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(IMTHFWV RI "(+3 RQ WKH HFG\VWHURLG SDWKZD\ VH[X
PRWISRGRSWHUD OLWWRUDOLYV

$XWKRU GPPOWGLQH $9$EGEH[DQGUD &2%'QGRFN 0$)3UBPQOoRLVH
%2==2/$L,VDEHOOH %280DWWKLHX '$&%WPOLH *2B8YHFULFH
$//,27 ODUWLQH 0%, D&®XMHO 0$6PXYLG 6,$866%7

$XWKRU DIILOLDWLRQV
FRUERQQH 8QLYHUVLWpP ,QVWLWXW GJeFRORJLH HW GHV 61
3DULV 'pSDUWHPHQW GYeFRORJLH 6HQVRULHOOH &DPSXV
&HGH] YUDQFH

835(6 ($ *O\FROHY 8QLYHUVLWp GH 5RXHQ 5RXHQ )UDQF
FRUERQQH 8QLYHUVLWpP ,QVWLWXW GJeFRORJLH HW GHV 61
3DULV 'pSDUWHPHQW GYeFRORJLH 6HQVRULHOOH &HQWUH
9HUVDLOOHV FHGH[ 9HUVDLOOHV )UDQEH

eFROH 3UDWLTXH GHV +DXWHV eWXGHV (3+( 36/ 805 0 (
&XULH 830& + 6RUERQQH 8QLYHUVLWpV 3DULV )UDQEH

7TKHVH WZR DXWKRUV DUH FRQVLGHULQJ DV FR ILUVW DXWKF

&RUUHVSRQGLQJ DXWKRU 'DYLG 6LDXVVDW

SUHVHQW DGGUHVY | QVWLWXW GYfeFRORJLH HW GHV 6FLHQF
GfeFRORJLH 6HQVRULHOOH 6RUERQQH 8QLYHUVLWp = &DPSX
%DUUHV gPH pWDJH FDVH FRXUULHU 3DULV FH(
HPDLO DGGUHVYVY GDYLG VLDXVVDW#VRUERQQH XQLYHUVLWH



$SEVWUDFW

%LV HWK\OKH[\O SKWKDODWH '(+3 LV D ZLGHO\ SURG X
DV DQ HQGRFULQH GLVUXSWLQJ FKHPLFDO LQ YHUWHEUDWH
VKRZQ WKDW '(+3 DOWHUV KRUPRQDO OHYHOV UHSURGXFWLF
IRFXVHG RQ WKH HIIHFWV RI '(+3 RQ LQVHFWV DOWKRXJK '
QDWXUDO KDELWDWV SDUWLFXODUO\ LQ VRLOV DQG SODQW
VH[XDO EHKDYLRU DQG SK\VLRORJ\ RI6BRSIRAW i QB HF MVKAMRKU
QRFWXUQDO VSHFLHV ROIDFWLRQ LV FUXFLDO IRU VH[XDO E|
EHHQ VKRZQ WR PRGXODWH VH[ SKHURPRQH GHWHFWLRQ E\
IRRG FRQWDLQLQJ GLIIHUHQW '(+3 FRQFHQWUDWLRQV DQG '(
DGXOWV PDOHV DQG IHPDOHV +HPRO\PSKDWLF HFG\WWHUR
JHQHV LQYROYHG LQ WKH HFG\WWHURLGS6DWRDE DFEOHD
FDOPRGXQGQ/H[XDO EHKDYLRU ZHUH WKHQ LQYHVWLJDWHG L
PDWLQJ DV ZHOO DV WKH KDWFKLQJ VXFFHVV ZHUH DOVR VW
RQH XQFRQWDPLQDWHG IHPDOH RU RQH '(+3 IHPDOH DQG RQF
RIIVSULQJ SURGXFHG IURP SDLUV LQYROYLQJ FRQWDPLQDWH
'"(#3 2XU UHVXOWV VKRZHG WKH JHQHUDO GRZQUHJXODWLR(
H[SUHVVLRQ DVVRFLDWHG ZLWK WKH KLJKHU FRQFHQWUDW
GLVUXSWLRQ :H IRXQG VRPH HIIHFWV RQ PDOH EHKDYLRU E
(IITHFWV RQ RIIVSULQJ PRUWDOLW\ DQG GHYHORSPHQWDO UD
KLIKHU GRVHV RI '(+3 7DNHQ WRJHWKHU WKH UHVXOWV RI
H[SRVXUH WR '(+3 FDQ LQGXFH GHOD\HG HQGRFULQH GLVUXS
DV ZHOO DV HIIHFWV RQ WKH QH[W JHQHUDWLRQ 7R GDWH |
Rl HQGRFULQH GLVUXSWHU RQ ROIDFWLRQ LQ LQVHFWYV

.H\ZRUGANLY HWK\OKH[\O GXKRKRDSOMDAMUDY BQVINERIDHDKOOLYWL RU KR
QXFOHDU UHFHSWRUV ROIDFWLRQ IHFXQGLW\ PRUWDOLW\

—_—



,QWURGXFWLRQ

%LV HWK\OKH[\O SKWKDODWH '(+3HWJDP ZWGHVYSUHDG
PDLQO\ XNVQEUWBRVH WKH IOH[LELOLW\ RI SODVWLFV SDUWLF
(8 '(+3 FDQ HDVLO\ EH UHOHDVHG LQWR WKH HQYLURQP
SODVWLF DQG FDQ WKXV EH IRXQG DQ\ZKHUH PDLQO\ LQ VI
SHUIRUPHG LQ DJULFXOWXUDO DQG XUEDQ VRLOV ZLWK '(+
PJ NDDJGRXOL HW DO ,QMBGLWLRQ SODQWV FDQ@ ELRDF
DO DIWHU H[SRVXUH WKURXJK PXOWLSOHVKD® KZDGVZDMDH O
6XQ HW DCOHDGLQJ WR WKH SRVVLELOLW\ RI SK\WRSKDJRXYV
KLIKOLJKWHG '(+3 DFFXPXODWLRQ LQ FXOWLYDWHG SODQWV

—J Rl '(+3 SHU JUDP RI SODQW RU OHDI L H GU\ ZHLJKW
JUDP Rl SHHO DQG IOHVK Rl WKUHH IUXLWV $YLOHV HW DO
'(+3 ZKHQ IHHGLQJ RQ FXOWLYDWHG SODQWYV

IXPHURXV VWXGLHV KDYH LQYHVWLJDWHG WKH HIIHFWYV
KXPDQV LQ ZKLFK LW LV QRZ FRQVLGHWRHRG DG VD QWKBEB UR
HQGRFULQH GLVUXSWLRQV ZHUH WKXV REVHUYHG IRU YDULI
DEQRUPDO WHVWLY GHYHORSPHQW RU D GHFUHDVHG VSHUP F
VHYHUDO GD\V WR '(+3:DWHiW [PQJINIGGRQ JHEUDILVK H[SRVHG W
IURP WR  8PHMIHEVWHU KM BQVUXSWLRQ RI IHPDOH IHE)
UHSRUWHG LQ URGHQWY H[SRVHG WR '(+3 DW —J NJ GD
H[SRVHG WR '(+3 DW YDULRXV UDQJH Rl FRQAHOWWIWLRQ VR
HW DO $SGHRIX(HBWDQ DFW YLD PXOWLSOH SDWKZD\V C
VIVWHPV VXFK DV GHYHORSPHQW LPPXQUWYLBQ@ECG/XODWODQ
DO '(+3 FDQ DOWHU UHSURGXFWLYH SK\VLRORJ\ DIQG HRFL
DO 4XLQQLHV HW DO 7 KHDWH- ¥ WX GIVH Y OV X JJHVW WK
EHKDYLRUDO GHILFLWVY LQGXFHG E\ '(+3 FRXOG EH LQGLUHFW

7KH SRWHQWLDO HIIHFWV RI '(+3 RQ LQYHUWHEUDWH VS
LQVHEWY KDYH UHFHLYHG OHVV DWWHQWLRQ GHVSLWH WKH
DQG SK\WVLRORJ\ ,Q SDUWLFXODU HFG\WWHURLGY DQG MXYF
UROH LQ LQVHFW SRVW HREU\RQLFE IGH YHIRRSWKEWDUH DOVR
DGXOW UHSURGXFWERQHYQIG EHKDYLRWHUHVWLQJO\ '(+3 LQ\
SURFHVVHV WKDW DUH ILQHO\ UHJXODWHG E\ WKH HQGRFULQ
PLGAHLURQRPXV.ULSDULXVHPQG GHFUHDVHV IHPDOBMVHEEXQG
QLJKMUYLOOLHU +RORUWRYBU DW WKH PROHFXODU OHYHO '(+
WKH HEFEG\WWHURLG SDWKZD\ E\ GRZQUHJXODW L Q¥ SVX®IGH L SWH



SDUWQHU X ®8BUIRY SLIWSIDRBEKYH UR HW DO 3EVD REVKY YHG |
YHUWHEUDWHY '(+3 VHHPV WR LQWHUIHUH ZLWK YDULRXV !
PRGXODWHY JHQHV LQYROYHG LQ VWUHVV U& VS RVUHLIXVIXEK |
HW DO DV ZHOKQBY LQYROYHG LQ UHSURGXFWLRQ YLWHOOR
QLJHAXYLOOLHU +RWDIQG DHQHV LQYROYHG LQ PHWDEROLVPF
'URVRSKLOD PHODQRIDVWHU
,QWHUHVWLQJO\ RQH VWXG\ UHSRUWHG WKDW '(+3 H[S
FDWFKLQJ E\ DTXDWLFRGU DIR®Q IOV OVKREHQJ WKDW '(+3 FDQ
LQVHFW EHKDYLRHKBRUHWBEKRZWMG\WKDW '(+3 GLVUXSWV YL
EHKDYLRIIRWREKLOD PHORDRYPYWWHKH XQGHUO\LQJ PHFKDQL)
HITHFWV ZHUH QRW LQYHVWLJDWHG EXW WKH\ DSSHDU WR
FRPSRQHQW RI DQLPDO ELRGLYHUVLW\ DQG SO®DV LD/ WUXEGD @ H
,QVHFWV GHYHORS FRPSOH[ EHKDYLRUV WKDW FDQ EH W
FXHV FROOHFWHG IURP WKHLU HQYLURQPHQW E\ VHQVRU\ V\\
LQ PDQ\ VSHFLHV HVSHFLDOO\ QRFWXUQDO VSHFLHV WR OR
SUHGDWRUV ,Q VHYHUDO PRWK VSHFLHV WKH UHVSRQVH WR
VKRZQ WR EH PRGXODWH G ENV MX YHQRMH KGRWRBHIURR\L GIW D O
$V KRUPRQHY SOD\ D NH\ UROH LQ WKH SDDM®NNQ FLMWNVERNOEQQH
EH H{SHFWHG WKDW DQ\ HQGRFULQH SHUWXUEDWLRQ ZLOO D
UHFHSWLRQ WR ROIDFWRU\ G WLSRGR W KD DZ B UKD, DU B IO \
GLVWXUELQJ HFG\WVWHURLG KHPRO\PSKDWLF OHYHOV YLD WKI
( DOWHUV WKH GHWHFWLRQ RI WKH IHPDOH UHOHDVHG VH
DQG UHGXFHV WKH DVVRFLDWH BWE HKD YILERH VU DO VS RIQSML R
HFG\WWHURLG QXFOHDU UHFHSWRUV DQG VHZBOBO RIOIDE W F
“-ROHY DUH DOVR DOWH U KG JIRQV WKH QW HRQ QDKHVH UHV X O\
HFG\WWHURLGY DUH LQYROYHG LQ VH[ 6K HURPREDGBID O WKW FKIW
FRPPXQLFDWLRQ 7KLV VSHFLHV WKXV UHSUHVHQWYV D JRRG
GLVUXSWRUV VXFK DV '(+3 RQ WKH ROIDFWRU\ VIVWHP DQG E
7R WHVW WKH HIIBF\WLRMWRIBDHR@VWODUYDH '(+3 FRQWDPLQ
SXSDWLRQ WHVWLQJ D ZLGH UDQJH RI '(+3 FRQFHQWUDWLRQ
VWXGLHV IURP SJJ WR PJJ 7KH '(+3 FRQWHQW LQ W
SUHSDUDWLRQ WR GHWHUPLQH WKH SUHFLVH DPRXQW LQ FR
HQYLURQPHQWDO XQH[SHFWHG FRQWDPLQDWLRQ :H DOVR Pl
PDOHYV DQG IHPDOHVY 7KH DQWHQQDO H[S UF586L3R ® RU MXEQE
HDUO\ ODW HDJH® HV@B® OV ZHOO DV HFG\WWHURLG KHPRO\PSK



LQ '(+3 FRQWDPLQDWHG PDOHYVY DQG FRQWUROV WR GHWHFW
GLVUXSWLRQ DW WKH PROHFXODU OHYHO 7KHQ ZH DQDO\]l
PDWLQJ UDWH DQG IHFXQGLW\ RI SDLUV LQ ZKLFK HLWKHU Wi
SXWDWLYH HITHFWV RQ WKH RIIVSULQJ RI WUHDWHG IHPDOHYV

ODWHULDO DQG PHWKRGYV
,QVHFW UHDULQJ WUHDWPHQW DQG WLVVXH FROOHFWLRQ
6 OLWWBUDPDHVZHUH UHDUHG R:Q MNVHPQ D h\BHM IVFLD O GG
UHODWLYH KXPLGLW\ XQGHU D OLJKW GDUN F\FOH X
XQWLO SXSDaWLR@D\V ODUYDH ZHUH IHG D VHPL DUWLILF
FRQFHQWUDWLRQV RI '(+3 '(+3 3(67$1%$/3 6LIJPD )UDQFt
‘H WHVWHG VL[ HQYLURQPHQWDOO\ UHOHYDQW FRQFHQW
—J SHU JUDP RI IRRG DQG WZR KLJKHU FRQFHQWUDWLRQ)\
'(+3 GLVVROYHG LQ HWKDQRO HWKDQRO DEVROXWH 352/$%:
ZDV VWRFNHG LQ D JODVV ER[ XQWLO XVH WR DYRLG GLUHFV
FRQWDLQHUV ODOH DQG IHPDOH SXSDH ZHUH UHDUHG VHSDL
$00 DGXOW PDOHV DQG IHPDOHV ZHUH H[SRVHG GXUWUDQJ 0D
DO &RQWURO ODUYDH ZHUH UHDUHG ZLWK IRRG FRQWDLC
J RI VHPL VROLG IRRG ([SHULPHQWYV RQ DGXOWV ZHUH SH
ROG PDOHV DQG IHPDOHV $GXOW PDOHV DQG IHPDOHV ZHUH
URRP WHPSHUDWXUH EHIRUH EHKDYLRUDO H[SHULPHQWYV RU
WKH ILYH UHSOLFDWHV Rl HDFK '(+3 WUHDWPHQW DSSURJLF
DOQWHQQDH 7KHQ WKH DQWHQQDH ZHUH IUR]JHQ LQ OLTXLG
H[SHULPHQW

'(+3 FRQWHQW DQDO\VLV LQ DGXOWYV
6DPSOH 7UHDWPHQW

'(+3 FRQWHQW ZDV PHDVXUHG LQ PDOHV DQG IHPDOHV W]
ODUYDH RU FRQWURO ODUYDWH DWW FKWFUQEHMEWW ZHUH VWR
O\RSKLOL]HG DQG FUXVKHG LQ D PRUWDU 6DPSOHV RI J G
"(+3 G —J LQ D P/ JODVV FHQWULIXJH WXEH RYHUQLJKW
H[WUDFWHG ZLWK P/ Rl KH[DQH DFHWRQH >Y Y@ LQ D
(3$ PHWKRG % IRU XOWUDVRQLF H[WUDFWLRQ TKH HJ
USP DQG WKH VXSHUQDWDQWY ZHUH UHWDLQHG 7KLV SURF
ZHUH FRPELQHG EHIRUH EHLQJ FRQFHQWUDWHG ZLWK DQ (=



7KH FOHDQ XS SURFHGXUH GHULYHG IURP 86(3% PHWKRG
FOHDQ XS FRQVLVWHG RI SDUWLWLRQLQJ LQ D )ORULVLO FD
WKH H[WUDFW DQG ZDVKLQJ ZLWK P/ RI KH[DQH '(+3 ZDV

>Y Y@ 7KH HIWUDFW ZDV FRQFHQWUDWHG —/ XQG
LQMHFWLRQ YLDO EHIRUH DQDO\VLV

$QDO\WLFDO &RQGLWLRQV

$QDO\VHV ZHUH SHUIRUPHG E\ JDV FKURPDWRJUDSK\+PD)\
$ JDV FKURPDWRJUDSK FRXSOHG WR D $ PDVV VSHFWUR
JUDQFH 7KH DQDO\WLFDO FRQGLWLRQV DUH VXPPDUL]JHG LQ

O9DOLGDWLRQ PHWKRG

7KH LQVWUXPHQW GHWHFWLRQ OLPLW '/ WKH FRQFHQ
FRUUHVSRQGLQJ WR D VLIQDO WR QRLVH UDWLR 615 SHDN
GHWHFWLRQ OLPLW 0'/ FRUUHVSRQGLQJ WR WKH FRQFHQW!

SHDN RI ZDV QJ '(+3J GZ )LQDOO\ UHFRYHULHV IRU W
WKH GHWHUPLQDWLRQ RI WKH UHFRYHU\ UDWH 55 ZKLFK ZI
HDFK VHW RI DQDO\VHV Q PHWKRG EODQNYV ZHUH LQFO X

+HPRO\PSK FROOHFWLRQ DQG HFG\WVWHURLG WLWUDWLRQ
+HPRO\PSK FROOHFWLRQ DQG HQJ\PH LPPXQRDVVD\ (¢
GHVFULEH®WQHW HPFHSW WKDW ZH FHQWULIXJHG DGXOW PD(
WKH KHPRO\PSK )RU HDFK H[SHULPHQWDO FRQGLWLRQ WZF
LQGLYLGXDOV DSSUR[LPDWHO\ —/ ZHUH FROOHFWHG 7Kl
PHWKDQRO SXULW\ 0(5&. )UDQFHIFWG PHQWUKHXVMNGEHD
ZDV FROOHFWHG DQG WKH ODVW WZR VWHSV ZHUH UHSHDYV
YDEXXP XVLQJ D 6SHHGO9DF &RQFHQWUDWRU (SSHQGRUI )UD
IRU DQ HQJ\PH LPPXQRDV VDR | [$ -D.G-DBS WHEWLRRIDWLRQ ZDV !
XVLQJ SRO\FORQDO DQWL ( DQWLVHUXP / GLOXWLRQ
FRXSOHG WR SHUR[LGDVH GLOXWLRQ 2 3KHQ\OHQ
K\GURJHQ SHUR[LGH VROXWLRQ WDEOHWYV 23' 6LJPD )UDQF
DQG WKH RSWLFDO GHQVLW\ 2' ZDV PHDVXUHG DW QP ¢
DQWLVHUXP XVLQJ ( UDQJH IURP IPRO JLIW IURP 5H
JUDQFH DQG WKH GDWD DUH H[SUHVVHG DV SJ ( HTXLYDC(
ELRORJLFDO UHSOLFDWHY ZHUH SHUIRUPHG IRU HDFK H[SHUL



51$ LVRODWLRQ F'l$ VIQWKHVLY DQG T3&5

$QWHQQDH ZHUH KRPRJHQL]JHG ZLWK D 3RO\WURQ )LVK!
HI[WUDFWHG XVLQJ 75,]JRO UHDJHQW ,QYLWURJHQ &DUOVEDG
IROORZLQJ WKH PDQXIDFWXUHUYV LQVWUXFWLRQV 51%$ T
VSHEWURSKRWRPHWU\ DW QP DQG QP %LR3KRWRPH)
7JUHDWPHQW ZLWK 'IDVH , 5RFKH 86$ ZDV SHUIRUPHG LQ
LQVWUXFWLRQV DQG VLQJOH VWUDQGHG F'1$V ZHUH VI\QWKH
WUDQVFULSWDVH ,QYLWURJHQ EDVHG RQ WKH PDQXIDFWXL
IRXU RU ILYH ELRORJLFDO UHSOLFDWHV ZHUH SHUIRUPHG
KRXVHNHHS DEWIIBONWY 5SO WXEXOYQDD® B8 VXEN A MBBIUCD 9 DVC
DO 5SO *HQ%DQN )- ZDV FKRVHQ DV WKH UHIHUHQFH J
PRVW VWDEOH H[SUHVVLRQ OHYHOV EHWZHHQ VDPSOH JURXS
DQG FDQGLERWHSBBQHVDQ&DOP’DEOH 6 ZHUH GHVLJQHG IU
VHTXHQFHV XVLQJ (35,0(5 VRIWZRBWHHDNDGHVFULEHG LQ

3&5 ZDV SHUIRUPHG LQ D /LJKW&\FOHU 5HDO 7LPH 3&5
6FLHQFH )UDQFH DFFRUGLQJ WRJBRW HWKR® FIXG D SW/H G HIRV
FRQVLVWHG RI —/ Rl $EVROXWH %OXH 6<%5 *UHHQ )OXRU 7
—/ F'1$ QJ —/ DQG —/ RI HDFK SULPHU —0 7KH 38&5
VWHS DW f& IRU PLQ WKHQ F\FOHV RI f& IRU V f&
FRQGLWLRQV D VLQJOH GLVFUHWH SHDN ZDV GHWHFWHG
HIILFLHQFLHV RI (DFK UXQ LQFOXGHG WKH ILYHIROG
UHIHUHQFH JHQH DQG QHJDWLYH FRQWUROV 7KH DYHUDJH
QRUPDOL]H WKH FDQGLGDWH JHQH H[SUH V5A.0RQHY HDHIOQWIR* M
6LPRQ

%HKDYLRUDO H[SHULPHQWYV

‘H XVHG WZR EHKDYLRUDO VHWXSV RQH WR WHVW WKH
VWLPXODWLRQ DQG DQRWKHU WR SHUIRUP D FRPSHWLWLYH
SUHVHQFH RI D IHPDOH ([SHULPHQWWZHRHKHWRQ GXFGLYE MDC
ZHUH PDLQWDLQHG LQ WKH GDUN DQG DFFOLPDWHG XQWLO
$VVD\V ZHUH SHUIRUPHG XQGHU UHG OLJKW DQG VWDQGDUGL
'H XVHG 4XLFN&DPS 3UR WR UHFRUG WHVWYV ZLWK SKHURF
FRPSHWLWLYH WHVWYV RYHU PLQ



7KH ILUVW VHWXS DOORZHG XV WR IROORZ WKH UHVSRQV
[ FP 3KHURPRQDO VWLPXODWLRQ ZDV SHUIRUPHG XQGF
VXSSOLHG YLD D 3DVWHXU SLSHWWH ZLWK WKH WKLQQHU H(
6$ 7KH 3DVWHXU SLSHWWH FRQWDLQHG ILGW DU VS\BBHY CAR
SKHURPRQH FRPSRXQG = ( WHWUDGHFDGLHQ\O DFHWDWH
RI KH[DQH DV D FRQWURO 7KUHH GRVHV RI WKH SKHURPRQH
GLOXWLRQV 7KH ILOWHU SDSHU ZDV UHSODFHG HYHU\ PLQ
HYHQWV ZHUH WKHQ UHFRUGHG DQWHQQDO HUHFW $( ZLQ.
PRYHPHQWY WRZDUGV WKH SKHURPRQDO VWLPXOXV 0 7KH
ZDV DOVR PHDVXUHG ,QVHFWV ZHUH FRQVLGHUHG LQDFWLY}
GHVFULEHG DERYH ZDV REVHUYHG
,Q WKH VHFRQG VHWXS D FRQWURO DQG D WUHDWHG PEL
)LIJ 6 $ 7R GLVWLQJIXLVK WKHP D YHU\ VKRUW SLHFH RI Wi
PDOH ZDV FXW RQH GD\ EHIRUH WKH H[SHULPHQW $ IHPDOH
VH[XDO EHKDYLRU ZDV UHFRUGHG IRU PLQ ZLWK D && LQIUI
JRILWHFK 6HYHUDO VWHUHRW\SHG EHKDYLRUDO HYHQV
IDQQLQJ PRYH WRZDUGV WKH IHPDOH DQG DEGRPHQ FXUYDW
QXPEHU RI LWHUDWLRQV ZHUH WKHQ FRPSDUHG EHWZHHQ W
XQWUHDWHG PDOHV ZHUH LQ FRPSHWLWLRQ IRU WKH IHPDOH

ODWLQJ WHVWYV

ODWLQJ WHVWV ZHUH SHUIRUPHG GXULQJ VFRWRSKDVH X
FP LQ GLDPHWHU FRQWDLQLQJ D VWULS RI ILOWHU SDSHU VI
VRXUFH VXJDU ZDWHU LQWR WKH SODVWLF FDS RI D P/l (SS
D FRQWURO IHPDOH SODFHG ZLWK HLWKHU D FRQWURO RU L
FRQWURO PDOH 7KH RFFXUUHQFH RI PDWLQJ ZDV FKHFNHG
PDWLQJ ZHUH WKHQ UHFRUGHG DOORZLQJ XV WR HVWLPDW
EHIRUH PDWLQJ GXUDWLRQ EHWZHHQ WKH LOQWURGXFWLRQ F

7UDQVJHQHUDWLRQDO HIIHFWV RQ WKH 1 JHQHUDWLRQ
6LQFH LQVHFW KRUPRQHV DUH FUXFLDO IRU HJJ SURGXF
OHLVHOPDQ HW ZHO GHFLGHG WR IRFXV RQ WKH IDWH RI W
FRQWDPLQDWHG IHPDOHV (JJV REWDLQHG IURP IHPDOHV FER
IHPDOHVY FRQWUROV PDWHG ZLWK FRQWURO PDOHV ZHUH SC
DUWLILFLDO GLHW 1XPEHUV RI KDWFKLQJV ZHUH FRXQWHG

(@)



GHYHORSPHQW RI ILIW\ 1 ODUYDH ZDV IROORZHG IURP / W
RI ODUYDO DQG SXSDO VWDJHV ODUYDO DQG SXSDO PRUW
HPHUJHQFH

6WDWLVWLFDO DQDO\VHV

6WDWLVWLFDO DQDO\WVHYV ZHUH SHUIRUPHG XVLQJ 5 <
3UR VRIWZDUH 6%6 ,QVWLWXWH ,QF 3 YDOXHV ORZHU
GLVFUHWH GHSHQGHQW YDULDEOHV ELQRPLDO YDULDEOH
FRQWLQJHQF\ WDEOHV IRU WKH '"(+3 WUHDWPHQWYV ZHUH DC
GHSHQGHQW YDULDEOHYV ZH FKHFNHG IRU QRUPDOLW\ DQG K
YDULDQFH :KHQ DW OHDVW RQH RI WKHVH FRQGLWLRQV ZDV
WUDQVIRUPDWLRQ RI WKH GHSHQGHQW YDULDEOH ZH WHVW
WKH QRQSDUDPHWULF .UXVNDO :DOOLV WHVW :KHQ ZH LGHQ\
HITHFW RI '(+3 WUHDWPHQW IRU DOO H[SHULPHQWDO JURXS\
'(+3 FRQFHQWUDWLRQ WR WKH FRQWURO JURXS 7KH SDUWL
6WXGHQWV WHVW RU '"XQQHWIV WHVW RU ZKHQ QRUPDOL
:LOFR[RQ WHVW RU OLQHDU UHJUHVVLRQ ZLWK SHUPXWDWLR

SHVXOWYV

'(+3 FRQWHQW DIWHU ODUYDO WUHDWPHQWYVY LQ DGXOW PD
$V VKRZQ LQ )LJ $ ZH REVHUYHG DQ XQH[SHFWHGS$FRQW|
UHIOHFWHG LQ D GLVFUHSDQF\ EHWZHHQ WKH H[SHFWHG D¢
FRQWDPLQDWLRQ ZDV DOVR REYHUXYHG H\Q B W B XYW FIRPS\O M W
SUHYLRXV DQDO\VLV E\ PHDVXULQJ WKH '(+3 FRQWHQW LQ
GHYHORSHG IURP ODUYDH H[SRVHG WRJ $QQQGBQGCVKH QJ XL
FRQGLWLRQ WKH '(+3 FRQWHQWYV Rl WKH FRQWDPLQDWHG P
FRQWUROV )LJ Q4 +*RZHYHU FRPSDUHG WR WKH UHVSHEWLYH
KLJKHU LQ PDOHV H[SRVHG GXULQJ ODUYDO VWDJHV DW KLJI
KLJKHU XQGHU DOO RI WKHVH WUHDWPHQWY H[FEHSW IRU V
PDOHV IHPDOHV ZHUH REVHUYHG DW —JJ —J J DQG

'(+3 UHGXFHV WKH WUDQVFULSWLRQ OHYHOV Rl FDOPRGXO
SDWKZD\ LQ DGXOW PDOH DQWHQQDH

(F5H[SUHVVLRQ ZDV VLJQLILFDQWO\ GRZQUHJXODWHG E\
EXW QRW E\ QJ J RU8G3IWUDRYVFBLSWLRQ OHYHOV ZHUH |



FRQFHQWUDWLRQV EXW WKHVH GLIIHUHQFHV ZHUH VWDWLV\
'(+3J( ( DQG &DP®WHVVLRQ ZDV GRZQUHJIJXODWHG E\ HYHU
ZLWK WKH H[FHSWLRQ Rl WKH FRQWURO FRQGLWLRQV FRQW!
WKH '(+3 FRQWHQWY DQG JHQH H[SUHVVLRQ OHYHOV RI FRQ)
FRQWUROV QJJ ZH GHFLGHG WR IRFXV RQ WKH KLJKHU F

$ KLJK FRQFHQWUDWLRQ Rl '(+3 LQFUHDVHYV KHPRO\PSKDW!|
7KH KHPRO\PSKDWLF HFG\WWHURLG OHYHOV RI WKUHH G
VFRWRSKDVH DW WKUHH GLITHUHQW WLPHYV K K DQG K
LQVHEWY FRQILUPHG SUERYDRXW REMHUWRP WLKRHQEHILQQLQJ RI
L H K ( OHYHOV LQFUHDVHG WR UHDFK D RDHL PK P DL@G WWKKIH
GHFUHDVHG UDSLGO\ DWLWKH K QWRRD WFRAHRIS RBIYHO WKDQ
VFRWRBKIDVRAKH SHDN DW K ZDV REVHUYHG RQO\ LQ FRQWUF
DW —JJ +HPRO\PSKDWLF HFG\WWHURLG FRQFHQWUDWLR
WKDQ WKRVH PHDVXUHG DW K LQ FRQWURO PDOHV EXW DC
DQG PJJ OLQHDU UHJUHVVLRQ ZLWK SHUPXWDWLRQV S
REVHUYHG EHWZHHQ WKH YDULRXV '(+3 WUHDWPHQWY DQG W
ZKLFK OHG WR D JOREDOO\ VLJQLILFDQWO\ KLJKHU FRQFHQW
UHJUHVVLRQ ZLWK SHUPXWDWLRQV S

(IIHFWV Rl '(+3 RQ WKH VH[XDO EHKDYLRU RI PDOHV LQ UH\
FRPSRXQG
7R WHVW ZKHWKHU WKH YDUL BWYOR®DGLFE KHV\N U B QG FQUXLSA
LQ WKH DQWHQQDH RI WUHDWHG PDOHV FRXOG EH OLQNHG W
WR WKH EHKDYLRUDO OHYHO ZH LQYHVWLJDWHG WKH VHI[X
SKHURPRQDO FRPSRQHQMI =:H XV#B WKH SKHURPRQDO F
FRQFHQWUDWLRQ HTXLYDOHQW WR WKDW LQ RQH IHPDOH D
ORZHU FRQFHQWUDWLRQV RI WKH SKHURPRQH :H REVHUYHC
WUHDWHG PDOHV IRU VHYHUDO EHKDYLRUDO HYHQWYV ZKLFK
GXULQJ WKH ODUYDO VWDJH )RU H[DPSOH DIWHU VWLPXOD)
FRPSRXIQIG WKHUH zZDV D IDVWHU WLPH WR WKH REVHUYDWLTF
FRQWDPLQDWHG & BDHOWWVR REVHUYHG D GLIIHUHQFH LQ WKt
TXDQWLW\ RI SKHURPRQDO FRPSRXQG XVHG WR VWLPXODWH
HDUOLHU LQ WKH —J J FRQWDPLQDWHG PDOHV VWLPXODV
JLJ ' ZH REVHUYHG D VLJQLILFDQW LQFUHDVH LQ WLPH WR V



ZLQJ IDQQLQJ DQG WKH ILUVW EHKDYLRUDO HYHQWV XQGHU
KDOI RI RQH IHPDOH HTXLYDOH® W+ R Q/6K HD S K IRURP\RHQIHY HG D
IDVWHU WLPH WR WKH REVHUYDWLRQ RI WKH ILUVW PRYHPH
)LJ . VWLPXODWHG ZLWK KDOI RI RQH IHPDOH HTXLYDOHQV
EHWZHHQ '(+3 WUHDWHG PDOHV DQG FRQWUROV VWLPXODWH
0 WR 5

(IHIHFWV Rl '(+3 RQ WKH VH[XDO EHKDYLRU RI PDOHV FRPSH
‘H LQYHVWLIJDWHG WKH VH[XDO EHKDYLRU RI PDOR XXV
HW DO DOORZLQJ WKH GLUHFW FRPSDULVRQ Rl WKH EHKDYL
WKDW GHYHORSHG IURP '(+3 FRQWDPLQDWHG ODUYDH :KHQ
FRQWURO PDOHV H[KLELWLQJ VXFFHVVIXO PDWLQJ ZLWK IH
REVHUYHG IRU PDOHV IURP ODUYDH IMIG ZLWKWKX¥JRENHD Y
VLIQLILFDQW LQFUHDVH LQ WKH GXUDWLRQLDQGS QKPE® XPEIH|
RI DEGRPHQ AXUYDW@GHVKH GXUDWLRQ RUJJHGIQVHROALDD H [W B ]
WKH FRUUHVSRQGLQJ FRQWURO 7KH —JJ '(+3 PDOHV W
FXUYDWXUH ,QWHUHVWLQJO\ XQGHU WKHVH WZR '(+3 FRQGL
PDOHVY WHQGHG WR PDWH PRUS RIVIKBUMBPNQQW KH | AR YWADR/OR
RWKHUV FRQFHQWUDWLRQV

(IHIHFW Rl '(+3 RQ PDWLQJ

&RQVLGHULQJ WKH HIIHFW RI '(+3 RQ FHUWDLQ VH[XDO E
RI ODUYDO FRQWDPLQDWLRQ RQ WKH PDWLQJ UDWHV RI SDLL
DQG D FRQWURO IHPDOH RU D FRQIURGJ KRD © BVWLQYGE [ XAUWDH\DLY
FRQVLVWLQJ RI '(+3 WUHDWHG PDOHV DQG FRQWURO IHPDOH
VKRZQ S ZKHUHDV WKH GXUDWLRQ ZDV VLJQLILFDQWO\
IHPDOHV IRU DOO WKH WUHDWP HQ\QW HUFVSW. QR O\ WEH JODW
JLJ 9% DV DOVR VLJQLILFDQWO\ LQFUHDVHG IRU WKHVH PDWL
PDOHM $ DW OHDVW XQGHU WZR FRQGLWLRGYSIHPHH® KIORIE
XQFKDQJHG DW DSSUR[LPDWHO\ IRU WKH PDMRULW\ RI WK
UDWHV RI FRQWDPLQDWHG IHPDOHV WUHDWHG ZLWK QJJC
WHQGHG WR EH ORZHU WKDQ ) WKBW RI WKH FRQWURO L H

(IMTHFW RI '"(+3 RQ IHUWLOLW\



/KH QXPEHU RI IHPDOHV WKDW ODLG HJJV DQG WKH QX
VLIQLILFDQWO\ GLIIHU EHWZHHQ DQ\ RI WKH WHVWHG FRQGL
SDFNV 7KH KDWFKLQJ VXFFHVV RI HJJV ZDV QRW DOWHUHG
PDWHG ZLWK FRQWDPLQDWHG PDOHV WKDW GHYHOIRISHG IUR
1R HITHFW RQ HJJ KDWFKLQJ ZDV REVHUYHG IRW SODLUV LQFO.

7UDQVJHQHUDWLRQDO HIIHFWV RI '(+3

7KH HJJV RI IHPDOHV ZHUH NHSW WR IROORZ WKH SRV
JHQHUDWLRQ XQWLO HPHUJHQFH /DUYDH ZHUH IHG D)ERQWU|
$ ZLWK D VLIJQLILFDQW GHFUHDVH LQ PRUWDOLW\ EHLQJ RI
XQGHU WKH —J J DQG PJJ FRQGLWLRQV DQG GXULQJ W
—J J DQG —JJ FRQGLWLRQV 3XSDO PRUWDOLW)\ ZDV DO\
'(+3 WUHDWRHGWQ DGGLWLRQ WKH GXYIDIW LD \R V DIQLY DD
VKRUWHQHG XQGHU WKH —JJ DQG 6 OLWIWHRKDEN\YD R QWW
IHPDOHYV ZDV VKRUW HW W ROHR IHKYHY LIRBCERWWK VH[HV '(+3 VI
OHQJWKHQLQJ RI WKH SXSDO VWIDJH% SIDQDMLFX OBBOOHY) RH
JHQHUDWLRQ ZKRVH PRWKHUV FDPH IURP ODUYDH IHG ZLWK
GHFUHDVH LQ ORQJHYLWHUV BB\ VRIRFERQWURORR QWILFLQDW
%

'LVEXVVLRQ

2XU VWXG\ SURYLGHY QHZ GHVFULSWLRQ Rl WKH LPSDF\
ODUYDO H[SRVXUH WR '(+3 LQGXFHG GHOD\HG H6lHEWWWRRU D
'(+3 UHGXFHG WKH H[SUHVVLRQ Rl HFG\WWHURLG UHVSRQVLY
VH[XDO EHKDYLRUfV LWHPV EXW QRW WKH PDWLQJ UDWH )L
WKH GXUDWLRQ RI ODUYDO VWDJHY DQG WKH DGXOW OLIHVS|

$V UHSRUWHGIYQIW ZB SUHYLRXVO\ VWXGLHG WKH TXD(
IHPDOH DQG RDGH MIGKROEWDOLYDWHG GXULQJ WKH ODUYDO \
VLIQLILFDQW GLIIHUHQFH LQ WKH TXDQWLW\ RI '(+3 EHWZHH
FRQFHQWUDWLRQV EHORZ QJJ DOWKRXJK D WHQGHQF\ RI
RI '(+3 ORUHRYHU LQ WKLV SUHYLRXV VWXG\ ZH REVHUYHG
SXSDH DQG DGXOWV LQS$FRPSINUHLWRDRWRHOQHX IPHDVXUHPHQV
WKLV SUHYLRXV DQDO\VLV E\ SURYLGLQJ LQIRUPDWLRQ RQ
LQGLYLGXDOV WKDW GHYHORSHG IURP ODUYDMJH[%RVPICO R



'(+3 FRQWHQWYVY ZHUH IRXQG LQ DGXOWYV L®YERPSDUWDRTG W R
WKHVH FRQFHQWUDWLRQV ZHUH KLJKHU WKDQ WKRVH REV}H
GHYHORSHG IURP ODUYDH H[SRVHG WR QJ J DQG QJ J R
'(+3 FRQWHQWYVY RI FRQWDPLQDWHG PDOHYV DQG IHPDOHV WKD
'(+3 ZHUH VLPLODU WR WKRVH RI WKH FRQWUROV QJJ G
GLG QRW REVHUYH FKDQJHV LQ JHQH H[SUHVVLRQ LQ FRPSDL
WK H QJ J FRQGLWLRQ FDQ EH FRQVLGHUHG VLPLODU WR D
REVHUYH D GLIIHUHQFH LQ WKH '(+3 FRQWHQW RI ODUYDH H[
D VLIQLILFDQW GLIIHUHQFH EHWZHHQ WKH FRQWUROV DQG
SUREDEO\ GXH WR ELRDFFXPXODWLRQ GXUDQJY SRYV WO P EO\R
ZH REVHUYHG D KLJKHU '(3+ FRQWHQW LQ ERWK VH[HV LQ F
FRQGLWLRQV H[FHSW LQ —JJ '(+3 FRQWDPLQDWHG IHPDO
7KLV UHVXOW FRXSOHG ZLWK WKH REVHUYHG YDULDWLRQ L
VXJIJHVWV D VH[ VSHFLILF GLIIHUHQFH LQ '(+3 PHWDEROLVP
UHSRUWHG DQG FXUUHQWO\ PDLQO\ LQ YHUWHEUDWHYV 7KX\
DQG PJ NJ GD\ GXULQJ GD\V ZDV REVHUYHG RQ K\SRWH
RIIVSULQDURWN HW D@ PLFH WUDLW DQ[LHW\ LQGXFHG E\ '(+
GLIIHUHQW EHWZHHQ3PDOHHD/QGBOJBIPDIOHFDQ VKD USOWMRR\DNK |
JDULHSLRIXWWRORJLFDO H[DPLQDWLRQ Rl WKH JRQDGV VKR
FRPSDUHG WR PDOHV WR ZHHNV RI '(+3 H[SRVXUH ZLWK FRC
VH[ SUHVHQWHG GLIIHUHQW ®PDIRO PDW IDRKH RH BRIGDGR XV Ut
FRQVLVWHQW ZLWK RXU REVHUYDWLRQV RI VH[ VSHFLILF GLI
,Q SUHYLRXV. NWXBW ZH GHPRQVWUDWHG WKDW WKH DQ!
HFG\WWHURLG HQGRFULQH FRQWURO DQG WKDW D FKDQJH LC
WKH HFG\WWHURLG VLEIDO®OPR@DEBMNODDAFDQSWLRQ OHYHOV L
XVHG UHDO WLPH SRO\PHUDVH FKDLQ UHDFWLRQ 57 T3&5 W
GXULQJ ODUYDO LQVWDUV RQ WKH WUDDRWFGL SW30BEBOV RI V
DQBOPQ WKH DQWHQQDH RI WKUMHH GLDA KR V& HD G XFORAS W DR®I \R |
FRQGLWLRQ ZH KLJKOLJKW LQ WKLV VWXG\ WKDW DIWHU RUI
LQGXFH WKH GRZQUHJXODWLRQ RI WKH H[SURY\BBRBQ RI WKH H
DQ&DOPHQHYV LQ WKH DQWHQQDH RI DGXOW PDOHV HYHQ DW
IRRG 2XU UHVXOWV FRQILUP DQG FRPSOHWH WKH GDWD RE\
&KLURQRPXV QL SDKILK RMSHFHLE WY HWG HRR Q VW U(FW B Q888K D W
WUDQVFULSWLRQ FRXOG EH GRZQUHJXODWHG LQ ODUYDH DI\



J [TKLV GRZQUHJROVWLRENHADYHG DIWHU K K DQG I

FRQFHQWUDWLRQV EHWZHHQHUQRIHWQ® —J /
'(+3 FDQ DOVR LQWHUIHUH ZLWK VWHRBRIEG SIWRGXFWLRQ-=
DO 7R FRQILUP WKLV SRWHQWLDO HIIHFW RI '"(+3 ZH UHSO

VFRWRSKD®H HWWR)FRUUHODWH WKH DERYH UHVXOWV ZLWK
WKDW GHYHORSHG IURP FRQWDPLQDWHG ODUYDH 8QGHU VR
EH DIIHFWHG ERWKHTXDIDIWWGRW 1 YWHION IRUP RI WKH HFG\VWHU
DQG TXDQWLRVIDAIIDWHILNQJ WKH TXDQWLW\ RI HFG\WWHURLG Pt

+HUH ZH FDQ K\SRWKHVL]H WKDW '(+3 & KO WV M/ W D@ B\D
ELRDFFXPXODWLRQ FRXOG GLUHFWO\ DFW DW WKLV VWDJH [
ODUYDO SURFHVVHV DVWXRZQ®QQ YiUWGH EUDW H&RPWLEG H VL C
WKH SRWHQWLDO PHFKDQLVPV RI DFWLRQ '(+3 FRXOG LQGX
7KH LQGLUHFW HIIHFW FRXOFG JEHH 16 ¥HSWR VD/Q R IBEFWQRQXFLQ.
UHVSRQVH DV REVHUYHG XQGHU GLIITHUHQW *SIQW\WFDO RU FK
REVHUYHG WKDW LQ 6WK®O B DRI PRI MQUEEHH [SUHVVLRQ Z
GRZQUHJXODWHG DW ORZ WHPSHUDWXUH f& RU KLJK VDOL
RI '(+3 DW D QXFOHDU UHFHSWRU RI WKH HFG\WWHURLG VL
GHPRQVWUDWHG WKH DELQE®VY HAHSMBRW R @ LLQQGY MURWBIE UD W H
KDYH EHHQ REVHUYHG WR EH SRVVLEOH HFG\WWHURLG UHF
SKWKDODWGHD %%30R HW DO +RIW DIQWD JIRQDWYWY DV RE\
+HUUHUR HW DO DQG GLHWX \O/S KIWKRDQ@DMTEK HQ3V O\ LQC
LQFUHDVH RUFSHAQHDW[B WOVVLRQ UHVSHFWLYHO\ ,Q YHUW!
DUH DEOH WR LQWHUDFW ZNMWKF QX FOHDW UMPWHBEWRWVRQ RI
HVWURJHQ DQG DQGURJHQ UHFHSWRUN DWW QRW FO(H)DG\ED BHW W
'(+3 LV D NQRZQ OWXDQRBLRBI WEKH/SWRDUD HWQ®@® WKH SHURJL
SUROLIHUDWRU DB®5YODWHGE DHEHSWRU 0D UD G RZKLEF KH WV DX
QXFOHDU UHFHSWRU LQYROYHG LQJIQXFRYHIDRBECSUSLG PHY
3DUN  ,QWHUHVWLEQE QQ LQVHFWYV DU H3B®RNHION JWKH®DNWH G (W
+RQJ DQG 3DD@G FRXOG EH WDUJHWYV RI '(+3

7KH FKD @QIMHOPQWHQQDO H5[S OHWWRRIWOQYQDWHG PDOHV
'(+3 FRXOG DOVR DOWHU WKH IXQFWLRQ Rl WKH ROIDFWRU\ -
&DOIPV D XELTXLWRXV SURWHLQ VMIKCDW \DFWW DWW D VHQWRU NR D
DQG SOD\V D FUXFLDO UROH LHQV RO D)RW RK\DSSIB@RENH VP YR D Y H G
ROIDFWRU\ UHFHSWRU WUDIILFNLQJ WR FLOLDWHG GHQGUL!
VHQVLWLYLW\ LQ FDVHV RI SURORQJHG RGRUDQW/H KSR DXUEH

io



“ROHV T7KXV D GHPWPRXPGEGQPSO\ WKH SUHVHQFH RI IHZHU ¢
GHQGULWH VXUIDRIOBDDMEBGRYLRMSRUWDQW UROH LQ JHC
HFG\WWHURLGRJHQLF 'VLIRDOD WUD QIVGIX FAVLIRQ  $OWRJIHWK H
RXU UHVXOWYV DUH FRQVLVWWHQWUZL WWVKBW KN\ER WRXWVE MV XRQ F\
HFG\WVRQH DQWDJRQLVW ,QGHHG L® DOSWMNARIURDIOS W 8 G LODQD
LQ WKH DQWHQQDO H[SUHVVLRQ(RS8W3H@ KD 64D Q WKMKD @ DWW/
GHSHQGHQW RQ WKH TXDQWLW\ Rl ( LQMHFWHG DW WKH EHJ
IURP WKH HDUO\ DQG HDUO\ ODWH JHQHV WR(RSOHBR®3IRZQ HI[S
WDNH SODFH LQ WKH HEGHWWHURLGYSD WKZBDWPHQW LQG X
GRZQUHJXODWLRQ RI DOO Rl WKHVH JHQHV LQ WKH SUHVHQ
HITHFW Rl '(+3 RFFXUV DW WKH PROHFXODU OHYHO
7KH FKDQJH LQ HFG\WVWHURLG OHYHOV REVHUYHG KHUH D
JHQHUDO VWUHVV UHVSRQVH 6RPH VWXGLHV KDYH KLJKOLJK
LQFUHDVH LQ WKH SURGXFWLRQ RI HFG\WWHURLGV VLPLOI
YHUWHBUDWHYDWDUXJD,OGHHG HFG\WWWHURLGY FDQ LQGXFI
SURWHFWLYH HQJ\PHV RU FKDQJH WKH VWUHVV LQGXFHG D
.ULVKQDQ HW DO 3HULF, QDP/DWDRM RS KH\O D8 [SIRMOULY WR V
DQG ORQJ WHUP KHDW VWUHVV LQFUHDMHAK L K COH Y/BIOMA RO |
YLUXQGWU KHDW DQG QXWULWLRQDO VWUHVV H[SRVXUH RF
LQ MXYHQLOH KRUPRQH OHYHOV ZKULEK VLW RUQOLEQ F I K \DVKH/
$Q HFG\WWHURLG LQFUHDVH ZDV DOVR REVHRRBGXNVQDIRHVWF D
H[SRVHG WR WKH SHVWLFLGH KHSWDFKORU ®ONQRZQ® HQ YLXUR

'(+3 DOWHUHG VHYHUDO EHKDYLRUDO HYHQWY REVHUYH(
PDOHVY WKH DOWHUDWLRQV ZHUH TXLWH KHWHURJHQHRXV
RI WKH TXDQWLW\ RI WKH SKHURPRQDO FRPSRQHQW XVHG W
LQGXFHG PDLQO\ FKDQJHV DW WZR FRQFHQW U DWICR D OV R

LGHQWLILHG GLIIHUHQW UHVSRQVHV IRU VRPH EHKDYLRUDC
FRPSRQHQW ZDV UHGXFHG )RU H[DPSOH ZH REVHUYHG D VKI
ZLQJ IDQQLQJ LQ —J J FRQWDPLQDWHG PDOHV LQ FRPSD!
RQH IHPDOH HTXLYDOHQW RI SKHURPRQH ZKHUHDV D ODWH!
VDPH FRQWDPLQDWHG PDOHV DIWHU VWLPXODWLRQ ZLWK K
UHGXFWLRQ LQ WKH TXDQWLW\ RI SKHURPRQH XVHG WR VW
VDWXUDWLRQ RI WKH SKHURPRQDO UHFHSWRUV RI WKH ROID
LV VWDWLVWLFDOO\ PRUH OLNHO\ WKDW D SKHURPRQH PROF



UHVSRQVH HYHQ LQ WKH HYHQW RI GLVWXUEDQFH RI WKH R
'(+3 ,Q DGGLWLRQ IHPDOHV GXULQJ WKH FRXUWVKLS SURFH\
ODOHV DUH WKHUHIRUH DWWUDFWHG E\ D SKHURPRQDO SOX
7KXV D ORZHU TXDQWLW\ RI SKHURPRQH WR VWLPXODWH PD¢
SRWHQWLDOO\ DOORZ WR HDVLO\ GHWHFW GLVWXUEDQFHV R
UHVXOWYV VKRZHG WKDW WKHUH LV D GLIIHUHQFH LQ UHVSF
SKHURPRQHV 7KH ILUVW LV GLIIHUHQFH LV IRU WKH FRQGLW
ZH ZHUH DEOH WR REVHUYH IDVWHU DSSHDUDQFH RI ZLQJ ID
WLPH ZDV QHHG WR REVHUYH WKH DSSHDUDQFH RI ZLQJ IDQ(
VWLPXODWHG ZLWK OHVV VH[ SKHURPRQH )LJ & * + DQG ,
RI ERG\ IRU WKH QJ J FRQGLWLRQ )LJ . LV FRQVLVWHQMW
QXPEHU RI VHYHUDO EHKDYLRUDO LWHPV RI '(+3 FRQWDPLQD
IRU D VLQJOH IHPDOH )LJ $ WR % 7KH GXUDWLRQ RI PDWL
FRQWDPLQDWHG GDWD QRW VKRZQ ZKHUHDV ZH REVHUYHG
WKDW GHYHORSHG IURP ODUYDH H[SRVHG WR —J J DQG
VIVWHP DQG WKH DVVRFLDWHG EHKDYLRU RI PDOHV FDQ EH
PRGXODWLRQ RI JHQH H[SUHVVLRQ LQ DQWHQQD UHODWHG D
ROIDFWRU\ LODRUIFIMILRQ DO %L {QGERAVLQ@H GLVUXSV
SRWHQWLDOO\ KDYH DQ HIIHFW RQ WKH ROIDFWRU\ V\VWHP
WKH KRUPRQH UHFHSWRU LQWHUDFWLRQ DQG WKH VLJQDO
+DQLRND HW DO 30DQHOOR HW BHUMK OQVMWWEREBD LW\
GLVUXSWLRQ ZDV REVHLUWYH GV HABAN WHOQ RAKY AFRYFHQWUD YV
QXFOHDU UHFHSWRU H[SUHVVLRQ LQ DQWHQQDH VXJJHVWLC
SURFHVVHV FRXOG WDNH SODFH DQG PD\ H[SODLQ WKH FKD
UHVXOWYV VKRZHG WKDW WKHUH ZDV QR FRQVHTXHQFH IRU W
)LJ ) (YHQ LQ WKH FRPSHWLWLYH EHKDYLRUDO DVVD\V ZKL
LQWHQVH PDWLQJ EHKDYLLR U 2ZMKRBV WK HWHBR Q WURIGH QF\ R1 '(
PDOHV WR H[KLELW DQ LQFUHDVHG PDWLQJNXBFHVV XQGHU
7KH HIITHFWV Rl '(+3 RQ WKH PDWLQJ EHKDYLRU RI IHPDO
IRXQG IRU PDOHV VLQFH ZH REVHUYHG D UHGXFWLRQ LQ WKFE
WKH ODWHQF\ WLPH RI PDWLQJ XQGHU W KM JIW BUBI® GKHY KK D CF
VWXGLHV RQ IHPDOHV KDYH UHSRUWHG DQ DJH PRGXODWL
UHVSRQVHV RI DQWHQQDH WRGQRQSKHWRRRQDOPIIBDWKH U
WR SODQW RGRUV DUH RIWHQ HQKDQFHG DIWHU PDWLQJ D
*DGHQOQH HW DPYHQ WKRXJK WKH HQGRFULQH PRGXODWLRQ |



VWXGLHG WKDQ WKDW LQ PDOHV WKHUH LV D FUXFLDO UR
SKHURPRQHY VH[XDO DWWUDFWLYHQHVY DQG WKH WHPSRUD
JHGLQD HW DO %O RBKFRXOGOLQWHUDFW ZLWK WKLV K
OLWWRRIDQGWXFH WKH GLVUXSWLRQ RI IHPDOH EHKDYLRUV +§
HIFHSWLRQ RI WKH PJJ FRQGLWLRQ QR FRQVHTXHQFH RI
KDWFKLQJ ZDV REVHUYHG

+RZHYHU VWURQJ HIIHFWV RQ WKH RIIVSULQJ ZHUH RE
DVVRFLDWHG ZLWK FRQWOWPARIBWWE @ DOGVVUXSWLRQ RI WKH
PDOHV 6RPH VWXGLHV KDYH UHSRUWHG WKDW KRUPRQHV S«
PDOH DFFHVVRU\ JODQGV DIX® WKH HWUWQDOH AW IRA LIEMHAHZX/L W K
DIJRQLVW &3 HFRESWIHQIDHEWVXDOH UHSURGXFWLYH WUDFW GHY
WKH QXPEHU RI VSHUP WUDWQK PHLUW WELE WOFD UHRDBHWY KDYH El
YHUWHEUDWH PRGHOV )RU H[DPSOH D UHGXPBWLRQUHODR I K
GXH WR WKH FHVVDWLRQ RI PHLRVLVY PDNLQJ VSHUPDMWR]RD
'HEVWHU HW $IWHU HJJ KDWFKLQJ '(+3 DSSHDUHG WR KDYH L
RI PRUWDOLW\ LQ WKH ODUYDH DQG SXSDH DV ZHOO DV WKH (
WKDW RIIVSULQJ VXUYLYDO ZDV EHWWHU ZKHQ HJJV ZHUH SU
ZLWK WKH KLIKHVW FRQFHQWUDWLRQV RI '"(+3 ZKLFK UHVXC
ORQJHU SXSDO VWDJH DQG VKRUWHU DGXOW ORQJHYLW\ LQ |
PJJ FRQGLWLRQ 7KH VXUSULVLQJ HQKDQFHPHQW RI RIIVS
FRQFHQWUDWLRQV RI "(+3 PLJKW UHYHDO D KLJKHU LQYHVWI
ZKLFK FRXOG EH D SODVWLF UHVSRQVH UHODWHG WWR HDSORF

,Q D SUHYLRXV VWXG\ RQ WKH HIITHEW RI '(+36R @ MKW RIFD.
$YLOHV HW ZH VKRZHG WKDW VLPLODU '(+3 WUHDWPHQWYV G
H[FHSW IRU WKH KLJK QRQ HQYLURQPHQWDO FRQFHQWUDWL]
ODUYDO DQG SXSDO VWDJHV ZDV FRQVLGHUHG WRJHWKHU 2z
H[SRVHG WR —JJ DQG PJJ '(+3 +HUH WKH GHOD\HG
JHQHUDWLRQ DSSHDUHG PRUH FOHDUO\ $OWRJHWKHU RX
WUDQVJHQHUDWLRQDO HIIHFWV RI VXFK SROOXWDQWYV 7UDC
EHHQ VKRZQ LQ YHUWHEUDWHY VXFK DV LQ PLFH LQ ZKLFK C
DV WKH OHYHO RI VWUHVV KRUPRQKWV H\Q MK K (1 0 RYWQ R U DWKIH
VWXGLHY RQ YHUWHEUDWHY KDYH DGGUHVVHG WKH HIIHEWYV
,Q LQYHUWHEUDWHY DQG SDUWLFXODUO\ LQVHFWYV WKHVH S
\HW EHHQ LQY'H\PWDIDMRBDOW WHQVIHQHUDWLRQDO LPSDFW RI



RI RINTVSULQJ ODUYDH KD&KEHHQW KRE2QNVUWMEKH GWRUVLEOH HIIHF
HPEU\RQLF GHYHORSPHQW DQG WKH ORQJHYLW\ RI WKH UHVX
NQRZOHGJH RXU UHVXOWY GHPRQVWUDWH VXFK HITHFWV LQ

&RQFOXVLRQ

7KH PRGXODWLRQ RI WKH ROIDFWRU\ VA\VWHP E\ HQGRFU
YHUWHEWDWEY) HW DO 3DORX]LHD QG XRXU VWX GWSURY L
GHVFULSWLRQ RI WKH LPSDFW Rl HQGRFULQH GLVUXSWRUV F
ODUYDO VWDJHV DSSHDUHG WR LQGXFH GHOD\HG GLVUXSWL!
EHKDYLRU LQ DGXOW PDOHV RU IHPDOHV EXW XOWLPDWHO\
IHPDOH IRU PDWLQJ RU WKH DELOLW)\ RI IHPDOHV WR SURG:
XQGHUO\LQJ PHFKDQLVPV RI DFWLRQ RI '(+3 GXH WR LWV PX
VWXGLHV DUH UHTXLUHG WR XQGHUVWDQG WKH PRGH V RI C
LQVHEWY (OHFWURSK\WLRORJLEDO VWXGLHV ZRXOG JUHDWO
RQ PDOH ROIDFWRU\ LQGXFHG VH[XDO EHKDYLRU )XUWKHU L
'(+3 DUH DOVR QHFHVVDU\ ,QGHHG ZH GHPRQVWUDWHG KHU
FDQ LQIOXHQFH WKH UHSURGXFWLYH SK\VLRORJ\ RI IHPDOHYV
DQG RINIRSUHLDQ HW YKRZHG WKDW '(+3 LV D SURPRWRU RI REH\
VLQFH WKH FROWBODQRWRRWMIFDQ DIIHFW WKH ZHLJKW RI QF
XQGHUVWDQGLQJ RI WKHVH HIIHFWV DSSHDUV FUXFLDO WRGE
DV ZHOO DV IRU WKH H[SODQDWLRQ Rl SK\VLRORJLFDO GLVU
YHUWHEUDWH PRGHOV

)XQGLQ@QKWLY ZRUN ZDV VXSSRUWHG E\ WKH )UHQFK 1DWLRQD
HQGRFULQH 'LVUXSWLRQ RI ,QVHFW 6H[XDO &RPPXQLFDWLRQ

$FNQRZOHGIHPZRXOWG OLNSMDWRHWKDENORXUJIJHY DQG $QQLH 'H
WHFKQLFDO DVVLVWDQFH IRU '"(+3 DQDO\VHYV

SHIHUHQFHYV
$GHRJIXQ $2 ,ERU 25 ,PLXZD 0( 2PRJEHPL (* &KXNZXND :

$ (QGRFULQH GLVUXSWRU UHVSRQVHV LQ $IULFDQ V
HISRVHG WR GL HWK\OKH[\O SKWKDODWH &RPS %LRFK
GRL M FESF (SXE -XO

$QGUXVV % ) /X $ 4 %HFNLQJKDP . (ISUHVVLRQ



KLJKO\ UHJXODWHG LQ D VWDJH DQG WLVVXH VSHFLILF |
GRL Y

$QWRQ 6 'XIRXU 0 & *DGHQQH & 3ODVWLFLW\ R
QHXURELRORJLFDO EDVLV /HVVRQV IURP PRWKV DQG OR
GRL M [

$YLOHV $ %RXORJQH , 'XUDQG 1 ODULD $ &RUGHLUR $
'DFKHU 0 5HQDXOW ' ODLEHFKH 0 6LDXVVDW ' (IIHF
GHYHORSPHQW QXFOHDU UHFHSWRU H[SUHVVLRQ PHWD
PRWK 6SRGRSWHUD OLWWRUDOLV &KHPRVSKHUH

%DKN 6 -RQHV ' ,QVHFW RGRUDQW UHFHSWRU W

%LRO

%HDU $ 3UXGLF ./ ORQWHLUR $ BWHURLG KRUP

KDV D ODWHQW HIIHFW RQ DGXOW PDOH VH[XDO EHKDYLF

2QH H GRL MRXUQDO SRQH

%HUJp $ &ODGLQUH O *DVSHUL - &RXUVLPDXOW $

DQDO\VLV RI HQYLURQPHQWDO FRQWDPLQDWLRQ E\ SKW¥
GRL Vv

%LIJRW / 6KDLN + $ %R]J]JRODQ ) 3DUW\ 9 [/XFDV 3
SHULSKHUDO UHJXODWLRQ E\ HFG\VWHURLGV RI ROIDFWF
OHDI ZRUPV 6SRGRSWHUD OLWWRUDOLY ,QVHFW %LRFKI
GRL M LEPE

%ORFK * +D]DQ ( 5DIDHOL $ &LUFDGLDQ UK\WKPV D
LQVHFWYV - ,QVHFW 3K\VLRO GRL M MLQV:
%RUFK - OHW]GRUIlI 6 % 9LQJJDDUG $ 0 %URNNHQ /
XQGHUO\LQJ WKH DQWL DQGURJHQLF HIIHFWV RI GLHWK\ ¢
7R[LFRORJ\ + GRL M WR]

%ULGJKDP -7 (LFN *1 /DUURX[ & 'HVKSDQGH . +D
2UWOXQG ($ 'HIJQDQ % 0 7KRUQWRQ - : 3URWHI
WLQNHULQJ 'LYHUVLILFDWLRQ RI WKH QXFOHDU UHFHSW
DQFHVWRU 3/R6 %LRO GRL MRXUQDO SELR

&DPSLFKH 6 / $PEHUW * 7DUUDGHOODV - %HFNHU YDQ 6
HIITHFWV Rl LQVHFW JURZWK UHJXODWRUV RQ WKH VSULQ
6D (SXE 0DU

&DR + :LHPHUVODJH / ODUWWLOD 36 . :LOOLDPV 0



HWK\OKH[\O 3KWKDODWH ,QFUHDVHV ,QVXOLQ ([SUHVVLF
PHODQRJDVWHU %DVLF &0LQ 3KDUPDFRO 7R[LFRO
&DUERQH 6 6DPDQLHJR <$ &XWUHUD 5 5H\QRVR 5 &DUC

3RQ]R 2- 'LITHUHQW HIIHFWV E\ VH[ RQ K\SRWKDODPI
RIIVSULQJ UDWV SURGXFHG E\ LQ XWHUR DQG ODFWDWLR
'(+3 1HXURWRI[LFRORJ\ GRL M QHXUR

&KHQ 0< /LX +3 /LX &+ &KHQJ - &KDQJ 06 &KLDQJ 6< /1
'(+3 WR[LFLW\ RQ YLVLRQ QHXURPXVFXODU MXQFWLRQ [
(QYLURQ 3ROOXW 3W % GRL M HQYSRO
&KHQ 0< /LX +3 &KHQJ - &KLDQJ 6< /LDR :3 /LQ :<
RI '(+3 RQ ERG\ ZHLJKW RI 'URVRSKLOD &KHPRVSKHUH

M FKHPRVSKHUH
&XYLOOLHU +RW 9 6DOLQ . 'HYHUV 6 7DVLHPVNL $
6 /HQRLU $ ,PSDFW Rl HFRORJLFDO GRVHV Rl WKH
WHUUHVWULDO VSHFLHV WKH DQW /DVLXV QLJHU (QYLU
GRL M HQYUHYV
'L &DUD ) .LQJ -RQHV . +RZ FORENV DQG KRUPRQ!
WLPLQJ RI LQVHFW GHYHORSPHQW &XUUHQW 7RSLFV LQ
GRL %

'LDPDQWL .DQGDUDNLV ( %RXUJXLJQRQ - 3 *LXGLFH
0 =RHOOHU 5 7 *RUH D & (QGRFULQH GLVUXSWL
VFLHQWLILF VWDWHPHQW (QGRFU 5HY * GRL

'LQDQ / %RXUQH 3 :KLWLQJ 3 'KDGLDOOD 7 6 +XW
HQYLURQPHQWDO FRQWDPLQDQWY IRU HFG\WWHURLG DJF
'URVRSKLOD PHODQRJDVWHU % ,, FHOO LQ YLWUR DVVD\
GRL VRHFIH! FR

'X 4 = :DQJ -: )X ;: LD +J 'LIIXVLRQ DQG DFI
YHIJHWDEOH SODQWV Rl GL HWK\OKH[\O SKWKDODWH
JRRG $GGLW &RQWDP 3DUW $ + GRL

(8 (XURSHDQ 8QLRQ 5LVN $VVHVVPHQW 5HSRUW %L\
(XU &RPP -W 5HV &HQWUH /X[HPE

JHGLQD 7< $UEXWKQRWW ' 5XQGOH +' 3URPLVORZ '(/ 3¢
LQVXOLQ VLJQDOLQJ PHGLDWHV IHPDOH VH[XDO DWWUDF
GRL MRXUQDO SJHQ H&ROOHFWLRQ $XJ



JRXUULHU - 'HVFKDPSV 0 'URLQ / $ODX[ & )RUWLQL ' %

$XSLQHO 3 'HFRXUW\H $ /DUYDO ([SRVXUH WR WKH -
3\ULSUR[\IHQ 'LVUXSWV $FFHSWDQFH RI DQG 6RFLDO %HK
+RQH\EHHV 3/R6 2QH H GRL MRXUQDO SF
*DGHQQH & %DUUR]JR 5 % $QWRQ 6 3ODVWLFLW)
WR 6PHOO" $QQX 5HY (QWRPRO + GRL DQQ
*RQJ - <X . B6KX / <H + JL 6 =HQJ & (YDOXEC

WHPSHUDWXUH VDOLQLW\ VWDUYDWLRQ DQG DXWRWRP\
H[SUHVVLRQ RI HFG\VRQH UHFHSWRU LQ HDUO\ MXYHQLO

0DU %LR (FRO + GRL M MHPEH

*UeQ ) %OXPEHUJ % (QGRFULQH GLVUXSWHUV DV
+ GRL M PFH

*UXQWHQNR 1 ( 5DXVFKHQEDFK , < ,QWHUSOD\ RI

QRUPDO DQG VWUHVV FRQGLWLRQV DQG LWV HIIHFW RQ |

GRL M MLQVSK\V

+DQLRND 1 1DLWR 7 1DULPDWVX 6 +XPDQ 8'3 JC

LQYROYHG LQ ELVSKHQRO $ JOXFXURQLGDWLRQ &KHPRYV
+DWFKHU .0 :LOOLQJ - &KLDQJ & 5DWWDQ 6 )ODZV -$ O
GL HWK\OKH[\O SKWKDODWH WUDQVJHQHUDWLRQDOO\
JHQH H[SUHVVLRQ LQ DGXOW PDOH DQG IHPDOH PLFH 3K
M SK\VEHK (SXE $sSu
+HUUHUR I ORUFLOOR * 30DQHOOYy 7UDQVFULSWI
LQ &KLURQRPXV ULSDULXV ODUYDH H[SRVHG WR HFRORJI
HWK\OKH[\O SKWKDODWH '(+3 3/R6 2QH H GRL
+LQNV & ) DQG %\HUV -5 % IHRX\ RDMISR. BWR § WMH B D W K
QRFWXLGDH 9 UHDULQJ SURFHGXUHV DQG OLIH F\FOH\
GRL (QW
+LUDVKLPD $ 5DXVFKHQEDFK , < 6XNKDQRYD O -
5SHVSRQVLYH DQG'URYBBKBER YHWHXMWGHU 6WUHVV &RQGL

%LRWHFKQRO %LREFKHP + GRL EEE
+LUVFK +9 3RVVLGHQWH ' 3RVVLGHQWH % 3E DQ |
3K\WVLRO %HKDY GRL M SK\VEHK

+RQJ - : 3DUN . : )XUWKHU XQGHUVWDQGLQJ RI |

([S ORO OHG +  GRL HPP



+XDQJ 3& 7VDL &+ /LDQJ :< /L 66 3DQ :+ &KLDQJ +& $J
LQ 8ULQDU\ /HYHOV Rl (OHYHQ 3KWKDODWH OHWDEROLWF
'(+3 (SLVRGH 3/R6 2QH -X0 H

+XHW ) 5XL] & G5LFKDUGV * BHTXHQWLDO JHQH L
PHODQRJDVWHU WKH KLHUDUFKLFDO HTXLYDOHQFH RI H

+

+ZDQJ ' 6 [/HH % < .LP + 6 J/HH 0 .\XQJ ' + 2P

- 6 *HQRPH ZLGH LGHQWLILFDWLRQ RI QXFOHDU UH
FRSHSRG 7LJULRSXV MDSRQLFXV %0& *HQRPLFV G|
,VKLKDUD $ 6DZDWVXEDVKL 6 <DPDXFKL . (QGR
,QWHUIHUHQFH Rl WK\URLG KRUPRQH ELQGLQJ WR WUDQ
ORO &HOO (QGRFULQRO + GRL 6
-DFNPDQ .: 9HOGKRHQ 1 OLOLDQR 5& 5REHUW %- /L / .l
760 YDQ $JJHOHQ * /HVSHUDQFH 0 3DUNHU :- +DOO (5

7TUDQVFULSWRPLFV LQYHVWLIJDWLRQ RI WK\URLG KRUPRQ
5DQD >/LWKREDWHV@ FDWHVEHLDQD WDGSROH $TXDW 7]

M DTXDWR] (SXE “XQ

LQJ <3 /LX : :DQJ -: =KDR :) 7KH VWHURLG
K\GUR[\HFG\VRQH YLD QRQJHQRPLF SDWKZD\ DFWLYDWHYV
NLQDVH ,, WR UHJXODWH JHQH H[SUHVVLRQ - %LRO &Kl
GRL MEF 0

"-RQHV % D B6KLPHOO -- :DWVRQ 1 9 3UH DQG
UHVXOWV LQ SHUVLVWHQW GHILFLWV LQ WKH VH[XDO EH|I
DGXOWKRRG +RUP %HKDY + GRL M \KEHK

.LP 76 <RRQ &< -XQJ .. .LP 66 .DQJ , + %DHN
.DQJ 7 6 ,Q YLWUR VWXG\ RI 2UJDQL]DWLRQ IRU (FF

'"HYHORSPHQW 2(&' HQGRFULQH GLVUXSWRU VFUHHQLQJ
D UHFRPELQDQW UDW DQGURJHQ UHFHSWRU UU$5 ELQG
GRL MWV

.LP " &XL 5 ORRQ - .ZDN -, $Q <- 6RLO HFRWRJ[LFL\
WR PXOWLSOH VRLO VSHFLHVY &KHPRVSKHUH YJHE
GRL M FKHPRVSKHUH (SXE 2FW
.ULVKQDQ 1 9HpH D - .RGUtN ' 6HKQDO ) +\C

R[LGDWLYH VWUHVYV GDPDJH LQ DGXOW 3\UUKRFRULV DSV
* GRL DUFK

-

—_—



.ZDN , 6 [/HH : (QGSRLQW IRU "(+3 H[SRVXUH DVVH

ULSDULXV %XOO (QYLURQ &RQWDP 7R[LFRO +
IDIRQW 5 8QGHUVWDQGLQJ LQVHFW HQGRFULQH V\'
([S $SSO + GRL $

IDORXHWWH / 3RWWLHU 0 $ :\FNH 0 $ %RLWDUG &
'HPRQGLRQ ( &KHUWHPSV 7 /XFDV 3 B5HQDXOW ' Ol

8QH[SHFWHG HIIHFWV RI VXEOHWKDO GRVHV RI LQVHFWL]
VH[XDO EHKDYLRXU LQ D SHVW LQVHFW (QYLURQ 6FL 3}
/IHQRLU $ &XYLOOLHU +RW 9 'HYHUV 6 &KULVWLGQqV
$ WUDS IRUDWPRVSKHULF SKWKDODWH FRQWDPLQDQWYV
GRL M VFLWRWHQY

/LQ + <XDQ . /L / /LX 6 /L 6 +X * /LDQ 4 4 *H
([SRVXUH WR 'LHWK\OKH[\O 3KWKDODWH $IIHFWV 5DW %U
*HQRPLF $SSURDFK ,QW - (QYLURQ 5HV 3XEOLF +HDOW
GRL LMHUSK

IMXQJYDOO . .DUOVVRQ 3 +XOWpQ ) ODGHM $ 1RU
ODUWLQH] + ODJQXVVRQ 8 'HOD\HG HIIHFWV RQ S

DQG WHVWLFXODU PRUSKRORJ\ E\ LQWUDPXVFXODU ORZ
EHQJ]RDWH LQ WKH SUHSXEHUWDO ERDU 7KHULRJHQRORJ

GRL M WKHULRJHQRORJ\

IRYHNDPS 6ZDQ 7 'DYLV % - OHFKDQLVPV RI SKWK
UHSURGXFWLYH V\VWHP (QYLURQ +HDOWK 3HUVSHFW
ODJGRXOL 6 'DJKULU 5 %UDU 6 . 'URJXL 3 7\DJL 5

LQ WKH DTXDWLF DQG WHUUHVWULDO HQYLURQPHQW $ F
GRL M MHQYPDQ
ODQNLG\ 5 :LVHPDQ 6 0D + *LHV\ - 3 %LRORJL
7R[LFRO /HWW + GRL M WR[OHW
ODUDGRQQD ) (YDQJHOLVWL 0 *LRDFFKLQL * OLJOLE
$VVD\ RI YWJ (5V DQG 33$5V DV HQGSRLQW IRU WKH
KDUPIXO HIIHFW RI 'L  HWK\OKH[\O SKWKDODWH '(+3 D
SULPDU\ KHSDWRF\WH FXOWXUHV 7R[LFRO 9LWU +
OF&DOOXP 0/ ODWORFN 0 7UHDV - 6DIL % 6DQVRQ : OF¢
GLVUXSWLRQ RI VH[XDO VHOHFWLRQ E\ DQ HVWURJHQLF
PROLWRU (FRWR[LFRORJ\ GRL v
OHLVHOPDQ 0 /HH 66 7UDQ 57 'DL + 'LQJ < 5LYHUD 3HU



'DXZDOGHU % 1RULHJD )* $GDPV 0( (QGRFULQH QHWZRL

VXFFHVV LQ 'URVRSKLOD PHODQRJDVWHU 3URF 1DWO $F

GRL SQDV (SXE $SU

OL]XQDPL 0 1HPRWR < 7HUDR . +DPDQDND < O0ODWYV

FDOFLXP FDOPRGXOLQ GHSHQGHQW NLQDVH ,, LQ ORQJ W

2QH GRL MRXUQDO SRQH

OM 6 (S 0 (QYLURQPHQWDO HQGRFULQH GLVUXSW

KRUPRQH WLWUHV F\WRFKURPH S DQG VWUHVV SURWI

$TXDW 7R[LFRO +

ORRUH 5: 5XG\ 7 D /LQ 70 .R . 3HWHUVRQ 5 (

GHYHORSPHQW LQ PDOH UDWV ZLWK LQ XWHUR DQG ODF\

SODVWLFL]JHU GL HWK\OKH[\O SKWKDODWH (QYLURQ +

GRL HKS

1RUPDQ $ %|UMHVRQ + 'DYLG ) 7LHQSRQW % 1RUL

HOLPLQDWLRQ DQG ODWH HIIHFWV LQ $WODQWLF VDOPR

HWK\OKH[\O SKWKDODWH '(+3 GXULQJ HDUO\ OLIH $UFK
GRL v \

2EULVW 0 . 'XHOOL 3 5DSLG ELRGLYHUVLW\ DVVH

DYHUDJH ORFDO VSHFLHV ULFKQHVVY DQG UHODWHG HFR\
+ GRL Vv \

2X 4 .LQJ -RQHV . :KDW JRHV XS PXVW FRPH GRZC

WKHLU VD\ LQ PDNLQJ HEFG\WVRQH SXOVHV &XUU 7S 'HY %]

3DOLRJLDQQL ) %RXPSDV ' 7 *OXFRFRUWLFRLGV |

DFWLYDWLQJ SDWKZD\V IRU LQWHUOHXNLQ JHQH WUDQ)\

7UDQVSODQWDWLRQ

3DORX]JLHU 3DXOLJQDQ % /DFURL[ 0& $LPp 3 %DO\ & &D

7XFNHU . )DGRRO '$ 20IDFWLRQ XQGHU PHWDEROLF

GRL FKHPVH EMV (SXE -XO0 SHYLF

3DUN . .ZDN , 6 7KH HITHFW RI WHPSHUDWXUH JUI

DQWLR[LGDQW JHQH H[SUHVVLRQ GXULQJ &KLURQRPXV U
+ + GRL M VEFLWRWHQY

3DUN 6 &KHRQJ -+ &KR 6& .LP -: 6KLQ 06 <RR +- +DQ "

HWK\OKH[\O SKWKDODWH H[SRVXUH LV QHJDWLYHO\ FRU
WUDLW DQ[LHW\ LQ ER\V RU DQ[LHW\ OLNH EHKDYLRU LQ
(SXE $SU



SDWLVDXO +% $GHZDOH +% /IRQJ WHUP HIIHFWYV RI H
RQ UHSURGXFWLYH SK\VLRORJ\ DQG EHKDYLRU )URQW %

QHXUR H&ROOHFWLRQ
3HL ; 'XDQ = OD 0 =KDQJ < *XR / 5ROH RI &D
./ H[SUHVVLRQ E\ VSOHQLF O\PSKRF\WHV H[SRVHG WR S
O\PSKRF\WHV ORO %LRO 5HS + GRL v
3HULF ODWDUXJD 9 1HQDGRYLF 9 ,YDQRYLF - 1
UHYLHZ $UFK %LRO 6FL + GRL $%6 3

3IDIIO 0 : 7LFKRSDG $ 3UJRPHW & 1HXYLDQV 7 3
KRXVHNHHSLQJ JHQHV GLIIHUHQWLDOO\ UHJXODWHG WD
([FHO EDVHG WRRO XVLQJ SDLU ZLVH FRUUHODWLRQV %]
GRL % %,/

30DQHOOY 5 +HUUHUR 2 ODUWtQH] *XLWDUWH -/ OR
EXW\O EHQJ]\O SKWKDODWH % %3 DQG GL HWK\OKH[\O ¢
RI & KLURQRPXV ULSDULXV EDVHG RQ JHQH H[SUHVVLRQ [
VWUHVV UHVSRQVH DQG ULERVRPHV $TXDW 7R[LFRO
GRL M DTXDWR]

3RODQVND 0$ ODNVLPLXN 5DPLUH] ( &LXN 0$ .RWZLFD -
FRQWUROOHG UK\WKP RI HFG\WWHURLG OHYHOV LQ WKH
VSHUP UHOHDVH LQ WKH (J\SWLDQ FRWWRQ OHDIZRUP 6:
0D\ GRL M MLQVSK\V

3RUFKHURQ 3 ORULQLHUH 0 *UDVVL - 3UDGHOOHV
LPPXQRDVVD\ IRU HFG\WWHURLGV XVLQJ DFHW\OFKROLQF

4XLQQLHV .0 'R\OH 7 - +HH .LP . 5LVVPDQ ()

GL HWK\OKH[\O SKWKDODWH '(+3 RQ VWUHVV KRUPRQ
(1 GRL (1

4XLQQLHV .0 +DUULV (3 6Q\GHU 5: 6XPQHU 66 5LVVPDQ
WUDQVJHQHUDWLRQDO HIIHFWV RI ORZ GRVHV Rl SHULQT
VRELDO EHKDYLRUV LQ PLFH 3/R6 2QH H GRL
H&ROOHFWLRQ

5 &RUH 7HDP $ ODQJXDJH DQG HQYLURQPH®WRRUG\DWDL W ¢
IRU 6WDWLVWLFDO &RPSSWKQWIVH QIR 5$XVRMHBW RUJ
5DQ ' &DL 6 X + *X + 'L HWK\OKH[\O SKWKI
PLQL SUHV\QDSWLF WUDQVPLVVLRQ RI SURMHFWLRQ QHX

-

=1



&KHP 7R[LFRO * GRL M IFW

5DWWDQ 6 %UHKP ( *DR / )ODZV -$ 'L (WK\OKHI[\O
3UHQDWDO 'HYHORSPHQW &DXVHV $GYHUVH 7UDQVJHQHU
OLFH 7R[LFRO 6FL GRL WR[VFL NI\

5RFKHVWHU -5 )RUVWPHLHU : OLOODP - 5 3RV W
ILQFKHV 7DHQLRS\JLD JXWWDWD ,V LQIHUWLOLW)\ GXH '
FRSXODWRU\ EHKDYLRXU" 3K\VLRO %HKDY + GRL
6HWK 5. .DXU -- 5DR '. 5H\QROGYV 6( (IITHFWV R1 OD

FRQFHQWUDWLRQV Rl WKH HFG\WWHURLG DJRQLVWYV 5+
UHSURGXFWLYH SK\WVLRORJ\ LQ 6SRGRSWHUD OLWXUD - ,
6KDUPD 9 3DQGH\ $. .XPDU $ OLVUD 6 *XSWD +3. *XSWI
5DYL 5DP . )XQFWLRQDO PDOH DFFHVVRU\ JODQGV D
QRYHO HFG\VRQH UHFHSWRU 3/R6 *HQHW H (
MRXUQDO SJHQ H&ROOHFWLRQ 0D\
6LPRQ 3 4 *HQH 3URFHVVLQJ TXDQWLWDWLYH UHD
+ GRL ELRLQIRUPDWLFV EWJ
6LQJK 6 /L 6 6 |/ 3KWKDODWHY WR[LFRJHQRPLFV
*HQRPLFV + GRL M \JHQR
6Q\GHU 0 - OXOGHU ( 3 (QYLURQPHQWDO HQGRFU
FUXVWDFHDQ ODUYDH KRUPRQH WLWUHV F\WREFKURPH S
KHSDWRFKORU H[SRVXUH $TXDW 7R[LFRO -
BWDPRX 0 :X : .DQLD .RUZHO , /HKPOHU + - /[HLQ
P51$% ([SUHVVLRQ LQ WKH 5RGHQW %UDLQ 'UXJ PHWDE D¢
6WHDUQV 6& 7KH (YROXWLRQ RI /LIH +LVWRULHV 2]l
6XPSWHU -3 -REOLQJ 6 9LWHOORJHQHVLV DV D ELRPDUN
DTXDWLF HQYLURQPHQW (QYLURQ +HDOWK 3HUVSHFEW
6XQ + 6L & %LDQ 4 &KHQ :; &KHQ / :DQJ ;
JHQH DVVD\V WR DVVHVV WKH KRUPRQH UHFHSWRU DFEWL
GULQNLQJ ZDWHU - $SSO 7R[LFRO + GRL N
6XQ - :X : *DQ - 8SWDNH DQG OHWDEROLVP RI 3
(QYLURQ 6FL 7HFKQRO + GRL DFV HVW E
7DNHXFKL 6 ,LGD 0 .RED\DVKL 6 -LQ . ODWVXGD 7
HITHFWV Rl SKWKDODWH HVWHUV RQ WUDQVFULSWLRQDO
DQGXxEHWD DQG DQGURJHQ UHFHSWRU 7R[LFRORJ\



7DUUDQW $ 0 %HKUHQGW / 6WHJHPDQ - - 9HUVO\FN
WKH $PHULFDQ OREVWHUUFHRPBVRVRDPHRARQODAY DQG OLJ

SURSHUWLHV *HQ &RPS (QGRFULQRO * GRL
7THLO 0 - %ODQFKDUG 0O ORUHDX *XLJRQ ( 'DUJQDW
'"HVSRUWHV $ &KHYUHXLO O SKWKDODWH IDWH LQ

VHLQH EDVLQ )UDQFH XQGHU FRQWUDVWHG K\GURORJLF
GRL \%
7TKRPDV =RHOOHU 5 %URZQ 75 'RDQ // *RUH $ & ¢

':RRGUXII 7 - 9RP 6DDO ) 6 (QGRFULQH GLVUXSWL:
SURWHFWLRQ $ VWDWHPHQW RI SULQFLSOHV IURP WKH (
GRL HQ

S8UHQ :HEVWHU 7 0 /HZLV & )LOE\ $/ 3DXOO * & 6L
RI WR[LFLW\ RI GL HWK\OKH[\O SKWKDODWH RQ WKH UH
7R[LFRO + GRL M DTXDWR]

8U\X 2 $PHNX 7 1LZD 5 SHFHQW SURJUHVV LQ X
HFG\WWHURLGYV LQ DGXOW LQVHFWY *HUPOLQH GHYHORS
'URVRSKLOD PHODQRJDVWHU =RRO /HWW

9DQGHQEHUJ /1 &ROERUQ 7 +D\HV 7 % +HLQGHO -
7 6RWR $0 YRP 6DDO )6 :HOVKRQV : 9 =RHOOHU
+RUPRQHVY DQG HQGRFULQH GLVUXSWLQJ FKHPLFDOV /R:
UHVSRQVHV (QGRFU B5HY +

'RLQ 3 /DUVVRQ 3 3KWKDODWH HVWHUV UHGXFH !
2GRQDWD $HVKQD %XOO (QYLURQ &RQWDP 7R[LFRO
X 6 =KX - /L < /LQ 7 *DQ / <XDQ ; :LRQJ - /L
& /L ; :HL * '\QDPLF (SLJHQHWLF &KDQJHV ,QYRC
L QGXFHG E\ 'L (WK\OKH[\O 3KWKDODWH LQ OLFH %DVLI

GRL M [

X / /L / <DQJ 3 0D = &DOPRGXOLQ DV D G
RFWRSDPLQH 2$5 . VLJQDOOLQJ PHGLDWHY ROIDFWRU\ D
ORO %LRO + GRL LPE

<H 7 .DQJ O +XDQJ 4 )DQJ & &KHQ < B6KHQ + 'RQJ 6
'(+3 DQG 0(+3 IURP KDWFKLQJ WR DGXOWKRRG FDXVHV Ut
HQGRFULQH GLVUXSWLRQ LQ PDULQH PHGDND 2U\]LDV P
GRL M DTXDWR] (SXE 1RY

=KRX / %HDWWLH 0 & /LQ & < /LX - 7UDRUH



% 5 &KHQ + 2[LGDWLYH VWUHVV DQG SKWKDODWH
VWHURLGRJHQHVLV LQ 0% /H\GLJ FHOOV 5HSURG 7RJLI
GRL M UHSURWR]

/JHIHQGYV

JLIXUH$ 7KHRUHWLFDO DQG PHDVXUHG '(+3 FRQWHQWYV LQ IR
LQ DGXOW PDOHV DQG IHPDOHV LQ QJ SHU J RI LQGLYLGXDO
FRUUHVSRQGLQJ WR D SRRO RI WR LQGLYLGXDOV '(+3 FF
GD\ ROG DGXOWV )RU HDFK FRQGLWLRQ DQG VH[ WKH PHDQ
DQDO\VLYV OLQHDU UHJUHVVLRQ ZLWK SHUPXWDWLRQV WHVW
LQGLFDWHG E\ D GLIIHUHQW OHWWHU 7KH ILUVW XSSHUFD
FRPSDULVRQ EHWZHHQ WKH GLIIHUHQW '(+3 FRQGLWLRQV DQ
'\ UHSUHVHQWY WKH VWDWLVWLFDO FRPSDULVRQ SHUIRU
EHWZHHQ DGXOW PDOHV DQG IHPDOHYV

JLIXUHLIRUPDOL]JHG H[SUHVVLRQ RI| (F&KOWBURU B FrEES MHGV B Y
8OWUDVSIBEDPME HFG\WWHURLG LQGRBPIBO OPHREREOLRLQ WKH
DQWHQQDH RI FRQWURO RU '(+3 FRQWDPLQDWHG DGXOW PDO
'(+3 SHU JUDP RI IRRG ([SUHVVLRQ OHYHOV ZHUH TXDQW|
VFRWRSKDVH Rl WKUHH GD\ ROG PDOHV Q IRU HDFK FRQGL\
EHWZHHQ PHDQV DQG FRQWUROYV s S
SHUPXWDWLRQV WHVW OPSHUP SDFNDJH LQ 5

JLIXUHIXDQWLILFDWLRQ RI WKH KHPRO\PSKDWLF FRQFHQWUD
DGXOW PDOHV (FG\WWHURLG FRQFHQWUDWLRQV ZHUH TXDQV
ROG PDOHV DW IWHHKEHPLG@IOMW DQG HQG RILVH RKVR K D WHR
ELRORJLFDO VDPSOHV FRUUHVSRQGLQJ WR WKH SRRO RI
UHSUHVHQWY OHDVXUHG TXDQWLW\ RI '(+3 SHU JUDP RI IRR
GLIIHUHQFHV EHWZHHQ PHDQV LQ FRPSDULVRQ WR WKH FR
SHUPXWDWLRQV WHVW OPSHUP SDFNDJH LQ 5

JLIXUH%HKDYLRUDO UHVSRQVHV RI PDOHV WR WKH PDLQ Sk
FRUUHVSRQGY WR PDOHV VWLPXODWHG ZLWK RQH IHPDOH H
FROXPQ FRUUHVSRQGY WR PDOHV VWLPXODWHG ZLWK KDOI R
9DOXHV ZHUH GHWHUPLQHG E\ WKH DQDO\VLV RI YLGHR UHFI
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'(+3 FRQWDPLQDWHG RU FRQWURO H[SRVHG WR WKH SKHUR
LQGLYLGXDOV SHU FRQGLWLRQ 7KH ORJ RI WKH PHDQ RI W
UHVXOWYV IRU HDFK FRQGLWLRQ 7KH [ D[LV UHSUHVHQWYV 0
$VWHULVNYV LQGLFDWH VLIJQLILFDQW GLIIHUHQFHY EHWZHHQ

JLIXUBHKDYLRUDO UHVSRQVHV LQ FRPSHWLWLYH EHKDYLRUL
FRQWWHRY XAHMWPDOH 9DOXHV ZHUH GHWHUPLQHG E\ WKH YLGH
DVVD\V Q WR LQGLYLGXDOV SHU FRQGLWLRQ 7TKH PH
FROQOWDPLOQDWHG RU XQFRQWDPLQDWHG LV UHSRUWHG LQ W
EHWZHHQ WKH YDOXHV REWDLQHG LQ FRQWDPLQDWHG PDOH
PDWLQJ ZLWK WKH IHPDOH DQG WKRVH IURP XQFRQWDPLQDW
VXFFHHGHG LQ PDWLQJ ZLWK WKH IHPDOH %DUV ZLWK DVW
PHDQV DQG FRQWUROV S 'LOFR[RQ WHVW

J)LIXUHODWLQJ DQG HJJ KDWWWIBUDVRIY YROYLQJ HLWKHU D F
FRQWDPLQDWHG IHPDOH 9DOXHV ZHUH GHWHUPLQHG E\ WKH
Q WR SDLUV SHU FRQGLWLRQ 7KH [ D[LV UHSUHVHQW?
IRRG %DUV ZLWK DVWHULVNY LQGLFDWH VLIQLILFDQW GLII
'LOFR[RQ WHVW RU VWXGHQW WHVW

JLIXUHIIHFW RI '(+3 WUHDWPHQW RQ WKH 1 JHQHUDWLRQ Q
D[LV UHSUHVHQWY OHDVXUHG TXDQWLW\ RI '(+3 SHU JUDP
VLIQLILFDQW GLIIHUHQFHV EHWZHHQ PHDQV DQG FRQWURO
:LOFR[RQ WHVW RU VWXGHQW WHVW

JLIXUHY%HKDYLRUDO DVVD\V IRU VWXG\LQJ WKH HIIHFW RI1 '(
FRPSHWLWLYH ELRDVVD\V EHWZHHQ '(+3 FRQWDPLQDWHG DQ
% 3KRWRJUDSK RI WKH DUHQD ZLWK DQ H[SHULPHQWDO PDC
& 6XPPDU\ RI WKH REVHUYHG EHKDYLRUDO HYHQWYV DQG P
QXPEHU RI RFFXUUHQFHYV " (YHQWYV TXDQWLILHG GXULQJ W

JLIXUH&RPSDULVRQ RI PDWHG WUHDWHG DQG FRQWURO PDOI
IHPDOH 9DOXHV ZHUH GHWHUPLQHG E\ WKH YLGHR DQDO\VL\
LQGLYLGXDOV SHU FRQGLWLRQ 7KH PHDQ RI WKH YDOXHYV
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XQFRQWDPLQDWHG LV UHSRUWHG LQ WKH JUDSK 7KH [ D[L)
JUDP RI IRRG 7KH VWDWLVWLFDO DQDO\VLY ZDV SHUIRUPHG
PDOHV DW RQH '(+3 FRQFHQWUDWLRQ WKDW VXFFHHGHG L{
XQFRQWDPLQDWHG PDOHV RI WKH VDPH "(+3 FRQGLWLRQ WKEC

JLIXUH 3HUFHQWDJH Rl PDWWRURQYLMYROYLQJ HLWKHU D FI
FRQWDPLQDWHG IHPDOH 9DOXHV ZHUH GHWHUPLQHG E\ WKH
Q WR SDLUV SHU FRQGLWLRQ 7KH [ D[LV UHSUHVHQW
IRRG

7DEOH$®DO\WLFDO FRQGLWLRQV XVHG IRU W K H OGRWBHELXFD QLD
PDOHV DQG IHPDOHV E\ *& 06 ,6 LQWHUQDO VWDQGDUG

TDEOHOHTXHQFHV RI WKH SULPHUV XVHGG6IROLSVA\URBXD WD PO
DQWHQQDH ) IRUZDUG SULPHU 5 UHYHUVH SULPHU



Figure 1.
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Figure 3.
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Figure 4.
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Figure 5.

A Duration of moves towards the female (seconds)
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