7R[LFRORJ\ ZSHQ $|:FH\/6&£DQWID2 HW DO 7R[LFRO 2SHQ $I

5HVHDUFK $UWLFOH 2SHQ $H

&S\WRSDWKRORJLFDO (IITHFWV RI $OPL[ +HUELFLC
2UHRFKURPLKXQGAORBWILH®XG DQG /DERUDWRU\ &R

3DODV 6DPD@WQGLSDQ$®ORGIH .XPDU 0XNKHIDWHINV KZDU ©HED $OXMLED 5DWDQ *KRVK

(FRWR[LFRORJ\ /DE 'HSDUWPHQW RI (QYLURQPHQWDO 6FLHQFH 7KH 8QLYHUVLW\ Rl %XUGZDQ *RODSEDJ %
'"LYLVLRQ RI (QYLURQPHQWDO 6FLHQFH DQG (FRORJLFDO (QJLQHHULQJ .RUHD 8QLYHUVLW\ $QDP GRQJ 6XQ.
"HSDUWPHQW RI (QYLURQPHQWDO 6FLHQFH $JKRUHNDPLQL 3UDNDVKFKDQGUD ODKDYLG\DOD\D 6XEKDVQDJD

3* '"HSDUWPHQW RI &RQVHUYDWLRQ %LRORJ\ 'XUJDSXU *RYW &ROOHJIH 'XUJDSXU "HVW %HQJDO ,QG
6FKRRO RI %DVLF DQG $SSOLHG 6FLHQFHVY 3RRUQLPD 8QLYHUVLW\ -DLSXU 5DMDVWKDQ ,QGLD
&RUUHVSRQGLQFSHYWBRWWDQ *KRVK (FRWR[LFRORJ\ /DE 'HSDUWPHQW RI (QYLURQPHQWDO 6FLHQFH 7KH
HVW %HQJDO ,QGLD 7HO DQG ID][ ( PDLO DSXUEDJKRVK #JPDLO FRP

5HFHLYHG $GDW® $FFHSWHGOGDWH 3XEOLVKH®B\DWH

&RS\ULJKW *KRVK $#% DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &U
XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH

$EVWUDFW

2EMHFWUHYVHQW VWXG\ ZDV DLPHG WR VWXG\ WKH F\WRSDWKRORJLFDO HIIHFWV RI
WHORRWRFKURPLY QU@MRWERMAK XQGHU ILHOG DQG ODERUDWRU\ H[SRVXUH

OHWKRBWLORWILEXYY ZDV H[SRVHG WR DOPL[ KHUELFLGH DW VXEOHWKDO FRQFHQW
PJ/ XQGHU ILHOG DQG ODERUDWRU\ FRQGLWLRQV UHVSHFWLYHO\ IRU GD\V )LHC
VXEPHUJHG LQ WKH ILHOG SRQG &\WRSDWKRORJLFDO VWXG\ ERWK WKURXJK OLJKW |
PLFURVFRS\ DQG WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ REVHUYDWLRQV ZHUH EDVH

5HVXOMWWRSDWKRORJLFDO REVHUYDWLRQV UHYHDOHG K\SHUWURSK\ DQG SUROLI
IXVLRQ RI VHFRQGDU\ JLOO ODPHOODH 6*/ GLVWRUWLRQ LQ FKORULGH DQG SLOOD!
HOHFWURQ PLFURVFRS\ GLVSOD\HG VHYHUH ORVV RI QRUPDO DUUD\|RI FRQFHQWU|
GDPDJH LQ HSLWKHOLDO FHOOV DQG DSSHDUDQFH RI YDFXROHV RQ WKH VWUDWLILH
PLFURULGJHV ZHUH REVHUYHG XQGHU ILHOG FRQGLWLRQ 7UDQVPLVVLRQ HOHFWUR!
GDPDJHV ZKLFK LOFOXGHG GHJHQHUDWLYH FKDQJHV LQ PLWRFKRQGULD FHOOXODU
VIVWHP SUHVHQFH RI OLSLG GURSOHWVY HORQJDWHG QXFOHXV EXW LQ FDVH RI Il
F\AWRSODVPLF YDFXRODWLRQ ZHUH PRUH SURPLQHQW 'HJHQHUDWLYH KHSDWRSDQF
F\WRSODVPLF YDFXRODWLRQ DQG GLVDUUD®JBP B QAWK 8K KRPWQ A W QOX Q GHHIU ORI
PLFURVFRS\ LQ WKH ODERUDWRU\ FRQGLWLRQ EXW LQ ILHOG FRQGLWLRQ HORQJD
YDFXRODWLRQ LQ F\WRSODVP Rl KHSDWRF\WHV ZHUH SURPLQHQW ZKLOH 7(0 VWXG\
GLODWLRQ LQ URXJK HOGRSODVPLF UHWLFXOXP GDPDJH LQ OXFOHXV DQG DSSHI
KHSDWRF\WHV XQGHU ODERUDWRU\ FROGLWLRQ ,Q NLGQH\ GHJHQHUDWLYH FKDQJHV
YDFXRODWLRQ LQ WKH KDHPDWRSRLHWLF WLVVXHV DQG H[FHVV IDW GHSRVLWLRQ ZH
QXFOHXV VHYHUH YDFXRODWLRQ DSSHDUDQFH RI HOGRSODVPLF UHWLFXOXP DV ZKR
NLGQH\ ZHUH VHULRXV DIWHU DOPL[ H[SRVXUH

&RQFOXWMUILRHYHQW VWXG\ FODLPHG WKH PRUH SURIRXQG UHVSRQVHV| XQGHU ODERU
DQG GLITHUHQW VLJQLILFDQW PDUNHG FKDQJHV LQ WKHVH WZR FRQGLWLRQV ZHUH S|
OLYHU DQG N LGBLPRMWRM¥FXY EH FRQVLGHUHG DV SRWHQWLDO ELRPDUNHU|V RI H[SRVXUH

.H\ZRUG¥OPL[ &\WRSDWKRORJ\ &KURQLF,A QGIRWXWKHHFROIRFO LMYBHONHG RQ DJULFXOV

LGQB\ QLORWLFXYV SURGXFWLRQ LV LWV PDLQ DOOLHG VHFWRU
ORZHULQJ WKH SURGXFWLRQ RI ULFH D¢
JOWURGXFWLRQ DSSUR[LPDWHO\HUHIRR@® LQFUHDVLQJ WKH

KHUELFLGH DORQH RU LQ FRPELQDWLRQ ZLV

,QWHJIBDWGE\GFXP }VKVFKWMWX KDYV JDLQHB}FIB@WOLCHY DEORUWDQW UROH E\ FRQWURO

DWWHQWLRQ LQ UHFHQW \HDUV LQ PDQ\KGHUMEH®RE HQV KRROOBN g R WM-RRBIEHV E R v WA @ yw

DQG $PHULFD }3XGEXAMRWEAQNIFQD®@FUKNDYHQJWR RUK & RD®QD DV ZHOO DV DTXDWL

ODQG SURGXFWLYLW\ DV ZHOO DV HOLP LR®W RQ WEKHHPG Y Q 8 RIOO XV RS MQW HFWMW ¥ dA\QIG

VXEVHTXHQWO\ FDQ LPSURYH WKH HFRQRRHEG WV RQE. WH B QHR HERENIGU XU RWS_  RISIPRHV \ v

> @ %XW LQ ,QGLDSVEBK A>QPWH/KYBWEHWGK U LV D VHOHFWLYH FRQWDFW DV ZHOO

RXUQBOPRVW QRQ H[LVWHQW EHFDXVH RI LQHPHRVHQWXYHGRERRQKRUWHDIQUFH W WREHYQ VI
DQG SHVWLBHOBWLRX KIDPHH B HHORRARMHL IGR X V
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&LWDWIS@®@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH!
2UHRFKURPLVXD®OHRW)IFXYG DQG /DERUDWRU\ &RQGLWLB®Y 7R[LFRO 2SHQ $FFHVV

3DJH R1

VXOIRQ\OXUHD JURXS ,W LV D FRPELQDWRWR @ LFIH F X ORMHW DX\OLIRQ ZD \P WK VR QYN & L G
FKORULPXURQ HWK\O DQG DGMXGDQRY WigH VXUIDFH RI DOPL[ WUHDWHG SC
J)LVK DUH PRVW VHQVLWLYH WR WKH D Q vggl&é/ %%\XQ/W Qﬁg@%ﬁg@&\i@@
OLIH VWDBMWIRDO®\ W\SH RI DTXDWLF S (
DJULF XOX\Q®MMD OE\ GLVFKDUJH zRIH GHMWWU H ﬂ’ FWDQJXODU LQ VKD:
PDQXIDFWXULQJ LQGXVWULHV LQWR QD @ﬁ/ u\é é" V@%%VH
}JVKSRSXODWLRQ DQG RWKHU IRUPV RI L% b g'; 308 OH
ORQJ WHUBQVWKH HQYLURQPHQW E\ FKD J 1. WKH ZLWK PHVK VL1
7LODBUBRFK QRPRWN AYWVKZDWHU VXUID "jr%[? DO YDOXHV RI SROG Z
}JVKEHORQJ WR WKH IPED\PJ.L(DREILIBKWLGPNVXL?IX
EUHHG HDVLO\ ZLWKRXW LQGXFHPHQW }%4 EEE@ MWEWWH[LF SWG
HVHFRVG LVHURWWHU D JURWRILHA O @ws R

LQFOXGLQJ WLODSLD ZHUH UHSRUWHG DXW?‘(lR\{J\VQ g‘
ODERUDWRU\ FRQGLWLRQ EXW OLPLWH % o) DO (5\;
DYDLODEOH RQ KLVWRSDWKRORJLFDQVE % UHV QV y‘/ %}/gh
VSHFLMWHIRUMKH SUHVHQW VWXG\ LV =) S
KLVWRSDWKRORJLFDO DQG XOWUBW/I-\{\FEI\K\FWX VKR \K}Q[LF S

DOPL[ KHUEBUFIREK UWRPLVQSDBWLFX®DU V %VLWLYH RUJD%

OLNH JLOO OLYHU DQG NLGQH\ DQG FRHESFERHPWRY oH HH#PDWQ%[PJQ&NV%d@HU
ODERUDWRIDERQGLWLRQ WR SUHSDUH EDY¥WiPp RO L ROFMRAWLR G LNRUGHG LOWR WZR
PRQLWRULQJ WKH DSSOLFDWLRQ Rl WildG DIERFKWRIHTMRH & Q DWEH pBIEML BB 6 K |

HQYLURQPHQW DTXDULXP WKUHH DTXDULD IRU FRQWURO
/| FDSDFLW\ 6XEOHWKDO GRVH RI PJ

ODWHULDOV DQG OHWKRGV WKH DTXDULXP IRU D SHULRG RI GD\V >
ZDWHU ZDV UHSODFHG DQG GRVH ZDV DSS

&KHPLEDOV DOPL[ WUHDWHG DQG FRQWURO ZHUH VXE

FRQGLWLRQV 'XULQJ H[SHULPHQWDWLRQ
$OPI{HUELFLGH ZDV SXUFKDVHG IURP 9REDPHMMHUNHWHUK3IBRWRSER DY WHPSHUDV
3YWWG *XUDDRRQOGLD $00 RWKHU UHDJHQYOH RW PIQEDD WELF®®OX FW LY L W\

JUDGH ZHUH SXUFKDVHG IURP OHUFN §REGROLWLHY 3UIpGDW Id | ALPROWHES R[\JHQ

2VPLXWHWUDRINVNGISURFXUGSGH FIWWBRFKWPG DONDOLQLW\ s WRWD® EDRBQHVYV

OXPEDL ,QGLD PJ/ DV &D¥RGLXP s PJ/ SRWDVVL:
PJ/ RUWKRSKRVSKDWH s PJ/ DPPR

YLV K PJ/ QLWUDWH QLWURJHQ s PJ /

/QGLDQ 1UHV KZDWHRY ANGREMRIMURQD HX V2D
SURFXUHG BWRM®D ORBMDG zZHUH DFFOLPDWBORBSIRLQJ cp\v xQGHU
ODERUDWRUWHFBQBUBIRQHLIKW DQG WRW DHWRHQPMNIKOR Wk RRAHUYOQHP[SHULPHQWDWLR
}VKZHUH s J DQG S FP UBVSHI FMA YW RN MK RHWHKH HI'$KZUWHWLAH @ WO Q H
UHDUHG DW DHUDWHG ZDWHU DQG ZLWEKQ@DWXSIIED\S I BW R K H WA GH & HA VPRV W U KF D
OLJKW K GDUN $YHUDJH YDOXH RI ZRWMSHW K 8 CAHDAHMIBUNU SOGN. @b PMION JLOO O
DFFOLPDWLIDWLRQ SHULRG ZHUH DV IRDPRHEYL DWIHPGHEDWKNHGHG BRU KI&WRORJL

S+ s HOHFWULFDO FRQGXFWLYLYOHFWURQ PLFWUR YRR N RWINDX G\
GLVVROYHG VROLGV s PJ/ GLVVROYHG RI[\JHQ s
PJ/ WRWDO DONDOLQLW\ VERWD ® KD BRERERMRILEDO VWXG\

s PJ/ DV ¥B&2XP s PJ/ SRWDVVLXP

s PJ/ RUWKRSKRVSKDWH s SVPBLVEHRAWERGF®ODOLYHU DIOHGN)L GQKMHRX
QLWURJHQ s PJ/ QLWUDWH QVMUWRRINIEIVE ROXWLRR/ IRYVIRMBDWQ BIKWW XHV Z|

DFFOLPDWVKEWWRQGLYLGHG LQWR WZR JUHRKSW DWGIE JURKESX ZHOW JUDGHG VHULHV R
WUDQVIHHOSRQWR VLWXDWHG DW 8QLYHUREWG GHIRIOGSRVWDLBRN EHMHEVERW MMWFD 50
OXOWLSOLFDWLRQ )DUP &560) SUHPLWVHFUBWYEPRWKRE® VWWRXKEHEBDYLWK KDHPDWI
WUDQVIHUUHG WR ODERUDWRU\ DTXDULXRBFWLRQWVHHYHHRERBEBMHG SQ\GHUWHKHLFD
7RN\WKSHOOHWYV FUXGH SURWHLQ GROUBY DHEH IFISWAUOWERQ DQG
H[SRVXUH

SOWUDVWUXFWXUDO VWXG\

JLHOG H[SHULPHQWDO GHVLJQ JRU VFDQQLQJ HOHFWURQ PLFURVFRISAF ¢
JLVBVHIWFFOLPDWH@SRIQRQIRY WZR ZHHNVY @ HUHIDX@PRADPEEH K\GH EXRHEDUKBG S+ SKR

LQ WZR JURXSV DV |IROORZKVSHEQWW RBQ VIWEKEXWRE Uré SROVRYB® ERRVPLXP WHWUDR
WKUHH VHSDUDWH FDJHV D QP KV[SHRNXHKH DY SRAEBIDW WQVV XHY ZHUH WKHQ GHK\GUD

'V MRX4QBPYDWH FDIJHV WULSOLFDWH IRU ® B UL HY/H RR POPRHHYNGRHEH GIRDHD RIZBDENEIER A FOV 1D G
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&LWDWIE@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH
2UHRFKURPLVXQ®ORW)IFXYG DQG /DERUDWRU\ &RQGLWLEBR®L 7R[LFRO 2SHQ $FFHVV

3DJH RI

FULWLFDO SRLQW GU\LQJ &3' ZLWK OL TXt6—FDUEROGEREGHHRU—GUEOIWHKH
WLV\‘_DQ_{WLVVXHV ZHUH PRXQWHG RQ PH Mhﬁ \J\AI \/ T \/ InWaWal \Iﬁs‘\‘v\hjl\l\‘lLI.ll‘r“_nh\hll_lldf‘
E\ JROG WKLFNQHYYDOKIFPLQBG XQGH ' Y i S
HOHFWURQ PLFURVFRSH +LWDFKL 6
,QVWUXPHQWDWLRQ &HQWUH RI WKH 8QU
FDSWXUHG

,Q FDVH Rl WUDQVPLVVLRQ HOHFWURQ
ZHYHYMW G Q .DUQRXYWNYHWXUH RI  SDUD
DQG JOXWDUDOGHK\GH SUHEXIHKRG L Q
DW r& IROGRYMG}[EQYLR®VPLXP WHWUD
r&$VHUDWLWRDVVXHY ZHUH GHK\GUDWHG
DFHWRQH IRQPREMDIVEIRBPEHGGHG LQ U H ™
&< HQ XOWUDWKLQ VAFWHREBVFXW XV
NQLIH 8OWUDFXW ( 5HLFKDUW a -XQJ H
JULGV DQG VWDLQHG ZLWK XUDQ\O DFH
ZHUH WKHQ H[DPLQHG XQGHU 7(&+1$, *
HOHFWURQ PLFURVFRSH DW (OHFWURQ
$QDWRP\ $,,06 1HZ 'HOKL DQG LPDJHV Z

(WKLFDO VWDWHPHQW

JLVK FDUH KDQGOLQJ DQG WKH H[SH
WKH JXLGHOLQH RI WKH ,QVWLWXWLRQD
WKH 8QLYHUVLW\ RI %XUGZDQ DQG DSSU
WKLV 8QLYHUVLW\

JLIXUHLVWRSDWKRORJLFDO SKRWR B IERRIREIXN
5HVXOWYV XQGHU FRQWURO FRQGLWLRQ & DNPL[ W
$/ DOPL[] WHOHEHRQMEWLRQG6KRZL@ OQORUPL
*L0O VWUXFWXUH RI SULPDU\ JLOO ODPHPDODH
ODPHOOD XQGHU OLJKW PLFURVFRS\| & ™

+LVWRORJLFDOO\}VHKLOY/O FRP FROMAU RO $§O6T/PDAKLWHEPUURZ FXUOLQJ VTXDUH GL

VHFRQGDU\ JLBOUHHP HGOBW RI WKH ODPRQOGDH ®UMUH{ WY HBY R KR D WQURK $ U SO
WKLQ FRYWWHMOWEMMKHOLXP DQG FRQWDPLQ DQWIHNIV RAHDARDUN VBDFH EHWZHHQ 6%/ |
FDSLOODULHV VXSSRWHWHGEGLED SLODPWEODFH A8 VWKHOLYFDQQLQJ HOHFWURQ PFALFUR)
LV SURYLGHG ZLWK PDQ\ FKORULGH FHO®OWBRQWKAH@WVRI RILWAH FHERYG D1 | ALK

ODPHOOD DQG VHFRQGDU\ O D® B PDEWVOIUHQGYW H D WE WO QLp® FHOOV 6(& ROODWKH
D HSLWKHOLXP VKRZLQJ ORVV RI 05 RYHU 6¢(

DQG YDFXRODWLRQ EROG DUURZ X
H HYLGHQW RI DOWHUDWLRQV DV [R‘ENHI#JYM%,Q%—\ LaEMWR P L RYEVRP\RI UHJIXOD
MG

DOPL[ LQWR[LFDWLRQ XQGHU ODERUDWFU#,\JELE{'Q[SSLL@(][H E;Llﬁly,gzK VWU R $
SUROLIHUDWLRQ LQ JLOO HSLWKHOLXP N HRRQSOWR | Q,gﬁﬁeD M@Pg J ARG
IXVLRQ RI VHFRQGDU\ ODPHOODH GLVWRY Q&I&Q R q(FﬁLg,lHQﬁN %égogg 1 HAC ¥
2 QLORWLEXVH E ZBHOBRRGGWWRQ JLOQ {HRLWKH +
VKRZHG DOPRVW QRUPDO DSSHDUDQFH %,LL\%}&FF:)k\HQ%QJ\ SD%%%% '?JQJVM'FLEDW\}‘IR\QNUH v
JLIXUH F XQGHU 7(0 $/ ™ , BKRZLQJ GLODWHC
6FDQQLQJ HOHFWURQ PARFQRMARELGDADIEMWBAYVHR QG YDFXRODWLRQ EURNHQ PUURZ
VHHQ XQGHU OLJKW PLFURVFRS\ VXFK DPLFNRNERSOR¥)V™RI QRUPDO DUUD\ R
VWUDWBIWWKHOLDO FHOOV ZLWK FRQFHQWULF PLFUR ULGJHV )LJXUH G
VZHOOLQJ RI PLFUR ULGJHV GDPDJH LQ ASCWKHOLDO FHOOV DQUG DSSHDUDQFH RI
YDFXROHV LQVEMHYDAHELGVMHKGILD O X/ RHARMLE Y PO RI

JLIXUH H WKHUH ZHUH DOVR ORVV RI UHJXODU SDWWHUQ RI PLFURULGJHV
XQGHOWFRRQGLWLRQ )LIXUH | +LVWRORJLFDOO\ WKH KHSDWLF FHOOV DI

7UDQVPLVVLRQ HOHFWURQ PLFURVFR Eb\):"[g)o Séﬁ?é:

GDPDJHV LQ JLOO OLNH GHJHQHUDWLY % IQWR’VKH

YDFXRODWLRQ GDPDJH LQ WXEXOH YD % |F g %%@ EOF
\ J

GURSOHWYV DQG HORQJDWHG QXFOHXV LQ
VYV MW bR FIVBISRULPHQW WKHUH ZDV OHVYV BDQEW—DEQHK FDﬁ\DQJ].@‘DMQRCQHU ODERUDW/
LOUPPWRFKRQGULD DQBDOPIEX ROSMILREERIGIHL@HUDWLRQ LQ KHSDWRSDQFUHDV QF

, FRQGLWLRQ )LJXUH L F\WRSODVPLF YDFXRODWLRQ DQG GLVDUUD
v E EXW PHOBERQGLWLRQ HORQJDWHG KHSDV
7R[LFRO 2SHQ $FFHVV DQ RSHQ DFFHVV MRXUQDO 9ROXPH k ,VVXH K
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&LWDWIBP@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH
2UHRFKURPLVXZDLG®HRW)IFXYG DQG /DERUDWRU\ &RQGLWLEB®YL 7R[LFRO 2SHQ $FFHVV

3DJH RI

QXFOHDU YROXPH DQG YDFXRODWLRQ LQ GHOBROQIELAW RRXHSOBWRRQNHVQZIBYA WRAB ¢
QRWDEOH FKDQJHV )LJXUH F KDHPDWRSRLHWLF WLVVXHVY ZHUH QRWLFHG

BOWUDVWUXFWXUDO DOWHUDWLRQV VKRZAHEVPEMYHREUBWHBW PR Q RFKRQREIWLIDS K

GLODWLRQ LQ URXJK HQGRSODVPLF UHWQARRWGXRQGERQVH PQWREKRGUI ®QG QX
DSSHDUDQFH RI F\WRSODVPLF YD X ROEMYWRIQ ALVPX K H §DIVOR W\KAHH FDBILOODU\ HSLWKHOL
DVHDOPL[ H[SRVXUH LQ ODERUDWRU\ FRQGURKXRGHIEY EXHHQ XQ®&HW GLDLWDWLRQV

REVHUYDWLRQ )LJXUH H DV FRPSDUH GSOUR HFR QDR @ X FIOKXW ZOV DM [WKMWR D IH:
RWKHU KDQG KHSDPWERRWHRZIKRG DOPRWW WRUIPDWOHY ZDV SURPLQHQW LQ WKH FDS
DSSHD U D QHORRIGIDWHE ORVXUH WR DOPL[)LIXNXMIVEHIDOPL] LQWR[LFDWLRQ XQGHU WK
7(0 VWXBQ}UPMIGH SDWKRORJLFDO OHVLRQ)\
QXFOHXV VHYHUH YDFXRODWLRQ DSSHDUL
ZKRUO SDWWHUQ GHJHQHUDW LRQOLQ@ APUWWNAR
JLJXUH H ZKLOH RQO\ GLODWHG DQG YHYV
ZHUH QRWHDEHG. [ H[SRAVORRIQ EQWLRQ )LIXUH

JLIXUH+LVWRSDWKRORJLFDO SKRW RH
QLORWOQFBHU FRQWURO FRQGLWLRQ
FRQGLWLRQ $/ JHIRBRQWUWDW® G*)
QRUPDO DSSHDUDQFH RI KHSDWRF\W : ‘
DURXQG FHQWUDO YHLQ &9 ZLWK G WLQFW QXFOHX OLJKW
PLFURVFRS\ & ™ % 6KRZLQJ GHJH)(QBIXJLE)HVLVM/HK&ESWWRQQ;IBU.FFLDI-QD\SKRWRPLFURJ
DUURZ VHYHUH YDFXRODWLRQ LQ F\WRSORWPFXV KHBEB®NUR FRQWU REQ RMRQG LW LRQ
DUURZ XQGHU OLJKW PLFURVFRS\ $) MFRQGLWLRQK/PLPORSHFQABUWDLRG G $) D ¢

VKRZLQJ YDFXRODWLRQ LQ F\WRSODVP| RRUPBOVVERR(WRNO FRRNRQ XDWH®R W XEXOH
DQG K\SHUWURSKLHG QXFOHL ZKLWH DUWBRZ %RZPDQdIV FDENXDHQDPQG JORPHUXOX
QRUPDO DSSHDUDQFH RI KHSDWRF\WHW ™LWK ODUHIHQKEPMWHGR3&7 DQG|'&7 L
PLWRFKRQGULD 0 URXJK HQGRSODV|PLER RIHWIEXO XPUURE Kipp& YDFXROOWLRQ
JO\FRJHQ GURSOHWYV *< XQGHU WUD|QVPEVRNRQ HOMHREURR B HUURLER® PRLFURVFR
™ ( +HSDWRF\WHV VKRZLQJ GHJHRQRUDMENGERBAWRKERRIGBUICHIBEREHEDWLYH 3&7
DUURZ GLODWHG 5(5 VTXDUH F\WR[SODRREDWDHROROQ WL RID KEHRRWRSRLHWLF
DUURZ DQG GDPDJH LQ QXFOHXV XQGHU WWDORPPDOLMESSHOHPWBRQR!I NLGQH\
PLFURVFRS\ $/ 7o 8QGHU WUDQVPLVV|LRIQVRIFORRQMBUWR® 0 DQG QXFOHXV 1| XQGI
PLFURVFRS\ KHSDWRF\WHV VKRZLQJ|DDOPRAMIRVFRSPDE® ™MSSHDUOQFKHRZAIQJ QHFURYV
QXFOHXV 1 DQG 5(5 $) ™ VHYHUH YDFXRODWLRQ EURNHQ DUURZ D¢
SDWWHUQ DUURZ KHDG DQG GHJHQHUDWI
XQGHU WUDQVPLVVLRQ HOHFWURQ PUFURYV
GLODWHG DQG YHVLFXODWHG HQGRSODVF
-LGQH\ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ $)
+LVWRORJLFDOO\ NLGQH\ LV PDGH XS|RI D ODUJH QXPEHU Rl QHSKURQV

HDFK FRQVLVWLQJ RI D UHQDO FRUSXVFOH RU WKH UDOSLJRKLDQ ERGY DQG WKH

UHQDO WXEXOHV 5HQDO FDSVXOHV DUH chg\y%ﬁ\ggq QXPEHU VSKHULFDO RU
RYDO LQ VKDSH DQG FRQWDLQ YDVFXODlj' UXOXV 5HQDO WXEXOHV DUH
FRQVLVWHG RI FROXPQDU HSIV\WKHQIMIWRFHEVKWH BQIBY BQW VWXG\ KLVWRSDMWKRDRJ
SUR[LPDO FRQYROXWHG WXEXOH 3&7 GLOW DOLFRQ YIRDX N HG QW X RXKPU@INEZ DNV R
DQG FROOHFWLQJ @EXFMWSK U RSOWEME WR DOPHYWLIDWHG DQG FRPSDUHG EHWZHHQ Q
WR[LFRVLV XQGHU WKH ODERUDWRU\ FRQBHMWRQ L QWEKEDRARIYHUHG GHA HDQH/HIVW L §
OMRX@éQ@JHV LQ 3&7 DQG '&7 VHYHUH VKULQKIDVWW RO RIQRPIOU XIDXE  KDRMKURIDDMURIQN X U D O
LQ KDHPDWRSRLHWLF WLVVXHV DQG H[FHQY LDRQ B HS R\DION L RRQ WIDIXILUHD VEL RQK LIGH D
ELRPDUNHUV LQFOXGLQJ KLVWRORJLFDO |
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&LWDWISP@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH
2UHRFKURPLVXDGHRWLIFXY¥G DQG /DERUDWRU\ &RQGLWLR®L 7R[LFRO 2SHQ $FFHVV

3DJH RI

UHSUHVHQW DQ LQWHUPHGLDWH OHYHOZIRWVKE MWRKGR UX® B O PRQIWDIA | DWRRHNV \E VW E K HXQY/
ORZHU OHYHO HyIHFBKWEP KRD®HU O H YHH/® FSIRGX MIMWIRJLGDQW GHIHQFH RI JLOOV DV 7
> @ ZKLFK PDLQO\ RFFXU HDUOLHU WKRPWWUNBSORGXFWWXRGEKWR JANMUDNQ & KDHUHSDPD
PRUH VHQVLWLYH IRU HYDOXDWLRQ RIDRXDWQEVHFKWIYMR WKDQ D VLQJOH

ELRFKHPLFDO UHVSRQVH > @ JLYHU VKRZHG GLYHUVLW\ RI SDWKRORJL
,Q WKLV FRQWH[W KLVWRSDWKRORJLFDBG MQXEDWEKYR X FKDQIKW PQF JRPRFRIY) LM D
D UDSLG LQYHVWLJDWLRQ PHIWHERGL WRU HBONSIDVE /'S DVEKFHU WIRYLFQHFURVLY LQ KHSDWRF
[HQRELRWLFV HVSHFLDOO\ FKURQLF RQHVW RS ODDAPL BXOR @1 VALWHY GOGED R UDMQIMPRQ W
WKH RWKHU KDQG XOWUDPRUSKRORJLFRQGDWQIDRQVLVUHEHBYEWWHSBERBDQWLH® O K
FKDUDFWHUL]DWLRQ RI FHOO VXUIDFH X@GWHKLVFDWQGEQ D QHX KBW i FEQGI HPQ FRIRROMLRSHU +
6(0 ZKLOH WUDQVPLVVLRQ HOHFWURQWNRL¥URNVRESG HHERFDWERY WKDEHLFLGH LV
REVHUYDWLRQ RI DOWHUDWLRQV LQUWHK M KHOIIRWBIUF D R G HGX EXFMFOMDXRODN0 CCHYG! YW U 3
RUJDQV QDPHO\ JLOOV OLYHU DQG NLG®AM DQYHV@LDDWR R KDHEUHYUH 6 UHNYHHUWH \DM X G )
DUH PDMRU VLWHV Rl UHVSLUDWLRQ DFP¥KRODBW LIRQ FO\YR S B IDRW UDE ISANRMLIERY X
DQG H[FUHWLRQ RI [HQREKRWIL AV ¥ K EWWDREHHY B DY @MOXVR[LFDWLRQ RI 'LD]JLQRQ
VKR 2HG Q L GIDIW HQF WKH F\WRSDWKR O R LLG}DAW URE VEHRQVRIF WRH W KDHQ G S\NQRWLF QXFC

DOPL[ H[SRV>XGUKHUBRBIGLWLRQV *HQHUDQODXWEKMRBHVSRQVHW 2D B8R AKX @LAOG/DNRNAU

3UHVHQW UHVXOWV H[KLELWHG VHYRU % Wﬁg@é %?5% L(.fb\ﬁgéz'i'e
P FOHDI

DOVR UHSRUWHG E\ +®HWGLRIW HRR Q6 D@ b

LQ 3DFDPIKLRVDOXYXPGRBIH LQ FKORULEQ—I IRUPDWLRQ Rl $73 PROHE

ZHUH PRUH SURQRXQFHG LQ WKH }GDEEFRNIMBR(LS\ HFEBQ‘G)LQM—LRQDHMIREDQ.]DWLRQ DV RE
QLORWQFBOXGLQJ K\SHUWURSK\ DQG SU
HSLWKHOLXP RHGHPD IRUPDWLRQ K\SH IB |I_-|| V‘ H H
ODPHOODU DQHXU\WVP DQG ODPHOODU IX “H_b kﬁ
DVHBRRXQGXS H[SRVXUH -LUDXQJNRRUVN ODWLI
Rl VHFRQGDU\ ODPHOODH K\SHUSODVLD D H + %/ GLI
LQ WKLV VWXG\ UHSUHVHQWYV DGDSW ) |§ Hl\J/V MRo
FHOOV FDQ UHVXOW~RQLDYEGHDWHKE DBO év
g R e %%L
Z
|

GHYHORSPHQW RI DQHXU\\HR B RW \FAR G B
RQ WKHVH FHOOV 6FDQQLQJ HOHFWUR
QRUPDO DUUD\ RI FRQFHQWULF PLFUR
GDPDJH LQ HSLWKHOLDO FHOOV DWQWUD
HSLWKHOLXP 6LPLODU UHVXOWV RI OR
PLFURULGJHV ZHUH DOVR UHSRUWHSUEYQ
FDUSLRPPXQLWQQ H[SRVHG WR PRQRF
PLFURULGJHV Rl WKHSBIFREV RDWBOWR R
DQG :RQJ > @ OD]JRQ HW DO > @ DQG %
WKHLU VWXG\ UHSRUWHG WKDW PLFURUL
PXFRXV RQ WKH JLOO HSLWKHOLXP DV
HQYLURQPHQWDO FRQWDPLQDQWYV 7UDOV
VKRZHG GHJHQHUDWLYH FKDQJHV LQ PMh
GDPDJH LQ WXEXODU YDVFXODU V\VWH

QXFOHDU OOHNIRWPRIMW\H[SRVXUH XQGHU E
OHVLRQV ZHUH }®IOWYS HQ LPDAVGHVRI9D F X R O
XQGHU SUHVHQW VWXG\ LPSHGH JDV HI[F
VZHOOLQJ RI PLWRFKRQGULD DQG URXJ
UHSRUWHG E\ 8OWVFK HW DO > @ DQG
GDPDJH LV UHVSRQVLEOH IRU LPSDLUP
GHVFULEHG E\ 3HUU\ DQG /DXUHQW 3V@ %ﬂ%

/ MRX WVGBERWMUQWR[LFDWLRQ RI WR[LFDQW

QHWZRUN LV DQRWKI—Ill/I—[@JR)\ND[EGﬂ-[ISRKDWIlFQ}NXQQHU DOPL] LQWR[LFDWLRQ FDXVHG
ODERUDWRU\ HARRQBWWHR® FKDQJHV LQ JEFROWK PO AW B PEEIEFUGRWMLRQG DOWKRXJIK \

FRQGLWLRQ DQG WKLV PD\ EH GXH WR }SKMSBPHOQFH RGLEDWKUDPEBRQQEWLROWZH

X Q GIHHOWMBUHDWPHQW VXEVWDQFHV LQ WKH SDUHQFK\PDO FHOOV
DQG VHFRQGDU\ ODPHOODH FXUOLQJ D
DORQJ ZLWK GLVWRUWLRQ LQ FKORULG

XQGHUO\LQJ WLVVXHV IURP D@L WLE/PIDFRDR, L § UEG RELGD WL

PRVW LPSRUWDQW SDWKRORJLFDO VLJQ £ ’ﬂ“}‘gé\% b Fﬁ UHV‘é&z
XOWLPDWHO\ FDXVLQJ GLODWLRQ RI WKH
RU HYHQ DQ DQHXU\VP > @ 'DPDJH LQ-

U W 7

%ao ]]%95 e HYZ N

Ry, H VXUH 9

HUD!

R \9/\"HQF3D|OR\:XHSD»

RI (5 FLVWH

VHFUHWRU\ DFWLYLW)
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&LWDWIS®P@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH]
2UHRFKURPLV XDL®OHRW)IIFFKOG DQG /DERUDWRU\ &RQGLWLB®\L 7R[LFRO 2SHQ $FFHVV

3DJH RI

UHVSRQVHV ZHUH PRUH VHYHUH XQGHU O D ERIDXW RNRRBSR@XED R (R Q U XB W@ A KXOHNVIL Y6HD K L
FKDQJHV LQ 3&7 DQG '&7 VKULQNDJH Rl JORPHRVMX® XHW PRYH UH “HHARRBNGENS LF DO\S
LQ WKH KDHPDWRSRLHWLF WLVVXHV DQG HfEHEN 4B '&%WKWEQ%BWLQﬁW{K;HQW

6LPLODU UHVXOWY ZHUH DOVR UHSRUWHG )@\352%@@1 % G H@E Wio& 2> 2 X QGH
VPDOO F\WRSODVPLF YDFXROHYV QXFOHDU %@Q Xﬁgﬁ_ ?bw
WKRHVIMQG VHFRQG VHJPHQWYV RI WKH SURJL b X HWLR

WXEXODU HSLWKHOLXP HQODUJHPHQW RI %HZ \‘%zzlq}ﬁgow”
NLGQH\ DV REVHUYHG LQ WKH SUHVHQW \{ >§<&gm LRU H

D X W IOR/BN] S RV XGLKW HRFIRQW DPLQDQWYV > a XWH WR]

DO > @ LQ WKHLU VWXG\ DOVR QRWLF:HFCDO WQH M@@W&RYUII»HEKFDQDW(%/ kQS\ 3DFF
KDHPRSRLHWLF WLVVXH ZKLFK LQFOXGH VHefk U Hx QW RgRMIRGQ FXODRXG\ VZHOOLQJ LQ
UHQDO WXEXOHV FHOOXODU K\SHUWURSK\ ¢2@ G 0J Ugh® ¥ O DL/ Vi & W RVGARBOED 1w @rad WE@ HO L+
Rl &KDQQD SRQAWOMWRPKORU H[SRVXUH &\RVR SIDOWE BRWRWAHRE @ URIPAW LIF PSR V H G L WHRJ H Q W
DOWHUDWLRQV VXFK DV QHFURVLYV LQ QXF OHRXQWVHQWMYBW IR @D RX RIGIDW LIRFG! WD $/$HRUD QL
Rl HQGRSODVPLF UHWLFXOXP DV ZKRUO SBRWHUQ DQG GHJHQHUDWLRQ LQ
PLWRFKRQGULD ZHUH SURPLQHQW XQG HWVRRW NRONPIRBADRLW N BLOP S WRIRIQ6 5HLQJIU
PLFURVFRS\ LQ ODERUDWRU\ FRQGLWLRQ &J\WNVS?@B'@@Q[B WWHEOH K\ G

PRVW SURPLQHQW DOWHUDWL@@WWMEQFX@%?%? &%?2 @ﬂg@'e/?wr(ﬁewmmﬂm
H[SRVXUH KDYH DOVR EHHQ UMNKRISRNGE G
%5”@ wm‘&mﬁ; if%‘ VEFJJEE‘

KH[DFKORUREXWDGLHQH E\ 5HLPVFK%VVHO
%UDYR HW DO > @ LQ W,V_\R%LHQX-HMMZD)DLQVE

DQBRORVVRPD POFPUNERMYPQH H[SRVXUH )LY, g[g HUSKHWiUMHHE s bs
DO > @ LQ WKHLU VWXG\ DOVR UHSRUWHG“G #HQ HIURW LR 1P & YDQ) @Q@
HSLWKHOLDO FHOOV DQG IUDJPHQWDWLRQDPQQRHUDD VN G F¢|6ﬂD[b@@R[sz¢JcRL>Qw <
H[SRVHG WRHNVWILHMLREY DOVR UHVHPEOHG WHOHRWAMEE QHEERYWRIPVLRQ *OREDO - (QYLUR
RI WKH SUHVHQW VWXG\ LQ WKH ODBRKDW R\ 5 @@QBOLONE RO NKH GIRIBREIY Q W G G HMW v
&KDXGKXUL HW DO > @ LQ WKHLU VWXG R BGIFRWWERN B GRIBIRE IQFN WR ¥ H HRO\PGIM RI W
GURSOHWYV LQ UH RHAFCRQGENDIHRQ Gl /KW L R QWRIO H RVGHEIORHGER @GLWLRQ 7R[LFRO 5HS

UHWLFXOXP LQ VRPH SODF HGA/LZBDUHSUKRRQ QH ORP DRYEDW 6L YXNKHUMHH $. *KRVKHSBRWV %

WZR FRQGLWLRQV PDGLExHLDWQ\WUQBXMD{CLWWFP@@G[ WHKYELFLGH LQ WKUHHKHNH WKG D R/ UG LW
KDELWDW VW ,QWHUQDWLRQDO &RQJUHVV RI $SS

(QYLURQPHQW
,Q FRQFOXVLRQ WKH SUHVHQW VWXG\ U FDEWHED MK R AXOPD[ 1K B D& L6F LO&N KHY M H|
WR[LFVWDR G FDXVHV KLVWRSDWKRORJLFDO £.Q @ RSO W KRORN URCFONXQD BO WD UHWRVFRSL
LQ JLOO OLYHU DQG NLGQH\ XBGHHV ODERIUDAEDY MRY/GPLRBKWR Q%P RIFEW R[LFDWLF
SUHVHQWHG KHUHLQ GHPRQVWUDW}HH@GWKBWWWM R@WPHLWLKP\'Q SDGGKORU'—PXURQ *
FRQFHQWUDWLRQV FDXVHG PWHWRIRIQWD VL @ HWKHY FUHF

FRPSDUDWLYHO\ OHVV WKD QH W) R REIOMWARIUE K IR ?\ISDWUD %& $GKL’\\‘(DUL 6 J3UDRQ
UHVSRQVHV FRXOG EH FRQVLGHUHG DV ss% wh @ﬁ@ﬁwm @v&%
DVVHVVPH@N RI QR¥RFKHPLFDOV LQ DTXDWILE F;—bF@R/\guj\)\é BXNKHUMHH $. 6HODSOHFIIT *K!

$OPL[ KHUELFLGH RQ PHW DEHRWANBYWADO]W HRY W

$FNQRZOHGJHPHQWYV WHOHRMWWHE@D EDV W H VAMNMGHDRXYH X VIV | R
2UHRFKURPLV, QWO-RMFILFXWY (QYLURQ 6FL

H DXWKRUV OLNH WR WKDQN WKH ,168p%p L%éBD@ oxXk¥ibM@H $. eHQDSDWL ;
'"HSDUWPHQW RI 6FLHQFH 7HFKQRORJ\ *R¥¥MyvHRIDWIAREDY LEGLIBSWUYH HQ]\PHRHRI WK
JHOORZVKLS 'W }1QDQ MIBWIOL WKBIQFHSOPH | KHUELFLGH $ FRPSDUDWLYH VWXG\
DOVR OLNH WR WKDQN WKH +HDG 'HSDUWPMQW RI (QYLURQPHQWDO 6FLHQFH WKH
B8QLYHUVLW\ RI % XUGZDQ %XUGZDQ DQG :H8DPDDRWQEIDD 6, QXINBHBRWHSUR.Y LEGIQPEDWL 7
WKH ODERUDWRU\ IDFLOLWLHY DQG OLEUDYDOPDAWIRQVRHWHQGYOWDF WHRWH YRR HEMHL R

. R

UHVHDUFEK H[SRVHG WR FRPPHUFLDO KHUELFLGH $OPLJ
<RXQJ -& &OHVFHUL /6 .DPKDZ\ 60 &KDQ
R[\JHQ GHPDQG SURFHGXUH LQ WKH VW HGL
SHIHUHQFHYV WKH ([DPLQDWLRQ RI :DWHU DQG :DVWHZDW
SHNKB *KRVK & OLWUD $ -DQD 0. OLWUD %1 7THFKQLTXHV RI

ULFH FXPXOWXUH IRU LQFUHDVLQJ SURGXFWLY¥ERWRM. G00RKHEBEG /QEUDIHO)HY06 -LPHQH] %'
H XVH RI ELRLQGLFDWRWHFR/RB ROD/ONHW F DRI WKL

5DPDK . +LVWRSDW KR QR HFVD OL ¥ W XG\UE Q&M@ YLURQ SHYV
MRXUQD®RQ JUDVV FDUS &WHQRSKDU\QJRGDQ LGHOODSGRRV- 6QLRWHNKkQgRO 7TUHPEOD\ /$H (RVRQRK7
6DFKGHYD 3HVWLFLGHV DQG WKHLU VRFLFRLﬁER%R'ﬁHr‘—/ ERsHERORH-FDO ULVN DVVHVVP
DJULFXOWXUH 6RXWKHUQ (FRQRPLVW FKXUFK FRQIHUHQFH RQ %LRPDUNHUYV
'X3RQW 6DIHW\ 'DWIXBKGHMMPL[,p :3 9HUVLRQ
5HYLVLRQ 'DWH 5HI
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&LWDWIS®@DQWD 3 3DO 6 OXNKHUMHH $. 6HQDSDWL 7 *KRVK $5 &\WRSDWKRORJLFDO (IIH]
2UHRFKURPLV XIL®OHRW)IFXO®G DQG /DERUDWRU\ &RQGLWLB®RWL 7R[LFRO 2SHQ $FFHVV

3DJH RI

6HIQHU%UDXQEHFN 7 +HSDWRFHOOXO D 5 DIK®DEW DVRIVR/@ L\@R = H [RIDHOAIHK  0)$  (YKFRG *8
QXWULWLRQDO FRIQGLWARIQY GOV LEHON QRIEEH'LB]LQRQ $QDEQRV WHVWXGLQHXV &KDQQD
PRUSKRIXQFWLRQDO DQDO\VLV )LVK 3K\VLRO JRQFKEHPHSH ,&/$50 4XDUW
JULHEVNRWDEKOHU +5 +RQQHQ : 6FKUDPP 0 $GQRPNUFKHW BBSDWLF WRVIKFROREHUQ/- HG
,QGXFWLRQ RI KHDW VKRFN SURWHLQV BRPQDWHY¥ WER[OERB B JX OSNDYDHNOWINXHFWWX UK Z <RUN
DQG DOWHWKRHRDWLRXU $UH WKHVH ELRPDUNFI ¥ URRRWKIG(DQRGDPWH. 8QR 6 *KRVK $5
WKH\ XVHHX-GANWWIR VWDWH R JSROBOKVKIDRY (E®@ WKW HUDWLRQV LQ JLOO OLYHU DQG NLGQF
6WUHVV SHFRYHU\ FKORUS\ULIRV - (QYLURQ 6FL +HDOWK %
+XHG $& 2EHUKRIHU 6 GH ORV $QJHOHV %LVWROBWEKXNOO SRV XUH WMR\PDWLF DQG XOWUI
FRPPHUFLDO JO\SKRVDWH pRDEWHDW LRRUBPRXQEHYRADMAMKSDFW Rl PHWK\O SDUDWKLRQ %
OLYHU KLVWROMRNDO BlQ\GH [ X D O- HOFIW Y DWRXROIWL GHQ WD WD
$QDEOHSLGDH &\SULQRGRQWLIRUPHV  $UFKy(RyRFHRLYBP "RILFFRPEDQW LQGXFHG F\\
}JVKOLYHU DV ELRPDUNHUV RI HQYLURQPHQWLI
-LUDXQJIJNRRBONKDP (6 .UXDWUDFKXH 0 6DKRHIKRARFHVEFNONUOLWUR R FUHVRX ALY FXRA GL
*UDPV 6 HW DO %LRFKHPLFIDVHARQG K pY\YB 8RR O R DIRQIP VHHLADKHLKED \S S
JO\SKRVDWH KHUELFLBWHHRRK URPHVWOEDOBWRDF LW -7 -x 566 =KRX %6 /DP 3.6 5HODWI
7R[LFRO XOWUDVWUXFWXUDO FKDQJHV DQKH[(SRV DG W]
OHLVVQHUDPDQGRSRXORV1IHRSODQRLBQGHUVRRHQIR>D@S\UHQH (QYLURQ 3ROOXW

'$' .LVVDQH -0 HG 3DWKRORJ\ S *KDGLDPDO\ 8OWUDVWUXFWXUDO SDWKRORJ
&DUGRVR (/ &KLDULQL *UDFLD + )HUUHLUDgXSO®HBROULWEY

ORUSKRORJLFDO FKDQJHV LQ WKH JLOOV RI /R$KRMLOXUX VY DOHIPRG Y H &k & R ¥ WEAW R\RvOX H v
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