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.O0PO6OGD LVH EX QLVEHW D\GD&GAQHGHUWILEXDEHY RUWDODPDVO
LVH EX QLVEHW GOU 1HWLFH RODUDN .OPOO \XPXUDN YH VHUW N
KHP HPJL QLVEHWL LWLEDUL\OH GDKD ID]JOD ]DUDUOO ROPDNWDGOU

.DOLWH EDNOPOQGDQ \DSOOPXNDM HOHWH HMDP WG ODEDADQDQ ELU C
\XPXUDN EX+GD\ODUGD .O0POOOQ ]1DUDUOQOQ 6+QH\H QD]DUDQ GDKD

NLP\HYL P*FDGIB®HBHUPP HVDVH DOOQOUNHQ NOPOOOD P*FDGHOHGH
QD]DUO LWLEDWH WD RN XBUXXNDQDWOQD YDUOOPOUWOU

., OXKWHOLI VHQHOHUGH **QH\ 'R+X $QODGROXQXQ PXKWHOLI YL
QLVEHWOHUGH ROPXUWXU %X ]DUDU HPJL LWLEDUL\OH VHQHVLQC
RUWDODPD GD GH GH VHQHVLQGH LVH FLY
GH+LUPLUWLU VHQHVLQGHNL ]JDUDU LVH LOH DUDVOQGD G



2UWD $QDGROX GD KXEXEDWWDNL ]DUDU .OPOOOD 6+ QHQLQ P<UuWI
PXKWHOLI YLODWGAD @ H & D1 QXPXQHQLQ DQDOL]JLQGH LOH
HGLOPLUGUWLU

VHQHVLQGH®%XUVD QOQ <HQLUHKLU 2UKDQ *DJL @]QLN ND]D¢
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$%675$&7KH VXQQ SHVW KDV EHHQ WKH PRVW KDUP NKFOX\E KWW QI DD GV K

VRXWKHDVWHUQ 7XUNH\ DOO WKURXJK KLVWRU\

,Q DQ DJULFXOWXUDO DUHD RI K$HFMBD $BD\D@ DMK HOBUBYQQB
'L\DUEDNOU $QWHS O0DUDG $QWDN\D LQ ZKLFK WKH SRSXODWLRQ UH
LQIOLFWKIB EXQQ SHVW KDV UDQJHG LQ YDULRXV \HDUV IURPHVWWR

'DPDJH RQ WKH JUDPLQDH

$ 'DPDJH RQ WKH JUHDQ SDUWV RI WKH SODQW :KHQ WKH IOLJKW °

IURP WKH ZLQWHULQJ TXDUWHUV WKH FURSVY UHDFK D KHLJKW RI
SRVLWLRQ $V VXFK WKH FURSY DUH FRQYHQLHQW IRU WKH IHHGLQJ R

KHQ WKHNVAHWLQJ DGXOWV VXFN WKH VWHPVY WKH VWHPV VWDUW G\
NLQG RI GDPDJH LV FDOOHG pGU\ KHDUW OHDYHVT

,Q WULDOV FDUULHG RXW LQ FDJHV ZLWK GLPHQVLRQV ; ; P
GDPDJHV FDXVHG E\ WKKHVXQHUBKHMW DPDJH LQIOLFWHG E\ WZR VXQQ S
KDV EHHQ IRXQG WR EH EHWZHHQ W R ZLWK WKUHH SDLUV RI

DQG ZLWK ILYH SDLUV LMWQBDXYLWK WHQ SDLUV LW ZDV

KHQ KHDWGRIXQJ DQG WHQGHU LI WKH LQVHFW VXFNV LW MXVW EH(
GDPDJH 7KLV W\SH RI GDPDJH LV QRW DV VHULRXV D GDPDJH DV WKH
Rl GDPDJH FDQ EH VHHQ RQ ZLOG JUDPLQHDH

% 7KH IHHGLQJ RIWRIQ WIQR JEHDY. QV

7KH PRVW VHULRXV GDPDJH LV LQIOLFWHG E\ WKH VXQQ SHVW RQ \
VWDJH RU EHIRUH RU ULJKW DIWHU WKH\ ULSHQ

7KH LQVHFWY VWDUW FDXVLQJ GDPDJH RQ WKH JUDLQV ZKHQ WKH\
LQFUHDVHYVY VWLOO PRUH LQ WKHLU IRXUWK DQG ILIWK LQLOQVDIUMHN DO
GDPDJHNWHO O\ IURP WKH ILHOG WR WKH ZLQWHULQJ TXDUWHUV

,Q RUGHU WR GHWHUPLQH WKH UDWH RI GDPDJH FDXVWHIBUER YAKH VX
H[SHULPHQWY ZHUH FRQGXFWHG LQ YDULRXV \HDUV LQ FDJH® ,Q RQH
EDUOH\ ZLWK WKUHH SDLUV Rl VXQQ SHVWV LQ D VTXDUH PHWHU WKH
LQVHFWYVY LQ D WRQ RI EDUOH\ ZDV NJ V

:KHUH WKH QXPEHU RI WKH VXQQ SHVWV LQ RQH LQ SHU VTXDUH Pt
Rl GDPDJH UDQJHV IURP WR

7KH FRQFOXVLRQ UHDFKHG DV D UHVXOW Rl WKHVH H[SHULPHQWYV

&RQVLGHULQJ WKH FRQGLWLRQ RI WKHFUREWY HERD RFRO DHFIDO
FRXQWU\ ZKHQ WKHUH DUH RQH RU WZR ZLQWHULQJ DGXOWV SHU VTX
VWDUGHW

& ,Q RUGHU WR ILQG RXW ZKLFK FDXVHV WKH PRVW KDUP WR WKt
Rl ZKHDW D QXPBHSHRWWXDQG $HOLDHV ZHUH NHSW DQG IHG LQ ZLUF
DQG XQGHU ODERUDWRU\ FRQGLWLRQV IRU DSHULRG RI GDYV



%HIRUH WKH H[SHULPHQW MWKMWLFX® YX@®IDMBGXUX 7ULWLFXP
GXUXPWHVWHG ZHUH ZHLJKHSHURL®E QDN WHQG MK/ LPLODU KXPLGLW\ FR
ZHLJKHG DJDLQ WR GHWHUPLQH WKH ORVV Rl ZHLJKW GXH WR VXFNLQ

7KH WRWDO GDPDJH FDXVHG E\ VXQQ SHVWV LQ WZR FDJHV IHHGL
PJ DQG WKDW FDXVHG E\ $HOLSH @DWHYV FDRYL @Q/XH PJ Rl PRUH GDF
WKH VXQQ SHVWV XQGHU VLPLODU FRQGLWLRQV

7KH WRWDO GDPDJH FDXVHG E\ VXQQ SHVWV LQ WZR FDJHV IHHGL
PJ DQG WKDW FDXVHG E\ $HOLDH ZDV PJ WKH $GDOPLIDIHHY WWIODX@ L Q.
WKH VXQQ SHVWV XQGHU VLPLODU FRQGLWLRQV

.| ZH FRPSDUH WKH GDPDJH RQ 7ULWLFXP ZXOJDUH LQIOLFWHG E\
GXH WR VXFNLQJ WKH UDWH Rl WKH DYHUDJH GDPDJH E\ WKH VXQQ St
E\ WKH ¥ @DV

7KH UDWH RI WKH DYHUDJH GDPDJH RQ GXUXP ZKHDW FDXVHG E\
VXFNLQJ ZDV UR DQG WKDW E\ WKH $HOLDHV ZDV

,Q FRQFOXVLRQ ZH PD\ VWDWH WKDW $HOLDHV GR PRUH KDUP W
UHMEW WR ZHLJKW ORVV DQG SLFNLQJ ,Q RQH H[SHULPHQW ZLWK 7U
RI' JOXWHQ WR

ZHLJKW LW ZDV REVHUYHG WKDW WKH GDPDJH FDXVHG E\ $HOLDH\

VXQQ SHVWV $QG IURP WKLV ZH ZPKH @ RWKAHIUMHG HVWK DWVIVYBIRPEHU RI $F
WKDQ VXQQ SHVWV LQ D JLYHQ ILHOG FKHPLFDO WUHDWPHQW PD\ VWD

7KH GDPDJH FDXVHG E\ VXQQ SHVWV LQ GLIIHUHQW SURYLQFHV RI

\HDUV KDV EHHQ RI GLIITHUHQW UDWHYV

0 WKHDDN HBDPDJH ZDV LQ LW ZDV LQ LW ZDV

ZDV DQG LQ LW ZDV LQ LW ZDV EHWZHHQ

,Q FHQWUDO $QDWROLD VXQQ SHVWV DQG $HOLDHV DFW WRJHWKH L
,Q DQ DQD@WWHYV RMDPSOHY WDNHQ IURP YDULRXV ®SVRREQHUBE CGLV

WKDW WKH UDWH RI GDPDJH UDQJHG EHWZHHQ DQG ,Q GLII
YLOODJHV RI 2UKDQJD]L O]JPLW <HQLGHKLU LQ WKH SURYLQFH RI %XL
IURP W R

, IRXQG RXW W KDRDWKIHQUQVKIEWGDPDJH ZHUH ( PDXUD ( DXVWULDF
,Q FRQFOXVLRQ ZH PD\ VD\ WKDW WKH UDWH RI WKH PLQLPXP (

(XU\JDVWHU VSS RQO\ DQG (XU\JDVWHU VSS DQG $HOLDH VSS WRJ

VRXWKHDVWHUQ &HGQGWLD W KB EWRELDFHORI %XUVD DW WLPHV LW PD\
GLVWULFWYV

7KH PLQLPXP GDPDJH FDXVHG E\ WKH 3HQWDWRPLGDH V ,Q 7XUNH)\
RI ZKHDW LQ VXFK D ZD\ WKDW EUHDG PRGH RXW VXFK ZKHDW LV RI SR
'KLOH $H/GISDHDQG (XU\JDVWHU VSS IHHG RQ ZKHDW WKH\ UHGXFF

JUDLQV ,Q RUGHU WR GHWHUPLQH WKH UDWH RI JHUPLQDWLRQ SRZH
H[SHULPHQW ZDV FRQGXFWHG LQ 7XUNH\ 7KH GDRXWRNVREHPLQD®QL
ZKHDW VXFNHG LQ LWV PLON\ VWDJH DQG LQ ZKHDW LQ ZD[\ VWL

XVHG IRU FKHENLQJ
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VeUYH\L NDSVDPDNWDGOU %LU SDNHWWH ODUYD oONOUODUO HQ D]
VOFDNOFeO®RUDQWOOO QHPDROUO Y PP ROGX+X J*QOHUGH LON D
VOFDNO B ORUDQWOO O QHPLQ YH \D+OudQ PP \L EXOGX=X
DGHWOH HQ \eNVHN Ge+]H\H XOoDuPObuwodU
,VODNOO+0Q \XPXUWD DoOOOPOQDKHHWELVLQIG B U DDW MGHIN \XPXEd
\ XPXUWD SDNHWLQGHQ ELUL O6VODWOOOS GL-HUL WDELL KDOLQGH
HGLOPLUWLU 8\JXODPDGDQ J¢eQ VRQUD OVODWOOPOU \XPXUWD SDNH'
WDELL KDONO@mEIH BEPRUWD SDNHWLQGH DodOOP H XODUDELOPLUGW|
DPDoOD \DSOODQ ELU DUDUWOUPDGD PXD\W\HQ DUDOONODUXD I1O0Uo0D |
KDOGH KLo OVODWOOPD\DQ \XPXUWDODUGD DoOOPD J|UsOPHPLUWLU
<XPXUWDBDQN<OHU DOWOQGD I10UoD LOH VX VeUsOG+++QGH \XPX
HWWL+L NDEDUGO+0O YH LoLQGHNL ODUYDODUGD ELU KDUHNHWOHQP

0oDOOUPDGD LVH DGHW \XPXUWD \+NVHN RUDQIBPGRUNQWBNDOSBPLQ V
DUDVOQGD GH+LULQ ER]JGRODEOQD NRQXOPXu ELUJsQ VRQUD DGHW

*]JHULQH EX]GRODEOQOQ VORODNDUWBOQGD LOM+LUHFHN UHNLOGH D\D
X\JXODPDGDQ ELU J*Q VRQUD+0 JEQLVRQ@QUDRQXPXUWDQOQ DodOGO+D J|

<XPXUWDODUOQ oR+XQOXNWD EOUDNOOGO+O KDJLUDQ D\OQGDQ L
ODERUDWXYDUGD EOUDNOODQ \XPXUWDODUGD HPEUL\RQLN JHOLUPHC
ODUYDORUPMVRQD UD+*PHQ DoOOOPODUOQ ROPDGO+0O J|U<OP«UW-U

<XPXUWDGGDQ \HQL oONDQ ODUYDODUOQ NXYYHWOL ELU 6ud=D
ODUYDODU ODERUDWXYDU NRUXOODUOQGD EHVOHQPHNVL]LQ VDDW \|

7RSUD=+0Q Y H FPEGUDNQODQLOHP XUWDODUGDQ oONDQ ODUY
WRSUDN \¢]*QH oONDUDN ]DUDUOO ROPDPOUODUGOU /DUYDODUGD J|PO
NeoeN NDOPDNWDGOU %LU DGHW ODUYDGD \DSOODELOHQ J|JOHPGH
WDPDPOWQOROUDUYD G|QHBD\RNDRUWIIDDOUOQD NDGDU D\OON ELU Ve

20JXQ ODUYD WRSUD+D LQHUHN ROXUWXUGX+X ELU RGDFON LoLC
ROXU 3UHSXSDGDQ SXSODPHNWHGLU 7RSUD+D UQGHWWIPQROXWQ HR QY U

JeQe SUHSXSD LoLQ JHOWL+L Ge0*Q+QQVIHUBHN. \SXSDOBYHVLGLU 'L
NRUXOODUOQGD SXSDODUD PD\OV YH +D]LUDQ D\ODUOQOQ LON KDIWDO

dDOOUPDODU 2V (PXIVFX @ENIVD@ O Q EX+@®DFXP Y )OMID BHRSGHXP
VDWLBKRPY <DEDGBYHRODOIXGRNWHKXDQ®PELXP ULLGXE GD ]JDUDUODO ROC
VDSWDQPOuUwWOAU

%LU ODUYDQOQ \XPXUWDGDQ o0ONOUOQGDQ SXSD ROXMRAB\DDNDGD
YHUGL+L EHOLUOHQPLGWLU (NLQLQ VDSD NDONPD G|QHPLQGH oDOOUF

ROGX+X RUWD\D NRQPXUWXU

2 PXFXORWID GR+DO G+UPD@GHUOBABGPODVMIPRUQEWRQRSWHUD
/IFKQHXPRQLGDHUPYWS 1HPDWRGIKLGBHPLMN UDVWODQPOUWOU 6LLUW
RUDVVLFIRQISWUD]LWOHPH RUDQO OHURP®B8OQG® LVH \0o00QGD L
\eNVHN Ge+]H\H XODuPOuwoU

(NLQ VDSODUOQGD ]DUDUOO GLSHHPEWHH VDG QW FID\WOIQIOONRIO DY D Q
LOOHVLQGH UDVWODQPOUWOU 3RSXODV\RQ \R+XQPXVRXORN DNLRODQ E
EHQ]JHPHNWHGLU



7,7/( ,QYHVWLIJDWLRQV 2Q /HSLGRSWHURXV 3HVWV ,QMXULRXV ,Q 6WI
'LVWVULEXWLRQ BBERUDPBILROBIWKH 6RXWKHDVW $QDWROLD
$87+25 61HFGHW $',*h=(/
38%/,&%$7,21 <($5 $1' ,167,787,21'L\DUEDNOU %|OJH =LU O+F $UGW (QVW
8QSXEOLVKHG PDVWHU WKHVLYV
92/80( ,668( 3 S
(<:25'6 /HSLGRSWHURXV 3HVWV 6WHPWVHRHUWDOW '&KI/VULEXWLRQ
'DPDJH
$%675%&3Q LQYHVWLIJDWLRQ ZDV FDUULHG RXW LQ RUGHU WR GHWHUF
RQ VWHPV Rl FHUHDO FURSNQG&KRXWEHDVW UHJ2RIQD RRXAMEXBR\Y D
1IRFWXLGDIR®BDNVQ DOO SURYLQFHV 'L\DUEDNOU 8UID ODUGLQ $GO\L
(SK\WWHULV SBWRPSWHOOWFKLLGDH ZDV IRXQG RQO\ LQ D ORFDWLRQ R
7KH PRUSKRORJLFDO GHWHUPLQDWLRQV RI GIXHD $SH \DM\G MVKW LMH Ek
KDYH EHHQ EURXJKW LQWR OLJKW XQGHU WKH ODERUDWRU\ DQG QD
GHWDLQHXWREX EHWDXVH RI LWV VSUHDG H[WHQVLYHO\
7KH EXWWHRUPGVAXRBSMHDU IURP WKH HQG RH 0D\ -WR HWIKQ 'R LIBGE D N
FRQGLWLRQV 7KH IOLJKWV RI DGXQOWW VMWD UWW D F PH D VD HMVP R PWIHW WX
QLJKW DQG WKHQ GHFUHDVH DJDLQ
$00 WKH PRWKV ZKLFK KDYH EHHQ KDG IURP WKH FXOWXUDO PHGL
KDY SDUWKHQRJHQHWLF UHSURGXFWLRQ DELOLW\ LQ WKLV UHJLRQ
ILUVW GD\ DIWHU WKH\ HPHUJHG 7KH\ SXW WHMHWYV HQJR QH DLLGH \LXQU D
7KH GXUDWLRQ RI OD\LQJ HJJV ORXWWVWDSIBR[LPDWHRO\HIJIJFLDUH ODLC
PLGQLJKW )HPDOHV OD\ HJJV LQ PDVVHV KDBFXK PQDW KD®PHH 2QH JL
HJBDVVHV DQG HJJV SHU GD\ LQ DYHUDJHHDIIGVVHY DQG
HJJVLMQV OLIH 7KH R1 HJJV DQRDW\KHY DUHRODHIG GXULQ
ILUVW GD\V RI WKHLU OLIH ,W KDV EHHQ FRXQWHG HIEHHQ WKH R
ODLG PD[LPXP HJJ
*HQHUDOO\ WKHURDYV RQHIBIBE VWHP D®G WWKHH PDVVHV DUH VHW
EHWZHHQ WKH DQG WKH 1RGH RI VWHP ,W ZDV REVHUYHG WKDW 1!
HWLHV Rl ZKHDW KHDYLQJ WLQ VWHPV UDWKHU WKDQ WLFN RQHV
7KH DGXOWV OLGHGY LQ WKH ODERUDWRU\ ,WKBVNUEBRQJRFE YWV ¥
DOPRVW VDPH LQ WKH QDWXUDO FRQGLWLRQV 7LOH HJJ OD\LQJ WDN
PLGGOH RI -XQH 7KH LQFXEDWLRQ SHWRE R7KHINIOIV DUH LQ WKH HF
GLDSDXVH IRU DERXWWHLYKSRPRIOENOKV WR VHH WKH HJJV LQ GLIIHUHQW
RQH HIOVVHV
,Q DQ LOYHVWLJIJDWLRQ PDGH RQ HJJV LQ QDWXUDO FRQGLWLR(
VWDUWHG -DOXDAG HQGHG )HEUXDER WKH GXUBMRKLRY RIJKD ODVWHG
GD\V 7KH HPHUJHQFLHV Rl DOO ODUYDH IURP RQH PDVV RI HJJ WRRN
+DWFKLQJ VWDUWHG ZKHQ WKH DY HUDJH&G D IH@\DW/H F S HK)OPAL B W M/ \UIE\D F K |
UDLQIDOO LV PP PWPUEDWKHG PD[WYDH ZKHQ WKH & HPS$SHUDWXUH Z
DQG UDLQIDOO PP O -DQXDU\ WKH
7KH LQIOXHQFH RI ZDWHU WR WKH KDWFKLQJ DELOLW\ RI WKH HJJV
JHWWLQJ ZHW WKH PROQH HRY WZRLEMIJHDABK 7ZR GD\V DIWHU DSSOLFDWL
KDWFKLQJ RI WKH ZHW HJJV UHDFKHG XS WR ZKLOH LW ZDV
H[SHULPHQW PDGH LQ ODERUDWRU\ FRQGLWLRQV WKH HJJV ZKLFK ZD\
LQ D IBWWGEXW WKH RWKHUV GLG QRW $Q DFWLYLW\ RI ODUYDH LQVL
ELQRFXODU ZKHQ WKH HJJV zZDV JRW ZHW E\ D EUXVK ,Q DQRWKHU HJ
KLJK UDWH UHODWLYH KXPLGLW\ DQ® MR Y H\KWM OMIGP IS®I UDD WEKIWHL JEHND Z\-
& T7KH Rl WKH HJJV ZDV VHHQ WR EH KDWFKHG LQ RQH GD\ $IWHU
EHWZHHQ ?®QGKHQ WKH HJJV ZDV FKHFENHG IRU WKH ILUVW WKUHH GD!
WKH HJJV DMWRFEHG& UHVSHFWLYHO\
<RXQJ ODUYDH KDYH D SKRWRWURSLVP FKDUDFWHU 7KH\ FRXOG
ODUYDH KDWFKHG IURP WKH HJJV ZKLFK KDG EHHQ VHWWOHG WR D D
RXW Rl WKH VRLO DQG PDGH XWPDKH RRKMKNY EQRBKH GHSWK RI FP F
7KH KHDG RI ODUYDH DUH VPDOO LQ DFFRUGDQFH ZLWK ERG\ MX
ODUYDH ZDV REVHUYHG DQG LW ODVWHG GD\V 7KHROWHKYDO RPNVDKHH |
HQG RI -D@RDWKH PLG RI 0D\



7KH PDWXUH ODUYDH FKDQJHV WR WKH SUHSXSD ILUVW WKDQ EHF
WKH VRLO ,W®DVNDNBRP SUHSXSD WR SXSDWH GDNVEBFRRY\SRSXWWURQ
SXSDH FDQ EH VHHQ EHWEKNHRI WOKDH DLQIG/ WX D#

'XULQJ WKH LQYHVWLJDW PR ¥ X GHOWDG Bl WP RQ HG W RUE M/ LKFDXLPP | X O
YXOJDWHORUGHXP VBMWYXRQD OXGRXUFIXD @RDEXP U L*DDGXEP

2QH ODUYDH FDXVHV GDPDJH BIODBRKW WRWDO GDPDJH ZDV UHDFF
PD[LPXP LQ WKLV UHJLRQ

6RPH ODUYDO QDWXUD®XMPXERMBK RRWGHJPD FHUDWWIDPRUQLYV
+\PHQRSWHUD ,FKQHXMR@LGDWHSPDQGRGD OHUPLWKLGDH ZHUH DOV
GXULQJ WKH QY HVWHJSULRWVHWILRY LRARV QUMD FKH G LQ DQG
OHUPLV2DS/ LQ LQ .XUWDODQ 6LLUW

$QRWKHU VWHP ERUS{URREVEKOBD®DY EHHQ HQFRXQWHUHG RQO\ L
PDNHV VDPH W\SH R2 GDPMRMDDYG KDYH YHU\ ORZ SRSXODWLRQ

(6(5 $', 'L\DUEDNOU .DUDFDXW4JPI/OVIEUQHBWWOHUREIPSYYDODUD *|o (WP
%DUODGO+O '|IQHPGH .OUODN %|FHN )DXQDVOQO 7HVSLW LOH
<HUOHULQGHQ dONOUG YH YbQ B ¥UDIDEHWODWRD B]HHU

<$=%$5 $',1L\D]JL /2'26 )H\]L g1'(5 1HFGHW $',*h=(/ =L\D ugOu(.

<$<,1 <,/,

<$<,1/$1',6, <(BLWNL .RUXPD 'HUJLVL

&@/7 9( 6%$<)$ 12

$1$+7%$5 .(/20(/(56*QHXU\IJDVWHU LGWWJIOUOBSIV%|FHN )DXRDDWOHU®|FHN

dONOUG YH *|o 'DYUDQOuUODUOD

g=(7 %X oDOOUPDGD .DUDFDGDP=:Y{YMNYHNOL+LQGH NDUOD NDSOO DODQC

E|FHN [UQHNOHUL HOH DOOQPOUWOU oNL \OO VeUHQ oDOOURDBIODU ER\;

+\UQHQRSWHUD WBROPOEYBHN WU VDSWDQPOUWOU dDOOUPDODU H\

VDKLS W+UOHWXDWDVWRIGHE\BWWRO\FRULY EDFFDSHWPD SRVOWQFD

QLJULURV3IDFKYW\FKLXWoHROGHILWRQD FHAEQUIMXVERO RQO OB NNWDGAHAD

gONEDKDU oONOUODUOQGD DUWDQ VOFDNOO+-0Q HWNLOL ROGX+X GD J

7,7/( ,QVHFW )DXQD RI 2YHU :LQWHULQJ $UHDV DQG 2EVHUYDWLRQV RQ
$FWLYLWLHV RI 6RPH ,QVHFW 6SHFLHV LQ 'L\DUEDNOU .DUDFDGD-=+

$87+25 6 1L\D]L /2'26 )H\]L g1'(5 1HFGHW $',*h=(/ =L\D ug0u(.

38%/,&$7,21 <($5 $1' ,167,787,21%LWNL .RUXPD 'HUJLVL
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(<:25'6 6XQQ 3HWWU\JDVWHU L QYW IOIMHFHSV)DIQWFW 6SHFLHV 0LJUD

%HKDYLRU

$%675%$8& 7KLV VWXG\ LV EDVHG RQ WKH FROOHFWLQJ RI LQVHFWV 2Q

.DUDFDGD+ ORXQWDLQ DPNDEBRMH VHD OHYW®DU YWXQGLHY LQVHFW VSt

VHYHUDO IDPLOLHV RI &ROHRSWHUD +HWHURSWHUD |RPRPR S WHRIQJ D

HFRQRPLFDOO\ LPSRUWD QW VBN RAHY LVIKNBENFREBVV E D FF\SUHUD

SRVWAPID+ QLJULYRYWAK\W\FKLXW HRGOWRQD FAEMQUWXMUH WKH PRV

DEXQGDQW GXULQJ FROOHPWHQFMW ZPN BWSUPROMWHG E\ LQFUHDVLQJ W

(6(5 $', 'L\DUEDNOU .DUDFDGDXYGEDVW+QH LQIWHNWUEFHMSAWURSWHUD
6FXWHOOHULGDH 1QLQ 2YDODUD *[o (WWL+L '|QHPGH .OUODN %|F
'L+HU %D]O 7-UOHUIOMHUQ Q@GHNY ONOUG YH *|o (WPH 'DYUDQOUODUO

<$=$5 $',1L\D]L /2'26 )H\]L g1'(5 =L\D ugou(.

<$<,1 <,/,

<$<,1/%$1',6, <(HLWNL .RUXPD %*OWHQL

&o17 9( 6%$<)$ 12

$1$+7%5 .(/80(/(%6+*QH (XU\JDVWHU LBXWHIWQBNS¥|FHN )DXQDVO *|o 'DYUL

g=(7 %X obobuPD \00ODUOQGD .DUDFDGD+YGD \DSOODQ DUDUWOUPDC

GHYDPOGOU %X DUDUWOUPDGNWHRELNWHNL \HUOHUG H ONIDNJ O ® iD® Q ¢

VHOLOHUHNNVQHRQPLG EXUD\D Ge<GHQ E|FHNOHU WRSODQDUDN |OGe+U-

JHWLULOGLNWHQ VRQUD JHUHNOL DUDUWOUPDODU \DSOOPOHWOU %|F
DUDVOQGD \DSOOPOG |UQHNOHPH LUL 1LVDRIGWDP EDWOD P & X YWHU



LoLQGH NDUODU *JHULQGHQ WRSODP RODUDN E|[FHN |[UQH+L WRSO
\DsdorPOuwodU

7RSODP E|FHN |[UQH-LOIGWMRQD FUILQEWASWHUD MXFXQ GO
%BHU\WLQXV PRQWI¥RUDNWHU LQWHIBLWROY BLEFRESRQFDYLURVWULYV

fXRO\FRULV EDFFDVUSKASDURFKURPXV UHMX¥®BHBKRUXV DTXDWILFXV

(PEOHWKLWNDNWH®HWPLG YH JHUL\H NDODQ TLQLWOMH & DN EQHN
EX E|FHN WeUOHULQLQ LVLPOHUL FHWYHO GH YHULOPLGUWLU dRN \
VDSWDQDQ VvVD\OODUOOA®MUOQGD \DNDODQDQ WRSODP PLNWDUODUO L
&HWYHO GH J|VWHULOPLUGUWLU\OO@MMHQ ER O\DRNDIUII]NDQ ED]O E|FHN W-
\DNDODQDQ ELUH\ vD\OoODUO D\UOFD JUDILNOHUOH GH J|VWHULOPLUG\
GD+ODUOQ \*NVHN \HUOHUL Q@G H Q\d K DULHE BLBNGIN:MP BEAHS W H DS XIELW D W D
E|FHN WeUOHL QL QF UD QsD VORI EUFRQFDYLURWWBK P @XVWRQW LW IXV
5 UHXWHEL WeUOHULQ GH NOUuO GD-ODUGD JHOLUGLNOHUL YH GROI
DQobuborPOuwbdU

%XQODUGD@ EMLIW KU DMDXWH O(L 7 DXULFXODWD 5 SDUXPSXQFWI
QLJULURVWULYV Y3K KBRUXKDDRIDBLY W+UOHULQ GH NOUO GD+ODUGD JHol
ROGX+X HQ D]OQGDQ EX We+UOHUH DLW ELU NOVOP ELOHUOHWXQ NC
oDOOUPDGDQ RUWD\D oONDQ ELU GL+HU KXVXV +E PILNDL@U RHNH UG 6 HD U
EXOXQGX+XQXQ LON GHID EX oDOOUPD\OD RUWD\D NRQPXU ROPDVOGOU

7,7/( BWXG\ Rl 2YHUZLQWHULQJ ,QVHFW )DXQD DQ GJWUHWWHIRLF K IRIQD QIR
RI 6RPH ,QVHFW 6SHFLHVY DW WKH 6SULQJ (PHUJHQFHV 'XULQJ WK
3HVIXU\JDVWHU LOXWAJYHMHSM SWHUD 6FXWHOOHULGDH WR WKH 3

$87+25 6LL\D]JL /2'26 )H\]L g1'(5 =L\D 0gou(.

38%/,&$7,21 <($5 $1' ,167,787,21%LWNL .RUXPD %-OWHQL
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(<:25'6 6XQQ 3HMW\JDVWHU ,GWWOQWIHAWS YDXQD OLJUDWLRQ %HKDYLR.

$%675$&77KLV VWXG\ LV EDVHG RQ WKH FROOHFWLQJURD Y QR/®I PMKH R Q

.DUDFDGD+ ORXQWDLQPDWDERYH WKH VHD OHYHO ZKLFK FRQEXFWHG E

$SULO DQG LV D FRQWLQXDWLRQ RI WKH YRUNRGKEOMWHMDDOLHG RXW
7KH DUHDV RI HDFKDUHP VHOHFW HG5 [RIG WHHUNQRZ FRYHUHG SODF

PRXQWDLQ DQG HDFK GD\ WKHVH DUHRV DUR TVIORRMNHDG EHWQ@EH®DO LQV

FROOHFWHG E\ DVSLUDWRU 7KHVH FROOHFWHG DQG NLOOHGBKHQVHFW

ODERUDWRU\
$0 WRJIHWKHU LQVHFW VSHFLPHQ EHORQJ WR  VSHFLHV DUH

6LWRQD FULQEVBXWD MXFXQG@XNU\WLQXV PRQWLYD\IPWWHU LQWHJIULFH

6LWRQD ELFRORQNXENMSRVWOLFRULY EDFFDSKXBDURFKURPXV UHXWHUL
+HOHSKRUXV DTXDWEBXWKL\D @G UMIOHL UHPDLQLQJ RI DUH IRUPHG

LQVHFW VSHFLHV 7KH QDPHV RI DOO WKH FROOHFWHG VSHFLHV RI L

QDPHV Rl PRUH DRRQEPQYWG\VSHFLHY RI LQVHFWY DUH JLYHQ LQ 7DEO!

PDNH FRPSDULVRQ RI WKH WRWDO LQVHFW VSHFLPHQV RI HDFK VSHFI

DQG DOVR GDLO\ FROOHFWHG VSHFLPHQV LQ 6 Q F HX O/ KIRWH 2\H P IR

FDUULHG RXW LQ D ORW PRUH VSHFLPHQV ZHUH FROOHFWHG WKDQ
%HVLGHVY WKH NQRZ GHILQLWH PLJUDRQW HISH FEHIMFW DUBXQRY VXFK D\

VHSWHPSXQAWDWRLS VUXGE WKIVF ROFEU FR @F LU R VW MIX\F X @&/

PRQWLYDUKVDOVR IRXQG WR EH GHILQLWH PLJUDQW WBIHEFREBRUXKH R\

OLW XU DMWXWHALILY DXBKREDDRMKURP X5/ SBYWRSXQASBWX\BRVWLFD +

QLJULURKAWORW UKWD@B SRV \$ISER\QRD U DRI RXQG DV SRVVLEO\ PLJUDQ

DW OHDVWSDUWO\ PLJUDQW VSHFLHV +RZHYHU WKHUH VKRXOG EH PF

PDNH D ILQDO GHFLVLRQ DERXW WKHVH ODVW VSHMRQM W Kas UL QD FHDRSHDU-J

PRXQWDLQ DUH VKRZQ LQ ILJV RI RQH DQG WZR
7KH ZRUN RQ WKH VSULQJ HPHUJHQFH DQG IOLJKW DFWLYLWLHV R

LQWHUHVWLQJ +RZHYHU WR FROOHFW RI LQVHFWY RQ WKH PDUNHG

PROWDLQ LV TXLWH GLIILFXOW 7KHUHIRUH LW LV VXJIJHVWHG WKDW

PHWKRG WR EH XVHG RI ZKLFK VKRXOG EH PRUH SUDFWLFDO[DQG PRUH

P RI ZKLWH FDOLFR RU VLPLODDKE®RWK R W/ >Q)OIRRH FRRWKHI ZLWK D

VXFK DV RVWLFR DQG WKLV VWLFN\ PDWHULDO VKRXOG QA&VRUEH HIIHF

VQRZ VR WKDW GURSHG LQVHFW RQ LW VKRXOG EH VWLFNHG HDVLC

PDNVHULDO FORWKHY DUH SXW ILUPO\ RQ WKH PRXQWDLQ HYHU\ GD\ IR



EULQJ WR WKH ODERUDWRULHV IRU VWXG\ RQ WKHLU LQVHR@N ZLOO
FDQ HDVLO\ VWXG\ RQ WKH PLJHBINMW NG PR WIFWUDHHYORWVOQWERE PRXQWDL

(6(5 $', 'L\DUEDNOU .DUDFDGOXU\JGDWEQH. QKW ULFHSWVWHURSWHU
6FXWHOOHULGDH fQLQ 2YDODUD *|o (WWL=+L '|QHPGH .OGODN %|F
'L+HU %D]O 7-UOHULQ .@OMNDN ¥HUQH (WOEHRYUDQOUWODUOD hJHULC

&ROHRSWHUD &KU\VRPHOLGDH W+<UOHUL

<$=$5 $',1L\D]L /2'26 )H\]L g1'(5 =L\D wugOu(.

<$<,1 <,/,
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$1$+7%$5 .(/20(/(566QH(XU\JDVWHU L@WWIULFBHS®ODN %|FHN )DXQDVO dO|

(WPH 'DYUDQOUGODUO
g=(7 %X oboObuPD \00OODUOQGD .DUDFDGD+ GD EDUODWOODQ DUDuwWOU
VeQe WHUNLO HWPHNWHGLU %X DUDGW OW PEDHIDL UR/GRY QH W QIVCH P O H L

X\JXODQDUDN WRSODQDQ E|FHN |JUQHNOHULQGHQ \DOQO]FD &KU\VRP

oDOOUPDODUGD EX IDPLO\DG®QO0RW O HMDDS HIRFKIHN PDWPHO D QR S D

&KU\WVRPHOLQD*AKPOFEMOHBH QL @BRLGHID D\QO IDPLO\D\D DLW GL+HU WeU(

%X oDOOGUPDGD .DUDFDGDPRHGMUH \*NVHNOLNOHU DUDVOQGD 1LVD

*]JHUL@SKWKRQD &KDHWRFQHPBYV\VRQURIBIDMOVMANM. QH ED-O0O RODUDN \DNI

\HU YHUMAOR) %X We.UOHUH DLW \O0o0OQGDNL DUDUWOUPDODUGD
EXQODUGDQ XQX WDNULEQIDEDXNUQQRS VHPLF\DQHD PHOMQRSH]D
JHUL\H NDODQ VLQL GH GL+HU W+UOHUH GGDBQ @ QOO KR/DE DUWD HX|N

JDQJOEMAKMUNOGO GD+ODUGD JHOLUGL+L YH GROD\® VU HPD FJPoQ HESLFL
PHODQR@EBMGD NOUO GD+ODUGD JHOLUPH LKWLPDOL ID]JOD ELU WU RO

7,7/( ,QVHFW )DXQD RMHAMHUW $WHDV DQG 2EVHUYDWLRQV RQ WKH 6SULC
$FWLYLWLHV RI 6RPH ,QVHFW 6SHFLHV LQ 'L\DUEDNOU .DUDFD
&KU\VRPHOLGDH

$87+25 6 1L\D]L /2'26 )H\]L g1'(5 =L\D dag0u(.
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(<:25'6 6XQQ 3HMW\IJDVWHU L®XWWHQUHFWSM XQD OLJUDWLRQ %HKDYLR:

$%675$&77KLV VWXG\ LV EDVHG RQ WKH FROOHFWLQJ RI /HDI %HHWOHYV

.DUDFDGD+ ORX\QWMMDLQ PN DERYH VHD OHYHO ZKLFK FRQGXFWHG EHWZF
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VWDJHV RQH ZKHQ WKH ERWIIR FKHRISMKWHDW WLOOHULQJ WKH VHFRQG
WDVVHOHG G6RUJKXP SHQLFOHG DQG IORZHUHG

,Q WKH ILUVW \HDU RI WKH VWXGLHVY WKH LQVHFW VDPSOHV ZHUHF
LGHQWLILFDWLRQ RI WKH VSHFLHVY ZHUH PDGH

,Q WKH VHFRQG \HDU WKH VWXGLHV ZHUH GLUHFWHG WR WKH
LQIHFWDWLRQ UDWLRQ RI WKH KDUPIXO VSHFLHYV )RU WKLVH®XHUSRVH
FROOHFWH® G QDWIGHWKHQ FODVVLILHG DQG FRXQWHG 7KH SRSXODWLR
QXPEHU RI WKH DGXOW LQVHFWYV FDSWXUHG WKURXJK VZHHSV 7KH
FRXQWLQJ WKH XQMAMMNOBHIREOPRQAWY LQ HDFK IURP RI 6 VT P

%\ WYX G\ VSHFLHY ZHUH GHWHUPLQHG LQ FRUQ DQG 6RUJKLXP
RI WKHP ZHUH IRXQG DV LPSRUWDQW RU WR EH SRWHQWLDO SHVW 3



NQRZQ WR PH VLQFH WKHLU SRSXODWLRQ ZHWRHQWRR KERRHA Y\HRJ SWKIPIL
OLVWHG KHUH DOVR WR EH NQRZQ DV IDXQLVWLF SRLQW RI YLHZ

7TKH LPSRUWDQW RU SRWHQWLDK®ODQ&HVW O/S\H BEGOHDYH PWHWK R SWH U
*U\OOLGIDAORWDOSD /JUWONRMNRBAWITUD * BLARRORE X D STEEKINMHOIRAX V W D
PLIJUDWRUHBLRSRGD WWXRHAKL 2UWKRSWHU®D OXAIBVED BXOWH MDHWEXLFHUL
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+RPRSWHUD $8SREGREWWHH OBNVBO OXPIGW L S X GBHW BWEIEBAP RWHWL[ VWULDYV
/[ (\JLQLGLD V"®WKKDS+RPRSWHUD &DFOEBORKDENVHMUAORNRW/GIXOMOD YLEL]
+DXSW +RPROMKDP FABDHP LD FAHGBNLFIDSLGRSWHUE VRKWIRMEG RHW H
SRSXODWHG DQG DSUHDGHG LQ FRUQ FXOWLYDWLRQV FRPSOHILQJ ZLWI
WKDQ 6RWIKEPHYLYVXDGULSXQIFQEX YWUMBWRKVHY HDAUMHFRUGY RQ FRUQ |
6RUJKXP IRU %DVWHUQ DQG 6RXWKHDVWHUQ $QDWROLD 5HJLRQ RI 7XU

oW LV FOHDUHG WKDW WKH PRVW LPSRUWDQW SUHNWGRD 6W UZJIXW P L
REVHUYHG RQ RQO\ 6RUJKXP SODQWYVY DQG QR GDPDJH RQ FRUQ ZDV GH
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+RPRSWHUD &LFDGHOOLGDH
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KDUPIXO VSHFRUHNVWRIM-BRUJKXP VIREGE &RUQ
|

(6(5 $', **QH\GR$QXDGROX %|OJHVLQGH +XE XEDIF K\RVU WHKIPYO/RHR{UDBI:H.
&ROHRSWHUD &XUFXOLRQLGDH f(QIR® R BM\L&¥/@ ch] HWLOYIEIHD $DDYI M Gl P O D L
<$=%$5 $'=L\D ugou(.
<$<,1 <,/,
<$<,1/%$1',6, <(5L\DUEDNOU =LU 0+F JWIWR(QVWRIVWRBOHB WH]L
&@l7 9( 6%$<)$ 12
$1$+7%$5 .(/80(/(5+XEXEDW +RUWXBDRKWYEFKILXV WRUBHL <D\O0OOu $0D
%L\ RORMLVL
g=(7 %X DUDuwWOUPD \OOODUO DUDVOQGD 3PBKWWOPKILXR OKBX GO H
&ROHRSWHBROIRQLGDH QLQ **QH\GR=+X %|0OJHVNRGRL VD\ONR@EXDNO PQ D!
QHGHQ ROGX+X sUeQ ND\OSODUO LQFHOHQPLUWLU

(OGH HGLOHQ YH UL RPHEMHLQ|WHH\GR+X $QDGROX %|OJHVLQGH \R+XQ
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%LVPLO OHUNH] $GO\DPDQ 6DPVDW dDNOUK]|\*N OHUNH] GD DUSD Y
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SHUL\RGXQFD EOQUDXRKOWRBR®PEXNWDUOQOQ \DNODGON \INOI®DRGIIDYO DDOQC

J*QGH DUDJL NRUXOODUOQGD JBQSHB EEXNNLDBM &EHE OUDNWONOI
EHOLUOHQPLUWUD]L NRUXOODUOQGD ]DUDUOOQDOQ SRSXODV\RQGD HU|

GLULOHULQNLQGHQ ID]JOD ROGX+X VDSWDQPOUWBUKRUGBI@ NRGXC
KHUKDQJL ELU GR+DO G-uPDQOQD ubvwobDQboprPDPOUWOU

3 KRUGHIQ WDQH LOHULVLQGH ODUYD G|QHPL JHOLUGL=L YH ODL
WDPDRGBGO+O VRQ G|QHPH XODUDQ ODUYDODUBR OLLRISN B Y DPILQKUHH SIUW E
YH SXSD G|QHPOHULQL JHOLUHUHN HUJLQ ROGXNODUO YH \OOGD ELU G
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7KH ELRORIJXRUADHLVWXGLHG LQ LQFXEDWfQUV IBQGC_;W&LQ}QBDW é
: UHODWLYH KXPLGLW\ DV ZHOO DQ LQ QDWXUDO FRQGLWLRQV D
HJJ ODIHDVEEBUE\ WKH WHPSHUDWXUH
ORUH WKDQ WKH KDOI RI WAHY HQIDVGWKQGD\V LQ LQFXEDWRUV ZKHU
WK GD\ IRU EDUWK\GIDO GRU ZKHDW LQ ILHOG FDQ GLWLRQV
,Q ILHOG FRQGLWLRQV WKH UDW HXRIDRVILGRKD ZOFL MRDAX® OADMEHWKH S
EHLQJ PRUH WKDQ WKH IHPDOHYV
$Q\ ODWXUDO3SHERBADRLGHWHUPLQHG LQ WKH UHJLRQ
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7KH ODYW OMDYDH UHDFK WR WKH VRLO DQG FRPSOHWH WHKHLU SUHS
GHSWK WR EHFRPH DGXOW KDYLQJ RQH JHQHUDWLRQ LQ D \HDU
3 KRUGIM.- DOVR IRXQG RQ ZLOG *UDPLQHDH EHVLGHV FURSV EDUC
3 KRUBDEBKOWYV DHQE6DA&WMHY D NJ GD FURS ORVVHV LQ Z
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WKH VWLFN\ WUDSV FRXOG EH XVHG DOVR LQ LWV IRUHFDVWLQJ DQG Z
%HVLGHLWKLY DOVR XQGHUVWRRG WKDW WKH VWLFN\ WUDS PHWKR

ILHOGV LQ RUGHU WR HYDXODWH WKH HIILFDF\ RI WKH SURWHFWLRQ DI
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$%6753& BWXGLHY VKRZHG WKDW WKH LQFUHDVH LQ PHGLXP WHPSHULI

Q\PSK SHULRGBGK WR EH VKRQWWQEHGO FRQGLIWLRWRM GXUDWLRQ IURP W

Q\PSK VWDJH WR WKH DGXOW V¥ ZDV GOXQPGZWRUHDV LQFOLPDWH URRP\

DQG r R& WHPSHUDWXUH D6 ERWK ZHUWH DQG W GD\V
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