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7KH LQIOXHQFH RI PLFURZDYH WUHDWPHQW RQ WKH VXU
*DOHQD FKHPLFDO FRPSRVLWLRQ RI JDOHQD ZDV VWXGLHG 7KH

JDOHQD FRQFHQWUDWH ZHUH XVHG LRR®IXQVRYRQN ZBWAR
OLFURZDYH 5D GILDHQRAHOR | *+] DQG D PD[LPXP SRZHU RI © ZDV XVI

H[SHULPHQWY 7KH UHVXOW VIRRERWD P QFHGR VWFRS \\WOKQHD D WR |

6XUIDFH 5RXJKMHBW WKH VXUIDFH URXJKQHVV Rl JDOHQD GHFUHDVHG D
DOVR VKPZHGKMH VXUIDFH K\GURSKRELFLW\ Rl JDOHQD L

6XUIDEFH ‘HWWDEXYDWALRQ RI WKH PLFURZDYH UDGLDWLRQ ZKLFK ZD
PLFURRWDWLRQ PDVV UHFRYHU\ UHVXOWVY 7KH LQFUHD\

JORWDWLRQ DWWULEXWHG GV R XW KDHF 16 HFRX-IIX\DHH VYV E\ PLFURZDYH UDGL
VXOIXU RQ WKH VXUIDFH 7KH UHVXOWV RI WKH 6(0 ('6
PLFURZDYH UDGLDWLRQ WKH DPRXQW RI 6 LQFUHDVHG Z
JDOHQD LQGLFIHUDIH \BKMRW LWKHXPEHU R MIGHGIOD W@D \
PLFURZDYH WUHDWPHQW

,QWURGXFWLRQ
*DOHQD MDBBG3\E6®DWRWHKHHPLQHUDHYHUDO IRGIBBHG VROERQDWMW PLQ}
H[WUDFW DG [EG WREKN VBWR G X FW E R Q GRIFMMAIEY RO WK H V\HK RIZAMDWY
OHDR@WWORVOFRPSRXYAWSRUWD QWK HRW HPBHUD \§ R PG B G ®RIR
W KRHD Q X | D RIDXWFE X P X ODXFRWD U SRERIWH WKO Q@ IWHRLQ H[S R VAN
SODQAWWDPLF JODVVHYV DO®GODKHDWEQIREDRMW@BD P D VN GHHRWYHO
RW KFHKHPYPD@6RPHJHVHDUFKHUV ZIKWKHDQ DSSOLHG SRZHLQGHNYHO
V W X G\LKRHGF U R 2ZBBFWQRVS X U OHQD IUHTXHQF\ R4] ZDV GHWHURHQHG
DQGBDYBHWHUPLQHG WBWSMNKH DR UG RE W D\LIQRZH GW\RERKIBWH P S HU D W X L
PLFURZDYGLDW@WR®GH UHVXOWYV RRI|WHDBDVOIQIP SOV ( DIWHUW

PLQHUDOV LQGLWKEBXDURAD YHMIKSLDWLRQ D QGDUMB B/AH@ K H
HQHUJ\ 0+] PLE@[SRWXURH PLFURZDYH KMHDWL®ORQD VDPSOH
ZDV UHSRKHWHMIEBY W UHV X0 VO HIQDGEFDWIHGE W BRBEWXW PPZDV VWXGLHG
ZDWHDWHGGLO\ XSRQ PLFURZD¥KH WWUHES/ORHQAMY LUUDGLDWHG
ZLWK VLIQUEER@®WKHPLFURZDYHWLFURZDYH RB@XWBXWKRI D: DQG
KHDWIDQ@XPEHU RDRLQHUBDV |[UHTXHQF\ *+] 7KH UREWOWYHG
VWXGLKK; UHREWWVRRBWEBMWH VKRZHG WKDW WKH WHPSHUDWXUF
W HPSHU D WXRIERRIG HIDHGUGD FKHGD IWHU PLQ UDGLBIWL®Q UHDFKHG

( DIWHWLQRIWUHDWPETKMH  7KHHIIHFW RI PLFURZDYH WUHDYV
PLFURZDYH KHDW-LRUD WHYY¥RW®D JULQGDELOLV SRIDITHUAMH VRUXHG/L H G

B4 e RUUHVSRQGE QU DXWKRU®¥ DB DOL



%DUBWLDO -RXUQDO RI Q®RQJ (QRLURQP

7KH UHRVE\®DWORION BWWH ZRUN LQ@GEH] JIZDHQ U W X@GLWMIH FDVH RI KF
RI WKHGWHX@®DMUHGXFHG IURP JDOHQD WKH FKDQJHV RI SHUPLW

NZKU VKW WR . NKZK Y RDRD\E LQ WKH WHPSHRDWXUH UDKHH
NZKU VKW DIWHU PLFURZDYHPWUWRREWPHRQWXHRWRI UHDKD BKHGE L'
DQG UNVSHPW®@YHO\ ( ZKHUH 3B&2 ZDV PUBDWHG

7KH HIIHFWV RI PLFURZDYH WKH WHYQW URRQ BREMMG WR GDW
IORDWDRICOPWIYQHWLRA RBEVEHSW VXUWADWH FKDUDFWHU L] DWJIHDQ HFE!
FKDOFRS\ULWEG JWDOKDYEH WIWWKG LHGQHUDOV KDYH IRFXV@IGORBQK W
7KH UH\REWDMUDHGIDOHG WKDW S\@IQMGHFKDOFRS@A LMW RO OV
FKDOFR®\QEGWHZIHUEB D WBBHU\ QHZ UHWHRIWRK WKH SURSHUW\ FK
TXLFMNOKHLU VXUIDFH WHPSHUDWXOUHY RAWMRIFEH DORXDEDEWD QG  JC
f&WR f& ZKLOH WKH WHPSHUDWXQH UD OWS KDORMHGV MV R ,BL FURZD Y
UHDFKHY% RAN®O\7KH IORDWDELOLWHNVRHDRIUBNKVH MRIH PWF U RIZDGYLHD W L R Q
FKDOFRBQGA WHEOMMHFUHDVMWKHKRQ WKH FRQWXEWD FHQ IOAXJE QH V\
PLFURZDYH HQHUUD W QREQ WRK HWE X B WIBH G WH O 1B PVHRQWMD DG GORHY X G L H G
LQFUHDVHG WRHELGDWIRRQ RI WKB QWL HHD®WLRQVKLS EHWZHHQ W
VXUIDFHV FDXVHG E\ UHONWLY RKHKUJKH WHHPHEDHREBIDMKLR Z FUHF R Y H
7KH PDJQHWLF SURSHUWLHV RI SMM/WADWE®G FKDOFRS\ULWH
LPSURDPNWKPLFURZDYH HQHUJ\ DQG WKH
GXUDWLRQ RIQWWHDRNKAEH SRHQW Z ([SHULPHQWDO

RI WKHZDMNABSDUDWPBIPWWLF ODWHULDOV
SURGHXEIHYPIR) FKDQJH ZDV REVHUYG EQHWKIWDPSOHV | ZRR HW WH N
PDJQHWLF SURSHUWLHYV RI@]JD O HADIBBIMWEL VEKDQ H B R &RIF D WRIGQHL. Q
7KH LQIOXHQFH RI PLFURZDYH GRXWBHDWLRKAURY DADQHRYDQNH |
KHDWLQJ FKD UBDUFMDHINLLMW L B\ V'S RIORKHO DK VBESI$SX G H S RAMLIWK
PLQHUDORJ\ DQG PHFKDQLVPV FR D GFLRBABEO NRWWHR@®D R QL Q/LRI\GW U D O
VXOIRBLE DQG K\GURFKORRUGH DRIH RED OHKUL LV D Y HL@G GSISRY L
ZDV LQYHVMKIH RW H GX VAR3J NRBDW KDQG ELJ JDOHQD VSHFLPH@V FDQ |
FRPSOMDIRGH FRQVLVWLQJ RI VQ®PED WDRGHEH AMHZHQYW VHOHFWHC
IHUURXV VSKDOHULWEG JRRWHHIDS URYILGHH SROL\ZKNINVKHFMWQRQVY RI
7KH UHREODWY®RGEMKPWFURZDYHP D@ XUIDFH DUHDFRIRWKH
KHDWLQJ GLG QRW DIIHFWKHD GRQDV DFRQXQD@RREIK QG 6 (0 ('6
VOLJKW GLIIHUHQFH LQ WKH DPRROQWYKHYSRIODLE KGO/ VROWHEBQV ZH
ZDV GXH WR WKH VOLJKW LQFUHDWPLQM®®\EE \WRDSKNYMY RI
WKH PLFURZDY®G RUHV 7KHHVW RI WWHH BFBW Y K HIRXQEG
7KH YDULQWKGRBOHFWULF SURSHBERZIHWRI| ILYISDVRLQXSXULILHG
SRZGHVUXGIPGBIHUDOV ZLWK IUHTRPB@ERQ DHEDYV BWR G X AMHKE 1URPX QG
WHPSHUDWXUH XVLQJ WKH FOYR®XFVSYEIW R ORRMBEBR Y DAVKIHR Q
WHFK@DNKHLQYHV WKHD WBIBSSOHV IDIRWDWLRQ FRQEKHIRWH DMUHD DDW LA
H[DPLQHG DW IUHTXHQFLHV Rl ZLOMK BGVIDMNOWENQE G
DQG 0+] RYHU D WHPSHUDWXUHKHPQREBORD Q® @D HUDWRBIL F

1 7KH GLHOHFWULF SURSBXWLHOGRE QFHENEDWH HGVRKW E\
3EG6 DQG VSKDOHULWH =Q6 WRYWILBNOXRG HOERQWPIRISGHO 7
YDULDWLRQ ZLWK WHPSHUDW X UMQ GZK DE&WUW UD EBBKWRQ SV 6 3$1DQD O\
FKDOFRFBWBQ®&XFKDOFRS\ULWH;T&XyM6 ;PHWKRGY UHVSHFWLYHO!
VKRZHG VLJQLILFZDWK YW HPB WURYWHMHQWHG B QBGD E OHQ G [GVDRADAW
> @ WKH VDPSOH ZDV SXUH HQRXJK
7KH HEHQGHQFH RI WKH UHDO HESH® LPPRWMODWASXULWLHY  FRXC
SHUPLWWLYLW\ RQ WHPSHUDWYXUM LDLF® QW PP EBRRIBNNNHRID H[SH L
GLVWULEXWLRQV DW PLFURZDYHYV XIQW WEKSFDWWEDAQYQD WKH LP
DQGHWDVN®HVLWH VLGHULWH FKD® PRZ\SURE R $WLIRMDH
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OLFURZDYH WUHDWPHQW 7KH WHPSHUDWXUH ZDV PHDVXLU
7KH VDPSOHV ZHUH WUHODQWHGLQVWMIDBWASH WKHUPRFRXSOH LQW
PLFURZDYBDRYBEFJI : ZLWK . DIWHU WKH SRZHU ZzZDV WXUQHG
UDWHG SRZHUI DQG FDYLW\ HOLPLQDWH DQ\ LOQWHUIHUHQFH I

GLPHQWVDE@WHKRZY WKH SODQ RI PHIFRKR ZIMRIGLWRUHG E\ D GLJLW
UDGLDWLRQ HRYHWIDAAKQW P GLDWWRI@ SWUBK XU H FRK@IW U POION M U H'
WKBRIOLVKHEDQMRREROYRWKH WHPSHUDW XU H V7 IDEHH, WK REKE M@
JDOH@DFHQW DDWRNW ZOWKHLIKW QRWHG WKDW WKH PHDVXUHG W
ZHUH UDGLDWHG VLPXOWDQHRXWHRS H Q DWWKSHRIFFRRZ KRBDH W Z RO H V
WUDQVSDMHHQ®D VAK W VY DFBFOMRUWDPSOH WHPSHUDW XU HU D& VBIWIURRG
VXFK DV YROXPH DQXUORFHD \B URI@V L © HW KM R f& DW D RIDGLDWLRC
RYHQUH LPSRUWDQW LQ WKH7RBDJQUMPSHUDIMXE H UNDPBQWH
XQLIRUPLW\ Rl SRZH@ P PYRUBWERQURERUDWHY W K NV KSENHYUW RBE W L
WKHVH HIITHFWND GLQ WLAR®M H[SHUUMVO\DARRKNKEH @ WKDW JIVEHQD
VXUIDFH DUHD D QGSWEKRAMDHYEWRIPBHKWBWDWXUH L QB QHMFRG D VZH.GV
RQ WKH WUDFRGNMOWMMBWIDY  PLFURZADYGIL DVW.PRIQH LQFUHDVH LQ
ORFRLWHGBKH VDPH FH/QX\MUWDIDG 5ERWILWRKRIPUDW XUH GXULQDOWKRHD WL Q.
WLPBHVQFUHDVHG IURIRQVWHSY ,OQWWULEXWHG WR WKH SUHVHQFH
D G\CKUHD GLD W L R @ LVF URRHDIDYWHKGH S R ZHW S K D O H LFLKVD 10 AARGSGWUKAD R SIDEHD W
ZDV NHSW FRQVWNQVRXCOVG EH: QRWUHHBYLO\ KHDWHG E\ PLFURZDYHV
WKDW IRU HDFKPHD GQBWYR®XDO VDPSOH

LQFOXSRIZBEHU DQG SROLVKHG VHFWLRQ ZDV XVHG

7TDEOBODQ RI PLFURZDYH UDGLDWLRQOHMISHULPHQWYV
6DPSOH FBDGH DWLRQ MHPRH WD f\RX U H

$
%
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6FDQQLQJ HOHFWURQ PLFURVFRBRLHIBEL EDPSESQRQDO\V BV
(DFK SROIHFRBIORQ H[DPLQHG EHIRDISSRQG JLYHV WKH RYHUDOO GL

DIWHU PLFURZDYH UDGLDWLRQ HP\H PR QWN\KG NKIBNBERFEHQW DYHU
VFDQQLQJ HOHFWURQ PLFURVFR®KH RBHEIHECMHR EREE WD IS UPQGQHG
)(6(0 7KH EDFNVFDWWHU LPDUHSRIWERAGWKH

VDPSOH VXUIDFHV EHIRBBIYDQG PIWHHELPL RS FroxwP HOw

PR SRV AV 1O WKH VX G IRE BRI KQH Y WP Tanga LI L
YLD WL LQ WERUGCDWHRNWEWR® |
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D UHPOIDFH IURP LWV LGHDO SROPVKHGWHKHWHLRQ ZDV SODFHG
GHYLDWLRQV DUH ODUJH WKHEDWXWIDFWHR I \VZ DV RKBE®DWKHIG R/ FW
RWKHUXMKHI VXUIDFHS$ LWRXPRENMKW LQPDIDXDO SXPS DQG DKHGOH
YDOXH FDQ EH WDWKBOBRWBE RMDMUIORU RI D VHVVLRE SBRIMRISV KHDB/ \
D VXUIDFH @UHD VHFWDRQPHDVXUHG XVLQJ D &&' FL
6XUIDFH URXJKQHVV FDQQRWPHUEMSL[BPROF X LWHO\AIDFHG WR D
FKDUDFWHUL]HG XVLQJ D VLQJOIH DB DIOQWNMW LERIRNIERHIGAHW HU P L QH
, QVWBID/AHHW RI VXUIDFH URXJKQHNNQIBIQMWP MIBIXN SUHFLVHEW RQ W
GHIL@KA8 SDUDPKIWHWPRWKDUDFWHULQRHDMMIHBRHGURSIODFHG DW GLIII
SURILOHD/ODBIE ' SDUDPHWHUV D®G DDULHR @B ORNHMEKD Y6 FWVKIR QD YHU |
ZLWK WKH OKWWH$SDBDPHWHUV FROQM ZEHD®IOH YDOXH ZDV UHSR
XWLOL]JHG LQ GWIlR QMQEN\P®EMR/OLFD
SURYLGH IXO00 LQYRUPDMER Y RQ OLFURRWDWLRQ H[SHULPHQWYV
WKH DULWKPHWLF DYHUDJH RI WKHH DDLEPV R O XW@IR DYNDEW R QRB S HU LF
WKH URXJKQHVV SURVLE®HR RGLVRW NG\ WXRI MAKD QJHV VIXQ W KH
PRVW HIIHFWLYH VXUIDFH URXRKOQKHYNVVPIBDOGCX FRYWDFW DQJOF
FRPPRQO\ DGRSWHG LQ WQW. QHHEIPWERQFRQFWKH RIQRWEQDLRRQ
JLYHV D JRRG JHQHUW®HGHKMEURSQHBRQPOMH H[SHULPHQWYV ZHUH FI
YDULDRMWEK®IV VX3 IDFHFDOFXODWHG BPR/+DOOLPRQG WXEH JQRHDFK
PHDQ KHLJKW YDOXH RI ILYH OR$XWLHMEFIH IIRWE ®RFD @ |\FHWUWHUD C
PLQLBRLY WKH ODUJHVW VLQJO KN VHREX ZOMM \DREG HPS WIKH VDPSOH ZL
ZLWKLQ WKH HY DI&X¥D WQ BRI DG KEHG RMEBEAWWLOOHG ZDWHU DQC
URXJKOBYVBPBWHIAURPHMBHBUR IRU PLQ $IWHU WKALKH SHRQREFYV
LQPK @ SRWDVVLXP DP\OS[PRRIKDIMHG
6XUIDFH URXJKQHVY FDQ EH PHDWRWKIBUX VALK VENUHO®HG WR Wt
PHWKRGV DQG GLIIHUHQMWRPPBUWXKYSHQUMHERY WKH S+ ZDW R EMX V)
IRUFH PLFURVFRSH LV D SRZHU IXEFXWEFYHRIVDWLOBQWRROVHFRQC
IRU PHDVXULQJ VXUIDFH WRSRJVWOKH PRIRFDXW HLRIHRQWWR WKH VX)\
HDVH RI XVH DQG ZLGH UDQJH RUHSPIWFDEXOEWYDYV WKHQ WU
DWRPLF IRUFH PRDNURBHREBRMH DPOLPR@XHWXHEHORWDWLRQ ZDV
LQFUHDVLQJO\ LPSRUWDQW WRRRUIRPLAKHRIWHDWXKHARPBWDWLRQ
RI VXUIDFRHHWRBQKWKLY BRVUNDUPRG QUDZWUH ILOWHUHG GULHG D
WKH URXJKQ@KBRORVKHG ADRWMFWLRQV
GHWH® ELN@L DWRPLF IRUFH PLBURX®GWYHDQG GLVFXVVLRQ
$5%$$)0 PRGHOODARGHEHHIRMPG DIWHU 6 XUIDFH URXJKQHVV
PLFURZDYH YUMWGHDFKRQDGLDW LR QJIXWUIMHYMWHIHWFRI PLFURZDYH WU
URXJKQHVV ZDV POLRQEDRG RV PQVWKH VXUIDF B DORDQINVR-IB/ RI
WKH VXUIDFH EHIRUH DQG DI%HW G QWEW RBDBRLQRW UHSUHV
URXJKQHVV DYHUDJH RI S U R M BHI\D XU IERWHRO@H O H 8 | DAVIHK/ H
DQG FRQVMEWRXIX®WVV VXUIDFHYXUIDFH EHIRUH D QW FOXENEHHQD G L
W KIDIWDN K RRUWURZDYH WDRBH\DWLRQ
‘HWWDELOLW\ PHDVXUHPHQW WKH VXUIDFHLQRXHBPOMMORQIHU
'HWWDELOLW\ FDQ EH VWXGLHGD G\ BHAHRREWL §XUWKFHH URXJKQHV
FRQWDFW DQJOH RI WKH VXEVRRQDW 8 A KIBVHORWERM FUIHOMEL QJ PLFL
OLTXIKGH FRQWDFW DQJOH RI GLWINGIODOMIGR @ DWLHRH ZAIDRHFRW VEIH WKH
PHDVXUHG RQ WKH SROLVKHG VNEWERPNQWHIRUH D[RRV DWWHU VDPH
PLFURZDYH UDGLDWLRQOH\ D) GNRQMKBWAMWKRREXOG EH QRWHG WKDW
LQWHUIDFLPKD WHIHAHR@W DSSDWHNWRVRI)BOV LV XV XDIHZ\ \OTLPD WHH C
(25 THFK PRGHO XVLQJ D VHVVIPRAURPRISVHUV ZKLFK DOVR OLPL
PHWKRG SROLVKHG VHFWLRQV AMADHD HFOMPDWGFDQ E® KWHHARD VIXBH
XOWUDVRQLF EDWK DQG ULQVHGERXIKMIKH\GLVRD\O GHGBV ZD WWERXDWH
7KH FOHDQHG VHFWLRQV ZHUH \LPHUAH G RIXQ B BINMMMHAWR X IKQHV V
FROOHFWRU VRIOXWWRD CRAKHUHGHDW XUHG DW GLIIHUHQWDQRBLQW)\
SROLVKHG VHFWLRQV ZHUH GULWEH QPHDQORYBRQ@ X)W ZDV UHSRUWH
,Q WKH FRQWHDHDW XDEPEEYWHG URXJIKQHVYV
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J)LIXUHWQG VKRZ WKH ' DQG ' WHGXBEHBLODU UHVXOWV KDYH EH
PLFWRSRJUDSK\ IPDHENORRIH DQRAFURZDYH KRMWKHQ@J PODIWHULDO
DIWHU YV RI PLFURZDYH UDGLDWRRQR\WL@HG ZRRGW® 7KH UHVXOW
UHVSHFWKNHOKDGLQJ LOQWHQVLWKRYKBZW KWWHWKH KBD/MUVDHD W P
YHUWLFDO SURILOH RI WKH VXODWOGFHHBXWHKGWWHKHOVXOWIRHH UR)>
UHJLRQV EHLQJ WKH KLJKHVW GREQMOIMIEQI@D AMKUREDUNDVW HRJI JLC
UHJLRQV EHLQJ GHSUHWBEHWZIHH QP LFRIRZDY HY RM\G EBWARIQRGDRVLRQ R
WKH WZR VWWRIWEKDW DIWHU PL¥FXRIZOFHH DQGRIH B BWIRQD PG

UDGLDWHKHHRQ@XPEHU DQG SHHNMVR[REGHWEKEAG H YXOXMR RXGERKHYV H

OLJKW SRIFQWDQBEEVHTXWRM OFRPSRXQGY DUH GHSRVLWHGORQ \
VXUIDRKIKQHNYHDVHG WKH GHSUHVMRAR)YBBLOWWHZ UHVHI
OLFURZDYH KHDWLQJ FDXVHV PHOWHQIRRAVHEUR Y ADIOHOW KBIDWL R Q
SDUWDEGGHSALFNV RQDWKBH WAKWKODMMUHDWPHQW DQG VXUIDY¥ MW KIR/X JKH(
VXUIDWHOHD QWEK®XGU IDFH URXJIKQWWWKH VKRXOG EH IXUWKHU LQYHYV

D E
JLIXUH $)0 PLFWRSRIJUDSKRILPOWWDIDFH EHIRUH D DQG BUWHDLY H
UDGLDWLRQ

D ' E
JLIXUH $)0 PLFWRSRJUDSKRIPOWRWIDFH EHIRUH D D QX MUWEDY H
UDGLDWLRQ

"HWW D BIQ0E. WLEBR/ DWLRQ ZLWKSSRISRWD VV LPOPQ VKW KO G
JLIXUMKRIWKFHHDVXUHG FRQW® FVE MDIOMEKEDIWDN KRUW PLFURZDYH UDG
IORWDWLRQ PDBV ODHARDHAUYILRQ I WKH FRQWDFRWDWQLBRE PO
PLFURZDYH LU UIREDDWBR®E MWLPRHOHERY HU\ G HWBHOQMMEIGH W H@AKHH
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UDGLDWLRQ WWWR IVRRARQWDFWHFRPH PRUH K\G URBHREDWKI LY K
DQJOH DQG IORWDWLRQF WPHDAVH/GI BIFRY-HURXJ@QHV V
VORZDKLV PD\ EH WHSO B WHBVWR QURBHIXUH 7KH FRQWDFW DQJOH
JDOHQD VXUIDFH URXJKQHVV E\VXIWADREDXKHQDWKBWHRIQ/ QR PLFL
VHHIXUHYV DERXMID QWKHQ WKH VXUIDFH LV D
7KH UHODWLRQVKLS EHWZHHYXWRKHKQJERWKHD QEUIDFH URXJKC
ZHWWDELOLW)\ ZDV GHILQHGRLQ GHF ENDWMEBFQ) RZDYH WDIGA.RMQ R Q
ZKR VWDWHG WKDW DG @IRXO & XD FIFRH GILROXII KMRH VMKW K HH @ RHODW PR @/H C
HQKDQFH WKH ZHWWDELOLW)\ FDXKR)GOE\ BH B (CE K R DNVNSNQR | D F H
WKH VXUIDFH ,I WKW JFRHDWDHWZWED EHH PRUH K\G U RISKIRIKIUAH 7 KH
{r'AWKH FRQWDFW DQJOH ZLOO FRI N\ RINHDOAFQGARIRA Q@ DIUHHPHC
VXUIDFH URXJKQEHQBIVWNHDERMEDEWK WKH :HQIROHFRRXEBIQWLILFDWI
DQJIOH OHVMIWWEBR FRQWDFW DQRIOHVEH®® EHHIIHFWV LV GLIILFXO
GHFUHDVHG ZKHQ VXUIDFH URXERQWWVWR YIHU\DI®O®HG ,Q
RWKHU ZRUGV WKH K\GURSKL®HN HWOW DFPMXY G EHFERPHYH VKRZQ W
PRUH K\GURSKIQBFDN HINMPK VXUIDWR LQFUHDVH WKH K\@HREZSKRIELFL)
URXJKQHEKAVOH WKH K\GURSKREWKH \PROQW B WGR@RW RQOVDFHS HQ
WKH VXUIDFH DN@RXJKQHVXDQWLW

S
| —— &RQWDFWL$Q30H
—B-0DVV 5HRERYHD\

D

; GHVFULSWMRLDO ODFNLQJ
O]

I —_—
@] D
—_ i L

o >
al @
= LL
n o
a i L

= >
04

[

%]

S5DGLDWLRQ WLPH V

JLIXUAIITHFW RI PLFURZDYH UDGLDWLRQ BRQGWIIOHRR WRW DFEORBBQW Q B'WRLY Gl
FROOSRWRYVLXP DP\O [DQWKDWH S+

6FDQH@HFWURQ PLFURVFRS\ GDUN DU DR KD HD Y H ¥ Ba6 =
J)LIXUMKRZV WKH EDFNVFDWWHULRPDHWYV DWRP WKH\ KHOSIXO I
JDONQBPSOHV EHIRUM DQ® DIOWHWKLIKHVROXWLRQ FRPSRVLWLRQDO
PLFURZDYH UDGLDWLRQ WLPH DQ@KHIRED FX VFDOWWHARED G XSLKVIKWL I\
HOHFWURQ %6( VLJQDO FDQFRSPDREYUBEHQIJXVMKODMWHU PLFURZD
LQIRUPIXWLRIQ LV QRUPDOO\ UHODGLHEKM®LWKWM JUH\ FRORG SKD
DYHUDWHRPLF QXPEHU DW WKH VDPSKOWOSRVFMWROFHEGXGIDFHY W
7KH QXPEHWWHD®%ELQJ D %6( GHVRKFIGRFRYFOKOGMG DYHUDJH DW
SURSRUWLRQDO WR WKH PHDQ Q@YPEMLF EDCPRKEHD | B FIFWHEDXYH WR
VDPSOH 7KXV D EULJKWHU %6 P LBDWRZDWLHNW BR D WHPOIDWH V
ZLWKUHDWHU DYHUDJH = WE&HWKH VDPSOH DQG



%DUBWLDO -RXUQDO RI Q®RQJ (QRLURQP

F G
JLIXUPRPb6( LPDRHWVOWQDIDFH PHIRQD&G/EU V DEBIRUH F DQGVWOPWHWRZLDYH
UDGLDWLRQ

JLIXUMKRIVKH (‘6 DMQDROUV6E3IPQG
EHIRUH DQG DIWHU PLFURzD¥S PoFESWLROQ
UHVSHFWLYHO\REWBLQEBRBWN 7 kH R[LGDWLRQ SURFHVVHV WKDW
DIWHU PLFURZD YH LQFG HDN DB R | JDOHQD WHRNOWWLRQ RI OHDG
SEGHFUHDVHG RQIWAHQUXUIDFHOHD G VIXQEROEK R [ DKM WWKRIH VX OI1XU
7KH ITRYMWGL]HG URDVWLQJ RI JBPOKQinXOWEIWKH R[LGDWLRQ R
UHSUHVERQWHG DV FRQVXPHG LQ WKH IRXPDDWAERQ R
3E6 2% 3E2 62 EDWXOIDWHWR LWV UHDFWLRQ Z
(T $WWHPSHUDWXUH KRIKKHK WK
VXOIBWHRPSRVH WR OHDG R[LGH D
SE2 62 »  3E62 VXOGLR[:GRI[LGDWLRQ QDW)RPDOO\
WKH RXWHU ODDHXDDQG GMHSHQV
WKH FHQWHU IRUPLQJ D EDQGHG
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PLFURZDYH HQHUJ\ OHYHO  R\KGDWKLRQ FHOSOHIRENRQH DFW DQJ
WLBHSHQGHQW SKHQRPHQRQ 7X®G HIGRRWD WLXRIQDFEBIVV HLIQFRMH U\
FRQGLWLRQLQJ VHHPV WR EH SRAGIEDDML RIQJ OVUKHRRB U VE HV IGPAHK W R
LH RQWBHPIEHKGXFLQJ WKH DPRXQWPRBWBEQORDUHU RQ WKH VXUIDF
DQG LQFUHDVLQRI® DR BXMR YORW XOLXUD K\GURSKRELF FRPSRXQG
GHSRVRWXRDAGY ROODUIBY RQ

JLIXURKKK'6 DQDORQLWKH VXXDI@HERDRUH DQG DIWHU PLFWRZABYH URWGBEWLR

&RQFOXVLRQ LOQGLFDWIRG) DJUHHPHQW ZLWK Wk
8VLQJ DMMRFHFPLFURDVRRBY QLW K W V XYE&\WE\H F U H DWKEHH MQN D ELED@ MQ LR |
WH VXUIDFH URXOK@BWRWREBED VXUIDFH BN WEHMRXGHF® HDNVKH LQ
5] DQG 5PBGHUHDVHG DIWHU PLXUPAHYHW RXJIJKQHVYV E\ PAKHIRZDY
UDGLDWLRQ 7KH ' DQURSRYWWDBIKKORG6 DQDO\WVHV VXK BDIWHE
LPDJHVIDROHE(DRUH DQG DIWHU FPUIARURZIDWYH U® AR IHEXY G E
UDGLDWLRQWI KRAHGPMWFKURZDYH GBBURPMWR® RQ WHEHNEROWERBMW RN K
WKH QXPEHU DQG KBHFMW Rd MEKBIYHILANMH DWRPLF QXO© BRI IRIFHN K
VXUIDFH ZHWWDBHRIDGYH WY GHFUHBWMB®FLQJ WKH DPRXQW R
LQYHVWLJIJDWHG XVLQJ D FRQW DIFRQW IDHDIWOLHY D QWK H QPRSI LRI 6 ER
WHQVLRQ PHDVXUHPHQW DSSDWEMNIRYVLWHRQ WHWKDWWIDFH
REWDLQBGFDWHG WKDW WKH VXUIDFH ZHWWDELOLW\
GHUHDVHG L QEWHKD WHK RLFURZDYHWHIHUHQFHYV
UDGLDWLRQ WLEGRWDKWH. RQFRRV V> EHERKPKLP $ 7KHUPDO DQC
LBUH®XIHWIKQ FHHOQW KUDGLDWLRQ BROHVLV RI (J\SWLDQ JDOHQD -R:
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DQDO\WLY DQG FDORULPHWU\ SURSHUWLHYVY $SSOLHG 6XUIDFH 6FLH

> @KHQ 7 7 'XWUL]DH :\WORRJXH >. @D 6LOYD * 5 (VISLORWBRPRDEGL
© DQ®VK\DS 6 7KH UHODWLYBPWUBMYGDUBWRUY . 6XUIDFH
RI PLQHUDOV WR PLFURZDYH UF&DDWER® UL&DW DRDRD WHG URZDY FHR
OHWDOOXUJLFDO 4XDUWHUO\ &ROORLGV DQG 6XUIDFHV $ 3K\VL

> @F*LOQO BQG :DONLHZLF] (QILQHHULQJ $VSHFWYV
$SSOLFDWLRQV RI PLFURZDYH HQHWE@N KL 06 DMOED %\ UDH) L (ITHFW R
PHWDOORMIUIWQDO RI OLFURZDYH PREHBZIDYYHG WUHDWPHQW RQ WKH V.

(OHFWURPDJQHWLF (QHUJ\ FKDOFRGLAQHWB OV OHWDOOXUJLFDO

> @KXQSHIRXVKH@®RG <k[LQ :

$SSOLFDWLRQ RI PLFURZDYH UDGLDADRIQP SRRUH DU DDFQM\XWW RO
PHWDO&OKUWQIN - OHW 6FL 7HFKQRO 6&2 LVRWRSHYV IOXLG

> @LOJPDO SRUVWHIODG 5RZMRO 1P()I_FtJRWKHUPRPHWUX\KJDSLGQHWKSD.(J?HQF
7KH LQIOXHOFH RI PLOHUDOKXLYSRY BYRERPHEHS ’
DVVLVWHG JULQGLQJ OLQHUDOV H:Q@L%[BIIHDQQJ . .ROHLRH]D BD®E
.KRGDGDGL (IIHFW RI VDPSO

> @RYiIV 0 =QDPHQIpNRYI FHPH WDF\zNQHLIJ_tJDRgvR5L|J4F\|/HSDUURFFKHV9VRL
RYipRYiIDQGOLQVNi 6 7KH D

RI PLFURZDYIJ—QI—RJ.PQL!—LIJDO+ESUUFHP(I—ELV1\Z SXEOLFDWLRQV
$FWD ORQWDQLVWLFD 60RYDFD ST @WRXW TKHY HORSPHQW RI PH

FKDUDFWHULVDWLRQ RI

> @RYiV 0 .RYipRYi 0 'LPLWLgﬁﬁUHQVCRQV &RPPLVVLRQ RI WKH HX

yXYDQRYi 6 =QDPBQEGDNDEVN
ORGHOLQJ RI PLFURZDYH KHBBWEBERﬁ(lUﬂ)QGHVLWH

DQG PLQHUDOV ,QW HUHIDW DROGED ODMVEMHQOXQWRIQGLDQJI $GYDQF
7UDQVIHU WHFKQLTXHV IRU DVVHVVPHQW VX

> @OPPROH 22 $GHZX\L %+2 S@E@% HVQV{//XS:V@gggm%\mﬂwf
DQG %RURGH - (IIHFW RI PLFU

WUHDWPHQW RQ WKHVIYLDGBHELW H>RUEGBHLQ IPOMOERZOHD . ,QIOXHQFH
, QW - /DWHVW 5HV (QJ 7HFKQRO RI WLS VL]H RQ $)0 URXJKQHVV PHDV.
> @&DbQ 01DQ®D\UDNWDU (YI)|<—|LI'I—'WFIJ\’_|IVFLHQFH

PLFURZDYH WUHDWPHQW RQ WKH O0ORIZDYHRQ DHEG UPINDQ&EIMPBQ 7
VHSDUDWLRQ SURSHUWLHV RI S\ULWH FKDBKRBGVOPLUWIHQGDOHEGDWN GO XPL

VSKDOHULWH OLQLQJ OHWDOOXUJDOQF\@ORUIDUMRQ, -RXUQDO RI O0DW
7HFKQRORJ\

> @OXEDPEL 3 $ 3RWJILHWBIQG- +> @FFQWDOBQ@FDQ ) 7KH HIIH

1GORYX 6 ,QIOXHQFH RI PLFEREDIDH KMDMDRWP HRIQW RQ WKH PDFKL

WKH SURFHVVLQJ DQG GLVVBORWLRRXERBODYRRIDWHURRKORODRRFHVVLQJ
FRPSOH[ VXOSKLGH RUHV +\GURPHWDOOXUJ\

> @RUNXBVDQ*XOOHU % 7KH HIIl
> @XPED®H OLFURZDYH SURFHWHDW RYUHDWPHQW RQ SK\VLFDO SU
OLQHUDOV 3K' WKHWRLVIRQUNYBUWDRXIKQHVEXRBIRADE®OH $FHU WUDXWYH
1IRWWLQJKDP ZRRG %LRUHVRXUFH WHFKQRORJ\

> @PUDQ )DEULWLXV 7 (OPDKG\ > @RBEBEWORUNXW 6 %HNDU , %X
.KDOHMN 1(®UHI DQG (OPDQDZL $'CLOLNDQ@EDNOFOHU 1 7KH HIIHF

;36 DQG )7,5 VSHFWURVFRSWWHFHNVWXIEBQWR®RQ WKH SK\WWLFDO SU|
PLFURZDYH WUHIDKRHE WK LUR @ KRMSE UWBBSIKLHEGYY RI 7XUNLVK KD]JHO &RU\O
VXUIDFH VFLHQFH L, QWHUQDWLRQDO -RXUQDO RI OROHF

> @QUDQQDMDG 0 DQHKGNER %

,QIOXHQFH Rl PLFURZDYH LUUDG:DBH®RIM ARG LOPHYLWWDQFH RI VRO
IORWDWLRQ EHKDYLRU LQ WKH SURKMMHQAHWRILGUIIEYHDDWHDQ JXMHGXVWUL
PLQHUDOV 6HSDUDWLR@ORJ 3XULBKHHRLVRQUVHFKQ

> @QJ = /L 4 6KH = &KHQ ) /L
> @XUL6 2 OHKGIDOREBQQDMDG 0 ; DQEXDQJ 3 )DFLOH DQG IDVW
,QIOXHQFH RI PLFURZDYH LUUDGLDWARQURG UBRBKREWH WXWIDFH#H RQ P
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$SSOLHG 6XUIDFH 6FLHQFH (IIHFW RI SDUWLFOH VKDSH DQC

. ~ - P DO JURXQG E\ GLIIHUHQW PLOO
> @KL . /ROE& - )DEULFDWLL&FQE?WDELOLW\ 3RZGHU 7HFKQRORJ\
&X=@=Q2&X2 P LtOWR) R ELQD

VXSHUK\GURSKRELF VXJDDWHY PRIOCE BYXHMR\ 8 <HNHD#HW\O®PD] &
*HFNR PRGHO RQ JOQOWNXENMOWNIBWHNLVWWHWHUPLQDWLRQ RI WKH VKDSH
DQG 3K\VLFV ZHWWDELOLW\ SURSHUWLHV RI TXDUYV

> @HNHOHU 0 sDY8RI\ODPD] &OLQHUDOV (QILQHHULQJ
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