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7KLV LV WR FHUWLI\ WKDW DOO WKH FRUUHFWLRQV VXJJ
LQFRUSRUDWHG LQ3OHKW DVKHH@ R\P HB VBIQWDOBI\S/ LYV RI (QGRV\

%DFWHULD RQ 9LWDPLQ & $XJPH@RWBEBWLRRULQ 6LC

XQGHU 7KHUPD@QGEWKMMVFRUUHFWHG FRS\ LV VXEPLWWH
&DOLFXW IRU WKH DZzDUG RI WKH GHJUHH RI 3KLORVRSK\ L
WKHVLY DQG WKH VRIW FRS\ DUH RQH DQG WKH VDPH

3ODFH ‘U & 9 6UHHUDQMLWNXPD

'‘DWH SHVHI



'(&/$5%7.21

., KHUHE\ GHFODUH WKDW WKH ZRUN SUHVE
SOHWDJHQRPLF $QDO\VLV RI (QGRV\PELRWLF *X!
$XJPHQWDWLRQ L(RBEONFZRUW¥PQGHU 7KHUPDO 6W
LV EDVHG RQ WKH RULJLQDO ZRUN GRQH E\

VXSHUYLVLRQ RI 'U & 9 6UHHUDQMLW .XPDU

DQ\ RWKHU WKHVLV VXEPLWWHG SUHYLRXVO\
FRQWHQWY RI WKH WKHVLV DUH XQGHUJRQH S
VRIWZDUH DW & + 0 . /LEUDU\ 8QLYHUVLW\ RI
LQGH[ IRXQG ZLWKLQ WKH SHUPLVVLEOH OLPL\
IUHH IURP $, JHQHUDWHG FRQWHQWYV

6KDKLOD ,VPDLO .

6LIQDWXUH RI WKH VXSHUYL

3ODFH
'‘DWH



$FNQRZOHGJHPHQW

7KH FRPSOHWLRQ RI WKLV WKHVLV PDUNV QRW RQO\ D
DFKLHYHPHQW PDGH SRVVLEOH WKURXJK WKH VXSSRL
LQGLYLGXDOV DQG LQVWLWXWLRQV W LV ZLWK D GHH
, HIWHQG P\ DFNQRZOHGJPHQW WR WKRVH ZKR KDYH ¢
WKURXJK WKLV LQWHOOHFWXDO MRXUQH\ $V , UHIOF
UHPLQGHG RI WKH XQZDYHULQJ VXSSRUW RI P\ ZHOO z
DQG FROOHDJXHV DQG WKH UHVRXUFHV SURYLGHG E\
LPSDFW KDV EHHQ LQGLVSHQVDEOH WUDQVIRUPLQJ
PHDQLQJIXO DQG XQIRUJHWWDEOH H[SHULHQFH

$W WKH FRUH RI WKLY DFNQRZOHGJPHQW LV D SURIRX:
JXLGHG PH WR WKH IDVFLQDWLQJ ZRUOG RI UHVHDUEFK
DQG SURYLGHG VRODFH GXULQJ PRPHQWYV RI XQFHUWLEL
P\ UHVHDUFK JXLGH WKH VDFULILFHV Rl P\ GDXJKW
HIFKDQJHV ZLWK SHHUV DQG WKH JHQHURVLW\ RI WKR
WKLV VWXG\2DOO KDYH OHIW DQ LQGHOLEOH PDUN RQ
SDJHV , H[SUHVV P\ VLQFHUH WKDQNV WR WKHVH LQGLI
UROH LQ VKDSLQJ WKH QDUUDWLYH RI WKLV WKHVL'
FRPSOHWLRQ 7KLV DFNQRZOHGJPHQW LV D KXPEOH W
IXHOV DFDGHPLF SXUVXLWY DQG D UHIOHFWLRQ RI WKH
FDQ KDYH RQ VFKRODUO\ HQGHDYRUYV

,Q WKLV PRPHQW RI DFKLHYHPHQW , DP SURIBXQGO\ J
& 9 B6UHHUDQMAKR .XPMARLRXVO\ DFFHSWHG PH DV KL
SURYLGHG XQZDYHULQJ PHQWRUVKLS 7KLV ZRUN ZRXO
JXLGDQFH DQG LQYROYHPHQW KLV VXSSRUW DQG HQ
EHIJLQQLQJ RI WKH SURMHFW WLOO GDWH +LV FRQV
NLQGQHVV DQG FRRSHUDWLRQ KDYH DOZD\V NHSW P
SHUIHFWLRQ SDVVLRQ XQIOLQFKLQJ FRXUDJH DQG FR
PRUH +LV SDWHUQDO ORYH DQG FDUH KDYH EHHQ D F
IDFHG FKDOOHQJHV , H[SUHVV SURIRXQG JUDWLWXGH
ZRUN XQGHU KLV JXLGDQFH , H[WHQG VLQFHUH WKD
DFNQRZOHGJLQJ WKDW , ZLOO UHPDLQ WUXO\ LQGHEWF



1R UHVHDUFK LV SRVVLEOH ZLWKRXW LQIUDVWUXFWXUH DQ
'U %DEX BMMQFLSDO DQG DOO WKH IRUPHU 3ULQFLSDOV
3DODNNDG IRU WKHLU LPPHQVH VXSSRUW DQG SURYLGLQJ
FDUU\RXW P\ UHVHDUFRBWD ID OWRG WIGFPQ B RW W DWH\R RV LD
&ROOHJIJH 3DODNNDG IRU WKHLU WLPHO\ KHOS LQ DOO WKt
GXULQJ P\ UHVHDUFK DW WKLV LQVWLWXWLRQ /HW PH DO\
5HVHDUFK &RPPLWWHH *RYW O9LFWRULD &ROOHJH 3DODI
VHYHUDO 5%$& PHHWLQJV KHOG

, WDNH WKLV RSSRUWXQLWWUWRR¥KID@QFDHHFDH WN Y RZ'O HD®IGH
VWDII 3 %DVLF 6HHG )DUP 1 6 6 2 &HQWUDO 6LON %REL
SDODNNDG IRU SURYLGLQJ IDFLOLWLHV IRBWKRNVNFVWXG\ |
%LRWHF VROXWLRQV 7ULYDQGUXP $PSOLFRQRDEV &DOLF
WKH JXLGDQFH DQG UHVRXUFHV SURYLGHG ZKLFK JUHDWO
UHVHDUFK

, DP WKDOWIXO$WRX0O 5BVKRAGDWH 3URIHVVRU +HDG RI "HS
=RRORJ\ *RYW 9LFWRULD &ROOHJIH 3DODNNDG IRU SURYL
RI P\ ZRUN , LQVFULEH PBPRMDWMQBRW WKDANKPULRIUL\DGD
OUV %HHQD 6 -RKQ 6PW *D\DWKUL 8 .DQGUDOHVX\KIHVDQ
WHDFKLQJ DQG QRQ WHDFKLQJ VWDIlI RI WKH 'HSDUWPHQW
DQG VXSSRUW

, ZRXOG OLNH WR H[WHQG V&HEIEMWRO/WERDYNIUWRIVVRU 'HSD
RI =RRORJ\ OHUF\ &ROOHJH 3DODNNDG IRU KHU DVVLVWD
P\ UHVHDUFK HQGHDYRUV , DP JUDWHIXO WR DOO P\ W
NQRZOHGJH LQVSLUHG PH DQG IRVWHUHG P\ LQWHUHV\
HQFRXUDJHPHQW KDYH EHHQ LQVWUXPHQWDO LQ KHOSLQJ
GLITHUHQW SRLQWYV GXULQJ P\ DFDGHPLF MRXUQH\

O\ DFNQRZOHGJPHQW ZRXOGQTW EH FRPSOHWH ZLWKRXW
VHQLRUV ZKR QRW RQO\ WDXJKW PH WKH URSHV RI UHVHDU
, ZDQW WR H[SUHVVUP\6JDBIWLLAN®EGHSWRHVKRUS WKHLU

XQZDYHULQJ VXSSRUW DQG FDUH WKURXJKRXW WKLV MRX



JRHV WR RWVIULHWMIGORU BHU FRQVWDQW FRRSHUDWLRQ
EHLQJ D SLOODU RI VXSSRUW LQ ERWK JRRG DQG FKD
ZDV IRUWXQDWH WR JHW JRRG SHHU JWR/XSE NVKKISSBIR YW |1
DQWV *UHHVKRDWKH 3* DQG 5HVHDUFK GHSDUWPHQW R
&ROOHJH 3DODNNDG , HIWHQG P\ VLQFHUH JUDWLWXG
9LFWRULD &ROOHJH 3DODNNDG ZKR ZHUH YHU\ KHOSI>
P\ VSHFLDO WKDQNV WR P\ I[ULHQG OU .ULVKQDMLWK
ORYH

, ZRXOG OLNH WR H[SUHVV P\ VSHFLDO WKDQNV WR 8*
VFKHPH RI ORXODQD $]DG 1DWLRQDO )HOORZVKLS ZKI
FRPSOHWLRQ RI P\ ZRUN

, H{ISUHVV P\ VLQFHUH DFNQRZOHGJPHQW WR VRPHRQH
P\ GHDU O0XPPMHQD6KH KDV QRW RQO\ VKRZQ XQZDYHU
KDV DOVR JUDQWHG PH WKH IUHHGRP WR SXUVXH P\ Gt
ORYH FDUH SDLQ VDFULILFH DQG SUD\HUV \RX GLG W
DQG DIIHFWLRQ LV VRPHWKLQJ , FDQ QHYHU UHSD\ , H
OoOb0WH ,VPDLQKRVH EOHVVLQJVY KDYH EHVWRZHG XSRC(
7TKRXJK KH LV QR ORQJHU ZLWK PH KLV LQIOXHQFH Ul
FRQVLGHU P\VHOI IRUWXQDWH WR KDYHOERQGKILPXOD/L
5L\DV 00UV O6KDKLDOQ@GCUVVIKIKGBIEX 6KHURW WKHUUI FRQV\
VXSSRUW DQG ORYH

0\ KHDUWIHOW UHJDUGOUR K¥ GO B\RIARVO B B K PDRARK

KDYH FRQVLVWHQWO\ VXSSRUWHG DQG HQFRXUDJHG Pt
ZLWK ORYH DQG FDUH , HIWHQG RmUW KDDBLEEV R L K WHEHWR/
LQ OOZU\DP )RZUD 6KDEQDPIRQ G IGHIELWKD'H DQG VXS
GHHSO\ JUDWHIXO WR DOO P\ IDPLO\ PHPEHUV ZKR V
MRXUQH\ SURYLGLQJ VXSSRUW WKDW ZDV LQVWUXPHQ

, RZH P\ KHDUWIHOW WKDQNV WR D YHU\$ESHKFEDRRIH U\
IRU KLV FRQWLQXHG DQG XQIDLOLQJ ORYH VXSSRUW |
3K ' GHJUHH WKDW PDGH WKH FRPSOHWLRQ RI WKH W}
DW WLPHV , WKRXJKW WKDW LW ZDV LPSRVVLEOH WR F
SHUVSHFWLYH , JUHDWO\ YDOXH KLV FRQWULEXWLRQ



DSSUHFLDWH P\ GDXJKWHL]HP\ %BHRARDIDH. GUQD PNMMIQRUDQF
DQG WKH SDWLHQFH VKH VKRZHG GXULQJ P\ WKHVLV ZULW
JUDWHIXO , DP WR ERWK RI \RX , FRQVLGHU P\VHOI WKH O.
ORYHO\ DQG FDULQJ IDPLO\ VWDQGLQJ EHVLGH PH ZLWHK
VXSSRUW

7KHUH DUH VWLOO PDQ\ SHRSOH ZKR RIITHUHG PH VPDOO W
DVVLVWDQFH VR WKH OLVW LV QRW \HW FRPSOHWH , Z
LQGLYLGXDOO\ DW WKLV WLPH

6KDKLOD ,vPDLO .
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6HULFXOWXUH DQ RYHUYLHZ
6HULFXOWXUH VWDWXV LQ ,QGLD
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/LIH F\FOH RI VLONZRUP
7\SHV RI VLONZRUPV
*XW EDFWHULD LQ VLONZRUP
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+HDW VKRFN SURWHLQV +63V
,PSRUWDQFH RI 1IXWULWLRQ LQ 6LONZRUP
9LWDPLQ & DV IRRG VXSSOHPHQWDWLRQ
IXWULWLRQ DIIHFWLQJ JXW EDFWHULD RI LQV
ODWHULDOV DQG OHWKRGV
(ISHULPHQWDO LQVHFW



3URFXUHPHQW RI VLONZRUP
&ROOHFWLRQ DQG IHHGLQJ RI PXOEHUU\ OHDYHV
JHHGLQJ VFKHGXOH
([SHULPHQWDO FKHPLFDO
([SHULPHQWDO GHVLJQ
&XOWXUH GHSHQGHQW PLFURELDO DQDO\VLV
(I WUDFWLRQ RI JXW WLVVXH
6FUHHQLQJ Rl EDFWHULDO FRORQLHYV
,GHQWLILFDWLRQ RI EDFWHULD
ORUSKRORJ\ DQG FRORQ\ FKDUDFWHULYV
*UDP VWDLQLQJ
%LRFKHPLFDO DQDO\VLYV
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/A\VH WKH WLVVXH
BUHFLSLWDWH WKH J'1$
‘DVK WKH J'1$
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SUHIDFH

$V LQVHFWY FRQVWLWXWH WKH ODUJHVW DQLPDO JI
VFLHQWLILF LQWHUHVW LQ XQGHUVWDQGLQJ WKHLU |
WKHLU SRWHQWLDO WR PHGLFDO HFRQRPLF DQG HF
VLIJQLILFDQW HFRQRPLF LPSRWRPE\FHP RUKMFKH LVL O |
VHQVLWLYH WR LWV VXUURXQGLQJV DQG VXVFHSWL
WHPSHUDWXUHV 7R DFKLHYH D VXFFHVVIXO ELYROW
UHDU WKH ODUYDH XQGHU RSWLPDO FRQGLWLRQV R
WKHP ZLWK WKH DGHTXDWH TXDQWLW\ RI JRRG TXD
VWXG\ KDV EHHQ FRQGXFWHG RQ VLONZRUP ODUYDF
ZLWK YLWDPLQ & XQGHU WKHUPDO VWUHVV 7KH REN
IDFWRUV LQIOXHQFH YDULRXV DVSHFWV LQFOXGLQ
VIPELRQWY GLJHVWLYH HQ]\PHV ELRFKHPLFDO HVWI
HFRQRPLF SDUDPHWHUV UHODWHG WR FRFRRQ SUF
VXPPDUL]JHG DV IROORZV

&KDSWHU ,QWURGXFWLRQ

7KLV FKDSWHU JLYHV D JHQHUDO LQWURGXFWLRQ V
VXEWRSLFV ,W FRYHUV WKH KLVWRU\ Rl VHULFXOW>)
VIPELRQWYV ,W GHVFULEHV WKH HIIHFW RI WKHUPDO
DQG DVVRFLDWHG GLJHVWLYH HQ]J\PHV DQG DOVR FF
SURWHLQV 7KLV DOVR VXEVWDQWLDWHY WKH UROHI
DVFRUELF DFLG LQ VLONZRUP

&KDSWHU B5HYLHZ RI /LWHUDWXUH

7KLV FKDSWHU JLYHV D JHQHUDO UHYLHZ RI WKH V
VXEWRSLFV 7KLV FKDSWHU LV GHYRWHG WR UHFHQW
RQ WKH JXW EDFWHULD DQG FRFRRQ SURGXFWLRQ LC
WKH HIITHFW Rl WKH VXSSOHPHQWDWLRQ RI YLWDPLQ
&KDSWHU ODWHULDOV DQG OHWKRGV

7KLV FKDSWHU GHVFULEHV WKH PDWHULDOV DQG

K\SRWKHVLV 7KH H[SHULPHQWDO GHVLJQ DQG GHVFL
ZHOO DV WKH SURFHGXUH DGRSWHG WR LQYHVWLJE
PRUSKRPHWULF SDUDPHWHUV RI VLONZRUP ODUYDH



WKH JXW WLVVXH DOWHUDWLRQV LQ WKH H[SUHVVLR(
SDUDPHWHUV RI FRFRRQ RI VLONZRUP H[SRVHG WR WKHU
&KDSWHU S5HVXOWYV

7KLY FKDSWHU GHDOV ZLWK WKH REVHUYDWLRQV DQG UF
7TKH UHVXOWYV RI WKH HIIHFW RI VXSSOHPHQWDWLRQ RI

PRUSKRPHWULF ELRFKHPLFDO JHQH H[SUHVVLRQ OHYH¢
DQRG HFRQRPLF SHUIRUPDQFH RI VLONZRUP RQ H[SRVXL
SUHVHQWHG LQ WKLY FKDSWHU

&KDSWHU 'LVFXVVLRQ

7KLY FKDSWHU LQFOXGHV WKH GLVFXVVLRQ DQG LQWHU
REMHFWLYHV RI WKH H[SHULPHQW 7KH UHVXOWY REWL
UHODWHG WR SUHYLRXV VWXGLHV DQG GLVFXVVHG WKHL
&KDSWHU 6XPPDU\

6XPPDUL]HV WKH JHQHUDO FRQFOXVLRQV IURP WKLV UHYV
&KDSWHU 5HFRPPHQGDWLRQV

7KLY FKDSWHU VXJIJHVWY 5HFRPPHQGDWLRQV IRU IXWXUFL
SHIHUHQFH

*LYHV WKH UHIHUHQFHV XVHG IRU WKH SUHVHQW VWXG\



$SEVWUDFW

7KH VLOBARRPER] PRIM D FRPPHUFLDOO\ LPSRUWDQW LQV
JUHDW WHPSHUDWXUH VHQVLWLYLW\ DQG H[KLELW VHY
LQ WKH ODUYDO VWDJH *OREDO ZDUPLQJ LV RQH RI W
WKH GHYHORSPHQW DQG UHSURGXFWLRQ RI VLONZRUF
QRUPDO JURZWK DQG PHWDEROLVP RI VLONZRUP LV j
WKHLU UHJXODU GHYHORSPHQW (OHYDWHG WHPSHUD\
WLVVXHV DQG PD\ LQYLWH R[LGDWLYH GHVWUXFWLRQ
DEXQGDQFH RI JXW EDFWHULD DQG WKH SURGXFWLRQ
SOD\ D FUXFLDO UROH LQ QXWULHQW DEVRUSWLRQ 1
VLONZRUPV DQG WKH SURGXFWLRQ RI FRFRRQV 7
HQYLURQPHQWDO DGDSWDWLRQ RI WKH KRVW LQVHF
VI\PELRQWYVY 1XPHURXV EDFWHULD WKDW VXSSRUW PHW
KRZHYHU YHU\ IHZ VWXGLHYVY KDYH EHHQ UHSRUWHG DE
WKHLU UROH LQ WKH JURZWK DQG GHYHORSPHQW RI Wt
WKH GLYHUVLW\ RI JXW EDFWHULDO FRPPXQLWLHV RI
VXSSOHPHQWDWLRQ RI YLWDPLQ & ,Q RUGHU WR DVVH
WHPSHUDWXUH 6 U51%$ JHQH DPSOLFRQ PHWDJHQRPLI
JXW RI ILIWK LQVWDU ODUYDH 7KH PRUSKRPHWULF SDL
LQ WKH JXW WLVVXH DFWLYLW\ RI GLIJHVWLYH HQ]J\PHYV
SURWHLQV DQG HFRQRPLF SHUIRUPDQFH RI FRFRRQV .
UROH RI HQGRV\PELRWLF EDFWHULD LQ WKH GHYHO
IRUPDWLRQ

JLIWK LQVWDU ODUYDH ZHUH GLYLGHG LQWR IRXU JUR:
EDFWHULD LQ WKHLU JXWV 2QH JURXS ZDV NHSW DV
OHDYHVY DORQH WKH VHFRQG JURXS ZDV IHG ZLWK IUH
KHDW VWUHVV “h& ITRU DQ KRXU SHU GD\ WKURXJKR-.
JURXS ZDV IHG ZLWK IUHVK PXOEHUU\ OHDYHV VRDNHG
WKH IRXUWK JURXS ZDV H[SRVHG WR ERWK WHPSF
VXSSOHPHQWDWLRQ 7KH KHDOWK\ ILIWK LQVWDU ODU
JURXS DQG JXWV ZHUH GLVVHFWHG RXW LQ VWHULOH |
FHQWULIXJHG IRU PHWDJHQRPLF DQDO\VLYV 7KH VWXG\



HYDOXDWH WKH LPSDFW RI JXW PLFUREHV RI VLONZRUPV L
YLWDPLQ & VXSSOHPHQWDWLRQ

7KH ILQGLQJY GHPRQVWUDWHG WKDW HOHYDWHG WHPSHL
LOQOWHVWLQDO PLFUREHV RI VLONZRUP FRPSDUHG WR WKH F
JURXS ZKLFK ZHUH UHDUHG XQGHU RSWLPXP WHPSHUDW)]
SURWHREDFWHULD DQG %DFWHURLGHWHY ZHUH WKH FRPP
JURXSV 7KH GLJHVWLYH SURFHVV RI VLONZRUPV PD\ DOVR
WR WKHLU HIIHFW RQ GLJHVWLYH HQ]J\PHV ,Q FRPSDULVI
DVFRUELF DFLG VXSSOHPHQWHG JURXS ZHUH VKRZQ WR K
DFWLYLW\ 7KH DFWLYLW\ RI GLIJHVWLYH HQ]\PHV VKRZHG
WKHUPDO VWUHVV H[SRVHG JURXS FRPSDUHG WR WKH RWKI
ZDV REVHUYHG WKDW WKH JURXS WUHDWHG ZLWK KHDW VK
DFLG VKRZHG D VLJQLILFDQWO\ LQFUHDVHG DFWLYLW\ Wk
VWUHVYV 7KH OHQJWK DQG ZHLJKW RI VLONZRUP ODUYDI
VLIQLILFDQW GHFUHDVH ZKHQ H[SRVHG WR KLJKHU WHPSH
WKH YLWDPLQ & VXSSOHPHQWHG JURXS 7KH LPSDFW RI KI
JXW DUFKLWHFWXUH DQG WKHVH FKDQJHV PD\ EH GHWULF
WKH JXW +RZHYHU WKH XVH RI YLWDPLQ & LV SURSRV!
FRXQWHUDFW WKH GDPDJHV FDXVHG E\ WKH KLJK WHPSHUI
DQWLR[LGDQW SURSHUWLHV DQG LW LV VXJIJHVWHG WR

QHIJDWLYH HIIHFWV Rl HQYLURQPHQWDO VWUHVVRUV VXF
DUFKLWHFWXUH

6R WKH UHVXOWYV LQGLFDWHG WKDW KHDW VKRFN KDV DQ
VLONZRUPV WKDW FRQWURO WKH DFWLYLW\ RI DVVRFLDWH
GLIJHVWLRQ DQG QXWULWLRQDO LQWDNH HYHQWXDOO\ LPES
VLONZRUP ODUYDH DQG FRFRRQV SURGXFHG 7KHVH RE
VXSSOHPHQWDWLRQ RI YLWDPLQ & KDV WKH SRWHQWLDO W
KHDW VKRFN HYHQ ZKHQ VXEMHFWHG WR KLJK WHPSHUDW
DELOLW\ IRU HQKDQFLQJ WKH HFRQRPLF FKDUDFWHULVWLF
GHYHORSPHQW RI VLONZRUPV E\ DOWHULQJ WKH JXW EDFW
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/ILVW RI $SEEUHYLDWLRQV

% PRUL %RPE\[ PRUL

%P&39 % FRIRYLUXV LQIHFWLRQ

%P+63 %RPE\[ PRIDIW 6KRFN 3URWHLQ

&1 &RQWURO

+63 +HDW 6KRFN 3URWHLQ

07 OLOOLRQ 7RQV

1*6 1H[W JHQHUDWLRQ VHTXHQFLQJ

287 2SHUDWLRQ 7D[RQRPLF 8QLWYV

4,,0( AXDQWLWDWLYH ,QVLIJKWY LQWR OLFURE
7 7KHUPDO VWUHVV H[SRVHG JURXS

7 9LWDPLQ & VXSSOHPHQWHG JURXS

7 9LWDPLQ & VXSSOHPHQWHG 7KHUPDO V\

7+77 7TUDQVLHQW KLJK WHPSHUDWXUH WUHDW



LL

ILVW Rl 3XEOLFDWLRQV

S3HHU 5SHYLHZHG ,QWHUQDWLRQDO -RXUQDO 3DSHU
6KDKLOD ,vPDLO . , 6UHHUDQMLW .XPDU & 9 $QHI
3 &RPSDUDWLYH DQDO\VLVW%RR P\ AEDFWHULL
RQ H[SRVXUH WR WHPSHUDWXUH WKURXJK 6 U51% K
VHTXHQRKQ®OHDO RI , QYHUWHEUDWH 3DWKRORJ\
‘2, M MLS

/LVW RI 3DSHUV 3RVWHUV SUHVHQWHG DW FRQIHUHC
,QWHUQDWLRQDO &RQIHUHQFH

6KDKLOD ,VPDLO . , 6UHHUDQMLW .XPDU & 9 ,PSDI
RQ WKH JXW EDFWWBPEB\RIPRUXONGZRURMKHUPDO VWUH
PHWDJHQRPLF DQDO\VLV ,QWHUQDWLRQDO &RQIHUF
%LRORJ\ DQG &RQVHUYDWLRQ ,&5%$%& KHOG
7KLUXYDQDQWKDSXUDP .HUfB0Y ,QGLD 'HFHPEHU

1IDWLRQDO &RQIHUHQFHV

6KDKLOD ,VPDLO . , 6UHHUDQMLW .XPDU & 9 ,PSD
LQ WKH DFWLYLW\ RI GLJHVWLYH HQ]\PH% RPEG[ FRFR
PRUL XQGHU WKHUPDO VWUHVV 7KUHH 'D\ 1DWLRQ
6XVWDLQDEOH )XWXUH KHOG DW 6UHH 1HHODNDQGL
3DODNNDG .HUDOD YwRD® 1RYHPEHU

6KDKLOD ,VPDLO . , G6UHHUDQMLW .XPDU & 9 7KH
DQG FRFRRQ SURGXFWRRB\[RP/RURMN YKSBOHPHQWDW
DVFRUELF DFLG XQGHU WKHUPDO VWUHVV 1DWLRQD
LQ ,QWHUGLVFLSOLQDU\ 5HVHDUFK KHOG DW 6W 7KF
YHEUXDU\



/ILVW RI )LIXUHYV

60 7LWOH 3J 1R
/LIH F\FOH R% R P& N ZARRIWPL
6LONZRPE\[ FRUL
ORUXV DOED
/| $VFRUELF $FLG 9LWDPLQ &
2YHUYLHZ RI PHWKRGRORJ\ SHUIRUPHG
([SHULPHQWDO 'HVLJQ
6HULDO GLOXWLRQ RI EDFWHULDO| VDPSOH
'RUNIORZ RI %LRLQIRUPDWLF $QD®\VLV
%DFWHULDO FRORQLHV RI FRQWURO DQG |[WUHDW
%DFWHULDO LVRODWHY RI FRQWURO DQG|WUHDW
7KH JHQRPLF '1$ LVRODWHG IURP RRQWUR|O DQG V
% PRUW LQ DJDURVH JHO
3&5 DPSOLILHG 9 + 9 SURGXFWV [Q DIJDURV/I
$EXQGDQFH RI JXW EDFWHULD LQ FRQWURO DQG
$EXQGDQFH DQG QXPEHU RI VSHFLHV RI $UFKDHD

WUHDWHG JURXSYV

SHODWLYH

$EXQGDQFH RI WKH JXW PLFUR

SHODWLYH DEXQGDQFH RI EDFWHU

LD DW

EHV DW
FODVV C

SHODWLYH DEXQGDQFH RI EDFWHU

LD DW

DPLO\ (

SHODWLYH DEXQGDQFH RI EDFWHU

LD DW

RUGHU (

SHODWLYH DEXQGDQFH RI EDFWHU

LD DW

JHQ XV C

SDUHIDFWLRQ DQDO\VLV FXUYH RI
DQG H[SHULPHQWDO JURXSYV

JXW RI

WKH VL

+HDWPDS VKRZLQJ WKH UHODWLY H

1 DEXQGQG

,DQFH R

.URQD FKDUW UHSUH%H G "DWWRQ LR
&1

0 OF R\

VRO

.URQD FKDUW UHSUHVHQWDW®»R ® R
EDFWHULDO WD[D 7

ULWKHU

.URQD FKDUW UHSUHVHQWDWL®Q R
PRUHDFWHULDO WDI[D 7

| OLWDI

PDO VW

bLQ & V.




.URQD FKDUW UHSUHVHQWDWLRQ R

HISRYWH®REDIFWHULDO WD[D 7

| OLWDI

PLQ & WKH

&RPSDUDWLYH DQDO\VLV RI DEXQG

LQ FRQWURO DQG WUHDWHG JURXS

DQFH R
Vo &l

| XVHIXO ED
7 DQG 7

3HULRGLF ERG\ OHQJWK RI ILIWK L
WR GD\ LQ FRQWURO DQG WUHD

QVWDU
WHG JU

7KH DYHUDJH OHQJWK RI
DQG WUHDWHG JURXSYV

ILIWK LQV

WDU VI

3HULRGLF ERG\ ZHLJKW RI
WR GD\ LQ FRQWURO DQG WUHD

ILIWK L

)VWDU
NHG JU

7KH DYHUDJH ZHLJKW RI ILIWK LQV
DQG WUHDWHG JURXSYV

WDU VL

7TRWDO SURWHLQ FRQWHQW RI1 VL(

INZRUP

$FWLYLW\ RI $P\ODVH BoQIRRHILQ W

KH JXW

$FWLYLW\ RI &4HOOXODYH PRUYWPH L

Q WKH

$FWLYLW\ RI OLSDVH%W QARRH. LQ W

KH JXW

$FWLYLW\ RI SURWHDWK HRUEBH LQ

WKH J]

JROG GLIIHUHQFH RI +63

&RQWURO DQG WUHDWHG JURXSYV

LQ WKI

H JXW R

JROG GLIIHUHQFH RI1 +63
&RQWURO DQG WUHDWHG

LQ WKH
JURXSV

JXW RI

YROG GLIIHUHQFH RI +63
&RQWURO DQG WUHDWHG

LQ WKH
JURXSV

JXW RI

JROG GLIIHUHQFH RI +63
&RQWURO DQG WUHDWHG

LQ WKH
JURXSV

JXW RI

*XW KLVWRORJ\ RI ILIWK LQVWDU

DDUYDH

*XW KLVWRORJ\ RI ILIWK LQVWDU

DDUYDH

*XW KLVWRORJ\ RI ILIWK LQVWDU O
JURXS 7

DUYDH

*XW KLVWRORJ\ RI
6WUHVV JURXS 7

ILIWK LQVWDU O

DUYDH

IHQIJWK DQG ZLGWK RI WKH FRFRR

Q

$YHUDJH VLQJOH FRFRRQ ZHLJKW

VLONZRUP C
RXSV
ONZRUP OD

/LONZRUP O
RXSV
ONZRUP ODI

JXW

R

JXW RI

R

XW RI

|l VLONZRUP

VLONZRUP C

VLONZRUP C

VLONZRUP C

RI FRQWUR

RI WKHUPD

Rl YLWDPLQ

Rl 9LWDPLQ




&RFRRQ VKHOO ZHLJKW

&RFRRQ VKHOO SHUFHQWDJH

HUFHQW JRRG FRFRRQV

JLODPHQW OHQJWK RI WKH FRFRRQ

JLODPHQW ZHLJKW RI WKH FRFRRQ

JLODPHQW VL]H '"HQHLU RI WKH FRFRRQ

5SHHODELOLW\ SHUFHQWDJH RI WKH FRFRR|Q

7HQDFLW\ (ORQJDWLRQ /LQH RI FRQWUR|O DQG V

6FKHPDWLF RYHUYLHZ RI LPSDFW RI VXSSOHPHQV
& RQ WKH JXW RI VLONZRUP ODUYDH RQ H[SRVXUFE




ILVW Rl 7TDEOHYV

60

7LWOH

3J 1

R

7TKH RSWLPXP WHPSHUDWXUH UHTXL
VLONZRUP

UHG IR

XU YDUL

ODMRU KHDW VKRFN SURWHLQV DQG

WKH

LU UROF

JHHGLQJ 6FKHGXOH RI VLONZRUP O

DUYDH

%LRFKHPLFDO &KDUDFWHULVDWLRQ

RI *X

W %DFW

JOXURPHWHU DVVD\ WXEHV SUHSDU

DWLR(

D SURWEF

SUHSDUDWLRQ RI UHDFWLRQ PL[WX

JH

/ILVW RI 3ULPHUYV

%DFWHULDO FRORQ\ LVRODWHY DQG
HISHULPHQWDO JURXSV

WKHL

ORUSKRORJLFDO FKDUDFWHUV RI WK
DQG H[SHULPHQWDO JURXSYV

H PLF

%LRFKHPLFDO FKDUDFWHULVWLFV R
&1

| EDFW

%LRFKHPLFDO FKDUDFWHULVWLFV R
6WUHVV *URXS 7

| EDFW

%LRFKHPLFDO FKDUDFWHULVWLFV R
VXSSOHPHQWHG *URXS 7

| EDFW

%LRFKHPLFDO FKDUDFWHULVWLFV R
6WUHVV 9LW & VXSSOHPHQWHG *UR

| EDFW
XS 7

3SXULW\ DQG TXDQWLW\ DQDO\VLV RI
FRQWURO DQG WAJHBRMHG JURXSV RI

LVRO

OLFURELDO FRPSRVLWLRQ RI VLONZRUP JX

WUHDWHG JURXSV 7 7 7

8QLTXH 6SHFLHV SUBVHRNVIED WKH JRO R

7 JURXSV

7KH DYHUDJH OHQJWK RI ILIWK LQVW
HISHULPHQWDO JURXSV LQ FP

VDU VI

7KH DYHUDJH ZHLJKW RI ILIWK LQVW
HI[ISHULPHQWDO JURXSV LQ JP

DU VL

UFRGH

URELDO

VHULDO

VHULDO

VHULDO

VHULDO

DWHG J>

W LQ W

ONZRUF

ONZRUP




7TRWDO SURWHLQ DQG DFWLYLW\ RI (
HISHULPHQWDO JURXSV

5LIHV

WLYH HQIJ\PF

| VLONZRUP

([SUHVVLRQ RI +63 JHQH LQ WKH |JXW R
&RQWURO DQG WUHDWHG JURXSYV
([SUHVVLRQ RI +63 JHQH LQ WKH IJXW RI

&RQWURO DQG WUHDWHG JURXSYV

VLONZRUP (

([SUHVVLRQ RI +63 JHQH LQ WKH J
&RQWURO DQG WUHDWHG JURXSV

XW RI

VLONZRUP (

([SUHVVLRQ RI +63 JHQH LQ WKH J
&RQWURO DQG WUHDWHG JURXSYV

XW RI

VLONZRUP (

ORUSKRPHWULF SDUDPHWHUYV RI FRH
ODURPAE\[ PRUL

RRQV

SURGXFHG

4XDOLW\ HYDOXDWLRQ RI VLON ILOD
FRQWURO DQG H[SHULPHQWDO JURX

PHQW
SV

UHHOHG IUI

7HQDFLW\ DQG (ORQJDWLRQ RI VLON

ILOD

HI[ISHULPHQWDO JURXSYV

PHQW RI FR(




/ILVW RI 3ODWHYV

60

7LWOH

([SHULPHQWDO 6HWXS RI /DUYDO UHDULQJ

OXOEHUU\ *DUGHQ DQG &ROOHFWLRQ RI PXOEHU

&ROODSVLEOH SODVWLF PRXQWDJHV IRU

'"HYHORSPHQWDO VWBRPHY[ FFIRWLONZRUP

FRFRRC

&RFRRV SURGXFHG IURP FRQWURO DQG H[SHULP

6LON ILODPHQWY UHHOHG IURP FRFRRQV

RI FRQ

ORUSKRORJ\ DQG GLVVHFWHG JXW RI ILIWK LQVV




&+$37(5
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,QWURGXFWLRQ
BHULFXOWXUH DQ RYHUYLHZ

BHULFXOWXUH LV WKH VFLHQWLILF SUDFWLFH GHGLFD\
SURGXFWLRQ 7KH WHUP VHULFXOWXUH ILQGV LWV UJ
VLON 7KLV DJUR EDVHG HQWHUSULVH UHYROYHV DURYX
WR \LHOG WKH KLJKO\ FRYHWHG DQG HFRQRPLFDOO\ V
WKH TXHHQ RI WH[WLOHV GXH WR LWV H[TXLVLWH UH
ODVWLQJ TXDOLW\ DQG GXUDELOLW\ VLON KROGV D V
'RUOG %RRN (QF\FORSHGLD 6LON &KLQD ZDV VDL
SURGXFWLRQ DV HDUO\ DV WKH 1HROLWKLF HUD $FFR
&KLQD EHWZHHQ DQG % & GXULQJ WKH UHLJQ
W WKHQ JUDGXDOO\ WUDYHOOHG HDVW DQG ZHVW R’
UHDULQJ KDV EHHQ GRQH LQ &KLQD IURP %& D
DUFKDHRORJLFDO GDWD .XKQ 7KH K\SRWKHVLV
%RPE\[ PEBHIYHORSHG IURP LWARREYQ G [3Q EDRRQD R U
\HDUV DJR LV VXSSRUWHG E\ WKH IDFW WKDW WKH ROC
JRHV EDFN WR \HDUV +LUREH *HQHWLF K\EUL
HDUO\ 7DLVKR HUD + OHDGLQJ WR WKH GHYHOR
VXEVHTXHQW 7DLVKR+6KRZD HUD WKLV QXPEHU VLJQL
YDULHWLHV E\ WKH HQG Rl WKDW SHULRG +LUDW
&KLQD )UDQFH ,QGLD ,WDO\ -DSDQ .RUHD DQG 5XV\
D VLIJQLILFDQW FRWWDJH LQGXVWU\ &KLQD DQG ,QC
QRZDGD\V ZLWK RYHU RI JORE BV DONSXW DQQXDOO)

6HULFXOWXUH VWDWXV LQ ,QGLD

,QGLDQ FXOWXUH DQG zZD\ RI OLIH KDYH VHDPOHVVO\
$OWKRXIJK WKH SUHFLVH RULJLQ RI VHULFXOWXUH LQ ,
IDU LQWR DQWLTXLW\ ,QGLD ERDVWYV D ULFK DQG VR
PDUNHG E\ D VLON WUDGH WKDW FDQ EH WUDFHG EDF
VHULFXOWXUH KDV EHFRPH DQ LQWHJUDO SDUW RI ,QC
KLVWRULFDO DQG DUWLVWLF OHJDF\ ,Q ,QGLD WKH J

PLOOLRQ SHRSOH LQ UXUDO DQG VHPL XUEDQ UH.
FRQVXPHU RI VLON DQG VLON WH[WLOHV DV ZHOO DV

l,



uUubZz VLON EHKLQG &KLQD 7DPLO 1DGX .HUDOD .DUQDYV
3UDGHVK -DPPX DQG .DVKPLU *XMDUDW %LKDU ODKDUD)
swwbuU 3UDGHVK DUH DPRQJ WKH VWDWHWZIKBIUH VHULFXO
,Q ,QGLD VHULFXOWXUH LV D ODERXU LQWHQVLYH IDUP
IDUPHUV E\ RITHULQJ KLJK HPSOR\PHQW DQG SURILWDEOH
RI WKH DFWLYLWLHV UHODWHG WR VHULFXOWXUH ,QGLD
HFRQRP\ VLQFH LW SURGXFHV WKH IRXU FRPPHUFLDO NLQC
DQG HUL 2QO\ $VVDP SURGXFHV WKH PXJD VLON ZKLFK L\
PLOOLRQ WRQV RI UDZ VLON SURGXFHG LQ + 0OXOEHUU
07 7DVDU IRU 07 (UL IRU 07 DQG 0XJD
07 6DL DQG $OL

&RPELQLQJ DJULFXOWXUH DQG LQGXVWU\ VHULFXOWXUH L
RI WKH ,QGLDQ HFRQRP\ JLYLQJ D VLJQLILFDQW SRUWLR!
OLYHOLKRRG LQ HPSOR\PHQW RSSRUWXQLWLHV ,Q WKH Ul
WKH VROH FDVK FURS FDSDEOH RI GHOLYHULQJ UHVXOWYV |
KDOI PLOOLRQ LQGLYLGXDOV LQ RXU QDWLRQ DUH HPSOR\
HPSOR\PHQW SRWHQWLDO ORZ FDSLWDO LQWHQVLW\ DQG
OLYHOLKRRG IRU PLOOLRQV RI LQGLYLGXDOV 1RWDEO\ D
HQJDJHG LQ WKLV LQGXVWU\ LQFOXGHV ZRPHQ DQG RWK
JURXSV ,QGLD KDV DFKLHYHG WKH WRS SRVLWLRQ LQ W|
KLVWRULFDO DQG FXOWXUDO KRPH PDUNHW DQG HQRUPF
DFFXUDWHO\ UHIOHFW UHJLRQDO XQLTXHQHVV

(QKDQFLQJ WKH TXDOLW\ DQG SURGXFWLYLW\ RI VLON LV
JRYHUQPHQW 7KH OLQLVWU\ RI 7H[WLOHV *RYHUQPHQ\
DGPLQLVWUDWLYH UHVSRQVLELOLW\ RYHU WKH &HQWUDO
GHYHORSLQJ WKH VLON VHFWRU 7KH JRYHUQPHQW RZQHG
SURPRWH WKH VHULFXOWXUH VHFWRU WKURXJK PDUNHWLC
PHDQV 5HVHDUFK DQG WHFKQRORJ\ GHYHORSPHQW IRU SU
FDUULHG RXW E\ VWDWH GHSDUWPHQWY RI VHULFXOWXUH I

6LONZRUP DV DQ LGHDO PRGHO RUJDQLVP
7TKH VLOBZRARULY D SK\WRSKDJRXV OHSLGRSWHUDQ LQVH
IRUDJHV RQ PXOERIWXINM OBEMAMYV DQ LPSRUWDQW VHULFLJ

~



ZKLFK KHOSV LQ WKH SURGXFWLRQ RI VLON SURWHLQ
%DEXY DO %RPE\[ KROIGV HFRQRPLF LPSRUWDQFH DV |
SURGXFWLRQ DQG VHUYHYV DV D YDOXDEOH'¥HRGHO RU.
WKHLU VKRUW JHQHUDWLRQ SHULRG GLVWLQFW JHQ
UHVRXUFHV VLONZRUPV KDYH EHHQ H[WHQVLYHO\ HPS
LOQYHVWLIDWIHRQ\WO7DPXRBMWNDO &KLQD DQG -DSDQ
ZRUNLQJ RQ WKH VLONZRUP JHQRPH SURMHFW LQ L
VLONZRUP KDG WKUHH GUDXJKW PDSV D ILQH PDS DQC
;LBIW DO ;HW DO 7KLY WUHPHQGRXVO\ DFFHOHUDW:
VHULFXOWXUH VFLHQFH DQG PDGH WKH VLONZRUP DQ |
VWXG\

$FFRUGLQJ MMR DDLERWKH XVH RI VLONZRUP PRGHOV 1
YDULHW\ RI OLIH VFLHQFH DSSOLFDWLRQV LQFOXGL
DOQOWLSDWKRJHQLF PHGLFDWLRQ VFUHHQLQJ DQG WUH
VXEVWDQWLDO SURJHQ\ VL]HV DQG UDSLG JHQHUDWL
oObuYDO VWDJH 5LFK LQ JHQHWLF IHDWXUHV WKH\ SR\
FRQWUDURWRSRLOD PH@BQRKDKIMMWMHWBRQO\ IRXU SDLUV
ELRHWKLFDO FRQFHUQYVY DVVRFLDWHG ZLWK LWWWGHDW
DO JXUWKHUPRUH WKH VLONZRUP SRVVHVVHV D PF
WR GLVVHFW DQG H[WUDFW YDULRXV WLVVXHV DQG RU
PLGIJXW DQG VLON JODQG ORUHRYHU VWXGLHV LQ
LOWUDYHQRXV LOQOMHFWLRQ WKDW UHVHPEOH WKRVH LQC
VLONZRUPV 6HOHFWLQJ D PRGHO DQLPDO IRU HQYLUR
HYDOXDWLRQ RI HFRORJLFDO HQYLURQPHQW VDIHW\
+DPDPRWRDO VLONZRUPV DUH SDUWLFXODUO\ YXOQ
PHWDOV DQG RWKHU GDQJHURXV VXEVWDQFHV DV Zt
$IWHU WKH VLONZRUP JHQRPH SURMHFW ZDV FRPSOF
GDWDEDVH ZDV HVWDEOLVKHG VLONZRUPV VWDUWHG
IRU VFLHQWLILF VWXG\ OLWD

/ILIH F\AFOH RI VLONZRUP

7TKH VLO®RZRPRR/LD KRORPHWDERORXV LQVHFW ZKLFK FR
WR GD\V DQG FRQVLVWYV RI VWDJHV HJJ ODUYDH S



RI GD\V ODUYDO VWDJH ODVWYV IRU W R GD\V ZKLF
SHULRGV DQG IRXU PRXOWV 7KH LQLWLDO WKUHH VWDJt
\RXQJ DJH ZRUPV DQG ILQDO WZR LQVWDUV DUH UHIHUUHG
D PD[LPXP OHQJWK RI DURXQG PP LQ WKH ODVW DQG ILIW
WLPHV ORQJHU WKDQ WKH\ ZHUH LQ WKH ILUVW LQVWDU 7
LV PRXQWHG ,Q RUGHU WR FUHDWH D ILQH ORQJ DQG IL
OLTXLG VLON IURP WKH VSLQQHUHW GXULQJ WKLV SHULRG
E\ WKHVH VWUDQGV VSLQQLQJ DURXQG WKH ODUYDH 7k
PHWDPRUSKRVLV WKURXJKRXW WKH * GD\ SXSDO VWDJH
WUDQVIRUP LQWR DGXOW PRWKV 7KH PRWK KDV VEDOHV
FUHDP\ ZKLWH 7KHLU OLIHVSDQ LV WKUHH WR WHQ GD\V
&RPSDUHG WR PDOH PRWKV IHPDOHV KDYH D ZLGHU DEGR
DIWHU IHUWLOL]DWLRQ DQG WKH IHPDOH PRWK GLHV DIV
FRQWLQXHV ORUH WKDQ HJJV ZHUH SURGXFHG E\ IHPDO

J)LIXUH /ILIH &\FO Mo RP BLYOMZRIU P
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7\SHV Rl VLONZRUPV

,QGLD ERDVWY WKH GLVWLQFWLYH SURGXFWLRQ RI ILYH F
QDWXUDO VLON HDFK RULJLQDWLQJ IURP GLIITHUHQW W\SF
KRVW SODQWV $SDUW IURP PXOEHUU\ VLON FROOHFWLYH
WKHVH GLYHUVH W\SHVY FRQWULEXWH WR ,QGLD V ULFK VLC



SURGXFWLRQ VWDQGY DV D XQLTXH DQG QRWHZRUWK'
ODQGVFDSH

%RPE\[ PRIDLVLONZRUP WKDW RQO\ HDWV WKH OHDYHYV
RI PXOEHUU\ VLON 7KHVH VLONZRUPV KDYH EHHQ UHD
GRPHVWLFDWLRQ 7DVDU 7XVVDK LV D FRDUVH VLON
XWLOLVHG IRU LQWHULRU GHVLJQ DQG IXUQLWXUH C
FRPPXQLWLHV 7&QWKHUNDAHROIZRLG KWWV WO\ IHHGV RQ
SObQWYV SURGXFHV WDVDU VLON DQG LWV UHDULQJ W
7bDvbDU D PRUH GHOLFDWH IRUBQWKWMDYBID SAKRWNHQIH U
VLONZRUP WKULYHV RQ RDN WUHHV ZKLFK VHUYH DV
+LPDOD\DQ UHJLRQ RI ,QGLD (UL RIWHQ UHIHUUHG WHF
VLON WKDW LQ FRQWUDVW WR RWKHU W\SHV RI VLON
IDUPHG VL®NAARMDPLBURGXEHY HUL VLON ZKLFK LV S
SODQWYV 0XJD VLON ZLWK D JROGHQ \HOORZ KXH LV D
IRU WKH VWDV WKHINDWHIP DV VOIRPPIQGIRPHVWLFDWHG P
VLONZRUP LV WKH VRXUFH RI LW 7KHVH VLONZRUPV |
DQG IHG RQ WKH IUDJUDQW OHDYHVHW ®RP DQG 6RDOX

6LONZRUP UDFHV DUH FDWHJRULVHG EDVHG RQ WKH Q>
JHQHUDWLRQ LV FRPSOHWHG E\ WKH XQLYROWLQH UL
ELYROWLQH UDFHV ILQLVK WZR JHQHUDWLRQV LQ D \HI
RU VHYHQ JHQHUDWLRQV 8QLYROWLQH DQG %LYROWL
WKDW SURJUHVVLYHO\ EHFRPH EURZQ RQH WR WZR G
GHHS \HOORZ HJJV GHSRVLWHG E\ SRO\YROWLQH PRWK
RQH WR WZR GD\V :KLOH EL YROWLQH UDFHV OD\ GLD
DIWHU QRQ GLDSDXVLQJ HJJV LQ WKH ILUVW XQLYROV
(JJV IURP PXOWLYROWLQH EUHHGVY DUH QHYHU GLDSD
PD\ EH DUWLILFLDOO\ FKDQJHG

*XW EDFWHULD LQ VLONZRUP

7KH GLIHVWLYH WUDFW RI VLONZRUP ODUYDH LV DOPEF
WKDW UXQV IURP WKH PRXWK WR WKH DQXV 7KLV W
VWRPRGHXP WKH PLG JXW RU PHVHQWHURQ DQG W



RHVRSKDJXV LV FRQVWULFWHG LQ WKH IURQW DQG LV SU
VWRPRGHDO LV ORFDWHG DW WKH HQG RI WKH IRUHJXW S|
RI WKH FRQWHQWYVY 7KH JXW LV D ORQJ EURDG F\OLQG!
WRZDUGYV WKH SRVWHULRU HQG )RRG LV PRVWO\ EURNHQ
JXW )RRG WKDW KDV EHHQ EURNHQ GRZQ LV DEVRUEHG E
JREOHW FHOOV LQ WKH PLG JXW HSLWKHOLXP DUH SULPCL
GLIHVWLYH IOXLG 7KH HSLWKHOLXP RI WKH PLGJXW LV DO
FHOO W\SHV 7KH SUHGRPLQDQW FHOO W\SH LV WKH FROXP
D YDULHW\ RI VKDSHV DQG IXQFWLRQV LQFOXGLQJ WKR
VHFUHWLRQ GLJHVWLRQ E\ HQ]J\PHV OLQNHG WR PLFURY
DEVRUSWLRQ UHJHQHUDWLYH FHOOV DUH ITUHTXHQWO\ JL
HSLWKHOLXP DQG VSHFLDOLVHG FHOOV VXFK DV FROXPQD
6RPH RI WKHP DUH JREOHW FHOOV ZKLFK DFWLYHO\ PR
KHPRO\PSK WR WKH OXPHQHRM WW&EH PLGJXW +DUYH\

2QH RI WKH NH\ LQWHUQDO HQYLURQPHQWDO IDFWRUV LQ
HQJ\PHV LV WKH S+ RI WKH FRQWHQWYV RI WKH JXW 1XPHUF
S+ YDOXHV RI QXPHURXV LQVHFWV DV ZHOO DV WKH UHOL
HQJ\PHV 7KH FRQFOXVLRQ GUDZQ IURP WKHVH LQYHVWLJD
LQVHFW JXW DQG HQJ]\PH S+ PD[LPD BWHDPRUUHODWHG

/JHSLGRSWHUD LQVHFWVY ZKHWKHU WKH\ IHHG RQ OHDYH\
*DOOHULD PHOORQHOOD RU NHUDWLQ 7LQHROD ELVVHOC
FRQWHQWY HVSHFLDOO\ LQ WKH PLGGOH YHQWULFXOXV
/JHSLGRSWHUD PD\ KDYH DGDSWHG WR WKLV KLJK S+ LQ RU(
SODQW FHOCHEDDOV 7HUUD

'XULQJ WKH ODUYDO VWDJH WKH JXW WLVVXH FDUULHV RX
GLIHVWLRQ DEVRUSWLRQ DQG QXWULHQW WUDQVSRUWDMW
JXW WLVVXH LQFUHDVHV WKH VXUIDFH DUHD RI WKH LQ
FRQVLGHUDEO\ LPSURYHV WKH RUJDQLVPTV HIILFLHQF\ IRL
HW DO 7KH JURZWK DQG GHYHORSPHQW RI RUJDQLVPV Kt
FDUULHG RXW E\ GLIJHVWLYH HQ]J\PHVY 7KHVH HQ]J\PHV DUH
DVVLPLODWLQJ QXWULHQWY HQVXULQJ WKDW HVVHQWLDO
ELRORJLFDO SURFHVVHV WKDW FRQWULEXWH WR RYHUDOO



SURWHDVH DP\ODVH OLSDVH DQG FHOOXODVH DUH WK
LQVHFW JXW 7HUUD )HUUHLUD

7TKURXJK DSSURSULDWH IRRG GLJHVWLRQ DQG WKH

VXUURXQGLQJV LQVHFWY DUH DEOH WR PHHW WKHL
SRO\PHUV ZKLFK DUH EURNHQ GRZQ LQWR WKUHH VWI
OLSLGVY DQG FDUERK\GUDWHV 7KH GLVSHUVLRQ DQt¢
SRO\PHUV WKDW UHVXOW LQ ROLJRPHUV LV NQRZQ DV
RFFXUV GXULQJ LQWHUPHGLDWH GLIJHVWLRQ UHVXOWL
7TKH XOWLPDWH SKDVH LQYROYHV WKH FRQYHUVLRQ R
GLIJHVWLYH HQJ\PHV VWUDWHJILFDOO\ SRVLWLRQHG ZL'
DQG FRQWURO WKLV FRQYHUVLRQ SURFHVV ZLWK SUHF

SURWHDVH WKH SURWHLQ GLJHVWLYH HQ]J\PH LV UEL
PHWDEROLVP ZKLFK K\GURO\WHV PROHFXODU SURWHL
+RUHMW DO 'XULQJ WKH ODUYDO VWDJH DFWLYLW\ |
KLJKHU UDWH WKDW PD\ HQKDQFH WKH SURGXFWLRQ
(JXFHKW DO . $P\ODVHV DOVR NQRZQ DV . JOXFDQ
DUH K\GURO\WLF HQ]J\PHVY UHVSRQVLEOH IRU FDWDO\]L
OLQNDJHV SUHVHQW LQ JO\FRJHQEDHNG WPFPRDOLNH W D WHF
WKH NH\ HQJ\PHV ZKLFK DUH LQYROYHG LQ WKH GLJHV
SHUIRUP DQ HVVHQWLDO UROH LQ WKH GLIJHVWLRQ I
WULJO\FHULGHV $QLPDOV SODQWV DQG PLFUREHV D¢
K\GURODVH ZKLFK FDWDO\VHV WKH K\GURO\VLV RI IDV
OLSDVHV RQ VXEVWUDWHY DW WKH DTXHRXV OLSLG S
IHDWXUH

&HOOXODVH FDWDO\WVHV WKH K\GURO\VLV RI FHOOXOR
VLPSOH VXM DONWWO /D 6HYHUDO PLFUREHV PRVWO\ E
JHQHUDWH WKLV HEWPBO ,PPOHXXGIXODVH LV D FUXFLD
IDFLOLWDWHYV WKH GHSRO\PHUL]DWLRQ RI HWOIXOXORYV

$FFRUGLQJ WR /HH DQG .RR FHOOXODVHYV DU
PLFURRUJDQLVPV SURGXFH ZKHQ WKH\ JURZ RQ FHOO
WKDW EUHDN GRZQ FHOOXORVH DUH FDSDEOH RI GRL
HQ]J\PH WR K\GURO\]JH LW LQWR VROXEOH VXJDUV &l

0



OLFURFRFFXV %DFLOOXV SVHXGRPRQDV DQG &HOOXOK
SURSHUWLHYV 1DNDPXUD .LWDPXUD %DFLOOXV VSS
JHQHUDWH D YDULHW\ RI H[WUDFHOOXODU HQ]J\PHV VXFt
SRO\WWDFFKDULGH K\GIWRO®OVHY 0DZDG]D

, QVHFWYVY WKH PRVW GLYHUVH JURXS RI FUHDWXUHV RQ (
ROGHVW VSHFLHV JRXQG XELTXLWRXVO\ LQ QDWXUH
DGDSWDELOLW\ WR D ZLGH DUUD\ RI HRWLDRQPHQWDO FR
6 XEVHTXHQWO\ D YDULHW\ RI EDFWHULD KDYH EHHQ OL
PLFURRUJDQLVPV WKDW DUH FRORQLVLQJ WKH LQVHFWYV P
7KH JURXS RI PLFURRUJDQLVPV WKDW FRORQLVH WK!
LOYHUWHEUDWH VSHFLHV LQFOXGLQJ EDFWHULD DUFKDHI
WKH JXW PLFURELRWD RU JXW PLFHWRIORUD WRHNWRIUGLQJ
EDFWHULD KDYH FR HYROYHG ZLWK WKHLU KRVW IRU RYF
PXWXDOLVWLF FRQQHFWLRQ LQVLGH WKH GHYHORSLQJ K
HIWHQVLYH DQG GLYHUVH PLFURELDO FRPPXQLWLHYV UHVLC
VHUYH DV \HW DQRWKHU H[DPSOH RI WKH UHPDUNDEOH GLY

W LV HVWLPDWHG WKDW WKHUH DUH DOPRVW WHQ WLPHYV
WKDQ WKH KXPDQ JXW SDMDJRSDO ,W KDV EHH
JXW PLFURIORUD KDV PRUH WKDQ WLPHV WKH JHQHWLF
*LAMAQV DO /KH KRVW DQG LWV PLFURELRWD DUH UHIHUU
EHFDXVH RI WKH TXDQWLW\ RI EBEAMWMW LD ®FFROGY QX W\RK H
'RXJODYV DQ LQVHFW LV D PXOWLRUJDQLVPDO HQWL
EHWZHHQ DQG RI LWV WRWDO ELRPDVV 7KH GLJHVWLY
HQYLURQPHQWY IRU PLFURELDO FRORQL]DWLRQ DQG DP
EDFWHULD SOD\ D FUXFLDO UROH LQ SURYLGLQJ YDULRXYV E
GHJUHH WR ZKLFK LQVHFWYVY GHSHQG RQ JXW PLFUREHV I
VLIQLILFDQWO\ ,QVHFWYVY JHW DGYDQWDJHV IURP WKHLL
SURGXFWLRQ RI YLWDO FKHPLFDOV GLJHVWLRQ DQG Pl
UHVLVWDQFH WR LQIHFWLRQV SKHURPRQH JHQHUDWLRQ
'LOORQ SDMDJRSDO

7KH JXW EDFWHULD SOD\ D FULWLFDO UROH LQ WKH VXUYL
IURP SDWKRJHQV DQG QDWXUDO HQHPLHV WKURXJK WKH I



VIVWHPV WR FRPEDW WKH LQYDGHU RUJDQLVP 'RXJOD
FUXFLDO IRU WKHLU DELOLW\ WR DGDSW WR GLIIHUHQ"
WR EH VLJQLILFDQW IRU HQYLURQPHQWDO DGDSWDWI
GHWRI[LILFDW IHRAD D'GH V SBK/V B O OLFURELDO DQDO\VLV
SURPLQHQW PHWKRG IRU VWXG\LQJ WKH FRPSRVLWLRQ
PLFURELRWD IURP WKH GHHS VHD WHRVWHKH KXRBI@ HI X W
IDEFWRUV KDYH VSXUUHG D FRQWHPSRUDU\ VXUJH LC
PLFURELRPH RI LQVHFWYV

$OWHUDWLRQV LQ JXW PLFURELDO FRPSRVLWLRQ DQG
JXW WLVVXH GDPDJH DQG PHWDEROLVP LQ VLONZRUP
, VPMHWD DO 7KH JXW EDFWHULD KDYH D VLIJQLILFDQW
VSDQQLQJ IURP LPPXQRORJ\ WR JXW VWUXFWXUH DQG
HQYLURQPHQWDO DGDSWDWLRQ RI WKH KRMW DQVHFW

SUHYLRXV VWXGLHYVY KDYH GHPRQVWUDWHG WKDW
FRQFHUW WR FRQWURO WKH PHWDEROLF SURHHNYV %U
DO ,Q UHVSRQVH WR FKDQJHV LQ WKH DYDLODELC
IDFWRUV WKH FRPSRVLWLRQ DV ZHOO DV WKH GLYHU\
DOWHU DQG KDYH DQ LPSDFW RQ WKH SWHWRAGRPWLRQ DQ

7KH LQWHVWLQDO PLFURIORUD VHFUHWHY D ODUJH QX
IRU GHJUDGLQJ FDUERK\GUDWHYV ZKLEK LV XVHG DV WK
:XHW DO .UDM P OCHO) LINO *XW PLFUREHV DUH DOVR FDS
GRZQ SURWHLQV LQWR DPLQR DFLGV ZKLFK DUH WUDQ
EDFWHULDO AMODY 'DYLOBGLWLRQ WKHVH VXEVWDQF
HQWHU WKH PHWDEROLF SDWKZD\V GLUHFWO\ WKURXJ
EDFWHULD ZKLFK OHDGVY WR WKH SURGXFWLRQ RI RUJI
HW DO 6WXGLHV KDYH GHPRQVWUDWHG WKDW JXW E
RI IDW LQ WKH KRVW E\ FRQWUROOLQJ WKH H[SUHVVLR
KRVW V HQHUJ\ PHW DHWR DMLY P %XAKFED PIKG 2VPDQ

3HGHUVHQ 7KH PHWDEROLF SURFHVV Rl WKH KR
LPSDFW RQ WKH JURZWK DQG GHYHORSPHQW LI WKH E
DQG WKH HQYLURQPHQW RI WKH KRNMNW DO FRPSURPLVHC



(INTHFW RI WHPSHUDWXUH RQ VLONZRUP

JRU VSHFLHV OLNH LQVHFWV ZKRVH SK\WLRORJLFDO SURF
UHJXODWLRQ DGDSWLQJ WR VKLIWLQJ FOLPDWLF FLUFXPV\
PDQ\ LQVHFWVY ODFN WKH SK\WLRORJLFDO WROHUDQFH Q
H[SRVXUH WR WKH FXUUHQW H[WUHPH WHPSHUDWXUHV IRX
JUDYH WKUHDW IURP JOREDO ZDUPLQJ 7KH IUHTXHQF\ RI
WHPSHUDWXUHV EURXJKW RQ E\ JOREDO ZDUPLQJ DIIHFW \
RI LQVHFWVWH VS VWD LR*QRQ]iIOH] ARNBDQ $EGHGI WDGO

7KH VLONZRUP LV QRW HTXLSSHG ZLWK D IXO0O ERG\
PDLQWHQDQFH V\VWHP 7KH VLONZRUP V ERG\ WHPSHUDW
HVVHQWLDOO\ GHWHUPLQHG E\ WKH WHPSHUDWXUH RI LWV
LV H[WUHPHO\ GHOLFDWH DQG VXVFHSWLEOH WR FKDQJHV
ZLWKVWDQG GUDVWLF YDULDWLRQV LQ KXPLGLW\ DQG WHP

7KH VXFFHVV Rl VHULFXOWXUH LV QRW RQO\ GHSHQGHQW F
E\ WKHLU HQYLURQPHQWDO FRQGLWLRQ HVSHFLDOO\ WH

$V VLONZRUPV DUH YHU\ VHQVLWLYH GXH WR DUWLII
XSEULQJLQJ WKH IOXFWXDWLRQV LQ WKH HQYLURQPHQWD
LQGXVWU\ VHYHUH DO 6X1OWMQYDO W LV JHQHUDOO\ NQRZC
JHQHWLF DQG HFRQRPLF FKDUDFWHULVWLFV DQG GLVHD
FORVHO\ FRUUHODWHG ZLWK WKHHMQDDUR @R HE@MIDO WHPSFH
DO 7KH HQYLURQPHQW HQFRPSDVVLQJ IDFWRUV VXFK
SKRWRSHULRG FROOHFWLYHO\ LQIOXHQFHV WKH OLIH F\FC
WKH SURGXFWLRQ RI FRFRRQV 0XUXJDQ DQG *HRUJH

6LQFH VLONZRUPV DUH SRLNLORWKHUPLF LQVHFWV RQH
LQIOXHQFLQJ WKHLU GHYHORSPHQW DQG SURGXFWLRQ LV

7KH SK\WLRORJ\ RI WKH VLONZRUPV LQFOXGLQJ EOF
GLIHVWLRQ DQG QXWULWLRQDO DEVRUSWLRQ LV GLUHFW
UHDULQJ 'HSHQGLQJ RQ WKH YDULHW\ DQG GHYHORSPHQW
WHPSHUDWXUHY DUH RSWLPDO IRU LWV KHDOWK\ JURZWK
RQ WKH TXDOLW\ RI PXOEHUU\ OHDYHV DV ZHOO 7KH PRVVW
WKH JURZWK DQG GHYHORSPHQW RI VLONZRUP LV WR
WHPSHUDWXUH UDQJH EHWZHHQ DQG f& LV VXEOHWI



FKDUDFWHULVHG E\ QHJDWLYH LPSDFW LQ WKHLU GHY|
FRPD RU HYHQ IDWDO LI WKH\ DUH H[SRVHG WR KLJK V
'LD@IW DO 1XPHURXV VWXGLHY KDYH UHSRUWHG Wk
SURGXFHG DW WHPSHUDWXUHV EHWZHHQ DQG f& D
UDQJHV UHVXOWV LQ ORZ TXDOLW\ FRFRRQV 6XUHVK
H[FHHGLQJ f& KDYH EHHQ IRXQG WR KDYH D GLUHFW
DQG .DUXQD $00 SK\WLRORJLFDO SURFHVVHV VO
EHORZ f&

7KH ILIWK LQVWDU LV WKH PRVW DFWLYH VWDJH RI OD!
VWRUH XS D VLIJQLILEFDQW DPRXQW RI IRRG UHVHUYHYV
WUDQVIRUPDWLRQ DQG® W HSUR GHFIRLRQV ¥XKRYHG WKD)
DQG ILIWK LQVWDUV RI VLONZRUPV ZHUH PRUH YXOQHL
/IL]XND 6KLURWD +LJK WHPSHUDWXUH VKRU)
LQVWDU ODUYDH ZKLFK DOVR LPSDLUHG WKHLU DEL
5DKPDWKXOOD DQG 6XUHVK +LJK WHPSHUDWX
f&2GR QRW SURPRWH ODUYDO GHYHORSPHQW GXULQ.
UHVXOW LQ ODUYB®W GWDWKSFFRUBGRIQI WR .UHPN\ DQG
VLON ZRUP ODUYDH VSXQ WKHLU EHVW FRFRRQV
VLIQLILFDQWO\ LPSDFWHG E\ WHPSHUDWXUH FKDQJH)\
KXPLGLW\ OLVKUD DQG 8SDGK\D\ $00 GHYHORSP}
UDFH VWUDLQW &RBEIFLEH RDWDOO\ DIIHFWHG E\ WHPS
f & 2PDQD DQG .DUXPDWKLO

+LJK WHPSHUDWXUHV KDYH WKH SRWHQWLDO WR LQIO
FURSYV JHQHUDWHG E\ VLONZRUPV DQG WKHUHIRUH \
7D]JLPD DQG 2KXPD ,QFUHDVHG WHPSHUDWXUHYV
ELRORJLFDO DFWLYLW\ UHVXOWLQJ LQ WKH GHWHULF
UHVSRQVHV 7KHVH LQ WXUQ LPSDFW WKH TXDQWLW
':LOOPRMUDO 6LGA DA 3UHYLRXV VWXGLHV VKRZHG
KLJK WHPSHUDWXUHV DOWHUHG WKH SURWHLQ SURGX
WKHLU JHQH H[SUHVVLRQ SHUURIDROHVHRI QO N:DRBWPYV /L
DO D 7KH XVXDO SDWWHUQ RI SURWHLQ V\QWKHVL
VWUHVV ZKLFK UHVXOWV LQ PDQ\ DQRPDOLHV DW WK



DOVR UHYHDOHG WKDW KLJK WHPSHUDWXUH FDQ DOWHU
PLFURIOKR UDRBXHQW DO

/IDWH VWDJH ODUYDH VKRZHG KLJK WROHUDQFH OHYHOV Z
HJJV +H DOVR QRWHG WKDW H[SRVXUH WR f & DQG f
WHPSHUDWXUHYV RYHU f& SHRYBIG WRXBHVIOWDRG +#DQNMK H

KDYH GHYHORSHG ELYROWLQH GRXEOH K\EULGV WK
WHPSHUDWXUHY DQG KLJK KXPLGLW\ RI WKH WURSLFV 7KF
RQ VHULFXOWXUH GHSHQGY RQ WHPSHUDWXUH ZKLFK FRX
GLITHUHQW SDUWV RI WKH QDWLRQ RYHU WKH FRXUVH RI W
RI DQWKURSRJHQLF JUHHQKRXVH BWWBY LQ7WIKWH FRNXERGV SK F
KDYH D QHIJDWLYH LPSDFW RQ VHULFXOWXUH SUDFWLFHV LC
Rl ,QGLD DQG D SRVLWLYH RU PDUJLQDO LPSDFW LQ WURSL

TDEOH7KH RSWLPXP WHPSHUDWXUH UHTXLUHG IRU YDULRX
SDKPDWKXOOD DQG 6 XUHVK

,QVWDUV 7HPSHUDWXUH UDQJH
‘' ,QVwWDU f &
? QvwDU f &
“ ,QVWDU f &
Y ,QvwDU f &
Y ,QVwWDU f &

7KH WHPSHUDWXUH ]JRQH RI VLONZRUP LV FODVVLILHG LQW
RI WHPSHUDW X/BHN KD®ORKXUK WHPSHUDW&XUH JRAXKH FK WKH

VLONZRUPV DUH ILUVW DURXVHG E\ WKH KLJK WHPSHUDWX
&HUWDLQ SURWHLQV FRDJXODWH DQG WKH ERG\ V HQ]\PH
SHULVKHG TXLFNO\ DQG HYHQ LI WKH\ UHORFDWHG WR DQ
ZRXOG QRW EH DEOHVWR ERWE@PK KDBEK WRPSHYRWXUH JRQF
DQ LQDSSURSULDWHO\ KLIJK WHPSHUDWXUH WKURZV WK
GLVVLPLODWLRQ RXW RI EDODQFH ZKLFK VKRZV XS DV VW
VHYHUH FLUFXPVWDQFHV LW PLIKW UHVXOW LQ GHDWK ,
SRWHQWLDOO\ SURGXFH WKHUPDO FRPD <RX FDQ VWLOO J
SURSHU WHPSHUDWXUH J]RQH DIWHU VSHQGLQJ D OLWWO



RSWLPXP WHPSHUBWXUHVIRVMEH DFWXDO UHDULQJ WHPS
LQ ZKLFK WKH JURZWK DQG GHYHORSPHQW DUH DGHTXI
VXEOHWKDO ORZ WHRSHUDWKVHNVKRQMWDWH LQ ZKLFK
LOQWHQVLW\ RI VLONZRUPV GUDVWLFDOO\ GURSV DQG
LQVWDQFHY FDXVH ERGLO\ IOXLGV WR IUHH]JH )RU I
VLONZRUPV FDQ FRQWLQXH WKHLU DFWLYLW\ DIWHU \
WHPSHUDWXUH KRZHYHU FRQWLQXLQJ AMRKDOR QR ED
WHPSHUDWXUH JRQHD ODUJH DPRXQW RI WKH VLONZRUF
DQG FU\VWDOOLVHY GHK\GUDWLQJ WKH SURWRSODVP
GDPDJH DQG GHVWUR\LQJ WKH SK\VLRORJLFDO IXQFWL
LQ WKH VLONZRUPAKX%GHDBMWEK JulsZ rlv(op v r}(r VA]E}
§ U% E SUE r}ivre]olA}Eu-X

+HDW 6KRFN 3URWHLQV +VSV

7\SLFDOO\ LQVHFWV UHTXLUH D YDULHW\ RI DPELHQW
SK\WLRORJLFDO DQG PHWDEROLF DFWLYLWLHV 7KH RU
ZKHQ WKH WHPSHUDWXUH ULVHV RYHU WKH FULWLFD
"-RUJHEBWHRO LQVHFWYV WKDW DUH XQGHU KHDW VWU
DQG PHWDEROLF DQRPDOLHV WKDW PLJKW KLQGHU Wk
LOQVHFWY DUH FDSDEOH RI H[SHULHQFLQJ H[WUHPHO\ K
WHPSHUDWXUHV RIWHQ IDOO EHWZHHQ WR f & GH?
DQG WKHLU LQGLYLGXDO GHYH GRS DHQ W DHQ SKQOWHFW
EHKDYLRXU DQG JURZWK DUH JUHDWO\ LPSDFWHG E\
GHYHORSPHQWDO GHOD\V VOXJJLVK GHYHORSPHQW ¢
DQG LQDGHTXDWH HPEU\R W HDYOH O RFSHTHD WK RR B GBIURWH L
DFW DV PROHFXODU FKDSHURQV WR SURWHFW SURWI
SURGXFHG E\ LQVHFWYV H[SRVHG WR KLJK WHPSHUDWXL
RQO\ VHTXHQWLDOO\ H[SUHVVHG GXULQJ WKH QRUPDC
WKH\ DUH DOVR WULJJHUHG LQ FHOOV XQGHU D UDQJH
WXPRXUV WHPSHUDWXUH FKDQJHV FHOOXODU GDPD
XELTXLWRXV FRPSRQHQWVY WKDW PD\ EH IRXQG LQ F
'URVRSKLOD VDOLYDU\ JODQGYV WKH\ PDQLIHVW DV FK



+HDW VKRFN SURWHLQV DUH SURGXFHG PRUH RIWHQ LQ V
FDSDFLW\ RI FHOOV WR ZLWKVWDQG WKHUPDO VKRFN +RZ
LPSDFWV RQ WKH SK\WLRORJ\ DQG GHYHORSPHQWDO SURF
LQ RUGHU WR DYRLG RU PLQLPLVH WKH HIIHFWV RI VWUHV\
EHKDYLRXUDO DQG SK\WLRORJLFDO DGD3IWHIMWLERGLB®DOLN
JHQHUDWH +VSV DQG DFWLYDWH SDUWLFXODU JHQHV LQ U
HW DO +HDW VKRFN SURWHLQVY DUH SUHVHQW LQ FHOO\
WKH\ H[SUHVV WKHPVHOYHV PDVVLYHO\ LQ UHVSRQVH WR
=KDR DQG -RQHYV $V D UHVXOW WKH +VSV IDPLO\ LV
LPSRUWDQW DQG FRQWHQWLRXY DUHDV HRW DXAJUHQW VWXG
WKHVH SURWHLQV DUH YHU\ DEXQGDQW LQ D YDULHW\ RI
F\WRVRO QXFOHXV QXFOHROXV HQGRSODVPLF UHWLFXO
SObVPD PHPEUDQH 7KH\ DUH HYROXWLRQDULO\ FRQVHUYH
VXEJURXSVY EDVHG RQ VHTXHQFH KRPRORJ\ PROHFXODU
FRPSULVHV +VS +VS +VS +VS DQG VPDOO +VSV V+)

7TDEOHODMRU KHDW VKRFN SURWHL@GWIDXE WKHLU UROHV 6

ODMRU )DPLO\ &HOOXODU /RFDOL]DWLRQ &HOOXODU )X

6PDOO KHEWWRVRO 1XFOHXV SURWHFWLQJ| FHOOV G.

VKREN SURWHLQV PDLQWHQDQFH RI D F\WRVNHOHWDC

+VS &\WRVRO 6WDELOL]DWLRQ RI PLYIROGHG SU

I1XFOHXV OLWEKOBGERIQY IRU +VS

+VS OLWRFKRQGULD SURWHLQ IROPGLQJ DVVH
FRPSOH[HV

+VS &\WRVRO IXFOHXV SURWHLQ IROGLQJ P
SURWHLQV

+VS &\WRVRO IXFOHXV 5HIJXODWRU) LQWHUDF
SURWHLQV VWDELOL]DWLRQ RI
SURWHLQV

+VS &\WRVRO IXFOHXV 7KHUPRWROHUDQFH SU

'KH@ PRWLVXEMHFWHG WR D WHPSHUDWXUH JUHDWHU WKI
SURWHLQV QDPHO\ %P+VS %P+VS %P+VS %P+VS
VWLPXODWHIBW 6MOIDQR)XUWKHUPRUH UHVHDUFK KDV GHF
HI[ISUHVVLRQ RI D VPDOO +VS LQ VLONZRUPV FDOOHG %P+V
H[SUHVV LWVHOI LQ UHVSRQVH WR HNWHPAHOE KLJK WHP

io



5HSRUWVY VKRZHG WKDW XQGHU H[WUHPH KHDW VWUHV
SURGXFWLRQ Rl VLON GUDVWLFDOO\ GHFUHDVHG 2Q V
FRQGLWLRQ WKHUH ZDV D VLJQLILFDQW LQFUHDVH LQ
/LHW DO W DSSHDUV WKDW VLONZRUP EUHHGV WKL
GLIIHUHQWLDOO\ WR KHDW VWUHVV -R\ DQG *RSLQDWK

6LIJQLILFDQFH RI IXWULWLRQ DQG GLHW LQ VLONZRU

IXWULWLRQ LV WKH PRVW FUXFLDO DQG QHFHVVDU\
LPSRVVLEOH IRU DQ\ OLYLQJ WKLQJ WR WKULYH DQG
ZLWKRXW QRXULVKPHQW RU QRXULVKLQJ IRRG 6LONZR
IDEFWRUV PXFK DV RWKHU FUHDWXUHV :KHQ VLONZRU
OHDYHV WKH\ EHFRPH XQKHDOWK\ DQG WKH SURSR
GHFUHDVHV 7KLV LV EHFDXVH SRRU IHG VLONZRUPYV
FKHPLFDO FRPSRQHQWV RI IRRG WKDW DUH QHFHVVDL
PHWDEROLVP DUH NQRZQ DV QXWULWLRQDO QHHGV +R
QHHG WKH VDPH QXWULHQWY DV KXJH PDPPDOV )RU W
QXWULWLRQDO EDODQFH LV FUXFLDO +RXVH 'DGG

6WXGLHVY RQ WKH XVH RI IHHG DUH RIWHQ OLPLWHG WF
ODUYDH VLQFH GXULQJ WKHVH VWDJHV RI WKH H!
FRQYHUVLRQ HIILFLHQF\ LV UHJDUGHG DV D FUXFLDO
WKH TXDOLW\ RI VLONZRUP EUHHGY DQG GLUHFWO\ RL
SRUWLRQ RI WKH FRVW EHQHILW UDWLR RI PDLQWDLQ

7KH JURZWK GHYHORSPHQW IRRG LQWDNH XWLO|I
GLIlTHUHQW EUHHGV RI VLONZRUPV PD\ GLIIHU 7KH H
TXDQWLW\ RI IRRG VLIJQLILFDQWO\ DIIHFW KRZ HIILFLH
WKUHDG HWb W& XU

6LONZRUPRRQO\ FRQVXPHV PXOEHUU\ OHDYHV IRU JURZ
HQWLUHW\ RI WKHLU H[LVWHQFH 7KH QXWULWLRQDO
LPSDFW RQ WKH GHYHORSPHQW RI WKH ODUYDH DQG
SHUIRUPDQFH RI VLONZRUPV WKURXJKRXW GHYHORSP
QXWULWLRQDO SK\WVLRORJ\ )RU WKH QRUPDO JURZWK |
DFLGV VXJDUV SURWHLQV DQG YLWDP®UWQWRLER RI Wk
HYROXWLRQ DQG QDWXUDO VHOHFWLRQ DWHDSURYLGH(

~
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OXOEHUU\ OHDYHV DUH ELRFKHPLFDOO\ FRPSRVHG RI YLW|
DQG FDUERK\GUDWHY 7KH QXWULWLRQDO FRQWHQW RI P X
JURZWK DQG PHWDEROLVP RHWLD®O ZRIUUFPC/LWDRQDNAPD ULW K
EHHQ QRWHG WKDW WKH GLHWDU\ YDOXH RI IRRG DOVR KD\
GLJHVWLYH HQ]J\PHV DQG DVVLPLODWIWRRODQG WKHLU VXUY

,W LV FRPPRQO\ UHFRJQLVHG WKDW WKH TXDQWLW\ DQG TX
UDWH GHYHORSPHQWDO VWDJH ERG\ ZHLJKW DQG VXUYLY
LPSDFW RQ WKH ORQJHYLW\ IHFXQGLW\ PRYHPHQW DQG

7KH JURZWK RI KHDOWK\ ODUYDH DQG WKH SURGXFWL
RQ WKH FKRLFH RI SODQW QRXULVKPHQW ZLWK H[FHSWLR

.XPDUD 7KH LPSDFW RI KLJK TXDOLW\ GLHW RQ WKH
ZHOO DFNQRZOHGJHG ERWK GRPHVWLFBWODDQG LQWHUQ
O9DGDPDODL 6DUNDU 7KH KRWHW DXAXDQWYV RI1 2DN

7TURSLFDO WDW DO 2MKD 'HH\EDND M 6D UHRWD IO O DQG

0XJD 6DHUHWDRO KDYH EHHQ XVHG WR HYDOXDWH WKH VHL
QXWULHQWY LQ QRQ PXOEHUU\ VHULFXOWXUH 7KH OLIH F'
GLIHVWLRQ DQG DEVRUSWLRQ RI WKH QXWULHQWYV IURP F
LOWHUDFWLRQ EHWZHHQ WKH SODQW DQG WKH LQVHFW
QXWULWLRQ RI WKH LQVHFW LV QHFHVVDU\ :DOGEDXHU
DQG GLIJIHVWHG GLUHFWO\ DIITHFWV SK\WLRORJLFDO SURFH
DIITIHFWV WKH TXDGMWDRI VIAIWMKD OR W K L

,PSDFW RI IRUWLILFDWLRQ ®l ERWULHQWY RQ VLONZRUI

$00 IRXU VSHFLHV Rl VLONZRUPV2PXOEHUU\ WDVDU PXJD
QXWULWLRQ IURP WKH OHDYHV WKH\ FRQVXPH 7R UDLVH
EHWWHU TXDOLW\ VLON UHVHDUFKHUV DOVR DWWHPSWHG
QRW ILQDQFLDOO\ YLDEOH 6R VXSSOHPHQWDWLRQ RI QXW
WKH PXOEHUU\ OHDYHV FDQ EH XVHG DV DQ HIIHFWLYH SLU
TXDQWLW\ RI VLON SURGXFWLRQ %\ DGGLQJ YLWDPLQV DQ
QXWULWLRQDO FRQGLWLRQHMD @ EH HHKWDQFHWGJIJURDWKL DC
GHYHORSPHQW RI VLONZRUP ODUYDH DV ZHOO DV D GLUHF
RI VLON SURGXFWLRQ ZHUH GHPRQVWUDWHG E\ IHHGLQJ
OHDYHVHWHM®R $00 JHQHWLF IHDWXUHV LQFOXGLQJ ZHL



FRFRRQ TXDQWLW\ RI VLON SURGXFHG SXSDWLRQ D
LPSDFWHG E\ WKH GLHWDU\ UHTXLUHPHQWY IRU QRXUL

$KPDG GLVFRYHUHG WKDW FRPELQLQJ YDULRXV Q
SURGXFWLRQ DQG ODUYDO ZHLJKW (QULFKLQJ PXOEHL
DFLGVY FDUERK\GUDWHV DQG YLWDPLQV HQKDQFHG Wi
( WHEDODWLQGRRVWLHWDU\ SURWHLQ VXSSOHPHQWYV VX|
EODFN EHDQV VR\EHDQV DQG PXVKURRPV KDYH EHHOQ
DQG ORZHU PRUWDOLW\ ODKPRXG 'KHQ PXOEHUL
FHUWDLQ TXDQWLW\ Rl WKH D PL PRSBIY HE®OR SRIXGQ QLAY PVDL\
PRUH IDYRXUDEO\ 5DGMDEL % 7 PHZWIE RIQIR® K B Q A B @&/
WKH VXSSOHPHQWDWLRQ RI WW\ URJLQH K& URRIHU DD
GHYHORSPHQW ZDV SRVLWLYHO\ LQIOXHQFHG E\ F\DQR
DOQWLELRAMLEO +DNVK\UR[LQHW $KPDGPHWKRSUHIQWM OLUD
DO YLWDPLQ % 3DO DQG +&WVIXESOHPHQWDW

$GGLWLRQDOO\ LW KDV EHHQ VKRZQ W%D WRBRR\L\WYY VD
LWV ELRFKHPLFDO FRQWHQW (WHEDUL DQG )D]LODWL
WLPHV ZKHQ PXOEHUU\ OHDYHV FRPELQHG ZHWKDBRYLQ

6LPLODU WR WKLV VLONZRUPV IHG RQ PXOEHUL
VROXWLRQ DQG IDUP\DUG PDQXUH IRUPHG KHDYLHU F
ODbDUYDO ZHLJKHWW ODBEPRFRRGSOHRBRHeWWDONXDH ZLWK PHVW
DQG QRUHWKLQGURQH MXYHQLOH KRUPRQH PLPLFV S|
oODPDVWHW DO &KH®@J DO JXUWKHUPRUH [HHGLQJ
K\GUR[\HFG\VRQH KDG D EHH{MWIDBLD G UIP&DG VI Q&D 83ID G

7TKH ZHLJKW RI WKH VLON JODQG WKH FRFRRQ VK
WKH ILODPHQW DQG WKH DPRXQW RI VHULFLQ DQG IL
QDQRSDUWLFOHY DQG VSLUXOLQD IHHGLQJ 7KDQJDS
JXUWKHUPRUH LW KDV EHHQ VXJJHVWHG WKDW WKH I
OHDYHV PD\ LQFUHDVH VLONZRUPV UHVLVWDQFH WR
ODUYDH S5DHKWDW&XOOD

(I'THFW Rl 9LWDPLQ & VXSSOHPHQWDWLRQ RQ VLONZ

oLwDPLQVY DUH FRQVLGHUHG WR EH HVVHQWLDO WR Wi
7KH\ DUH QHFHVVDU\ FKHPLFDOV WR PRGLI\ FHOOXO

io



IXQFWLRQ 6KDPVXGGLQ JRU JURZWK DQG GHYHORSIH
QHHGYV DVFRUELF DFLG DQG YLWDPLQ % FRPSOH[ ,W KDV C
DFLG RU YLWDPLQ & PRWRYWEWLQG® GRHYHORSPHQW 0XOF
FRQWDLQ D VLJQLILFDQW TXDQWLW\ RI DVFRUELF DFLG KR
LW %UHVFL HWVIDA ODQHMD G

9LWDPLQ & LV FRQVLGHUHG DV D YLWDO QXWULHQW IRU WK
IXQFWLRQLQJ RI VHYHUDO HQ]\PHV RI VLONZRUP W VHUY
WKH ERG\ RI WKH VLONZRUP W LV DQ HIIHFWLYH DQWLRJL
GDPDJH WR SURWHLQV PHPEUDQHNOLSLGV KBIQ@GDRAN RIRPPI
DVFRUELF DFLG LQ WKH IRRG RI VLONZRUP ODUYDH LQ WK
WKHLU JURZWK DQG GHHW HXOR SP$HWAR UBDLFDDIFLG LV W\A\SLFDO
WR VLONZRUP IRRG HQULFKPHQW LQ DPRXQWV WKDW UDC
GLHW V GU\ ZHLJKW ZKLFK LV WKRXJKW WR EH WKH LGHDO

SHVHDUFK KDV VKRZQ WKDW VXSSOHPHQWLQJ DVFRUELF D
VLIQLILFDQWO\ ERRVWHISWWIG LU /RZHKVVW R MWDDEW\ DQG |
JURZWK ZHUH REVHUYHG LQ VLONZRUPV IHG RQ PXOEHUU\
DFLG DQG QLWURJIJHQ -DYHG DQG *RQGDO 6 XSSOHPI
HQKDQFHG WKH FRPPHUFLDO WUDLWY RI VLONZRUP FRFRR
(WHEDUL ODWLQGRRVW % 3 B RAIBINQJ PRQE HAMW UKD WKE
YLWDPLQ & WUHBHWPBIQW %UDKPD

6LQFH WKHUH LV D JURZLQJ PDUNHW IRU ILQHVW VLON LW
FRFRRQV )JURP D VHULFXOWXULVW V SHUVSHFWLYH WKL
VLONZRUPV ZLWK KLJK \LHOGV DQG LPSURYLQJ WKH QXWUL
DPRXQW DQG TXDOLW\ RI VLON SURGXFHG DUH GLUHFWO\ I
$ FRQWHPSRUDU\ PHWKRG IRU UDLVLQJ WKH FRFRRQV HF
PXOEHUU\ OHDYHV ZLWK DGGLIWLR@DO DKNVBEKHQWYW . X WXG
HPSOR\V D XQLTXH PHWKRG WR WKH QXWULWLRQDO PDQD
ZRUPV ZLWK YLWDPLQ & IRUWLILHG PXOEHUU\ OHDYHV WR
VLONZRUPYVY DQG KLJK TXDOLW\ VLON SURGXFWLRQ HYHQ LQ

$QDO\WLV RI JXW PLFUREHV%L QP RRUNR OMNYIQBIOVWENZRR® HQ
IXQFWLRQDOLW\ LQ WKHVH PLFUREHV WKDW PD\ EH UHTXLL
RI WKH VLONZRUP 2QH Rl WKH PRVW LPSRUWDQW WRRO'

A
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IXQFWLRQV DQG HYROXWLRQ RI GLYHUVH PLFURELRWD
RQ WKH DSSOLFDWLRQ RI 6 U51%$ KLIJK WKURXJKSXW J
PLFURELRWD RI VLONZRUPV DV ZHOO DV WKH ODWHVYV
LQYHVWLIDWH WKH JXW V\PELRQWYVY RI LQVHFWV ,Q DC
HYHU\ EDFWHULDO JHQH IRXQG LQ VLONZRUP JXWV W
K\SRWKHVHV WKDW ZLOO EH WHVWHG ODWHU RQ WR G
WKH JXW PLFURELRWD LQ D VLIJQLILFDQW LQVHFW JUR
WR DQDO\WWH WKH GLYHUVLWLHV RI JXW PRRRERIORUD
VXSSOHPHQWDWLRQ RI DVFRUELF DFLG XQGHU WKHUPD

2EMHFWLYHV RI WKH VWXG\

7R VWXG\ WKH GLYHUVLWLHV RI JXWRPREURERRIUD RI I
&XOWXUDO FKDUDFWHUL]DWLRQ
&KHPLFDO FKDUDFWHUL]DWLRQ
OHWDJHQRPLF DQDO\VLYV

&RPSDUDWLYH VWXG\ RI JXW EDFWHULD RI ELYROWL(
DVFRUELF DFLG VXSSOHPHQWDWLRQ

7R ILQG RXW WKH LPSDFW RI VXSSOHPHQWDWLRQ F
HQJ\PHV RI VHBRERUPRGIHU WKHUPDO VWUHVYV

4XDOLW\ HYDOXDWLRQ DQG PRUSKRPHWULF SDUDPHW
SHOHYDQFH RI WKH 6WXG\

6LONZRBPE\[ PRUDQ LPSRUWDQW LQVHFW WKDW SURC
HFRQRPLF YDOXH G6HULFXOWXUH LV RQH RI WKH PDMF
WKDW RIIHUV ILQDQFLDO VWDELOLW\ WR UXUDO UHVLG
DV D VHFRQGDU\ RFFXSDWLRQ 'XH WR WKH XQIHDVLEO
TXDOLW\ FRFRRQV D ODUJH QXPEHU RI IDUPHUV DED
DOWRJHWKHU 7KH KLJK WHPSHUDWXUH GXH WR JORE
TXDOLW\ DQG TXDQWLW\ Rl FRFRRQ 6LQFH WKHUH LV L
LW LV QHFHVVDU\ WR JHQHUDWH KLJK TXDOLW\ FRFRR(
FDQ RQO\ EH GRQH E\ LPSURYLQJ WKH QXWULWLRQDO

~
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IDUPHUV WR UHDU VLONZRUPV LQ XQIDYRXUDEOH ZHDWKH
IREXVLQJ RQ WKH QXWULWLRQDO VXSSOHPHQW GLHW RI
PHWKRG IRU HQKDQFLQJ WKH HFRQRPLF YDOXH RI FRFRRQ
ZLWK DGGLWLRQDO QW WICH Q WAK H. XSPUDHMHIDM UHVHDUFK HF
XQLTXH PHWKRG WR WKH QXWULWLRQDO PDQDJHPHQW R
PXOEHUU\ OHDYHV ZLWK YLWDPLQ & WR HQVXUH WKH JHQ
KLJK TXDOLW\ VLON XQGHU WKHUPDO VWUHVV $00 RI Wk
SK\WLRORJ\ ZKLFK LV PDQDJHG E\ HQGRV\PELRQWV 7KH
H[FHSWLRQDO FRQGLWLRQV IRU WKH FRORQLVDWLRQ RI P]
ZKLFK PD\ RIIHU VHYHUDO DGYDQWDJHRXV IXQFWLRQV W
PLFURIORUD ZLOO DGYDQFH RXU XQGHUVWDQGLQJ RI WKH
GHYHORSPHQW DQG JURZWK

+RZHYHU DQ DWWHPSW ZDV PDGH WR GHWHUPLQH WKH LP
WKH JURZWK R4RVPEONPRWRHU WKHUPDO VWUHVV 5HOHYDQ
ZHUH FRQGXFWHG WR HYDOXDWH WKH JURZWK FKDUDFWH L
RI WKH JXW EDFWHULD RI VLONZRUPV 7KH UHVXOWV RI W
VHULFXOWXUH IDUPHUV Rl RXU FRXQWU\ 9LWDPLQ & KDV
FDXVHG E\ HQYLURQPHQWDO VWUHVV DQG FDQ EH XWLC
$GGLWLRQDOO\ LW LV SRVVLEOH WR SURGXFH VLON RQ
VXEVWUDWHY DQG HQKDQFH ERWK TXDOLW\ DQG TXDQWLW
EDFWHULD RI VLONZRUP KHOSV LQ IXUWKHU H[SORUDWLRQ
LQ GLJHVWLRQ DQG DEVRUSWLRQ XQGHUVWDQGLQJ WKHI
YLWDPLQ & VXSSOHPHQWDWLRQ DQG RSWLPL]LQJ IRRG G
7KLV NQRZOHGJH FRQWULEXWHY WR D EURDGHU XQGHUVWI
DQG WKHLU LPSDFW RQ GLJHVWLYH SURFHVVHV SDYLQJ W
SK\WLRORJ\ DQG DSSOLHG HQWRPRORJ\ *LYHQ WKH VLJQL
VLONZRUP KHDOWK UHVHDUFKHUV FDQ H[SORUH VWUDW
PLFURELRPH IRU HQKDQFHG UHVLOLHQFH 7KLV FRXOG LC
SURPRWH WKH JURZWK RI EHQHILFLDO EDFWHULD RU WKH X
XQGHU VWUHVV FRQGLWLRQV $ SURGXFW WKDW LV UHDG\ |
VLON IDUPHUV ,Q FROODERUDWLRQ ZLWK WKH FHQWUDO |
LPSOHPHQWDWLRQ PD\ EH PDGH PRUH ZLGHO\ DFFHSWHG
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SHYLHZ RI OLWHUDWXUH

6HULFXOWXUH DOVR NQRZQ DV VLONZRUP IDUPLQJ L'
SXUSRVH RI SURGXFLQJ KLJK TXDOLW\ DQG TXDQWLW\
QDWLRQTV HFRQRP\ BURGXFWLRQ RI KLIJK TXDOLW\ F|
VLON SURGXFWLRQ 7R DFFRPSOLVK WKLV JRDO FRF
RYHUFRPLQJ DGYHUVH FOLPDWLF FRQGLWLRQV DQG L
HQWDLOV YLWDPLQ IRUWLILFDWLRQ WKURXJK WKHLU
GLIHVWLRQ RI WKHVH QXWULHQWY DQG JXW V\PELRQW
SbUW LQ WKHLU GHYHORSPHQW $OWKRXJK RWKHU F
%RPE\[ AR/UWKH PRVW IUHTXHQWO\ XVHG DQG H[WHQVL
UHVHDUFK VWXGLHV RQ VHULFXOWXUH DQG FRFRRQ
HQFRPSDVVLQJ D ZLGH UDQJH RI DVSHFWV VXFK DV P X(
WKH HFRQRPLFV RI FRFRRQ SURGXFWLRQ ELRFKHPLE
PLFURELRORJLFDO FKDUDFWHUL]DWLRQ DQG VR RQ

6LONZRUP DV DQ H[SHULPHQWDO LQVHFW

6LONZRRPE\[ AR/UD OHSLGRSWHUDQ PRGHO LQVHFW RI
HFRQRPLF UHOHYDQFH H¥W DQOVDWWG® HE V %0 Dl 2 RIL\P
HFRQRPLFDOO\ LPSRUWDQW RZLQJ WR LWV XVDJH L
VLONZRUPV DUH H[WUHPHO\ VHQVLWLYH WR FOLPDWH
XWLOL]JHG DV D NH\ IDFWRU LQ HQYLURQPHQWDO P
LQGLFDWRU G6HNLPXUBW DO +®IPONWPRRVUP LV XVHG DV DC
PRGHO RUJDQLVP LQ UHVHDUFK EHFEDXVH RI LWV UHOD
VLPSOLFLW\ Rl PDQDJHPHWW®QG UHDULQJ ;LD

$FFRUGLQJ MWR DEBQJ WKH VLONZRUP LV DQ LGHDO P
ELRORJLFDO UHVHDUFK VLQFH LW KDV LWV UHODWLYI
SUHFLVHO\ VHTXHQFHG JHQRPH DQG D VXEVWDQWLDO
VLONZRUP PDNLQJ LW VXLWDEOH IRU YDWLRXYV OLIH V
VSHFLILHG WKH VLONZRUP DV DQ H[SHULPHQWDO PRG
DSSURYDO GRHV QRW UHTXLUH KHDY\ DQG FRVWO\

QXPEHUV RI ODUYDH FDQ EH UDLVHG LQ D VLQJOH ER]
PDLQWDLQLQJ VLONZRUPV 6LONZRUP KDV EHHQ XWLOL



UHJDUGLQJ PLFURELDO SDWKRJHQLFLW\ DQG WWH PHGLFLC
DO

%DFWHULDO GLYHUVLW\ LQ WKH VLONZRUP JXW

,QVHFW JXW LV RQH RI WKH PRVW FUXFLDO RUJDQV LQ
DEVRUSWLRQ RI QXWULHQWY WDNHV SODFH WKHUH ZKLFK |
LW 7KH SULQFLSDO IXQFWLRQV Rl WKH JXW DUH PHGLDWL
DQG SURWHFWLQJ WKH RUJDQLVP DJDLQVW KDUPIXO FKH
EDFWHULD RI LQVHFWY DUH YLWDO IRU LWV JURZWK GHY
HQYLURQPHQW &KDQJHV LQ WKHVH RUJDQLVPV GXH WR V
OHDG WR XQKHDOWK\ FRQGLWLRQV DQG LQFUHDVH WKH LQ
HW DO ,Q FRQWHPSRUDU\ WLPHV WKHUH LV D JURZLQJ L
GLYHUVLW\ RI WKHVH JXW EDFWHULD DQG WKHLU LPSDFW
LPSURYH VLON SURGXFWLRQ ([SORULQJ WKH PLFURELDO
LQVLIJKWY LQWR WKH LQWHUDFWLRQ EHWZHHQ WKH LQVH
SRVLWLYHO\ WR WKHVH SURFHVVHV 7KH JURZWK GHYHORSE
RI WKH KRVW LQVHFW DUH JUHDWO\ LQIOXHQFHG E\ WKH J>
VXSSRUW PHWDEROLF DFWLYLWLHV DUH IRXQG LQ WKHLU
UHSRUWHG DERXW WKH GLYHUVLW\ DQG LWV FRQWULEXW
FRPSDUHV WKH JXW E% FWRRUL B OSGOHPHQWDVRLRQ RI YLWDF
WKHUPDO VWUHVV WR VWXG\ WKH LQIOXHQFH RI EDFWHUL
VLONZRUP ODUYDH 5HFRJQL]LQJ WKH SLYRWDO UROH RI J
DQG RYHUDOO KRVW KHDOWK RXU VWXG\ KLIKOLJKWV WK
WKHUPDO VWUHVV ZKLFK LV ZHOO NQRZQ IRU LWV DQWLR]
VWUHVV UHVSRQVH 7KH IDFW WKDW WKH SURGXFWLRQ RI
VLONZRUP ODUYDH WKLV VWXG\ DLPV WR GHWHUPLQH LI FI
RQ E\ KHDW VWUHVV DQG YLWDPLQ & KDYH DQ\ GLVFHUQL
GHYHORSPHQW RI WKH ODUYDH 7KH UHVXOWYV PLJKW KHC
ZKLOH DOVR RIIHULQJ QHZ SHUVSHEWLYHV RQ WKH LQWtE
VWUHVVHV KRVW VSHFLHVY DQG WKH PLFURELDO SRSXOD
LQVHEWYV

$FFRUGLQJ WR WKH NWXC30 RI EDPWBQDDO IORUD SOD\V D \
UROH LQ WKH GLJHVWLRQ RI IRRG PDWHULDO 6LONZRUP

-
-



SURGXFH VRPH GLJHVWLYH HQ]J\PHV VXFK DV DP\ODVH
XUHDVH 7KH\ LQYHVWLJDWHG WKH FKDQJHV WKDW RFF
%RPE\[ PRMULQJ YDULRXV SKDVHV RI LWV OLIH F\FOH
KHWHURWURSKLF PLFURELDO FRPPXQLW\ LQ WKH ILQDC
FRQVXPSWLRQ VWDJH RI ODUYDH

JHQHW DO LGHQWLILHG ILIW\ VL[ EDFWHULD IURP WKH
RQ WULFXVSLG FXGWIFrQODDXWVHDNX¥BNYLEDFWHULXP &
6WDSK\ORFRFFX\DQEWHHEMWMORIDKIRIMROPRQJ WKH QLQH
SURGXFLQJ EDFWHULDO VWUDLQVY LVRODWHG DQG FDV
GHPRQVWUDWHG WKDW QXWULWLRQ KDV D PDMRU LQI
SDUWLFXODUO\ OLSDVH SURGXFLQJ EDFWHULD DQG
EDFWHULDO GLYHUVLW\ PD\ EH DVVRFLDWHG ZLWK VLO

/ILDQIW DO HPSOR\HG D EDFWHULDO FXOWXUH PH)
GHODWXULQJ JUDGLHQW JHO HOHFWURSKRUHVLYV PHWE
WKH VLONZRUP ODUYDO JXW EHWZHHQ WKH ELRUHJHQI
DQG WKH WUDGLWLRQDO UHDULQJ ZD\ 7KH FXOWXL
VLIQLILFDQWO\ ORZHU FRXQW RI VLONZRUP JXW EDFWF
$QDO\WLV RI FORQH OLEUDULHVY VKRZHG WKDW WKH JX
OHVV GLYHUVH WKDQ WKDW RI WKH 75: ,Q WKH %5:
GRPLQDWHG ZKHUHDV WKH 75: ZDV GRPLQDWHG E\ %DF

6X®W DO VWXGLHG WKH JXW PLFURELRRMER|PRKH Kt
DQG DOWHUDMWLRREWBEBXUWRY LQIHFWLRQ 7KH LQWHVWL
ODUYDH DQG LQIHFWHG ODUYDH LQFOXGHG DQC
ZDV GLVFRYHUHG WKDW (QWHURFRFFXV 'HOIWLD 3HOF
ZHUH WKH GRPLQDQW EDFWHULD REWDLQHG IURP WKI
GLYHUVLW\ JXW EDFWHULD LQ WKH LQIHFWHG ODUYDH
JUDP SRVLWLYH EDFWHULD (QWHURFRFFXV DQG 6WD:?
UHVXOWYV LQGLFDWHG WKDW WKH REVHUYHG YDULDWLF
VLONZRUP V LPPXQH UHVSRQVH WR %P&39 LQIHFWLRQ
DVVRFLDWLRQ EHWZHHQ JXW PLFURELRWD DQG WKH
VLONZRUPYV



&KHBW DO XVHG QH[W JHQHUDWLRQ VHTXHQFLQJ 1*¢
PHWDJHQRPLFV WR FKDUDFWHULVH WKH ELRGLYHUVLW\ D
PLFURELRWD R %RKPHE \Y LROREBR BAWDJHQRPHY ZHUH FRQVWU X
IRU WKH FRQYHQWLRQDO LQEUHG VWUDLQ 'D]JDR 3 DQG F
ALXIHQJ %DL\X 4% ZKLFK LV H[WHQVLYHO\ XWLOLVHG LQ

FRQWDLQV DQG ubzZz UHDGV UHVSHFWLYHO!
IRXQG WKDW PRUH WKDQ VL[ KXQGUHG EDFWHULDO VSHFLH
3 ZKHUHDYV GLVWLQFW VSHFLHV ZHUH LGHQWLILHC

ODUNHGO\ ERWK VWUDLQV ZHUH GRPLQDWHG E\ (QWHU
(QWHURFRFFXV

&KHQYW DO DGPLQLVWHUHG YDULRXWVRREALEAMRRALLFV WR
GHYHORS JXW G\VELRVLV PLFURELRWD LPEDODQFH LQ
PHFKDQLVPV E\ ZKLFK WKH PLFURELRWD WUDQVPLWYV SH\
$FFRUGLQHWVRO/L SKR[LP H[SRVXUH WR WKH VLONZRUP OD!
HYHQQHVYV RI WKH JXW EDFWHULDO SRSXODWLRQ DQG D
PLFURELRWD 7KH VWXG\ GHPRQVWUDWHG D VLJQLILFDQW
VSHFLILF WD[D VXFK DV OHWK\OREDFWHULXP DQG $XUDQ\
WUHDWHG ZLWK SKR[LP FRPSDUHG WR WKH ZDWHU WUHDWFE
D GHFUHDVH LQ WKH SURGXFWLRQ RI DQWLPLFURELDO SH
SDWKRJHQ@OQMLAMU REID FWBIID EQRW FWIHONZRUP ODUYDH LQGLF
VA\VWHP VXSSUHVVLRQ GXH WR SKR[LP H[SRVXUH 7KH UHVH
SKR[LP LQGXFHG FKDQJHV LQ WKH JXW PLFURELDO FRPPXQ
LQ WKH FRPSRVLWLRQ DQG VWUXFWXUH RI LQWHVWLQDO PI
IXQFWLRQLQJ RI WKH VLONZRUP V GLJHVWLYH WUDFW
VLIQLILFDQFH RI WKH JXW PLFURELRWD LQ FRPSUHKHQGLCQ
GDPDJH LRRUHVXOWLQJ IURP H[SRVXUH WR SHVWLFLGH

%DUWHWID®R H[SORUHG WKH VLJQLILFDQFH RI LQWHVWLQDC
WKHLU SUDFWLFDO LPSOLFDWLRQV 7KH\ KLIJIKOLJKWHG WK
WKH VXUYLYDO RI LQVHFWY E\ SURYLGLQJ SURWHFWLRQ D
WKURXJK PHFKDQLVPV VXFK DV FRORQLDO UHVLVWDQFH V
WKH LQVHFW LPPXQH V\VWHP WR FRPEDW LQYDGLQJ RU
IXQFWLRQV RI JXW PLFURIORUD LQ DLGLQJ WKH LQVHF'



RSSRUWXQLWLHYV IRU DSSOLFDWLRQV LQ YDULRXV LQC
DJULFXOWXUH

'HH %DXWLVWD KDYH H[DPLQHG WKH IHDWXU}L
GHYHORSPHQW RI VLONZRUP ODUYDH DQG FRFRRQ FKEL
\LHOG DQG TXDOLW\ RI VLON ,W ZDV KLJKOLJKWHG
DVVRFLDWHG ZLWK DEVRUSWLRQ DQG XWLOLVDWLRQ
LOOQHVVHYV DQG KDV EHHQ VKRZQ WR LQIOXHQFH V
OHWDJHQRPH VHTXHQFLQJ ZDV HPSOR\HG WR SURILOH
QDWLYH VLONZRUP VWUDLQV FXOWLYDWHG LQ WKH 3K
SUHYDOHQFH RI EDFWHULD IURP WKH JHQHUD 3VHX
OHWK\OREDFWHULXP DQG $FLQHWREDFWHU DFURVV D(
WKH ILQGLQJYVY GHPRQVWUDWHG DQ DXJPHQWDWLRQ LQ
ODUYDH SURJUHVVHG LQ WKHLU GHYHORSPHQWDO VWI
JURZWK DQG YDULDWLRQV LQ WKH TXDQWLW\ DQG PDV
WKH ODUYDH

B8WLOL]LQJ EODVW IBDWDDOVLVGIBRWVUWPLD® WKH SULPDU\ E
ZLWKLQ WKH GLJHVWLYH WUDFWV RI ERWK KHDOWK\ D
)& [)& 7KH LQYHVWLIJDWLRQ DOVR  >CQURNMLIDXNG WBKH
YODYREDFW HADLAUMD @BM X GRPRRODRXJIJK JHQRPH VHTXHQF
.OHEVLHOOD DQG (QWHUREDFWHU JXW EDFWHULD Zt
FKDUDFWHUL]DWLRQ 7KH VWXGLHV GHPRQVWUDWHG V
VSHFLHV LQ WKH JXW RI VLONZRUP EUHHGV

<HUXWD DO FRPSDUHG WKH GLYHUVLW\ RI PLGJXW E
VLONZRUPV RI YDULDEOH YROWLQLVP 3XUH O\WRUH 30
30 7T &65 FURVVEUHHG WKURXJK PHWDJHQRPLFV ,Q 3
IROORZHG E\ %DFLOOXV ZKLOH &65 VKRZHG D SUHGRF
E\ (QWHURFRFFXV ,QWHUHVWLQJO\ WKH PLGJXW RI
EDFWHULDO FRPPXQLW\ LQFOXGLQJ %DFLOOXV /DFWRI
EDFWHULD 7KH PHWDJHQRPLF SURILOHV KLJKOLJKW
SRSXODWLRQV DPRQJ GLIITHUHQW VLONZRUP YDULHWLE
DFFRUGLQJO\



'LIHVWLYH HQ]J\PHV V\QWKHVLVHG E\ EDFWHULD

,QVHFW JXW KDV D ZLGH UDQJH RI HQ]J\PHV LQFOXGLQJ
DP\ODVHV FHOOXODVHV OLJQLQDVHV DQG SHFWLQDVHV
JXW V\PELRQWYV DOVR SURYLGH FULWLFDO QXWULHQWV W
DPLQR DFLGV DQG VWHUROV DQG LW VHUYHV DV D VRXUFL!

0DQ\ VWXGLHV UHSRUWHG OLSDVHV DQG SURWHDVHV IURP
LOQFOXGLQJ %DFLOOXV B6WDSK\ORFRFFXV&DBGHG®RPRQDYV
IHUPHQDMEBWLURZLQLD IORBROLWNERUPY DABW PWWHWOHYV 3DUI
YHQHW DO

3UHPW DO UHSRUWHG WKH H[LVWHQFH RI EDFWHULDO VS
FHOOXORVH [\ODQ SHFWLQ DQG VWOUFRBURWQNXPHG E\

YXOJDULV .OHEVLHO QG VEQRIKPRWQEZHH Y HXQRIOLDLWHG DQG D
FDSDEOH Rl EUHDNLQJ GRZQ FHOOXORVH DQG [\ODQ 3HFW
3VHXGRPRQDV 1O SRHKXPRARXOHG EUHDN GRZQ FHOOXORVH

VWDBRKUDWLD OZDXHDEPHH@®WR GHJUDGH SHFWLQ [\ODQ D
DOVR UHYHDOHG WKDW ZLWK HYHU\ LQVWDU WKH TXDQWL

6XQ DQG 6FKDUI UHSRUWHG D ODUJH QXPEHU RI JXW
LQVHFWYV WKDW KHOS LQ WKH GLJHVWLRQ RI OLIJQRFHOOX
$V VWDWHG E\ .K\DGH DQG 0D U DRV KHARLQ W DW® H I? 0 G JXOR R\
EDFWHULD WKDW DLG LQ GLJHVWLRQ DEVRWWWL®RQ DQG J

D UDQJH RI EDFWHULD ZLWK FHOOXORO\WLF DFWLYL
OHSLGRSWHUDQV LQFOXGLQJ 3VH)XGRPRODY N SN HKEPWREUR
DQBURWHXV PBBREBMBI®O KDYH UHSRUWHG WKH LVRODW
FHOOXORVH HQ]\PHV WKDW EUHDN GRZQ SODQW ILEUHV DQ

ILDQHW DO XVHG ,00XPLQD OLVHT VHTXHQFLQJ DQG D
DSSURDFK WR FRPSDUH WKH YDULDWLRQV LQ JXW EDFW
ODUYDH DQG FHOOXODVH SURGXFLQJ DQG DP\ODVH SURGX
UHDULQJ PHWKRG %5: DQG WKH WUDGLWLRQDO UHDULQ
LOQGLFDWHG WKDW LVRODWHY IURP VLONZRUP JXW EDFWHU
FDSDEOH RI GHJUDGLQJ FHOOXORVH DQG VWDUFK +RZHYH
LVRODWHY UHOHDVLQJ FHOOXODVH DQG DP\ODVH LV WKH



&RSULQHOOZXNUWDW KBIQW RODWHYV WKDW FRXOG VI\QWKH
OHDQZKLOH WKH\ UHSRUWHG WKDW (QWHURFRFFXV (
FHOOXODVH DQG DP\ODVH LQ WKH %5:

*DQGRWUD HW DO XWLOL]JHG FXOWXUH GHSHQGHQ
6 ULERVRPDO 51$ SUREHV DQG TXDOLWDWLYH VFUHH
%DFLOOXV VSS 6HUUDWLD PDUFHVFHQV G6WHQRWUR
VWXW]HUL $FLQD\'BOEDONHHONWEVGLQJ LQ WKH JXW R
VLONZRUP 7KHLU ILQGLQJV UHYHDOHG WKDW %DFLOO;
JHQXV LQ WKH FXOWXUDEGCSH EY¥VAHHRWMOR E R B PKX\Q 6 MU LR
3VHXGRPRQDV DQG $OFDOLJHQV 7KURXJK TXDOLWD
DSSUR[LPDWHO\ WZHQW\ILYH JXW EDFWHULDO LVROD
DP\ODVH FHOOXORVH DQG OLSDVH DFWLYLWLHV LQG
GLJHVWLRQ DQG IHHGLQJ RI WKHLU KRVW LQVHFW

,PSDFW RI 7TKHUPDO 6WUHVYV RQ 6HULFXOWXUH

7KH VXFFHVV Rl VHULFXOWXUH LV LQIOXHQFHG E\ WK
WHPSHUDWXUH ZKHQ LQFUHDVHV EH\RQG WKH RSWLP >
RI VLONZRUP ODUYDH 7KH DELRWLF IDFWRUV VXFK T
QXWULWLRQ KDYH DQ LPSDFW RQ WKH BMHQRW\SH RI
7D]LPD BHYHUDO VWXGLHV UHSRUWHG WKDW IR}
ODUYDH ZHUH KLJKO\ VHQVLWLYH WR KLJK WHPSHUDW

7D]LPD DQG 2KXPDHW DO 8HGEIG %HQFKDPLQ DQG -R(
UHSRUWHG WKDW WHPSHUDWXUH LV D FUXFLDO DELRV
DQG FRFRRQ SURGXFWLRQ LQ VLONZRUP )LQH TXDOI
VLONZRUP LV UHDUHG DW DQ RSWLPXP WHRSW WIDW X U H

%LYROWLQH VLONZRUPYV DUH EHWWHU WROHUDEO
WR YDULHG FOLPDWLF FRQGLWLRQV 5DR

5SDPDFKIHN DD UHSRUWHG WKDW WKH UDMRPRI VSLQ
PRUQDUYDH ZDV VORZ DW f& DQG IDVW DW f& *R
SURGXFHG IURP VORZ VSLQQLQJ ODUYDH ZKLFK ZHUH L
FRFRRQV UHDUHG XQGHU f& 7KH\ FRQFOXGHG WKDW
DQG TXDQWLW\ RI FRFRRQ SURGXFWLRQ DQG UHFRP
WHPSHUDWXUH IRU VLONZRUP UHDULQJ

(K¢



7KH HIIHFWV Rl FOLPDWH FKDQJH RQ WKH JXW DVVRFLDW
$FURVWHUQRBRIXUODQWLD KLZWHWWHLRQYRDVWLIIDWH® E\ 3UDG

8VLQJ GLDIJQRVWLF 3&5 SULPHU VHWV WKH\ PRQLWHF
DVVRFLDWHG V\PELRQWYV DQG GHPRJUDSKLF GDWD RI WZF
WHPSHUDWXUHYV DQG f& $V SHU WKHLU UHVXOWV ERYV
JXW PLFUREHV DFURVV WZR JHQHUDWLRQY XWODfH $GGLV
DQG KLVWUGRQEED\HG UHGXFHG LQVHFW VXUYLYDELOLW\
FRPSDUHG WR WKRVH REVHUYHG DW f& 7KH KLJK WHP
ORZHULQJ WKH JHQHUDO ILWQHVV RI LQVHFWYVY DFFRUGLQJ
$00 Rl WKHLU UHVXOWYV LQGLFDWHG WKDW DW f& V\PE
PD\EH FDXVHG E\ D GHFOLQH LQ KRVW ILWQHVYV

SDKPDWKXOOD HPSKDVLVHG WKDW DV VLONZRUPV
WHPSHUDWXUH GLUHFWO\ DIIHFWV D QXPEHU RI SK\VLRO
GHYHORSPHQW RI WKH ZRUPV $FFRUGLQJ WR KLP HDUO\ I
WHPSHUDWXUHY ZKLFK HQKDQFHV WKHLU FKDQFHV RI VXU
FRFRRQV 7KH JURZWK RI VLONZRUPV LV GLUHFWO\ FRUU
WHPSHUDWXUH IOXFWXDWLRQV DUH GHWULPHQWDO WR

WHPSHUDWXUH ULVHV D QXPEHU RI SK\WLRORJLFDO SUR
WHPSHUDWXUH GURSV IHZHU SK\WWLRORJLFDO SURFHVVH)\
KLIKHU WHPSHUDWXUH VSHHGV XS ODUYDO JURZWK DQG V
LQ WKH ODWHU LQVWDUV 2Q WKH RWKHU VLGH JURZWK
OHQIWKHQHG DW FROG WHPSHUDWXUHYV

3RWHQWLDO ELYROWLQH VLONZRUP VWUDLQV ZLWK D SDU\
ZHUH IRXQG ENVBXJQDQDW KDV EHHQ DVVHUWHG WKDW LQ F
VHULEXOWXUH VLWHV VXPPHU WHPSHUDWXUH ULVHV KI
GHYHORSPHQW Rl WHPSHUDWH ELYROWLQH VLONZRUPV DQ
VFUHHQLQJ VLONZRUPV IRU WKHUPRWROHUDQFH LV D FU:
EUHHGY DQG K\EULGV WKDW DUH WKHUPRWROHUDQW 2Q W
VLONZRUP ODUYDH RQ WKHLU WKLUG GD\ RI WKH ILIWK
WHPSHUDWXUH RI “ f& DQG D UHODWLYH KXPLGLW\ RI
+ WLOO WKHLU VSLQQLQJ $00 JHQHWLF IHDWXUH\
WKH WUHDWPHQW JURXSV VKRZHG KLJKO\ VLIJQLILFDQW GLI



+XVVDLQ VWXGLHG WKH HIIHFWV RI WHPSHUDW
SXSDWLRQ KDWFKDELOLW\ DQG ODUYDO PRUWDOLW\
0z 0+ 0z 3DN 3DNz 3DN% 3DNx 3),+, 3),%,
GLIIHUHQW WHPSHUDWXUH FRQGLWLRQV DQG  *
IRXUWK DQG ILIWK LQVWDUV 7HPSHUDWXUH DQG UHOD
WKH KDWFKDELOLW\ SXSDWLRQ DQG PRUWDOLW\ RI L
LQVWDU ODUYDH $FFRUGLQJ WR WKHLU ILQGLQJV GX
SHUIRUPDQFH Rl LQEUHG VLONZRUP OLQHV YDULHG FI
GLYHUVH WHPSHUDWXUH DQG KXPLGLW\ H[SRVXUHV 7K
FRQVWDQW DW f& DQG UHODWLYH KXPLGLW\ EXW
KXPLGLW\ IRU WKUHH KRXUV KDG D VXEVWDQWLDO LPS
SXSDWLRQ DQG ODUYDO PRUWDOLW\

7KH LPSDFW RI WKH HQYLURQPHQW D UDQJH RI WHPS
WKH PRUSKRORJ\ PHFKDQLFDO FKDUDFWHULVWLFV DQ
DQG VSLQQLQJ SDWWHRRE K | FERKIH VILOWZ\RW PHDW BG E\ 2|
7KH VWLIIQHVY DQG VWUHQJWK RI WKH FRFRRC
WHPSHUDWXUH ZKLFK DWWULEXWH WR FKDQJHG VSLQ
3HUKDSV DV D UHVXOW RI WDQQLQJ FRPSRXQGV UHOD
FRORXUDWLRQ )XUWKHUPRUH D FRFRRQ V ZDWHU F|
GLVSHUVLRQ ZLWKRXW DOWHULQJ WRXJKQHVV 7KHLU
TXDOLW\ FULWHULD PXVW EH UHJDUGHG ZKLOH VWX
ILODPHQWY RU VLON GHULYHG ELRSRO\PHUYV

6 D UNHKW D O GHGXFHG IURP KHU UHYLHZ WKDW WHPSH
VLONZRUP V \LHOGV DQG VXUYLYDO UDWH 7HPSHUDW?>
VLONZRUP ODUYDH DUH QHJDWLYHO\ FRUUHODWHG $F}
JURZQ DQG GHYHORSHG DW RSWLPDO WHPSHUDWXUH
KXPLGLW\ ZLOO JURZ DQG GHYHORS PRUH ZKLFK ZLO(
/IDUYDO ZHLJKW RIWHQ GHFUHDVHV ZLWK LQFUHDVLQJ
KLQGHUHG SURGXFWLYLW\ DQG FDXVHG PXOEHUU\ OHD
GHFUHDVHG WKH DPRXQW RI IRRG WKH\ UHFHLYHG +R
UDWH RI GHYHORSPHQW ZKLFK UHVXOWY LQ ORZ TXDO



6X®W DO H[DPLQHG WKH DOWHUDWLRQV LQ WKH LQWHVYV
KRXUV DIWHU KRXUV RI WUDQVLHQW KLJK WHPSHUDWXUH
DQDO\VLV VKRZHG D QHJDWLYH DVVRFQWWUR@®REFGFWYHHQ W
6WDSK\ORHARFEXRMWKHU SUHYDOHQW JHQHUD $IWHU 7+77 \
VSDW]OH WUDQVFULSW OHYHOV DQG D GHFUHDVH LQ GLFF
7RO0 SDWKZD\ DQG VXSSUHVVLRQ Rl WKH 51$L SDWKZD\
OHYHO GLVSOD\HG D QHJDWLYH FRUUHOQDWH BRFRIFW K VW K H
ZKLOH D SRVLWLYH FRUUHODWLRQ ZDV REVHUYHG EHWZH
9DULRYRUD[ SRVW 7477 7KHLU UHVHDUFK \LHOGHG QRYHC
EHWZHHQ LQWHVWLQDO IORUD KRVW JHQH H[SUHVVLRQ D¢

6 XQW DO XVHG KLJK WKURXJKSXW VHTXHQFLQJ DQG ELRF
VLONZRUP JXW EDFWHULD WUHDWHG ZLWK KLJK WHPSHUDW
LPSDFW RI LQWHVWLQDO PLFUREHV RQ VLONZRUPV LQ U
HQYLURQPHQW 7KH ILQGLQJV GHPRQVWUDWHG WKDW JXW
LPSDFWHG E\ KLJK WHPSHUDWXUHY DQG WKDW WKHUH DU
EHLQJ PRUH VXVFHSWLEOH *XW EDFWHULD DUH FRQQHFW
DQG WUDQVSRUW FDSDFLW\ RI VLONZRUP WLVVXH LQ WKH
WHPSHUDWXUHY KDYH WKH SRWHQWLDO WR LPSDFW VLONZ
IXQFWLRQ RI UHOHYDQW GLJHVWLYH HQ]J\PHV DQG LQWHYV
WXUQ PLIJKW LPSDFW WKH VLONZRUP V QXWULWLRQDO Dt
LPSDFWLQJ LWV GHYHORSPHQW DQG JURZWK

+HDW VKRFN SURWHLQV +VSV

7KH PXOWLYROWLQH BRPEH UFBR WMUKHINZRWPDUL UDFH ZDV V.
WR DQ H[SHULPHQWDO H[DPLQDWLRQ E\ 6LQKD DQG 6DQ\C
VHQVLWLYLW\ ,Q WKLV LQYHVWLIJDWLRQ WKH HIILFDF\ RI
DGXOWV DW f f DQG f &HOVLXV ZDV DVVHVVHG 7KH
VKHOO LQFUHDVHG VLJQLILFDQWO\ IROORZLQJ KHDW VWUH
7KLV LV K\SRWKHVL]HG WR EH DWWULEXWHG WR WKH H[SU
GXULQJ WKH ODUYDO SHULRG 7KHVH ILQGLQJV VXJJHVW W
VKREN SURWHLQV VKRXOG EH HPSOR\HG WR HQKDQFH Wi
LQWHQGHG IRU LQGXVWULDO SXUSRVHYV



7KH VXUYLYDO DQG KHDW VKRFN SAURREHN L @ROWHH] EWHHH\QV L
UHSRUWHG HEW .BUKDQXULQJ LWV ODUYDO GHYHORSPHQ
GLVF DQG GRUVDO DEGRPLQDO HSLGHUPLVY DV ZHOO
VKRZHG ZLGHVSUHDG H[SUHVVLRQ RI +VS P51% ,wWV
UHJXODWHG LQ UHVSRQVH WR PLOG DQG PLOG WR VHY|
HIFHSWLRQ RI SXSDO RYDULHV +RZHYHU LW ZDV VKRZ
ZDV FRQQHFWHG ZLWK DQ DQLPDO V DELOLW\ WR ZL
WHPSHUDWXUH W ZDV REVHUYHG WKDW WKH VSLQQLQ
WKDQ WKH SXSDH

$FFRUGLQJ WR &R\DQ@GUD NDKHWKI ZzDV D FRUUHODWLRQ
EUHHGY UDWLR DQG SXSDWLRQ GXULQJ KLJK WHPSHUL
GXULQJ KHDW VKRFN 7KH GHJUHH WR ZKLFK +VSTV DU
IRU LPSURYLQJ VLONZRUP ODUYDH V DELOLW\ WR VX
VWXGLHY LQGLFDWH WKDW WKH ELYROWLQH EUHHGV +
&65 $PRQJ WKH ELYROWLQH EUHHGY LW LV WKH PR\
WHUPV RI SXSDWLRQ SHUFHQWDJH

3XQ\DYDWKL ODQMXQDWKD UHSRUWHG WKDW GL
ZHUH VXEMHFWHG WR GLIIHULQJ OHYHOV RI WHPSHUD
SDUWLFXODU WKHLU VH[ VWDJH VSHFLILF SURWHLQ H
FU\SWLF FKDUDFWHULVWLF $Q LPPXQREORW DQDO\VL
HISUHVVLRQ RI KHDW VKRFN SURWHLQV DQG EHW
ODUYDH DFURVY DOO LQVWDUV 1RWDEO\ WKLV VWXG\
FRUUHODWLRQ LQ WKH H[SUHVVLRQ RI WKH %P+VS DQ
VWUHVY 7KLV FRUUHODWLRQ EH\RQG KLJKOLJKWLQJ
FOHDU DQG FRRUGLQDWHG LPSDFW RQ WKEoRKEWLYDO
PRULRDUYDH WKURXJKRXW YDULRXNWGBYHORPBPHQWD/® &
PDSSHG WKH SUHVHQFH RI KHDW VKRFN SURWHLQV LQ
JHQRPH 6SHFLILFDOO\ WKH XS UHJXODWLRQ RI +VS
REVHUYHG LQ UHVSRQVH WR ERWK FROG f& DQG KRV
YHUVDWLOLW\ RI WKHVH SURWHLQV LQ UHVSRQGLQJ WHF



,PSRUWDQFH RI 1XWULWLRQ LQ 6LONZRUP

7KH HVVHQWLDO HOHPHQWY QHFHVVDU\ IRU VLONZRUP JUR
WKH\ FRQVXPH DV D GLHW 7KH QXWULWLRQDO TXDOLW\ RI
YLWDPLQ HQULFHKWHIRW 7XGDFRQVXPSWLRQ RI QXWULWLRQ
OHDYHV UHVXOWHG LQ LPSURYHG VLONZRUP ODUYDO GHYH
D GLUHFW HIIHFW RQ WKH TXDOLW\ DQG TXDQWLW)\ RI FREF
IXWULWLRQ LV DQ LPSRUWDQW IDFWRU LQ HIIHFWLYH VLC
HPSKDVLV RQ VLONZRUP QXWULWLRQ %RUDK DQG %RUR

6XSSOHPHQWDWLRQ RI PXOEHUU\ OHDYHV ZLWK YLWDPLQ
XQIDYRXUDEOH HQYLURQPHQWDO FRQGLWLRQV DQG LW PL.
VIQWKHVLYVY LQ WKH VLON JODQG 'DV DQG OHGGD $FF
SDGKDNULVKQDLDK JLQF SOD\V D FUXFLDO UROH LQ ¢
HQJ\PH DFWLYLWLHVY KRUPRQH PHGLDWLRQ UHSOLFDWLRQ
VLONZRUP ,W KDV DOVR EHHQ REVHUYHG WKDW D FRPELQ

DQG &D KDV D VWXQQLQJ HIITHFW RQ VLONZRUP GH
.KXUUDP -DYHG DQG *RQGDO KDV EHHQ IRXQC
ODUYDH ZHUH IHG ZLWK 1 WUHDWHG PXOEHUU\ OHDYH?
VLIQLILFDQWO\ 6XSUDNDVK DQG 3DO GLVFRYHUHG W

WKH GHYHORSPHQW DQG JURZWK RI VLONZRUP DV ZHOO I
FRFRRQ 7KH DGGLWLRQ RI FRSSHU VXOSKDWH QLFNHO FK
PXOEHUU\ OHDYHV ERRVWHG WKH VLOMNMZIRMUPXW CHFRQRPLF

6LPLODU UHVXOW KDV DOVR EHHQ UHSRUWHG E\ &UL)
VKRZHG DQ HQKDQFHPHQW LQ WKH ERG\ ZHLJKW DQG \LHOC
ZDV VXSSOHPHQWHG ZLWK YLWDPLQ % GHULYDWLYHYV

,Q WKH ODWWHU VWDJHV RI PXO WLRFRO WRRMD\QPR\EKYROWL
DQG 6XEUDPDQ\DP H[DPLQHG WKH DOWHUDWLRQV LQ
HQJ\PHV IROORZLQJ IHQYDOHUDWH (& WUHDWPHQW (C
VXFUDVH DQG SURWHDVH VKRZHG GHFUHDVHG DEWLYLW
WUHKDODVH DFWLYLW\ LQFUHDVHG ZKHQ WKH PLGJXW ZD\
7KH DOWHUDWLRQV REVHUYHG LQ WKH DFWLYLW\ RI WKHYV
PD\ KDYH GHWULPHQWDO HIIHFWV RQ VLONZRUP PHWDEF
GLJHVWLYH HQJ\PHV DELOLW\ WR ZRUN SURSHUO\



,Q WKH VWXG\ FRQGBXWVFWEG EAMAWRADD/ODHYHDOHG WKDW |
OHDYHV VRDNHG LQ ERYLQH PLON WR ODUYDH UHVXOW
HQG RI WKH ILIWK LQVWDU FRPSDUHG WR ODUYDH IHG .
'XULQJ WKH LQLWLDO GD\V RI WKH ILIWK LQVWDU WK
HIKLELWHG D UHPDUNDEOH LOQFUHDVH LQ WKHLU E
OHDYHV JDLQHG $GGLWLRQDOO\ WKH LQWURGXFW
FRFRRQ ZHLJKW FRPSDUHG WR WKH FRQWURO JURX
VXSSOHPHQWLQJ PXOEHUU\ OHDYHV ZLWK QXWULHQWYV
EHQHILFLDO DSSURDFK IRU HQKDQFLQJ WKH JURZWK |
ODUYDH

%DVHG RQ %RUJRKDLQ DUWLILFLDO IHHGV DUH
FRQWHQW DV ZHOO DV LPSURYLQJ WKH RYHUDOO GHYt
7UHDWPHQW RI VLONZRUP ODUYDH ZLWK QXWULWLRQD(
ILODPHQW ZKLFK PD\ EH XWLOLVHG WR LQFUHDVH S
.DPDWHMWMDO UHSRUWHG WKDW IHHGLQJ VR\D SURWHL
ODUYDH PD\ LPSURYH GHYHORSPHQW DQG ERRVW WK
SURGXFWLRQ

$FFRUGLQJ WR 6DDG IHHGLQJ EODFN VHHG DQG E
LQIHFWHG VLONZ®U PP RYDLWHD FIL (RO XV W KDHWIXDIWHGV L Q
FRQVLGHUDEOH ULVH LQ ODUYDO ZHLJKW DQG D GHFI
SXSDO ZHLJKW ZDV UDLVHG E\ EODFN VHHG DQG EDVLO
UHVXOWHG LQ D VXEVWDQWLDO LQFUHDVH LQ ERWK F
'KHQ FRPSDUHG WR WKH LQIHFWHG FRQWURO WKH V
LQFUHDVHG DW DOO WHVWHG GRVHV RI EODFN VHHG HJ

, VOBI®WW DO SRLOQOWHG RXW WKDW VLONZRUP QXWULWL
WKH JURZWK DQG GHYHORSPHQW RI VLONZRUP ODUYDH
DQG UHHOLQJ FKDUDFWHAIRRFBNL F\R RIMWWM Kl HWKLHO WAKR UK P |
VLONZRUP GRXEOH K\EULG &65 &65 &65 &65 ZDV
UHLQIRUFHG ZLWK DTXHRXV HJJ DOEXPHQ VROXWLRC
LOQFUHDVHG DYHUDJH ILODPHQW OHQJWK DQG UDZ VLOW

'KHQ FRPSDUHG WR WKH UHWMHFMOYH RERGMWYRG [5Q
LPSURYHPHQW LQ WKH HFRQRPLF SHYKRURD ©E B N2 RWPX



ODUYDH EDVHG RQ ODUYDO FRFRRQ SXSD VKHOO ZHLJKW)\
UHODWLRQVKLS RI QXWULHQW LQWDNH LQ RUJDQLF DQG LQ

9LWDPLQ & DV IRRG VXSSOHPHQWDWLRQ

oLWDPLQV DUH RUJDQLF DFWLYH FKHPLFDOV WKDW DUH L
SK\VLRORJLFDO IXQFWLRQ DQG PHWDEROLVP 6KDPVXGGLQ
& KDV KLVWRULFDOO\ EHHQ UHFRJQLVHG DV FULWLFDO Il
%RPE\[ PRQ& VHUYHV VHYHUDO YLWDO UROHV LQ WKH VL
DQWLR[LGDQW WKDW SURWHFWYV '1$ PHPEUDQH OLSLGV D
*RPPBIW DO ,Q UHDOLW\ DVFRUELF DFLG LV DEXQGDC
%UHVFL +RZHYHU WKH DEVHQFH RI DVFRUELF DFLG
GHOD\V VLONZRUP JURZWK BIQGD®OHYHORSPHQW .DQDIL

, WR REVHUYHG WKDW DVFRUELF DFLG KDV D VWLPXOI
HDWLQJ GXULQJ WKH ILUVAW LR WDIYIURBEBDVIHG 6W KD WS YWHH G|
VLONZRUPV ZLWK DVFRUELF DFLG LQ PXOEHUU\ OHDYHV
$FFRUGLQJ WR (O .DUDNV\ ,GULVV WKH LPSDFW RI
VXSSOHPHQW GUDVWLFDOO\ LPSUR¥MGDRRFRRIGRUNMHIE DQG
WKDW OHDI LQWDNH ZDV KLJKHU LQ DVFRUELF DFLG VXS
OHDYHV HVVHQWLDOO\ YLWDPLQ & FRQWHQW RI WLVVXHYV
WKH TXDQWLW\ WDNHEY DIOVK IRRKREE BMXDNHY XSSOHPHQWLQJ
OHDYHV SURYLGHG WR VLONZRUPV ZLWK DVFRUELF DFL{
LOQFUHDVHG FRFRRQ SURGXFWLRQ DQG VLON ILODPHQW TX
)D]LODWL DVFRUELF DFLG LQFUHDVHG WKH OLIHVSDQ
sbMDEBEAX DO DVFRUELF DFLG HQKDQFHG WKH ZHLJKW
VLIQLILFDQWO\

=DQQRRQDO HQULFKHG WKH OHDYHV ZLWK QXWULWLRQDO
& DQG % DQG WKUHH W\SHV RI KRQH\ IURP FORYH
DQG REVHUYHG D VLJQLILFDQW HQKDQFHPHQW LQ DOO W
FRQWURO HVSHFLDOO\ IRU YLWDPLQ & DQG FORYHU DQ
VXJIJHVWHG WKDW IRUWLILFDWLRQ ZLWK HLWKHU YLWD]I
DGYDQWDJHRXV IRU WKH GHYHORSPHQW RI VLONZRUP ODU)



7TDQWUD\ 7TULYHG\ VXSSOHPHQWHG PXOEHUU\ OH
RI YLWDPLQ & DQG ZHUH IHG%RRE W KPHRWMWIH QO ¥DYD
DSSOLFDWLRQ VFKHGXOHYVY 7KH LQFOXVLRQ RI 9LV
ODUYDO ZHLJKW SXSDWLRQ UDWH DQG FRFRRQ SURC
DGPLQLVWHUHG GDLO\ IURP KRXUV WR WKH LQLWLDW|

%DODVXQ@WDDOP REVHUYHG WKDW 9LWDPLQ & WUH
IHHG HIILFLHQF\ DV ZHOO DV WKH GHYHORSPHQW RI ILI
FRQWURO DQG RWKHU 9LWDPLQ & WUHDWHG JURXSYV

VWXG\ 9LWDPLQ & KDV VRPH JURZWK VWLPXODQW HII
IHHG HIILFDF\ LQ FRPPHUFLDO VLONZRUP UHDULQJ ZLW

%UDKPAD DO REVHUYHG DQ LQFUHDVH LQ ODUYDO ERC
DQG VLON JODQG SURWHLQ FRQWHQW LQ YLWDPLQ & V
( VXSSOHPHQWDWLRQ

IXWULWLRQ DIITHFWLQJ JXW EDFWHULD RI LQVHFWYV

'RQHW DO IRXQG QRWDEOH GLITHUHQFHV LQ JXW PLFI
EDFWHULD EHWZHHQ VLONZRUPV RQ DQ DUWLILFLDO G
DQG WKRVH RQ D FRQWURO GLHW W DOVR DIIHFWHC
VLONZRUP ODUYDH 7KH JXW PLFURELDO GLYHUVLW\

DUWLILFLDO GLHW 6 U51%$ KLIJK WKURXJKSXW VHTXH (
JXW EDFWHULD 7KH UHSRUW VKRZHG WKDW &\DQRE
%DFWHURLGHWHY DQG $FWLQREDFWHULD DUH WKH GRF
RI DOO WKH VWUDLQV

&KHHOW DO HYDOXDWHG WKH HIIHFW RI HQGRJHQRXV ¢
RQ WKH JXW EDFWHULD RI WKH VLONZRUP DQG WKH RX
WKH JXW EDFWHULD RI VLONZRUP $ VLJQLILFDQW DOW
RI VLONZRUP JXW ZDV QRWHG )ROORZLQJ H[SRVXUH W
LQ WKH SUH{YDWHOQRFRRFXV % UDIOFAVED W Bl BWRIRIS \X P

DVVRFLDWHG ZLWK GLVHDVH UHVLVWDQFH DW WKH JH
WKHUH ZDV DQ LQFUHDVH 9K QVRP RIEDXNQ GIDEMHD RUF L E
7KHUPXKLFK DUH OLQNHG WR PHWDO GHWRI[LILFDWL



VLIQLILFDQW UHGXFWLRQ LQ WKH DEXQGDQFH RI 6HUUD
EDFWHULD

,Q FRQFOXVLRQ WKH UHYLHZ RI OLWHUDWXUH KDV SURYLC
WKH HVVHQWLDO UROHV RI JXW EDFWHULD WKHUPDO VWU
HQ]\PHV DQG KHDW VKRFN SURWHLQWRBPEWKRRGHYHORSPH
QHJDWLYH LPSDFW RI WHPSHUDWXUH RQ VLONZRUP JU
HPSKDVL]LQJ WKH VLJQLILFDQFH RI XQGHUVWDQGLQJ DQ
VHULFXOWXUH LQGXVWU\ ORUHRYHU WKH LPSRUWDQFH RI
HQ]\PHV SURGXFHG E\ EDFWHULD DQG WKH UROH RI KH
XQGHUVFRUHG LQ UHODWLRQ WR FRFRRQ SURGXFWLRQ 7
GLYHUVLW\ RI JXW EDFWHULD LQYHVWLJDWLQJ LWV LPSDF
VLONZRUP RQ VXSSOHPHQWDWLRQ RI YLWDPLQ & XQGHU WK
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ODWHULDOV DQG OHWKRGYV
(;3(5,0(17%/ ,16(&7

6FLHQWLILF &ODVVLILFDWLRQ

.LQJGRP $QLPDOLD
3K\OXP SUWKURSRGD 6LONZRRPE\[ FRUL
&ODVYV ,QVHFWD <
y /1;“*}35@
2UGHU /JHSLGRSV "=
YDPLO\ %RPE\FLGDH
*HQXV %RPE\[
6SHFLHV % PRUL

%LQRPLDO 1BRWE\[ FRUL
352&85(0(17 2) 6,/.:250

7TKH VLOMRREF] PRUWUDLQ &65 ZDV XVHG DV WKH H[SH
WKLV VWXG\ 7KH ')/V 'LVHDVH )UHH /D\LQJ HJJV ZHUF}
IDUP &HQWUDO 6LON ERDUG 3DOODWKHUL .HUDOD ,
DQG PDLQWDLQHG LQ WKH ODERUDWRU\ FRQGLWLRQ 6
UHDULQJ URRP QHHGVY WR EH SURSHUO\ YHQWLODWH
WHPSHUDWXUH DQG KXPLGLW\ ORLVWXUH H[SRVXUH
VKRXOG DOVR EH DYRLGHG 7KH HTXLSPHQW DQG UHDL
GLVLQIHFWHG XVLQJ D IRUPDOGHK\GH VROXWLRQ &k
VSULQNOHG RYHU WKH HJJ FDUGY DQG WKH KDWFKHG
FDUGY LQWR UHDULQJ WUD\V 7KH VLONZRUP D®UYDH .
OLELWMX® PDLQWDLQHG DW RSWLPXP WHPSHUDWXUH
XQGHU D OLJKW DQG GDUN VFKHGXOH RI KRXU G
THPSHUDWXUH DQG KXPLGLW\ ZHUH FKHFNHG UHJXC(
+\JURPHWHU



&2//(&7,21 $1' )((',1* 2) 08/%(55< /($9(6

6\VWHPDWLF 3RVLWLRQ RI OXOEHUU\ OHDYHV 9 YDULHW\

3K\OXP 'LFRW\OHGRQHDH

6 XE &0DVV ORQRFODPL®BMH XV DOED )LJ
2UGHU SRVDOHYV

)DPLO\ ORUDFHDH

*HQXV ORUXYV

6SHFLHYV DOED

%LQRPLDO 1DRHUXV DOED

OXOEHUU\ VLONZRUPV H[FOXVLYHORUKWYGMNORIOH PXOEHUU\ O
YDULHW\ PXOEHUU\ OHDYHV ZHUH FROOHFWHG IURP WKH G
WKH VLONZRUP WKURXJKRXW WKH SHULRG 7KH OHDYHV Z]
GLUW DQG GXVW SDUWLFOHY DQG ZHUH DLU GULHG EHIRU
ZLWKRXW DQ\ GDPDJHV ZHUH IHG WR WKH ODUYDH 7KH\ ZH
WKH PRXOWLQJ SHULRG QR IHHGLQJ ZDV JLYHQ WR WKHP
OHDYHV ZHUH XVHG IRU IHHGLQJ WR WKH QHZO\ KDWFKHC
I[JURP WKH ERWWRP RI WKH SODQW ZHUH XVHG IRU IHHGLQ
VWDJH RI VLONZRUPV DUH GLYLGHG LQWR VHYHQ SKDVHV
HDWLQJ VWDJH WKH PRGHUDWH HDWLQJ VWDJH WKH DFWLI
ILQDO IHHGLQJ VWDJH DQG WKH PRXOWLQJ VWDJH 'XULQJ
IHHGLQJ VWDJH WKH ODUYDH IHHGV YRUDFLRXVO\ DQG DI
ZDV FOHDQHG UHJXODUO\ WR UHPRYH OHIWRYHU OHDYHYV
GLVHDVH IUHH KHDOWK\ ODUYDH



JHHGLQJ 6FKHGXOH

7DEOH JHHGLQJ 6FKHGXOH RI VLONZRUP ODUYDH
,QVWDUV 7LPH ,QWHUYDO

‘' QVWDU D|P SP SP

 Qvwpu D|P SP SP

“ ., Qvwpu D|P DP SP SP SP
Y Qvwpu D|P DP SP SP SP
Y Qvwpu D|P DP SP SP SP

(;3(5,0(17%/ &+(0,&$%/

yLJ

/

$VFRUELF $FLG 9LWDPLQ &

URSHUWLHYV RI DVFRUELF DFLG

H

&KHPLFDO )RUPXOD2
/ \/ J
OROHFXODU ZHLJIKW ! ‘\/ /,\\
'"HQV LW\ 1/’//\ /
i
%RLOLQJ 3RLQW // ‘\
OHOWLQJ 3RLQW Sn
6ROXELOLW\ ‘DWHU VROXEOH
,Q WKH IRUWLILFDWLRQ RI PXOEHUU\ OHDYHYV FRCQ

7KLYV SHUFHQWDJH ZDV HVWDEOLVKHG DV WKH VWDQC(
FRQGXFWHG LQ RXU ODERUDWRU\ $QHHVKD



J)LIXUH 2YHUYLHZ RI PHWKRGRORJ\ DGRSWHG

Fifth Instar Bombyx
mori larvae larvae

\Z v

itamin C supplemented(T2) Vitamin C supplemented+
Thermal Stress (T3)

Control(CN)  Thermal stress(T1)

Culture Method
Morphometric &
Biochemical

Morphometric Analysis

Length and weight of .
silkworm larvae Gut Isolate —— analysis of
o Bacterial

E., | ' - P colonies
L™ 3 '

Biochemical Analysis
Protein & Digestive
Enzyme assays Statistical

Analysis

Characterisation of
Gut Bacteria

Culture
mRNA expression of HSP Independent
genes Method
HSP 20.4, HSP 40, HSP 70, 16S rRNA
HSP 90 metagenomic
analysis of V3-
V4 region

Gut Histology of
silkworm larvae

Quantity and Quality Evaluation of Cocoons
Cocoon Weight, length and width, Filament
length, weight and size, Tenacity and
Elongation of cocoons

oi




(;3(5,0(17%/ '(6,*1
JLIXUH ([SHULPHQWDO

B. mori

'"HVLIJQ DGRSWHG

IRU WKH VYV

I Third instar larvae
Control
Fed with fresh
mulberry leaves

Vit. C Supplemented

Fed with vit. C supplemented
mulberry leaves

Fifth instar larvae

Heat Shock

Control Yitamin C

» &

Temp:40+£2°C

» Sk &

Temp: 40£2°C

Temp: 25+2°C

Temp: 25+2°C

,QLWLDOO\ WKH QHZO\ H[XYLDWHG WKLUG LQVWDU OD
JURXS ZDV PDLQWDLQHG DV FRQWURG IGIGDIIGK R WK HUK
JURXS ZDV IHG ZLWK DVFRUELF DFLG VXSSOHPHQWHG
WHPSHUDWXUH DQG KXPLGLW\ 7KH OHDYHV ZHUH VRE
GLVVROYLQJ JUDPV RI DVFRUELF DFLG LQ OLWUHYV
GULHG WKH OHDYHV DQG WKHQ IHG WR WKH ODUYDH
ODUYDH ZHUH GLYLGHG LQWR IRXU JURXSV 2QH JUR
H[FOXVLYHO\ SURYLGHG ZLWK IUHVK PXOEHUU\ OHDY!
H[SRVHG WR KHDW VKREN “h& IRU KRXU SHU GD\
7KLUG DQG IRXUWK JURXS ZHUH IHG ZLWK IUHVK PXOE
DFLG VROXWLRQ )RXUWK JURXS ZDV H[SRVHG WR WHPES
VXSSOHPHQWDWLRQ

([SHULPHQWDO GHVLJQ

X *URXS =+ &1 + &4RQWURO

x *URXS =+ 7 +* +HDW VKRFN H[SRVHG

X *URXS * 7 * $VFRUELF $FLG 6XSSOHPHQWHG

X *URXS 7 +* +HDW VKRFN ZLWK $VFRUELF DFLG VXS

oi



&8/785( '(3(1'(17 0,8&52%,%$/ $1$/<6,6
(IWUDFWLRQ RI *XW WLVVXH

6XUIDFH RI WKH ODUYDH ZHUH VWHULOLVHG ZLWK I
VWHULOH GLVWLOOHG ZDWHU ,Q WKH ODPLQDU DLUIORZ F
+V 9LW & ZHUH VDFULILFHG LQ VWHULOH LFH FROG LQVH
JXW ZDV FROOHFWHG 7KH ZKROH JXW ZDV WDNHQ WR

LQYHVWLIJDWLRQ WKH JXW WLVVXHV ZHUH KRPRJHQLVHG

VWHULOH SUHFKLOOHG PRUWDU DQG SHVWOH 7KH 3%6 VF
RQ WKH ZHLJKW RI WKH WLVVXHV +RPRJHQLVHG DQG LQFX
VXSHUQDWDQW ZDV FROOHFWHG DQG WHWWMWH BOHFLSLWDWH Z

6FUHHQLQJ RI EDFWHULDO FRORQLHYV

7KH JXW KRPRJHQDWHY ZHUH GLOXMWH® VRIQVYD PRoU WKRH V' S
SODWH WHFKQLTXH RQ QXWULHQW DJDU — O RI WKH GL
REWDLQHG 7KH SODWHV ZHUH LQFXEDWHGS DX W LHR& |RU
SODWHYV ZHUH FKRVHQ IRU IXUWKHU LGHQWLILFDWLRQ D
FRORQLHVY 7KH FRORQ\ FRXQWHU ZDV XVHG WR FRXQW WKt
Rl FRORQLHYVY DV ZHOO DV WKHLU FXOWXUDO FKDUDFWHULYV
FRORQLHV ZHUH VXEFXOWXUHG RQ QXWULHQW DJDU PHGL
DQG /HPDLWXUH

J)LIXUH 6HULDO GLOXWLRQ RI HHWUDFWHG EDFWHULDO V
lmlr\lmhlmlmlml lmlr\lmlr_\lml
y N 4 N 4 | N 4 N 4 N 4 N
+9ml
Distilled
water
N1 NN N N SN N—
~—" N—" ~—" ~—" N—" Ej N

Stock 0.1/ml 0.01/ml 0.001/ml  0.0001/ml 0.00001/ 0.00000
ml ml

o1



,GHQWLILFDWLRQ RI EDFWHULD
L ORUSKRORJ\ DQG FRORQ\ FKDUDFWHULVWLFYV

%DFWHULDO FRORQLHV ZHUH SLFNHG IURP QXWULHQV
YDULDWLRQV 7KH VHOHFWHG FRORQLHV ZHUH DQDO\VI
DV FRORQ\ FRORXU IRUP HOHYDWLRQ DQG PDUJLQ D
RQ WKH EDFWHULDO FHOOV WR VWXG\ WKHLU FKDUDFW
JHLFD ,&& (

LL *UDP VWDLQLQJ

$ VPDOO GURS RI EDFWHULDO FXOWXUH zZDV SODFHG R
WKLQ ILOP DQG DOORZHG WKH VPHDU WR DLU GU\ 7KH
IRU PLQXWH $IWHU ZDVKLQJ WKH H[FHVV VWDLQ W
LRGLQH IRU PLOQXWH 7KHQ GHFRORXULVHG WKH VPH
GLVWLOOHG ZzDWHU 6DIUDQLQ VWDLQ ZDV DGGHG WR
VWDLQ ZDV UHPRYHG DQG DLU GULHG 7KH EDFWHULDO
PLFURVFRSH /HLFD ,&& ( 3XUSOH FRORXUHG FHOOV
SLONLVK UHG FRORXUHG FHOOV UHSUHVHQW JUDP QHJI

%LRFKHPLFDO DQDO\VLV

6HOHFWHG FRORQLHV IURP FRQWURO DQG WUHDWHG J
LGHQWLILHG DIWHU SHUIRUPLQJ WKH EDVLF ELRFKHPLF
UHVXOWYV ZLWK %HUJH\TV PDQXDO RI V\VWHPLF EDFWH
GHWHUPLQH WKH LGHQWLW\ RI WKH EDFWHULDO LVROL
PHQWLRQHG LQ WKH WDEOH EHORZ

ofi



7TDEOH

7KH UHG OD\HU
WKH WXEH

1R FRORXU FKD
WRS RI WKH WX

5HG FRORXU IR

1R FKDQJH LQ F

5HG EURZQ FRO
GHYHORSPHQW

1R FKQJH LQ FR

&RORXU FKDQJH
WR 3UXVVLDQ E

*UHHQ FRORXU

3LOQN FRORXU

1R FKDQJH LQ F

SUHVHQFH RI1 JI

$EVHQFH RI1 JDY\

$ GHHS EOXH R
FRORXU LQ LQR
RI SDSHU ZLWK
VHFRQGYV

1R FRORXU IRU

%LRFKHPLFDO &KDUDFWHULVDWLRQ RI *XW %DFW

ow

QJH DW WKt
EH

RORXU

ORXU

RORXU
( EXEEOH

PDWLRQ

%ODFN FRORXU
WKH OLQH RI V\

1R EODFN FROR

XU

5HG FRORXU IR

1R FKDQJH LQ F

RORXU

ILTXLILFDWLRQ

1R FKDQJH

Q

$ FOHDU JRQH O
WHVW EDFWHUL

1R FKDQJH

$ UHG FRORXU
ZLWK RU ZLWKR
SURGXFWLRQ

1R FRORXU FKD
SURGXFWLRQ

QJH DQG JD

00



0(7$*(120,& $1%$/<6,6 &XOWXUH LQGHSHQGHQW PHWE
,VRODWLRQ RI EDFWHULDO '1%

7HQ VLONZRUP ODUYDH ZHUH UDQGRPO\ FKRVHQ IURP
HWKDQRO DQG ZDVKHG WKUHH WLPHV ZLWK GLVWLOC
GLVVHFWHG IURP WKH ILIWK LQVWDU ODUYDH ZDV XMW
7LVVXH VDPSOHV IURP HDFK JURXS ZHUH FRPELQHG DC
XVLQJ D VWHULOH PRUWDU DQG SHVWOH ZLWK WULSO
JHQRPH ZDV H[WUDFWHG XVLQJ WKH -HW)OH[ JHQRPLF
DFFRUGLQJ WR WKH PDQXIDFWXUHU V SURWRFRO DQG
VWHULOH HQYLURQPHQW ZLMM(IDQDWKH ODPLQDU IORZ <

7KH H[WUDFWHG '1%$ ZDV VXEVHTXHQWO\ HPSOR\HG |
VHTXHQFLQJ DQG ERWK WKH TXDOLW\ DQG TXDQWLW\
XVLQJ 1DQRGURS

(TXLSPHQWY 5HTXLUHG

ORUWDU DQG SHVWOH OLFURFHQWULIXJH &RROLQJ FF
:DWHUEDWK

BWHULOH '1$VH IUHH PLFURFHQWULIXJH WXEHYV
5HDJHQW YV

(WKDQRO ,VRSURSDQRO

(IWUDFWLRQ %XIIHU

PO 7ULV +&/ S+
PO ('7$ + S+

PO 1D&O

6'6

[\VH WKH WLVVXH

8VLQJ D PRUWDU DQG SHVWOH JULQGHG XS WR PJ RI
3ODFH WKH WLVVXH VDPSOH LQ D FOHDQ VWHULOH PL
—O RI &HOO /\VLV %XIIHU ZDV DGGHG 7KRURXJKO\ K

ofi



VWURNHYV XVLQJ D WXEH SHVWOH $GGHG —O RI 3URWH!

KRXU WR RYHUQLJKW XQWLO O\WLV ZDV FRPSOHWHG DQG

—O RI 51DVH $ DQG LQFXEDWHG IRU PLQXWHYVY DW f&
URRP WHPSHUDWXUH —O RI O\ WDWH ZDV WKH GLVWULEX"
WXEHV

SUHFLSLWDWH WKH J'1$

—0O RI SUHFLSLWDWH ZDV DGGHG WR —O RI VDPSOH C
YRUWH[HG IRU VHFRQGY &HQWULIXJH WKH VXVSHQVLRQ
WUDQVIHU WKH VXSHUQDWDQW WR D FOHDQ VWHULOH PLF
RI LVRSURSDQRO ZDV DGGHG DQG GLVVROYHG LW E\ LQYH
VROXWLRQ ZDV FHQWULIXJHG IRU PLQXWHYV DW USP
IRUPHG ZDV YLVLEOH DV D ZKLWH SHOOHW

:DVK WKH J'1$

7TKH VXSHUQDWDQW ZDV UHPRYHG DQG WKH WXEH ZDV WX
DEVRUEHQW SDSHU WRZHO WR DOORZ WKH UHVLGXDO OLT)

HWKDQRO zZzDV DGGHG DQG ZDVKHG WKH '1$ SHOOHW V&t
WXEH $IWHU FHQWULIXJLQJ WKH VDPSOH IRU PLQXWH D\
UHPRYHG FDUHIXOO\

5HVXVSHQG WKH J'1$

7KH VDPSOH ZDV LQFXEDWHG IRU PLQXWHV DW f& WHF
HYDSRUDWH B5HVXVSHQG WKH '1$ SHOOHW LQ 7( %XIIHU L
WKRURXJKO\ UHVXVSHQG WKH '1$ LQFXEDWH WKH VDPSOH
DW f& IRU XS WR DQ KRXU 7KH '1$ VKRXOG EH GLVVROY|
VROXWLRQ

, /] WKHUH DUH SDUWLFOHY SUHVHQW 5HSXULI\ WKH LPSXUF
RU WKH '1$ VDPSOH LV FRQWDPLQDWHG E\ EXIITHU SURWHI
ZDV VWRUHG DW f& IRULPPHGLDWH XVH DQG DW f& LQ C

00



3&5

3&5 ZDV VHW XS XVLQJ WKH H[WUDFWHG '1$ VDPSOH)\
VSHFLILF SULPHU VHW IRU 9 9 UHJLRG & WPISOLILFLC
3&5 NLW

&RPSOHWH SURFHGXUH RI 3&5 ZDV GRQH LQ WKH ELRYV
WKDZHG RQ f& LFH SULRU WR H[SHULPHQW

6HWWLQJ WKH 3&5 5SHDFWLRQ PL[WXUH

X —O ,; 3&5 7DT OL[WXUH ZDV DGGHG LQ D 3&5 WXEF
x —O DUFKDHDO EDFWHULDO VSHFLILF SULPHU PLJ .

6 US51% $UFK )*x 9 $&****<*&P$*&P**&*&*$
6US1$SUFK 5 **$&73$&96**7$7&7$$7

X —O HWUDFWHG '1$ WHPSODWH ZDV DGGHG WR WK

Xx OROHFXODU %LRORJ\ *UDGH :DWHU ZDV DGGHG W|
YROXPH RI —O

X &HQWULIXJIJH WKH 3&5 WXEH LQ OLFURFHQWULIXJH |

Xx 3&5 WXEH ZDV SODFHG LQ WKH 3&5 ODFKLQH DQG V

,QLWLDO 'HQDWXUDWLRQ f& IRU PLQXWHYV
'HQDWXUDWLRQ f& IRU VHFRQGYV
$QQHDOLQJ f& IRU VHFRQGYV
(IWHQVLRQ f& IRU VHFRQGV

)LQDO ([WHQVLRQ f& IRU PLQXWHYV
+ROG f& IRU

7KH DPSOLILHG 3&5 SURGXFW KDV EHHQ NHSW DW
$PSOLILHG 3&5 SURGXFW ZDV UHVROYHG LQ WKH s

$IJDURVH *HO (OHFWURSKRUHVLV

—/ Rl 3&5 SURGXFW ZDV UHVROYHG RQ DJDURVH JH
PLQ

00



JUDP DJDURVH LQ PO 7$( EXIIHU ZDV DGGHG DQG KHDYV
&\EU VDIH JUHHQ VWDLQ ZDV PL[HG ZLWK WKH JHO VROXWI
FDVWLQJ WUD\ $0OORZHG WKH JHO WR VHW IRU PLQXWHYV
SODFHG 7KH FRPE ZDV UHPRYHG DIWHU WKH JHO ZDV VRC
EXIITHU —O RI '1$ VDPSOH DQG —O RI '1$ ODGGHU RI NE
UuxQ DW 9 IRU PLQXWHV $JDURVH JHO LPDJH ZDV
7UDQVLOOXPLQDWRU %LREHHS 7HFK

JOXRURPHWHU 1DQRGURS

7KH TXDQWLWDWLYH DQDO\VLV RI DP3%0)OXR® RMHOWAY ZD\
XVLQJ A¥EVW\ .LW

SURFHGXUH

7ZR DVVD\ WXEHV ZHUH DUUDQJHG IRU WKH VWDQGDL
GHVLJQDWHG IRU HDFK VDPSOH

7KH 4XEZRWNLQJ VROXWLRQ ZDV FUHDWIBDGHEAW DOVX IV L Q
UDWLR RI O E@IAXELW

7ZR KXQGUHG PLFUROLWHUV Rl WKH ZRUNLQJ VROXW|
VDPSOH DQG VWDQGDUG

7KH DVVD\ WXEHV ZHUH SUHSDUHG DV IROORZV

7TDEOH JOXRURPHWHU DVVD\ WXEHVY SUHSDUDWLRQ
6WDQGDUG $VVD\ WXEHYV, 6DPSOH LC

9ROXPH RI ZRUNLQJ VROXWLRQ —O0

9ROXPH RI 6WDQGDUG —0

9ROXPH RI 6DPSOH —0

TRWDO YROXPH LQ HDFK WXEH —0 —

$O00 WXEHV ZHUH EULHIO\ YRUWH[HG IRU VHFRQGYV

6 XEVHTXHQWO\ WKH WXEHV ZHUH VHW DVLGH IRU LQF.

PLOQXWHYV

SHDGLQJV IRU ERWK VWDQGDUGY DQG VDPSOHV ZHU
JOXRURPHWHU



%LRLQIRUPDWLF $QDO\VLV

$ FRPSOHWH SDFNDJH RI VRIWZDUH FDOOHG 4,,0( LQFC
)DVW7UHH IRU KHXULVWLF EDVHG PD[LPXP GMNBOLKRR
WKH 5'3 FODVVLILHU IRU DVVLIJQLQJ WD[RQRPLF
FODVVLILHMW DIDQJ DQG RWKHUV 7KLV HQDEOHV 4,,0(
GHYHORSHG WR UHDVRQDEO\ TXLFNO\ DQG UHDGLO\ LC

DQG WKHUHIRUH DGYDQFH LQ OLQH ZLWK GHYHORSPHC
HFRORJ\

JLIXUH ':RUNIORZ RI %LRLQIRUPDWLF $QDO\VLV
Raw PE Data
{} ‘ FastQC, Trimmomatic
HQ PE Data
{} * FLASH
Stitching of HQ reads
Fﬁ U * Qiime
Greengenes database OTU Identification
G ‘ Qiime

Taxonomy assignment of OTU

U ‘ Qiime

Abundance estimation

I Qiime
[ 1

Diversity analysis Rarefaction Analysis




7KH IROORZLQJ DFWLRQV ZHUH WDNHQ WR SURFHVV WKH GI

+ +LJK TXDOLW\ FOHDQ UHDGV ZHUH REWDLQHG E\ HPSOR
HW DO ZLWK D VOLGLQJ ZLQGRZ Rl ES DQG D PLQLPXP
SURFHVV DLPHG WR HOLPLQDWH DGDSWHU VHTXHQFHYV

XQNQRZQ QXFOHRWLGHY 1 JUHDWHU WKDQ DQG ORZ

D SKUHG VERUH Rl OHVV WKDQ IRU PRUH WKDQ RI WK

t+ 7KH UDZ GDWD ZHUH VWRUHG LQ )DVW4 IRUPDW $QGUHZ

¥ 6XEVHTXHQWO\ SDLUHG HQG 3( GDWD ZHUH PHUJHG
)/$6+ VRIWZDUH ODJRRBF DQG 6DO]JEHUJ

¥ (DFK RSHUDWLRQDO WD[RQRPLF XQLW 278 ZDV VHOH
VHTXHQFHYVY DJDLQVW WKH *UHHQJHQHV GIMVDBDVH YHL
DQG 278V ZHUH DVVLIQHG EDVHG RQ VHTXHQFH VLPL

+ 5HIHUHQFH GDWDEDVHV ZHUH XWLOL]JHG WR DVVRFLD
LGHQWLILFDWLRQV

¥ 'LYHuvLw\ PHWULFVY ZHUH FDOFXODWHG IRU HDFK VDP:
FRPSDUHG XVLQJ 4 HW DXDSRUDVR

278 SLFNLQJ UHYHDOV KLJKO\ FRPSDUDEOH VHTXHQFHV 1
FRPSDUDWLYH WRRO IRU FRPPXQLW\ VWUXFWXUH 7KH VH
JURXSHG LQWR RSHUDWLRQDO WD[RQRPLF XQLWV 278V E
vLPLODULW\N 278V DUH FROOHFWLRQV RI VHTXHQFHV W]
81&/867 DW VHTXHQFH VLPLODULW\ LQ RUGHU WR UHIOH
UHODWHGQHVY (DFK UHVXOWDQW FOXVWHU W\SLFDOO\ G
IRU HDFK 278 LV FKRVHQ IRU GRZQVWUHDP DQDO\VLV VLQ
VHYHUDO VHTXHQFHVY 7KH UHSUHVHQWDWLYH VHTXHQFH
278 V WD[RQRPLF JURXS 7KLV LV WKH RXWFRPH RI WKH PD
WD[RQRPLF OHYHOV

SDUHIDFWLRQ FXUYH

SDUHIDFWLRQ LQYROYHV WKH FUHDWLRQ RI UDUHIDFWLRQ
VSHFLHV ULFKQHVYV IRU D VSHFLILF QXPEHU RI LQGLYLGXLCL



QXPEHU RI VSHFLHVY DV D IXQFWLRQ RI WKH VDPSOH Q.
VXJIHVWYVY WKDW WKHUH LV VWLOO PXFK WR EH GLVFR
KRUL]IRQWDO D[LV UHSUHVHQWY WKH QXPEHU RI VF
FRPSXWDWLRQV ZKLOH WKH YHUWLFDO D[LV UHSUHVHC

0253+20(75,& 3$5%$0(7(56 2) 6,/.:250

7TRWDO %RG\ /HQJIJWK
SHULRGLF LQFUHDVHYVY LQ WKH OHQJWK RI ILIWK LQVW|
DQG H[SHULPHQWDO JURXSV 7KH DYHUDJH OHQJWK
VHOHFWHG ODUYDH IURP HDFK JURXS ZDV PDQXDOO\
SDSHU GXULQJ WKH VWXG\

TRWDO %YRG\ :HLJKW

SHULRGLF LQFUHDVHYV LQ WKH ZHLJKW Rl ILIWK LQVWD
DQG H[SHULPHQWDO JURXSV 7KH DYHUDJH ZHLJKW L
HOHFWURQLF EDODQFH 6KLPDW]X (OHFWURQLF EDODQ

' 66(&7,21 2) 6,/.:250 *87

7KH KHDOWK\ ILIWK LQVW DRRORPYIRKWRUVRASY RAHJUH XV
H[SHULPHQW /DUYDH ZHUH UDQGRPO\ VHOHFWHG IURI
FRQGLWLRQV DQG WKHLU JXWV ZHUH ULQVHG ZLWK D
EHIRUH EHLQJ VWRUHG DW i f& 7KH ODUYDO JXWV Z|
XVLQJ D PRUWDU DQG SHVWOH IROORZHG E\ FHQWULI X
DW xUSP IRU xPLQXWHY HDFK WKH UHVXOWLQJ
SURWHRPLF DQG GLJHVWLYH HQ]J\PH DFWLYLWLHV 09l
UHPDLQLQJ KHDOWK\ ODUYDH IURP ERWK JURXSV ZHUF
PRUSKRPHWULF DQG TXDOLW\ HYDOXDWLRQ

%,2&+(0,&$/ 3$5%$0(7(56
(VWLPDWLRQ RI SURWHLQ

SURWHLQ FRQFHQWUDWLRQ RI ODUYDRZIKKW DOV GRQH |
SHDIJHQWYV XVH
6RGLXP &DUERDDWH 1D6RGLXP +\GUR[LGH 1D2+
6RGLXP 3RWDVVLXP 12 . 7DUWUDWH LQ +

~
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&RSSHU 6 XOSKDNHL @2%X6 2

SHDJHQW PO RI $ PO RI % PO RI &

SHDJHQW ,, SDUW )ROLQ 3KHQRO 1 SDUwW ZDWHU

%6%$ 6WDQGPUG6$ GLVVROYHG LQ PO RI GLVWLOOHG
SURFHGXUH

PO WR PO RI %6% ZRUNLQJ VWDQGDUG VROXWLRQ ZDV
WKH H[WUDFWHG JXW VDPSOH ZDV WDNHQ LQ D WHVW WXE
ZDWHU PO RI UHDJHQW , ZDV DGGHG DQG NHSW IRU PL
PO RI UHDJHQW ,, )ROLQYV UHDJHQW ZDV DGGHG DQG LQF
GHQVLW\ RI WKH VDPSOH ZDV PHDVXUHG LQ 89 VSHFWURSK
VHUYHYV DV EODQN

(VWLPDWLRQ RI GLIHVWLYH HQ]J\PHV

L . $P\ODVH HQ]J\PH DVVD\

$P\ODVH DVVD\ ZzDV GHWHUPLQHG E\ WKH PHWKRG GHVF
DFWLYLW\ RI HQ]J\PH ZDV GHWHUPLQHG EDVHG RQ WKH UH
UHVXOWYV IURP HQ]J\PH K\GURO\VLV RI VWDUFK XVLQJ
UHDJHQW

SHDIJHQWYV

VWDUFK
S6RGLXP SKRVSKDWH EXIIHU 0 S+
'16% 1

J RI GLQLWURVDOLF\OLF DFLG zZDV JUDGXDOO\ DGGHUC
DQG GLVVROYH WKRURXJKO\ J RI VRGEXP ZORWWDVVLXP
DGGHG DQG PDGH D ILQDO YROXPH RI PO E\ DGGLQJ GL
FRORXUHG VROXWLRQ ZDV IRUPHG ZKLFK LV VWDEOH LQ UR

SURWRFRO

PO RI 0 SKRVSKDWH EXIIHU ZDV PL[HG ZLWK PO RI V
7TKHQ DGG —O0 PJ SURWHLQ RI VDPSOH HQ]J\PH VROX
LOQFXEDWHG IRU PLQXWHYV DW f& J)ROORZLQJ WKH LQF?>
ZDV LQWURGXFHG WR KDOW WKH UHDFWLRQ DQG WKH PL

=13
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SHULRG LQ D ERLOLQJ ZDWHU EDWK PO RI GLVWLOO
VROXWLRQ DQG WKH DEVRUEDQFH ZDV PHDVXUHG LG
ODOWRVH VHUYHV DV VWDQGDUG IRU PHDVXULQJ RSWL
WKH TXDQWLW\ RI HQ]\PH QHHGHG WR UHOHDVH RQH
PLQXWH

LL $VVD\ RI OLSDVH DFWLYLW\

7KH OLSDVH DFWLYLW\ ZDV GRHQWIEQ WKH PHWKRG RI 7

SHDIJHQWYV
' QLWURSKHQ\O $FHWDWH PO
6RGLXP SKRVSKDWH EXIIHU VROXWLRQ 0 S+

SURWRFRO

PO Rl VRGLXP SKRVSKDWH EXIIHU VROXWLRQ 0
QLWURSKHQ\O DFHWDWH PO DV D VXEVWUDWH
PL[HG DQG WKHQ LQFXEDWHG IRU PLQ DW f& 7KH R
LQ VSHFWURSKRWRPHWHU 2QH XQLW RI HQJ\PH UHOHI
PLOQXWH DW S+ DW f& XVLQJ S QLWURSKHQ\O DFHW

LLL $VvVD\ RI SURWHDVH DFWLYLW\
SURWHDVH DFWLYLW\ ZDV GHWHUPLQHG XVLQJ D]J]RFDV
DQG +DDUG PHWKRG

SHDIJHQWYV

FDVHLQ LQ 6RGLXP SKRVSKDWH EXIIHU PO S+
6RGLXP SKRVSKDWH EXIIHU PO S+
7TULFKORUR DFHWLF DFLG 7&$
1D2+ 1

SURWRFRO

O RI FDVHLQ VROXWLRQ ZDV DGGHG LQWR PO VR
$ / HQ]J\PH VROXWLRQ ZDV FRPELQHG ZLWK WKH UH
LQFXEDWH IRU PLQXWHYV DW f& 7R DUUHVW WKH Sl
LOQWURGXFHG LQWR WKH PL[WXUH 7KH UHVXOWLQJ S

~ s
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PLQXWHV DQG WKH UHDFWLRQ PL[WXUH ZDV WKHQ FHQWUI
$Q HTXLYDOHQW YROXPH RI 1 1D2+ ZzDV DGGHG WR WKH V)
ZDV PHDVXUHG DW QP

$WVD\ RI FHOOXODVH DFWLYLW\
&HOOXORO\WLF HQ]J\PH DFWLYLW\ ZDV GHWHUPLQHG DV GH
SHDIJHQWYV

:KDWPDQ 1R ILOWHU SDSHU
PO VRGLXP DFHWDWH EXIIHU S+
GLQLWURVDOLF\OLF DFLG '16%

SURWRFRO

PJ Rl :KDWPDQQ QR ILOWHU SDSHU ZDV XVHG IRU WKH
DVVD\ OL[LQJ P/ RI HQ]\PH VROXWLRQ ZLWK P/ R PO
S+ WKH UHVXOWLQJ PL[WXUH ZDV LQFEXEDWHG IRU
HQJ]\PH UHDFWLRQ DW WKH FRQFOXVLRQ RI WKH LQFXEDWL
ZDV DGGHG 7KH DEVRUEDQFH RI HQJ\PH ZDV PHDVXUHG E\
DW QP DJDLQVW UHDJHQW EODQN DQG JOXFRVH VROXWLF

02/(&8/$5 3$5%$0(7(56

7KH GLVVHFWHG JXW VDPSOH RI ILYH ODUYDH IURP HDFK W
SRROHG LQ HSSHQGRUI WXEHV FRQWDLQLQJ WUL]JRO UHDJH

P51$ LVRODWLRQ

+LJKO\ SXULILHG P51% IURP WKH JXW VDPSOH ZDV LVRODYV
PLOQL NLW %LRUDG DFFRUGLQJ WR WKH PDQXIDFWXUHIV S

PJ RI WLVVXH VDPSOHV IURP HDFK JURXS ZHUH S
KRPRIJHQLVHG LQ OLTXLG QLWURJIJHQ ZLWK D PRUWDL
JHQRPLF '1$ LQWR WKH VROXWLRQ FDXVHV WKH O\VDW
Oo\vLV 7KH YLVFRVLW\ RI WKH O\WDWH ZDV ORZHUHG
5(0, ODE VWLUUHU KRPRJHQL]HU



$IWHU PLQXWHV FHQWULIXJH WKH O\WWDWH DQG
PO FDSSHG PLFURFHQWULIXJH WXEH

$ KRPRJHQL]JHU ZDV XVHG WR FRPSOHWHO\ PLJ

VXSHUQDWDQW

7KH UHVXOWLQJ VXVSHQVLRQ ZDV SDVVHG WKUF

SURYLGHG ZLWK WKH NLW DQG FHQWULIXJHG IRU

7KH 51%$ ELQGLQJ FROXPQ ZDV ULQVHG ZLWK  —

DQG FHQWULIXJHG IRU VHFRQGV DW USP

5HPRYHG WKH FROXPQ DQG GLVFDUGHG WKH ORZ

WKH ZDV WXEH

W DGGHG —O Rl WKH JLYHQ GLOXWHG '1$VH ,

ERWWRP RI HDFK FROXPQ

 QFXEDWHG WKH GLJHVW DW URRP WHPSHUDWXUH

HOLPLQDWH JHQRPLF '1$

7KH 51% ELQGLQJ FROXPQ ZDV ZDVKHG WZLFH R(

ZDVK VROXWLRQ DQG RQFH ZLWK D ORZ VWULQJHQ

JROORZLQJ WKH ZDVKHV WKH FROXPQ ZDV FHQ

UHPRYH WKH OHIWRYHU ZDVK VROXWLRQ

7UDQVIHU WKH 51$% ELQGLQJ FROXPQ WR D IUHVK

WXEH DQG DGG —O Rl WKH HOXWHG VROXWLRQ

ERWWRP RI WKH 51%$ ELQGLQJ FROXPQ

7KLV ZDV OHIW XQGLVWXUEHG IRU RQH PLQXWH W

PHPEUDQH

JROORZLQJ WKH LQFXEDWLRQ WKH VDPSOH ZDV FF

WKH WRWDO 51%

%\ ORDGLQJ O RI WKH VDPSOH WKH 51%$ TXDOLW\

(OHFWURSKRUHVLYV

7KH UHWULHYHG 51$ ZDV TXDQWLILHG DW QP D

QP

F'1$ SUHSDUDWLRQ

F'1$ zDV V\QWKHVLVHG IURP H[WUDFWHG P51$% XVLQ.
VIQWKHVLYV LW 7KH SDFNDJH LQFOXGHG DQ XQXVXDO

=13
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KHI[DPHU SULPHUV 7KH UHDFWLRQ ZDV FDUULHG RXW E\ LQ
WKHUPDO F\FOHU DFFRUGLQJ WR WKH LQVWUXFWLRQV SUR!

SUHSDUDWLRQ RI UHDFWLRQ PL[WXUH

7TDEOH SUHSDUDWLRQ RI UHDFWLRQ PL[WXUH

&RPSRQHQW 9ROXPH SHU UHDRWLRQ —O

[ LEFULSW 5HDFWLRQ OL[WXUH

L6FULSW UHYHUVH WUDQVFULSWDVH

1XFOHDVH IUHH ZDWHU O9DULDEOH

51$ WHPSODWH J —J WRWDO 51% O9DULDEOF

TRWDO YROXPH

SHDFWLRQ SURWRFRO

,QFXEDWH WKH FRPSOHWH UHDFWLRQ LQ D WKHUPDO F\FOH

ULPLQJ PLOQXWHYV DW f&

SHYHUVH WUDQVFULSWLRQ PLOQXWHYVY DW f&
57 LQDFWLYDWLRQ PLOQXWH DW f&
2SWLRQDO VWHS +ROG DW f&

7KH UHVXOWLQJ F'1$ KDV EHHQ SUHVHUYHG IRU IXWXUH
REWDLQHG IURP WKH VDPSOHV XVLQJ WKH $XUXP 7RWDO 5
PDOQXIDFWXUHU V LQVWUXFWLRQV —O RI HDFK VDPSOH Z
IURP WKH H{/ WUDFWHG 51%$ VDPSOHV 7KH LPDJH ZDV FDSWX
VRIWZDUH DQG WKH *HOBLBLQN JHO GRF V\VWHP

F'1$ FRQYHUVLRQ

JROORZLQJ WKH SUHYLRXV WHFKQLTXH WKH REWDLQHG W
F'1$ XO RI F'1$ ZDV H[WUDFWHG IURP HDFK VDPSOH DQG
DQDO\VLV

5HDO WLPH 3&5 $QDO\VLV

$ FRPSDUDWLYH &7 00&7 UHDO WLPH 3&5 ZDV XVHG WR HY
D ELRUDG &); FRQQHFW 57 3&5 HTXLSPHQW DQG L7DT 8
6XSHUPL]



5HDO WLPH 3&5 OL][

F'1$ —0

SULPHU ) SLFRPROHV )LQDO FRQ —0
3ULPHU 5 SLEFRPROHV )LQDO FRQ —0
6<%5 JUHHQ PL] —0 )LQDO |

:DWHU —0

7RWDO YROXPH —0

7KH YROXPH RI F'1$ FRXOG IOXFWXDWH EDVHG RQ WKH
/ILVW Rl 3ULPHUV

7KH IROORZLQJ SULPHUV DUH XVHG IRU P51% H[SUHVVL

7DEOH /LVW RI 3ULPHUYV
*HQHV F'1$ | 1+ T SULPHU VHTXHQ[FH 3URGXFWP |
DFFHVVLRQ DQQHDOLDH
QXPEHU
+VS |4 )3 *$$38&F&S&T&*&T*&I&IT& f& E
53 *$**$*7*R&&SS*$T&*F&
+VS | $% )3 7&**$&*$7*$&$7&$$1$S f & ES
53 &&&***&*$7$7&77&7H$7
+VS | $) )3 7777**&&TT*&&T1$3&%$& f& E
53 77&*&T&T**T&&TT*$T|&7
+VS | 10B )3 $**8&T7&*$$&TT7T*7T$7&* fa& ES
53 $7**&$$*$&&&TT*T$TR7T

+,6723%$7+2/2*< 2) 6,/.:250 *87

7KH JXW VDPSOHV ZHUH GLVVHFWHG RXW IURP WKH F
ZHUH IL[HG LQ %RXLQV IOXLG IRU KLVWRSDWKRORJLFL
ZDV GRQH E\ URXWLQH SDUDIILQ HPEHGGLQJ WHFKQLT
JUDGHG VHULHV RI DOFRKRO VROXWLRQV ZLWK LQFUHC



IRUPDOLQ VROXWLRQ WR PDLQWDLQ LWV VWUXFWXUDO LQW
LV WUDQVSDUHQWO\ FOHDQHG ZLWK [\OHQH DQG WKHQ HP
HPEHGGLQJ D VHFWLRQ WKDW ZDV HLJKW PLFURQV WKLFN
/IHLFD 50 57 7KH VHFWLRQ ZDV WKHQ VWDLQHG ZLWK
KLIKOLJKW VWUXFWXUDO DQG FHOOXODU FKDUDFWHULVW|
WKH VHFWLRQV ZHUH REVHUYHG DQG GRFXPHQWHG XVLQJ |

&& ( @@ DO
(&2120,& 3$5%$0(7(56 2) &2&221

5DZ VLON FDQ RQO\ EH REWDLQHG IURP FRFRRQ VKHOOV $
HFRQRPLF HOHPHQW $00O0 HFRQRPLF SDUDPHWHUV ZHUH H
QRUPDO DSSURDFK )$2 0DQXDO ODWXUHG ODUYDH ZHUH
PRXQWDJHV IRU FRFRRQLQJ RQ WKH ILIWK GD\ RI WKH ILIW
UHPRYHG RQ WKH HLJKWK GD\ RI VSLQQLQJ DIWHU WKH FR
PRXQWLQJ &RFRRQV ZHUH NHSW DW D WHPSHUDWXUH RI
4XDOLW\ DQG TXDQWLW\ HYDOXDWLRQ RI FRFRRQ \LHOG ZH

$YHUDJH VLQJOH FRFRRRRRGOVJIJEMUH UDQGRPO\ VHOHF
HDFK JURYSDR®! VSLQQLQJ ZHUH ZHLJKHG DQG FDOFXO
3HUFHQW JRRBQPRHARBM/QG GDPDJHV FRFRRQV ZHUH UH
JURXS DQG SHUFHQWDJH Rl JRRG FRFRRQ \LHOG ZHUH |

D AN?A I KECRKIEK ? K KB AMC KKIK 2K KNBA HE>H A
- T T T PKPEQRI > AKBE: N R A KR @ K'J

&RFRRQ VKHOOFRHFIRIKQW ZHUH UDQGRPO\ VHOHFWHG LC
ZHLJKHG DIWHU UHPRYLQJ WKH SXSDH E\ XVLQJ HOHFW

&RFRRQ VKHOO SHUFHQWDJH &63

s 5 p. 7 K ? KEDA HEHA EOR
0 TEICTC

JLODPHQW 7T&GXHIQUWODKOPHQW OHQJWK ZDV PHDVXUHG E\ C
UHFRUGHG DFFRUGLQJO\ LQ FP

JLODPHQW7KHHL FRWRRQ ZDV UHHOHG LQ UHHOLQJ PDFKL
WKH VLQJOH ILODPHQW ZDV PHDVXUHG LQ JUDPV J

=13
o



JLODPHQWKG&6LVH]H RI WKH ILODPHQW ZDV FDOFXODMW

&AJELA§IAEDE3KB?3ABEH=|AJ{F>rrr
'“I—IAJ[Q}@BDABEHzl,&

SHHODELOLW\ SWURHRIZWDWHKH SHUFHQWDJH RI UHF
FRFRRQ

=> Y
4AAH EH SAPRKBDA?K?KKJ

ESFQWB:DA?K?K[KE[Hzl,%JSFr’r
7HQDFLW\ DQG [ERIQUQWWRE P QW ZDV XVHG IR
PHDVXULQJ WKH WHQDFLW\ DQG HORQJDWLRQ SUJ
LQVWUXPHQW XWLOL]JHV G\QDPLF WHVWLQJ PHWKR
FKDUDFWHULVWLFV RI WKH PDWHULDO 7KH ILEHU
WHQVLRQ DQG HORQJDWLRQ DOORZLQJ IRU WKH F
IRUFH WKH ILEHU FDQ ZLWKVWDQG SHU XQLW FURYV
HIWHQW WR ZKLFK WKH ILEHU FDQ GHIRUP EHIRUH
SHU $670 ° IRU JLEUH 7THQDFLW\ DQG HO

67$7,67,&%/ $1$/<6,6

7KH VWDWLVWLFDO WRRO 5 SURJUDPPLQJ YHUVLRQ

VWDWLVWLFDO WHUPV 5HVXOWY ZHUH SUHVHQWHG D\

RQH zZD\ DQDO\VLV RI YDULDQFH $129% DQG 7XNH\ V
WKH UHVXOWY ZHUH FRQVLGHUHG VLJQLILFDQW LQ

ot
(@]
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SHVXOWYV
*87 %$&7(5,%$/ &20326,7,21 $1' ',9(56,7<
&EXOWXUH GHSHQGHQW PHWKRG

7TKUHH GLIIHUHQW EDFWHULDO FRORQLHV ZHUH LVROEC
WZHOYH FRORQLHYV ZHUH LVRODWHG IURP WKH IRXU JL
FRORXU IURP WKIHUDIJDKHQ DWRIODWHG FRORQLHYV ZHUH
JUDP UHDFWLRQ DQG ELRFKHPLFDO FKDUDFWHULVWL]
LGHQWLILHG [IURP WKH IRXU JURXSV &LWUREDFWI
IDFWREDFLOOXVY DQG .OHEVLHOOD ZHUH WKH RWKHU EI

%DFWHULDO LVRODWHV RI &RQWURO &1

7KH EDFWHULDO LVRODWHYV SUHVHQW LQ WKH JXW W
%DFLOOXV &LWUREDFWHBHECOH GIBWHRERPREADVDQG 3VF
ZHUH WKH *UDP QHJDWLYH URGV %DFLOOXV ZDV WKH
&LWUREDFWHU DQG SVHXGRPRQDV EHORQJ WR WKH !
EHORQJ WR SK\OXP ILUPLFXWHYV

%»DFWHULDO LVRODWHYV RI 7TKHUPDO 6WUHVYV *URX

7KH EDFWHULDO LVRODWHY SUHVHQW LQ WKHWXW WL
(QWHUREDFWHU %DFIZDBGM DQWHOREDEWGODD DQG .0l
WKH JUDP QHJDWLYH URGYVY EHORQJ WR WKH SK\OXP SU|
SRVLWLYH EDFWHULD EHORQJLQJ WR WKH SK\OXP ILUPI

%DFWHULDO LVRODWHYV RI 9LWDPLQ & VXSSOHPHQ

7TKH EDFWHULDO LVRODWHY SUHVHQW LQ WKH JXW WLV
ZHUH 3VHXGRPRQDV %DFLOOXOH QKXKHDEWREBBELD O X%I
DQG /DFWREDFLOOXV ZHUH JUDP SRVLWLYH URG VKI
ILUPLFXWHY ZKHUHDV 3VHXGRPRQDV ZDV JUDP QHJDW
WKH SK\OXP SURWHREDFWHULD

o)



%DFWHULDO LVRODWHY RI 7TKHUPDO 6WUHVYVY O9LW & V.

7KH EDFWHULDO LVRODWHY SUHVHQW LQ WKH JXW WLVVXH
*URXS ZHUH .OHEVLHOOD %DFLODEKWUHD QGHEWHXGORMRDO &

SVHXGRPRQDV ZHUH JUDP QHJDWLYH EDFWHULD EHORQJV '
EDFLOOXV LV JUDP SRVLWLYH EDFWHULD EHORQJV WR WKH

7TDEOH %DFWHULDO FRORQ\ LVRODWHY DQG WKHLU FRG
JURXSYV

6DPSOH FROOHFWH ,2VRODW

&RQWURO &1

7TKHUPDO 6WUHVYV

9LWDPLQ & VXSSOH

9LW & 7KHUPDO VW

J)LIXUH %DFWHULDO FRORQLHV RI FRQWURO DQG WUHDW

D &1 &RQWURO E 7 7KHUPDO VWUHVV F 7 9LW & ©6X
7TKHUPDO VWUHVYVY 9LW & 6XSSOHPHQWHG

ofi



J)LIXUH %DFWHULDO LVRODWHY RI FRQWURO DQG WL

7TDEOH ORUSKRORJLFDO FKDUDFWHUV RI
HISHULPHQWDO JURXSYV

WKH PLFU

9HIJHW
H FH{
VKDS

%DFWI
,VROZLC

&ROR
&ROR

&ROR
6KDS

*UDP $HURE
UHDFV

*URXS

“KLWL
3DOFH

&1 5RXQ 5RG | 1HJDW S$HURE
\HOOR
&UHD

&1 ,UUHJ) 5RG | 1HJDW $HURE
ZKLW,

7 *UH\ | 5RXQ 5RG | 1HJDW S$HURE

*UH\LY _

7 5RXQ 5RG | 1HJDW $HURE
ZKLW,

7 "KLWL| 5RXQ 5RG | 3RVLV] $HURE

&UHDF _

7 ,JUUHJ) 5RG | 1HJDW $HURE
ZKLW,

"KLWL B5RXOQ 5RG | 3RVLW S$HURE

"KLWL| B5RXOQ 5RG | 3RVLW S$HURE

*UH\L _

7 5RXQ 5RG | 1HJDW $HURE
ZKLW,

7 "KLWL| B5RXOQ 5RG | 3RVLW S$HURE

&UHDF _

7 ,UUHJ) 5RG | 1HJDW $HURE
ZKLW,

L F

L F

LF

LF

LF

LF

LF

LF
LF

LF

LF

LF



7TDEOH
&1

%LRFKHPLFDO FKDUDFWHULVWLFV RI

%LRFKHPLFDO 7HVW

,VRODWH

&1

Y

RODWH &1

,QGROH WHVW

OHWK\O UHG WHVW

9RJHV 3URVNDXHU

NHVW

&LWUDWH WHVW

SUHDVH WHVW

&DWDODVH WHVW

2[LGDVH WHVW

+ 6 SURGXFWLRQ W

HV W

I1LWUDWH UHGXFWL

RQ WHVW

*HODWLQ OLTXHIDF

WLRQ WH

VW

6WDUFK +\GURO\VL

WHVW

&DUERK\GUDWH IHU

PHQWDW

LRQ WHYV

N

%DFWHULDO 6S

%DFLO

OoXV &

L WUREDFWHU

7TDEOH
*URXS 7

%LRFKHPLFDO FKDUDFWHULVWLFV RI

%LRFKHPLFDO 7THVWVRODWH

RODWH 7

,QGROH WHVW

OHWK\O UHG WHVW

9RJHV 3URVNDXHU

WHVW

&LWUDWH WHVW

S8UHDVH WHVW

&DWDODVH WHVW

2[LGDVH WHVW

+ 6 SURGXFWLRQ WHVW

I1LWUDWH UHGXFW|L

RQ WHVW

*HODWLQ OLTXHID

FWLRQ WH

VW

6WDUFK +\GURO\V

LV WHVW

&DUERK\GUDWH IHU

PHQWDW

LRQ WHV

W

%DFWHULDO 6S

(QWHURE

DFWHU

.OHEVLHE

100D

o

EDFWHULI

,2VRODWH

3VHXG

EDFWHULLI

,ZVRODWH

%DF|I



7TDEOH
*URXS 7

%LRFKHPLFDO FKDUDFWHULVWLFV RI

%LRFKHPLFDO 7HWV

W, VRODW

1 7 ,VRODWH 7

,QGROH WHVW

OHWK\O UHG WHVYV

9RJHV 3URVNDXHU

WHVW

&LWUDWH WHVW

SUHDVH WHVW

&DWDODVH WHVW

2[LGDVH WHVW

+ 6 SURGXFWLRQ

NHVW

I1LWUDWH UHGXFW

LRQ WHVW

*HODWLQ OLTXHID

FWLRQ WH

VW

6WDUFK +\GURO\V

LV WHVW

&DUERK\GUDWH IH

UPHQWDW

LRQ WHVW,

%DFWHULDO 6S

3VHXGRP

RQDYV WDFLOOX

\

7TDEOH

9LW & VXSSOHPHQWHG *URXS 7

%LRFKHPLFDO FKDUDFWHULVWLFV RI

%LRFKHPLFDO 7THYW VRODWH 7 ,VRODWH 7
,QGROH WHVW

OHWK\O UHG WHVW

9RJHV 3URVNDXHU WHVW

&LWUDWH WHVW

S8UHDVH WHVW

&DWDODVH WHVW

2[LGDVH WHVW

+ 6 SURGXFWLRQ WHVW

1LWUDWH UHGXFWLRQ WHVW

*HODWLQ OLTXHIDFWLRQ WHVW

6WDUFK +\GURO\V|LV WHVW

&DUERK\GUDWH IHUPHQWDWLRQ WHVW
%DFWHULDO 63 .OHEVLHOOD %DFLOOX

\Y

00

EDFWHI

, VR

IDF

EDFWH

, VRC

3VH



&EXOWXUH LQGHSHQGHQW PHWKRG *+ OHWDJHQRPLF DQI

OHWDJHQRPLF DQDO\VLV RI JXW PLFUREHV RI VLONZRUPYV
ZHUH GRQH WR LGHQWLI\ WKH GLYHUVLW\ DQG FRPSRVLWL
WKH JXW RI VLONZRUP XQGHU WKHUPDO WUHDWHG FRQGI
REWDLQHG IURP WKH JXW VDPSOHV RI VLONZRUPV LQ WKH |

ZHUH SUHVHQW LQ FRQWURO JURXS LQ WKH JUI

LQ 7 JUREOH :KHQ DQDO\WLQJ WKH GLYHUVLW\ RI VSF
IRXQG WKDW VSHFLHVY UHSRUWHG LQ WKH FRQWURO JUI
UHSRUWHG LQ WKH WKHUPDO VWUHVV H[SRVHG JURXS >7
JURXS 7 DQG VSHELHV LQ WKH JURXS 7 7KHVH UHV
PLFURIORUD RI VLONZRUP GUDVWLFDOO\ GHFUHDVHG QRW
WKH VSHELHV GLYHUVLW)\ ZKHQ H[SRVHG WR WKHUPDO VWU
DEXQGDQFH RI EDFWHULD LQ FRQWURO DQG H[SHULPHQWD
RUGHU OHYHO )LJ IDPLO\ OHYHO )LJ DQG JHQXV C

$ WRWDO RI RSHUDWLRQDO WD[RQRPLF XQLWV 278V
JXW VDPSOHV LQ ERWK WKH FRQWURO DQG WUHDWHG JURX
LQ WKH FRQWURO JURXS LQ JURXS 7 LQ 7 D (
'KHQ H[DPLQLQJ VSHFLHVY OHYHO GLYHUVLW\ WKH FRQ\
ZKLOH WKH WKHUPDO VWUHVV H[SRVHG JURXSV 7 7 DQCGC
VSHFLHY UHVSHFWLYHO\ 7KHVH ILQGLQJV LQGLFDWH D V
DEXQGDQFH EXW DOVR LQ WKH VSHFLHV GLYHUVLW\ RI VLO
WR WKHUPDO VWUHVV $ FRPSDUDWLYH DQDO\VLV RI WKH
FRQWURO DQG H[SHULPHQWDO JURXSV ZDV FRQGXFWHG
LQFOXGLQJ FODVV )LJ RUGHU )LJ IDPLO\ )LJ



7TDEOH 3XULW\ DQG TXDQWLW\ DQDO\VLV RI LVRO
FROQWURO DQG WUHDWHG JURXSV RI % PRUL

1DQRGUR I1DQRGURS I1IDQRGURS
SHDGLQJV $ $

6DPSOF

JLIXUH 7KH JHQRPLF '1$ LVRODWHG IURP FRQWRRBIO DQ
JXW ZHUH FKHFNHG IRU SXULW\ LQ DJDURVH JHO
|1$

M CN T1 T2 T3

00



JLIXUH 3&5 DPSOLILHG 9 £ 9 SURGXFWYV LQ DJDURVH J
XVHG IRU DPSOLFRQ '1$ TXDQWLILFDWLRQ

M CN T1 T2 T3

7TDEOH OLFURELDO FRPSRVLWLRQ RI VLONZRUP JXW L
WUHDWHG JURXSV 7 7 7

6DPSI 1R 3K\OX &0DV 2UGH )DPLC *HQX' 6 SHF|
UHDG

00



)LIXUH $EXQGDQFH RI JXW EDFWHULD LQ FRQWURO

300000

287251

250000

200000
160773

150000 131886

115895

100000

Abundance of Bacteria

50000

0

EBCN BET1 @T2 @T3

JLIXUHSEXQGDQFH DQG QXPEHU RI VSHFLHV RI $UFKDH
JURXSYV

T1 T2

Abundance of Archae p==No: of Species

3K\OXP OHYHO DQDO\VLV

$W WKH SK\OXP OHYHO DQDO\VLV )LUPLEXWHV %DFWI
DV WKH GRPLQDQW EDFWHULD DFUR VV DOO JURXS

DEXQGDQFH ZDV DQG UHVSHFWLYHO\
JURXS WKHVH YDOXHV ZHUH DQG UH\
WKH 7 JURXS WKH UHODWLYH DEXQGDQFH ZDV

)LJ F ZKLOH IRU WKH 7 JURXS LW ZDV DQ

G



J)LIXUH 5HODWLYH $EXQGDQFH RI WKH JXW PLFUREHV D
&RQWURO E 7 7KHUPDO VWUHVV F 7 9LW & 6XSSOHPHQ!
9LW & 6 XSSOHPHQWHG

¢«
4

D

CN Phylum legend

Taxonomy pbundance

k_Bacteria;p_Firmicutes 40.82%
k_Bacteria;p_Bacteroidetes 30.48%
k_Bacteria;p_Proteobacteria 16.72%
k_Bacteria;p_Deferribacteres 4.92%
k_Archaea;p_Euryarchaeota 3.08%

k__Bacteria.p_Verrucomicrobia 1.2%

k_Bacteria;p_Planctomycetes. 0.8%
k__Bacteria;p_ Actinobacteria 0.62%
k_Bacterla.p_Chloroliexi 0.51%
k_Bacteria;p_TM7 0.21%
k__Bacteria;p_Lentisphaerae 0.18%
k__Bacteria;p__Acidobacteria 0.13%
k_Archaea;p_Crenarchaecta 0.11%
k__Bacteria;p_ BRC1 0.05%
k_Bacteria;p__Elusimicrobia 0.03%
k_Bacteria;p_Fusobacteria 0.03%
k__Bacteria;p__Chlorobi 0.02%
k_Bacteria;p_Gemmatimonadetes 0.02%
k__Bacteria;p_WS3 0.01%
Others 0.05%

E

T1 Phylum legend

Taxonomy bundancd
k__Bacteria;p_Firmicutes 38.99%
k__Bacteria;p__Bacteroidetes 29.08%
k__Bacteria;p__Proteobacteria 21.63%
k__Bacteria;p_Deferribacteres 4.86%
k__Archaea;p_ Euryarchaeota 2.08%
k__Bacteria;p__Verrucomicrobia 0.88%
k__Bacteria;p_Actinobacteria 0.68%
k__Bacteria:p__Planctomycetes 0.54%
k__Bacteria:p__Chloroflexi 0.54%
k_Bacteria;p__TM7 0.23%
k__Bacteria;p__Lentisphaerae 0.13%
k__Bacteria;p__Acidobacteria 0.11%
k__Bacteria;p__Elusimicrobia 0.04%
k_Bocteria;p_BRC1 0.04%
k__Archaea;p_Crenarchaeota 0.04%
k__Bacteria;p__Spirochaetes 0.03%
k_Bacteria;p_W5S3 0.03%
k__Bacteria;p_ Thermotogae 0.02%
k__Bacteria;p__Fusobacteria 0.02%
Others 0.04%




)

T2 Phylum legend

Taxonomy Bbundance]
k__Bacteria;p__Firmicutes 37.12%
k_Bacteria;p_Bacteroidetes 31.67%
k__Bacteria;p__Proteobacteria 18.26%
k__Bacteria;p__Deferribacteres 4.9%
k_Archaea;p_ Euryarchaeota 2.89%
k__Bacteria;p__Verrucomicrobia 1.25%
&_Bacteria,p_Planctomycetes 1.0%
k_Bacteria;p__Chloroflexi 0.71%
k__Bacteria;p__Actinobacteria 0.63%
k_Bacteria;p_TM7 0.26%
k_ Bacteria;p_Lentisphaerae 0.22%
k_Archaea;p_Crenarchaeota 0.15%
k__Bacteria;p_ Acidobacteria 0.13%
k__Bacteria;p_ BRC1 0.04%
k__Bacteria;p__Thermotogae 0.03%
k__Bacteria;p__Fusobacteria 0.03%
| 0.03%
__Chlorobi 0.02%
k_Bacteria,p_Tenericutes 0.02%
Others 0.05%
T3 Phylum legend
egend: Taxonomy JAbundancd
k_Bacteria;p_Firmicutes 38.05%
k_Bacteria;p_Bacteroidetes 32.0%
k_Bacteria;p_Proteobacteria 18.84%
k_Bacteria;p_Deferribacteres 4.85%
| — k__Archaea;p_ Euryarchaeota 3.13%
k__Bacteria;p_Verrucomicrobia 0.86%
k_Bacteria;p_Planctomycetes 0.52%
k__Bacteria;p__Actinobacteria 0.49%
k__Bacteria:p__Chloroflexi 0.47%
k_Bacteria;p_TM7 0.25%
k__Bacteria;p__Lentisphaerae 0.16%
k__Archaea;p_Crenarchaeota 0.13%
k_Bacteri Acidobacteria 0.07%
— _Bacteria;p_BRC1 0.05%
k__Bacteria;p__Thermotogae 0.02%
k_Bacteria;p_Spirochaetes 0.02%
k__Bacteria;p_ Gemmatimonadetes 0.02%
k__Bacteria;p__Elusimicrobia 0.01%
k__Bacteria;p_Nitrospirae 0.01%
Others 0.04%




&ODVV OHYHO DQDO\VLV

7KH FRPSDULVRQ RI SUHGRPLQDQW WD[D DW FODVV OHYH

ODUYDO JXWV ZHUH FORVWULGLD DQG

DQG JDPPDSURWHREDFWHULD
GHIHUULEDFWHUHYV DQG DQG EDFLOOL
DQG UHVSHFWLYHO\

JLIXUH5HODWLYH DEXQGDQFH RI EDFWHULD DW FODVV OHY

120

M Clostridia

Bacteroidia
B Gammaproteobacteria
80 m Deferribacteres

m Bacilli

m
'm
rn

Epsilonproteobacteria
60 W Methanobacteria

MW Betaproteobacteria
m Deltaproteobacteria
40 M Flavobacteriia

W Planctomycetia

W Alphaproteobacteria

20 M [Spartobacteria]

Relative Abundance of bacteria at Class level (%)

m Verrucomicrobiae

Anaerolineae

s Im

B Methanomicrobia

| Actinobacteria

)DPLO\ OHYHO DQDO\VLYV

&RPSDUDWLYH DQDO\VLV RI WKH DEXQGDQFH RI WD[D DW

ZHUH 2GRULEDFWHUUDFHD DQG SXPLQR
DQG (QWHUREDFWHULDFHD DQG

7KH PDMRULW\ RI WKH WD[D EHORQJV WR XQFODVVLILHG Jl

o]



JLIXUHS5HODWLYH DEXQGDQFH RI EDFWHULD DW IDPLO\

B Unclassified
[Odoribacteraceae]

100 ® Ruminococcaceae
= o —_— — [— M Enterobacteriaceae
X ) | [— —— mS24-7
% %0 m Rikenellaceae
- m Deferribacteraceae
‘g 70 W Prevotellaceae
i M Lactobacillaceae
E 60 W Helicobacteraceae
] W Lachnospiraceae
E 50 B Methanobacteriaceae
:; M Unclassified
g 40 M Desulfovibrionaceae
s m Oxalobacteraceae
g 30 H Flavobacteriaceae
2 m Bacteroidaceae
.g 20 Burkholderiaceae
’%“; W Vibrionaceae
< 10 W [Chthoniobacteraceae)
o M Verrucomicrobiaceae

m Anaerolinaceae

2UGHU OHYHO DQDO\VLV

$W WKH RUGHU OHYHO DQDO\WLV WKH GRPLQDQW ED
JURXSV &1 7 7 DQG 7 ZHUH FORVWULGLDOHYV
EDFWHURLGDOHYV DQG HQWHUREEL
DQG GHIIHULEDFWHUDOHYV DQG
DQG UHVSHFWLYHO\

J)LIXUH 5SHODWLYH DEXQGDQFH RI EDFWHULD DW RUGHU

120

100

m Clostridiales
Bacteroidales

M Enterobacteriales

M Deferribacterales

M Lactobacillales

W Campylobacterales

W Methanobacteriales

M Burkholderiales

M Desulfovibrionales

M Flavobacteriales

m Vibrionales

® [Chthoniobacterales]

H Verrucomicrobiales

80

60

40

m Bacillales
20 X
Anaerolineales

Relative Abundance of bacteria at Order level(%)

m Pirellulales

m Rhodospirillales
Methanosarcinales

M Actinomycetales

o
w




*HQXV OHYHO DQDO\VLYV

$W WKH JHQXV OHYHO DQDO\VLV WKH UHODWLYH DEXQGDC(
WKHUPDO VWUHVY JURXS FRPSDUHG WR WKH FRQWURO 7Kl
&1 7 7 DQG 7 LQFOXGHG 2GRULEDFWHU

OXFLVSLULOOXP SUHYRWHOOD
2VFLOORSLUD .OHEVLHOOD
DQG /DFWREDFLOOXYV UHVSHFWLYHO\ {
Rl &1 Rl 7 RI'7 DQG RlI' 7 JXW PLFUREHV ZH!

JLIXUH 5HODWLYH DEXQGDQFH RI EDFWHULD DW JHQXV OHY

M Desulfovibrio

70 m Vibrio

M Burkholderia

60 M Bacteroides
Gillisia

50 ® Ruminococcus

B Unclassified
AF12

40

M Unclassified

B Methanobacterium

30 .

B Unclassified

B Unclassified

20 M Helicobacter

H Klebsiella

Relative abundance of bacteria at Genus level (%)

B P
N P
B I
B I

M Lactobacillus
B Unclassified

m Oscillospira

o
=
—
=
—
N

T3

8QLTXH 6SHFLHV SU#®VIPEWLEQ WKH/ IPW®RIF JURXSV

W ZDV REVHUYHG WKDW VSHFLHV ZHUH XQLTXH WR WKH
WKH JURXS 7 XQLTXH VSHFLHV LQ JURXS 7 DQG XQl
6RPH RI WKH XQLTXH JXW EDFWHULDO VSHFLHV RI FRQW
VLONZRUP ODUYDH ZHUH SUHVHQWHG LQ 7DEOH

6



7TDEOH

8QLTXH 6SHFLHV SAUHFRROQM 1LY WKH DQ® RI

JURXSV

&1 7 7 7

%DFLOOXV| 1RYRVSKL( 3URVWKHFR OHWK\OREDFWHULXP
VW\JILXP GHERQWLL | PHVRSKLOLFXP

&ORVWULG| %ODXWLD | $SOFDQLYRU $FLGRPRQDYV

SHUILQJHV

GLHVHOROH

PHWKDQROLF

D

ODULELXV

3DHQLEDL(
KRGRJD\H(

&RQVWULFV
DOQOWDUWLF

+\SKRPLFURE
]JDYDUJLQLL

L\XP

3VHXGRQR
KDORSKRW

'LHW]LD WI

ILWURVRYL
WHQXLV

6\PELREDFWHULXP

WKHUPRSKLQ

XP

6WUHSWRF
OXWHFLDH

33ODQFWRP
Yo

&HWREDFW
VRPHUDH

&ORVWULGLX

P QHRQ

TKHUPREDH
FRPSRVWL

+DORUKRG

&ORVWULGI

%DFWHURLGHYV FDFF

$TXRPLFUR
DHURODWX

ODULQRED

6DOLUKDEG
HX]HE\L

9HUUXFRVLYV

JLIKRUQHQVL

SRUD
\%

IDFWREDFL
YDIJLQDOLYV

*LHVEHUJH

6WUHSWRP
PLUDELOLYV

IDSLOOLFRFF

MHMXHQVLYV

XV

IDFWREDFL

$OOORLFR

6WUHSWRP
DK\JURVFR/

&HQDUFKDHX
V\PELRVLXP

JOH[LVSLUTI

ORGHVWRE

+DORVWDJ(
ODUVHQLL

&DQGLGDWX\
QLWURVRVSK

(DHUD

+DORJUDQ)

+DORWHUU

OHWKDQRF)

TKHUPDFHWR

JHQLXP

SDUHIDFWLRQ DQDO\VLV RI FR®RURO DQG WUHDW

%\ JHQHUDWLQJ WKH UDUHIDFWLRQ FXUYHV WKH GHJ
DVVRFLDWHG WR FRQWURO DQG WUHDWHG JXW WLVV’
VHTXHQFHVY FROOHFWHG WKH FXUYH SOR\

QXPEHU RI

VSHFLHY DQQRWDWLRQV

GLYHUVLW\ PHDVXUHYV

RQ WKH UDUHIDFWLRQ SORW

7TKH UDUHIDFWLRQ SORWYV D

7TKH DQQRWDWHG VSHFLHV ULFI

7KH

00

IODWWHQLQJ RI

FXLU



LOQGLFDWHYVY WKDW D VXIILFLHQW QXPEHU RI VHTXHQFHV Z
FRYHUDJH RI WKH JXW EDFWHULD )LJ 7TKH UDUHIDFW
KHDW VKRFN KDG DQ LPSDFW RQ WKH GLYHUVLW\ DQG ULF
QRWLFHDEOH UHGXFWLRQ LQ ERWK WKH QXPEHU RI VSHFL
PLFUREHYVY ZDV REVHUYHG LQ WKH KHDW VKRFN JURXS ZKHQ

)LJ 5DUHIDFWLRQ DQDO\WVLV FXUYH RI JXW RI WKH V
HISHULPHQWDO JURXSV

observed otus: SamplelD

2000+

1500

1000
B CN
|
B T2

T3

Rarefaction Measure: observed otus

500

0 i I i i i i 1 n
0 20000 40000 60000 80000 100000 120000 140000 160000
Sequences Per Sample

7KH ; D[LV LV WKH QXPEHU RI VHTXHQFHV SHU VDPSOH DC
LQGH[ &1 &RQWURO 7 7TKHUPDO VWUHVV 7 9LWDPLQ ¢
TKHUPDO VWUHVYV

+HDWPDS VKRZLQJ WKH UHODWLYH DEXQGDQFH RI SK

7KH KHDWPDS DQDO\VLV RI VLONZRUP JXW EDFWHULD VK
EDFWHULDO WD[D %DFWHURLGHWHYV )LUPLFXWHV DQG 3U
GRPLQDQW SK\OD SUHVHQWHG LQ DOO IRXU JURXSYV



JLIXUH 7KH UHSUHVHQWDWLRQ RI% KREIDDLLER WK HF RQW ¢
DQG WUHDWHG JURXSV LV GHSLFWHG LQ WKH UHOD
FRUUHVSRQGVY WR D JXW VDPSOH DQG HDFK URZ UHS
VKDGLQJ LQGLFDWLQJ WKH UHODWLYH DEXQGDQFH 5
+LJKHU DEXQGDQFH

(k__Bacteria;p_ Firmicutes)
(k__Bacteria;p_ Bacteroidetes)
(k__Bacteria;p_ Proteobacteria)
{k__Bacteria;p__Deferribacteres)
(k__Archaea;p_ Euryarchaeota)

(k__Bacteria;p__ Chlorofiexi)

(k__Bacteria;p_ Actinobacteria)
{k_ Bacteria;p_ Planctomycetes)
(k__Bacteria;p_ Verrucomicrobia)

(k_ Bacteria;p_ Acidobacteria)

{k__Archaea;p Crenarchaecta)

(k__Bacteria;p_ Lentisphaerae)

(k__Bacteria;p_ TM7)
(k__Bacteria;p__WS3)
(k__Bacteria;p__Thermotogae)
(k__Bactena;p__Spirechaetes)
(k_ Bacteria;p_ Fusobacteria)
(k__Bacteria;p__Chlorobi)
(k__Bacteria;p_ Gemmatimonadetes)
(k__Bacteria;p_ Tenericutes)
(k__Bacteria;p__Nitrospirae)
(k__Bacteria;p__NKB19)
(k__Bacteria;p__Fibrobacteres)
(k__Bacteria;p__ OP9)

(k__Bacteria;p_ WS6)

0.10

(k__Bacteria;p_ )

(k__Bacteria;p__ Caldiserica)
(k__Bacteria;p__Armatimonadetes)
(k__Bacteria;p__Synergistetes) 0.05
(k__Bacteria;p__FBP)
(k__Bacteria;p__OP8)

(k__Bacteria:p__Elusimicrobia)

(k__Bacteria;p_ BRC1)
0.00

3K\ORJHQHWLF $QDO\VLV

.URQD FKDUWYV ZHUH XVHG WR VXPPDULVH WKH WRWDC
JXW WLVVXH V\PELRQWYVY XQGHU FRQWURO DQG WUHLEL
LOOXVWUDWHG WKH VL[ OHYHO WD[RQRPLF JURXSLQJV
HDFK FDWHJRU\

00



J)LIXUH .URQD FKDUW UHSUH¥HRPRRDIMW RQLDIOFWQ WDU RQ

J)LIXUH .URQD FKDUW UHSUHVHQWDW %R QP RALLVWF \HHWRL D@ V W U
WD[D 7

00



JLIXUH .URQD FKDUW UHSUHVHQWDWLBRQ RAEEBIEWBRILY G
WD[D 7

J)LIXUH .URQD FKDUW UHSUHVHQWDWLRQ RI 9%WDPLQ
PRUHDFWHULDO WD[D 7




J)LIXUH .URQD FKDUW UHSUHVHQWDWLRQ RAEBIEWBHRIL @& VXS
WD[D 7

J)LIXUH .URQD FKDUW UHSUHVHQWDWLRQ RI 9%WDPLQ & \
PRUHDFWHULDO WD[D 7




$EXQGDQFH RI EHQHILFLDO E D PRPW HPURDLFRUHYHRAV
DQG WUHDWHG JURXSYV

IDFWREDFLOOXVY .OHEVLHOOD &ORVWULGLXP (QWHUR
$FLQHWREDFWHU (QWHURFRFRXV 3VHXGRPRQDV DQG .
EDFWHULD SUHVHQW LQ WKH JXW RI VLONZRUP IRU W
EDFWHULD FDQ SURGXFH VRPH GLJHVWLYH HQJ\PHV PL
ODUYDH IRU DEVRUSWLRQ DQG PHWDEROLVP )URP DQLI
RI WKHVH EDFWHULD IURP DOO WKH IRXU JURXSV LW
FRPSRVLWLRQV ZHUH GHFOLQHG LQ WKH WKHUPDO VW
HOHYDWLRQ LQ WKH FRPSRVLWLRQ RI EDFWHULD LQ W
7KH DEXQGDQFH RI EDFWHULDO FRPSRVLWLRQ LQ WKH
DOVR VKRZHG DQ LQFUHDVH WKDQ WKDW RI JURXS 7

J)LIXUH &RPSDUDWLYH DQDO\VLV RI DEXQGDQFH RI XVH
DQG WUHDWHG JURXSV &1 7 7 DQG 7

&1 &RQWURO 7 7KHUPDO VWUHVV 7 9LW & 6XSSOHPF
6XSSOHPHQWHG



0253+20(75,& 3$5$0(7(56 2) /$59%(
7RWDO ERG\ OHQJWK RI VLONZRUP ODUYDH

7KURXJKRXW WKH H[SHULPHQWDO GXUDWLRQ WKH WRWDO
UHJXODUO\ DVVHVVHG 7KH ILQGLQJY UHYHDOHG D QRWDE
ODUYDH ZLWKLQ WKH WKHUPDO VWUHVV JURXS DQG D VLJ
JURXS VXSSOHPHQWHG ZLWK YLWDPLQ & DV FRPSDUHG WF
RI ODUYDH ZDV KLJKHVW LQ WKH DVFRUELF°DBRG VXSSOHP
ZDV VLJQLILFDQWO\ UHGXFHG LQ WKH WKHYPDIODQWUHVV F
WKH RWKHU JURXSV )LJ 7KH ODUYDO OHQJWK RI VLON.
DFLG XQGHU WKHUPDO VWWiVWKREZRBSD>VL@QLILEDQW UHF
ZKHQ FRPSDUHG WR WKHUPDO VWUHVV H[SRVHG JURXS 7K
OHQJWK PHDVXUHPHQWYV RI WKH ILIWK LQVWDU ODUYDH R
ERWK WKH FRQWURO DQG WUHDWHG JURXSYV

7DEOH 7KH DYHUDJH OHQJWK RI ILIWK LQVWDU VLONZ
H[SHULPHQWDO JURXSV LQ FP

&1 | 7 7 7
7KHUPDO
'‘D\V &RQWUR 7KHUPD02;2;%HFVWUHVV
VXSSOHP

'D\

'D\

'D\

'D\

'D\

'D\

$YHUDJH
RlI VLON
ODUYD

7KH YDULDWLRQ EHWZHHQ WKH JURXSV ZDV FDOFXODWHG E\ $129% IRO
DW 3 Q



J)LIXUH SBHULRGLF ERG\ OHQJWK Rl ILIWK LQVWDU °
GD\ LQ FRQWURO DQG WUHDWHG JURXSV

&1 &RQWURO 7 TKHUPDO VWUHVV 7 9LWDPLQ & VX
VWUHVV

J)LIXUH 7KH DYHUDJH OHQJWK RI ILIWK LQVWDU VI
WUHDWHG JURXSYV

&1 &RQWURO 7 TKHUPDO VWUHVV 7 9LWDPLQ & VX
VWUHVV

O
el



TRWDO ZHLJKW RI VLONZRUP ODUYDH

7KH ERG\ ZHLJKW RI ILIWK LQVWDU VLONZRUP ODUYDH ZH
ZDV IRXQG WKDW WKH ERG\ ZHLJKW ZDV VLJQLILFDQWO

“« B WKDQ WKDW RI FRQWURKOVABEVWDH)WLDO LQFUHDVH
ZHLJKW ZDV HYLGHQW LQ JURXS 7 “ D DQG D VLJQL
JURXS 7 “ DE 7KH WDEOH SUHVHQWY WKH SHULR(
WKH ILIWK LQVWDU ODUYDH RI VLONZRUP IURP 'D\  WR 'D\
JURXSYV

7DEOH 7KH DYHUDJH ZHLJKW RI ILIWK LQVWDU VLONZ!
H[SHULPHQWDO JURXSV LQ JP

7

TKHUPDO
9LWDPLC

&RQWUR(C 7KHUPDO 9LWDPLQ
6XSSOHEF

VXSSOHPLI

'D\

'D\

'D\

'D\

'D\

'D\

$YHUDJH

ZHLJKW F

VLONZRU

ODUYDH

7TKH YDULDWLRQ EHWZHHQ WKH JURXSV ZDV FDOFXODWHG
WHVW D E F DQG G DUH WKH YDOXHV GLIIHUV VLIJQLILFDQ



J)LIXUH SBHULRGLF ERG\ ZHLJKW RI ILIWK LQVWDU V
GD\ LQ FRQWURO DQG WUHDWHG JURXSV

&1 &RQWURO 7 TKHUPDO VWUHVV 7 9LWDPLQ & VX
VWUHVV

J)LIXUH 7KH DYHUDJH ZHLJKW Rl ILIWK LQVWDU VL
WUHDWHG JURXSYV

&1 &RQWURO 7 TKHUPDO VWUHVV 7 9LWDPLQ & VX
VWUHVV



%,2&+(0,&%/ $1%$/<6,6

7TKH HIIHFW RI VXSSOHPHQWDWLRQ RI DVFRUELF DFLG |
FRUUHVSRQGLQJ WR WKH LPSRUWDQW GLJHVWLYH HQ]\PH
FHOOXODVH WRWDO VROXEOH SURWHLQ FRQWHQW LQ
PRUSKRPHWULF FKDUDFWHULVWLFV RI VLONZRUP FRFRRQ Z

7TDEOH 7TRWDO SURWHLQ DQG DFWLYLW\ RI GLJHVWL
HISHULPHQWDO JURXSV

*URXS 3URWEF $P\ODY &HOOX /LSDV 3URWH

7TKH YDULDWLRQ EHWZHHQ WKH JURXSV ZDV FDOFXODWHG
WHVW D E F DQG G DUH WKH YDOXHV GLIIHUV VLIJQLILFDQ

$FWLYLW\ RI 3URWHLQ
7KH WRWDO SURWHLQ OHYHO ZDV IRXQG WR YDU\ EHWZH
SURWHLQ FRQWHQW REVHUYHG LQ JURXSV 7 DQG 7 ZHI
FRPSDUHG WR WKH &RQWURO JURXS KRZHYHU LW FRQVLGH
HISRVHG JURXS 7 FRPSDUHG WR RWKHU JURXSVY 7KH UH
LQGLFDWHG WKDW WKH GLITHUHQFHY DPRQJ DOO H[SHULPH
VLIQLILFDQW ZLWK S YDOXHV OHVV WKDQ DQG

(@)
=t



J)LIXUH TRWDO SURWHLQ FRQWHQW RI VLONZRUP JX

$FWLYLW\ RI $P\ODVH

7KH DP\ODVH DFWLYLW\ LQ WKH JXW RI VLONZRUP RI FI
DFLG VXSSOHPHQWHG 7 DQG KHDW VKRFN DORQJ ZL\
ZHUH ! —J PO ! —J PO : —J PO DQG
UHVSHFWLYHO\ 7KH DP\ODVH DFWLYLW\ LQ WKH JXW R
>7 @ GHPRQVWUDWHG ORZHU DFWLYLW\ FRPSDUHG W
XQWUHDWHG FRQWURO EDWFK $VFRUELF DFLG VXSSOF
LQFUHDVH LQ WKH DP\ODVH DFWLYLW\ WKDQ RWKHU JU
LQ *URXS 7 ZKHQ FRPSDUHG WR JURXS 7

J)LIXUH $SFWLYLW\ RI $P\ODVH HQJ\PH LQ WKH JXW F




7TRWDO DP\ODVH DFWLYLW\ LQ WKH J¥%WRPE\[WRUWLOQVWDU OD
'DWD DUH H[SUHVVHG DV PHDQ “ 6(0 RI VL[ REVHUYDWLRQ
VWUHVV H[SRVHG JURXS 7 9LWDPLQ & VXSSOHPHQWHG
VXSSOHPHQWHG JURXS

$FWLYLW\ RI &HOOXODVH

&HOOXODVH DFWLYLW\ LQ WKH JXW RI VLONZRUPV ZDV RE
FRQWURO JURXS : —J PO LQ WKH WKHUPDO VWUHVYV
LQ WKH JURXS WKDW UHFHLYHG DVFRUELF DFLG VXSSOHF
WKHUPDO VWUHVYVY JURXS WKDW DOVR UHFHLYHG DVFRUELF
WKH VWRPDFK RI KHDW VKRFNHG VLONZRUPV >7 @ ZDV O
LOQFOXGLQJ XQWUHDWHG FRQWURO EDWFKHYV 7KH FHOOXO
DVFRUELF DFLG VXSSOHPHQWHG JURXS >7 @ FRPSDUHG

FRPSDUHG WR *URXS 7 *URXS 7 VKRZHG D QRWLFHDEOH U

J)LIXUH $FWLYLW\ RI &HOOX®DVPRWQ]J\PH LQ WKH JXW R

7TRWDO FHOOXODVH DFWLYLW\ LQ WKBEBoRRBEARPRWIK LQVWDU
'DWD DUH H[SUHVVHG DV PHDQ *“ 6(0 RI VL[ REVHUYDWLRQ
VWUHVYV H[SRVHG JURXS 7 9LWDPLQ & VXSSOHPHQWHG
VXSSOHPHQWHG JURXS



$FWLYLW\ RI /LSDVH

7KH OHYHOV RI OLSDVH DFWLYLW\ LQ WKH JXW RI VL

: —J PO 7 “ =3 PO 7 DQG : —J |
FRPSDULVRQ WR RWKHU JURXSVY WKH OLSDVH DFWLYL!
>7 @ ZDV VLIQLILFDQWO\ GHFUHDVHG 7KH OLSDVH DI
>7 @ WKDW ZDV VXSSOHPHQWHG ZLWK DVFRUELF DFLG
*URXS 7 WR *URXS 7 WKHUH ZDV D GLVFHUQLEOH LPS

J)LIXUH $FWLYLW\ RI OLSDVH HQJ\PH LQ WKH JXW R

7TRWDO OLSDVH DFWLYLW\ LQ WKH 9P RI[ PR ILBQNDWDU
DUH H[SUHVVHG DV PHDQ “ 6(0 Rl VL[ REVHUYDWLRQV
HISRVHG JURXS 7 9LWDPLQ & VXSSOHPHQWHG 7
VXSSOHPHQ\WHG JURXS

$FWLYLW\ RI 3URWHDVH

7KH DFWLYLW\ RI SURWHDVH HQ]J\PH ZDV : —J PO

‘ —J PO 7 DQG ! —J PO 7 LQ WKH JXW
VXEMHFWHG WR WKHUPDO VKRFN 7 KDG OHVV OLSDVFH
LOQFOXGLQJ FRQWURO EDWFKHY 7KH SURWHDVH DFWLY
DFLG VXSSOHPHQWHG JURXS 7 FRPSDUHG WR WKH RV
7 D FRQVLGHUDEOH UHFRYHU\ ZDV VHHQ

(@)
o



J)LIXUH $FWLYLW\ RI SURWHBOVHRHQ]\PH LQ WKH JXW RI

7TRWDO SURWHDVH DFWLYLW\ LQ WKHWKREWRIPRUKL LQVWDU
'DWD DUH H[SUHVVHG DV PHDQ *“ 6(0 RI VL[ REVHUYDWLRQ
VWUHVYVY H[SRVHG JURXS 7 9LWDPLQ & VXSSOHPHQWHG
VXSSOHPHQ\WHG JURXS

02/(&8/$5 $1$/<6,6

7KH UHODWLYH P51% H[SUHVVLRQ OHYHOV RI +VS +VS
ZHUH TXDQWLILHG XVLQJ UHDO WLPH T3&5 RI JXW WLVVXlI
ODUYDH RI FRQWURO DQG H[SHULPHQWDO JURXSYV

([SUHVVLRQ RI +VS JHQH LQ WKH ODUYDO JXW

7KH ILQGLQJV IURP WKH VWXG\ LQGLFDWH QRWDEOH GLIIHI

JHQH WUDQVFULSW DPRQJ GLITHUHQW JURXSV Rl VLO!
UHVXOWY UHYHDO D VLJQLILFDQW XSUHJXODWLRQ RI WKH
VLONZRUP ODUYDH EHORQJLQJ WR JURXSV 7 DQG 7 ZKHQ
JURXS DQG WKH 7 JURXS 7KLV VXJIJHVWYV WKDW WKHUPDO
HI[ISUHVVLRQ RI WKH +VS JHQH LQ WKH VLONZRUP JXW
VXSSOHPHQWHG ZLWK YLWDPLQ & H[KLELWHG D FRPSDUDW

JHQH WUDQVFULSW LQ FRQWUDVW WR WKH RWKHU JURX

00



7TDEOH ([SUHVVLRQ RI +VS JHQH LQ WKH JXW RI
DQG WUHDWHG JURXSYV

URXSV &RQWU+bDWI9LWDPLQ+ DME:ESZP
& RFINVXSSOHRH G
&1 OHPHQWHG
7 7 .
+VS
E $FWLQ

1RUPDOLVHG H[SUHVVLRQ YDOXH

a0&W 0&W WUHDWHG 0&W
XQWUHDWHG

JROG GLIIHUHQFH LQ 97/
UHODWLYH WR XQWUHDWHG ao&w

JLIXUH JROG GLIIHUHQFH RI +VS LQ WKH JXW RI
DQG WUHDWHG JURXSV

([SUHVVLRQ RI +VS JHQH LQ WKH ODUYDO JXW

7TKH UHVXOWY LQGLFDWHG WKDW WKH VXSSOHPHQWDW

ODUYDH OHG WR D GRZQUHJXODWLRQ RI +VS JHQH H

LQFOXGLQJ WKH FRQWURO &RQYHUVHO\ WKH JURXS

HOHYDWLRQ LQ WKH H[SUHVVLRQ RI WKH +VS JHQH

HISRVXUH DOLJQV ZLWK WKH ZHOO HVWDEOLVKHG URO
LQ FHOOXODU VWUHVY UHVSRQVHYV

~

Oi



7TDEOH ([SUHVVLRQ RI +VS JHQH LQ WKH JXW RI VLOI
DQG WUHDWHG JURXSYV

*URXSV +HDW| 9LWDPLQ & +HDW VKRFN
&RQWURO
o1 6KRFNVXSSOHPHQWMMEPLQ &
7 7 6XSSOHPHQWHG 7
+VS
E $FWLQ

1IRUPDOLVHG
H[SUHVVLRQ
YDOXH

JROG GLI|HUHQRH

J)LIXUH JROG GLIIHUHQFH RI +VS LQ WKH JXW RI VLO
DQG WUHDWHG JURXSYV

([SUHVVLRQ Rl +VS JHQH LQ WKH ODUYDO JXW

7TKHUH ZDV DQ LQFUHDVH LQ WKH +VS JHQH H[SUHVVLRQ
JURXS 7 FRPSDUHG WR WKH FRQWURO JURXS DQG RWKHU
GHFUHDVH LQ JHQH H[SUHVVLRQ ZKLOH WKH 7 JURXS GHF
HISUHVVLRQ WKDQ WKH FRQWURO JURXS



7TDEOH ([SUHVVLRQ RI +VS JHQH LQ WKH JXW RI
DQG WUHDWHG JURXSYV

+HDW VKRFN
9LWDPL%&
&RQWURGHDW 6KRFN LWDPLQ &
*URXSV VXSSOHPHgW
&1 7 6XSSOHRHQW!
HG 7
G 7
+VS
E $FWLQ

1RUPDOLVHG H[BUHVVLRQ
YDOXH

JROG GLIITHUHQHH

J)LIXUH JROG GLIITHUHQFH RI +VS LQ WKH JXW RI
DQG WUHDWHG JURXSYV

([SUHVVLRQ RI +VS JHQH LQ WKH ODUYDO JXW

'LWKLQ WKH ODUYDO JXW *URXS 7 H[KLELWHG DQ HOH
JHQH FRPSDUHG WR ERWK WKH FRQWURO JURXS DQ
&RQYHUVHO\ *URXS 7 H[KLELWHG D GHFUHDVH LQ Jt
GLVSOD\HG D QRWDEO\ KLJKHU H[SUHVVLRQ OHYHO WKI

(@]
-



7TDEOH ([SUHVVLRQ RI +VS JHQH LQ WKH JXW RI VLOI
DQG WUHDWHG JURXSYV

+HDW VKRFN
+HDW | 9LWDPLQ &
&RQWURO 9LWDPLQ &
*URXSV 6KRFN VXSSOHFH%WHG
&1 ] ] 6XSSOHPHQWHG
7
+VS
E $FWLQ
1IRUPDOLVHG
H[SUHVVLRQ |YDOXH
JROG GLIIHUHQFH
YLIXUH JROG GLIIHUHQFH RI +VS LQ WKH JXW RI VLO

DQG WUHDWHG JURXSYV

+,672/2*,&%/ $1%/<6,6 2) 6,/.:250 /$59%/ *87

7KH PLGIJXW FRQVWLWXWHV WKH HVVHQWLDO IXQFWLRQDO
IRRG GLIHVWLRQ DQG QXWULHQW DEVRUSWLRQ WDNH SODF
RlI ILIWK LQVWDU VLONZRUP ODUYDH RI FRQWURO DQG WUH
VWUXFWXUDO DQG PRUSKRORJLFDO FKDQJHV RI ODUYDO JX

Ol



*XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI FRQW

7KH KLVWRORJLFDO DUFKLWHFWXUH RI WKH JXW RI V
SUHVHQFH RI LQWDFW HSLWKHOLDO FHOOV (& RUDQJI
DQG VWHP FHOOV 6& EODFN DUURZV 7KH EDVDO ODP
IRXQG XQGHUO\LQJ DQG VXSSRUWLQJ WKH HSLWKHOLD (

JLIXUH *XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH R
D E
)LJ MRZ SRZHU [ SKRWRPLFURJUDSK RI +( VWDLQ
PLGJXW HSLWKHOWX R RUMLUIBNZRIHPU [ SKRWRPLFURJI

FRQWURO PLGJIJXW HSLWKRRUHURSRIHVHOQNVAROXPHQ RI W
UHSUHVHQWY HSLWKHOLDO FHOOV * UHSUHVHQWYV JRE
6& UHSUHVHQWY VWHP FHOOV %DU —P

£ %DVDO /DPLQD

£ (SLWKHOLDO FHOO FROXPQDH
A2 *REOHW FHOOV

A O6WHP FHOOV

*XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI WKHU

7KH KLVWRPRUSKRORJ\ RI PLGJXW RI VLONZRUP ODU)
VKRZHG WKH SUHVHQFH RI YDULRXV SDWKRORJLFDO FK
QRWLFHG ZDV WKH IXVLRQ RI WKH HSLWKHOLDO FHOOV
JREOHW FHOOV JUHHQ DUURZV ZLWK DFFXPXODWLRC
7KH EDVDO ODPLQD DQG VWHP FHOOV ZHUH IRXQG WR

00



J)LIXUH *XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI WK

D E

)LJ DRZ SRZHU [ SKRWRPLFURJUDSK RI +( VWDLQL
WHPSHUDWXUH H[SRVHG PLGJXW HSLWKHOLXP Rl VLONZF
HSLWKHOLDO FHOOV DQG ZLGHQLQJ RI WKH JREOHW FHOO
6ORXJKLQJ RIl WKH HSLWKHOLDO FHO®BV+DWK WRHEZHISLFDO

[ SKRWRPLFURJUDSK RI WKH WHPSHUDWXUHAH[SRVHG PL
PRULUHSUHVHQWY OXPHQ RI WKH JXW (& UHSUHVHQWYV HSL
FHOOV %& UHSUHVHQWY EDVDO ODPLQD DQG 6& UHSUHVHQ

£ %DVDO /DPLQD

£ (SLWKHOLDO FHOO FROXPQDH
A2 *REOHW FHOOV

A O6WHP FHOOV

*XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI YLWDPLQ &

7KH KLVWRPRUSKRORJ\ RI YLWDPLQ & VXSSOHPHQWHG JX
SUHVHQFH RI LQWDFW HSLWKHOLDO FHOOV JREOHW FHOO\
WKH EDVDO ODPLQD

o
=]



J)LIXUH *XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH R
7

)LJ IRZ SRZHU [ SKRWRPLFURJUDSK RI +( VWDLQ
& VXSSOHPHQWHG PLGJIXW HHLWRBHOLXIK RRIRY¥HONZRUF
SKRWRPLFURJUDSK RI WKH YLWDPLQ & VXSSO PHQWH (
PRULUHSUHVHQWY OXPHQ RI WKH JXW (& UHSUHVHQWYV
FHOOV %& UHSUHVHQWY EDVDO ODPLQD DQG 6& UHSUF

£ %DVDO /DPLQD

£ (SLWKHOLDO FHOO FROXPQDH
£ *REOHW FHOOV

A O6WHP FHOOV

*XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI 9LWI
7

7KH KLVWRPRUSKRORJ\ RI PLGJXW RI VLONZRUP ODUYD
WKHUPDO VWUHVV VKRZHG D UHFRYHU\ VLJQ LQ WKHF
UHWULHYLQJ EDFN WR LWV QRUPDO KLVWRPRUPRUSKR
HSLWKHOLDO FHOOV WR LWV QRUPDO DUFKLWHFWXUH =
LWV ZLGWK JUHHQ DUURZV DQG ZDV VSDFHG RXW EH\
IRXQG WR EH KLJKO\ VHFUHWRU\



J)LIXUH *XW KLVWRORJ\ RI ILIWK LQVWDU ODUYDH RI1 9]
JURXS 7

D E

D/RZ SRZHU [ SKRWRPLFURJUDSK RI +( VWDLQLQJ RI
WKHUPDO VWUHVV PLGJXWoHSBRWKHORXPEFKLWHGNWZRIHP VKRZ
DOOHYLDWLRQ LQ WKH PRUSKRORMLIXKI PRLGHNW HSLWKH
SKRWRPLFURJUDSK RI WKH FRQWUR®@ PRRBUKRZ IHELWKHOLXI
UHFRYHU\ LQ LWV DUFKLWHFWXUH [/ UHSUHVHQWY OXPHQ
FHOOV FROXPQDH * UHSUHVHQWY JREOHW FHOOV %& U
UHSUHVHQWY VWHP FHOOV %DU —P

£ %DVDO /DPLQD

A (SLWKHOLDO FHOO FROXPQDH
A2 *REOHW FHOOV

A O6WHP FHOOV

48%$17,7< $1' 48%/,7< (9%$/8%7,21 2) &2&221
ORUSKRPHWULF SDUDPHWHUV RI FRFRRQV

7KH FRFRRQ OHQJWK ZLGWK ZHLJKW FRFRRQ VKHOO ZHL.
FRFRRQ VKHOO SHUFHQWDJH ZHUH FDOFXODWHG IRU DQDC
WKH FRQWURO DQG H[SHULPHQWDO JURXS ,W ZDV IRXQG W
LQ WKH JURXS 7 ODUYDH KHDW VKREFEN DVFRUELF DFLG
LQFUHDVHG WKDQ WKDW RI WKH JURXS 7 KHDW VKRFEN
FRFRRQV RI JURXS 7 ZHUH LQFUHDVHG VLJQLILFDQWO\ DC
7 JURXS



7TDEOH SORUSKRPHWULF SDUDPHWHUV RI FRFRRC
ODU%RIRE\[ PRUL"

+HDW VK

+HDW $VFRUEL
&RQWI $VFRUEL

([SHULPHQW 6KRFI VXSSOHF
&1 6 XSSOHP

/HQMNKRlWﬁ
:LGWKRIWK%

$YHUDJH VLQ
&RFRRQ :HLJ
&RFRRQ VKHj

JP

3HUFHQM/JR§
&RFRRQ VKHq
37KH YDULDWLRQ EHWZHHQ WKH JURXSV ZDV FDOFXOD
WHVW D E F DQG G DUH WKH YDOXHV GLIIHUV VLJQLIL

/IHQJWK DQG ZLGWK RI WKH &RFRRQ

7KH DYHUDJH OHQJWK LQ FRQWURO ZDV “ E UHSUH
FRQGLWLRQV +HDW 6KRFN 7 VKRZHG D VLIJQLILFDQW
QRWDEOH LPSDFW RI KHDW VKRFN RQ FRFRRQ OHQJWI]
JURXS GHPRQVWUDWHG D VLIJQLILFDQW LQFUHDVH WR
Rl VXSSOHPHQWDWLRQ DQG +HDW 6KRFN $VFRUELF
VKRZHG D UHFRYHU\ WR : E LQGLFDWLQJ D SRVLW
KHDW VKRFN FRQGLWLRQV

,Q WKH KHDW VKRFN JURXS 7 FRFRRQ ZLGWK ZDV UHC(
DGYHUVH HIIHFWV RI KHDW VKRFN RQ FRFRRQ GLPHC
: E DQG RWKHU JURXSV $VFRUELF $FLG VXSSO

LQFUHDVHG WR : D VKRZFDVLQJ WKH EHQHILFL
ORUHRYHU WKH FRFRRQ ZLGWK RI +HDW 6KRFN $VF
JURXS UHPDLQHG DW ‘ DE LQGLFDWLQJ D SDUWLI

VKRFN JURXS

(@}
(@}



J)LIXUH /IHQJWK DQG ZLGWK RI WKH FRFRRQ

$YHUDJH 6LQJOH &RFRRQ :HLJKW

7TKH ZHLJKW RI DYHUDJH VLQJOH FRFRRQ ZDV ! DE L
VWDQGDUG ZHLJKW RI LQGLYLGXDO FRFRRQV LQ WKH FR
GURSSHG WR : F VLIQLI\LQJ D GHFOLQH LQ FRFRRQ

JURXS 7 7KH DYHUDJH ZHLJKW RI $VFRUELF $FLG 6XSSOF
¢ D VKRZFDVLQJ DQ LQFUHDVH LQ FRFRRQ ZHLJKW Z
6 KRFN $VFRUELF $FLG 6XSSOHPHQWHG 7 VKRZHG DQ |
“ E GHPRQVWUDWLQJ D SRVLWLYH LQIOXHQFH RQ FRFI
VWUHVV

J)LIXUH $YHUDJH VLQJOH FRFRRQ ZHLJKW

(@}
(@}



&RFRRQ 6KHOO :HLJKW

7KH FRFRRQ VKHOO ZHLJKW ZDV “ F LQ FRQWURC
FRFRRQV LQ QRUPDO FRQGLWLRQV :KHUHDV D VXEVWI
LQ +HDW 6KRFN 7 JURXS LQGLFDWLQJ D FRQVLGH!
$VFRUELF $FLG 6XSSOHPHQWHG 7 VKRZHG DQ LQFU
SRVLWLYH LQIOXHQFH RQ FRFRRQ VKHOO ZHLJKW ZL\

“ E LQGLFDWHG D UHFRYHU\ LQ VKHOO ZHLJKW X
VXSSOHPHQWDWLRQ

JLIXUH &RFRRQ VKHOO ZHLJKW

JLIXUH &RFRRQ VKHOO SHUFHQWDJH



SHUFHQW *RRG &RFRRQV

RI FRFRRQV ZHUH FDWHJRUL]HG DV RI JRRG TXDOLW
SURSRUWLRQ LQ &RQWURO &1 7KH SHUFHQWDJH GURSS
GHFOLQH LQ WKH TXDOLW\ RI FRFRRQV LQ +HDW 6KREN 7
DFLG VXSSOHPHQWHG 7 JURXS WR HPSKDVL]LQJ WKI
RI FRFRRQV DQG WKH SHUFHQWDJH UHPDLQHG KLJK DW
VXSSOHPHQWHG 7 JURXS VKRZFDVLQJ D PDLQWDLQHG L
FRFRRQV

J)LIXUH SHUFHQW JRRG FRFRRQV

4XDOLW\ HYDOXDWLRQ RI VLON ILODPHQWYV UHHOHG |
SDUDPHWHUYV

6LON ILODPHQWY ZHUH UHHOHG IURP WKH FRFRRQV RI IRXU
ILODPHQW OHQJWK ZHLJKW VL]H GHQLHU DQG UHHODEL
TXDOLW\ RI FRFRRQ SURGXFHG *URXS 7 9LWDPLQ & VX!
EHWWHU TXDOLW\ RI VLON ILODPHQW WKDQ WKH RWKHU J
HISRVHG JURXS VKRZHG WKH OHDVW TXDOLW\ RI VLON Il
VXSSOHPHQWHG 7TKHUPDO VWUHVYV H[SRVHG JURXS VKRZF
Rl ILODPHQWYVY WKDQ WKDW RI WKH WKHUPDO VWUHVYV
VXSSOHPHQWDWLRQ GHPRQVWUDWHG D SRVLWLYH LPSD
HVSHFLDOO\ XQGHU KHDW VKRFN FRQGLWLRQV 7KH UHVXO
DFLG LQ LPSURYLQJ ILODPHQW OHQJWK ZHLJKW VL]H UH
RITHULQJ LQVLIJKWYV IRU RSWLPL]LQJ VHULFXOWXUH SUDFWIL



7TDEOH AXDOLW\ HYDOXDWLRQ RI VLON ILODPHQW L
DQG H[SHULPHQWDO JURXSYV

)LODPH )LODPH )LODPH
*URXS\ 5HHODEL
OHQJWK ZHLJKW VL]H GH

7KH YDULDWLRQ EHWZHHQ WKH JURXSV ZDV FDOFXOD\
WHVW D E F DQG G DUH WKH YDOXHV GLIIHUV VLJQLIL

J)LODPHQW OHQJWK FP

,Q WHUPV RI ILODPHQW OHQJWK YLWDPLQ & VXSSOHPI
ILODPHQWY ZLWK DQ DYHUDJH OHQJWK RI “ FP IR
: FP DQG 7 “ FP 7KLV VXIJIJHVWV WKDW 7
ORQJHU VLON ILODPHQWYV FRPSDUHG WR WKH RWKHU J
OHQJWK 7KH ILODPHQW OHQJWK VLJQLILFDQWO\ L
6 XSSOHPHQWHG 7 JURXS FRPSDUHG WR WKH &RQWUR
$OWKRXIJK ORZHU WKDQ WKH VXSSOHPHQWHG JURXS
6XSSOHPHQWHG 7 JURXS VKRZHG D UHFRYHU\ FRPSDL

YLIXUH JLODPHQW OHQJWK RI WKH FRFRRQ




JLODPHQW ZHLJKW JP

J)LODPHQW ZHLJKW PHDVXUHG LQ JUDPV DOVR YDULHG L
KLIKHVW ILODPHQW ZHLJKW DW “ JP IROORZHG E\

‘ JP DQG 7 ‘ JP 7KLY LQGLFDWHYVY WKDW
ILODPHQWYV ZLWK WKH JUHDWHVW PDVV 7KH ILODPHQW ZF
YLWDPLQ & VXSSOHPHQWHG 7 JURXS FRPSDUHG WR WKH
&1 7TKH WKHUPDO VWUHVYV YLWDPLQ & VXSSOHPHQWHC
SRVLWLYH LQIOXHQFH RQ ILODPHQW ZHLJKW HYHQ XQGHU V

JLIXUH J)LODPHQW ZHLJKW RI WKH FRFRRQ

J)LODPHQW 6L]H

JLODPHQW VLIH GHQRWHG LQ GHQLHU HI[KLELWHG D VLPLC
VLIH DW GHQLHU IROORZHG E\ 7 GHQLHU &1
GHQLHU 7KLV VXJIJHVWV WKDW 7 SURGXFHG VLON ILODPH
WKH RWKHU JURXSV 7KH ILODPHQW VL]H GHQLHU VLJQLI
VXSSOHPHQWHG 7 JURXS FRPSDUHG WR WKH WKHUPDO V
WKHUPDO VWUHVV YLWDPLQ & VXSSOHPHQWHG 7 JUR:
FRPSDUHG WR WKH +HDW 6KRFN 7 JURXS



J)LIXUH J)LODPHQW VL]H 'HQLHU RI WKH FRFRRQ

SHHODELOLW\ SHUFHQWDJH

SHHODELOLW\ SHUFHQWDJH UHSUHVHQWY WKH HIILFLH
GHPRQVWUDWHG WKH KLIJKHVW UHHODELOLW\ SHUFHQ
DQG 7 7KLY LQGLFDWHYV WKDW 7 KDG D \
FRPSDUHG WR WKH RWKHU JURXSV 7KH UHHODELOLW\
$VFRUELF $FLG 6XSSOHPHQWHG 7 JURXS FRPSDUHG
FRQWURO &1 7KH WKHUPDO VWUHVYV YLWDPLQ & 6X¢
PDLQWDLQHG LPSURYHPHQW LQ WKH UHOLDELOLW\ RI
7 JURXS
J)LIXUH SHHODELOLW\ SHUFHQWDJH RI WKH FRFRRQ

iio



7HQDFLW\ DQG (ORQJDWLRQ

,Q RXU VWXG\ ZH IRFXVHG RQ DVVHVVLQJ WKH VWUHQJW
GLIIHUHQW JURXSV ZLWK WHQDFLW\ DQG HORQJDWLRQ V¢
LQGLFDWLYH RI VLON TXDOLW\ ZDV DQDO\]JHG WR HYDOXDYV
UHYHDOHG WKDW WKH YLWDPLQ & VXSSOHPHQWHG JURX:

J GHQ ZKLOH WKH WKHUPDO VWUHVV H[SRVHG JURX

J GHQ FRPSDUHG WR WKH FRQWURO $GGLWLRQDOO\
WKHUPDO VWUHVV HQKDQFHG ERWK WHQDFLW\ DQG HORQ
JURXS VXJJHVWLQJ LPSURYHG VLON SURGXFWLRQ XQGHU
LOOXVWUDWHY WKH FRPSDULVRQ RI DYHUDJH VLON ILODP
XVLQJ WHQDFLW\ DQG HORQJDWLRQ OLQH

7TDEOH THQDFLW\ DQG (ORQJDWLRQ RI VLON ILODPHQW
JURXSYV
9LWDPLQ 9LWDPLQ

VXSSOHP 7KHUPDO
7 7

6LON ILODPH &RQW 7KHUPDO
SDUDPHWHU\ &1 7

7HQDFLW\ J

&9 RI 7THQDF
(ORQJDWLRQ
&9 RI (ORQJ

YJLIXUH 7HQDFLW\ (ORQJDWLRQ /LQH RI FRQWURO DQG



*UDSK VKRZLQJ WKH UDWLR RI WHQDFLW\ DQG HORQJI
WUHDWHG JURXSV RI ILIWK LQVWDU VLONZRUP ODUYDH

£ &RQWURO

7TKHUPDO 6WUHVYV

9LWDPLQ & VXSSOHPHQWHG

9LWDPLQ & VXSSOHPHQWHG WKHUPDO VWUHVYV

m M M
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'LVFEXVVLRQ

7KH IDUPHG YVIiFOMEARPRVYID KHUELYRURXV LQVHFW DQG
WKH RUGHU /HSLGRSWHUD %HLQJ SRLNLORWKHUPLF R
LPSDFW RQ WKHLU SK\VLRORJLFDO IXQFWLRQV ZLWK D
LV RQH RI WKH NH\ DELRWLF HOHPHQWYV WKDW DIIHFWYV
%YHQFKDPLQ DQG -ROO\ +LJK WHPSHUDWXUHV PD)\
VLONZRUPV WR JHQHUDWH KLJK TXDOLW\ FRFRRQV Z
SURGXFWLRG@GW:ILDDOPHAWKH LQFUHDVHG WHPSHUDWXUHYV
VLONZRUP ODUYDH EXW DOVR WKH TXDOLW\ RI WKH P
VRXUFH RI QXWULWLRQ IRU WKH VLONZRUPV 7R LPSU
VXSSOHPHQW WKH VLONZRUP IHHGV ZLWK DGGLWLRQ]I
HILVWLQJ VXSSOHPHQWDWLRQ PHWKRGYV DUH H[SHQVL)Y
,Q WKLV VWXG\ WKH SRWHQWLDO RI IRUWLI\LQJ PXOE'HF
WKH SUREOHPVY FDXVHG E\ WKHUPDO VWUHVY LQ VLONZ

7KH ILIWK LQVWDU VLONZRUPV ZHUH FKRVHQ IRU WKH
DQG LPSRUWDQW IRU PHWDEROLF DQG SK\WLRORJLFD!
HISHULPHQWDO RUJDQ IRU WKH VWXG\ KROGV D YLWL
QXWULWLRQ DQG DEVRUSWLRQ *XW EDFWHULD SUHVLE
QRUPDO OLIH DFWLYLWLHV RI VLONZRUPV LQFOXGLQJ
PLQHUDOV 2YHUDOO WKLV VWXG\ LQYHVWLJDWHV WK
LQ RYHUFRPLQJ WKH FKDOOHQJHV SRVHG E\ WKHUPDC(
LQFOXGHY D FRPSUHKHQVLYH H[DPLQDWLRQ RI JXW ED
DFWLYLWLHV +VS JHQH H[SUHVVLRQ JXW KLVWRORJ\
WKH LPSDFW RI YLWDPLQ & VXSSOHPHQWDWLRQ RQ FRF

'LYHUVLW\ RI JXW ED®%WHARUD RI VLONZRUP

*XW EDFWHULD KDYH WKH DELOLW\ WR DGDSW WR FKD
SRSXODWLRQ SURILOHV DQG LQGXFLQJ QHFHVVDU\ Hi
6DQWR 'RRWWQ DRO 7TKHVH V\PELRWLF JXW EDFWHULD
QXWULHQW SURYLVLRQ DQG GLIJHVWLRQ SRVLWLYHO\ 1L
WKH KRVW &OHYHODQG )XNDWYVX +RVRNDZD

FDQ DIIHFW WKH KRVW V GHYHORSPHQWDO SURFHVVHYV
FRQWULEXWLQJ WR LRWXDQWD QR FRIODZIDDU KRPHRVW



HW DO DQG DLGLQJ LQ DGDSWDWLRQ WR FKDQJLQJ FRQGL
7KXV WKH JXW PLFURELRWD FDQ EH FRQVLGHUHG DV D E
KRVW V ELRORJLFDHW\DWHP7 KAHHSRNLHR®RJI\ RI WKH KRVW
EH LQIOXHQFHG E\ WKH JXW PLFURELRWD WKURXJK LQWH!
WKH KRVW RU E\ SURYLGLQJ H[WUD QXWULHQWY WR UHWI

'RXJODV 7KH HQGRV\PELRQWYV RI LQVHFWV SHUIRUP
SDWKRJHQ GHIHQFH DQG HQKDQFH WKH QXWULWLRQ E\ Il
6FKPLGW DQG (QJHO $FFRUGLQJ WR HDUOLHU VWXG

HQJ\PHV UHTXLUHG IRU WKH EUHDNGRZQ RI FDUERK\GUDWH
QHXURWUDQVPLWWHHW ID@® WKHXRRWWO<DQRPRUH DQG

YJHUUHWW L "H[OHU 7KH FRPSRVLWLRQ RI LQVH
DVVRFLDWHG ZLWK WKH HQYLURQPHQW QXWULWLRQ VWD
FROQGLWLR®W XXQ ([WUHPH WHPSHUDWXUH IOXFWXDWLRQV
PLFURELRWD RI%NRPRBILIONZRD?Y DQ DGYHUVH HHMWFW RQ VHI
DO W LV UHSRUWHG WKDW ZKHQ H[SRVHG WR KLJK W
FRPSRVLWLRQ RI VLONZRUPV WWJROILFDQWO\ UHGXFHG 6XC

7KH FRPSRVLWLRQ DQG GLYHUVLW\ RI JXW EDFWHULD LQ W
ZHUH DQDO\]HG XVLQJ 6 U51%$ PHWDJHQRPLF VHTXHQFL
FRQYHQWLRQDO FXOWXUH GHSHQGHQW PHWKRGV 7KH GRP
VLONZRUP JIXW%DRFOXXWG /DFWREDFLOOXV &LWUREDFW
(QWHURPQEMHEY L HO DIDLB RKLODOVKWKH FRPPRQ EDFWHULD IRX(
JURXSYV LQ WKH FXOWXUH GHSHQGHQW PHWKRG 7KHVH IL(
UHSRUWLQJ WKH GRPLQDQFH RI WKHVYHOHQHHKB LY LQVHFYV
Uus51%$ JHQRPH VHTXHQFLQJ GDWD UHYHDOHG YDULDWLRQ\
EHWZHHQ WKH WUHDWPHQW DQG FRQWURO JURXSYV 7KH UH
DQG GLYHUVLW\ RI JXW PLFUREHV RI VLONZRUP ODUYDH
HISRVHG JURXS WKDQ WKH ODUYDH RI FRQWURO ZKLFK LV |
HW DO :KHUHDV WKH DEXQGDQFH DQG GLYHUVLW\ RI EDF'
VXSSOHPHQWHG ZLWK YLWDPLQ & DQG LQ WKH JURXS VXS
WKHUPDO VWUHVYVY ZKHQ FRPSDUHG WR WKDW RI WKHUPDO
EDFWHULDO FRPPXQLWLHYV LQ WKH JXW RI VLONZRUPV KDV
WKHLU RYHUDOO KHDOWK DQG GHYHORSPHQW 9DULRXYV
VXSSOHPHQWLQJ WKH GLHW ZLWK FHUWDLQ FRPSRXQGV V>



FDQ SRVLWLYHO\ LPSDFW WKH PLFURELDO SWRDOMH RI

IRXQG WKDW WRUPHQWLF DFLG LQFUHDVHG WKH
EDFWHULD L® WRBLPAWRIBW TRQJ UHSRUWHG WKDW Fk
WKHWMHOHG WKH PLFURELDO FRPSRVLWLRQ DQG GLYHI

6SHFLILFDOO\ WKH VXSSOHPHQWDWLRQ RI YLWDPLQ &
RI EDFWHULD FRPSDUHG WR WKH FRQWURO JURXS 7
LQFOXEMQUREDFWHU .OHEVLHOOD (UZLQLD 3VHXGRPR
DQEQWHURFRHAEXY HQKDQFHG E\ YLWDPLQ & VXSSOHP}
WKHUPDO VWUHVV JURXS KDG D GURS LQ WKHVH DGY
GHFUHDVH VHHQ LQ WKH EDFWHULDO SRSXODWLRQ DPF
& PD\ EH GXH WR WKH SUHYDOHQFH Rl RWKHU DGYDQW
JLUPLFXWHV EDFWHULXP VSHFLHV JHQHUDWH DQWLELF
WKH GHYHORSPHQW RI RWKHW IXON P,MF UR EARWDK BIRWG.
WKH SUHVHQFH RI RWKHU GRPLQDQW EHQHILFLDO EDFV
WR WKH GHFOLQH LQ EDFWHULDO SRSXODWLRQ LQ WK
FRQVLVWHQWZR@/ K ,YDQ

JLUPLFXWHV %DFWHURLGHWHY DQG 3URWHREDFWHUL
FRQWURO DQG WUHDWHG JURXSV 7KH DEXQGDQFH RI
ILQGLQJV RW ®OHQ 'RGIW DO 6XQ DO 7KH SUHVHQF!
RI 3URWHREDFWHULD V\PELRQWY LQ ERWK FRQWURO D
GHJUDGDWLRQ RI SRO\PHUV LQ PXOEHUU\ OHDYHV DQ
KRVWVHBXBEQ ,Q WKH FXUUHQW VWXG\ WKH SHUFHQW
D VLIQLILFDQW GHFUHDVH LQ WKH WHPSHUDWXUH WU
FRQWURO ZKLOH LW LQFUHDVHG LQ WKH RWKHU
7 DQG 7 7KHVH EDFWHURLGHWHY DUH LPS
IDWW\ DFLGV ZKLFK DUH XVHG DV DQ HQHUJNWRXQFH |

7KHVH V\PELRQWYV SOD\ D VLJQLILFDQW UROH LQ
WKH UHDVRQ IRU WKH LQFUHDVH LQ ODUYDO OHQJWK D
LQ WKH YLWDPLQ & VXSSOHPHQWHG JURXS

7KH DEXQGDQFH RI FORVWULGLD ZLWKLQ WKH )LUPLFX)
ZLWK YDULDWLRQV QRWHG 6SHFLILFDOO\ WKH SHUFH
WHPSHUDWXUH WUHDWHG VDPSOH DQG KLJKHU LQ WKH



FRQWURO $ VLPLODU ILQGLQJ UHYHDOHG WKDW D VLJQLI
&ORVWULGLD DIWHU WKH H[SRVXUH RI WHPSHUDWXUH DOVF
DQG VKRUW FKDLQ IDWWHWFRGV RIORWKWULRMLWP 60XV WHU

DQG ;,9D FDQ EH XVHG IRU WKH IHUPHQWDWLRQ RI GLHWD!|
DFHWLF DFLG IRUPLF DFLG DQG SURSLRQDWH ZKLFK LQYR
KRVW SURSLRHMWWH /REKNEXWJIJDO S5S5DWDHW]|DR

ROH¥YHWW DO 6RPH EDFWHULD PD\ EH VHQVLWLYH WR WHP:
EH RQH RI WKH UHDVRQV IRU WKH UHGXFWLRQ LQ WKH QX
WUHDWHG VBWSOD®V 6XQ

5HSRUWV VKRZHG WKDW H[SRVXUH WR KLJK WHPSHUDWXUF
WLVVXHV WKDW LQWHUQ DGYHUVHO\ DIIHFW WKH V\PELRWL
DQG $QJXV HW.RPKD 6KW DO RSLQHG WKDW ZKHQ WKH
LQVWDU ODUYDH H[SRVHG WR KLJK WHPSHUDWXUH UHGXF
VLONZRUP E\ DOWHULQJ WKH LQWHVWLQDO PLFURELRWD |
DFWLYLW\ Rl GLIJHVWLYH HQJ\PHV ,Q WKH SUHVHQW VWX
DFWLYLW\ RI GLJHVWLYH HQ]J\PHV LQFOXGLQJ OLSDVHV S
ZDV REVHUYHG LQ WKH KHDW VKRFN WUHDWHG JURXS FRF
LOQWHVWLQDO IORUD LV VXSSRVHG WR EH LQYROYHG LQ W
'RQHW DO 3URWHDVHW\DHREDENBIEIQRWURB&RPRQDYV
WKH JXW Rl VLONZRUP KHOSV LQ WKH GLJHVWLRQ DQG DE
FRPSRQHQWY SUHVHQW LQ WWHD®XODHHW\ MAHDYHV 6XQ
&HUWDLQ EDFWH ULPRL YRWURE QMW WX F I SENVHIIGRR RRYDIVV
KDYH EHHQ IRXQG WR KDYH HQJ\PDWLF DFWLYLW\ UHO
FDUERK\GUDWHY OLSLGY DQG FHOMXOBRWH LDKM/KH VLON
REVHUYHG GHFOLQH LQ HQ]\PH DFWLYLW\ KDV LPSOLFDWL
QXWULHQW DEVRUSWLRQ 7KLV FRXOG EH D FRQWULEXWLC
ODUYDH DQG FRFRRQV DV HYLGHQFHG E\ WKH UHGXFWLRQ
SUHVHQW VWXG\

7KH JXW PLFURELRWD QRW RQO\ FRQWULEXWHV WR WKH K
DOVR SURYLGHV QXWULWLRQ %DFWHULD FDQ EH D IRRG
FRQVLGHUHG VLQJOH FHOO SURWHLQV $GGLWLRQDOO\ EL
VXFK DV % JURXS & ( $ DQG FRHQJ\PHV BKLPL]X )L
EHHQ VKRZQ WR DVVLVW WKH KRVW LQ WROHUDWLQJ H[WUHI



IRRG DQG HQKDQFLQJ LPPXQLW\ 7KH V\PELRWLF DVVF
FRQWULEXWHV WR LQFUHDVHG HQHUJ\ KDUYHVW IURP
JXW DQG ODUYDO ZHLJKWYV LQ VLONZRUPV WUHDWHG ZI

7KH GHFUHDVH LQ WKH DEXQGDQFH RI EHQHILFLDO ED
WKHLU LQFUHDVH LQ WKH YLWDPLQ & VXSSOHPHQWH{
HQJ\PH DFWLYLW\ DQG SURWHLQ FRQFHQWUDWLRQ LQ
DFWLYLW\ LQ WKH YLWDPLQ & VXSSOHPHQWHG JURXS
SURFHVV DQG LPSURYHG VLON TXDOLW\ 2Q WKH RW|
EDFWHULD LQ WKH WKHUPDO VWUHVV JURXS PD\ KDYF
TXDQWLW\ DQG TXDOLW\ GXH WR WKHLU UROH LQ HQ]J
2XU ILQGLQJV XQGHUVFRUH WKH FULWLFDO UROH RI J
WKH SURGXFWLRQ RI KHDOWK\ FRFRRQV +RZHYHU HQ
LQWHVWLQDO IORUD SRWHQWLDOO\ LPSDFWLQJ WKH
SURGXFHG FRFRRQV %XW YLWDPLQ & VXSSOHPHQWL
RYHUFRPH WKH WKHUPDO VWUHVV WR EDODQFH WKH
KLIKOLJKW WKH LPSRUWDQFH RI D GLYHUVH JXW PLFUF
VLONZRUPV B6XSSOHPHQWDWLRQ ZLWK FRPSRXQGV O
PLFURELDO SURILOH DQG KDYH D SRVLWLYH LPSDFW F
VLONZRUPYV

ORUSKRPHWULF SDUDPHWHUYV RI 6LONZRUP ODUYDH

7KH VXFFHVV Rl FRFRRQ SURGXFWLRQ LQ VHULEXOWXU
RI VLONZRUP OHW YIDOH ,XOD®J WKHLU ODUYDO VWDJH
PXOEHUU\ OHDYHV WR SURGXFH DEXQGDQW VLON WKU
UHVXOWLQJ FRFRRQ DUH GLUHFWO\ LQIOXHQFHG E\ OD
RI WKH FRFRRQ LV GHWHUPLQHG E\ WKH JURZWK SDU
SLYRWDO IDFWRU LQ VHULFXBWXNM 6WXGKHYKBD\L 5BWPL
WKRVH RSWLPDO HQYLURQPHQWDO FRQGLWLRQV VSt
KXPLGLW\ 5+ FRQWULEXWH WR VLJQLILEDQWO\ JUH
VLONZRUP ODUYDH DQG VLON JODQGVYV 6KLURWD |
VLONZRUPV WR KLJK WHPSHUDWXUHV GXULQJ WKH IRX
IXWULWLRQDO TXDOLW\ RI IRRG LV LGHQWLILHG DV D
JURZWK DQG LQVHFW GHYHORSPHQW SK\WLRORJ\



$GGLWLRQDOO\ UHVHDUFK E\ .DQDIL GHPRQVWUDWHC
YLWDPLQV LQFOXGLQJ YLWDPLQ & RQ WKH QXWULWLRQEL
XOWLPDWHO\ HOQOKDQFLQJ WKHoRPEXMWKRDQG GHYHORSPHQW

,Q WKH FXUUHQW VWXG\ RXU IRFXV ZDV RQ DQDO\]LQJ WK
DQG GHYHORSPHQW RI ILIWK LQVWDU VLONZRUP ODUYDH
UHYHDOHG D VXEVWDQWLDO GHFUHDVH LQ WKH SHULRGL
H[SRVHG WR WKHUPDO VWUHVV 1RWDEO\ YLWDPLQ & VXS
LQFUHDVH LQ PRUSKRPHWULF SDUDPHWHUV ZKHQ FRPSDULHI
H[SHULPHQWDO JURXSV (YHQ XQGHU WKHUPDO VWUHVV O
H[KLELWHG QRWDEOH LPSURYHPHQWY LQ JURZWK PHWULTH
GHYHORSPHQW LQ WXUQ DOWHUHG WKH FKDUDFWHULVWL!
ILQGLQJV E\ 5DKPDWKXOOD DQG 6XUHVK 2XU REVHUY
GHFUHDVH LQ WKH OHQJWK DQG ZHLJKW Rl ODUYDH LQ WK
WKH FRQWURO DQG RWKHU H[SHULPHQWDO JURXSV FRQVL

.DUXQD 7TKHLU VWXGLHV VKRZHG D GLUHFW DGYHU
VLONZRUPV ZKHQ H[SRVHG WR WHPSHUDWXUHV DERYH
.DUXPDWKLO QRWHG WKDW WHPSHUDWXUHYV H[FHHGL

GHYHORSPHQWDO VWDJH%RRIE\F HRRXLMWX /W XDQIGCHWU \WRARULQJ
QHIJDWLYH HIITHFW RI WHPSHUDWXUH RQ ODUYDO OHQJWK D

9LWDPLQ & VXSSOHPHQWDWLRQ HPHUJHG DV D VLJQLILFDC
GHYHORSPHQW 8QGHU WHPSHUDWXUH VWUHVV WKH H[S
YLWDPLQ & VXSSOHPHQWDWLRQ H[KLELWHG HOHYDWHG JU
WR WKH WHPSHUDWXUH VWUHVV H[SRVHG JURXS 7KHVH
6HQJXIBWDDO DQG +DT DQG 6DOHHP ZKR UHSRUW
PRUSKRPHWULF SDUDPHWHUYV ZLWK YLWDPLQ & DQG QLWUF
7KH SRVLWLYH DVVRFLDWLRQ EHWZHHQ IRRG LQWDNH DQG

:DWDQDEH DUH DOVR LQ DJUHHPHQW ZLWK RXU Il
REVHUYDWLRQVY LQGLFDWH WKDW VLONZRUPV UHVSRQG
VXSSOHPHQWHG ZLWK YLWDPLQ & ZKHQ H[SRVHG WR KHDW
LQ FRFRRQ DQG VLON TXDOLW\



LRFKHPLFDO $QDO\VLV

+DYLQJ DQ XQGHUVWDQGLQJ RI WKH JXW HQJ\PHV DQG
JXW LV FUXFLDO IRU FUHDWLQJ QHZ OHSLGRSWHUDQ W
WKH LQLWLDO VLWH ZKHUH FRPSOH[ IRRG PROHFXOHYV
EHIRUH EHLQJ XWLOL]JHG ,Q RUGHU WR HIIHFWLYHO\ W
WKH OHDI LQWR XVDEOH PDFURPROHFXOHV WKH VLON
7KH DQDO\VLV RI DQ LQVHFW V SURWHLQ SURILOH T
XQGHUVWDQGLQJ VHYHUDO SK\WLRORJLFDO SURFHVVF
HQJ\PDWLF UHVSRQVH RI WKH VLONZRUP JXW ZDV WKF
ODUYDH

7KH VXFFHVVIXO JURZLQJ Rl VLONZRUPV DQG WKH SU
GLUHFWO\ LQIOXHQFHG E\ D YDULHW\ Rl HQYLURQPF
WHPSHUDWXUH KDV D FULWLFDO UROH LQ HPEU\RQLF

GHWHUPLQHV WKH [D% HPR U WKMHHWK®OZRY® WKH FXUUH
VWXG\ D QHJDWLYH LPSDFW RI WHPSHUDWXUH ZDV
WHPSHUDWXUH H[KLELWHG UHGXFHG OHYHOV RI SURWI
YDOXH RI WKH GLHW ZDV HQKDQFHG ZKHQ DGGLWLRQD
LQWURGXFHG PDNLQJ WKH GLHW PRUH EHQHIHRMLDO IU
DO ,Q WKH SUHVHQW VWXG\ WKH UDWH RI PHWDEF
ZKHQ VXSSOHPHQWLQJ WKH GLHW ZLWK YLWDPLQ &
JHQHUDWHG E\ WKH H[SRVXUH RI KLJK WHPSHUDWXUH

&RQFHQWUDWLRQ RI SURWHLQ SUHVHQW LQ WKH V

7TKH LQYHVWLIJDWLRQ LQWR WKH WRWDO VROXEOH SUR
\LHOGHG LQVLJKWIXO UHVXOWYV LQ RXU VWXG\ 1RWDE
LOQFUHDVHG LQ WKH ODUYDO JURXS VXSSOHPHQWHG -
FRQWUDVW WR WKH FRQWURO JURXS &RQYHUVHO\ H
UHVXOWHG LQ D GHFUHDVH LQ JXW SURWHLQ FRQWHQ
YLWDPLQ & VXSSOHPHQWDWLRQ XQGHU KHDW VKRFN FF
LQ SURWHLQ FROQWHQW FRPSDUHG WR ERWK WKH FRQW

7TKHVH ILQGLQJV VXJIJHVW WKDW ODUYDH UHFHLYLQJ
KHLIKWHQHG SURWHLQ PHWDEROLVP DQG JUHDWHU S|
FRQGLWLRQVY 6LPLODU REVHUYDWLRQV ZHUH PDGH
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LQFUHDVHG SURWHLQ TXDQWLW% L ® RAWKKHHQ VK CEoNIZRRQNPH GQ W H
VR\EHDQ zZDV DGGHG 7KLV DOLJQV ZLWK RXU UHVXOWYV

HIWHUQDO IDFWRUV VXFK DV YLWDPLQ & RQ SURWHLQ OH
IHHGLQJ DFWLYLW\ HPHUJHV DV D PDMRU IDFWRU LQIOXHQ
IRXUWK PRXOW DV QRWHG E\ .ULVKQDVZDP\ )X UWKF
4AXUDHMD DO REVHUYHG VLJQLILFDQW LQFUHDVHYV LQ SUFR
VLONZRUP WLVVXHV LQFOXGLQJ WKH VLON JODQG IDW ER
DQG YLWDPLQ & $GGLWLRQDOO\ IRUWLI\LQJ PXOEHUU\
IHHGLQJ ILIWK LQVWDU ODUYDH UHVXOWHG LQ D VLJQLILFI
HQJ]\PDWLF UHDFWLRQV FDWDO\]HG E\ SURWHDVH DQG DP

7HPSHUDWXUH IOXFWXDWLRQV DV KLJKOLJKWHG E\ 5HKDE
DFWLYLWLHV DIIHFWLQJ SURFHVVHV OLNH HJJ IRUPDWLR
DGPLQLVWUDWLRQ RI YLWDPLQ & SOD\HG D FUXFLDO UROF
VLONZRUP V LQWHVWLQH HPSKDVL]LQJ LWV SRWHQWLDO U
LPSDFW RI S+ RQ SURWHLQ IXQFWLRQV DQG WKH VWUXFEW
GHVWDELOL]LQJ ZHDN LQWHUDFWLRQV LQ SURWHLQV QXEC
IDFWRUV DV UHSRUWHG E\ +RFKDFKND DQG B6RPPHUR

WHPSHUDWXUHV PD\ GLVUXSW RU KDOW QRUPDO SURWHLQ
ZKHUH WKH SURWHLQ OHYHO RI KHDW VKREN H[SRVHG OL
FRQWURO JURXS 7KHVH UHVXOWYV DOWJIROZLWK WKH ILQGLC

2XU VWXG\ KLIKOLIJKWY WKH G\QDPLF LQIOXHQFH RI YLWDTF
PHWDEROLVP LQ VLONZRUP ODUYDH HVSHFLDOO\ XQGHU
ILQGLQJY FRQWULEXWH WR RXU XQGHUVWDQGLQJ RI WKH
IDFWRUV QXWULWLRQDO VXSSOHPHQWY DQG SURWHLQ G\(

$FWLYLW\ RI $P\ODVH

6LQFH HQ]J\PHVY DUH SURWHLQV WKH\ DUH NQRZQ WR EH
UDGLDWLRQ FKHPLFDOV DQG H[WUHPH WHPSHUDWXUHYV

HITHFWLYHO\ FRQYHUWLQJ WKH RUJDQLF IRRG PROHFXOHV
LV JUHDWO\ LQIOXHQFHG E\ WKH HQ]\PH V\VWHP 'HSHQG
WHPSHUDWXUH PXWDJHQ H[SRVXUH DQG WKH DPRXQW R
PHDVXUHPHQW WKH DFWLYLW\ RI WKH HQ]J\PH PD\ FKDQJH
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7KH KLIJKHVW DP\ODVH DFWLYLW\ ZDV IRXQG LQ JU
DQG WKH ORZHVW LQ JURXS 7 KHDW VKRFN VXJJHVWL
KDYH DFFHOHUDWHG PHWDEROLVP DQG LQFUHDVHG H(
KDYH HQKDQFHG WKH DFWLYLW\ 2Q WKH FRQWUDU\ W
WR WKH GLUHFW H[SRVXUH RI WHPSHUDWXUH ZKLFK D
*URXS 7 VKRZHG D VLJQLILFDQW LQFUHDVH LQ WKH H(
SURYHG WKDW VXSSOHPHQWDWLRQ RI YLWDPLQ & KDV
FDXVHG E\ KHDW VKRFN ©6LPLODUO\ DGGLWLRQ RI |
FRQFHQWUDWLRQ ERRVWHG WKH DFWLYLW\ RI WKH I
IROORZHG E\ FRUQ IORXU DW WKH RSWLPDO VXEVWUL
UHVSHFWLYHO\ 1LMDJDO DQG .XPDUD

7KH REVHUYHG IOXFWXDWLRQV LQ DP\ODVH DFWLYLW\
SUHVHQFH RI DP\ODVH SURGXFLQJ EDFWHULD LQ WKH .
VXJIJHVWV WKDW WKH KLJKHU DP\ODVH DFWLYLW\ LQ W
SUREDEO\ GXH WR DQ LQFUHDVHG SRSXODWLRQ RI EDF
ORZHU DP\ODVH DFWLYLW\ LQ WKH JURXS XQGHU WKH
GHFUHDVHG SURGXFWLRQ RI WKHVH EHQHILFLDO EDF)
VWXG\ FRQGXFWHGE EO® /LDQKHGYV OLJKW RQ WKH DP\C
FDSDELO(@WHVY RERFENV QZDWKLQ WKH VLONZRUP JXW
VHDPOHVVO\ ZLWK RXU UHVXOWV ZKLFK LQGLFDWH
(QWHURPREBFXVQAL® ERWK WKH YLWDPLQ & VXSSOHPHQW
VXEMHFWHG WR WKHUPDO VWUHVV ZLWK YLWDPLQ & VX
WKHLU QXPEHUV LV QRWHG LQ WKH WKHUPDO VWUHYV\
FRQWURO 7KHVH ILQGLQJV XQGHUVFRUH WKH SLYRW
(QWHURFREFFXV DQG (UZLQLD LQ LQIOXHQFLQJ DP\ODV
EHWZHHQ WKH SUHVHQFH Rl WKHVH EDFWHULD DQG HC
& VXSSOHPHQWHG JURXSV IXUWKHU HPSKDVL]HV WKH
EDFWHULD DQG HQ]J\PDWLF SURFHVVHV FUXFLDO IRU GL

,Q HVVHQFH RXU VWXG\ QRW RQO\ FRQWULEXWHV WR
DP\ODVH DFWLYLW\ LQ VLONZRUP ODUYDH EXW DOVR
EDFWHULD LQ WKLY GLIJHVWLYH SDWKzZD\ 7KH PRGXOD
FRQGLWLRQV UHIOHFWYV WKH LQWULFDWH EDODQFH ZL
SRWHQWLDO LPSOLFDWLRQV IRU FRFRRQ SURGXFWLR(



LQWHUSOD\ EHWZHHQ JXW EDFWHULD DP\ODVH SURGXFWL
IRXQGDWLRQ IRU UHILQLQJ VHULFXOWXUH SUDFWLFHYV DQG
Rl VLONZRUPYV

$FWLYLW\ RI &HOOXODVH

JHHGLQJ RQ PXOEHUU\ OHDYHV LQVHFWV FDQ KRVW GLY
HQJDJHG LQ FHOOXORVH GHJUDGDWLRQ D SKHQRPHQRQ Z
.DXIPDQ .OXJ HW3DBP $OWKRXJK FHOOXORVH UHSUHYV
FDUERQ VRXUFH LWV FU\VWDOOLQH RU DPRUSKRXV PLFUR
PDNHV LW OHVV DFFHVVLEOH WR WKH KRVW RUJDQLVP

FRPSOH[ SURFHVV RI EUHDNLQJ GRZQ FHOOXORVH ILEHU
SULPDULO\ LQYROYHV WKH SDUWLFLSDWLRQHRM EOFWHULD

,Q WKH FRQWH[W RI RXU VWXG\ FHOOXODVH HQ]\PH DFWLY
WKH WKHUPDO VWUHVYV JURXS FRPSDUHG WR ERWK WKH F
JURXSVY S5HPDUNDEO\ WKH YLWDPLQ & VXSSOHPHQWHG JUF
HQJ\PH DFWLYLW\ DQG HYHQ XQGHU FRQGLWLRQV RI

VXSSOHPHQWDWLRQ UHVXOWHG LQ LQFUHDVHG FHOOXODYV
FRPSDUHG WR WKH FRQWURO DQG WKH KHDW VKRFN JURXS
DFWLYLW\ LQ WKH WKHUPDO VWUHVYV JURXS PD\ EH DWWUL
HQ]J\PH SURGXFLQJ EDFWHULD ZKLOH WKH ULVH LQ DFWLY
JURXS FRXOG EH OLQNHG WR DQ LQFUHDVH LQ WKH EDFWF
JXW EDFWHULD LQ WKH SURGXFWLRQ RI FHOOXODVH SURC(
ILQGLQJYV RW3D@&P 7TKHLU UHVHDUFK XQYHLOHG WKH SUH
VSHFLHVY FDSDEOH RI GHJUDGLQJ FHOOXOR¥HPBRUREUXFLDO
GLHW 7KH LGHQWLILHG EDPAHUWIOIOK W SASF L HW R WHRXO/X G X
.OHEVLHOOD VS &LWQREBHNBEWHRQAHIMMMBERAQG WR EH SURILF
LQ EUHDNLQJ GRZQ FHOOXORVH )XUWKHUPRUH WKH VWX
ZKHUHLQ WKH TXDQWLW\ RI FHOOXORO\WLF EDFWHULD LQF!

%XLOGLQJ XSRQ WKH FRPSOLFDWHG G\QDPLFV RI FHOOXO
GHYHORS GHHSHU LQWR WKH VSHFLILF EDFWHULDO FRPPXC
RXU VWXG\ DQ LQWULJXLQJ REVHUYDWLRQ HPHUJHV DV
FHOOXORO\WLF EBMWHOOXV LQF® B KGLLEQBDH XESLRPPRRDD/F W H U



7KH DEXQGDQFH RI WKHVH EDFWHULD LV QRWDEO\ LQIC
WKHUPDO VWUHVY DQG YLWDPLQ & VXSSOHPHQWDWLRC(
GLVFHUQLEOH UHGXFWLRAD IO OWKKWH SIHBAM LGB &R &LV
SVHXGRPRROESDODUHG WR RWKHU JURXSV 7KLV GHFUHD)
GHFOLQH LQ FHOOXODVH HQ]J\PH DFWLYLW\ LQ WKH
FRUUHODWLRQ EHWZHHQ EDFWHULDO DEXQGDQFH DQG
WKHVH FHOOXORO\WLF EDFWHULD LQ WKH WKHUPDO V)
FHOOXODVH DFWLYLW\ HPSKDVL]LQJ WKH LQWHJUDO
GLIJHVWLRQ &RQYHUVHO\ LQ WKH YLWDPLQ & VXSSO
LOQFUHDVH LQ WABIFS OWHENIAHO 8D RQIY BRGRPW R IDW

ULVH LV FRQFXUUHQW ZLWK WKH HQKDQFHG FHOOXOD®
JURXS 7KH KHLIKWHQHG DEXQGDQFH RI FHOOXORO\WL
VXSSOHPHQWDWLRQ DOLJQV ZLWK WKH QRWLRQ WKDW
EUHDNGRZQ RI FHOOXORVH LQWR VLPSOHU VXJDU UHVL

$FWLYLW\ RI /LSDVH

/LSLGV SOD\ D SLYRWDO UROH LQ WKH GLARPBWRQ D
PRULDV KLJKOLJKWHG E\ UHFHQW UHVHDUFK 6WXGLHYV
VLIQLILFDQFH RI OLSDVH HQJ\PHV LQ EUHDNLQJ GRZ
PXOEHUU\ OHDYHV WKH SULPDU\ GLHW RI VLONZRUP\
VRXUFH DOVR FRQWULEXWH WR VLON SURWHLQ V\QW]
FRFRRQ IRUPDWLRQ 8QGHUVWDQGLQJ WKH LPSRUWDQ
QRW RQO\ IXQGDPHQWDO IRU XQUDYHOLQJ WKHLU SK
LPSOLFDWLRQV IRU RSWLPL]LQJ VHULFXOWXUH SUDF\
RYHUDOO ODUYDO KHDOWK

7KH LQYHVWLIJDWLRQ LQWR OLSDVH DFWLYLW\ LQ RXU
WKH WKHUPDO VWUHVYVY DQG YLWDPLQ & VXSSOHPHQW
H[KLELWYV ORZHU OLSDVH HQ]J\PH DFWLYLW\ ZKLOH W
GHPRQVWUDWHY HOHYDWHG DFWLYLW\ 7KLV LQWULJXL
S3UHHPW DO ZKR LGHQWLILHG VSHFLILF$ED®W\MR ED 6 WH/
6SKLQIJRPRQ@®NXGRPROWK HQ]\PDWLF DFWLYLW\ UHODW
LQ WKH VLONZRUP JXW 7KH DEXQGDQFH RI WKHVH OLS
WR FRUUHVSRQG ZLWK WKH REVHUYHG YDULDWLRQV LGQ



FKDUDFWHUL]JHG E\ ORZHU OLSDVH DFWLYLW\ VKRZV D Gt
OLSLG GHJUDGLQJ EDFWHULD ZKLOH WKH YLWDPLQ & VXS
DEXQGDQFH (YHQ XQGHU FRQGLWLRQV RI KHDW VKREN W
PDLQWDLQV HOHYDWHG OLSDVH DEWLYLW\ VXJIJHVWLQJ
SURGXFLQJ JXW PLFUREHV E\ YLWDPLQ &

$FWLYLW\ RI 3URWHDVH

2QH Rl WKH HVVHQWLDO HQ]J\PHV WKDW DLGV LQ WKH FRQ
SURWHAQPIRYLLY WKH JXW SURWHDVH HQJ\PH 3URWHDVH
HQJ]\PHV WKDW DUH V\QWKHVLVHG PRUH TXLFNO\ LQ WKH V
$QDQWKDQDUD\DQD DQG SOD\V D VLIJQLILFDQW UROH I
LQVHEW GLJHVWLYH V\WWHPV S$EXGDERYV ,Q RXU VW
DPRXQW Rl SURWHDVH DFWLYLW\ LQ WKH JXW RI ODUYDH \
HQJ\PHV 7KLV FRXOG EH IRU WKH FRQYHUVLRQ RI PXOEHUL
VLON SURWHLQV 3URWHDVH DFWLYLW\ ZDV IRXQG WR EH |
ORZHU LQ WKH JURXS 7 7KH UHGXFWLRQ LQ SURWHDVH D
EH GXH WR WKH GLPLQLVKHG DEXQGDQFH RI EDFWHULD U}
&HUWDLQ EDFWHULD SRVVHVV WKH FDSDELOLW\ WR V\QW
EUHDNGRZQ Rl SURWHLQV 7KLV DOLHW ZOWKD QR GLQJIV U
'DQHW DO ZKR GRFXPHQWHG WKH URQWW QRBEDRWHDIBHV V
DQEWHQRWURSIQRMKGDVLONZRUP JXW 7KHVH HQJ\PHV DU
GLJHVWLRQ DQG DEVRUSWLRQ SURFHVVHV RI FKORURSK\C
PXOEHUU\ OHDYHV 1RWDEO\ RXU REVHUYDWLRQV LQGLFI
H[KLELWHG D ORZHU EDFWHULDO SRSXODWLRQ ZKLFK FRU!
SURWHDVH DFWLYLW\ ,Q FRQWUDVW ODUYDH VXSSOHPHC
VWUHVV GHPRQVWUDWHG D VLJQLILFDQW LQFUHDVH LQ ED
LQ EDFWHULDO QXPEHUV LQ WKH SUHVHQFH RI YLWDPLQ

SURWHDVH DFWLYLW\ REVHUYHG LQ WKLV JURXS

7KHVH ILQGLQJV XQGHUVFRUH WKH LQWULFDWH UHODWLR
SURWHDVH DFWLYLW\ DQG WKH LQIOXHQFH RI H[WHUQDO
YLWDPLQ & VXSSOHPHQWDWLRQ 7KH UROH RI EDFWHULD

VLONZRUP JXW HPHUJHV DV D FULWLFDO IDFWRU LQ XQGHU
PHWDEROLF UHVSRQVHV XQGHU GLIIHUHQW HQYLURQPHQW
LQWR WKH VSHFLILF EDFWHULDO VSHFLHV LQYROYHG DQG



DQG QXWULWLRQDO VXSSOHPHQWDWLRQ FRXOG SURY
VLONZRUP KHDOWK DQG SURGXFWLYLW\

P51%$ DVVRFLDWHG VWUHVV SURWHLQ H[SUHVVLRQ

+HDW VKRFN SURWHLQV ZHUH LQLWLDOO\ LGHQWLILH
HVVHQWLDO IRU VXUYLYLQJ DFXWH WKHUPDO WWUHVV |
DO 3ULPDULO\ WKH\ VHUYH DV PROHFXODU FKD
EHFRPLQJ GHQDWXUHG XQGHU DGYHUVH FRQGLWLRQV
PROHFXODU PHFKDQLVP E\ ZKLFK WKLV SURWHLQ ELQG
WR VWRS WKHP IURP DJJUHJDWLQJ DQG FDXVLQJ GDP
1IDWXUDOO\ WKH LQWURQ UHJLRQ ZDV DEVHQW IL
+VS +VS RU +VS BULPHUV ZHUH GHVLJQHG II
+VS ZKLFK FRPSULVHV WZR H[RQV DQG DQ LQWHUYHC
H[RQ ZLWKRXW DQ LQWURQ LV WKH PRVW QRWLFHDEOH
VKREN LQKLELWV WKH VSOLFLQJ SURFHVV WKHUPDO
VSOLFLQJ PHFKDQLVPV <RVW DQG /LQGTXLVW

6R DQEDO\WVLV RI WKH JHQH H[SUHVVLRQ SDWWHUQ RI +
VLONZRUP ODUYDO JXW ZHUH VWXGLHG DQG FRPSDUHC(
FRQWURO 7KH JXWV RI VLONZRUP ODUYDH LQ WKHLU |
JHQHV %XW YDULDWLRQ LQ WKH H[SUHVVLRQ OHYHO Z
&RPSDUHG WR WKH FRQWURO JURXS WKH KHDW VKRFN
YLWDPLQ & VXSSOHPHQWHG JURXS 7 ERWK KDG K
$FFRUGLQJ WR WKH ILQGLQJVY HDFK RI WKHVH +VS
FKDSHURQH GXULQJ D KHDW VKRFN DQG LV LPSOLFDW
+HDW 6KRFN 3URWHLQV +VSV VHUYH WKH IXQFWLRQ R
IURP KHDW LQGXFHG GHQDWXUDWLRQ DRW RPWKHU VWU
FDUULHG RXW VLPLODU VWXG\ WR GHWHUPLQH WKH
HISUHVVL®Q PRBMQBRPPHUFLDO IHDWXUHY 7KH REVHUYI
XSUHJXODWLQJ WKH H[SUHVVLRQ RI WKH +VS JHQH KD\
WKHUPRWROHUDQFH DQG RXJKW WR EH RQH RI LWV DGI



([SUHVVLRQ RI +VS

+VS EHORQJV WR WKH IDPLO\ RI JHQHV FDOOHG °
RU +VSV 'XULQJ KHDW VKRFN WKHVH SURWHLQV IRUP D
HITHFWLYH IXQFWLRQLQJ Rl FKDSHURQHV GHSHQGV RQ WK
+DVOEMFNO % PRIRVVHVV WKH KLIJKHVW QXPEHU RI LQV
GRFXPHQWHG WR GBIWHDO ELQ7WRWH GSURWHLQV SOD\ DQ LQ
LQ DSRSWRVLY DQG KHDW VWUHVV WROHUDQFH $UULJR
JHQHV ZHUH LGHQMRUIMUBDLIQ 3 WKDW HQFRGH V+VS
V+VS V+VS V+VS DQBHW+VG $FERNBQRJI WR 6XQ
DQG ODF 5DH V+VSV ELQG SDUWO\ GHQDWXUHG SURW:
DJJUHIJDWLRQ XQGHU VWUHVYV

2XU ILQGLQJV VXJIJHVW WKDW LQ FRPSDULVRQ WR WKH FF
H[SUHVVLRQ Rl JHQH +VS LQ WKH JXW RI ODUYDH X
6XSSOHPHQWDWLRQ RI YLWDPLQ & DORQH VKRZV D GRZQ U
OHYHOV FRPSDUHG WR WKH FRQWURO DQG RWKHU JURXSYV
ZDV LQGXFHG LQ WKH JXW RI WKH ODUYDH VXSSOHPHQWHG
FRQGLWLHRWQ D@ DOVR UHSRUWHG RQ WKH LQFUHDVH R
H[SUHVVLRQ GXULQJ KHDW VWW HM/Y $REG/IHALYRIEGD O ®& D VW6 XN DI
WKH PRULUDLQ S ZDV VXEMHFWHG WR KHDW VKRFN WKH
ZDV XSUHJXODWHG 7KH H[SHULPHQWDO JURXS VXSSOHF
WKHUPDO VWUHVV VKRZHG WKH KLJKHVW OHYHO RI JHQH t
YLWDPLQ & KDV DQWLR[LGDQW DFWLRQ DQG WKH KLJKHVW

([SUHVVLRQ RI +VS

+VS LV D FR FKDSHURQH '1$ - OLNH SURWHLQ WKDW SO
IROGLQJ ZLWK +VS DIWHU HWHID/O VKRF MR XORVWKKRBW RZ H

REVHUYHG D VLIJQLILFDQW LQFUHDVH LQ +VS H[SUHVVLR
KHDW VKREFN ZKLOH WKH YLWDPLQ & DORQH VXSSOHPHQW
6LPLODUO\ SUHYLRXV UHVHDUFK KDV VKRZQ KLJKHU H[SUH
VWUDLQ 1LVWDULHWONZRDRNG RBROXHVLVWDQW VLONZRUP\
LQIHFWLRW/BRKD, QWHUHVWLQJO\ WKH JURXS VXSSOHPHC
XQGHU WKHUPDO VWUHVV H[KLELWHG WKH KLJKHVW H[SUH
PLWLIJDWLQJ HIITHFWV RI YLWDPLQ & RQ KHDW LQGXFHG FH



Rl +VS JHQHV LQGLFDWHV WKHLU LPSRUWDQW URO
FRQVLVWHQW ZLWK SUHWLRYXYV VWKGCDOW &MDKUIHPHOILQGL
WKDW +VS JHQHV FRQWULEXWH VLJQLILFDQWO\ WR
WHPSHUDWXUHYV

([SUHVVLRQ RI +VS

+HDW VKRFN SURWHLQV DUH PHPEHUV RI D ZLGHO\
FKDSHURQHV WKDW DUH LQYROYHG LQ SURWHLQ UHIRC
IXQFWLRQV LQ SURWHLQ IROGLQJ *XSWD DQG 6LQJK
WKH JXW WLVVXH IURP WKH WUHDWPHQW DQG FRQWU
JURXS VXSSOHPHQWHG ZLWK YLWDPLQ & XQGHU KHDW

H[SUHVVLRQV ZKHUHDV WKH JURXS VXSSOHPHQWHG
H[SUHVVLRQ ,Q RWKHO LROW KEVYKD WK AMBE VKRZQ YDUL
+VS H[SUHVVLRQ LQ WKHLU WLVVXHV 6LQJK DQG /DN
UHSRUWHBRILQVR LQGLFDWLQJ WKDW +VS  ZDV HOHYD

f& DQG f&HWDRO 7KHVH ILQGLQJV OHG XV WR FRQ
SOD\V D VLJQLILFDQW UROH LQ KHDW WROHUDQFH +L.
LQ YLWDPLQ & VXSSOHPHQWHG XQGHU WKHUPDO VWUF
ODUYDH IURP WKHUPDO LQDFWLYDWLRQ DQG IHHGLQJ
DOVR REVHUYHG VLPLODU REVHUYDWLRQV

7KH LQFUHDVH LQ +VS  JHQH H[SUHVVLRQ LV SRVLWL)
DV REVHUYHG LQ YDULRXV RUJDQLVPV LQFOXGLQJ O
S8OTPDNWYDO O9LWDPLQ & VXSSOHPHQWDWLRQ HQKDQF
DQG LV DVVRFLDWHG ZLWK WKH H[SUHVVLRQ RI +VS
DQWLR[LGDQW DFWLYLW\ Rl YLWDPLQ & SURYLGLQJ F
VWUHVV +VS DOVR H[KLELWV DQWLR[LGDQW DFWLY
ZLWK LQFUHDVHG DQWLR[LG DHQW DHI® ]DRHG DFURAIBNIK@\U & U

7KH SURGXFWLRQ RI +VS LV LQGXFHG E\ YLWDPL
LQ VLONZRUP ODUYDH XQGHU KHDW VWUHVYV

([SUHVVLRQ RI +VS

8QOLNH LQ YHUWHEUDWHY WKH +VS JHQH LQ VLONZ
FRQWDLQ LQWURQV PDNLQJ LW D XQLAMHDIHQH LQ W



+VS DORQJ ZLWK +VS SOD\V D FULWLFDO UROH LQ KHO
DQG H[WHUQDO VWUHVVHV ,W LV FRQVWLWXWLYHO\ H[SUI
‘HOFK )HUDPLVFR DQG SHSWILVEGH OV UDIQV IO RFFIDIW L R Q
DVVLVWDQFH Rl FR FKDSHURQHV 5HFHQW VWXGLHV KDYH K
LQ QRUPDO JURZWK DQG GHYHORSPHQW DV ZHOO DV LW
HYROXWLRQDU\ UH®MYDQF Hs RARUHAMNHOQ QG /RHVFKFNH

SUHVHQW VWXG\ IRXQG DQ XSUHJXODWLRQ RI +VS JHQH H
ODUYDH H[SRVHG WR WKHUPDO VWUHVV DQG VXSSOHPHQW!
& VXSSOHPHQWDWLRQ DORQH UHVXOWHG LQ D GHFUHDVH
RWKHU H[SHULPHQWDO JURXSV 7KH YDULDWLRQ LQ WKH V
UHSRUWHG LQ WKH VLONZRUMVR@® Q39 7KLINH FAX I RIQV WNNW R D'
+VS PD\ SOD\ D UROH LQ LPPXQH DFWLYLW\ GXULQJ WKHU!

7KH +VS SURWHLQV DOVR VHUYH DV GDQJHU VLJQDOV WR
F\WRSODVP FRPSRQHQWVY IURP YDULRXV VWUHVVHV O9LW]
IXQFWLRQDO DVVRFLDWLRQ ZLWK WKH DQWLR[LGDQW GHII
VLONZRUPV DQG PD\ DWWHQXDWH KHDW VWUHVV LQGXFF
FRQFHQWUDWLRQ RI +VSV DQG WKHLU ORFDOL]J]DWLRQ ZLW
WKHUPRWROHUDQFH .DPSLQJD 7KH KLJKHU H[SUHV\
VXSSOHPHQWHG ZLWK YLWDPLQ & XQGHU KHDW VWUHVV L\
FRQIHUULQJ WKHUPRWROHUDQFH &RPSUHKHQGLQJ WKH P
WHPSHUDWXUH DQG VWUHVV DGDSWDELOLW\ LV FUXFLDO |
LQGXVWU\ DQG WKH EUHHGLQJ Rl WKHUPRWROHUDQW VLON

+LVWRORJLFDO $QDO\VLV RI VLONZRUP JXW

7KH JXW DV D FHQWUDO RUJDQ IRU GLIHVWLRQ DQG QXWL
LQ WKH JURZWK GHYHORSPHQW DQG RYHUDOO KHDOWK R
DV WKH SULPDU\ VLWH IRU WKH EUHDNGRZQ RI LQJHVWHG
FRPPXQLW\ RI VIPELRWLF EDFWHULD LQIOXHQFLQJ WKH QX
+LVWRORJLFDO VWXGLHYVY SURYLGH D GHWDLOHG LQVLJKW 1
RUJDQL]DWLRQ DQG IXQFWLRQDO PRUSKRORJ\ RI WKH JXW
VWXGLHY DUH UHTXLVLWH IRU XQUDYHOLQJ WKH UHODWLR
SURFHVVHV DQG WKH UROH RI V\PELRWLF PLFURRUJDQLYV
VWXG\ VKHG OLJKW RQ KRZ HQYLURQPHQWDO IDFWRUV GL



LPSDFW WKH JXW VWUXFWXUH DQG FRQVHTXHQWO\ V
ODUYDH %\ H[DPLQLQJ WKH KLVWRORJLFDO FKDQJHYV
FRQGLWLRQV ZH DLP WR HQKDQFH RXU XQGHUVWDQ
UHVLOLHQFH

,Q RXU VWXG\ WKH KLVWRORJLFDO DQDO\VLV RI WKH
LQVLIJKWY LQWR WKH LPSDFW RI KLJK WHPSHUDWXUH

PRUSKRORJ\ ,Q WKH FRQWURO JURXS WKH KLVWROR.
KHDOWK\ JXW VWUXFWXUH FKDUDFWHUL]HG E\ LQWDF\
FHOOV 7KH FRQWLQXRXV EDVDO ODPLQD XQGHUO\LQ.
LQGLFDWHG D VWDEOH DQG IXQFWLRQDO JXW HQYLURQ
RI WKH VLONZRUP ODUYDH H[SRVHG WR KLJK WHPSHULI
FKDQJHV 1RWDEO\ WKH IXVLRQ RI HSLWKHOLDO FHOO
ZLWK WKH DFFXPXODWLRQ RI VHFUHWRU\ JUDQXOHYV

GDPDJH 7KLV LV FRQVLVWHQW ZLWK SUHYLRXV UHV.
VWUXFWXUDO DOWHUDWLRQV RI WKH WMDWMDRUP$SPLGJIX
VLPLODU VWXG\ ZDV DOVR UHSRUWHG E\ )DVW DQG
WHPSHUDWXUHV FRXOG LQGXFH GDPDJH WR VLONZRUP
WKH SHUPHDELOLW\ RI WKH LQWHVWLQDO ZDOO 7KL\
REVHUYHG FKDQJHV LQ PLGJXW PRUSKRORJ\ PD\ EH O]
JXW HSLWKHOLXP XQGHU KLJK WHPSHUDWXUH FRQGLW
RI FHOOV REVHUYHG LQ WKH KLVWRORJLFDO UHVXOW\
LQGXFHG GDPDJH 7KHHM QDAL QDVDRIVRFMKSSRUWY WKH

LQFUHDVHG WHPSHUDWXUHY FDQ KDUP DQG FDXVH GDF
WKH LQWHVWLQHY ,QWHUHVWLQJO\ GHVSLWH WKHVH
VWHP FHOOV UHPDLQHG LQWDFW VXJJHVWLQJ D SRWH
VWUXFEWXUH

7TKH VXSSOHPHQWDWLRQ RI YLWDPLQ & PDLQWDLQHG V
HYLGHQFHG E\ WKH SUHVHQFH RI LQWDFW HSLWKHOL
VXSSRUWHG E\ D FRQWLQXRXV EDVDO ODPLQD 7KLV RE
YLWDPLQ & LQ SUHVHUYLQJ WKH QRUPDO KLVWRORJLF
FRQGLWLRQV ,Q WKH FDVH RI VLONZRUP ODUYDH VXEN
VXSSOHPHQWDWLRQ D SURPLVLQJ UHVWRUDWLYH HII
HIKLELWHG VLJQV Rl UHFRYHU\ ZLWK JREOHW FH(

i



KLVWRPRUSKRORJLFDO IHDWXUHYVY 7KH UHRUJDQL]DWLRQ
DUFKLWHFWXUH LQGLFDWHG D EHQHILFLDO LPSDFW RI YLW
WKH DGYHUVH HIIHFWV RI WKHUPDO VWUHVYV RQ JXW PRUSI
JREOHW FHOOV WKHLU LQFUHDVHG VHFUHWRU\ DFWLYLW\
VWUHVVRU

,Q FRQFOXVLRQ WKH KLVWRORJLFDO UHVXOWV KLJKOLJK)
ODUYDH JXW WR KLJK WHPSHUDWXUHV WKH SURWHFWLYH |
WKH SRWHQWLDO IRU UHFRYHU\ XQGHU WKHUPDO VWUHVV
YLWDPLQ & 7KHVH ILQGLQJY FRQWULEXWH WR D EHWWHU
UHVSRQVHV RI VLONZRUPV WR HQYLURQPHQWDO VWUHVVR!
QXWULWLRQDO LQWHUYHQWLRQV LQ VXSSRUWLQJ JXW KHD

4XDQWLW\ DQG 4XDOLW\ HYDOXDWLRQ RI FRFRRQV

7TKH FRFRRQ DV WKH ILQDO SURGXFW LQ WKH SUDFWLFI
HFRQRPLF VLIJQLILFDQFH VHUYLQJ DV WKH SULPDU\ UHYH
DQG WKH EURDGHU VHULFXOWXUH LQGXVWU\ 7KH FHQWUD
FRQWLQXRXV LPSURYHPHQW RI HFRQRPLF WUDLWV WR HC
EHFRPHVY SDUWLFXODUO\ FUXFLDO ZKHQ LQWURGXFLQJ ELY
,QGLD ZKHUH WKH VWDELOLW\ RI FRFRRQ FURSV XQGHU
‘DWAWD DO S5HKDE 7TKH QXWULWLRQDO TXDOLW\ RI PX
SLYRWDO UROH LQ LQIOXHQFLQJ WKH IRUPDWLRQ RI KHDO\
RI UHVHDUFK LQ WKH SUHVHQW VWXG\ 6SHFLILFDOO\ ZH
DVFRUELF DFLG WR HQKDQFH WKH HIILFLHQF\ RI ODUYDF
DSSURDFK ZLWK SRWHQWLDO LPSOLFDWLRQV IRU WKH HFRC

7KH YDULRXV SDUDPHWHUYVY VWXGLHG HQFRPSDVVLQJ FRFR
HYDOXDWLRQ RI FRFRRQ VXFK DV OHQJWK ZHLJKW ZLGWK
DV OHQJWK ZHLJKW GHQLHU WHQDFLW\ DQG HORQJDWLR
DUH FULWLFDO LQGLFDWRUV RI FRFRRQ TXDOLW\ DQG WKl
LOQWR WKH LPSDFW RI DVFRUELF DFLG VXSSOHPHQWDWLRQ
2XU ILQGLQJYVY UHYHDO D VXEVWDQWLDO GHFUHDVH LQ DOO
WUHDWHG JURXS FRPSDUHG WR WKH FRQWURO 7KLV GHF
GLUHFWO\ FRUUHODWHY ZLWK UHGXFHG FRFRRQ \LHOG D!
HISODQDWLRQV IRU WKHVH REVHUYDWLRQV LQHFWXGH GHFU

iTo



DO DQG DGYHUVH HIIHFWV RQ WKH LPPXQHWVDOWHP
5RXQG DQG OD]PDQLDQ %HONDLG DQG +DQG
SDUWLFXODUO\ WHPSHUDWXUH KDYH ORQJ EHHQ UHF

FRFRRQ SURGXFWLRQ

7KH VLON FRQYHUVLRQ UDWH D FUXFLDO HFRQRPLF
LQIOXHQFHG E\ WKH VXSSOHPHQWDWLRQ RIHBWPRUELF

7KH DQWLR[LGDQW DFWLYLW\ RI DVFRUELF DFLG
SURWHLQV GXULQJ WKH ODUYDO VWDJH FRQWULEXW
LQFOXGLQJ LQFUHDVHG FRFRRQ DQG VKHOO ZHLJKW
OHQJWK ZHLJKW VL]JH DQG WHQVLOH VWUHQJWK 'DV
UHYHDOV WKDW WKH LQFUHDVHG FRFRRQ VKHOO ZHLJK
FRQWULEXWHY WR D PRUH UHOLDEOH VLON ILODPHQW |
EURDGHU REMHFWLYH RI LPSURYLQJ WKH HIILFLHQF\
FRFRRQ VKHOO UHVXOWLQJ LQ HOHYDWHG GHQLHU DQ
LQGLFDWHY WKDW DVFRUELF DFLG VXSSOHPHQWTL
FRQFHQWUDWLRQV 7KLV ILQGLQJ DOLJQV ZLWK SULR
LPSDFW RI YLWDPLQ VXSSOHPHQWDWHRQDR®Q FRFRRQ V|

7KH HYDOXDWLRQ RI FRFRRQ TXDOLW\ ZDV FRQGXFWH
LQFOXGLQJ VLON ILODPHQW OHQJWK ILODPHQW ZHLJ
SHUFHQWDJH DQG WHQVLOH VWUHQJWK 6LON ILODI
GHWHUPLQLQJ WKH UDWH RI VLON SURGXFWLRQ ZLWt#
ZLWK KLJKHU HIILFLHQF\ /HH ,Q WKLV VWXG\ 9LV
LQ FRFRRQV ZLWK D VLJQLILEFDQWO\ ORQJHU VLON
RXWVWDQGLQJ LQ RWKHU H[SHULPHQWDO JURXSV LQ
“ FP RI ILODPHQW OHQJWK 7KH JURXS VXEMHFW
H[KLELWHG D UHGXFHG ILODPHQW OHQJWK RI “
UHFHLYHG YLWDPLQ & VXSSOHPHQWDWLRQ XQGHU
LPSURYHPHQW VKRZLQJ DQ LQFUHDVHG ILODPHQW OH
WKHUPDO VWUHVV H[SRVHG JURXS 7KLV VXJJHVWV W
WKHUPDO VWUHVV FRQGLWLRQV PD\ KDYH D SRVLWL
SRWHQWLDOO\ PLWLJDWLQJ WKH DGYHUVH HIIHFWV R
SURGXFWLRQ 7KH OHQJWK RI VLON ILODPHQWV LV LQI¢
VLON VHFUHWLRQ DQG UHWOD®@J HIILFLHQF\ 1JXNX



7KH SDUDPHWHUV RI WHQDFLW\ DQG HORQJDWLRQ SOD\ FU>
DQG XVDELOLW\ RI VLON ILEHUV 7HQDFLW\ UHIHUV WR WK
HORQJDWLRQ PHDVXUHV LWV DELOLW\ WR VWUHWFK ZLW
YDULDWLRQV LQ WHQDFLW\ DPRQJ GLITHUHQW JURXSV 7KH
YLWDPLQ & VXSSOHPHQWHG JURXS J GHQ ZKLOH WKH
HIKLELWHG WKH ORZHVW WHQDFLW\ J GHQ FRPSDUHG
YDULDWLRQ IRU WHQDFLW\ VKRZV WKH YDULDELOLW\ ZLWK
9LWDPLQ & VXSSOHPHQWHG JURXS 7 KDG WKH KLJKHVW
KLIJKHU YDULDELOLW\ LQ WHQDFLW\ FRIWVEDDWHGE WR WKH R
KLIKOLJKWHG D VLPLODU UHVXOW WKDW KLJK WHPSHUDW
HQ]J\PHVY SRVVLEO\ LQIOXHQFLQJ VLON WHQDFLW\

(ORQJDWLRQ DOVR YDULHG DFURVV JURXSV ZLWK WKH
VKRZLQJ WKH KLJKHVW HORQJDWLRQ DQG WKH WKHU
ORZHVW FRPSDUHG WR WKH FRQWURO 6LPLODU W
YDULDWLRQ IRU HORQJDWLRQ PHDVXUHV WKH YDULDELOLYV
VXSSOHPHQWHG JURXS 7 KDG WKH KLJKHVW &9 IRU HOR
KLJKHU YDULDELOLW)\ /HH UHFRUGV WKDW WKH HOR(
ZLWKLQ WKH UDQJH RI DQG FRQVLGHUDEOH HORQJL
EUHDNV 7KH ILQGLQJV LQ WKH SUHVHQW VWXG\ DOLJQ ZlI
FRUUHODWLRQ EHWZHHQ YLWDPLQ & VXSSOHPHQWDWLRQ |
YLWDPLQ & PD\ HQKDQFH WKH RYHUDOO VWUHQJWK RI VLO!
SRWHQWLDO UROH RI YLWDPLQ & LQ SURPRWLQJ WKH V\QW
LWV VWUXFWXUDO W UDHQ JWKK & REREIUNBG YDULDWLRQ LQ
YDOXHV FRXOG EH DWWULEXWHG WR WKH FRPSOH[ LQWE
SURGXFWLRQ VXFK DV JHQHWLF FKDUDFWHULVWLFV HQYL
IDEFWRUV 6HHP

7KH REVHUYHG UHVXOWYVY LQGLFDWHG WKDW WKH JURXS V
WKHUPDO VWUHVV HI[KLELWY DQ LPSURYHPHQW LQ ERWI
FRPSDUHG WR WKH JURXS VXEMHFWHG WR KHDW VKRFN DC
Rl YLWDPLQ & XQGHU WKHUPDO VWUHVV FRQGLWLRQV PD
VWUHQJWK WHQDFLW\ DQG VWUHWFKDELOLW\ HORQJDW
PLWLIJDWLQJ WKH DGYHUVH HIIHFWV Rl WKHUPDO VWUHVV
XSUHJXODWLRQ LPSOLHV D EHQHILFLDO UROH RI YLWDPL



SURSHUWLHV RI WKH VLON ZKLFK FRXOG EH VLJQLILFD
XVDELOLW\ RI WKH VLON ILEHUV

IXWULWLRQ HPHUJHV DV D FULWLFDO IDEFWRU LQIOXHQ
7KH LPSURYHG TXDOLW\ RI DVFRUELF DFLG WUHDWH
LQFUHDVHG \LHOG DQG EHWWHU FRFRRQ TXDOLW\ 7KL
RI %RWHDO ZKR UHSRUWHG WKDW VXFFXOHQW PXOEF
KLJKHU PLQHUDO FRQWHQW VWLPXODWH PHWDEROLF
TXDOLWDWLYH LPSURYHPHQWY LQ FRFRRQV DQG VLO
UHDULQJ SHUIRUPDQFH LQ WKH DVFRUELF DFLG WUHDW
FRQFHQWUDWLRQ Rl SURWHLQV DQG GLJHVWLYH HQ]J\P}
FRPSRVLWLRQ 7KLV VXJJHVWV D SRWHQWLDO OLQN E
JXW KHDOWK DQG WKH VXEVHTXHQW HFRQRPLF WUDL!
LPSURYHPHQWY LQ HFRQRPLF SDUDPHWHUV VXFK DV |
ZHLJKW ILODPHQW OHQJWK ZHLJKW VL]H DQG WHQV
LQFRUSRUDWLQJ DQWLR[LGDQW VXSSOHPHQWYV LQ VHU

,Q FRQFOXVLRQ RXU VWXG\ DGGV D QRYHO GLPHQVLR(
WKH SRVLWLYH LPSDFW RI DVFRUELF DFLG VXSSOHPHQ
SURGXFWLRQ XQGHU WKHUPDO VWUHVV 7KH PXOW
HQFRPSDVVLQJ DQWLR[LGDQW DFWLYLW\ JXW KHDOW,|
VIQWKHVLVY SRVLWLRQ LW DV D SURPLVLQJ WRRO IRU
\LHOGLQJ VLONZRUP EUHHGY 7KH ILQGLQJV RSHQ DY
LOQWULFDWH LQWHUSOD\ EHWHBMDRUGRWHQW DRQ DWW UHXSY
HFRQRPLF RXWFRPHV RI VHULFXOWXUH



J)LIXUH 6FKHPDWLF RYHUYLHZ RI LPSDFW RI VXSSOHPHQ
JXW RI VLONZRUP ODUYDH RQ H[SRVXUH WR WKHUPDO VWUt

-
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&RQFOXVLRQ

,Q FRQFOXVLRQ WKLV VWXG\ GHOYHG LQWR WKH SL
UHFRJQL]JLQJ LWV KHLJKWHQHG PHWDEROLF DQG S|
OLQFKSLQ LQ GLJHVWLRQ DQG DEVRUSWLRQ ZDV F
EDFWHULD SURYLQJ LQGLVSHQVDEOH IRU QRUPDO VI
RYHUDUFKLQJ JRDO ZDV WR H[SORUH WKH SRWHQW!I
PLWLJDWLQJ WKHUPDO VWUHVV FKDOOHQJIHV IDFI
FRPSUHKHQVLYH DQDO\VLV VSDQQLQJ JXW EDFW
FRQFHQWUDWLRQV JHQH H[SUHVVLRQ JXW KLVWROF

7TKHUPDO VWUHVV QHJDWLYHO\ DIIHFWV ODUYDO
FRQFHQWUDWLRQVY DQG RYHUDOO FRFRRQ TXDOLW\
GHPRQVWUDWHY D UHPDUNDEOH DELOLW\ WR FRXQW
KLIKOLJKWYVY WKH LQWULFDWH G\QDPLFV EHWZHHQ
VXSSOHPHQWDWLRQ DQG JXW PLFURELDO FRPPXQLYV
GLYHUVH JXW PLFURELRWD LQ VLONZRUP KHDOWK DQC

7KH H[DPLQDWLRQ RI JXW EDFWHULD WKURXJK FXC(
JHQHUD LQFOXGLQJ %DFLOOXYV IDFWREDFLOO X\
(QWHUREDFWHU DQG .OHEVLHOOD %DFLOOXV VS :D
WKH IRXU JURXSYV

1IRWDEO\ WKH 6 U51$% PHWDJHQRPLF VWXG\ XQYH
SRSXODWLRQV VKRZFDVLQJ GHFUHDVHG GLYHUVLW\
HQKDQFHG DEXQGDQFH LQ YLWDPLQ & VXSSOHPHQW!
D QXDQFHG LPSDFW UHGXFLQJ RYHUDOO EDFWHULD
EHQHILFLDO VSHFLHV OLNH &LWUREDFWHU .OHE
(QWHUREDFWHU &ORVWULGLXP DQG (QWHURFRFEFX)
SURGXFWLRQ RI GLIHVWLYH HQJ\PHV

ORUHRYHU WKH UHVHDUFK LOOXPLQDWHG YLWDPLQ
SDUWLFXODUO\ XQGHU WHPSHUDWXUH VWUHVV ZKH
VXSHULRU JURZWK DQG \LHOG DWWULEXWHYV

%LRFKHPLFDO DQDO\WHV KLJKOLJKWHG WKH VHQVL)
GLIJHVWLYH HQJ\PH DFWLYLW\ WR HQYLURQPHQWDO \



WKHUPDO VWUHVYVY JURXS DQG HOHYDWLRQV LQ YLWDPLQ
VWUHVV JURXSV

2XU VWXG\ QRW RQO\ HOXFLGDWHV WKH LPSDFW RI W
VXSSOHPHQWDWLRQ RQ GLJHVWLYH HQ]J\PH DFWLYLW\ EX
LOQWR WKH VSHFLILF EDFWHULDO SOD\HUV LQYROYHG L
SUHVHQFH RI %DFLOOXV .OHEVLHOOD &LWUREDFWHU
WKHUPDO VWUHVYV DQG YLWDPLQ & VXSSOHPHQWDWLRQ
EHWZHHQ HQYLURQPHQWDO IDFWRUV JXW PLFURELDO
SURFHVVHYV 7KLV NQRZOHGJH FRQWULEXWHV WR UHIL
RITHULQJ D QXDQFHG XQGHUVWDQGLQJ RI WKH IDFWRUYV
LQ VLONZRUP ODUYDH WKHUHE\ SDYLQJ WKH ZD\ IRU WD
FRFRRQ SURGXFWLRQ DQG TXDOLW\

P51%$ H[SUHVVLRQ RI +VS JHQHV +VS +VS +VS
VLONZRUP JXW LQGLFDWHG GLVWLQFW UHVSRQVHV ZLW
VKRFN H[SRVHG JURXS UHGXFHG H[SUHVVLRQ LQ WKH Y
DQG WKH KLJKHVW H[SUHVVLRQ LQ WKH YLWDPLQ & VX
JURXS

(FRQRPLF SDUDPHWHUV RI FRFRRQ SURGXFWLRQ ZHUH \
LPSDFWV RI YLWDPLQ & VXSSOHPHQWDWLRQ XQGHU WKH
FRFRRQ ZHLJKW OHQJWK DQG ZLGWK VKHOO ZHLJKW LC
ZHLJKW VL]IH DQG WHQVLOH VWUHQJWK RI VLON ILEHU

2XU ILQGLQJV KLIKOLJKW WKH GHWULPHQWDO LPSDFW R
DVSHFWV RI VLONZRUP GHYHORSPHQW DQG FRFRRQ S
PHWDEROLF DFWLYLWLHV DQG JXW EDFWHULDO FRQFH
FROQWULEXWLQJ WR WKH SURGXFWLRQ RI HFRQRPLFDOO
VWUHVYV H[SRVHG JURXS 7KHVH ILQGLQJV XQGHUVFRUH \
HQYLURQPHQWDO VWUHVVRUV DQG HPSKDVL]H WKH LP
FKDOOHQJHYV IRU RSWLPDO VHULFXOWXUH RXWFRPHYV

&RQYHUVHO\ WKH LQWURGXFWLRQ RI YLWDPLQ & D
UHPDUNDEOH SRVLWLYH LQIOXHQFH DFURVV WKH ERDUC
HISHULHQFHG QRWDEOH HOHYDWLRQV LQ JURXSV WUHD'



EHQHILFLDO LPSDFW RI WKLV VXSSOHPHQW RQ WKH
VLONZRUPV ,PSRUWDQWO\ HYHQ XQGHU FRQGLWLI
FKDOOHQJHV ZHUH PRVW SURQRXQFHG WKH JURXS
VWUHVYVY DQG YLWDPLQ & GHPRQVWUDWHG D UHPDU
FRPSDUHG WR WKH WKHUPDO VWUHVYVY RQO\ JURXS

7TKHVH UHVXOWY VWURQJO\ DGYRFDWH IRU WKH LQFC
VHULFXOWXUH SUDFWLFHYVY DV D YLDEOH VWUDWHJ\
WKHUPDO VWUHVYV XOWLPDWHO\ OHDGLQJ WR HQKDC
HFRQRPLFDOO\ VXSHULRU FRFRRQV

,Q HVVHQFH WKLV VWXG\ XQUDYHOHG LQWHUDFWLR
QXWULWLRQDO VXSSOHPHQWDWLRQ DQG WKH G\QD
RIITHULQJ YDOXDEOH LQVLJKWV IRU RSWLPL]LQJ VHU
EURDGHU XQGHUVWDQGLQJV RI LQVHFW SK\VLRORJ\
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SHFRPPHQGDWLRQV

TKHVH UHFRPPHQGDWLRQV DLP WR JXLGH XSFRPLQJ VF
NQRZOHGJH UHILQLQJ SUDFWLFDO DSSOLFDWLRQV DQC
UHVLOLHQFH RI VHULFXOWXUH SUDFWLFHV

([SORULQJ OHFKDQLVPV RI 5HVLOLHQFH )XWXUH
VSHFLILF PROHFXODU DQG SK\WLRORJLFDO PHFKD
REVHUYHG LQ VLONZRUPV XQGHU WKHUPDO VWUHYV
& ,QYHVWLIDWLQJ JHQH H[SUHVVLRQ SDWWHUQV
FDVFDGHV FRXOG SURYLGH D PRUH LQ GHSWK XQ
PLWLIJIDWHYVY WKH QHJDWLYH HIIHFWV RI WKHUPDO V

OLFURELRPH ORGXODWLRQ 6WUDWHJILHV *LYHQ W
EDFWHULD RQ VLONZRUP KHDOWK UHVHDUFKHUV F
VLONZRUP PLFURELRPH IRU HQKDQFHG UHVLOLHQI
LOWHUYHQWLRQV WR SURPRWH WKH JURZWK RI E
SURELRWLFV WR VXSSRUW JXW KHDOWK XQGHU VW

)XUWKHU H[SORUDWLRQ RI VSHFLILF EDFWHULDO
DEVRUSWLRQ XQGHUVWDQGLQJ WKHLU UHVSRQVH
VXSSOHPHQWDWLRQ DQG RSWLPL]LQJ IRRG GLJHV
NQRZOHGJH FRQWULEXWHV WR D EURDGHU XQG
LOQWHUDFWLRQV DQG WKHLU LPSDFW RQ GLJHVWL
DGYDQFHPHQWY LQ LQVHFW SK\WLRORJ\ DQG DSSOI

/IRQJ 7THUP (IITHFWV DQG *HQHUDWLRQDO ,PSDFW ,C
WHUP HIITHFWV Rl YLWDPLQ & VXSSOHPHQWDWLRQ
SURYLGH LQVLIKWY LQWR JHQHUDWLRQDO LPSDFW
HITHFWV REVHUYHG LQ ODUYDO VWDJHV SHUVLVYV
VXEVHTXHQW JHQHUDWLRQV LV HVVHQWLDO IRU VX

JLHOG 7ULDOV DQG $SSOLFDWLRQ LQ 6HULFXOWXUI
YDOLGDWH WKH HIILFDF\ RI YLWDPLQ & VXSSOI
VHULFXOWXUH FRQGLWLRQV LV SDUDPRXQW 7K
VXSSOHPHQWDWLRQ VWUDWHJ\ RQ D ODUJHU VFDO



SURGXFWLRQ VLON TXDOLW\ DQG RYHUDOO HFRQR
VHULFXOWXUH VHWWLQJV

(QYLURQPHQWDO )DFWRUV DQG ,QWHUDFWLYH (IIHF
HQYLURQPHQWDO IDFWRUV VXFK DV KXPLGLW\ OLJKW
WKHUPDO VWUHVYV DQG YLWDPLQ & VXSSOHPHQWDWLR
KROLVWLF HQYLURQPHQWDO FRQWH[W ZLOO FRQWULE
VWUDWHJILHV IRU VHULFXOWXUH PDQDJHPHQW

&RPSDUDWLYH 6WXGLHV ZLWK 2WKHU 6WUHVVRUV &R
ZLWK RWKHU VWUHVVRUV FRPPRQO\ HQFRXQWHUHG LC
HISRVXUH RU IOXFWXDWLQJ WHPSHUDWXUHYV FDQ SUR?
YHUVDWLOLW\ DQG VSHFLILFLW\ RI WKH REVHUYHG
VXSSOHPHQWDWLRQ

, QWHIJUDWLRQ RI $GYDQFHG 7HFKQRORJLHV ,QFRUSRL
OLNH RPLFV DSSURDFKHV JHQRPLFV WUDQVFULSWI
LPDJLQJ WHFKQLTXHV FDQ RIIHU D PRUH GHWDLOHG
PROHFXODU DQG SK\WLRORJLFDO FKDQJHV RFFXUULQJ
WKHUPDO VWUHVYVY DQG YLWDPLQ & VXSSOHPHQWDWLRCQC
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SHIHUHQFHV

$EGHO +DG\ $ $ 5DPDGDQ O O /e - +DVKHP $ 6
FRQVHTXHQFHV RQ WKH UHG IORXU EHHWOH 7ULER
6LWRSKLOXRXRIWDDPIDHRI 7KHUPDO %LRORJ\

$EXGDERV $0 (IIHFW RI HQ]\PH VXSSOHPHQWDWLRQ WR
EDVHG RQ FRUQ SAR\EEBDQRPHOQD DQG 9HWHU $GYDQ

$KPDG , 3DWUDNRPDOD 6 'ZL\DQWL 6 3XWUD 5
JODQG DQG WKH HIIHFW RI WZR WK\UR[LQH WUHDWI]
TXDOLW\ LQ W&RP F\ORNHEUBRSWHUD $RIPFEDBL GRXU QD
RI %LRWHFKQRORJ\

$KPDG = (IHIHFW Rl QLWURJHQ SKRVSKRURXV DQG SR
ODUYDO GHYHORSPHRRPEJGIRUMN \[7KOIG LRI 'HSDUWF
$JULFXOWXUDO (QWRPRORJ\ 8QLYHUVLW\ RI $JULFXC

$QGUHZV 6 )DVW4& D TXDOLW\ FRQWURO WRRO |
KWWS ZZZ ELRLQIRUPDWLFV EDEUIRMOIQD®F RI X
([SHULPHQWDO OHGLFLQH

$QHHVKD 8 %LRFKHPLFDO DQG PROHFXODU UHVSR
GHYHORSPHR@E\[RPRKXIQGHU WKHUPDO VWUHVV &DOL
KWWS KGO KDQGOH QHW

$SSOHEDXP 6 HUNXW  * 8 *LOEHUW [/
GLJHV&RFRSUHKHQVLYH LQVHFW SK\VLRORJ\ ELRFKH

$UULJR $ 3 ,Q VHDUFK RI WKH PROHFXODU PHFKDQ
FRXQWHUDFW DSRSWRVLV GXULRXUGQHM®ORDD&H EL
%LRFKHPLVWU\

%%DFNKHG ) /H\ 5 ( 6RQQHQEXUJ - / 3HWHUVRQ ' ¢
EDFWHULDO PXWXDOLVP LQ WKH KXPDQ LQWHVWLQH

%DEX . 5 G5DPDNULVKQD 6 G5HGG\ < + . /[/DNVKPL *
%KDVNDU 0 OHWDEROLF DOWHUDWLRQV DQG F
ODUYDH GXULQJ YLUD®I WIQA B OWLRQU GDWHR L Bd RW HF K

%DEX 0 6zZDP\ 0 7 G5DR 3 . 5DR 0 6 (IIHFW R
PXOEHUU\ OHDYHVRREB\UARQGQD®I- 6HULF

%DKDU 0 + $0 3DUYH] 0 5DKPDQ 6 ,VODP 5
VLONZRRPE\[ PRIRQ GLIIHUHQW P XO E HQUW R PSRODRYWF ¥
5HVHDUFK

iTo



%DMSH\L &0 6LQJK 5 1 7KDQJDYHOX . 6XSSOHPHQWDU\
SURGXFQ\@ RQON

%DODVXQGDUDP ' 3UDEX 3* G6HOYLVDEKDQD\DNDP 90 5DPHVK
QXWULWLRQDO VXSSOHPHQWDWLRQ RI YLWDPLQ & WUHD
LQVWDU ODUYDHM/RAEVIL®PRDIRUPHSLGRSWHUD %RPE\FLGE
UHODWLRQ WR IHHG HI|DRDHUY D GG VI LRZWIKRWIHFK DQG %L |

%DUUHWWR ' $ *DGZDOD O 9RRWOD 6 . 7KH VLONZR!
VRXUFH IRU ELRWHFKQRORWIKRI DKYS OLFADENELRIEIMSI\NQ
$FDGHPLF 3UHVV

%HONDLG < +DQG 7 : S5ROH RI WKH PLFURELR)
LQIODPP&OHNILMR Q
%HQFKDPLQ -ROO\ 0 6 ,PSDFW RI WHPSHUDWXUH RC

SURGXFWLRQ RI WKMEVMLPR@RUWPRQPHQWDO (QWRPRORJ\

+

%HQFKDPLQ . 9 -ROO\ 0 6 ODUFK 3BUQFHSIGHY R VLO
RI VHPLQDU RQ SUREOHPV DQGSURVSHFWHORRVHULGEOD
7DPLO 1DGX $JULFXOWXUH 8QLYHUVLW\

%HUJH\ ' + %HUJH\ V PDQXDO RI GHW H UIP$ RLDQ¥IRWHWE DLFO/DH. D IPR/O
:LONLQV

%RGH + % ,QVHFW DVVRFLDWHG PLFURRUJDQLVPV DV
PHWDEROLWHY ZLWK VOR/HIEVS B XRWL A FKRYRID@W\L D O

%ROJHU $ 0 /RKVH 0 8VDGHO % 7ULPPRPDWLF D IO
VHTXHQPAHLEBD@MERUPDWLFV

%RUDK 6 %RUR 3 $ UHYLHZ RI QXW-RXWQP® RPG LW\
(QWRPRORJ\ DQG =RRORJ\ BWXGLHYV

%RUJRKDLQ $ 1IXWULWLRQDO VXSSOHPR@RWEIRBRWALY HIIHF
/ \ QW - ,QQRYDWLYH 5HVHDUFK LQ 6FLHQFH (QJLQHHULC

%RVH 3 & 6LQJKLYL 1 5 'XWWD 5 . (IMTHFW RI PLFUR
SDUDPHWHUV RI PXOEHUBHUWRFBOWRDICCED / OHDI

%UDKPD 8 5 SDWWQDLN 6 %DULN % 3 ,PSDFW RI YL
RQ WKLQVWDU ODUYDH RI%&EFPE)RFFRONULSRERUP

%UHVFL 0 * 9DULD]LRQH GL YLWIDRLQOWS |Q HDFR A R BG H
3DGRYD



%URGHULFN 1 $ IHPDLWUH % *XW DVVRFLDYV
PHODQRIPWWHBUREHV

%URGHULFN 1 $ 5DIID . ) *RRGPDQ 5 0 +DQGHOVI
EDFWHULDO FRPPXQLW\ RI WKH J\SV\ PRWK ODUYD¢
FXOWXUH LQGHSHGCSBQMWG PBIQMKR@WLURQPHQWDO OL

%UXJIJH - 6 (ULNVRQ ( (ULNVRQ 5 [/ 7KH VSHFLIL
YLUXV WUDQVIRUPLQJ SURWHLQ SS&WNWOG6 ZLWK WZF

%WXFKRQ 1 2VPDQ $00 IRU RQH DQG RQH IRU DOC
LOQWHMWWIHFNY ELRFKHPLVWU\ DQG PROHFXODU ELROR.
&DSRUDVR - * XFJ\QVNL - G6WRPEDXJK - NLWWLQJIHU
.QLIKW 5 4,,00 bOORZV DQDO\VLV Rl KLJK
VHTXHQFLU@WEDWIPHWKRGYV
&DUPHO - 5DVKNRYHWVN\ ( IHYR ( .RURO $ "

KHDW VKRFN SURWHLQ JHQHV +VS DQG +VS DQG K
IOLHV 'URVRSKLOD PHODQRJDVWHU RXR@DD FoILF

+HUHGLW\

&KDPEHWOD O 9LWDPLQ & LQ 'LVHDVH 3UHYHQWLRQ DQG
-RXUQDO RI &0LQLFDO %LRFKHPLVWU\

&KDPXQGHVZDUL 3 5DGKDNULVKQDLDK . (IHIHFW RI
FRFRRQ FKDUDFWH BR RE\W RR BH OINZRQWRPJ L D

&KDQGUDNDQWK 1 3RQQXYHO . 0 ORRUWK\ 6 0 6DVLE

$QDO\VLV RI WUDQVFULSWV Rl KHDW WKREWN SBRBMWH
JHSLGRSWHUD $%RFESAD®DHRXUQDO Rl (QWRPRORJ\

&KDSPDQ DQG +DOO :LOOPHU 3 B6WRQH * -RKQVWRQ
$QLPDOV -RKQ :LOH\ BRQV

&KDSPDQ 5 )7KH LQVHFWV VWUXEWREWLEQKE XQQNWURQW\ S

&KHQ % <X 7 LH 6 'X . J/LDQJ ; /DQ < 6 KD
VKRWJIXQ PHWDJHQRPLF GDWD%RRPIE\[W KRHRIXML ON Z|
PLFUREGRIPHHQWLILF GDWD

&KHQ % =KDQJ 1 ;LH 6 =KDQJ ; +H - OXKDPPDG $
EDFWHULD Rl WRREVL ®RBRORWDWH KRVW UHVLVWDQ
HITHFWV Rl RUJDQRSKR® 3 KDRGP HQWH FQWL R U@®W LR QD

&KHQ . J/LX & +H < -LDQJ + IX = $ VKRUW W\
SURWHLQ IURP WKH VLONZRUP H[SUHVVLRQ FKDUD



SURSKHQROR[LGDVH DFWYMDWSROQWS®DWKZD\&RPSDUDYV
,PPXQRORJ\

&KHQ < /LX * $OL 0 5 =KDQJ 0 =KRX * 6XQ 4 6K L
RI JXW EDFWHUREDRPE@\VPEBNZRUPH[SRVXUH WR HQGRJHQRX
SROOXWHG PXOFEFRWR[LERORBMVDQG (QYLURQPHQWDO 6DIH\

&KHQJ ' 3HQJ - O0OHQJ 0 :HL / .DQJ [/ 4LDQ : ‘LD 4
DQDO\VLV RI WKH MXYHQLOH KRUPRQH UHVSRQVH LQ OD
%RPE\[ PRWHUQDWLRQDO -RXUQDO RI *HQRPLFV

&OHYHODQG / 5 6\PELRVLY EHWZHHQ 7HUPLWHV DQG WKH
RI WKH 1DWLRQDO $FDGHP\ Rl 6FLHQFHV RI WKH 8QLWHG

&ROODUG % & -DKXIHU 0 = = %URXZHU - % 3DQJ ( &
PDUNHUV TXDQWLWDWLYH WUDLW ORFL 47/ PDSSLQJ D
FURS LPSURYHPHQW (XKSK\BDLWVDF FRQFHSWYV

&UHDJK ( 0 &DUPRG\ 5 - &RWWHU 7 * +HDW VKRFN
GHSHQGHQW DQG LQGHSHQGHQW [DSREWRNQWDIOQ FHKQ®
UHVHDUFK

&ULVWLQD = $0 0 / 1875,7,21 5(6($580%4; 6,/.:2506
025,/ $QDOHOH 8QLYHUVLWD LL GLQ 2UDGHD )DVFLFXOD
VL 7THKQRORJLL GH ,QGXVWULH $OLPHQWDUD

'DGG 5 + IXWULWRRQURKHRDYLYAVLQVHFW SK\VLRORJ\ E
SKDUPDFRORJ\

'DV 6 OHGGD $. (IlTHFW Rl F\DQRFREDODPLQ RQ SURWHLQ
RYDU\ RI VUORZRYPPRUGXULQJ ODUYDO SXSDO DQG DG
GHYHOR,SPHHW- 7URS ,QVHF 6FL

'DWWD 5. %DVDYDUDMD + . DQG ODQR < O0DQXDO R
PDLQWHQDQFH DQG PXOWLSOLFDWLRQ &HQWUDO 6HULF
,QVWLWXWH O0\WRUH

'DYLOD $ 0 %ODFKLHU ) *RWWHODQG 0 $QGULDPLKDMD 0
' 5H SULQW RI 3,QWHVWLQDO OXPLQDO QLWURJHQ
PLFURELRWD DQG FRQVHHKDUPHHFRORULWRED KRVWDUFK

'D\DPD * 3UL\D 6 1LFFXP ' ( .KRUXWV $ %OHNKPDQ
EHWZHHQ WKH JXW PLFURELRPH DQG KRVYMQRW®H UHJXO]
PHGLFLQH

'HEDUDM < 6LQJK % . 'DV 3 . 6XU\DQDUD\DQ 1 3L

SODQW RI HUQ GALIDN X¥R OR

ii6



'HH 7DQ , < %DXWLVWD 0 $ O %DFWHULDO 6X
6LONZRARPRE\[ FRQYHFWYV

'HVSUHVV / 'DYLG - 3 *DOOHW & 7KH HYROXWLRQDU\
FKHPLFDOV 7UHQGV (FRO(YRO

'HYL 5 DQG .DUXQD 7 6LON ZRUPLQJ UHDULQJ WHFF
KWWS ZZZ VFULEG FRP 6LONZRUP 5HDULQJ7HFKQ

'LOORQ 5 - 'LOORQ 9 O© 7KH JXW EDFWHULL
LOQWHUBBWKXROQV5HYLHZYV LQ (QWRPRORJ\

'LQHVK . 3DQGH\ -3 6LQKD $. 3UDVDG %& 7HPSHUDW
P\OLWWD 'UXU\ HJJV GXULQJ-RREU\RWRPREHYHORSPH

'RQJ + / =KDQJ 6 ; &KHQ = + 7DR + /L : 4LX -

'LITHUHQFHV LQ JXW PLFURE%RW®KEHW®PHRBQHG. B RQZIRJU
PXOEHUU\ ORUXVY DOED YDU PXOWLFDXGE¥® OHD
DGYDQFHV
'RXJODV $ ( OXOWLRUJDQLVPDO ,QVHFWYV 'LYHU\
OLFURRUJDQLVPV $QQXDO 5HYLHZ RI (QWRPRORJ\
(FNEXUJ 3 % %LN ( O %YHUQVWHLQ & 1 3SXUGRP (

5HOPDQ ' $ 'LYHUVLW\ RI WKH KXPDQ
IORUBLHQFH

(JXFKL 0 )XUXNDZD 6 ,ZDPRWR $ 3URWHRO\WLF HQIJ\!
DGXOW RI WHKR4RNEONZRQWHF 3K\VLRO

(O(.DUDNV\ , $ ,GULVV 0 $VFRUELF DFLG HQKDQFHV Wk
%RPE\[ FRBISSO (QWRPRO

(WHEDUL . ODWLQGRRVW / $SSOLFDWLRQ RI PXOWL Y

ELRORJLFDO DQG HFRQRPLFDO %RBPE\D FRARFUSVMLW L FV
3DFLILF (QWRPRO

(WHEDUL . )DJLODWL O (IMTHFWV RI IHHGLQJ RQ PX!
PXOWL PLQHUDO RQ VRPH ELRORJLFDO DQG ELRFKF
%RPE\[ PRUDKDQ 8QLYHUVLW\ RI THFKQRORJ\ -RXUQL
URFHVVLQJ

(WHEDUL . (EDGL 5 ODWLQGRRVW / (IM"THFW RI1 IH
ZLWK DVFRUELF DFLG RQ VRPH ELRORJLFDO ELRFKH
RI VLONZRUP %RPEW RRUQGXVW (QWRPRO

)DQ < SHGHUVHQ 2 *XW PLFURELRWD L QDINPWDH) PF
S5HYLHZV OLFURELRORJ\



)DQJ 6 0 =KDQJ 4 =KDQJ < / =KDQJ * = =KDQJ = <X

SURWHLQ IDPLO\ LQ UHVSRQVH WR PXOWLSOH L
VLONZRWYMFWYV
)DVW 3 * $QIXV 7 $ (ITHFWV RI SDUDVSRUDO LQFOXVL

VRWWR ,VKLZDWD RQ WKH SHU®BRPELDPWRLQRID WKW JIJXW :
ODUYRMMUQDO RI ,QYHUWHEUDWH 3DWKRORJ\

JHGHU 0 ( (FRORJLFDO DQG HYROXWLRQDU\ SK\VLRORJ\
UHVSRQVH WKH 'URVRSKLO®QLFPDID/QRIQEW WWH PSRGHW
3KHQRW\SLF DQG HYROXWLRQDU\ DGDSWDWLRQ

JHGHU 0 ( +RIPDQQ * ( +HDW VKRFN SURWHLQV PRO
VWUHVV UHVSRQVH HYROXWLRQ¥ODQPRG WIFRIORILRDO
SK\WLRORJ\

YJHGHU 0 ( .UHEV 5 $ 1DWXUDO DQG JHQHWLF HQJLQH
+VS LQ 'URVRSKLOD PHODQRJDVWHU RBPOVHFRBOQFHYV I
=RRORJLVW

JHQJ : :DQJ : 4 =KRX : [LX * < 'DQ < - ,V
FKDUDFWHUL]DWLRQ RI OLSDVH SURGXFLQJ EDFWHULD I
%RPE\[ PRHDUHG RQ GLIIHUHQW IRUDJH -RXUQDO RI ,QVH

JLVEKHU 5 2VWDIH 5 7Z\PDQ 5 0 &HOOXODVHV IL
%LRWHFKQRORJ\ ,, SS 6SULQJHU %HUOLQ +HLGHO

)XNDWVX 7 +RVRNDZD 7 &DSVXOH WUDQVPLWWHG JX
-DSDQHVH FRPPRQ SODWDVSLG VWLQNEXJ OHJDFRSWD
(QYLURQPHQWDO OLFURELRORJ\ +

*DQGRWUD 6 .XPDU $ 1DJD . %KX\DQ 3 0 *RJRL ' . 6KE
6 %DFWHULDO FRPPXQLW\ VWUXFWXUH DQG GLYH!

VLONZRUP $QWKHUDHD DVVDPHQVLV /HSIQGRIFWHUD 6L
PROHFXODU ELRORJ\

*$5&ES$(&$55(f2 )/ +$$5' 1) &KDUDFWHUL]DWLRQ RI SURW
ODQJRVWLOOD 30HXURQFRGHV SODQLSHV DBQG FUD\ILV
JRRG %LRFKHP

*HKULQJ : - 'HKQHU 5 +HDW VKRFN SURWHLQ V\QWK
&DWDJO\SKLY DQ DQW IBBRFMKIE LEIKDRD VGKIHV HDWLRQDO
RI 6FLHQFHV

*KRVH 7. OHDVXUHPHQW RI FHOOXODVH DFWLYLWLHV 3XUH
*LOO 6 5 3RS 0 "H%R\ 5 7 (FNEXUJ 3 % 7XUQEDXJK 3 -
( OHWDJHQRPLF DQRDO\VLV R WKH KXPD

PLFUREYRPHQFH



*LOPRUH 0 6 JHUUHWWL - - 7TKH WKLQ OLQH EH\

6FLHQFH +

*LULGKDU . ODKDQ\D - & .DQWKDUDMX % 0 1DJHVK 6
6LON

*RPDD $ $ (O 6KDDUDZ\ O ) 6DOHP < 6 5LIN 0 $

FRQVWLWXHQWY RQ WKWRPIERORRBRWYRIIVWDNILRWYFKULIV
IXU DQIJHZDQGWH =RRORJLH

*RQJ - 7LDQ 6 =KRX ; <DQJ + =KX < +RX <
VLONZ®BPE\[ PRULY WR 2 RU +&DWWUGDWPRIQINNO -R>
OROHFXODU 6FLHQFHV

*RQJIOH](7RNPDQ ' &YyUGRED($JXLODU $ 'iWWLOR : /LUI
$ 9LOODORERV ) ,QVHFW UHVSRQVHV WR K
HYROXWLRQ DQG HFRORJLFDO LPSOL%DRQR QLN DX
SHYLHZV

*XSWD 5 6 6LQJIK % 3K\ORJHQHWLF DQDO\VLV RI

VXJIJHVW D FKLPHULF RULJLQ IR&XWKH QWX NDLR R R/1L\F

*XUMDU 7 6 6LGGKDSDUD 0 5 6XUDQL 3 0 %
%RPE\[ FRED PXOEHUU\ ORQWRMROED /

+D 6 5RNRQX]]DPDQ 0 $IWDE 0 %DQJODGHVK 8 5HVHDUFK ¢
DPR[LFLOOLQ R[\WWHWUDF\FOLQ DQG GR[\F\FOLQ RQ
VLONZRRPE\[ FRULQWRPRO =RRO 6WXG +

+DPDPRWR + 7RQRLNH $ 1DUXVKLPD . +RULH 5 6 H N
PRGHO DQLPDO WR HYDOXDWH GUXJ RRPGSDWDWH YW
%LRFKHPLVWU\ DQG 3K\VLRORJ\ 3DUW & 7R[LFRORJ

+DT O 6DOHHP O AXDQWLWDWLYH DQG TXDOLWD
%RPE\[ FRUL-RXU $JULF 5HYV
+DUYH\ : 5 &LRIIL O 'RZ - $ ROIHUVEHUJHU 0 *

$73DVH LQ LQVHEXWRABOWKIHQEBULPHQWDO %LRORJ\
+DVOEHFN O :DONH 6 6WURPHU 7 (KUQVSHUJHU O tKL
+VS D WHPSHUDWXUH7HHJX@D2V NME& XFRKIDOEAH U R

+LUDWVXND ( 6LONZRUP EUHHGLQJ 7UDQVODWHG
3XEOLVKLQJ &R

+LUREH 7 (YROXWLRQ GLIIHUHQWLDWLRQ DQG EUHH
DQG SUHH\OQHHQW. FV LQ $VLDQ &RXQWULHV ;,, ,QW &RQJ

ioi



+RFKDFKND 3 : 6RPHUR * 1 6WUDWHJILHYV RI ELRFKHPLF
+RQJ 6 O <DPDVKLWD - OLWVXQREX + 8FKLQR . .RED\LC
.XVDNDEH 7 (ITLFLHQW VROXEOH SURWHLQ SURGXF
H[SUHVVLQJ F\WRSO®BYPOQEHEKPEHURRIHR'ORJ\ DQG ELRWH]I

+RULH < :DWDQDEH . 6DNDPRWR ( (YLGHQFH RI VWHSZLV
GLJHVWLYH V\VWHP%RIP®\K HP RRUDINZFRRSMPHUD $8BPE\FLGDH
(QWRPRO DQG =RR

+RULH < 'DWDQDEH . (IHIHFWV Rl GLHWDU\ S\ULGR[LQH
DFLG SDWWHUQ LQ KDHPRO\PSK DQG XU®WRFERLG H[FUHV
PRURVHFW %LRFKHPLVWU\

+RVRNDZD 7 .LNXFKL < 1LNRK 1 6KLPDGD 0 )X NDW V X
6\PELRQW &RVSHFLDWLRQ DQG 5HGXFWLYH *HQRPH (YRO
3/R6 %LRORJ\ H

+RXVH + / ,QVHFOK QEAVBHYWHR R %LRFKHPLVWU\

+RXVH + |/ (IIHFWV Rl ORZ OHYHOV RI WKH QXWULHQW F
LPEDODQFH RQ WKH IHHGLQJ DQG WKH QXWULWLRQ RI
HXSKRUELDH ILQQDHXV /HSLGRKSWWHUD&DQDGSRIQQJILG
(QWRPRORJLVW

+XJDU , , 1LUZDQL 5 % .DOLZDO % % (ITHFW RI JLQF

FKDQJHV LQ WKH IDW ERG\ DQG KDHPREKRPEY RRWIKH ELY
/ 6HULFRORJLD

+XVVDLQ 0 OXKDPPDG 1 .KDQ 6% %KDWWL O ) DQG OXKDP
WKH LQIOXHQFH RI WHPSHUDWXUH DQG K¥%MRFE\W\ RQ ELR
PRUL %RPE\FLGDH $IULFDQ -RXUQDO RI %LRWHFKQRORJ

,PPDQXHO * 'KDQXVKD 5 3UHPD 3 3DODYHVDP $ -
JURZWK SDUDPHWHUV RQ HQGRJOXFDQDVH HQJ\PH DFWLY
UHWWLQJ HIITOXHQWYV RI, GIWWXQDWQR QDY tRERQBEHQWI (QY
6FLHQFH 7HFKQRORJ\

,VODP 5 $OL $2 3DXO '. 6XOWDQD 6 %DQX 1$ ,VODP 5 (11
VXSSOHPHQWDWLRQ RQ WHKA4RRBBWRZRAKU RH SV GRISIRHIPD
%RPE\FLGDH - %LRO 6FL

,VODP 7 .KDQ , / *DQLH 1 $ 6DKDI . $ -DQ 1 *RUD 0
DOEXPHQ HJJ ZKLWH IRUWLILHG PXOEHUU\ OHDI RQ UHD!
RI VLONZRRIPE\[ PRU&65 7 &65 1 &65 1 &65 GRXEOH
K\EUIL@NVHUQDWLRQDO -RXUQDO RI &KHPLFDO 6WXGLHYV
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,VPDLO . 6 .XPDU & 6 $QHHVKD 8 6\DPD 3 6 6D M
DQRDO\WVLV RI JXW ED®%WRELDPRIRWL @ NZRWPUH WR WHF
WKURXJK 6 U51% KLIJIK WKURXIJKSXWRRUYDOH®RF
, QYHUWHEUDWH 3DWKRORJ\

JWR 7 1LUPLQXUD 0 1 X %6 RIP\E L[R P B4RXIO DL OBNHZRULFX OW (|

JWR 7 IXWULWLR® RREWKPRYULOINZRWF R|I D¥RROELF
BHULFXO ([S 6WD

,YDQ ) &DUPHQ / ORQLFD 7 'RLQD 0 (YDOXD

VXSSOHPHQWDWLRQ ZLWK YLWDPLQ & RQ WKH JXW |
'LFHQWUDUFKXV ODEUD[ $TXDFXOWXUH 5HSRUWYV

-DYHG + *RQGDO 0+ (IITHFW RI IRRG VXSSOHPHQWDWLTF
PRUWDOLW)\ RARPEEANERS®LDQ - 30DQW 6FL
-DYHG 0 $ &RXWX & 7KHLOPDQQ ' $ (UODQGVRQ O

BURWHRPLFV DQDO\VLV RI 7ULFKRSOXVLD QL PLGJ
PHPEUDQH YHWHFWHAFLHQFH
KD $ OLVKUD ' . . XRBBES PRUH F\FOH DQG DV D PRGH
LQ OLIH VFLH@»H QBOHDIUFRXWRPRORJLFDO 5HVHDUFK
-LDQJ / ;LH ( *XR + 6XQ 4 J/LXOL + :DQJ < ;LD 4

+VS WURFPFE\[ PRULQYROYHG LQ KRVW SURWH
LQIHFWLRQ 'HY &RPS ,PPXQRO
{UJHQVHQ . 7 6jUHQVHQ - * %XQGJDDUG - +HD

KHDW VWUHVV RQ UHSURGXFWLYH FKDUDRWHILWOY RIQ
7TKHUPDO %LRORJ\

-R\ 2 *RSLQDWKDQ . 3 +HDW VKRFN UHVSRQVH L
GLIITHUHQW WKHBRRQYBOHUEQRNVLHQFHYV
-XQOLDQJ ; LDRIHQJ SHVHDUFK RQ LPSURYHPH

OHDI LQJHVWHG L QW R%RFOEN [ RARSIEN WU Q RERILID W L R Q
&RQJUHVV RQ (QRMRPRORJ\

\RWKL O 3UDWDS 0 1DLN 6 7 BWXGLHV RQ ELR
JHQRW\SHV RI ORUXWHDQEWLRQDO -RXUQDO RI 3
6FLHQFHYV

.DOSDQD * 9 5DPDLDK 1 6XU\DQDUD\DQD . 0l
VLONZRBPE\[ PRUIQ UHODWLRQ WR WKH XWLOL]DWL
,QVHFW 6FLHQFH DQG LWV $SSOLFDWLRQ +

.DPDUDM 6 3DQGLDUDM 7 ,PPDXDO * 3 6DQMX . 6l

SURWHLQ HQULFKHG IRUWLILHG IHHG RI WDVDU VL(

iof



UHDULQJ SHUIRUPDQFH DQG HFRQRPLGDO %ERERRQ F
5HVHDUFK

.DPSLQJD + + 7KHUPRWROHUDQFH LQ PDPPDOLDQ FHO
DJJUHJDWLRQ DQ®RXWYBO®\WBEERWE IMFLHQFH
.DQDIL 5 5 (EDGL 5 OLUKRVVHLQL 6 = 6HLGDYL $ 5 =

$ UHYLHZ RQ QXWULWLYH HIIHFW RI PXOEHUU\ OHD

RQ HFRQRPLF WUDLWV DQG ELRORJARPB\[SPRODPHWHU\
/I \ QYHUWHEUDWH 6XUYLYDO -RXUQDO

.DXIPDQ 0 * .OXJ 0 - 7TKH FRQWULEXWLRQ RI KLQC
FDUERK\GUDWH XWLOL]J]DWLRQ E\ FULFNHWYV 2UWKRSYV
%LRFKHPLVWU\ DQG 3K\VLRORJ\ 3DUW $ 3K\VLRORJ\ +

.HVKDQ % 3DXO 6 Y%HPEHP 7 '"HYL . 6 7TLVVXH VSHEF
KHDW VKRFN SURWHLQ WUDRPHAJULBRYU QRO VRONZRU
(QWRPRORJ\ DQG =RRORJ\ 6WXGLHV

.KDQ 0 O (I'THFWV Rl 7THPSHUDWXUH DQG 5 + RQ &RP
6LONZRBRPE\[ FRWIHARFRRQV LQ $QDQWDSXUDPX GLVWULFW
$JU )RUHVW 6FL

.KXUUDP 6 &RPELQHG HIIHFW RI PLQHUDO QXWULHQWYV RQ VLON
%RPE\[ PRUL /BF@/RUDO GLVVHUWDWLRQ 7KHVLV 'HSD

(QWRPRORJ\ 8QLYHUVLW\ $JULFXOWXUH )DLVDODEDG 3DN

.K\DGH 9 % ODUDWKH 5 - 'LYHUVLW\ RI EDFWHULDO IC
ODUYDH RI| YRFPEVZRPRRIBES&( 30 ; &65 ,QWHUQDWLRQDO
RIGFLHQFH DQG 1DWXUH

.LDQJ - * 7TVRNRV * & +HDW VKRFN SURWHLQ N
ELRFKHPLVWU\ D3K® BKDVFRFEORRI\ WKHUDSHXWLFV

.LNXFKL < +RVRNDZD 7 )XNDWVX 7 ,QVHFW PLFUREF

WUDQVPLVVLRQ $ VWLQNEXJ DFTXLUHV D EHQHILFLDO JX
HYHU\ JHQHUDWLRQ $SSOLHG DQG (QYLURQPHQWDO OLFU

.RFKHW DO E ,PSDFW RI +LJK 7HPSHUDWXUH RQ ,QVHFW 3K
)XQFWLRQ $QQXDO 5HYLHZ RI (QWRPRORJ\
.RFK ) 7KRP 8 $OEUHFKW ( :HLNDUG 5 1ROWH : .XKOD ¢

VWUHVYV GLUHFWO\ LPSDLUV JXW LQWHJULW\ DQG UHFUX

LQWR WKH ERYBQRFHMGLKMVWLE, WKH 1DWLRQDO $F
6FLHQFHYV

.RQDOD 1 $EEXUL 3 %RYLOODF 9 5 ODPLOODSDOOL $
WKH JURZR\WPKERIRRMUQDO RI LQVHFW VFLHQFH

ol



.UDMPDOQLN(%URZQ 5 ,0KDQ = ( .DQJ ' : 'L%DLVH
PLFUREHV RQ QXWULHQW DEVRUBYWLRIQVN DRXEG LHQ HFO
SUDFWLFH

.UHPN\ 6 DQG OLFKDOVND - VWXGLHG HIIHFW RI WHPS
VLONZRUP %RPE\[PRUL / UHDULQJ RQ VRPH FKDUI
BHULFRORJLD

_.ULVKQDVZDPL 6 1HZ WHFKQRORJ\ RI VLONZRUP UH
BHULFXOWXUDO 5HVHDUFK DQG 7UDLQLQJ ,QVWLWXW

.ULVKQDVZDPL 6 1DUDVLPDKDQQD 01 6XU\DQDUD\DQ
BHULFXOWXUH 0DQXDO - 6LONZRUP 5HDULQJ )$2 5R

XKQ 1HHGKDP6FLHQFH DQG &LYLOLVDWLRQ LQ &KLQD
6SLQQLQJ DQ&DPHEHQGIH 8QLYHUVLW)\ 3UHVYV

. XPDUDUDM 6 9LMD\DUDJKDYDQ 6 DQG .ULVKQDVZDPL 6
PXOEHUU\ OHDYHV IRU IHHGLQJ VLONZRUPV ,QGLDQ

IDNVKPL .XPDUL % $QDQWKDQDUD\DQD 65 (IMTHFW RI1 UI
HQJ\PHV LQ WKWRWEINERUBRLFRORJLD
/IDQGDLV , 3RPPHW - 0 OLWD . 1RKDWD - *LPHQH] 6

&KDUDFWHUL]DWLRQ RI WKH F'1$ HQFRGLQJ WK
WKH /HSLGRBSEAHBEBQE 6 SRGRSWHBDHUXJLSHUGD

IDWKD 6 3UHPD 3 6HOYDUDQL / 7KDQJDSDQGL\DQ 6
UDLWORRE\[ FRUAGHU WKH LQIOXHQFH RI WK\UR[LQH V
MRXUQDO IRU EORRPHUV RI UHVHDUFK +

/JIHH .6 .LP 65 3DUN 16 .LP , .DQJ 3' BRKQ ¢
&KDUDFWHUL]DWLRQ RI D VLONZRUP WKLRUHGRI[LQ S
WHPSHUDWXUH VWLPXOXV DQG YLUDO LQIHFWLRQ ,Q

/IHH 6 / 7KH 6FLHQFH RI 6LON ODQFKHVWHU 8QLYHU
/IHH 6 O .RR < O 3LORW VFDOH SURGXFWLRQ RI F

UXW & IHG EBRXKRKQPRGH OLFURELRORJ\ DQG %LRWI
/[HID\ -0 3K\ WVLRORJLFDO HIIHFWV Rl JURZWK DQG V

JHNKD * O9LMD\DJRZUL ( 6LULJLQHHGL 6 6LYDSUDVDC
'LIIHUHQWLDO OHYHO RI KRVW JHQH H[SUHVVLRQ D
LQIHFWLRQ LQ VL@®RPEUPPRUAHVQBRWLRQDO -RXUQDO
(QWRPRORJ\
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/L 45 LDR < :X )4 <H 04 /XR *4 :LQJ ': <DQJ 4 $QDO\VLYV
H[SUHVVLRQ SURILOHV IURP GLIIHUHQW VLONZRUP YDU
WHPSHUBQKXUH

/IL ;+ <DQJ +- 5R\ % :DQJ ' <XH :) -LDQJ /- OLDR «<* D 7k
WHFKQRORJ\ LQ IXWXUH &HOOXODVH H#IQIN\PH DQG EI
%LRWHFK

/L ) /L 0 ODR 7 :DQJ + &KHQ - /X = /L %

H[SRVXUH RQ JXW PLFURELDO FRPSFRVRWHERQ LQ W
PRUERWR[LFRORJ\ DQG HQYLURQPHQWDO VDIHW\

/L - <H |/ /DQ 7 <X 0 J/LDQJ - =KRQJ % &RPSD
SKRVSKRSURWHRPLF DQD®\RERE\R P BBMVHIULRIRYVPON JOTC
XQGHU KLIJK WHPSHUDWXUH WUHDWPHQW ORO %LRO 5H:?

/L = : /L ; <X 4 < :LDQJ = + .LVKLQR + =KDQJ =
VKRFN SURWHLQ V+VS JHQHV LQ WKH VLONZRUP %RP
DQDO\VLV ZLWK RWK HAD & QV R BDWWILHR/GDIH @HMR OR J\

/ILDQJ : )X < ILX + ,VRODWLRQ DQG FKDUDFWHUL]DWL
RI WKH VLONZRUP ODUYDO JXW LQ ELRSAWBQHUDWLY
$VWURQDXWLFD

/LDQJ : )X < T7RQJ /I ILX  + OLFURELDO VKLIWV RI V
UHVSRQVH WR OHWS\SOAH G HPRLIF HREGR@RJ\ DQG ELRWHFKQ

IRXLV 3 <RXQJ 3 +ROWURS * J)OLQW + - 'LYHUVLW
SURGXFLQJ EDFWHULD UHYHDOHG E\ DQDO\VLV RI WKH EX
JHQH (QYLURQPHQWDO OLFURELRORJ\ +

/IRZU\ 2+ 5RVHEURXJK 1- )DUU $/ 5DQGDOO 5- SURWHLQ P
SKHQRO UEDLROQ&KHP

ODJRRBF 7 6DO]JEHUJ 6 / )/$6+ IDVW OHQJIJWK DGMXVWPH
JHQRPH DVVHPEOLHVY %LRLQIRUPDWLFV +

ODKPRRG 5 -DQ 07 .KDQ O, (I"'HFW Rl 1LWURJHQ )DUP <DU

OXOEHUU\ 7UHHV RQ WKH /DUYDO 'HYHORSPHQW DQG &
RPE\[ FROVYLDQ - 30DQW 6FL

ODKPRXG 0 O (I1"THFW RI 9DULRXV .LQGV RI 'LHWDU\ 3URWI
RQ WKH OXOEHUMBWRBEGNBRUPSWLDQ $FDGHPLF -RXUQDC
%LRORJLFDO 6FLHQFHV $ (QWRPRORJ\

ODOLN ) $ 5HGG\ < 6 SDFLDO IHDWXUHV LQ WKH KHDW
%RPE\[ BRWID (QWRPRORJLFD 6LQLFD



ODPDWKD ' 0 .DQML 9 . &RKO\ + + 5DR 0 5 - X
PHWKRSUHQH DQG IHQR[\FDUE GRVH GHSHQGHQWO\
WKH VLONRFEIP PRUQWHUQDWLRQDO -RXUQDO RI (QYL
DQG 3XEOLF +HDOWK

ODQRKDUDQ 7 $ VWXG\ RI K\GURO\]HG VR\EHDQ SUI
UHSURGXFWLYH V\VWHP BRIRPEJEPRBK VL OKHERIN -DPI
ORKDPHG &ROOHJH %KDUDWKLGDVDQ 8QLYHUVLW\ 7

ODUWLQ 1XQH] x *0 &RUQHMR 3DUHMD , &OHPHQWH 3R\
PLFURELRWD WKH PLVVLQJ OLQN EHWZHHQ +HOLFRE
GLVRUGHUV" )URQW (QGRFULQRO

ODWKXU 9 % 5DKPDWKXOOD 9 . %KDVNDU 2 9
HIILFLHQF\ RI IRRG LQ QHZ HOLWAHRPEYRBPRXIQB HUE U
UHVWULFWHG ,pMWBUQDWHR®DY -RXUQDO RI ,QGXVWU

0DZDG]D & +DWWL .DXO 5 =YDX\D 5 ODWWLDVVRQ
FKDUDFWHUL]DWLRQ RI FHOOXODVHV -RXRGHOFHGRIE
ELRWHFKQRORJ\

OF'RQDOG ' 3ULFH 01 *RRGULFK - 1DZURFNL ( 3
+XJHQKROW] 3 $Q LPSURYHG *UHHQJHQHV WD]
HFRORJLFDO DQG HYROXWLRQDU\ DQDO\VHV RI EDFW

OHQGRQFD * $ ' ODUFKLQL / & ODFHGR / 3 0
VLONZRRPE\[ PRUHSLGRSWHUD %RPE\FLGDH [HG RC
K\EUBBYLVWD &DDWLQJD

OHQJ / /L + %DR 0 6XQ 3 OHWDEROLF SDWKZD\
VIQ[DQWKD /6+ « IURP FKHPRWD[LV WR XSWDNH RI ¢

OLOOHU */ 8VH Rl 'LQLWURVDO\F\OLF DFLG UHDJHQW
$QDO\WLFDO &KHPLVWU\
OLUDQGD - ( RUWROL 6 $ ' 7TDNDKDVKL 5 'HY

VLONZRUP ODUYDH DIWHU WRSI6FDL & @V8ISID $B D WRRQDR |

OLVKUD $ % 8SDGK\D\ 9 % ,QIOXHQFH RI UHODWL
SRWHQWLDO RI PXOWLYROWLQH %RRRYU@®ROL RIO
(FRSK\WVLRORJ\ DQG 2FFXSDWLRQDO +HDOWK

oLwbD . 7KH JHQRPH RI D OHSLGRSWRBEYQ PRGHO LQV
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ORULPRWR 5 7LVVLqQUHV % *HRUJRSRXORV & 6 WL
PHGLFLIQH LWOH

ORVDOODQHMDG %DJKHUL =RQXV ( 1RX]DUL - DQG 7DOHEL O
WKLUG LQVWDU OBRYPEN RRUWBENZRWPHUU\ OHDYHV HQULI
YLWDPLQ ( RQ VRPH UHSURGXFWLYH FKDUDFWHULVWLFV
SURWHFWLRQ &RQJUHVYV .HUPDQVKDK

OXOWKRIlI * %RW]JOHU & ,VVHOV 5 7KH UROH RI KHDW
RI DQ LPPXQHWLRORRIQFBO &KHPLVWU\

OXUXJDQ . *HRUJH $ JHHGLQJ DQG QXWULWLRQDO LQIOXHC
'DSKQLV QHULL /LQQ /HSLGESMMHBB\VARO.QJILGDH

1$.$085% . ., 7$085% . ,VRODWLRQ DQG LGHQWLILFDYV

FHOOXORVH K\GURO\]LQJ EDFWHULXP - DXU®DION\RIHQ]\P
IHUPHQWDWLRQ WHFKQRORJ\

1IHWR -% 6WHIDQ 9 OHQGRQFD %% %ORLVH : $QD 9DOHULD %
UROH RI JLQF LQ JURZWK 1XWULWLRQ 5HVHDUFK

1IHXPDQ + 'HEHOLXV -: .QLJKW 5 .RUHQ 2 OLFURE
LQWHUSOD\ EHWZHHQ WKH PLFURELRWD DQG WKH HQGRF

+

IHYHQ /[ * 3K\WLRORJLFDO UHGZ8RQYKBWY YRHIVIMQ VHRWR JW R
7HFKQRORJ\

1JXNX ( . OXOLH o0 5DLQD 6 . /IDUYDH FRFRR
FKDUDFWHIRPENLFR®HSLGRSWHUD ERPE\FLGDH IHG RQ F
IRUWLILHG ZLWK .HQ\DQ UR\DO HOO\

1LMDJDO % 6 . XPDUD * 3 (IITHEW 21 )RRG $GGLWLYHV
OLGJIJXW (Q]\PH $FWLYLWLHV ,Q 7KHARWK\[,PRWDU /DU
/ \QWHUQDWLRQDO -RXUQDO RI 5HFHQW B6FLHQWLILF 5HV

1ZLER ' ' ODWVXPRWR < BHNLPL]X . ,GHQWLILFD
SUHYHQWLRQ Rl (QWHURFRFFXV PXQOGMRFAE\QPREWLRQ LC
UHDUHG RQ D'WWULI'LAFARY BWHWW 7KHUDSHXWLFV

2IIRUG & 9ROOUDWK ) +ROODQG & (QYLURQPHQWDO
SK\VLFDO SURKRPEWLPFRRMRRFRQW QDO Rl ODWHULDOV 6FLH

2MKD 1 * 5HGG\ 5 0 +DQVGD * 6LQKD 0 . 6 XU\DQDUD\L
6WDWXV DQG SRWHQWLDO RI -DWD D QHZ UDFH RI
$QWKHUDHD P\$ADMGWPLEMRXUQDO RI HQWRPRORJ\
2PDQD - DQG .DUXPDWKLO 3 +HDW VKRFN UHVSRQVH LQ
GLITHUHQW WKHUPRWROHUDQFHYV - %LRVFL

ioo



3DbO 6 (IIHFW Rl 9LWDPLQ % &RPSOH[ VXSSOHPHQWDWLRQ
PXOEHUU\ VARNEZRWPRUL QVHFW (QYLURQ

3DQGH\ 6 6UHH $ '‘DVK 6 6 6HWKL ' 3 &KRZGKXU\
EDFWHULD SURGXFLQJ EHWIDFUBEKEROQLEHDYG DAV K U WH
SDQWKHH 6 3DXGHO $ +DPDPRWR + 6HNLPL]X

DQ DQLPDO PRGHO IRU GHYHORSLQJ QRYHO DQW
OLFURELRORJ\

3DUN '6 +: 2K + .LP 6< +HR 1 .LP .< 6HRO DQG +
RI EDFWHULD SURGXFLQJ OLSDVH IURP LQVHFW JXW
VWUDLQ %XUNKROGHULD VS +< SURGXFLQJ OLS
(QWRPRORJ\

3DUN + + 3DUN & .LP . 6 .ZRQ 2 6 +DQ 6 6 +ZDQJ
(IHIHFWV Rl  K\GUR[\HFG\VRQH DQG VHURWRQLQ RQ C
DQWHQQDO OREH QHXURQV LQ SXBRPE\WWHRML RI
YLWARRORJLFDO VFLHQFH

3DUUD - 5 3 &RPSDUDWLYH DQDO\VLV RI PHWKRGV Il
XWLOL]DWLRQ XVLQJ WKH VR\EHDQ ORRSHU 3VHXGR
(QWRPRO ([S $SSO

3LOODL 6 9 .ULVKQDVZDP\ 6 %KDW ' 9 5DQJQDWK ¢
GHYHORSPHQW DQG HF®RRRP\FFRKENUDF WsHHWY. RA\P SRV
DQG 6HPLQDES71$8

3RXOVHQ 0 +X + /L & &KHQ = ;X / 2WDQL 6 + 1
VIPELRQW FRQWULEXWLRQV WR SODQW GHFRPSRVI
3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ Rl 6FLHQFF

3UDGR 6 6 +XQJ . < 'DXJKHUW\ 0 3 $OPHLGD 5
WHPSHUDWXUH RQ VWLQN EXJ ILWQHVV YLD P
VI\PELRSW®LHG DQG HQYLURQPHQWDO PLFURELRORJ\

3UDVDG 6 8SDGK\D\ 9 % ,QIOXHQFH RI +\GUT
3HUIRUPDQFH RI 0XOWLYROW%G® HEDX O/RQIBUY LELDIN Z R
-RXUQDO RI %DVLF $SSOLHG 6FLHQFHV

3UHP $QDQG $ $ 9HQQLVRQ 6 - B6DQNDU 6 * *LOZD
5DJKXUDPDQ 7 9HQGDQ 6 ( ,VRODWLR
EDFWHULD IURBRWEH PRWDRM GHJUDGH FHOOXORVH
VWDUFK DQG WKHLU -RXIIFDWD RY IGQUHFW L\RRQ HQFH

3ULFH 0 1 'HKDO 3 &6 $UNLQ $ 3 )DVW7UHH
OLNHOLKRRG WUHH V3I®RRI6CROQHM DOLJQPHQWYV



3XQ\DYDWKL ODQMXQDWKD + % &RPSUHKHQVLYH DQDC
SURWHLQV LQ WKH%RPEN PRBUMDPRD QBVWDUV H[SRVHG W
VWUHMKLYHV RI ,QVHFW %LRFKHPLWWU\ DQG 3K\VLRORJ\

4LDR + .HHVH\ ,: +DQVVRQ % 6 .QDGHQ 0 *XW PLFU]
DQG ROIDFWRU\ EHKDYLRU LQ 'URVRSKLOD PHODQRJDV
MHE

4XUDL]D 0 7 ) 5DWKL &5 OXWKX 37 'DV 60 %DL 05 $ 0\
DVFRUELF DFLG LQ PRGLI\LQJ 7LVVXH SURWPEYJ FRQWHQ
PRUL -RXUQDO RI %DVLF DQG $SSOLHG %LRORJ\ +

5DGMDEL 5 (IIHFW Rl OXOEHUU\ /HDYHV (QULFKPHQW ZLV
IXWULHQWV R®QRPEONPRWBAN 1RUWK RI ,UDQ $FDGHPLF -l
(QWRPRORJ\ +

SDKPDWKXOOD 9 . 6XUHVK + O 6HDVRQDO YDULDV

DVVLPLODWLRQ DQG FRQYHUVLRQ HIILFLHQF\ Rl ,QGLC
%RPE\[ PRUQVHFW 6FL

5SDKPDWKXOOD 9 . BXUHVK + 0 ,QIOXHQFH RI WHPSHU
DQG GHYHORSPHQW RI VLON JODQG UOQRIEQ YREWQRHE RLC
(QWRPRORJ\

5DKPDWKXOOD 9 . ODWKXU 9 % '"HYL 5 * *URZWK
PXOEHUU\ VLONZRUP %RPE\[ PRUL/ XQGHU YDULRXV Q>
VWUHVV FRIQGUVBISRQW -RXUQDO RI 6FLHQFH

5SDKPDWKXOOD 9 . 6XUHVK + 0 ODWKXU 9 % *HHWKD
FRQYHUVLRQ HIILFLHQF\ Rl HOLWH BIRFREOWERHL&65 K\EL
UHDUHG XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQ

5DMDEL 5 (EDGL 5 )D]JLODWL O OLUKRVHLQL 6 =
PXOEHUU\ OHDYHV HQULFKPHQW ZLWK S\ULGR[LQH +&0 R
SDUDPHWHUV R4RVEOINPRURPQWK ,UDQLDQ 30DQW 3URWF
&RQJIJUHVYV

5SDMDEL 5 (EDGL 5 0 6 = 6HLGDYL $ 0 = (WHEDUL
HIITHFW Rl PXOEHUU\ OHDYHV HQULFKPHQW ZLWK YLWD
ELRORJLFDO SDUDPHRPEIV FRRUGYBINIRBRUYLY -

5DMDJRSDO 5 %HQHILFLDO LQWHUDFWLRQV EHWZHHQ LQV
PLFURELRORJ\

5DP 5 / ODML & %LQGURR % % ,PSDFW RI &OLPDYV
BHULFXOWXUDO 'HYHORSPHQW LQ ,QGLD ,QWHUQDWLRQD
DQG 5HVHDUFK 9RO ,VVXH ,661 2QOLQH



5DPDFKDQGUD < [/ %DOL * 5DL 6 3 (I THFW RI1 W]
RQ VSLQQLQJ EHKDYLRXU RI VLONZRUP %RPE\[ PRUL

5DWDMF]DN : 54 $ OL]JHUVNL $ :DOF]JDNLHZLF] . 6LSEL
,PPXQRPRGXODWRU\ SRWHQWLDO RI JXW PLFURELRF
6&)$V $FWD %LRFKLPLFD 3RORQLFD +

5DYLNXPDU & ‘HVWHUQ JKDW DV D ELYROWLQH UHJL
IRU LWV GHYHORSPHQW ,QGLDQ VLON

5HDVRQ $ ) -DQNRYLO 7 .DVSHU 0 / 5RJHUV 6 $X\

vV U'it$ '**( WR H[DPLQH WKH PLFURELDO HFRORJLEF
ZDVS 9HVSXOD JHUPDQH ,QVHFW ORO %LR

5HKDE +RVQ\ & ,PSDFW RI KHDW VKRFN RQ WKH KDH
HFRQRPLFDO FKDUDFW#®WRBWYER] MRKHL\GMWO NZFRDUFP - %LR
6FL +

5HIXDQXO ,vODP 0 2KD\HG $OL 0G $ 3DXO ' 6XOWKDQL
0 (I'HFW RI 6DOW 1LFNHO &KORULGH 6XSSOF
6LONZ®BBPE\[ FRUHSLGRSWHUD %RPE\FLGDH - %LRC

5LD] O % XNKDUL 5 6XGDQ . *URZWK UDWH SD

VLONZRORPPE\[ PRUWQGHU WKH LQIOXHQFH RI LQRU.
VXSSOHPHQWDWLRQ GLHW ,QW - )DXQD %LRO 6WXG

5LWRVVD ) $ QHZ SXIILQJ SDWWHUQ LQGXFHG E\ C
'URVRSKLOD ([SHULHQWLHQ
5RXQG - [/ 0D]PDQLDQ 6 . 7KH JXW PLFURELRW

UHVSRQVHV GXULQJ KHDOWK DQG GLVHDVH 1DW 5H)
5XWK [/ *KDWDN 6 6XEEDUD\DQ 6 &KRXGKXU\ %Wl * X
DO ,QIOXHQFH RI OLFURQXWULHQWY RQ WKH )R
SURGXFWRFPE\RIPRHELGRSWHUD %RPE\FLGDH 5HDUHC
*URZQ LQ D ORXQWDLQRXV $JUR (FRORJLFDO &RQGLV

6DDG 0O 6 (O\DPDQL ( O +HODO\ : O &RQWURDO
GLVHDVHV WKDW FRQWDPL®RWEJJFERXIQEHWUIUV KR B NSZF
HIWUBRKWOHWLQ RI WKH 1DWLRQDO 5HVHDUFK &HQWU

6DL ODKHVZDUL . DQG $OL $KPHG 6LGGLTXH ([WHQ\
BURPRWLRQ RI BHULFXOWXUH ,QGXVWU\ >( ERRN@
$JULFXOWXUDO ([WHQVLRQ ODQDJHPHQW O0$1$*( &F

6DNDQR ' /L % ;LD 4 <DPDPRWR . )XMLL + $VR <
KHDW VKRFN SURWH I%RPRY[ VPRHRVEQONQRHP ELRWHFKQ
ELRFKHPLVWU\



6DQWR 'RPLQJR - : .DXIPDQ 0 * .OXJ 0 - ,PSDF'
&DUERK\GUDWHY DQG 3URWHLQV RQ 6HOHFWLRQ RI 2YLS
'LSWHUD &XOLFLGDH -RXUQDO RI OHGLFDO (QWRPRORJ

6DUNDU . ODQDJHPHQW RI 1IXWULWLRQDO DQG &OLPDWLF
'HVW %HQJDO $ 5HYLHZ ,QWHUQDWLRQDO -RXUQDO RI
%LRWHFKQRORJ\ +

6DUNHU $ $ +DTXH O 5 G5DE 0 $ $EVDU 1 (ITHFW

ORUXV VS OHDYHV VXSSOHPHQWHG ZLWRPREA[IHUHQW (
PRUL&XUUHQW 6FLHQFH

6DUNKHO 6 6KULYDVWDYD 6 SRXUDQLN O 7KH HIIHFYV
WKH YDULHG FKDUDFWHULWWLP®I VUSNBRUP $ 5HYLHZ
6DUPDK 0O & 6DUNDU % 1 $KPHG 6 $ *LULGKDU . 3

HUL VLONZRUP ©6DPLD ULFLQL 'RQRYDQ LQ GLIITHUHQW
$SSOLHG 6FLHQFH /HWWHUYV
6DYDJH ' & OLFURELRORJ\ RI WKH JDVWURLQWHVWLQDO W

6FKPLGW . (QJHO 3 OHFKDQLVPV XQGHUO\LQJ JXW PL
LQVHFWV -RXUQDO RI ([SHULPHQWDO %LRORJ\ MHE

6HHP :DUUHQ : 5DZ 6LON 3URGXFWLRQ %XOOHWLQ RI W
$JULFXOWXUH

BHNLPXUD 7 7KH HIITHFW Rl KHDY\ PHWDO FDGPLXP RQ JUF
RI VLONZRQ®P 5HS &ROO %LRVEL %LRWHFKQRO

BHQIJXSWD . 6LQJK %' OXVWDIL -& % RREKW WRBLRQG RH W IRAN Z R L
WKH HQULFKPHQW RI PXOEHUU\ OHDI ZLWK YDULRXV JUR:
FURS SURWHFWLRQ ,QGLD - VHULF

6KDPVXGGLQ 0 B6LONZRUP SK\VWLRORJ\ D FRQFLVH WH[WERRN

6KDUPLOD 6 ODPDWKD ' 0 6ZHWKD .XPDUL .RGXUX . +
U51$ IRU EDFWHULDO LGHQWLILFDWLRQ LQ WKH 3XUH 0
VLONZRRFPE\[ RRNUQDO RI $GYDQBHG =RRORJ\

KL : % 'LQJ 6 < <XDQ - 6 &RPSDULVRQ RI LQVHFW JXW F
DFURVV GLIIHUHQW LQVHFW VSHFLHV ZLWK GLVWLQFW IR|

6KLPL]X 6 9LWDPLQV DQG 5HODWHG &RPSRXQGV OLFURE
VSHFLDO SURFHVVHV YROXP ,, (GLWLRQ '2,

6KLURWD 7 BHOHFWLRQ Rl KHDOWK\ VLONZRUP VWUDLQ W
LQVWDU ODUYDH 5HSRUWYVY RI WKH 6LON 6FLHQFH 5HVHDL



BLGGLTXL $ 6LQJK %' DQG &KDXKDQ 7 3 6 (YROX!
EUHHGV IRU VXPPHU DQG PRQVRRQ VHDVRQV LQ $
1IDWLRQDO &RQIHUHQFH RQ 7URSLFDO 6HULFXOWXU
,QGLD 1RYHPEHU

6LQJK $ . IDNKRWLD 6 & 7LVVXH VSHFLILF YDULD
+VS E\ KHDW VK RMHND OQVMWQMHPAWVFKDSHURQHYV
6LQJK / 3 .DSRRU 0 6LQJK 6 % +HDWRRBR@DBO D
RI EDVLF DQG FOLQLFDO SK\VWLRORJ\ DQG SKDUPDFRC
6LQKD 6 6DQ\DO 6 $FFOLPDWL]DWLR@R®PE\[KHDW
PRURXUQDO RI (QWRPRORJ\ DQG =RRORJ\ BWXGLHYV
6PLWK ' ) :KLWHVHOO / .DWVDQLV ( OROHFXODU
IRU SKDUPDFROR JL3DA R QARHAURHFEWORDHYLHZV
6iUHQVHQ - * JRHVFKFNH 9 BWXG\LQJ VWUHVV UH
HFRORJLFDO DQG HRROXMA RQ EWURYRIOHQFHV
BRUHQVHQ - * *LULEHWV 0 3 7DUULR 5 5RGULJXH] 7U
9 ([SUHVVLRQ RI WKHUPDO WROHUDQFH JHQH\
GLIIHUHQW DFFOLPDWLRQ FDSDFLWLHV -RXUQDO RI
6iUHQVHQ - * _ULVWHQVHQ 7 1 IRHVFKFENH 9 7
UROH RI KHDW VKREGRJS ORIWLHWY
6SDOOKRO] - ( %R\ODQ / O 'ULVNHO - $ IXWUL\
BUHHGKDU $ 6 .DOPiU e &VHUPHO\ 3 BKHQ < )
H[SUHVVLRQ DQG FO(% & FDHOWIWISRW WD QF H
BUHHNXPDU 6 &KLWUD 6 $VKZDWK 6 . 5DMHVK *

SURWHLQ SURILOHV EHWZHHQ PXOWLYROWLQH DQ
WHPSHUDWXOBFNW&BVELDQ 6HDVY DQG &HQWUDO $VLI
Z272Z EDFVD VLON RUJ

6WD]JLRQH / 1RUU\ ) O 6DPEXFHWWL 3 +HDW KDUC
KLIJIK WHPSHUDWXUH LQ "URVRSKLOD PHODQRJDVWHU
6XHQ * 6FRWW - - $\0zZDUG ) 2 $GDPV 6 OHW DIOQJH
$Q ,QVHFW +HUELYRUH OLFURELRPH ZLWK +LJ

&DSDFLW\ 3/R6 *HQHWLFV H

6XJQDQD .XPDUL 6 9HQNDWD 6XEEDUDR 6 OLVUD 6
BFUHHQLQJ VWUDLQV RI WKH%FRPEEHPRURWLON:
WKHUPRWRXHUWDDDFRI ,QVHFW 6FLHQFH

6XQ - = 6FKDUI 0 ( ([SORULQJ DQG LQWHJUDWLQ.
DGYDQFH ELRIXHO WHFKQRORJ\ ,QVHFW 6FLHQFH



6XQ : <XDQ 4 'X % -LQ ; +XDQJ : /L 4 6LPD <
FKDQJHV LQ LQWHVWLQDO PLFURRUJDQLVPV DQG HIIHFW

DQG GHYHORBPHQWHBRUKYDH ,QW - ORO G6FL

6XQ < ODF5DH 7 + 6PDOO KHDW VKRFN SURWHLQV PR
IXQ FV&IHRO@® XODU DQG OROHFXODU /LIH 6FLHQFHV &0/6

6XQ = .XPDU ' &DR * =KX [/ J/LX % =KX 0 *RQJ &
KLJK WHPSHUDWXUH WUHDWPHQW R Q %RKPHE \[[ PPRIINVW L QD O
6FL 5HS

6XQ = /X < =KDQJ + .XPDU ' J/LX % *RQJ < *RQJ &
LQIHFWLRQ R@RPEINZFRQWHVWLQDO EDFWHULD 3/R6 2C
Y

6XSUDNDVK 3 3DO 6 (IIHFW Rl YLWDPLQ % FRPSOH[ V.

DQG GHYHORSPHQW RI PXRPHUVU\ P U@WNZRW P
(QYLURQPHQW

6XU &KDXGKDUL 5 6 6 6LQJK 1 'HYL / 6LQKD $
RI HVVHQWLDO QXWULHQWYV RQ WKH UHDULQJ SHUIRUPLC
VXPPHU FURS *OREDO -RXUQDO RI %LR 6FLHQFH DQG $JL
. %$+6 +

6XUHVK .XPDU 1 DQG +DUMHHW 6LQJK ([SUHVVLRQ RI K
%RPE\[ PRELGRSWHUD %RPE\FLGDH WROHUDQW WR KLJK
ORZ KXPLGLW\ FRQGLWLRQV Rl WKH WURSLFV ,-3$(6

7*HILW 0 $ /HXOLHU ) IDFWREDFLOOXV SODQWDUXP IDY
IHUWLOH DGXOW 'URVRSKLOD XSRQ FKURQLF XQGHUQXW

7TDPXUD 7 7TKLEHUW & 5R\HU & .DQGD 7 (DSSHQ $ .DPEI
*HUPOLQH WUDQVIRUPDWARRBEWRI PIRKHV VQO NV RBUBJI\%DF
WUDQVSRVRQ GHDWXYWHH EMHAWHRRK QR OR J\

7DQWUD\ $ . 7JULYHG\ . 6LJQLILFDQFH RI DSSOLFDWL
VXSSOHPHQWDWLR®RRE W KHRWILQINZRD P FH
7DJLPD < DQG 2KXPD $ 3UHOLPLQDU\ H[SHULPHQWV RQ

VIQWKHVL]LQJ D KLIJK WHPSHUDWXUH UHVLVWDQW FRPF
%RPE\[ FRUIDSDQ 6LON 6FLHQFH 5HVHDUFK ,QVWLWXWH 9

7DJLPD < 6LONZRUP *HQHWLFV DX\ D&KHRRL F R D QFXW D JHE
ODOIRUPDWLRQ
7HUEODQFKH - 6 +RIIPDQQ $ $ OLWFKHOO . $ 5DNR / O

(FRORJLFDOO\ UHOHYDQW PHDVXUHV RI WROHUI
WHPSHURWKNQOBY RI ((SHULPHQWDO ELRORJ\

ini



7HUUD : 5 JHUUHLUD & ,QVHFW GLJHVWLYH HQ]\P
DQG IX@RWPISOUDWLYH %LRFKHPLVWU\ DQG 3K\VLRO
%LRFKHPLVWU\

7HUUD : 5 (VSLQR]D )XHQWHV ) 3 G5LEHLUR $ ) YHUL
RI WKH KRXVHIO\ OXVFD GRPHVWLFD XOWUDVWUXF
UHODWLRQ WR WKH RUJDQULODWLRIQ, @V FALWHIKNVY RRO R

7TKDQJDSDQGL\DQ 6 'KDUDQLSUL\D 5 &RPSDUDYV
HFRQRPLFDO SDUDPHWEOWRWPERI PRWMINZIRWRG ZLWK
QDQRSDUWLFOHYV DQG 6SLUXOLQD -RXUQDO RI %RP

7KH :RUOG %RRN (QF\FORSHGLD 6LON ,Q 7KH :RUOG
,OOLQRLYVY )LHOG (QWHUSULVHV (GXFDWLRQDO &RQIR
7TRPLWD O OXQHWVXQD + 6DWR 7 $GDHWL DO +LQR
7TUDQVIJHQLF VLONZRUPV SURGXFH UHFRPELQDQW KXI|

IDWXUH %LRWHFKQRORJ\ *

7VXMLWD 7 1LQRPL\D + 2NXGD + S QLWURSKHQ\O |
KRUPRQH VHQVLWLYH OLSDVH JUBRPGERWWQH DGLSRVH

7TXUQEDXJK 3 - %DFNKHG ) )XOWRQ / *RUGRQ - ,
WR PDUNHG EXW UHYHUVLEOH DOWHUDWLRQV LQ WK
OLFUREH +

8HGD 5 .LPXUD DQG . 6X]XNL 6WXGIHRPRYQY RIEKBILIUR.

PXWXDO UHODWLRQVKLS EHWZHHQ WKH JURZWK LQ W
VLON VXEVWDQFHY DQG HJJV %XOOHWLQ RI WKH 6H

1R SS

8HGD 6 /L]XND + 6WXGLHV RQ WKH HIITHFWV RI UHDL
VLONZRUP ODUYDH DQG XSRQ WKH TXDOLW\ RI FRFR
LQVWDU $FWD 6HULFRO -DSDQHVH +

8OPDVRY . & 6KDPPDNRY 6 .DUDHY . (YIHQ HY 0 %
DQRG WKHUPRUHVLVWMDRFHHGL@QJIVUL®WIUGWKH 1DWLRQL
6FLHQFHYV

ODGDPDODL ( IXWULWLYH FRQWHQWYV RI GLITHUHQW |
-RXUQDO RI 6FLHQFH DQG 1DWXUH ,-61 + |

5SDSLG LVRODWLRQ DQG KLIJK WKURXJKSXW GHWHUPI
DFWLYLWA I0Q MRRBMRO OHWKRG



9DVXGKD % & $SDUQD + 6 ODQMXQDWKD + % ,PSDFW
SURWHLQV H[SUHVVLRQ ELRORJLFROE\DQRRGARPPWMUFLDO
6FLHQFH

9HOX ' 3RQQXYHO . 0 ADGUL 6 0 + ([SUHVVLRQ R
JHQHV LQ UHVSRQVH WR WKH%RPE\V\R B KWIHU QQWAK R B DL O
-RXUQDO RI ,QGXVWULDO (QWRPRORJ\

9H\VDO %D\ ( 2JX] . %DuUOu 7 (VLQ L QYHVWLJIDWL
DFLG%R@®E\[ PRUSLGRSWHUD %RPE\FLGDH WKURXJK PLG.
6 U51$ KLIJK WKURXJKSXW VHTXHQFLQJ %LRORJLD

9LWWKDOUDR . 'RVKL 6XFKHWD 6 3URWHLQ FRQWHQWV
JXW KRPRJHQDWH RI ILIWK L%QR WD FORDWSMAH RBO/[ONZRU |
&65 IHG ZLWK KHUEDO GUXJ .KR BRVWIBIDKNHXB® 0 B HRIL
SHFHQW 6FLHQFHV ,661

9\MD\DQWKL 1 6XEUDPDQ\DP 0 9 9 (ITHFW RI IHQYDO&G
LQVHFWY , IRRG XWLOL]DWLRQ LQ WKRPEODWRWJIH ODU
/| (FRWR[LFRORJ\ DQG HQYLURQPHQWDO VDIHW\

:DOGEDXHU * 3 ,Q - : |/ %HDPHQW - ( 7UHKHUQH 9
$GYDQFHV LQ ,QVHFW 3K\VLRORJ\ SS * $FDGHPLF 3

:DQJ + )DQJ < %DR = -LQ =KX :DQJ |/ 6LPD <

RI ®RPE\[ PRIWIH HQFRGLQJ VPDOO KHDW VKRFN SURWHLQ
LQ UHVSRQVH WR KLJKHWHPSHUDWXUH VWUHVYV

:DQJ + )DQJ < :DQJ / =KX : -L + :DQJ + 6LPD <
DQDO\VLW RPENKRRW.L ERG\ DIWHU FRQVWDQW KLJK WHPS
VKRZV GLIIHUHQFHV EHWZHHQ WKH VH[HV ORO %LRO 5H

:DQJ 4 *DUULW\ * 0 7LHGMH - 0 &ROH - 5 1DLYH %
DVVLIJQPHQW RI U51$ VHTXHQFHV LQWSSWKHGQBRGDFW
HQYLURQPHQWDO PLFURELRORJ\

'DQJ = 6XQ / &KHQJ - J/LX & 7DQJ : =KDQJ + /LX <
IHUPHQWDWLRQ FRQGLWLRQV DQG HQJ\PH SURSHUWLHYV
IRU SURWHDVH SURGXFWLRQ %LRWHFKQRO $SSO %LRFK

':DUQHFNH ) /XJLQE+KO 3 ,YDQRYD 1 *KDVVHPHW@® 5LFKD

OHWDJHQRPLF DQG IXQFWLRQDO DQDO\VLV RI KLQC

IHHGLQJ KLIJKHU WHUPLWH 1DWXUH *
-DWDQDEH + TRNXGD * &HO O XRIAKNWQ FUMWMWHEPRI| LC
HQWRPRORJ\
"HOFK : - JHUDPLVFR - 5 SXULILFDWLRQ RI WKH PD

SURW-RXQWQ DO RI %LRORJLFDO &KHPLVWU\

ifn



"H[OHU + O %DFWHURLGHV WKH JRRG WKH EDG DQG

SHYLHZV +

:LOOPHU 6WRQH & : * DQG -RKQVWRQ , (QYLURQ
%ODFNZHOO 6FLHQFH 2[IRUG 8.

'ROHYHU 7 0 6SDGDIRUD 3 (VKXLV + L, QWHUDFW
SURSLRQDWH LQ KXPDQV 7KH $PHULFDQ -RXUQDO RI

'RQJ $ & 1 'REVRQ $ - 'RXJODV $ ( *XW OLFUR

UHVSRQVH RI "URVRSKLOD WR GLHW -RXUQDO RI ([S

‘LD 4 *XR < =KDQJ = /L ' ;XDQ = /L = 'DC
UHVHTXHQFLQJ RI JHQRPHYV UHYHDOV GRPHVWLFD!
%RPEWFLHQFH

LD 4 /L 6 JHQJ 4 $GYDQFHV LQ VLONZRUP VWX
VHTXHQFLQJ RI %RPE\[PRUL $QQXDO UHYLHZ RI HQW

LD 4 =KRX = /X & &KHQJ ' 'DL ) <DQJ +
JHQRPH RI WKH GRPHV®RFEDW HRULRORIR S®DO\VLV *
6FLHQFH

'LDQJ = +XDQJ - ;LD - IX & %LRORJ\ Rl 6HULFX

+RXVH %HLMLQJ &KLQD SS %

'LQJ KXD /L +XD MXQ <DQJ %KDVNDU 5R\ 'DQ :DQJ :DQIX <
6 0 RR < 0 7KH ORVW 6WLUULQJ 7THFKQROF
(Q]\PH DQG %LRPDVV 8WLOL]DWLRQ -RXUQDO RI OL

*

X - 9%MXUVHOO 0 . +LPURG - 'HQJ 6 &DUPLFKDHO /
$ JHQRPLF YLHZ Rl WKH KXPDQ %DFWHURLGHYV
6FLHQFH +
<DQR - 0 <X . 'RQDOGVRQ * 3 B6KDVWUL * * $QQ 3
5 ) O0D]PDQLDQ 6 . +VLDR ( < ,QGLJHQR>
PLFURELRWD UHJXODWH KRVW VHURWRQLQ ELRV\QWHE
<HUXYD 7 9DQNDGDUD 6 5DPDVDP\ 6 /LQJDLDK

SURELRWLFV LQ WKH PLG J%WPHEN[PNRKEERXUK VRLKOW Z RH®
DSSURDRELRWLFY DQG DQWLPLFURELDO SURWHLQV

<RVW + - IJLQGTXLVW 6 51$ VSOLFLQJ LV LQWHUU?:
KHDW VKRFN SURWEOQ VI\QWKHVLV

<XDQ = + /DBW, DO ,QYHVWLJIJDWLRQ DQG DQDO\VLV RI Wk
VLONZRUP LQWHVWLQH $FWDOLFURELRORJLFDG6LQLFI



<XQ - + 5RK 6: :KRQ 7: -XQJ O- .LP 06 3DUN '6 %DH -: Q"

GLYHUVLW\ GHWHUPLQHG E\ HQYLURQPHQWDO KDELWDW
SK\ORJHQ\$SISKORV®G (QY OLFURELR

=DQQRRQ $ + +DVVDQ ( O (O $NNDG 6 6 $EGHO 1DEL |,

%LRORJLFDO DQG WHFKQRORJLFDO HIIHFWV RI PXOEHUU\
RQ VLOMRRPER FCGRHMHORSPHMMWMI Q -RXUQDO RI %LRORJ\

=KDQJ + /\WVRVRPDO DFLG OLSDVH DQG OLSLG PHWDER
TXHVWLRQV DQG@&XQUHZHYMHRSISQHRQ LQ OLSLGRORJ\

=KDQJ 6 &DR = :DQJ 4 =KDQJ ) ILX 7 ([SRV
WHPSHUDWXUHV DIIHFWV WKH GHYHORSPHQW VXUYLYD
D[\ULGRXU QDO RI 7TKHUPDO %LRORJ\

=KDR / “RQHV : $ ([SUHVVLRQ RI KHDW VKRFN SURYV
UHVSRQYHWYWWHEUDWH 6XUYLYDO -RXUQDO

=LEDHH $ 'LJHVWLYH HQJ\PHV RI ODUJH FDEEDJH ZKLW

/| THSLGRSWHUD SLHULGDH IURP GHYHORSPHQWDO
SHUVSHMDIOYHDQ -RXUQDO RI =RRORJ\



( SHVRXUFHV
Z2ZZ IDR RUJ

Z272Z_ PLQLVWU\RIWH[WLOHYV JRY LQ ODUFK

ZZ2Z SDQGDVLON FRP WKH LQIOXHQFH RI HQYLURQPHQWDO W

%\ (OLIDEHWK 7KXUVGD\ $XIXVW 3XEOLVKHG



