
HIWUBPFMW V- )RRGSEF I+
6DOHK ) $ 2WDLEL 0 O $QWLEDFWHULDO ¢

3KRHQL['HFW)OKXIHW DW 'LI1IHUHQWRXLEMHIA RI §RAOG HW F
DQG 7THFKQBGR J\

'DDV $PLRXUXBRPEDORLD 2 %RXKGMLOD ) $\DFKL $
eWXGH GH OfLPSOLFDWLRQ GHV FRPSRVpV SKpQROLTX
GDQV VRQ DFWLYLS\\WRWKEDBSREHLHQQH

4DGRRV + $ 'KDIDUL +'6% $CDURKERR¥L, .XPDUDSSDQ

$ (OVRUL '+ 3KHQROLF &RQWHQW DQG $QWLPI
3KRHQL[ GDFYW\OLWWD Q® RIGDY HR R4
OHKPRRG 1 =XEDOU 0 50]ZDQ . 5BWRRWLPLFUREL\DL

3K\WRFKHPLFDO $QDO\VLV RI &LFKRULXP LQW\EXV 6H
JUDFW,UP@L.DQ -RXUQDO RI 3KDUPBBHXWLFDO 5HVHDUF
(6RKDLP\ 6 $ $EGHOZDKDE $ (H®WHDO®MDMQ & 6 SERRA
FRQWHQW DQWLR[LGDQW DQG DQWLPLFURKRHQIWFWL
GDFW\OLUXBWYWUDOLDQ -RXUQDO RI %DWF HQG $SSOI
=HKUD 6 6DHHG $ )DWLPD 6 $QWLRIKBHQW DQ
GDFW\OQIGUDVYV YDWHHWDW\NL.RQDO -RXUQDO RI $SSOLF
%LRWHFKQRORJLFIB& 5HVHDUFK
6DPDG 0 $ +DVKLP 6 + 6LPDUDQL . <DDFRE - 6
DQG HIIHFWV RI IUXLW FEHCRQ QD WQR[IHGWQ WVF B/F WY RIL\
DQG DQWKRF\DQLQ FRQVBKQWQR[ IGRXFEEGINNRIGHEBR O H V

S St
.DXVKLN 3 *R\DO 3 &KDXKDQ $ &KDXKDQ *
DQWLEDFWHULDO S RWUHIDFW\D & IR(OGWWDXLW HFDUGDPR
(ODLFKDQLDQ -RXUQDO RI 3KDUPDSFHXWLFDO 5HVHDUFF

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

BHUYHHQ . %RNKDUL 1 $ 6ROLPDQ '$: 3KRHGRWLE
GDFW\OIOIHDDDQG SLW H[WUDF®W Q HDIDWQYMW I/GI® HBWP G
SDWKRJHQLREDOWE IRIDOHGLFLQDOSSOHQWYV 5HVHDUFK
%LJODUL ) $O.DUNKL $)0 (DVD $ 0 $QWLRI[L
FRQWHQW RI YD WKRH/Q GD &BbiA X0 RV UPRPG, &RE PLVWU\
SS +

%KDW 5&DLED®Q 6 $QWLEDFWHULDO SBREBHQMWLHV
GDFW\OLDRGDWKHLU FRUUHVSBRQGDQY RU RN RIOR FIRFDVWD HS
SS =

& R ZD0QO0 SCGDREXFWY DV DOQW&BLRUREODO®L PURBM
5HYLHZVSS +
$KPDG , %HJ $ = $QWLPLFURELDO DQG SK\WRF

PHGLFLQDO SODQWAW XDJ DWW WEXQONV LK XU DSOD WRK R
(WKQRSKDUPDPFREORJ\

$\DFKL $ S$OORXL 1 %BHQQRXQH 2 <DNKOHI * 'DDV .
=RXJKODFKH 6 %RXGMHOODO $Q®HEBHVWHH®G $FWL®
JUXLWYVY %HUULHY DQG OHGLFLQDO +HUE ([\WQUDRWY $.
S$PHULPDU@VLDQ -RXUQDO RI $JULFXOWXUHSB@G (QYLUR
6DQL 1 0 $EGXONDGLU ) OXMDKLG 1 6 SKRH®QWLP|
GDFW\OGDMUHD SDOP RQ VRPH VHOHFWHG PAHPHHURY RI
-RXUQDO RI 3XUH $SSOE8HG 6FLHQFHYV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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$QWLR[LGDQW SURSHUWLHY DQG FRORU FKDU
VSRQJH FDNHV FRQWDLQLQJ IXQFWLRQDO FRF

=KLYND *RU ODULDQQD 5DGND 9UDC
7TRGRUND 3HWWRYIDQ 6WHIDQRY

A, QVWLWXWH RI )RRG BUHVHUYDWLR!
+8QLYHUVLWI RI )RRG 7THFKQRORJLHV 30ORYGLY %XOJDULD

$EVWI
.H\ZRUGV ,(QWURG 7KLV VWXG\ KD WKH HIIHI
DGGLWLRQ RI IXQFWLRQDO FRPSRQHQWYV
&DNH KXVNV DQG HLQNRUQ RQ WKH FRORU DQ'

SOQOWLR[LGDQW&SRRRBUWLHYV RI VSRQJH FDNHV
-HUXVDOHP DUWIPFWRNHDOV DQBGK P HMWKXWRIGRILGDQW DFWL
&RFRD KXVN VSRQJH FDNHV ZHUHWKHRGWXDIWTE EABB5$&
(LQNRUQ )5$3 DQG '33+ DVVD\ 6DPSOH DQDO\VLV
PHDVXUHPHQW RI FRORU SURSHUWLHV LQ
XVLQJ FRORULPHWHU
S5HVXOWY DQG7BHVV¥FRDOIORHYW DQWLRI[LGI

ZDV REVHUYHG LQ Z K H DMWY DGDROOUN FHIBN E\
IRXU PHWKRGV DV '33+ QR GHWHFWHG 7k
$UWLFOH KLVWRREQ FRFRD KXVNV SRZGHU DQG FDNH SUHSTE

EHHQ UHSRUWHG RQ WKH IRXU PHWKRGV II
SHFHLYHG DOWLR[LGDQKNH DDFOWVL RRLGDQW DFWLYLW\
SHEHLYHG LQ URRIVHEHEWWRD KXVNV SRZGHU DQG HLQNI

IRUP
SEEHSWHG IORXU LV WKH KLIJKBSWSBHWWHUPLQHG E\

PO 7(J'0 « PO 7(J'0 DQG $%7

DVVD\ « PO 7(J'0 « PO 7(
ZRUUHVSRQOGLQJO UHVSHFIKIHY MB\RQJH KFDNHHEZQWRU Q

DXWKRU ZKROHPHDO IORXU FRXOG EH GHYHORSHG

PRUH HIIHFWLYH DQWLRKH D QW K S QRIS/MN

=KLYND *RUDQRYD “ D “ DQG E “ YDO)

(PDLO FUXYW FRQWURO ZHUH QRW VLJQLILFDQW:

MLYNDBJRUDQRW®HR" WKk HLOQNRUQ ZKROHPHDO IORXU /

DEY EJ « E “ VR FDURWHQRLGV D

FRQVLGHUHG WR JLYH D JRRG DSSURIJLPI
HLONRUQ ZKROHPHDO IORXU FRPPXQLFDW

FRORU RQ WKH ZARWQ WILFR@® VD AR MW KDW RV
HLOQNRUQ ZKROHPHDO IORXU $FFRUGLQJ
ZLWK -HUXVDOHP DUWDRKRNFRFRD KXVNV Z
“( WKRHW DO FRORDVGRLSIFHWHIFLPHEOH E\
KXPDQ H\H

&ERQFOXVKRIQVSRABHZEWK HLQNRUQ ZKR(
IORXU LV ZLWK PRUH HIITHFWLKH MBRONRLR[L
"2, RQ WKH FRQWURO ZDV VLPLODU WR WKD\
: ZKROHPHDO IORXU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QWURGXFWLRQ

7KH TXDOLW\ RI FDNH GHSHQGV RQ WKH TXDQWLW\ DQ
IORXU XMHGSDQUDWLRQ ,W ZDV IRXQG WKDW PL[LQJ WZR ¥
KHOS WR VROYH WKH GHILFLHQF\ SUREOHP Rl FHUHDO DV
JLYHQ WR WKH XVH RI QDWXUDO DQWLR[LGD QW EHHDKVH
VIQWKHWLF IRRG DGGLWLYHV > @ )ORXU FRQWULEXWHYV
UHILQHG IORXU UZIFWK | @ROMWU HOQXW QFHVY QXWULWLRQDO ¢
GHYHORSPHQW WULFN\ 7KH SURGXFW LIRYQDRIORXNH PR PHZIl
DQG OXSLQ IORXU KDV EHHQ UHSRUWHG > @

5HVHDUFK VWXGLHV DQG FRQVXPHU GHPDQGV VKRZ W
LPSURYH WKH WH[WXUDO DQG IXQFWLRQDO SURSHUWLHV
EDUOH\ FORMY IDQIHFWV QXWULWLRQDO DQG IXQFWLRQDO
LQWR ZKHDW IORXU OHG WR KLJKHU DFFHSWDEOH TXDOLV

IORXU ZDV UHSODFHG ZLWK DSSOH SRPDFH >X@ LQHHQ
VSRQJH FDNHV SUR GXFHG D JUHHQ WHD FDNH ZLWK PRUHI
DV KLJKHU FRQWHQW RI GLHW® @DIQEQHE SRBGHQ RBNK KWW S/
IORXU $FFRUGLQJ WR WKH UHVXOWVLQFSRQIHRQQRI ODSH
JHQHUDOO\ OHG WR D GHFOLQH LQ WKH VSHFLILF YROXF
&KDQJHV IRXQG LQ WKH FRORXU RI WKH FUXPE DQG FUXV
ZLWK GDUNHU FUXPEV DQG EVX\QWFR DYRWIDSHHED QB E BH K.
H[SODLQHG E\ WKH GDUNHU FRORXU RI EDQDQD IORXU UF
WKH GU\LQJ SURFHVV RI WKHVH IORXUV %\ WKH UHSO
DPLQREXW\ULF DFLG WK/MW EE R DRAWFLDYNHH ¥ KDHUDH WO BU HD V H-
WR EH EHQHILFLDO VR KK /DX GHIDW WEYH@LVFORVHG WK
QDWXUDO DQWLR[LGDQWY RQ WKH EDNHU\ SURGXFWV )
DQWLR[LGDQW SBRSHDOM HR[DRIEQML FRQWHQWYV ZKHQ FRP

7KH DGGLWHR@ ®W GORXUV WR EDNHU\ SURGXFWV FUHLE
EHQHILFLDO WHFKQRORJLFDO SURSHUWLHY ZLWK EHQHIL]

ILWHUDWXWUZH UHY

6SRQJH FDNH LV D W\SH Rl VZHHW EDNHU\ SURGXFW FKL
DQG E\ LWV WKLQ FRORXUHG FUXVW 7KLV SURGXFW LV S
ZLWK GLIIHUHQW ILOOLQJV FRORXQE\DAGFDWHRXW IWR H
DVVRFLDWHG ZLWK FHOHEUDWLRQV DXDG PWHN WWQIVG DGV
E\ WKH FRQVXPHUV > @

$V KHDOWK SURPRWLQJ VXEVWDQFHV SK\WRFKHPLFDC
FRQVLGHUHG IRREWERQD @ LQ

7KH FDFDR KXVNV DUH FRQVLGHUHG DV D YDOXHG VRXU
WKH EDVLV RI SRWDVVLXP PDJQHVLXP FDOFLXP SUR
FRPSRVLWLRQ DQG SRO\SKHQROLF FRPSBRQ®&VDFRLIFKL A/D

@ &RQVXPSWLRQ RI GLHWDU\ ILEHUV RIIHUV KHDOWK |
FDUGLRYDVFXODU GLVHDVHV FDQFHU UHGXFWLRQ EORR
JOXFRVH OHYHOV > @ &RFRD SRG PKIOAN IDQHH W R HVGUW D IV G
SUHJQDQF\ IHYHU DDGWBXNRKWWG >@ @ WKDW LQ FDFDR EH
GLHWDU\ ILEUH YDULHV IURP W R DV WKH PHDQ LG
RI WRWDO ILEVWIG® @QWNVWDGH Rl WKH WH[WXUH FRPSRV

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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DQG GHVFULSWLYH VHQNWUFKRFROWWW RIXIORZV LQ ZKLF
LQJUHGLHQW DQG KDG EHHQ UHSODFWG @ER VIR
UHSODFHPMW®WO PRDPSOH WR ZKLFK FRFRD SRZGHU KDG
SXUSRVHV 7KH UHVXOWV LQGLFDWH WKDW VROXEOH FRF!
RLO LQ D FKRFRODWH PXIILQ IRUPXODWLRQ 7KH PDLQ DC
ILEUMYH PXIILQV KLIJKHU PRLVWXUH DQG D PRUH WHQGHU
IUDJLOH WKDQ WKH FRQWURO DQG UHGXFHG WKH VLJIQV
-HUXVDOHP DUWLFKRNH SRZGHU PDI®H DQRAK X UNNERMBNR VX
LVYIDOXDEOH SURGXFW ULFK LQ LQXOI$®FRYVGAHIOSDW NQ
=KHOH®NRKDV GHYHORSHG DQG SXEOLVKHG QHZ WHFKQ
FRQIHFWLRQDU\ EDNHUYV DQG SDVWU\ SURGWPWY¥HAML W&
WRSLQDPEXU IORXU GHILQLQJ LWV FXUDWLYH SUHYHQW
UHFRPPHQGHG WKH LQVHUWLQJ RI WRSLQDPEXU IORXU LC
WR EH LQ RSWLPXP TXDQWLW\ IURPH ARR SR QRQW K HD WRR\UD
UHFLSH 3URGXFWRQWDLQXKBWDSODDQWY VXFK DV -HUXVE
LQFUHDVLQJO\ LQWHUHVWLQJ IRU DSSOLFDWLRQ LQ IRRG
DQG WKHUHIRUH FRQVW LW XHAGH. DQI\D OZKW B IE GPHD \I YE®I FDVE_RADLEH
RI FHUHDO IORXU L@ EDNHNL Q UEREBPOMMWHIDUGHG WKH SR
WKH XVH Rl WRSLQDPEXU IORXU LQ WKH SURGXFWLRQ RI ¢
VXJDU GLDEHWWYXMWVDPHPH DVSHFW 6 1@ \DXJR ¥V MDFER HSAR \DION
WHFKQRORJLWNHRD ZIJWIHHWHQHG ELVFXLWV FRQWDLQLQ
KDYH IRXQG WKDW WKH LQVHUWLQJ RI WRSH I EREWKLIW R X I
VRUELWRO RU IUXFWRVH LQ DPRXQW XS WR DQG XS WR
KDV QRW ZRUVHQHG WKH VWUXFWXUDO DQG PHFKDQLFDO
7KH WRSLQDPEXU IORXUV EULQJV WRNERW B H¥ILQLGV RRG REL \
FRORU ZLWK JUD\ QXDQFH DQG RQ WKH RWKHU KDQG GHI
WKHLU ELRORJLFDO DFWLYLW\
JLEHUV DQG PRUH SDUWLFXODUO\ WKH VROXEOH RQHV O
DUH NQRZ@NVRHIURNK EHQHILWY OLNH VWLPXODWLRQ RI E
FDSDFLW\ UHGXFWLRQ LQ ERZHO WUDQVLW WLPH LQFL
UHVSRQVH DQG SUHYHQW GLVHDVHV OLNH LQWHVWLQI
FOGLRYDVFXODU GLVHDVHV@QG W\SH ,, GLDEHWHV>
(LONRWQWLFXP PRQRMNRBFXPSORLG KXOOHG ZKHDW DSSL
QXWULWLRQDO SURSHUWLHV LQFOXBX{RDIQ XL DK GS IDRWWH.LR
FRQWHQWY DQ/XMEK LW LV D SURPLVLQJ FDQGLGDWH IRU V
EDNHU\ SURGXFWVLAKBGEREMRNLHY KDG KLJKHU DVK Si
DQWLR[LGDQWXHADRE FRWHHQW WKDQ SXUH ZKHDW IORXU
FODVVLIXBEWRWRQD@ IRRBGNVRY @ XAK HBW XOWDEOH IRU WKH
OXWH.IFK IXQFWLRQDO IRRGVREHF DX Y31 FO XR\DH D YEDFBRDEGI V
IRRG SURGXFWYV DUH H[WUHPHO\ KHDOWKIXO LRD RXOGDDJH
GHJHQHUDWLRQ ZKLFK PD@UHVXOW LQ EOLQGQHVV >
&XUUHQW VWXGLHV LQWR IUHH UDGLFDOV KDYH FRQILU
HVVHQWLDO UROH LQ WKH SUHYHQWLRQ RI FDUGLRYDVFX
GLVHDVHWODDNZLQIODPPDWLRQ DQG SUREOHPV FD&VHG E\
6LQFH VRPH RI VIQWKHWLF DQWLR[LGDQWYV KDG WR[LJH
DQG VRPH QDWXUDO DQWLR[LGDQWY ZHUH HIITHFWLYH LQ
EXW OHVV HIIHFWLYH WKDQ V\QWKHWLF DQWLR[LGDQWYV
QDWXUDO DQWLR[LGDQWY BN HRRGS URTSHALD &

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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&RORU LV RQH RI WKH PDMRU DWWULEXWHV ZKLFK DIl
KRB D SUHHPLQHQW SRVLWI@R Qs WQWRR G BIFEW SRV DSXAUH K D
XVHV DSSHDUDQFH IDFWRUV WR SURYLGH DQ LQGLFDWLR
KDYH D SUHIHUUHG FROR®& IRU D VSHFLILF LWHP >

7KH DSSOLFDW MR®D RIIHRYRNQREMHFWLYH ZD\ Rl FRORL
EDVHG RQ WKH ZKROH YLVLEOH VSHFWUXP DQG PDNHV LW
RI IRRG SURGXFWV 7KH REMHFWLYH PHDVXUHPHQW RI |
SURG X FRVRVWKKHH UHODWLRQVKLS H[LVWLQJ EBWZHHQ FRO|

&KDQJH RI ELVFXLWV FRORU GXULQJ EDNLQJ ZDV D G\QI
RFFXUUHG DV UHVXOW RI EDNLQJ 7KH ELVFXLWYV IURP
FROXPW EHHQ QRWLFHG HYHQ?DIWHWRPL\QV RU HEG NELYF X&L W
FKDQJH Rl FRORU KDV EHHQ QRWLFHG ZLWK2ZELVFXLWV U
DQG PR@WKV @ RI VWRUDJH %URZQLQJ GHMHZRISGHQV
VXIILFLHQW DPRXQW RI GU\LQJ KDV RFFXUUHG ORUHRY
UHGXFLQJ VXJDUV OHDYHQLQJ DJHQWV VDOW DPLQF
WHPSHUDWXUH DQG WLPH %URZQLQJ ZDV WRHDQR®DO
FDUDPHOL]DWLRQSRIQHVR| RVKHKHQEDNLQJ SURFHVV DQG
GHJUDGDWLRQ G®ULQJ EDNLQJ >

7KH DBRYHWHQWHG EULHI UHYLHZ RQ DYDLODEOH GD\
VXIILFLHQW VFLHQWLILF WVLBHQKH \D-ERXQ/F WKRIQBIOHFRP !
DQWLR[LGDQW SURSHUWLHY DQG FRORU FKDUDFWHULVWL

7KH DLP RI WKLV ZRUN ZDV WR HYDOXDWH FRORU DQG
HQULFKHG ZLWK IXQFWLRQDO FRPSRQHQWYV REGKWY DMHP I
HLQNRUQ ZKROHPHDO IORXU DQG LWV XWLOL]DWLRQ SDL

DV D QDWXUDO VRXUFH RI DQWLR[LGDQWYV LQ FL

ODWHULDOV DQG PHWKRGYV
ODWHULDSGSRQIHM FDNHVY SUHSDUDWLRQ

5DZ PDWHULDOV VXFK DV ZIKHHRW WEIRX\B RR3 OW CB0HY % X O J I
($' JUDQXODWHG VXJDU =DKDUQL JDYRGL §$' HJJV ORFI
$ FRQWURO FDNH ZDV SUHSDUHG |IROORZLQX DOWUBKE LWL
EDWWHU IRUPXODWLRQ RI WKH FRQWURO FDNH ZDV DV |

HJJ ZKLWH UHILQHG JUDQXODWHG VXJDU
SDUWLFXODU D GRXEOH PL[LQJ SURFHGXURIZDAM \bESODLG
HJJ \RONV -HUXVDOHP DUWLFKRNH SRZGHU -$3 FRFRI
ZKROHPHDO IORXU (:) ZHUH DGGHG LQWR VSRQJH FDNH I
E\ UHSODFLQJ ZKHDW ( DIRY 6 R GINVEDBHYR W U YBVS RUGB RIXQV
PHED ORFVIQ GINGL @OHH WL RMQDNV R&IRU PLQ

(YDOXDWLRQ RI DQW RR [ILOGRXQWS @YHL ¥ DW HN V

'33+ UDGLFDO VFDYH®H QEIDFMWAL\YYRWWKH HIWUDFWV WR
VFDYHIBIMHUDGLFDO ZDV GHWHUPLQHG E\ WKH:VOQLOW®\ P
HW D@ 3UHVKO\ SUHBROHGEHWKDQRO VROXWLRQ RI '33+ Z
VDPSOHYV LQ D UDWLR RI Y Y 7KH OLJKW DEVRUSWL
WGLFDO VFDYHQJLQJ DFWLYLW\ ZDV SUHVHQWHG DV D IX

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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7UROR[S HTXLYDOHQW DQWLR[LGDQW FDSDFLW\ 7($& DQ
7UROR[S KDYLQJ HTXLYDOHQW $2$ H[SUHVVHG DV PRO 7(

$%76 UDGLFDOQUFDVYME\UDGLFDOV VFDYHQJLQJ DFWLYL
H[WUDFWYV DJDLQVW UDGLFDO FDWLRQ $%76% 2ZDV HVWL
SURFHGXUH ZLWK VOL@KWKMRGHMEDWNY. GV H[SUHVVHG |
7(J Gz

JHUULHFGXFLQJ DQWLR[LGDQW TKRZ His D \DWIV\D\) ZH FDUU
DFFRUGLQJ WR WKH SURFHGXUH R 9% 5$8] LDV DR\G PV X UG
FKDQJH LQ DEVRUEDQFH DW QP RZLQJ WR WKH IRUF
WULSWLUDHL@MA FRPSRXQG IURP FRORUOHVV R[LGL]JHG )H
GRQDWLQJ DQWLR[LGDQWYV 7KH UHVXOWYV ZHUH H[SUHVVHI

&XSULF LRQ UHGXFLQJ DQWLR[LGDQWRFD SDFVW\ VDXEHD
VROXWLRQV ZHUH DRIGH & RY¥ORORPRBRZWLR@®/ RITQHRFXSURL
PHWKDQRO VROXMR®Q DQGI P/ 1+ $F EXIIHU VROXWLRQ ¢

P/ Rl VDPSOH IROORZHG E\ P/ RI ZDWHU ZDV DGGHG V
ZHOO $EVRIIEDWQNFHH WHDJIJHQW EODQN ZDV PHMEVXUMRDRW
ZDV XVHG DV VWDQGDUG DQG WRWDO DQWLR[LGDQW FDSLE
7(J GZ

OHDVXUHPHQW RI FRORU RI VSRQJH FDNHV

7TKH LQVWUXPHQWDO PHDVXUHPHQW RI WKH FDNHV FR¢
&RORUWGH &RORULPH®B/QPIHU %XF 86% DQG WKH UHVXOW
DFFRUGDQFH ZLWK WKH &,(/$% V\VWHP &RORU ZDV PHDV.
WH VSRQJH FDNHV FUXVW DQG FUXPE 7KH SDUDPHWHUYV

/ >ZKLWHI® DUHHQQHVYV DQG EE |EHOQIDHWY B QG
\HOORZQHVV 7KH GRPLQDQW ZDYHOHQJWK ': RI D FROR
. D E

&RORULPHWHUYV JLYH PHDVXUHPHQWY WKDWQFBIQUEFH FRUR
JLYH WULVWLPXOXV [/ D DQG E YDOXHV GLUHFWO\ 'H
SDUDPHWHUY DQG YLVXDO VHQVRW HYDOXDWLRQ RI FROT

&KRIPD & LV WKH DVSHFW RI FRORU LQ E\ ZKLFK D VD
JUD\ RI WKH VDPH OLJKWQHVY RU EULIJKWQHVV DV GHILQ

& ¥D E

7KH WRWDO FRORUEEWIHHMOQOWHKH FRQWURO FAOALNHK DQG

IXQFWLRQDO LQJUHGLHQWY ZDV FDOFXODWHG DV IROORZ
(¥ “D " E

bv/ [ [ "D DD "E EE

7TKH YDOXHV XVHG WR GHWHUPLQH LI WKH WRWDO FROF
IROORZLQJ

( FRORU GDUHUMHRMWHREYLRXV IRU WKH KXPDQ H\H
“( FRORU GLIITIHUHQFHY DUH QRW DSSUHFLDWLYH E
! FRORU GLIITHUHQFHY DUH REY@RXV IRU WKH KXPD(

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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5HVXOWY DQG GLVFXVVLRQ

(YDOXDWLRQ RI DQWLR[LGDQW DFWNMNVNWLHYV RI

7KH UHVXOWY IURP DQWLR[LGDQW DFWLYLWLHV RI VS
HYDOXDWHG E\ IRXU PHWKRGVY EDVHG RQ GLIIHUHQW P

&X35%& 7KH DQWLR[LGDQW DFWLYLW\ LQ WKH HLQNRUQ
ZHUH EDNHG

IORXUYV

©
” - 33+
o ) 0$%76
o 0)5%$3
- 0&835%&
R o ! .
2% X Q ' .
¢ & & o«
X < N
&

7\SH RI VSRQJH FDNH

JLIXUH $QWLR[LGDQW DFWLYLW\ PO7(J '0 LQ IORXUV [
) *ZKHDW IORXU

6&&VSRQJH FDNH FRQWURO
&+3FRFRD KXVNV SRZGHU

6&&+3VSRQJH FDNH ZLWK FRFRD KXVNV SRZGHU
(:) tHLOQNRUQ ZKROHPHBWSRRKUH @&WKQNRUQ ZKROHPHDO
PO TUROR[ (TXLYDOHQWYV J GU\ PDWWHU

7KH VPDOOHVW DQWLR[LGDQW DFWLYLW\ ZDV REVHUY
HYDOXDWHG E\ IRXU PHWKRGV DV '33+ QR GHWHFWHG

7KH WRWDO DQWLR[LGDQWK AD §BIHL WD GLHAD DUWPRQHEQBEL Q
DVVD\ RI FRFRD KXVNV SRZGHU DQG VSRQJH FDNH ZLWK

PO 7(J '0 7KH DQWLR[LGDQW SURSHUWLHV IRU FDN
GHWHUPLQHG E\ IHUULF UHG X FiEBIVDQWRR[F®GDEWZ IS\RE

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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KXVNV SRZGHPBO 7(J '0 DQG WKH FDNH ZLWK HLQNRUQ
“ PO 7(J '0 7KH DQWLR[LGDQW DFWLYERRARRM®I 1XQ
KXVNV SRZGHU DQG HLQNRUQJEKR®HE® H\D & BIFPEREMG/ BY WK F
PO 7(J'0 DQGCDY%D6 PO 7(J'0 UHVSHFWLYHO\

7KH FDNHV ZLWK FRFRD KXVNV SRZGHU DQG FRQW
DFWLYLW\ RQ &835%$& DV VSRQJH FDNH ZLWWKIKHVMLERNRUKE
DUH HYDOXDWHG LQ UHODWLRQ WR WKH IUHH UDGLFDO $
)5$3 b &835$& &835%$& VKRZV D KLJKHU DQWLR[LGDQW FD
WHVWHG 7KH DQWLR[LGDQW DFWLYLWS RQHFRARD KRFRD/
KDV EHHQ UHSRUWHG RQ WKH IRXU PHWKRGV IRU GLIIHUH
$ VLIQLILFDQWO\ KLJKHU FRQWHQW LQ FRQMXJDWHG S
LQ ZDWHU FRRWROQRRRBFKP@ DQG ZDV DWWULEXWHG V
FRQFHQWUDWLRQ LQ HLQNRUQ NHUQHOV DQG IORXU RI W
7KH VSRQJH FDNH ZLWK HLQNRUQ ZKROHPHDO IORXU
IRRG ZLWK PRUH HIIHFWLYH DQWLR[LGDQW SURSHUWLHYV

&RORU RI VS\RQJH FDNH

OHDVXUHPHQWY RI FRORU SURSHUWLHYV IRU WKH WHV)
GLIITHUHQW IXQFWLRQDO FRPSRQHQWYV ZHUH FRQGXFWHG

&UXVW FRORWKRICADKMNHVW VDPSOHV KLJKHVW / YDOXI
R WKH IORXU KDG EHHQ UHSODFHG E\ HLQNRUQ ZKROH
VLIQLILFDQWO\ DV DGG -HUXVDOHP DUWLFKRNH SRZG
FRFRD KXVNV SRZGHU KDG ORZHVW YDOXHVLRKWHWD QG

DQG PRUH VDWRUD@HGFRORXQY 7DEOH
7TDEOH
&UXVW FRORU YDOXHV RI VSRQJH FDNHYV
&RC 7\SH RI VSR
FKDUDFWHULYRQFV  :LWK LWK ¢ LWK (
/ “ “ “ “
D “ “ “ “
E “ “ “ “
&
7¢

7KH YDOXHV DWH BYHUDJH

7KH VDPSOHV ZLWK HLOQNRUQ ZKROHPHDO IORXU DQ(
E \HOORZ FRPSRQHQW LQGLFDWLQJ D VLIJQLILFDQWO\ E
7TKH OLIJIKWQHVYVY D DQG E YDOXHV IRU FRERWKRY H RU NV R
FDNH ZLWK HLQNRUQ ZKROHPHDO IORXU VR FDURWHQRLC
DSSUR[LPDWLRQ WR WKH FRORU WKDW HLQNRKI ZERIDHP
SURGXFWV KDG WKH KLJKHVW KH @R¥IHRMXVAK UIRRRID FKIU RB R
GHWHFWHG DW WKH FUXVW |IRU WKH FDNHKHRGWPLQDQW

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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ZDYHOHQJWK '@ RI D FRORU DW FUXVW KDYH WKH KLJKH
DUWLFKRNH SRZGHU $FFRUGL QW RNUR WKHVRH DUHWV XFEKRWRW H F
KXVNV ZKHURZDWKBSSUHFLDEOH E\ WKH KXPDID BWHQH(] !
&HUYHWDBOMGGLQJ VROXEOH FRFRD ILEUH JDYH D IDLU
+RZHYHU WKHUH DUH SRLQWYV KWEBD W K H TORNM RIPISHIRIYKHP |
ELWWHU WDVWH DQG D FHUWDLQ VXUIDFH VWLFNLQHVYV
7KH FRUUHODWLRQ EHWZHHQ FRORU SDUDPHWHUV RQ F
7& RQ WKH FRQWURO VDPSOH ZDV VLPLODUONI®D RVKIDW RI

&UXPE FRORU7TRHFDINHMOWLRQV LQ WKH FUXPE FRORU R
FRPSRQHQWY DV IORXU UHSODFHU ZHUH VLPLODU WR WKF
ZLWK HLOQNRUQ ZKROHPHDO IORXU ¥BRRAHGHWOKLD WWWHRYVIW IV
D EULJKWHU FRORU 7KH FUXPE FRORU RQ WKH FRQWURO
HLONRUQ ZKROHPHDO IORXU 7KH FRORU WRQH RI FUXPE
FRFRD KXVNV 7KH ORZHWWHY B & WH{WV WRHG AHXW R\PKDHZF U XP E | R
-HUXVDOHP DUWLFKRNH SRZGHU DV IUXFWRROLJRVDFFKD
ZLWK WKRKBOXHYV ZKHUH RQO\ WKH HLQNRUQ ZKROHPHDO |
FRORU GLIIHUHQS&HUMIKDWEDHHVEQ RWK D KOKRSIUER HAHWN O L Q D
> @ VWXGLHG FKDUDFWHULVWLFV RI FDNHV HQULFKHG Z
WRSLQDPEXU WXEHUV DW D FRQFHQWUDWLRQ RI
-HUXVDOHP XGWUFKDRMWED FROFHQWUDWLRQ RI DQG V\
VWRUDJH WLPH WZR GD\V WKDQ FRQWURO VDPSOHV ZLV
PRLVWXUH ZDV REVHUYHG LQ FDNHVY HQULFKHG ZLWK -HU>
Rl DQG 7TKH FRQFHQWUDWLRQ RI -HUXVDOHP DUWLF
SUREDELOLW\ RI VXEVWDQWLDOO\ LQIOXHQFHG WKH
FKDQJHV LQ FRORU ZHUH UHIOHFWHG E\ WKH YDOXHV /| C
FDNHV ZDV GHWHUPLQHG LQ VDPSOHV ZLWK D DGGLYV
'"HWHUPLQHG LV FRUUHODWLRQ EHWZHHQ FRORU SDUDPH
7& DV WKH KLIJKHVW YDOXHV IRU FUXPE FDNH KDYH SUR

7TDEOH
&UXPE FRORU YDOXHV RI VSRQJH FDNHV
&RC 7\SH RI VSR
FKDUDFWHUL&YRQFV LWK LWK ¢ LWK (
/ “ “ “ “
D “ “ “ “
E “ “ “ “
&
7¢

7KH YDOXHV DWH BYHUDJH

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
&RQFOXVLRQ

6SRQJH FDNHV ZLWK IXQFWLRQDO FRPSRQHQWV KDG
DQWLR[LGDQW DFWLYLW\ ZKHQ FRPSDKH® QWLR [WEBIQW W
LQ WKH HLQNRUQ ZKROHPHDO IORXU ¥BWXGWAK RQ/DEXVNV G
PHDVXUHPHQWY RI FRORU RI FUXVW DQG FUXPEH RI VSRC
LQ &,( DQG &,(/ D E V\WWHPV DUH LQ JRRG DJUHHPHQW
DQG EULJKWQHVYV TRAHF D NHK WIRHS/VHWD D Q QR EW Y B O XHVU HR @
VLIJQLILFDQWO\ GLIIHUHQW IURP WKRVH RI WKH FDNH ZLW
DQG OXWHLQ ZDV FRQVLGHUHG WR JLYH D JRRG DSSURJ[LF
IORXU FRPPXQLFDWHY WR FDNHVROKHD FS® R EZBR ORWP LRID V
WKH FDNH ZLWK HLQNRUQ ZKROHPHDO IORXU $FFRUGLQ.
DUWLFKRNH DQG FRFRDZIOXVNYSIKHU B BADKH &V B KUHHK X DDQ F
WKH JRRG IXQFWLRQDOLWR@H QWM A QXPFMWL RRDPX PG R (
LQJUHGLHQW LQ FRPSRVLWH IORXUYV

5HIHUHQFHYV

$®D\HG + 0 $ $KPHG $ 5 S8WLOL]DWLRQ RI ZDW
PHORQ SHHOV DV D QDWXUDO VRXUFH RI $&QIQMHRMW)\ ILE
$IJULFXOWXUDO 6FESQFH

2Q0XHJEX 1 & ,KHGLRKDQPD 1 & 2GXQJH 2 ) DQG 2MXN
ZKHDW ODL]H FRPSRVLWH IORXU DV DIIHFWHG E\ ED!
SURGXBMALRQRRG L

$KPHG $ 5 ,QIOXHQFH RI FKHPLFDO SURSHUWLHV RI Z
FDNH T¥POLWRRG 6FL 78H&KQRO
<DTRRE 6 ®%DEDVRRGLGEKDILWD]D] 5 MBHARXWRLQJ

REDNH TXD@IKWHBEBMIURPH\ IORXRXEBEQBQGRI )RRG OHDVXUH

&KDUDFWHUL]®SVLRQ

6XGKD 0/ %DVNDUDQ 9 /HHODYDWKL . $SSOH

ILEHU DQG SRO\SKHQROV DQG LWV HIIHFW RQ WKH UKH

JRRG RKWWU\ SS=

/X 70 J/HH & & ODX -/ /LQ 6 4XDOLW\ DQG DQ

WHD VSRQRRG EXHPLVVBS\ +

6HIJXQGR & G5RPiQ/ /RER O ODUWLQH] O *yPH]O

DVRXUFH RI DQWLR[LGDQWYV 3@DQDVH B ROG/G *KPRIS\E UF D N
+

8oDU % +D\WD 0 %LRDFWLYH DQG SK\VLFRFKH!

SRZGHU DGGHG)RERBQDE G B NB B\8K

OLFKDOVNDL®VNSHIO $PDURZLF] 5 S3LVNRDDNO . 6]D

=LHOLQVNL + $QWLR[LGDQW FRQWHQWY DQG DQW

EUHDRXUQDO RI $JULFXOWXUDO B®6 )RRG &KHPLVWU\

B8UHWD 0 20LYHUD 6DOYDGRUL 9 ,QIOXHQFF

TXDOLW\ DWWULEXWRSG BRF MSRRH D GONHFKQROBSE ,QWH
+

&RQIRUWL ) ' 'DYLVKG®I HIIHFW RI VR\D IORXIDDQ@GDIOL

UHSODFHPHQW IRU E,QNMDHU DO WHRDW E URPWBGQD O K )RR G
+

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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6LPDNKLQD * 1DXPHQNR 1 .KDODSVLQD 6 %LRC
8NUDLQLDQ )RRG -R¥®QDO

%RQYHKL - 6 9 &ROO BURWHLQ TXDOLW\ DYRRGVPHQW
5HVHDUFK ,QWHUSBDWLRQDO

&KXQJ % < ,L\DPD . +DQ . &RPSRVLWLRQDO
7KHREURPD FIDED®LFXOWXUDO &KHPLVWU\ DG %LRWHE
/IHFXPEHUUL ( ODWHRV 5 UHTRLHURAR O SKSDYR /
'LHWDU\ ILEUH FRPSRVLWLRQ DQWKRPLEDQWS BERSBE W
ILEUHFK SURGXFWKINRPURFRPPRORKHPLVWUS &

4LDQJ ; <RQJ/LH & 4LDQ %LQJ : +HDOWK EHQH

ROLJRVDFERDEREHWUDWH 3R®BFHUV

2\H\HPL 6 7HGHOD 3 2 2\HGHML 2 ( $VVHV

SRWHQWKHBRR PR FDF@RIIHH OLEANEBEDDLQLDQ )RRG -RXL
SS+

ODUWERHW]YHUD 6 6DOYDGRU $ OXJXHU]D % ORXOD\

&RFRD ILEUH DQG LWV DSSOLFDWLRQ D/N7Dx)RWRGUHSOD

6FLHQFH DQG 7HFXRRORJ\

.RULDFKNLQD 6 , .DUDGQRQOD 2 & 5D]JUDERWND

NRQGLWHUVNLNK L]JGHOLL GLDESWIHKKLYNRRR UQPHQ

HVWYHVWYR]O®QLLD

$YDLODEOH DW ZZ2® WRSLQDPEXU QH

3UDJQLN : &LHVOLNORUNLDH@LBPNS$ 6ROXEOH GLI

-HUXVDOHP DUWLFKRNH SRZGHUV &RPLORWIIQLURQ DQG I

SS &

5XEHO , $ 3HUH] ( ( *HQRYHVH ' %  OWLFWKIPTHQW R'l

ZKHDW EUHDG ZLWK -HUXVDOHP DUWLFKRNH LQXOLQ

TXDORWG 6WUXFS\SXUH

$EGHDOGK 0 <RXQJ - & :RRG 3 - B5DEDOVNL, +XFO

5HLG - (LONRUQ@ GLSRWHQWUDAHFH O R KUHUHBIOIK O

&KHPLVWLUWBS *

+LGDOJR $ %UDQGROLQL $ 3RPSHL & 3LVFR]JL 5

HLQNRUQ UZKWDRMXP PRQRFRFFXP VRX URP@RRREAXMDO 6
SS+

1IDNRY %UDQGROLQL $ ,YDQRYD 1 'LPRY, 6WDPDWR

HLOQNRUQWLFXP PRIQRERRBXPPHDO IORXU OFEKGPWEBQ R

FKDUDFWHULVWLFV ELRORJLFDO DFWLYH FRRSERXQGV

-RXUQDO RI &HUHDSB &FLHQFH

3DUN 6 + /LP + 6 +ZDQJ 6 < (YDOXDWLRQ RI

SK\VLFDO DQG VHQVRULDO SURSHUWLHV RI ZKHDW IOR

SRZGHRWRG 6FLHQFH DQGWHUE & Q RASSMHD O

%ODVD 0 *HQQDUL / $UJHOLQR ' 1LQIDOL 3 YU
LQ +HDOMUKRDEWLYH )RRGV LQ)BXRWRWLAG 9 MIDFOMEKDO H
(OVHYLHU #QF KS\WVSV GRL RUJ %

.LRNLDV 6 9DU]DNDV 7 2UHRSRXORX 9 QY

IODYRQRLGY DQG QDWXUDO SKHQROLF DQWLR[LGDQW\
EDVHG VEMM/WR¥DO 5HYLHZV LQ )RRG ®BLHQFH DQG 1XW
%D]KDKH]KHUXQ 6 $®BWRQVAND 0 %LRORJLFDOO\ C
JUDLQ DV Z IXQFWLRQDO PBRRIRQHQ QY FRRI® DRHE EDW V

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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6DGLOHN 7 BHUFHSWLRQ Rl )RR®WXDBLW\YEHZR
(XURSHDQ 5HVHDUFK 6WXGSBHYV -RXUQDO
%DUUHWW ' 0 %HDXOLHX - & 6KHZIHOW 5 &RO|

TXDOLW\ RAWUIMMKKWY DQG YHIJHWDEOHYVY GHVLUDEOH C
PHDVXWHPBQG WKH HIITHFWVYLWRILBD&®FHNWIHZY LQ )RRG
IXWULWLE®=+

*UDQDWR ' ODVVRQ 0 / ,QVWUXPHQWDO FRORU

EDVHG HPXOVLRQV D UHVSIRQWHDVKUTHB FB ABGRAIRMDE K $ (
SS =

1IDNRY * .RPOHQLU' . 6WDPDWRYVND 9 AaXaDN $ -

WLPH RI EDNLQJ DQG GLIIHUHQW UROH R EDUODAGRR X L
+\JLHQLF (QJLQHHULQJSBHG 'HVLJIQ

$QHORY / %HNLURY % *HQDGLHYD 0 $SWDQ@VRY 6
+DQGERRN RI EUDQFK VWDQGDUGY UDWHV RI FRQVXPS
FRQIHFWLRQ BB X UH

%UD:QGOLDPV : &XYHOLHU 0  %HUVHW & 8VH R
HYDOXDWH DQWLR[LRRGW PIFFMQFH WQ G 7SIHKQRORJ\

5H 5 3HOOHJULQL 1 3URWHJIJHQWH (¥D@D@QDOD $
$QWLRM GBQWLYLW\ DSSO\LQJ DQ LPSURYHG $%76 UDGLI
JUHH 5DGLFDO %LRORJ\DN® OHGLFLQH

%HQ]JLH ) 6UDLQ - JHUULF UHGXFLQJ DELOLW\ R

SDQWLR[LGDQW SRZHWQ VR P53 3% DR FIONPEV W U \

$N 7  *s00LQ , $QWLR[LGDQW DQG UDGLFDO VFD

&KHPARORJILFDO ,QWISBDFWLRQV

3RSEPOMLU - 9 3HMWORRLMHYLG - * 6HQVRU\ SU

PHDVXUHPHQWY RI GLHWDU\ FKRFRODWHY ZLWK GLIIHU}
GDB®HQVRUYV SS+ GRL v

3DWKDUH 3 % 23DUB § $¥ $O &RORXU OHDVXUHPHQW
JUHVK DQG&/BBRRIRGYV )RBBYWHESURFHVV BSEKQRORJ\
%DL[DXOL 5 6DOYDGRU $ )LV]PDQ 6 0 7TH[WXU
VWRUDJH DQG VHQVRWVVRKRIQW DILOH I (BMRISVHD QR QW RGN
5HVHDUFK DQG 7HBISQRORJ\

+LGDOJR $ %UDQGROLQL $ 3RPSHL & &DURW
EUHDG DQG ZDWHU ELVFXLW S)YRRSD &R WRRQENRP ZKHD'

+LGDOJR $ )HUUDUHWWR $ 'H 1RQQQL 66tRVWAVUDQIG B O L&
%LRDFWLYH FRPSRXQGV DQG DQWLRHIQWDREKWHSUR
ZDWHU ELVEXLWV DQG WKRHGE & KBPYMBEBIR:t GLIJHVWDWH YV
*HGURYLFDUNOLQD &KDUDFWHULWWAHWXRD GERH
DUWLFKRN&KSRZGHUHFKQRORJLM S

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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,PSDFW RI FU\RSURWHFWLRQ RQ PLQLPL]DWLF
DFLG ORVVHV LQ IUHH]LQJ RI EHUULHV

*DO\QD €N LQD 1DWDOL\D 1
6YLWODQD %HKOHWI XQ 6 Y. DW D@\ONDD

IDWLRQDO 8QLYHUVLWI RI IRRG

$EVWI

-H\ZRUGV , QW UR G XFVQLRQ | RVD R DR DEFILER V \GKW L Q J

IUHH]RQIGJ R]M @ R RDEMU WFIDHND FK L HEXMB U LR X V
%HUU\ PHWKRIGU\RSURWHKRAWRRMHFWLYHV RI WKLV UH\
JUHHILQJ FRQILUP WKH LPSDFW Rl GLIIHUHQW FU\RSURW
&U\RSURWHFWRBRUELF DFLG ORVVHV GXULQJ IUHHILQJ DQG |
"HIURVWLQJ ODWHULDOV DQG %LPHEWURIGWY EODFNEHUU
9LWDPLQ FKRNHEHUULHV LQ IUHVK IURJHQ DQG GHIURVYV

WKLV DUW ISHIH HQWM VROXWLRQV RI PRQR DQG C
SHUFHQW VROXWLRQV RI RIHDRHGWD FIR®WX VDIORS
LQRUJDQLBQ\HJ,QWP FIKORULGH ZHUH FKRVHQ D

7KH DPRXQW RI DVFRUELF DFLG LQ GHIURVWHG
$UWLFOH KLVWRWY RRE@DQ PHWKRG ZIGWRKORGISMPHQROLQGRIH
ZDV WKH FULWHULRQ WR FRQILUP WKH HIIHFWL"

SHFHLYHG 5/ XOWV DQG BGKMNMFWUDIGRWLRQDO PHWKRGV

EHUULHV KDG SMRRE® WKW ZRIOWKH VLJQLILFD
SHFHLYHG LQ BRHERVEGF DFLG 7KH ODWWHU PDGH XS WF
IRUP SURGXFWV DQG WR SHUFHQW WIK® WKRYV
$FFHSWHG UHVXOW RI FU\RJHQRXV GDPDJHV RI EHUULHVY

WKHUHLQDIWHU WKH FDXVH RI DVFRUELF DFLG R
LWV OHDNDJH WRIJHWKHU ZLWK FHOOXODU MXLF

&RUUHVSRQGLQJ 7KH EHUULHV SURFHWLHGE ZROKWURQM BHilRU
DXWKRU ZHUH EHOLHYHG WR NHHS WKH KROLW\ Rl WKHLL

WHUP IRU PROQWKYV I[IURJHQ VWRUDJH DQG
*DO\QD NH@PD HIITHFW RI DVFRUELF DFLG UHWHQWLRQ LQ PRV

(PDLO UHODWLYWO\DWRXQW LQ IUHVK UDZ PDWHULDO
O\XWLN # DFWLRQ RI FUN\RSURWHFWRUV DW WKH VWDJH F
JPDLO FRP DFLG ORVVHVY GLG QRW RYHUFRPH WR SH
IRU PRQWKY DQG GHIURVWD®BRWKIHF UHALLGE RD G
XS WR SHUFHQWY OHDQZKLOH WKH FR

IUR]JHQ ZLWKRXW SURWHFWRUV KDG JRW DVFRU
WR SHUFHQWYV
7KH DXWKRUV Rl WKLV DUWLFOH SURSRVHG \
E\ IRPWHJRULHYVY DFFRUGLQJ WR WKHLU FU\RSUF
DVFRUELF DFLG WKH FU\RSURWHFWRUV ZKLFK
DFLG UHWHQWLRQ OHVV WKDQ SHUFHQWV ZH
XVDJH 7KH FRPSRXQG FU\R'S WRMWHIIFMRWIY W XKL
WKRVH VLPSOH[ 2QO\ WKH EHUULHV IUR]JHQ E\
FU\RSURWHFWRUV KDG UHFHLYHG WKH KLJKHV\
LQGLFHV
2, &RQFOXYHBRQV] DWHIRRURIWLFDO NQRZOHGJH LC
FU\RSURWHBVREURCRJI\ VFLHQWLVWYV KDG VKRZC
; RI FUNRSURWHFWLRQ LQ EHUULHV IUHH]LQJ

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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,QWURGXFWLRQ

$FFRUGLQJ WR WKH SURJQRVHV E\ DQDDOBHBYV\ WRE C
YHIJHWDEOH SURGXFWV LV JURZLQJ FRQVWDQWO\ LQ WK
FRQVXPSMIFRUHDVLQJ RQ DXOPRE&W V NHUFHWOWXVODWLRQ SUT

7KH XVDJH RI DUWLILFLDO FROG FDXVHV PLQLPDO FKD¢
RI WKH UDZ PDWHULDOV DQG IRRGVWXIIV REWDLQHG IURF
> @ O RQLUWKK IVWPHH W KA\RBG H VWU RIRRISD WHBU D BM]UE J D LGV \D J
HFRQRPWS HFLOHVY S KOWNRWR PH. J Q L LG D QGWEIRABD I L WKQ
PHWKREKH SRBIOHUYDWYLRRUL]IDWLRQ VWHW@E.OL]DWLRQ G

7K LLVQ R R Q GAHKUD RS H F L DQRIRVAR/IVHIQ FSHU L RV WRH W IRFF® O G
SUHV H WRMDDZDRVH D QIEQNRR G VW@ IRE VPR GLILFDWLRQV DQG YI
WKH %VDJH @

0H D Q Z KI@HQ WD Q@O WU RS KR P H VIR SIQSW\R G B BARMW W
LV V X BG DV RIDMAEOHBW SHFLDOO\ IUXLW DQG EHUULHV WKF
PRVWO\ Rl ORZ TXDOLW\ GXH WR GLVDGYDQWDJHV LQ WK
VWRUDJH RI KD@94 L RORS KW BEM WHHS R WHRE J Q L IFIFIRGWQ R X V
GDPDGKVLWHHE Q JERQ VH T X HQ WMOOIFMEMIEH. R O R JLF\W DYOH
VX EV W\ RIBARQ WD LW B P L Q WHDIOP PQQYRRPSRQHQWY DV WKH
FRQVWLW X DQBNURI\ IWXZ \RHBVRM@VHDORY WA Q J

+HQFHIRUWK WKH LPSURY HRHOPVS HRJDW KK HH M W WHIQRO R
EHUU\ DQG YHJHWDEOH UDZ SURFHVVLRQ SDUWLFXODUC
FROWKIRWKHU SK\WLFDO DQG WHFKQRORJLFDO IDFWRUYV
SURGXFWV @

7KH DQDO\WBD RIHXBFLHQWLILF ZRUNV RQ WKH WRSLF R
WKH PHFKDQLVPV RI FU\RJHQRX WG B PIDHW K RRA VS &/ RQSW RW E
DUH VWXGLHG SURIRX®GO\Z&KQFRULREERPRDOUDWLYHO\ \RX
JHQHUDO ELRORJ\ 2XU VWXGLHV RI IXQGDPHQWDO DQG

V V DW WKH FU\RELRORJLFIDDWFQWMDNVQRI)BOKFH -D
JHQHUDOL]JLQJ WKH UHVXOWV RI WKH\IZHYMW IKXQGHBYRG M YL
WKH ZRESI & EYBPR@ZKR VWXGLHG WKH EHKDYLRU RI GLIIHUF
IUHH]BQULORRSE *U\WKKHQ®RZKR UHVHDUFKHG WKH SUREO
SUHVHUYDWLRQ RI <-4 8URG XMFOERRH GFH®ICADWHG KLV ZRUN)
WHPSHUDWXUH SUHVHUYDWLRQ RI FHOOXODU VXVSHQVLR

7KH JHQHUDO FRQFOXVLRQOR/SWKE WRRIORHE WY U X\WWH Y-
ERWK LQVLGH DQG RXWVLGH WKH SODQW FHOOV FDQ EH
DQG WLVVXHV JRHV RQ ZLWK D KHOS RI YDULRXV FU\RSU|
OLTXLG SKDVH VRKUDUFIMFXWHHU DRI GF WAK/MWW DO PDNLQJ

%HFDXVH WKH QDWXUDO ELRORJLFDO REMHFWV LQ PH
VLPLODU E\ FKHPLFDO FRPSRVLWLRQ DQG FHOO VWUXFW
JDLQHG E\ DIRUHVDLG WKHRUKMWWXRBHIR RE WHKIHF KZRRINR/J K
VPDOO HQRXJEKHUHIRUH HDFK QHZ UHVHDUFK LQ WKLV
GHYHORSPHQW DQG XVDJH RI WKH QRYHO HIIHFWLYH PHW
WKH UHWHQWLRQ RI WKEH RORLIR B D ODPRXRMLW IR VXEVWDQF
RI DOO DV WKH PRVW OLDEOH FRPSRQHQW IURP UDZ PD\

7KH REMHFWLYHV RI WKLV UHVHDUFK LV WR VWXG\ V
FRPSRXQGV RI ERWK RWRIDJLE DQRP PNRHUDIHZSRLQW RI
DVFRUELF DFLG ORVVHV GXULQJ IUHH]LQJ IUR]JHQ VWRUD

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

ODWHULDOV DQG PHWKRGYV
30bQwW UubzZz PDWHULDOYV

‘H FROQGXFWHG WKH UHVHDUFKHV ZLWK ELOEHUULHYV
VHOHFWLRQ ZDVKLQJ DQG FRQWDPLQDQW UHPRYDO DOC
ZLWK FU\RSURWHFWLYH VROXWLRQV RI ERWK RUKDQLF D
GHVFULEHG LQ WKH ZRUNV R@GFUWWRHQ RDIRUVWK SURYHG LC

&U\RSURWHFWLYH VROXWLRQV

$PRQJ RYHU GLIIHUHQW FU\RSURWHFWLYH FRPSRXQG
JOXFRVH IUXFWRVH DQG WYARWRWHRURIFIDIQGE BRQGRLFL
FKORULGH IRU RXU UHVHDUFK 7KH SUHOLPLQDU\ VWXGlL
FU\RSURWHFWLYH VROXWHRGMQI WIRQFHIWUDWLRQ DQ
HIITHFWLYHQHVV RI FRPSRKEHYG | 8 HRVRKEMEREBWP SSR V@RW L R Q V
FU\RSUR W HMWKRRO O R BURSE R UWARIRWSH U F HDE\L. WD E EG
SHUFBQXW R\SH U F 1D QFLWDUFILFS H U F HUIQXWE W ROHHU F BQRLW U L F
DFLESHUFW®WELF SAUGBHQ®W EHQ]RLFHDFI®W DOVR VLPSC
FU\RSURWHMWRUBVLXP FKORUEB®XAURVSIHUFHQWWXFRVH
SHUF HDAMBVI U X FSHRWAFH QW V

2EWDLQLQJ WKH IUR]JHQ EHUULHYV

$IWHU DFFHSWDWLRQ Q@DYWLQBHPRYGOFRQHDEHUULHYV
FU\RSURWHFWLYH ¥RE®XQ LRQ W BN ULRRP WHPSHUDWXUH 7
VFDWWHUHG LQ UDSLG IUHH]HY RVWKWRK RMRLPBHUSRO)GHG
SDUDPHWHUV RI UDKIEG) RUTHDINK\QHRBEOHE S H i D W XKILHD W K H
PLGGOH Rl WKH EHUULHV VFDWWHUHG

JUR]JHQ EHUULHV ZHUH SDFNHG LQWR WKH SDFNDJHV RI
RI SDFNDJH KROLW\ DQG KHUPHWLF VHDOLQHURN WRW HBKG .
WHPSHURWXDHQAIUHODWLYH KXP LG LSWH UFIH@R W RMBR. X D Q
IUHH]WGEGEH U Z H¥H | U RDAMWHAKE P SHRDW X (KL Q WKH ZDAMWHU EDW
EHUUWRNE\QV KH W U BVGILFW QRREDRON K R X WRALHRW RUYV  VHUYHG \
VSHFLPHQV

'HILQLWLRQ RI YLWDPLQ & FRQWHQW

7TKH FRQWHQW RI YLWDPLQ & LV WKH PDLQ ELRORJLFD
GHWHUPLQH WKHLU QXWULWLRQDO DQG ELRORJLFDO YDO
SUREDEOH LQGLFDWRU WR H[SRVH WKH SHUIHFWLRQ RI
GHILQHG LQ EHUULHV IUHVK IUR]JHQ DQG GHIURVWHG E\
IURJHQ ZLWK D KHOS RI FU\RSURWHFWRUVHDKHREZ QWIKERGE F
EDVHG RQ WKH XVEBIHRORBEKHRROIGD GRIHQRODWH

(YDOXDWLRQ RI VHQVRU\ LQGLFHV RI ITUHVK DQG IUR]JHC

+DYLQJ EDVHG RQ WKH OLWHUDU\ GDWD DQG WKH UHVX
LQWHUSUHWDWERMHW RY WLKFY FRDWHQVRU\ SURSHUWLHV R
KDOI SURGXFWYV PDGH RI WKHP LQ RUGHU WR JLYH WKHP
HODERUDWLSRRL RW NKFBHOH WR HYDOXDWH HYHU\ LQGH]
UHTXLUWRH@WN UDZ PDWHULDOV DQG JXDUDQWHH WKH K|
WKH HQWLUH VWRUDJH WEU K BDRUR JISKQRGEHEWWXEGH I RNARVGV L Q J
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VOLJ&WMOHWRR HY R E\W K N HQ VLRUG LOFGSX D O L WHORASLRAVHWKIL/Q
V K R E @\GRHD LFQJ L WRISH B IHRWKRIQQRN HXBBK Q R& RQ\F HZIRU W K
I L U VSAJGI\V HQKRHKIU D F WRHEJR. WO EIWY H D QIBAXANH R]JKRSURG X FW V
REW DIUGRW® HP J XU H

LIXUH
0HWKWBVDOW[BPPDH\QﬂQVLFQ,,GLR:IHJ\HDQIGJR]EIQUUL)HV
QG SHVHI &KDUDFW
VXEMHFWYV
$SSHD | IU} FO IUl ZLWK EODFN ZLWKRX
ELOEHUULHV DQIGRPIRRNRRKY ULGHWDW XU L\
ZD[ SODWGHZLWK SURSHU VKDSH
IUR FO IUR ZLWK EOX WX QRW V1 DC
ZLWK SURSHU VKDSH
7D\ Ut LPPDQHQW WR WI ZLWK WKH WD)\
DVWULQJHQW VOLJKWO\ ELWWHU| RU VSl
IUR LPPDQHQW WVSH ZLWK WKH WD)\
DVWULQJHQW VO L MW KH WEBLWWIHHRID \RWO V. $ k
YDU\ GXH WR WKH FKLOO VWUHVV
&R Ut LPPDQHQW WR WI FRUUHVSRQGI
PDWXWKWM\FRORU LQWHQVLWWLYV GHILQHG
PDUNHU
IUR LPPDQHQW WR WI ZLWK QR GHFC
WKH QDW X\WOH FIRROORRULQWHQVLW\|PD\ LQF
DQWKRF\DQLQH VIQWKHVLV DV WKH UHDF
6XUI Ut G FO ZLWKRXW GDPDJHV D¢
VWDWH ZLWKHWH®HQGHQWO\ RQ WKH SRPRORJLFI
PRLVWHQWGKDUYHVW PDWXULWKB®QG WK
SHHO LV GHQVH
IlUR FO VOLJKWO\ QDWXUD ZLWKRXW
RI WKH SHHO DQERFNE®XODU MXL|FH
2G1 Ut SUFWR WKH FHLOL VWI VXEWO
IUR SUFWR WKH FHLOL VWI VXEWO
PD\ EH JDLQHG DV WKH UHVXOW RI WKH F

$IWHUZDUGY WKH PHQWLRQHG VHQVRU\ FKDUDFWHULYV

ILYSRLQW VFDOH HODERUDWHG E\ WKH DXWKRUV RI WKLV I
FOHDQ DQG IUHVK RI WKH LQWHQVLYHHRORDQBLL &EPHA H B
WKH LOQWHQVLYH RGRU LPPDQHQW WR WKH FHUWDLQ VSH
FOHDQ DQG IUHVK ZLWKRXW GHIHFWV DQG GDPDJHV XS
VOLIKWO\ SHUFHSWLEOH VWWUBRORUVREPFNQHIGN RGR W KRH
ZLWK FORDYW ORUIDFH 7KH p §f JUDGH ZDV JLYHQ WR WK
GHIHFWYVY DQG GDPDJHV XS WR SHUFHQWYV RI LPPDWXUH
RGRU RIQ@WRIDOVLYH FRORU

TKHFHBULHVY WKDW KDYH JRW WKH p 1DQG p 1 JUDGHV DU
DUH IDGHG EHUULHV QRW KRPRJHQRXV LQ VKD/WBIQGZDWE& (
LWHPV ZLWK XQSOHDVDQW VWUDQJH VPDFN BQG/RKSRU
VIPSWRPV RI QHIJDWLYH ELRFKHPLFDO SURFHVVHV HYHQ
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JJJ)RRG 7THFKQ@RDRJ\
5HVXOWY DQG GLVFXVVLRQ
$VFRUELF DFLG LQ WKH EHUULHV IUHVK DQG IUR]JHQ WU
7KH UHVHDUFK JRW VWDUWHG IURP WKH HYDOXDWLRQ F
I[IUHH]LQJ WKH EHUULHVY E\ WKH WUDGLWLRQDO PHWKRG V
DUH SUHVHQWHG LQ )LJXUH

YLIXUH
"\QDP LRV KLRMMOH FFRBFF D® R XIQWKEH U UURYWQ@DGLWLRQDOO\

$VFR DFDPR.LW EHU PJ |G1
SHU J
6SHFLPHQV WR UHUBBNHK&KRNHE %LOEL

YUHVK

JURJHQ FRQ

JURJHQ DQG GHI
FRQWURO

7KH DQDO\VLV RI WKH ILJXUH GDWD VKRZHG WKDW WKF
WHFKQRORJ\ KDG DOUHDG\ ORVW WKH FHUWDLQ DPRXQW
EHUULHV IRU SHUFHQWYV LW JRW OBGRANEBURQHV B
SHUFHQWYVY LQ FKRNHEHUULHV DQG RQ SHUFHQWYV LQ |
LPSDFW RI H[WUD DQG LQWUDFHOOXODU LFH FU\WWDO\
VWUXFWXUHV &RQVHTXHQWOW WRKH GQ X KEH UF \RM RFSHODOAP  FR
FHOOXODU FDUF@mM/YG MR WROQ OHDG WR WKH GLUHFW F
DFWLYH VXEVWDQFHV LQVLGH WKH FHOOV DQG R[LGRUHG
UHDFWLRQV RI R[LBWMRIREL FOOHOLGLGHMRPP SRVLWLRQ

$VFRUELF DFLG ORVVHV JRW VLJQLILFDQWO\ LQFUHDVH
OHDNDJH RI FHOOXODU MXLFH IURP FU\RJHQRXVO\ GDPDJ
FRPSRQHQWYVY GLVVROYHW®KLY LW G HR WK HYDPSBBF QSN W R
EODFNEHUBHH¥HQWKRNHEHBSHURKQ WL O BH/D U HNYWX\M
Q X W U IDVQEER RO RYIL. GRBKD HU R GKKFW VK D 0 DENEK X VL\WY BB SURG X F\
DUH EHOLHYHG WR EH KDUGO\ REWDLQHG IURP HYHQ WKH

7KH GDWD IURP )LJXUH DOORZHG FRQFOXGLQJ WKDW
YDULRXV EHUULHV ZLWK VLPLODU FRQGLWEWG®GOR| LWHH
FRQQHFWHG ZLWK TXDOLWDWLYH DQG TXDQWLWDWLYH
PHQWLRQHG DERYH DQG LV WKH HYLGHQFH RI WKH GLUH
UHWHQWLRQ DQG WKH DPRXQW RIQVXRDWWHV HRW & RZEW  UZ!
WKHRUHWLFDO GDWD @UABRFRVWELRORMRVH DQG VXFUR
FU\RSURWHFWRUV )RU H[DPSOH ELOEHUULHV KDYH WKH
FKRNHEHUULHV DQG WK HUWU A IR BIHG WK GRGYEHHR GKUREDMTVRUH U
DOGR S HR@AKHN U X B WG H ® \RUSH H & L FPKD N MAK HDFE GVHE H VW X W
FU\RJHQRXMIHV @
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JJJ)RRG 7THFKQ@RDRJ\
$VFRUELF DFLG LQ GHIURVWHG EHUULHYVY EHIRUHKDQG |

7KH FRPSDULVRQ RI WKH UHVLGXDO DPRXQW RI DVFR
FU\RSURWHFWRUV DQG BROQUWRYWMWRUDWHDODKREZHG XV W
TXHVWLRQV VLPXOWDQHRXVO\ )LUVW RI DOO WERRAW XHV\
RI FULRSURWHFWLRQ RQ UHWHQWLRQ RI WKH PRVW SUHFI
& LQ GHIURVWHG KDOI SURGXFWV 7KH VHFRQG SUREOHPF
FRPSOH[ RU FRPELQHG FU\RSURWHFWRV W RQ DM\ HWKDHU \
SRLQW ZDV WR SURYH WKH UHDO SRVVLELOLW\ WR FKRRV
UDZ IUXLW DQG EHUULHV WR SURYLGH LWV PD[LPDO FU\R!
DFLG ORVVHV

JLIXUH UHSUHOHDQWRQ@RHWRBMDPRXQW Rl DVFRUELF |
PHQWLRQHG LQGH[ LQ IUHVK EHUUPHV EGBRRNEHHEWUUHLW
FRQWDL®J JELOEHUUPHY J 7KHVH LQGLFHV DUH REWI
EHUULHV IWRIRQURYWEKE WHFKQRORJ\ ZLWK FU\RSURWHFW
PRQWK VWRUDJH

YLIXUH
5HVLGXDO DPRXQW RI DVFRUELF DFLG LQ GHIURVW!
&U\RSUR 7KH UHVLGXDO DPRXC
SHUFHQWY WR LWV FRQWHQW L¢
%ODFNI] &KRNHE | %LOE
0JK
6XFURVI
YJUXFWR\
*“OXFRVF
6XFURVH FL\
YUXFWRVH FL
*OXF| FLWULF
6RUEL EHQJRL
&RQ ZLWKRXW FU

$FFRUGLQJ WR WKH GDWD RI WKH )LIXUH WKH SRVL
GLVSOD\HG LQ DOO Rl WKH REMHFWV WKH OHYHO RI DVFF
LPSURYHG WHFKQRORJ\ PR VEKI IW\R R WH.GH DA MFHHDG 1 QWS KI 1L
WKH EHUULHV IURJHQ ZLWKRXW FU\RSURWHFWRUV DW DO
PHFKDQLVPV RI FU\RSURWHFWLYH DFWLRQ DUH FRPSOLFD
LW LV SRVVLEOH WR DIILUP W KKDHNV UMK MO WR/XRIG PLIQX S RMLH
GHVWUXFWLYH LPSDFW GXULQJ IUHH]LQJ DQG IXUWKHU G
UHVLGXDO DPRXQW RI DVFRUELF DFLG DUH JRRG HYLGHQ!

,Q VSLWH RI WKH YDULHW\ Rl FU\RSURVRNF\QRRY DMKG W
WKHLU LQIOXHQFH RQ WKH REMHFWV VWXGLHG KDV JRW L
GDWD H[LVWAHHE@EN X VD\ WKDW WKH PDLQ SRLQW LQ DF
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LV WKHLU DELOLWPRWGWI RGXPW MKHEKLFK FDQ FU\WWDOO
WKHUHE\ WR UHGXFH WKH QXPEHU Rl ODUJH LFU\WVWD/QVD
LFH DQG VXEVHTXHQWO\ WR SURWHFW WKH FHOO IURP '
7K D XRUSY @XS S O H MR HB\WKGH G X FIVELRMWH \R S U RIW H F W R |
D E L @/B\R W KB H H BLRLBQAD WHW\ RV FRSLF W NPRS H D DOV YAKHH YLV F |
VROXWLRQV DQG WKHUHIRUH WR UHWDUG WKB\JWRHAWK
SURFHVVHV RI K\GUDWLRQ RI SODQW FHOOV LQ GHIURVWL
7KHQFHIRUWK WKH DXWKRUV RI WKLV DUWLFOH GL\
FU\RSURWHFWRUV XVDJH LQ WKH WHFKQRORJLHV WR IUF
YLHZSRLQW RIPWLRRDRI DMFRUELF DFLG ZDV WKH UHVXO!
DIRUHVDLG HIIHFWV VKRZQ E\ UHVHDUFKHG FU\RSURWHFV
$V IRU%BORXV DQGKEHQNR WKH OHDGLQJ VSHFLDOL\
FU\RPHGLBURH FU\RSURWHFW RHPS DWLH DVROE HL BIGRWH Q X D O
WKH ELRORJLFDO REMHFWYV EHFDXVH WKH XQLYHUVDO S
SURSHUWLHVY SURJUDPPHG IRU WKH FHUWDLQ REMHFW DL
WKH FRPELQHG FU\RRURWHFAWRWVY B UW K DK HVIKRM W L P
FU\RS U RM HBFM FK L H BIRE E L QIMXFRIR \BH U FHROW VQFRLQV U L F
DFLGH U RHRDW \ L\'R BRIR Q WIR W@ R D QIBH WokiH U REWDENEHU UL H
D QFAK RN H EBHWMRIYHHRS HU FHQ WV R D @ BREJEQUEHMRILEHY FHQ W V
& L WDUFLIFQV IR P S RKIQ\® S U RWHHANVWARISHR O \ | X Q F'W E R QNDR® Bi J H
W KRHK D U IRAZADHABHUU V W D OLQRE. HIDNENERQY H U MO ® EIRX S S\R K W/
V W D ERIWVIKWIV U X FXAQFUNDER Q D PH@E HRI® RR E FIBIBW KDHX W KR @V
FRQILUPHG
*HQHUDOO\ WKH YLWDPLQ YDOXH RI WKH EHUULHV IUFR
RWKHUZLVH WKLV HIITHFW FRMXDGG QWRMR OB Q) HDHFKH® Z MWHKE
RI JLIXUH HORTXHQWO\ VKRZ WKDW WKH UHVLGXDO DPR
ZLWKRXW FU\RSURWHFWRUV RVFLOODWHY IURP W R
PDWHULDOV
7KH VLPLOD® MV QRMLER G E\ RWKHU UHVHDUFKHUV )R
$ IRRUPHW YV DDUW/KR B R LQGLFDWHG WKH LQIOXHQFH
IUHH]LQJ RQ WKH DVFRUELF DFLG DPRX @20 XQORRY ZHW W LFF
DXWKRUVDQDO\HG WKH DQWLR[LGDQW SURSHUWLHV RI Il
> @KISRV LMQLOKRIGY KSHU H O L FSIURIFBIR WIDR/S E R QNUKIHY B GRU W \
I L QPUOR GG K WOR &/ H IR [M\QRIDUBNRQ | L U HGK B Z@HMD \
D OV HKVEV IOH) D ZR WWKUHH V M B IVFEAFHG\ R E L R QVROKK WWRBR QILUPHG
W K B FWKVID ROHHEGD RARHGDIDR/] QI KFRIX RVS U RKDHF WHRBRWMRG JQLILFDQW
GDPDSHDWWLF$GDEBRYWNRGHVWBRPHB® HWHRPSOHPHRWDWLR
FU\RSURIWHWRIRHNHQ Y L U ROFPHENGM WIS R F HV V@ QW K H
X VDR FR P E LSQUHON H RW® G0 L P MWQKEHIVR-DR H VEGD RFRGD QWH H L Q J
W K D ZA\@ GH \@

TKRDWLQJ VFDOH WR HYDOXDWH WKH FU\RSURWHFWLY|

7KH GDWD REWDLQHG E\ GLITHUHQW VFLHQWLVWY DUH
DFLG LQ UDZ IUXLW DQG YHIJHWDEOHV IUR]JHQDWWRBEUW LF
> QWKRZHG WKDW IUR]JHQ ZLOG S\WUW¥F B RBWHW RIL HDW KBRIGE OR \D
DXWKRB¥YVHUYW& WWEBWFHQWDJH RI DVFRUELF DFLG ORVYV
TKH@BWWDH FRPSDWLEOH ZLWK WKH DHYXD®VV SHHHFE IOV H/GV Z
WKRVH IURP 1DWLRQDO 8QLYHUVLWDRD)RR @ K RKHMVXMRA
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DUH WKH FRQYLQFLQJ DUJXPHQW RQ WKH IDYRU RI WKH
WHFKQRORJLHV RI WKH SODQW UDZ IUHH]LQJ

7TKHRHH WKH DXWKRUV RI WKLV DUWLFOH HODERUDW
FU\RSURWHFWRUV WR XVH LW LQ SUDFWLFH 7KH SURWHF
OHYHO RI DVFRUELF DFLG UHWHQWLRQ WKLMIIHFGH[RED\
FU\RSURWHFWLRQT

) LURVDAW IR KM HITHFW RI FU\RSWRBMQHF WILFKH UV

6HFRQG FOMWMWKH RUNMHFW Rl FUYRSHRWHRWINVRQ LV

7TKLUG FBEWKBRRHUNHFW Rl FUYR SHRIWHBRWLNVRQ LV

JRXUWK FHDVWKHHIRBW RI FU\R St RSMRIFRM DRWQY LV
7TKH VXEVWDQFHV ZLWK WKH HIIHFW RI FU\RSURWHFW
UHFRPPHQGHG WR WKH XVDJH DV FU\RSURWHFWRUV

7TKH GLVWULEXWLRQ RI WKH SURWHFWRUV UHVHDUFKH(
VFDOH LV WKIH XRIMBORZLQJ

.
|
.
|
.
|
.
|

"LVWULEXWLRQ RI WKH FU\RSURWHFWRUV UHVHDJtiﬁ%HE\WKH
IUHH]LQJ
&U\RSUR "HIURVWH
%ODFNI| &KRNHE | %LOE
0JK , , "y
6XFURVI , , .,
YUXFWR\ . . ¢
*OXFRVF , . ¢
6XFURVH FL\ ,
YUXFWRVH FL , , "y
*OXFI FLWULF , ,
6RUEL EHQJRL ., . ¢
&RQ ZLWKRXW FU - - -

7TKH GDWD RI )LIXUHV DQG DUH WKH HYLGHQFH WKD
RQO\ bW WKH VWDJH RI TUHH]WHU PE XKUAR TH@V R WRAWDIH IWKG
KDOI SURGXFWV 7KH FRVEEQREHFU FRYUERXFHRFFHRGUNLW UL F
WXUQHG WR EH WKWKMHRUWHHHAWWRIYAU\RSURWHFWLRQ H]J
FRPELQHG SURMMRWHRU FRMNWPH FWBEUG LQ HIITHFWLYHQHYV
FU\RSURWHFW LRHUEBEMW VDPH HIIHAQV EADWLREBH[ :sSURWHF
VXFURQREDJQHVLXP FKORULGH

7TKHUH zZDV DQ LQWHUHVWLQJ IDFW WKDW WKH VDPH
SURWHFWLYH HIIHFW IRU GLIITHUHQW EHUWVKXHVRBRWWH[BPS
DFWKUQHRWR PMAMDXMIHIRU\ E\ SURWHFWLQJ EODFNEHUULL
WKH¥DWHJIRU\ E\ SURWHFREVQDU EDNWEEERAWY IUGDRRMD BYIHF D X V H
R W KOHF WSKFOVCL PUL\RES U R MV HHRVARAR YHEXMMO WR DWW Y H S RVW RE LLAQLGV
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WKH RSWLPDO FU\RSURWHFWRU IRU WKH FHUWDLQ NLQG F
LQFUHDVH WKH YLWDPLQ YDOXH RIREBWRIH® BG GURHI DRV \F M
EHUULHYV

,QIHQ HUHFO IR U HW K\B K¢+ DR 1D GROW KUHH V H DSFRWERW B B V
HIlIHFMVMRYDR L B XUQEH U 7 IKHLVE H F DX KK R W HFIWHRBW WK HU D JH
K LJKMKID G H U F HEQDAV\F RD ED® R X @ WL XV KIIR RGH VIRGWM | U RV W H G
ELRORREMBOW YV

6HQVRU\ FKDUDFWHULVWLFV RI IURJHQ EHUULHYV

7TKR RPHQFR /W K GHNARND OW W B &I WXE WU DLGHIHWDEOHYV
UHJXOBWHKE@ER U P DOVRFHP HQW U RE M WWK\WIHED VRWAR S HX WA H V
7 KHQ F HZ RRUWDIO XWVDRMHIG Q H@QHMSREEH M E HURJTERDR WK H WUDGLWLF
DQWKH LPSALRFKHE® S U R W H F\W QEBIRAHRE W\ IDE G L W DREGID AV R
FRPSOWH UHVXOWY DUH SUHVHQWHG LQ )LIXUHV DQG

"HXVIRGRIZQP S U RAYHHEK Q>R GBXIL\FR Q W W/ IKKHKEG DIVBHU SUHW D W
RVHQ \LRWG\RAMEH R O RRIE A B QW8 NIHYSR \MFRAORY D OXBMEH FD XV H
WKIHSSHD URFRRH/ L GHKBRIEES CRGCHK LFFRPELWKMWK D ®BDUJIJHQH VYV
PDW XWLIDABHH V KRRHARRWIEH UD DR G @HDYMWRB[LPHDQLQJ
RIWKARHIIL RIAHQWKW ORUHRWHI SO L RDWQARQKFRIWWRH U LD
HY D O XIDGAOL\RHRU XD QESH U YA IHWS DMRLRAHA T X LU RRAHOB/SHDUD Q FH
EHOLHFHG QMR SHGLHQW

YLIXUH
ODUN HYDOXDWLRQ RI VHQVRU\ LQGLFHV RI ELOEHUULHV IUR
,QGL &RHIILFI] 3RL &KDUDFW
ZHLJIKW
$SSHD 7KEHUD FO HYFIUR W

VPDOPRXQXWWR SHUFHIQW YV
GHIRUPIM&EKD PDJHG VOHMVEOH
IRU VWRUW VWVRRURQH PRQWK

7D’ 7K SUH\ R ZH H[SUI VWL
V P D E NWXU VEEK. MDWWNEHIUV W H
&R 7K ZHH[SU}I GLVFRC ZL
LQVLJQEURFDRIMIKH JIKOHDYH U
6XUIDF 7K VKI R W EHU L VOL

FKDQJHIGH VPDOO DPRXQW RI \
VSHFLAXBQWRLQVLJIQLILFDQW O
RI FUDFNLQJ ZLWK WKH| VLIQV |
OHDNDJH

2G 7K RGC L QDV ZLW VWL
PLIWXUN®OLIKWIEODNHQH®G
FRPSD ZILVWROWXDBPIOWHU DO
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YLIXUH
ODUN HYDOXDWLRQ RI VHQVRU\ LQGLFHV RI ELOEHUULHV IUR
FU\RSURWHFWRUYV

,QGL &RHIILFI| 3RL" &KDUDFW
ZHLJIJKW

$SSHDI 7TKEHUD FO HYFIUR WX
Z L VEIKO X BOK TSHHC/G D P D IHEG
VKDSHSWXKLWDEOHNHUP OBRPHQ

VWRUDJH

7D’ ,GHQ V QDV IUI EHU ZLW
VWUNRDHNV

&R ,QWH VDW’ VOL DPSO L

FRPSDUNRJRI@KU 4 HYV G HDYW O \
W KEHR Q V H TRIE Q WHK R FX DAV R HV L V
DV WKH U HRKXEIWRIVW K H

6XUIDF :LWK GDPIL GHI FUL FKD(
LQ KDB BFH O OMXXAdBRV V H V
2GH ,PPDC V IUt EHU E. PR

W KUHH VR VI VOO HV V

L QW HQ@ XMW RNQ W lRI-R\GLR/UI]DrD WYV

7KHHVRDANS HU L KRIMKELWY E HURJEMYK H WU VG EW Q RQRO\
KDQRMRW W KD [L PPIUBNM D QR IW KWHH Q VIRUG BF FRUG RG B Z Q
H O D E RUIDMRPE® H Q GIKVE URR VWRE @R K RUAMURRQ PRQ WKV R U D JH
7KHUHIRUH WKH\ VKRXO ® @G5W LEH SHWER® ZL@WHIEVHQ |
DQG EHUULHV DV WKH VRXUFH RI YLWDPLQV DQG RWKHU

2Q WKH FRQWUDU\ ELOEHUULHV IUR]JHQ ZLWK GWVRSUR
E\ DOO RI WKH VHQVRU\ LQGLFHV FRQVHTXHQWO\ WKH\
YLWDPLQV DQG PLQHU D @HDWHRRIHDDOVYH W IQRW KHD WQ W HUK H Q

7KH LQFUHDVH RI WKH TXDOLW\ RI |DRKHL® YEHRHL VK RO IK
VHQVRU\ LQGLFHV DUH WKH UHVXOWV RI WKH DELOLW\ R
DPRXQW RI IUR]JHQ ZDWHU &RUUHVSRQGLQJO\ WKH GHFU
DUH WKH PDLQ IDFWRU RI FU\ROKBYR XW GHIP /M W IRH SRR
FU\WWWDO JODBEBRUG Q3 PWR VBKKHF KD XWIKIRBW XUH LV GLIIHU
VWUHQJWK ILHOGV ZKLFK ZRXOG HVVHQWLDOO\ UHGXFF
F\WRSODVP VXEVWPOPEY DDEYFBPQCGX¥XEVHTXHQWO\ UH\
IUHH]LQJ IUR]JHQ VWRUDJH DQG GHIURVWLQJ

&RQFOXVLRQV

3 U R W HEIW KIRHU WLRY\H HZJIHWDKGROW KUHH V H D BB KRG R IVGI 6 W RHUG/
DFFRP S CROAY IR \L WS R UMIDVANGVR YR 8VWGH FK Q RVRI QML P L] H
W KUEK L CDLFQNR R QQ WAH P SHUPWWHKHVFRQVHTXHQFH ZH FRXO
SHUFHQWVY RI DVFRUELF DFLG LQ PIRRMKQ |ER]HL HWW B
OHDQZKLOH WUDGLWLRQDO |URNRS$URWNMAWKRQRO BHIUHPL W

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

WKH DVFRUELF DFLG DPRXQW LQ IURJHQ DQG GHIURVW
SHUFHQWY UHODWLYHO\ WR WKLV LQGH[ LQ IUHVK EHU
7KHI1HB WKL DYRHEQ | L D RHKEH VRN NVHF WR.W G U WD E QWD F H V
FU\R S U R RRFAFSAOLEMWMRD X WILURGIVORR Q W DYLEDUL BRIXMDIQ. &

L Q R U JBRPLFR Q+HIDW ¥ RW XIF WR\FH RVWVR B EQIEH Q| REE G V
PDJQHVKXORUKBRYV LA LFRABN R FHREHR @1FH\R S U R\ H FRWURIU V
I[UHHRBEH[SODUBP®R @K HRNUGRAFHGIH DERXW WKH SUR\)
RQ FHOOXODU VXVSHQVLRQ VL NRHEINTHADHG | LK RWIIR E L R C
SUHVRBEMRS U RRHEKD R\OHBHK \ V LIFQREX H P LSALRCS HWRV K\B MVH
VXEVLGLQXRQRM\H P S H U XWQH N PIHIMHSY WU Q LIRLR KM O O X O D
VWUXFWXUHV Rl WKH EHUULHV SURFHVVHG EHIRUHKDC
DLPHG DW RYHUWDNLQJ WKH G LHAKGEVOOQRYDHM VL R |VWKHKIH S
WUHQG RI LPSURYHPHQW RI SODQW UDZ SUHVHUYDWLRC

5HIHUHQFHYV

)U R ]HOQEDW N @WK 8 *HU P DUGHP DAL DN UL P S U W H U
$YDLODKOWHW\AIMIUHVKSRPLDVLFOHIUR JIWQRIW N BWK H
HXHUPD®PDW &M UILRSRUWH U

6 YRW\SR S\ PD P R U R BUHRQECSNWR G R Y]JKRVEV D W \
$YDLODEWNIBID RUXL XWK R ZDKISG

3UDQDY *R\DO $QLPHVK 9HUPD $PDUQDWK -RVKL
YHIJHWDEOHV DQG WKHLU SURGXFWV LQ SRV@WERYVYHV)
3XEOLVKHRDJIJHOKL:SS

-R\' & 5LFNPDQ 'LDQH 0 %DUUHWW 1XMWLWW.IRDDO PRWP.
RI IUHVK IUR]JHQ DQG FDQQHG IUXLWV DQG YHJHWDEOF
FRPSRXREYQB®RL RJRRG $ HJLF+

JURJHQ )RRGV +DQGOLQJ

$YDLODEOH DW

KWWS ZZZ FROG RUJ JU OLEUDU\ GRZQORDGV 'RFV )U
&ULVWLQD / 0 6LOYD (OVD 0 *RQoDOYHV 7HUHVD 5 6
DQG 9HJHWDEOHV ,Q - $ (YDQV HGV )UR]JHQ )RRG 6
3XEOLVKLQJIRWG 8. +SS

*DOLQD 2 6LPDNKLQD 1DWDOLLD 9 1DXPHQNR
WH[QRORJL\D[ RJGRURYFK\[ BWRAEXNWLY PRQRJUDILD
%HIJRGBQFRY &RQFHSERRE D QFG] IV KEUHH ¥ MV FDUA D 3L
&DQR )WHH]LQJ SUHVHUYDWLRQ RI IUXLWV +DQGERRN
'LOMAODFNZHAOG 8. #5S

$SROORQ 0 %HORXV 90ODGLPLU , *ULVFKHQNR
1IDXNRYD GKXIRYXD

ODULBWHBQD 3RLDQD 'LD'QDQIRIEDEDGHD 3OGD 9LRUL
OLUHOD 3RSD7KH HIIHFW/HRUPORODR]HQ VWRUDJH RQ WK
FRPSRXQGV DQWLR[LGDQW SURSHUWLHV DQG FRORU
-RXUQDO RI )RRG $JULFXOWXSJH (QYLURQPHQW
20HVLD 3 3ULVV 9DOHQWLQD ) =KXNRYD =EHUH]
REUREN\ HNVW U DNW PPY ANRRYHDQOIB [BRQKS S\ D

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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5D\LVD <X 3DYO\XN 9LNWRUL\D 9 3RJDUVND 1R

]JDPRUR]KHQ\[ \DKLG WD S\XUH ] UHNFRIRIQ WY \N R D UDH\G

WD WH[QRORJL\L [DUFKRY\[ Y\UREQ\F]WYS@HVWRUDQQR
%LQJ /L 'DXQHQ 6 1RYHO PHWKRGV IRU UDSLG IUHH]L

$ 5HYLHRZUQDO RI )RRG (QBSQHHULQJ

&KULVWRSKHU 7 :DJQHU OHOLVVD / ODUWRZLF] 6WH

%LRFKHPLFDO VWDELOL]DRMHMR® UHOARFOYHHY DQIEG

IROORZLQJ FU\RSWREZHR Y R VISR ®

1DWDOLD * .DGQLNRYD =DYLVLPRVWC NULRXVWR
RW ID]J\ URVWD L VYR VMWV N UUR NRRQOR/GID IMGBIRO R J L |
BERUQLN QDXFKIXNRYVXGRRKDSS

&DUURZ 5% ODF*UDWK - - 7KHUPRG\QDPLF PRGH
FHOIO)H XQLODPHOODU DQG &DXFEOPERIODU OLSRVRPF

*RUGL\HQNR <H $ 2VHWVNL\ $, 5R]DQRY /)

VSRVRERY QL]NRWHPSHUDWXUQRJR N R Q\BHURELOHRPMD Q|
NULRELRORSt\L

'RWVHQNR 1 9.RPSOHNV NULR]DVKKLW\UWLDNMIREEREQR
NRQVHUY LAGRMD@L\ L

6LPDNKLQD * 2 .KDODSVLQD 6 9 (IHNW\YQLVWC
SU\ ]DPRUR]JKXYDQQL G\NRURVQIOXINRXIOWYDREYD QY \DJL
SS +

5 3DXO 6LQJK -DWDO ' ODQQDSSHUXPD 'HYHOR

%LRWHFKQRORJ\ DQG )RRG +3t6RKH DY W DEHE@RH QHEI

ODUFHO 'HINMNHLRUN

.HQQHWK +HOULFK 21ILFLDO PHWKRBN 2RILBQD® \\

$QDO\WLFDO &KHPLVWYV $UOLQIJWRQ 9LUJLQLD SS
6LPDNKLQD * 2 .DPLQVND 6 9 1DXPRWQINRSLEGERG\ G
[DUDNWHU\WW\N\ L RF]JLQ\XYDQQ\D RVQRYQ\[ RUJDQRO

]JDPRUR]JKHQ\[ SOREBKIQDSDVUNG 7DYUL\WVNRJR QDF] XQLY

9HUQDGVCNRXR SS+

%HOBYY %RQGDWMQONR 6WUXNWXRMQHELRDRILFKHVNL
PHP E SDRY O D] K GRHRQ RL ULDIX. B KB NIDH Y

6LPDNKRQIXDODSOLQD 2WU\PDI®@PWUR]IKQHDS\[YIDEU\NDW

G\NRURNIMY K KLRSRNU\YWYRDQ \QRXKNKVYDEGL7 <

SS +

IDWXIJIHQKRYWXZHWD QRHS +HQGWLFN 6WUXFWXUH

SURFHVWHODRIYREXXP | X WHGJ D ZBWH YV MIXR| KQ GEUITHUHQW
FRQG L XIWWRRBYRREHVHIOUFK QRORSS +

<XUFKHQ.RRORY BNRUQ\®BNRLY 90L\DQL\H NULRSURWH!
ELRORJLFKH VN DN RLYDWEHRX D

3XVKNDU %HORXV $ 0 ,ZWNLQ <X $ L GU 1L
NULVWDOOL]DWVLD Y ELRORJUBKNWRNID] SGKRFRWBIPD[ PRQ
1RRUPHWYV O .DUS . 6WDUDVW 0 /HLV / O0XUX .

RQ WKH FRQWHQW) RIDFF¥ERUER FVBHEWHEYV+ RHWS §H V
OXOOHQ : B6WHZDUW $ - /HDQ O ( *DUGQHU 3 'XWKL

RI' lTUHH]LQJ DQG VWRUDJH RQ WKH SKHQROLFV HOOI
FDSDFLW\ Rl BMGSUDVBEMHRIRIG & KB P

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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BRXVD 0 % &DQHW : $OYDUH] 0' 7RUWRVD 0 (
WUHDWPHQWY DQGWHUP OBRPHDOQGNRKPUW RQ WKH TXE
+HULWPURSHDQ )RRG 5HVHDUFK DSBG 7THFKQROR
SHOOHHOL.®H] & OLOOLRG@UY LAMNUE KDVFG ,Q YLWUR
SURWHFWLYH HIITHFW Rl WUHKDORVH DQG GH[WUDQ GX
OLTXLG Q@UNRRURQRI\SS =

5DPD]DQRY 9%RQGDUHQNR 9 $ BUR\DYOHQLH 1
sXSDNRYNL" Y VUHGD[ V QHSURQLND\XVKKLPL L SUF
BUREOHP\ NULRELR®RJL\L

BOFKLEHNRYD 1 $ OXND\LORY 0 3URGXNW\ S|
FIHQQRVWL L] \DJRGHMWPIOD §XNRY 3LVKKHEBAD WH[QRC
+RZDUG /' $ :RQJ $ ' HMDURWHQH DQG DVFRUELF DFLG
DQG SAVRIFEHYHJHRWDBOBVRI )RRG 6FIS+QFH

$QWRQLR 3 %DUWRORPH $QWRQ 3LODU 5XSHUH] &l
JUHH]LQJ UDWH DQG IUR]JHQ VWRUDJH RQ FKDQJHV RI V
VOLFRIXUQDO RIQRIRG 6FL3+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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(ITHFW RI KLJK SUHVVXUH DQG VR\ SURWHLQ L
FRPELQDWLRQV RQ WKH ZDWHU KROGLQJ FDS
WH[WXUH RI SRUN PHDW EDWWHUYV

9DOHULL 6X OD +DQ <[ SLQJ

6XPI IDWLRQDO $JUDULD 8NUIL
+HQDQ ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ! ;LO[

$EVWI
.H\ZRUGYV
,QWURGXKWLRQHG Rl KLJK SUHVVXUH DQ
3UHVVXUH LVRODWH FRPHERXQOWLIRRD ? VDRV ISRIRGRKFNVY FF
6R\ WKH TXDOLW\ ZDWHU KROGLQJ FDSDFLW\ W
\LHOG
SBURWHLQ ODWHULDOV DBGOBZPSRAKRGEDWWHUV ZHUH S
:DWHU KROGLQIROORZV J SRUN PHDBW JJSREHN ZADWNU
FDSWFL 1D&0O VDPSOH & SKIRWHUIQ/RVRODWH VDI
7H[WXUH J VR\ SURWHLQ LVRODWH 7KH YDEXXP S
/IRZILHOG 105 LQWR D KLJK SUHVVXUH YHVVHO DQG ZHUH
PLQ DW & “7FKH WH[WXUH SURILOH DQDO\VL
EDWWHUV ZHUH FBRIJWXHE RRW OLYHAGE) 10 5V
UHOD[DWLRQ PHDVXUHPHQWY ZHUH FDUULHC
SUREH RI D 1LXPDJ 3XOVHG 105 DQDO\]HU
5HVXOWYV DQG &RPSIXWNWGRDLWK WKH & I
$UWLFOH KLVWRERRNLQJ \LHOG RI SRUN EDWWHUV ZLWK YD
LVRODWH ZHUH LQFUHDVHG VLJQLILFDQWO\
SHFHLYHG 6 JOREXOLQV ZDV PXFK VLJQLILFDQWO\ LPS
S5HFHLYHG LQ UHQWKHBFHG WKH ZDMMWURK R/GRE ISUR WHIMFLV R C
IRUP SUHVVXUH SURFHVVLQJ LQGXFHG WH[WXUH F
$FFHSWHG WR DIIHFW P\RILEULOOD URSBRYH ISQUR THUGN W
UDLVLQJ WKH SRVVLELOLW\ RI WKH GHY!I
FRPPLQXWHG PHDW S U3DGWRWD WPHHQUW  WOK H
HIWUDFWDELOLW\ ZDV GHFUHDVHG VLJQLILI
&RUUHVSRQGLQFDXVHG SURWHLQ GHQDWXUDWLRQ DQG RU
DXWKRU WKHLU IXQ FW HRH)IDH-DOAWAL lRY UHOD[DWLRQ WLP
RI FRRNHG SRUN EDNWMXHU S UERKHVKLRUHZ L WK
0D +DQMXQ VR\ SURWHLQ LVRODWH ZHUH GHWHUPLQ
(PDLO FKDUDFWHULVWLF SHDNV LQ WKH FRRNHG SI
[[KMPD# FRp DVe77DQG UHVSHFWIWBOVLIQHG WR ZDWHL
DVVRFLDWHG WR SBROBIEX PRGVWDWXR QW
UHOD[DWLRQ SRSXODWLRQ FHOWHQHWKHW C
FRRNHG SRUN EDWWHUV 7K H LWHPBH)BWHIURIE
DW DSSUR[EPD®WOXKLFK LV D PDMRU FRPSF
FRQVLGHUHB\RWVIRE WIQ\ODDU ZHDUN HUWIKQ Q@ WIK\M
SURWHLQ VWUXFWXUH
&RQFOXAKHRQHVXOW RI ORZ ILHOG 105 H[K
EDWW HURA BUWRMW HUIOBHVR ZDWHH U RXW WKH FR
EDWWHU DQBYHIHHODD WHKW  VR\ SURWHLQ L
FRXOG LPSURYKR@WEHQZDRDISDFLW\ DQG WHI\
‘2, EDWWHUV WUHDWHG E\ KLJK SUHVVXUH

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

7KH DSSOLFDWLRQ RI KLJK SUHVVXUH SURFHVVLQJ WR
SURWHLQV EZQWMHUDKROMKIQJ FDSDFLW\HDWG DVQHE[ W RU 5 URR \
SURGXFWV 7KH XVHG RI KLJK SUHVVXUH MH@P& OAR\RSU R W/BI\
SURGXFWY FIRKOHEWKH T XD O/D/MO\WD Q G GO RAWM F RVGKWMHQW LQ W

+LJK SUHVVXWHKHWPD @ R F KBHRM@R AXW RBW KOO/O\ DSSOL
PHDW SURGXFWV DQG WKH DSSOLFDWLRQV RI KLJK SUH
UHFHQWO\ \HDUV > @ 7KH IXQFWLRQV RI KLJK SUHVVXU /|
RI PLFURRUJDQLVP DQGPID@]WHNFINWR@PLQDYRU FRORU D
> @ 6WXG\ > @ DXWKRUV REVHUYHG DQ LQFUHDVH LQ ZD
RI KLJK SUHVVXUH SURFHVVLQJ DQG VDOW LQ SRUN PHD
VRGLXP FKXOWRWM GBAFDHDVLQJ GHQDWXUDWLRQ RI PXVFOH
PHDW EDWWHUV DQG IDYRUV WKH VROXELOL]DWLRQ RI SU
UHWDLQV ZDWHU DQG IDW B6WXG\ > @ DXWKRUV IRXQG
FKHZLQHVV VSULQJLQHVV FRKHVLYHQHVV DQG UHVLOLH
DW DQ LQWHUYDO RI 03D DQG 03D H[FHSW WKH WH),

03D EXW QR FKDQJHV RI Rl KDUGQHVMQFKHZLQH RE VWS
XS WR 03D DQG 03D B6WXG\ > @ DXWKRUV VKRZHG W
LVRODWH ZDV VLJQLILFDQWO\ 3 LQFUHDVHG DIWH!
+RZHYHU LW LV LPSRUWDQW WR HWSGRPAMKN LD HREQ WRK
FRPSRQHQWYV PDLQO\ SURWHLQV LQ WKH PHDW DQG VR\
JHW RXDOLW\ SURGXFWV > @ 6R\ SURWHLQ LVRODWH L
LQ WKH PHDW LQGXVWU\ ZHKDWKKKRIDGDQURRGSDFWWU B [FGi C
VWUXFWXULQJ EHKDYLRXU > @ 6RPH UHVHDUFKHUV K
LVRODWH WR PHDW EDWWHUV FRXOG LPSURYH WKH ZDW
TXDOLW\ %XW IHZ WEBESHHMHEWS RUWHGK SUHVVXUH DQG
FRPELQDWLRQV RQ SURSHUW\ Rl SRUN PHDW EDWWHU

7KHUHIRUH WKH REMHFWLYH RI WKH SUHVHQW VWXG
FDSDFLW\ DQG WH[WXUH GLIITHUHQFHV RI SRIINK Sk BIW VM
ZLWK VR\ SURWHLQ LVRODWH DQG WKHUHE\ WR HVWDEO
GHVLUDEOH TXDOLW\

ODWHULDOV DQG PHWKRGYV

5DZ PDWHULDOV DQG LQJUHGLHQWYV

7KBRQJLVVLRXVFIKGRWHG SRUN ORLVWXUH “ su
IDW « S+ « ZHUH GHULYHG IURP WKH ODQG
VODXJKWHUHG DW WKH DJH RI DERXW PRQWKVY SURYLG|
WHPSHUDWXUKWHWHUKVDDV a f& $IWHU UHPRYLQJ RI WK
DQG IDW WKH SRUN PHDW ZDV PLQFHG XVLQJ D PHDW FKF
6KDQGRQJ -LD[LQ )RRG ODFKLQHU\ BRW /WG"“ &KLUQW BMR\
SXUFKIM\RPPGD ORFDO PHDW PDUNHW ;LQ[LDQJ &KLQD DC
FKRSSHU ZLWK D PP KROHV SODWH 6R\ SURWHLQ LVROD
6KDQGRQJ 6R\ )RRGV FR /WG &KLQD

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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3UHSDUHG SRUN EDWWHUYV

5DZ SRUN EDWWSDYHA1DM BROORZV & J BRW N RHDW
LFH ZDWHU J 1D&O & J SRIDWPHDWFHJIZSRMHNU EDIFND & C
SURWHLQ LVRODWH & J SRWN PHDMH ZDVBRUN EDB
VRV SURREDYH 7KH SRUN EDWWHUV ZHUH SURGXFHG |
& *HUPDQ\ %ULHIO\ WKH J SRUN PHDW ZDV SODFHG
1D&0O 7KH PL[WXUH ZDV FKRSSHG IRU V ZLWKIDWLFH Z
J JRX SURWHLQ LVRODWH LFH ZDWHU ZDV DGGHG DQ(
J)LQDOO\ WKH UHPDLQLQJ LFH ZDWHU ZDV DGGHG DQG F
SURFHVVLQJ WKH PHDW EDWWHUV ZHUH PDLQWDLQHG D
EWWHUYV ZHUH WKHQ VWXIIHG LQWR PP GLDPHWHU SRO
+HQDQ &KLQD XVLQJ D VDXVDJH VWXIIHU PDFKLQH ;L
6KLMLD]KXDQJ &KLQD DQG OLQNHG HYHU\ PPIRLQDOO
VXEVHTXHQW SUHVVXUH SURFHVVLQJ

+LJK SUHVVXUH WUHDWPHQW

+LJK SUHVVXUH WUHDWPHQWYV RI VDXVDJH EDWWHUYV
SUHVVXUH)YHVVHD*6 <+/ 6WDQVWHG )OXLG 3RZHU /WG
ZKLFK KDV D PDHVRXRH OLPLW RI 03D DQG FDQ ZRUN LC
R& WRR& ZLWK D WKDHWIREGLMRBENBWRGXFW FDQLVWHU P
XVDEOH KHLIJKW ZLWK GHPRXQWDEOH WKHUPDFRXSOH F

JLIXUBFKHPDWLF GUBJSDIRVV XZUM K HKVAMHOLQJ FERROLQJ VI\VWHP
D) 3¢* <+/ 6WDQVWHG )OXLG 3RZHU /WG 6WDQVWHG

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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7KH SUHVVXUH WUDQVPLWWLQJ PHGLXP XVHG ZDV ZDW
GHVLUHG WHPSHULDWXUZBWAUWKWR IDMYQBWRR FXOOWRU EC
67,. 6KDQJKDL &R /WG 7TKH WHPSHUDWXUH RI WKH SUFL
SURFHVVLWISEN WWKIHUPRFRXSOH IL[HG LQVLGH WKH YHVVHC(
E\' FLUFXODWLRMHPEBHWKXWXUH FRQWUROOHG I10XLG WKU
GHFRPSUHVVLRQ WRRN SODFH RYHU D SHULRG RI V DQ
ORDGLQJ DQG XQORDGLQJ VDPSOH ZDV DSSUR[LPDWHO\

$00 VDPSOHV ZHUH KHDWHG LQ D7BPWQ®IRORDWER 7/W
6HHOEDFK *HUPDQ\ DW DPELHQW SUHVVXUH 03D LI Q

7KH SRUN EDWWHUV ZHUH GRQH ZLWK 03D IRU Pl
KHDWHG LQ D ZDWE&KD BDMWMR X+#X RKXD (OHFWULFDOVWSSOLD

f& IRU PLQ LQWHUQDO WHPSHUDWXUH f& WKHQ F
DQG VWRUHG DW f& IRU DQDO\VLV

'"HWHUPLQDWLRQ RI FRRNLQJ \LHOG

7KH FRRNLQJ \LHOG RI SRUN EDWWHUV ZDV FDOFXODW
> @
&RRNWLHO G FRRNHG PHDW EDWWHU UDZ PHDW ED
(DFK PHDVXUHPHQW ZDV UHSOLFDWHG WLPHYV

: DWHU KROGLQJ FDSDFLW\

7TKH ZDWHU KROGLQJ FDSDFLW\ RI WKH VDPSOHV ZDV |
> @ 6DPSOH ZLWK FDXHRIKIDAMDRBDHKHGIWHU UHPRYLQJ \
VDPSOH WKH VXUIDFH ZDWHU RI WKH SURGXFW ZDV DE\
ZHLIKWrKH HPSW\ FDVLQJ ZDV GUitH G ,DHAH RN HIX 20 WHH
H[SUHVVHG DV D WK RHQWDBJMHORZHLJIKW

5HOHDVHG ZDWHU
ZH Lk W4 H L JURWKEW L W iZ H v g s BEH L ¢ K\\ghy

'"HWHUPLQDWLRQ RI WH[WXUH

6DPSOHV ZHUH DVVHVVHG IRU WH[WXUH SURILOH DQDO
> @ XVLQJ D WH[WXUBOXYDGWDEQI$ OLFUR 6\WWHPV /V
DOXPLQXP F\OL@G USDRYD @ FSELRIEHN W HPRBH UMV XQBRFDWRU \
KDUGQHVV VSULQJLQHVV FRKHVLYHQHVV DQG FKHZLQHYV
UHSOLFDWHG WLPHV

3DUDPHWHUV DWHMD OBEAHSUHPP V W HVMN WSWSIGH GP P P\P
FRPSUHVVLRQ UDWLR W U L DIRZH R B AM Z K H Q Q/GK HVWZARV
F\FOHYV

7KH WH[WXUH SURILOH DQDO\VLV RI FRRDNSIGGSRIMIK E
GLDPHWHU RI PP DQG D KHLJKW RI PP ZHUH FDUULHG
SOXV 7H[WXUH DQDO\]HBYV 6®&.DEALKV K LEQ RD OWRALIY XP F\OLC
3 5

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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&\OLQGULFDO VDPSOHV PP GLDPHWHU PP KHLJKW
RI WKHLU RULJLQDO KHLJKW XVLQJ D GRXEOH FRPSUHVVL
WHVW ZDV J XISWMK® BSIUHMWAHVWWHVWWIBWHWNMG/SHPIRGY BRW
WLPH RI V ZDV DOORZHG WR HODSVH EHWZHHQ WKH W.
JHQHUDWHG E\ ([SRQHQW VRIWZDUH ([SRQHQW VWDEOH
OLFURV\WVWHPV RWGGH&. ZEWK WXH XUHSMUXPHEXWHYV RI KL
VSULQJLQHVV FRKHVLYHQHVV FKHZLQ HNAWK DRCHD WXXHWH PH €
ZDV UHSOLFDWHG WLPHYV

J)LIXUH 7KH SDUDPHWHU GHILQLWLRQ LBQQ\DHOUB/UHDO WHRK RG

+DUGQAMWV¥V WKH ELJIJHVW SHDN RI FRPSUHVVLRQ IRU V
6SULQIJVB®HVVXRWLHQW RU YROXPH UDWLR RI WKH FRP:
SUHGHIRUPHG FRQGLWLRQ DIWHU UHPRYLQJ WKH GHIRUF
UDWLR /HQJWK /HQJIJWK RI WKH VSHFLPHQ UHFRYHU\ KF
FRPBUVLRQ WR WKH ILUVW FRPSUHVVLRQ GHIRUPDWLRQ |
&RKHVLWHMPHHYHODWLYH UHVLVWDQFH RI WKH WHVW VDF
WKH ILUVW FRPSUHVVLRQ GHIRUPDWLRQ LV VKRZQ LQ WK
$UHD RRWRRSWHVVLRQV 7KLV YDOXH UHSUHVHQWY Wi
WKH DWWUDFWLRQ EHWZHHQ WKH WZR VXUIDFHVY ZKHQ Wi
&KHZLQWMW RQO\ XVHG WR GHVFULEH WKH WHWYWJWN VDPS
UHTXLUHG WR FKHZ WKH VROLG VDPSOH LQWR D VWDEOH
LV HI[SUHVVHG E\ WKH SURGXFW RI WKH VWLFNLQHVYV DQG

/IRZ ILHOG 105 PHDVXUHPHQWYV

/IRZ ILHOG 105 PHONPMXUMHPRHQWY ZHUH FDUULHG RXW DF
> @ $ERXW WKH FRRNHG SRUN EDWWHU ZDV SODFHG L«
LQ WKH 105 SUREH RI D 1LXPDJ 3XOVHG 105 DQDO\]HU 34
6KDQJKDL &KLQD

6SQAVSLQ UHOD[DWEZBQ MHPWXUAHGCGD ORBHRD E\ WKH &DUU
SXUEHHO.ERRP O VHTXHQFH DW UHVRQDQFH ITUHTXHQF\ F
SURFHVVLQJ RI 7 GDWD GLVWULEXXWUHFFHHHEFRMEHD G HBO\IL
FXUYHVSHUURUPHG HS OROWHQDO\WVLY VRIWZDUH 1LXPDJ
6KDQJKDL &KLQD (DFK PHDVXUHPHQW ZDV UHSOLFDWHG

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

6WDWLVWLFDO DQDO\VLYV

7KH H[SHULPHQW ZDV IRXU UHSOLFDWLRQV ZDKH GDW
$129% SURJUDP 6B8RB YLQGRZV WKH GLIIHUHQFH EHWZHH(
VLIQLILFDQW DW 3

5HVXOWY DQG GLVFXVVLRQ

&RRNLQJ \LHOG

J)LIXUH (IM"THFW RQ FRRINRUON RIHHDOEE R MBW HHUMIVV XUHKSURFHVVL
GLIITHUHQW VR\ SURWHLQ LVRODWH
& YR\ SURWHLQ LVRODWH & J VR\ SURWHLQ LVRODWH
(DFK YDOXH UHSUHVHQWY WKH PHDQ “ 6°'
PF'LIITHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQGL

7KH HIITHFW Rl KLJK SUHVVXUH ZLWK YDULRXV DPRXQW
\LHOG RI SRUN EDWWHUV ZDV VKRZQ LQ )LIJXUH $ KLIKF
D EHWWHU ZDWHU KROGLQJ FDSDFLW\ &RR$BRHG EIDMWWH
ZLWK YDULRXV DPRXQW RI VR\ SURWHLQ LVRODWH ZHUH
FRRNLQJ \LHOGV RI & DQG & ZHUH QR VLJQLILFDQWO\ 3
EH WKDW DGGHG WKH VR SURDMHH) RIVERDMW HE PR WOIE K
LQFUHDVHG WKH VR\ SURWHLQ LVRODWH DGGLWLRQ FR
HPXOVLI\LQJ DFWLYLW\ RI 6 JOREXOLQV ZDV PXFK VLJQ
HOQOKDQFHG WKH ZDWHU KRO@® LLYR 6 Da/BikE W& REXAERA G5KBRRUNH
WKH VR\ SURWHLQ LVRODWH®DUUCHBWQD®RXOWN ELQBEG V
DGGLWLRQ RI ELQGHUY GPQU BYHRG ZHIDWLIHNVURNVBREOXMNVXGH |
UHVWUXFWXUHG SRYUNOWKZDVLPHSRUWHG E\ > @ ZKR XV
IDW UHSODFHPHOM W RKREEWEBHDRQJBEWRYPHDQV RI KLJK SUH
SURSHUWLHY DQG KDUGQHVY ZHUH LPSURYHG VXJJHVWH (
FRXSWRGWKH P\RILEULOODU SURWHLQVY DQG QRWHG W|
FKDUDFWHULVWLFV RI FKLFNHQ PHDW JHOV ZLWK ORZ IDV
DGGLWLRQ RI GULHG HJJ ZKLWH 7KXV WKH DGG&HWLRQ
FRRNLQJ \LHOG RI SRUN EDWWHUYV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7H[WXUH
7TDEOH
THIWXUH RI FRRNHG SRUN EDWWHUV E\ KLJK SUHVVXUH SURFH
6DP +DUGQ 6SULQ &RKHVL &KHZLQHV'
& 1 | 1 I “ | “ |
& “ | “ | “ [ “ |
& 1 I 1 I “ I “ I

& J VR\ SURWHLQ LVRODWH & J VR\ SURWHLQ LVRODWH
(DFK YDOXH UHSUHVHQWYVY WKH PHDQ “ 6'
PF'l IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIJXUH LQG

7TKH WH[WXUH RI FRRNHG SYRIUN) E BN WEHW \E ¥ K UHK DI UHAWY/|
DQ¥R\ SURWHERPEVROMW RQ&R PIOIEWHG ZL WK WKH RDUBQH
VSULQJLQHVV FRKHVLYHQHVV DQG FKHZLQHVV RI SRUN E
LVRODWH ZHUH LQFUHDVHG VLJQLILFDQWO\ 3 H[FH
WKH & WKH KDUGQHVYV VSWHKHZIQHIAWN RRKHRWULNY HQ RN
ZLWK VR\ SURWHLQ LVRODWH & 3ZHUH #¥LIQISIUARD Y MO
SURFHVVLQJ LQGXFHG WH[WXUH PRGLILFDWLRQV KDYH EF
WKHLURURAOQRJ SURSHUWLRWVLEDOQVWQIRWHKMKE GHYHORSPI
FRPPLOQXWHG PHDW SURGXFWV 2YHU 03D WUHDWPH
GHFUHDVHG VLJQLILFDQWO\ LQ PHDW EDWWHUYV DQG FDX
ZKLFK OLPLWHG WKHLU@ XRFGWK R X DO WKIHHVRXDSW BWRRG L\
ZDWHU DQG IDW KROGLQJ FDSDFLW\ H[FHOOHQW JHOOLQ.
UHSRUWHG WKDW H[FHVVLYH DGGHG WKH VR\ SURWHLQ L
> @ 7TKHUWKRUSRUN FRRNHG EDWWHU ZLWK VR SURWH

/IRZ ILHOG 105

7KH HIIHFWV Rl UHOD[DWLRQ WLPH DQG SHDN UDWLRQ
SURFHVVLQJ ZLWK GLIIHUHQW VR\ SURWRKE U RO B WK @1
FKDUDFWHULVWLF SHDNV LQ WKH FRRNHE BRQNE EDWWH
UHVSHFWLWHOVVLIQHG WR ZDWHU WLJKW O\ PIROMHRALDDVH (
FRQVWLWXHQWY WKH UHOD[DWLR® SRBXQRWLRID FRIRNH-G
EDWWH@  7KH UHOD[DWLRQ \8FSHQMDHVULIHRY DRV D SBW R[LP D\
ZKLFK LV D PDMRU FRPSRQH@®WRDLEW FRQNU ZHDWHU VDR G Q2
SURWHLQ VWUXFWRUBWHVBRQRGRILWRBLBODWD ZDWHU DQG
DSSUR[LPDW HQA > @ &RPSDUHG ZLWK WKH & WKH LQL\
7 DQG ZHUH TXLFNHU S LQ WKH & DQG & WKH UH
SRUN EDWWHUV PDGH RLWR\YDURWKY QPRRQWWH ZHUH EF
WKH FKDQJHV RI IDVW UHOD[LQJ SURWHLQ DQG VORZO\ U}l

7KHVH DOVR ZHUH DFFRUGDQFH ZLWK WKH FKDQSGHV RI
JLIXUH7KH UHDVRQ ZDV SRVVLEOH WKDW WKH VR\ SURW
VWUXFWXULQJ EHKDYLRXU WKHQ D EHWWHU JHO VWUXF
SURFHVVLQJ ZDV IRUPHG ZKHQ DGGHG WKH VRNYLSALRW HRL Q

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

6 JOREXOLQV RI VR\ SURWHLQ LVRODWH ZDV PXFK VLJQ
WKH FKDQJHV RI SURWHLQ VROXELOLW\ VXUIDFH K\GURS
VWUXFWXUH > @ $0Q ZMKHH SHONLURWILRQQWIGLIIHUHQ
DQG & KDG WKH VPDOOHN@GSKDG W R W ICROQM BRYWXBHDN UD

J)LIXUH &XUYHV RI UHOD[DWLRQ WLPH 7 LQ FRRNHG SRUN E

ZLWK GLIFHW VR\ SURWHLQ LVRODWH

$GGHG WKH VR SURWHLQ LVRODWH DQG KLJK SUHVVXU
WKH SURWHLQ FRQWHQW PRUH PHDW SURWHLQV FDQ EHI
PDWUL[ 7KHVH FDXVHG WKHSADRWHL @/ DIXGV P D BWR RR O Bl WX(
GHFUHDVHG DQG LPSURYH ZDWHU KROG@Q JKBESBIFRWH RC
WKH VR\ SURWHLQ LVRODWH LQFUHDVHG WKH ZDWHU KR
FRRNHG PHDW EDWWHUYV

7TDEOH
S5HIDWLRQ WLPH PV DQG SHDN UDWLRQ RI FRRNHG SRUN EI|
ZLWK GLITHUHQW VR\ SURWHLQ LVRODWH

6DF 5HOD[DWLRC 3HDN UDV

OHI " 7¢ 7 7 7E 7 7
& “ | “ “ | “ | “ t “ |
& “ t “ “ t “ | “ | “ t
& “ t “ “ t “ | “ | “ t

& J VR SURWHLQ LVRODWH & J VR\ SURWHLQ LVRODWH

(DFK YDOXH UHSUHVHQWYVY WKH PHDQ *“ 6' Q

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

&RQFOXVLRQ

7KH HIITHFW Rl KLJK SUHVVXUH DQG VR\ SURWHLQ LVRC
RI SRUN EDWWMHUYFADOMW3GLITHEREBVYHG ZLWK WKH & &
D KLIJKHU FRRNKQU GICHOWVE DERRKHVLYHQHVY DQG FKHZLQH
105 HIKLELWHG WKDWRW ISH FEVWO MKMMDEHWRDIDWWHH U RXW WKH F
EDAWWD QG IUHH & DKVMHW WKKEKKEHVW ZDWHU KROGLQJ FDSDFL

VR SURWHLQ LVRODWH DGGLWLRQ FRXOG LPSURYH WK
EDWWHUVY WUHDWHG E\ KLJK SUHVVXUH

5HIHUHQFH

+\JUHHYD 3DQGH\ 0 & 1RYHO DSSURDFKHV LQ LPSUR
RI SURFHVVHG PHDW SURGXFWYV WKURXJ¥K KH Y KBEDHW XQ H RRUR
6FLHQFH DQG 7THFKQRD RJ\
&KHQ : 7XPH;BRQJ < / ;X ; =KRX* &KHQ & ILVKLXPL 7
PRGLILFDWLRQ RI P\RILEBUGIU DX USH SWRAHMWVE QKB LURK IXQFWLRC
DGGHG DQG KHDOWK\ &XMW OFDDH BWLGH ZRRIGY/YRWGREFLHQFH [
Ss
5RVSROVNL 9 .RXWFKPD 7 ;XH - 'HIHOLFH & %DODPXU
K\GURVWDWLF SUHVVXUH SURFHVVLQJ SDUDPHWHUV DQG 1D.
WH[WXUH DQG TXDOLW\ ,RIQRKIDMH. FH )RREQ6FHBWFH DQG (PHU
SS
&KDQ - 7 < 2PDQD ' $ %BHWW 0 (IITHFW RI XOWLF
ELRFKHPLFDO SURSHUWLHV RI SURWHLQV LQ WXUNH\ EUHDVW
‘X <DTHQJI/LX 7KQJ 7DQJ ®KXDQ 1RYHO SLFNHULQJ KLJK L
HPXOVLRQ JHOV VWD ERL]EFPRROHIGCERFROORLGYV
9LOODPRQWH * B6LPRQLQ + 'XUDQWRQ ) &KpUHW =|RI GH /D
SRUN PHDW SURWHLQV ,PSDFW RI VRGLXB UHK\ORULIG IS URFG \5
,QQRYDWLYH )RRG 6FLHQFH (PHUJLQJ 7THFKQRORJLHV
<DQJ + +DQ 0 :DQJ; +DQ < :X- ;X ; =KRX * (IIHF
FRRNQRVVHV DQG IXQFWLRQDDW DRSHUMIEM REHEU N WO XFIDGH HF
,QQRYDWLYH )RRG 6FLHQFH DQG (PHUJLQJ 7THFKQRORJLHV
'DQJ ; 7DQJ & /L % <DQJ ; /L / 0D &UHVVXUYHHFWHNDRMPK
VRPHVAK\RFKHPLFDO DQG IXQFWLRQDO JRRS H\GNUIRARADRRG YU
SS

&ROPHQHUR ) - OXVFOH SURWHLQ JHODWLRQ E\ FRPEL
7UHQGV LQ )RRG 6FLHQFH D88 7HFKQRORJ\
=KHQJ + +DQ 0 <DQJ + 7DQJ & ;X ; =KRX * $SSOL

FKLFNHQ PHDW EDWWHUV GXULQJ KHDWLQJ PRGLILHV SK\VLF
IRU KIXBOLW\ SURRFEWEFLHQFH DQG BHFKQRORJ\

%HUJKRXW - $ 0 %RRP 5 0 *RRW $ - 8QGHUVWDQ
SURSHUWLHY EHWZHHQ OXSLQ SURYRR® H\GRABROORQG W R\ S

.DQJ = &KHQ ) 0D + HPMOHAWLRG SR RLO ZLWK VR\ S|
IUDQNIXUWHUV¥KBPSRD/A FD@G 5DPDQ V/SH FWRRRS FoFS\H @ WK ADQ ¢
7HFKQRORJ\

2SHUDWLQJ DQRW YREWQREOY )3* <+/

/HQJ *DR 34I)QJ+XDQJ RRBQ, DR ,Q | OKPQTFWL RIHZU BX Q10O R
2LO XVHG IRU 3RUN %DFNIDW 5HSODFHPHQW LQ 6LND 'HHU ¢
JRRG 6FL 7HFKQROSSHYV

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

6XSDYLWLWSDWDQD 7 $SLFKDUWVUDQJNRRRLJK SUHV\RRPH
DQG WHPSHUDWXUH RQ WKH SK\VLFDO DQG W KOHHDP/D B FI.UHR)SHHU !
SS

2SHUDWLQJ MH/[W XK FWBLEDSOXN) BWDEOH OLFUR 6\WWHPV /WG
7UHVSDODFLRV 3 30D 5 6LPXOWDQHRXV DSSOLFDWLI
WR LPSURYH IXQFWLRQDO SURSHUWLHV RI FKLFNHQ PHDW J
KWWS G[ GRL MRLIRRGFKHP

6DQLWD 6D]JRQRYD 5XWD *DOREXUGD ,0]H *UDPDWLQD (YLWI
WKH VHQVRU\ DQG SK\V 5D/ DWWAK UIIREX WX WDRI GRUMOBSPHQW

.DQJ =/ =KX' /L% +DQMXQO0 $ 6ROXCGVLILHG (VIHFDW R |
SK\VIFKHPLFDO DQG UKHRORJLFDO )RWRRS 168 WH.QIFH RD QS8R ¥ FIKI
,QWHUQDWLRSS5O0

7DQJ & 0D & I KIMKBVWHRVVXUH WUHDWPHQW RQ DJJUHJD\
Rl VR\ SURWHEQ)RRROEIFWHQFH DQG 7THFRKSQRORJ\
&KXQ - &KRL 0 OLQ 6 +RQJ * (ITHFWV RIOBDIFMRIH F|

RQ WKH ARIDWRMNYHULVWQBW RHGIIR OBXWWH B AW WUGFG FB@RRJHN
SS

7TUHVSDODFLRV 3 30D 5 I D WHFKICFRNSRH QWD DRG GULHG

E\ KLJK SUHYK BUMVVXUH 5HWISDUFK

210\QQ & & &UXJURPHUR O & 7UR\' - O0OXOOHQ $ O .HUL

RI' KISKHVVXUH WUHDWPHQW LQ WKH UHGXFWLRHQDM &KIRH/GKHD V
SS

6D]RQRYD 6 *UXEH 0 PREKXULGRVIWV *UBPOWLQD , )7,5 "

VWXGLHV Rl KLQGXFHEVFKDEJIJHV LQ SRUN PROALURP® GRH FOXRMHF X
BWUXFWNXUH M PROVWUXF

'LRQJ * +DQ 0 .DQJ = =KDR < ;XYDOXBKX RQ RI SURWHLQ
FKDQJHV DQG ZDWHU PRELOLW\ LQ FKLFNHQ OLYHU SDVWH EL
EDANW FRPELQ H® ZQWIKI )SRBHE LSRG P LV W U\

+DQ 0 :DQJ 3 :X ; =KRXIEBOLO5 VWXGLRGKAB® JHODWLRQ |
P\RILEULOODU SURWHLQV DQG LWV UHODWLRRREK 58 VAWK KP |
,QWHUQDWLR Q&80

5DR: :DQJ = 6KHQ 4 /L* 6RQJ; 105-MRQWUFSERWHU) PLIJUDW
DQG ZBURNMHLQ LQWHUDFWLRQJRH G DVE \ P E& WHEKQRD BSU

3HDUFH . / B5RVHQYROG . $QGHUVHQ + - +RSNLQV ' /
PRELOLW\ LQ PHDW G X PXYFOHK W R RRQNMHN DICREQDRIHLQJ DQG WKH
TXDOLW\ B WHY.EXKEWHH\RFIH Ss

6KDR - 'HQJ < 6RQJ / %DWXU $ -LD1 /LX ,QYH\
K\GUDWLRQ VWDWH W R ® WX HD AR EQ OFLNAD BZ \F WRAQHT KRR G/ )
6FLHQFH DQG 7THFKQRORJ\

+DQO0 < =KDQJ < - )HL < :X; |/ =KRX * + JOXW DIPHBW \RH
RQ 105 UHOD[RPHWU\ DQG PLFURVWUXFWXWRISRIDKR)RR 6 \ RHLVEHE
DQG 7THFKQROR®S

OROLQD ( 3DSDGRSRXORX $ IHGZDUG ' $ (PXOVLI\L
WUHDWHG VR\ SURWHLQ LVRORWEBV+DGURFROQ@BLGH JOREXOLQ
3RVXGLQ <XUL\, 3HLULV .DPDUDQJD GH V.WWXGAMMHFOWH\RQ RI
DGXOWHUDWLRQ WR JXDUD@WNH B LKQLPIQ)RR B 0 WEUMP® VD IHW\
0D ; <L 6 <X < /L - &KHQ - &KDQJHV LQ JHO SURS
1IHPLSWHUXV YLUJDWXV VXSURMVVKOHLGFRPREEGKILHIROFH DQ
7HFKQRORJ\ SS

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

"HWHUPLQDWLRQ RI WKH VKHOI OLIH RI VPRNE
'"LFHQWUDUFK XU LQDAXD| PDULQDGH VWR
XQGHU UHIULJHUDWHG fERQGLWLRQV

gUIDQ .HVNLQ %D\UD
$VL\H (\XER+OX <D0Oo0o0OQ .D\D

8QLYHUVLWI RI ¢

$EVWI
.H\ZRUGYV

,OQWURGXPWWRQV VWXG\ WZR GLIIHUH
6HD EDVV SODLQ DQG VPRNHG ZHUH SUHSDUHG
+RW VPRNLQJ GHWHUPLQDWL PQ IRI 2ADK/HD UPWIGHBN LQ Y H V
4XDOLW\ WKH TXDOLW\ DFFRUGLQJ WR RUJDQR
6KHOI OLIH PLFURELRORJLFDO SDUDPHWHUYV
ODULQDGH ODWHULDO DQQOLRHWKRGBOLHG IURP

DTXDFXOWXUH IDFLOLW\ ZHUH EURXJKW
FROG VWRUDJH DQG ILOOHWHG DIWHU F(

*URXS $ 30DLQ ZzZDV SXW LQWR WKH

JLVK VROXWLRQ UDWLR ZDV DOF
SUWLFOH KLVWRU\,mnpo G FLWULEF DFLG IRU GD\V
EHEHLYHG *URXS % 6PRNHG ILVK ZHUH VPRNHG D¢

SHFEHLYHG LQ UHYARAEHRWr WHPSHUDWXUH &ROG ILVK ILC
PDULQDWLRQ VROXWLRQ )LVK VROXWLF

$FFHSWHG DOFRKRO YLQHJDU FLWWICAWDBRG IRU ¢
5HVXOW DQG GENRMBVYRRQWR WKH UH!
WHUPV RI WKH FKHPLFDO DQDO\VHV ZI

GHWHUPLQHG DV * PJO'$ NJ LQ UDZ
&RUUHVSRQGLQJ Q) WKH VWXG\ WKLV YDOXH ZDV GF
PJO'$ NJ EQRXS $ WK PRQWK DQG
%D\UDP .[VWHNOLPJO'$ NJ LQ *URXS % WK PRQWK $FFRL
(PDLO LQ WHUPV Rl WKH PLFURELRORJLFDO DQ!
ENRVWHNOL#VLQREGHVGNUWALQHG &M 1LQ* UDZ PDWHULDO EX
EDFWHULDPR@G \FRXYQW ZDV JBRDLQHG
GXULQJ WKH VWRUDJH SHULRG &ROLIR

HQFRXQWHUHG LQ WKH VWXG\ )RU WKH
H[SHULHQFHG SDQHOLVWY HYDOXDWHG
FRORXU RGRXU WH[WXUH IODYRXU DQ
%RWK JURXSV JRY WKHBEHIRQL.QJ EXW
JRW ORZ VFRUHV LQ WK PRQWK DQG *UR
WK PRQWK IURP SDQHOLVWY DQG ORVW

&RQFOXWLRQHVXOW VPRNHG VHD EDV
DSSUHFLDWHG PRUH WKDQ SODLQ VHD E|
OLIH RHEPRIULQDGH ZDV GHWHFWHG KLJ
>y PDULQDGH

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

JLVK ZKLFK LV HVVHQWLDO IRU KXPDQ KHDOWK DQG FF
FRQVXPH IRRG VRXUFH IRU WKH VDNH RI D KHDOWK\ DQG ¥
DUH NQRZQ WR KEKKIPDQRGIBUMKRUWTYV VWDWHG WKDW L\
HIITHFW RQ PDQ\ LOOQHVVHV OLNH FDUGLRYDVFXODU GLVI
VWUHQJIJWKHQLQJ WKH LPPXQH V\VWHP K\SHUWHQVLRQ |
HYHQR®WY GLVHDVH PD\ RFFXU ZKHQ WKH O DFM QRN UFIRWAKXP
ODEUDYDHXV ZKLFK KDV D KLJK QXWULWLRQ YDOXH
7XUNH\ EHVLGHV LW KDV EHHQ FXOWLYDWHG ZLWK JUHD
VHD EDVV SURGXFWLRQ WKDW KDV ZKLWH PHDW WRIQBGIVF L R
> @ 2QH RI WKH PRVW FXOWLYDWHG ILVK VSHFLHV LQ 7X
IUHVK EXW LW LV H[SRUWHG IUR]JHQ RU SURFHVVHG DV ZI

'LWK SURFHVVLQJ VHDIRRG PDQ\ SURGXFWV DUH RQ W
FUHD@HGVR FRQVXPSWLRQ ODWHO\ ODULQDWHG SURGXF
VPRNHG VDOWHG DQG FDQQHG RQHV ODULQDWHG SURGX
SURFHVV ZLWK FHUWDLQ DPRXQW RI VDOW DQG DFHGLF
SURFHVV LQ PDULQDWHV LV UHVXOWHG IURP RSSRVLQJ LC
6DOW SURYLGHV WRXJKQHVV IRU ILVK PHDW ZKHUHDV DF
D FHUWDLQ SHULRG LV SXW LQWR PH URIQ® GHHWFR Q BMDH. QGG
7KHQ DJDLQ VKHOI OLIH Rl PDULQDGHV PD\ DOWHU DFFRU(
UDWH RI EULQH EULQLQJ SHULRG DQG VWRUDJH FRQGLWL
EDFWHULD DQG HM) MRHVRAWLYUWH H[WHQGV > @ 2Q WKH
PDULQDGHV FDQ DOV R EMMKW \GRHUWRDWKH IDFWRUV OLN|
UDQFLGLW\ DQG SXWUHIDFWLRQ > @ $V IRU VPRNLQJ SUF
RUGHUYWRLVK D GLIIHUHQW FRORU VPHOO WDVWH RU IO
LV VWHHSHG LQWR VDOW\ ZDWHU VROXWLRQ $IWHU WKD
LV GHK\GUDWHG ZLWK WKH KHOS RI VID @RWDQWDPIGF GRELQ
DQWLR[LGDQWVY FRQVHUYDWLYHQHVV R@ W% H VALRABRKQ &
SRVLWLYH HIIHFW RQ VKHOI OLIH VPRNLQJ SURFHVV S
VHQVLWLYLW\ $ SURGXFW LV MWODPWWGNKE B WQWLIWL YR
HVSHFLDOO\ LQ GHYHORSHG FRXQWULHV > @

(LWKHU Rl WKHP DUH ILVK FRQVHUYDWLRQ PHWKRGV Z|
ILVKHU\ SURFHVVLQJ WHFKQRORJ\ ,Q WKLV UHVHDUFK DQ
RIWIGLIIHUHQW WHFKQRORJLHYVY $OVR LQ WKLV VWXG\ LW
ZKLFK ZDV PDULQDWHG LQ WZR GLIIHUHQW PHWKRGV SOL
TXDOLW\ FKDQJHV GXULQJ VWRFNSLOLQJ

ODWHULDPH WRKSG

6HOEMOLFHQWUDUFKIXYDEREZUD| ZKRVH DSSUR[LPDW

“ FP DQG ZHLJKWYV DUH “ J ZHUH EURXJKW V
VWRUDJH DQG WKHVH ILVK ZHUH VXSSOLHG IURP .X]JH\ 6X
EHWZHH@&GBIDPR/X SURYLQFHY LQ '"HFHPEHU $IWHU UHP
FOHDQLQJ WKH\ ZHUH ILOOHWHG ZLWKRXW VFDOLQJ %HI
LF\ VDOWHG ZDWHU PLQV XQWLO HPSW\LQUII WKHLU
LQ RUGHU WR OHDN DOO WKH H[WUD ZDWHU $00 WKH ILO

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

JURXS *URXS $ ZDV SODLQ PDULQDWHG EDVV DQG WKH F
,Q RUGHU WR PDWXULQJ ILVK D VRQAQXQWULRGXNWAKLDY® EBU
ZDV XVHG 2Q WKH RWKHU KDQG VPRNLQJ SURFHVYV ZDV
RYHQ LQ 6LQRS 8QLYHUVLW\ )DFXOW\ RI J)LVKHULHV 3URF
E\ EHHFK WUHH

JLVBURFHVVLQJ

JRU SODLQPDHUDEDEM *URXS $ WKH ILVK ZDV VWRUHG
FLUFXPVWDQFHV 7KH UDWH RI ILVK WR EULQH LV DQG \

VDOW DQG FLWULF DFLG $W WKH HQG RI PRQGLQDW
ZHUH SXW WR GUDLQLQJ

JRU VHFRQG JURXS *URXS % PDULQDGH WKH ILVK ZL
VPRNHG 6PRNLQJ RYHQRZDYQ ® GWKHVWNE MR/ NHSW LQ VP
PLQ DV FAQ\LOUHIQG PLQ VPRNIPRNBQRBSHNRFHMWHQ
ZLVK ZDV WDNHQ WR D FROGHU SODFH WR FRRO RIl $IV
) % DOFRKRO EULQH VDOW FLWULF DFLG DC
$IWHU WKH PDWXULQJ SUR¥SW\ZDW KIHO LLI\DKH G QL G R\ KP DURC
7KHQ WKH FRQWDLQHUV ZHUH ILOOHG ZLWK VXQIORZHU R
ZHUH DOO VWRUHG LQ UHIULJHUDWRU

$QDO\RMQW KRGV

7KH VWXG\ ZDV H[HFXWHG DV JURXSVHR® UK RWBBD
DQG SDUDOOHO DQDO\WHV 'XULQJ VWRUDJH SHULRG WK
ZDV WULHG WR ILJXUH RXW WKH VKHOI OLIH LQ UHIULJH!
VHQVRU\ FKHPLFDO SK\VLFINQWQG PLFURELRORJLF DQDC

79% DPRXQWV RI IUHVK VDPSOHV DQG SURGXFWV ZHUF
GHWHUPLQHMHEGHGNHWKRG > @ 4XDOLW)\ EQDDOXH LFADW |
GRQH DFFRUGLQJ WR 9DUOON HW DO > @ $RRXQVGRQ7%:
> @ 4XDOLW\ RI ILVK LQ 7%$ YDOXH ZDV HYDOXDWHG
GHWHUPLQDWLRQ RI VDOW DQG YLQHJDU D@ PRGS+DF
PHDVXUHPHQW WKH ILVK ZDV DGGHG LQWR SXUHOZDIW H U

L SRUWDEWWHS+SUREH > @ &RORU ZDV DQDO\]JHG
&KURPRPHWHU EUDQG GHYLFH DFFRUGLQJ WR &, / D E
E :KLWH SODWIRUP RI WKH GHYLFH ZDV XVHG IRWGFDOLE
LQ 1RYDVLQD EUDQG DXWRPDWLF ZDWHU DFWLYLW\ PHDV.

7KH PLFURELRORJLF DQDO\WVHVY DUH EDFWHULDO FRXQ
EDFWHULD WRWDO SV\FKURBRDGHEDHHWRIELLAD EDFG/ MRV D (
H[WHULRW WIUSDDFNDJHVY ZHUH FOHDQVHG ZLWK HWK\
VWHULOL]HG NQLIH JUDPV RI ILVK VDPSOHV ZHUH WD}
VSDWXOD DQG KRPRJHQL]JHG ZLWK DGGLQJ LQ PO SHSWI
UDBNELOXWLRQV ZHUH SUHSDUHG XVLQJ PO KRPRJHQL]D\
VROXWLRQ 1D&0O 30DWH &RXQW $JDU ZDV XVHG LQ F
DQG SV\FKURSKLOH EDFWHULDR&7 KRU | L \GKSBIWER UQ FPXHEVDR/G I
FRXQW BRQIRDW GD\V IRU SV\FKURSKLOH EDFWHULD FRXQ\
ZDV PDGH ZLWK SRXU SODWH WHFKQLTXH > @

$00 FRORQLHV WKDW ZHUH REVHUYHG LQ SHWUL ZDV
VWDQGDUWRM WHMWQW ZDV JLYHQ DV /RJ.2% J DW WKH HC

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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3RWDWRV 'H[WUR] $JDU IHHGORW ZDV XVHG IRU \HDVW
WHFKQLTXH DE@ROG/ QX PEHIDW DY FRXQWHG DQG VSHFLILH(
DWR& DQG WKH UHVXOWV ZHUH JLYHQ DV /RJ.2% J > @
/IDE 0 IHHGORW ZDV XVHG IRU WRWDO FROLIRUP EDFW
XSVLGH GRZQ WKHQ LQFREHDWHG IRHG OFRON\DWHURI TURJHQ
H[SHULHQFHG SDQHOLVWYV ZHUH FKRVHQ IRU VHQVRU\ DQ
WR HYDOXDWH WKH SURGXFWV 7KH VHQVRU\ HYDOXDWLR
ZKLFK LV H[SUHVVHG IRU PDULQDW H® SOUGR @OXFGV K V B ® WA
BFKRUP*OOHU > @ 7KH SURGXFWV ZHUH HYD OXPRVWE HE\
SRLQWV RI FRORU VPHOO WDVWHQ MR WXRIMEID® G DWQHUTL
EDG *RRG 9HU\ JRRG DQG WKRQIEHHKLFERURYWNHBHUH V¢
LQFRQVXPDEOH

OHGLDQV DQG VWDQGDUG HUURUV EDWHR®DLHV KD \RV ZHiU
DQG WXNH\TV WHVW ZLWK WKH KHOS RI OLFURVRIW ([FHO
> @

5HVXOWY DQG GLVFXVVLRQ

1RZ WKDW WKH SURGXFWV NHHS WKHLU FKHPLFDO DQ
SHULRG VKHOI OLIH RI WKHP ZDV GHWHUPLQHG E\ VHQV\
H[SHULPHQW H[SUHVVHV WKH ILUVW GD\"IRQWRKG ¥ ZRKX®H \
$ SODLQ VHDEDVWV®PRQWEDIRH IDUJRXS % VPRNHG VHDEDVYV

&KHPLFDO DQG SK\VWLFDO DQDO\VLVY UHVXOWYV

7KH 79%7%$ S+ DQDO\WHV UHVXOWYV DQG ZDWHU DFWL
ZHUH JLYHQ LQ )LIJXUH \ Q% KD GXHI\RH QWHVW X\®D P SOHV

« PJ 0'$ NJ $IWHU PDULQDWLRQ RI IUHVK VDPSOHV
H[DPLQHG ZLWK UHJDUG WR 7%$ YDOXHV 'XH WR WKH DS
JURXS $ )LVK RLOV ZHUH OGN MKV %G$H MIDIBHVERY G

« LQFUHDVLQJO\ LQ WKLV JURXS DW WKH HQG RI WK
WKH DQWLR[LGDQW HIIHFW RI VPRNH FRPSRXQGV 7%$ YD
WKDQ JURXS $ DQG LW GHRNHU® INJHG DV «

'XULQJ VWRUDJH WLPH LW ZDV REVHUYHG WKDW WKHU|
DOVR GHWHFWHG WKDW WKLV LQPUHDY M FRPOG H) RML WK U
PLQLPXP FRQVXPDEOH UDWH 7KH JYDRXXHV @IH UHU HRXFEH3/ \ELH;
ERWK IRU WKH EHJLQQLQJ DQG WKH HQG RI WKH VWXG\ S

7KH FKDQJH RI IDW UDQFLGLW\ GHSHQGLQJ RQ WLPH Z
DQDO\WLY UHVXOWVY ZHUH HYDOXDWHG E\ FRQRUBHDQBU W
> @DQG ZHUH VWDWHG E\ 9DUOON HW DO > @ %D\JDU H
RI FUXGH PDWHULDO DV ZKLOH WKH YDOXH RI PDWHUL
0'$ NJ > @ $OSDUVODQ HW DO \GNGWHMHBNWHK]BWHEH D B D \0V
ZKLFK LV WKH KLJKHVW FRQVXPDEOH OLPLW DW WKH HQG
.D\D GHWHFWHG WKDW VHDEDVV PDULQDGH GLG QRW H[F}
RI VWRULQJ SHULRG > @

%DOONO0O REVHABY HIBOWKDRI ERWK SODLQ DQG GLOO DGG
LQFUHDVHV GXULQJ PRQWKVY RI VWRULQJ WLPH WKRXJK
*sQO+ VWDWHG WKDW 7%$ YDOXHV RI SURGXFWV LQFUHDV

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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VHDBEDWWU VPRNLQJ KRZHYHU QRQH RI WKH SDUW\TV 7%#{
GXULQJ VWRULQJ SHULRG > @ 7KH UHVXOWY DUH FRPSDV
$ VSHQW PRUH WLPH LQ PDWXULQJ EULQH WW KW VF RAXKOHU H (
EH VDLG WKDW WKH UHDVRQ ZK\ *URXS % KDV OHVV 7%$ Y
IURP VPRNLQJ SURFHVV *RXODV DQG .RQWRPLQDV LQGLF
WKH FRXUVH RI VWRULQJ WKH OREHYQIROAW RDWWHUWY IF
FRPSRXQGY DQG WKHW{LEDWWMWMHWHKEBEFW DQWL
$FFRUGLQJ IWRQDTAVLY YD H RI IUHVK VHDEDVV ZDV
) PJ J DQG WKIDOKHZDY LGHQWLILHG DV “ P
$ “PJ J IRU JURXS % DIWHU PDULQDWLRQ SURFHV C
GHFUHDVH YQOE®WY FDQ EH VDLG WKDW WR EH WKH GHFUH
ZDLWV LQ EULQH ZDWHU
6LOQFH ERWK PDULQDWH JURXS§HDVUMHN B OH LY RAD HWK 4
LQFUHDVHG VRPHZKDW LQ ERWK JURXSVIDYWD & XHVHRIG* BRR X
$ DQG *URXS % ZHUH GHWHUPLQHG DV “ “ P
GLIIHUHQFH EHWZHHQ WZR JURXSYV ZDV IRXQG VLIJQLILFDC(
2QH RI WKH DQDO\WHV ZKLFK LV FRQVLGHUHGI1D IUHVK
DQDO\WLY 7KH UHVXOWY ZHUH HYDOXDWHG E\ UHJDUGL

PJ J 79%DV 3YHU\ JRRG’ RIDV 3 IFORG PJ1 DV/I9%
SPDUNHWDEOH" DQG VDPSOHV FRQWD1@\Q 3VERUKB HEK DX
%D\JDU HW DO I1IRXDGXWKH FTQPVK VDPSOH DV PJ J

VKDUS IDOIODRIRXIW ZDV FDXVHG E\ S+ GHFUHDV¥HOEKGFK Z
XVHG LQ WKH EULQH > @1 YD\OXHKNWDWHGERKWYKBWEDYY DV
GHFUHDVHV GRZQ WR “ PJ J IRU SODLQ PDULQDG
PJ J IRU VDXFHG PDULQDGHYV KH DOHWRFHNMODOWHKE RRK@WK K
OLPLW UDWHV LQ WLPH > @ 3UHVHQW VWXG\ VKRZV VLPL

,Q SUHVHQW VWXG\ S+ YDOXH RI IUHVK VHDEDVV ZDV P
SURFHVV S+ YDOXH RI *URXS $ DQG"% ZBH@®G GHWHUPL
UHVSHFWLYHO\ UHVXOWLQJ IURP DFLGLF WUHDWPHQW

S+ YDOXH RI IUHVK ILVK LV H[SHIFWK G KR FH @ BINWZ IGHIQ
WKH VSHFLH D\QGHU VIHRBWV RRUWAIDY GHWHUPLQHG WKH IUHV]
DV “ > @ ZKHUHDV 7DUND\D HW DO GHWHUPLQHG D
SURGXFWV LV YHU\ VLIJQLILFDQW > @ S+ LIRWHRD/WDLA DW h
SURGXFWV > @ 7KHUHIRUH LW LV LPSRUWDHPW UBIRIWK
VRPH IODYRULQJ PDWWHUV /LNHZLVH $0O0SDUVODQ HW D
VHDEDVYVY ZKLOH PDULQDWHG SURGXFWS{V S+ YDOXH ZDV D

.D\D PHDVXUHG WKH EHJLQQLQJ S+ YDOXH RI SODLQ V
dDNOU WK¥HQBHJILQQLQJ S+ YDOXH RI DQFKRY\ PDULQDGH
DFLG UDWH WKDW UHVHDUFKHUV XVHG DW WKHLU UHVHD
SUHVHQW VWXG\ ORVW UHVHDUFKHUV VWDWHG W KDW WHK
PDULQDWHG SURGXFWYV > @ (YHQ WKRXJK WKH UHVFE
VWXG\ LW LV FRQVLGHUHG WKDW WKH ORDXBWH RI DFLG

:KHQ WKH ZDWHU DFWLYLW\ LV LQYHVWLIJDWHSG$WKH Y
DQG % IRXQG UHVSHFWLYHO\ DV “ DQG “ DW
DQG DV : DQG “ DW WKH HQG RI WKH H[SHUL
WKHP ZHUH IRXQG VLIJQLILFDQW S

,u0GDQ GHWHFO HHBWRNKMHVIK LQ KLV VKDG PDULQDGH DV

“ DW WKH EHJLQQLQJ RI WKH H[SHULPHQWb O X@® *L.
RlI KLV VHDEDVY PDULQDGH GHFUHDVHG DIWHU PDULQDW

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

UHVHDUFBEWW LQG6UKRDWVEKWH UIRUDWKH SURGXFWY RULJLQDWL
FDSDFLW\ RI VDOW VR WKH UHVXOWY VKRZ VLPLODULW\ \

$V LW LV NVOPROXHVDGHFUHDVHG GXH WR EULQH DQG VPRI
LV QHFHVVDRUJRQIPMFFUBRZWK UHPRYHG SDUWLDOO\ 2Q
WKDW IDOYDLQXHRIDBDRQJ ZLWK S+ UHVWULFWV RU VWRSYV

> @
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JLIXUH7KH 7B%7%$%$ DQG S+ DQDO\WLV UHVXOWYV DQG ZDWHU
Rl JURXS $ DQG JURXS %

ORQWKO\ DQDO\WHV ZHUH FRQGXFWHG LQ RUGHU WR G

RI' YLQHJDU WRWDO DFLGLW\ LQ ILVK PHDW 7KH VDOW D

UHVXOWYV LQ VHD EDVVY PDULQDGH VDPSOHYVY ZHUH JLYHQ |

$IWHUQE)W\U_LRQ SURFHVV 6DOW DQG YLQHDJDU FRQWH(

“ DQG “ “ UHVSHFWBLVY FOKH S

PDULQDWHG VDPSOHY ORVW WKHLU ZDWHU GXULQJ VWRU|

DQGKOHWAMDULQDWHG VDPSOHV ZDLWHG LQ SDFNDJH ZLWK
JURXSYV
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$OVR LQ ZKLFK WKHUH ZHUH LU WHIXWDND OKWNYV LD GV L
WKDW NHHSLQJ WKH ILVK LQ EULQH KEBIGIWWHHSIUER MHWYV DDA
EULQH FRXOG DIIHFW WKHVH YDOXHV 6PRNHG SURGXFWI
*URXS $ FDQ EH FDXVHG E\ VPRNLQJ SURFHVY LQ DGGLWL

:KHQ vDOW DPRXQWYV ZHUH H[DPLQHG ERWDK RRW KUR X
H[SHULPHQW WKH\ ZHUH GHWHFWHG DV “ “
DPRXQWYV ZHUH GHWHFWHG DV “ “ UHVSHFW|
WKHP ZDV IRXQG VWDWLVWLFDOO\ VLIJQLILFDQW S

.D\D GHWHFWHICQWHKBDOEHILRIQDFLGLW\ DQG VDOW RI

: DQG : DQRG DOVR VWDWHG WKDW WKRVH YD
> @ dDNOU GHWHFWHG WKH EHJLQQLQJ FRQWURO YDO
LQ SODVWLRWRHFWLLYGIDY DV ) DQG “ KH DOVR

LUUHJXODU LQFUHDVHYVY LQ DFLGLW\ DQG VDOW YDOXHV E

m30DLQ@+HRW VPRNH = m30DLQO$RW VPRNHG %
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< 6WRUDJH WLP <t 6WRUDJH 7LPH ORQWK

JLIXUH 6DOW DQG WRWDO DFLGLW\ DQDO\VLV UHVX¢

7KH FRORU DQDOMVINYHIQVIX® WIVEDH 7TKH TXDQWLWDW|
LQ SURGXFWVY SK\WVLFDO DSSHDUDQFHY ZHUH UHYHDOHG
ZKLFK ZDV PHDVXUHG LQ WKH GHYLFH UHYHDOV D GLIIHL
VWRULRQ WKH UHVXOWYV ZKLFK ZHUH DFTXLUHG E\ WKH P
RI ILVK ILOOHWYV ZHUH H[DPLQHG DQG / EULIKWQHVV )

) / YDOXHV RI *URXS $ DQG % ZHUH GHWHUPLQHG

“ RQ WKH ILUVW GD\'RI WK/HK H [SHDVRQ W JIISW EH WK}
IHDWXUH RI DFLG LQ WKH ULSHQLQJ EULQH

D YDOXH LV “ LQ IUHVK VDPSOH DQG LW ZDV |
H[SHULPHQW DVIRU *URXS $ DQGIRV *URXS % :BLOH E
YDOXH RI [IUHVK ILVWKMW YDOXH LV GHWHFWHG DW WKH E

: IRU *URXS $ DQG “ IRU *URXS % 7KH PHDVXL
KLIKHU IRU ERWK JURKSVLQVRIWEKHUHAKUGYPISW ZDV REVHL
FKDQJHV LQ SURGXFW FRORU (VSHFLDOO\ HPHUJLQJ KL
ZKLFK ZDV PHDVXUHG LQ *URXS % SURYHG WKDW WKH SU!
EH VR IRU VPRNHEG SURGX¥VWKDMIWKH VPRNH GHPRQVWU
GLIITHUHQFHY EHWZHHQ WZR JURXSV ZDV IRXQG VLJQLILFL
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/ EULJKWQHVV YDOXH LV POIGVIXW HG SEHW XHNQVKH FR
LV JHWWLQJ IURP GDUMWR/RLJKW DWDOW H HXW\L FIORV PHD
GHYLFH LV GHSLFWHG E\ JUHHQLVK FRORU ZKHQ LW LV (
FRORU ZKHQ LW LV SRVLWLYH E YDOXH LV GHSLFWHG E\
LV GHSLFVOIW®RELMMK FRORU ZKHQ LW LV SRVLWLYH

%LOLU PHDVXUHG WKH EHJLQQLQJ/ D DQG E YDOXF
DQG GHWHFWHG WKDW / YDOXH LQFUHDVHV D YDOXH FR
ILVK PHDW DIWHU ULSHOQM\@IGL® XGM EDVDQDBLQH > @ .D
IUHVK / YDOXH DV D YDOXH DV DQG E YDOXH C
PDULQDGH +H IRXQG WKHVH YDOXHV RQ WKH ILUVW GD\ :

DQG 7KHVH FKDQJHV LQ ILVK PHDW DUH DFFRUG
VWXG\ > @

7TDEOH
&RORU DQDO\WLY UHVXOWY RI JURXS $ DQG JURX:
6WRUD. $ )
ORQWI

JUHVK “« 3 « 9l

JLUV\ “ $E ©o%

Y “ $ “ %

Q “ $ “ %

U / i $E “ %t

W “ $1 « %1

W u $( “ %

W “ |

W u G

JUHVK S “§

)LUV ©SE ©w

v i $E [ % |

Q u $ u $]

U D i $E “ %

W “ SEI « %1

W “ $( “ %E

W “ I

W “ E

JUHVK “« 3 « 9l

JLUV\ “ $E «o %l

Y “ $ “ %

Q “ $E “ %

§] E « $( u %

W “ $( “ % |

W i $E “ %

W “ |

W “ E

9DOXHV ZLWK GLITHUHQWS OWWWBQE8 LQ WKH URZ
WKH FROXPQE « GLIIHU SLIJQLILFDQWO\

$ 30DLQ VHD EDVV PDULQDGH

% +RW VPRNHG VHD EDVV PDULQDGH
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OLFURELRORJLFDO DQDO\VLV UHVXOWYV

,Q SUHVHQW VWXGRQWKKHOSURBOFONUHVRSKLOLF $HUR
3V\FKURSKLOLF $HURELF %DFWHULD 7RW®RO &R% D FRVUHPU ¥
/IRDGV ZHUH H[DPLQHG $FFRUGLQJ WR WKH PLFURELRORJ
EDFWHULD QXPEGWYDYV GHWHEMIB) J KRZHYHU QRW D
UHSURGXFWLRQ ZDV REVHUYHG GXULQJ VWRULQJ WLPH
VPRNH RQ WKH EDFWHULD DQG WKH SUHYHQWLQJ HIITHFW
EDFWHULDREIKRORUEBDO ORDG UHPDLQHG EHORZ WKH OLF
JURXS EDFWHULD DMU SIUGIR\N QGM W WK\G H G

.D\D H[DPLQHG WKH SURGXFWV LQ VHDEDVV PDULQDGF

GD\WV DQG KHUHE\ K & XFAMDWGE IGGC WKW HY RHBUW K H FRC
&8)J > @ %DOONo® UHSRUWHG WKDW VPRNHG PDFNHUF
RI WRWDO PHVRSKLOLF DHURELF EDFWHULD FRXQW GXUL
SUHYHQWYV WREBWEK PW HU UBI® XXOW Rl PDULQDWLQJ DQG VPF

6HQ DQG 7HPHOOL VWDWHG WKDW WKH\ PDULQDWH
GHFUHDVHG DIWHU PDULQDWLQJ > @ .000Qo DQG dDNO
QRW REVHUYHG IPQ W RMDWHG WIDUFGLQH DQG DOVR 20JXQF
PDULQDWHG DQFKRY\ > @

6HQVRU\ DQDO\WVHV UHVXOWYV

$W SUHVHQW VWXG\ LQ ZKLFK WKH TXDOLW\ Rl VHDED)
H[DPLQHG VKHOI OLIH RI WK HDSWHR\GXFW R D VHRHVRHE U BIQDH
UHVXOWYV ZHUH JLYHQ LQ )LJXUH $W ILUVW WKH SURG:
OLNHG DQG FRQVXPHG E\ SDQHOLVWYV $ GLIIHUHQFH ZDV
VWRULQJ WLPH *URX$ BOWK \DRIG HQBXS| %P RY WKK HRMQ G RR
UDWLQJV IURP WKH SDQHOLVWY DQG ORVW WKHLU TXDOL
LQ WKH FRORU DQG VPHOO RI WKH SURGXFW ZHUH QRW Q
SDQHOLVRPHWHKDWHULRUDWLRQ RFFXUUHG LQ WK MKWH[WX
PRQWK IRU *URXS"H PQWKLIRWKHRXS % 7KHUHIRUH VKHO
GHWHUPLQHG DV PRQWKYV DQG *URXS % DV PRQWKV 7}
JURXS LV WKH VHDEDVV PDULQDGH ZKLFK ZDV PDULQDWH
7KH GLIIHUHQFHV EHWZHHQ WZR JURXSV ZDV IRXQG VLJQI

7KHUHE\ HYHQ LI SDUDPHWHUV RI D SURGXFW TXDO
LQFRQVXPDROBRAKHWQ LWV VHQVRU\ IHDWXUHV > @ .D\D
VSRLO IRU GD\V EXW WKHUH ZHUH RQO\ VRPH TXDOLW\
GRQH E\ VHDEDVV > @ %DOONo0O VWDWHG WKDIWVKHKHUH
SURGXFWV ZKLFK ZHUH SUHSDUHG ERWK SODLQ DQG GL«
ZHUH LQ JRRG TXDOLW\ GXULQJ PRQWKV RI VWRULQJ V
FKDQJHV GXULQJ VWRULQJ WLPH LQ GLIIBUMRDMXXKDG
SDFNDJHG $FFRUGLQJ WR KLV ILQGLQJV WKMWEYRFWKP SD
LQ VHQVRU\ SHUVSHFWLYH RQ WKH RWKHU KDQG WKH St
LQ EHWWHU FRYBRYWRQ>R@ WK R+ X0OKBW DEQVRWDWHBG W X
VPHOO HWF RI VPRNHG DQFKRY\ PDULQDGH GHFOLQHG G
OLYHV DUH PRQWKY > @ (YHQ WKH SUHYLRXV UHVHDU
VDLG WKDW VKRUW QHOWHRS NMKRHEDW FUIGBW H L. @ MK H EULQH D
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JJJ)RRG 7THFKQRDRJ\
&RQFOXVLRQ

7TRGD\ VHQVRU\ IHDWXUHY DUH DW WKH WRS ZKHQ LW F
WKH SURGXAWDKOMWIRRIGHQ LW LV QRW TXDOLILHG ZLWK
QHLWKHU SUHIHUUHG QRU FRQVLGHUHG DV WUDGDEOH ,
KDYH VLPLODU RXWFRPHV &KHPLFDO DQG PLFURELRORJ
EHWHQ FRQVXPDEOH OLPLWYVY KRZHYHU VLQFH WKH SURG
HIDPLQDWLRQ ZDV WHUPLQDWHG $FFRUGLQJ WR WKH IL(
PROQWKY *URXS % DV PRQWKYV 7KH PRVW IDYRULWH JUR

$MQRZOHGIHKHGWWRUN ZDV VXSSRUWH
8QLYHUVLW\ 6FLHQWLILF 5SHVHDUFK 3UF
SURMHFW FRGH

5HIHUHQFHYV

.D\D < 'X\DU +$ (UGHP 0 ( %DOON \D+ DVLWOHUL
(8 -RXUQDO RIPILXBKWUEH\FLHQBEB W

7XUDQ + (UNR\XQFX g .RFDWHBMHIDDWW)\ DFHENY DQG
$TXDFXOWXUH 6WXGLHV

7ho. 7+UNL\H gVWDWLVWLN .XUXPX 7XUNLVK 6WDWL)\
.000Qo % dDNOO 1 0(D&J L QFOWIHD D@ FRIQ RO/RHU LHV

6FLHQFHV SS

g]GHQ g %D\JDU 7 7KH HIIHFW RI GLITHUHQW SDFNL
Rl PDULQDAMXMHG LYK K R XUQD\ODRIGI H@LHDA@ BEBEHQFH YV

7XUDQ + .RFDWHSH ' .HVNLQ ¢ $OWDQ & 2 .[VWHNOL
,QWHUDFWLRQ EHWZHHQ UDQFLGLW\ DQG RUJDQROHSWLF
HQFUDVLFROXV / DORGRAYQAD ®WRYHRRE VFLHQFH DQG W
Ss

*|+e0 $ . .ROVDUOFO 1 6X hUeQOHUL 7THNQRORMLVL
)DFXOW\ 3XEOLFDWRR@USKEERRSN)NDUD
*«O\DYX] + hQO+vD\OQ O $TXDFXOWXUH 3URFHVVLQ.

hQLYHUVLW\ (JLUGLU RORRXWDOWH BRRKRINY KHILIGHWL QJ KRXVH
SS $QNDUD

.D\D < 7XUDQ + (UNR\XQFX o 6GHPORHGCODQP O 6 BWD®MD P XW

VD UBOR F K EDOO+O0QOQ EX]GRODPBO-RRUXODODRIO)Q @ RH

DQG $TXDWLF 6FISHBQFHV

9DUOON & (UNDQ 1 g]JGHQ g ORO 6 DQG %D\JDU 7

7HFKQRORBS @gVWDQEXO hQLYHUVLW\ SXE QR

.RUDO 6 .|VH 6 7XUDHVYWLIDWLQJ WKH TXDOLW\ FKDQJ}

JDUIIWHKORQH EHOR@WHKMNULQL DW DPELHQW DQG UHIUL

7XUNLVK -RXUQDO $RIXDW KH & ES™M @FRHG/

/IXGRUI : OH\HU 9 JLVFKH XQG )LVFKHU]JHXJQLVVH
+DPEXUJ

9DUOON & 8+XU 0 *|NR+OX 1 *eQ + 6X *U*QOHL
\QWHP)®RRGBL7HFKQRORJ\ B VIR F L DS\QNRIU BX

(UNDQg]IGHQ g 4XDOLW\ DVVHVVPHQW RDUGRQH D«

SLOFKDWWERY HG We L OERWUR@MOR| )RRG 6FLHQFH DQS& 7HFK

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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9DUOON & ORO 6 %D\JDU AU -DROVXIQ WUOHPHBIMHNQRORML
VW 8QLY 3XE @VWDQEXO 8QLYHUVLW\ gVWDQEXO
&XUUDQ & $ 1LFRODGLHV / 3RXOWHU 5 * 3RUV -

DW 'LITHUHQW 6W R UMURYS 76FL.SBUDW XUHV

&DOGHU % / 7KH 8VH RI 3RO\SKRVSKDWHV WR O0DLQ
&RRNHG &U\RJHQLFDOO\ JUR]JHQ /REVWHU +RPDUXV DPHL
7RFRSKHURO WR ODLQWDLQ 4XDOLW\ Rl :KROH &RRNHG
LBRUDWXV 7KH 8QLWBHUVKWWIRG ODLQH

6LYHUWVYLN 0 B5RVQHV -7 %HUJVOLQ + ORGLILH
2KOVVRQ DQG 1 %HQJWVVRQ OLQLPDO 3URFEBY¥I3QUHWWFK (
%RFD 5DWRQ %RVWRQIWMESRUN :DVK

$2%¢& 2I1ILFLDO OHWKRGV RI $QDO\VLV WK HGQ $VV
'"& 86%

+DONPDQ . *OGD OLNUREL\RORMLVL 8\JXODPDODUO %D
+L]PHWOHUSLQ/NOAU DO W L

5RJHU 6 -RKQ , 3DDIHJB : *HQHUDO PLFURELRORJ\ )L
E\ ODFPLOODQ (GXFDWLRQ /WG +RXQGPLOOV %DVLQJVWRF
*INWDQ ' *OGDODUOQ OLNUREHL D@L YMRORWLVIDFXOW\ RI
3XE 1R 8QINHUVLW\ 3ULQWLQJ g]PLU

6FKRUPXOOHU - +DQGEXFK GHU /HEHQVPLWWHO F

/HEHQVPLWWHO (LHU )OHLVFK )LVFKHL%XWBRMHWRIUNFK 6
SS

6ePE-OR+OX . 6*PE*OR%QOXRQEVWDWLVWLN +DWLER+OX 3XE

6FKRUP«OOHU - +DQGEXFK GHU /HEHQVPLWWHO FKI

%HUOLQ

%D\JDU 7 (UNDQ 1 ORO 6 gJ]GHQ g 9DUOON®LIH RI 'H)
VWXITH@®HERZ WURXW GXUXQNLMVKOGRXWERNOJRI 9HWHULQTEL
6FLHQFH\S

$0SDUVODQ < %D\JDU 7 +DVDQKRFDR+OX + OHWLQ &
FKHPLFDO DQG VHQVRU\ TXDOLW \FRQMWWLLAKW M GO BHD DHD ¥
VXQIORZHU RLO GXUPQUDMWHRWDRKUDWDOZRI )BRG DQG $JULF
.D\D * . ODULQH (GL6RRQWUHXYWHNXYV ODEUPSDD XV
DXUDWD YH .DUBBDDO®NWIB SHXQU\KHO O GHSRODPD
'X\XVDO .LP\DVDO YH OLNUREL\RORMLN 'H+LGLPOHU OHU
DQG 7THFKQRORJ\ 3K' WKHVLV OHUVLQ

%DOONo0O ( '"HWHUPLQDWLRQ RI 6HQVRU\ &KHPLF
3DBBWHUV Rl 6PRNHG DQG ODULQDWHG ODFNHUHO 6FRPE|
,QVWLWXWH RI 6FLHQFH DQG 7THFKQRORJ\ ODVWHUfV WKH
*eQO+ $ <HWLUOWLULFLOL+L'¢«BBOOWDQUHARXY /BIFUBE L
'XPDQODPD 6RQUD VK thQ DH WIHYE N LE+LGLPOHU YH 5DI gl
6+OH\PDQ 'HPLUHO 8QLYHUVLW\ ,QVWLWXWH RI 6FLHQFH D
*RXODV $ ( .RQWRPLQDV 0 * (11 H FOM VRK. RE® R\Y L DK HL
.HHSLQJ 4XDOLW\ RI &KRPEMMMFMHIIWORFKHPLFDO DQG 6|
SWWULDRRWG HMKHPLVWI$\S

%D\JDU 7 $0SDUVODQ < .DSODQ 0 '"HWHUPLQDWL
6HQVRU\ 4XDOLW\ Rl 6HD %DVV ODULQDGHV 6WRWISG DW
-RXUQDO RI )RREG® 2, SS
7DUND\D / dDONO u dHOLN 8 $ 6WXG\ RQ WKH 4XD
6HDEUG®PUXV DXUDWDQG 6HFEWWUDUFKXV ODERIDWKH
ODUNHW &RQSGLWRXRQWO Rl )LVKHULHV DQGS$STXDWLF 6FLH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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dDNOU ) YDUNOO 'R+DO .DWNO ODGGHOHUL .XO
oDULQDWODUOQOQ 5DI gPUes 6+sUHOHULQLQ dP®ININDHIHP
2QVHNL] ODUW 8QLYHUVLW\ ,QVWLWXWH RI 6FLHQFH DQG
dHWLQND\D 6 (+LUGLU *|0+71QGHWOKSVQ R QDER YHRILI ¢
1QGDQ 0DULQDW <DSOPO YH %D]0 %+OH\@UDIRO'HRHOBO
hQLYHUMMWIMW.XWH RI 6FLHQFH DQG 7THFKQRORJ\ ODVWHU
6DOODP ., $KPHG $0 (0OJD]]JDU 00 (OGDO\ ($
6HQVRU\ $SWWULEXWHV RI &B0RQ@DW H)YU2MEWUDBH BB B UN G
6WRUDIH ) RWEXKBPLVWU\ SS =
,ubGDQ 6 YDUNOO 3DNHWPHRWD<|Q WERXDQMQWQ 7L U
ODULQDWOQOQ .LP\DVDO OLNUREL\RORMLN YH5LXNXVDO
8QLYHUVLW\ ,QVWLWXWH RI 6FULHQ MK BWYISY THFKQRORJ\ 0
*LXIIULGD $ =LLQR * 2UODQGR * 3DQHELDQFR $ +
6HD %DVV DQG &KDOOHQJH 7HVW IFHWHUVLWBUL D5HVHT
&RPPXQLFDWISEBQV
+XVV + + $EDERXFK / MMMHVYPHQW BQG PDQDJHPHQW R
DQG TXDOLW\ )$2 5RPH S
%LOLU 0 7KH (IITHFW RI 'LITHUHQW 9L QHDIDWGE\QHD L Q
SLOFKDOBNMVQDWLRQ RQ 7KH 4XDOLW\" (JH 8QLYHUVLW
7HFKQRORYWHUYTV WKHVLV
.DGDN $ ( .LWRVDQ (NOHQPLUGU +DPVLPDULQDWODUOC
.LP\DVDO )L]JLNVHO OLNUREL\RORMLN YH 'X\XVDO 'H=L0
8QLYHUYVWLWXWH RI 6FLHQFH DQG 7THFKQRORJ\ ODVWHU"

+XVV + + S$EDERXFK / *UDP / $VVHVVPHQW DQG P
DQG TXDOLW\ )$2 5RPH S
6HQ 0 . & 7THPHOOL 6 OLFURELRORJLFDO DQG &Kt

$QFKRY\ 3UHSDUHG ZLWK 'LIITHUH@\W XFBHIHUXWHD BGIH 0 $HGE EW (
9HWHULQDLUHS

.0008Qo % dDNOO u &KHPLFDO HQJ\PDWLFDO DQG
DQG VWRUDJH SHULRG RI VDUG L QHX LsMIHD @HIRBRIGUFKD D G &
7HFKQRORJ\ SS

20JXQR+0OX $ ODULQH (@JIUMDPXLO/L V- DHPYIAGIHV LFKR O XV
'X\XVDO .LP\DVDO YH OLNUREL\RORMLN '"H+LUGLPOHU dXNX
DQG 7THFKQRORJ\ 3K' WKHVLV S $GDQD

9DUOON & (UNPG® 1 %DHWU 7 g]GHQ g ODULQH %D
gPU*Q*Q %HOZXMONGQPHMWL $QLBFBFL
g]JR+X0 < g]JR+XO0 ) .XOH\ ( (IIHFWV RI &RPELQLQJ

RQ WKH 6KHOI /LIH RI $8&FXRG\ GMLR UAHLR WMFKH RO
‘2, \%

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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8VLQJ RI FOLQRSWLOROLWH DFWLYDWHG FKD
FU\WVWDO LQ ZDWHU SXULILFDWLRQ WHFKQROI
ELRORJLFDO YDOXH RI EUHDG NYDVYV

20KD 'X 9LWDOLL 3 6YLWODQD
$QODWROLL 2XWINQD 9LWULDN

1 1IDWLRQDO 8QLYHUVLWI Rl )RRG |
+. 1LY IDWLRQEDO 8QLYHUVLWI| RI 7TUDGH DQG (FRQRPLFV

$EVWI

HIZRUGY  QWURGXAWKR® EHHQ GHWHUPLQHG Wk
‘DWHU GULQNLQJ UXQQLQJ ZDWHU SXULILHG E\ F
DWHUWUHDWPQ@&DFWLYDWHG FKDUFRDO RQ WKH YLW
"RUW

.YDVV
9LWDPLQ

ODWHULDOV DQ@&NPYDWKRRBINGH E\ NYDVV
ZRUW IHUPHQWBWLRKQQOBLWK \HDVW 6DFFK
FHUHYLVLIXIDWVW3DQODBHH&GU\ PDWWHU FRQW
GHWHUPLQHG E\ WKH DUHRPHWULF PHWKR
E\ WKH DELBPX@WWRUMMHWR JURZ LQ WKH SU

YLWDPLQV 7KLDPLQH BQGHWHERIOPHGQE
SUWLFOH KLVWRIMAXRURPHWULF PHWKRG
5HVXOWY DQG,GIWENVYXRIQLHG ZDWHU

SHFHLYHG LURQ FRQWHQ®PZWKH WRWDO ZDWHU KDUC
5HFHLYHG LQ URPIRGFG WKH SHUPDQJDQDWH R[IGEPDWLRQ Z
IRUP 7KH IHUPHSURBADUWR QLPLODU WR ERWK VDP
$FFHSWHG WKH WRWDO GXUDWLRQ RI IHUPHQWDWLRC

ZDV OHVV WKDW LV GXH WR D GHFUH

YLWDPLQV LQ WKH LQLWLDO ZRUW 7KH Z
&RUUHVSRQGLQY/ | JQLILFDQWO\ LQIOXHQIAMGPRQ WIK® \WR &\

DXWKRU DQG IHUPHQWHG ZRUW DQG NYDVV LQ SI
»OKD XOND WKLDPLQH DQG ULERIODYLQ LQ WKH SUI
(PDLO DYHUDJH DQWLRHOM IROLF DFLG FRQWHQW
ROJD GV 4 FDQ EH H[SODLQHG E\ WKH IRSPDHIWRIRQ L
JPDLO FRP ZDWHU LQVROXEOH FRPSOH[$HW XVWXJ ELY

PRGHO VROXWLRQV ZLWK DQ LQGH[ RI WEF
PPRGOP WKH WKLDPLQH FRQWHQW LQ WHK

GHFUHDVHG WHWPHVY FRPSDUHG WR WKH
GHPLQHUDOL]HG ZDLWHK WO HAYRH GIQ \RI{UH. WDPL
NYDVV LQ SDUWLFXODU WKLDPLQH ULERI
ZDWHU VKRXOG KDYH D WRWDO GP®UGQHV\
DQG FRQWDLQ QR LURQ LRQV
&RQFOXVKRQXVH RI SXULILHG ZDWHU
LQFUHDVH LQ WKH FRQWHQW RI YLWDPLQ\
>y SURGXFW ZLWK WKHLU FRUUHODWLRQ SK\\
- KXPDQ ERG\

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

6RIW GULQNYV DUH QRW HVVHQWLDO SURGXFWV EXW W
RI KXPPQ&W &RQVXPSWLRQ RI EHYHUDJHV VKRXOG QRW R
PRLVWXUH DQG VDOWV E\ WKH ERG\ EXW DOVR HQULFK L
VXEVWDQFHV SDUWLF®ODUO\ YLWDPLQV >

‘KHQ FRPSDULQJ GLIIHUHQNWJURXSMWRV \RRIW KGHW D SHXV
DQG JHQHUDO KHDOWK HIIHFWV RQ WKH KXPDQ ERG\ IHU
)XQFWLRQDO IHUPHQWHG EHYHUDJHV EDVHG RQ SODQW
ZLGHO\ XV&G >

%UHDG NRYDHWRILWKH PRVW SRSXODU IHUPHQWHG VRIW
EDVLV RI U\H UDZ PDWHULDOV E@DOQFRKRID SHBFHYQW RW L
IHUPHQWY FDUERK\GUDWHV ZLWK WKH IRUSBDWG&RBWRI RN
PHWDERDM\LVZPMOO DV YLWDPLQV DQG RWKHU ELRORJLFDOO

7KHUHIRUH WKH LQWURGXFWLRQV RI LQQRYDWLYH W
YDOXH RI EUHDG NYDVV LQ SDUWLFXODU WKH YLWDPLQ\
GHMORSPHQW

‘DWHU LV RQH Rl WKH PDLQ FRPSRQHQWYV RI EUHDG NY
FDUU\ RXW DGGLWLRQDO ZDWHU WUHDWPHQW DV UDZ PD\

$ SURPLVLQJ WUHQG LQ WKH IRRG SURGXFWVVWAMIKKQR!
XVH Rl QDWXUDO PLQHUDOV LQ SDUWLFXODU FOLQRSWL(
WKH VWDJH RI ZDWHU WUHDWPHQW > @

7KH SXUSRVH RI WKH ZRUN LV WR VWXG\ WKH LQIOXHC
DQG URFN FUWHR\WD 2DGWHIULVPUHDWPHQW VWDJH RQ WKH YL\
IHUPHQWHG NYDVV ZRUWV DQG WR GHWHUPLQH WKHLU F
ERG\

ODWHULDOV DQG PHWKRGYV
3XULILFDWLRQ RI ZDWHU DQG SUHSDUDWLRQ RI PRGHO

TUHDWRPIHRWLONLQJ UXQQLQJ ZDWHU ZDV FDUULHG RX)\
ILHOG 8NUDLQH DFWLYDWHG FKDUFRDO DQG URFN FU\\
FRQGLWLRQV 3DWHQW OHWKRG RI ZDWHU WUHDYV
&OLORGWALB® ZDV XVHG WR UHGXFH WKH KDUGQ@HVV BRI ZDW
7TKH VWUXFWXUH RI FOLQRSWLOROLWH LV WRHNPEBIKHGU R (
ULQJV LQVLGH RI ZKLFK WKHUH DUH ZDWHW @ BOHIFXD®VQ
HDUWK PHWDOV FDWLRQV $ ODUJH QXPEHU RI LQSXW ZL¢
SURYLGH WKH XVH RI FOLQRSWLOROLWH DV D ©PROHFXOI
VLIH RI WKH LQSXW % >QGRz2&/

$SFWLYDDMHF®OFX ZDV XVHG WR UHGXFH WKH FRQWHQW |
WKH RUJDQROHSWLF SDUDPHWHUV RI ZDWHU > @

5RFN FU\WWWDO ZDV XVHG LQ RUGHU WR VWUHGKWWUR QN
SRWHQWLDO DQG UHPRYH IRUHLJQ PLFURIORUD > @

,Q WKH SXULILHG ZDWHU WKH WRWDIOHLW R IF&® QW WeE W
ZDV PPROVNKH SHUPDQJDQDWH R[GBDWURERRDMUROP XQV
ZDWHU ZLWK D WRWDO GPRDQ FHR@WUDPWVKRIUGRPPMD/OQKBI D Pl
SHUPDQJDQDWH R[LGGRZIHRUH KIVHGP J 2

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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JRU FRQGXFWLQJ H[SHULPHQWDO VWXG\ WKH RSWLPDC
WKH NYDVV SURGXFWLRQ ZRUW ZDV SUHSDUHG XVLQJ GHF
RI KDUGQHVMURRQOWY DQG

7KH ZHLJKW RI D PRGHO VXEVWDQFH ZDV FDOFXODWHCG

Pi 0r & 9 Q0

ZKHUHLN WKHRHLIEWWDQFH E\ PHDQV RI ZKLFK WKH TXD
ZDV PRGHOHG PJ
Ojf LV WKH PROHFXODU ZHLJKW RI WKH VXEWRDQFH XVF
& LV WKH FRQFHQWUDWLR3ZP RI PRGHO VROXWLRQ PJ
9 LV WKH YROXPH RI WKH PRGHO VROXWLRQ GP
Ojj LV WKH PROHFXODU ZHLJKW RI WKH VROXWRG VXEVYV

SUHSDUDWLRQ RI NYDVV ZRUW DQG NYDVV

JRU WKH FXOWLYDWLRQ RI \HDVW WKH ZRUW ZDV SUH:
VIUXS DQG ZDWHU ZLWK W KHVFRQ F HIQXW UZRW MR QR R | SAUH STDOU
ZDV SUHSDUHG ZLWK WKH FRQFHQWUD ZDR Q HU PGIO\WPHDEN 2\
\HDVW FXOWXUH RI 6DFFKDUR®\FAHM PHERIQENQH DS LRQ F
ZRUW ZIPORP DW D WHPSHK DWRXUHGRIFH WKH FRQWHQW RI

7KH NYDVV ZDV SUHSDUHG E\ PL[LQJ IHUPHQWHG ZRU
WR GU\ PDWWHU FRQWHQW
7KHUH ZHUH SUHSDUHG WZR VDPSOHV RI NYDVV ZRUW
FRQWURQWDRSWHRQ XQWUHDWHG ZDWHU

H[SHULPHQWDO VDPSOH LV ZRUW RQ SXULILHG ZDWHU

'"HWHUPLQDWLRQ RI WKH YLWDPLQV FRQWHQW

7KH YLWDPLQV FRQWHQW ZDV GHWHUPLQHG E\ WKH P
S5LERIODYLQ E\ IOXRURPHWULF7RHWRAGAN HF K HQF R R MS-O0HY E
SHUPDQJDQDWH /HYHQWKDO PHWKRG > @

$V REMHFWV Rl UHVHDUFK WKHUH ZHUH XVHG GULQNL:
/YLY FLW\ DFWLYDWHG FKDUFRDO 6LOFDUERQ URFN FU\!
VXWD \HDVW 6DFFKDURP\FHWEHUWUBYVYHBHEABHDG NYDVV

5HVXOWY DQG GLVFXVVLRQ

,QIOXHQFH Rl ZDWHU SXULILFDWLRQ RQ WKH \HDVW F
IHUPHQWDWLRQ

7KH ELRORJLFDO YDOXH RI NYDVV LV OQV JAHQAF K XHJ W
JURZWK IDFWRUV DQG WKH SK\WLRORJLFDO DFWLYLW\ RI

7KH VSHFLILF JURZWK UDWH RI \HDVW FHOOV DW WKH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7DEOH
6SHFLILF JURZWK UDWH RI \HDVW
"XUDWL 6SHFLILF JURZW
FXOWLYDWLRQ KRXR0D ([SHUL

=
$ KLJKHU VSHFLILF JURZWK UDWWLRHW /KW RXQ KIRWHU ©
FXOW%YDWLQJ S U RAH\MQVI ZDWHRHENSHHWY IREQWDO VDPSOH RI .
7KH G\QDPLFV RI UHGXFLQJ WKH GU\ PDWWHUV FRQWH

DQG RRQWURO VDPSOHV RI ZRUW \DRDDXWHP SHUDWXUH RI
=
o
|
=
o
T QWURO
=
o
e
LL
)
I
=
=
fa)
o \
- \
> <
'XUDWLRQ RI IHUPHQWDWLRQ KRXUV
YJLIXUH "\QDPLFV Rl UHG X F L QD WWD\VEDHARPROMN DRALVR B Q W

W ZDV IRXQG WKDW WKH FKDUDFWHU RI IHUPHQWDWLF
ZKHQ XVLQJ ZRUW RQ SUHSDUHG ZDWHU WKH SURFHVV R
DW WKH VHFRQG KRXU WK H® WRIUV FRROIDAMAU RVCK 1B W RM Bl OWIKIL
WKH H[SHULPHQWDO VDPSOWKDW LMHGSDWLQHG E\ WKH
GXUDWLRQ RI WKH ODJ SKDVH Rl WKH \HDVW JURZWK

7KH J\PDVH HQJ\PHV Rl \HDVW DUH FRPSOHQ \BDEMW D G
DSRHQ]\PH DQG FKHPLFDOO\ ERXQG QRQSURWHLQ FRF
VSHFLILF DFWLYLW\ RI WKH HQ]J\PH WDNH SDUW LQ LWV F
DSRHQ]\PHV &RHQJ\PH KDV WZR IXQFWLRQDIH DBHDWK H
DVVRFLDWLRQ ZLWK DSRHQ]\PH DQG WKH RWXK EMWDN HV
NQRZQ WKDW FRHQJ\PHV FRQWDLQ YLWDPLQV ZKLFK DUF
UHTXLUHG UDWH RI ELRFKHPLFDO R GHOKWLRO®ROL FIKM
YLWDPLQV DV FRHQJ\PHV LQ FKHPLVWU\ RILDOFR®RO IHUP

FFFBNUDLQLDQ )RRG -RRDPK ,VVXHF
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Y)LIXUBXJDPW W D E R QUK/HPD F MO O
3'&+S\UXY@H¥FBUER[\ODVH % +WKLDPLQH
7$+WUDQVDPLQDVH % +S\ULGR[LQH
3&+S\UXYIDWHER[\ODVH 1$+QLFRWEKQGF
3' +S\UX Y&HKHGURJHQDVH %LFELRWLQ
6'+ +VDFFKOHKEBGURJHQDVH 3$+SDQWRDWKIQLF

$'+ *DOFRMRKOGURJIJHQDVH 2%$+R[DODFHWDWH
$FHWHGHWDOGHK\GH

‘DWHU LQIOXHQMHDRDOWKRQWHQW RI WKH LQLWLDO DQC

,Q GHWHUPLQLQJ WKH YLWDPLQ FRQWHQW RI WKH LQL!
LQ WKHLU FRQWHQW DIWHU IHUPHQWDWLRQ ZDV GHWHUP
VIQWKHVI®V@ WIDFOO VDPSOHV RI IHUPHQWHG ZRUW WK
JURXS % YLWDPLQV ZDV REVHUYHG 7DEOH VKRZV WKH G

LQLWLDO DQG IHUPHQWHG ZRUWYV RQ WKH ZDWHU XVHG
7TDEOH

&RQWHQW RI YLWDPQGVI HQPW RMW HQ LARLIVOV D

9LWDPLQV F QLWLI YHUPH ZR
LQ JRI GU) PRROVHU ([SHUL &RQ' | ([SHUL
7KLDP
SLERIOI
1ILDFI
3\ULGR]
%LRW
YROLF

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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W ZDV GHILQHG WKDW WKH PLQHUDO FRPSRVLWLRQ
YLWDPLQV FRQWHQW LQ WKH LQLWLDO DQG IHUPHQWDWLF
ULERIODYLQ LQ H[SHQEDHDWDG® DAVD PSR BWNUDKH RLIKHVW
ZDV REVHUYH®GKIRUQ@ALDFRYLQJ) YLWDPLQ FRQWHQW LQ WK
LQLWLDO UDZ PDWHULDO FRQWHQW DQG WKHLU FUHDWLR

$ VLIQLUIRFKDHQWQ WKH OLIH DFWLYLW\ RI \HDVW FHOOV L
LQ YDULRXV PHWDEROLF SURFHVVHV SDUWLFXODUO\ LQ F
VIQWKHVLY QXFOHLF DFLGV SURWHLQV SPOWDREOKRUL
SXULQH DQG S\ULPL@LQWM EV\GHWHUPLQHG WKH LQFUHDVF
WKH IHUPHQWHG ZRUW IRU H[SHULPHQWDO DQG FRQWURC

YROLF DFLG LV QHFHVVDU\ IRU WKHQRWPRDNYRF RRHQQH
SURSHUWLHV EXW ZKHQ FRQYHUWHG WR WHWUDK\GURIR
DPLQR DFLG VIQWKHVLY LQ SDUWLFXODU PHWKLRQLQH D
DFLGVY S\ULPLGLQHV DQG S)XXUD@WR WBWHDKSBUWIRQLW K
PHWK\O PHWK\OHQH DQG FDUERQ\O JURXSV WKDW SURPF
SDUW LQ IL[LQJ WKH IRUPDOGHK\GH DQG IRUPLF DFLG UH
> @

7KHLIXUWKRZY WMQRW HUDFWLRQ RI IROLF DFI>G @LWK LRQ\

J:/1 | 1T1+
N\
57 17

JLIXUHQWHUDFWLRQ RI IROLF DFLG ZLWK LRQV RI ELY|

,Q WKH H[SHULPHQWDO VDPSOHV RI WKH LQLWLDO DQG
RI IRAIFG ZDV REVHUYHG D@&@SWFRWHMW HOKDBMWFDQ EH H[S(
IRUPDWLRQ LQ WKHQRMRODWERE RREDWHI[WY ZLWK BERYDOHQ\
HWF E\ WKH HTXDWURQ JLYHQ LQ

,QIOXHQFH Rl KDUGQHRQWRQWNX IDDPG QM DR G 5LERIODY

2QH RI WKH PRVW LPSRUWDQW YLWDPLQV IRU D KXPDQ
FRQGHQVDWLRQ RI WKH S\ULPEG L @HKMHQBR QY WIHI) WORI @KAC
GULQNV VXEVWDQWLDOO\ GHSHQGYV RQ WKH FDOFLXP DQG
7TKHUHIRUH UHGXFLQJ WKH KDUGQHVV RI WHFKQRORJLF
WKLDPLQH DQG WKHUHIRVYBIOXHFEHRYEBWKHQED R GRWIADP
HITHFWV WKH SURFHVVY RI IHUPHQWDWLRQ RI WKH ZRUW
GLSKRVSKDWH LV XVHG E\ \HDVW LQ WKH UHDFWLRQV
DFHWDOGHK\GH ZKLFHKDIFW RUGIHW B @ IRELED K ILHIUPRHHW D GWLF
UHIJXODWHV WKH FRQGHQVDWLRQ RI DFHW R/EIBD VID HGEI MAWHV
WDVWH DQG DURPD S@RSHUWLHV RI NYDVYV

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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5LER|0§YLQ LV QRW WKH IDFWRU LQ WKW UQ RZW & DRV L
UHGXFWLRQ UHDFWLRQV XQGH@ DDHWR KLE WAL WV RIQK
VLIQLILFDQW TXDQWLWLHV $W WKH VDPH WLPH LWV FRQ
LURQ LRQY¥TZKLFK PRYH LQWRNZPWW ERWW Z&.\W KD DRSQFIHQK

7KH LQEEXHQFH RI KDUGQHVV VDOWY DQG LURQ LRQV
IHUPHQWHG ZRYM XWBIGRZQ LQ
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)JH FRQFHQWUDWLRQ L@ ZDWHU PJ FP
JLIXUHQIOXHQFH. RQYHRQ 5LERIODYLQ FRQWHQW LQ WKH IH

W ZDV GHILQHG WKDW ZKHQ XVLQJ PRGHO VROXWLROQ\
PPRGP WKH 7KLDPLQH FROQWHQW LQ WKH WWPMHNQMRHPG XIRK
ZLWK WKHGHRUQYHU@®OL]HG ZDWHU 7KH GPWHKH KK UISRLHM
FRQWHQW GHFUHMKEDAGVRGODDYHG E\ WKLD PQ Q/H D AW LARBO
DQG PDIJQHVLXP VDOWYV
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JJJ)RRG 7THFKQ@RDRJ\

W ZDV HVWDEOLVKHG WKDW ZLWK LQFUMDXSEQURFRQF!
PJFP WKH FRQWHQW RI ULERIODYLQ LQ WKH IHUPHQWHG

7KHVH GDWKD REDEAIY H\DIQ& U UDRQYV KDYH WKH VLJQLILFE
RQ WKH 7KLDPLQH DQG 5LERIODYLXERQ WWQW SQ R\EKDHE OHHU
LQ ZDWHU FRPSOH[HV ZLWK LURQ LRQV DUH IRUPHG

7KXV LW KDV EHHQ HVWDEOLVKHG WKDW LQ RUGHU WF
SDUWLFXODUO\ 7KLDPLQH G5LERIODYLQ DQG )ROLF DFLG
KDUGQHVV Rl QR PRIPD @& V& R¥PRQ@RW FRQWDLQ LURQ LR

$VVHVVPHQW RI WKH ELRORJLFDO YDOXH RI NYDVYV

,Q RUGHU WR HVWLPDWH WKH ELRORJLFDO YDOXH RI N
RI )$2+2 DQ DYHUDJH GDLO\ P D LDW HQPRFWXR S3#RR Q PRIQ V
EHYHUDJHV KDV EHHQ FDOFXODWHG 3URILOHV RI WKH
H[SHULPHQWDO VDPSOHYLRXNMMDVV DUH VKRZQ LQ

7TKLDPLQH

%LRWLQ 5LERIODYLQ

—+— &RQWURDO
—& - ([SHULPHQW

B\ULGR[LQH 1LDFLQ

JLIXUBURILOH RI GDLO\ PDLQWHQDQFH RI YLWIPBVV DW FRC

,VEDV GHILQHG WKDW ZK3FQWKH GDNIDVWTXLUHPHQW |
JURXS % DQG QLDFLQ LV SURFKANWGDEFHSWDEOH VLQFH \
WKH PDLQ FRPSRQHQW RI YLWDPLQV LQ WKH KKRPREWRG \
FRQVLVWHQW ZLWK WKH GDLO\ QHHGY DUH WKLDPLQH UL
ZDWHU WKH SURYLVLRQ KXPDQ ERG\ ZLWK WKHVH YLWDF
UHVSHFWLBPBGWLPHYV 7KLV FDQ EHVID[NSIODIER BGWS WE K WL
SURFHVVHNFHRIOWD VW

$V \RX NQRZ D KXPDQ UDWLRQ VKRXOG FRQWDLQ D YL
WKLQJ LV QRW WKH TXDQWLWDWLYH FRQWHQW RI ELROR.
DFFRUGDQFHHHEGWIR WKKHOKXP@Q BRGUBDWLR Rl YLWDPLQV
DQG H[SHULPHQWDO VDPSOHV LQ DFFRUGDQFH ZLWK WKH
JLYHQ LQ 7DEOH ZKHUH IRU VWDQGDUG XQLW WKH
UHTXLURHPHQW PLQV DUH DGRSWHG DQG WKH YDOXH RI H
WKHLU UHVSHFWLYH FRQWHQW LQ EHYHUDJHV WR WKH QF
WKH FRQWHQW RI WKLV YLWDP2ZQ HYXRRUIIR HQWOLQH ZLWK

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7DEOH
5DWLR GDLO\ SURYLGLQJ ZLWK YLWDPLQV

1DF 7KH URYLWDPLQV V)
7KLDF| 5LERI(| 1LD 3\ULGH %LF

&RQ

([SHUL

W ZDV IRXQG WKDW WKHRPSBUHBHQYWDF-R YWBROHRQ
GHWHUPLQHG UHTXLUHPHQWY I|IRU 7KLDPLQH S5LERIODY
UHVSHFWLYHO\ WLPHYV

6R NYDVV LV SUHSDUHG XVLQJ WKH SXULILHG ZDWHU
LQFUHLDLROK®RILFDO YDOXH

&RQFOXVLRQ

W KDV EHHQ HVWDEOLVKHG WKDW WKH XVH Rl FOLQRS
GXULQJ ZDWHU SXULILFDWLRQ LQ EUHDG NYDVV WHFKQR
YLWDPLQV LQ WKH LQLWLD@GDWIGH HHAMQA\QB RIZRKH ILQL
SK\WLRORJLFDO QHHGYV DFFHSWDEOH IRU WKH KXPDQ ER
QLDFLQ S\ULGR[LQH DQG ELRWLQ

5HIHUHQFHV

%DOO *) 0 9LWDPLQV 7KHLU 5ROH &RQWNXB HFBRBQ % F
5RVHQEHUJ , &KDOOHQJHVY DQG RSSRUWXQLWLHV L
VFLHQFH RI YXUMWDPLQV

.DUSHQNR 3 2 3UREOHP\L%$SRWBQLEE HV NG RDIRV
GREDLENRSURG X NSW\ILQ WRU\D Y

7VISULLDQD 9 +LKLLHQD NKDUFKXYDQQLD ] RVQRY
=GRURYLD .\LY

'XGHQNR 1 9 3DYORWVNDLD 81V FRHDDAD 9ELRORJILF
WVHQQRVW L EH]JRSDVQRVW V\LULY L SURGXNWRY LK
6PROLDU 9 , )RUP X OD D WMBKKWIDRI@EBHRAK\ R |
NKDUFKXYFQQ#&D

3RNURYVN\L $;$k_"~u h iblZ@dhghfbdZ Fhkd\Z
OD]DUDNL $$ 3HUHVLFKQ\L 0, . U’DHWAKKQHROONRRK LA L
NKDUFKRY\NK SURGXNWLY IXQNWIML.RQDOQRKR SU\]Q
9ROJDUHY 01 2 QRUPDK IL]JLRORJLFKHVNLK SRWUF
SLVFKHY\LK YHVFKHVWYDK L HQHUJLL UHWURVSHN\
9RSURV\L SLWBQL\D

%XWHQNR / 0 BORERGLDQLXN 10 $QGURVKFKXN 2
NKDURKXMYD QD WHNKQRORKLLX \DNLVQ\NK WD
.KOHERSHNDUVNRH \ NRQGAWHUVNRH GHOR

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

*HUQHW 0 9 *ULENRYD ,1 .REHOHY .9 /D]DUHY
5DJUDERWND WHKQRORJLL IXQNWVLRQDOQ\

LVSROIRLHP FKYDRDL QDSEWNL

BKDWQ\XN /1 $QWLSRYD 2 9 2 WHQGHQWV

SLWD@®QBLWHUVNRH SYURL]YRGVWYR

,)YDQRY 6 9 'RPDUHWVN\L 9 $ SUQRNDAMVL I9QL WHN|

SURGENWGYQQLD L XLRUREVWYD

3U\E\OVN\L 9 / 5RPDQRYD =0 6 VGIRIK Q R OR KL LI

EH]JDONRKROQ\NK QDSRLY

&KHUHYNR 2 H +RORYX®NWVLRQDOQL NKDUWFKRYDR 5U

SHUHUREQD SURPWORYLVW

_RUROLXN 7 $ 8VDWLXN 6, .RVWLQRYOHWHRG\)DOL S

NRQWUROLX NKDUFKRY\NK SURGXNWLY

7DUDVHY\FK <X % 3ROLDNRY 9 <H 3HQFKR 9

YODVW\YRVWL L RVREO\YRVWL EXGRY\.KOPQRSW\OR

WHNKQRORKLLP YRG\

,QJOH]DNLV 9 - 'RXOD 0. $JJHODWRX 9 $ =RUSI

LURQ DQG PDQJDQHVH IURP XQGHUJURXQG ZDWHU E

PRGH WU HDWH W @ WH D W+

'RXOP . SHPRYDO ,RRWQURP 'ULQNLQJ :DWH

&OLQRSWLOROLWH H QA G LLQBRWWR OROAHDH FE S
+

'X - - - &XOOHQ %XHWWQHU * 5 $VFRUELFDF
WUHDWPHQWLRIFRDR PAHUIRSK\V FWBD
5DR $ 9 5DR [ * &DURWHQRB&VWUPQPGRIORRIDGL

SHVHDUFK +

%HUU\ ' 5 15XVOMAKMZDUW *<HDVW ELRWHFKIICRIGIRIJI\
%HUJ - 7\PRFINR - @M RFHKHP)ILMHPDQ 1HZ <RUN
$OIHQRUH 6-RORIDIEQD*XLOORXHW 6 ,PSURYLQJ
DQG YLDELOLW\ RI 6DFFKDURP\FHV FHUHYLVLDH E\
IHGEDWFKOSBRIREDVY%LRW HFKEORO

LFKHQNR 6KFKHUEDNRYD (IIHFW Rl 9LWDPLQ &RQF!
WKH 6\QWKHVLV Rl /DFWDWH (WKDQRO 3\UXYDWH T
'LSRGDVFXV PIFIREAR QR I\ +

&OD\WRQ 3 WHVSRQVLYH GLVRUGHUV $ PRGHO R
- JQKHUEWj] =

.DPFKDWQRY 3 %WL.WDPLQV LQ QHXURORJUFNWRRKOLQ
3VLNKLDWy =

-hUJHQVHQ + (IIHFW BPHXWDWL.QWVRR G UMW U H
BWUDZ DW YHU\ +LJK 'U\ ODWWHU &RQWHXQPD ED 6DF
3UHVVjj +

,OFKHQNRBKFKHUEDNRYD (IIHFW RI 9LWDPLQ &RQFHQ
6\QWKHVLV RI /DFWDWH (WKDQRO 3\UXYDWH DQG
'LSRGDVFXV PIFIREMUROR I\ +

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

‘"HWHUPLQDWLRQ RI WKH SDUDPHWHUV RI WKH UH
KHDW SRWHQWLDOV RI VWUWBPY RHKB JDV

20HNVDQGU 6KHYFKHQNR $QDWROLL 6RNROHQN
IDWLRQDO 8QLYHUVLWI| RI IRRG .

$EVWI

-H\ZRUGYV ,QWURGXFKH. BQSHU FRQFHUQV WKH GHWHUPLQC

RI HQHUJ\ SRWHQWLDOV LQ BDV W \O\R BV \R D DBV DK

SHFRYHU\ FKDQJHV LQ WKHUPBGVORPRBWLRQV DQG UF
THDW SRVVLELOLWLHV

£DV ODWHULDOV DQ&HFWHWKRIGW DUH SUHVHQWHG

6WHD P SKHQRPHQRORJLFDO JHQHUDOL]DWLRQV RQ WKH

TLTXLG WKHUPRG\QDPLFV ZLWK WKHUPRFKHPLFDO FDOF)>

HVOWV DQG GLAUDXYWIRRPDWLRQ RI LQFRPLQJ

SRQGHQVDWLRQ G Dv WKH SULPDU\ VRXUFHV RI FKHPLFDO

FROYHUVLRQ LQWR WKHUPDO HQHUJ\ LV DFFRPS

KHDW RI FRQGHQVDWLRQ RI WHKB VRXUPM\G DD R U

JHQHUDWHG LQ WKH SURFHVVHV RI GU\LQJ DHU]

LQ V\VWHPV RI DHURELF IHUPHQWDWLRQ SURFHYV
MWHZDWHU HWF

SUWLFOH KLVV%E}J H FRXUVH RI VXFK SURFHVVHV WDNHV SC
SHFHLYHG SDUDPHWHUVRWKERKUFHR/ S RQG WR VLPLODU FKD
HQYLURQPHQW ZKLFK LV DFFRPSDQLHG E\ HQHI

SHFHLYHG LQGLIIHUHQFH EHWZHHQ WKHLU HQWKDOSLHV )URP
UHYLVHG IRUPFRPSRQHQW RAWHOAK RIDOWXUHV LV WKHWWHDP [
VLOQFH LW FDUULHV WKH WKHUPDO SRWHQWLDO F
7KH DUWLFOH GLVFXVVHV WKH UDWLR RI SDU
IORZV SURYLGHV LQIRUPDWLRQ WKDW WKH HQHI
WKH YDSRU SKDVH LQ SURGXFWRN RIWRPEXR/IWLR

$FFHSWHG

WKHLU FDORULILF YDOXH
&RUUHVSRQGLQ¥KH HVWLPDWLRQ RI WKH SURVSHFWV RI WKH D
DXWKRU UHFRYHU\ VIVWHPV E\ WKH FUHDWLRQ RI FORVHG
LV VKRZQ WKH SRVVLELOLW\ RI FRPELQQQJ KHDW

20HNVDQGU pQG KHDWLQJ ZLWK KHDW SLSHV ZKLFK DFKLHY
6KHYFKHQNR WHPSHUDWXUH RI HYDSRUDWLRQ DQG FRQGHQV
(PDLO DJHQWYV WKH WKHUPRG\QDPLF SDUDPHWHUV RI
WPLSW#XNU QYR VLELOLW\ RI WKHLU EHI@LFBDWHIRW HLG) DAKIHIY
:LWK WKH SUHVHQFH RI HQHUJ\ FRQYHUWHUYV
DQG HPSDQVLRQ PDFKLQHV WKH UHFRYHU\ V\VW

ORFDO KHDW SXPSV
7KH XVH Rl PHWKDQH HWKDQH SURSDQH DQG |

LQ WRUPDWLRQ RI ZDWHU YDSRU LV FDUULHG RXV

WR WKHLU FKHPLFDO IRUPXOD GHSHQGLQJ RQ W

RI FDUERQ DQG K\GURJHQ 5HFXSHUDWLYH UHFI

RXWSXWDAM BRUWXUH LV H[SMWGLG QWK KV B LADHFUN LR ¢

LQSXW DLU IORZ LQ V\WWHPV ZLWK DQ LQW

2, LPSOHPHQWDWLRQ RI KHDW H[FKDQJH SURFHVVH
RI WKHUPDO SLSHV RU ZLWK WKH DGGLWLRQ WR

; &RQFOXVKRQ\WFKHRHUPRGMODPLF SURFHVVHV FR
SRVVLELOLWLHV RI DSSO\LQJ WKH SURSRVHG WK

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

(QHUJ\ IORZV DQG WKHLU WUDQVIRUPDWLRQV LQ WKH
PRVW FDVHV DVVRFLDWHG ZLWK PDWHULDO IORZV WKDW
HQHUJ\ SRWHQWLDOV LQ WKH IRUP Rl WKPDRKHPLFO® Hoit
SURGXFWV DQG ILQLVKHG SURGXFWV DUH WKH VXEMHFW
&KHPLFDO DQG ELRFKHPLFDO UHDFWLRQV DVVRFLDWHG Z
DFFRPSDQLHG E\ WKH UHOHDVHBRRH REWRQS WX RK HRQ HHQIN L.
E\ KHDW DQG WKH PDJQLWXGHV Rl WKHUPDO HIIHFWV LQ W
SOXV VLJQ LQ H[RWKHUPLF UHDFWLRQV DQG D PLQXV VL

,Q D VLIQLILFDQ\Q ROPHHY RQWRREKE LQGXVWULHV ELRF
RI PDWHULDO IORZV LQ WKH GLUHFWLRQV RI ERWK UHV
VXEVWDQFHV DUH XVHG )RUPV RI HQHUJ\ FRQWDLQHG LQ
FKHPLFDO UDWWHRRRXRBRVHLRI SK\WLFDO SURFHVVHV IRU
RI VWHDP RU OLTXLG FU\WWWDOOL]DWLRQ DUH GHILQHG D

7KH WKHUPDO HIIHFWV Rl VXFK UHDFWLRQV GHSHQG R
SURGXAMV DNJUHJDWH VWDWH DQG WHPSHUDWXUH 7KH C
ZKLFK GHVHUYHV WKH IXO0 UHFRYHU\ DQG XVH DW WKH O

ORGHUQ VWXGLHV DUH DLPHG DW WKHSBWRNSWEMNO/ KR
UHVRXUFHV > @ WKMKHHPSHDWWRQHRKKDIK SXPSV > @ WK
JHRWKHUPDO KHDW SXPS V\VWHPV > @ WKH FUHDWLRQ
HQHUJ\ XWLOL]DWLRQ V\VWFRPSUH V@ LRQGSHRBEHS A® RQK I
DGGUHVVLQJ WKH SUREOHPV RI WKH UHFXSHUDWLRQ RI V
WKDW WKH LQGXVWU L DK VHEWRUWKRIQYZRBPBG RIQM UJ\ ZL
WUDQVIRUPDWLRQ LQWR WKHUPDO HQHUJ\ DW WKH OHYH(

7KH BXRMHWKH VWXG\ ZDV WR GHWHUPLQH WKH HQHUJ\
D UHVXOW RI WKH WUDQVIRUPDWLRQV RI \P\B WDHHRJ Pl QWIXOURH
DQG WKH SURVSHFWV IRU WKHLU XVH

ODWHULDOV DQG PHWKRGV

5HVHDUFK DUHWXUHHVHOPPNVRIG DD O\WLFDO DQG SKHQRPH
EDVHG RQ WKH ODZV RI FKHPLVWU\ DQG WKHUPRG\QDPLFV
RQ WKH EDVLV RI +HVV V ODZ ZKLFK GHWHUPLQHYV WKDW W
RWKH LQLWLDO DQG ILQDO VWDWHYV RI PDWWHU > @

7KH XVHG SURYLVLRQV DUH UHODWHG WR WKH ODZV F
PHFKDQLFDO DQG LQWHUQDO HQHUJ\ RI VAIVWHPV WDNLQJ
JDVHV WKH ILUWQO/BWVZ\DRE WKHRRRG\QDPLFYV LQIRUPDWLRQ
SDUDPHWHUV RI UHIULJHUDQW DJHQWY DQG WKH ODZV FRC

5HVXOWY DQG GLVFXVVLRQ
,Q PRGHUQ FRQGLWLRQV WKH UROH RI HQHUJ\ SULP
UHBWHQWDWLYHV RI D KRPRORJRXV VHULHV VXFK DV PHV

FRPEXVWLRQ RI ZKLFK OHDGV WR WKH IRUPDWLRQ RI FDU
WKH UHDFWLRQV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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KG H KH G H K G H KH

K G H KH G H K G H KH

/HW V. WXUQRWR RDOHRXHIPWIO HIIHFWYV W LV ZQ W
OLTXLG ZDWHU LV N- PRO > @ 7KLV PHDQV WKDW W
RI K\GURJHQ DQG J RI RI\JHQ LV DFFRPSDQLHG E\ W U
+RZHWY WKH KHDW RI IRUPDWLRQ RI ZDWHU VWHDP H
WKH WKHUPRFKHPLFDO HTXDWLRQ

NQRZQ
KH
TXD

- H GAH N -
L

GH
W LV REYLRXV WK
J ZLWK WKH KHDW DWHU DW
7TKH HTXDWLRQ FRU UPDWLRQ RI F

K H K .

7KH WKHUPDO HIIHFW RI WKH P& WRW QUK IR [N Q B IMQ RH MV
RUPDWLRQ N- PRO DQG LWRDSERGXEMRLREHFRP EXNWR
DWHU N- PRO LV HTXDO WR

KG H KH GH N -

ZKLFK FRUUHVSRQGV WR +HVV V ODZ > @

7KH UDWKIR RRPSRVLWLRQ RI K\GURJHQ DQ®&,FQUERQ IR!
ZKHUH Q LV WKH QXPEHU RI FDUERQ DWRPV FRPHV RXW |
K\GURFDUERQV

7KXV WKH FRPEXVWLRQ RI QDW XU D@ 1B QHR/ IDgRDFWRRISID
DQG F LQ WKH IRUP RI WKH VWHDP IUDFWLRQ RI WKH ODW

f& ZLWK HQHUJ\ ORVVHV DW LWV WKHUPDO FDSDFLW\ §

SURSRUWLRQ RI WKH KHDW RI VWHDP IR WHRAKIORR® RJ LHD/DOHQ
FRQGHQVDWLRQ RI ZDWHU VWHDP > @

7KH GHSHQGHQFIMH WKH PDWHULDO UHODWLRQV RC
FDOFXODWLRQV RO WKH TXDQWLWLHYV RI WKH JHQHUDWH
7DEOH

7DEOH
5DWRIRPDWHULDO DQG HQHUJ\ LOGLFDWRUYV
*DV
6\WWHP SDUDP HWIRWK O 3URSDOH %XWDQH
KG Wkoe K KG KG

OROHFEXODU ZHLJKW
7KH UDWLR Rl WKH 1| & DWRPV
1XPEHU2RDW EXUQLQ RI

NJ RI JDV NJ
+HDW RI FROGHQWDWLRQ RI|+

2EYLRXVO\ WKH H[SHGLHQF\ RI UHFXSHUDWLYH UHW]
GHWHUPLQHG LQ FRPSDULVRQ ZLWK WKH FDORULILF YDO X
WKH WKHRUHW WKLY YQ®XHD VRRIUPRIW K D Q H N- PRO WKI
PDVV JLYHV D YDOXH RI N- +RZHYHU DFFRUGLQJ WR
SURSDQH LW LV DQG IRU HWKDQ LW LV N- NJ 7
UKSHUDWLYH HIIHFW LV DSSURDFKLQJ WR RI WKH WRW

3URGXFWV RI FRPEXVWLRQ RI JDYH\DQG MIX\H R R WM R DC
IORZV VLPXOWDQHRXWHDPNU YK H W IHFHBDFY VR WKH XVH |
RQ WKH RUJDQL]DWLRQ RI KHDW WUDQVIHU WR RWKHU
SDUDPHWHUV RI VXFK SURFHVVHYV

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

7DEOH
3DUDPHWHUV RI D VDWXUDWHG VWHDP RI UHIULJH
$EVROXWH 6SHFLILF 6SHFLILF 6SHFLILF
SUHVVXWHfK OLT | VWH OLT | VW | OLT | VWH
032 9 O|NJP NJ| « N- N3 N-NN- NJDN- NJD
$PPRQLD
+
+
+
+
+
&KODGRQ
+
+
+
+
+

,Q JLIXUH LW LV D VF
GLDJUDP RI WKH LQWHUQD
FRQWRXU V\VWHFH LWQH WKL
RI WKH FRQGHQVDWH FDQ E
WKH H[SHQVH RI JUDYLWD\
RU IRUFHG E\ WKH XVH RI
SDWHQW RI 8NUDLQH
LGHQWLFDO SUHVVXUHV [
WUDQVIHU VXUIDFHV RI W]
DQG HYDSRUDWRU WKH W
WKHDPNSKDVH LQ WKHP ZL(

J)LIXUH 6FKHPH RI WKH FRQWRXVUDI§I|_\NKH LOQOWHUPHGLDWH

FRRODQW

%+HYDSRUDADBD FLWRIHWIYXUH UHIXODWRU
++*SXPS )KHDW WUDQVIHU VXUIDFH RI FRQGHQVHU
)9+*VXUIDFH RI WKH KHDW WUDQVIHU RI WKH HYDSRUDWRU
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

'"HSHQGLQJ RQ WKH LQWHQVLW\ RI WKH KHDW WUDQVIHL
PD\ OHDYH LW DW D WHPSHUDWXUH RI WKH VWHDP SKDVH
FRRUGLQVWRVBRRVWRAEHWZR FDVHV 7R LQWHQVLI\ WKH }
WR OLPLW WKH DUHD RI FRQGHQVDWH RYHUFRROLQJ

JLIXUH 'LDJUDPV RI SURFHVVHV
DZLWKRERRQIHJ RI WKH FRQGHQVDWH
+FRQGHQVDWLRQRRIPDMHER® Rl WKH VWHDP SKDVH LQ WK

E ZLWK VXSHUFRROD\Y 1 QORI FROWHQVDWH
+tFRQGHQVDWLRERRHVBRRAO®LQJ Rl WKH FRQGHQVDWH
+SRKWDWLQJ RI FR{RHPOWLRKE Rl WKH VWHDP SKDVH LQ W

YXUWKHU LPSURYHPHQW RI VIVWHPV LV FRQQHFWHG ZL
LQWHUPHGLDWH FRRODQW GXH WR FKDQJHV Q& RSUMH\LWX L
VXSSOHPHQWHG E\ D FRPSUHVVRW[BQG VLR JIXDAKKLRH RQO
VHFWLRQ )LJXUH

&DVH LQ WKH )LIXUH UHIHOVTWIRGWIQHW KV R HRA LD WHV I#
VFKHPH LQ WEWUH)IHWXWMWR JBN\H LKRRODRWG L D

D

JLIXUH  6FKHPHMMRK WUDQVIRUPHUV RI WKHUPRG\QDPLF SDU
SKDVHZLIWWK FRPSUHVVRU &RP DQG UHJXODWRU YDOY
E ZLWK FRPRRPVIVRGH PPVQVLRQ PDFKLQH *(0

7KH SUHVHQFH RI DQ LQWHUPHGLDWH FRPSUHVVLRQ RI

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

LQ WKHLU WHPSHUDWXUH 'XH WR WKH OLPLWHG WLPH RI
FRQVLGHUHG WR EH DFGLDEDMWR F VDK URVOWOR)G BRERF W & G YDA
DQGIDRF[SDQVLRQ PDFKLQH

$GGLWLRQ RI WKH VFKHPH LQ )LUMNUXO DIWWRIUD/DY GRRIAPSWU W'
GHYLFH LQWR D GHYLFH ZLWK FKDUDFWHQUWWQLEW RUB K HiDX
LQ JLJXUH LQ ¥RRUGLQDWHV 7

JLIXUH 6FKHPH RI WKH WKHUPRG\QINPLF F\FOH LQ WKH
+tDGLDEDWLF FRPSUHVVLRQ RI WKH VWHDP SKDV}
*tFRQGHQVDWLRQ RI WKH VWHDP
tWKURWWOH RI EFRRGHEOQVBRMWMKH VWHDP SKDVH

7KH FRPSUHVVLRQ RI WKH VWHDP Rl WKH LQWHUPHGLD
IRUPDWLRQ Rl WKH VWHDP SKDVH RFFXU DW GLIIHUHQW SU!
FRQGLWLRQV IRU LQFUHDRXQURW® K H RPHWE B H UTRQ)GUHH RH W K 8
WKH RYHUDOO HIILFLHQF\ RI WKH V\WWHP 7KH DUHDV LQ
FRQWULEXWLRQ RI YDULRXV FRPSRQHQWYV

7KH DUHD UHIOHFWV WKH DPRXQW RI WKHWRORZHRIHU .
WKHVWWMDP PLWXUH WKHIUHMHQWY WKH DPRXQW RI HQ
WKH VI\VWHP E\ WKH FRPSUHVVRU

7KH WKHUPDO HQHUJ\ WUDQVPLWWHG WR WKH LQSXW I
DUHD RI W LV REWLRKN SWKDSRUWLRQ RI WKHUPDO HC
IURP WKH RXWIORZ RI WKH JDV PL[WXUH PXVW HVVHQW
LQWURGXFHG LQWR WKH V\VWHP IURP WKH FRPSUHVVRU

$V LQ WKH FDVH RI UHIOHFW L R\VMX R R WKW LIFQEDOR WFIORHD\O RU
LQ WKH VWXG\ Rl WKLV VFKHPH WKHUH DUH GHSHQGHQFL

T T A N- NJ

F H

ZKHYHFEVSHFLILF KHDW ORDG SHU XQLW PDVV RI WKH FRR

UHVSHFAMWVSHEBLILF HQHUJ\ LOWURGXFHG LQWR WKH VA\VWHF
7TKH ZRUN RI DGLDEDWLF FRPSUHVVLRQ RIQDWHIDALIRF
FDOFXODWLRQ LV GHWHUPLQHG E\ WKH GHSHQGHQFH

A—57 7 N- NJ
N

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJIJ3URFHVVHYV DQGQJIXLSPHQW

ZKHUHX®LYHUVDO JDV FREOO/GLDEW WL FNUQIG LMD WRU
7R GHWHUPLQH WRWDOW QW WHFAROADAPSWMWR RIQQ G WKH P
RI WKH LOQOWHUPHGLDWH FRRODQW FLUFXODWLQJ LQ WKH
$W WKH NQRZQ WHPSHUDWXUH RI WKH LQ8XMQDBLDWOR

WKH RXWSXWKRI ERZHU RI WKH UHTXLUHG HQHUJ\ IORZ VK

4FRQ FP oW LQ Db:

ZKHYUHWKH KHDW FDSDFLW\ RI DLU DGRSWHGPDWWKMHRERQ
RI DLU NJ V

+HUHZLWK
N :

4 4

FRQ HY/

ZKHUWtWKH SRZHU RI WKH KHDW IORZSRREP W RH WK B KRHIUDDMN
LOWURGXFHG E\ WKH FRPSUHVVRU N:

+HQFH WKH WKHRUHWLRDO ORDG RQ WKH HYDSRUDW

N :

4 4

HY FRQ/

7KH HQHUJ\ I0X[ RI WKH HYDSRUDWRU LV WUDQVIHUUHG E
VWHDP SKDVH DQG WKHUHIRUH IPRQYEDWVYRQRZ LV GHWHUF

SR
ZKHUWSHFLILF KHDW RI YDSRUL]DWLRQ RI LQWHUPHGLDW
7R HYWLPDWH WKH UHODWLRQV RI PDVV IORZV ZH ZLO
$OWKRRUKWOLHU LW ZDV QRWHG WKDW WKH KHDW FDSDF

ZH VWLOO JLYH GDWD UHODWLQJ WR WKLV YP&®OXH LQ WKH

7THPSHUI| ODVV KHDW
f K RI DLU N-|NJ D

'"HFOLQLQJ s¥DOQXWKHKk VSHFLILHG UDRQB HW DIDERDXAWW.QJ
WHPSHUDWXUWY YDOWHV W ZH DFEHSW k N- NJ D TKHQ

VSHFLILF FREWXODWHG R&QuD RD WVZIOCCRZ BPH
4ero N :
/IHWTV DVVXPH WKDW WKH HQHUJ\ FRQWRREXWHRQ RI W
4yy * N:

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

7KH VSHFLILF KHDW RI YD S RWH. J/PRARICROQ R/l DL@® @ BMHW P N
N- NJ DQG WKHQ LWV PDVV IORZ ZLOO EH

Pe — NJ V

7R FDOFXODWH WKH YROXPHWULF IORZV RI WKH VWHD
WXUQ WR WKH FRUUHVSRQG MU H®OMW.IRG WWR W KIHHUHOX\W B

BUHVVXUH RI6GNSWHDIRF
F3D RI VWI4 DFPNY

)RU WKH REWDLQHG GDWD DQYROXPHWULF |ERAVKBUH G
GHSHQGHQFH

ZKHWBHVSHFLILF YROXPHMXRI VWHDP P
$FFRUGLQJ WR WKHVH SUHVVXUHV WKH\ ZLOO EU
$FFHSWLQJIJLWKIRIYWE&RRFVWHDP SKDVH RI WKH LQWHUPH
GHWHUPLQH WKH JHRPHWUVYHRFSDULRDXP RWWHWY BL SHKAGLQBIRV YV

| EF G YI_c
Z V. Sz

ZKHUWKH MHFW. RQLBHOHASRUISEH®O LQH GLDPHWHU
JRU D QXPEHU RI REXND LYW GVKBIOX$HSYURSULDWH QXPEHU

G P

JRU WKH SRVVLELOLW\ RI XVLQJ PDFKLQHRBPXBROIRWL
GHWHUPLQLQJ WKH GLDPHWHU G

G \/ I% PDLUWLQ W_\SCC \/ kD PDLUWLﬁY WQ
SU Z U

JURP WKH REWDLQHG YDOXHV RI WKH GLDPHWHUV LW
FRQVWUXFWLYH VROXWLRQV WKH\ DUH H XH[\§ HFBDVAHG SYADIN
LOQWR DFFRXQW WKH KLJK OHYHOV RI KHDW IORZV WUDQVF
LQWR WKH VI\VWHP ZKLFK WUDQVIRUP LW LQWR D KHDW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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FRQGLWLRQV Rl WKH OLPLWHG HWDDWKVHV WKH RXWSXW I
7KH ODWWHU PD\ EH VXLWDEOH IRU GU\HUV LQ ZKLFK \
2QH Rl WKHVH RXWWHIF RMWXUBNVSURGXFHG E\ WKH

SULPDU\ HQHUJ\ FDUULHU DQGLQOQPWKOW LYED RKH]WDRW\W

WKH DLU IORZ E\ LWV LQWHUDFWLRQ ZLWK WKH PHGLXP

VROXWLRQ DQG WHFKQRORJLFDO UHJLPHV DW WKH UHO

LVRHQWKDOLSLF SURFHVVHV RI GDQL @85 WHPISWH B WeOURHK RKI

LW SRVVLEOH WR HVW ISRRIWHI WX BIO IRREV DV ORZ
6FKHPH LQ )LJ E FRQFHUQV WKH FDVH ZKHQ JDV FLL

WUDQVLWLRQV DFWV DV DQ LQWHUPHGLDW BFRRWDRIWK H)

WUDQVIHU LQ WKdHRWBHW M ( F KOG MUKAHR R € B W +H([& KRG UHIWD V

WR GLDEDWLF FRPSUHVVLRQ RI JDV LQ WKH FRPSUHVVF

H[SDQVLRB[EQQNIWRQ PDFKLQH UHVSHFWLYHO\
7KH SUHVH@ABPOMGDFRROLQJ VXUIDFH LQ WKH KHDW

SRVVLELOLW\ Rl FRQGHQVDWLRQ RI WKH VWHDP SKDVH IU

WKH OHYHO RI UHFRYHU\ HQHUJ\ UHWXUQ LQWR WKH LQIO
7KH KHDW WUDQVIHU LG W®& HVK H DL BIHFRDLGRIH UURP WK H

FDUULHU WR WKH LQSXW DLU VWUHDP LV DFFRPSDQLHG E

WKH GLUHFWLRQ IURP SRLQW WR SRLQW 'HSHQGLQJ RC

RI WKH KHWDWXWUDFH )HWKH SUHVVXUH LQ LW FDQ EH VWD
.1 LQ WKH SUHFHGLQJ FDVH QGIXWH VLRXBWRBHRXVO\ L

DFFRUGLQJ WR WKH VFKHPH LQ )LJXUH E VXFK FRLQFLG

WKARG\QDPLF F\FOH IRU WKLV FDVH LV VKRZQ LQ )LJXUH
7KH DUHD UHIOHFWV WKH DPRXQW RI KHDW SHWVFWKWHG

DPRXQW RI HQHUJ\ LQWURGXFHG LQWR WKH VWUHDP E\ WK

+(+ WKPDO HQHUJ\ HTXLYDOHQW WR WKH DUHD RI

JLIXU6FKHPH Rl WKH WKHUPRGUBDRHPH RI WKH WKHUPRG\QDPLF

F\FOH LQ WKH WRIRWGW®EW®WH EQRUGULRDWHKN BDVH LQ WKH VFI
WKH VFKHPH RI )LIJXUH E JLIXUH E

+DGLDEDWLF FRPSUHVVLRQ@DRALWEBWLF RRPQUHMWHROHGLDWH
LQWH UPH 6D D WHHKHDWW K HL BRP FIRP\SWRIY V R U

+SRO\WURSLF FRROLQJ +LVREDULF FRROLQJ

+DGLDEDWLF H[SEDQWRERQODIDEDWLF H[SPEDVL\R@®QQP DFYLQH
PDFKLQH +LVREDULF KHDWLQJ RI WKH LQWHU

+SRO\WURSLF KHDWLQJ MX W KK&+ (&

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF
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JRU WKH LVREDULF SURFHVVHYV KHBRKD @/JHUWQN tHH{Y BQ® FHH ¥
GLDJUDP RI WKH WKHUPRG\QDRLIEVFVKGRZ QQ WKHX¥XRRUGLQD!

7TKH DUHD LQ WKLV GLDJUDP VKRZV WKH FRPSUFL
FRPSUHVVRU DQG WWHKWKBUHDUN U BBFR[ISYOHG/ LERJD QR H
DPRXQW RI WKHUPDO HQHUJ\ VXEWUDFWHG IURP WKH RXV

T E 7

ZKHYtrmMYHUDJH PDVV KHDW FDSDFLW\ DW FRQVWDQW SUF
7KH HQHUJ\ HQW HU MK HWHRR WXWHHV\WFROUH E\

Ak, 7 7
7KH HQHUJ\ UHWDM[QBGVERQMRDFRPGHHVVRU

Aue Ksp? 7
7KH PDVV IORZ RI WKH LQWHUPHGLDWH FRRODQW LV

PLF 4_G //T

ZKHUB+*®W KH SRZHU RI WKH KHDW IORZ WUDQVfIRVWHG WR
RI WKH SRZHUIDBIRDRRWRBIFKLQH

7KH GLVDGYDQWDJH RI WKH VA\VWHP ZLWK JDV LQWHUP
FDSDFLW\ RI WKH JDV

&RQFOXVLRQV

7KH SHUIRUPHG UHVHDUFKHY DOORZ WR QRWH WKH IR
7KH XVH RI VXFK UHSUHVHQWDWLYHV RI WKH KRPRORJR
SURSDQH DV HQHUJ\ SULPDU\ VRXUFHVY OHDGV WR WKH
FRUUHVSRQGLQJ WR WKHLU FKHPLFDO IRUPXODV GHS
FDUERQ DQG K\GURJHQ DWRPV LQ WKH FRPSRXQGV
LWK WKH GHFUHDVH RI WKH PROHFXODU PDVV RI JDVH\
HOQHUJ\ WUDQVIRUPDWLRQV WKH DPRXQW RI ZDWHU VW
$ PLIWXUH RI FDUERQ GLR[LGH D®RPAXWMWMUL R/QVHD FKQUE
E\ WKH HQHUJ\ SRWHQWLDO RI FRQGHQVDWLRQ RI WKH (
YDOXH RI JDVHV +HQFH WKH H[SHGLHQF\ RI FUHDWLQJ
WKHUPDO SRWHQWLDO RI WKH VWHDP SKDVH

7TKH BHFKHIPHQW RI PRGHV RI FRQGHQVDWLRQ RI ZDWHL
FRQGHQVDWH IURVY MUKW XY WHPRDQV WKH QHHG WR FRRO
EHORZ f & IRU WKH LPSOHPHQWDWLRQ RI WKLV SURF
7KLY PWEKQW VXFK D KHDW WUDQVIHU VLPXOWDQHRXVO
RI WKH WKHUPDO HQHUJ\ RI FDUERQ GLR[LGH DV D FRPES
S5HFXSHUDWLYH UHWXUQ RI JHDYHRUMWMRAUMKWHK R X WG XBMH FI -
GLUHFWILR@GRWWKH IORZ LQ VI\VWHPV ZLWK DQ LQWHUPHC
RI KHDW WUDQVIHU SURFHVVHV VLPXODWLQJ WKH HIIHF\
VFKHPHV RI KHDW SXPSV 7KH DQDO\VLV Rl VFBM MAK MUKDR/
ZDWHU FDQ EH XVHG DV DQ LOWHUPHGLDWH WKHUPDO D

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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SHIHUHQFHYV

*HRUJH .RVPDGDNLV (VWLPDWLQJ WHRISHIR XWHHQ VKIHDO
SXPSV IRU H[SORLWLQJ ZD\$8IS KIHDGN7K® Y® D Q G R ¥ MQUH HHLYI
Ss + 2, M DSSOWKHUPDOHQJ

'DQJ -) %URZQ & &OHODQG ' - +HDW SXPS KHD

LQGXVWU\ GQUWHUQDWLRQDO -RXUQDO S8 +5HI'@LJHUDWL
M LMUHIULJ

JHQJ +XDQJ =LH =KHQJ -0 %DOH\QDXG -XQ /X +F
WHFKQRORJLHV L QRXQUGDOVRIL VG HRQHW IS SHVWRW X W H
M MRHL

2PLG $VKUDIL 6HUJH %HGDUG %DKDGRU %DNKWLDUL %

KHDW SXPSLQJ RSSRUWXQLWLHYHUD DSHODX2KWHUKR:
M HQHUJ\

%LQ +X 6KHQJ]KRJIX+BD=/IX /X\DR +DQ =KLSLQJ =KDQJ

,QYHVWLIJDWLRQ RQ DGYDQFHG KHDW SXPS (QVNWHRYV ZLV

&RQYHUVLRQ DQG ODQDJHPHGS + ‘2,
M HQFRQPDQ
3DX0O %\UQH 5HGRXDQH *KRXEDOL ([HUJ\ DQDO\VL\

KHDWLQJ DQ®SSERRBGQIKHUPDO (QJISGHHULQZ2,

M DSSOWKHUPDOHQJ
(OOLRW :RROOH\ <DQJ /XR $OHVVDQGUR 6LPHRQH
VIVWHPDWLBXOWEDRPFEOH (QHUJ\ 7THFKQRORSISHY DQG $
"2, M VHWD
X = < :BQJ &KXQ <DQJ 3 H U WSHFFSMILUYCHW X IRHU- ZDR/ZA
UHFRYBMHUJ\ SS * "2, M HQHUJ\
%DPLJEHWDQ 5 = (LNHYLN 70 1HNVD 3 %DQWOH 3
GHYHORSPHQW RI D KRGHREBIMXERIQ KKIDIW BXPS IRU ZDVV
(QHUJ\ SS = "2, M HQHUJ\
+\XQMHRQJ /LP &KDQMRRQJ .LP <HRQMRR &KR OLQVXC
SRWHQWLDOV IURP WKH DSSOLFDWLRQ RI KBBOSHSHYV
7KHUPDO (QJLQHS$I® 1+QJ

"2, M DSSOWKHUPDOHQJ

*XReXDK&E /X $\H 'DQ-XQ ‘XDQ 5HFHQW DGYDQFHV LQ G

VRODU DVVLVWHG KHDW 53XPHZDEMH P Q G$6% M WILHSD E O H
+ 2, M UVHU

ODUNPDQQ % 7RNDQ 7 /RWK 0Q .6W H.UPO/QIEH OBD YWPD
([SHULPHQWDO UHV¥@®WSURIVY QRIE KR D BWIRRS XV LC

IOXLG DPPRQLD ZDWHU IRU KHDW U B RRMHLD W.IOR QQ G X \RX

S5HIULJHUDWISRQ '2, M LMUHIU

6KDRZHL &KDL ;LDQJ\X 6XQ <DR =KDR <DQMXQ 'DL

RQ D IUHVK DLU GHKXPLGLILFDWLRQ V\WWHP XVLQJ KH

H[FKDQQHWJI\ SS+ ‘2, M HQHUJ\

% X W6 6 8GRVNRQDOHQQ\D SURWVHVLY L REODGQDQQ\D

PRQRKUDRIQB®R®DYQ\WVWYR .\LY

I\N\WHQNR 1 < 6QH]KN\Q <8 ) BRURNRYD\D 1% L

PHWRG URJUDNKXQNX WHSORP D WFKSHUH @ ROUR W VIINRDYN K |

B3URP\VKOHQQD\D WHSORWHNKQ\ND

BRNROHQNR $ , HVW WDHGQ V\ILNDWVL\D WHSORPDVRhEP]

NKDUFKRY\NK WHNQLR®R KW\ N K

6QH]KNLQ <X ) HWHSHORYL QDVRVWHMSORNKPERGRSERV W D

1IDXNRYD GXPND .\LY

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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ORGHOLQJ RI KHDW WUDQVIHU GHWHULRUDWL
FRQFHQWUDWLQJ VROXWLRQV LQ LQGXVWULE

9DOHQW\Q 3HWUHQNR <DURVODY =DV

IDWLRQEDO Rl IRRG 7THFKQRORJLF

$EVWI

"H\ZRUGYV
,QWURGXHWWRWUDQVIHU GHWHULRUDWLR(
(YDSRUDWLRQ PD\ RFFXU ZLWKRXW EUHDNLQJ WKH LQWH.
)LOP ERLOLQJ FUKMHSHRIGU\ RXW 7KH PHFKDQ
*HDW WUDQVIHWPDWKHPDWLFDO PRGHO Rl KHDW WUDQVIHU
&RQFHQWUDWLFMYH GHYHORSHG
ODWHULDOV DQZXWHWBQGERIGRI WKH WKHU
K\GURG\QDPLF FKDUDFWHULVWLFV RI WKH

YDSRUTXLG VWUHDPV RI KLIKO\ FRQFHQWU
FDUULHG RXW LQ DQ H[SHULPHQWDO VHW X
$UWLFOH KLVWRU\ PP GLDPHWHU GLYLGHG LQWRWH VHF'
PHDVXUHPHQWY RI WKH KHDW IORZ 10XLG

5HFHLYHG WHPSHUDWXUH RI WKH SLSH ZDOO

5HFHLYHG LQ UHYBWH/XOWV DQG 'IKRAXVIVWREBPDWLFDO PRGFH
IRUP KHDW WUDQVIHU LQ IORZLQJ ILOPV RI GHQ)\
$FFHSWHG RQ WKH HTXDWLRQV FRADRROERGEWEWRQ YLQ/G X\

SDUDEROLF YHORFLW\ SURILOH LQ WKH ILO

FRUUHVSRQGHQFH ZLWK WKH H[SHULPHQV
&RUUHVSRQGLQJGHFUHDVH DORQJ WKH HYDSRUDWLRQ FKEL
DXWKRU SHULRGLF ILOP PL[LQJ E\ WKHPRRIBHIIRIZDYH\

KHDW WUDQVIHU GHWHULRUDWLRQ LV DVEF
<DURVODY =DV\DENROLFDO SURFHVVHVY RI LQFUHDVLQJ FRQF
(PDLO VXUIDFH ZLWK WKH FRUUHVSRQGHQW LQ
,DURVODY#QXIW KBS HHVVLRQ $QDO\WLFDO H[SUHVVLRQV IF
LOQWHUSKDVH FRQFHQWUDWLRQV DQG GHF
SURYLGHG ZLWKLQ WKH ZDYH F\FOHV 7KH
IOX] DORQJ WKH HQWLUH FKDQQHO LV DFFR

FDOFXODWLRQV ZLWK D VWHS FRUUHVSRQG
ZDYHV ([SHULPHQWY GR QRW VKRZ DQ DEU>
DORQJ WKH SLSH EXW WKH UHGXFWLRQ RI

DQG KLJKHU 7KH 3UDQGWO QXPEHUV YD
RI + DORQJ WKH HYDSRUDWLYH SLSH I
GHFUHDWH IIOX [KHIXH UHFRPPHQGHG FRUUHC
ZLWKLQ WKH KHDW: | ONK[ PY ZHMDMLRIQI@RZ UL

+ NJP V OD[LPXP GHYLDWLRQ RI WKH
YDOXHV IURP WKRVH REVHUYHG LQ SUDFWL
&RQFOXVKRQWHYHORSHSLPRGEO WKH SURFF
KHDW WUDQVIHU L®&LJKOPRRIEW R \DUDVBIHRQ R
DGHTXDWHO\ UHIOHFWV WKH SURFHVVHV R

‘2, WR GHQVH ILOPV LQ ORQJ FKDQQHOV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJIJ3URFHVVHYV DQGQJIXLSPHQW
L QWURGXFWLRQ

$ QXPEHU Rl UHVHDUFK SURMHFWY RI WKH K HOW WU D
WKDW WKHUH PLJKW KDSSHQ D FULWLFDO GHWHULRUDWI
GLVUXSWLRQ RI WKH OLTXLG ILOP LQWHJULW\ 7KLV XVXD
WKH HYDSRUDWLRQ DQG UHVSHFWQ YWMKBHIEROPWRERQ \RIPODL
DFFRPSDQLHG E\ WKH OLTXLG GBERSOHQ@W N®\MD B LIQRHEZQW
PHFKDQLVP Rl KHDW WUDQVIHU GHWHUQRYMDMNLRQ WIKUBIK\
JUDVIFD'SLOODU\ ZDYHV DQRF RYEQODDWILQVWWE HYPW\ KDV
> @ 7KLV HIIHFW FDOOHG HIIHFW ODUDQJRQL ZKHQ D
GLVUXSWLRQ RI WKH ILOP LQWHJULW\ DQG DSSHDULQJ RI
VLIQLILFDQW BBWUMDNYEW®E& U DO R @WZIQN KRW K HDWMR ROUD @Y

7KH PHFKDQLVP RI WKH ILOPYV LQWHJULW\ GLVUXSW]
DGGUHVVHIGO@G>WKH GLVLQWHJUDWLRQ RI ILOR\) DV D UH
@,Q FDVH Rl WKH VLJQLILFDQW LQFUHDVH LQ WKH FRQF
UHJLPHV RI GRZQ IORZV LQ WKH LQGXVWULDO ILOP HYI
FRQFHQWUDWHG VROXWLRQYTV YLVFRVLW\ WD®ORMW S\OTHHG
DORQJ ZLWK WKH UHVSHFWLYH LQFUHDVH RI LWV WKLFN(
GLVUXSWLRQ RI WKH OLTXLG ILOP 7KXV ZKHQ DQDO\]LQ
RQH PD\ PDUN WZR FRPSHWL®IL GWIHWKNQ QLIQH GRXW DO
HYDSRUDWLYH VXUIDFH GXH WR WKH HYDSRUDWLRQ RI O
RWKH BQEXDO LQFUHDVH RI OLTXLGYV YLVFRVLW\ GXH )
ILOP WKLFNHQLQJ DRV W RXW WOW HYP\WGMWM LW\  ,Q WKH H
FRQFHQWUDWHG VROXWLRQV HYDSRUDWLRQ WKH UDWH
GHFUHDVH LQ WKH IORZ UDWH GXH WR WKH HYDSRUDWLR(
ILOP WKZERQHEMILQLWHO\ JURZ XS LQ FRQWUDVW WR W
HYDSRUDWLRQ

7KH REMHFWLYH RI WKH SUHVHQW ZRUN LV WR GHYH¢
GHVFULSWLRQ RI KHDW WUDQVIHU GHWHULRUNWQR@ KB Il
LQWHJULW\ RI ILOP LV WHUPWG BV@ERLRXWJI FULVHV Rl WK

ODWHULDOV DQG PHWKRGYV

7KH H[SHULPHQWDWLRQ KDV EHHQ FDUULHG RXW RQ Wt
PRGHOLQJ RI UHDRX GREQBOMMEIRERQFHQWUDWHG VXJDU \
LQVWDOODWLRQ FRQVLVWHG RI D P KH LIXWHYVYQD\WLGE DDP
RI' PP GLYLGHG LQWR VHFWLRQV HDFK PP ORQJ

7KH H[SHULPHQWDO SLSH ZDV HQFDVHG LQWR WKH RXW
IRU KHDWLQJ WKH LQQHU H[SHULPHQWDO SLSH ODLQWDL
FKIEMU SURYLGHG D XQLIRUP DORQJ WKH SLSH KHDWLQJ
FRQGLWLRQ RI KHDWLQJ LQ WKH LQGXVWULDO HYDSRUD)
VSHFLDO SRFNHWV VXUURXQGLQJ WKH ORZHUDSDQRVZIRQ JHL
FROOHFWLQJ FRQGHQVDWH IURP WKH SLSH VHFWLRQV D
DORQJ WKH SLSH 7KH KHDWLQJ Rl WKH PRGHO WXEH ZDV
WKH FRXUVH RI H[SHULPHQWYV WK SIL\S H ZDHUBMDMX R G VWDKA
RQ HDFK VHFWERQ VN F@®HU W\SH 7 WKHUPRFRXSOHYV

6SHFLDO SUREHV SRVLWLRQHG DW HDFK VHFWLRQ DC
FRQFHQWUDWLRQ RI VROXWLRQV ,Q DGGLWHRY WHRUWK F

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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PHDVXUHG LQLWLDO VROXWLRQ DQG VWHDP LQOHW IOR
KHDWLQJ VWHDP WHPSHUDWXUH 6XFK V\VWHP RI PHDVX
FKHFN WKH DFFXUDF\ RI PHDVXUHPHQWYV

7TKH FXUUHQW IEOF CBOHWHUPWHHG EDVHG RQ WKH ORF
FROQOFHQWUDWLRQ DQG FRPSDUHG ZLWK WKDW GHWHUPLC
DPRXQW RI FRQGHQVDWH FROOHFWHG RQ WKH SUHYLRXV
RI HYDSRUDWHG VROYHQW

TKH LOQGHSHQGHQW LQOHW IORZ SDUDPHWHUY DOORZH
ZDY\ VWUXFWXUHV WKXV PRGHOLQJ UHDO IORZV LQ WKF
DFFRXQW D YDULHW\ RI IDFWRUV LQIOXHQFLRZKHDW WUL

5HVXOWY DQG GLVFXVVLRQ
&RQFHQWUDWLRQ ILHOG PRGHOLQJ DW FRQVWDQW ILO

JRU KLJK YLVFRVLW\ OLTXLG ILOPV WKH SUHGRPLQDQ
GXULQJ WKH HYDSRUDWLRQ Rl ZDWHU VBRIWEB W X ZLIVKL Q
OD\HU ZLWK D FRQFHQWUDWLRQ JUHDWHU WKDQ WKDW LG
FRQFHQWUDWLRQ HTXDOL]DWLRQ PHFKDQLVP LV H[WUHPF
WKH DEVHQFH RI PL[LQJ WEW FRQFHBDWALDWLRE DIV LG
WHPSHUDWXUH RQ WKH ILOP VXUIDFH VKRXOG EH KLJKHU
WKH DYHUDJH FRQFHQWUDWLRQ ,Q GKBFHFDIOORWHPWKYI
GHSUHVVLRQ LV FRPPHQOXWE E S HUDLWXU HVK HDVE RWR W K H
GHWHUPLQDQW LQ WKH GHFUHDVH RI WKH KHDW I0X[ DO
GHQVH VROXWLRQV

7R ILQG RXW WKH LQIOXHQFH RI WKH XQHYHQ GLVWUL
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7KH HTXDWLRQV DQG DUH LQFRQYHQLHQW LQ XVD
KHDW IOX[ DQG ILOP WKLFNQHVV RQH VKRXOGRGEHWHUPLQ

DW WKH FRQGLWLRQV RI FRQVWDQW KHDW IOX]

,Q UHDIO HHKFOAMW HYDSRUDWRUV WKH KHDWLQJ VXUIDFH
WKHUHIRUH GXH WR WKH LQFUHDVH RI WKH ILOP FRQFHQ
SK\VEKRHPLFDO WHPSHUDWXUH GHSUHVVLRQ 7KLV OHDC
WHPSHUDWXUH KHDG ZKLFK HYHQWXDOO\ FDXVHV D JUD(
WHPSHUDWXUH GLITHUHQFH RI WKH ORFDO KHDW IOX[ DO
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ORGHOLQJ RI FULWLFDO KHDW WUDQVIHU GHWHULRUL
VWUXFWXUH DW HYDSRUDWLRQ IURP ILOP VXUIDFH

7KH LQWHUSKDVH VXUIDFH RI D GHQVH YLVFRXV ODP
YHUWLFDO SLSH LV GHPHQV VR RO BHEREGHHO OV SHULRGLF
WKH VXUIDFH > @ 8QGHU WKHVH FRQGLW LERQNK M B H WBLLRRF
SHUWXUEDWLRQ ROMNKHUROP E\ ZBHNH UROOLQJ VZHOOV
WKH FRQFHQWUDWLRQ RQ WKH LQWHWSBR DWKIH RHIPQLMOQV VPK
$FFRUGLQJO\ WKH WHPSHUDWXUH GLVWULEXWLRQ DFURYV
IURP WKH LWV LQLWLDO SURILOH IRUPHG GXULQJ WKH PL
SURSDJDWLRQ WR WKMHIRUFHEG RMLRMKHVPRRHQW RI WKH
DSSURDFK *LYHQ WKH IDFW WKDW IRU ORZ IORZ UDWHV R
RI IOXLG WKH ILOP YHORFLW\ SURILOH DIWHU WKH SH
WUDQVIHUYQHRB W&H WR SDUDEROLF ZLWKLQ D VKRUW \
HTXDWLRQ ZKLFK GHWHUPLQHV WKH WHPSHUDWXUH ILHO
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SLSHV $V D UHVXOW WKH VKHDU VWUHVV RQ WKH LQWH
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+DYLQJ WDNHQ LQWR DFFR¥XGEWPWRKBIOHGHS WNVRILBK\VILL\K
E\ WKHXRRIHQW WHVSDIRVIOHRE E\ WKH SRVLWLYH
GLIITIHUHQFH ZLOO GHWHUPLQH WKH YDOXH RI WKH ORF
DVVXPSWLRQV FDQ EH ZULWWHQ DV
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JLIXUBHSLFWV WKH XAHVO RX ONDKANHH G\FV®IOF UHVSHFWLYH
VXFFHVVLYH ODUJH ZDYHV FKDQJHV RI ZDOO KHDW I10X]
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J)LIXUH BURILOH RI ORFDO YDOXHV RI ZDOO KHDW IOX[ DORQ.
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RI HYDSRUDWLRQ IURP WKH IUHH VXUIDFH
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'"HVSLWH RI LWV JUHDWHVW FRPSOH[LW\ WKLV FDOFXC
ZLWKH H[SHULPHQWDO GDWD 7KLV PD\ EH H[SODLQHG E\
RI SKA\\VWIKFDRALFDO GHSUHVVLRQ UHGXFWLRQ FDQ EH FDOFX

/ILQH LV FDOFXODWHG E\ WKH LQWHUYDO DSSURI[LPDYV
DFFRXQVE X\RWHLBQ HNUBWORN WRVHDP IORZ E\ WKH HTXDWLR
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WUDQVIHU GHWHULRUDWLRQ WR GHQVH ILOPV LQ ORQ.
WKH LOWHUSKDVH VXUIDFH

7TKH UHFRPPHQGHG FDOFXODWLRQ FRUUHODWLRQV DQG
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'RZQIORZLQU$PLLIPY% (57 SFDGHPLF BXEPLRLYKLQJ
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

ORGHOOLQJ RI WKH K\GURG\QDPLF FRQGLWLR
OLTXLG V\VWHP WUHDWPHQW E\ DOWHUQDWLC
SUHVVXUH

,U\C'XERYN %RU\V 'DY\t 9HURQLFD

1, QVWLWXWH RI (QILOQHHULQJ 7TKHUPRSKIVLFV
S8NUDLQH .ILY 8NUDLQH
+7HFKQLFDO 8QLYHUVLWI Rl :LHQ :LHQ $XVWULD

$EVWI
_H\ZRUGV

,(QWURGXFRMHLBRUSRVH RI WKLV VFLHQWLILF
:DWHU WKH LQIOXHQFH RI WKH DSSOLFDWLRQ RI DO
3UHVVXUH WKURXMNRKXNWRPHQIW XLG VROXWLRQV E\ WK
+\GURG\QDPLFPRGHOOLQJ
,PSXOVH ODWHULDOV DQKHPHRVOXORFEH SDUDPHWULF LP

$OWHUQDWLQ.YLVXDOLIDWLRQ PRGHOOLQJ PHWKRGV PDYV
XVHG IRU WKH GHVFULSWLRQ RI WKH FRQGL
WKH URWDU\ SXOVHG DSSDUDWXV GXULQ
([SHULPHQWDO L Q YH\GN V DIP\S CFRIQMZIRHGD RTK W

ZLWK SRWHQWILRPRIWOUDWRUN PHDVXUHPHQW S
S5HVXOWYV DQG, @G WHKIXWBIDREMHU LWKIH HVWDE
BFDO YDOXHV RI SUHVVXUH LQ WKH VHFWR

WLFOH KLVWR
$U © @\VWHPV DQG WKH RXWSXW RI WKH ZDWHU \

SHFHLYHG DW WKH HIWHUQDO VXUIDFH WIRWKHNIDNHUQ
5HFHLYHG LQ uRPW WikH HIWHUQDO VWWR/ RU NWDWIXHH LIQQRRU
IRUP VWDWRU VXUIDFH NB®P DWWKH LQQHU VXUI
$FFHSWHG HIWHUQDO URWRU INBP 'XUWRI WKH ODVW

FDYLWDWLRQ DQG DGLDEDWLF ERLOLQJ FDQ
7KURXJKRXW WKH ZDWHU DQG ZDWHU VROX

&RUUHVSROGLQWKH SURFHVVHV RI PL[LQJ OLTXLG DVVRFL
DXWKRU FRQGLWLBQWR®IQD P L FD'D DORMXDUDIIRQLQJ LPS.

SUHVVXUH FKDUDFWHUL]HGOWKH RXDQJILQJ
,U\QD 'XERYNLQMHDQ@ RXWVLGH VXUIDFH RI MQ LQMBULRU VS

(PDLO QHDU DQ RXWVLA@H VWBWRY VX DIQ AMQWHULR
GXERYNLQDL# VXUIDFH ND QHDU DQ LQWHULRU VXUIDFI
XNU QHW VSLQQLQJ URWRU

%\ WKH FRQVHTXHQFHV RI WKGLNRPSXW R B\
WKH SULQFLSMBHNOG O XHW RLHWHRIJB Y BAH P

ZLWRD[LDO FOHDUDQFHV EHWZHHQ ILUVW L
URWRU PNP
&RQFOXVHKBRXIJKREWFWRBWLRQV ZDV IRXQG
RI SUHVVXUH FKDQJLQJ LQ ZFRSXNIMDIWERDPE
DSSDUDWXV EHW ZH H FAR BIVREBWR VONLIQRS H U V
7KHVH JLYH XV WKH SRVVLELOLW\ WR UHFHL
DQG UHTXLUHG $H\WDLGDSURKIBURMKIHHY DQG SD
‘2, WKH QR UHDJHQW LQIOXHQFH DQG WR FRQW
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JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

$W WKH \SUBINWGWW YDULHW\ RI WHFKQRORJLFDO SURF
KDYH WR UHGXFH HQHUJ\ FRQVXPSWLRQ DQG WR LQWHQV

2QH RI WKH ZD\ WR VRONPSWRL VY GQREDW P YIH Q\RR) VW D
UHVRXUFH VDYLQJ DQG LQH[SHQVLYH HTXLSPHQW DQG QF

7KHUH DUH PDQ\ PHWKRGY DQG SURFHVVHV RI ZDWHU
VROXWILWRWHFHVVDU\ SK\WLFDO DQG FKHPLFDO SDUDPHMW
WKH PDQXIDFWXULQJ

7KH\ DUH LQFEBXGWQF WUHDWPHQW WKH HOHFWURPD.
IUHTXHQF\ ILHOG FDYLWDWLRQV SURPHMVVRQI]LMRIL QY LUX
K\GURG\QDPEE @IIHFWV

7KH PHWKRG ®XGLNGUHVBNW RI HQHUJ\ FDQ SRZHU VW
GLIILFXOW OLTXLGDQGWHFQRRE YHEWRG JLYHV SRVVLELO
FKHPLFDO WOQNQMNIRURBWH RRPSOH[ VI\VWHPYV

7KH PDLQ HIITHFW\8 RO WHKGH LGLSHFW HRWHQHUJ\ DUH HIITHFW
LQFUHDVH RI YHORFLW\ RI DVVRFLDWLRQ RI D FRQWLQ:
FDYLWBDMHRIVHFW RI H[SORWLYH BRHGEMQJ LERMOMHPEO\ R
RI DQ LQWHUSKD\OH WVXUGE CEXEEQ\IJPWGLXP DFWLRQ RI K\GL
DOWHUQDWLQJ LPSXOVHV RI SUHVVXUH

$ JUHDW QXPEHU RI PDVV HQJLQHHULQJ SURFHVVHYV
FUXVKIGRVSHUVLRQ DFWLYDWLQJ HPXOVLILFDWLRQ HWF
RI GLIIHUHQW W\SH

7KH PDLQ HIIHFWVSRD WHG IGQAYFWHRVHHQHUJ\ DUH UHDO
DSSDUDWXV

7R LQWHQVLI\ PL[LQJ RI DVVRFHVWEG\ PHRS DX\PH/ W RW I
DSSDUDWXV ,Q VXFK HTXLSPHQW WKH WUHDWPHQW RI
WKURXJKRXW WKL@®QQXODU FOHDUDQFH

7KLV FOHDUDQFH LV IRUPHG E\ WKH VXUIDFHV RI FR
FRPPRQ D[LV URWRUV DQG LQH[SHULHQFHG F\OLQGHU V

7KHUH DUH PDQ\ VOLWY RQ WKH URWRUV DQG VWDWRU
WKH URWRUV DQGADMDWRBUMVEKUHY RI WKH VKLIW DQG PL
DV D UHVXOW RI WKH WUHDWPHQW RI OLTXLG KHWHURJH
RI WKH DSSDUDWXV
BHEBVFLOODWLRQ PRGH FDQ RFFXU WK UR X JKRXBWUW & KON b
DSSDUDWXV 7KH RVFLOODWLRQV RI YHORFLWLHV DQG ¢
FKDUDFWHRVREIQIODMEIRGSPRGH $ PHWKRG IRU SUHSDU
GLVLQIHFWDQW @

+LJK HQHUJ\ WUDPKNEKWD® QP KLGIXRGI @ AIG IRP W DQG VF
LQ URWDU\ SXOVHG DSSDUDWXV FRQGXFWV WR WUDQVIRU
WLPH WKHUH LV QR LQWHQVLYH GHVWUXFWLRQ RI PDFURI

7R RSWLPL]H WKH SURFHVV RI K\GWREG\QERPE A 1WQ H DWKRH:
SRZHU LQIOXHQFH RQ WKH OLTXLG PHGLXPV DQG VROXV
ZKLFK FDQ SURYLGH SUHGLFWDEOH SK\VLFDO DQG FKHPLI

7KH PDLQ IDFWRUV DQG GULYLQJ IRUFHVSW KB WXBDHHXYVR
VKLIW RI D VWUHDP WKH VSHHGV RI VKLIW RI D VWUHDP

7KH PDLQ IHDWXUHV Rl WKH WHFKQRORJLFDO PHGLXPV
i WKH PHFKDQLFDO LQIOXHQFH RQ WKH SDUWLFOHV RI D |

DQGEUDVLYH ORDGV GXULQJ FRQWDFW ZLWK WKH ZRUNL
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i WKH K\GURG\QDPLF HIIHFW ZKLFK PDQLIHVWYV LWVHOI
IOXLG GHYHORSHG WXUEXOHQFH SUHVVXUH SXOVDWLF
i WKH KREXRWLF LQIOXHQFH RQ WKH OLTXLG V\VWHP LV F
SXOVDWLRQV LQWHQVH FDYLWDWLRQ VKRN ZDYHV DC
YRU D FRPSOHWH GHVFULSWLRQ RI WKH PL[LQJ SURFH
QHFHVAVMGLWLRQ LV WKH HVWDEOLVKPHQW RI TXDOLWD\
WKH SURSHUWLHY DQG WKH SK\WVLFDO DQG FKHPLFDO SDU
W LV VLIJQLILFDQW WR HVWDEOLVK WKH FRKHUHQF\ EF
WKH PL[LQJ SURFHVV DQG WKH WUHDWPHQW PRGHV WK
ZRUNLQJ DSSDUDWXV DQG WKH SURSHUWLHY DQG SK\VLF]
PLIWXUHV
W LV LPSRUWDQW WR XVH WKH S D B PGIMWHXIWHWRI DMK | K
HITHFW RQ WKH OLTXLG PHGLXP ,W LV DOVR QHFHVVDU\ W
HQHUJ\ DFWLRQ RQ WKH SDUWLFOHV RI VXEVWDQFHV
$FFRUGLQJO\ WKH HVVHQWLDO FRQGLWLRQV DUH
i WKH HYWDEOLVKLQJ RI FRRQ/GWHFWWMRLR @ B O ZS-DHPD RHKW HRU V
DSSDUDWXV ZLWK WKH HQHUJ\ HIIHFW ZKLFK LV DFKLH"
i WKH GHWHUPLQDWLRQ RI WKH GHSHQGHQFH RI WKH |
WUHDWPHQW SURFHVV RQ WKH LQWMBIMOQWHRI WKH HQH
2Q WKH EDVLV RI WKH QXPHULFDO H[SHULPHQW DQ¢
FRQVWUXFWLRQDO SDUDPHWHUV Rl WKH DSSDUDWXV ZHU
WKH SURFHVVHV RI PL[LQJ OLTXLG FRPSR®KQRYR DIOF® O/
PHGLXPV
7KH SXUSRVH Rl WKLV VFLHQWLILF ZRUN LV WR UHVHI
DOWHUQDWLQJ LPSXOVHW URH RIS @ TULHG WRDRXIIKREW E\ V
PRGHOOLQJ

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

ILTXYBOXWLRQV DQG V\VWH PO ZRKAR-OL FDVORFGBRKW DR @1 W |
D ZLGH UDQJH RI FRQFHQWUDWLRQ SHUFHQWDJH RI DOFF
GLVWLOOHG DPXA\GUVRIGRYR G LAHAMNEEKHIBH WRAS IB)HBUHD W V

(ISHULPHQWDO LQVWDOODWLRQ

7TKH REMHFW RI WKLV VFLHQWLILF UHVHRQUZAKLER UN ZXM
VROXWLR@OWHHBOQWWH\QJ LPSXKAHVHIHRIGS/URN VEWIHW VRI UH W V
RI VKLIW RITRWWUHBROVHG OFSGDQOVWLARDDDW\WKHELWK WK
© U RWRDIVR R\eRA 2

OHWKRGV

*HQHUDO VFLHQWLILF PHWHKRGYX D GS R BB ORPHIGY KRG
WKH DQDO\]LQJ RI WKH BWH@XOWV RI UHVHDUFK ZRUN

7KMROXPH SDUDPHWULF LPLWDWLRQ DQG YLVXDOL]DWL
PHWKRGV ZHUH XVHG IRU WKH GHVFULSWLRQ RI WKH FRC
SXOVHG DSSDUDWXV GXULQJ WKH OLTXLG WUHDWPHQW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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([SHULPHQWDO LQYHVIWLSOMAIDRZBMHR G CRXSYRXEHNWX RIPGIIV
ODERUDWRU\ PHDVXUBPHQW SURFHGXUH

JRWIGH V F URSWV\RIFQFKE H P ISIDJMD P R Y HTUAD 8 SROEHD/MDHIG
VROXWKRBEWDWEHE XWHIRPSMH U L LHOW D O/ L FBEWEPRBBWE& R G V
GHVFUOHHG X OWHD DM ¥ G&

JRU WKH UHFHSWLRQ UHODWHG GDWDZHJH LD ¥ PP&SO@
OHVV WKDQ WKUHH WLPHV ZLWK WK& IROORZLQJ VWDWLYV

SHVXOWGLVFXVVLRQ
IXPHUNVREPAODWLRQ PRGHO

7TKH QXPHULFDO VLPXODWLRQ DQG YLVXDOL]DWLRQ
FRPSXWDWLRQ RI WKH WUHDWPHQW DQG PL[LQJ SURFHV
URWDU\ SXOVHG DSSDUDWXV 53$%

JRU WKH FKRLFH RI QXPHULFDO PRW BNRRAR WO X\ WHRPZ R
53% LW zZDV VXJIJHVWHG WKDW WKH FXIURHIMLR@DWKH SUF

7KH KHWHURJHQHRXYV VWUHDP ZDV FRQVLGHUHG WR |
HITHFWWKHUPRSK\WVLFDO SURSHUWLHYV

7R FRQVLGHU WKH G\QDPLFV GLIILFXOW\ WKH KRUL]RC
53%$ SHUSHQGLFXODU W R/ WHBMRMRL2 /N WKHPOUZRW R'HOHFW
KDV VOLWYV RQ WKH VXNUNDWBWRU WKREB MMM GRWRRVRU $C
RI WKH OHIW DQG ULJKW SDUWV RI WKH URWRUYV

,Q DGGLWLRQ WKDW WDNHYV SODFH JHRPHWULFDO DQG
JHRPHWULFDO VLPLODU VHFWLRQV 7BQW® WL ZKW BRGGHU
VHFWLRQ DUH FRQVLGHUHG DV D SHULRGLF

,Q DFFRUGDQ®H WKWKGLPHQVLRQOHVYV V\VWHP RI I0XL
FKRVHQ )RU FDOFXODWLRQV WKH GLPHQVLRQOHVV V\VW
FRRUGEQ®WHV

7TKALGSRLQW RI WKLV VHFWLRQ GRRWWBHVRRIRWKHPD[LYV

'LPHQVLRQOHVYV HTXDWLRQ V\VWHP
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SEWISH H VR IWHHH G LKIPK MG ZRUNLQJ FKDPEHU RI WKH URW|
wR"R*WKH WHPSHUDWXUH RIWKKHZRUBL®P EKKRBKU RI WKH
DSSDUDWXYV

Z—-L DQJXODU YHORFLW\

Z +DQJXODURIHWRIFLUWRWRU VSLQQLQJ
L+UDGLXV RI WKH LQWHUQDO VXUIDFH RI WKH LQWHUQDO

e b Gy
P o

R,+tHIIHFWLYH YDOXHV RI WKH YLVFRVLW\ FRHIILFLHQW
Q, tHIIHFWLYH YDOXHV RI WKH FRHIILFLHQW RI WKHUPDO

P +FRQGLWLRQMNKHWHD/FRWIWN FRHIILFLHQW
O+FRQGLWLRQDO VFDOH RI WKH FRHIILFLHQW RI WKHUPD

6LQFH SRO®DDWLQJ DSSDUDWXVHV EHORQJ WR SHULRC
DWWHQWLRQ WR WKH IDFW WKDW WKHUH L& BRW R@®MRWU L
URMWMRUWHP RI ZRUNLQJ FKDPEHU

,Q WKLV FRQQHFW L RKD QUKI IlUH WHQ E\QRDFFLF FKDUDFW
IORZ WKURXJK WKHWARUBBR LV WREVHRIYHG :KHQ WKH 53$%
PRYHPHQW RI WKH IOXLG LV UHSHDWHG DIWHU URWDWLQ.

7R VROYH WKLV DVVLJQHG SUREOHP D FHUWDLQ VHJP!
WKH BQJOH
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7KH VHIPHQW FRQW D L @HRWIRIMMBRERRADMH R IZWWHK D VOLW
VXUIDFHV RI WKH URWRUV DQG VWPDUWRLD D 6 0OR FIOG\ U ORQ FW
7KH SUHVVXUH GLIIHUHQFH EHWZHHQ WKH LQSXW DQG
YROXPH FKDPEHU EHIRUH DQG DIWHU WUHDWPHQW LV Q3
*HRPHWULF VL]HV RI ZRUNLQJ HOHPHQW VDDQHU & HWH.\WQD
GLPHQVLRQV RI 53$%
7KH VSHHG Rl URWDWLR®Q RIWHKHQUWRWIR F ZO FXILD\M QR Q
FRQVLGHUHG WKDW WKH IORZ UHJLPH RI WKH OLTXLG LQ
NO PRGHO RI WXUEXOH@®FH ZDV FKRVHQ
7KH WWP RI HTXDWLRQV ZDV UHGXFHG WR GLPHQVLRQC
%\ WKROXWHGHRHQVERQDPHWULF LPLWDWLRQ YLVXD
SURFHVVHV PDWKHPDWLFDO DQG QXP HYDIORHO RR RIGHKID MLLQ
VSHRGD VWUHDP VKRRO/GIEH WKMKILOQRW URWRIKB QUG FRQG
7KH LQYHVWLJDWLRQ RI WKH VWUXFWXUH RI WKH VWL
PRYHPHQW ZDV SHUIRUPHG E\ QXPHULFDO VLPXODWLRQ
1IDYLWMURNHY HTXDWLRQV
7KRDLQ IDFWRUV Rl WKH IORZ VWUXFWXUH YSH3HEWVHUP
DFFHOHY @WLRQV
7KH FKDQJHV RI WKH SUHVVXUH LQ GLIIHUHQW SRLQW)
FRPSOLFDWHG SXOVDWLQJ FKDUDFWHU
JRU WKRHULFDO VLPXODWLRQ ZHUH VHOHRWMRGBWRL IH
URWRU?2 VIVWHP RI ZRUNLQJ FKDPEHU
W ZDV VHOHFWHG IRU FDOFXODWLRQV WKH QH[W SRLGC
RQ WKH H[WHUQDO VXUIDFH Rl WKH LQWHUQDO URWRU
RQ WKH H[WHUQDO VWDWRU VXUIDFH
RQ WKH WOQ@HRW VXUIDFH
RQ WKH LQQHU VXUIDFH RI WKH H[WHUQDO URWRU
7KH VXEVHTXHQWO\ SRVLWLRQV LQ ZRUNLQJ YROXPH |
W KOHU RWWRIVRRMR U2 VA\VWHP ZHUH VHOHFWHG
RSHQ VOLW
KDOlI FORVHG VOLW
KDOlI RSHQ VOLW
FORVHG VOLW

—_— o — —

—_— o — —

, QYHVWLIJDWLRQ RI DOWHUQDWLQJ LPSXOVHV RI SUHV)

7KH SURILOH RI SUHVVXUH ILHOGYV LQ ZRUNLQJ YROX
QU RWRDMBMRYWEIHFULQI WKNM®RISH DUH VKRZQ DW WKH )LJXL

W ZDV HVWREBWLVE&HBGV RI VKLIW RI D VWUIRDP WHKKHR X O
ILUVW URWRUIPQ®& KH VHFRQG URWRU

6XFK YDOXHV RI WKH VSHHGV RI VKLIW RI D VWUHDP P
SDUWLFOH PRYHPHQW+EQWIRQPWLQXRXV SKDVH

TKMDOXH RI SUHVVXUH RI VKLIW RI D VWUHDP3BXVW EF
IRU WKH VHFRQG URWRU

7KH YLVXDOL]DWLRQ DUH VKRZHG WKH SUHVVXUH ILHO
LQSXW RI OLTXLG FRPSRQHQWY RU VROXWLRQV LQWR D Z
URWRU VXUIDFH VWDWRU VXUIDFH DQG WHER@WZ HHQV RW
URWRU WKDQ VWDWRUEFHDUWEDY QFRIQIFP HRW RU DW WKH
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J)LIXUH 7KH SURILOH RI SUHVVXUH ILHOGYV LQ ZRUNLQJ YROXI
RSHQ vaLwvw URWPDWARBHFRQG URWRU

JLIXUH SUKHOH RI SUHVVXUH ILHOGV LQ ZRUNLQJIKBIKDPEHU E
RSHQ VOLWVW URWPDWARBHFRQG URWRU
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J)LIXUH 7KH SURILOH RI SUHVVXUH ILHOGYV LQ ZRUNLQJ FKDF
FORVHGVIOUW URMWDWAR/BIFRQG URWRU

J)LIXUH 7KH SURILOH RI SUHVVXUH ILHOGV LQ ZRUNLQJ FKDP
VOLWILUVW URWPDWARBHFRQG URWRU
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%DVHG RQ WKH UHVXOWV RI WKH DQDO\VLV RI WKH FD
UHGXFLQJ Rl WKH FOHDUDQFH EHWZHHQ WKH H[WHUQDO
LQFUHDVH LQ WKH GHSWK RI WKH QHJDWLYH LPSXOVH RI

6XFK LPSXOVHV Rl SUHVVXUH FRQWULEXWH WR WKH LC
SURFHVV ZLWK WKH H[FHSWLRQ RI WKH FRQWDFW RI WKH
ZRUNLQJ DUHD RI WKH 53$% ,W LV LPSRBWR B L FADRONRXJE MW
ZKLFK UHDFW LQVWDQWO\

7KH PDVV WUDQVIHU LQWHQVLILFDWLRQ LQ WXUQ DII
VWUXFWXULQJ DQG DVVRFLDWLRQ RI WKH SRODU OLTXLG)

7KH ORFDO YDOXHV RI SQBXWXBH Z0W\M K HD QIEF MRV HRJI !
RXWSXW RI WKH ZDWHU V\VWHPV IURP WKH JDSV YDU\

DW WKH H[WHUQDO VXUIDFH RIRWKHN3IDNHUQDO URWRU
DW WKH H[WHUQDO VWWRVRUNBDUIDFH IURP

DW WKH LOQQHU VWDWRUNBXUIDFH IURP WR

DW WKH LQQHU VXUIDFH RI WKH NBBWHUQDO URWRU IURP

—_— o — —

'XULQJ WKH ODVW YDOXHYVY FDYLWDWLRQ@DQG DGLDEDW
TKURXJKRXW WKH ZDWHU DQG ZDWHU VROXWLRQV WUH
OLTXLG DVVRRABD@QWE IFR RBK K\ 6 R @ G LOVCLRRL(AVD 8 XIFOWK 1D WQL R Y
LPSXOVHV RI SUHVVXUH FKDUDFWHUL]JHG WKH FKDQJLQJ F

i ad NsD QHDU DQ RXWVLGH VXUIDFH RI DQ LOQWHULRU
i ad NsD QHDU DQ RXWVLGH VWDWRU VXUIDFH

i ad NsD QHDU DQ LQWHULRU VWDWRU VXUIDFH

i ad NsD QHDU DQ LQWHULRU VXUIDFH RI DQ RXWVLGH \

L, QYHVWLIJDWLRQ RI 6SHHG BUNXVXW HRIRD WRNUWM ORI D QVGN

,PSRUWDQW WHFKQLFDO SDUDPHWHU VJKEXUBYV VBZBWG
UHFRJQL]HG IRU WUHDWPHQW RI OLTXLG VROXWLRQV ZLW
SUHVVXUH

%\ WKH FRQVHTXHQFHV RI WKH FRPSXWDWLRQ ZDV HV
VSHHGV RI VKLHWHRIJB Y@ GBRBEOWIOHDUDQFHY EHWZHHQ |
DQG VHFRQG URWRU PNP

7KHVH GHPDQGLQJ K\GURG\QDPLF FRQGLWLRQV JLYH \
DQG ZDWHU >VROXMWARQWKH LQLWIRDNEPDWWREQRRIVWUKFYV
LQWHUPROHFXODU LQWH U DEFLWPHQN VRO B @ VUIRRIHPZ R NVIKIURHF
ERQGW D PROHFXODU VFDOH PROHFXODU G\QDPLF VLP:
DQDO\]LQJ WKHVH VWDWLF D@QRY G380 FOL IS ISWHRFSW UBVD MKV | DR
WR PDFURVFRSL® SURSHUWLHYV

7KBDWXUH DQG YHORFLW\ RI PDQ\ SK\VLFDO DQG FKHF
VXFK DVVRFLDWHG V\VWHPV WUDQVIRUPV

%HVLGHV WKH DFWLYLW\ RI WKH ZQW HQ G KS 8 Q B YHIQ FEI
ZKLFK FDQ IRUP EHWZHHQ PROHFXOHV

7KH FKDQJLQJ RI SK\WLFDO DQG FKHPLFDO SURSHUWL
ZDWHU VROXWLRQV KDV EHHQ HVWDEOLVKHG GXULQJ WK
IOXFWXD@AVLRQ
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) LIXH URILOH RI FKDQJHYV VSHHGV RI VKLIW RI D VWUHI
FRD[LDO F\GLIQOWHNUVRMWMRBQG URWRU

%\ WKH UHVXOWYV RI WKH FDOFXODWLRQ BDWHVXWMHERL
VKLIW Rl BPHWUHDP 5RO AIDMKFOHDUDQFHY EHWZHHQ URW
YLIXUH

JLIXUBURILOH RI FKDQJHV RI SUHVVXUHFRIHDKILD QF RFVRD {MWDEH B Q
F\OLQGHUVVW UNWRRQG URWRU

W ZDV HVWDEOLVKHG WKDW DSSOLDQFH RI WKH DOWHU
WUHDWHFHQIRVVLELOLW\ WR GHFXHDWR UGQ\SRIHESAWHH@QWLLD
K\GURJH® RQWR GHFDWDWH WKH GLVWRWROYHG @®R[\IJHQ
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JJJ3URFHVVHV DQGIJIXLSPHQW
&RQFOXVLRQV

TKIDSSOLFDWLRQ RI DOWHUQDWLQJ WP SXDEGMPHHQ WX LSU H
VROXWLRQV FDQ LQIOXHQFH RQ WKH SK\VLFDO DQG FKHPI
K\GURG\QDPLF SRZHU

TKURXIJKROWRAXIODWLRQV ZDV IRXQG WKH YDOXHV RI !
FKDPEHU RIXORWWULYJ DSSDUDWXV EHRW WEBEGRBERMWBO F\O
7TKHVH JLYH XV WKH SRVVLELOLW\ WR UHFHLYH WKH OLTX
FKHLFDO SURSHUWLHY DQG SDUDPHWHUYV E\ WKH QR UHDJ

$ GHWDLOHG DQDO\WLYV RI H{SHULPHQWDO GDWD VKRZ}
SUHVVXUH | ROL WKW & DWRBARCANM. GBS U RS U LD WRR R U (BILROAHHHWY/LL

5HIHUHQFHYV

'RRVWL 05 .DUJDU 5 6D\D&HW WUHDWPHQW XVLQ
DVVLVWDQFH3WREHINGHQ@IJY Rl WKH ,QWHUQDWLRQDO
(QYLURQPHQWDO 6E&HQFHV
3KLOLSSH 9DOOHH -DFTXHV /DIDLW /DXUHQWQRGUDQG
<ROHQH 7KRPDYV (IIHFWV Rl SXOVHG ORZ IUHTXHQ
FKDUDFWHUL]HG E\ OLJKW VFDWWBQIPXYLWHFKIBLTXHV
+
ODWHY& 'XODU 7MD&D *ULHVVOHU %XOF ,RQ *XWLpUU
8VH Rl K\GURG\QDPLF FZDMWWHIW WREDMWPDNARNY MAH
BRQRFKH P L VI\BU
1LQJ =KDQJ O0LQJXDQ <DQJ'D®WRLtDR =KR®BVWLIDWLRQ
VWDWRU LQWHUDFWLRQ DQG IORZ XQVWHDGLQHVV LC
BWURMOQLANL SHVWQLN
<XHTXQ 7DR -XQ &DL :LXODQ +XDL %$%®SOLXF DWKLRDR
+\GURG\QDP DM LERIQY LWWR :D VW H Z B:WH P L U DM@B HQMH U L
7HFKQRORJ\ SS +
6OLPDQH OHURXDQL 2XDOLG +DPGDRXL <DFLQH 5H]
ORGHOLQJ RI XOWUDVRQLF FDYLWDWLRQ DV DQ DGY]
'"HVDOLQIBWDRVHD @ UHD\8BH QW
9DOHUL\ 0\URQFKXN ,U\QMQXERIYWLYB PHWKRG RI ZDW
K\GURSRQLF V\VWHP 8QLYHUVLW®UVRAHXFHQINQ 2 H 8 Q.D\C
21 5XVH S
JU\QRERYN2QBNVDGLORY 8QLQWHUUXSWHG PRGH RI ZC
IRU JURZLQJ FURSV BFLHQWLILF 3DSHUV RI WKH 8Ql
3URFHHGLQJV 21 8QLYHUVI WA 21 5XVH
BKXUFKNRKERYNLQD , BV HDSWAKD PHW H U VHRV KDIQHR @ DPL W X
REWDLQHG XQGHU FRQGLWLRQV R%BROWHWQQWRLQY 8 P.K
BHULHV 1HZ VROXWLRQV LQ PRGHSUH WHFKQRORJLHV
6LQJK 9 3 B6KDOLQL <DGDY 5DP OWHDXD® I<WGPIQDJIHF
VHOHFW SURFHHGLQJVDRIHIE YFLHQFH DQG WHFKQRO!
6LQJDSRUH 6SULQJHU
3DWULFN - 6XOOLYDQ )UDQKBODQN BKBUBQYLDRQWVHQ
VFLHQFH RI GUGLRNOQQOAMIGLH U %W HPZR QWK

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

/IDERUDWRU\ PDQXDOV Rl $PHULFDQ :DWHWPSRUNVHG
SURFHG XMW LR H [ D H@HUL RRRRORU DGR

.HQQHWK , 2]RPZRIWFHQW $GYDQFHV LQ $QDOLW\FDC
7UDQVZRUG I5-HWEHEDWIFIKODEOH DW

1HWZRWMN BZUHV VFREY HU %R R R VWENLLE® FDWLG

%DVRN % , 'DY\GHQ®IRP% BHDWXUHV RI K\GURG\QDPLF
WKH SURFHVVHV Rl GLVSHUVLRQ LQ ZRUNLQUDWRXPHYV
OLFUR DQG QDQROHYHO SURFHVVHV +Q WHFKQRORJLH\
,OHLQVWUHXKBE&EHUQ IOXLG&EEQDPH¥FY %RFD 5DWRQ
<HRQ 6 &KDQJ &KDSHO +LOO $OEHUWR 6FRWWL 86$%
IORZV WRLYSISEHN @ RDGHWUDJHGWBNENDWLRQV 5%$16 YHUVX
HGG\ VLPXOD WD DO RI *HIRGKDWLFD @ F H DRSA
1IDNRUFKHYVNLL , %DVRN % , +5GUREYDDALEV RI U
SXOVDWRU\ DS SQUIDMXMHYLFYV DQG 7TKHUPRGS3DPLFV

/L < =KDQJ :; *XR ' :DQJ; /L < 1XPHULFDO D¢
RI IORZ FKDUDFWHULVWLFV RI URWRLR ©DWY, WR QRIFKS QU
“XHEDR 7UDQVDFWLRQV RI WKH &KLQHVH 6RFLSHWV\ RI !
+

ODUWLQ 3HWNRY&HN 5RWDWLRQ JHQHIDDMERBNRI |
SS +

$EGDOOD 2EHLGEDND PHMNDQQBB]SEX 7KH YDOLGLW\ RI

SRWHQWLDO PRGHO LQ SUHGLFWLQJ WKH VWUXFWXUD

WKH XQDU\ DQG EL Q DIUQ FPRK W & Z PWRIDBTRADHEY D QF H V

SS+

'XERYNLQD , HDWXUHV RI FDUU\LQJ RXW RI SURFHVV R
LQ WKH FRQGLWRBRIE®H \LIPISXO VHWF KRQ ROWRK V VDOUGHL W

SURGXFWLRQ UHBIBWYHV

'XERYNLQD ,U\QBPDQJH RI SK\WLFDO DQG FKHPILAXQGSD

ELQDU\ VAIVWHPYV E\ DOWHUQ BMWUDQLURRSK-BXHD RES UH V!
+

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

ORGHOLQJ RI WKH SIQRBDHOMWMEKRI \HDVW GRXJK E
FDP RSHUDWLQJ HOHPHQWYV

9LWDOLL 9RORG\P\U 7Ht <HYJF6KWH
<XOL\D 7THO\FEKWDQND 'DP\DQRYD

1 1IDWLRQDO 8QLYHUVLWI RI IRRG
+5XVH 8QLYHUVLWI 3$QJHO .DOQPHYOJEWIOQFK 5D]JUDG

$EVWI
-H\ZRUGV ,QWURGXF\WDRKHPDWLFDO PRGHO ZDV G}
. VLPXODWLRQ PRGHRIQNQRHIDVEK B JSWR AHWD V W
RXJK E\ FDP RSHUDWLQJ HOHPHQWY ZDV FDUULHG
.QHDGLQJ ODWHULDOV DQGKPMHWK®GNVWLRQV RI WKH
ORGHOLQJ LQWHUDFWLRQ RI WKH PDWHULDOQVEHWK WK
&DP FKDPEHU RI NQHDGLQJ DV ZHQOW DX W K H DM C

PHFKDQLFDO FEBUBPVSHIELVIVHIGFV'XULQJ WKH
RI WKH NQHDGWEH DURKHODW SRVLWLRQ RI W

ZDV FKDQJHG IURP f WR f
5HVXOWV DQG7&BHVFRKMPRQRI WKH PDWKH
$UWLFOH KLVWREIRGHOLQJ RI WKH SURFHVV RI PL[LQJ RI WK
PDFKLQH RI FRQWLQXRXV DFWLRQ LV GHYHO
SHEHLYHG RI VLPXODWLRQ RI WKH PL[LQJ SURFHVV FD
fFE'UFF'j'-YHG LQ UBYTNVWPLEXWLRQ RHNMWQWLDQRI GLWASLCSD W LR
SEFHSWHG GRXJK LQ WKH ZRUNLQJ FKDPEHU ZHUH REWL
SRVLWLRQ f WR f RI WKH FDP HOHPHQW
WKHUH LV DQ LQFUHDVH LQ WKH VKHDU VW

VKHDU VWUHVVHRFRXBDIRQ FOBIR DI HOHPHQ
WKH FROQWDFW DUHD RI WKH FDP ZLWK WKH
YDOXHV UHDFK ZL3ODKL)®U WKH UHVW RI WKH |

LVSODFHPHQW VWX HVVBDUHD¥WHNVEXWLRQ

&RUUHVSRQGLQ
DXWKRU

9LWDOLL 5DFKR

(PDLO LVVLSDWLRQ VKRIZW K\HK B R/UNQ GBD BXMD/P EH U
SDEKRNO  # WKH IRUPDWLRQ RI KHDW LQ WKH DUHD RI 10
JPDLO ERP DQJOH RI WKH FDP IURP f WR f RI WKFH

LV DJUDGXDO LQFUHDVH LQ WHPSHUDWXUH
RI FDPV WKHHWH PV&KIH DMDNMWW GRXJK LQFUHD

f& 7DNLQJ LQWR DFFRXQW WKDW EHIRUH )
WHPSHUDWXUH & HDFB KGERQ FRPSOHWLRQ RI
SURFHVV GLG @RWWHKHRHDG/WU\ SUHSDUDWLFE
ZHUH REVHUYHDW AKMW KHDW UHOHDVH RFFXL
FDP FODPSLQJ HOHPHQWYV

7KH UHVXOWV Rl PDWKHPDWLFDO PRGHO
SK\WWLFDO H[SHULPHQWV RQ D WHVW GRXJ
FRQWLQXRXV DFWLRQ DQ HUURU ZLWKLQ

&RQFOXVKR@URSRVHGO/ VKRXB MVWICRRZ V XV
LQYHVWLIJDWH WKH SURFHVV RI PL[LQJ WKH
YDULRXV WHFKQRORJLFDO SDUDPHWHUV 7K
'y LQLWLDO GDWD IRU WKH FKRLFH Rl UDWLRQ

; PL[LQJ WKH \HDVW GRXJKHDHWKEWWP ZRUNL

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

ODWKHPPRGHDDQJ LV DQ LPSRUWDQW WRRO LQ VFLHQW
QRW XVHG GXULQJ WKH VWXG\ RI WKH SURFHVV RI PL[LQ
HOHPHQWY 7KH FDP HOHPHQWY DUH JDLQLQJ ZLGHVSUHD
RI H[SHULPHQWDO VWXGLHV WKDW SURYH WKHLU HIIHFW
WKH YLVFRXV IORZ WKH GHIRUPDWLRQ LV SURSRUWLRQD
DIWHU WKH UHPRYDO RI WIGH BRD\GWLL\F ((MRIVE U B DWW BREEGH L
WKDW H[FHHGV D FHUWDLQ OLPLW YDOXH WKH ERXQGDU\
DV YIHNOARVWLF > @

'XULQJ PL[LQJ IORXU ZLWK ZDWHU WKH FRPSRQHQWYV
PDVP GRXJK +\GUMWHKGEFRKHGLY GRXJK WKH SUHVHQFH LQ
IHUPHQWDEOH PLFURIORUD LV WULJJHUHG E\ D VI\VWHP F
FROORLGDO DQG R&KHU SURFHVVHV >

3K\VLFIBPOKDQLFDO SURFHVVHYV WDNH SPIRH W HWVKDBIV &/
ERG\ ZKLFK PL[HV SDUWLFOHV RI IORXU ZDWHU \HDVW V
SURYLGLQJ WKH LQWHUDFWLRQ RI DOO WKH FRQVWLWXH
QXPHULFDO VWXGLHV LW ZD VPIRKKQDIEQ WKWV HI {H E O FR ® DAVKIH
WKH GLSSLQJ DIIHFWV LWY¥@KHRORJLFDO SURSHUWLHV >

7KH FDP ZRUNLQJ HOHPHQWYV DUH EHFRPLQJ PRUH
H[SORUDWRU\ GHIS WK VMWXIGL®QG GHWDLOHG DQDO\VLV %
OLWHUDU\ VRXUFHV RQ WKH VXEMHFW Rl WKH SURFHVV R
LPSURYHPHQW RI WKLV LVVXH ZHUH LGHQWLILHG WKXV
SUREOHP RI TXDOLWDWLYH DQG LQWHQVEGRXPL[RDBKRQ H
RI FRQWLQXRXV DFWLRQ > @

$ VFLHQWLILF UHYLHZ RI FRQVWUXFWLRQV RI GRXJK
UHYHDOHG WKH PDLQ DGYDQWDJHV DQG GLVDGYDQWDJF
RSHUDWLRQ RI FRQWLQXRXW PR® KL Q@ V7R HFRIM)L G X\RXE YD
LQ DGGLWLRQ WR WKH ORFDO SUREOHPV LQKHUHQW LQ H
SUHVHQW LQ PRVW GRXJK PDFKLQHV RI FRQWLQXRXV D
FRPSRQHQWV Rl WKH IRWRXDWWWREB ARPSRQYNWDJIH DQG V
SODVWLFL]DWLRQ RI WKH GRXJK LQ WKH WKLUG VWDJH
RI WKH GRXJK ZLWK LQWHQVH ®QHDGLQJ RI WKH GRXJK >

%DVHG RQ WKH WKHRUHWLFDO UHYHHDRIFKK KA VIXQ@GV WV k
FRPSDUDWLYH DQDO\VLV RI WKH ZRUNLQJ HOHPHQWV W]/
NQHDGLQJ WKH \HDVW ZKHDW GRXJK ZLWK WKH XVH RI FD

ODWHULDOV DQG PHWKRGYV
6RIWZDUH VLPXODWLRQ SURFHVYV

TKIPDWKHPDWLFDO PRGHOLQJ RI WKH SURFHVV RI NQI
RSHUDWLQJ RUJDQV ZDV FDUULHG RXW LQ WKH VRIWZDUH
7R VLPSOLI\ WKH PDWKHPDWLFDO GHVFULSWLRQ RI WK
WKH FRUUHVSRQGLOY KIS DASDRMHWKE DYHUDJLQJ RYHU WKH V
ODWKHPDWLFDO GHSHQGHQFLHYV JHRPHWULF GLPHQVL
RI FDP RSHUDWLQJ ERGLHV ITUHTXHQF\ RI URWDWLRQ L
SK\WLFDO H[HSHMUBLPHYHY) AWNR FDOFXODWH DQG VLPXODWH \
PLILQJ WKH \HDVW GRXJK ZLWK FDP RSHUDWLQJ RUJDQV L

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

6WUXFWXUH RI \HDVW GRXJK

7TKH GRXJK LV FRQVLGHUHG DV D FRP SOHJ F& G-® RMGEEX |
DQG SHULRGLF SKDVHV 6ROLGYV DQG OLTXLGV JOXWHQ D
VWDUFK JUDLQV DQG JDV IRUPHG GX$HQL REGUFHSKXDIYW L RQ
WKH SK\WLFDO SURSHUWLHVN]RG WK I3 BBLRXR KWHIHY FKIDWURD® WG
DQG LQGLFDWRUV UHVXOWLQJ IURP WKH LOWHUDFWLRQ |
PHFKDQLFDO SURFHVVLQJ RI WKH GRXJK DQG FRQVLVWYV
ZLWK WKH IRUPDWIRBY RMAERX W KRPRIJHQHRXY PDNFW LFRHQ W I
PLFURRUJDQLVPV DQG HQ]J\PHV

6LPXODWLRQ RI WKH SURFHVV RI NQHDGLQJ \HDVW GRXJK

7KH PDWKHPDWLFDO PRGHOLQJ RI WKH SURFHVV RI PL]J
HOHPHQWYV ZDV W WKH E&HOXWRAILWKH XVH RI D PRGHUQ V
WKH SUHGLFWHG HTXDWLRQV RI WKH PRYHPHQW RI WKH \
WKH FKDPEHU RI NQHDGLQJ DQG FDP ZRUNLQJ HOHPHQWYV

$ PDWKHPDWLFDO PRGHO ZDV VHOWMWRHBES QR D GLRG HAKLH,
GRXJK ZKLFK LV XVHG WR VWXG\ WKH SURFHVVHV LQ ZKLF
RI GLVSHUVHG VDWXUDWHGYRDWHBRDOY RFAFXRHGKUIRIHCJ

7KH DUHD WR ZKLFK WKH L\GRRGRX¥P RFIDW KEHH FIRSSADOL
EH FDOOHG WKH FKDUDFWHULVWLF YROXPH LGHQWL
WKDW LV NQHDGLQJ :H ZLOO DVVXPH WKDW WKH VL]
WKH VDPSOH VL]H IRU UHVHDUFKSBGQA4dWRKHVH MO MU
HOHPHQWY 7R VLPSOLI\ WKH PDWKHPDWLFDO GHVFL
WKH GRXJK IRU WKH FRUUHVSRQGLQJ SDUDPHWHUYV .
VROLG DQG JDV SKDVHYV

/IHW XV FRQVLGHU D FHUWDLQGH® &D MWKHIUW. X WIIDH- F
RFFXSLHG E\ D GLSKDVLF PRYLQ@ VXEVWDQFH )LJXU

7TKDW LV SDUW RILWRIFVXRG)GP B\ 9W K HX LLGJ VK DWRIO LDX)
VHFRQG SDVUWKRH 9DV SKBVH6LBLODUO\ WKH SDXW IRARHNK

EHORQJV WR WKH VROLGBKIXVHIDWY G WWHKLIRNKWKYH YRO X
WKHUH LV LQ WKH JHQHUDO FDVH D ORW RI ERQGYQ WKH
WKH PRGHO GHVFULSWLRQ RI WKH PHFKDQLFDO EHKDYLR
IRUFH ORDGLQJ ZH XVH WKH K\SRWKHVLV RI LWV FRQWLQ
PDVV > @

ODWKHPDWLFDO GHSHQGHQFLHW FKRPEWW L B HRIPFHH/QW/IL
RI FDP RSHUDWLQJ HOHPHQWYV IUHTXHQF\ RI URWDWLRQ
SK\WWLFDO H[SHULPHQW ZHUH JLYHQ WR FDOFXODWH DQG
PLILQJ WKH \HDVW GRXJK ZQWK FDP RSHUDWLQJ HOHPH

$W WKH VWDJH RI IRUPDWLRQ RI WKH H[HUFLVH WKH F
PDWHULDO ZLWK WKH ZRUNLQJ HOHPHQWY DQG WKH FKDF
VWUXPWRKNDQLFDO FKDUDFWHULVWLARMORI WKH GRXJK 7DE

7R VLPXODWH WKH SURFHVVY D FDOFXODWHG JULG ZDV
ZLWK D IUHTXHQF\ RI USP LQ WKH RSSRVLWH GLUHFWLI

$IWHU WKH PHFKDQLFDO DFWLRQ E\ FDBIRSHSDWILRQ Hi
FDOFXODWHG YLD WKH VRIWZDUH FRPSOH]

$IWHU HQWHULQJ LQWR WKH VRIWZDUH FRPSOH[ DOO
FDOFXODWLQJ DQG YLVXDOL]LQJ WKH SURFHVV RI PL[LQJ

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JLIXUH 6FKHPH RI VISRIRFPIWVRY RQWHKELQJ \HDVW GRXJK LQ [
FRQWLQXRXV DFWLRQ

JLIXUBKDUDFWHULVWLF YROXPH 9
9 LV WKH YROXPOBLRKXWK I$ WIRCH G
9 LV WKH YROXPH RI WKH JDV SKDVH
LV WKH ERXQGDU\ VXUTREH BKDWKH VROLG
LV WKH ERXQGDU\ VXUIDFH RI JDV SKDVH

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

2XWSXW GDWD EHIRUH FDOFXODWLRQ WKH SURFHVYV RI NQHD

' PRC

YLIXUH

2XWSXWEBDRWB FDOFXODWLRQ WKH SURFHVYV RI NQHDGLQJ ZKH

' PRC

HOHPHQWYV

HOHPHQWYV

6SHFLILHG JHRPHWULF GLPHQVLRQV PL[LQJ FKDPEHU

7DEOH

9DUL 6\PE &DOF X
IXPEHU F - *LYHQ E\ WK
7KH GLVWDQFH EF $ *LYHQ E\ WK
"LDPHWHU RI WKH ' *LYE\ WKH F
6WHS RI 7 *LYHQ E\ WK
7KH JDS EHWZHHQ W *LYHQ E\ WK
DQG WKH F\OLQGHU ZDOO

7KH JDS EHWZ ' *LYHQ E\ WK
7KH UDGLXV RI WKF | 5* 5*

‘"RUN FCDQ * *; DFRV
7KH RXWHU GLDF '$ '$

7KH GLDPHWHU RI V | ° % :'% -
7KH RXWHU GLDF ( ('8 )

7KH GLDPHWHU RI V | ', % (
$QJOH RI LQFRPSO =y
WDQJHQW :
$QJOH RI LQFO ) ): C1:
7KH ZLGWK RI WK % % te 7
ODUJLQDO \ * * 03
<RXQJ V % ? 03
3RLVVRQ V : #

(ITHFWLYH GRXJK YLVFRVLWY (L utti(?“<
7KH LQLWLDO WHPS | f
"HQVLW\ RI ! ! NJ
SRWDWLRQ Il ( Q U

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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5HVXOWY DQG GLVFXVVLRQ
7THUPVY PRYHPHQW RI WKH FDP ZRUNLQJ HOHPHQW

,QIRUPDWLRQ GHNWEKQRD®RORZYVY XV WR FRQVLGHU WKH
PLILQJ WKH \HDVW GRXJK LQ WKH IRUP RI D VI\VWHP RI LQ
ORGHOLQJ RI WKH SURFHVV RI PL[LQJ WKH \HDVW GR>
SDVVHV ZLWKVBHHRWBWLROQIDROLQ D GXDO FDSDFLWLYH FD
HOHPHQWY WXUQ WR PHHW HDFK RWKHU E\ NQHDGLQJ WK
FUXFLEOH ZLWKOAKH XWH RHEWN LV GHSLFWHG LQ )LJXUH

J)LIXUH ORYLQ®GRXKIK\ \IHODWKH FUXFLEOH ZLWK WKH XVH RI FL

6LPXODWLRQ RI WKH SURFHVV RI PL[LQJ WKH \HDVW GF
WKH GHVLJQ WHFKQRORJLFDO SDUDPHWHUV DQG UHFRP
HOHPHQW POGEKIRMIKQ JHQHUDO 8VLQJ VLPXODWLRQ ZI
YDULDWLRQ RI WKH ELDV YROWDJH DQG GLVVLSDWLRQ SD
WKH UDWLRQDO YDOXH RI WKH VHOHFWHG SDUDPHWHUV
WHKLU HIITHFW RQ WKH SURFHVV RI NQHDGLQJ

'"HVLIJQ EORFNV RI WKH NQHDGLQJ SURFHVYV

7TKH LQLWLDO GDWD DQG ERXQGDU\ FRQGLWLRQV ZHU
SURFHVV RI PL[LQJ LQWR WKH VRIWZDUH FRPSOH[ QDPHC(
PDWHULDO SURSHUWLHV JHRPHWU\>D QG VWDWXV RI WKH

,Q WKH SURSHUWLHV RRWXRQPRQWHRIL[MXUMH WEZWK WKH
SVHXGRSODVWLF IOXLG ZDV FKRVHQ *HRPHWULF GDWD D
FDOFK@Q BSWUDPHWHUWRWRW IHRX RWHMKH FDP V ZRUNLQJ E|
PLILQJ SURFHVVY VWDWXV LV VHOHFWHG DV FRPSOHWH QI

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

J)LIXUH 6FKHPH RI LPLWDWLYH PRGHOLQJ RI WKH 8WRFHVV R

J)LIXUH 'HSWK RI VLPXODWLRQ PRGHOLQJ RI WKH SURFHVV RI

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

8VLQJ WKH GHSWK RI VLPXODWLRQ )LJXUH RI WKH N
LQ WKH VKHDU VWUHVY DQG WKH GXNMAOH XGWURQ JRW K H VN
WKH \HDVW GRXJK E\ FDP RSHUDWLQJ HOHPHQWYV

$ORQJ ZLWK WKH FKDUDFWHULVWLFVY RI GLVSODFH
FKDUDFWHULVWLFV RI WKH YROWDJH RQ WKH \HDVW GRX
FKDUDFWHVUKHHGLEWULEXWLRQ RI WKH VKHDU VWUHVV RC(

FKDPEHD
JRU SVHXGRSODVWLF OLTXLGV ZLWK YBDWRBQD Q¥ LUKR

WKH VKHDU VWUHYDZLY DRI X HS RAHX U H VKRZL KH GL\
GLVSODFHPHQW RQ WKH \HDVW GRXJK GXULQJ NQHDGLQJ
UHVXOW WKH GLVWULEXWLRQ RI WKH PHFKDQLFDO ORDC(

HOHPHQWYV

5HVXOWYV

TR VWXG\ WKH VKHDU VWUHWVYKHRPOP B/DYRP NSLRQIL WORIC
VHOHFWHG WKHQ WKHVH SURYLVLRQV DUH UHSHDWHG RC

J)LIXUH &KDQJH LQ WKH VKHDU VWUHVY >2 3D@ LQ WKH PLV\
\HDVW GRXJK E\ WKH FDR RSHUDWLQJ HOHPHQW

2Q WKH JUHDWHU SDUW RI WKH ZRUNLQJ YROXPH WKHL
JLIXUH 7KH JUHDWHVW LQGLFHV RI VKHDU VWUDLQ GX
\HDVW GRXJK DUH REVHUYHG LQ WKHOQHIREQ W IZIL @WK R OHF V.
WKH FDVH DQG LQ WKH ]JRQH RI HQJDJHPHQW RI WKH Z
HQIJDIJHPHQW RI WKH ZRUNLQJ HOHPHQWY DQG DW WKH F
VKHDU VWUHVY YDOXHVY UHDFK IBRRRVKH MKRODPEH3ID WRH WK
VWUDLQ UHDFRKBDV

7KH GLVVRFLDWLRQ LV SURSRUWLRQDO WR WKH GL
GLVVLSDWLRQ WKH FRQYHUVLRQ RI WKH NLQHWLF HQHU
LQWHUQDO HUWHDWIWR @G RAIMKZLWK WKH ZRWNLERJ HOHPHQ W\

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

7KH \HDVW GRXJK LV PL[HG LQ SDLUV RI FDPV ZKLFK
WKH GLVVLSDWLRQ SURFHVV LW ZDV GHFLGHG WR FRQVL(
SDLBDRIV VLQFH DW WKH EHJLQQLQJ RI PL[LQJ WK&
GLVVLSDWLRQ %\ PHDQV RI VLPXODWLRQ GLVWULEXWL
FRQVLGHUHG LQ WKH SURFHVV RI PL[LQJ WKH \HDVW GRXJ

J)LIXUH 'LVWULEXWLRQVRI&E@LYYLBRW IFK@ PHHU LQ WKH SURFHYV
GRXJK E\ WKH FDP ZRUNLQJ HOHPHQWYV

'LVWULEXWLRQ RI GLVVLSDWLRQ FOHDUO\ VKRZV LQ Z}
IRUPDWLRQ RI KIIDDWDLQ QVWKEBBRBHKD RI SDLUV Rl FDP
WKHUH LV QR VLJQLILFDQW KHDW UHOHDVH WKHQ GXULQ.
GRXJK ZLWK WKH ZRUNLQJ HOHPHQWY DQG WKH FDVH WK
NNQHWLF HQHUJ\ RI WKH VWUHDP LQWR WKH KHDW DQG W
$W WKH VWDPSLQJ VLWH SDLUV RI FDPV WKH WHPSHUD
f & WKXV WDNLQJ LQWR DFFRXQW W K\WNWHEIHQR WH D/OK W H/P
ZDV VHW WR W f & WKHQ DW WKH HQG RI PL[LQJ WKL
DOPRVW f & 7KH JUHDWHVW DPRXQW RI KHDW LV REVHL
WKH ZRUNLQJ HOHPHQWYV

7KXV WKH VLPXHODMERRRGSBODRI WKH SURFHVYV RI PL[LQ
WR VWXG\ LQ GHWDLOV WKH SURFHVVHV RFFXUULQJ LOQ
GHSHQGHQFH RI WKH IORZ SDWWHUQ RQ WKH GHVLJQ DQG
DQG WKH IRIHTRWQRMLRQ

7KH VLPXODWHG SDUDPHWULF PRGHO RI WKH SURFHVYV
ZKLFK DOORZV WR FDUU\ RXW GHVLJQ FDOFXODWLRQV HI
DQG WHFKQRORJLFDO SDUDPHWHUV L&/ \GHHQMRSHE D
PHWKRGRORJLFDO GHYHORSPHQWY ZLOO VLJQLILFDQWO\ |
RI FUHDWLQJ UHOLDEOH SURFHVV HTXLSPHQW IRU PL[LQJ

W LV SRVVLEOH WR UDWLRQDOL]H WKH SURFNNVHQA PL|
IRU IXPLJDWLRQ DQG IHUPHQWDWLRQ E\ LQWHQVLYH PHFKk
RSHUDWLQJ HOHPHQWY DQG DV D UHVXOW RI REWDLQLGC
SURGXFWYV

W LV DGYLVDEOH WR PL[ WKH \FHDN W BGRXN KQZL RAKJI D/E YA

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJIJ3URFHVVHYV DQGQJIXLSPHQW
&KHFNLQJ WKH UHVXOWYV RQ WKH SK\VLFDO PRGHO

ORGHO YHULILFDWLRQ IRU DGHTXDF\ ZDV FDBWLRQ@ RX
PDFKLQH RI FRQWLQXRXVY DFWLRQ )LJXUH

J)LIXUH 7KH VFKHPH RI DQ H[SHULRBHWDW LQY WO BPBDQMW R
D GHYLFH IRU PHDVXU QU IHYEHARFUWNULLQF] SHRZHHROHPIW
*tVWDELOL]JLQJ JUDWH

7TKH UHVXOWY RI VLPXODWLRQ RI SDUDPHWULF PRGHC
&RPSDULQJ WKH UHVXO3EW IRURUMI PDWKHPDWLFDO SURF
OHVV WKDQ WKH PDWKHPDWLFDO PRGHO FRUUHVSRQG)
7KH H[SHULPHQWDO LQVWDOODWLRQ ZRUNV DV IROOR
KRSSHU DIWHU ZKLFK XVLQJ WEBHOXRQNHQ WEKRGILUHRFEQG |
FDUULHG RXW DIWHU ZKLFK WKH GRXJK FRPHV RXW WKUF

23D
°
°
o—
f f f f f f f5RWDWLRQ
YJLIXUH &RPSDULVRQ RI WKH UHVXOWV RI WKH SK\VLFDO D¢

GLVSODFHPHQW VWUHVV >2 3W@ ILIQHW KK W LD QQ O I K DRA ELHRWID W
HOHPHIQPA. WDWSRWYLFDO
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

ToLv &

éRWDWLRQ

J)LIXUH &RPSDULVRQ RI WKH UHVXOWY RI WKH SK\VLFDO D¢
GLVWULEXWLRQ RMBEBVLIDWLHREQ LI QJ FKDPEHN RW EGRW B WH QW
FDP HOHPSKQWLFDIOPXODWLRQ

7KH UHVXOWYV RI WKH FRPSXWDWLRQDO H[SHULPHQW\
PL[LQJ WKH \HDVW GRXJK E\ WKH FDP RSHUDWLQJ HOHPH(
VLPXODWLKORIJWKH WKH VWUHVVHV RI WKH VKLIW RI WKH
ZDV LQYHVWLJDWHG WKH GLVWULEXWLRQ RI GLVVLSDWLF
FKDQJH GXULQJ WKH NQHDGLQJ SURFHVV ZHUHRWIWYRQI
VSHHG RI D ZRUNLQJ HOHPHQW RI USP WKH WHPSHUDW)
LV DGPLVVLEOH ZKLOH NQHDGLQJ WKH GRXJK 7KH REWEL
RUJDQL]H WKH WHFKQRORJLFDO SUR FPHVVQD Q/EK & H W DMV QG-

&RQFOXVLRQV

W ZDV LQYHVWLJDWHG WKH FKDQJH Rl WKH VWUHVVHYV
FKDPEHU LQ WKH UHJLRQ RI WKH FRQWDFW EHWZHHQ WK
WKH ZDOOV Rl WKKHPKDPEKH VWKW UHDFK IURP WR
VKULQNDJH FKDPEHU GLVSODBPHW KH VLYWL BXWLRQ RI G|
FKDPEHU RI VWLUULQJ DQG WKH WHPSHUDWXUH FKDQJH C
DQG WHMSHUDWXUH RI WKH \HDVW GRXJK ZDV UDLVHG W]
HOHPHQW USP ZKLFK LV DGPLVVLEOH ZKHQ NQHDGLQJ

2Q WKH EDVLV RI VLPXODWLRQ PRGHOLQJ RI WKH SURF
ZRUNLQJ HOHPHWGIWV PWRILSUBSAKH \HDVW GRXJK LQ D GR
DFWLRQ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JIJ3URFHVVHV DQGIJIXLSPHQW
5HIHUHQFHYV

BWUXFN 6 B6WUDXEH ' =DKQ 6 G5RKP + JQWHUD
DQG EHUU\ SRPDFH LQ PRGHO GRXJK - BXHRD® JR | D)RR (
(QJLQHHULGBIS + ‘2, M MIRRGHQJ

1DZURFND $ .UHNRUD 0 1LHZLDGRPVNL = oOL $

FKHPLFDO SURFHVVHV LQGXFHG E\ FHOOXORVHV LQ WI
DSSOLFDWLRQ BRVFBBRGHRWURFROGRLEV '2,

M IRRGK\G
%UDQGQHU 6 %HFNHU 7 -HNOH 0 "KHDW GRXJK
EDVHG RQ K\GURFROORRGV @IS RIORRG HPDSFHHUL QJ

2, M MIRRGHQJ

=KDQJ ' O0X 7 6XQ + &RPSDUDWLYH VWXG\ Rl W
GLIIHUHQW VRXUFHV RQ WKH UKHBBRJPRIEH OS URRSHI
&DUERK\GUDWH 3R®\PHUY, M FDUESRO
‘DQJ < <H ) J/LX - =KRX < =KDR * S5KHRORJL
SHUIRUPDQFH RI VZHHW SRWDWR VWDUFK GRRIK DV L
+\GURFROORLS®V '2, M IRRGK\G
AUHSDQRYLU 3 *RXGRXODV 7K % *HUPDQQ 1
PLFURVWUXFWXUDO GDPDJH GXJRRG S\gHRB\EFUHRI ZKH |
‘2, M IRRVWU
9DQLQ ) 0 /XFDV 7 7U\WWUD®BL*D[DRBKRWEQVLRQDO °
ZKHDW IORXU GRXJRGXUDQJIREDRRGJI(QJIS®HHWLQJ

M MIRRGHQJ

-LDQJ = /LX / <DQJ : 'LQJ / =KRX 6 ,PSURYL
SURSHUWLHV RRREKROHK RKHO W\ PRGXQHQW UDKKNY 2 B &/ W/
JRRG &KHPLVVEGH ‘2, M IRRGFKHP

6KWHIDQ ( 3DVKFKHQNR % %ODJHQNR 6 <DVWUHED
1XPHULFDO 6LPXODWVRREBDVWLY¥WLFSHUVH ODWHULD!
3URFBEYWVLQJHU ,QWHUQDWLRQBS 3XEOLVKLQJ $*
6WH(®Q OL]QLN / 0 ODWKHPDWLFDO PRGHOLQJ RI FRH[V
WKH PDQXIDFWXUH RI WXEXO®/L QW GIXAEW XROIMIVRK) DO (
8QLYHUVLW\ Rl )RRG 78SKHQRORJLHV
.OHPHQV . &R5RWDW ERBUW Z LH) WUXGHRINQWDOV WHFKQF
$SSOLFDMQL\RHU
1DZURFND $ 68WWDUYRW 0 OL $ :LOFJHZVND $ = OC
$UHIJDWLRQ RI JOXWHQ SURWHLQV LQ PRGHO G
DGGLYRIRRQ&KHPLVVBIG: '2, M IRRGFKHP
-DQVVHQ ) :RXWHUV $ 3DXO\ $ 'HOFRXU - 51
DLU ZDWHU LQUWMULBW¥LRIO ZEBWPSY U\H EDUORRGDQG F
&KHPLVWUSS + ‘2, M IRRGFKHP
=KDQJ ' O0X 7 6XQ + (IIHFWV RI VWDUFK IURP IL
RQ WKH UKHRORJLFDO D QIGVWWDXRWNXY P& GHIR GHRNWK |
5HVHDUFK ,QWHUSGBWLR@DO M IRRGUHV
<DQJ) =KDQJ O 3UDNDVK 6 /LX < 3K\WLFDO SU
GRXJK DV DIIHFWHG E\ GLQBBMDPRRERPFLANQAHL R QR/H U J
7HFKQRORJEB Y ‘2, M LIVHW
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=KDQJ < /L <DQJ 1 -LQ = X &RPSDULVR
ZHLIJKW RQ ZKHDW EUHDG TXDOLW\ DQG WKHLU SHUIR
UHWDLUGRDWI/RQ SS* ‘2, M OZW

&DSSHOOL $ &LQL ( *XHUULQL / ODVHOOD 3 3DUH¢
WKH UKHRORJLFDO SURSHUWLHY DQG RSWLPDO ZDWH
DQFLHQW JUDLIQIIHRXUW GHWKHRIXURIDOHRLGIHQIHDO 6FL
SS ‘2, M MFV

5DFKRN*XG]JHQNR 9 7THO\FKNXQ < 7HO\FKNXQ 9
GRX\’]&K N QLGN LILF :RUNV RI 1DWLRQPORIQHYHUVLW\
SS ‘2,
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JJI(FRQRPLFV DQG ODIQDIJHPHQW

'PSDFW RI WKH LQVXUDQFH FRVWV RQ WKH FF
RI IRRG LQGXVWU\ HQWHUSULVH\RQWS$NWDRIQH
WKH IRRG PDUNHW VHFXULW\

/IDGD 6K-U-Q\DQ O\NK
IDWLRQDO 8QLYHUVLWI| RI IRRG

$EVWI

-H\ZRUGYV ,QWURGXRKWLRWXG\ ZDV FDUULHG RXW WR I
FRVWV DQG WR GHWHUPLQH WKH WUHQGYV
,QVXUDQFH LQVXUDQFH FRVWYV RQ W KHQFRP/SMW LMW HQ Sil

&RVWV LQ WKH FRQWH[W RI WKH IRRG PDUNHW VHFX!

6HEXU LW\ ODWHULDOV DQ® K KWRKRIEWLFDO EDFNJURX

R RLERH L o e IR0 Shibel

&RPSHWLWLYHRQHMPSDUDWLYH VWDWLVWLFDO DQDO\VL\
VFLHQWLILF LQWOUWSDOWIDWIRRRY DQG FRP!
LQGLFDWRUV RI PDUNHW VKDUH DQG FDSDFLV

$UWLFOH KLVWRQVXUDQFH FRVWVYHIQEVNVRROQHDODQWOQRQ YV PH!
LQGLFDWRUYV

SHEHLYHG S5HVXOWYV DQG7IGH QN MWWLIRIDWHG ),(V GR QF
W K WKH FXUUHQW DQWLPRQRSR®\ OHJL)

<5

U
SEFHSWHG QFH FRVWYV | RRRVDIGHK V WOLNFHEHAIE DSV W

H
SHFHLYHG LQ ,W(g A YDOXHV RI DOO WKUHH W\SHV RI SU
XU
XOWALGKRIDQJIH Rl YDOXHB&URRH KRXVH
Q

IRUP £ OVEHUJ 8NUDLQH' ,W ZDV GHWHUPL:
L
v
R

I YLQWDJH FRIQDFV 37D GLEBROWRRYVN\ 2L
(( WUDFWLRQ 30DQWKHUHVHDUFK UWKXOWYV VI
&RUUHVSRQGLQ@DUJHVW VKDUH RI LOQVXUDRFIRPRVRYVBINQDE
DXWKRU (( WUDFWLRQ 30DQW’™ LQ DQG HTXDO WR
FRVW RI LQVXUDQFH LQVLJQLILFDQWO\ FKDQ.
O\NKDLOR $U\FOFFRUGLQJO\ PRGHUDWHO\ DIIHFW WKH IRUP
(PDLO 7KH DQDO\WLV VKRZWD G5 UHIORW ISRIRB IRIUSN E
P\NKDLOR DU\R%(#QG LQVXUDQFH FRVWYV IRU 3-6& 3.DUOVE
QXIW HGX XD LQYHUVH SURSRUW2QEOLGMXBHVQFHHBRRV WYV |
32ERORQ" DQG 3ULYDWH -6& 3.\LY &RQIHF
35RVKHQ" 7KH PRIUUHODMRQR ROLD/ODEILL D LRV \ SQ
LQVXUDQFH FRVWYV IRU ),(V VKRZV WKDW R
GHWHUPLQDWLRQ FRUUHVSRQG WR WKH YDO
VDWLVIDFWRU\ TXROLLWAE& B.DUOVEHUJ 8NUDL
) 526 3-6& *2ERORQ"528 3UDWH -6& 3.\LY
&RQIHFWLRQDU\ )DFWRU\ 35RVKHQ” 7KH ORZz
IRU Rl WKH GHWHUPLQDWLRQ FRHIILFLHQ\
ZLWKLQ WKH OLPLWV RI WKHRBR2ENR XWKWD O X|
3-6& *3RORJRYVN\ 2LO (PWQGD MRL R/E H3 @D QWP X
) IBF2(WR WKH 3-6& 3.\LYNKOLE
&RQFOXVIKRQWK\SRWKHVLY DERXW WKH HJ[
2, GHSHQGHQFH EHWZHHQ WHKB &R MWIHWVERULW HRE
PRQH\ DOORFOIRWHGEGQYRUDQFH LV FRUILUPHG
: ZLWK KLJK HIILFLHQF\ RI GRLQJ EXVLQHVYV
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JJJ(FRQRPLFV DQG ODIQDJHPHQW
,QWURGXFWLRQ

7KH IRRG LQGXVWU\ LV WKH QBBEV@ULRG X RPSOHD Rk
HYLGHQFHG E\ GDWD RQ FRQVXPSWLRQ YROXP®&N WIKHWYV
VDPH WLPH IRRG LQGXVWU\ HQWHUSULVHV IXUWKHU UHI
HQWHUSULVHV PD\ EH H[SRVHG WR ULVNV WKDW FRXOG
> @URP WKHVH SRVLWLRQV WKH BEESBREVLDWISGDW BRI
DV D QHFHVVDU\ DQG HIIHFWLYH WRRO IRU SURWHFWLQJ |
FRPSHWLWLYHQWWY SRUQVBIEGL& LRQ LW VKRXOG DOVR EH
WUHQGV LQ LQWHH QRWLRB DXOQH V& BRBXN@FIRDDIM@WHUSUL
),(V LQ DIJULFXOWXUDO VHFWRU $&6 VKRZ WKH LPSRU\
VHFXULW\ LQ WKH [@¥RE PDWNXHW RI VXFK LQWHUDFWLRQ Z
SUHMBQWW X G\

,VVXHV RI WKH LPSDFW RI LQVXUDQFH DQG WKH HIIH
GLVFXVVHG E\ GLIIHUHQM LQ U HQ BN/ OFKH KD Y H
VWXGLHG WKH HIIHFW Rl DJULFXOWXUDO QQIMX2DQGRHVWIX
1LJHULD 6FLHQWLVWY KDYH GHWHUPLQHG WKDW WKHUH
RI IDUPV DIWHU SDUWLFLSDWLQJ LQ LQVXUDQFH 7KLV LV
VHFXUHG E\ LQVXUDQFH FRWBYB GHW KHU F HJHV RO OVRHILQ FID
YROXPHB/SPUBL 0 %DUIWK /  %RNXVKHKVDY B LDQQGH Y MU WD W
LPSDFW RI FURS LQVXUDQFH RQ WKH SURGXFWLYLW\ RI +
LPSDFW RI LQVXUDQFHD W@ UHFRQRFRQROGE SURILW SURC
SURGXFWLYLW\ Rl ODQG > @

-XDQ + HW ®ORSRVHG D WKHRUHWLFDO PRGHO WKDW
LQVXUDQFH SURJUDP RI WKH FURS WDNLQJ LQWR DFFRX(
PRGHO DOVR IRUHFDVWY WKH FRQGLWLRQ RI SRVLWLYH |
UHVRXUFHV LI SUHOLPLQDU\ HVYWLPDWLRQ RI HIILFLHQF\

$OVR VSHFLDO DWWHQWLRQ DPRQJ IRUHLJQ=XWRGLHV
<DQIWHFNHO ZLWK DQ HPSLULFDO DQDO\VLV RI WKH HIIHF
LQFRPHAILP < 3HQGH®® -/ ZLWK HIIHFWV RI FURS LQVX
GLVLQYHVWPHQW D Q-GWIQW ESOBKEPVQAIREIE > @BLWK HIIHFWV F
VXEVLGL]HG FURS LQVXUD®BRAKRIY FUWRSVKKRLFMWP Q@ JHP I
WKH $&6RUDQIQED UNDYV ZLWK ULVN PDQDJHPHQW LQ \
VSHFLDO DWWHQWLRQ WR LQVXUDQFH > @ DQG PDQ\ RWK

ORVW RID&QLDQ UHVHDUFKHUV DVVHVV W,KYD @B PSRHEW LW
RI 8NUDLQH ZLWKRXW WDNL@®DHQWR © DRRRAXKDW KD/ UDVWD F
WKHUH LV QR JHQHUDOO\ DFFHSWHG PHWKRG IRUDDVVHVV
DSSURDFKHV FDQ EH GLYLGHG LQWR TXDQWLWDWLYH DQC

$FFRUGBQI\SWRQNR 9 9 DQG 3\O\SWKQINUR HPLVW WKUHH
DFWLYLW\ FKDUDFWHULVWLFV DJULFXOWXUDO HQWHUSUL
DQ®DIQFLDO DQG HFRQRPLF VWDWXV DQG RQH QHHGV HJ
HYDOXDWH HIIHFWLYH FRPSHWLWLRQ > @

JHJH]D ' * IRFXVHV RQ PHWKRGV RI DVVHVVLQJ WKH FF
SURGXFWV WKURXJK WZHOYHH LRGRFPWRURQ LR)F @ B ®/ILH]
PHUFKDQWDELOLW\ SURILW SURILWDELOLW\ HWF > @

&KHUHGQLFKHQNRQ@YMVWLIDWHY WKH HYDOXDWLRQ R
GDLU\ DJULFXOWXUDO HQWHUSULVHV RQ WKH EDRILV RI W
DVVHVVLQJ WKH FRPSHWLWLYHQHVV RI JRRGVEY FIDWEQ O L
DSSURDFK WDNLQJ LQWR DFFRXQW WKH FRQVXPHU V UHT:
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JJI(FRQRPLFV DQG ODIQDIJHPHQW

IDFWRUV WKDW GHWHUPLQH WKH FRRSMWIWLKHQHIW HRIS
SURGXFWLRQ DSSURDFK EDVHG RQ WKH DVVHVVPHQW R
SURGXFW DQG LWV PDUNHW VKDUH > @

7\FKRO\] / 6 JHQHUDOL]HV PHWKRGV RI DVVHVVLQJ
DJULFXOW XU MOQHQW HWRXISWHY L@

7KH DQDO\VLV Rl WKH GHYHORSPHQW RI WKH ),(V RI 8N
S8NUDLQLDQ VFLHQWLVWYV IURP GLIIHUHQW SRVLWLRQV DV

,U\W\WVKHYDSD2 DWWHQWLRQ RQ WKH QHFHY®D®W\ RI
> @DVLOFKHQNRGHILQHVY WKH SURVSHFWV RI LQQRYDWL!
.YDVNR $ 9 QRWHV WKDW WKH SUREOHP RI FKRRVLQJ D X
FRPSHWLWLYHQHVV U H POXUDF MORUIED\DRIGRFEKE N> D@ D O\ H
WKH FRPSHWLWLYHQHVV RI WKH HQWHUSULVH FRPSHWLYV
> @KZHG DIQ®BLOD , 6 JURXS PHWKRGV RI DVVHVVLQJ WKF
HQWHUSULVHV > @ $V IDU DV ZH RV RRZ W\KK-H FIRQYD\VO RV LVQ R
FRPSHWLWLYHQHVV RI ),(V LV VWLOO EH\RQG WKH DWWH
DWWHQWLRQ LQ SUHVHQWHG VWXG\

2XU LQYHVWLJDWLRQ LV DOVR UHQDWEHRGN W R{ W KDHD |RR
GHVFULEHG WKH HIIHFW Rl ZH®WKKHDW ) RHY ERCRGH & HPADEW
VPDOOKROGHUV DQG ILQG WKDW D SRVLWLYH LPSDFW RC(
RI LQGH[ LQVXUDIDAH W @XXJIJHVW WKDW ERYRERIQSH RYQI
IRRG VHFXULW\ ,W FDQ PDNH D ELJ LPSDFW LQ UDLVLQJ D
DQG HQFRXUDJLQJ LQYHVWPHQWYV LQ @ FYMHTRU®LIQW KHR
UHSRUWJIRILAKMWXUDO ,QVXUDQFH ERRQIFXHDFHID @ HQUKQL
EH VHHQ DV RQH FRPSRQHQW RI WKH $&6 DQG LW LV UHOI

"HDLWR DQDO\]H LQVXUDQFH FRVWVY SHUIRUPDQFH LQC
LQGXVWU\ HOQWHUSULVHV LQ 8N UDWQHi ID@\G WKFD WG RIIWH_[I1
PDUNHW DQG UHODWLRQVKLSY EHWZHHQ LQVXUDQFH FR
PDUNHW VHFXULW\

7R DFKLHYH WKLV JRDO LW LV QHFHVVDU\ WR DFFRPSO
i WR VI\VWHPDWL]H GDWD DERYWVWKKURRVK IRQDQW¥XDOD

RIILFLDO SULYDWH DQG SXEOLF ,QWHUQHW UHVRXUFH\
i SURPRWH DQG WHVW K\SRWKHVHV UHJDUGLQJ WKH LQ\

WKH ),(V DQG DPRXQW RI PRQH\ DOORFDWHG IRU LQV

UHBRLWQJ WKH ),(V SURSHQVLW\ WR LQVXUDQFH ZLWK D

ODWHULDOV DQG PHWKRGYV

ODWHULIROWKHRUHWLFDO EDFNJURXQG RI WKH DUWL
WKHRULHV H[SODLQLQJ WKH DELOLW\ RI ARES AU WRW W X
SUHVHQW WKHWH>LQIRUPDWLRQ EDVH RI WKH VWXG\ ZDV
RIILFLDO SXEOLF QWHUQHW UHVRXUFHV LQIRUPDWLRQ I
'"HYHORSPHQW RI WKH 6WRFNNDINMHNW > QEU D QW UXNFIVMAXK) H VK
RI 8NUDLQH > @ ,Q RUGHU WR FUHDWH D GDWDEDVH RI L

GDWD IURP PRUH WKDQ ),(V RI 8NUDLQH ZDV
LQIRUPDWLRQ ZDV FROOQOHWFWKB DEBRMXWKRQO\),(V ZDV FDUU
WR WKH FRGH RI WKH 8QLILHG 6WDWH 5HIJLVWHU RI (QWF

@
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JJI(FRQRPLFV DQG ODIQDIJHPHQW

OHWKRGWK WKH DLP WR GHWHUPLQH WKH WUHQGV SD
FRVWV RQ WKHFRPSHWLRRG LQGXVWU\ HQWHUSULVHV L
VHFXULW\ ZH LPSOHPHQWHG WKH FULWLFDG@O0 VWHDWILW WU
DQDO\VLV RI GDWDVWHPDWL]DWLRQ @Q 8 PLIQYWKHW BW &RVH
DQG VFLHQWLILF GLVFRXUV@ DsQ\DVDMPLDMW P HDWMKLRRGY DQ G F L
UHYLHZ PHWKRGV ZHUH XVHG WR SUHSDUH D WKHRUHWLF

@

7KH PHWKRGV Rl FRPSDUDWL Y HDW®GZDW DWW H\GWILG DVOK B
GDWD IURP WKH $JHQF\ IRU WKH '"HYHORSPHQW Rl V@KH 6W
DQG IURP WKH 6WDWH 6WDWLVWLFV 6HUYLFH RI 8NUDLQ
WXUQHG RXW WKDW LQIRWWP DRVL R QVRRQVLQRWUDDRYH. GRG R
LV SURYLGHG RQO\ IRU IHZ \HDUV Rl WKHXSURBRNKIG & DX
$JHQF\ IRU WKH 'HYHORSPHQW RI WKH 6WRFN ODUNHW
GHWHUPLQHG WKH LQ@FXUDHDAH [FRWWKIH IRWQ G WDE 31RWH
BWDWHPHQWY SUHSDUHG LQ DFFRUGDQFH ZLWK L@WHUQ|
,Q PRVW FDVHV WKDW LQGLFDWRU LV GHVLJQDWHG DV 3,(

7KH UHVXOWYV RHWRBDWWXBLMAKMW LQVXUDQFH FRVWV |
IRRG LQGXVWU\ HQWHUSULVHV LQ WKH FRQWH[W RI WKH |
XVH RI JURXSLQJ@PHWRRGDLIDWLRQV DQG FRPSDULVRQ
VKDUH DQ®W\FPSDF@ SURILWDELOLW\ DQG HIILFLHQF\ L¢
UHJUHVVLRQ DQDO\VLVY PH@KRGY DQG LQGLFDWRUV >

5HVXOWY DQG GLVFXVVLRQ

&RQVLGHULQJ WKH FRPSHWLWLYHQHVV RI ),(V DV D IDF
LW LV QWRHEWIMHUPLQH WKH GHILQLWLRQV :H FRQVLGHU
DV D FRPSOH[ FRPSDUDWLYH FKDUDFWHULVWLF ZKLFK Gl
RI LQGLFHV RI RQH ),( RYHU WKH DJJUHJDWH RDEWXIHU\ ), (
WR FRPSHWH 7KH FRPSHWLWLYHQHVV RI ),(V LV DFKLHY!
H[SDQG DQG ZLQ WKH PDUNHW LQ WKH VWUXJJOH IRU W
FRPSHWLWRUV DQG SURILWV > @ 7KH ADWQ EWVP RIQW YHQ
FRPSDULQJ YDULRXV DVSHFWV DQG WKH PRVW VLJQLILFI
LQGLFDWRUV VXFK DV SHUIRUPDQFH PDUNHW VKDUH FRC

,W LV DOVR ZRUWK QRWLQJ WKDW LQVXUDQFH IRU
FRSHWLWLYHQHVV DOVR FRQWULEXWHY WR HQVXULQJ VF

$FFRUGLQJ WKH 3RYSWHRBFRPSEHWLWLYHQHVV ™ RI WKH
UHODWILWQIW KLV DELOLW\ WR DFW RQ D SDU ZLWK FR
&RQVHTXHRWEHU WMPR DVVHVV FRPSHWLWLYHQHVV LW LV
FROOHFW WKH LQIRUPDWLRQ DERXW PDUNHW FDSDFLWLH

7KH JHQHUDO IDFWRUV WKDW GHWHUPLQH WKH FRPSH
SURGXFWYV LQG XV UW LURM\CHDON FIKMROXWHDWKH VL]H RI FD\
UDQJH RI IRRG SURGXFWV WKH OHYHO RI VDWXUDWLRQ R
OHYHO RI UHWDLO SULFHV IRU JRRGV WKH QXPEHU DQG
KDWNM WKH OHYHO RI WUDGH RUJDQL]DWLRQ > @ 7KH OL
LQVXUDQFH 7KDW LV ZK\ DFFRUGLQJ WR WKLV UHVHDUFK
DQG ZLOO FDUU\ RXW DQ DQDO\VLV RHQGV B QIQRFRIP BRIV W
RI WKH ),(V RI 8NUDLQH
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JJI(FRQRPLFV DQG ODIQDIJHPHQW

2XU VFLHQOMBYRWEKWVRYUPXODWH® KX RROQ RZAEMHFWYV R
LQGXVWUN PDUNHW ZLWK D KLJKHU FRPSHWLAAHYHRMEYV D
K\SRWKWDIWIRWRRAW B UHODWLRQVKLS EHWZHHQ WKH FR
WKH SRUWLRQ RI WKH PRQH\ DOORFDWHG WR WKH LQVXU|

ODUNHW VKDUH DQG FDSDFLW\

Y)RU FRPSOHWHQHVV RI WKH GHVFULSWLRQ RI VHOH
FRQWULEXWLROWRIWKHKRRG LQGXVWU\ RI SNUDLQH DQG
IRUPDWLRQ RI JURVV GRPHVWLF SURB®XFIXUWXKHGXDQQD O\
SURSRVH WKH LQGLFDWRUV RI FRQFHQWUDWLRQ DQG FDS

$Q DQDO\VLV RIRWKWMKMLRARFBMDIORQLQ WKH PDUNHW LV
VSHFLILF VKDUH RI WKH HQWLW\ ZKLFK ZH GHILQHG DV (
DFWLYLW\

& 1, 1,

ZKHUBRVKDUHVHRMWWWH LQ WKH QHW LQFRPH RI DOO HQWHL
+QHW LQFRPH RI HQWHUSW UMHFRFSH RIIDOO HOQWRBURBXW YV H\
FDVH WKH WRWDO QHW LQFRPH RQ WKH IRRG LQGXVWU\ |
1, LV GHWHUPLQHG E\ WKH OLQH IRUP Rl WKH UHSR
DQG GHWHUPLQHY WKH QHW SURFHHGYV IURP WKH VDOH

7R GHWHUPLQH WKH GHJUHH RI PRQRSROEDDWHREQ I
FRQFHQWU RW LAQ FREFAWREBH®WHDEGQQJ WKH VKDUHV RI LQG
HIDPXGHD D IRU WKH ILUVW W Z85 PROUJ WKW MABMWHMBWKWY HH PD
HWF ZKLFK DUH WKH PRVW VXFFHVVIXO PDUNHW SDUWLF
Rl 8NUDLQH GHILQHYVY WKH FULWHULD IRB!PR@RSROL]DWLR
& 5! > @

7KH QH[W LQGEFDWRH EDSDFLW\ RI WKH HQWHUSUL)
WKH VKDUH RI QHW LQFRPH RI WKH HQWHUSULVH LQ WKH

1, *'3

ZKHUHFDSDFIRQHRHQWHUSU LV H WX IS HDFHXQHWR I* \WKH JURV
SURGXFW RBBNUDLQH

$V ZH FDQ VHH WKH LQYHVWLJIJDWHG ),(V GR QRW )
DQWLPRQRSRO\ OHJLVODWLRQ RI 8NUDLQH

%DVHG RQ WKH GDWD RGWWHUWPRLEGIE WKW DY FEQHQ K H
UHSUHVHQWHG WKH ODUJHVW VKDUH LQ ERWK WKH IRRG
3-6& 3.DUOVEHUJ 8NUDLQH" WKH DYHUDJH DULWKPHWLF ¥

VKDUH IRU WKH VW X GV SHTUIREG W R DQG $W WK
VPDOOHVW VLPLODU YDOXHV DUH FKDUDFWHYLVWLF IRU :
DQG

‘H ZLOO HI[DPLQH WKH IROORZLQJ LQGLFDWRUV IRU VD

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
,QGLFDWRUV RI WKH VKDUH DQG FDSDFLW\ RI WKF
GLF 9DOXHV RI LQGH]
(QWHUSUL\fip 56

3-6& 3.DUOVHHUD

SNUDLQH"
D

3-6& *2ERORQ-
D

3-6& 3. \LYNKOGLE

3-6& 33RORJRYVN\
2LO ([WUDFWLRQ 30PQW’

BULYDWH -6& 3$9.
,19(67°

3-6& 3=K\WRP\U D
%XWWHU )DFWRU\’

3-6& 3.KDUNL|)Y D
%LVFXLW )DRWRU\’

3-6& 3'QLSUR|YVN\
VWDUFK IORXU FRPHLQH"

SULYDWH -

&RQIHFWLRQDUP)DFWRU\
35RVKHQ’

3-6& 37KH K D
YLQWDJH FRJQDFV
37DXULD"

3-6 D
3@ RQIHFWLRQHUN
YDFWRU\

3 KDUNLY\DQND"
3-6*.UHPHQ D
FRQIHFWLRQHUY
IDFWRU\"

3-6& 36XP\ IRR|G D
SURGXFWV IDEWRUYV’

$XWKRU V FDOFXODWLRQV EDVHG RQ RIILFLDO GDWD > @

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ(FRQRPLFV DQG ODIQDJHPHQW
3URILWDELOLW\ DQG HIILFLHQF\

6SHDNLQJ DERXW WKH HIIHFWLYHQHVYVY RI WKH ),(V
FKDUDFWHUL]JHVY HFRQRPLF UHVXOWYVY IRU HDFK XQLW FR
HITHFWLYHQHVY LV 528 UHWXUQ RQ DVVHWYVY ZKLFK LV G

52% 13

ZKHUHQ@BW SURILW RI WKH ),(V 1HW SURILW LV D QHW IL
E\ OLQH IRU D SRVLWLYH UHVXOW DQG OLQH IRU W
7KH HIILFLHQF\ RI ),(V LV SURYLGHG XQGHU WKH IROOF

528PD[529

$QRWKHU LQGLFDWRU RI HIILFLHQF\ F®DXY 8HWWKUH WREA
HTXLW\ ZKLFK ZH GHILQH E\ WKH IRUPXOD

527 13 (

7KH YDOXH RI ( LV HTXLW\ ZKLFKRLUV RIUHW HE P MXHG ED\(
VKHHW RI WKH ILQDQFLDO VWDWHPHQWY RI WKH HQWHUS
8QGHU WKH IROOR2I?Q0J FRQGHWWRGQYWY FDQ EH FRQVL
,W LV DOVR ZRUWK FRQVLGHULQJ WKH 526 UHWXUQ RQ

526 13 1,

ZKHEHUHWXUQ RGIMDFRRPH R| WKH VDOHYV

/JHW V. PRYH RQ WR DVVHVV WKH HIIHFWLYHQHVV RI W
LQGLFDWRUV WDEOH

'XULQJ WKH IVR\GXG\ SBEPRQJ WKH VHOHFWHG OLVW RI IR
WKH KLJKHVW YDOXHV RI DOO WKUHH W\SHV RI SURILWD
8NUDLQH" $W WKH VDPH WLPH IRU PDQ\ LQYHVWLJDWH
s \LYNKQOLESZ *6XP\ IRRG SURGXFWV IDFWRU\" 3-6& 33RORJI
DQG 3-6& 3.UHPHQFKXJ FRQIHFWLRQHU\ IDFWRU\" WKHVH
EH UHJDUGHG DV LQGLFDWRUV RI ORVV

7KH ORZ YDOXH Rl WKH SURILQ/H BMIOH WHRH BMKAK H YW HD
SUREOHPV RI WKH LQGXVWU\ LWVHOI DV ZHOO DV WKH HI
> @ ,Q RUGHU WR LPSURYH WKH VLWXDWLRQ DQG |
YDULRXV PHDVXUHVWRDU H ISIUAKS RVKIIE XOH RI DGYDQFHG SUI
LPSURYHPHQW RI WKH TXDOLILFDWLRQ EDVH RI HPSOR\H
VWRUDJH DQG GLVWULEXWLRQ RI SURGXFWV RI IRRG SUR
SURGXFW @DIHW\ >

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
SBURILWDELOLW\ LOQGLFDWRUV RI WKH ),(V LQ 8NUL

(QWHUSULVBGLFOwmRAPFXODWHG YDOXHV RI SURILWDEL
3-6& 2.DUOV H{gg‘
SNUDLQH 22
52 b b b
3-6& 32ERORQ"°?' s +
52
52 b b
3-6& 3.\LYNKOLE2 ] ]
52
3-6& 33RORJRYBR) 3 ]
2L0 ([WUDFWLRQ 3 ]
30DQW’ 52
3ULYD WSS 6 & 23} :
19(67°
52 4
3-6& *=K\WR \""g,é\
0, [ \A/ 7
%XWWHU )D FW-2g\
3-68& 3.KDUNEY g;
0, EA\AL [
%LVEXLW ) DFWREN
3-6& * QLSURY VAW ]
VWDUFK IORXU52| 3
FRPELQH’ 52 3
3ULYDWH -6& 382Y
&ROIHFWLRQDW\2|
)DFWRU\ 35RVKED"
3-6& 37KH KRXVER R 3
YLOQWDJH FRIQBEV 3
S7DXULD" 52
3-6&&RQ|HFWLR5P:|3U\
)DFWRU\ 52
3. KDUNLY\DQIND 52
3-6& *.UHPHDFKBRI | - 3 ]
FRQIHFWLRQHW2: | - 3 3
IDEFWRU\" 52
3-6& W6XP\ IRRGE—— :
SURGXFWV IDF\%’?\U\" :

$XWKRU V FDOFXODWLRQV EDVHG RQ RIILFLDO GDWD >

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ(FRQRPLFV DQG ODIQDJHPHQW
,QVXUDQFH FRVWYV

7KH UHVHDUFK RVKMHKH Y, [\ DAGYQNVHFRRANGK¥ W,IG IRU FK
WKH ILUVW K\SRWKHVLV RI RXU UHVHDUFK WDEOH

'DWD RDW®&H FKDUDFWHUL]H WKH G\QDPLFV RI LQVXUL
W VKRXOG EH QRWHG WKDW LQ IRRFRUKGD QB H VAQWKD W K
LQIRUPDWLRQ LQ WKH ILQDQFLDO VWDWHPHQWYVY RI WKH
IROORZLQJ IHDWXUHV
i )LUVWO\ VRPH FRPSDQLHVY GDWD RQ LQVXUDQFH FRVW

LQGLFDWH LW BOEWRHLYNERPUWLQUYZR W\SHV WKH FRVW

DOQG LQVXUDQFH FRVWY DUH LQFOXGHG LQ 3([SHQVHV I
i 6HFRQGO\ WZR RXW Rl WKH WKLUWHHQ LQYHVWLJDWH

GDWD IRU WKHLU HPSOR\HHV RBYVIDAWRQERAK DD 6RIUH

3.\LY &RQIHFWLRQDU\ )DFWRU\ 35RVKHQ"

7DEOH
,QVXUDQFH FRVWY IRU IRRG LQGXVWU\ HQWHUSULVH

,QVXUDQFH FRVWYV

1DPH RI WKH }+f

3-6& 3.DUOVEH

3-6& 32E|

3-6& 3.\LYI

3-6& *3RORJF
(IWUDFWLRQ 30DQW’

SBULYDWH ,19(6°

3-6& *=K\WRP
YDFWRU\"

3-6& 3.KDUNL
YDFWRU\"

3-6& 3'QLSURY

IORXU FRPELQH | QR GD@R GDWD

BULYDWH -
&RQIHFWLRQDU\ )DFWRU\
S5ERVKHQ”

3-6& 37TKH KRXVI
FRIQDFV 37DXULD’

3-6& S&RQIHFWLF
3.KDUNLY\DQND’ QR GDWD
3-6& 3.UHPF
FRQIHFWLRQHU\ IDFWRU\’
3-6& 36 XP\ IRRG
IDFWRU\’
$XWKRU V FDOFXODWLRQV EDVHG RQ RIILFLDO GDWD > @

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

JRUPIRUH GHWDLOHG VWXG\ RI WKH FRVW RI LQVXUDQ
FKDQJH LQ SHUFHQWDJH RYHKWH WRWHNHRIURMKDQJH LQ LQVXU
VHOHFWHG ),(V OLVW VKRZV UHVXOWYV LQ3E6&L3&RMNYHQJH
RI YLQWDJH FRIJQDFV 373D E&EBROMIRYVNN 2LO ([WUDFWLRC

,Q WKLV FDVH WKH FDOFXODWHG DYHUDJH DULWKPHYV
FRVWY GXULQUHDUYV UDQIHG IBRR 3 7TKWMHKRX YLQWDJH FRJ
37DXULD” SURSHUW\ LQVXUDQFH FRVWV LQ RWKHU RS
33RORJRYVN\ 2LO ([WUDFWLRQ 30DQW’

,QVXUDQFH FRVWY DUH DQ LQWHJUDO SDUW RI WKH HC
HI[SHGLHQW WR DIQDWH]HOMWKRWDO FRVWY E\ WKH IRUPXOD

6 & 3&

ZKHBHVKDUH RI LQVXUDQFH FRVQWXUQ QFRIWBRORRERAVAREL R &
FRVWV FRVWV Rl VROG S,&REXGEMW H U,RMXH® Q OHDFRRWE D Q
WR WKH ILQDQFLDO VWDWHPHQWY ZKLFK ZDV SUHSDUHG
UHSRUWLQJ VWDQ G DLWGE HW K H PYLIDGHGH ER 1C3L&Q H IRUPV |
RI WKH HQWHUSULVH

W QRWHZRUWK\ WKDW WKH FRVW Rl SURGXFWLRQ V
SURGXFWLRQ PDUNHWLQJ RI SURGXFWV GLUHFW PDWHUL
YDULDEOH JHQHULF DQG SHUPDQHQW GLVWULE XMKHG ESLYR\
LQGLFDWRU IRU GHWHUPLQLQJ WKH FRVW RI DQ HQWHUSL
FRVW LV GHWHUPLQHG E\ WKH HQWHUSULVH LWVHOI

7KH UHODWLYH VKDUH Rl WKH LQVXUDQFH FRVWV LQ W
RBNUDLQH LV FKDUDFWHUL]HG E\ TXLWH GLIIHUHQW YDO X

$PRQJ WKH VHOHFWHG OLVW RI IRRG LQGXVWU\ HQWH
FRVWY FRPSDUHG ZLWK SURGXFWLRQ FRVW DUH UHODWE
30DQW° WKHKPDHRXEKLFK LQVXUDQFH FRVWV LV LG
WKH DYHUDJH YDOXH RI WKLV LQGLFDWRU LV RI WRW
WKH VKDUH RI LQVXUDQFH FRVWV LQ WKH WRWDEESWURGXF
DUH UHODWHG WR WKH 3-6& 3.\LYNKOLE"~ IURP LQ

,Q JHQHUDO WKHUH LV D VPDOO LPSDFW RI WKH LQVX!
),(V 7KH ODUJHVW VKDUH RI LQVXUDQFH FR VWV RFHDLDRDH
30DQW’ LQ DQG HTXDO WR &RQVHTXHQWO\ WK
FKDQJHV WKH SURGXFWLRQ FRVWY DQG DFFRUGLQJO\ PF
), (V

,Q WKH ILUVW SODFH WKH VKDSWR B K E\YVRXQ DRRAHW FRE
33RORJRYVN\ 2LO ([WUDFWLRQ 30DQW’  3-6& 3.DUOVEHI
&RQIHFWLRQDU\ )DFWRU\ 35RVKHQ" 7KHVH HQWHUSULV
HIILFLHQF\ EXW WKHUH DUH RWK HQYIVOLELW KGR E NVRRWQ | XD
WKH ILUVW K\SRWKHVLV WKDW 3WKH PDLQ VXEMHFWV R
FRPSHWLWLYHQHVYV DUH PRUH SURQH WR LQVXUDQFH’

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
6KDUH RI LQVXUDQFH FRVWYV LQ WKH FRVW RI VROG SURG:

SHUFHOQWDJH RI LQ

1DPH RI WKH P+

3-6& 3.DUOVEH

3-6& 32E|

3-6& 3.\LYI

3-6& *3RORJF
(IWUDFWLRQ 30DQW~

3ULYDWH
,19(67°

3-6& *=K\WRP
YDFWRU\"

3-6& 3.KDUNL
YDFWRU\"

3-6& 3'QLSURY

IORXU FRPELQH QR GPWR GPWD

BULYDWH -
&RQIHFWLRQDU\ )DFWRU\
S5ERVKHQ”

3-6& 37TKH KRXVI
FRIJQDFV 37DXULD’

3-6& 2&RQIH
J)DFWRU\ 3.KDUNL\R§Q§\I%WD

3-6& 3.UHPF
FRQIHFWLRQHU\ IDFWRU\’

3-6& 36 XP\ IRRG
IDFWRU\’

$XWKRU V FDOFXODWLRQV EDVHG RQ RIILFLDO GDWD >

&RUUHAQIMHWURIQVLRQ DQDO\VLV

7RWHVW WKH K\SRWKHVHV ZH ZLOO LQYHVWLJDWH WK
DQG FRPSHWLWLYHQHVV RI WKH ),(V 7KH K\SROWVAHRWLYV V
UHJUHVVLRQ PRGHO 7KLV LV GRQH E\ DQ DUJXPEQW YDU
EXW WKH WDUJHW IXQFWLRQ RI WKSHUBRQD\DELOE®EHESOGGH
52( 526VDEQMAXDWLRQ RI SDLU OLQHDU UHJUHVVLRQ ZD)\
GHSHQGHQFH/ KHP PRUUHVSRQGLQJ FDOFXODWLRQV DUH JL

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
,QGLFDWRUV RURRUWWWOIRQLAQDO\VLYV Rl SURILWDELOLW\ < D
),(V Rl 8NUDLQH IRU

1DPH RI WKH <( 5|_<|JU_HV\</LORQ -|Tyl5)WLRQ\N U
3-6& 3. DUOYV %g}ﬁ f6XoT1ioT = iX
8NUDLQH" = - - -
52 b
3-6& 32EROR|Q5 2|
52 1 1 1
52 ] ] b
3-6& 3.\LYNK|ORLE" B! B! b
52
3-6& 33RORJRY¥]N iXit660 = iX
2LO ([ WUDFWBRQ
30DQW’ 52 1 4 4
: 1
3ULYDWH -16&2’%3
,19(67° =
3-6& 3=K\WR g@;
%X WWFW R U 22
o " "
3-6& 3.KDUN_‘§2$ ||X||||ﬁt|X||o<’i : :
%LVEXLW )DFS..';F‘\U\' * * *
3-6& *'QLSURYBZN\ - - r
VWDUFK IORIX8)2 B! 1 1
FRPELQH’ 52 - - :
BULYDWH -6& B2\LY
&RQIHFWLRQBA\
)DFWRU\ 35 RVEHQ" - - :
3-6& 37KH KR RI IiXioTtiXioio| + +
YLQWDJH FRIRIOFV TiX66tiXiifit]| = +
$7TDXULD’ 526 IIXToATT = 1X
3-6& &RQIHF| 52|
WLRQHU\ )DFWRU - -
3. KDUNLY\DQND”
3-6& 3.UHPHQBRK IXOTAtiIXIITTi| % +
FRQIHFWLR( |'5l2( iXoiTtiXiini + +
IDFWRU\’ 52
3-6& 36XP\ lr,%\éﬂ? *t|0X00|0| = i
SURGXFWVIDSﬁRLZ

$XWKRU V FDOFXODWLRQV EDVHG RQzRRHFLI-QHXDWRI>SA U, WR
EHWZHHQ OMEWGXE&EHQW VIHFRIHWIHBLRQW RI GHWHUPLQDWLRQ

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

'H SURSRVH WR D QD OUJH{J WH\HV E R Q UR-DACCRW D@V LRQV D W
FRHIILFLHQW Rl GHQO U WKUMMLRRHUILFLHQWY RI GHWHUP
YDOXH RI D UHJUHVVLYN PRIZGIONR | B\2D WAL-% ED F VDRI VEH U.
S8NUDLQH ~  b26 3-6& 322ERORQ’ 506 3ULYDWH -6& =2.\L
&RQIHFWLRQDU\ )DFWRU\ 35RVKHQ " ,| WKH ARHIBA-BEHQW
32ERORQ° WKLV PHDQV WKRBRWKH YDBXHDWRR®KHQYWKHD
LQVXUDQFH FRVWV WKH VKDUH RI QRW WDNHQ LQWR DFF
FRVW RI LQVXUDQFH GHWHUPLQHV WKH YDULDQFH RI W
UHVSHFWLYHO\ IRIDG ZKLFK KDV D UDWKHU VLJQLILFD

7KH ORZHU YDOXHMUNKH RQWHKHY®RHOWWHUPLQDWLRQ FRF
LQ QLQH FDVHV ZLWKLQ WKH OLPLWVREI6WR HW K HQ B PEXEP
33RORJRYVN\ 2LO ([WUDFWLRQ 30DQW 1RIRQE RW\R KW K3+ 6D
3 \LYNKOLE"~ 7KH LQVXUDQFH FRVWV GHWHUPLQHV WKH
HQWHUSULVHV RQO\ E\ DQG UHV S HFGH WHIOD W, @V K
SURSRVHG UHJUHVVLRQ PRGHO LV RI ORZ TXDOLW\ DQC
VLIJQLILFDQWO\ DIIHFW WKH LQGLFDWHG SHUIRUPDQFH LQ

7KH OHDVW LPSDFW RQ LQVXUDQFH FRVWV UHODWHG
GHWHUP RGDWERBOEMY OHVV WKDQ

7KH GHQVLW\ Rl WKH UHODWLRQVKLS EHWZHHQ WKH L
HTXDWLRQ ZKLFK LV GHWHUPLQHG E\UWARH BIHCPUN R® HF R QU
UHVXOWY RQ WKH EDVIL\GHW MUK IRMLIRE DIOQWL. \R VKRZV |
SURSRUWLRQDO UHCQDMNL®R QQK/IXS BERHE FRGWY IRU 3-6& 3.
DQG WKH LQYHUVH SURSRUWLRQDOLW\ EHWZHHQ 526 DQ
BULYDWH -6& 3.\LY &OFQVR B WiFRYKMH\Q)

$QDO\WLV RI WKH LPSDFW RI LQVXUDQFH FRVWY VKDUH

/IHW O VKDUH RI LQWKDEQBR GRMMWHVWDUJIHW IXQFWLRC(
GHSHQGHQW +SWWRIDWOHLO WS LRGLBBDEOVHW SHUIRUP
K\SRWKHVLVY WHYVWDIDRURVXKRY FDVWH OLQHDU UHJUHVVLRQ .
RI GHSHQGHQFHKH $RPYJUHVSRQGLQJ FDOFXODWLRQV DUH .

7TKXV WKH DQDO\VLV FRQILUPV WKH VHFRQG SURSRVH
HSHQGHQFH EHWZHHQ WKH FRPSHWLWLYHQHVY RI WKH )
WKH LQVXUDQFH 7KLV K\SRWKHVLY FDQ KDYH FRQILUPDW
EXVLQHVV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
,QGLFDWRUV RUHRRUKWOLIRQISBRI OWMIBL ALW\ < DQG WKH VKDUH
© IRU ),(V RI 8NUDLQH IRU

(QWHUSU[L\ 5:'JU_HV\<’L§‘ U W U
3.6& 2.DUO ,%éj 16Xiditi6Xioo + *
- ' + (@) + +

8NUDLQH 2= -

52 + (@]
3-6& S2EROR®G2 | = o

52 o

52 + O + +
3-6& *.\LYNKG®GERE x o | = x

52 o
3-6& 3ROFR| 52%| 1X66f1i = iX
2L0 ([WUDHWAR{( o
30DQW’ 526 + O + *
3ULYDWH -e;&gg' : 8 : *
3$3.519(67 ——5 i o | = T
3-6& *=K\W R : OO : :
BXWWHU ) DFER £ = & &
368 ° KDUNLEZS| 11X016ti01X1008 x x
WLVFXLW )DFMRY * © | ¢+ *

57 [¢]
3-6& 3'QLS!I| 52: * o] t t
VWDUFK 10RX%@ ¥ o | = x
FRPELQH | 526 x o | = x
3ULYDWH - | 52 | = o
&RQIHFWLRQDU\ = 0
)DFWRU\ 35RBRH|Q x o x "
3-6& *7KH | 52%| 6XG66(i(XAid x x
RI YLOQWDJH BRUJ|Q (AX06tIAX515 X X
37DXULD" 526| 16Xi161f = 66X3ipo
3-6& 3&F 52. + (0] * +
WLRQHU\ )DF3®RU X o = R
3. KDUNLY\D|QKNTH x o | = "
3-6& 3.U] 528 | IXOGGILIXAIA x X
FKXJ FRQIHEW2LRQ IX0A{t6X1id] x x
IDFWRU\’ 526 x o x x
3-6& 36XP\ P\I%éé tOXBfA0IT = i3. =

1 \A Di
SURGXFWV lleévvr\‘. O

$XWKRU V FDOFXODWLRQV EDVHG RQ RARHIIDPOLBQWIIRP SOLUWR
EHWZHHQ QMIEMWGX&HQW VUFRRM HWFILRIQW Rl GHWHUPLQDWLRQ

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ(FRQRPLFV DQG ODIQDJHPHQW
&RQFOXVLRQV

7KH SDSHU KDV DQDO\]HG WKH G\QDPLFV DQG VWUX
K\SRWKHVHV FRQFHUQLQJ WKH LPSDFW RI LQVXUDQFH F
LQVXUDQFH FRPSDQ\ DQG DOVR WKH UROH RI LQVXUDQF
WKH IRRG PDUNHW 7KH VWXG\ GHVFULEHV WKH LQGLFDW
),(V Rl 8NUDLQH GXULQJ
7KH DQDO\VLV FRQILUPW \WKWH K\WRWKKHKHY WRPSHWLW
SURQH WR LQVXUDQFH 7KH K\SRWKHVLV DERXW WKH H
FRPSHWLWLYHQHVV RI ),(V DQG WKH SRUWLRQ RI PRQH
FRQILUPHG RQO\ IRU ), (VRALGRL R I JKXN I QFHIVH/Q F\
7KH UHVXOWV Rl WKH VWXG\ DUH VXPPDUL]JHG E\ WKH
7KH DQDO\VLV VKRZHG WKDW WKH LQYHVWLJIJDWHG ),(V
DQWLPRQRSRO\ OHJLVODWLRQ RI 8NUDLQH
$PRQJ WKH VHOHFWHGHQWHW KU LRRE LQIGK ODWUYHVW PD|
WKH IRRG LQGXVWU\ DV ZHOO DV LQ 8NUDLQH V *'3 KDV
RI WKH FRPSDQ\ LQ WKH PDUNHW LV RI WKH IRRG
13
+LJK SHUIRUPDQFKLMQGLSGRFDWREL ZHUH UHODWHG \
S8NUDLQH" $W WKH VDPH WLPH IRU 3-6& 32ERORQ’ 3-6&
SURGXFWV IDFWRU\" 3-6& *3RORJRYVN\ 2LO ([WUDFWLR
FRQIHFWLRQHU\ IDFWHRUW VWRHVEHUQRBGVDAVRKIO\G IEH UHJI
RI ORVV
7KH ORZ YDOXH RI WKH SURILWDELOLW\ RI WKH IRRG |
H[SODLQHG ERWK E\ LQWHUQDO IDFWRUV DQG H[WHUQD
,QVXUDQFH FRVWV LQVLJQLILFINQWRQ\ FIRAVDA HD V& H FR @
PRGHUDWHO\ DIIHFW WKH IRUPDWLRQ RI WKH SURILW R
FRVWV ZDV IRU 3-6& 33RORJRYVN\ 2LO ([WUDFWLRQ
7KH UDWHV RI FKDQJH Rl WKH LQVXUDG@HAH H RQWA QRIK )L
3-6& 37KH KRXVH RI YLQWDJH FRJQDFV 37DXULL
33RORJRYVN\ 2LO ([WUDFWLRQ 30DQW”" LQ
7KH DQDO\WLV GRHV QRW IXOO\ FRQILUP WKH K\SRWKH
LQGXVWU\ ZLRAKSBWLWHKNB EHVY DUH PRUH SURQH WR LQ
7KH K\SRWKHVLV Rl WKH H[LVWHQFH RI D UHODWLRQVKL
DQG WKH SDUW RI WKH PRQH\ DOORFDWHG WR WKH LQV
), (V ZLWKKLBEKHQFV EXDWIHQ HV
S5HVXOW RI WKH VWXG\ WKH XVH RI LQVXUDQFH DV D WRI
LWV KLJK HIILFLHQF\

$FNQRZOHG IJKPHOYMAXOWY RI WKH VWXG\ ZHUH REWDLC
WKH VWDWH EXGJHW UHVHDURK NXQODREH Il WKKHH 'HLS\
8QLYHUVLW\ RI )RRG 7THFKQRORJLHV 3&RPSUHKHQVLYH
WKH FRPSHWLWLYHQHVYV RI 8NUDLQH V LQVXUDQFH [
LOQWHJUDWLRQ" 6WDWH UHJLVWUDWLRQ QXMRHHU €
(GXFDWLRQ DQG 6FLHQFH RI 8NUDLQH ¢« S5HYRPUFK

ODQDXHRFWRU RI (FRQRPLF 6FLHQFHV 3URIHVVRU /DG
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JIJJ(FRQRPLFV DQG ODIQDJHPHQW
SHIHUHQFHYV

$NLQULQROD 2 2 2NXQROD $ 0 (IIHFWV RI $JUL
$JULFXOWXUDO 3URGXBBSLRDSIHU2QGR 6WDWH

6S|UHM. DO 7KH ,PSDFW RI &URS ,QVXUDQFH RQ WKH
+XQJDULDQ &URS$$SSQBEPDQPY 33ULFH 9RODWLOLW)\ DC
BWDELOLVDWXEQLQ

-XDQHW DO (VWLPDWLQJ WKH (IIHFW RI &URS ,QVXU
,QVXUHG )DUPHUV $IH FOROQNMRIUHG $SSOLHG (FRQRF
$QQXDO 0HFHRVMIEG K B U MWV V

=KDR < 3UHFNHO 3 $Q HPSLULFDO DQDO\VLV R
IDUPHUV J8KIFRPHJULFXOWXUDO (FRERPLF 5HYLHZ
.LP < 3HQGHOO '/ <X - (IIHFWV Rl &URS ,QVXU
DQ ([LW 'HFLVLRQV $YDLODEOH DW KWWSV DUHILOF
-LVDQJ <XD - 6XPQHUE ' $ (IIHFWV Rl VXEVLGI
FKRLEMWLFXOWXUDO (BBQGRPLFV

%DFKHY + 5LVN 0DQDJHRPRI® W HERY RWKRHS BUD U\
(FRQRPLF S&g

/JRUDQW $ )DUNDV 0) 5LVN PDQDJHPHQW LQ
VSHFLDO DWW HQ3WRIRQY KV RRRQQOWDBIG AW 6WXGLHV
%DHYD 9 9 OHWRG\FKQL S NRQHXEHRRVRSSDRORQ
SLGSUWHPVWYD NKDUFKRWRLNS.URHEVICPR YYRY WR N X FK D\
SS +

3\O\SHQNR 9 9 3\O\SHQNR 1 0 SUDNW\FKIXN RXY\RS |
VLOVNRKRVSRGDUVNNK QNG 6 K P\VANRRKIRD @MKARVRD K U D U ¢
XQLYHUV\WHWSX

/JHIJH]D ' * OHWRG\ND UHKUHVRVNRSLFKQR\L VLO
QD ULYQL)RHRXRR®Q\D U\QNRYRSSHNRQRPLN\
&KHUHGQLFKHQNR 2 2 2WVLQND NRQNXUHQW
VLOVNRKRVSRGDUVN\NK SLGSU\\HPYDYNRFRO RFKWDRW
IDWVLRQDOQRKR XQLYHUV\WHWX ELRUHVXUVLY WE
(NRQRPLND DKUDUQ\ PHQHG]ISEBHQW EL]JQHV
7\FKRO\] / 6 $QDOL] WD RWVLQNRBP R NRRWXMILH (
VLOVNRKBWSRIGD SVGS AEHPQWMY QDXNRY\NK SUDWYV
GHU]KDY QR KW HINGKUDLIFER RKR X GBLSYH UV\W H W X

,ZU\WA\WVKHYD , 2 6WUDWHKLFKQL RUL\HQW\U\ UF
8NUD\LQ\ Y KOREDBDZHI9,OWS &4
O9DVLOFKHQNR . * 6WDQ SUREOHP\ WD SHUVSH

GL\DOQRVWL Y NKDUFKRYL\6 3WWRORPYWHE RWYR MWR BRIRJILLAK Q k
S8NUD\LQSS +

.YDVNR $ 9 $QDOL] CPHWRRBQMNXNRQWUYVR\L SLGS
6FLHQWLILF 3D SHYV
NWXUDFHN%|LOHQFKXN 2 2 .RONXUHQWRVSURP|

SLGSUWHPVWY VXWQLVW POHREDOQYD WD Q@ EWRGRQD (
HNRQRPLNSS *

6KZHG 7 9 %LOD , 6 2ZWVLQND NRQNXUHQWRYV
(NRQRREXNWSLOVWSIR

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

7KH /DZ RI 8NUDLQH 32Q 3URWHFWLRQ RI (FRQRPLF &R
DGGLWLHRPRY SNUWDWYRLNFH RI 8NUDL®MDH O DEO
KWWS ]DNRQ UDGD JRY XD ODZV VKRZ
3RUWHU 0 &RP SHWL WILRQLD/MYXG\ SRV
$KHQWVWYR ] UR]JY\WNX LQIUDVWUXNWXU\ IRQGRYRI
KWWS VPLGD JRY XD
'"HUJKDYQD VOX]KED VW DWOWWONH BMU IK\W@AS $YZIZZ XN U
1IRYRWHWNR 3HUVSHNW\Y\ UR]JY\WNX NKDUFKRYR\L S
+OREDOQL WD QDWVLRQDOQBSSHREOHP\ HNRQRPLN\
BHPHQHQNR 2 + $QDOL] UR]JY\WNX NKDUFKRYR
(NRQRPLFKQ\\ YLVQ\N XQLYHUV\WHWX (SBORPLND WD
7RSL\ , , BXFKDVQ\ VWDQ L SHUVSHNW\Y\ UR]Y\\
8NUD\BQVQ\N 8QLYHUV\WHWX EDQNQRKR FEDRQNSUBNUDT
SS
$PEURVRY 9 5\QRN L VWUDWHKL\D UR]JY\W
SLGSU\WHRR@RPLND $3.St
$U\FK 0 BKLULQ\DQ / 'RVOLG]KHQQ\D NRC
VWUDNKRYRKR U\QNX 8NUD\LGVFLKIQERIUBDVL RK QLS. BT D (
SS+
%ODJIXQ |, .RQWVHSWXDOQL ]DVDG\ IRUPXYDQ
SLGSU\\HPHRLRM DO BN EQRPHMD WD XSUBBOLQQ\D
+XEDU 2 9 " RONXUHQ WRDYFRRR R\ QCLLSMRMD\MVQR Y R
Y XPRYDNK \HYURLQW HKWFRW RPLF\W Ko SORWWHQL Y
'HP\DQHQNRHW<DO 2WVLQND NUHG\WRVSUR®R]KQR)
WHRUL\D WD SUDNW\ND PR®RKUBIL\D 117 ,$(
.YDVKD 6 0 DQG +U\KRU\HY 6 2 6XWQLVW WD R
9LVQ\N 2GHVNRKR QDWVLRQDOQRKR XQL Y V\WHW X
1IDWVLRQDOQD NRPLVL\D VKFKR ]JGL\VQ\X\H GHU]KDY
ILQDQVEBRVMOKKK 8NUD\LQ\ $YDLODEOH DW KWWS 2ZzzZ

6DEOXN 3 7 JLQDQVRYH ]DEH]SHFKHQQ\D UR]
SNUD\LQRQRPLND $3S +

<DNWVRY\ ' 9 6XFKDVQL PHWRG\N\ RWVLQN\
SLGSU\\HPW@AKDVRWNRQBBORFKQ\NK GRVOSEH]KHQ
$QWRQ - 0DQDJLQJ 5LVN LQ $JULFXORWXUH $
3XEOLVEDRQUV

$XEHUW 0 (QMROUDV * 'RHV FURS LQVXUDQFt

SUDFWLFHV'URFL GHFHERQ LHFUMOQORHRXYHU %ULWLVK ¢
,QWHUQDWLRQDO $VVRFLDWLRQ RI $JULFXOWXUDO (F!

&RUQDJJILD - 'RHV ULVN PDQDJHPHQW PDWWHE
DIJULFXOWXUROUQD®XRWL\QDQFLDO (FRQRPLFV
)DGKOLDQL = 7KH ,PSDFW RI &URS ,QVXUDQFH |
7KHVHV DQG 'LVVHUWDWLRQV

*RUDO - :LJLHU O 5LV N+MK WU IIRE G SR QUK PR H
RI $JULFXOWXUDO DRMG1)RRIGR(FR@BAVHDUFK ,QVWLW X
20XEL\R 6 2 +LOO *3 :HEVWHU - 3 (FRQRPHW

DJULFXOWXUDO LQVXUDQFH RQ IDUPLGQ@IULWIWHPRXU@ B
RI )RRG $IJULFXOWXUH 1XWULWLRQ DQG 'HYHORSPHQ
5DPLUR , $JULFXOGWXRHWD 6, QWHM Q RH,QVXUDQFH

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJI(FRQRPLFV DQG ODIQDIJHPHQW

6KDZQ $ &ROH :HQWDR ;LRQJ $JULFXOWXUDC
'"HYHORSPHIMD O 5HVRERFRIFYS =+
7DUDVRY $ &RKHSOQW\YKD RN EWDNWLY D $JULEX\V

SNUDSDQWLVORQH 3DSHUV LQ (FRQRPLFV DQG ,QIRUPDW
<XOLD 1HVWHUFKXN 20HOQOD 3URNRSFKXN <XUL\ 7V\

<XUL\ %LODQ &XUUHQW VWDWXV DQYGVHBHRVBHFYV

DJUDULDQ LQVXUP®RYHV W@ BQWDILMEHDIHPHQW DQG )LQ
SS

,VDERNH + 1 =KDQJ 4 I\DULQGR : 1 7KH HIIHF

PLFURVXUDQFH RQ IRRG VHFXUBSWYLAXDWXVIR) DRIOE
(FRQRPLFV ,QWHUQDWRKQR® O6FLYDIWDIEGOH( DW ZZ
MRXUQDO FRP

%RJGDQ OkU]DD &DUPHQ $QJHOHVFXE &ULVWLQD 7
,QVXUDQFHV DQG )RRG B6HFXULW\ 7KH I1HERHGELIPDW |
(FRQRPLFV DQG BRBQFH

+RZ FDQ ZH PDNH LQVXUDQ F H: R RUHNUIFRQF IR B 16 S\RHUFAX US
,QVXUDQFH & RHIBIOH® F H

ODULDQQD /\VHQKIR SUREOHP RI HQVXULQJ WKH HFRQ
LQGXVWU\ G RNRMLFRYH 6RFLROER I\

3RVWDQRYD .DELQHWX OLQLVWULY 8NUD\LQ\ 33UR VV
UH\HVWUX SLGSU\WHPVWY WD RUKDQL]DWVL\ 8
KWWSV ]DNRQ UDGD JRY 'XBODDQYKRZ

<HG\Q\\ GHU]JKDYQ\\ UH\HVWU SLGSU\WHPVWY WD RUKI
$YDLODEOH DW KWWS N\LYREO XNUVWDW JRY XD FR

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F



JJI(FRQRPLFV DQG ODIQDIJHPHQW

SHODWLRQ RI TXDOLWDWLYH DRG TXDQWLWLY
DYDLODELOLW\ DQG DGHTXDF\ RI IRRG LQ GH\
RI IRRG VDIHW\

1DWDOLLD 6RC )HGXORYL 20HQD 'L

1 IDWLRQDO 8QLYHUVLWI RI )RRG
+. 1LY IDWLRQEDO 8QLYHUVLWI| RI 7UDGH DQG (FRQRPLFYV

$EVW
.H\ZRUGV

,QWURGXWW.NVR@HFHVVDU\ WR KDYH D VHW RI LQ
JRRG WR FRQVLGHU TXDOLWLYH DQG TXDQWLWLYH DS
6DIHW\ DGHTXDF\ DVVHVVPHQW IRU TXDOLWDWLYH DQDO
$YDLODELOLW\ODWHULDOV DQK&GHPREWKIRGNV R | W/HHE @XM VW IRU FK L
SGHTXDE\ IRRG VDIH@GIDF@®&RUV RI IRRG DGHTXDF\ DQG DYI

LV FDUULHG RXW OHWKRGV RI VWDWLVWLFDO D
WUHQGV RI WKH VKDUH RI IRRG FRQVXPSWLRQ LC
IRU = ZLWK WRHQG@HIW VDQDO\VWLFDO HTXDWLF

xgl_w Rl HQHUJ\ RI WKH GDLO\ GLHW FRQVXPHU
$UWLFOH KLVWKWYYL QJ WKH UHVHDUFK

5HVXOWYV DQG TKIH/ BXVWILRIDQY DVSHFW RI DYDLO

SHFHLYHG LV GHWHUPLQHG E\ WKH SRR/ \BILFR®XFMH BQ &/ IGHH G R

IRRG SURGXFWV RI FRUUHVSRQGLQJ TXDOLW\ W

SHFHLYHG LQYROXPH ZKLFK LV QHFHVVHU\ IRU SURYLGLQJ RI

UHYLVHG IRUP(EFRQRPLF DVSHFW LV GHWHUPLQHG E\ SXUFKDVL!

HVW E\ SRVWREE®LDW WKH PDUNHW RU SURGXFH

$FFHSWHG WKH DSSURSULDWH TXDQWLW\ DQG DVVRUWPHQW

Rl SHUVRQYV OLYLQJ )RU HVWLPDWLRQ RI SK\VL

RYHUKHDG EHWZHHQ UDW IGRUPY RU RISQULLPPCPO | R

&RUUHVSRQGLERIQVXPSWLRQ FDORULH FRQWHQW RI IRRG RI ¢

DXWKRU FDORULH FRQWHQW RI GD\O\ UDWLRQ GXH WR W
SURGXFWYV DUH XVHG )RU HVWLPDWLRQ RI HFR
1DWDOLLD SULFHV RQVIRRSNWMIXLF SURSRUWLRQ RI FKDUJHV
6RORPLDQLXNFRPELQHG FKDUJHV RI KRXVHKROGYVY FRHIILFLHQ
(PDLO DFFRUGLQJ WR VRFLDO JURXSV DUH XVHG 7KH\
QVRORPLDQLXKR® DYDLODELOLW)\ LQ FRP SXCHDWMH. POID WXWRE H K ¥
JPDLO FRP LQ 8NUDLQH LQ Rl WRWDO IRRG H[HQVHV
KRXVHKROG H[SHQVHV DFFRXQWHG DERIXFK NFL
LV Rl WKH OHYHO 6R WKH DYDLODELOLW)
FRPSDUHG ZLWKRZWRKHDWHYV RI NFDO ZKLFK
DQG WKH JURZWK UDWHV RI FRQVXPHU SUL

HYLGHQFH LQ WKRVH SHULRGV QRW WKH SULFH .
OHYHO RI LQFRPH HVSHFLDOO\ LQ WHUPV RI IRR
"2, &RQFOXVHRERPSOH[ XVH RI WKHVH LQGH[HV ZL(
HYWLPDWH WKH OHYHO RI IRRG DYDLODELOLW\
HYHQWYVY RI WLPHO\ SUHYHQWLRQ RI WKH HGXFHC

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJJ(FRQRPLFV DQG ODIQDJHPHQW
,QWURGXFWLRQ

YJRRG VDIHW\ HQYLVDJHV WKDW WKH JRYHUQPHQW PXV
DPRXQWRRG IRU VDWLVIDFWLRQ RI SRSXODWLRQfV JURZL
DQG DW WKH UHDVRQDEOH SULFHV IRUHLJQ WUDGH PXVW
SURGXFWYV WKDW LV QRW SURG X F RIGHL IX\@ R WRLKRWD HE R YE@IW W/\C
VI\VWHP RI SURYLGLQJ QHFHVVDU\ EDFNORJV ZLWK WKH
GRZQVWUHDPV RU VKDUS ULVHV LQ SULFHV LV DOVR HQYL
SK\WLRORJ\ DQG VROYHQW OLPLWV RQWHPQORG MRIU NRR\G
FKDUDFWHUL]HG E\ WKH LQGH[HV RI H[LVWHQW SDWWHUC
6RFLDO DVSHFW HPEUDFHV WKH TXHVWLRQ RI VROYHQW L
GHIHQFH RI VFDQW\ FDWHJRIM KMQRIQ $ RS X DM DROQ S R QVLLW
DFKLHYHPHQW RI HTXDO OHYHO ZLWK FLW\{V WHUPV RI J
VHUYLFH HTXDO WHUPV RI SXEOLF ZHOIDUH LQ WKH YLOO
ODERXU W\SH UE®H@EW \DIREGRWK H U

8QGHUWDNHQ UHVHDUFK LV EDVHG RQ WKH PDWHULDO
GLIIHUHQW DVSHFWV Rl GHWHUPLQDWLRQ DQG IRUPLQJ R
ZRUOG 7KHRUHWLFDO EDVQWRIHWKHLDUHELE AW LRQEDRHB
SXEOLF SROLF\ DQG SURJUDP RI IRUPLQJ DQG GHYHORSP
LQ VXFK UH¥HBDUFKHV >

"RUOG H[SHULHQFH RI IRRG VDIHW\ IRUPLQJ ZDV LQWH.
$JULFHNQWIDQLWOAVLRQ >

7KH TXHVWLRQV RI UHVHDUFK RI IRRG VDIHW\ GHYHOR
EDVLF SUREOHPV ZD\V Rl WKHLU DSSURDFKHV WR WKH JI
E\ WKH IROORZLQ# @HVHDUFKHUV >

,PSRUWD@GHURWDKHQ WKH UHVHDUFK ZDV GHWHUPLQDV
WKH HYDOXDWLRQ RI IRRG DYDLODELOLW\ OHYHO RI SRSX
TXHVWLRQV RI VIVWHPDWL]DWLRQ RI LQGLFDWRUV IRU
SDUWLFXODU LW ZDV FDUULHG RXW DQG#MUH H[DPLQHG

$QDO\WLV Rl WKHVH SXEOLFDWLRQV DOORZHG WR PDNH
RI IRRG DYDLODELOLW\ QHHGV IXUWKHU GHYHORSR{QW D
RI WZR DVSHFWV RI SK\WLFDO DQG HFRQRPLF DYDLODELO

ODWHULDOV DQG PHWKRGYV

7TKH REMHFW RVKUHHDRDPRVLW RLOQRBREGEDMWRHW\ED @&LFK L\
RXW ,QGLFDWRUV RI IRRG DYDLODELOLW\ DQG DGHTXD
LQGLFDWRUY DGRSWHG IRU IRRG VDIHW\ DVVHVVPHQW

OHWKR&8Y HVWLPDWLRQ RI SK\VLFDO DFFHVVLELOLW\
RSRDIO QXWULWLRQ QRUPV RI PLQLPDO IRRG FRQVXPSW
UDWLRQV RI FDORULF LQWDNH RI WKH GDLO\ UDWLRQ
HFRQRPLF DYDLODELOLW\ WKH OHYHO RI IRRGHEROBHYV
H[SHQVHVY WKH UDWHV RI QXWULWLRQ GLIITHUHQWLDWLR
DSSURDFKHVY KDV DOORZHG WR RIIHU DGGLWLRQDO IRU
DQDO\WLYVY RI DGHTXDF\ DQG DYDLODESOR®R\RH G RIR)SG LAV
FDUULHG RXW RQ WKH H[DPSOH RI 8NUDLQH 7KH UHVXO\
FRXQWULHYV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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'XULQJ WKH UHVHDUFK WKH PHWKRGV RI VWDWLVWLF
DYDLODELOLW\ DQG V XOH RIHENU DR@ MV EHUH DPVH G

7KH VWDWLVWLFDO DQDO\WLYVY ZDV XVHG IRU GHYHOF
HISHQGLWXUH LQ WRWDO KRXVEKWRRKRGWVSBIQNEWIIRRDO HT.
RI WKH XQLW Rl HQHUJ\ Rl WKHF 8D LRQ @/LKHWH DIDFGS 6 RQRIX P
SXUFKDVLQJ SRZHU RI NFDO zZzDV FDOFXODWHG E\ WKH IF
-?2=H
58
ZKHUH . LV WKH TXDQWLW\ RI NFDO ZKLFK DFFRXQWYV IRU
LQ WKH WRWDO KRXWOKREE WHFEHADHY HFDWI\ RI WKH GDL
FRQVXPHU 69 LV WKH VKDUH RI IRRG HMR®OG DWKRXV HK
H[SHQVHY 7KH DYHUDJH FRVW RI NFDO FRQVXPHG 9N

(8
8G?=t|-_?|—:H

ZKHUHBEDLO\ IRRG H[SHQGLWXUH LQ WKH WRWDO KRXVHK

&RPSDUDWLYH DQDO\WLYV LV XVHG IRU FRUUHODWLRQ R
DQG FRQVXPHU SULFH LQGH[ IRU IRRG

5HVXOWY DQG GLVFXVVLRQV
BULQFLSOHV RI IRRG VDIHW\ IRUPLQJ DQG IRRG DYDLO

YRRG VDIHW\ LV WKIHRDHYH@JR I IBREXODW L B@ OWW DD D)
VWDELOLW\ LQ VRFLHW\ VXUYLYDO DQG GHYHORSPHQW |
GHYHORSPHQW RI WKH FRXQWU\ )RRG VHFXULW\ LV GHILC
KDYH SR\W.RPLDO DQG HFRQRPLF DFFHVV WR VXIILFLHQW
GLHWDU\ QHHGV IRU D KHDOWK\ DQG DFWLYH OLIH > @

W H[SUHVVHV VHFXULW\ Rl YLWDO LQWHUHVWYV RI D S
XQLPSHGHG HFRQRPLR@ERHWYHR VW DSHUWR WKH IRRGVW
PDLQWHQDQFH RI LWV RUGLQDU\ YLWDO DFWLYLW\

,Q DFFRUGDQFH ZLWK WKH GUDIW ODZ RI 8NUDLQH ©S$E
SULQFLSOHV RI IRRG VDIHW\ IRUPLQJ DUH GHWHUPLQHG >

3URYLGLQJ WV LRIWBHNWDLQH LQ WKH V\WVWHP RI LQWHU!

FRQGLWLRQV RI JOREDOL]DWLRQ DQG UHJLRQDO HFRQR

JRRG LQGHSHQGHQFH RI WKH FRXQWU\

(FRQRPLF YDOLGLW\ RI WKH QDWLRQDO QHFHVVLWLHV :
ZLWRKRG VXIILFLHQWQHVY DQG VWDELOLW\ RI IRRG VXS:
7JLPHOLQHVVHYV DQG DGHTXDF\ RI HYHQWYV LQ UHODWLRC

SRWHQWLDO LQWHUQDO DQG H[WHUQDO WKUHDWYV

3K\WVLFDO DQG HFRQRPLF DYDLODELOLMVURIOXFOMWWJIRQ

SRSXODWLRQ LQ WKH DPRXQW RI QHFHVVDU\ IRU SURYL

7KHVH SULQFLSOHV FDQ EH JURXSHG DFFRUGLQJ WR
LPSOHPHQWDWLRQ RI FHUWDLQ WDVNV VY QVNROIPLFQLH@F\IR
SK\VLFDO VXIILFLHQWQHVYV HFRQRPLF DYDLODELOLW)\ EC

7KXV IRRG VDIHW\ LV UHJDUGHG DV D VFLHQFH SROL
> @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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6HGHSHQGOD/@®RHN FRXQWU\ PXVW SURY LE®H FB®&R FAHPD DWKIHR
SURGXFWLRQ RI EDVLFAGREBYWXQNH HRRGLVBOHY VDWLVID
UHTXLUHPHQWY LQ IRRGVWXIIV WKDW SUHGHWHUPLQHYV
VXSSOLHUV LQ VDWLVIDFWLRQWR SREXOBWE RQY REXHWY RY
HQYLVDJHVY WKH DEVHQFH RI GHSHQGHQFH RQ WKH LPS
GHSHQGHQFH VLWXDWLRQ WKH FRXQWU\ FDQ JURZ WKH H
DIJURLQGXVWULDO SURGXEW LRQQ HRE@HX IOHDMH MK KDUYHVW
OLYHVWRFN SURGXFWV ZLWK SUHGLFWDEOH LQFUHDVH |
\HDU RI NJ QRZDGD\V XS WR DERXW) GNYH®RSLQJ FRXQ

7KH PDLQ WAODMKWIHWN WKH VDPH WLPH WKHUH PXVW
FRPPRGLWLHY DW WKH GRPHVWLF PDUNHW LQ IDFW WKH I
FRPPRGLW\ ZLOO EHFRPH FRPSHWLWLYH RQO\ LQ WKH FD'
DQG FRQ@MHASWRURI DVVRUWPHQW 7KH VXEVWDQWLDWLR
SURYLGHG WKH LGHQWLILFDWLRQ RI SULRULW\ UHVHDU
GHYHORSPHQW > @

7KH SK\VLFDO VRHDRMHSR\DHMML OLW\ RI SRSXODWLRQ
SURGXFH LQ WKH SHUVRQDO KRXVHKROG IRRGVWXIIV WKL
DVVRUWPHQW WKDW QHHGHG IRU VDWLVIDFWLRQ RI K»
QHFHVVDU\IRM PRIRGYBHKUVWDQG VXFK SURGXFWV ZLWKRXW
LQ SDUWLFXODU WKDW FRPSHQVDWH WKH FKDUJHV RI |
IXQFWLRQV DVVLVW QDWXUDO UHFUHDWLRQ DQGMRFWLY H
SURYLGH KDUPRQLRXV GHYHORSPHQW RI FKLOGUHQ SK
WUHDWPHQW RI GLIIHUHQW GLVHDVHV 7KH SK\VIUADHD VX I
HQWHULQJ SODFHV RI FRQVXPSWLRQ LQ YR®XWPIHRO RXDW
QRUPV $FFRUGLQJ WR WKH *OREDO )RRG B6HFXULW\ ,QG}
VKRZQ DV VXFK WKDW HDVXUHV WKH VXIILFLHQF\ RI WKH
GLVUXSWLRQ QDWLRQDO FDSDFLW\ WR GWR/WHPDQ 6 VDH U R}
RXWSXW > @

(FRQRPLF DYPHORELDERHVY WR WKH IRRG UHVRXUFHYV
GXH WR SUHVHQW VROYHQW GHPDQG $FFRUGLQJ WR W
PHWKRGRORJ\ DIIRUGDELOLW\ LV VKRZQ DV VXFK WKDW
SXUFKDVH IRRHUWEHQUWYXXWR SULFH VKRFNV DQG WKH ¢
SROLFLHVY WR VXSSRUW FXVWRPHUV ZKHQ VKRFNV RFFXU

7KH GHWHUPLQDWLYH IDFWRU RI HFRQRPLF DYDLODEL
VRFLDO GHYHORSPHQW RI FRROWUITWUWRM. HOMD\HBRVR L EL
FRQVXPH IRRGVWXIIV LQ QHFHVVDU\ YROXPH DQG DVVRU\
PDUNHW SULFHV SURGXFLQJ LQ RZQ VXEVLGLDU\ KRXVH
SHUPDQHQW GHHSHOQLQIRSIXGDWLROOMILARPHRIQQRENUD L Q H
EHWZHHQ H[WUHPH JURXSV ZLWK WKH ORZHVW DQG WKH
HQRXJK 7KH LQFUHDVH RI HFRQRPLF DYDLODELOLW\ RI IR
RQ WKH LQFSNODWLRIQSRQFRPH IRUHPRVW LWV SRRUHYV
VXJJHVWHG UHWDLO SULFHV RQ IRRGVWXIIV DQG DOVR \
DGGUHVV VXSSRUW > @ +RZHYHU WKH UHODWLRQVKLS
SRSXODWMR@ QXD SUHGLFWDEOH WKDW LV WKH FRQY
SDUWLFXODU SODFH DOVR SOD\ DQ LPSRUWDQW UROH >

4 XDOH@YXLVDIHV SURYLGLQJ RI VXFK WRWDOLW\ RI SUR
VDWLVI\ LWV DELOHAWVIVR IVDWLLY ID MFIRW @BIQFH ZLWK VHWYV
WKURXJK WKH DFKLHYHPHQW RI YDOXDEOH OHYHO RI IF
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FRQVXPSWLRRDROILKMAIKRRGVWXIIV 4XDOLW\ DV DQ HFRQRF
IDFWRUV RIVSRRRESXHFWLWLYHQHVY RI DJUDULDQ VSKHUH I
FRPSOH[ VR DV LW LQFOXGHYV VFLHQWLILF 3WHWVKQMFD\O L
LV LPSRVVLEOH WR SURGXFH TXDOLWXDIRRG\YV DJLAN KRS W X
PDWHULDO LQQRYDWLYH WHFKQRORJLHY DQG PRGHUQ HT

%DODQYKHGEDODQFHG IRRG LV EDVHG RQ WKDW WKH
VXEVWDQFHY IDWV SURWHLQV FDUERK\GUDWMHHQWYWDP
DQG RWKHUV OLNH WKDW > @ ,UUHSODFHDEOH VXEVWIL
RUJDQLVP EXW JHW WKHUH ZLWK IRRGVWXIIV KDYH WKH
IDW DFLGVY OLQROLF OLQROHQLF BH®RRGJIRW R WMMXHFKO WV K
VXEVWDQFHY YLWDPLQVY PLQHUDO HOHPHQWYVY WKDW VXS
GLIITIHUHQW IDEULFV RI SHUVRQYfV RUJDQLVP WDNH DOVR
YLWDO IXQFWLRQV 2Q WKG WEVRWRWWHKHKEDODRQ®E 8 R ZIRRF
RI VHSDUDWH VXEVRVOQ BHW@& DSIH. QRUNGIKE RI EDODQFHG DO
FROQWHQW RI IRRGVWXIIV &DORULH FRQWHQW VKRZV WKF
IRRG WKH DPRWEWW VVWDWPGLVWLQJIJXLVKHG E\ IRRG RU |
R[LGL]H LQ WKH RUJDQLVP RI D SHUVRQ RU DQLPDO 6DIH
SURYLGLQJ QRUPDOO\ IRRG QXWULWLRQ RI SRSXODWLRQ

(FRIULHQGO\GRQVLGHU W RADDAD WWW RV DIPG O RWKHU FR
VIVWHP RI WKH FRXQWU\TV IRRG VDIHW\ SULQFLSOHV $FF
DOO PXVW EH VXEPLWWHG WR WKH SULQFLSOH RI PLQL
QDWXUDOQHVV RI ERVRK ISRRREG/VFXV | DSBW B GREMER |ULHQ (
HQYLVDJHV WKDW WKH PRGVXABWLRRZRU HWHWWNRQ WR V
WKH HYHQW VDR/Q HQYHDQG XVH RI HQHUJ\NHHSLQJ WHFKQ|
VPDOO IDUPV DQG®RQWOHWXWHD QLFKH EURDGHQV FRQVYV
WR RYHUSD\ IRU D QDWXUDO SURGXFW ZLWKRXW FKHPLV
$OWKRXJK QRZGD\V LQ 8NUDLQH WKLV LV PDLQO\ IDVFL
VW DW HPWQIMQ QXDOO\ SURGXFWLRQ RI HFRORJLFDO JRRG
DFFHVVLEOH WR JUHDWHU DPRXQW RI FRQVXPHUV (QYLU
ZLWK QXWULWLRQ DQG KHDOWK DQG KHDOWK PXVW EH VH

2Q WKH BDRHWRQVLGHUHG SULQFLSOHV WKH JURXS RI
FHUWDLQ GHJUHH RI FRXQWU\fV IRRG VDIHW\ SURYLGLQJ

(VWVHQFH DVSHFWV DQG WKUHDWYV RI IRRG DYDLODELO

$YDLODELOLW\ DV FDWHJRU\ PHDQV UBPBKOQEIGCHWWUQ
WR EH H[DPLQHG LQ SK\WLFDO DQG HFRQRPLF DVSHFWV 3
RI WKH FRXQWU\ WR SURGXFH DQG GHOLYHU IRRG SURG
QHFHVVLW\ Rl YDOXDEOH IRRGVWRQNVEFRWURQY SRIRGLGL Q XDR
DVSHFW LV GHWHUPLQHG E\ SXUFKDVLQJ SRZHU Rl SRS X(
PDUNHW RU SURGXFH LQ WKH SHUVRQDO KRXVHKROG |
DVVRUWPHQW WKDW SURRI®H YWIOH QRGPEHOUVROQ PG BHD O
IRRG UHVRXUFHV RI DOO OD\HUV RI SRSXODWLRQ GXH WR

7KH PDLQ IDFWRUV RI WKUHDW WR IRRG VDIHW\ DUH H]
XQGHU WKH OLPLW RID¥FRIYWXIWA\FDRGWS RQFRWHK IRU SXUFKEC
RI' RRGVWXIIV WKH VWUXFWXUDO XQEDODQFHG IRRG QXVW
DQG XQVWDEOH TXDOLW\ RI IRRGVWXIIV H[KDXVWLRQ R
VLPXOWDQHRXYWWMHAKDPDKRORILFDO GHJUDGDWLRQ 7KHUHIF
SK\WLFDO IRRG DYDLODELOLW\ RQ WKH EDVLV RI LQFUHDYV
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RI' WKHLU TXDOLW\ YROXPHV LV VWUDWHILF SULRULW\ R
FRQWU\

SBK\VLFDO DYDLODELOLW\

,QGH[ Rl SK\WLFDO DYDLODELOLW\ LV WKH UHODWLRQ
FRQVXPSWLRQ 'HVLUHV RI HYHU\ERG) LQ WKLV VSKHUH ¥
SXUSRVH WKHUWH OHE WSKH § B VIR LROISIRHLIIW ¥ QGEPHO\ PHGLF
RI IRRG QXWULWLRQ 6XFK QRUPV DUH GHYHORSHG E\ VS
IRU DJHG DQG SURIHVVLRQDO JURXSV JHRJUDSKLFDO DQ
7KHUH DUH W ZBLNWLR®VFRUPW> @
1RUP Rl WRS OHYHO EHWZHHQ UDWLRQDO RU RSWLPDO
WKH SUREOHPV RI RYHUQXWULWLRQ DQG RYHUZHLJKW
WKH WDVN RI IRRG DYDLODELO LKW\ LW DDMWHVRIL G R S XDV
SURYLGLQJ
1RUPV RI PLQLPXP IRRG FRQVXPSWLRQ WKDW GHWHUPL
RI QXWULWLYHV 6XFK QRURPIY QRWPN[DPLQHG DV D FXW
7KH QRUPV RI WRS OLPLW RI UDWL R QUDHF RRR G QGDNWNILLRA
7KH PLQLPXP QRUPV RI IRRG FRQVXPSWLRQ DFFRXQWYV LC
&RVW RI /LYLQJ DQG EHFRPH ILUPO\ HYWDEOLVKHG E\ WK
7KH OHYHO Rl WKH SRSXODWLRQIVWFROWKPSWQRG RM
FRPELQHG LQGH[ RI DFWXDO FRQVXPSWLRQ RI VHSDUDWH
FDSLWD DQG DOVR GD\O\ FDORULH FRQWHQW RI IRRG U
PDLQWHQDQFH SURWHLQV |D\WFWRDA PRRURBIDW R KM QWD F
7KH OHYHO RI SK\VLFDO DYDLODELOLW\ FDQ EH HVWLPI
OHYHO RI IRRGVWXIIV FRQVXPEVEIORQ WR WKH UDWLRQDO

7TDEOH
6WDWH RI SK\VLFDO DYDLODELOLW\ RI IRRG

$YHUDJH IRRG F ,QGLFDWRU RI
JRRG 3URGXFWNU FDSLWD SHU PRQNNHTNKD F\

OHDW DQG PF

OLON DQG PL

(JJ

JLVK DQG IL

6XJ

2LO DQG RWK
IDWYV

3RWI

9HIJHWDEOH\

JUXLWYV EH
JUDSHYV

%UHDG D
SURGXFWYV

'DWD IRU H[FOXGLQJ SRR RIHWG KWHW R 3VRRWD. BIVOAQ WKH
REODVWYV
6RXUFH IRU FBO®XODWLRQ
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$Q DQDO\VLY VKRZHG WKDW WKH PRVW FULWLFDO OHY
REVHUYHG IRU IUXLW EHUULHV QXWV DQG YN GBHRBEXPWMD\
SRWDWR DOVR WKHUH LV D OHYHO RI WKH GLVVDWLVILHGC
VLWXDWLRQ LV ORZ LQYHVWPHQW DWWUDFWLYHQHVV RI PL
KLJK ULVNV DQG DEVHQFH RIUERXQWXUWPDO VXSBRXIFMH RY D\
SXUFKDVLQJ SRZHU Rl SRSXODWLRQ 7KH FRQVXPSWLRQ R
EUHDG LV WKH VDPH $FFRUGLQJ WR RLO DQG RWKHU YHJ
FRQVXPSWLRQ FRQVLGHUDEO\

2Q WKH HVWLPDWLRQV RI )$2 DQG :RUOGZLGH 2UJDQL]D
QRUP RI IRRG QXWULWLRQ IRU RQ N FDHU R R QWROHY BIRSIWR @& HR)!
KRXUV > @ 7KLV LQGH[ GLIIHUV GHSHQGMXURQ DG BOHF
FRQGLWLRQV ,Q WKH FDVH ZKHQ WKH LQGH[ EHFRPHV EHC
PDOQXWULWLRQ LV VKRZQ XS DQG ZKHQ WKLV LQGH[ SDV
WZHRWU KRXUV LV REYLRKRWXRQIMHWRI PHBDFDO @ 5HDVRC
QDWXUDO SROLWLFDO FDWDFO\VPV ZDUV ILQDQFLDO FU
GLVWULEXWLRQ RI IRRG

JURP GDWD RI )$2 IRRG QXWULWLRQ PXVW EH YDOXDEO
QRWP DOEXPHQ FRQWHQW PXVW EH QRWIGMUWKRXUVJIV @&Q M
QXWULWLRQ ZKHQ ZH KDYH WKH ODFN Rl QRW RQO\ FDORU
DOVR IDWV YLWDPLQV PLFURHOMPH@W,RRQIOLWDRQHG BR
PDOQXWULWLRQ DQG PRQRWRQ\ Rl UDWLRQ RQH W\SH RI S

W LV QHFHVVDU\ WR QRWLFH WKDW LQ WKH 86$% WKLV |
(XURSHDQ 8QLRQ LV NFDO > @ 7KH DFWXDO PLGGOH LC
ZRUOG SUHVHQWYV N F D O | RQU WKKRHVIE W Ut RRSQ R P MFZDHIQON \G +
FRXQWULHV LV RQ WKH DYHUDJH DERXW JUDPV SUHVHQ'
SURWHLQV RQ WKIRSWHKRRE R WZEHNQWASRUWDQW WR PDUN
WKHUH DUH VRFEDRRIURXS O HYMW® PRQVXPSWLRQ WKDW QHF
RI WKH FRXQWU\ > @ )RU WKH DQDO\VLV Rl WKH GILHW ED
WKH UDWLRQ RI WKH HQWLUH SRSXODWLRQ BIVRK X\FRAHV GRH |
DQLPDO DQG SODQW RULJLQ ZLWKRXW WDNLQJ LQWR DF
FRQGLWLRQV B6XFK VLPSOLILFDWLRQ GRHV QRW OLPLW Wk
WKHUH LV WKH FRPSDULVRQ RJIX\WM KIK FOPY RVUKIH) HF DEODALXA0, DRVDLCRR
SRSXODWLRQ DQG WKH DYHUDJH KRXVHKROG H[SHQGLWXU!

7KH PD[LPX® | FYWWHULRQ FULWHULRQ RI GDLO\ FDORUI
SUHVHQWV N F D Q VRRQX B HURDRWGV Rl V@Z HV K X V RI GDLO\ UL
GXH WR WKH FRQVXPSWLRQ RI DQLPDO RULJLQ SURGXFWYV
$V LW LV VKRZQ IURP WKH WDEOH DOO LQYHVWLJDWHG \I
S8NUDLQH ZDV KLJKHMYW®DR) PD[INFORO O$IWHU WKH HFRQRP
WKH FDORULH FRQWHQW RI IRRGVWXIIV FRQVXPSWLRQ GH

DIWHU DOVR FRPSOLFDWHG SURFHHGLQJ LQ FDORULH F
2Q WEKKROH LQ WKH SRSXODWLRQ RI 8NUDLQH FRQV)
LV RQ PRUH WKDQ PD[LPXP OHYHO +RZHYHU RWKHU VI

DV PXVW EHORQJ WR WKH SURGXFWV RRQRBR®WLRHF RWH GL G
LQYHVWLIJDWHG SHULRG 8NUDLQLDQV FRQVXPHG DW PRVW
IRRGVWXIIV RI DQLPDO RULJLQ 7KH SRVLWLYH WHQGHQF\
RI DQLPDO RULJLQ FRQVXPSWLRGXH WRHW K H VS DRIk MYOR |
WKH DYHUDJH GDLO\ IRRG YDOXH Rl UDWLRQ SUHVHQWHG

UDWLRQ
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7DEOH
‘'\QDPLFV Rl FDORULFLW\ RI DYHUDJH GDLO\ FRQVXPSWLRQ RI
SNUDLQHDSHWD NFDO

,QGEH

7TRWDO FDO

WR WKH (
WKUHVKROG OHYHO

&DORULF FRQW
RI DQLPDO RULJLQ

WR WRWDO |

WR WKH (
ERXQGDU\N OHYHO

&DORULF FRQWI
SURGXFWYV

WR WRWDO |

'DWD IRU H[FOXGLQJ SDUW RI WKH WHPSRUDULWN RFFXS|
REODVWYV
6RXUFH IRU PDAG@& XODWLRQ

(FRQRPLF DYDLODELOLW\

&RQVLGHUDEOH SDUW RI IRRG LQ UXUDOEBREFBRW L W\KBIQ
SULFH LQ WKH SURPLQHQW IDFWRU RI HFRQRPLF IRRG I
QHFHVVLWLHY DQG VXFFHVVIXO UHDOL]DWLRQ RI FRPPRGLI
WKDW FDQ EH H[DPLQHG LQ WZR DWVRHPWXWY HIUW\R P QWK HURRLY
Rl YLHZ RI EXVLQHVVPHQ WKDW SURGXFH DQG ZLOO UHDC
FRQVXPHUV WKH SULFH PHDQV SRVVLELOLW\ LQ GLIIHUF
&RQVXPHU LV UHDG\ WRKSIDSHYREKHW G URIFKLUKUTWD OLW\
YLHZ RI EXVLQHVVPDQ DFFHSWDEOH SULFH JLYHV WKH R!
JHW VXIILFLHQW SURILW

2QH RI IRRG VDIHW\ LQGLFDWRUV RI WKH FRXQWU\ LV (
RORRGVWXIIV LQ WKH FRPELQHG FKDUJHV RI KRXVHKROGYV
FULWLFDO OLPLW RI JURVYVY LQFRPH XVH RI HFRQRPLHV LV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXH-F
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\ [

53

[ E—

e R
JLIXU _ 6SHFLILF ZHLJKW RI IRRG H[SHQVHV LQ WRWDO KRXYV

'DWD IRU H[FOXGLQJ SDUW RI WKH WHPSRUDUL®\ RFFXS
REODVWYV
6RXUFH IRU PO XODWLRQ

Q FULWLFDO YDOXH RI WKLV LQGH[ ZDV REVHUYH
WHQGHQF\ DVRHU WKDW DQ LQVLJQLILFDQW KIOF WLIQIBHH MW
SUHVHQWHG 'RUVHQLQJ RI SULFH IRRG DYDLODELOL\

SDUW RI IRRG FKDUJHV LQ IDPLO\ EXGJHW ,Q ZRUOG VW
QGLFDWRU RI WKH OHYHO RI FRXQWU\fVY GHYHORSPHQW
OHYHO RI FRQVXPSWLRQ RI IRRG FRPELQHYV ZLWK KLJK SLC

VXP RI IDPLO\JV FKDUJHV 7KXV LQ LWQ SW HDRQ W B IGW D
LQ 3RODQG LQ /LWKXDQLD 7KH DYHUDJH YDOXEI
(8 LQ ZDV > @

,PSRUWDQW DVSHFW RI IRRG VDIHW\ LV DYDLODELOLW!
ORZQFRPH 7KHUHGLMNHEMQWRDWLRQ LQ WKH FRQVXPSWI
SRSXODWLRQ RI 8NUDLQH WKDW LW LV DOVR SRVVLEOH \
LV GHWHUPLQHG E\ WKH UHVROXWLRQ « > @

7KH LQGH[ Rl GLITHUHQWLDWLR @ RRALQXWIWLRXISR/QL F RIYFF
D FRUUHODWLRQ EHWZHHQ RV WRXVEX\K O GW LR@W KRWMHRO D |
FRVW RI QXW WRIWKIRQ/RKROGYV ZLWRKDW®H OHDVW LQFRPH

7KH PDLQ GLIIHUHQWLDWLRQ RI URRIGY WX MAK IF RIQ\RXSI/V
EHUULHVY QXWV JUDSHV +RXVHKROGV RI WKH ILIWK TXLC
DYHUDJH PRUH WKDQ LQ WZR WLPHV WKDQ KRXVHKROG\
GLIIHUHQFH LQ WKH FRQVWPSWRAF RNVPHQW D PR PH DKDQ
GDLU\ SURGXFWV PRUH WKDQ ILVK DQG ILVK SURGX
PHOR®OG PRUH WKDQ $W WKH ORZ PLGGOH OHYHC
GLIIHUHQWLDWLRQ GHRWWRHW STRRAOWHWY RIDARBE® RIISRSXC
FULWHULD RI IRRG VDIHW\ DQG LW FUHDWHY DQ LPSHQGL
FRQVXPSWLRQ GLIIHUHQWLDWLRQ WKHQ LQ WKH Gl
SURGXFWV XMWV IRQGRWKHU SURGXFWV LW EHFDPH VKDUS
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7DEOH
'LITHUHQWLDWLRQ IDFWRU RI IRRG E\ VRFLDO JUR

YRRG 3U]|

OHDW DQG PF

,QFUHDVH GHFUHDV}

OLON DQG PL

,QFUHDVH GHFUHDV}

(33

,QFUHDVH GHFUHDV

JLVK DQG IL

,QFUHDVH GHFUHDV

6 XJ

,QFUHDVH GHFUHDV

2LO DQG RWKH

,QFUHDVH GFSUHYLR

3RWI

,QFUHDVH GHFUHDV}

9HIJHWDEOH\

,QFUHDVH GHFUHDV}

JUXLWV EHUUL

,QFUHDVH GHFUHDV}

%UHDG DQG E

,QFUHDVH GHFUHDV}

'DWD IRU HIFOXGLQJ SDUW RI WKH WHPSRUDULO\ RFFXSLHG W
REODVWYV
6RXUFH IRU PDAG@& XODWLRQ

,QGLFDWRUV RI IRRG DYDLODELOLW\ SURYLGLQJ

,PSRUWDQW WDVN RI IRRG VDIHW\ LV LQFUHDVH RI T
SRSXODWLRQYV IRRG QXWULWLRQ DW VLPXOWDQHRXV GH
LQ IDPLO\ EXGJHW 4XDOLW\ GHVFULSWLRQ RI VXIILFLHQ
FDORULH FRQWHQW Rl UDWLRQ RI PLGEPOBOSNXDLEOLBQWG
IRRG QXWULWLRQ DQG SXUFKDVLQJ SRZHU WKDW LV H[S
TXDQWLWDWLYH GHVFULSWLRQV

7KXV WKH LQWHJUDO LQGH[ RI QXWULWLRQ DYDLODEL
RI NFDO ,W FDQ BHUGIOWMWULRIQRGDIPRXQW NFDO HQHUJ\
DYHUDJH SHUVRQYTV QXWULWLRQ WR VSHFLILF UDWLR RI
WKH FRPELQHG FKDUJHV Rl KRXVHKROGV 7KLV LQGH[ ZLC
EH RQ RAKRQJWRRG )LIXUH
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e

J)LIXUH 7KH DPRXQW RI NFDO WKDW DFFRXQWYV IRU RI WK
SRSXODWLRQ LQ WKH WRWDO KRXVHKROG H[SHQGLW
'DWD IRU H[FOXGLQJ SDUW RI WKH WHRBRUN DIQGE RXAHXEB\
REODVWYV
6RXUFH IRU PD@F XODWLRQ

JURP GDWD RI ILJXUH LW LV SRVVLEOH WR PRQLWRU D

* 7TKXV LI LQ RQ RI FKDUJHV RQ IRRG LQ WKH E
RI KRXVHERYGV NAMDO WEKHQ WQKDW RQ RI WKH OHYHO
DYDLODELOLW\ RI IRRG QXWULWLRQ LQ EHFDPH EHWW

WKDW DFFRUGLQJ WR WKLV LQGH[ LW LV SRVVHE@HHWR F
VHSDUDWH UHJLRQV DQG FRXQWULHYV

7KXV LQ WKH 86$%$ DW GDLO\ FRQVXPSWLRQ RI IRRG LQ
FKDUJHV RQ IRRG LQ WKH LQFRPH RI KRXVHKROGV ZDV
WKLV LQGH[ Rl IRRG DYDUODELO BNMURL@HK B BBRVW LQ W

'\QDPLFV RI HQHUJ\ XQLW FRVW RI GDLO\ IRRG UDWLRQ
FRRWLYLQGH[HYV DOVR FDQ VHUYH DV WKH LPSRUWDQW LQ
WKH TXDOLW)\ DIHY Al ® DR WOLXYWDUNLMYL-FRQ DYDLODELOLW\ )LJ
WKH SULFH DQG LQFRPH DUH LPSRUWDQW IRU RUGLQDU\ ¢

7KXV IRU WKH FRVW RI  WKRXVDQGV NFDO KDG JLU
FHUWDLQO\ LQIODWLR®@ SWKRAHV@ W UDRLQXHQPHHE BV WKH
UDWHV RI LQFUHDVH RI WKRXVDQGV NFDO FRYDW VRIG LQ
DKHDG WKH UDWHV Rl FRQVXPHU SULFH LW LV FHUWLILF
EXW DOWROWKH QFRPH IRUPLQJ $QG WKH HQHUJ\ FRVW RI
LQIODWLRQ SURFHVVHV LQ WKH FRXQWU\
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3 &RVW RI WKRXVDQG NFDO 8%+
--0=-- &RVW Rl WKRXVDQG NFDO LQ WR WKH SUHYLRXV \H
—0— &RQVXPHU SULFH LQGLFHV IRU IRRG SURGXFWYV LQ W

J)LIXUH "\QDPLFV RI FRVW SHU XQLW RI HQHUJ\ RI WKH GDLO\
'DWD IRU HIFOOKGLOY HBOPRWDODRLO\ RFFXSLHG WHUULWRULY
REODVWYV

6RXUFH IRU FDOFX&@DWLRQ

&RQFOXVLRQV

5HDVRQV RI XQVDWLVIDFWRU\ IRRG DYDLODELOLW\ RI
OHYHO RI VROYHQW GHPD®QIGH WWDW GNVUGHR HUPLLRHH/GDEAG |
RI LOWHUQDO PDUNHW RQ WKH LPSRUWHG IRRG GHOLYHU
TXDOLW\ RU DQG E\ SULFH DW VXIILFLHQWQHVV RI IRRG R
WKRVH WHQ EWOQR LVAKDRRUQHOFWXDO IDFW LQIOXHQFH RQ V

,QGLFDWRUV Rl IRRG DYDLODELOLW\ RIIHUHG LQ WHK
HFRQRPLF DVSHFW DQG WKH\ GLIITHU IURP RWKHU H[LVWL(

7TKH DPRXQW RI NFDO WKDW LV RQ RRIFKBMQNKROR
DQG WKH FRVW RI HQHUJ\ XQLW RQ GDLO\ QXWULWLRQ UL
FKDUJHV ZLWK WKH VWDQGDUG RI FRQVXPHU SULFHV WR
ZLOO DOORZ WR PRQLWRU VOKWKHI RRA QR WIK@ W HDAOW HR
SRSXODWLRQ ZLWK IRRG DQG DFFRUGLQJO\ WR GHYH
DYDLODELOLW\ RI YDOXDEOH DQG TXDOLW\ SHUVRQTV QX'

5HIHUHQFHYV

'"HIUD )RRG 6HFXULW\ 'HIUBSDURRPHQWQWRQPHQW )RRG D
$1IDLUV /RQGRQ
$YDLODEOH DW KWWS ZZZ GHIUD JRY XN IRRGULQ SROLF\ V

+DYDV . 6DOPDQ 0 JRRG VHFXULW\ | QW HERMSRIGRHIT
-RXUQPIO)RRG6DIHWXWULWOQREXEOKFDOWK SS # 2,
,-)613+
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)DURXN 6 7KH )RRG DQG )LQDQFLDO &ULVIHWDDIQ G OMDKH 6
3KLOLSSLQH -RXUQDO RI 7KLUSS+RUOG 6WXGLHV
9LYDV ( JRRG &ULVLV &DXVHV &RQVHTXHQFHV DQG $¢C

$YDODEOH DW KWWS ZZZ LQWHUQDWLRQDOYLHZSRLQW RU
)$2 OHWKRGRORJ\ IRU WKH OHDVXUHPHQW RI )RRG 'HSU
)$2 3ROLF\ %ULHI ,VVXH
)$2 '"HFODUDWLRQ RI WKH :RUOG 6XPPLW RQ )RRG 6HFX!
$YDLODEWW®HWZZZ IDR RUJ ILOHDGPLQ SGI

=HOHQVND 2 2 6\WWHPD SURGRYROFKR\L BHMHN\ VX

=K'78 S&

XQG\H\HYD * 3URGRYRQRKYD FAHOMWDR]Y\WRN L JPLQ

[DUFKRY\[ SURGXNWLY =ELUQ\N QDXNRY\[ SUDF] &KHUNDVI

XQLYHUV\WHWX 6HUL\D (NRQRPLFKQL QDXN\ Ss

6KHEDQLQD 2 9 JRUPXYDQQ\D L HIRINRVS Y G \WR B RPYAMARN §

ORQRJUDIL\D .\LY

OXGUDN 5 3 BURGRYROFKD EH]SHND 8NRD\RPLFK XAR Y

FKDVRS\\& ;;, SSt

$YDLODEOH DW KWWS QEXY JRY EB 8-51 HFFKDGRB B

%\WRY 9 3 \ WO\NDWWRHUL\L SURGRYRORRRWALEKQIMNRU MK

SS+

$YDLODEWW ®WQEXY JRY XD 8-51 HFIRUB B B

%DUUHWW & % OHDVXULQJ IRRG LOSHEXULW\ 6FLHQ
VFLHQFH

3DVTXDOH 'H OXUR ODWWHRREDDFEVYRVMWRBG ,QVHFXULW\ 0XOWL
), 0,

$YDLODEWWDWZZZ IR RYWHRFHDDWHYV (53 XQL ),0, SGI

"HEE 3 &RDWHYV - JURQJLOOR ( $ 5RIJHUV %/ 6ZLQGDOH
KRXVHKROG IRRG LQVHFXULW\ ZK\ LWV VR7KASRMXWDO@W RD
IXWULWLRQSS + &

2, M Q 6

*OREDO )RRG 6HFXULW\ ,QGH] % XLOGLQUHEMNVL®/NHQFHN

7KH (FRQRPLVW ,QWHOOLJHQFH $BQLWDEOH LP LW

ILOH & 8VHUV 'HVNWRS (,8 *OREDO )RRG G6HFXULW\
JLQGLQJV OHWKRGRORJ\ SGI

*OREDO )RRG 6HFXULWN ,QGH[ $YDLODEOH D
KWWSV IRRGVHFXULW\LQGH[ HLX FRP +RPH OHWKRGRORJ\
$YDLODEWW®HWZ F UDGD JRY XDBS®V ]ZHE ZHESUR

,QJUDP - $ IRRG V\VWHPV DSSURDFK WR UHVHDUFKLQJ
JOREDO HQYLURQRRQWMHE XAK DRI H ‘2, \Y
%UXLQVPD - 7KH UHVR¥XU KRRPWBRRBNR WRQG ZDWHU D

QHHG WR LQFUHRRE BQG $JULFXOWXUH 2UJDQL]DWLRQ RI W

$YDLODEOH DW KWWN ZZBGDR RUJ D

-RKQ 6 , HW DO ,QJUDP 3ULRUILRR® NWRBBPEHFXHYWLF
SS+ KWWSV GRL RUJ v

'‘DUPRQ 1 '"UHZQRZVNL $ 'RHV VRFLDIOHFOMHAYL BDE G

-RXUQDO RI &0OLQLFDOSI%¥WULWLRQ

2, DMFQ

+HUIRUWK $ $KPHG 6 7KH IRRG HQYLURQPHQW LWV

SRWHQWLDO IRU PHDYVXU BKMWUWWILLRAX L)@ B KHEHARKQOMARIGEY

+ 2, Vv
+DPLG (O %LODOL | BRGHDXAK CRQ@ DEUARLW\ WUDQVLWLRQ"
DQG QXWRRG® BRIG IS W\2, v

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F
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-RDQQH ( $UVHQDXOW B5REHUW - +LMPDQV .HQQHWK +
WKURXJK DJULFXOWXUH DQ DQDO\WLFDO IUDPHZRUN EDVHG
QXWULWLRQDO DGSUKDBF¥GE BHRARG WE: '2, Y%

\
&RPPLWWHH RQ :RUOG )RR® IBGIF MR W\HUPY ZLWK WHUPLQRO
QXWULWLRQ VHFXULW\ IRRG VHFXULW\ D&Y®D QX WEQAMW DRQ R
KWWS ZZZ IDR RUJ IVQIRUXP VLWHV GHIDXOW ILOHV ILOH 7H
VBZLWKB7HUPLQRORJ\ SGI
'DQJRXU $ ' *UHHQ 5 +DVOHU % 5XVKWRQ - 6KDQNDU %
DQG KHDOWXQGQP DREBRH FRXQWOQMHWGLVFLSOLQDKH UHVHI
3URFHHGLQJV Rl WKH 1XWSSWLRXQ 6RFLHW\
$YDLODEWW ®WZZZ UDGD JRY XD
$YDLODEWW ®W]DNRQ UDGD JRY XD ODZV VKRZ
BWDW\VW\FKQ\M JELUQ\N 9\WUDW\ L UHVXUV\ GRPRJRVS
ZZZ XNUVWDVBEURM SXEOLFDW NDWBX SXEOGRPRJRVSBX KWP
)$2 )RRG %DODQFH 6KHHW GDWD DYDLODEOH DW
ZZZ IDR RUJ IDRVWDW HQ GDWD )%6 PHWDGDWD
6KHYFKHQNR 2(RRQRPLFKQD GRVWXSQLVW SURGRYROFKRJR
EXGLYQ\F]WWIRLODEOH DW KWWS QEXY JRY XD 8-51 'H%XB
6KKHNRY\FK 2 6 9\NRU\VWDQQ\D ]JDUXEL]KQRJR GRVYL
HNRQRPLN\ $3. Y(MRQBPLMND $B.+
%»DODQV\ WD VSR]K\YDQQ\D RVQR®Q WHIUHRBXND W BW PDU E® X YD ¢
'"HU]JKDYQ\M NRPLWHW VWDW\VW\N\ 8NUD\LQ\ .\LY $YDLODEQ
BURGRYROFKD EH]SHND Y 8NUD\LQL X URFL 2JO\DG RV
KWWS HGFOXE FRP XD B B SOLNBE\B DXISQRGRRYRGREIR Y Q \K
LQG\NDWRULY
6WDW\VW\FKQ\M VKKRULFKQ\N 8NUD\LQ\ ]D ULN 'HU]KD"
DQWOAKQH DJHQWVWYR2 .\LY $YDLODEOH DW ZZZ XNUVWDW
%HUHJRY\M 9 . &LQD WD ]DEH]SHFKHQQ\D SURGXNW
8NUD\U@XNRY\M YLVQ\N 1DFLRQDOQRJR XQLYHUV\WHWX EL
8NUD\LQ\ jj+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJI(FRQRPLFV DQG ODIQDIJHPHQW

&RPSUHKHQVLYH DQDO\VLV RI IRRG SURGXFWLRC
QDQRSDUWLFOHV RI QXWULWLRQDO VXSSOHPHQ
R[LGHV RI WZR DQG WKUHH YDOHQFH LURQ 20DJQ

20HQD .UX 7HWLDQD 9LFWRULI
,U\QD 7VANKDQRRWONRG\P\U SBRWDSRY

1 .KDUNLY 6WDWH 8QLYHUVLWI| RI )RRG 7HFK(
+8NUDLQLDQ (QJLQHHULQJ DQG 3HGDJRJILFDO $FDGHPI

$EVWI

,(QWURG XKWMLRRP SOH[ DQDO\WLY RI WKH H)
HITLFLHQF\ RI WKH QHZ IRRG SURGXFW XVLCQ
,QQRYDWLRQ IRRG DGGLWLYH ODJQHWRIRRG RQ WKH E
IDQRSDUWLFOHYDOHQFH LURQ R[LGHV LV SUHVHQWHG

.H\ZRUGV

ODJQHWRIRRG ODWHULDOV DQRRBHRWEREBEWY PDGH ZLWK \
JRRG RI QDQRSDUWLFOHV RI WZR DQG WKUHH
4XDOLW\ ODJQHWRIRG ZHUHH LQYHVWLJIJDWHG XVLQJ
(IILFLHQF\ FRPPRQO\ XVHG PHWKRGV RI H[SHULPHQWD

LQGLFDWRRLOQRWMVIFDOH PRLVWRSBFL@YG ID\
XVLQJ D EXWA\URPHWHU DQG D UHIUDFWRP

SURGXFW IRU WKH GLIITHUHQFH RI PDVVHYV
S5HVXOWYV DQG7EHVFXQYEXRQYHG UHVHDUFK

$UWLFOH KLVWRUWKDW WKH LQWURGXFWLRQ RI VFLHQWLILF

ZLWKRGDQWLFOHY ZLOO DOORZ WR SURGXF

S5HFHLYHG 7KH QOQXWULWLRQDO VXSSOHPHQW O0ODJQHW
S5HFHLYHG LQ UHMOYHWLRQDO DQG WHFKQRORJLFDO SRWHQ
IRUP EDFWHULRVWDWLF HPXOVLI\LQJ VWDELOL
$FFHSWHG ZDWHU BEQGLI®@W ZDWHWDQRQLUQWSURSHUWLF

FDXVHV WKH LQWURGXFWLRQ RI QDQRSDU

UHFLSHV RI EDNHU\ IORXU FPROQIPBFWLEAHU
&RUUHVSRQGLQJSURGXFWY DQG FKHHVHFDNHY DQG ZKLSSHC
DXWKRU UHVRXUFH PROGXHUYDWIKRH SURGXFWLRQ RI
WKH IRUPDWLRQ RI KLJK FRQVXPHU SURSH

,U\QD 7VANKDQRY¥NRGXFW \LHOG DQG HFRQRPLF HIILFLHQEF\
(PDLO URGXFWV PDGH ZLWK WKH XVH RI IRF
EggngF%\;VNDMD O0DJQHWRIRRG KDV KLJK LRQDDQRIDMHS W |
WHFKQRORJLFDO SURSGIUNLI$¥F RS HQE MR

UHVXOWV RI WKH FRPSDUDWLYH DQDO\VL
FKDUDFWHULVWLFV RI IRRG SURGXFWV

QDQRSDUWLFOHV LW ZDV FRQFOXGHG WKD

YDOXth PRFRQVXPHUV FRPSDUHG ZLWK DQD(

&RQFOX¥ IKRQK OHYHO RI VFLHQWLILF VFL

VRFLDO DQG HFRQRPLF HIILFLHQF\ RI IRR

"2, DGGLWLROQLMMLR QB VXSSOHPHQW O0ODJQH\
; R[LGHV RI WZR DQG WKSHRYYD3OHQFH LUR

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QWURGXFWLRQ

7KH H[SHULHQFH RI ZRUOG OHDGHUV LQ WKH IRRG L
LQWURGXFLQJ LQQRYDWLRQV LQWR WKH SUDFWLFH R
FRQWULEXWLQJ WR WKH FRPSHWLWLYHQHVV RI WKH HQ
DQOONRI WKH WUHQGYV LQ WKH IRRG LQGXVWU\ VKRZV WK
DUHD WKH DSSOLFDWLRQ RI ZKLFK LQ WKH SURGXFWLRQ
PRVW SURPLVLQJ DUHDV IRU WKH LQWU R G& FWQ RXD BRW WHKX-
FKDQJHV LQ WKH TXDOLWDWLYH DQG IXQFWLRQDO DQG W
> @ $FFRUGLQJ WR > @ WKH JOREDO QDQRWHFKQROR.

,Q WKH VWUXFWXUH RI G@PDVXH IRHIO B QWYURIGW R W \F R
DFFRXQW IRU Rl WKH IRRG PDUNHW B5HVHDUFKHUV R
SRLQW RXW WKDW IRRG LQGXVWU\ HQWHUSULVHV DUH
LPSOHPHQWDWLRQ RI QDQRWHFKQRORJLHV > @

,QQRYDPWYMLW)\ Rl IRRG LQGXVWU\ HQWHUSULVHV GHW
PHWKRGRORJLFDO SULQFLSOHV IRU HYDOXDWLQJ WKH HII
QDQRSDUWLFOHV 7KH UHVXOWYV RI WKLV DVVRIVMNRRHRQ W F
LQGXVWU\ HQWHUSULVHY DQG LQFUHDVH WKH YDOLGLW\
LQQRYDWLYH SURGXFWV LQWR SURGXFWLRQ

7KH DQDO\VLV Rl OLWHUDU\ GDWD WHVWLILHV WR GLII
FULWHULD LPBWKRGRURI BIFGOXDWLRQ Rl LQQRYDWLRQ ¢
FDVH RI LQWURGXFWLRQ RI QDQRWHFKQRORJLHV LQ SDL
HYDOXDWLRQ WKH FULWHULD IRU WKH QHZ SURGXFW L
IHDVLEERQWXPHU SHUFHSWLRQV PDUNHW RSSRUWXQLWL!
XQLTXHQHVV RI WKH SURGXFW LWV PDUNHW SRWHQWLDO
RI VDIHW\ > @ TXDOLW\ > @ SULFHV RI SWR@XHNV >
HIITHFWLYHQHVY Rl WKH LPSOHPHQWDWLRQ RI LQQRYDWL)
RI TXDOLW\ HVWLPDWLRQ GLVFRXQWLQJ@I FDVK IORZV |

6LQFH LQQRYDWLYH IRRG SURGXFWV XVLQJ WKH 0DJQ]
PXOWLGLPHQVLRQDO QDWXUH DQG WKHLU UHVXOWV DUH
RI VXEMHFWYV SURGXFHUV FRQVXPHUV LERQINVOKRGEHY RQ HN
IHDVLELOLW\ Rl LQWURGXFLQJ WKHVH SURGXFWV LQWR W
DQG LQGLFDWRUV WKDW UHIOHFW WKH LQWHUHVWY RI NH
SURFHVYV

7KH DLP RI WKH PISUMKBOK LYHDDRD O\VLV RI WKH HIIHF
IRRG SURGXFWV XVLQJ D QXWULWLRQDO VXSSOHPHQW OC
LURQ R[LGHV E\ VWXG\LQJ IXQFWLRQDO DQG WHFKQRORJ
RI ILQLVKHMV SURGHKKGWLILF VFLHQWLILF DQG WHFKQLFDO
HIILFLHQF\ YDOXH IRU WKH FRQVXPHU

7R DFKLHYH WKLV JRDO WKH IROORZLQJ WDVNV QHHG
+ WR LQYHVWLJDWH IXQFWLRQDO DQG WHFKQ RMBINED O
LQGLFHV RI IRRG SURGXFWV XVLQJ D UDWLRQDO TXDQW
D IRRG DGGLWLYH ODJQHWRIRRG
WR FRQGXFW D FRPSUHKHQVLYH DQDO\VLV RI WKH HIIHF
IRRG SURGXFWV XV LSXNIOB PGHQMU LMWDLIRPMR NRR G EDVHG
YDOHQFH LURQ R[LGHV

I+

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ(FRQRPLFV DQG ODIQDJHPHQW
ODWHULDOV DQG PHWKRGYV
ODWHULDOV

,Q WKH FRXUVH RI WKH UHVHDUFK IRRG SURGXFWYV ZLYV
ODIJIQHWRIRRG EDVHG RQ WZR DQG WNKHUHBH EWHIHE BH G U
FRQIHFWLRQHU\ PLQFHBLPHDBUBGREWKRW SURWU DQG PDL
ZKLSSHG IUXLW DQG GHVVHUWYV

OHWKRGV

JRRG SURGXFWV XVLQJ D QXWULWLRQDO VXSSOHPHQW
YDOHQFH LURQ R[LGHV KDYH EHHQ LQYHVWLJDWHG XVLQ.
H[SHULPHQWDO VWXGLHV H[SHUW DQDO\VLYV

7TKH PHWKRG RI FRPSOH[ H YIH@X¥DMW LR RQ WRK HW K@ WHUI REGE\K
SURGXFWV ZLWK QDQRSDUWLFOHY LQYROYHV WKH IROOR.

7R IRUP D JURXS RI H[SHUWYV

7R GHWHUPLQH WKH HIIHFWLYHQHVY RI WKH LQWURG)
QDQRSDUWLFOHV IRUP DLOQUWRXS RIH BSHUIWWWL QKKK ILHOCG
7TKH QXPEHU RI H[SHUWV P LV GHWHUPLQHG E\ WKH IRUP

p ¥

H

ZKHRHQXPEHU RI HI[SHUWV SHUVRQYV
W+tWKH WDEXODU YDOXH LQ DFFRUGDQFH ZLWK WKH DF
. *FRQILGHQFH SUREDELOLW\
0OtPD[LPXP SHUPLVVLEOH HUURU
7R GHWHUPLQH WKH FRPSHWHQFH RI HISHUWWYUZHUYH X\
DQG VHOHVVPHQW

7R FDUU\ RXW DQ H[SHUW HYDOXDWLRQ RI LQQRYDWL
WKH FULWHULRQ RI VFLHQWLILF HIITHFWLYHQHVV
7R GR WKLV ZHUH IRUPHG D TXHVWLRQQDLUH WR LQF(
QRYHOW\ GHSWK RI VFLHQWLILF GHYHORSPHQWY DQG N
VFDOH IRU H[SHUW HYDOXDWLRQ RI WKH VFLHQWLILF HIIH
JLYHQ LQ 7DEOH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ(FRQRPLFV DQG ODIQDJHPHQW

7DEOH
&KDUDFWHULVWLFV DQG VG OQRWUDRV LYHDIBRMBWIE RRGKFWYV ZLWK Q
FULWHULRQ RI VFLHQWLILF HIILFLHQF\

JLQIXLVWLF
oL KLJK | DYHUDJ [ ORZ |
' QGLFDWRY 6FDOH IRU
SRI SRI SR
$ QHZ GLU
6FLHQWILIVFLHQWRIZGH GV WLQJ WHF\}gé § H \(\IQ’E%SJSRVL
OHYHO [ DQG UHVHDUFKDKDNEEHHQLPSYRY GO b p o
FUHDWH G
L Rviowl JXQGDPHQV [ OHWKRGV 6ROXWLRQ
UHVXOWN FUHDWH Q H Y \SLLPRE@®¥FWHQHUDOL]D
7KHKKH\I_\S,5HWWLF5\% WKHVHY DUH
TKH GHSW EVEVWDQWL H (';jégWLFD%\?Fﬁ KHVHY DUH
VELHOWLIL WHG R (@ [)&M e SV
GHYHOREP RxOW R FQ Boo F
H[SHULPHQWDBS¢YWBHQWDO GDWD
7KW ERHIT | 7KH ERHIT
N75<|;'Z'BRHHG'3|L4F tg H| INNWRHZQWIGWH UQWHQV
RQ GW RGRXWWM LV VPDOO
"QRZOWI ®IH[FHHGV WK/H S R LY YD OS
SURGXFWWDOXH RI HQW ?r\j
U VHHWWRH DS U LVHYV RI D F
'E'FBQF;PULV\éDDLS 'O W\SW\SH RI HFRQRPLF
5 MFLY LW\ DFWLYLW\

'"HYHORSHG RQ>WK@ EDVLV RI

&DOFXODWH WKH FRHIILFLHQWYRI VFLHQWLILF HIILFLHC

ZKHUH+tFRHIILFLHQW RI VFLHQWLILF HIILFLHQF\
%+*DFWXDO YDWKH RGMWAD-WRU RI VFLHQWLILF HITHFWLYH
%ep *WKH PD[LPXP YIDMKXHORALWBWRU RI VFLHQWLILF HIIHI

(tWKH QXPEHU RI VFLHQWLILF SHUIRUPDQFH LQGLFDWR
NQXPEHU RI H[SHYWV SHUVRQV

7R DVVHVV LQQRYDWLYH

WKHRQGLWLRQV 7DEOH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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JJI(FRQRPLFV DQG ODIQDIJHPHQW

7DEOH
(VWLPDWLRQ RI LQQRYDWLYH IRRG SURGXFWV ZLWK

RQ WKH FULWHULRQ RI VFLHQWLILF HIITHFWLYHQ

9DOXH RI W

&RQFO

/IRZ OHYHO RI VFLHQWLQQRYDYV
SURGXFWV ZLWK QDQRSDUWLFOHYV

7KH DYHUDJH OHYHO RI VFLHQW
IRRG SURGXFWV ZLWK QDQRSDUWLFOHYV

+LJK OHYHO RI VFLIV RI
SURGXFWV ZLWK QDQRSDUWLFOHYV

LQQRY

7R FDUU\ RXW DQ H[SHUW HYDOXDWLRQ RI LQQRYDWL
WKH FULWHULD RI VFLHQWLILF DQG WHFKQLFDO HIILFLHQ

R
LQQRYDWL

XVH VFDOH RI

Y H

JRU WKLV SXUSRVH WR IRUPXODXYHY D LRHWV WERRW DU K |
LPSOHPHQWDWLRQ SHULRG DQG GHJU
IRRG SURGXFWYV ZLWK QDQRSDUWLFOHV &K

RI VFLHQWLILF DQG WHRKQMWFDH HRRELWRFKRRORQLHV DU

7DE

OH

&KDUDFWHULVWLFV DQG VFDOH RI HYDOXDWLRQ RI LQQRYDWL)
FULWHULRQ RI VFLHQWLILF DQG WHFKQLFDO HIIL

/ILQIJXLVWLF

Lo FLIK ( | +LJOH | +LJIK (
QGLFDWRY 6FDOH IRU
SRI SRI SR
3HUVSHEWL WV FI| 5HVXOWV FD| S5HVXOW

W

XV H Q\ VFLH®MYIHORS D SDUWHIGFXQDIS SOLHC
ILHOGV VFLHQWLILA GL WHAMMDRE K
/IRFDO P
6FDOH RI | 1DWLRQDO ZBHAGgpo poUNGGLYLAXDO
HOWHUSULVHV
,PSOHPH
SHULRG 8S WR \HOUYWRRG WR |[\BRUM WKDQ \HDU
7KH UHV
SXEOLVKH
LQ WKH IRUP
VFLHQWLILF IHJ/? \ZXO pWV DU
'"HJUHH RI IRUPDOL]HG PDW é G LQ WK
LPSOHPHQWDRWLR®I QRUYP \}\/ KQLFD I VFLHQWLII
DQG WHFKQLE SRUWYV
GRFEXPHQWD % XPHQWDWLHH
LOQOWURGXFHG LQWR

SUDFWLFDQ(Q

DFWLYLWLHV

'"HYHORSHG RQ>WK@ EDVLV RI

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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&DOFXODWH WKH FRHIILFLHQW RI V.RL HQ WILK HFI RQRSX O B

ZKHUAHFRHIILFLHQW RI VFLHQWLILF DQG WHFKQLFDO HIILI
% *DFWXDO SWIOXR®RUIFDWRU RI VFLHQWLILF DQG WHFK

%we TPD[LPXP RBAMWKHLQGLFDWRU RI VFLHQWLILF DQG W

PtQXPEHU RI LQGLFDWRUV RI VFLHQWLILF DQG WHFKQ|
NAtQXPEHU RI H[SHUWYV SHUVRQV

7R DVVHVV LQOQORYDPALWKHHRFRIGAWHBGREVWRY VFLHQWLILF C
WR DGKHUH WR WKHVH FRQGLWLRQV 7DEOH
7TDEOH

(VWLPDWLRQ RI LQQRYDWLYH IRRG SURGXFWV ZLWK WKH DFTXL
HIILFLHQF\

9DOXH RI W &RQFO

" /IRZ OHYHO RI VFLHQWLILF HIIF
SURGXFWV ZLWK QDQRSDUWLFQHYV

" 7KH DYHUDJH OHYHO RI V
LQQRYDWLYH IRRG SURGXFWV ZLWK QD

L +LJK OHYHO RI VFLHQWLILF HII
SURGXFWV ZLWK QDQRSDUWLFQHYV

7R FDUU\ RXW DQ H[SHULPHQWDO VWXG\ RI WKH TXDO
RI WKH DGGLWLYH ODJQHWRIRRG
7R GR WKLV GHWHUPLQH WKHVRIEFKODROMREEWLEG DQGL PO
RI' lRRG SURGXFWYV
&DOFXODWH D FRPSUHKHQVLYH LQGH[ RI IRRG TXDOLW

ZKHUH *FRHIILFLHQWWX $XBGXKWWYV
% tDFWXDO YDOXH BW KVEH RIGOOFRW/RN L @EWRKBPIWRU VFRUH

%pp *tWKH PD[LPXP YDOXH BWHKVEH RGOOFOLMVL @RGLRKBEWRU
VFRUH

] *tQXPEHU RI TXDOLW\ LQGLFDWRUV XQLWYV
NAQXPEHU RI H[SHUWYV SHUVRQV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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TR LGHQWLI\ WKH TXDOLW\ RI LQQRYDWLYH IRRG SUR
WKHVH FRQGLWLRQV 7DEOH

7DEOH
(VWLPDWLRQ RI LQQRYDWLYH IRRG SURGXFWV ZLWK
RQ WKH FULWHULRQ RI TXDOLW\

9DOXH RI W &RQFO

T 7KH TXDOLW\ RI LQQRYD"
QDQRSDUMWRZFOHV LV

TI” 7KH TXDOLW\ RI LQQRYD!
QDQRSDUWLFOHV LV DYHUDJH

T 7KH TXDOLW\ RI LQQRYD!
QDQRSDUWLFOHV LV KLJK

7R FDUU\ RXW DQRQSRIUMQERYDWDWH IRRG SURGXFWYV
WKH FULWHULRQ RI YDOXH IRU WKH FRQVXPHU

7R GR WKLV FDOFXODWH WKH IRRG YDOXH UDWLR E\ F
IDFWRUYV

7KH FRHIILFLHQW RI SULFH DYDURGEEGYNVWALRMKLQD RREB
EDVHG RQ WKH IRUPXOD

syl
Fu
ZKHUH*FRHIILFLHQW RI SUUWK BSYRGRBWIVOLW\ RI

3+WKH SWIWHHSUIRGXFWY PRQHWDU\ XQLWYV

3 +WKH SULFH RIQD GRIRGHKBWRGXFWV PRQHWDU\ XQLW
7KH FRHIILFLHQW RI Y¥D ORRIG R$ ULRGXEWDW ZLWK QDQR
FRQVXPHU WR FDOFXODWH E\ WKH IRUPXOD
T

.Sl

7R LGHQWLI\ WKGRWDOH HRIIRRG SURGXFWYV ZLWK QDQF
WR DGKHUH WR WKHVH FRQGLWLRQV 7DEOH
7DEOH
(VWLPDWLRQ RI LQQRYDWLYH IRRG SURGXFWV ZLWK
RQ WKH FULWHULRQ RI YDOXH IRU WKH FRQVXPF

9DOXH &RQFO
IDFWRU

7KH KLJK YDOXH RI LQQRYDWLYH IRRG
LY FRQVXPHU WKH EHQHILWY UHFHLYHG E\ WKH
SXUFKDVLQJ WKH SURGXFW

IRZ YDOXH RI LQQIRGXFWV ZLWK QDQ
Y FRQVXPHU WKH EHQHILWY UHFHLYHG EN WKH F|
RI SXUFKDVLQJ WKH SURGXFW

7TKH ORZ YDOXH RI LQQRYDWLYH IRRG
Y FROQVXPHU WYXKIDEH@YHHWRQVXPHU UHFHLYHV L\
SXUFKDVLQJ WKH SURGXFW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7R FDUU\ RXW DQ H[SHUW HYDOXDWLRQ RI LQQRYDWL
WKH FULWHULRQ RI HFRQRPLF HIILFLHQF\
7R GR WKLV GHWHUPLQH WKHN RGREWKRR) SHR I X YIDWE L] |
IRUPXOD

' 5, §3U—&Uu 5,
© & 1

ZKHUH+tDQ LQFUHDVH LQ WKRRSGSUWSRUIRWREWYLW)A WKH HYHQW
RI LQOQRYDWLYH WHFKQRORJLHV

3 tWKH SULFHURQQRUBWIRRQ IRRG SURGXFWYVY PRQHWD
Ky tFRVW SUWRRK FISIURGXFWYV DFPROUW HG K Q\RRO WIAD B RW HRV

Kbt WKH FRVWIBBGFBURGXFWY LQ WKH FDVH RI WKH L
WHFKQRORJLHVY PRQHWDU\ XQLWYV
3 tWKH SURILWDELOLW\ RI WKH WRRRG WHPKGROEBDWQF

&RQFOXGH RQ WKH HIITHFWLYHQHVYV RI WKH LQWURGX
QDQRSDUWLFOHV

5HVXOWY DQG GLVFXVVLRQ

,Q DFFRUGDQFH ZLWK WKH PHWKRGRORJ\ Rl WKH LQW!
WKH LQWURGXFWLRQ RI LQQRYDWLYH IRRG SURGXFWV D\
IRRG SURGXFWV XVLQJ WKH QDQRSDUWLFOHRW RVZR IRQG |
WKUHH YDOHQEBVLERQURHG RXW WKH UHVXOWV RI ZKLFK
HIILFLHQF\ RI WKH LOQGLFDWHG LQQRYDWLRQ GHYHORSPH

7KH UHVXOWYV RI VFLHQWLILF ZRUN KDYH VLJQLILFDQMW
EXWRDLG@QVWKH ILHOG Rl SURGXFWLRQ RI FRVPHWLF DQG SK
PHGLFDO DQG SUHYHQWLYH DFWLRQ LQGLFDWLQJ WKH SL
LQ PDQ\ VFLHQWLILF ILHOGV DQG W\SHV Rl HFRQRPLF DFV

,QQRYDWQRW RQO\ WKH LQGLFDWHG WKHRUHWLFDO DQ
DOVR EURXJKW WR WKH SUDFWLFDO LQWURGXFWLRQ LC
HQWHUSULVHV QHZ W\SHV Rl SURGXFWV WKDW KDYH D KL

$FFRUGLQJ WR FDOFXODWLRQV WKH FRHIILFLHQWV R
HIILFLHQF\ Rl IRRG SURGXFWV PDGH ZLW KOWXHWA\RH RRRIGD
EDVRi@G WZR DQG WKUHH YDOHQFH LURQ R[LBEV ZBGHFDWD
D KLJK OHYHO RI VFL HWMHAKQR ADMG HY ALFHGWEN.BEHYHORSH
SURGXFWV 7DEOH
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QQRYDWLYH IRRG SURGXFWYV ZLWK QDQRSDUWLFO
C——DFWXDO VFLHQWLILF+HHEPWLFHFHHMQWLILF HITHFWLYHQ

J)LIXUH ,QGLFDWRUV RI VFLHQWLILF HIITHFWLYHQHVV RI SU
LQWURGXFWLRQ RSURGRF¥FWW LAIIWIKR V&K H DGGLWLRQ RI R1 D (
ODJQHWRIRRG EDVHG RQ WZR DQG WKUHH YDOHQFH L

7KH PRVW KLJKO\ DSSUHPLEMVAIQGY EN FD[E 8 UWAKH QFRWRN S H |
XVLQJ WKH UHVXOWV 7KHKHRBI[LPX®PDYDOKXBNKHG W DQG
UHVSHFWLYHO\

%DVHG RQ WKH LOQQRYDWLYH LGHD RI IRRG SURGXFWYV
FKDUDFWHUL]JHG E\ KLJK RUJDQROHSDQE RKIZU DFNFALLLRQN
WHFKQRORJLFDOV BWREBHRQ/ L HHWP XOVLI\LQJ VWUXFWXULQ.
VWDELOL]LQJ EAMWHQJIJD QOWBWDRQGQDWURSHUWLHY 7DEC

(ISHULPHQWDO ZD\ LV WKH UDWLRQDO PDVV IUDFWLRQ
RQ WKW FEIDWEZR DQG WKUHH YDOHQFH LURQ R[LGHV LQ WK
LV | Y KH PDVV Rl UDZ ®DWHULDOV >
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HITLFLHQF\

7DEOH
5HVXOWYV RI H[SHUW HYDOXDWLRQ RI LQQRYDW LODJ (RREBRSRRG X F\
EDVHG RQ WRBHMQEGD OHQRQ IWRH RILBHULD Rl AN HBRMLIEB ® Q G

9D O XH
,QGLFDWRU FoTLp. | DEv | &RHIILFL
BFLHQWLILF
BFLHQW
IRYF
7KH GHSWK DQ
GLVVHPLQDWLRQ RI LGHDV
BFLHQWLILF HIILF
7RJH
2Q WKH
6FLHQWLILF DQG WF

SHUVSHFW

6FDOH RI LPS

,PSOHPHQWI

'HJUHH RI LPS

7RJH

2Q WKH

HQW

—5\H ZKHDW EUHDG ZLWK QDQRSDUWLFOHY DGGLWL"

- =--5\H ZKHDW EUHDG

FRQWURO

J)LIXUH /IHYHOV RI TXDOLW\ RI RUZBIPIRW HESMAIDFS SALREKH QW QRSB L
DGGHG WR 0D JQHRPEIRRIGY R ZL WEXKHRDQWERIDD @\ H

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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YLIXUH /HYHOV RI TXDOLW\ RI RUJDQROHSWLF
SURSHUWLHWRH FRIEFNHG 2)LWXUHHYHOV RI TXDOLW\ RI RUJD
QDQRSDUWLFOHV RI WKH DGSUWENHWOBRYQRIWRRIWRISLVFXLWY ZL!
LQ FRPSDULVRQzZMSNVRBANRQWUR® WKH DGGLWLYH ODJQHWRIRR
FRPSDULVRQ ZLWHR DWK HE IF\RFQW WR/O
PDGH DFFRUGLQJ WR WKH WUDGLW

JLIXUH /HYHORIRRUDD

SURSHUWLHV RI PLQFHG PHD Rl % QH */EVH fT HDFX;?\,W;JLFWB
QD@EMUWLFOHV RI DGGLWLY 3 REPOWY 0DJIQHWRIRRC
FRPSDULVRQ ZtMUQFRQWHIRY

SURGXFWV PDQXIDFWXUHG xv&iﬁ%éﬁgbw&% V‘?G"’I*_/E\';JVME\QSBSH\A

WHFKQRORJ\
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YLIXUH __/HYHOV_RI TXDOLW\ RI
JLIXUH  /HYHOV RI TXDOLWQLF@EB&N% ROHIWSRUWLHY RI WKH
H ZL

W
SURSHUWLHWROUKBBHEDODSH 4IMH G ZzL WK ODORSDUWLFOF
QDQRSDUWLFOHYV RQ DJDU ZLWH QL QRTREWUMAEO RV R1 WKH I
WKH DGGLWLYH 0DJQHWRIRRGD FQHVREIRRE- IRR FRPSDULVRQ Z
ZLWK FRUMISFOC MHOOL PD U B@c MHOO\ PDUPDODGH R
DJDU PDGH DFFRUGLQJ Vpiy APV BEERGEREP WR WKH wubGLw

WHFKQRORJ\

JLIXUH /HYHOV RI TXDOL%RI RUJDQROHSWLF
SURSHUWLHV RI ZKLWH SLQN PPV KPBBORG VR TXDOLWY RI R

DJDU ZLWK QDQRSDUWLFO W RPRHMLE¥ HIwikyyvH SLQN PDUV
0DJQHWRIRRG LQ FRPSDULVRY Vi £RBK\QRERIV RI DGGLWL
+ZKLWH DQG SLQN PDUVKPD® FQZWWF%SLE‘; ULQ FRPSDULVRQ ZL

PDGH DFFRUGLQJ WR WKH wWHdHWH R '@\/'##%WRZV RQ S
DFFRUGLQJ WR FKQIR®IRNLRQD O W
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YLIXUH /IHYHOV RI WKH TXDOIHV\ RIW K@V RI TXDOLW\ RI R
RUJDQROHSWLF SURSHUWLHWYWRRSHIWWEHV LRI IEXUW\ TUXLW VDF
PRXVVH ZLWK WKH QDQRS D WQPLFROFHDPUMLWRHVDRBIGWWHYIHGGLWLY |
ODJQHWRIRRG LQ FRPSDULNVR®G RASNKI IWMKRHQ +EHAK \F ROWM WR O
FRQWEROU\ I[UXLW PRXVVH SVRBKXHE EFRGH DFFRUGLQJ WR WL

WUDGLWHRQ@RORJ\ WHFKQRORJ\

&RQVLVWHQF\

& R @R 7DVWH

$SSHD 6FHQW

&KHHVH GHVVHUW ZLWK ODJQHWRIRRG
QDQRSDUWLFOHYV
-=-= &KHHVH GHVVHUW FRQWURO

J)LIXUH /IHYHOV RI TXDOLW\ RI RUJDQROHSWLF S
FKHHVH GHVVHUW ZLWK QDQRSDUWLFOHV RI VXS
ODJQHWRIRRG LQ FRPSDHWEKNROVH.WK FRQWURO
GHVVHUW PDGH DFFRUGLQJ WR WUDGLWLRQDO W

FFFBNUDLQLDQ )RRG -RRDPK ,VVXHF
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JURP )LJXUHW IROORZVQWKRWXWWKHRQ RI QDQRSDUWI
VXSSOHPHQW ODJQHWRIRRG EDVHG RQ WKH WZR DQG W
RUJDQROHSWLF SDUDPHWHUV RI IRRG BIUREXAVPVFRP B QUL
FRQWURO VDPSOHV KD @/H DGEWURQQ D WRIFMKQRORJ\ 7KL\
RI IXQFWLRQDO DQG WHFKQRORJLFDO SURSHUWLHV RI
ODJQHWRIRRG QDQRSDUWLFOHV LQ SDUWLFXODU VWD
IRUPDWLRQ RI FRPI OK[E O LWKE XQLIRUP GLVWULEXWLRQ

7DEOH VKRZV WKH LQIOXHQFH RI ODJQHWRIRRG QD
WHFKQRORJLFDO SURSHUWLHV RI IRRG SURGXFWYV

7DEOH
2XWSXW SURGXNHAWWYLDDWHODELOLWWD+E3H. QQQMGEIDDWL W\ )5$% RI |
SURGXFWYV ZLWK QDQRSDUWLFOHV RI IRRG DGGLWLYH O0DJQH

1DPH RI 2XW | D WHIHWDLQLIMWHWDLQLOJ DELO

IRRG SURGXFWG“:W LOLW\ +8% )5%

5\t ZKHDW EL “ “ u
QDQRSDUWLFOHV

5\}: ZKHDW “ “ )

6SI FDNH p p u
QDQRSDUWLFOHV

6SI FDNH ©.KLC “ ) )

2DW ELVF “ p u
QDQRSDUWLFOHV

2DW ELVFXLWV ) . )
WHFKQRORJ\

OLQFHG PHDW “
QDQRSDUWLFOHV

OLQFHG PHDW “ “
WUDGLWLRQDO WHFKQRORJ\

%HHIVWI “ p u
QDQRSDUWLFOHV

%HHIVWHDNV ) . )
WHFKQRORJ\

W FDQ EH VHHQ IURP 7DEOH WKDX WR ) MDSIDCLWLLARRIH R
DPRXQW RI WR WKH PDVV RI UDZ PDWHULDOV FRQW!
ILQLVKHG SURGXKMXWH BYR WKH UBWBUQLRIGVDEWG MARSDUW
ODIJQHWRBEBE =+ )5&E\ £ GXH WR WKH PHFKDQLVP
DIILQLW\ RI QDQRSDUWLF@HVY RI WKH DGGLWLYH >

$FFRUGLQJ WR WKH H[SHUW DVVHVVPHQWY WKH FRHI
DYDLODELOLW\ RI LQQRYDWLYH IRRG SWRGXYRMEY DUH Z
UHVSHFWLYHO\ DQG WKHLU UDWLR TXDOLW\ WR SULFH L
RI LOQRYDWLYH SURGXFWYV IRU WKH FRQVXPHU )LIJXUH

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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QQRYDWLYH IRRG SURGXFWV ZLWK QDQRSDUWL!
— DFWXDO FRHIILFLHQW RI SURGXFW YDOXH IRU \
—— EDVLF FRHIILFLHQW RI SURGXFW YDOXH IRU WK
JLIXUH ,QGLFDWRUV RI WKH YDOXH RI IRRG SURGXFWV XVLQ

VXSSOHPHQW 320DJQHWRIRRG  IRU FRQVXPHUV FRHI

7TKH FDOFXODWLRQ RI WKH VHOOLQJ SULFHV IRU WK
FRPSDULVRQ ZLWK WKH SULFHV IRU SURGXFWY PDQXIDFW.
DOORZHG XV WR FRQFOXGH WKDW DV D UHVXBWRRW&H X
ZKLFK FDXVHVY DQ LQFUHDVH LQ WKH RXWSXW RI ILQLVKHC
SURGXFWYV DUH VPDOOHU FRPSDUHG WR DQDORJXHV ZKL
LQFUHDVH LQ SURILWY DQG DQURGXKNHWVH LQ WKH SURILW

$FFRUGLQJ WR WKH FDOFXODWLRQV WKH SULFH RI
FRUUHVSRQGVY WR WKH SULFHV IRU DQDORJXH SURGXFWYV
FKDUDFWHULVWLFV JLYHV WKH FRPSD@DWKG®L RS FR ULV QR
SURGXFWY EPQG WR REWDLQ DGGLWLRQDO SURILW
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&RQFOXVLRQV

$V D UHVXOW RI WKH VWXG\ WKH IROORZLQJ FRQFOXV
&RPSOH[ DVVHVVPHQW RI WKH HIIHFWLYHQHVV RI W
SURGXFWV KDG EHHQ FDUU\ RXW ZKLFK LQYROYHV W
VWDJHV LQ GHWHUPLQLQJ WKH VFLHQWLILF VFLHQWL
WHFRQIROY WKH TXDOLW\ DQG YDOXH RI LQQRYDWLYH
HFRQRPLF HIILFLHQF\ RI WKH LQWURGXFWLRQ RI LQQR
7TKH LPSURYHPHQW RI RUJDQROHSWLF SDUDPHWHUV R
ODIQHWRIRRG RROWWHREDYGVWRKUHH YDOHQFH LURQ R
DQ DYHUDIH RRLQWYV LQ FRPSDULVRQ ZLWK FRQWURO V
WUDGLWLRQDO WHFKQRORJ\ W ZDV HVWDEQLVKHG W
QDQRSDUWLFOHV LQ WKRHWXPRRQWVRRI UDZ PDWHULDO
LQFUHDVH LQ WKH \LHOG Rl ILQXMKWIEE \8 KR @DRVELEDR Q G
SURSHUWLHYV RI ODIJQHWRIRR\G ) DQR)SHHEBENLEOHYV

GXH WR WKH PHFKDQLWR RI EORRWBUWLUFIOHYV RI WKH D
2Q WKH EDVLVY RI WKH LOQOWHJUDWHG HYDOXDWLRQ RI L
VXSSOHPHQW ODJOQHWRIRRG RQ WKH EDVLV RI RQ WZ
HITHFWLYHQHVY RI LWV @QPSBSIOHEP HQWDWLRQ LV HVWDE

5HIHUHQFHYV

$YDLODEOH DW KWWSV ODWRSSQ & L WREURRRGQORMERMW |

SLWDYPL\DH

9L]QDFKHQQ\D SULRULWHWQLK QDSU\DPNLY NRPHUFLLE

$YDLODEWW DWS W 8BJ UHVHDU FKQIVSSRIMMNEUN R K Q R 6 RVX

JHVHQNR 2 0 .RYDOFKXN 33 9 1LVKLN 5 $ 3URE

QDQRWHKQRBRUD\LODLUWBWAYQIWIL PHQHG]KPHQW LQQRY

'DVIJXSWD 1 5DQMDQ 33 OXQGHNNDG ' 5DPDOLQJDF
1IDQRWHFKQRRRG\ L QRPJIILA)BBONRHSBD K, QWHUQI

SS * ‘2, M IRRGUHV

%KXSLQGHU 6LQJK 6HNIQRWHFKQRORRIEG LOQDRYIHUYLE

1IDQRWHFKQRORJ\ 6 PMHILQRFRISBRQG2SSOLF 16$ 6

*UXqUH * 3 ,PSOLFDWLRQV RI QDQRWHFKQRORJ\

2(&' FRX QW URHRG 3ROLF\ Ss ‘2,

M IRRGSRO
&KHOODWORBXYIDERRSBW® L$6$ YDNXPTORQHVDQURIKLND
33 3ULYD 6LIJQLILFDQFH RI 1DQRWHFKQR®BRJ\ LQ
BURFHGED + "2, M DSFEHH
%LJOLDUGL % *DODWL ) ,QQRYDWLRQ WUHQG\
IXQFWLRQDOHIRRGMQ )RRG 6FLHQFH 3BRKQRQ@RJ\

M WLIV

*ORED®RWBRKQRORJ\ ODUNHW E\ &RPSRQHQW DQG
,QYHVWPHQW 3DWHQW $QDO\VLV DQG &RPSDQLHYV
JRUHEDVW $WDLODEOH DW
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KWWSV ZZZ UHVHDUFKDQGPDUNHVO®E) R R RKIGRO RIX
P DU MNMWRP SR QHIXGN

&DUERBMNODXLp GXHPRFEXGHUR $ &SULWHULR HPSOR
GHFLVLRQV ZKHQ GHYHORSLQJ VXFFHM/XX® KILD © CO\DLUNG
ODQDIJHPHQWSS ‘2, 6

+ D BWB +XOWLQJ ( - 7IRNDV 1 &RPPDQGHXU I+ 5

(YROXWLRQ &ULWHULD LQ 1HZ 3URCRGXWWHYBQRSPD!
PDQDJHPHQWS St
.RUHFND ,/ =LQFKHQNR 7 9 2FLQ\XYDQQ\D QR
GRSRPRJR\X NULWHUL\X OEDXNRRIN 3WDENIBNRVW L2
OHWRGLND RFLQNL HIHERALYQRYMKL $MHEQWEORH D
KWWS GVSDFH REHWWAXHBPE MV S$XLhAbdZhpegdb
_n_dlib\ghkigZmdhWkes"gbph[+ISGI
&DSXN 2 <X G6LVWHPD NULWHUL\LY WD SRND]JQLNL
YSURYDG]KHQQ\D LQQRYDPDMOHKWURJURERRHG]KPHQW
SS

$ FRPSDUDWLYH PHWKRGRORJ\ IRU HVWLPDWLQJ W
QDQRWHFK@RDIRIDIERH D& 8VHUV (OHQD 'RZQORDGV &%
/ILQ €« 7VHQJ ®KHQJ «KLX $ 33 ) *HQJ < ILUP(YDOX
WHFKQRORJLFDO LQQRYDWLR @ FAHSDELIQ EWB\HXGI® M B KX Q

Ss+ 2, M WHFKQRYDWLRQ
7VINKDQRYVND , $OH[DQGURY $ (YODVK 9 /D]DUH
<XUFKHQNR / 3DYORWWBAMWNDQWLDWLRQ RI WKH PHFK
EHWZHHQ ELRSRODPEKNNDWI| IORXKU DQG WKH QDQRS
©FDJQHWRIhhG?2 IRRG DGGLWLYHUWQWVDULGHQ WFDBEPSUWY
(DVWHWE®SHDQ -RXUQDO KIQROWBIUBWLVH: 7THR,

$VPDORYVNLM $ 6DGLOHN 7 JRRG TXDOLW\ SHU!
VWXG\ BNUROQ/MDQ )RRG -RXHWQDO
7TVAINKDQRYVND , (YODVK 9 $OH[DQGURY §$ *RQWDL

ELQGLQJ ARIGVHQWLQJ RI WKH QDQRSDUWLFOHV RI D |
GRXEOH R[LOMRIWUIRBNHDMOLDAQRRG MRXUQDO

‘2, o)

7VINKDQRYVND , 6NXULNKLQD / (YODVK 9 3DYORW
IXQFWLRQDO DQG WHFKQRORJLFDO SURSHUWLHV RI Wt
GLWLYH RQ WKH QDQRjhZGHU ED g G\DABUHLG\R XLECRHD R BINGH
IRRG MRXUQDOt 2] o)
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0OZjzdl _jbklbdzZ ZjhfZlbggbo kihemd ¢ Zglbfedjh[gbo \eZklb\hk
heec a ghlbjvho ki_p¢®PhLToFRgHDH

OZnea_ NeKZggdh KlZddhy 1\Zgh\Zz
;e[ _gZ KlhyglZgdzZ >ZfyghWwZ€ ?j" bree-
Mge\_jkbl | oZjgh\bo | _oghehj]lhe]dpty\"b\
Jmk_gkvdbc mge\_jkbl_| ©:g]_e DZgq_\2 neeey JZal]jzZ"
Mge\_jkbl_I ©:1ZIxjd2 ?jamjmf Lmj_qqbgZz

<kImilj_~klZ\gbdb jhpBgPHHDjhdh \bdhjbklh\mxIvky m o0Zjqg
ijhfbkeh\hkle hkdeevdb oZjzZdl_jbamxlvklyf¥dkhdbb \KelkémidZj

FZI_jeZeb « f_IKpPpg_gh oefeqgbc kdez” 1Z Zglb[ZdI_jeZevc
_nejgbo heec g_[j_px 7K\PXV YXOJDULV / jhafzjbgm 5RVPI
OHQWKD VSLFDWD / 1Z [Zabeedm 2FLPXP EDVLOLFXP /

J_amevlzZlb « hidogyhjjhp_glgbc \fekl e_Ildbo dhfihg_gle\ hljl
f_Ih~"hf K&K ZgZeeam _nejgh€ he<€ q_[j_px feklblh_jlibghe

<bagzZqg_gh \fekl _\dZecilhem e dZfnhjb \

jhafzjbgm [Z dZj\hgm e« ebfh\g_gnjgec he«€ f ylb <e~fegg
\ deevdekghfm 1Z ydekghfm kdeZ”e _nejgho heec I1Z €0 ZjhfZIbc
ihje\gylb a ihi_j_~gefb ~hkee<~"_ggyfb cfhlejgh ihykgxxly
_dhehleqgbfb IZ ]_g_Ibggbfb nZdlhjZfb je&dDFimkdeff < tbi\ei Zdlgyl Z
jhkebg Z 1Zdh™ sgrbfb nzdlhjzfb yde fh mlv \ieb\ZIlb gZ €o0g-c
gZc[eevr gmleb\bf [ZdI_jeZevgbf rlizfhf } (VFKHULFKLD FRO
jhafZjbgm fZxlv gZc[eevr \bjZ _gm Zglb[Zdl_jeZevgmKEBIb\gek
FROL ea ahgzZfb egle[m\Zggy ff o ff

<bkgh\MHljbfZge j_amevlZlb fh ' mlv kem]m\ZIb i«*%jmglyf ~e
\b\g_ggy oefeqgh]h kdez”m 1Z Zglbfedjh[gbo \eZklb\hkl_c je&
/IDPLDFHDH a hley”m gZ €0 rbjhd_ alZbldkeh\[2§gy \ oZjgh\ec

Dexgh\e keh\ZejgZz HBLDFHDH qZ[j_pv jhafzjbg fylz |[Z

Djshijhl_dlhjgZ a~Zlgesklv djhofZevgh€ iZIlhdb m kdeZ”« fhjhab\
1Z ieh~hyhe~ghlh

=ZebgZ lheesmd HdkZgZ ;Zkk L_lygZ Hkvfzd
GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<kImiF_1Z gZmdh\h]h ~hRebVdbyyieb\ djhofZevgh€ iZlhdb jee
\m]e _\h”gh]h kdezZ"m 1Z €€ dhfihabpecgbo kmferosdeggbohjfm\
ihdZagbde\ fhjhab\Z gZ hkighjRipimdjh\bo

FZI_jeZeb « f_IWdlmzZfeggbd pmdjm 7ey fhjhab\Z \bdhjbkl
djhofZevgbc kbjhi a jeagbfb nmgdpehgZevgbfb « | _ogheh]eqgh
iZlhdzZ dzjzf_evgZ a gbavdbf \feklhf hpmdjx\jZgdghhabbdc khghdha
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=NK a \feklhf kmlo\b& b g_ f_grDjehkdhieqgm |I_fi_jZImjm \bagZz
aZhihfhlhx |I_jfhf_ljz ; _dfzgz \fekl \bfhjh _gh€ \h~b jhajZoh\m!'
"h h~_j Zgbo agZq_gv djehkdhisgqgh€ |_fi_jZImjb fedjhkljmdlIn
Ahihfh]hx k\leleh\h]h fedjhkdhimx@hkodh£h jhx aZ a[sevr_ggy o
o]

J_amevlZlb « h[]hbhdygihygh€ azZfegb pmdjm m kdezZ”e fhjha
dijhofZevgm iZlhdm jeagh]lh kimi_gy hpmgjpddagyp c]kkpghiaghNK
N dkljhagbc _d\e\Ze gl e iZlhdm dZjagfbevgdieIDe Yyldkljha
=NK ihje\gygh a dhgljhevgbfb ajZzadzfb a pmdjhf aZ jZomg
fhghpmdje\ gZckmll}\er_ agb ™ m} djehkdhieqgm |I_fi_jZImjm kmf:
ie"\bsm} p_c ihdZagbd Ihfm 7~ey i*"*ljbfZggy j_dhf_g~h\Zgh]h
\bfhjh" _gh€ \h~b gZ dh'ghfm _I1Zis gbavdhl_fi_jZImjgh]lh h[jh
fhjhab\zZz ~hpeevgbf } ih}*gZggy djehijhl_dlhjgh€ a”Zlghkle
AN _dkljhagbf _d\e\Ze_glhf JhajZoh\Zge ~eZiZahgb hilbfZevgbo
=NK + ID m kdez”e dhfihfabpecgdo MxIv afh]lm h”_j m\ZIb \f
\bfhjh> _gh€ \h~b \e”Aih\ergh ~h dhglh\hevgbojZadeV"ey fhjhab\Z
ZihfZlbggh]lh « \e~n Amehy fhjhab\Z igtehgi]h Fedjhkljmdimjgb
ZgZeea ajZade\ fhjhab\z i<"\_jrNb\ghépagvgelklpynmdjm gZ dhfih:
iZlhd sh az[_ai_gm} nhjfm\Zggy [*evr ]Jhfh]_ggh€ kljmdIimjb
ihje\gygh a dhgljhevgbfb ajZzadzfb a pmdjhf

<bkgh\dbjehkdhieqgm I_fi_jZImjm kmfer_c \fekl \bfhjh _gl
jhafejb gzZklhghd "bki_jkgbo kbkl_f fhjhab\Z fh'gZ j_]me:
aZklhkm\zZzggy dhfihabpec djhofZevgh€ iZlhdb a jeagbf ~_dkljha

Dexqh\s kefHjphab\h iZlhdZ dhfihalbbpmyZggyh \h~Z

cehZdlIb\geklv ieh”s\ Ze bjkvdh€ ne+@dRNRE[iBOFM\OLIHUD

NZIfz Feohm[ Nj_oZ =hmjgZeZhkiEn+Z EZ
Mge\_jkbl_I 1[g OZe*hmg Le<Zj_I| :e bj

<klmpbhkee”""_ggy ijh\_~_gh a fLQWivpWdgefrggh]h ijhneex 1Z
Zglb[Zdl_jeZevgh€ Zdlb\ghkle ieh”e\ Ze bjkvdbo negedh\bo iZe"
jh m 3KRHQL[GDFW\OLIHUD /

FZl _jeZeb + f_ IMé¢lkhoefeqgbc ZgZeea ydekgbo + deevdekgb:
iheen_ghees\ neZ\hgh€”e\ « Zglblyhkb¢ZgjghErbedblbgZz \h~gbo
f_1Zghevgbo _dkljzdlZo k_fb Kkhjle\ negede\ a f_Ihx hpegdb
Zdlb\ghkle ijhlb rlZfe\ 6WDSK\ORFRFFXVDXUHXV $7&& .
$7&&

J_amevlzZlib <« h[]h\INjilpoyfeqgbc kdjbgeg] \hI"Zgghoevygbfo
_dkljzdle\ ihdzZzaz\ gzZy\geklv ~_deevdho kef_ckl\ oefeggbo

dZl_oegh\elZgegb kZihgegb <+ |_ji_gh€~b \ k_fb \ZjeZglZo n-
_dkljzdle\ \by\ey} g_agZqge ydekge \e~rfegghkle a i_j_\Z]hx Kk
_dkljzdlhcmzk yd |_ji_gh€”b gZy\ge m \_ebdec deevdhkle \ f_1Z
DeevdekgZ o02ZjZdl_jbklbdzZ _dkljzdls\ ihdZazZezZ "hklh\sjgh \b!
f _1Zghevghfm _dkljzdle a “ ~h : f] _d\s\Ze_glm ]JZeh
: Ahoo fl] _d\e\Ze_glm d\_jpblbgm ] “ ~h “
~h “ f] _d\e\Ze_glm ]JZeh\h€ dbkehlb J * Ah *
d\_jpblbgm ] ~h “ ~h “ m \h~rgbo _dkljzdlZo ~»
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ihesn_ghees\ neZ\lagh€Mm\Zevgh€ ihim ghkle \e”rih\ergh Ijb ~hl
kijbcgyleb\hkle \b”e\ [ZdIl_jec ~h jeagbo _dkljzZdle\ ieh”e\ 3KF
f ITh~hf ~“bnma<€ Z]Zjh\bo k\ _j*eh\bg \bagZq_gh fZdkbfZev
egle[m\zZeggy " . “ ff ey fglddhedkljZzdlm khjilm 7DPHVUL
6 DXUHXV ¢ RIZfm ( FROL \e?ih\ergh FegefZevge egle[mxqge d

] fe "ey f_IZghevgh]lh _dkljZdIm khjlm + PLUDijhlb ( FROL
ey f_lZghevgbo _dkljzdle\ khjl+s\XFIKPH%HB QW $BEHUFRhIb 6 D>

<bkgh\hé&jZoh\mxgb \fekl iheen_ghe-\ neZ\hgh€nre\ « Zg|
Zdlb\geklv _dkljzZdle\ negedes\ fh gZ ajh[blb \bkgh\hd sh p_c
\enrfeggbf ~*_j_ehf Zglbhdkb”~Zgle\ o [ehdhgk_j\ZIe\

Dexqh\e keh¥g+Adglb[ZdIl_jeZevgbc Zglbhdkb”Zgl :e’bj

:glbhdkb”rZglge \eZklbdBkddlIZjbklddbvimekd\elgh]lh i_gb\Z a
nmgdpehgZevgbfb dhfihg_glzZfb

@b\dZ =hjzghX4+Z299Z ;0AZdZ <jZgq_\Z

Lh~hjdz 1_IjhKZ_nZg Kl_nZgh\

lgklbIml a[_je{olykls ijh~*h\hevkI\Z leh\*"b\ ;he]Zjey
Mge\_jkbl | oZjgh\bo | _ogheh]ec Ileh\~ b\ ;he]Zjey

<klmi>hke*”" _gh \ieb\ nmgdpehgZevgbo dhfihg_gle\ IhiegZf
dzZdzh e« ir hg'lghea _jgygdb gZ dheej Zglbhdkb”"Zglge I1Z nmgdpeh
[+kd\elgbo dhj e\

FZl_jeZeb « f_lhgllbhdkb~Zglgm Zdlb\geklv [*kd\elgbo dhj e\
f_Ih~"Zfb $%76 &835%& )5%$3 ¢ '33+ :gZeea ijh[ 1Zdh" \dexqZ
\eZklb\hkl_c¢c dhevhjm \ Kkbkl_fe dhevhjh\hkle &,(/ D E a
dhehjbf_IjZz

J_am@&vb « h[l]h\hj_6&&cf_grzZz Zglbhdkb”ZglgZ Zdlb\geklv kihk
\ \erkhldh\hfm ir_gbqghfm [hjhrge dhgljhev hpeg_ghfm qgh
H”r"gzZd Zglbhdkb”~zZglgz ZzZdlb\geklv g_ \by\le_gzZ f_Ih~hf '33+
Zdlb\geklv [hjhrgZz emdbdfhihjhrdm [Z i_qb\Z a emribggyf dZ
"hkee~"_gZ qhlbjfz f_Ih~Zfb "~ey jeagbo f_oZgeafe\ Zglbh
:glbhdkb”~Zglgz Zdlb\geklv nmgdp-+hgZetlvjdb b dd d Zighz hidplg § y
IZ peevgha_jgh\hlh [hjhrdZZ2gtra gjlmpegdb sh \bagZq¥&lvky &8:

ZgZeesahf kdeZeZ “ PO 7(J"'0 “ PO 7(J'0 Z a]t
ZgZee<ahf PO 7(J"'0 “ PO 7(J 'O \e”~ih\e~rgh
;ekd\el a peevgha_jgh\hlh [hjhhgdhairjgygueb fh™ _
jhaley”~"Zlbky yd nmgdpehglZav@bevijhtmdlb\gbfb Zglbhdkb~zZgl
\eZka\thyfb YkdjZ\eklv “ agZq_ggy ihdzZagbde\ dhe
e E "ey dhgljhex kdhjbgdb <klhlgh g_ \e*jeagyel
! D

[*kd\eIm a peevgha_ Jgh\h]h [hjl*gE_agwagdlbps

“ E Ihfm sh dZjhlbgh€”b « exl_€g "Zxlv ]
"h dhevhjm ydh]h gzZz~Z} [<kd\eIm p-evgha_J@H\g_he{hjgygldb-a i
Dheej k_j_~bgb ffydmrZ gZ dhgljhevghfint &jZdtmvhjp ilrkd\elm
peevgha_jgh\h]lh [hjhrgB”grhabjgygdb A]le~*gh a j _amevlZIZfb
lhiegZf[mjHh¢ 1Z dZdeadribggyf( fZz} aZlZevgm jeagbpx
dhevhje\ ydZ ihfelgZ ey ex"kvdh]h hdZz
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<bkghbd ;ekd\el a peeVvgfhdghjohghf a ir_lybgpha jgygdb fz}
_n_dlb\ge Zglbhdkb”Zglge \eZklb\hkle Dheej dhgljhevgbo ajZzZ
dhevhjm [ekd\eIm ea peevgha_jgh\h]h [hjhrgZ ir_gbpe h*gha_jg)

Dexgh\e kehlkd\el Zglbhdkb~zgl lhiegZf[mj dzdzh [
h~geh jgygdZ

Ydekge ihdZagbdb a_jgh\bo ieZkle\pe\ nmgdpehgZevghl]lh ijb

K\elezZgZ ;Z@Ztc_jmg =ZebgZ KefZo-g
Ex~fbeZj_ al@eg™a_jkvdZz GZlZedZ GZmf
GZpehgZevgbc mge\ _jkbl |1 oZjgh\bo | _ogheh]ec Db#€\

<kImiH[% jmglh\Zgh \bdhjbklZggy peevgh]lh [eheh]eqgh ZdI
aeZdh\bo dmevimj a f_lhx kl\hj_ggy nmgdpehgZevgbo oZjgh\bo

FZl_jeZeb « f_*hklee”"_gh j_pailghdbmfer_c ieZkle\pe\ ]hlh\e
ijh~mdlb gz €o<likighedZ \babgzZgmhg_Ih\bf f_Ih~hf \feklijhofZex
iheyjbf_ljbggbf f_Khirtktbjm \bagZqgZeb f_Ih~hf \bqg_jigh]lh _dkljz
osfeggh qgbklbf ]_dkZghf <fekl \elZfegmelZfejggthibgdlka gdklx
\bagZqzlb dhehjbf_Ijbggh <fekl \elZfegm K b\balniZz§zZlddhlbljbf_
Fedjh[eheh]eqge ihdZagbdb ~hkees”"m\Zgbo ajZades\ \bagZq:
ih\_jog_\h gZ Z]zZjbah\Zge ih"b\ge k_j_"h\bsZ

J_amevlZlb + h[]h\Kbagwdqg_gh \ieb\ |_fi_jZImjgh]lh j_"bf
I[jb\Zehkle oheh”ghlh dhg”bpehgm\ZgglyleaqgmZpegdgg ckipvh [Aheafeqg
I_fi_jZImjghlh j_"bfm 7~&K e« Ijb\Ze+klix dhg”bpsx\4pg@y\fekl m
a_jge* \keo \h*"hjhagbggbo \elZfegelt a[j@arzn}ldeleywdnklv IThdhn_jh
ajhklz}tmjzae\ deevdeklv jl\gliZ\teggdhxJ ZdIb\geklx a[eevrm}lvky
jZaZz

>hkee"" _gh aZe_"ge<klv hkgh\gdle m~glgdro ihdZalgbdr\ a_
ieZkle\pe\ 1Z hjl]Zghe_ilbggbo \eZklb\hkl_c "hkee*"gbo ajZadse\ ]
€0 dhfihg_glgh]lh kdezZ”~m A[eevr_ggy fZkh\h€ qgZzZkldb \e\kZz
ie"\bs_ggy \Tyadhkle dZre \gZkee"hd a[eevr_ggy \feklm ]_fep_
jhakbiqzZklekd¥®\bs_ggy fZkh\h€ qgzZkldb a_jgZ ir_gbpe ~h amf
“hjkldm kljmdImjm dZre sh ihykgx}lvky \bshx seevgeklv h[hehg
ir gbpe ihje\gygh a <grbfb kdezZ” h\bfb

Kimiegv aZ[_ai_q _ggy “h[h\h€ ihlj [b “"hjhkeh]h IgZbka& ggy

jZomghd kih b\Zggy ] ieZkle\pe\tkdeZ"Zlbjlhte db

\mle_ \R bt o0Zjgh\s \hehdgZ <jZoh\mxgb “h[h\m ihlj_[m ~hjhk
gZk_e_ggy m \elZfegZo ] ieZkle\pe\ aZ”h\hevgy} ihim[m m \
\e|Zfpe #gZ

AZ]ZevgZ deevdeklv dhehge}ml\hjx\Zevgbo h~*bgbpv f_ahn
nZdmevlzZIibyghjh[gbo fedjhhj]Zgeafs\ m k\e'bo ajZadZo kmfer_
ickey €0 a[_j°lZggy g_ i_jgdbkmh miclragy\s ]jb[b 1Z iZlh]_gg-
fedjhjl]Zgeafb \e kmlge

<bkgh\dbheh]eqggh Zdlb\h\Zg_ a_jgh aeZdh\bo dmevIimj ir_g
\e\kZ c ljblbdZe_} ~ j _ehf peggbo gmlje}gle\ te¥g kki\pp\ggy |
nmgdpehgZevgh]lh ijbagZq_ggy

Dexgh\e keBdZb\m\Zggy ir_gbpy hblbdieZkls\p-
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<ieb\ \bkhdh]h Ibkdm [Z "h~Z\Zggy caheylm kh}\h]h [+sed
\heh]lhmljbfm\Zevgm a”~ZlgekkW¥beg{ qdhlhmp@jrm

<Ze_jec KmdfFghOZg" Mgisg] E-
tKmfkvdbc gZpehgZevgbc Z]jZjgbc mge\_jkbl_I Kmfb M
+0O_gZgkvdbc egklblml gZzmdb « | _ogheh]ec Kegvkygv J_k

<klmi H[jh[dZ \bkhdbf Ibkdhf e« ~h~Z\Zggy eaheylm kh}
k\bgygh]h nZjrm fh _ ihdjZsblb ch]h ydeklv \heh]hmljbfm\Zz
I_dklmjm 1Z a[eevrblb \boe” Jhlh\h]h ijhAmdIm

FZl_jeZeb « f_AjZladb nZjrm feklbeb ]Kf ykZ k\bgbghb ]
Imrdh\h€ k\bgbghb ] \h~b laD&dh) Zlathd K] “h”rZIdh\h feklb\ ] eah
kh}\h]lh [eedZ apZahdkhd\h]lh [eedh\h]h eaheylm Kbjbc
iZzdm\zZeb drimMizhf ¢« h[jh[eyeb Ibkdhf FI1Z ijhly]lHf Ko\ ijb
<bfejx\Zggy j_eZdkzZpe€ YFJ gbavdh]h ihey ijh\ahpbeébf ale"g
efimevkgh]lh2yZErsaZ2lbh X D J

J_amevlZlb « h[]lh\Xisdhgyhje\gadbajZzadlhfhdZagbd \boh”m
ijh mdIim jZada <« & agZggh a[eevrb\ky ?fmevéiedygZnesqgy»\
ihdjZsbezZky ijb Ibkdm FIZ sh a[eevrbeh \h*hmljbfm\Zevgm
kh}\h]lh [¢edZ |Ijb pvhfm ihdZagbdb I\_j~hkle ijm ghkle dh]_c
ajZade\ K 1Z K agZedkkya[enbgyldhf ihdZagbdZ ijm ghkle \ ¢
Ydsh ihje\gylb ae a&ZaidhifZagbdb I[\_jrhkle ijm ghkle dh]_
jha’h\m\Zghkle m ajZadm K agZqgh a[*evrbebky H[jh[dZ ijh~n
FIZ kijbgbgy} ~_gZlmjZpex * Z[h Z1h[FZpm¥ [clejdZnmbdpehgZev
\eZklb\hkle <bdhjbklZggy YFJ m keZ[dhfm ihee ~Zeh afh]n
0ZjzZdl_jgbo ]jZzgbqggbo kie\\e~*ghr_ggy \bjh[e\ ijb]Jhlh\Zgbo a
<bjh[b \blhlh\e_ge+ a k\bgyghlh nZjrm a \feklhf jeagh€ deevdl
[+edZz fZeb seevgm dhgkbkl gpex g_j a afegb [¢edZ ydbc r\b"™
\h~b yde j_eZdkmxlv ih\eevgh 8fimeMmhmxgd agZggh ihdjZsbeZky
Ibkdm FIz az\"ydb afegzZf jhagqbgghkle [eedZ Je*jhnh[ghKkl
\eevghkmevn]erjbevgh€ Jjmib « \lhjbggh€ kljmdIimjb

<bkgh\dkieb\ dhf[egZpe€ \bkhdh]h Ibkdm < jeagh]h \feklm
[*edZ gZ ]_e_\e \ezZklb\hkle \bjh[e\ ijb]hlh\Zgbo a k\bgygh]h
\enrfegghkle Ydsh ihje\gylb ae ajZakdht K dBjapglajdbam\Zebky [
\bkhdbf \boh”~hf ijhAmdIm <« "hjkldeklix peeskgeklx & fZA ' h\m\Zg
djZsm \h*hmljbfm\Zevgm a~Zlgeklv « dhgkbkl_gpex

Dexgh\e kelh\Zd e+aheyl khy [¢eehd \heh]hmljbfm\Zggy |_

<bagZg_bdgyegm a[_jelZggy fZjbgh\Zgh]lh dhig_gh]h fhjkvdh]t
mfh\Zo hoheh” _ggy

ljnZg D_kdeg ;ZcjzZf Dhkl_dee :ke} ?x[h]em
Kbghikvdbc mge\_jkbl_|I Lmj_qgqqbgZz

<klmi >ey "hkee”""_ggy ydhkle azZ hjljZghe_ilbqgbfb oef

fedjh[eheh]eqgbfb ihdZagbdzZfb « |_jfege\ a[_jelZggy [meb ie"]t
fZjbgz~b a\bogZdbbe gbc a fhjkvdbf hdmg_f
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FZI_jezZeb « f_Z sh ihklZqz}lvky a zZd\Zdmevhmggh]lh a:
"hklz\e_gzZ \ eZ[hjZlhjex aZ mfh\ oheh”gh]lh a[_j*]l]Zggy * hqgb
]Jimim JjmizZz : a\bgZcgZ \\h~beb \ fZjbgh\Zgbc jhaqbg kie\
jhaqhg kibjlh\hlh hplm khee o ebfhggh€ dbkehl
Age\ N§mpec Jjmie ]jmiZ < dhig_gZ jb[m dhilbeb + ih\eljy hol
|_fi_jZIlmjb gzZ\dhebrgvh]h k_j_"h\bsz M fZjbgz”~e oheh”
kie\\eAghr_ggy jb[Zx jhagbg kibjlh\h]h hplm khee 12
ebfhggh€ dbkehlb agZoh”behbks ijhly]hf

J_amevlZlb « h[]h\AZ gggmevIZIZfb oefeqgbo ZgZeesas\ [me|
agZqgq_ggy 27T %% PJO'$ NJ m kbjh\bge M degpe* "hkee”" ggy
kdezZeZ ! PJO'$S NJ mc]fjrkiypv - “ PJO'S NJ m ]Jjmis

c fekyp AZ j_amevlzlizZfb fedjh[eheh]eqgbo ZgZeesae\ deevdekly

“ &)8 J m kbjh\bge Ze_ aZ]ZevgZ deevdeklv [Zd]l_jec « 7]
f_grhx &)8 J ijhly]hf i_jeh m a[_jelZggy M ijhp_ke ~hkes’
dheenhjfb ;=D de _dby ZgZeeam Ifylv ~hk\erq_gbo _dki_jl
hjlZghe _ilbgge ihdZagbdb ijh"mdpe€ dheej azZiZo |_dkimjm
hljbfzeb \bkhde hpegdb gZ ihqZldm Ze_ ]jmiZ : hhjdtkg@gegbav
al_jelZggy Z ]jmiZ < fZeZ gmafwdkyfgZeb\lgZlbeZ ydeklv

<bkgh\hd j_amevlZle fZjbgzZ” dhigq_ghlh fhjkvdh]h hdmgy [m\
ge a\bgZcgbc ~h Ih]h °~ 1_jfeg a[_j*]l]Zggy fZjbgZ"m dhiq_gh]h
Ah\rbf ge¢ al\bqgqZcghlh

Dexgh\e kethjkvdbc hdmgv ddveilgvgd¥jbgm\izZggy

<bdhjbklZggy debghilbeheelm Zdlb\gh]h \m]eeey IZ Jejkvdh]h
| ogheh]+€ i**]hlh\db \h”b "ey i**"\bs_ggy [*heh]eqgh€ pegghkl

Hev]Z >mexdliZee+c ljb[bevkiNdbeZzgZ Heecgbd
'gZlheec DiMgKkZgZ &keljy
+GZpehgZevgbc mge\_jkbl | oZjgh\bo | _ogheh]ec Db#€\
tDb€\kvdbc gZpehgZevgbcdithghtyggbghmge\_jkbl_| Db€\ Md]

<klmkbagzZqg_gh \ieb\ ie~]hlh\e_gh€ azZ ~hihfh]l]hx debghilbe
djbrizex 1Z ZdIib\gh]JAh'mhjijeey*gh€ iblgh€ \h~b gZ \elZfeggbc kd
e d\Zkm

FZl _jeZeb « f_IbgZReam\Zeb d\Zk ydbc hljbfm\Zeb reyohf n
d\Zkgh]h kmkeZ gZ “blgec hkgh\e "je 2" Zfb 6DFFKDKMRE®A\FHV
j_gh\bgb \bagZqzZeb Zj_hf_Iljbgdbkl f\edllz¥age\\ aZz a”Zlgeklx 1_
dmevimj jhklb azZ gZy\ghkle i_\gbo \elZfege\ LeZfeg 1Z jbI[F
nemhjhf_ljbggbf f_Ilh~hf

J_amevlZlb « h[]hWhjiedylylh\e_gec \h”e \fekl aZ]Zevgh]lh aZe-

f] "f aZlZevgZ “hikldekhev ~fi_jfZg]ZgZlgZ hdbkgx\Zgeklv
f] H~f 0Ozjzdl_j [jh**ggy [m\ koh bf ~ey h[ho ajZade\ |Ijb p
I[jb\Zeeklv [jh*eggy “hkee~rgh]h ajZadZ [meh gtzykgx}fvilyhx
agb’ _ggyf deevdhkle \elZfege\ m \boe~rghfm ekdik &R bF kgnljlZehvghb
\ieb\Z\ gZ \fekl \elZfege\ m \boerghfm IZ a[jh”*"_ghfm kmkes+ « d\
[eZfegm ¢ jb[hneZ\egm m "hkee”"gbo ajZadZo a[sevrm\Z\ky \ k_j
nhee}\h€ dbkehlb m jZa*\ sh fh'gzZ ihykgblb/rghmi\thjagggtm dt
g_jhagbggbo m \h”e dhfie_dke\ a "\h\Ze_glgbfb f_IZeZfb
fh~_evgbo jhaqbge\ *a ihdZagbdhf azZ]Zevgh&fsk|klldifklpm \ffhe
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a[jh”"" _ghfm kmke+s agbab\ky \ jZazZz ydsh ihje\gylb ea kmket
\MmMe >ey aZ[_ai_qgq_ggy \bkhdh]h \feklm \elZfege\ m d\Zke ahdj_:
IZ nhee}\h€ dbkehlb I_ogheh]eqgZ \h"Z ih\bggZ fZlb aZ]Zevgm
ffhev "¢ g_ feklblb ehge\ aZecaz

<bkgh\dkbdhjbklZggy i**]hlh\e_gh€ M}"l[e&r aggy \feklm
\elZfege\ m d\Zke |Z hljbfZggy ijh*mdIim e<a ijbcgylgbf “ey ne
hjlZgeafm ex”bgb kie\\erghr_ggyf

Dexqgh\e kebhZzZ \h~hie~]hlh\dZ kmkeh d\Zk \e|lZfeg

<bagzZqg_ggy izZjzZf_lje\ kdrki_jZpe€ | _ieh\bo ihl_gpeZee\ ihlhd:
]ZahiZjh\bo kmfer_c

He dkzg”j R_\g_gdh :gZlheec Khdhe_gdh He_ ] KlI_iz

GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<klmKIZIly klhkm}lvky \bagZqg_ggy kie\\e~ghr_ag\wp-e+2Z0e+\| nhbqg
fzkh\bo ihlhdZo ]Zah\bo <« iZjh]l]Zah\bo kbkI_f €0 afeg m
i_j_I\hj_ggyo » fheb\hkl_c j_]_g_jZp-+€

FZl_jeZeb « f_llhhh_Ibgg_ n_ghf_gheh]eqg_ ~hke<""_gg
|_jfh~rbgzZfedb fZl_jeZevgbo  _g_j]_I|kbaggha HiZze¢gkle\c | X
kbkl_f ea j_dmi_jZpe}x |I_ieh\h€ _g_j]*€

J_amevlzZzlib « h[]h\WKidgag¥\Zggy \oe"*gbo ]Zah\bo ihlhde\
\bdhjbklh\mxlvky yd i_jrh”" j eZ oefeqgbo g _j]l Ibqggbo
i_j_I\hj_ggyf m I_ieh\m _g_jlex kmijh\h"gZxlwKkyge \I1]4Ehfllb
dhg”_gkZpe+€ mi\hj_gh€ iZjh\h€ nZab 1Zjh]Zah\e kmfere ]_g._
kmreggy Z_jZpe+€ a_jgh\bo fZkb\e\ azZ ijhjhsm\zZggy \ kbkl_fZ
[jhreggy azZ Z_jZpe+€ ijhfbkeh\bo klhde\ Ihsh

I _j_[*] 1Zdbo ijhp_ke\ \e/a\iZ}jfhkygZfeqgbo iZjzZf_lje\ vyd-
\eNih\erZxlv ZgZeh]eqgbf o0zZjzdl_jbklbdzf gzZ\dhebrgvh]h Kk
kmijh\h~*"m}lvky _g_j]l_Ibggbfb \ljZIZfb gZ je\gyo jeagbpes €0g-
Ilhgqdb ahjm \Z eb\hx kdeZ”h\hx 1Zdbo ]ZahiZjh\bodpkynfitr*lx } iz
hkdeevdb \hgZ g_k_ \ kh[e |_ieh\bc ihl_gpeZe iZjhmlI\hj_ggy

M klZlle \bagZqg_gh kie\\e*ghr_ggy iZjzZf_Ilje\ fZl_jeZevgbo -«
afflykh\zgh sh _g_j]_Ibggbc ihl_gpeZe dhg”_gkZpe+€ iZjh\h€ nZ
]Za+\ [ebavdbcaodivh€ € iehl\hjgh€ a~Zlghkle

<bdhgZgh hpegdm i_jki_dIb\ aZklhkm\zZggy |_ieh\bo Ijm[ m |
|_ieh\bo ihlhde\ aZ jZomghd kl\hj_ggy azfdgmlbo _g_j]l_Ibggb
fh eb\eklv ih}*gZggy gbfb |_iehh[feggbo ih\_johgwZaghyeh” g
I_ieh\bfb [Ijm[ZfDb az ydh]h ~hkyl]zxlvky h~*gzZdh\e ihdZagl
\biZzjh\m\Zggy * dhg”_gkZp+€ ijhfe'gbo |I_ieh\bo Z]_gle\ gzZ\_~
iZjzf_Iljb hklZggeo a lhqdb ahjm fh eb\hkle €0 aZklhkm\Zggy \ |

<bkgh\db_iem\Ijm[b \ aZzZijhihgh\Zgbo kbkl_fZo ~Zxlv afh]n
hrgzZdh\bo ihdzZagbde\ |_fi_jZImj \biZzjh\m\Zggy 1Z dhg”_gkZp-
gZy\geklv yd i_j_I\hjx\Zqge\ Ibkde\ dhfij_khje\ o ~ |Zg"™_je\ i_j_|
ehdZevge I_ieh\s gZkhkb

Dexgh\e kep\@mi_jZpey | _ieh\bc ihl_gpeZe |_ieh\bc gZkhk

y gZ h
bgl

gl_al
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Fh~ _ex\Zggy j_"bfe\ ih]ejr_ggy | _ieh\errZqge ie”" gqZk dhgp_gl]j
jhagbge\ m ijhfbkeh\bo ies\dh\bo \biZjgbo Zizjzlzo

<Ze _glbg | _1j_gdh Yjhkez\ AZky~vdh Fbdr
GZpehgZevgbc mge\_jkbll_dgrzsr\doDb€\ MdjZz€gz

<klImilh]ejr_ggy |I_ieh\errZqge ie” gqZk dhgp_gljm\Zggy ]mk
jhagbge\ m iee\dh\bo \biZjgbo ZizZjzlZo \eA"[m\Z}Ivky [_a ml\
ihjmr_ggy peeskghkle iee\db

ODI_jeZeb . f_IhNbabgg_ fh~r_ex\Zggy |_ieh]e”*jh~"bgZf
0Zjzdl_jbklbd deevp_\bo gbaoe~gbo iZjhje*bggbo ihlhde\ \bk
pmdjh\bo jhagbge\ \bdhgZgh \ Ijm[s "h\"bghx f ~«Zf_|jhf ff
Neeyghd “ey ~bkdj _Igh]lh \bfejx\Zggy | _iehghjhpidlhbdagbdmgpr
I_fi_jZImjb klegdb Ijm[b

J_amevlzZlib « h[]h\BElg§xlbgg_ fh~_ex\Zggy dhgp_gljZpecc
I_fi_jZIlmjghlh ihee\ m kledZxgec iee\pe Imklh]l]h pmdjh\h]h
\biZzjh\m\Zggy 9gZ hkgh\e je\gygv dhg\_dlb\gh€ d'bkimaa€ 1Z
iZjZ[heeqgbf ijhnee_f r\b~rdhkle \ iee\pe ihdZam} sh
_dki_jbf_glZzevgbf ~Zgbf sh”h |_fim izZ”~eggy |_ieh\h]h ih
\biZzjh\m\Zevgh]l]h dzZgZem fzZ} fekp_ ebr_ azZz mfh\b \jZom\zZ
i j _ferm\Zggy iee\db \_ebdbfb e\b\a&fbb gZibf ih]ejr_ggy
|_ieh\ernrZqge gZznZ}Ivky yd \azZ}fh”ey pbdeeqgbo ijhp_ke\ gZjhk
fe'nZagec ih\_joge a \e"ih\e~rgbf ajhklzggyf I|_fi_jZImjgh€ ~
fe'o\bevh\h€ iZmab 1Z i_jeh”"bqggbf \bje\gx\Zggyf dhigp_gljZp
mihjy*dh\Zgh€ kljmdImjb iee\db i*® qgZk ijhoh” _ggy \_ebdh:
:gZee<lbqge* \bjZab ~ey jhajZomgdm ijhp_ke\ ajhklZggy fe ' nZa
iZ"eggy |_ieh\h]lh ihlhdm gzZ~Zxlvky \ f_"Zo o\bevh\h]h pbde
jha\bldm djbah\h]h liziedgdh]h ihlhdm \a”“h\" mkvh]h dZgZem a
"bkdj_Igh a djhdhf sh \eAih\e~Z} ~h\'bge \_ebdbo o\bev

?dki_jbf_glZzevgh g_ \byle_gh djbah\h€ kljb[dhih”e[gh€ a
ihlhdm ih ~h\bge Ijm[b Z ebr_ ijbr\b”Ar_ggy I_fim iZ"eggy
dhgp _gljZpe€ \o7 e \bs_ QbkeZ ljZg~ley ategxiZeBkvbpgdf "Zo
I[jm[b \ ijhp_kes iZ”eggy |_ieh\h]h ihlhdm J_dhf_g~h\Zge Kki-
jhajZzomgdm dh_nepe}glZ |_ieh\erZge "dekdgtzZm ™= Ziddligle
fZkh\h€ gh&Ve ajhr_ggy GZc[eevr_ \e"obe_ggy jhajZoh\Zg
hljbfzgbo _dki_jbf_glZevgh kdez”~Z} gZ [cevr_

<bkgh\HFch”~_ev i_jeh~bggh]h jmcgm\zZggy ih\_jog_\h]lh ijhrz
gZ™"\bkhdhx dhgp_gljZpe}x \_ebdbfb o\beyfb Z~_d\ZIigh \e~/t
ihlejr_ggy I_ieh\e~rrZqge ~h Imklbo ie*\hd

Dexgh\e ket®dAdZz \biZjh\m\zZggy | _iehh[feg dhgp_gljm\Zgg
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Fh~_ex\Zggy ]**jh~*bgZfeqgbo mfh\ ijb h[jh[e_gge* je*dbo Kkl
agZdhafeggbfb «fimevkZfb Ibkdm
ljbgZ >m[h\dhgEk >Z\b"_gdjthgedZjleol
t1gklblml I_ogeqgh€ | _iehneabdb GZpehgZevgh€ ZdZ"_fe€
Db€\ Mdjz€gZ
+L _ogeqgbc mge\_jkbl_ | <enrgy <e”r gv :\kljey

<kIlmiF _Ihx pe}€ gZmdh\h€ klZIlle } ~hkee"" _ggy \ieb\m
agZdhafeggbo efimevke\ Ibkdm i gZk h[jh[e_ggy je*dbo kbkl_
gbk_evghlh fh~_ex\Zggy

FZI_jeZeb <« f_ldbdhjbklhim\Zzebkv f_Ih~b [Ijb\bfejgh]lh hJ[¥
iZjzZf_ljbggh]lh efohZipfh”_ex\Zggy |1Z \eamZeeazZp+€ fZI_fZIlbqgg.
mfh\ yde \bgbdzZxlv \ jh[hgec qkkEwkZphdgpph ZiZjZle\ ie" o0
h[jh[e_ggy je*dbo kbkl_f 2?dki_jbf_glZevge "hke<”"_ggy h"_j Z
jerdbo ajzZade\ ijh\h”"bebkv a VhdhgbkhZglgpfigh]h ezZ[hjZlhjgh
\bfejx\Zevgh]h h[eZz”gZggy

J_amevlZlb « h[]h\lZphre _gh sh \ _hedvoggmgbe agZqg_gv Ibkd
m ahge ijhoh”" _ggy jh[hgbo hjidgvkzjpmibghhh ZizZjzlZ \h~ gk
jhagbgzfb klZzgh\ewlash\gergvh€ igmljeggvh]lh jalh}Zz ~h
dlZ [eey ah\gergvh€ ih\_fbode klZHhjZ d1Z [eey \gmljergvh€ ih\_]j
kKlIZIhjAen Ah dlzZz [eey \gmljergvh€ ih\_joge ahudg\ergvh]lh jhl

"h dlZ 1jb hklZgg+o agZq_plgky ®haggZg\Zydec fh _ aZ i_\gbo
j_Zesah\m\Zlbkv dzZ\elZpey |1Z Z"eZ[ZIbgg_ aZdbizZggy I*" qZ
\h~rgbo jhagbge\ Z 1zdh" ijhp_km aferm\Zggy \h”"gbo jha
]**jh~"bgZfeqgbo hkpbeypec Z kZf_  agZdhafeggbgbefafmgtake\ |
Ibkdm ozZjzdl_jba@amxIvkyN3D [sey ah\gergvh€ ih\_joge \gmljergvt
aJ N3D [sey ah\gergvh€ ihtiJjoge WNZDhjZey \gmljergvh€ ih\_]j
klzlhjad N3D [sey \gmljergvh€ ih\_joge ah\gergvh]h jhlhjZz

ljb ijh\_~_gge gbk_evgh]lh _dki_jbf_glm \jZoh\m\Zebkv d
]_hf_ljbgge iZjzf_Iljb ijmEhjghpecgbo Zizjzle\ GZc[eevrh]lh a
\_ebgbgzZ r\brdhkle akm\m ihlhdm gZ[m\Z} ijb deevp_\bo dhzdl
fdf AZ j_amevlZIZfb jHaj&l migidrgh\le _gh sh gZc[eevre gZijm _g
\bgbdzZxlv m JI: a deevp_\bfb dhZdkeZevgbfb aZzahjzfb fdf

;meb h[jZoh\Zge ihey Ibkde\ sh \bgbdzZxlv ijb jha”eev
dhfihg_gle\ ~h jh[hgh€ ahgb JI: yde gZ~Zxlv fh eb\eklv \ieb\ZI|
oefeqgbo iZjZf_lje\ jerdbo kbkl_f

<bkgh\dkbagZq _g¢ \_ebqgbgb afegb Ibkdm \ jh[hqgec dZf
imevkZgh]lh ZizZjz1Z ijb ijhoh””_gge kbxIhjdh@ihlhhdhjbklZggy
pbo \_ebgbg ~Z} afhlm h”_j m\Zlb je~bgb a g_h[o=fglpftbflmaz"Zg
iZzjzf_ljzfb 1Z d_jm\ZIlb pbf ijhp_khf

Dexgh\e ketiZZ Ibkd J]e*jh"bgzZfeqgbc <filmevk agzZdhafegg
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Fhr_ex\Zggy ijhp_km azZferm\Zggy ~je " h\h]h Il<klZ dmeZqgdh\b
_e_f_glzfb

<elZeec JZgheéh” bfbj L_eb/qfnuggc RI_nZg
Xeey L_ebqdhggdz >Zfygh\Z
+GZpehgZevgbc mge\_jkbl_ | oZjgh\bdMdjs§h2h]ec Db€\
Jmk_gkvdbc mge\_jkbl_| ©:g]_e DZgq_\2 neeey JZaljzZ"

<klmi Knhjfmevh\zgh fzl_fZlbggm fh”_ev [Z ijh\_"~_gh
fh~r_ex\Zggy ijhp_km azZferm\Zggy *je ~"h\h]h I<klZ dmeZqd
_e_f_glzfb

FZI_jeZeb « f_I1B%b _|Zie nhjfm\Zggy azZ”*Zqes aZ"Zxlvky mfh\
\azZ}fhne€ fZl _jeZem a jh[hqgbfb _e_f_glzZfb 1Z dzZf_jhx aZfer
agzZq_ggy kljnfdbZjgperggbo o0zZjzdl_jbklbd leklZ 1" gZk fh"_ex\Z
azZferm\Zggy afegx\Zeb dml jhalzvmihzgeyfdol&gzZydh f ~h f

J_amevlzlb <« h[]h\hJhgphy[e_gZ ko_fz fzIl_fzlbqgh]h fh”"_e
ijhp_km azZferm\Zggy ~je ~"h\h]h leklZ \ I<klhfekbevgec fZrbge [.
hkgh\e j_amevlZle\ ofelZpecgh]lh fh”"_ex\Zggy ijhp_kfb azZferm
jh[hgbfb _e_f_glzZfb hljbfZgh jhaih”ee_ggy gZijm _ggy akm
Aje A h\h]lh leklZ \ jh[hqgec dZf_je Ae a[eevr_ggyf dmlZ jhalZrr

f dmezZqdh\h]h _e_f_glZ gZ \Zem \e"[m\Z}Ivky i**\bs_ggy
GZc[*evre ihdZaigimdbgg¥ akm\m \e*"[m\ZxIvky \ ahge aZqg_ie_gg
jh[hgbo _e_f_gle\ 1Z \ ahge dhglZdim dmeZqgdes\ ae klegdZfb dh
kyl]zZxlv I1Z 1h j_rle dZf_jb aZferm\Zggy gZijm _ggy akm\n

Iz Jhaih”ee_ggy “bkmiiZpsk VhaZzidbgzZo jh[hgh€ dZf_jb \e"[i
mi\hj_ggy I_ieZ \ h[eZkle |_q+*€ Ae a[eevr_ggyf dmlZ jhalZrm\Z
dmezZqgdh\h]h _e_f_glzZ \eA"[m\Z}Ivky ihkImih\_ ie"\bs_ggy |_fi_
azZferm\Zggy \ ahge iZjb dmezZqadsx *_hi\hj]hinmiklZ a[sevrm}iv]
fZc'_ gZ fK <jZoh\mxgb sh i_j_” ihqzldhf fh"_ex\Zggy ihqZzl
kyl]zez W fK Z iekey azZ\_jr_ggy ijhp_km azZferm\Zggy g_
iZjZf_ljb leklhlJhlm\zZggy “hljbfzge GZc[eevr_ \bPevkyggy |_ie:
Neeygpe aZq_ie_ggy dmezZqdh\bo jh[hgbo _e f gle\

J_amevlZlb fZzl_fZlbgghlh fhr_ex\Zggy ieM\_jrT_ge
_dki_jbf_glzfb gZ "~hkee~gec leklhfekbevgec fZrbge [_ai_j_j\gl
f_"Zo

<bkgh\dAdZijhihgh\ZgZ ko_fzZ fh”_ebh\jdgghhkKe}* an\Zlb ijhp_Kk
aZferm\Zggy "j* ~"h\h]h I+sklZ azZ jeagbo |_oghtihbf@gbo iZjZ
j_amevlZlb azZ[_ai_qmxlv \boe"ge "Zge ey \b[hjm jZpehgZevg
aZferm\Zggy “je " h\h]h leklZ dmeZqgdh\bfb jh[hgbfb _e_f_glZfb

Dexgh\e kAR _ex\Zg@ghferm\Zggy Ileklh dmeZqdb efelZpey
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1 1

<ieb\ \bljZl gZ kljZom\Zggy gZ dhgdmj_glhkijhfh geklv ie”ijk
0Zjgh\h€ ijhfbkeh\hkle \ dhgl_dkle [_ai_db ijh~h\hevgh]h j

EZ"Z Rejegyg FboZceh :jbc
GZpehgZewvgdc jkbl | oZjgh\bo | _ogheh]ec Db€\ MdjZ€¢

<kImiF_Ihx klzIlle } ZgZeea \bljzZl gZ kljZom\Zggy |1Z ~hkee”
l_g”_gp- c hkh[eb\hkl_c « \ieb\m \bljZIl gZ kljZom\Zggy gZ dhg
|-"|jb}fkl\ oZjgh\h€ ijhfbkeh\hkle \ dibgijhd¥iehjevagih]h jbgdm

FzZI_jeZeb <« f_lb2hj_Ibggbf h[%jmglm\Zggyf klZIlle [m\ ¢
eel_jZImjgbc hley” ijh[e_f \bljZl gZ kljZom\Zggy [_ai_db gZ ij
I1Z dhgdmj_glhkijhfh ghkle <bdhjbklZgh f_Ilh”b ihje\gyggy klZ
NZgbdkbkl_fZlbazZpey maZzZ]Zevg_ggy IZ ihje\gyggy ihdZagbde\ g
j_glz[_evghkle _n_dlb\ghkle \bljZl gZ kljZom\Zggy Z 1Zdh"
j_li_kecgh]lh ZgZeeam IZ ch]h ihdZagbdb

J_amevlZlb « h[]h\vhhkggy m\Zges i«"ijb}fRINE gBfgkeh\hkle
g_ ihjmrmxlv ghjfb gbggh]h Zglbfhghihevgh]lh aZzdhgh”Z\klI\Z N
agzZq_ggy \keo Ijvho \b”e\ j glZ[_evghkle [meb oZjzZdl_jges "¢
Mdjz€gz@ <bagZqg_gh |_fib afegb \bljZl gZ kljZom\Zggy "ey
ie”ijb}KI\ oZjgh\h€ ijhfbkeh\hkle J amevlZlb ihdZamxlv rbjhdb
pbo ihdZagbde\ aZjhdb \e~ I:L ©>Lf fZjhqgbo dhgvydL\ ©LZ\
Nh I:L ©lheh]e\kvdbc heecgh_dkljZdpecgbc az\h"?2
"hkee”" ggy \klZgh\gZg[rewtzZz qZkldZ \bljZl aZnedkh\ZgZ m
I:L ©lheh]s\kvdbc heecgh_dkljZdmZgb\g-az\h”2 HI _ \bljZlb gZ
kljZzom\zZggy g_kmll}\h afegxxlv \bljZlb « \e~ih\ergh ihfejgtlt
nhjfm\zZggy ijb[mlidm is?ijb}fkI\ oZjdhW¥i€ ijhfbke

GZmdh\bc ZgZeesa k\e~qblv ijh ijyfm ijhihjpecgm aZe_"g-
\bljz1Zfb gZ kljZom\Zggy "ey |:L ©DZjek[_j] MdjZz€gzZz2® h[_jg_
fe' 526 <« \bljZlZfb gZ kljZom\Zggy "ey I:L ©H[hehgv?® =« |Ij
dhg”bl_jkvdZ nZ[jbdzZ ©Jhr_g?@

Dhj _eypecdh kecgbc ZgZeea ihdZagbde\ | glZ[_evghkle |
kljZom\zZggy "ey i*"ijb}fkl\ o0Zjgh\h€ ijhfbkehlekldb iHf¥am}
dh_nepe}lglb ~ | _jfrg%pr€rxlv agZqg_ggyf j_lj_kecgh€ fh™ _es ¢
ydhkle U 52( I:L ©peX[_j] Mdjz€gz2 8R26 |:L ©H[hehgv?

U 526 lj:L ©Db€\kvdZ dhg”bl_ kadZ nZ[jbdz ©Jhr_g?2 F
ijhfe hd U egl_j\Zes dh_nepe}glzZz ~_|_jfegZpe£€ aZn-dkh\Zg-
\biZzr"dZo \ f_"Zo \e” fegefZevgh]h a’gequ_llgj@zaEQZbG:l\Ey I:L
©lheh]s\kvdbc heecgh_dkljZdpecgbc azZz\h”2 ~h f&@yl kb Zeawghdh U
52("ey |I:L ©Db€\oe-[?

<bkgh\dbe+ihl_az ijh <kgm\Zggy aZe_"ghkle f¢° dhgdmj_glh
IOl 1Z qzZklbghx ]Jjhr_c sh \b”eey}lvkyom@dggy fkljZz fZlb
i \_jr _ggy ebr_ ~ey 10l a \bkhdhx _n_dIlb\geklx \_~_ggy [*ag

Dexqgh\e keh\KljZom\Zggy \bljZlb o0Zjgh\z ijhfbkeh!
dhgdmj_glhkijhfh geklv
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<aZl}fhal\fyahd ydekgh]h ¢« deevdekgh]h je\ge\ "hkimighkle 1Z
oZjgm\Zgjby\bagZq _gge je\gy ijh~*h\hevgh€ [_ai_db

) GZlZesy Khehff¥pxagZz N_"mele\ZyZ >jZ]Zg
) OGZpehgZevgbc mge\_jkbl_| oZjgbblEd IMagB€hFec
ODb€\kvdbc gZpehgZevgbcdlthghtyggbghmge\_jkbl_| Db€\ Md]

<klmi>ey ydekgh]lh ¢ ih\ghpeggh]lh ZgZeesam ijh~h\hevgh€ |
gZ[*j ihdZagbde\ yde azZ[_ai_gmxlv ydekgbc <« deevdekgbc i
ijh~h\hevgh€ ~hkimighkle 1Z “hklZIghkle

FZl_jeZeb « f_H[MBdlIhf "hkee"Zgheda ijh *h\hevgtb€ IZ ai
eg”"bdzlhjb ijh~"h\hevgh€ ~"hklimighkle ¢ ~2hklZlghkle azZ "hi
a“sckgx}lvky < ijhp_ke “~hkee<”""_ggy \bdhjbklh\m\Zebkv f_Ih
ZgZeeam \ gZklbge ih[m~h\b [j_g”e\ iblhfh€ \Z]b \bljzl gz ijh’
kmdmigbo \bljzZIiZdkfZzjklI\ aZz jhdb ea \bagZq_ggyf ch]
ZgZee<lbgghlh je\gyggy c¢ \Zjlhkle h”bgbpe _g_j]*€ ~h[h\h]h jZ
kih b\gbo peg \ MdjZ€g-

J_amevlzZlb « h[]lh\®jeywdyegdb neabggh€ ~“hkimighkle \bdhjb
ghjfb \_jogvh€ f_"lmZeXghih Z[h hilbfZevgh]h oZjgm\Zggy
fegefZevghlh ijh~rh\hevgh]h kih b\Zggy dZehjecgeklv 0Zjgh\h]
\erkhlhd aZzZ[_ai_q_ggy dZehjecghkle ~h[h\h]h jZpehgm az |
ijh~mdle\ I\Zjbggh]h ihoh”” ggy >ey hpegrilghldkghss ggh$ “chiglz
ijh~mdlb oZjgm\zZggy iblhfz \zZ]1Z \bljzZIl gZ ijh*mdlb oZjgm\Zggy
Ahfhlhkih~cZjkl\  dh_nepe}lglb ~“bn_j_gpe*Zp+*€ oZjgm\Zggy aZ Kk
<hgb g_ \¢*h[jZ Zxlv ih\ghx fejhx klZg ijh~h\hevgh@dbhklimigt
ijh~h\hevgh€ ~hkIimighkle ijhihgm}livky \bdhjbklh\m\ZIlb ihdZe
kijhfh ghkle ddZe ydbc \bagZqZ}Ivky yd \e~*ghr_ggy deevdhkle
jZpehgm ozZjgm\Zggy k_j_~gvhklzlbklbggh]l]h mdjz€gpy “h ibl
oZjgm\zZggW évaghfm h[kyae kmdmigbo \bljZl “hfh]lhkih”*ZjkI\ -« \
_0_jl*€ “h[h\h]h jZpehgm 0Zjgm\Zggy <a ihje\gyggyf a «g”_dk¥F
ijh\_~_ge* jhajZomgdb ihdZaZeb sh \ MdjZ€ges m jhpe gZ \
\ [x~"_le kmdmigblo™Mbflp]hkihrZjkI\ ijbiz~Zeh ddZe msh jhpe
kdeznz} \eN jelgy jhdm HI°_  ~hklimigeklv 0oZjgm\Zg
ihdjZsbezky ihje\gygh -«a jhdhf LZdh® ~hkes""m\Zebkyv
\Zjlhkle Ibk ddZe xyde mm jhdZo \bi_j_~"Zeb I_fib ajhklZg
kih“b\gbo peg P_ } k\e*q_ggyf Ilh]h sh \ pei_jeh”b ijh*h\hevgm
g_ pegZ Z je\_gv “hoh”e\ hkh[eb\h \ qZklbge \bljZl gZ oZjgr

<bkgh\dibhfie_dkg_\bdhjbklZggy pbo ihdZagbdeh\gHEkIv afh
hpegblb je\_gv ijh*h\hevgh€ “hklmighkle gZk_e_ggy < jhajhl[k
aZih[e]l]Zggy \by\e _gbo aZ]jha

Dexgh\e ketiZh\hevkl\h [_ai_dZ ~hklmigeklv ~hklZIgeklv

FFFBNUDLQLDQ )RRG -RRDPK ,VVXH-F



JJI$SEVWUIDIBWV

Dhfie_dkgbc ZgZeea _n_dlb\ghkle 0Zjgh\h€ ijh"mdp+€ a \bd
gZghqzZklbghd oZjgh\h€ ~h[Z\db gZ hkgHjb\lZekpNg\hthhaZe+aZ
3FZ]lg_lhnm~n’

ljbgZ PbozZghkndhjey /\eHde _gZ Djm]lehhggZ /\eZr
tMdjZ€gkvdZ «gi_fZjohrqgZz Zdz~_fey OZjde\ MdjZ€g
+0Zjde\kvdbc ~_jmA\dbgkbl_| 0Zjgm\Zggy IZ lhj]Je\es OZj
MdjzZz€gZ

<klmkijh\Z~" _ggy gZghl_ogheh]ec m \bjh[gbpl\h oZjgh\h€ ijt
ea qbggbde\ aZ[_ai_q_ggy klecdbo dhgdmj_glgbo i j \Z] i™ijb]
lj_~klz\e_gh dhfie_dkgbc ZgZebAghkbgdh\h€_odlZjgh\h€ ijh*md
\bdhjbklzggyf gzZghghqzZklbghd ozZjgh\h€ 2h[Z\db dZ hkgh\s
ljb\Ze glghlh aZzecazZz ©FZ]g_Ihnm~2

FZI_jeZeb =« f_I®Mgh\Z ijh*"mdpey \bjh[e_gZ a \bdhjb
gZghgzZklbghd hdkb?t3\ IMhze_glgh]l]h @EZ2}gZlhnm”~"2 )H
"hkee""m\ZeZky a \bdhjbklZggyf klZg”~Zjlgbo <« aZ]Zevghi
_dki_jbf_glZevgbo ~hke<""_gv hj]JZghe_ilbfjfdwg hixd Zdaddlle\ aZ
\heh]hzZz “bjhmljbfm\Zevgh€ a~Zlghkle aZ ~hihfh]l]hx “bjhfejz [Z
\bohm Jhlih\h]h ijh"mdIim aZ jeadkp jxgtdk ZgZeeam

J_amevlZlb « h[]hVihh\ggyge "hke<”"_ggy k\e*qZlv sh \ijh\Z
gZmdh\h h[%jmglh\Zgh€ oZjgh\h€ ijh"mdp+*€ a gZghqzZklbgdzf
dhgdmj_glhkijhfh gm ijh*mdpesx Z\@ZjgdKkZ]ghlhnm~2a fZ} agZq
nmgdpehgZeogheh]eqgbc ihl_gpezZe khj[pecge- Zglbh
[ZzdI_jehklZIbqgg- _fmevlimxqe kKlZeeqjZipecgm I\ hijmgphge « \h”™h
"bjhal\fyamxqge I 2h™hihmljbfm\Zevges \eZklb\hkle sh h[mfhlex}
gZghgdbBghd ~h[z\db ~h j_p_ilmj oees[h[mehggbo [hjhrgygbo
fiykgbo izklfzggbgdz~rgbo \bjh[e\ 1Z kbjdh\bo < a[blbo ~_k_jle\
j_kmjkha[_j_"_ggx i gZk \bjh[gbpl\Z o0Zjgh\h€ ijh"mdp+€ nt
kih b\gbo \eZklb\hkl_cggk”\bsh”~m ¢ _dhghfeqgh€ _n_dlb\g
\bjh[gbpl\Z OZjgh\Z ijh*mdpey \b]lhlh\e_gZ a \bdhjbklZggyf 0z
©FZ]g_lhnm~2a fZ} \bkhde hj]l]Zghe_ilbdgegmehgepghg2&kg\hkle
ih~"h\" _gbc | _jfeg a[_jelZggy AZ j ameghihZfbgZlj-amy ydekgb
pegh\bo 0zZjzdl_jbklbd ozZjgh\h€ ijh"mdp+*€ a gZghqZklbgdzZfb C
\bkgh\hd ijh [*evrm peggeklv gh\bo ijh*mdle\ ~ey kih b\Zqg-\
ijh~mdlziZgzZeh]zZfb

<bkgh\dbh\_"~_gh \bkhdbc je\_gv gZndbyh§glg&Z mdhphzevgh€
_dhghfeqgh€ _n_dlb\ghkle ijh*mdle\ 0Zjgm\Zggy a "h~"zZ\Zggyf
hkgh\e hdkb”lex M\ Ze glgh]l]h aZeesazZ ©FZ]g_lhnm~2

Dexgh\e kehdgh\Zpey gZghqzZklbgdb fzZ]Jg_lhnm” ydeklv

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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, QVWUXFWWBRQVKR UV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBIL¥FBEOHQWLILF
SSNUDLQRRGRXUQDO
LQYLWHWXEXOLFDWLRQ RIHRXOWWVHDUFK

5HTXLUHPRI QWO WH[WV

/IDQJIXPUHIOLVK

6L]H Rl WKH BUWDBEBW LQ OLFURVRIWDROGHU YPQWBLRQ
ILOHQDPH H[WHQVLRQ GRF

7LPHV 1HZ 5RPDQ IRQ@HVLOQWHUYDOV RDBPLQV RQ ERYV

7KH VWUXFWXUH RI WKH DUWLFOH
7KH WLWOH Rl WKH DUWLFOH
$XWKRUV IXO0O QDPH DQG VXUQDPH
L, QVWLWXWLRQ KIKH BHHQRY ZIRE N
$EVWUDRWSDIH7KH VWUXFWXUH Rl WKH DEVWUDFW VKR
Rl WKH DUWLFOH ,QWURGXFWLRQ ODWHULDOV DQG PHWK
.H\ZRUGYV
7KH PDLQ ERG\ Rl WKH DUWLED®JVERXWE FRQWDLQ WK
,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGV
5HVXOWYV DR@ GLVFXVVL
&RQFOXVLRQ
SHIHUHQFHYV
. \RX QHHG \RX FDQ DGROLYRBMH MUK BP L\ gWR YXESD U W\
7KH LQIRUPDWLRQ DERXW WKH DXWKRU 1DPH VXUQDPH
DQG FRQWDFW SKRQH QXPEHU

$00 ILIXUHV VKRXOG EH PDGH LQ JUDSKLF HGLWRU Wtk
7TKH EDFNJURXQG RI WKH JUDSKY DQG FKDUWY VKRXOG

ILJXUH HOHPHQW VLG @ B D F NURRSO RWH [ W

JLIXUHV DQG (;&(/ IRUPDW ILOHV ZLWEKRIXD®WHKWE) DGGL!
VHSDUDWH ILOHYV

3KRWRY DHIFRERMWQGHG WR EH XVHG DV JUDSKLFDO PDW
'HEVLWSINRIDLQLDQ JRRKWWSEDOoXIM KR XD

(PDLODROD VXEPLVVLRQV DQXI R® &KHW@DT XL LH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJISEVWUIDRWYV
RZgh\ges dhe_]b

J_"ZdpecgZ dhe_J]ey gZmdh\h]h i_j8iNWbDQ g RID\DIYRFNF €R XU (
azZijhrm} <Zk “h im[eedZpe+€ j_ameviZIls\ gZmdh\bo ~hke

<bfh]b Nmhjfe_ggy klZIl_c

Fh\z klztZgleesckvdZz

FegefZevilhly] klZleklhjeghthjfZlm :[_a \jZom\Zggy ZghlZp-c
kibkdm ee«l_jZImjb

KIZlly \bdhgm}lvky \ | _dklh\hfm j_~Zdlhje OLFURVERRW :RUG

>ey \keo _e_f_gle\ klZFMIERAHMWIIHZ S5RPEQ -+gl_je

<ke ihey klhitbdbkf

KijmdImjz klZIle
M>D
GZa\zZ klzZlle
\lhjb klzdif§y 1Z ijea\bs_ ih\geklx ijbdez”~ >_gbk Ha_jygdh
Mklzgh\z \ ydec \bdhgZgZ jh[hlZ
ghlzpdyhYWadh¥WdjmdIimjzZz ZghlzZpe«£€
<klImiz jy~db
FZI_jeZeb IZ f_Ih*"b ~h jy~rde\
J_amevlzZlb 1Z h[l]h\hj_ggy i\ klhjegdb
<bkgh\db jy~db
Dexgh\e keli\Kee\ Ze_ g_ keh\hkihemqg_gv

Imgdibt \bdhgZlb Zglesckndh&xEgkvdhx fh\Zfb

Hkgh\gbc I_dkl klzZlle FZ} \dexqZlb 1Zds h[h\fyadh\s jha”seb
x  <klmi

FZl_jeZeb 1Z f_lh”b

J_amevlZlb I1Z h[]h\hj_ggy

<bkgh\db

Eel_jZImjZ

AZ g_h[os~ghkle fh gZ "h~Z\ZIb gre jha“eeb I1Z jha[b\ZIb €0 gZ

X X X X

‘\lhjkvdz ~h\ly¢d¥bs_  «ffly [Zlvdh\e \g_gbc klmiegv 1Z a\Zgg:
jh[hlb _e_dljhggz z~j_kzZ Z[h I_e_nhg
Dhglzdlge *"Zge Z\IhjZz ~h ydh]lh aZ g_h[oe”*ghkle [m"_ a\_jlzZ

Jbkmgdb \bdhgmxlvky ydekgh KdZgh\Zge jbkmgdb g_ ijbcfZxlvk
jbkmgd ih\bg_gklimljhafejgbf I_dkim WNHAIh]jZnfh€ g2 bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheej _e_f_gle\ jbkmgdmzgdrjgdec keldZ
g_ kejbc

Jbkmgdb IZ ]jZnedb (;&ZfbaNhZBtdh\h ih"Zxlvky \ hdj_fbo nZceZo

Kdhjhg_g+ gZa\b neabqgbo \_ebgbg \ |I_dkle IZ gZ ]jZnedZo ihag
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

< kibkdm ee«l_jZImjb ih\bgg2giejhKdéZllbs 1Z fhgh]jZn+€ yde him[eed}
ickey jhdm

FFFBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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ljZ\beZ hnhjfe_ggy kibkdm e<l_jZImjb

< BNUDLIRPERXUQYPO® aZ hkgh\m az]zZevghijbcgyl_ \ k\e]le
hnhjfe_ggy kibkdm eel_jZImjb atDUNDRKBg "EZjlfmglb ihkbeZggy
jhanreeyklebr_ dhfzfb

IhkbeZggy gZ klzZllx

\lhjb = : jed \b"Zggy GZa\Z klZlle GZa\Z "mjgZem dm
ghf_j klhjegdb

lgepeZeb ibrmlvky iekey ijea\bsZz

<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb

ljbdez”

3RSRYLFL & *LWLQ / &SIOHYBPRVHULIDWLRQ RI ZDOQXYV

JUHHQ KXVN H[WUDFW REWDLQHG E\ VXSHWRRPULWLEG RO F

JRRG DQG 3DFNDJLQJ 6FLHQFH 7HFKQ@ISTXH DQG 7HFKQ

IhkbeZggy gZ dgb]m
‘\Ihjb jedGZa\Z dgb]lb dmjkb\hf <b~Z\gbpl\h Feklh
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb
ljbdez”

"HQ&KLQJ <DQJ+DQGERRN RI |0XLGIDPLWILEKQ HD @ B/AMOOR\G
'"HNNHU 1HZ <RUN

Ihkbegdy gZ e _dljhggbc j_kmjk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm Z[h klZIlIx lek
ijh im[eedZpex ibrmIVADKEODEO HI Davn}ivky e dljhggZ Z~j_kZ
ljbde D"
6YLWRYL QDXNRYRPHMNWIW EKQH ED]\
KWWS ZzZzZ QDV JRYTBD SXEJHWIMWRERW DVS]
&KHXQJ 7 :RUOG V PRVW G H% HEFWRHOL OCBDUELOHN VD W
KWWS WUDYHO FQQ FRP H[PRRANMWIERAR¥MIULQN ZRUC

Kibkhd ee«l_jZImjb hnhjfex}lvky ebr_ eZlbgbp_x ?e_f_glb kib
I1Z jhkeckvdhx fh\hx ihlje[gh I|jZgkeel_jm\ZIlb >ey ljZgkeel_jZy
fhib \bdhjbklh\m}Ivky iZkihjlgbc klZg"ZiklZgazjhi <k \pdlo€
klzg~zjlzo \bdhjbklh\mxlIvky kbf\heb ebr_ Zgleeckvdh]h Zenz
Zihkljhne\ 1Z «g

Ajmqgge kZclb ~ey ljZzgkeel_jZp<-£€

A mdjZ€gkvdhEW WD DRRKOOCBWVVSRUW

Ajhkeckvdh€£KnViWW 3V U DQ NIVE MR R Q @&/

>h~ZlIdh\Z egnhjfZpey 1Z ijbdeZ” hnhjggeZ gdickl Z11e
KWWS XIM KR XD

KIZlly gZ~"kbeZzZ}lvky aZ _e_dljhggIhBAXI1 WP HWD XD

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



M>D
SNUDLQLDQ )RRG inHEWPDOhjblegZevge gZmdh\e KklZIle
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

O0Zjgh\Z «g° ljhp_kb 1Z hl[ez

OZjgh\Z oefey GZghl_ogheh]«£€

Fedjh[eheh]ey ?dhghfedZ I1Z mijZ\eeggy
Neabgge \eZklb\hkle oZjghibldhvfZlbazZpey ijhp_ke\

ijhrmdle\ MiZzdh\dZ ~ey oZjgh\bo ijh~Amdle\

Ydeklv 1Z [ @Zjg\bo ijh~Amdle\

| _jeh"bggeklv \boh"m “mhgZjdmgZ jed

J amevlZlb "hkes~” gv ij_"klZ\e _g* \ "mjgZeclbilyeddhge [mlb
a\ yahd a oZjgh\hx gZmdhx <« ij_"klZ\eylb <gl_j_k "ey fe'gZ
kie\Ih\ZjbkI\Z

SNUDLQLDQ )RRG"-RXWRDIOy gZmdhf_Ijbggbfb [ZaZfb
,QGH[ &RSHUQLFXV
(%6 &2
*RRJOH 6FKRODU
B8OULFKV:HE
*OREDO )P SWRW
2QO0LQH /LEUDU\ RI 8QLYHUVLW\ Rl 6RXWKHUQ 'HQPDUN
&$%, IXOO WH[W
'LUHFWRU\ Rl 5HVHDUFK -RXUQDOV ,QGH[LQJ '5-,
8QLYHUVDO ,PSDFW )DFWRU
'LUHFWRU\ Rl 2SHQ $FFHVV VFKRODUO\ 5HVRXUFHV 52%
(XURSHDQ 5BIGHH[H@BHWKH +XPDQLWLHV(DQGIMEH 6RFLDO
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2%$-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAV¥W 668 GHULFES$66
(PHUJERJIUVHV &LWDWRQ ,QGH]

J_p_gaey jmdhibkmzkl{4¢leeb ij_~klZ\e_ge* ey ingMuDM\ZQDPY \
JRRG -RXUQDB "Ylv ©lhM\ecg_ keei_ j_p_gam\Zggy? "\hfzZ \q_gbft
j_"Zdpecghx dhe_]e}x h”bg } ge_ghf j_"~dhe_]+*€ « h”"bg g_aZe_"gb

Alhjkvd_ ijzZzYbhlhjb klIZl_c ]ZjzZglmxlv sh jh[hlZ g_ }ydpror_ggyf
Z\lhjkvdbo ijz\ 1Z \eArdh”h\mxlv \b”~Z\px ihjmr_ggy "Zgh€ 1ZjzZ
fZl_jeZeb } ijZ\h\hx \eZkgk8NUVUDNQpP @® )RRGydRKXKWQDalh”™ _gh
*gr_

lheelbdZ Zdz~_feqgh€l ~lbdiry ©8NUDLQLDQ )RRG -RXUQDC
ijZ\beZfb Zdz~_feqgh€ _Ibdb \bdez”~_gbo \ jh[hle OLIXHO 5RLJ
SODJLDUBOY®JVYBOLVP DQG RWKHU TXHVWLRQDEOH ZULWLQJ
J_"Zdpey ijhihgm} zZ\lhjzf klZI_c « j_p_ga_glzf ijyfh kee"m\ZIlb pvl
mgbdgmlb ihfbehd m gZmdh\lec e«l_jZImje

R - - 1Z ogrzZz dhjbkgZ egnhjfZpey jhafes_ge gZ |
KWWS XIM KR XD

FFBNUDLQLDQ )RRG -RXXRDPK ,VVXH
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ﬂ - _I
=heh\gbc j_"Zdlhj

<Ze jec FZ§dl _oggZmd ighhpehgZevgbc mge\_jkbl | oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Qe _dgb ' gZjh~rgih€Zdpecgh€ dhe ]<€

:1hlz =e}7j_ JZctjEDblIh\kvdbc sgeklbIiml Z]jZzjgh€ _dhghfedb EDb
<Ze_ jFbjhggmd |_og 9gZmdGipmnhgZevgbc mge\_jkbl_I| o0Zjgh\b
I_ogheh]ec Mdjz€gZz

<edlhj KlZ[gediAg” |_og gZ@&dpe-hlg@Zevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec Mdjz€gZz

<ejlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z
<heh”bjfd\ZgmM\j ijhn >_j Z\gbc mge\_jkbl_I 1h\b KR:

<eZNMefej =jm~Zpghh_og gZmd;}ghmkvdbc ~_j Z\gbc Z]jZjgbc
I_ogeqgbc mge\_jkbl_lI

Chjrzgdz Kl_n2Z)gh\&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
DjeklegZ Ihiht™jg ~hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

Fzjd Rzfpytyj "hpQhjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

E_e«\_ev™ @klfipeZpey ©F«"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
IZkdZev >xiWhMge\_jkbl_| Deh” ; sjoZ NjEgp-y

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqzZ\Z Jmf{
Kl_nzg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
L lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayavlihoef gZmd1lgkgbkml azZz]lZevgh€ [Z g_hjJ]Zgeqgh€ o°
< 1 <_jgZ~kvdh]h G:G MdjzZ€ghb

Xjec ;eeZy9j S_pbgkvdbc mge\_jkbl_I IlhevsZz

Qe _gb j "Zdpecgh€ dhe _]-€

:gZlheec KZc]Zgh\dhg gZmdlgkhmiml kbkl_fgbo “hkee~ _gv \ :|
G:G ;}eZjmke

<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbl_I| o0Zjgh\b
| _oghehWdjz€gZz

<edlhKlZ[gedhdZg” |_og gZ@&dpe-hgZevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec MdjzZz€gZz

<e¢jlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

<heh”bfbj Dh\[Ak4_og gZmdGiZmnhgZevgbc mge\_jkbl_| oZjgh\k
| _oghehWdjz€gZz

FFFBNUDLQLDQ )RRG -RORDPKD ,VVXHF



<hehtbj 1\Zgh\j ijhn >_j Z\gbc mge\_jkbl_I 1h\b KR:

<eZNMefej =jm~Zpghh_og gZmd;}ghmkvdbc ~_j Z\gbc Z]jZjgbc
I_ogeqgbc mge\_jkbl_lI

=ZebgZ KefZdj*glZz og gZmdGiZmnrhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Chjrzgdz Kl_n2zZ)ghh&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
DjeklegZ Ihihtjg “"hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

EZA"Z R_jedgYyg _dhg gZmd ifhaAp«ihgdZevgbc mge\_jkbl_| oZjgh\b
I_ogheh]ec Mdjz€gZz

Fzjd Rzfpytyy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

Fbdhez Kbq_\k#pgdbcdhg gZmdlgkhmml ijh*h\hevgboGj:mjke\
MdjZ€ghb

E_e«\_ev® Q@klfipeZpey ©Fe"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
He dkzZg”j R_\gtjgdhog gZmd GidpmhgZevgbc mge\_jkbl | oZjgh\
I_ogheh]ec Mdjz€gZz

He gZ =jZ[h\RydZX og gZmdGimnhgZevgbc mge\_jkbl | oZjgh\bc
I_ogheh]ec MdjzZz€gZz

He_9gZ >jzZ]%g_dhg gZmdG4ZdpringZevgbc mge\_jkbl_| oZjgh\bo

| _oghehMdjz€gZz

Hev]Z Jb[ad&Zg™ | _og gdmgghthevkvdbc gZpehgZevgbc | _ogeqghb
mge\j_kbl_| «f_ge 1\ZgZ Imexy MdjzZ€gZz

IZkdZev >xivhMge\_jkbl_| Deh” ;_jgZNjEghegy

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qqgqbgz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqZ\Z Jmf
Klzgdz >zZfygh\4djhn Jmk_gkvdbc mge\_jkbl_| ©:g]lJe_e DZgq_\?
JZaljZ™ ;helZjey

Kl_nzZg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
LzfzjzZ j_aygdfy _dhg gZmdG4dphrmgZevgbc mge\_jkbl_I oZjgh\bc
I_ogheh]ec MdjzZz€gZz

L lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_I| oZjgh\bo
I_ogheh]ec Mdjz€gZz

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >aya®dhoef gZmd1lgkgbkml azZz]lZevgh€ [Z g_hjJ]Zgeqgh€ o°
<1 <_jgZ~kvdh]h G:G MdjzZ€ghb

Xjec ;eeZy9j S_pbgkvdbc mge\_jkbl_I IlhevsZz

He dkec =myegn\er"Zevgbc k_dj_12Z]j dzZg” AdZpghgZewdbéhp
mge\_jkbl_| ozZjgbygtheh]lec MdjZz€gZ

FFBNUDLQLDQ )RRG -RXXRDPK ,VVXH



GZmdhh~rZggy

SNUDLQRR®XUQDO

9ROXPH/VXH Lhf <

leAi Ah Ajmdm | Nhjfzl [
H[le\b” Zjd Mf ~jmd Zjd
=Zjg+IMjlZPHV 1HZ SRB®OK _Igbc
GzdezZ”ijbf <b” g

GMOL Pb€\me <heh”bfbjkvdZz

K\erhpl\h ijh A _j7Z\gm j_}kljZpex
Ajmdh\Zghlh aZkh[m fZkh\h€ egnhjfZp-€
D< + J
\brZg [_j_agy jhdm



