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SFNQRZOHGJIP}

7KLYV WKHVLVY PDUNVDQLPSRUWDQW PLOHVWRQHLQ P\MRXUQH\ DW
\HDUV ,KDYHJDLQHG H[WHQVLYHH[SHULHQFH VWXGLHGDZLGHUD
DFKLHYHPHQW ZRXOG QRWKDYHEHHQ SRVVLEOHZLWKRXW WKH WHF
JLUVWRIDOO ,ZRXOG OLNHWRWKDQNP\VXSHUYLVRU 3URI /LYLI
%6FWKHVLY +HLQWURGXFHGPHWRSKRWRJUDPPHWU\ "UHFRQVW
ZKLFK KDV EHFRPHD VHFRQG KRPHWRPH ,DP GHHSO\JUDWHIXO IR
VHDUFKDQGWKHZULWLQJSURFHVVRIWKLVYVWKHVLV +LVGHGLFDWIL
SUHFLRXVDQG ZLOO FRQWLQXHWR VKDSHP\FDUHHUIRU\HDUV WR F
, ZRXOG DOVR OLNHWRWKDQNP\FR VXSHUYLVRU 3URI )UDQFHVF
SURMHFW RID SKRWRJUDPPHWULF PRQLWRULQJ V\VWHP ZLWK ORZ |
YHUVLW\RI7ZHQWHDOORZHG PHWR WDFNOHFKDOOHQJLQJ SUREOH
GHHS OHDUQLQJIHDWXUHPDWFKLQJDQGUHFRQVWUXFWLRQDOJRU
GXULQIJWKHxQDOVWDJHVRISDSHUDQG WKHVLVY ZULWLQJKDYHEHE
, ZRXOG DOVR OLNHWR WKDQN WKH FUHZ RIWKH /DEO*) /DERUDWF
OHDVXUHPHQWY UHVHDUFKJURXS )HGHULFD )HGHULFR DQG 5HEF
ZRUNDQGEHFDPHD WUXHIULHQGVKLS 7KDQNVIRUWKHVXSSRUWD
LQFOXGLQJDOOWKHVXUYH\VRIEULGJHV GDPV DQG RIFRXUVH %
JRHV WR )HGHULFD ZLWK ZKRP,KDYH ZRUNHG VLQFH RXU xUVW \HD!
OHVV H[SHULHQFHV WKRXJKWV FRPSODLQWY DQGVXJJHVWLRQV I
7TKDQNV DOVRWR "\N% DQG &KLDUD IRUWKHLULQYDOXDEOHIULHQG
WKLV WKHVLY DQGDOOWKHPRPHQWY VSHQW WRIJHWKHULQ WKH OL
,DPJUDWHIXOWR/XFDORUHOOL ZLWK ZKRP,KDYHZRUNHG FORVH
VLRQIRUGHYHORSLQJ'HHS ,PDJH ODWFKLQJ O\WKDQNVDOVRJR WEF
IRUWKHLUHQWKXVLDVPDQGYDOXDEOHFRQWULEXWLRQVWR WKHYV
SDUWLFXODUO\LQWKHGHYHORSPHQWRIRXUODWHVW SDSHU
7TRDOOWKHIULHQGY , KDYHPHWDW YDULRXV FRQIHUHQFHV RYHU \
GLVFXVVLRQVWKDWKDYHKHOSHGLPSURYHRXUUHVHDUFK ,DP HYV
xUVW (*8 SDUWLFLSDWLRQDQGZHKDYHGHYHORSHGDIULHQGVKLS \
)LQDOO\ , WKDQNWKHUHYLHZHUV 3URI $QHWWH (OWQHUDQG 3U
WKDW LPSURYHG P\WKHVLV
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OXOWL VFDOHDQGPXOWL
RUL

WHPSRUDO SKR\
PRQLW J

Q
$|IOEq-0

$OSLQH JODFLHUV DUH NH\LQGLFDWRUV RI JOREDO FOLPDWH FKDQ
WKH FOLPDWH FULVLY 8QGHUVWDQGLQJ WKHVH FKDQJHV LV HVVH
IXWXUH WUHQGV DQG PLWLJDWLQJUHODWHG KD]JDUGV 7KLV WKH\
PXOWL WHPSRUDO SKRWRJUDPPHWU\IRUPRQLWRULQJDOSLQHJOD
*ODFLHULQ WKH ,WDOLDQ $0SV

7KLV UHVHDUFK HPSOR\V YDULRXV SKRWRJUDPPHWULF WHFKQLT>
KLJK UHVROXWLRQ 8%$9 VXUYH\V DQG D QRYHO ORZ FRVW VWHUHR F
$UFKLYDO DHULDO LPDJHV KDYH EHHQ XVHG WR UHFRQVWUXFW WKH
\HDUV 7KLVDQDO\VLVUHYHDOHGDSHULRGRIH[SDQVLRQ XQWLO D\
DVLIJQLXFDQW UHWUHDW LQ UHFHQW GHFDGHYV 5HFHQW DQQXDO 8%
WLRQV ZLWKVXE GHFLPHWUHDFFXUDF\ DOORZLQJTXDQWLxFDWLR
URZNLQHPDWLFVWKURXJKGLJLWDOLPDJHFRUUHODWLRQ
SHFRJQL]JLQJWKHLQKHUHQWO\QRQ OLQHDUQDWXUHRIJODFLHU (
VFRSLF V\VWHP EXLOW ZLWK KRPHPDGH WLPH ODSVH FDPHUDV FRQ\
'"PRGHOVRIWKHJODFLHUWHUPLQDOOREHE\SKRWRJUDPPHWU\ $Q
WKH DUWGHHS OHDUQLQJIHDWXUHPDWFKLQJDOJRULWKPV RYHUF
WKHVWHUHR FDPHUDVDQG KDV UHVXOWHGLQ WKHGHULYDWLRQ RI
DOORZHGIRUFRUUHODWLQJWKHJODFLHUNLQHPDWLFVDQGLFHPH
KLJKOLJKWLQJDVWURQJVKRUW WHUP FRUUHODWLRQEHWZHHQ WK
$ FRPPLWPHQW WR RSHQ VFLHQFH XQGHUSLQV WKLV UHVHDUFK 'C
WRV DQG '60V DUHSXEOLFO\DYDLODEOHWR HQFRXUDJHFROODER
GHYHORSHG ,&(S\ 'DQG 'HHS ,PDJH ODWFKLQJ DUHUHOHDVHGDV F
DGDSWDEOHWRRWKHU SKRWRJUDPPHWU\ EDVHG PRQLWRULQJDSS
7KLV WKHVLVY GHPRQVWUDWHY WKDW SKRWRJUDPPHWU\ LV D YHU\
JODFLHUV DQG GHULYLQJ YDOXDEOH 'LQIRUPDWLRQ DFURVYV GLTH
UHVROXWLRQ GDWD DFTXLUHGDQG WKHPHWKRGV GHYHORSHG HQK
FKDQJHLQDOSLQHHQYLURQPHQWVDQGFDQEHXVHGWRPRQLWRU V

<E(%0 A%HOYHGHUH *ODFLHU 'UHFRQVWUXFWLRQ 8%9 KLVWRULFI
PHWU\ ORZ FRVWFDPHUDYV LPDJHFRUUHODWLRQ IHDWXUHPDWFK
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&RQWHQW

,20E°..@0®°? a
ORWLYDWLRQDQGUHOHYDQFH
SHPRWHDQG FORVH UDQJHVHQVLQJRIDOSLQHJODFLHUV
7KH%HOYHGHUH *ODFLHU
2EMHFWLYHV
7TKHVLVRXWOLQH

SHIHUHQFHYV

% qe© O°O ™% 31Ok 5% 93 [OEB+O®@3" *qece %o 7O/ EQAE™& &ce

$% Eeq-,2q" %l c a d a
J QWURGXFWLRQ
'DWDVHWYV
+LVWRULFDO $HULDO 'DWDVHWYV RI DQG

"'LILWDODHULDO GDWDVHW RI

'LIJLWDO 839 GDWDVHW RI

*166 6 XUYH\IRU %ORFN*HRUHIHUHQFLQJ
OHWKRGRORJ\

610 096

SRLOQWFORXG SUH SURFHVVLQJ

*ODFLHUHYROXWLRQDQDO\VLV
SHVXOWYV

610 096

SRLOWFORXG SUH SURFHVVLQJ

*ODFLHUHYROXWLRQDQDO\VLV

&RPSDULVRQ ZLWK SUHYLRXVVWXGLHV

SHIHUHQFHV

8$9 A™O0O°"EQq22% OEe “°E q33@0q-~"~qe®@%E E%*°3iOfHid+0O e3¢
,(OQWURGXFWLRQ
,QVWUXPHQWV DQG GDWDVHWYV
*166 PHDVXUHPHQWYV

L



8$9 ULJKWYV
&KDOOHQJHVDQGDGDSWDWLRQVLQ WKH DQG
OHWRGRORJ\
610 ZRUNURZ
*ODFLHUURZYHORFLW\
9ROXPHYDULDWLRQV
5HVXOWYV
610
*ODFLHUURZYHORFLW\
9ROXPH YDULDWLRQV
*ODFLHUPDVV YDULDWLRQV IURP WR
$QRSHQ VRXUFHIUDPHZRUNIRUVKDULQJPRQLWRULQJUHVX
5HIHUHQFHV

"%0 %o FE %0 qE3@3” =°8a°{0 E™MODOo"EQq22% OEe “°E 'I™M°EQaO%E
203 O°E®3” ¢ a d i
JOWURGXFWLRQ
,PDJHPDWFKLQJLQFKDOOHQJLQJVFHQDULRYV
7KHORZ FRVW VWHUHRVFRSLF V\VWHP
3RZHU V XSSO\
&RQWUROOLQJFLUFXLWDQGDFTXLVLWLRQVFKHGXOLQ
&RQQHFWLYLW\
&DVHDQG SURWHFWLRQ
*HQHUDO SHUIRUPDQFHYV
7KHFKRLFHRIWKHFDPHUD
6LWHVHOHFWLRQIRUSHUPDQHQW LQVWDOODWLRQ
&DPHUDLQVWDOODWLRQ
'DWDVHWYV
BWHUHRVFRSLFLPDJHVHTXHQFHV
839 VXUYH\V
OHWHRURORJLFDOPRQLWRULQJVWDWLRQ
OHWKRGRORJ\
,PDIJHVHOHFWLRQ
&DPHUD FDOLEUDWLRQ
&DPHUD VWDELOLW\DQG *&3V
BWHUHRVFRSLFLPDJH SURFHVVLQJZRUNURZ
9ROXPHYDULDWLRQHVWLPDWLRQ
$XWRPDWLFH[WUDFWLRQRILFHFOLTWRSHGJH
"'L.JLwbo ,PDJH & RUUHODWLRQIURPVLQJOHFDPHUDYV
&RUUHODWLRQ EHWZHHQ JODFLHU G\QDPLFVDQG PHWHI
5HVXOWV



$XWRPDWLF GHWHFWLRQRI *&3V
'LGH EDVHOLQHIHDWXUHPDWFKLQJDQG WUDFNLQJ
'VFHQH UHFRQVWUXFWLRQ
9ROXPH YDULDWLRQVDQGJODFLHUUHWUHDW
9DOLGDWLRQRIWKHVWHUHRPRGHOV ZLWK 8$9 GDWD
*ODFLHUVXUIDFHYHORFLW\DQG PRUSKRORJ\
9HORFLW\RUWKRUHFWLxXxFDWLRQ XQFHUWDLQW\
&RPSDULVRQEHWZHHQVXUIDFHYHORFLW\ I[URQWDO LFI
'LVFXVVLRQ

+DQG FUDIWHG YVGHHS OHDUQLQJPDWFKLQJ
OHUJLQJVWHUHRVFRSLFDQGPRQRVFRSLFSURFHVVLQJ
*ODFLHU YHORFLW\ I[URQWDO DEODWLRQDQG WHPSHUD
7JUDQVIHUDELOLW\RIWKH V\VWHP

SHIHUHQFHYV

7°4qE .. g-°%4da*°i02@0-0ca*q2%Eq20-0ma% F°+™ 203 O°E 3’
~% qE3e3” E™MOOO"EQ22% OE & aaa
,QWURGXFWLRQ
/ILPLWDWLRQVRI'HHS /HDUQLQJORFDO IHDWXUHYV
'"HHS ,PDJH ODWFKLQJ
ODWFKLQJVWUDWHJILHYV
,PDIJHUHVROXWLRQDQGWLOLQJ
,PDJHURWDWLRQYV
ODWFKLQJSLSHOLQHV
&DVH VWXGLHYV
IRZ WHIWXUHV VFHQHYV
+LVWRULFDOLQWHUQHW LPDJHV
&RPELQLQJ8B8$9DQGWHUUHVWULDO LPDJHV
SHIHUHQFHYV

&°3e-@Pice°s ap

6XPPDU\RIWKHUHVXOWYV
*OREDO FRQVLGHUDWLRQVDQG IXWXUHSHUVSHFWLYH

5HIHUHQFHYV
SEE%S...cecS 2EOM™MoEMOHO| g
$SEE%3...e¢% 6DE“qe%o % -°0e “%bo-...I[ a

SELE%3...e¢c & &E°iial%s+Oeosi
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[LVWLQJRI xJ)

,PDIJHV RI WKH 3ODQSLQFLHX[ *ODFLHU ORQW %ODQF ODVVLI
K\PSHU 6HUDF 7KHIUDFWXUH IUDFWXUHV LQ WKHIURQWDO
VHYHUDO LFH EUHDN RIVDUH WULJJHUHG DUH FOHDUO\ YLVL
FXUD &KLDUOHHWDO E LOOXVWUDWLRQRIWKH 3¢
ODSSHGWKHDUHDRIWKUHHVHFWRUVLGHQWLxHG E\WKH SHU
WKHLU GLTHUHQW NLQHPDWLFVY SURSHUWLHVY SKRWR)RQGD]L
GDQHWDO

,PSDFW RI WKH $XJXVW GHEULV URZRQ WKH %HOYHGHU!
, WDOLDQ&DENVDO YLHZDFTXLUHG $XJIJXVW DXWKRU({V SK
WHQWRIGHEULVDFFXPXODWLRQZLWKLQ WKH&DVWHOIUDQFF
HUQ OREIHFWXUH RI WKH %HOYHGHUH *ODFLHU QRUWKHUQ ORE
URZHYHQW $XJIJXVW 30 FDSWXUHGE\WKHXx[HG PRQL
WKHPXGG\FKDQQHOV FDUYHG LQWR WKH JODFLHU{V VXUIDFH
WKHSRZHUIXOURZWKDW ZDVKHG DZD\PXFKRIWKHGHEULV

D /RFDWLRQRI%HOYHGHUH*ODFLHU EDVHPDS VRXUFH 6271
SLFWXUHRIWKH%HOYHGHUH *ODFLHUWDNHQIURP WKHQHDU

+LVWRULFD-&DVWEDMHDYDR G $ SLFWXUHGHSLFWLQJWKH |
DFTXLVLWLRQJHRPHWU\ OHIW DQGDVDPSOHRIWKHVFDQQH
IRUHDFK GDWDVHW

'LIJLWDO GO DVIHWMEBRID 8%$9 )RUHDFKGDWDVHW DSLFWXUH
LQJWKHLPDJHDFTXLVLWLRQJHRPHWU\ OHIW DQGDVDPSOH
‘RUNURZ IRULPDJHRULHQWDWLRQ RIWKH XxYH SKRWRJUDPPF
&RQWURO 3RLQWYV Y*&3V UHIHUWR*URXQG &RQWURO 3RLQW
YLRXV SKRWRJUDPPHWULF PRGHO E\LGHQWLI\LQJ FKDUDFWH
DUWLXFLDO WKDWKDYHUHPDLQHG XQFKDQJHG RYHU WLPH D
RXVSKRWRJUDPPHWULFEORFN 7KH '"FRRUGLQDWHVRIWKH?9
Y*&3V DUHREWDLQHG WKURXJKIRUZDUG WULDQJXODWLRQF
VSDFH

[LLL



6NHWFKHV RI WKH *&3V DQG &3V ORFDWLRQV IRUWKH GLTHUH(
EORFN E EORFN F DQG EORFN )RU WKH

KLVWRULFDO EORFNV WKHSRLQWVDUHY*&3VDQG Y&3V

(IDPSOHVRISRLQWV FKRVHQDVI9LUWXDO *URXQG &RQWURO 3

SRLQWV Y&3V D DUWLXFLDO IHDWXUHYV LQ DQG L
IHDWXUHV LQ DQG DHULDOLPDJHV
, QWHUSRODWHGJULGGHG SRLQW FORXGV D E F

BWHSV IRU GHxQLQJ WKH xQDO PDVN IRUGHXxQLQJ WKH JODFL
GHxQLQJWKHYDOLGDUHD RIHDFKVXUYH\RYHUODSSHG E F
F KLJK YDULDELOLW\DUHD L H DUHDVIRUZKLFKWKHKHLJ
VXUYH\HSRFKV ZDVJUHDWHUWKDQ P G xOWHUHGKLJK YD
YDULDELOLW\DUHD L H FRQVLGHUHG JODFLHUVKDSH

ORGHODFFXUDF\FRPSDULVRQLQWHUPVRI506 HUURURQ &3V

*ODFLHUFRQWRXUVDWGLIHUHQWHSRFKYVY D E F
WLQQHGJODFLHUDOWLWXGHYDULDWLRQV LQGLTHUHQWSHU
E \Y; F Y G %

/IRFDWLRQ RIWKHWDUJHWY XVHG IRUWKH SKRWRJUDPPHWL
VHW RI WKH WDUJHWV ZHUH XVHG DV A&BY HIRPSB MRHDUHPDLQ
SKRWRJUDPPHWULFWDUJHW GHSOR\HGRYHUWKHJODFLHU PF
%DUSORW RI UHSURMHFWLRQ 506( FRPSXWHG RQ &3V IRU HDF
'XHWR WKH WHFKQLFDO SUREOHPVY WKDW RFEFXUUHG LQ Vi
UHIHUVRQO\WR WKHVXUYH\RIWKHORZHU SDUWRIWKH JODFI
WLRQ VHFWRU
2UWKRSKRWRYVY REWDLQHG IURP WKH SKRWRJNDPPHWULF PRC

£ | D) U Y a ® 2UWKRSKR
WRVDUHRYHUODSSHG WR WKH6ZLVVWRSR EDVHPDS VRXUFH
5HIHUWR WKH $SSHQGL[$IRUDEHWWHU YLVXDOL]DWLRQRIW
>-@LPH VHULHV RIWKH YHORFLW\ FRPSXWHG IURP WKH *166 PH
GHSOR\HG DF U RAM®R AOKWLUIRP@RLWKH WDUJHWV LQ WKH ODVW VXL
6XUIDFH YHORFLW\XxHOGVY GHULYHG E\"',& RQ SDLURIFRQVHEF.

DQG RUWKRSKRWRY EHWZHHQ ADQG i3
i $00 WKH VXUIDFH YHORFLW\ xHOGV DUH RYH
RUWKRSKRWR 'H*DHWDQLHW DO DVUHIHUHQFH 5HIHU

YLVXDOLIDWLRQRIWKHRUWKRSKRWRY FRQWLQXHRQWKHQt
6XUIDFH YHORFLW\ xHOGVY GHULYHG E\"',& RQ SDLURIFRQVHF.

DQG RUWKRSKRWRY EHWEZHHQ DQG Y
3 $00 WKH VXUIDFH YHORFLW\ xHOGV DUH RYH
RUWKRSKRWR 'H*DHWDQLHW DO DVUHIHUHQFH 5HIHU"

YLVXDOL]DWLRQRIWKHRUWKRSKRWRY FRQW

[LY



- 7TLPHVHULHVRIPHGLDQDQQXDO YHORFLWLHVIRUHDFKFOX
OLQHVUHSUHVHQW WKHPHGLDQ YHORFLW\ ZKLOH WKH OLJKW
WLOHUDQJH YLVXDOL]LQJYHORFLW\YDULDELOLW\ZLWKLQH
WR WKHVSDWLDO PDSSLQJLQ E ODUNHU SRVLWLRQV FRUUF
LPDJH XVHGLQ ', & SURFHVVLQJ L H WKHxUVWLPDJHRIHDFK
WDLQHG IURP ZDV H[FO X GMHRIFURPLVRIQHRWE© M W\W H UN\Z L W
KRPRIJIHQHRXVPRYHPHQW SDWWHUQV

%R[SORWV Rl WKH GLTIHUHQFHV EHWZHHQ WKH GLVSODFHPHQ
PHQWV DQG WKRVH REWDLQHG E\',& RQ '60V IURP WR
IURP WR 7KH GLTHUHQFHV DUH JURXSHG E\ WKH LPDJ
vily DQG '60 DQGGLYLGHGLQWR WKH (DVWDQG 1RUWKFRPSRC
RIWKHGLVSODFHPHQW YHFWRUV
<HDUO\YROXPHYDULDWLRQ FRPSXWHGDV WKHGLITHUHQFHEF
7TKHHUURUEDUVUHSUHVHQW WKHXQFHUWDLQW\RIHDFKYDO
> @OHYDWLRQ SURXxOHV REWDLQHGIURP WKH'60 FRPSXWHG IR
IRXU GLTHUHQW FAR VD WIHFQVR RFURVYV VHFWLRQV &URVV VHF
IURPVRXWKWR QRUWK

/IRQILWXGLQDO SURXxOHVRIWKHJODFLHUH[WUDFWHGHDFK\F
RIWKHSURxOHLVPDUNHGLQ)LJ E

D &4XPXODWLYHYROXPHV YDULDWLRQV %HOYHGHUH*ODFLH!
HUHQFH\HDU E &XPXODWLYHLFHPDVVYDULDWLRQV LQPHJEL
R(66& AIENJP FRQVLGHULQJSHULRGVORQJHUWKDQ \HDUV +)
>-oHE SODWIRUP EDVHG RQ 3B RWUHH 6FK%W] HW DO IRUH
PHWULF SRLQW FORXGV RIWKH %HOYHGHUH »ADF LHU DFTXL U
([DPSOHRIWZR FURVVVHFWLRQVH[WUDFWHG GLUHFWO\IURP
SRLQWFORXGV RI DQG WRHDVLO\HVWLPDWH WKH JODFI
(5'GLDJUDP RIWKH3RVWJUHG64/ GDWDEDVH XVHGIRUVWRULQ
([DPSOHRIJHRUHIHUHQFHG OD\HU TXHULHVIURP WKH 3RVWJU
OD\HU V\PERORJ\LVGLUHFWO\VWRUHG ZLWKLQ WKH GDWDED
WKH 4* 6 SURMHFW XSRQ OD\HU ORDGLQJ

7LPHOLQH GHYHORSPHQW RIGHWHFWRUV GHVFULSWRUV DQ
KDQG FUDIWHG PDFKLQH OHDUQLQJ DQG GHHS OHDUQLQJO
5HPRQGLQRHWDO
6FKHPHRIDVLQJOHPRQLWRULQJVWDWLRQ{VSURSRVHGDFT
URZV LQGLFDWH WKH GLUHFWLRQ RIVLJQDO LQLWLDWLRQ ,F
UHSRVLWRU\
3URWRW\SLQJVWULSERDUGRQZKLFKDUHVROGHUHG WKH PD
FXLW FDSDFLWRUV YROWDJHUHJXODWRUYV UHDO WLPH
GXLQR3UROLQL RSWRLVRODWRUV DQG5DVSEHUU\ 3L =t
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)LQDO FLUFXLW YHUVLRQ ZLWK WKH FRPSRQHQWY VROGHUHG
LOQWHUQHW FRQQHFWLRQLVDWWDFKHG WRWKH5DVSEHUU\ 31
(IDPSOHRIVRPHRIWKH SDJHV RIWKH ZHE EDVHG LQWHUIDFH
WRULQJXQLWYV

%DWWHU\ YROWDJHDQG WHPSHUDWXUH RI ERDUGYV ZLWK DQC
SHULRG RIWHVWVY 6WDUWLQJIURPDIXOO\FKDUJHG FRQGLW
WKHVRODUSDQHODWDURXQG r&IRUWKH*xUVW VL[GD\V $IW
GLVFKDUJHG DQG WKH V\WVWHP ZDVUHFRQQHFWHG WR WKH SD
D ODSRIWKH %HOYHGHUH *ODFLHU ZLWK PDUNHG WKH ORFED
& WKH$XWRPDWLF:HDWKHUG6WDWLRQ $:6 DQGWKH=DPERQL
VWXG\ WKHVWHUHRVFRSLF UHFRQVWUXFWLRQLVIRFXVHG R
EOXH OLQH ZKLOH WKHPRQRVFRSLF',& SURFHVVLQJIURP FI
IRFXVHG RQ WKH XSSHUDUHD RIWKHQRUWK OREH GDVKHG JU
D 3LFWXUHRIWKHPRQLWRULQJXQLW SURWRW\SHLQVWDOC
VLWH E 3LFWXUHRIWKHxXxQDOFDPHUDLQVWDOODWLRQLQV
'D\VZLWK LPDJHV DFTXLUHG E\WKH WZR FDPHUDV & DQG & 9
ZLWK GDUN FRORUV ZKLOH GLVFDUGHG GD\V GXH WR EDG ZHD
ZLWK OLJKW FRORUV

D 8%9 $ EORFNDQG E 8%9 % EORFN SURFHVVHG ZLWK $JLVRI
UHSUHVHQW WKH WDUJHWYV XVHG HLWKHU DV *&3V LQ WKH % $ R
WKH SKRWRJUDPPHWULF EORFN

*HQHUDO ZRUNURZ ZLWKWZR SDUDOOHO SURFHVVLQJFKDLQV
WLRQ RIWHUPLQDO LFH FOLTIURP VWHUHR SDLUV RILPDJHV V
JODFLHUWHUPLQXVDQGJODFLHUUHWUHDWDQG PRQRVFRSL
VXUIDFHYHORFLWLHV

(IDPSOH RI WHPSODWH PDWFKLQJ XVHG WR WUDFN *&3V RQ D
7KHJUHHQ VTXDUH UHSUHVHQWY WKH WHPSODWH RQ WKH UH |
WKH RWKHU LPDJHV RI WKH VHTXHQFH 7KH UHG FURVV PDUN\
FHQWHU RIWKHWHPSODWHLQDQHZLPDJH

6FKHPHRIWKH VWHUHRVFRSLF ZRUNURZ SHUIRUPHG ZLWK ,&
QHZ IHDWXUHV DUHH[WUDFWHG DQG PDWFKHG $W WKH VDPH
HSRFKDUHWUDFNHG RQ WKHFXUUHQW HSRFKLPDJHV $IWHU
WXUHV VXFFHVVIXOO\PDWFKHG DUH XVHG IRU 'VFHQH UHFRQ
RQGLIHUHQW GD\VWDUH XVHG WR FRPSXWHLFHYROXPHGLIHUF
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6FKHPH RI IHDWXUH WUDFNLQJLQ VWHUHR FDPHUDV VHTXHQ
DUHPDWFKHGRQWKHVWHUHR SDLU KRUL]JRQWDO OLQHV EX
REOLTXH OLQHV $WHSRFK WKHPDWFKHV DUHRQO\WKH FI
EHWZHHQ FXUUHQW WKHVWHUHRSDLU UHGWULDQJOHV $WFH
FRUUHVSRQGLQJIHDWXUHVY PDWFKHG JUHHQ WULDQJOHV SC
IURPHSRFK UHGWULDQJOHV 7KHVDPHKROGVIRUHSRFK Z
FRUUHVSRQGLQJIHDWXUHV \HOORZSHQWDJRQV SOXVWKH I
DQG
6FKHPH RI 'HP Rl 'LTHUHQFH '2' DSSURDFK XVHG WR FRPSXW
DW WKH JODFLHU WHUPLQDO LFH FO L0 QBZRZSHRLUDMGFORX GV E X
GW GD\VWWRLQFUHDVHWKHVLJQDO WR QRLVHUDWLR ZHU!I
ZLWK QRUPDOV SDUDOOHOWRWKHJODFLHUURZGLUHFWLRQ
SRLQW FORXGV DUHFOLSSHG ZLWK WKH VDPHFRQYH[SRO\JRQ
FRORUVRIWKHJULGVUHSUHVHQWWKHGHSWKRIHDFKFHOOR
LH WKHGLVWDQFHDORQJ;IURPDUHIHUHQFH SODQH 9RO
'2'RIWKHWZRUDVWHUV DORQUJ ;
(IDPSOHRIIHDWXUHV VXFFHVVIXOO\PDWFKHG RQ WKH VWHUF
D 1XPEHURIYDOLG PDWFKHV H{WUDFWHG IURP WKH VWHUHR
RI SRLQWV WUDFNHG IURP WKH SUHYLRXV HSRFK E $YHUDJH
UHSURMHFWLRQ HUURU REWDLQHG E\ SURMHFWLQJ WKH ' FR|
LPDJHV 7KHDYHUDJHUHSURMHFWLRQHUURUZDVFRPSXWHG
DOOWKHSRLQWRQWKHWZRLPDJHV
BHULHV RI WKH SRLQW FORXGV EXLOW DW WKH EHJLQQLQJ R
7KH EDVHPDS LV GHULYHG IURP D SUHYLRXV 8$9 VXUY|
DXWKRUVLQ -XO\
9HUWLFDO FURVV VHFWLRQVH[WUDFWHGDWWKHORFDWLRQ |
DUHH[WUDFWHGLQ D ORFDO UHIHUHQFH V\VWHP ZLWK WKH ; |
RIWKHJODFLHUURZ WKH= GLUHFWLRQ SRLQWLQJXSZDUG D¢
ULJKW KDQG UHIHUHQFH V\VWHP 30HDVH QRWH WKH GLTHUHC
WKHVFDOHEDU LQPHWHUYV
»-@LO\LFH YROXPH ORVW DW WKH JODFLHU WHUPLQXV HVWL
FORXGV VSDFH®REPXEIDWLYH FXUYHRIWKHLFHYROXPH ORVYV
SHULRG
s 6RFDWLRQRIWKHVHIJPHQWHGLFHFOLTWRSHGJHDWWKHEHJ
WR 1RYHPEH@WWLPDWLRQRIGDLO\UHWUHDW EDVHG RQ WKH G
HGJHDORQJWKHURZGLUHFWLRQ ; GLUHFWLRQ 7KHORFDW!I
LV FRQVLGHUHG DV D EDVHOLQH IRUWKH UHWUHDW 7KH RUD
8$9 $ VXUYH\

[YLL



&RPSDULVRQ RI WKH VWHUHR SRLQW FORXG ZLWK WKH |
DFTXLUHG RQ WKH VDPH GD\ FRPSXWHG ZLWK 0O & DOJRULWKEF
VWHUHR SRLQWFORXGLVUHSUHVHQWHG E\D FRORU VFDOH L
8%9 SRLQWFORXG UHSUHVHQWHGE\DOLJKWJUD\FRORUDVD
D ', GLVSODFHPHQW PDS EHWZHHQ DQG -XO\ E 2UW
SODFHPHQWPDS EHWZHHQ DQG -XO\ 7TKHWULDQJOHV L
3 ZKHUHZHH[WUDFWHG WKHYHORFLW\WLPHVHULHV F G *
E\VSHFLXxFPRUSKRORJ\DQGNLQHPDWLFYV

7LPHVHULHV RIGLVSODFHPHQW HIWUDFWHG LQ WKH WHUPLQ
FXUYHVFRUUHVSRQGWR SRLQW 3 ORFDWHG PIURP WKHWH

ORFDWLRQRIWKHWHUPLQDOLFHFOLIRQ DQGWKHEO
3 ORFDWHG PIDUIURP WKHLFHFOLT 7KHORFDWLRQ RI SF
LQ)LJ

8QFHUWDLQW\DQDO\VLV RI YHORFLW\ YHFWRU RUWKRUHFWL
WLRQ %OXHER[HVUHSUHVHQWWKHGLTHUHQFHEHWZHHQ WK
WKH WUXH '60 R DQG WKRVHEDFN SURMHFWHG RQ D VL
GRZQVWUHDPE\ P DVLWZDVLQOD\ 5HGER[HVUHSUHVHC
WKHWUXHYHORFLW\YHFWRUVDQGWKRVHREWDLQHG ZLWK D
UHWUHDWLQJ PHWHUV XSVWUHP Rc B VOLAABZHVULHVISRYH P E H U
WLYHO\WKHWKUHHFRPSRQHQWV LQ WKHHDVW QRUWK DQG ¥
RIWKHGLITHUHQFHV RIWKH YHORFLW\YHFWRUV

7LPH VHULHV RI WKH GDLO\ YROXPH ORVV GXH WR WKH JODFL
WKHWLPHVHULHV RIJODFLHU VXUIDFH YHORFLW\H[WUDFWHC
RISRLQW 3 ORFDWHG FORVHWR WKHLFHFOLTWHUPLQXV DQ ¢
LQ)LJ DQG WKH GD\VPRRWKHG WLPHVHULHV DLU WHPSF
DWWKHORFDWLRQPDUNHGLQ)LJ

6FKHPHRIWKH',0ZRUNURZ

6FKHPH RI WKH PDLQ GLTHUHQW PDWFKLQJ VWUDWHJILHV LPS:
RUGHUHGLPDJHVHW D EO % Y X OFHBRHT KHH QWU DWW M WM UID W H J\ Z |
RYHUODS HTXDO WR LH PDWFKDOOLPDJHV ZLWK QH[W LP
UDPHWHULV]HUR EDVHG G /IRZ UHVROXWLRQJXLGHG PDWF
EUXWH IRUFHRQORZ UHVROXWLRQLPDJIJHVDQGPDWFKRQO\J
6FKHPHRIWKH',0{VFOXVWHU EDVHGDSSURDFKWRHVWLPDW
EHIRUH SHUIRUPLQJWKHLPDJHPDWFKLQJ
,PDJHVRI'DWDVHW $ :LQWHU ,PDJHVLQ WKHXUVW URZDUH\
WKHVHFRQGURZDUHDFTXLUHGE\WHUUHVWULDO FDPHUDV

[YLLL



'"HQVH UHFRQVWUXFWLRQV RI WKH QRUWKZHVW OREH RI %HC
OHWDVKDSHDQG E 5R0D 7KHS5ROD UHFRQVWUXFWLRQ ZDV |
SRVHV HVWLPDWHG E\ ',0{V 6 XSHU3RLQW /LIKW*OXH SLSHOL
RULHQWHG LPDJHV ZLWK WKH WZR GLTHUHQW DSSURDFKHV I
VOQRZ FRYHUHG VXUIDFHDQG WKHVWUHDPZLVHULJKW PRUDL
ORZHURYHUDOO SRLQWGHQVLW\ KLIKOLJKWHG E\WKH\HOOF
6DPSOHLPDJHYVY 'DWDVHW % 1DGDU
5HVXOWVIRU1IDGDUGDWDVHW D 6,)7PDWFKHVDQG E ",6.P
FDPHUD SRVHVDQG G '"WLHSRLQWYV H I VHPL GHQVHSRLQV
WLH SRLQWYV J K WH[WXUHGPHVK "PRGHO

6DPSOHLPDJHY 'DWDVHW & &DVWOH ,PDJHVLQWKHXUVW UR
REOLTXH8$9LPDJHVY DQGLPDIJHVLQWKHVHFRQGURZDUHVDF
LQFOXGLQJVRPHRIWKHFKDOOHQJLQIJXQGHUH[SRVHG RURY'
'DWDVHW &B*7 XVHG DV WKHJURXQG WUXWK WRHYDOXDWH W
UDJVDUHWKHWDUJHWY XVHGDV *&3V ZKLOHWKH\HOORZRQ}!
([DPSOHRIPDWFKHG IHDWXUHV ZLWK WKH GLTHUHQW DSSURD
JUHHQRUEOXHOLQHVDUHWKHYDOLG PDWFKHY ZKLOH WKH
D 6XSHU3RLQW /LIKW*OXH YDOLG PDWFKHYV E &2/0%$3:
PDWFKHYV F $JLVRIWOHWDVKDSH YDOLGPDWEFK

D SHFROQVWUXFWHGVSDUVHSRLQWFORXGDQGRULHQWHG FI
DIWHUWKHEXQGOHLQ &2/0$3 E WKHVDPHVROXWLRQ IURP
ZLWK *&3V UHGUDJV ZKLOHDOOWKHRWKHUSRLQWY DUH X\

[LI
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ILVW RI 7TDEC

6XPPDU\RIFDPHUDDQG ULJKW FKDUDFWHULVWLFVIRUWKH x
6 XPPDU\RI FKDUDFWHULVWLFV RIWKH®G6I0 096 SRLQW FORXG\
RISRLQWVDQGDYHUDJHYROXPHWULFGHQVLW\ 7KH'DWD "HQ
WHUL]JHG SRLQWFORXG DQGLWLVGHxQHGDV WKHUDWLREHYV
LOWKHRULILQDODQGLQWHUSRODWHG '60V

OLQLPXPDQGOD[LPXP $OWLWXGHY DV O RIWKH*ODFLHU D\
*ODFLHU 9ROXPH *DLQ /RVVLQ WKH)RXU &RQVLGHUHG 3HULRC(

6 XPPDU\RIWKHFKDUDFWHULVWLFV RIWKHVXUYH\V
6XPPDU\RIWKHFKDUDFWHULVWLFV RIWKHFDPHUDV HPSOR\F

6XPPDU\RIWKHFKDUDFWHULVWLFV RI D/ H MRZARSIKIWPHH&I DV ) L
FRQVLGHULQJWKHGLVWDQFHEHWZHHQ HDFKFDPHUD DQG WK
6SHDUPDQFRUUHODWLRQ F-R HDIQRL G QW W HEG@ERGNHIG B WK Q D O
GDLO\YROXP&HYPUDRWLR Wb PSEGMWNXIDHFH YHIORFLW\RI SRLQ
DQ® yDQGUHVSHFWLYHO\ ,QDOOWEKRA FDVHVY WKHS YDOXH |

6XPPDU\RIWKH:LQWHU GDWDVHWUHVXOWV REWDLQHG ZLWK
ZLWK &2/0$3 ZLWK5RRW6,)7 IHDWXUHV DQG $JLVRIWOHWDVK
IHDWXUHH[WUDFWRUDQGPDWFKHYV
6XPPDU\RIWKH1DGDUGDWDVHWUHVXOWY REWDLQHG ZLWK'
ZLWK &2/0$3 ZLWK5RRW6,)7 IHDWXUHYV DQG $JLVRIWOHWDVK
IHDWXUHH[WUDFWRUDQG PDWFKHYV 7TKHGDWDVHWKDV EHF
ORFDOIHDWXUHV 6,)7 .H\1H\ +DUG1HW &/,.(" 6XSHU3RLQW
6XPPDU\RIWKH&DVWOHGDWDVHWUHVXOWV REWDLQHG ZLWH
ZLWK &2/0$3 ZLWK5RRW6,)7 IHDWXUHV DQG $JLVRIWOHWDVK
IHDWXUHH[WUDFWRUDQG PDWFKHYV $V &2/0$3 SURGXFHG W
WLRQV WKHUHSRUWHG UHVXOWY UHIHUWR WKHUHFRQVWU X
HQWHG LPDJHV

[[L



6XPPDU\RIDFFXUDF\HYDOXDWLRQ IRUWKHVROXWLRQV REW
*OXH & DQGOHWDVKDSH & ZLWKUHVSHFWWRWKHJURXQG
RQ WKH &3V ZDV FRPSXWHG DV WKH 506 RI WKH GLTHUHQFH EH'
RIWKHWDUJHWY PHDVXUHG RQ WKHxHOGDQG WKRVHHVWLPL
WKHFDPHUDV ZDVFRPSXWHG DV WKH506 RIWKHGLIHUHQFHV [
RUGLQDWHV DQG DWWLWXGHDQJOHYVY RI WKHFDPHUDV LQ &B*
&

[[LL



b $VVLVWHG $HULDO 7ULDQJXODWLRQ
s|] $XWRPDWLF:HDWKHUBWDWLRQ
%XQGOH$GMXVWPHQW
%XQGOH%ORFN$GMXVWPHQW
[b &HQWUDO (XURSHDQ 6XPPHU 7LPH
CC &RQYROXWLRQDO 1HXUDO 1HWZRUN
U&KHFN3RLQW
/ 'LJLWDO ,PDJH&RUUHODWLRQ
/B '"HHS ,PDJH ODWFKLQJ
= '"HHS/HDUQLQJ
'(ORI'LTHUHQFH
[=X 'LILWDO 6LQJOH /HQV 5HUH]
[B 'LILWDO 6XUIDFHORGHO
H ((WHULRU2ULHQWDWLRQ

$SFURQ\PV

% H[ X*URXQG EDVHG 6\QWKHWLF $SHUWXUH5DGDU

% U*URXQG &RQWURO 3RLQW

%C[[*OREDO 1DYLIJDWLRQG6DWHOOLWHG6\VWHP

%[ *URXQGG6DPSOH'LVWDQFH
%b*URXQG 7UXWK

[[LLL



/C[,QHUWLDO 1DYLJDWLRQ 6\VWHP
/H,QWHULRU2ULHQWDWLRQ

B OHGLDQS$EVROXWH'HYLDWLRQ

Bg[ OXOWL 9LHZ 6WHUHR
iXb<1HWZRUNS5HDO 7LPH .LQHPDWLF

U 3RLQW&ORXG

[ X 6\QWKHWLF $SHUWXUH5DGDU
[UBEWUXFWXUH IURP ORWLRQ
[/$b6FDOH,QYDULDQW )HDWXUH 7UDQVIRUP
b=[7HUUHVWULDO /DVHUG6FDQQHUYV
bU7LH3RLQW

eq 8QFUHZHG $HULDO 9HKLFOH

-~ U9LUWXDO &KHFN 3RLQW

~% WLUWXDO *URXQG &RQWURO 3RLQW
g,X 9HU\ +LJK 5HVROXWLRQ

[[LY



QWURGXFW

7T™aeie™MqEO%E el [qi%... °3k

’

'H*DHWDQL & , ,ROL ) 3LQWR / $HULDO DQG 8%9 ,PD
$QDO\WLVRI%YHOYHGHUH*ODFLHU (YROXWLRQLQWKH3HULRG
KWWSV GRLIRUIOE&MTIOT0060

,ROL ) %LDQFKL $ &LQD $ 'HOLFKHOH & ODVFKLR 3 3DVV
7THUP ORQLWRULQJRI*ODFLHU{V 9DULDWLRQV ZLWK 83%9V 7KH ([I
PRWHOBHQVLIvwWSY GRLIRRUIOEUVTETIEETD

,ROL ) 'HPDWWHLYV 1 *LRUGDQ 1H[ ) BSLQWR /
FRVW 3KRWRJUDPPHWU\ IRU ' 6KRUW WHURJ$@DWIskU '\QDPLF

GRL RUDETEEwiiénieitTeéioz
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*ODFLHUV ZRUOGZLGHDUH H[SHULHQFLQJ SURIRXQGAMUDGVIRUPDYV
PDQV DQGWKHLUVHQVLWLYLW\WRWHPSHUDWXUHUXFWXDWLRQ
FOLPDW HKDQJIMOSLQHIJODFLHUVLQWHPSHUDWH]RQHV DUH SDUW
SHUDWXUHV 7KHDFFHOHUDWHG UDWHRIJODFLDO UHWUHDW XQGH
SURJUDFS HW DORPPHU HW DDKHUHIRUH WKH\DUH RIWHQ FRQVLGF
FOLPDWH FKDQJH HYDOXDWLRQ 3URMHFWLRQV SRLQW RXW WKDW V
YROXPHE\WKHHQG RIWKHFHQWXU\XQGHU WKH5&3 VFHQDULR Z
ORVVLVH[SHFWHG X@BNRBZRDVHNWHQIDULRYV

+RZHYHU PRXQWDLQ JODFLHUV DUHD FULWLFDO FRPSRQHQW RI
SURGXFWLRQ WRXULVW DF WAL L YH AW BRYFRBI® W\DKE O & HW VXG0 O \
JODFLHUPHOWLQJDQG UHWUHDWDUHWULJJHULQJVHYHUDOJODFL
VQRZ LFHDYDODQFKHY DQGJUDYLWDWLRQDO VORSHVWDELOLW\ S
URZ ZKLFKFDQWKUHDWHQWKH SRSXODW L RQE QWDYMWWXFAWXUH R
HWDO *LRUGDQHW DO

,Q WKH (XURSHDQ $0SV WKH QXPEHU RI PDVV PRYHPHQWYV DQG |
HQYLURQPHQWY KDV H[SHULHQFHG DQ LQFUHRKHLQOMKHWSDU W GHF
1LJUHOOL HW$DUHOHYDQW DQG WUDJLF H[DPSOH ZDV WKH FROODSYV
*ODFLHU 'RORPLWHV ,WDO\ ZKLFK RFFXUUHKG FQ©XMSVH FDXWHG
LFHDYDODQFKH WKDW NLOOHG PRXQWDLQHHUV WUUCLIQWLWRIUHD FK
DQG %HWWDRARQEHVDQ DQG )JUDKHARBODSVH RFFXUUHG RQ WKH QR
WKH JODFLHU DW D Q: MODHY® MQLYRRDOR IH GODPYRO®X B HYRIH UL DQ G % HW W D C

7KH GHWDFKPHQW ZDV FDXVHG E\D IDLOXUHDORQJDPHGLDQ F

WR KLJKO\ DQRPDORXV W H P:$HUDW YWUKHW WK R WHKOFKHIBQW 7KH V
FROODSVHZDV SUREDEO\LQGXFHG E\K\GUDXOLF M BoFRNLGH\DIBG S UH
DQG)UDQFHVH

$VLIQLXFDQWH[DPSOHRIDQLFHIDLOXUH UHODWHG KD]DUG WKD
SLQFLHX[*ODFLHURQWKH ,WDOLDQ VLGHRIWKH*UDQGHV -RUDVVH
*ODFLHULV D SRO\WKHUPDOKDQJLQJJODFLHUQRWHGIRULWVVLJIQ
RIWKHORQWLWD]OREHIHDWXUHVD PHWHU KLJK LFFXEQET IURP Z|

KWWSV ZZZ WKHJXDUGLDQ IRRIAMRBEIAGHDWKY JODFLHU EUHDNV PDUPRODGD PRXQWDLQ
LWDO\


https://www.theguardian.com/world/2022/jul/03/deaths-glacier-breaks-marmolada-mountain-italy
https://www.theguardian.com/world/2022/jul/03/deaths-glacier-breaks-marmolada-mountain-italy
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PHWHUV I[UHT X*H®WOG D GHWDF&H PRVW UHFHQW PDMRU EUHDN RT RFF
QLJKW RIOD\ WR -XQH ZKHQ QHDUO\WKH HQ®a &at:K\PSHU JOI
EURNHRT WULJJHULQJDQLFHDYDODQFKHWKDW UHDFKHG WKH YDC
DIMDLOOHWW XKL DOH HWBGLWLRQDOO\ WKLV JODFLHU ZDV UHVS
LFH IDLOXUH HYHQW LQ WKH ,WDOLDQ $0SV EHIRUH WKH ODUPRODG|
H[FHHGLQJ 6l& ®&8HG HLJKW PRXQWDLQHHUV DVFHQGLQJ WKH QRUPD
WKH %R FFD)OD®WHMWX MKV DOH HWROWKLY UHDVRQ WKHJODFLHU |
WRUHG VLQFH XVLQJDYLVXDO EDVHG VIVWHP LQVWDOOHG DW
JODFEZKUV VIVWHP GHYHORSHG E\WKHS5HVHDUFK,QVWLWXWH IRU *F
,WDOLDQ 1DWLRQDO 5HVHDUFK &RXQFLO &15 DQG WKH 6DIH ORXQV
FRQVXPHU JUDGHFDPHUDV SRZHUHG E\VRODU SDQHOV DQG UHPRW
'"HPDWWHLV HMRDGDQ HW BGGLWLRQDOO\ D *URXQG EDVHG 6\QWKF
*0% 6$5 VIVWHP FDSWXUHVLPDJHVHYHU\ PLQXWHV FROOHFWLQJ
HQVXULQJGHWDLOHG PRQLWR UHLD\R WK N HODFQHU{V PRYHPHQWV
$QRWKHU VLIJQLXFDQW VORSHLQVWDELOLW\SURFHVV DIHFWLQJ
RFFXUUHG RQ WKH %HOYHGHUH *ODFLHU RQ $XJXKNWGHEULS$QR2/FD

KWWSV ZZZ IRQGD]JLRQHPRQWDJQDVLFXUD RUJ PRQLWRUDJJLR SODC
KWWSV ZZZ UHJLRQH SLHPRQWH LW ZHE WHPL SURWH]LRQH FLYLOH GLIHVD VXROR RSHUH


https://www.regione.piemonte.it/web/temi/protezione-civile-difesa-suolo-opere-pubbliche/protezione-civile/sorvolo-ghiacciai-monte-rosa-07092023
https://www.regione.piemonte.it/web/temi/protezione-civile-difesa-suolo-opere-pubbliche/protezione-civile/sorvolo-ghiacciai-monte-rosa-07092023
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RULJLQDWHG DW WKHEHJLQQLQJRIWKHVWHHS &DVOROVKBQFR JXC
VWUHDPZLVH OHIW VLGH RI WKH %HOYHGHUH *ODFLHU{V QRUWKZH)\
66 68PDVDFFXPXODWHGRQWRSRIWKH %HOYHGHUH *ODFLHU DQ¢
WKH &DVWHOIUDQFR VWUHDP WR URZEHORZ WKH LFH VKHHW 7KLV |
JODFLHU{V VXUIDFH FDUYLQJGHHS JURRYHV LQWR WKH LFH )LJ
WUDQVSRUWHG WRZDUGY WKH ODFXJQDJD PXQLFLSDOLW\ E\ WKH UL
HYHQW RFEXUUHG LQ DQBIZDY GR PXRHMW BBREMNYWLPDWHG WKH C
EULV YROXPHWREHDIHZWKRXVDQGFXELFPHWHUV 7KH GHEUL!
G\QDPLFV OHDGLQJWR WKHFROODSVHRIWKHFHQWUDO SDUW RIW
WKHIROORZLQJPRQWKY 7KLV ZDV SULPDULO\GXHWR WKH ZDWHU U
WKHGHEULV 7KLVHYHQW XQGHUVFRUHVWKHLPSRUWDQFHRIFRQV
LQVWDELOLW\SURFHVVHVLQVWXG\LQJJODFLHUG\QDPLFV DV WKH
WLRQ

,Q WKLV FRQWH[W V\VWHPDWLFDOO\PRQLWRULQJJODFLHUV DQ
WKRURXJKO\ XQGHUVWDQG WKHVH FRPSOH[ VANVAHHWP B ODEFXUDWH RE
SDUWLFXODU IRFXV LV XVXDOO\ SODFHG RQ PRQLWRULQJ VXUIDFH |
ZDUQLQJ VLJQV RILPSHQGLQJ L QIVVOIELOW WA LRRW BR@O-DVS DI HY HQ W

SURWH]LRQH FLYLOH VRUYROR JKLDFF DA ERRIGWH URVD


https://www.regione.piemonte.it/web/temi/protezione-civile-difesa-suolo-opere-pubbliche/protezione-civile/sorvolo-ghiacciai-monte-rosa-07092023
https://www.regione.piemonte.it/web/temi/protezione-civile-difesa-suolo-opere-pubbliche/protezione-civile/sorvolo-ghiacciai-monte-rosa-07092023
https://www.regione.piemonte.it/web/temi/protezione-civile-difesa-suolo-opere-pubbliche/protezione-civile/sorvolo-ghiacciai-monte-rosa-07092023

IHYHUWKHOHVYVY PRQLWRULQJJODFLHUVLQ UHPRWHDUHDV DQG L(
VDIHW\FKDOOHQJHYV 7KHUHIRUH UHPRWHVHQVLQJWHFKQLTXHV D
WHFKQLFLDQVWRREVHUYHJODFLDO SURFHVVHV ZLWKPLQLPDO UL

i 5%02°0% q%... +=°1% aEq3" % [%3l003” °“ q=/E 3% "~ e %EIl

5HPRWHVHQVLQJWHFKQLTXHV KDYHUHYROXWLRQL]JHG WKH VWXG\
LQJLQYDOXDEOHLQVLIKWV LQWR JODFLDO SURFHVVHV DQG RWKHL
TKHVHWHFKQLTXHVFDQEHFODVVLXHGEDVHGRQWKHSODWIRUPFD
KHOLFRSWHUV 8QFUHZHG $HULDO 9HKLFOHV 8%$9V DQGWHUUHVWU
UHVROXWLRQDFKLHYDEOH DQG WKHWHFKQLTXHVHPSOR\HG WR H[!
JURP WKH SODWIRUP SRLQWRIYLHZ VDWHOOLWHV KDYHEHHQ FHC
RIHULQJWKHDELOLW\WRVXUYH\ODUJH DUH D ¥RZHMKOHWH RXO\WOV HQV
"HKHFTHWDIAQVYROG HBWMODEDWHO HW ROW L ¥ & DEWHWDEIDX O HW D O
.DUJHOHW WEKHUPDOLRDOBFHBGOWKRRNOD HWIKOPEUL HW DO
6\QWKHWLF $SHUWXUH 5D/ DA Q¥BRO G HWVWWR]]L HWDR@W ODVHU
DOWLPRMRQOGW HWHOFNHO HW ROSWLFDO DQG PXOWLVSHFWUDO VDWH
XVHGIRUYDULRXVDSSOLFDWLRQV 3IDXFEOKW DIQY PDORSGE RIWIDOFLHU R
HVWLPDWLQJ JO®FHLHUNH Q HAEVIAMNY DDQG DVVHVVLQJJODFLHU PD
%DPEHUDQG 5%HUUWDKLHUFDED W HO HWHDULOWKLHU HW DO
7TKHLQFUHDVLQJDYDLODELOLW\RISXEOLFDQG SULYDWH VDWHC
UHVROXWLRQLPDJHV ZLWK VKRUW UHYLVLW WLPH UDQJLQJIURP Zt
XWLOLW\IRUUHIJLRQDODQGJOREDO JODFLHUPRQLWRULQJ IUHHO
WHPSRUDO UHVROXWLRQUHTXLUHGWRPRQLWRUVPDOODOSLQHJC
PHUFLDO 9HU\ +LJK 5HVROXWLRQ 9+5 VDWHOOLWHLPDJHULHV DUH
VHULHV RILPDJHV $GGLWLRQDOO\ VDWHOOLWHLPDJHU\SULPDUL
WKHDELOLW\WRJHQHUDWH "'LIJLWDO 6XUIDFHORGHOV '60V ZLWK
2QDVPDOOHUVSDWLDOVFDOHWKDQWKHVDWHOOLWHY DLUFUDI
HUDVIRU SKRWRJUDPPHWULF "UHFRQVWUXFWLRQLQ UHPRWH PRX(
DWWKHGHFLPHWHU WRVXE PHWHU UH\VROXW MRRQKR D HALVGKHOFFRW R/O L
RIDHULDO SKRWRJUDPPHWULFULJKWV UHPDLQVDIDFWRU WKHDYL
XQLTXHRSSRUWXQLW\IRUORQJ WHUPJODFLHUPRQLWRULQJ DVKL
JODFLHUJHRPHWULHVIDULQWR WKH $D\DW VEMHOR @&/WIKH HUD RI1 9+5 )



, QWKHSDVWGHFDGH 8$9VKDYHHPHUJHGDV SRZHUIXODQG FRVW
SLQJWKDQNVWRWKHLUPLQLPDO UHTXLUH P B@W V ®RIEVDHE\WMLON \ W R
*DIH\DQG %KDU®ZW HW D@ WK H HDLUDH KHWIVG HWBBU]JHHO HW DO

DQGDDLMHQEULGIRSORI\EG x[HG ZLQJ8$9VWR JIJHQHUDWH RUWKR
VHUYLQJVHDVRQDO VXUIDFH YHORFLWLHV $IWHUZDUG 8$9DQG SK
HIWHQVEBQRQL H@BOLYH JOD F%HIWY R L HPOR¥OFYH\ HW RO
YHW HW DROL HW B®R HW DODPVWHUV HWWQG HVWLPDWH HOHYDWLR
DQG JHRGHWLFRDYNEB®IREHHW BDDQ 7TULFKW H\WBR 8W DO
/IDPVWHUV HWLI@ UD X[ HWLRY HVWLIDWHG WKH LPSDFW RI *URXQG &l
GLVWULEXWLRQRQ'60DFFXUDF\ DQG VKHSURSRVHGDMRLQW XVDJ
NLQHPDWLFV

%HFDXVH Rl WKHLU UH[LELOLW\ 8%$9V DUH SDUWLFXODUO\ ZHOO '
GHFLPHWHURUFHQWLPHWHU VFDOH WKURXJK \OHIVARIQ B B\R H Y Q@X D

&DRHWDM®ROLHWDDV ZHOO DV IRUFDSWXULQJLQWUD VHDVRQDC
VXUYH\V LQ D VK RRJAW W LHPHHO B BVRIN@G O H\ H WeD® HW DO+RZHYHU
WKH\DUH XQVXLWDEOHIRUFRQWLQXRXVORQJ WHUPPRQLWRULQJ ¢

$WWKHORFDO VFDOH FDSWXULQJVKRUW WHUP JODFLHU G\QDPL
FHVVLWDWHY SHUPDQHQW LQ VLWX PRQLWRULQJV\WWHPV /RZ FR\
REVHUYDWLRQVIRUVWXG\LQJVXE VHDVRQDO JODFLHUNLQHPDWLF
LQJFODPDWHW DOHVVHUOL DQG *ULIRQ\GVDIPG WIDRHV HW D BH
FHQWO\ WHUWXHY MW IDBDD @G5S HUPDQHQW 7THUUHVWUHOQOGUDNKMU 6FD G
HW DO 9RRUGHQGDJ KIWYHOJIDLQHG DWWHQWLRQ IRUVKRUW WHUP PR
VA\VWHPV LPSOHRHQWDWIVRBDWWHLY HARZBIYHU WKHKLJK FRVWV F
ORJLVWLFV DQG RIWHQ VLWH VSHFLxFIRFXV RIJURXQG EDVHG 6%$5
DSSOLFDWLRQIRUUHJLRQDO VFDOHPRQLWRULQJ

JURPDWHFKQLFDOSHUVSHFWLYH PRQLWRULQJJODFLHUVXUIDFI
G\QDPLFVDQG GHWHFW L Q JHDIUIH W WIM\HERL WOWVWPEL® &ERYUHODWLR
LV D SRZHUIXO WHFKQLTXH IRUWKLV SXUSRVH DVLWWUDFNV GLVW
PHDVXUHWKHLUGLVSODFHPHQW DX® G B\® FURALLFQHEIIDD F WHIOU R Z Y H (
+DGKUL HW D@ ZRUNV E\GLYLGLQJWKHUHIHUHQFHLPDJHLQWR VPEL
RULQWHUURJDWLRQZLQGRZV DQGWKHQXVLQJFURVV FRUUHODWI
ZLWKLQD GHVLIJQDWHG VHDUFKDUHDLQ VXEVHTXHQWLPDJHV 7KLV
GRPDAFPPERYV HWRIOIUHTXHQEFRGR RMLAOQH WM IHFWLYHO\PHDVXUHV WK|



PHOQWRIWUDFNHG IHDWXUHV RQ WKH JODFLHU{V VXWURRAMO'H& FDQ L
HWDO +HLGDQG .||lRUVDWHOOLWH 6$5 DPSOLWXGEH H P DHEIHRWIRILY |
HWDO KLJK UHVROXWLRQ RUWKRSKRWRYV |PFPPRHDHHUHO G R W 89 SKR
&KXGOH\HWDB HWDODQG WHUUHVWU L DIORDIW\HM HO.IY §W8 [F & VHUD V

BWUXFWXUH |URPHYVRWRLER @ W6ID@MG 0 XOWL 9L H Z6BN.MU HRY D96
DUHZLGHO\XVHG WHFKQLTXHVIRUJHQHUDWLQJKLJK UHVROXWLRC
SDLUV RUPXOWLSOH RYHUODSSLQJLPDJHV 610 096 SKRWRJUDPPH
IURP XQUHJLVWHUHG RYHUODSSLQJLPDJHVHWY 6I0VSHFLXFDOO\
WKHFDPHUD{VH[WHULRU ORFDWLRQDQGRULHQWDWLRQ DQGLQW
FDPHUD JHRPHWU\ LQFOXGRQQPOHRV\GVLWWRUWVRQWY LQ D VSDUVH ¢
UHVHQWLQJWKH 'FRRUGLQDWHV RIFRUUHVSRQGLQJSRLQWY GHW
WKH6I0 RXWSXWWRDFKLHYHGHQVH 'UHFRQVWUXFWLRQ SURGXFL
DQG WULDQJXODWHG PHVK PRGHOV 7KH FRPELQHG SURFHVV LV RIV
DQG DSSOLFDWLRQV RI 610 096 SKRWRJUDPPHW U\ DUHM[REQVLYHO
HWDO -DPHVDQG5REMROQHU HWOWQHU DQG 6RxD

610 DQG 096 FDQ EH HPSOR\HG ZLWK DHULDO 'DIQ G I8 BODSKRM/R DOD P |

 ROLHW DDV ZHOO DV L® OIL WX DRUHRXR®W L F D PHOR ¥ HHWXSY

WRFUHDWHKLJK UHVROXWLRQ '"'SRLQWFORXGVDQGRUWKRSK
DQG FDSWXULQJGHWDLOHG VSDWLDODQG WHPSRUDO FKDQJHV LQ J
DSSOLHG WR VWHUHR SDLUV RUWULSOHWV IURP 9+5 VDWHOOLWHYV
1HR WR SURGXFH PHWHU RU VK $GMNHHW BRIRNORX M\ FOX 6 QR
7JRQRORHWDO

[ 7TM%0%%o‘lé%o...%oE%o*‘lQ'(E%oE

7KH %HOYHGHUH *ODFLHU 5DQGROSK *ODFLHU ,QYHQWRU\ FRGH 5*
$Q]DVFD 9DOOH\ ,WDO\ RQ WKH HDVW Va% e & WKH ORQWHKKRVD 0L
ORZHU SDUW RI WKH %HOYHGHUH *ODFLHU LV D WHPSBHNDWH GHEUL\
DQGH[WHQGV IURFIDE® PYOWIRWEEPVMBI7TKLY UHJLRQLV FKDUDFWHUL]H
VORSH DQGLWLVIHGE\LFHIDOOVDQG VQRZ DY D-ODHFAKHYLFHRW ID@J | L

7KH % HOYHGHUH *ODFLHU VSOLWYV LQWR W& GWEHR/H.Q LWV OR
QRUWKHUQ OREH LQ SDUWLFXODU HQGV ZLWKD SURPLQHQW LFH FC
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6LPLODUO\WROLDJH*ODFLHU ORQWH %LDQFR 9DOOH /[g
HUHG E\URFNVDQG ERXOGHUVZLWKGLPHQVLRQVUDQJL'!;_':
LWDD& 0 OSXHWR WKHJOREDO ZDUPLQJWUHQG WKHQXPI
ULVLQRIODLXWL HBSDMR WKH EHJLQQLQJRIWKHFHQWXU\ V
WKHLQFUHDVHG WHPSHUDWXUH{V HIHFW HVWDEOLVKLQ IbW
VKIER HWKOLVEHULROBDWYOOL HARZBYHU LQ UHFHQW \HDUV WKH SUR
FRYHUKDV QRWEHHQ VXNFLHQW WR OLPLW WKH JODFLHU UHWUHDW

,Q WKH SDVW VHYHUDO KD]JDUGRXV HYHQWY RULJLQDWHG IURP
VORSH LQVWDELOLW\ WKUHDWHQHG WKH QHDUE\ YLOODJH RI ODFX
D V.OEHWDO $W WKHEHJLQQLQJRIWKH VWFHQWXU\ WKH %HOY!
E\ SDUWLFXODU VXUIH AN IGHUDROEQJ WKH ODWH V WKH VXUI
RI WKH ZKROH JODFLHU ZHUH D@® J& D 5 FEHWIZ 6 H\QEE PAHIE HW DO
HW DO 'XULQJ v DQ DFFHOHUDWHG URZ LQ WKH ORQWH 5RVD
FRPSUHVVLRQ GHFRPSUHVVLRQ VWUHVVHVDQG VWUDLQVLQ WKH %
XS WR {682PHUH REVHUYHG SKRWRJUDPPHW UL ABVOI0O GHKUHLIQRIHD X W X P (
WKLFNQHVV LQFUHDVHG PRUH WKDQ i8P DQG WKH ZDYH WUDYHOH:
WKH DFFXPXODWLRQ JRQH WKDW ZDV xOOHG €D BEMXSGIUHM DPLD O O
ORUWDUDDQG 7DPEXULQL

'XULQJVSULQJ WKHODUJHGHSUHVVLRQDW WKHIRRW RIWKH

z22Z WKHEHOYHGHUHJODFLHU LW
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W\SHPRYHPHQW ZDVWHPSRUDULO\ xid®H @& EHDVRDINHIZA BMK D YR O X P
4 11; ]ié WHFRJIJQL]LQJWKH SRWHQWLDO GDQJHU RIDQ RXWEXUVW
SDUWPHQW UDSLGO\ LPSOHPHQWHG HPHUJHQF\ PHDVXUHV LQFOX(
LQVWDOOLQJDXWRPDWLFDODUP VAI\VWHPV DQG SXPSV DQG LQLWLEL
PHOWZDWHULQSXWLQ-XO\ FRPELQHGZLWKQDWXUDOVXEJODFL
HUHG WKHODNHOHYHO +RZHYHU WKHODNHUHIRUPHG LQ WKH VSU
FDXVLQJVLIQLXFBQW OPDJH

i 2|8% O ea %l

7KLV WKHVLV H{SORUHVY WKH SRWHQWLDO RI PXOWL VFDOH DQG PX
DOSLQHJODFLHUV IRFXVLQJRQWKHGHEULYVY FRYHUHG %HOYHGHU'}

7KLVLQYHVWLIJDWLRQLQWHJUDWHY DVSHFWUXP RISKRWRJUDPF
DJHU\DQDO\VLVY SURYLGHV D ORQJ WHUP SHUVSHFWLYH RQ GHFDG
VFDOH B6HFRQGO\ LQ VLWX 839 DFTXLVLWLRQV HQDEOH DQQXDO U
LQJIRU SUHFLVH FKDQJH DQDO\VLVY DW D KLJK VSDWLDO UHVROXWL
DORZ FRVW VWHUHR FDPHUD V\VWHP DOORZV IRUFDSWXULQJ WKH
HQYLURQPHQW

7KLV VWXG\ XVHV DUFKLYDO DHULDO SKRWRJUDPPHWU\ GDWD FR
ULIKWV WRLQYHVWLIJDWHWKHJODFLHU{VORQJ WHUPHYROXWLRQ
JODFLHU PRUSKRORJ\IURP WR ZLWK DSSUR[LPDWHO\GHFDG
WRULFDO NQRZOHGJH JDLQHG WKURXJK WKLV PHWKRG LV LQYDOXD
GLVDSSHDULQJGXHWRFOLPDWHFKDQJH 21 SDUWLFXODULQWHUH)
SHULRG RIJODFLHUH[SDQVLRQLQ WKHHDUO\ VWFHQWXU\ DOORZ
YROXPHDQG JODFLHUWKLFNQHVYV

7KLV ZRUNLQWHJUDWHV ORZ FRVW 8$9V DQG *166 IRUFORVH UDQ
GHUVWDQG WKHJODFLHU{VFXUUHQWHYROXWLRQ $QQXDOLQ VLW
DFFXUDWHUHFRUGRIWKHHYROXWLRQ 7KURXJKWKHVHS8$9VXUYH\'
PDSSLQJRIWKHG\QDPLFHQYLURQPHQW LQFOXGLQJSUHFLVHTXD(
RIYDULDWLRQVLQJODFLHUURZUDWH

+RZHYHU DOSLQH JODFLHU G\QDPLFVDUHLQKHUHQWO\QRQ OLQ
FHVVHV LQ VXPPHU FRPSDUHG WR ZLQWHU 7KLV WUHQG KDV LQWH
IUHTXHQF\RI KRWDQG GU\VXPPHUV DVVRFLDWHG ZLWK FOLPDWH F



PHDVXUHPHQWY SURYLGHHVVHQWLDOLQVLJKWVLQWRORQJ WHUP
UDO UHVROXWLRQ WR IXOO\FDSWXUH WKH VKRUW WHUP NLQHPDWL
LQJWKHUHODWLRQVKLS EHWZHHQJODFLHU G\QDPLFVDQGH[WHUQ|
QHHG DSHUPDQHQWPRQLWRULQJV\WVWHPEDVHGRQORZ FRVW VWH
%HOYHGHUH*ODFLHU 7KLVV\VWHPDOORZVGDLO\REVHUYDWLRQV |
WKHKLJK IUHTXHQF\GDWD QHHGHG IRULQ GHSWKNLQHPDWLFDQD

7KLV WKHVLY GHVFULEHVY WKH WHFKQLFDO GHVLJQ DQG LPSOHPH
WHP DQG WKH GHYHORSPHQW RIQRYHO VRIWZDUH WRROV IRU H[WUTL
LPDJHV YLD SKRWRJUDPPHWULF SURFHVVLQJ $QHZSLSHOLQH ZDV (
LWDWLRQV RIH[LVWLQJVRIWZDUHLQ KDQGOLQJLPDJHV ZLWK H[WU
DQDO\VLV RIWLPH VHULHYVY SRLQW FORXGV DQG WKHH[WUDFWLRQ R
GLVSODFHPHQW

7KH KDUVK PRXQWDLQ HQYLURQPHQW ZDV D VLIQLXxFDQW FKDOOF
PHQW 7KLV UHVXOWHGLQH[WUHPHO\ZLGHEDVHOLQHVDQG VLJQL
PDGHLWGLNFXOWWRXxQGFRUUHVSRQGLQJSRLQWV XVLQJWUDGLW
GHUHG 'UHFRQVWUXFWLRQXVLQJH[LVWLQJFRPPHUFLDODQGRSH(
FRPHWKLV REVWDFOH DQRYHO SLSHOLQH ZDV GHYHORSHG XVLQJ\
EXVWIHDWXUHPDWFKLQJWKDWVXFFHVVIXOO\RYHUFRPHV WKHOLP

7KLV WKHVLY SUHVHQWYV DVXFFHVVIXO SLORWWHVWRIWKHORZ F
RQO\WZRFDPHUDVLQVWDOOHGDWWKHQRUWKZHVW WHUPLQDO OR
LFHFOLT WKH SRUWLRQ RIWKH JODFLHU H[SHULHQFLQJWKHPRVW
VAVWHP QHHGV WR EH VFDOHG XSWRDFKLHYHD PRUHFRPSUHKHQVL
RIFDSWXULQJWKHJODFLHU{VHQWLUHG\QDPLFV ([SDQGLQJWKHF
VLIQLXFDQWO\LPSURYHWKHTXDOLW\RIGDLO\ 'UHFRQVWUXFWLRC
E\WKLV SRWHQWLDO WKH xQDO SDUW RI WKLV WKHVLV IRFXVHV RQ
EUDU\HQDEOHV LPDJHPDWFKLQJXVLQJVWDWH RI WKH DUW GHHS (
IHDWXUHV &UXFLDOO\ LW LQWHJUDWHY VHDPOHVVO\ZLWK H[LVW|I
UHFRQVWUXFWLRQ WKXVVXSSRUWLQJWKHPRQLWRULQJV\VWHP{V

i T™M% il @0 -oe3%

7KLV WKHVLV LVa&EL QB UWRIGAFHICDIS)WHU SUHVHQWY WKH PRWLYDWLRQ
WKHREMHFWLYHV Rl WKH WKHVLY _WLQWURGXFHV WKH %HOYHGH!



RYHUYLHZRIUHPRWHDQG FORVH UDQJHVHQVLQJWHFKQLTXHVIRU
WHFKQLTXHVIRUJODFLHUPRQLWRULQJDW GLTHUHQW VSDWLDO DQ

4 D DQDO\JHVWKHKLVWRULFDOHYROXWLRQRI%HOYHGHUH*OTC
WRJUDPPHWU\ZLWK VXE PHWHU VSDWLDO UHVROXWLRQDQG GHFDG

4 D @HVFULEHVWKHDQQXDO8%$9DQG *166 VXUYH\PHWKRGROR.
RI %HOYHGHUH *ODFLHU 610 096 WHFKQLTXHV JHQHUDWH D
'60V ZLWK GHFLPHWHU UHVROXWLRQ *ODFLRORJLFDODQDO\VLV UH
VXUIDFHYHORFLWLHY YROXPHYDULDWLRQV DQGWKLQQLQJHIHFW

& D BUHVHQWV D QRYHO ORZ FRVW VWHUHR FDPHUD V\VWHP |
%HOYHGHUH *ODFLHU 0D\ 1RYHPEHU 'HHS OHDUQLQJ DOJRUL"
EDVHOLQHV HQDEOLQJDFFXUDWH 'UHFRQVWUXFWLRQ VXUIDFHY
ZLWK GDLO\IUHTXHQF\

4 D @HVFULEHV 'HHS ,PDJH ODWFKLQJ ',0 D QRYHO RSHQ VR»
PXOWL YLHZLPDJHPDWFKLQJLQ FRPSOH[VFHQDULRV ',0{VUREXV\
WLHV PDNHLW D SRZHUIXO WRRO IRUH[SDQGLQJWKHXVHRIGHHS OF

4 D VIQWKHVL]HVWKHNH\XxQGLQJVRIWKHWKHVLY KLJKOLJKW
FDOUHVHDUFKDQGWKHEURDGHUFRQWH[WRIFOLPDWHFKDQJH ,W
IRU%HOYHGHUH*ODFLHUDQG WKHWUDQVIRUPDWLYHWRROV GHYHC
PHQWWRRSHQVFLHQFHDQG GDWD VKDULQJHQFRXUDJHV FROODER



SHIHUHQFF

$KQ < %R[ - ( *ODFLHUYHORFLWLHVIURPWLPH ODSVH SKR
UHVXOWV IURP WKH H[WUHPH:EFH DRUYE\ HLWWQEIUHKHQODQG
ieétigeeeiiiimiéeodtimanin

%DPEHU - [/ 5LYHUD $ $ UHYLHZ RIUHPRWH VHQVLQJ PHW
WHUPLQ@DMWMORQ U O i;0bd O Wiikwwsv GRLIRUEIM JORSODFKD
ieenieii oODVV %YDODQFHRI$SQGHDQ *ODFLHUYV

%DUQHWW 7 3 $GDP - & /HWWHQPDLHU ' 3 SRWHQWLEL
RQZDWHU DYDLODELOLW\ LQO/ORZ GRP k@DR¥WH G rLHALRQ V
QDWXJH T

%DUU\ 5 * 7KHVWDWXV RIUHVHDUFKRQJODALHDPD WV R@E JORE
%i'aEl O1l; O & NY! T ;v Kwwsv GRLIRUJIOIETEDITTIEDM 6D
%HOORQL 9 5LWD 0 ' )XJD]]JD " 7UDYHUVD * +DQVRQ . 'LRO

+LJK UHVROXWLRQKLJK DFFXUDF\RUWKRSKRWRPDSDQG GLJLWDC
LWDOLDQDOSV IURP XIDY SKRWERBUIDPPHWWsV GRL IRUE G &
10TT8RIEITI10566

%HQRLW / HWDO $ KLIK UHVROXWLRQLPDJHWLPHVHULHYV
IURP UHSHDWHG XQPDQQHG®DH Y bH;E V&KL BOBY V XWWH\ Ve RL
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%HUWKLHU ( HWDO OHDVXULQJJODRUIHURMOVVIFKDAAHY IUR
U d4ad4 KWWSV GRLIRUEOOIAIAATDFDMH
%KDPEUL 5 %ROFK 7 &KDXMDU 5 ~ODSSLQJRIGHEULV FR®
PDOD\DV XVLQJ$67(5'(0V DQIAVOKH WP DICGGDOW!D XX[!;71[T 4 vi
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%KDUGZDM $ 6DP / $NDQNVKD ODUW Q 7TRUUHV ) - .XPDU 5

SODWIRUPLQJODFLRORJ\ 3UHVHQWID!SIS[O UED WHRGWD QG IXW XUH S

KWWSV GRLIRURBIM uvHéioii éid

%RQGHVDQ $ )UDQFHVH 5 * 7KH FOLPDWH GULYHQ GLVDYV
%il 1. ! Jud KWWSV GRLIRUZBIM JHRPRUISKI T1E0R0O0

%URZQ & &ORVH UDQJIHFDIAKWUBFROLEWDWLRQ
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&DR % *XDQ : /L . 3DQ % 6XQ ; +LJK UHVROXWLRQPRQI

DOGG\QDPLFVZLWKXQPDQQHGDHULDO YHKLFOHVRQWKHQLQJFKD

X1 ;7 [7 4Z0  kwwsv GRLIRRUIOEMTITIOTNO

&KLDUOH 0O 9LDQL & ORUWDUD * 'HOLQH 3 7DPEXULQL $ 1

IDLOXUHVLQWKH WDOLDQPOSURYH U VEAKRH OVVWVMO WWDVL O1 O

KWWSV GRLIRUIAT*)'4 Téiiioi

&KXGOH\ 7 5 &KULVWRTHUVHQ 3 'R\OH 6 + $EHOODQ $ 6QRR

SKRWRJUDPPHWU\RILFHVKHHW G\QDPUFWZIXLWK Q RkWdRXQG FRQW |

GRL RUDEOIOWFIT 60déiod

'H*DHWDQL & , ,ROL ) 3LOQOWR / $HULDODQG8%9 ,PDJHV IR

%HOYHGHUH *ODFLHU (YROXWAURIQIUQWKIHSHAUIQREG Z\ZWO Ui\ a’
KWWSV GRLIRUITOE&6IT1I0T060

'"HKHFT $ *RXUPHOHQ 1 TURXYH ( '"HULYLQJODUJH VFDOH

VDWHOOLWHDUFKLYH $SSOLFDWLRQ WIRWKHISDPLUYNDUDNRUDPV
V. KWWSV GRLIRRURBRIM UVHEIEIETi

'"HOLQH 3 HWDO &KDSWHU LFHORVVDQGVORSHVWDELOLYV
. +DHEHUOL & KLWHPD®@ /&GWXT O;ié ,0i01lédl X #B]DU&E VAOONGI14
'LVDVWHUV 6HULHV SS v %RVWRQ $FDGHPLF3UHVV
'"HPDWWHLYV 1 *LRUGDQ ' =XFFD ) [/X]L * $00DVLD 3 G
WKURXJKWHUUHVWULDOUDGDULQWHUIHUR P HWUW\W O;GI1RD JH FUR'
;1d O é XT 17 [IZB v kwwsv GRLIRUEITIM MSUMETOEOET O

'"HPDWWHLYVY 1 /X]L * *LRUGDQ ' =XFFD ) $O00ODVLD 3 OR

GHIRUPDWLRQXiZILWK dE WH&J; 114 Kwwsv GRLIRUEOEIOEOET
iéioi1io6éo
'"HPDWWHLYVY 1 7URLOR ) 6FRWWL 5 &RORPEDUROOL ' *LRUGD

WHUUHVWULDO PRQRVFRSLF WLPH ODSVH FDPXiWEB VA RUVX UYH\LQ.
[ KWWSV GRLIRUIBIM FROGUHJLIEBgVIETioo

'LRODLXWL * '{$JDWD & 6PLUDJOLD & - %HOYHGHUH*ODFL!
7TKLENQHVV DQG 9ROXPH ODULDWLRQV LQ WK Ha6 H FIRIAG 4 DO IERI WK H
}('|'4'|'OXL"§1 V KWWSV GRLIRUNODOITEITEiééléTdéiod*05,si@é &2

|

(OWQHU $ .DLVHU $ &DVWLOOR & B5RFN * 1HXJLUJ ) $EHO(
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PDQQDQG/DGVWXSWWHUOLQJ D QGRIKFRIMR ORQGLQRDQG &KLDEUDC
JLVFKHU HW DO

5HFHQWO\ VHYHUDO PRGHUQ SKRWRJUDPPHWULF VRIWZDUH SEL
3L[ 'ODSSK®$6 ,0$*,1( OLFODBKSQLN HW BRDQJ HW DWRJHWKHU
ZLWK D UHFHQW V 3\ @IFRCCHEDHE/G DWORQL$6$ $0(6 6WHUKHR\BUSHOLQH
HWDO KDYHLPSOHPHQWHG VXSSRUW IRUSURFHVVLQJDUFKLYDO I

KWWSV Z7ZZZ DJLVRIW FRP
KWWSV ZZZISLFRP SURGXFMEBRESHU SKRWRJUDPPHWU\ VRIWZDUH
KWWSV KH[DJRQ FRP SURGXFWYV LPDJLQH SKRWRJUDPPHWU\


https://www.agisoft.com/
https://www.pix4d.com/product/pix4dmapper-photogrammetry-software/
https://hexagon.com/products/imagine-photogrammetry

FDPHUD LQWHULRU RULHQWDWLRQ ORUHRYHU WKH6ZLVV )HGHUD
GLJLWDOL]HG FDWDORJHG DQG SXEOLVKHG D ODUJH FROOHFWLR
RQ WKHLU+ZHBENUWH G 6 LPRMHBUHVHQWLQJ D YLUWXRVXV H[DPSOH
GDWD SUDFWLFHV ,Q WKLV FRQWH[W VHYHUDO DXWKRUV HPSOR\
KLVWRULFDO DUFKLYH LPDJHV IRU UHFRQVWUXFWLQJ JODFLHUV{ "
$QWDBWILEDB HW'DBOH HW DORUWK $PGXWRDHW CDOQG LQ WKH $OSLQH
UHJORQJDQG %RGRRLHWDO

7KLV FKDSWHUDLPVWR UHFRQVWUXFW WKHORQJ WHUP HYROXW 1

E\XWLOL]JLQJKLVWRULFDODUFKLYDOLPDJHVDQGPRGHUQGLJLW
GDWDVHWVFDSWXUHGE\DQDORJPHWULFFDPHUDVLQ DQG
UHFHQWDHULDO VXUYH\ DQGD8$9 ULIKW 7KHVHVXUYH\V L
DUHODWLYHO\FRQVLVWHQW LQWHUYDORIDSSUR[LPDWHO\WHQ \HI
HYROXWLRQDQG TXDQWLI\YROXPHWULF FKDQJHYV

1IRWDEO\ WKH GDWDVHW FDSWXUHG WKH ' WRSRJUDSK\ RI WK
VXUJH W\SHHEHHOQW HREBRXUUHG EHWZHHQ DQG VHH6HF IRU
HYHQW PDUNHG WKH JODFLHU{V PD[LPXP H[WHQVLRQ VLQFH WKH /LW
YLVLEOHWRGD\ &RQVHTXHQWO\ DQDO\]LQJWKH %HOYHGHUH *ODF
WR TXDQWLI\WKH SURJUHVVLRQRIDJODFLHUWKDW XQGHUZHQW D |
DQG WKLQQLQJ 7KLV SURFHVVFRQWLQXHV WR WKLV GD\

i 'q0qi%Oi

7KHVWXG\XWLOL]HGGDWDIURP xYHSKRWRJUDPPHWULFVXUYH\VFF
GDWDVHWV UHIHGBHWG WHRWW ZHUH FRQGXFWHG LQ 6HSWHPEHU

EHU 7KHVH VXUYH\VLQYROYHG WKHDFTXLVLWLRQRILPDJHV IR
FRPSDQ\ &*56 S $ &RPSDJQLD *HQHUDOHG5LSUHVHDHUHHG6 S $ X\
HUDV PRXQWHG RQ SODQHV 7KH LPDJHV ZHUH FDWDORJHG DQG WK
6LVWHPD ,QIRUPDWLYR 7HUULWR U KD 6 H L$PE RO RAVIDEOMH 1 DOWVRH G Z W\
WKH*HR3RUWD®H530. SPlRGWH. WL]HG WKHLPDJHV RIWKH %HOYHGHU
WRWKHDXWKRUV XSRQUHTXHVW 7KHDQDORJxOPVZHUHGLJLWL]H
ROXWLRQRI i7TKPS[ GDWDVHW ZDV DFTXLUHG ZLWK D GLJLWDO SKR!
6S$ IRUPDSSLQJSXUSRVHVDQG ZDV PDGHDYDLODEOH WR WKH D X

KWWSV z7ZZ JHRSRUWDOH SLHPRQWH LW


https://www.geoportale.piemonte.it/
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yD - oD - | Da =D U $ /£ .0 @Babid ace ¢ D
>0 000 >80 Y.
LOG5& 8%*,
PP xOP
LOG 5& 85*$ )
PP xOP
LOG5& 8%* 6
PP xOP
=, ,PDJL@&'VHQVRU |
'0& PP I
LOQOWHJIJUDWHG
+DZNH\H ~&026

JLUHU\ 6 VHQVRU

yD - -Y @Ya a-lYloels>hoe -Ya®e(0-YD £-6D -Y %[

3L[HOVLIHDQG *6'RIWKHDQDORJLPDIJHVUHIHUWR WKRVHRI WK

DFTXLUHG WKHPRVWUHFHQW GDWDVHW IURP XVLQJID x[HG ZLQJ
FDPHUDPRXQWHGRQERDUG $VXPPDU\RIWKHFKDUDFWHULVWLEFV I
GDWDVHWYVY LV SUHVHQWHG LQ 7DE

ii +®@i0°Eeeq-$%Exqg-'q0qi%Oi°" j qs...

7TKHHDUOLHVW GDWDVHW FRQVLGHUHG LQ WKHVWXG\ZDV DFTXLUH
SKRWRJUDPPHWULFFDPHUD :LOG5& HTXLSSHG ZLWKD 8%*, OHQ"
7KHULJKWFRQVLVWHG RIWKUHHVWULSHY SHUIRUPHGDWDQDYHULI

DORQJ ULJKWRYHUODS DQG WUDQVYHUVDO RYHUODS YDU\LQJ IL
SDUDOOHO $ WRWDO RI 5*% LPDJHV ZHUH DFTXLUHG )LJ D &I
JODFLHU RVOEWKP MFDOHRIWKHLPDJHV ZDV DERXW OHDGLQJ
'LVWDQFH *6' RI P 7KHFDPHUD UHIHUHQFH V\VWHP ZDV PDWHUL
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PDUNV SODFHG DW WKH IRXU FRUQHUV RIWKHLPDJH $VLVYLVLEOH
IDGHG GXHWRWKHDJLQJRIWKHxxOPV EXWWKH\ZHUHVWLOOLGHQ\

7KH VXUYH\ZDVFDUULHGRXWRQWZRGLITHUHQW GD\V C
LPDJHVZHUH WDNHQ ZLWK DQDQDORJSKRWRJUDPPHWULFFDPHUD
) OHQV IRFDO OHQJWK RI PP 7KH ULJKW FRQVLVWHG RI RQO\"

6i66 PVDDQG 63 E¥OPACHDGLQJWRDQDYHUDJH *6' IRUWKHLPDJHV RIDEF
RYHUODS ZDVDSSUR[LPDWHO\EHWZHHQ DQG ZKLOH WKH WUDC
LPDJHV RI IRXUXGXFLDO PDUNVDOORZHGIRUWKHGHXQLWLRQ R
7KHPRVW UHFHQW DPRQJWKH WKUHH KLVWRULFDO GDWDVHWV G
DxOP FDPHUD :LOG 5& HTXLSSHG ZLWK D 8$* 6 OHQV IRFDO OHC
FRQVLVWHG RIWKUHH VWULSHV DFTXLUHG EHWZHHQ DQG
LPDJHVZLWKRYHUODSVRI DORQJULJKWDQG LQWKHWUDQVYH
VWULSHV ZHUH FRQGXFWHG DWV/D @ RIOOWH. WK I F HRRQ W ERXOVR DIk &P ¥ FR
ORZHU DOWLWXG HWRI IRERXWDIY%E & B DD R7IKH @#HP R VFDOH RI WKH LPDJ
SURGXFLQJD*6'RI P FRPSDUDEOHWRWKDW RIWKH ULJ
ZDVPDWHULDOL]JHG E\HLJKW xGXFLDOPDUNV ZHOOLGHQWLXxDEOH
+LVWRULFDODHULDOLPDJHVZHUHGLJLWDOL]HG XVLQJD SKRWRJ
E\=,,PDJLQJDQG&DUO =HLVV FDSDEOHRIVFDQQLQJDQDORJxXOP U
6S$ ZLWKD UHVROXWLRQRI WP S[ SURGXFLQJHLJKW ELW 7,)LP
i1i171iS[ 7TRDVVHVV WKH TXDOLW\RIWKHGLJLWDOL]JHGLPDJHV WKH L
UDWLRRIWKHGLVWDQFH LQPLOOLPHWHUV EHWZHHQ WKH xGXFLD
7KHHVWLPDWHG SL[HOWPLIRIWZBYFKWPDWDVHW ZLWK D VWDQGDUG G
RUGHUVRIPDJQLWXGHOHVV LQDJUHHPHQW ZLWK WKHWHFKQLFDO

ii 'ee’el0q-gq%Eeq-..q0qi%0 °

,Q 2FWREHU &*56 S $ UHZRYHU %HOYHGHUH *ODFLHU IRU PDSS

SKRWRJUDPPHWULF FDPHUD ZDV HPSOR\HG $=, ,PDJLQJ'0& FDPH!

OHQJWK OHQV DQG D &&' VHQVRU ZLWK D SL[HO VL]JHRI wP ™ wP

UHVROXWLRQ RI ™ SL[HOV ZDV PRXQWHG RQ DQ DLUSODQH

WUDQVYHUVDO RYHUODSVRI DQG UHVSHFWLYHO\ ZHUH JDWKF
DQG PDV O)LJ DE 7KHDYHUDJHLPDJHVFDOH ZDV
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7TKHDXWKRUVIJDWKHUHG LPDJHVIURP WKH ODWHVW GDWDVHW GXU

DQG ,ROLHWD® x[HG ZLQJ 8%$9 SDUURW 'LVFR ZDV DGDS)\
ORZ FRVWDQG OLJKWZHLJKW DFWLRQ FDPHUD D +DZN(\H)LUHU\ 6
0S| ~&026 VHQVRU ZLWKD SL[HO VL]H RI wpP ™ WP DQG D IF

xHOG RIYLHZ 7KHULJKWVY ZHUH FRQGXFWHGDWDQDYHUDJH KHLJ
DJUHHPHQW ZLWK WDOLDQ8%$9UHJXODWLRQV DQGLPDJHV ZHUH WL
R DQG UHVSHFWLYHO\ HIFHSWIRUDVPDOO SRUWLRQLQWKHF
WUDQVYHUVDO RYHUODS RI VHH)LJ F 7KHUHIRUH WKHDYHUI
DQGWKH*6'ZDV FP RQHRUGHURIPDIJIQLWXGHVPDOOHUWKDQ WKH



OLPLWDWLRQV WKHVXUYH\DUHDZDVUHVWULFWHGWRWKHJODFLH
ZHUH SHUIRUPHG )LJ F

i i *1666TEA%E “°E %—=°¢© *%°FE %o"“ %o E %0323

7TR FRQVWUDLQ WKH 8%$9 SKRWRJUDPPHWULF EORFN IURP VTXD
FPSRO\SURS\OHQH VKHHWYV ZLWK KLIJK FRORU FRQWUDVW ZHUH GH ¢
URFNVRQERWKWKHJIJODFLHUDQGWKHPRUDLQHYV $PRQJWKH WDL
SRLOWV &KHFN3RLQWYV &3V 7KHWDUJHWV ZHUHPHDVXUHG RQ WK
WLFTXDOLW\*166 UHFHLYHU /HLFDO9LYD *6 %HFDXVHD*60LQWHUQ
SDUW RI WKHJODFLHU WKHWDUJHWY ZHUH PHDVXUHG LQ 1HWZRUN
+[*1 6PDUW1IHW QHWZRUNRI SHUPDQHQW VWDWLRQV $00 WKH SRL(
VZLWKD +]DFTXLVLWLRQUDWH ,QWKHXSSHUSDUWRIWKHJODFL
ZHUHPHDVXUHG E\VWDWLF SRVLWLRQLQJ )RUHDFKRIWKRVHSRLQ
IRUD WLPH¢SPDLQRI+] VDPSOLQJUDWH 7KHVHZHUHSRVWSURFHVVE
WLRQ /HLFD *36 SODFHGRYHUD WDUJHW QH[W WR WKH =DPERQL
RIWKHPDVWHU VWDWLRQ ZHUH UHSHDWHGO\ PHDVXUHG LQ GLTHUH
PHQWY DQGDFFXUDF\RQ WKHRUGHU RI FPLQ SODQLPHWU\DQG
VHUYDWLRQV ZHUH SRVW SURFHVVHG ZLWK /HLFD ,QxQLW\VRIWZDU
VA\VWHP (75) DW HSRFK 7TKHUHVXOWLQJDFFXUDFLHV RI WKFE
SODQLPHWU\DQG FPLQKHLIKWLQWHUPVRIDYHUDJH 506 (

i 0% O ™o o ovga
ii 6“0a096

7KH SKRWRJUDPPHWULF EORFNV ZHUH SURFHVVHG ZLWK WKH FRPPF
YHUVLRQ ZKLFK DOORZV IRU LPDJH RULHQWDWLRQDQG PRGH
VFDQQHG xOPV ZLWK xGXFLDO PDUNV )LJ VXPPDUL]JHV WKH ZRUN
EORFNYV

&RQFHUQLQJ WKHPRVW UHFHQW 8%9 VXUYH\IURP WKH LPD
DHULDOWULDQJXODWLRQEDVHGRQWKH WDUJHWVVSUHDGRYHU"
%WXQGOH%ORFN$GMXVWPHQW %%$ 7KHORFDWLRQRIWKH®*&3V LV
XDOO\FROOLPDWHG RQWKHLPDJHV $ S[FROOLPDWLRQDFFXUDF\ Z



GCPs measured
with GNSSin —— 2019 UAV block
the field
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of each image
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RIWKHREVHUYDWLRQVEHFDXVHRIWKHUDWKHU SRRULPDJHTXDOL
3RLQWV 73V ZHUHDXWRPDWLFDOO\GHWHFWHGDQG PDWFKHG E\OI
,QWHULRU 2ULHQWDWLRQ ,2 SDUDPHWHUV RIWKH +DZNH\H)LUHU\
%%%$E\VHOI FDOLEUDWLRQ 7RWKLVHQG DSSUR[LPDWHG ,2SDUDP|
FKHFNHBERDUG 7KHVHLQLWLDO YDOXHV ZHUHDGMXVWHG IRU HDFFk
VWDELOLW\RIWKHFDPHUDDQG WKDQNV WR WKHKLJKGHQVLW\RIW
SHIDUGLQJ WKH GLJLWDO GDWDVHW WKH =, ,PDJLQJ '0& \
*166 ,16 LQVWUXPHQWDWLRQ SURYLGLQJ WHKHGQDHPW WD ([WHULRU
7KH FRRUGLQDWHYV RI WKH FDPHUD SURMHFWLRQ FHQWHUV ZHUH ¢
WKH FDPHUD DWWLWXGH DQJOHV KDG DQ DFFXUDF\RI PJRQ IRU UR
JRUODQL DQG STRWRSURYH WKH TXDOLW\ RI WKH SKRWRJUDPPHWU
VXFK DV WKDW RI % HOYHGHUH *ODFLHU IHDWXUHV LGHQWLxDEOF
I9LUWXDO *URXQG &RQWURO 3RLQWV Y*&3V 7TKH '"FRRUGLQDWHYV
WULDQJXODWLRQIURPPXOWLSOH FROOLPDWLRQV RIWKHVDPH SRL
ZKLFK KDVDVLIQLxFDQWO\KLJKHU VSDWLDO UHVROXWLRQ 7DE
IRUHVWLPDWLQJ WKH WULDQJXODWLRQ HUURU RI WKH '"SRLQW Z
WKH "FRRUGLQDWHV IRUVXEVHTXHQW %%$ LQ WKH EORFN (2R
$VVLVWHG $HULDO 7URDQBXODOWLR QHPSP% S ZDV VROYHG EN\FRPELQLC
LQIRUPDWLRQ ZLWK 73VDXWRPDWLFDOO\GHWHFWHG E\WKHVRIWZI
LPDJHV 7KHTXDOLW\RI WKH SKRWRJUDPPHWULF PRGHO ZDV xQDO
BRLQWV Y&3V ZKLFKZHUHQRW XVHGWRVROYHWKH%%$
7TKHWKUHHKLVWRULFDODHULDO GDWDVHWYV ZHUHRULHQWHG E\I
FRRUGLQDWHV RI Y*&3V PDUNHG ZLWK QXPEHUV WR LQ)LJ F I
$WR+ ZHOOGLVWULEXWHGRYHUWKHZKROHDUHD ZHUH UHWULH®
EXLOGLQJVHGJHV FRUQHUV VKDUS URFNV DORQJWKH JODFLHU PF
WKDW UHPDLQHG UHDVRQDEO\ XQFKDQJHG RYHU WLPH ZHUH VHOHF
PRVWRIWKHIRXUGDWDVHWYV DQG DVVKRZQLQ)LJ
SRVVLEOHWRLGHQWLI\WKHVDPHSRLQWLQDOOIRXUGDWDVHWYV EI
TXDOLW\ HJ 5*% YHUVXVJUD\VFDOHLPDJHV RUFKDQJHVLQWKH
SRLOQW ZDV QRW YLVLEOHLQ RQHGDWDVHW DQRWKHU ZDV VHDUFKI
ZDV QRWIRXQGLQLPDJHVIURP WKHQDQRWKHUIHDWXUH QDPH
RULIJLQDO ORFDWLRQ RI3RLQW LQ WKH LPDIJHVDQG XVHG DV *&.
VWDWLVWLFV 3RLQWY DQG EZHUHFRQVLGHUHG RQH SRLQW EHFD
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WR VROYH WKH %%$%$ RI WKH WKUHH KLVWRULFDO GDWDVHWYV ZHUH S
FRPSXWHGE\IRUZDUG WULDQJXODWLRQLQ WKH SKRWRJUDPPHMW
"KLOHXVLQJY*&3VWRRULHQWKLVWRULFDO SKRWRJUDPPHWULF |
WKHPRGHOV FDXVLQJHUURUSURSDIJDWLRQIURPWKHPRUHUHFHQ\
PLWLIDWHG E\WKHLQFUHDVLQJ*6'IlURPQHZHUWRROGHUEORFNV ¢
IURPWKHB8$9EORFNLVZHOOEHORZWKH*6'RIWKH LPDJHV 6LPLO
IURP WKH PRGHOUHPDLQVEHORZWKH*6'RIWKHROGHUEORFNYV
EORFNVDUHPRUHFRPSDUDEOH WR WKH EORFN WKHVLJQLXF
UHGXFHV WKHLPSDFWRIHUURU SURSDIJDWLRQ 3URYLGHG WKDW W
YDULDQFHVDQG QR VLIQLXxFDQW V\VWHPDWLFHUURUV VXFKDV GRF
HIWUDFW WKH Y*&3V ZKLFKZDV YHULxHGE\FRPSDULQJ'60VRQVWD
RIYDULDQFH SURSDJDWLRQ IURP WKHPRUHUHFHQW WR WKH ROGHL
SLIHOOHYHO RIWKHLPDJHV
&RQFHUQLQIJWKHFDPHUDLQWHULRURULHQWDWLRQ WKHWKUHEFE



HUV DQGFDOLEUDWLRQFHUWLXFDWHYZHUHDYDLODEOH 7KHUHIR!I
FRRUGLQDWHV ZHUH SURYLGHG DV LQLWLDO YDOXHV LQ WKH %%$ 71
DVHOI FDOLEUDMWLRY/SIWREBGEWULRQDOO\ WZRUDGLDO N DQGN D¢
S GLVWRUWLRQ SDUDPHWHUV ZHUHHVWLPDWHG WR FRUUHFW WKH
DQG PRVWO\ WKHGLVWRUWLRQLQWURGXFHGE\H[WHUQDO IDFWRL
RUE\WKHVFDQQLQJSURFHGXUH

$IWHU %%$ GHQVH3RLQW &ORXG 3&' RUWKRSKRWRY DQG '60V Z
RI ZDVVHW WR PDNHWKH3&'VPRUHPDQDJHDEOH DQG XVHG DV D V\

ii 3°e30¢-°@F.. EFE%aLEe%iies3”

7KH REWDLQHG SRLQW FORXGV UHIHUULQJ WR WKH GLTHUHQW VXUY
WKHP FRQVLVWHQW UHJDUGLQJVSDWLDOUHVROXWLRQDQGFRYHUI
LQLWLDOO\UDVWHUL]JHG E\XVLQJ&ORXG&RPSDUH Y DOSKD (DV
LQJZHUHGHULYHGE\DYHUDJLQJWKHKHLJKWRIWKHSRLQWV LQVLG
QXOO YDOXHV

7KHUDVWHUL]HG '60ZDVWKHQPDQLSXODWHGLQWKHO0$7/$% 5
FRYHUDJHDUHDV DUH VLJQLXFDQWO\GLTHUHQW WKH xUVW VWHS Z
SKRWRJUDPPHWULF '60 7KLV ZDV GRQH E\ xUVW GHxQLQJD ELQDU\
ZLWKWKH'60{VQRQ QXOOFHOOV 7KHPDVNZDVWKHQEOXUUHG E\L

PRIUDGLXV DQG XQLWDU\YDOXHV ZHUH DVVLJQHG WR UHVXOW
YRLGV ZHUH SUHVHQW LQ WKH LQQHU DUHD $ELQDU\PDVN GHxQLQ.
ZDV REWDLQHG E\DSSO\LQJWKH FRQYHUVH SURFHGXUH L H EOXU
WKH UHVXOWLQJFHOOV ZLWK YDOXHV VPDOOHU WKDQ IRU WKH VD
WKHLQLWLDOUDVWHUL]HG '60ZLWKLQWKHYDOLGVXUYH\HGDUHD Z
OLQHDULQWHUSRODWLRQ $VDUHVXOW UDVWHUL]JHG SRLQW FOR X
IRUDOO xYHVXUYH\V )LJ

$ MRLQWPDVNUHIHUULQJWRWKHJODFLHUERG\RQO\DQG H[FOXC
SDUH '60 IURP GLTHUHQW VXUYH\V ZKLFKDUH QRZDW D FRQVLVWHQ
ELQDU\PDVNV GHXxQLQJWKH YDOLG DUHDV RI HDFK VXUYH\ ZHUH VX
ODSSHG FHOOV ZHUH FRQVLGHUHG )LJ E $GDWD GULYHQDSSUF
ERXQGDULHV ,Q WKHVXUURXQGLQJDUHDV ORZRUHYHQ QXOO DOV
FHOOV UHIHUULQJWRWKHJODFLHUERG\ZHUHH[SHFWHG WR VKRZ G



(a) 1977 (b) 1991 (c) 2001
North SO0 m
2200 m
/
4 Km 1400 m
(d) 2009 (e) 2019
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ELQDU\PDVNUHSUHVHQWLQJWKHFHOOVIRUZKLFKWKHKHLJKW GL]|
ODUJHUWKDQ P 7KHVKDSHRIWKHJODFLHU{VERG\LVUHFRJQL]D
LQIWKHVDPHLWHUDWLYHSURFHGXUHSUHYLRXVO\SUHVHQWHG IR
LVRODWHG DUHDVDQG FOHDQHGJODFLHUERUGHUV )LJ G DQGW
ODWHUDO PRUDLQHVY H[SHFWHG WR UHPDLQ DOPRVW XQFKDQJHG R
PDVN QRZFRYHULQJ DB RPH VWX KHMFHSSIO LHG WR WKH LQWHUSROD)

i i *agee%E %a°-@0ee3qig-eicel

7KH xQDO PDVNHG '60V DOORZHG VSDWLDO DQDO\VHV RI WKH JODFL
WXGHYDULDWLRQV TXDQWLI\LQJYROXPHYDULDWLRQVY DQGHYDO?

WR J)LUVW WKH'60VZHUHDQDO\|HGLQDEVROXWHWHUPV $C
FRQGXFWHGWRTXDQWLI\WKHHIHFWV RIDFFXPXODWLRQDQGDEOD
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$VWKHGLTHUHQW'GOVZHUHJHRUHIHUHQFHGDQGFRQVLVWHQWL
FRPSXWHG E\'(ORI'LTHUHQFH 'R' &EXPXODWHG YROXPH YDULDWLR ¢
'60DVDUHIHUHQFH ZKLOHDYHUDJHDQQXDO YROXPHORVVHY JDLQ
i 5%Iig-0i
ii 6“0a096

(LIJKW Y&3V GLVWULEXWHG PDLQO\DORQJWKH JODFLHU PRUDLQHYV
KLVWRULFDOPRGHOV ZKLOHVL[Y&3VZHUHXVHGIRUWKH GDWDV
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WKHY&3V 7KH DQG PRGHOV REWDLQHG JOREDOS506(V RI P
WKH DQG PRGHOVREWDLQHG VLPLODUS506(VRIDSSUR[LPDWH
FRPSDUDEOHWR WKHDYHUDJH *6' RIWKHDHULDO LPDJHV 5HJDUGL
DVVHVVHGE\ &3V UHVXOWLQJLQDQ506(HUURURI P FRPSDUD
GXHWRWKHORZTXDOLW\RIWKHFDPHUD HPSOR\HG 1HYHUWKHOHYV
RIWKHFHQWLPHWHU WKHPRGHODFFXUDF\ZDVVWLOO KLJKHU WKD

6WDUWLQJIURPWKHVROXWLRQREWDLQHG ZLWKWKH$JLVRIWOH'
XVHGWRFRPSXWHLPDIJHGHSWKPDSVY GHQVHSRLQW FORXGV RUW
SRLQWVDQGWKHDYHUDJHYROXPHWULFGHQVLW\ L H WKHQXPEH
LQ 7DE :KLOHWKH 3&'VL]HZDV VWULFWO\UHODWHG WR WKH VXU
GLUHFWO\UHODWHG WR WKH *6' RIWKHRULJLQDO SKRWRJUDPPHWU
xQHUGHWDLOV

2UWKRSKRWRV DQG '60V ZHUH FRRPARY & KHKK DWR'WRIFFDO GDWD\

DQG :iéPIRUWKHGLJLWDO DHULB® GROMDK/H 8RR IG D W DQHGAER |

7KHFRPSXWHG RUWKRSKRWRV DUHYLVLEOHLQ $SSHQGLI[$

i i 3°w30+-°Q.. AE%aLEE %olioces”

$FFRUGLQJWRWKHSUH SURFHVVLQJGHVFULEHGLQG6HF ZH FREF
SRLQW FORXGVDVWKHUDWLREHWZHHQ QRQ HPSW\FHOOV LQ WKH |
OLIKWV WKHLPSDFWRIJULGVSDFLQJFKRLFHRQ SRLQWFORXG JULC(
PJULGVSDFLQJUHTXLUHG PAIQR $\W OAHONHU SHRIBBBWLRBYO\ IXOO\H[SO
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3& GHQVLW®@>SWV P
'DWD GHQVL@\>FHOOV P

$-0t; “:’®mbltl-m7 -Sbltl tz|t7;vP-:v:it:Qo=]|_; t-1b;u-|] b@;u;m| rol_v

(SRFK
OLQ SOWLWXGH P
OD[$OWLWXGH P

WLDO UHVROXWLRQ )LQHUJULGV ZRXOGLQFUHDVHLQWHUSRODWL
LQIRUPDWLRQDOJDLQ HVSHFLDOO\IRUWKHORZHU UHVROXWLRQ K
ULVN ORVLQJ GHWDLO LQ PRUHUHFHQW KLJK UHVROXWLRQ GDWD
LOQWHUSRODWLRQ ZKLOH SUHVHUYLQJWKHIXOO SRWHQWLDO RIKLJ

i i *agee%E %a°-@0®o3qi3gq-eicel

7TKHPLQLPXPDQGPD[LPXPDOWLWXGHVRIWKHJODFLHUH[WUDFWHG
PLQLPXPYDOXHVUDQJHGEHWZHHQ PDQG P ZKLOHPD[LPXP YL
P 7TKHVWDELOLW\RIWKHPLQLPXPYDOXHVFDQEHMXVWLxHG E\
OLNHO\RFFXUUHG QHDU WKH JODFLHU WHUPLQXV DQG WKH PDVN E
DWWKHWHUPLQDO OREHV &RQYHUVHO\ WKHPD[LPXPJODFLHU KHL
FORVHWR WKHPDLQ DFFXPXODWLRQDUHD ,QWKLVDUHD WKHJOD
RUORFDOL]HG ODUJHLFHPDVV DFFXPXODWLRQ UHODWHG WR SDUW
SURFHVVHV VXFKDVWKDWRFFXUUHG GXULQJWKHVXUJHHYHQW
)LJ SUHVHQWV JODFLHU FRQWRXUDOWLWXGHYVY EHWZHHQ D
WLWXGHUDQJH PHDVXUHG E\WKH XxYHVXUYH\VZLWKD FRQWRXULQ
)LJ D '60FHOOVFODVVLXHGLQWKHUDQJH v PUHPDLQH
ORZLQJFRQWRXUOLQHVIJUDGXDOO\PRYHG WRZDUGD YDOOH\ FOHI
7TKHIROORZLQJ VXUYH\VKRZHG D FRQWLQXDWLRQLQWKHVHDUH
WKHJODFLHUWHUPLQXY 6WLOO DQDOWLWXGHGHFUHDVHZDV REV
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WKHH[WHQVLRQ RI WKHDOWLWXGHFODVYV v PLQ)LJ F DQC
SUDFWLFDOO\DEVHQW VHH 7DE 7KH '60 VKRZHG GLTHUHQW
OLQHVUHWUHDWHG WRZDUG SHDNV DSSUR[LPDWHO\LQWKHVDPHZC
JUHDWO\UHWUHDWHG DQG FRYHUHG D ODUJH SDUW RI WKH JODFLHI

'60 )LJ H DIJIDLQVKRZHGDJHQHUDOUHWUHDWWUHQGRIORZH

LQWKHUDQJH RI \Y P SUREDEO\GXHWRKLJKVXUIDFHDEODWL
LQWKHUHPDLQLQJDUHDVLQWKHUDQJH RI v P
$-0t; “:“9-1b;u (otftl; -bmF ovvbm|_; oftu omvb7;u;7 ;ubo7v

SHULRG v v Y v

29RO PLOOLRQVP
<HDUO\@9RO FRHDOLRQVP
&XPXODWHG g9RO PLOOLRQVP

9ROXPH YDULDWLRQV REWDLQHG E\'R'DUHVKRZQLQ 7DE &XP
SXWHG FRQVLGHULQJWKH '60 DV D UHIHUHQFH %HWZHHQ DQ
VXEVWD @ WlAB OIF\WPE\ 1IRWDEO\ WKH UDWH RI H[SDQVLRQ DFFHOHUDW
'XULQJWKLV SHULRG WKHJODFLHUJDLQHG YROXPH IDVWHU \
+60i 18P\ "WiRiénA iéP'\" 7KHJODFLHUH[SDQVLRQ FRQWLQXHG XQV
+DHEHUOL HWEDIOW DOORUWDUD DQG 7DPEXULQL

6LQFH WKH JODFLHU KDV XQGHUJR& &IV HERI B HLLFHHW RIDDX\WHO R V|
EHWZHHQ DQG YURP WR WKHDYH WD dHEPD\WUWO\ YROXPH G
UHGXFLQJWKHNRQ¥PHIH\ODWLYHWRWKHLQLWLDO PHDVXUHPHC
ODWLRQ :KLOHWKHQHJDWLYHWUHQG SHUVLVWHGEPIRP WR V
2YHUWKH \HDUREVHUYDWLRQSHULRG BiIiTOVKEORODFLHU H[S|
7KHUHSRUWHG YROXPHJDLQV RUORVVHV UHIHUWR WKH ZKROH J
LQYHVWLJDWH ORFDO YDULDWLRQV )LJ FODVVLxHV JODFLHU D
LQWHUYDOVRI P 7KHYROXPHLQFUHDVHZDV TXLWHGLVWULEXWH
*ODFLHUWHUPLQXVDGYDQFHPHQW ZDV YLVLEOH DQG YROXPH ¢
KLJKHUDOWLWXGHYV 7KHIROORZLQJSHULRG v VDZDQLPSRU
SDUWRIWKHJODFLHU ZKLFKZDV SDUWLDOO\FRXQWHUEDODQFHGT L
JHQHUDO YROXPHORVV ZKLFKZDV SDUWLFXODUO\LPSRUWDQW LQ"
ZDV GLVWULEXWHG XQWLO WKHWHUPLQXVY VHHWKHQRUWKHUQ RQH
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6HYHUDO VWXGLHV IRFXVHG RQ XQGHUVWDQG L QUM@BGLRKXADLQGWLDDQ
GLJLWDOL]HGWZRODUJH VFDOHWRSRJUDSKLFPDSVWRLQWH!L
EHWZHHQ DQG 7KH\IRXQG D SRVbHWIEYH] YRQ KR M G DIGIWEOIQWH R
DQDYHUDJRBDEM RI DVVXPLQJDOLQHDU YROXPHYDULDWLRQEHW:
DOLJQVZLWKWKH\HDUO\YROXPHYDULDWLRQUDWHHYWLPDWHGLQ
idP'\ 1 7TKHUHVXOWWRBWDXQHGDE\DIDHYV ZLWK W ICRWHVKEW D E 8 H GHE)
HWDO ZKRHVWLPDWHGDQLQFUHDP?PKN EHMWKHHQDFLBEQ&HLIKW RI i
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8$9 SKRWRJUDPPHWU\IRU L
UHFRQVWUXFWLROQ
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, ,ROL ) %LDQFKL $ &LQD $ 'HOLFKHOH & ODVFKLR 3 3DVYV
7THUP ORQLWRULQJRI*ODFLHU{VI9DULDWLRQV ZLWK 83%9V 7KH ([L
PRWHOBHQVLIvwWSY GRLIRRUIOEUVTETIEETD

, ,ROL ) 'H*DHWDQL & %DUELHUL ) *DVSDUL ) 3LQWR / 5
ORQJ WHUP PRQLWRULQJ 2SHQ '"OWM/Bv>'"DWHD R KHWE @rAI=HQRGR
JHQRG®ROTITTO
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7KLV FKDSWHU LQYHVWLJDWHV WKH SRWHQWLDO RIKLJK UHVROXW
VXUHPHQWY WR FRPSUHKHQVLYHO\PRQLWRU WKH %HOYHGHUH *OD
G\QDPLFV ZDV FRQVWUDLQHG E\WKH OLPLWDWLRQV RI WUDGLWLRQ
DWDSSUR[LPDWHO\GHFDGDO LQWHUYDOV DQG VXE PHWHU UHVRO)
VKLIW HQDEOLQJDQQXDO UHFRQVWUXFWLRQV ZLWK VXE GHFLPHW
FDQ GHOYHLQWR WKH JODFLHU{V\HDUO\NLQHPDWLFV JDLQLQJGH
FOLPDWH FKDQJH

7KH %HOYHGHUH *ODFLHU PRQLWRULQJ FDPSDLJQ ZKLFK VWDUMW
MRLQWO\E\WKH ' HSDUWPHQWRI&LYLODQG (QYLURQPHQWDO (QJLQ
WKH'HSDUWPHQWRI (QYLURQPHQW /DQGDQG,QIUDVWUXFWXUH (Q.
ORUHRYHU WKH'5($0 SURMHFWY '5RQHW(FKQQRORJ\IRUZ$WHU UH
WRULQJ LQYROYLQJWHDFKHUVDQGVWXGHQWVIURP $OWD 6FXROI
OLODQR FRQWULEXWHG WRWKHFDPSDLJQ IURP W R

(YHU\\HDU x[HG ZLQJ8$9VDQG TXDGFRSWHUV ZHUH XVHG WR UHP
UHVROXWLRQ 'SKRWRJUDPPHWULFPRGHOV '60V DQG RUWKRSKRW
HVWLPDWH WKH JODFLHU YROXPH YDULDWLRQVDQGHVWLPDWH WKt
'60V ZHUH DOVR XVHG WR LQYHVWLJDWH WKH JODFLHU NLQHPDWLFV
7KLV ZDV FDUULHG RXW E\H[SORLWLQJ',& WHFKQLTXHV WR WUDFN W

7KH%HOYHGHUH *ODFLHUPRQLWRULQJFDPSDLJQKDV SURGXFHG
SRLQWFORXGV '60V DQGRUWKRSKRWRY 5HFRJQL]JLQIJWKHWUDQYV
PDGHWKLVHQWLUHGDWDVHW SXEOLFO\DYDLODEOH DQG ZHKDYH |
WKH GDWD XVHU IULHQGO\ | R UAKHLWHIKDSKHHLY DL XR® GIPS I8 BIW U L E
SURPRWH WKHZLGHVSUHDG XVHRIRXUPRQLWRULQJGDWD DFFHOF
HQFRXUDJHNQRZOHGJHVKDULQJDFURVVWKHVFLHQWLxXxFFRPPXQL

i ,3I0OE@2%30iqs3... ... qO0qi% Oi
7KLYVVHFWLRQLQWURGXFHVWKHGDWDDFTXLUHGLQ WKLV VWXG\IL
PHDVXUHPHQWVRIWDUJHWV GHSOR\HGRYHUWKHJODFLHUDQG 8%9 I
UHFRQVWUXFWLRQV

KWWSV WKHEHOYHGHUHJODFLHU LW
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<HDUO\*166 PHDVXUHPHQWVY RI SHUPDQHQW WDUJHWY GHSOR\HG DF
JHWV VHUYHG D GXDO SXUSRVH DV *&3V &3V IRU SKRWRJUDPPHWU/|
UHIHUHQFH SRLQWV IRUHYDOXDWLQJJODFLHU NLQHPDWLFV GHUL)
WHULDOL]JHG XVLQJ VTXDUH FURVV SDWWHUQV SULQWHG RQ SRO\S!
ERXOGHUV )LJ E
$SSUR[LPDWHO\ WDUJHWYV ZHUH GHSORVYHGIRO MRBWUQDFLHU LW
)LJ D ZKLOH WDUJHWV ZHUH SODFHG RQ VAWOZE 0 HAIHBDYV DORQ.
LQ)LJ D $QQXDOO\ ZH HYDOXDWHG WKH FRQGLWLRQ RI HDFK W
UHSODFHG ZLWK QHZ SRO\SURS\OHQH SODWHY PDLQWDLQLQJWKH
2YHUWLPH VRPHWDUJHWVY ZHUH ORVW DQG UHSODFHG ZLWK QHZ RG
$0O0O WDUJHWV ZHUH VXUYH\HG ZLWK GXDO IUHTXHQF\JHRGHWLF T
IHLFD *36 7KHPHDVXUHPHQWY ZHUH IUDPHG ZLWKLQ WKH RNFLD
DWWKHHSRFK SURMHFWHGLQ870 1 5'1 870]RQH 1 (36*
PHQW WHFKQLTXHVHPSOR\HGLQ WKHVXUYH\KDYHHYROYHG %HIRL
ZKHUH *60 QHWZRUN FRYHUDJH ZDVDYDLODEOH ZHUH GHWHUPLQHC
VWDWLRQV +[*16PDUWIHWRUG63,1*166 7KHVHSRLQWY ZHUH RFFX
WUDVW XSSHUJODFLHUWDUJHWY ZHUH VXUYH\HG XVLQJVWDWLF V
SRVW SURFHVVHG UHODWLYH WR ORFDO PDVWHU VWDWLRQV ORED\
*166 PHDVXUHPHQWY KDYH EHHQ FRQGXFWHG[ZRIFYPRGH XVLQ.
$ UDGLR OLQN FRQQHFWLRQ VWUHDPHG WKH UHDO WLPH FRUUHFEWL
KDV VLIQLXFDQWO\UHGXFHG PHDVXUHPHQW WLPHLQ WKH XSSHU J¢
SHURFFXSDWLRQ DV ZDVIRUVWDWLF SURFHVVLQJRIWKHXSSHU JC
PHWKRGLPSURYHVLQWHUQDO FRKHUHQFHDPRQJPHDVXUHPHQWYV
PRGHOLQJGXHWRVKRUWHUEDVHOLQHV FRPSDUHG WR WKH Q57.DS
7KH DFFXUDF\ RI *166 PHDVXUHPHQWY ZDV HYDOXDWHG HPSLULF
PHQWVRYHUVWDEOHWDUJHWYV FD:BFPH®BOW QQ FH WHU QWG THFP WD H
ZHUH REWDLQHG

i i 8%$9“-e"™OI

7KH ORQJ GXUDWLRQ RI WKHPRQLWRULQJFDPSDLJQ WKHFKDOOHC
PXOWLSOHUHVHDUFKJURXSVOHGWRWKHXVHRIYDULRXV 8%9SODW
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DGHWDLOHG VXPPDU\RIWKHHTXLSPHQW 8$9DQGFDPHUD HPSOR\}F
VSHFLXxFDWLRQVIRUHDFKFDPHUD

Q DQG DUHDG\ WR U\ x[HG ZLQJ6HQVH)O\H%HHHTXLSSH(¢
3RZHUBKRW 6 ZDV XVHG IRUZKROHJODFLHUVXUYH\V 'XHWRWHFF
RIGLTHUHQW 8$9V ERWK x[HG ZLQJDQG TXDGFRSWHUV DQG FDPHU

WR DORZ FRVWUHFUHDWLRQDO 3DUURW 'LVFR )39 x[HG ZLQJ 8$¢
DGDSWHG WR FDUU\D OLJKWZHLJKW +DZNH\H)LUHU\ 6 DFWLRQFDP}
, Q DSURIHVVLRQDO JUDGH'-,0DWULFH 9 TXDGFRSWHU ZDV

- VFDPHUD IHDWXULQJDOLFUR VHQVRUDQGD PPOHQV 6LQFH
JUDGHG WR D '-, 0DWULFH 57. TXDGFRSWHU ZLWK D IXOO IUDPH '-,
PP) /6%$63+0HQV :KLOHWKLVVHWXSRIHUHG VXSHULRULPDJH TXI
KLIJKHUULJKWDOWLWXGHVWRPDLQWDLQDFRQVLVWHQW *6'ZLWK V
WULFH 57.ZDVHTXLSSHG ZLWKDQ57.*166 UHFHLYHU HQDEOLQJG
WKH FDPHUD SRVLWLRQ IRUHDFK VKRW 7KLV SUHFLVLRQ ZDV DFKLI
WLRQHG QHDUWKHWDNH RTORFDWLRQ ZKLFKVWUHDPHG UHDO WL
OLQN

8$9 ULJKWV ZHUH FRQGXFWHG DXWRPDWLFDOO\E\XVLQJJURXQG
8$9 PDQXIDFWXUHUNIKQGSSIBOGQLQJ VRIWZDUH 7KHULJKWV ZHUH G|
LQJEHWZHHQA3FPDQG ié FBeDRI®W R IXWXBDHRIHMORGVYHUVDO RYH U
$YHUDJHLPDJH *6' YDOXHVDQG QXPEHURI*&3V DQG &3V XVHG UHVE
DVVHVV WKH TXDOLW\RIWKHSKRWRJUDPPHWULFEORFNVDUHVXPP

i i &™Qga-%3"%Iiqg3...q..q&EO0q0®°3i e O™ % j qs... igE

&RQGXFWLQJDQQXDO PRQLWRULQJ FDPSDLJQV LQ DOSLQH HQYLUF
FKDOOHQJHV LQFOXGLQJOLPLWHG DFFHVVLELOLW\LQ FHUWDLQ D
UHFWO\LPSDFWHG WKH DQG VXUYH\V

$GYHUVH ZHDWKHUDQG ORJLVWLFDO FRQVWUDLQWYV QHFHVVLWD
UHTXLULQJXVLQJGLTHUHQW 8$9V DQG FDPHUDV VHH 7DE &RQV
ZDV EXLOW LQ WKUHH SDUWV 7KH FHQWUDO SRUWLRQ FRUUHVSRQ(
VQRZ FRYHUHG XSSHUDQG ORZHUVHFWLRQV ZHUHDFTXLUHG LQ 1R®

KWWSV ZZZ VSKHQJLQHHULQJ FRP IOLJKW SODQQLQJ XJFV



THFKQLFDO LVVXHVDURVHGXULQJ WKH VXUYH\ZKHQDQ HOHY
WKH x[HG ZLQJ8$9WRFUDVK 7TRFRPSOHWH WKHVXUYH\ D'-,3KDQW
GD\WWODWHU WR VXUYH\WKH XSSHU SDUW RIWKHJODFLHU VHH WKH
+RZHYHU WKH KDUVKWHUUDLQDQG WKH SUHVHQFH RIFUHYDVVHYV
PHDVXUHPHQW RIDGGLWLRQDO *&3VWRFRQVWUDLQ WKHPRGHO LC
WKH3KDQWRP 3URPRGHO ZLWK WKH GDWD XVLQJVWDEOHURFI
SRLQWY 7KLVDSSURDFKZDVOHVVDFFXUDWHWKDQPHDVXULQJ *&3
RQ &3VRiIIR VHH )LJO WLPHV WKH *6' 1HYHUWKHOHVV WKLV SUREOH
DFFXPXODWLRQDUHD ZKLFKZDV OLPLWHG FRPSDUHG WR WKH ZKRO

7KHSURMHFWWLPHOLQHDOVROHGWRDVKLIWLQVXUYH\SHULRG

7TKLVFKDQJHPHDQVWKDWWKHWLPHVSDQEHWZHHQWKH2FWRE
GRQRWHQFRPSDVVWKHVXPPHU QHLWKHU $XJIXVW QRU $XJIXVW
RIPD[LPXPJODFLHUDEODWLRQDQG VXUIDFHYHORFLW\ &RQVHTXH
HVWLPDWHG EHWZHHQ DQG UHUHFW SULPDULO\ZLQWHU FRQC
RWKHU\HDUV DVWKH\XQGHUHVWLPDWHWKHDFWXDODQQXDODYH

i 0% 0°..0-0"¢
i i 6“04°E©"-°&

7RJHQHUDWH SKRWRJUDPPHWULFPRGHOVRIWKHJODFLHU 8$9LPD.
(DFK\HDU DPLQLPXPRI *&3VGLVWULEXWHGDFURVV WKHJOD
ZKLOH DW OHDVW &3V VHUYHG IRUPRGHO TXDOLW\DVVHVVPHQW
ZLWKLQ WKHLPDJHV
73 ZHUH GHWHFWHG DQG PDWFKHG E\OHWDVKDSHRQUX0O0O UHVRO
0&8>$O08OPHWHU LQ OHWDVKDSH ,PDJH (2DQG 73V ZRUOG FRRUGL(
%%$ 73V ZLWK WKH ZRUVW UHSURMHFWLRQ HUURURQ LPDJHV ZHUH
LPSURYHWKH  TXDOLW\RIWKHVROXWLRQ 7KLV SURFHVV ZDV LWHUL
HUURUKDG GURS SH&BDHPOIRD LQWHUQDO RULHQWDWLRQYZBY HVWLP
&UDPHU HWEHFDXVHRIWKHLQWULQVLFLQVWDELOLW\RIWKH OR
$JLVRIW OHWDVKDSH FRPSXWHG GHQVH 'UHFRQVWO X FWLWRKD ZLW
DQG5RQFHOBGISWK PDSVDQG GHQVH SRLQW FORXGV ZHUH REWDLQH

KWWSV zZ7ZZ DJLVRIW FRP



IDFWRURI WRUHGXFHWHK# FRPSOSOWDWPRQYBO WLWKH GHQVH FORXG
OHWDVKDSH 7ULDQJXODWHGPHVKVXUIDFHVDQG SKRWRUHDOLVW

'60V ZLWK D UHV®P & JIHRIHFRABULYHG IURP WKH PHVK PRGHO )LQDC
D*6'R:lié&¢ PS[ZHUHREWDLQHG E\SURMHFWLQJWKHPRVW QDGLUDO LI

i | *agee%E “-98 4% -%eOe

,QGHEULY FRYHUHG JODFLHUV VXUIDFHGHEULVDQGERXOGHUYV Sl
LQJLFHURZ PDNLQJWKHP YDOXDEOH SUR[LHVIRUHYDOXDWLQJJOI
'"HKHFTHW Bo@ ,  WKHHW DO

,Q VLWX *166 PHDV XUH B HQMMHRH S\HH ZHUHHPSOR\HG IRU GHLU
VXUIDFHURZYHORFLWLHV 7KHVH $%CQBWREFDEPH®E K XK BHBXVWWD B\DE\
DWDSSUR[LFFPDWH®WEHFWLRQ $VVXPLQIJPHDVXUHPHQWVRIWKH
\HDUVDVLQGHSHQGHQW WKHH[SHFWHG VWDQGDUG GHYLDWLRQR
YDULD@EHMY 7KHUHIRUH *166 PHDVXUHPHQWYV ZHUHFRQVLGHUHG"
URZYHORFLW\HVWLPDWLRQ

+RZHYHU GXHWRWKHOLPLWHG QXPEHURI*166 PHDVXUHPHQW SF
xFLHQWIRUGHULYLQJDFRPSOHWHJODFLHUYHORFLW\xHOG 7KHUI
FRPSOHWHGHVFULSWLRQRIWKHVXUIDFHNLQHPDWLFV ', & DOORZV
SDWFKEHWZHHQ WZR LPDJHV PDVWHUDQG VODYH RIWKHVDPH VF
VDPHFDPHUD 7KHIGALREWDEQGRBQ@W (T

é= DUJRPIL (5); (+1+0)

7TR FRPSXWH GLVSODFHPHQW E\', & ZHHPSOR\HG WKHRSHQ VRXU
ODWFKLQJS$OJRULWKDWWOBIEY HM OB DGRSWV D KLHUDUFK\VWUXFW
JULGVRILQFUHDVLQJVSDWLDO UHVROXWLRQDQG XVHV ORFDOO\D
PHQWY DOUHDG\ REWDLQHG LQ WKH QHLJKERULQJ UHBXKR/QLWS$00$ ZI
KDVEHHQ UHFHQWO\WUDQVODWHG LQWR 3\WKRQ $FROODERUDWL
SXEOLVK S\/DPPDDVRSHQ VRXUFH

$VD FRUUHODWLRQIXQFWLRQ ZHXVHG WKH FRNWVRQW W HR IVADUL W\
*LRUGDQ ZKLFKLVOHVV VHQVLWLYHWRFKURPDWLFYDULDWLRQ FK

/$00% KWWSV JLWKXE FRP QLFFRORGHPDWWHLYV /$00$
S\/DPMAWSV JLWKXE FRP IUDQLROL S\ODPPD



WHUQV DQGLVNQRZQWRSHUIRUYPIZEOQ GQJBIBBLVHNHHIQYHW RQPHQW
7KHFRVLQHVLPLODULWHKXDWWHRG HWGEHXQHG DV

X
&; & 1§= 5K RG) RUT 1P

la

><\_,

ZKHUI® QGGHQRWHY WKHFRPSOH[FRQMXJDWHDQGDUHWKHRULHQW
SDWFKHV UHVSHFWLYHO\ $QR§H#§HQ}/§%DMFRLQHL[PIDHHVMHG<HJNQ\HCGMY
WKHLPDJHLQWHQVLW\)LQWKHWDRGLPHQVLRQV

JURP RQZDUGY FRQVLVWHQW DFTXLVLWLRQ SHULRGV HQG RI
WKHXVHRI',& RQ8$9 RUWKRSKRWRV IRUFRPSUHKHQVLYH YHORFLW
SUHVHQFHRIVQRZDQGVLIJQLXFDQWHQYLURQPHQWDO YDULDWLRQ'
WKHP XQVXLWDEOHIRU',& WHFKQLTXHV &RQVHIXQMQW®R] ZHDSSOL]
WR H[WUDFW JODFLHU VXUIDFHGLVSODFHPHQWV IRUWKLV SHULRG

$0O0 LPDJH SDLUV SURFHVVHG ZLWK S\/DPPD '60 SDLUV IRU

PDLQWDLQHGDFRQVLVWHRWN'JZRRQO OHMROKHWHR@RIEYV ZHHV
UHJXODUJULGRIQRGHV VSDFHGPROWISH UWR K@ BL YDKHH@WW B UiR J D
LH WKHVLIHRIWKHDUHD GHxQHG DURXQG HDFK QRGHLQ WKH PD)\
ZDV VHW WR iiS[ HTXDO WR WKH VDPH VL]H RI WKH JULG VWHS 7KL
EDODQFHWKHEHQHXWRIDVWURQJHUFRUUHODWLRQSHDN DFKLHY
IXQFWLRQ ZLWK WKH FRQVWUDLQWY RI PDLQWDLQLQJVLPLODU NL
IDFW DQ H[FHVVLYHO\ODUJHLQWHUURJDWLRQ WHPSODWH PD\LQF
SRWHQWLDOO\ZHDNHQLQJWKHFRUUHODWLRQUHVXOWV

‘HHPSOR\HG S\/DPPD{V PXOWLVFDOH SURFHVVLQJZLWKD VWHS
URJDWLRQ DUHD KLHUDUFKLFDOO\ 7KLV VWUDWHJ\LQYROYHG FDO
LQWHUURJDWLRQ WHPSODWHRIid3AS[ 7KLV SURYLGHG DQ LQLWLDC
UHXxQHWKHVHDUFKDUHDDW xQHUVFDOHY :HEDVHGWKHLQLWLDO |
DQGPD[LPXPJODFLHUGLVSODFHPHQWY GHULYHGIURP*166PHDVXU
WRWKHVSHFLxFJODFLHU{VPRYHPHQW

7JRDFKLHYHVXESL[HOGLVSODFHPHQWVHQVLWLYLW\ /$00$FRQVL
WLRQ FHQWHUHG LQ LWV PD[LPXP YDOXH DQGLWRYHUMDPSOHV WK
PDWWHLV HWKHQ WKHVXESL[HOGLVSODFHPHQWLVWKHSHDN{V SR\
IXQFWHRIQOOD *LORDQ® XMHGDQ XSVDPSOLQJIDFWRURI WRGHUL
PHQWYV



7TKHGLVSODFHPHQW YHORFLW\xHOGV ZHUH xQDOO\xOWHUHG LQ
LPSOHPHQWHG LQ /$00% 7KLV xOWHU ZRUNV LQ WKH VSDWLDO GRPL
PHGLDQGLVSODFHPHQW RH WKW WXUWHHFORNEVW QRGHYV

i i 9°-@2% AqEeqOoe°3]

7R FRPSXWH JODFLHUQ FBRFNHFOWLDMW LY ZHUH GLTHUHQWLDWHG |
DSSURDFK 7RWKLVHQEWKHRWEBBOPHQWHG LQ ZOR XG &P SIDUMW
SKRWRJUDPPHWULFGHQVHFORXGVZHUHJULGGHGE\SURMHFWLQJ
VXUIDFH UHVXOWL®QR EQ PEOVRAWKWDHEVROXWLRQ 7KLVUHVROXWLRC
HVWLPDWLRQ E\DYHUDJLQJDVXNFLHQW QXPEHURISRLQWYV SHUFH
PRUSKRORJ\ $PDQXDOO\FUHDWHG PDVN GHOLQHDWHG WKH JODFL
UHOHYDQWDUHDV ZHUH DQDO\]J]HG '60VIURP FRQVHFXWLYH\HDUYV 2
WKHKHLJKW GLTHUHQFHIRUHDFKUDVWHUFHOO

$VLPSOLXHGDSSURDFKZDVLQLWLDOO\XVHGWRHVWLPDWHYRO)>
PRQR GLPHQVLRQDOUDQGRPYDULDEOHZLWKYDULDQFHHTXDO WR
$VVXPLQJ'60VFRPSXWHGDWGLIHUHQW\HDUVDVLQGHSHQGHQW W
DVIROORZV

T+ = ( 3 et Pgo

ZKHUNW WKHQXPEHU RIF@@/OMIQWKH'MI{QN[K\HWHB@V)DWG YHUWLFL
RIWKHSKRWRJUDPPHWULFPRGHO

KLOH SURYLGLQJD SUHOLPLQDU\LGHD WKLV LV FOHDUO\DVLPS
XQFHUWDLQW\HVWLPDWLRQ ZRXOG UHTXLUHVHYHUDODGGLWLRQL
FXUDWHO\ ZHQHHG WKHIXOO FRYDULDQFHPDWUL[RIHDFK'60 LQFC
'60FHOOV QRWWRXQGHUHVWLPDWHWKHDFWXDO '2'"YDULDQFH +R
WKLVLQIRUPDWLRQ EXWRQO\WKH [ FRYDULDQFHPDWUL[RIHDFK
WKHEXQGOHDGMXVWPHQW +RZHYHU WKLV PD\QRWEFEBRPSWXUH V\V
DQG5REVR@QPHVHWDYXLQDOO\ WKHVHYDULDQFHYVY SHUWDLQRQO\W
DQLOQWHUSRODWLRQRQWR WKH '60JULGLVUHTXLUHG $SRWHQWLLIL
HVWLPDWLRQZRXOGUHTXLUHORQWHBEBPH\ORW IFE®Q WHRQN HWFO U

&GORXGFRMSBWHzzZzZ GDQLHOJP QHW FF



YHWZHHQ DQG WKH SDUWLDO VQRZ FRYHU )LJ DvF LQW
YROXPHHVWLPDWLRQ 7RDGGUHVV WKLV VQRZGHSWK GDWD PHDYV
FORVHWR WKH =DPERWYX VDG Y PXAW VW HVWLPDWH RIWKHVQRZGHS
JODFLHU 7KHVQRZGHSWKV PHDVXUHGRQVXUYH\GDWHV DUH WKH I

, 2FW FP
, 2FW FP
, 1RY FP

7TKHVH GHSWKV ZHUH LQFRUSRUDWHG LQWR WKH '60 VWDQGDUG GH®
WDLQW\NZDV ZHLIJKWHG E\KDOIWKHWRWDOJODFLHUDUHD GXULQJY|
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(DFK 610 SURFHVV\LHOGHG D 'SRLQW FORXG D WH[WXUHG PHVK D'

BRLQW FORXG GHQVLW\LQFUHDVHG RYHU WLP:d S®RWERW&ORXGV IUR

SRLQWYV ZKLOH WKRVH IR P& W RRIQIZIBIRE D MD/G 160V DQG RUWKRSKRW

SURGXFHG DWD UHVROXWLRQRI FHQWLPHWHUV SHUSL[HO 'XH WF
VKRZVRPHVQRZFRYHU )LJ
7TKHIJHRPHWULFDODFFXUDF\RIWKHG6IOPRGHOV ZDVHYDOXDWHG

RQ JURXQGHUURULQDOOWKUHHGLUHFWLRQVDQGJOREDOO\ 506 (

DOO\HDUV 1RWHWKDWIRU HUURUVUHUHFWWKHORZHU SDUW R

ZLWKDVHSDUDWH SKRWRJUDPPHWULF ULJKW WKDW ODFNHG *166 P
LGHQWLxHG LQ WKH PRGHODV *&3V VHHG6HF
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$QQXDOLFHURZYHORFLWLHYV ZHUH xUVW FRPSXWHG XVLQJLQ VL
)LJ ORVWRIWKHPRYLQIJWDUIHWYV ZHUHIRXQGDQG PHDVXUHG



KDYHEHHQ FRQWLQXRXVOBWYBD& RthG VKIQFH VRPH WDUJHWYV ZHUH L (
ORVW HJ GXHWRWKHSUHVHQFHRIFUHYDVVHV WKH\ZHUHUHSO
WDLQ GDWD FRQWLQXLW\

$QDO\WLVRIWKHJIJUDSKLQ)LJ UHYHDOV WKUHH GLVWLQFW YH
ORZHVW YHORFLWLHV'UIDI@EI 6 B EEHWQ@ARPIPUYVHY SRLQWYV LQ WKH X ¢
JODFLHUDQGJODFLHU WBVAP BY DICBQRIBBARHH D FLBIUJHM WWQWUDO SD L
WHUL]JHGE\VLJQLxFDQWO\ | DIV b VY SHH H G WE HIVE-ZW B [J i 8 PN\
Bla 7KHWKLUG FOXVWHUUHSUHVHQWV DWUDQVLWLRQ]RQH ZLWK I
WUDO VHFWRU DQG WKH XSS B & \DI FFF2R® BMWL RIQHDQUW R HVWF Bl Q WHWD\O V H
WHUPLQDO ORBEHWYV H J WDUJHW

7KHVXUIDFH YHORFLW\xHOGV GHULYHGIURPERWKRUWKRSKRW
HPSOR\HG ',& RQ '60 SDLUV IRU WKH SHULRG DQG RUWKRSKRW
IRUPHWKRGRORJLFDO GHWDLOV 7KHUHVXOWVDJUHHZLWK WKRVI
LQJWKHVDPHYHORFLW\GLVWULEXWLRQDORQJWKHJODFLHU $GG
YHORFLW\GLVWULEXWLRQ DORQJWKH JODFLHU WUDQVHFWV $V HJ
FHQWHUOLQH JUDGXDOO\GHFUHDVLQJWRZDUGY WKHPRUDLQHV G
WKHXQGHUO\LQJEHGURFNDQG WKHJODFLHU{VWKLQQHULFHDWW

7KH YHORFLW\ xHOG )LJ F HIKLELWV VLIJQLXFDQWO\OR
GLVFUHSDQF\LVDWWULEXWHGWRWKHVKLIWLQVXUYH\GDWHV IUR
XVHG IRUWKLYVY SHULRG DFTXLUHGLQ 2FWREHU 1RYHPEHU DQG
JODFLHUDEODWLRQDQG YHORFLW\VHDVRQGXULQJVXPPHU ,QFRQ
RXWHLWKHULQDXWXPQ SUH RUVXPPHU RQZDUGV HQVXU
VXUIDFHxHOGVIURP ODFNUHVXOWVLQWKHJODFLHU{V XSSH
610 PRGHO 6HF

7KHJULG QRGHV XVHG IRU ',& FRPSXWDWLRQV ZHUH VXEGLYLGHG
FRUGLQJWRWKHFOXVWHUVLGHQWLxHGE\WKH*166 PHDVXUHPHQW
PRYLQJWHUPLQDO OREHV DWUDQVLWLRQ]JRQHEHWZHHQ WKH ORE
FHQWUDO ]JRQH DQG WKH XSSHU]JRQH 1RGHV QHDU JODFLHU PRUDL
DQG QRGHVLQDUHDV SURQHWR GHFRUUHODWLRQ EHWZHHQ \HDUYV
QHDUWKHWHUPLQDOOREHMXQFWLRQ DUHDVZLWKUHFXUUHQW VX
VWUHDPV FUHDWHFDYLWLHVDQG SURQRXQFHG LFHFOLITV 7KHUHPI
DQQXDO YHORFLW\RIHDFKFOXVWHU )LJ DYLVXDOL]JHVWKHVHW
,QWHUTXDUWLOH5DQJH ,45 LH WKHGLTHUHQFHEHWZHHQ WKH
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WULEXWLRQ RIWKHYHORFLW\YHFWRUV RIHDFKFOXVWHU IRUHDF}
DQG ZHUHH[FOXGHG IURPWKHDQDO\VLVY GXHWR WKHYHORFL
LQWKHVXUYH\GDWH
$VWURQJYHORFLW\FRQWUDVW H[LVWV EHWZHHQ WKH JODFLHU({\
WUDO ]JRQH 7KHJUDGXDO YHORFLW\GHFOLQHREVHUYHGLQ WKH W?Z
WUHQG LV SUREDEO\ UHODWHG WR WKH H[WUHPH LFH WKLQQLQJGR
GXFHG LFHWKLFNQHVV OH DGV MR QCRDMHUNER DR OB B H\Q HR\D O
L]JHG JODFLHU VORZGRZQ OLQNHG WR D QHJDWLYH PDVV EDODQFH W
WKHJOREHEHWZHHEOLG DQG&.!'PQGLQ +LJKORXQWDLQ $VLD EHWZH
'"HKHFTHWD@ IDFW DWWKHWHUPLQDOOREHY ZKHUHWKHLFH W
LV SDUWLFXODUO\UHOHYDQW VHHGBHF &RQYHUVHO\ RWKHU F
ORFLW\WUHQGV 7UDQVLWLRQDUHD JUHHQ DQG XSSHU]RQH RUD!
LOQGLFDWLQJPRUHVLIJQLXFDQW YDULDELOLW\LQ HVYWLPDWHG YHO
ORFLWLHV ZLWKLQ RWKHU FOXVWHUV DSSHDUPRUHKRPRJHQHRXV
7KH YHORFLWLHV REWDLQHG ZLWK ',& ZHUH FRPSDUHG ZLWK WKR
/IDPPD ZDV HPSOR\HG WR FDOFXODWH GLVSODFHPHQWYV EDVHG RQ W
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WDUJHW FRRUGLQDWHVY HDFK\HDU 7RHQVXUHDUHOLDEOH FRPSDU
WLFXODUO\WURXEOHVRPHJODFLHUDUHDV VXFKDVWKRVHQHDU FI
UXSW WKHLPDJHFRKHUHQFHEHWZHHQWZRFRQVHEXWLYH\HDUV X
FRPSDULVRQ 7KXV DGDWDVHWRI *166 PHDVXUHPHQWY VSDQQL
GLIHUHQFHVLQ (DVWDQG I1RUWK GLUHFWLRQVDQGPDJQLWXGHEHV

2YHUDOO WKHOHGLDQ $EVROXWH 'H YilDPW ERF) DYGRIRGLIHUHQFH
(DVW 1RUWK DQG PDJQLWXGH FRPSRQHQWY UHVSHFWLYHO\ 7KH)
RUWKRSKRWRYV DQG '60V KLJKOLJKWLQJDQ RYHUDOO DFFXUDF\LQ
%R[SORWV LQ)LJ LOOXVWUDWHGLIHUHQFHV FDWHJRUL]JHG E\LPI
JURXSV VKRZRXWOLHUV H[FHHGLQJiP RUWKRSKRWRV\LHOG VLJQL
HULQJ WKH PDJQLWXGH RI WKH GLVSODFHP:H®R FREOWR DYV WI$Q IRAL R
'60{VWKUHH W:BRBHV IOIDIKIHWKEWLQJ D PRUHUREXVW SHUIRUPDQFH RI
SDUHG WR '60V 'HVSLWHWKHFKDOOHQJHVY SRVHG E\VQRZ SDUWLDC
WLRQ FRQGLWLRQV WKDW IRUFHG WKH XVHRI'60V WKHJODFLHU VX



SXWHGE\", & IRUWKHSHULRGEHWZHHQ DQG DOEHLWZLWK D F

bltu; :vQutc ottl; "-ub-Zom lolrt|;7 -v|_;7b@;u;m1; 0;|%;;m " o=1lomv;1tZ"; <;-uv: $_;;uuou 0-u\
| _stml;ul-bm]<o=;-1_"-tt;:
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yLJ VKRZV WKHDQQXDO LFH YROXPH ORVV IRUWKHJODFLHU ZLW
WDLQW\LQ YROXPHFKDQJH GHWDLOVLQ 6HFWLRI@P RILEGIDYHUDJ]
SHU\HDU EHWZHHQ DQG 1RWDEO\ WKHWLPHVHULHV UHYHDC
LQJ ZLWK D QRQ OLQHDU LQFUHDVHLQ YROXPHUHGXFWLRQ IURP
KRWDQG GU\VXPPHU RI OHIWD VLIJQLXxFDQW PRPENEPHVXOWLQJL
GXULQJ v 7KHVH xQGLQJV DOLJQ ZLWK WKRVHREVHUYHG LQ R
%ODQF JOMFWHWUWU HW DO

'XHWR WKH WUDQVLWLRQ RI xHOGZRUN IURP $XWXPQ WR 6XPPHU
ORVV FRPSXWHG IURP 2FWREHU WR -X0\ SULPDULO\UHUHFWYV
7KHUHIRUH LWFDQQRWEHGLUHFWO\FRPSDUHGZLWKWKHDQQXDO
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bltu; :ee®m]b|t7bm-truoCt;vo=|_;]t-1b;u;S|u-1]|;7 ;-1_<;-u-tom]|_; 1;m|;utbm;: $_;tol-Zomo=|_
bm b]:':-0:

LFHYROXPHORVV IRU v PLJKWEHPDUJLQDOO\XQGHUHVWLPD)
DQFLHVLQ WKH SKRWRJUDPPHWULF PRGHO RI WKH JODFLHU{V XSSH
PHDVXUHGLQ VLWX GXULQJSKRWRDFTXLVLWLRQ

([FOXGLQJWKH SHULRG RI v WKH\HDU ZLWK WKH OHDVW LFF

DPRXQWiliQUWRZKLOHLFHDEODWLRQ SHDNHG GXULQJ 7KL
VHQVLWLYLW\RIJODFLHU VI\VWHPV WR FOLPDWH YDULDWLRQV DQG
WKHHYROYLQJG\QDPLFVRIJODFLDOHQYLURQPHQWYV

yLJ SUHVHQWV HOHYDWLRQ SURXOHVRIWKHJODFLHUREWDLQ!
VHULHV RI FURVV VHFWLRQ $${ H{WUDFWHG DW WKH QRUWKHUQ WH L
WKH JODFLHU WKLENQHVV LFH O RQWUKCHARMRK HDLS 8 H R W LPFDQWHOL\W R D W
DQG XSSHU SDUWV RIWKHJODFLHU VHFWLRQV %%{ &&{ DQG '"*{ )LJ
UHJXODULW\RZLQJWR WKH SUHVHQFH RIFUHYDVVHV ORUHRYHU W
WKHGHEULY DULVLQJIURPORFDOO\GLTHUHQWPHOWLQJSURFHVVE
7KHVHIHDWXUHV DUH SDUWLFXODUO\QRWLFHDEOHLQWKHFURVV \



ZLVHULJKWPRUDLQHH[SHULHQFHVY SURJUHVVLYHVOLGLQJSURFHYV
RIWKHWKLQQLQJJODFLHU 7KLV SKHQRPHQRQLV SURPLQHQWO\RE

)LJ VKRZVWKHHYROXWLRQRIWKHJODFLHU{VHOHYDWLRQ SU
TKHPRVWVWULNLQJIHDWXUHLVWKHSURQRXQFHGGHFUHDVHLQHC
WKH  FHQWUDO ERG\ RI WKH JODFLHU IURP WKH QRUWKZHVWHUQ WH
7KHUHLVD SURJUHVVLYHLQFUHDVHLQVXUIDFHVORSHKHUH UHUHEF
VWHHS LFH FOLIV 7KLV KDV OHGWRDQLQFUHDVLQJO\FKDRWLF GL)\
LQUHFHQW \HDUV ,QDGGLWLRQ WKHSURxOHV VKRZDJUDGXDO GI
DFFXPXODWLRQLQ WKHXSSHUJODFLHU )LQDOO\ WKHJODFLHU{V\
RIDERXW PHWHUV EHWZHHQ DQG

i *-aQge@%E2qiilagEeqOeo3i“E°2 Oo°
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Pfviee' Q:

%\LQWHIJUDWLQJKLVWRULFDODHULDOVXUYH\V FKDSWHU ZLWt¥



TXDQWLXxHG ORQJ WHUP FXPXODWLYHYROXPHFKDQJHVLQ %HOYHGI
XPHYDULDWLRQVLQWR PDVV FK®aEMEW JOPQZIDYWHIMWDAHPUFEH GHQVLW\ R
+RZHYHU DVHPSKBVLMWEGLWQFRQVWDQW GHQVLW\DVVXPSWLRQLVRC
EDODQFHDVVHVVPHQWY RYHU SHULRGYV ORQJHU WKDQ xYH\HDUV 6
XQFHUWDLQW\GXHWRSRWHQWLDO GHQVLW\YDULDWLRQV ZLWKLQ
FDOFXODWLRQV IRFXVHG RQ WKUHH 8$9 VXUYH\V VSDFHG DSSURJ[LP
DGGLWLRQ WR WKH SUHYLRXVDHULDO VXUYH\V

)LJ VKRZV WKH HVWLPDWHG PDVV YDULDWLRQV 7KH %HOYHG
W R KLIKOLJKWLQJLWYVY H[SDQVLRQ SHULRG 7KLV WUHQG DEUXSE
UHVXOWLQJLQDVLIJQLXxFDQW PDVV JDLQ DURXQG BXEVHTXHQW
DQG GUDPDWLF UHWUHDW $V RI VO KVHR% HIOH PGV FIR DU H G WIRVL
VWDWH

i $3°/E % 2al°BE% “Eq2%a°EOC “°EI™qE®3”2°30°E®3"E%I3-0

7TKHORQJ WHUPPRQLWRULQJFDPSDLIQRI%HOYHGHUH*ODFLHUKD
DFFXUDF\LQ VLWX*166 PHDVXUHPHQWY '"SRLQWFORXGV '60V DQC(
WRJUDPPHWU\ ,QUHFRJQLWLRQRIWKHYDOXHRIFROODERUDWLRQ
RUWKRSKRWRVY IRUWKHHQWLUH JODFLHUKDYHEHHQPDGH SXEOLF
FHQVH *3/ YHUVLRQ OLFHQVHWRUORXYKDSEHIDREWR MBS RDIFWRESD Q|
DVWUXFWXUHG -621 xOHFRQWDLQLQJHVVHQWLDO PHWDGDWD ZKL
DQGHQFRXUDJHVIXUWKHUVFLHQWLxFH[SORUDWLRQE\UHVHDUEFK
RIWKHDQDO\WHV SHUIRUPHG LQ WKLV WKHVLV VXFKDVHVWLPDWH\
LWDWHWKHVWXG\RIRWKHUJHRPRUSKRORJLFDO SURFHVVHV VXFK
JODFLHUG\QDPLFV

7TRPD[LPLIHDFFHVVLELOLW\IRUQRQ H[SHUW XVHUV WKH "SRLQ\
FRQYHUWHG WR D SRWUHMHRKERWEDWDRDCHKYOREEWR&WR D ZHE VHUYH
DQRSHQ VRXUFH :HE*/ EDVHG -DYD6FULSW OLEUDU\GHVLJQHG IRU .
DQGLWRIHUV YHUVDWLOH WRROV IRUKDQGOLQJ 'DQG 'REMHFWYV
PHDVXUHPHQWYV DQG FURYVV VHFWLIRHQY®O/E X O H W/[ WRIHD F WA RKL H U
PRGHOVDUHDFFHVVLEOHIURPDQ\ZHEEURZVHU )LJ DOORZLQ

%HOYHGHUHKZIHQ 'DW BEITI O JHQRGROTITIO



DQG H[SHULHQFHWKHHYROXWLRQRIWKHJODFLHURYHUWLPH

$GGLWLRQDOO\ DUREXVWRSHQ VRXUFHUHODWLRQDO GDWDEDYV
LQJFDPSDLJQ{VRXWFRPHY HQVXULQJHDV\VWRUDJH XVH DQG VKI
SHUPLVVLYHRSHQ VRXUFHOLFHQVH DQGVHDPOHVVDELOLW\WR PI
VLRQ 8VLQJD3RVWJUH64/ GDWDEDVH FHQWUDOL]HVY GDWD VWRUD.,
DJHV DV ZHOO DV UHPRWH SXEOLFDFFHVV HJ YLDDUHDG RQO\ZH
GDWD WKURXJK FXVWRPL]DEOH SHUPLVVLRQ OHYHOV 7KH GDWDED)
GDWD LQFOXGLQJGHWDLOVVXFKDVVXUYH\GDWHYV LQVWUXPHQW
OHFWHG SURFHVVLQJVWDWLVWLFV ,WDOVRFRQWDLQVSHULRGLF"*
RXWSXWV IURP SKRWRJUDPPHWULF SURFHVVHV LQFOXGLQJ'60V R
YROXPHFKDQJHYV

JROORZLQJWKH SULQFLSOHVRIUHODWLRQDO GDWDEDVHV GDWI
IDFLOLWDWHG E\ GHXxQHG UHODWLRQVKLSV XVLQJ SULPDU\DQG IRL
VKRZQ LQ)LJ GHVFULEHV WKH PDLQ WDEOHV DQG WKHLU UHOD)
LQFOXGH WHRHEOH ZKLFKFRQWDLQV LQIRUPDWDRRQH EZRXN\WKIPFW b ® E
SRLQWV WKDW KDYHEHHQ SHULRGOUBDO WG 6 VAKILYAK A B QIVDG O K W K
*166 PHDVXUHG FRRUGLQDWHYV (DFKPHDVXUHPHQWLVDVVRFLDWH ¢
RIVXUYH\WLPLQJDQGLQVWUXPHQWDWLRQLQIRUPDWLRQ XVHG WR
ZKLFK DVVRFLDWHV WKH PHDVXUHPHQW ZLWK D VSHFLxF SRLQW OD
PHDVXUHPHQW FDQEHDVVRFLDWHG ZLWKDQLPDJH VWRUHGLQDYV
WHKHIJWIEOH HDFKVXUYH\LVOLQNHG WR LW¥;ARUW:BESRQTKLFKPHW
FRQWDLQVLQIRUPDWLRQRQDOO LQ¥WUMPEQN \Z X V F K LRO/FHIUXVS KV \GiH
HDFK SKRWRJUDPPHWULF ULJKW SHUIRUPHG ,QDGGLWLRQ HDFK V.
IURPWKHSKRWRJUDPPHWULF SURFHVVLQJ 7KLVRUJDQL]DWLRQDO
TXHULHV HQDEOLQJWDVNVVXFKDVH[WUDFWLQJPHDVXUHPHQWYV I
GHULYLQJGLVSODFHPHQW WLPHVHULHVIRUVSHFLxFSRLQWYV

7KLV VWUXFWXUH GHxQHV WKH FRUHRIWKH GDWDEDVH ZKLFK LV
SURYHDFFHVVLELOLW\DQG VWUHDPOLQH GDWD UHWULHYDO D VHV
RQO\YLHZV LH UHDG RQO\VXEVHWVRIDGDWDEDVHEDVHGRQDT
VHSDUDWH SXEOLFVFKHPD 7KHVHYLHZV SURYLGHD KLJKHU OHYHC
IRUPDWLRQ VXFKDVWKHPHDVXUHG SRLQWV IRUHDFK\HDU LGHQW|
WKHJODFLHUDQG QRW ORVW E\SURYLGLQJWKHLUPRVWUHFHQW P}

SRWUHH &zt 'S SYKHEHOYHGHUHJODFLHU LW SRWUHH LQGH[ SKS
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bl]tu;':¢'® 7b-Ju-lo=|_; ov|]u;" 7-]-0-v; tv;7 =ouv]joubm]|_; ;t7;7;u;u;vtt|v:

VHULHVRIGLVSODFHPHQWY YHORFLWLHY DQGDFFHOHUDWLRQV IR
PHQWYV $GGLWLRQDO IXQFWLRQDOLWLHVY HQFRPSDVV WKH DXWRPI



JHRJUDSKLF :*6 UHIHUHQFH V\VWHP WR WKH SURMHFWHG 5'1 87
YLFHYHUVD )XUWKHUPRUH WKHGDWDEDVHIDFLOLWDWHY WKH FRP
PHQW YLD ELOLQHDULQWHUSRODWLRQ X VAIQU]WKHL, MMD ODDQ *HRLG F

7KH GDWDEDVH FXUUHQWO\VWRUHYV  *166 PHDVXUHPHQWV IURP
VXUYH\V 7KDQNV WR WKH 3RVW*,6 HIWHQVLRQ LQIRUPDWLRQ FDQ
VRIWZDUH OLNH 4*,6 WRJHWKHU ZLWK SUHGHxQHG YLVXDOL]DWLR
)XUWKHUPRUH UHVHDUFKHUVDQGQRQ H[SHUWXVHUVFDQDFFHVV'
ZHE SODW4RUP XVHUV FDQ HIRUWOHVVO\YLHZ WKH *166 PHDVXUHP
VHULHV LQIRUPDWLRQ DQG GRZQORDG WKHP IRUWKHLU VFLHQWL x
YLVXDOL]DWLRQRIWKH 'SRLQWFORXGVZLWK3RWUHHJLYHVDFRPS
*ODFLHUPRQLWRULQJFDPSDLJQ

bltu; :e*®-Irt; 0=]1;0u;=;u;m1;7 t-<;utt;ub;v=uol|_; ov|Ju;" 7-]-0-v; tvbm] ":$ _;t-<;uvcdOoto]<byv
viou;7 %ob|_bm]|_;7-|-0-v;-m7 bv-t|ol-21-tt<to-7;7 bm|o |_; "ruof;l| fromt-<;uto-7bm]:

‘HE DSWwsvy WKHEHOYHGHUHJODFLHU LW



SHIHUHQFF

%DU]DJKL 5 %RUJKL $ &DUULRQ ' 6RQD * BHxQLQJWKHH
LT, 1é %i1éeid OT[a 1!iFExqg/ \%
%HUWKLHU ( 9LQFHQW & 6L[ ' ([FHSWLRQDO WKLQQ

LQJ'
RIPRQW EODQFJODFLHUV GXULQJWKHK !0 % PEBVEODRBQFH\HDU
GRL RUDETEIMMRIIEITIEE
%O,WKH - + +DOOD & 6FKZDOEH ( %RWWHJIDO ( 7URPERWWR/
YHORFLW\ xHOGV RIDFWLYH URFNJODFLHUVDQG LFHOGHEULV FRP!!
[>1004a71U1'a74414Q =0 &0!Kiwdsv GRLIRUEEHVSAETI
&UDPHU 0 3UJ\ELOOD + - =XUKRUVW $ ~ 8$9FDPHUDV 2YHI
EHQFKPDEINA EU ;1010 EXT ;7 [1T 4E[[.O0; Ovl @EWAVE GRL RUJ
1é010LVvSUV DUFKLYHVIi;/iH 60iéio
&XTH\ . 3DWHUVRIQi: d4 44'0 % QB 0LQIWRQ %XWWHUZRUWK +HLQ

'DOO{DVWD ( 5RQFHOOD 5  $FRPSDULVRQRIVHPLJOREDO L
IRUVXUIDFH UHFREV MUK RWLRIQO, E Xi ;7 [i 4EYROXOH ;0E [&SE

\Y
'H*DHWDQL & , ,ROL ) 3LQWR / $HULDODQG 8$9 ,PDJHV IR

%HOYHGHUH *ODFLHU (YROXWRIQIUQWKHBHUQGRE Z\ZWO Ui\ a’
KWWSV GRLIRUTOEGITIOTOO0
'"HEHOOD *LOR 0 .!IE $ 6XE SLIHOSUHFLVLRQLPDJHPDWEFKIL

PHQWV RQ PDVVPRYHPHQWVXVLQX'IQ!R'U[FP[JEL]]—ZIZFEJRV\N FRUUHODW
KWWSV GRLIRUREIM uvHéiééoeii

'HKHFT $ HWDO 7ZHQW\ xUVW FHQWXU\JODFLHU VORZGRZG
DVCD ;;E %2ZBA& EvVv KwwsVv GRLIRUETWIIOANEIOGETOIO
'"HKHFT $ *RXUPHOHQ 1 TURXYH ( '"HULYLQJODUJH VFDOH

VDWHOOLWHDUFKLYH $SSOLFDWLRQ WIRWKHISDPLUWNDUDNRUDPV
V. KWWSV GRLIRRURBRIM UVHEIOEIETI

'"HPDWWHLYV 1 *LRUGDQ &RPSDULVRQRIGLIJLWDO LPDJH FI
RIQRLVHLQJHRVFDHQFHDS 3 LDW\L RERVY IRRIFOEUMTETEéTio
'"HPDWWHLY 1 *LRUGDQ ' $O0O0ODVLD 3 ,PDJH FODVVLXFD

FRUUHODWLRQ DSSOLFDWLRQ® [1AQi W KIHK I/ RW FdrH Qi ¥&
DS611i100
'"HPDWWHLY 1 *LRUGDQ ' &ULSSD % ORQVHUUDW 2 )DV!

PDWFKLQJDOJRULWKPIRUUHPRWH; VIHIQWAIQJIA RATH KRUIHODWLRQ
GRL RUDETEIM FDIJHREIITETHO0



'"HPDWWHLYV 1 7URLOR ) 6FRWWL 5 &RORPEDUROOL ' *LRUGD
WHUUHVWULDO PRQRVFRSLF WLPH ODSVH BRDPXiWBVadRULVX UYH\LQ.

([ KWWSV GRLIRUEIM FROGUHJILIEQVIETI6O

)DVFLD 5 %DUELHUL ) *DVSDUL ) ,ROL ) SLQWR / JUR
FRPSOH[DUFKLWHFWXUH $GLJLWDO ZRWNURZ I®U!IF&O W& UDLO!EH U L
;TU 51010 1;1dEXT T[T 4 0O e[.0; O x=(gqau//gUs][aYI[]aT4

KWWSV GRLIRUIIOLYSUV DUFKLYHYV ;i9, ), i€éiTiédiéil

JLWFK $ .DG\URY $ &KULVWPDV : - .LWWOHWBqg SS 2ULHQW
% &LWHVHHU

JUDVHU & 6 $XWRPDWLFFDPHUD FDOLBWDWIURQ EQ EERVH UL
Xi E [ V KWWSV GRLIRUIJTdG (56001 141

*DVSDUL ) %DUELHUL ) )DVFLD 5 ,ROL ) SLQWR / $QF

GRFXPHQWDWLRQ DQG VWRU\WHQUIL QUJUR| KL 8 GKHQVEXOMXUDO KHU
RUJIETTO&KHULWDEHEETD

*LQGUDX[ 6b i.!51; O 'Oeq. ;1010 7;1da!1l dél! 0'PAWRWBRBO 0!'17:é
WKHVLV (7+=XULFK
+HLG 7 $ 5HSHDW RSWLFDO VDWHOOLWHLPDJHV UHYH

IIE

“h

LQODQG WHUPLQDWLEQUJI@®DFIIHU VSHHGYV GRLIRRUIIOWFN

inoiéii

+HLG 7 .J|E $ (YDOXDWLRQRIH[LVWLQJLPDJHPDWFKLQJPF

GLVSODFHPHQWV JOREDOO\ INXRP RSWEFD@AaB WHOX@WAWH LPDJHU\
GRL RUJ KWWSV GRERUIWM UVHEITITT il

+XVV O '"HQVLW\A\DVVXPSWLRQVIRUFRQYHUWLQJJHRGHWLF .
b i 1d!'4.7717 V KWWSV GRLIRRIJIOWFO 60deéil

,ROL ) 'H*DHWDQL & %DUELHUL ) *DVSDUL ) 3LQWR / 5RVVL
PRQLWRULQJRSHQGDWD =HQRGR KWWSV GRL RUJ JHQRGH

-DPHV O 5 $QWRQLD]]D * 5REVRQ 6 /IDQH 6 1 OLWLJDY
SRIJUDSKLFPRGHOVIRUJHRPRUSKLFFKDQJHGHWHFWLRQ DFFXUD
QDGLU LFEHJIJH[U'\lOOéTUl!é'|'44'|'l}’© =0 #0!dwdvsy GRLIRUBE]

HVSI600

-DPHV 0 5 5REVRQ 6 OLWLIJDWLQJ V\VWHPDWLF HUURU LQ
XDYDQG JURXQG EDVHGZIL;PD>JZII—[JQ§!'|V\UZLR§J'I'M\4'I'4\5) e=0 ai'l 4

KWWSV GRLIRUEBEHVSIAED

-DPHVY 0 5 5REVRQ 6 6PLWK 0 : GXQFHUWDLQW\ EDVHG
ZLWKVWUXFWXUH IURP PRWLRQ SKRWRJUDPPHWU\ SUHFLVLRQPL
HQFHG VOUYH»I 00487 U1'414414[0 é =0 &0!dwdvsy GRLIRUEEI

HVSIiio

-LVNRRW + '"\QDP LV RO IOBFQHA V



5RQFHOOD 5 )RUODQL * '"LRWUL ) $PRQWH BDIUOR VLP XO|
/

71 O0; 1O 14 Jid4!la; iU 1a10 dadiXi i 4 00 &EAE O /011 O
[ [Y[Z v KwwsV GRLIRRUIITOLVSUV DUFKLYHV ;i,,i&i10Tiéili
6FK¥%W] 0 HWDO SBRWUHH 5HQGHULQWI&D WaHI @RI QAW EWO;R X G\

sT s Téi



"HHS OHDUQLQJORZ FRVW SK
"VKRUW WHUPJODFLH

7T™Maeie™MqEO%E el [qi%... 23k

, . ROL ) 'HPDWWHLV 1 *LRUGDQ ' 1H[ ) 3LQWR / '"HH

WRJUDPPHWU\VIRU "6 KRUW WHUP *O0®% k) '"\€xrD RILFAMDORQLWRUL
viiéenieitTeéeioz

., )ROL ) %DUELHUL ) *DVSDUL ) 1H[ ) DQG3LQWR / L&(S\ "
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&OLPDWH FKDQJHLVDFFHOHUDWLQJWKHHYROXWLRQRIDOSLQHJO
TXHQF\RIFROODSVHV GXULQJVXPPHUPRQWKY 7KLVDFFHOHUDWH(
RPRUSKRORJLFDO DQGVORSHVWDELOLW\KD]DUGYV LQFOXGLQJDY
UHODWHG FROODSVHV. DB G\W R OILLEHHYWWREL\W DWH HIALD O
JUHOOL HWGRQVHTXHQWO\ VKRUW WHUP REVHUYDWLRQV H J GDL(
JODFLHUV{DVVRFLDWHG SURFHVVHVDQG WKHLUUHODWLRQ ZLWK H
3HUPDQHQW JURXQG EDVHG VROXWLRQV DUH JHQHUDOO\ WKH SL
$PRQJWKHVH W HWWHRYW HVDM®&ES$E 6 QGULFN[ HVRROGHQGDJ HW DO
KDYHUHFHQWO\JDLQHGVLJQLXxFDQWDWWHQWLRQ 6$5 LQSDUV
GD\ DQG QLJKWLPDJLQJ PDNLQJLW VXLWDEOH IR UHMDOWHLRH PR Q
DQG *LRUGDRIHULQL HWHRZHYHU ERWK JURXQG EDVHG 6$5 DQG SH
H[SHQVLYHDQGUHTXLUHFRPSOH[ORJLVWLFY 7KHVHOLPLWDWLRQ
WKHUHJLRQDO VFDOH EXW WKHLU XVDJHPD\EHOLPLWHG WRLQYHV
)LIHGWLPH ODSVHFDPHUDVDUHDIRUGDEOHDOWHUQDWLYHV WR
TXDOLWDWLYHDQG T TXDQWLWDW E YR U @ DRUPADIRERR G RDIDNF LHU G\ Q|
HWDOOHVVHUOLDQG *U |&QNMHEBH XVHG RQ VHTXHQFHV RILPDJHV IUI
ODSVHFDPHUDVWRHVWLPDWHJODFLHUVXUIDFHYHORFLW\E\WUDF
DVLQJOHFDPHUD H[WHUQDO'60VDUHUHTXLUHG WR FRQYHUW ' SL
GLVSODFHPHQW YHFWRUYV
$OWKRXJK PRVW RI WKH H[LVWLQJ OLWHUDWXUH IRFXVHV RQ VLQ
VWXGLHV KDYHEHHQ FRQGXFWHG RQ PXOWL FDPHUD V\VWHPV IRU P
SURFHVVHV (YHQ WKRXJK LWSRIF @ R W D ISAMLM G MNRHIGDFDSFH.G D\E X U H \
VFRSLF VI\VWHP IRUPRQLWRULQJD PRYLQJODQGVOLGH SURSRVLQ.
D '"PRGHORIWKHVFHQHDQG GHWHFWLQJ FR OHXI\DH\E ZLIMKR XMDW K
SURSRVHGDQDSSOLFDWLRQRIPXOWLSOHWLPH ODSVHFDPHU!
XVLQJ6IOWRHVWLPDWHD GLVWDQFHPDS ZKLFKZDV EVHGWRVFDOF
HWDO XVHGDVWHUHR FDPHUD VIVWHP WRFRQVWUXFW D JODFLHU "
YHORFLW\xHOG +RZHYHU WKHLUPDLQIRFXVZDVRQGHULYLQJJOD
WHUP 'UHFRQVWUXFW LR QR MEKHW OOFHG D PSHORMIQ WIDRHUD VA\VWHP V
VXE VHDVRQDO YDULDELOLW)\ RDVY®B U DI JOMALAHY VE K & O LIWRHOWHA G DVE
5DVSEHUU\3LZLWKDKLJK TXDOLW\FDPHUDPRGXOHDQGD WHOHSK



LQJD JODFLHU FDOYLQJIURQW E\610 DFKLHYLQJVXE PHWHU DFEXL
%ODQFK HWSWRSRVHG D ORZ FRVW x[HG PXOWL FDPHUD V\VWHP IRU
D SKRWRJUDPPHWULF DSSURDFK DQG WKH\DFKLHYHG VXE GHFLPH
GHWHFWLRQ

IHYHUWKHOHVV DOORIWKHDIRUHPHQWLRQHG VWXGLHV XVHG VI
HDVLHUIRUWUDGLWLRQDO SKRWRJUDPPHWULFPHWKRGV WR xQG FI
'"VFHQHUHFRQVWUXFWLRQ +RZHYHU LQPRXQWDLQRXVWHUUDLQ
EDVHOLQHDQG YLHZLQJJHRPHWU\FDQEHFKDOOHQJLQJ &RQYHUV
KLQGHUD 'UHFRQVWUXFWLRQE\WUDGLWLRQDO SKRWRJUDPPHWU

7KLV FKDSWHU SUHVHQWVY D SLORW VWXG\RQ VKRUW WHUP 'PRQ
LQJDORZ FRVWVWHUHR FDPHUD V\VWHP ZLWK D ZLGHEDVHOLQH 7
FDOFXODWLQJVXUIDFHPRYHPHQW LFH YROXPHORVV DQGJODFLH
SURSRVHG PHWKRGRORJ\LQWHJUDWHY 'UHFRQVWUXFWLRQIURP V
OL]JHV',& RQPRQRVFRSLFFDPHUDVWRGHULYHVXUIDFHYHORFLWLH
'/ PDWFKLQJWHFKQLTXHV WKLV DSSURDFKRYHUFRPHV WKHFKDO
DQGLWDOORZVIRUDFFXUDWHO\UHFRQVWUXFWLQJWKHVFHQH XQ ¢

7KHREMHFWLYH RI WKLV ZRUNLV WZRIROG L WRGHPRQVWUDW|
FRVW HIHFWLYH SKRWRJUDPPHWULF VROXWLRQ IRUVKRUW WHUP J
LOQYHVWLIJDWHWKHVKRUW WHUP UHODWLRQVKLS EHWZHHQDLU WH
YHORFLW\IRUDQDOSLQHGHEULYVY FRYHUHG JODFLHU %\FRPELQLQ
\WLV WKLV VWXG\FRQWULEXWHVWRDEHWWHUXQGHUVWDQGLQJRI
FRQWH[WRIFKDQJLQJFOLPDWHFRQGLWLRQVDQGULVLQJWHPSHUI

i ,20"% 29O0*™@3” @3 e™Qga-%3"0e3" [¢%3qEm@Oi

,GHQWLI\LQJ KRPRORJRXV RUWLHSRLQWV LQ SDLUVRILPDJHV LV W
QRQ FRQWDFW '"PHDVXULQJPHWKRGY 7KHVHSRLQWVDOORZIRUR
xJXUDWLRQV $SSOLFDWLRQVVSDQDZLGHUDQJH GHSHQGLQJRQF
HQFRPSDVVLQJLQGXVWULDO DUFKLWHFWXUDO HQJLQHHULQJ DQ
PHOQWVRQVSDUVHFRQWURO SRLQWV RUHYDOXDWLRQVRQGHQVHU|
LQJ &ODVVLFDO SKRWRJUDPPHWULFRXWSXWVLQFOXGH '"SRLQW F(

+LVWRULFDOO\ ORFDO LPDJHIHDWXUHYV DOVRNQRZQDV NH\SRL
PDQXDOO\RQLPDJHV $XWRPDWLFDSSURDFKHV JUDGXDOO\HPHUJ



bltu; “:8®l;tbm; 7;%;torl;m] o= 7;|;1|ouv? 7;viubrlouv?7 -m7 I-|1_;v =uol ru;tblbm-u< %ouhv7 _-m7J:
t;-umbm]7 -m7 7;;rJdt;-umbm]tol-t=;-|tu;V;P&Chfib;ma-P7 Quol

E\GHYHORSLQJDOJRULWKPV WKDW HTHFWLYHOAHL GHQWRJIHFKDUDFV
GHWHFWRUV VKRXOG LGHQWLI\UHSHDWDEOH NH\SRLQWV DFURVV (
WKDW FKDUDFWHUL]JHV WKHNH\SRLQW{VQHLJKERUKRRG 7KLV DOO|
YLHZV 7KHVH GHWHFWRUVDQG GHVFULSWRUV VKRXOG H[KLELW LQ
UDGLRPHWULF FKDQJHV DQGPXOWL YLHZ SHUVSHFWLYHSURMHFW
DQG XQDPELJXRXV
6HYHUDO JURXQGEUHDNLQJZRUNV HPHUJHG VLJQLXxFDQWO\FRQ
PDWLF6I0VRIWZDUHSDFNDJHV 3DUWLFXODUO\QRWHZRUWK\LV 6,)
ZKLFK GHVSLWH LWV DFNQRZOHGJHG OLPLWHG LQYDULDQFH \
PDUNHGD VLJQLXFDQW PLOHVWRQHDV WKH xUVW GHWHFWRUDQG C
VFDOH DQG URWDWLRQV PDNLQJLW VXLWDEOHIRUDEURDG VSHFW
WKHEHQFKPDUN IHDWXUH DPRQJWUDGLWLRQDO DSSURDFKHV L H
KDQG FUDIWHIGPHW KRGV
yLJ LOOXVWUDWHY DWLPHOLQHRIWKHHYROXWLRQRIORFDO I
LQ WKH HDYUDUPDRUNW G 6 WHBUBQVLWLRQLQJ WR EORE GHWHFWRUYV
GHJUHH RIVFDOHDQGRRWDWEREGRPYOWDWQRYDO HNFLHQF\ SOD\H



685)%D\HW D@DV GHYHORSHG ZLWK WKH H[SOLFLW JRDORILPSURYL
ZKLOVW XEBHH HWZDYY HQJLQHHUHG DV D ELQDUL]JHG IHDWXUH WDLO
+RZHYHU WKHVHPHWKRGV KDYHOLPLWDWLRQVZKHQGHDOLQJ ZlI
GLIHUHQFHV DQGVWURQJ UDBGRRPHWYD B RH FVIFMDDUHDY DML D GLLERHWD Q
LQYLHZSRLQWOHDGWRFRPSOH[GLVWRUWLRQV PLVVLQJFRQWHOQ\
PDNLQJPDWFKLIQY GWRORROWHW DQWKHU FKDOOHQJLQJVFHQDULRYV
ORFDO IHDWXUHV LQFOXGH PDWFKLQJ KLVWRULFDO LPDJHV ZLWK F
YDORUDJDVEDR@ HW DORU PXOWLWHP SR YDOHMHYL B-X G DW B W HWD V

6LQFH DQRYHO FDWHJRU\RI'/ EDVHGDSSURDFKHV KDV HPHU.
LQJIHDWXUHV ,QLWLDOO\ WKHVHPHWKRGVLQYROYHGLQGHSHQG
VLYHGDWDVHWV FRPSULVLQJPXOWL WHPSRUDOLPDJHV FKDOOHQ.
ZLGHEDYHOLOHWN HWEXEVHTXHQWO\ WKHUH KDV EHHQD VKLIWWRZ
WRUVDQGGHVFULSWRUV VWDUWL G WZLOVMIR O ® R XH® E QW KIRW N ® G/ \)
'/ DSSURDFKHV VXE®MN W) DIHOX S H U3 RIRGW HW DD QG $6/)HD W
HWDO *HQHUDOO\ DQ\FRPELQDWLRQRIKDQG AUWDHWHW®DQG '/ DSS
$GGLWLRQDOO\ WKH PDWFKHU FRPSRQHQW FDQ DOVR EH WUDL«
DQG JURXQGEUHDNLQJ DSSURD F K6.OQUW K Q VH WHIKOLLFE PIDW Bl X SEMH: @ K F
DQ DWWHQWLRQ EDBNWGDIU FHKW WHRFGWKDADMW LFDO O\ LPSURYH PDW Fk
H[SORLWLQJVHOI LQWUD LPDJH DQG FURVV LQWHU LPDJH DWW
WKHNH\SRLQWVDQG WKHLU YLVXDODSSHDUDQFH 6XSHUJOXHKDYV
JLIKWHQRBHQEHUJHUSHFEQWO\ VHPL GHQVH PDVORKM DDV XFK DV /F
DQG 5R@ED/WHGW HKDY® EHHQ GHYHORSHG +RZHYHU DV WKH\DUH G
FDQLGHQWLI\WLHSRLQWVRQO\RQLPDJHSDLUV $VWKHVHVHPL G
RITHDWXUHVLQPXOWLSOHLPDJHV WKH\DUHQRW VXLWDEOHIRU P>
6HYHUDO ZRUNV KDYHSURYHG WKHHIHFWLYHQHVVRI'/DSSURDFK
PXOWL WHPSRUDO GDWDVHWYVY ZLGHEDVHOLQHYV DQGVLJQLXFDQW
LRVLQFOXGH JODFLHU PRQLWRURQU ZMAKOZ L 8 XEW P HAUHDPESIRVU-DACL IQRHD
PDWFKDQIDOG HWPXOWL WHPSRUDO FR 0DH.ZID/ONUIDWMYR RO SOREOH P
HW DO YLVXDO RGRPHWUDQGLEHSNDMHW LD O W B HPQDXCAMW LHRQ D O
DQG LQ WHUUHVWULDO ODVHU VED Q QH DLIFI RIMQHNCS D\R M GV H JLH/ W
DGYDQWDJHYV ZHOO NQRZQ OLPLWDWLRQV RI'/DSSURDFKHV DUH W
DQGURWDWLRQLQYDULDQFHRIWKHGHVFULSWRUVDQGWKHLUDSS
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$ ORZ FRVW VWHUHRVFRSLF FDPHUD VIVWHP ZDV GHVLJQHG WR PRQ
OXWLRQ 7KHVWHUHRVFRSLFV\VWHP FRQVLVWV RIWZR DXWRQRPR
XQLW FRQVLVWV RIDQRT WKH VKHOI'LJLWDO 6LQJOH /HQV 5HUH[ '6
DFTXLVLWLRQ DQG FRQWUROOLQJWKHV\WVWHP DVRODU EDVHG SR
VA\VWHP IURP WKH KDUVKHQYLURQPHQW 7KHFRUHRIHDFKPRQLWRI
FRPSRVHGRIDQ $UGXLQRPLFURFRQWUROOHUIRUFDPHUD WULJJHU
IRUVHQGLQJLPDJHVWRDUHPRWHVHUYHU YLD D *60 QHWZRUN )LJ
WKDQ i LQFOXGLQJRDPHWODDIQG OHQV

7KH VI\VWHP ZDV GHVLJQHG DQG EXLOW E\DGDSWLQJWR WKH DOS
PRGHO GHYHORSHG E\*UHLJ6KHUL® DO DIM\GSHHFEOR MK KIS ROR MW FWE [
HDV\DVVHPEO\DQG UHDOL]DWLRQ RIWKHV\VWHP WRJXDUDQWHH IX

7KLV VHFWLRQ GHVFULEHV WKHPRQLWRULQJV\VWHPLQ GHWDLO

Weather-resistant case

Internal circuit
4G Hat

Raspberry Arduino
Pi Zero W Pro Mini DSLR Camera

Digital /0 Manual shutter

] release
t pins —_—

12C bus
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Real-time
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12V 10Ah sealed
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Power
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line
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(DFKPRQLWRULQJXQLWKDVLWVDXWRQRPRXVSRZHUVXSSO\OLQH
SDQHO FRPELQHG ZLWK D VHDOHG OHDG DFLG EDWWHU\ $Q 0337 0D
XODWRU GLUHFWO\FRQQHFWV ZLWK WKH XQLW{VLQWHUQDO FLUFX
DQGWKHORDGDQGH[SORLWLQJDOOWKHSRZHUJHQHUDWHG E\ WKH
WKDW PD\GDPDJHWKHFRQQHFWHG GHYLFH WKXVLQFUHDVLQJWKFE
ULWKP PRGXODWHV WKH ORDG GLVFRQQHFWLRQ OHYHO VR WKDW D
ZHHN ,Q FDVHRIEDWWHU\GLVFKDUJLQJ WKHZKROHV\VWHPLVVZL

7KHZKROHPRQLWRULQJV\VWHP LV GHVLIJQHGWRPLQLPL]JHSRZH!
YLFHV UHVSRQVLEOH IRUWKH KLIJKHVW SRZHU FRQVXPSWLRQ ZKHQ
FRQVXPSWLRQJXLGHG WKHFKRLFHRIWKHSRZHUVXSSO\OLQHFRPS
FLDWHG SDQHO 7R WKLV HQG WKH3KRWRYROW DLW RRRIJSDBKILE B G
E\WKH (XURSHDQ &RPPLVVLRQ ZDV XVHG 39* 6 FDQ HVWLPDWH WKI
VA\VWHPV DFFRUGLQJWR WKHLQVWDOODWLRQ VLWH DQGLWLVVXS
VRODUUDGLDWLRQ $IWHUWXQLQJWKHSDUDPHWHUV IRUWKH %HO
WLRQ ZHHQGHG XS ZLWK WKH VSHFLXFDWLRQV RIDVRODU SDQHO S
DFDSDFLW\RI $K 6RPHFRPSURPLVHV ZHUHPDGH DFFHSWLQJ WK
SRZHUHGIRUDIHZGD\VWLQ WKHPRQWKY ZLWK WKHORZHVW VRODU U]
YHEUXDU\

i i &°30E°%--m@3"e@Ec@e0qd..qE0qeiccO®3ie™%..0-03"

7KHLQWHUQDO HOHFWURQLF FLUFXLW UHGER[LQ)LJ RIWKH PF
WKH SRZHU VXSSO\DQG LV UHVSRQVLEOHIRUDOO WKH V\VWHP{V FR
SRQHQWVY DUHD UHDO WLPH FORFN QXPEHU LQ)LJ ZLWKD PP
PLFURFRQWUROOHU 3UROLQL 9 0+] QXPEHU LQ)LJ D5DV
6' PHPRU\FDUG QXPEHU LQ)LJ DQG PLQRUHOHPHQWYV IRU FRC
RSWRLVRODWRUVQXPEHUV DQG LQ)LJ DQG YROWDJHUHJXOD!
UHDOL]HG PDQXDOO\E\VROGHULQJZLUHVDQG FRPSRQHQWVY RQ DV
WKH xQDO YHUVLRQ RI WKH FLUFXLW ZDV LPSOHPHQWHG RQ D PRUH |
DOOWKHFRPSRQHQWY VROGHUHGLQ SUH GHXxQHG SRVLWLRQV FRQC
GLUHFWO\RQ WKHERDUG )LJ

39* WRRWSY UH MUF HF HXURSD HX SYJBWRROV HQ
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7KH $UGXLQR FRPPXQLFDWHV WKURXJKDQ 63, 6HULDO 3HULSKHL
WLPHFORFNWRVFKHGXOHLWVDFWLRQV ZDNLQJWKHFDPHUD xULC
WKH5DVSEHUU\ 7KH5DVSEHUU\FDQDFFHVVWKHFDPHUDLPDJHV DC
QHWFRQQHFWLYLW\ $ODUJHVWRUDJHPHPRU\LVDGGHG WR WKH X
7TKH5DVSEHUU\DOVR SURYLGHV D ZHE EDVHG XVHU IULHQGO\LQW!
V\VWHP UBRRWIHED (BQ , & ,QWHU ,QWHJUDWHG &LUFXLW EXVDQG G
DEOHKLJKHU OHYHO FRPPXQLFDWLRQEHWZHHQWKHVHWZRERDUG
WKHUROHRIWKHWKUHHYROWDJHUHJXODWRUV 7KH\DOORZHDFK)
FXUUHQW VWDUWLQJIURP WKH 9LQLQASXW RQHGHOLYHUYV 9D
$ WRWKHS5DVSEHUU\DQG LWV KDW DQG WKH RWKHU 9DQG $
WKH5DVSEHUU\{V 9UHJXODWRUWRUHGXFHTXLHVFHQW SRZHU FR(
TKHDFTXLVLWLRQRIDGHxQHG QXPEHURILPDJHY FDPHUD WULJJ
WRDUHPRWHVHUYHUFDQEHVFKHGXOHGWKDQNVWRDGHTXDWH SU
IRUSUGXLQRDQG VHUYLFHVWKDWDXWRPDWLFDOO\H[HFXWH 3\WKF
VWDWLRQDFWLYLWLHVFDQEHUHPRWHO\VFKHGXGHKG UUWRPDWKH WH
7KLV XVHIXO IHDWXUH DOORZV RQHWR FKDQJH WKH VHWWLQJ\
WKHQHHGIRUPDQXDOLQWHUYHQWLRQ 7KHS5DVSEHUU\XVHV WKH .
WR VSHFLxFDOO\LQWHUDFW ZLWK SRSXODU FDPHUDV{xUPZDUH WF
SKRWRV 7KHZHE EDVHGLQWHUIDFHVHUYLFHLVEDVHGRQ1*,1;DQC
VHUYHUV 7KHLQWHUIDFH )LJ FRQVLVWV RIDZHE SDJHDFFHVVL
RIWKHV\VWHP VWDWHDQG WKHH[DFW WLPHRIWKHODVWRSHUDWL
LPDJHV WHPSHUDWXUHV RIWKHFRPSRQHQWY SUHYLHZV RIWKHOI
DSUHYLHZ SKRWRDQGVFKHGXOH WKHV\VWHP URXWLQH WLPHDQG
RIWKH5DVSEHUU\ DQG VRPHFDPHUD VHWWLQJV
$00 WKH FRPSRQHQWYV ZHUH FKRVHQ EHFDXVH RI WKHLU ORZ S
FRPSDWLELOLW\ 7KHFLUFXLWLVUREXVWDJDLQVW SRZHU ORVVHYV
ZKHQ SRZHULVUHJIJDLQHG $ORZHQHUJ\FRQVXPSWLRQSROLF\LVDC
7KHFDPHUDLVVZLWFKHGRQRQO\GXULQJWKHGDWD FDSWXUHDFW
GDLO\ZKHQ WKHUHPRWHVHUYHUFRQQHFWLRQDQGLPDJIJHWUDQVI



bltu; “:"®-Irt; o=vol;0=]_;r-];vo=]_; %;0J0-v;7 bm]|;u=-1; |ou;lo|;tclom|uot]|_;lomb|loubm] tmb]v:

i i &°33%e«Ocaclde

,QWHUQHW FRQQHFWLYLW\LV FUXFLDO WRWUDQVIHULPDJHV DQG F
EHUU\LVHTXLSSHG ZLWK WKH 6,0 ( + *KDWE\:DYHVKDUH 7KHPR
PXQLFDWLRQYLDDG6,0 FDUG 5DVSEHUU\DQG KDWRSHUDWLRQV DU
VXPSWLRQ )RUWKLV UHDVRQ WKHERDUGLVVZLWFKHG RQ RQO\ R(
DGHTXDWHO\ORZWREHVXVWDLQDEOHIRUWKH V\VWHP SRZHU VXS
DJHVWRWKHVHUYHU :HDGRSWHG ,R7 ,QWHUQHWRI7KLQJV 6,0FD
(PQL[PQLI\ DVLWDOORZVFRQQHFWLQJWRWKHEHVW TXDOLW\FF
UH[LEOHDQGFXVWRPL]DEOHGDWD SODQV $931 9LUWXDO3ULYDWF
7KHVHUYLFHFRVWVIi SHUPRQWKIRUD GDWD SODQ ZLWK *%



i i &Qi% q3... FE°O %003

7KHPDMRULW\RIWKHFRPSRQHQWY QHHG WR EH SURWHFWHG 7KHU
WKH SDUWV H[FHSW WKH VRODU SDQHO WREHNHSWLQWKHVDPH O
DQG FRQYHQLHQW WUDQVSRUWDWLRQ LQVWDOODWLRQ DQG PDLQ
LQVXODWLRQUHTXLUHPHQWVDFFRUGLQJWRHDFKFRPSRQHQW{V Z
EHZDWHUSURRIDQG UREXVW DJDLQVW GLTHUHQW DQG KDUVK ZHDW
QHFWLQJWKHVRODU SDQHODQG WDNLQJSLFWXUHV :HFKRVHDQ +
ZLWKLQWHUQDO LQVXODWLQJIRDP 7KHIRDP ZDV IRXQG WR HQKDQ
FDWLRQRIVRPHFRPSRQHQWY SUHYHQWLQJXQZDQWHGPRYHPHQW
ZLWK DQ PP 89 xOWHU WRDOORZWKHFDPHUD WR WDNH VKRWV W
DQG RWKHUV WR x[ WKH VI\VWHP WR D WULSRGi67TRR L®@®RFUQDO FDVH
SRVHG D VLJQLXFDQW FKDOOHQJHLQDFFRPPRGDWLQJDOO WKH FRF
GLPHQVLRQV ZHUHFRQVWUDLQHG E\VSDFHDYDLODELOLW\

i i *%0 3% Eq- /E%E“CE2q3e %ol

7KHV\VWHP ZDVVXEMHFWWR VHYHUDOWHVWV EHIRUHEHLQJXVHG L
'XULQJ WKHVH WHVWV WKH VI\VWHP SURYHG WR EH DXWRQRPRXV U
ZDWHU UHVLVWDQW DQG VHOI VXNFLHQW IRUD SURORQJHG SHULF
6SHFLXxFDOO\ ZLWKRXW VXQOLJKW WKHEDWWHU\FDQ SRZHU WKH V
GLVFKDUJHG %DWWHU\YROWDJHDQG WHPSHUDWXUHV RI FRPSRQH
VRODU UDGLDWLRQ DQG ORZHQYLURQPHQWDO WHPSHUDWXUHV )L
WKHVHWHVWYV

i i 7™ % e ™O 0 e% 9% O™ % ¢ (2% Eq

7TKHFKRLFHRIWKH'6/5 FDPHUDDQGWKHRSWLFVFDQEHFRQVLGHUH
LxFDWLRQV UHJDUGLQJWKHVHFRPSRQHQWV UHIHU WR WKH %HOYH
KDGD'6/5FDPHUD &DQRQ (26 " ZLWK 03&026 $36 & VHQVRU 7]
EHFDXVHRILWVOLPLWHG FRVWY KLJKLPDJHUHVROXWLRQ DQGFR
IXQGDPHQWDO UHTXLUHPHQW ZDMJF D;F[R WDZHRWPHS D/ HBFLKARLLW HZR IW\KK\M |
PRVWO\VLWH VSHFLxF DVLWLVGULYHQE\WKHUHTXLUHG *6'RI WK
OLPLWWKHFKRLFHYVRIWKHRSWLFVWRUDWKHUVPDOO OHQVHYV WKI
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IRUWKHWZR FDPHUDVDUHGHVFULEHGLQG6HF
, QWKHLQVWDOODWLRQLQVLGHWKHV\VWHP FDVH WKHWUDGLWL
EDWWHU\ ~IDNH EDWWHU\~ HTXLSSHG ZLWK D SRZHU VXSSO\ FDEO
FDPHUDLVDWWDFKHGWRDVOLGLQJSODWHWKDWFDQYDU\ZLWKLQ
DORQJWKHORQIJLWXGLQDOD[LVY 6FUHZV x[ WKHFDPHUD WR WKH SO
WLVZRUWKPHQWLRQLQIJWKHSHUIRUPDQFHRIWKHV\VWHPLQ W

IXOO\UHSURGXFHG ZLWKDQDYHUDJH FRVW RI | SHUVWDWLRQ 1F
OHQV i DQG PDWHULDO IRUWKHRQ VLWHLQVWDOODWLRQ | ,
HUDV DUH H[SHQVLY HF BIPH UDXRARR/6H DRI W & D Q DQG KDUGO

i i 600% 1% % *0®°3“°E E%E2q3%30 3/0gq--qOce°s

$ SUHOLPLQDU\VXUYH\ZDVFRQGXFWHG WRLGHQWLI\VXLWDEOH OR
PDU\JRDO ZDVWRHQVXUHERWKFDPHUDV KDG D FOHDU YLHZ RI WKH
PLQDOLFHFOL] DVWKLVDUHD H[SHULHQFHV VXEVWDQWLDO WUDQ
HQYLURQPHQW SUHVHQWHG VLIQLXxFDQW FKDOOHQJHV 7KH JODFL

SKRWRG6H®WEVQ HKDRWRVHQWLQHO FRP



UHGXFHG VXSSRUW IURPWKHPHOWLQJLFH PDNLQJWKHP SURQH WF

$QRWKHU FULWLFDO FRQVLGHUDWLRQ IRUD JRRG DFTXLVLWLRQ
WZHHQ FDPHUDV 7KLV GLVWDQFH VKRXOGEHVXNFLHQWO\ODUJH |
FRPSURPLVLQJGHSWKHVWLPDWLRQ DFFXUDF\GXH WR QDUURZ SHU
VWDOOLQJWKHFDPHUDV FORVHWRJHWKHURQ WKHVDPHVLGHRIW}I

8OWLPDWHO\ WZR ODUJHERXOGHUV ORFDWHG RQRSSRVLWHPRU
LGHQWLXxHGDVWKHRQO\VXLWDEOHDQG VWDEOHORFDWLRQV )LJ
ZHUHLQVWDOOHGLQ -XONé&P DOBERFLPRWAWRNDWWUPLQDO LFHFOLT |
ZLWK D VWURQJO\FRQYHUJHQW SRVH

P-Q POQ

b]tu; “:POQ -ro=|_; ;t";7;u; t-1b;u7 %b|_Il-uh;7|_;tol-Zomo=|_; |%o0 1-l;u-v «-m7 ‘7 |_; t|ol-21)
"I-Zzom P )"Q -m7 |_; ,-10omb ,-rr- 1|8 P0Q $_; -u;-0=v|T7<9 |_;v];u;ovliorblu;lomv|jutlZzom bv =01t
bl;1tb@ P7-v_;7 th]_|O0tt;tbhm;Q7 % _bt;|_;lomovlorbl ruol;vvbm] =uol 1-1;u- “bl-];v;tt;m1l; bv =
-u;-0=|_;mou|_to0; P7-v_;7]Ju;;mtbhm;Q:

7R HQVXUH FRPSDUDEOH#8 FRISY KBIH®WHWY LWK GLTHUHQW IRFDO
HPSOR\HG &DPHUD & VWUHDPZLVH ULJKW ZDV HTXLSSHG ZLWK D
FDPHUD & VWUHDPZLVHOHIW KDGD&DQRQ () PPl ,6860 7KHFDF
DUHVXPPDUL]JHGLQ 7DE

7KHEDVHOLQH EHWZHH QAWK H QOW2RURFBEPBIURR®RYLHZLQJ JHRPHWU\
ODUJHSDUDOOD[EHWZHHQ FRUUHVSRQGLQJSRLQWY +RZHYHU WK
WDQFH EDVH KHLIJKWUDWLRFORVHWRI 7DE OHGWRFRPSOH[DI



$-0t; “:¢Fll-uco=|_;1_-u-1|;ubvzivo=]|_; |%o0 1-1,u-v: b:;uivibluhi]77%iwmvb7;ubm]|_; 7bv|-m1;
0;|%;;m;-1_1-l;u--m7|_;bl;1th@:

& &

&DPHUD &DQRQ (RV ' &DQRQ (RV '
6HQVRU $36 & $36 &

3L[HO VL]H OwWP 1 O wP

,PDJH AééeeHe S| Aéeeéisge S|

IHQV &DQRQ () PPI 6860 &DQRQ () PPI ,6860
'LVWDQFH iTepP ioéepP
$YHUDJH *6" T8 FP 9] TOFPS]

FRUUHVSRQGLQJ DU HDRLOMMKIS GRWPRQBWO\ & ZDV SRVLWLRQHG
SRLQW FRPSDUHG WR & GXHWR VLWH JHRPHWU\FRQVWUDLQWYV 7]
WKDW SULPDULO\HQFRPSDVVHV WKHIURQWDO LFHFOLTEXW GRHV Q
EOHIURPFDPHUD & )LJ E
&RQVLGHULQJDQRPLQDOVLWXDWLRQRIDQRUPDOVWHUHRFDVH
SUHFLVLRQRIWKHUHFRQVWUXFWHG 'SRLQWY 7RWKLVHQG ZHFR
SRVLWLRQHG ZLWKDQ DYHUDJH FDPHUD REMHFW GLVWDQFHRI P
SRLQW RI WKH VXE YHUWLFDO WHUPLQDO LFH FOLTIURP &DPHUD &
RITS[ GXHWR WKHODFNRIVXE SL[HODFFXUDF\RIWKH 6XSHU3RLQ'
GHVFULEHG LQ 6HF WKHWKHRUHWLFDO GHSWK SUHFLVLRQ LV
WKDWWKHVHYDOXHVPD\EHXQGHUHVWLPDWHG DVWKHDSULRUL FI
WRWKHVWURQJO\FRQYHUJHQW YLHZLQJDQJOHVDQG WKHLQKHUH

i i &q2%Eqe3i0gq--q0cee°s

7KHFDPHUDV ZHUHPRXQWHGRQODUJH VWDEOHURFNVDORQJWKH I
DQFKRUHG ZLWK VWHHO GRZHOV DQG FDEOHV )LJ $ FHQWUDO \
LQVWDOODWLRQ DSSURDFK DOORZV IRUUHODWLYHO\HDV\RQ VLW
HQYLURQPHQW PLQLPL]LQJFRVWDQG WLPHUHTXLUHPHQWY 7KH
EDFNSDFNV RIWHQWUDYHUVLQJXQPDUNHGWHUUDLQ

'"HVSLWH WKHVHHIRUWY DQDO\VLVRIWKHDFTXLUHGLPDJHV UHY
WLFXODUO\VPDOO URWDWLRQV DURXQG WKH YHUWLFDO D[LV DQG :
VWDELOLW\LQDPRXQWDLQHQYLURQPHQW LV FKDOOHQJLQJ WKH X



HVWLPDWLRQRIFDPHUD RULHQWDWLRQ GXULQJLPDIJHSURFHVVLQ.
7TKHxQDO SURWRW\SHRIWKHPRQLWRULQJVWDWLRQLVVKRZQ LC

P-Q POQ
bl]tu; “:R9Q bl|tu;o=]|_;lombloubm] tmb|ruo|o|<r; bmv]|-tt;7 =ou |;v|v-|]|_; ;t";7;u; t-1b;uvb]|;: PO
1-l;u-bmv|-tt-Zom bmv|-tt;7om |_; v|u;-1%bv; ub]_|lou-bm;:

7KHVWHUHRVFRSLF VIVWHP RSHUDWHG IURP $XJXVW XQWLO 'F
XQPRXQWHG IRURUGLQDU\PDLQWHQDQFHDQG xQDOO\PRXQWHG D
SHULRG WKHV\VWHP ZDV SURJUDPPHGWRDFTXLUHWZRLPDJHV SHU
WKHPXOWLWHPSRUDO SURFHVVLQJ 2QO\GDLO\LPDJHVWDNHQ GXL
DQG ZHUHFRQVLGHUHG 7KHJODFLHUH[SHULHQFHG WKH PR
UDWH FKDQJHV GXULQJ WKLV SHULRG 2Q WKHRWKHU KDQG GXULQ
FRYHUHG E\VQRZ PDNLQJLWGLNFXOW WR H[WUDFW UHOHYDQW LQI
'"UHFRQVWUXFWLRQDQG VXUIDFHYHORFLW\HVWLPDWLRQ



bltu; “:—=9v %b|_ bl-];v -1ttbu;7 0c|_; |%o0 1-1;u-v «-m7 ‘: (-tb7 v_o]|v -u; u;ru;v;m|;7 %b|_7-uh 1ot
7bv1-u7;7 7-<v7t;]00-7 % ;-|_;ulom7bZomv-u;u;ru;v;m|;7 %b|_tb]_| lotouv:

i 'q0qi%Oi
i i 60 %E%Cie°/FE e @2q” %o | % ED %03 %ol

'XULQJ WKHVQRZ IUHH VWXG\ SHULRG IURP WR ERW
DFTXLUHG LPDJHVGDLO\ +RZHYHU LPDIJHVZHUHGLVFDUGHG G X
ORZFORXGY RUIRJ UHVXOWLQJLQ GD\VZLWKYDOLG GDWD IRU V

i i B8%$9IBEa%el

7ZR 8$9 ULJKWV VSDFHGE\D GD\LQWHUYDO ZHUHFRQGXFWHGLQ
WUXWK GDWD IRUDVVHVVLQJ WKH SURSRVHG PHWKRGRORJ\ 7KH xLU
RXW RQ ZLWKD'-,0ODWULFH 57. TXDGFRSWHU DQGD '-, =HQ
PPOHQV "'XULQJWKHVXUYH\ LPDJHVZHUHFDSWXUHG HQFRPSD)
WLYHV $GGLWLRQDOO\ *&3VZHUH PHDVXUHG XVLQJD FRPELQDW
'*36 HPSOR\LQJD WRSRJUDSKLF JUDGH *166 UHFHLYHU 7KH *&3V
QDWXUDO IHDWXUHV 'XULQJWKH ULJKW WKH 8%$9 ZDV HTXLSSHG Z1
DEOLQJWKHDFTXLVLWLRQRIFDPHUD SURMHFWLRQFHQWHUYV ZLWK
)LJ D ZzDV SURFHVVHG ZLWK WKH FRPPHUFDOBW DR KWDSMHUH SDFND
E\XVLQJ *&3vVDQG &3VWRHYDOXDWHWKHEORFNDFFXUDF\ 7KHJ
HTXDO WR FP

7KHVHFRQG8$9ULJKW 8%9 % ZDVFDUULHGRXWRQ ZLWKD
RQDVPDOOHUSRUWLRQRIWKHQRUWKHUQ OREHRIWKH%HOYHGHU
'] &3VORFDWHG LQVLGHWKHJODFLHUERG\ZHUH QRW PHDVXUHC
ORFDWHG RXWVLGH WKHJODFLHU ZHUH HPSOR\HG $PRQJ WKHVH
UHPDLQLQJ ZHUH XVHGDV &3V 7KHSKRWRJUDPPHWULFEORFNHQF
ZKLFKZHUH SURFHVVHG XVLQJ $JLVRIWOHWDVKDSH )LJ E $JOI



P-Q POQ

b]tu; “:«P9Q & (J 0tolh -m7 P0Q & (J Otolhruol;vv;7 %b|_ ]bvo[ ;|-v_-r;: $_; Y-]vu;ru;v;m]| |_; |-
;b _;u-v vbm|_; ou-v v]o; -tt-];|_;tf-tb|lco=|_;r_ofloJu-Ill;JublOtolh:
WKH &3V

i i 0% O%C°E°-°"ceeq-2°30°Em®3”[{0gq0me°s

7TRDQDO\]HWKHFRUUHODWLRQ EHWZHHQ WKH %HOYHGHUH *ODFLHL
GDWD PHDVXUHGIURPDQ $XWRPDWLF:HDWKHU 6WDWLRQ $:6 ORFD
XVHG 7KH $:6LVORFDWHG DYOD Q ® OW IDWGAWHNVDIGEBRA DNP IURP WKH
7KH GDWD IURP WKH $:6 FDQ EH GRZQORD GH G, QURPUWVHXIEN\S P 8 DIQPR
O\][HGPHDQGDLO\YDOXHVRIDLUWHPSHUDWXUH SUHFLSLWDWLRQ

i 0% O ™o, 0-0"¢

7TKLVFKDSWHURXWOLQHVWKHPHWKRGRORJ\GHYHORSHGWRPRQLYV
HUQOREH 7KHGDLO\LPDJHV ZHUH SURFHVVHG XVLQJDIUDPHZRUN
)LJ L DSKRWRJUDPPHWULF EDVHG VWHUHRVFRSLFDSSURDF
7TKHGDLO\VWHUHR SDLUV ZHUH XVHGWRJHQHUDWH "PRGHOV RI WK
LFHYROXPHORVVRQDGDLO\EDVLVE\FRPSXWLQJSRLQWFORXGGLI
HYHU GXHWROLPLWHGRYHUODSSLQJYLHZV RIWKHWZRFDPHUDYV
D '"UHFRQVWUXFWLRQ RIWKHWHUPLQDO LFHFOLT GDVKHG EOXHD

KWWSV ZZZ DUSD SLHPRQWH LW ULVFKLBQDWXUDOL VQLSSHWVBDUSDBJUDSKY GDWLBJLRUC
"VWDWLG BETEe00eieée e o08dsDUDP 7



"VXUIDFHYHORFLW\xHOG RIWKHJODFLHU VROHO\IURP SKRWRJUDI
FDSWXUHGE\FDPHUD & ZKLFKRTHUVDKLJKHUYLHZSRLQWDQGD EL
HPSOR\HG WR GHWHUPLQH WKHJODFLHU{V VXUIDFHYHORFLW\RYHL
*ODFLHU GDVKHG JUHHQDUHDLQ)LJ E

bltu; “:ee;u-t %o0ouhYo0% %b|_|% o0 r-u-tt;truol;vvbm] 1l -bmv bm“ot"bm] v]|;u;ovliorbl u;lomv|utlz
=zuolv|;u;0Jr-buvo=bl-];v]o7;ub”; bl; ottl;tovv;v-|]|_;]t-1b;u|;ulbmtv-m7]t-1b;uu;|u;-|-m7lomo\
louu;t-Zom|o 7;ub”; vtu=-1; ";tolbZz;v:

i ,2q1'%0|’%o—l%o'OCE°3

2QFHWKHDFTXLUHGLPDIJHVKDYHEHHQUHFHLYHGIURP WKHPRQLW
LPDIJHV ZDV SHUIRUPHG WR HI[FOXGH WKHRQHVDFTXLUHG LQ UDLQ\
OHFWLRQ ZDVEDVHG RQ WKH DQD O W/IDM RHIIVWEK®/ KMHOLPADI{HPWHZOLIVIDK) H Q R
YDOXHRYHUWKHHQWLUHLPDJH ZHUH UHMHFWHG $GGLWLRQDOO\
LPDIJHGDWDVHW 7KHLQVSHFWLRQ KDG WKHIROORZLQJREMHFWLY
MHFWLQJ SRRU TXDOLW\LPDJHVY WKDW ZHUH QRW DXWRPDWLFDOO)
SODFHGDORQJWKHPRUDLQHVZHUHQRWYLVLEOH LLL GHWHFWLQ
WHUPLQXV HJ LFHIDOO



i i &Qq2%Eqeq-e|EqOee°s

(DFKFDPHUD ZDVPRXQWHG ZLWKDOO LWV HOHFWURQLFVLQVLGHD ;
WKDW ZDV JOXHG WR WKH FDVHDQG x[HGLQIURQW RIWKHFDPHUDV
WLRQ WKHFDPHUDV PXVWEHFDOLEUDWHGLQVLGH WKHER[HV WR L
DSSURDFK ZDVWDNHQ xUVW D FP|[ FPFDOLEUDWLRQERDUG ZL\
WRHVWLPDWHDQLQLWLDO VHW R SIKWIRIH WHRUW K R VW WX LVORAHHRUDLARHU
ZHUHPRXQWHG RQWULSRGVLQVLGHWKHLUFDVHV ZKLOHWKHFDOL
WKH FDPHUD WR VLPXODWH D FRQYHUJHQW KHPLVSKHULF DFTXLVLYV
FHVVHG LQ $JLVRIW OHWDVKDSH IRUHDFK FDPHUD WR REWDLQ D xU\
HYHU WKHDYHUDJHFDPHUD WR SDQHO GLVWDQFH ZDV PXFK VPDO
7KHUHIRUH DFDOLEUDWLRQUHXQHPHQW ZDV SHUIRUPHGLQ VLWXE
FDPHUDVRQ ZLWKLQWKH8$9 $EORFN FDUULHGRXWRQWKH VI
$JLVRIWOHWDVKDSHWR UHXxQHWKHLQWHULRU FDPHUD RULHQWDW
UREXVWQHVVRIWKHEORFNJLYHQE\WKHDGGLWLRQDOPDWFKHV E}F
& DQG WKH 8%$9

$QDGGLWLRQDO FKDOOHQJH ZDV UHSUHVHQWHG E\FDPHUD LQWF
SHULPHQWDOHYLGHQFH WKHLQWHULRURULHQWDWLRQ SDUDPHW
DWLRQV WKDWRFFXULQDPRXQWDLQHQYLUBRPHOW ZK\LQ/HKH FDPH
WKH RWKHU SDUDPHWHUV UHPDLQHG PRUH VWDEOH RYHU WLPH 7R
YDULDWLRQV LW ZDV FUXFLDOWRLQFRUSRUDWHFDPHUD VHOI FDO
HSRFKWRUHxXxQHWKHSUH FDOLEUDWHG SULQFLSDO GLVWDQFH

i i &Q2%EqiOq|loe-~eOeqs.. *&3I

6LOQOFHWKHWZRFDPHUDVZHUHPRXQWHGRQWRSRJUDSKLFWULSRG'
,QSDUWLFXODU WKHWZRFDPHUDVH[SHULHQFHG VPDOO YLEUDWLR
RWKHUKDQG WKHSRVLWLRQRIWKHFDPHUDVZDVFRQVWUDLQHG E\
FDPHUD FHQWHU FRQVWDQW DW WKHFHQWLPHWHU OHYHO 7KHUHIF
FRQVLGHUHG FRQVWDQWP ZPY KVBEN RO KHRIKBQG FDPHUD DQJXODU
WKDWWKHUHODWLYHRULHQWDWLRQ RIWKHFDPHUDV PXVW EHHVYV
UHIHUHQFH VA\VWHP RYHUWLPH WKHDEVROXWHRULHQWDWLRQ RI\
SRVLWLRQRIWKHFDPHUDVZDVPHDVXUHGLQVLWXXVLQJDWRSRJUI
IRXU *&3VZHUHPDWHULDOL]J]HG ZLWK SODVWLFWDUJHWY DQFKRUH:



bltu; “:¢9-Irt; o= |;lrt-];I-]1_bm] tv;7 ]o |u-1h vom-lomoltt-ubl-];v;tt;m1;: $_;]Ju;;mvtt-u;u;ru;
[ ldrt-f;om | _sus=;usml;bl-1; |- bvv;-ul_;7bm-tt|_jo|_jubl-J;vo=|_;v;tt;mil;:$_;u;7 Luovvl-uh
rovbzomo=|_; 1;m|;uo=|_; [;lrt-]; bm-m;% bl-];:

DQGDORQJWKHVWUHDPZLVHOHIWPRUDLQH )LJ D :KLOHWKHPI
WUDQVIRUPDWLRQ ZRXOGKDYHEHHQ MXVWWKHWZRFDPHUDV{ORFI
RI*&3VRYHUFRPHV WKH SRVVLELOLW\WKDW RQVRPHGD\V QRW DO
WR ORZFORXGV RUIRJ $GGLWLRQDOO\ *&3VFDQEHLQFOXGHG LQ \
FDPHUDV{LQWHULRURULHQWDWLRQ SDUWLFXODUO\WKHLUIRFDO

$VWKHFDPHUDV DUHVXEMHFWHG WRVOLJKW URWDWLRQV WKHL
EHGHWHFWHGDW HDFKHSRFK 7RWKLVHQG DIHDWXUHWUDFNLQJ |
7HPSODWHODWHK PHWKRGQ G *WIRQNWHN D *&3 RQ DOO LPDJHV LQ WK
‘& )LJ 7KLVLQYROYHV GHxQLQJDWHPSODWHRQDUHIHUHQFH
DOJRULWKR HW DZKLFK LVPRUHUREXVW DJDLQVW LOOXPLQDWLRQ F
FURVV FRUUHODWLRQ DQG' B P R MHN HMNXE GSHHR G OmBEX U EF \

i i B60%E%C°ie°/FE e ®2q”"% FEECe%iie3” 8°E©“-°4

,&(S\ "ZDVGHYHORSHG WR DFKLHYHD GDLO\ VWHUHRVFRSLF UHFRQ
LV D 3\WKRQ EDVHG WRRONLW WKDW DOORZV IRU VROYLQJ GLTHUHC
SDUWLFXODU WKHPDLQVWHSVFRQVLVWRI L xQGLQJFRUUHVSRC
LL WUDFNLQJIHDWXUHVRQWKHVHTXHQFHRILPDIJHVDFTXLUHGIU

, & (S\ KwwsVv JLWKXE FRP IUDQLIROL LFHS\



bltu; “:¢"®_;l; 0=]_;v|;u;ovliorbl %ouhYo% r;u=oul;7 %b]|_ e 7 m%;m-yba;ved;, ;S|u-1];7
-m71-11_;7: ||_;v-1;21;7=;-|tu;v=uol|_;ru;"Bedyurdh;7om|_;1tuu;m|;rol_bl-1;v: [;u];ol;lubl
“;ubCl-Zom7 =;-|tu;vvtll;vv=tttcl-|1_;7 -u; tv;7 =ou’ vl;m;u;lomvjutlZom: obm| 1ltot7v o0|-bm;
tv;7]ololrt|;bl; "ottl; 7b@;u;ml;v-m7]t-1b;uu;|u;-|:



UHFRQVWUXFWLRQDQGSRLQWFORXG SRVW SURFHVVLQJ $00 WKH
HTXLSSHGZLWKD FRUHL & 38 *ERI''5 5$0DQGD*3819,',$57;

i i i toe...%alqi% ~0e3% 002q”% 2qOe«™ 3"

7RxQG FRUUHVSRQGLQJSRLQWY WKHFRPELQDWLRQIRRQHIDWXUH
HWDO DQG 6XSIBDUMXM HEZDWXVHG DQGIXOO\LQWHJUDWHG LQWR \
6XSHU3RLQW LV D &RQYROXWLRQDO 1HXUDO 1HWZRUN &11 ZLWK D
WHFWV LQWHUHVWLQJSRLQWVDQGFRPSXWHW7RQYWMDBWHGOGHVFULSW
WUDLQHG 6XSHU3RLQW WR GHWHFW FRUQHU OLNH IHDWXUHV xUVW
WUXWK 7KH\HPSOR\HG D VHOI VXSHUYLVHG DSSURDFKE\DSSO\LQJ
WKHLQSXWWUDLQLQJLPDJHNTRQGFRPEORS B U WOKHHU W \DXQODWWW H Q W L
JUDSK &11 XVHG IRUORFDO IHDWXUH PDWFKLQJ ,W ZDV VSHFLxFDO
EDVHG RQ WKHED GBIVE IVBMRBUPHG 6 XSHU*OXHLQ D VXSHUYLVHG PI
WZR GLTHUHQW VHWV RI ZHLJKWV RQHIRULQGRRUHQYLURQPHQWYV
RXWGRRUHQYLURQPHQWPRGHO ZDV/WDRGEH®R O WMKH OHIDGHSWK

7KHB6XSHU3RLQWDQG6XSHU*OXHPRGHOVZHUHQRW xQH WXQHG \
SLSHOLQHLQ GLTHUHQW VFHQDULRV ZLWKRXW WKH QHHG IRUD GHG
WUXWK GDWDVHW FDQ EH FKDOOHQJLQJ HVSHFLDOO\IRU QDWXUDO
JHQHUDWLQJGDWDVHWVIRUWUDLQLQJZLGHEDVHOLQHPDWFKLQJ!
VHTXHQFHV ZLWK D QRUPDO EDVHOLQHDQG DUWLXFLDOO\FUHDWLQ
+RZHYHU WKLV DSSURDFKZRXOGGHPDQG QXPHURXV xHOG FDPSDL.
GHU GLTHUHQW HQYLURQPHQWDO FRQGLWLRQV DQG WKURXJKRXW Y
ORUHRYHU WKHPDWFKLQJUHVXOWY REWDLQHG ZLWK WKH %HOYHC
SUH WUDLQHG ZHLJKWV IRURXWGRRUHQYLURQPHQWYV ZLWKRXW DQ

6LQFH IHDWXUH PDWFKLQJ ZDV SHUIRUPHG RQ D *38 ZLWK OLPLWF
SRVHWKHIX0O0 UHVROXWLRQLPDJHVLQWR VPDOOHU WLOHV DQG P
DWZR VWHS DSSURDFK ZDV LPSOHPHQWHG xUVW D PDWFKLQJLV S
RQGRZQVDPSOHGLPDJHV 6XEVHTXHQWO\ WKHIX0O0 UHVROXWLRQ
RQO\WKHWLOHVZLWKFRUUHVSRQGLQJIHDWXUHVLQWKHORZ UHVI
RQGPDWFKLQJVWHS ,QWKHVHFRQGVWHS WKHVHOHFWHG WLOHYV
7KHIHDWXUHVY PDWFKHG LQ HDFK WLOH ZHUH WKHQ UHDVVHPEOHG \
LQDO LPDJH IRUJHRPHWULF YHULXFDWLRQ ,QFRUUHFWO\PDWFKH(



FRQVWUDLQW ZHUH UHMHFWWMH®@ XVLROULRSRVHQYDPD[LPXP UH SURNM
HUURU RI S|

i i i 7EQe©m®3” F£°®301°4%E % E£Ce™]|

bltu; “:¢"B_;l; 0==;-|Tu; Ju-1hbm]bmv|;u;0J1-l;u-vv;tt;ml;: |;-1_;rol_7m;% =;-|Tu;v-u;Il-|1_;7 ol
r-buP_oubE&om|-ttbm;vQ7O0f]|-tvo|u-1h;7 =uolru;"botfv;rol_v PoOtbtt;thbhm;vQ: |;rol_«7]|_;I-]1_;v
=;-|tu;vI-]1_;70;]%;;m 1tuu;m| |_; v|;u;0r-buPu;7 [ub-m]t;vQ: | ;rol_ <7 |_; "-tb7 I-|1_;v-u;|_; m;
=;-|tu;vIi-|1_;7PJu;;m|ub-m]t;vQrttv|_;vtill;vv=tttc«|u-1h;7 =;-|tTu;v=uol;rol_esPu;7|ub-m]t;vQ: $
‘T % _;u; |5 1-112_sv-u;|_;m;% louu;vrom7bm] =;-|Tu;v P<;tto% r;m|-lomvQ7 rttv|_;=;-|Tu;v]|u-1h;7 =

ODWFKHG SRLQWV DUHWUDFNHG RYHUWLPHRQVLQJOH FDPHUD L
OHGWRWZRPDLQDGYDQWDJHV L LQFUHDVLQJWKHQXPEHURIPDW
RIFRUUHVSRQGLQJ SRLQWYV WKDW FDQ EHWULDQJXODWHG WR GHU
LPDJHVDUHODEHOHG ZILDAXSWHKH. © Bl PHUWXOSOIDEIFOVSW LQGLFDWHYV WK
$WDJIJHQHUNHMSRIFKWY ZHUH GHW HF W H G DOIRGEPZDLWRKKWM I6 HE S WWRZFHHHGOXLLP
GHVFULEHG LQ 6HF 6 XSHU3RLQW ITHDQWK'UH ¥ Z®! UG RADKMFKHH[GV U |
IHDW X UHWHIRPW UDIF N HEB WRWFKLQJ WKHLU GHVFULSWRUV ZLWK WK
7KHVDPHKROGVY IRD PDRVKM G | H VDX WHUDW MISE FEKFFHVVIXOO\ERWI|
i WR*) DQG IURP LPWRHY WKHQ WKLV IHDWXUH ZDV FRQVLGHUHG D
HSRFK DQG PHUJHG WR WKHQHZ FRUUHVSRRGL®S$OHFWWUHIH M [BWM XWUHH



HJ DIHDWXUHWKDW ZDV VX FNR\HNSHKKIEEX\WDOWVR R G \WMFKM B IRIPH. Q D
+1 ZHUHUHPRYHGDQGD QHZJHRPHWULF YHULXxFDWLRQ ZDV FDUUL

i Ii'%os%o E%o’°3i©E®°©0903

$W HDFK HSRFK WKH WHUPLQDO LFH FOLTZDV UHFRQVWUXFWHG XV
DEVROXWHRULHQWDWLRQDQG LL EXQGOHDGMXVWPHQW ,Q WKH
XWLOL]HGWRHVWLPDWHWKHUHODWLYHSRVHRIWKHWZRFDPHUDV
WUL[ 6XEVHTXHQWO\ WKHDEVROXWH RULHQWDWLRQ ZDV GHWHUF
FRQVLGHULQJWKHFDPHUDV{ORFDWLRQVDQG WKHDYDLODEOH *&3
WRUHXQHWKHUHODWLYH DEVROXWHVROXWLRQ )RUWKLV SXUSRV
SOR\HG YLDLWV 3\WKRQ $3, 7KHFKRLFHRI$JLVRIWOHWDVKDSH ZDV
ELOLW\WRDVVLIJQGLIHUHQWD SULRULZHLJKWVWRREVHUYDWLRQ
VRIWZDUHWREHUXQIURPD3\WKRQURXWLQHLQKHDGOHVVPRGH 7
LQWR ,&(S\ ' HQDEOLQJWKHHQWLUHZRUNURZFKDLQ WR UXQ DXWRI
*8

'XULQJWKH %$ WKHFDPHUDV{ORFDWLRQVDQGWKHDYDLODEOH *
ULFD SULRULDFFXUDF\ZDVDVVLJQHG WRWKH ZRUOG FRRUGLQDW
JLYHQWR WKHFDPHUD ORFDWLRQVWRFRQVWUDLQ WKHLU SRVLWLR
HUDV{URWDWLRQV $GGLWLRQDOO\ GXULQJWKH %$SURFHVV WKH
E\WHO| FDOLEUDWLRQ EDVHGRQWKHDYDLODEOH *&3V ZKLOH WKH
NHSW x[HG DW WKHLU SUH FDOLEUDWHG YDOXHYV

7KHGHQVH UHFRQVWUXFWLRQRIWKHLFHFOLTWHUPLQXV ZDV DJI
$3, ,QIDFW DOWKRXJK $JLVRIWOHWDVKDSHFRXOGQ{W SHUIRUP IH
LWV UHOLDQFH RQ KDQG FUDIWHG IHDWXUHV LW ZDV HIHFWLYH LQ .
PDWFKLQJ DOLURWLKPKPYO HUZKM Q@ OFFXUDWH FDPHUD SRVHV ZHUH D
UHFWLXxFDWLRQ 'HSWKPDSV ZHUH JHQHU DWZF)GDIQ RW \I| X D O DUWPHHWR-OUX
$JLVRIWOHWDVKDSH ZLWKPLOG xOWHULQJ 7KHHVWLPDWHG GHSW
SRLQW FORXGDQGDWULDQJXODWHG PHVK

i i 9°-@2% aqEeqOm®®3 %i0me2qdeos

7KH GDLO\ YDULDWLRQRILFHYROXPH ZDV GHWHUPLQHG E\'2'DORQ
HUHQFH V\VWHP ZDV HVWDEOLVKHG E\GHXxQLQJWKH; GLUHFWLRQUTL
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WKHJHRGHWLFKHLJKW DQGWKH< GLUHFWLRQWRFRPSOHWH WKH |
WZR GLTHUHQW HSRFKV ZHUH UDVWHUL]JHG WR D UHIHUHQFH <=SODQ
PLQDOLFHFOLT XVLQJDJULGVWHSRI P ZKLOHPDLQWDLQLQJWK
SRLQW FORXGV ZHUH xUVW FOLSSHG ZLWK WKH VDPH FRQYH[ SRO\JR
ZDV WKHQ FDOFXODWHG E\GLTHUHQWLDWLQJWKHWZR UDVWHUV FH
FRPSOHWH FRYHUDJHDQG KROHVLQ WKH 'UHFRQVWUXFWLRQ ZKLF
FRPSXWHG YROXPH GLTHUHQFH ZDV QRUPDOL]JHG E\ WKH SHUFHQWD
SRLOQWLQWKHRULJLQDO SRLQWFORXG LQERWKUDVWHUV 7KH QR

xOOHG
WRWDO

ZKHUSIANWKH QXPEHURI xOOHG FHG:QVIVE B RWRKWD IOHQWXIPEW H BV FDHC

Ehryr €Q



WKH FOLSSLQJ SRO\JRQ 'XULQJWKHFRQVLGHUHG VWXG\SHULRG

SRLQW FORXGVRIWKHWHUPLQDOLFHFOLTUDQJHGIURP WR Z
i i 0 7% 2E°CEQq- Q" |%O&a% %3 F£°®e30 «-°@...1 “°E 4°-@2% q3... 4%
owo"s

7KHSRLQWFORXGV ZHUH SURFHVVHG XVLQJSDLUVVSDFHG GD\V DS
YHORFLW\ 7KLVLQWHUYDO ZDVVHOHFWHG E\WKHDYHUDJHJODFLH
*LYHQ D GHFLPHWULF DFFXUDF\ RI WKH VWHUHR SRLQW FORXGV VH
LOWHUYDO ZzDV FRQVLGHUHG DSSURSULDWH WRDFKLHYH D JRRG VL
DFTXLUHGRQDSDUWLFXODUGD\ZDVFRPSDUHGWRWKDWFDSWXUHC
+RZHYHU LQ FDVHRIDGYHUVH ZHDWKHU FRQGLWLRQV WKDW KLQG'
XQDYDLODELOLW\RID SRLQW FORXGRQDFHUWDLQ GDWH WKH FOF
HDUOLHUZDV FKRVHQDVDVXEVWLWXWH 7KLVDSSURDFKEDODQFH:
GDWDJDSVFDXVHG E\XQIDYRUDEOHZHDWKHU FRQGLWLRQV
7TRHQVXUHFRQVLVWHQF\EHWZHHQ YROXPHYDULDWLRQVDQG VXl
IRUHVWLPDWLQJYROXPHGLIHUHQFHV IURP SRLQW FORXGV ZHUH D
FRPSXWHVXUIDFHYHORFLWLHV XVLQJ', &4 RQPRQRVFRSLFLPDJHVH

i i $230°2q0cs %cOEQqeO®3°“ @e%oe-e“" O°/ %o..." %o

TRFDOFXODWHWKHJODFLHUUHWUHDWRYHUWLPH WKHWRSHGJHF
GHFLVLRQ ZDVPDGHEHFDXVHWKHWRSHGIJHUHPDLQHG UDWKHU VYV
SKRORJ\FRPSDUHG WR WKH UHVW RIWKHWHUPLQDO LFH FOLIT ZKLF
SURFHVVHV WKDWDOWHUHG LWV VKDSH VXFKDVLFHEORFNFROOD:

7KHWRS HGJH RI WKH LFH FOLT ZDV DXWRPDWLFDOO\ H{WUDFWHG
PHWULFIHDWXUHV RIHDFK SRLQWFRIIRISD BINMGIMRR GW § W H I\ FKERQ KRR
IHDWXUHV VLWXDWHG DW WKHHGJHV RIWKHLFHFOLTZLWKLQ WKH S
ZHUH FRPSXWHG IRUHDFK SRLQW FRPSDUHG WR D QHLJKERUKRRG V.
FDOO\GHWHUPLQHG WKUHVKROGV VSHFLxFDOO\WDLORUHG WR WKF
LGHQWLxFDWLRQDQGH[WUDFWLRQRIWKHWRSHGJHRIWKHJODFLF
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*ODFLHUVXUIDFHGLVSODFHPHQWY ZHUH FRPSXWHG RQWKHLPDJH
& VHH)LJ 7R WKLV HQCHZBI\XWHIG V$D\WPIB WKH FRVLQH VLPLODULYV
WRRULHQWDWLRQLPDJHVDVDFRUUHODWLRQIXQFWLRQ VHHGBHF
RIHUVVXSHULRUUREXVWQHVVWRVKDGRZ SDWW H UHQHEKIQIEHYV DQG |
E

‘HDSSOLHG ',& WRWKH XQGLVWRUWHG LPDJHV ZKLFK ZHUH FRUU
WLRQ SDUDPHWHUV HVWLPDWHG DWHYHU\HSRFK ZLWKLQ VWHUHR ¢
FDPHUD SHUVSHFWLYH FHQWHUV EXW RQO\VPDOO URWDWLRQV 6F
SODQHDWDQDUELWUDU\ HSRFK ZLW®& 4 HIWSGIHF WFW R EDHGHE HIY KR F R R
WUDQVIRUPDWLRQ :HDGRSWHGWKHLPDJHWDNHQRQ DVDP
‘60 EXLOW IURP WKH 8%9 $ VXUYH\ $0O0 WKH RWKHU LPDJHV DFTXLUH:
PDVWHULPDJHE\FRPSXWLQJDKRPFIRJUDSK\WUDQVIRUPDWLRQ

= <X<!

ZKHUW WKHFDPHUD LQW.YMXH BROWW L YBIURWDWLRQ EQWZHHQ W
DQG :UREHO7KH UHO D W{EHWRWMWNEIRK)FDPHUD SRVHDW D JHQHULF t
WKHPDVWHU FDPHUD ZDVNQRZQ IURPVWHUHR SURFHVVLQJ

7KH VDPH LPDJH SDLUV XVHG IRU YROXPH YDULDWLRQ FRPSXWDW
VHOHFWHG IRU',& 6HF 7KHUHVXOWLQJGLVSODFHPHQW PDS
xQDOO\SRVW SURFHVVHG XVLQJD ORFDO xOWHU WR UHPRYH RXWO!
WKHRSHQ VRXUFH ,P*5$pHODWODE WRROERYMQYB&®HW RI FDPHUD LQ\
SDUDPHWHUV IURP VWHUHR DXWRPDWLF FDOLEUDWLRQ ,P*5%$)7D
QDWHY LQWR WKH 'LPDJHFRRUGLQDWHV DQG WKHEDFN SURMHFWL
H[SUHWVMHG D&vdi)) 7KHUHE\ WKH PHWULF FRQYHUVLRQ RIWKH LPDJH
FRPSRQ&OWNV REWREEHES E\Q+ 6>+ 8] (;) ZKHUWWKH 'GLVSODFH
PHQW YHFWRFWKRQLVDIRUPRIUD\WUDFLQJFDUULHG RXWEDVHG
DQG H[WHULRU FDPHNMHSEDU CPHWHIBRD N VWWHIGP DWH WKH WUDQVIRUPD
'DQG 'FRRUGLQDWHV\VWHPV ZHDGRSWHG WKH'60DFTXLUHG E\ 8%
UHVDPSOHGDW P UHVROXWLRQWRVPRRWKVPDOOORFDO'60YDUL



i i i 2EO™OE%Om“meeqOm®®3@3+%EOqm3de

TKHRUWKRUHFWLxFDWLRQRIWKH "', & GLVSODFHPHQW YHFWRUV W
VHQ '60DQG LWV DVVRFU D WHHGOH-QWFW,IGWD D@V \XVLQI DQ XSGDWHG '6(
IURPGDLO\VWHUHR S URFHYW\LIQW DXRHUGFEHPMIGHRSWLPDO DSSUR|
HYHU GXHWRWKHFDPHUD{VYLHZLQJORFDWLRQ UHFRQVWUXFWLQ
OREHZDV QRWIHDVLEOH &RQVHTXHQWO\ ZH XWLOL]J]HG WKH 8%9 $'6

TRHVWLPDWHWKHXQFHUWDLQW\GHULYHG E\WKHXVHRIDVLQJOF
IROORZLQJH[SHULPHQW XVLQJWKH'60RI DVWKHUHIHUHQF
'60 DORQIJWKHURZGLUHFWLRQWRFUHDWHWZRV\QWKHWLF'60V UH
UHWUHDWHG SRVLWLRQV WKDW WKHJODFLHUVQRXW H[SHULHQFHG
RQWKHDFWXDO UHVXOWY RI WKHVWHUHR SURFHVVLQJ 6HF
DSSUR[LPDWHO\ PHWHUV GRZQVWUHDP 0D\ ZKLOH WKH PRVW
XSVWUHDP 1RYHPEHU 7TKLVULILGWUDQVODWLRQRIWKHJODFL
EXWDOVRUHVXOWHGLQD YDULDWLRQLQWKHJODFLHUVXUIDFHHC
TXHQWO\ ZHEDFN SURMHFWHG WKH ', & GLVSODFHPHQW YDOXHV RI
WZRV\QWKHWLF'60V )LQDOO\ ZHFRPSDUHG WKHPHWULFGLVSODFI
WKHRULJLQDODQG VIQWKHWLFUHVXOWYV

I &OEE%O—ICIO(EO?’ |%o©é_%o%o3 ”‘lC]'(E%oE ...é3qzoe-i qs... 2%0 0 %o CE° -0

‘HFRPSDUHG WKHEHKDYLRURIJODFLHUYHORFLW\DQGLFHYROXPH
SHUDWXUH SUHFLSLWDWLRQ DQGLQFRPLQJVRODUUDGLDWLRQPF
WHUPLQXV 6HF 6LQFHERWKYROXPHORVVDQG YHORFLW\ZHU
LPDJHVDFTXLUHG ZLWK D WHPSRUDO ODJRIxYHGD\V ZHDSSOLHGTL
WR WKHZHDWKHU GDWD 6XEVHTXHQWO\ WR xOWHU RXW WKH PDLQ
WKHWLPHVHULHV E\VXEWUDFWLQXDUHRERDW BROXNMWRE R\WY HDLIHU K
R GD\V )LQDOO\ ZHFDOFXODWHG WKH6SHDUPDQ FRUUHODWLR(
DOV ZKLFKLQGLFDWHV KRZZHOO WKHUHODWLRQVKLSEHWZHHQ W
IXQFWLRQ HDGRSWHGWKHG6SHDUPDQFRUUHODWLRQEHFDXVHLW
OLQHDUFRUUHODWLRQDQGEHFDXVHLWDOORZVWKHPRGHOOLQJR
EHWZHHQ PHWHRURORJLFDO YDULDEOHYV LFHYROXPHORVVHVDQG
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$XWRPDWLFWDUJHWWUDFNLQJRI*&3VRQPRQRFXODULPDJHVHTX
LQ RILPDJH VHTXHQFHV IURP ERWK FDPHUDV 2QO\LQ WZR RXW R
IDLO UHTXLULQIJWDUJHWPDQXDOFROOLPDWLRQ ODQXDOFROOLPI
WHPSODWH PDWFKLQJUHVXOWY )RUFDPHUD & WKHO$'EHWZHHQV
WUDFNHGWDUJHWVDQGWKHPDQXDOO\FROOLPDWHGRQHZDYV S
WRFDPHUD & WKHO0$'ZDV S[ ZLWKDVWDQGDUGGHYLDWLRQRI
URXWLQH{VVXE SLIHODFFXUDF\

i i ... %alqi% -e3% “%qODBE% 2q0s™m®3"q3... OEqe©m®e?3”

7TKHIHDWXUHVPDWFKHGE\,&(S\ '"RQHDFKVWHUHR SDLUH[WHQGHG
IHDWXUHVGHWHFWHGLQRYHUODSSLQJUHJLRQVDORQJWKHVWUHI
7 VHH)LJ E )J)RUHDFKHSRFK D QXPEHURIIHDWXUHV UDQJLQJ
PDWFKHGDQGYDOLGDWHGIROORZLQJIJHRPHWULFYHULXFDWLRQ )
RI WKHPDWFKHG IHDWXUHV ZHUH HIHFWLYHO\ WUDFNHG IURP SUHY
PDWFKHVDYDLODEOHIRUFDPHUD SRVHHVWLPDWLRQ ZKLOHHVWDE

$IWHU %$ WKHJIJOREDODYHUDJH UHSURMHFWLRQ HUURU ZDV FRF
DOO WKHWLHSRLQWYV WR WKHWZR LPDJHVDQGDYHUDJLQJWKHQR
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)LJ EVKRZWKHJOREDO UHSURMHFWLRQ HUURU ZKLFK H[KLELW

ZLWKDVWDQGDUGGHYLDWLRQRIDSSUR[LPDWHO\ S|

i "Te%03%0 E%+°2IOE@Oe°?

$WHDFKHSRFK WKHGHQVHSRLQWFORXG FRQVLWPHBKRIFKRVIRV PLOO
FRPSDUDEOHWRWKHLPDJH*6' 'XHWRWKHZLGHEDVHOLQHDQG WK
YHUWLFDOSDUWRIWKHWHUPLQDOLFHFOLIDQGDIHZERXOGHUV QH

JRUFODULW\ )LJ VKRZV D SRLQW FORXG IRUIBOFK@WRWK KLJIK
WDO )LJ D GVKRZVIRXUYHUWLFDOFURVV VHFWLRQVH[WUDFWI
ORFDWLRQVLQGLFDWHGLQ)LJ 7TKHKLIKHUUDWHRILFHDEODMW
WR6HSWHPEHU LVHYLGHQFHG E\WKHJUHDWHU VKLIWWR WKH OHI!
WLRQV L H OLIKWJUHHQ OLJKWEOXH DQGUHGFXUYHV FRPSDUH
JUHHQ DQG GDUNEOXHFXUYHV &URVV VHFWLRQ $${UHYHDOV WK
)LJ D 7KLVFDQEHREVHUYHGIURPWKHULIKWPRVWVHFWLRQR
WKHPDLQERG\RIWKHLFHFOLTDQGVOLGHWRWKHULJKWDQG GRZC
WLRQV RIWKH SURXOH HI[KLELW D OHIWZDUG PRYHPHQW 7KLV EHKD
\HOORZFXUYH DWZKLFKSRLQWWKHGHWDFKHGLFHEORFNLVQRC
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(VWLPDWLRQRILFHYROXPHYDULDWLRQ ZDV SHUIRUPHG E\'2'"DORC
)LJ SUHVHQWY WKH GDLO\LFH YROXPH YDULDWLRQV DQG WKH F.
ODWLRQ UDWH WKURXJKRXW WKH VWXG\SHULRG (YHU\YDOXHRI WI
EHWZHHQ WKHGDWH RI WKHWZR SRLQW FORXGV IURP ZKLFK LW ZDV
LQFUHDVHV GXULQJVXPPHUDQG VLIQLxFDQWO\UHGXFHV LQ DXWXI

LFHORVV RZDERERNHUYHG IURP WR
7TKHGDLO\JODFLHU ZDVHVWLPDWHG FRQWLQXRXVO\WUDFNLQJD
WKHWHUPLQDO LFHFOLT HIWUDFWHG DV GHVFULEHG LQ 6HF 7

DQG VLPLODUO\WR WKDW RIYROXPHYDULDWLRQV LW VKRZV D KLJ
ZKLOHWKHUHWUHDWYHORFLW\GHFUHDVHGEHWZHHQG6HSWHPEHU I
DUHWUHDW RI PHWHUVY ZDVHVWLPDWHG
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7RYDOLGDWH WKHVWHUHRPRGHOV ERWKLQWHUPVRILQWHUQDO .
GHQVH VWHUHR SRLQW FORXGV ZHUH FRPSDUHG ZLWK WKRVH REWD

ULIKWV 7KHVLIJQHG GLTHUHQFHEHWZHHQ WKH 8$9 SRLQW
DFTXLUHGRQWKHVDPH GD\ZHUH FRP SXIXHHGIXWD QQ W& R 0 G& R JR U L



F G
b]tu; “:¢3021-tluovvlv;lZ2omv ;S|u-1|;7 -||_;tol-Z2oml-uh;7 bm b]:*:ev: tt]|_;luovvlv;lZomv -u; ;S
u;=;u;ml; vev|;17 %b|_|_;*37bu;1Zom robmZm]bm |_; 7bu;1Zomo=|_; Jt-1b;u Y0O%7 |_; ,J7bu;1Zom r
+J7bu;1lZom lolrt;Zm] |_; ub]_|J_-m7 u;=;u;m1; vev|;l: t;-v;mol|;|_; 7b@;u;m|vl-t;vo=]|_; C]tu;v7 bn

O-uPbml;|;uvQ:



P-Q P0OQ

bltu; “:'«9 Q@ b1l; "ottl; tov|-||_;]t-1b;u |;ulbmtv7 ;vZI-|;7 O« o=r-buvo=robmfdQot7vvr-1;7 0c¢”
t1tt-z";1tu”; 0=|_;bl; "ottl;tovv7tubm]|_;v|T7<r;ubo7:

P-Q POQ
bl]tu; “:*e9®tZomo=|_;v;]I;m|;7bl;1th@ |or;7];-]]|_;0;]bmmbm]o=;-1_lom]|_=BO6R -<|o 07;I0;u ‘e
vzl-Zzomo=7-btcu;|u;-]0-v;70om|_; 7bvrt-1;I;m|Jo=]|_;|or;7];-tom]|_; YO% 7bu;l1zomP*J7bu;1ZomQ:

bl; 1tb@ om e¢Fe”"F'e¢'* bvliomvb7;u;7 -v-0-v;tbm; =ou|_;u;|u;-|: $_;ou-m]; l-uh;ubm7bl-|;v|_; 7-<o0-
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SDUH 0 & xUVWFRPSXWHVD "ORFDOVXUIDFHQRUPDOIRUHDFK FR
WKHFRUHSRLQWV ORFDWHG ZLWKLQDUDGLXV RIVL]H" 2QFHWKH
LVFRPSXWHGIRUHDFKFRUHSRLOQWDVWKHPHDQGLVWDQFHRIWKH
DVWKHQRUPDO YHFWRU SURMHFWHG WR WKHF\OLQGHUD[LV
7KHFRPSDULVRQ ZLWK WKH 8%9 $ SRLQW FORXG UHVXOWHGLQDQ
WKHSRLQWFORXGYV RI P ZLWKDVWDQGDUGGHYLDWLRQRI FP
LQVWHUHR SRLQW FORXG JHRUHIHUHQFLQJ 7KHODUJHVW GLTHUHQ
FORXGDQGLQVLGHWKHLFHFDYH )LJ &RQVLGHULQJWKH 8%9 9
ZLWKDVWDQGDUGGHYLDWLRQ RI P 7TKHQRQ QHJOLJLEOHPHDQ
RIWKHJHRUHIHUHQFLQJDFFXUDF\RIWKHVWHUHR SRLQW FORXG DC(
ZKLFKZDVLQWKHRUGHURIDIHZFHQWLPHWHUY VHHG6HF 8%9
LQWKHVXUYH\HG DUHDDQGIHZHU *&3V FRPSDUHG WR WKH 8%$9 $ EOF
DQRYHUDOO HUURU RI VWHUHR PRGHOV VPDOOHU WKDQ FP 7KHU
UHDVRQDEO\FRQVLGHUHG IRUWKHVWHUHRPRGHOV
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-u;1_-u-1];ub&;7 0cvr;1bCllour_oto]l<-m7 hbm;l-21v:

'S/ GLVSODFHPHQW PDSV DOORZIRUHYDOXDWLQJWKHVXUIDFH N
)LJ D 'HRUWKRUHFWLxHG WKHUHVXOWV RQO\LQWKHDUHD RI"
WHUPLQDO LFHFOLT FRYHULQJPRVWRIWKHQRUWKOREHRIWKHJO
FOLTHYROYHGDQGPRYHGVLIJQLXFDQWO\GXULQJWKH\HDU ZHGLG
WKLV DUHD )LJ E

JURP WKH GLVSODFHPHQW PDSV RIWKHREOLTXH )LJ DF DQG
ZDVSRVVLEOHWRLGHQWLI\GLIHUHQWGRPDLQV EDVHGRQWKHLUP

7KHIURQWDO LFH FOLTRIWKHJODFLHU ZKHUH WKHDEODWLRQ
ZDV YHU\ VWHHS DQG VHYHUDOLFHDQG URFNIDOOV RFFXUUHG



ZLWKWKHUHDU SDUWRIWKHJODFLHU

7TKHGHEULVY FRYHUHGPDLQERG\RIWKHJODFLHU FRYHULQJ Wk
JHQWOHU DQGWKHYHORFLW\ZDV KLIJIKHULQWKHFHQWUDO SDL

7KHODWHUDO PRUDLQLF GHSRVLW ZKHUH WKHODFNRIODWHU
YROXPH GHVWDELOLIJHGWKHRULJLQDOPRUDLQHY 7KHLQWHU (
GRZQVORSHGXHWRJODFLHUWUDFWLRQ

7TKHGHEULVWDOXV UHVXOWLQJIURPHURVLRQDO SURFHVVHYV R
WKHJODFLHUDQG WKH VWDEOH PRUDLQLFGHSRVLW ZDV SDUWL
VXSHUxFLDO HURVLRQDO SURFHVVHV RQWKHVWHHSPRUDLQLF

&RPSDUHG WR WKH JODFLHU{V PDLQ ERG\ WKH WZR ODWWHU GRI
ZLWK WKH PRUDLQLFWDOXV VKRZLQJWKHVORZHVW YHORFLW\ %H’
FOHDUO\GLVWLQFWGXHWRORQJORQJLWXGLQDO IUDFWXUHV LQG
DJHV )LJ F LWLVSRVVLEOHWRUHFRJQL]JHRWKHU SRUWLRQVR
VWXG\ LQFOXGLQJD ORZHUFUHYDVVHGDUHDDQG WKHLFHIDOO WK
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‘HFRQVLGHUHGWKHGLVSODFHPHQWWLPHVHULHVRIWZRSRLQW'
WKHIURQWDOLFHFOLIDWWKHHQGRIWKHFRQVLGHUHG SHULRG 3



IURPWKHIURQW 3 DVLQGLFDWHGLQ)LJ DE 7TKHRUWKRUHFW
WKH YHORFLW\PRGXOH FDOFXODWHG EHWZHHQ SDLUV RILPDJHV V
LQ)LJ 7KH WLPH VHULHV H[KLELW VLPLODU EHKDYLRU ZLWK D
DQG VKRZFRPSDUDEOH YHORFLW\YDOXHVEHWZHHQ OD\DQG WKH xL
6HSWHPEHU XQWLO WKHHQG RIWKH SHULRG +RZHYHU 3 KDVD K
ZLWKYDOXHVUDPOILRFFXRREQIRQDIHZGD\WVGXULQJWKHVHFRQG Z
EHIJLQQLQJRI6HBSPVH PEHUG/ RO\ 7KHB6RXWK 1RUWK YHORFLW\FRP!
YDU\LQJ GXULQJ WKH ZbigP GHMDRVRE BW DHERE GWRid P G

3 7KH(DVW :HVW FRPSRQH®MNGVRYIHU B KIPFDHMWHION ¥ HUWLFDO FRPS
VPDOOHU YDOXHWIPESUR[LPDWHO\ &
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TRHYWLPDWHWKHHUURUUHODWHG WR'60 YDULDWLRQV ZHVLPXOI
LQG6HF 7KH xUVW VLPXODWHG VQRXW SRVLWLRQ ZDV PHWHI



PLQDOLFHFOLTRQ ZKLFKZDVWKHPRVWDGYDQFHGIURQW S
yLJ E 7KHVHFRQGVLPXODWHGVQRXWSRVLWLRQZDV PHWHUYV
SRVLWLRQ DW WKH HQG RI WKH VHDVRQ )LJ E 2QDYHUDJH WKHI
HOHYDWLRQFRDMIHGRA IRUWKHDGYDQFHG DQG UHWUHDWHG SRVLW
IHUHQFHVEHWZHHQWKH YHORFLW\YHFWRUVRUWKRUHFWLxHG ZLW
LQ)LJ 7KHFRQVLGHUHG YHORFLW\YHFWRUV ZHUH PHDVXUHG E\
DxYH GD\ SHULRG FHQWHUHG DURXQG WKHDFTXLVLWLRQ RI WKH 8
WKDW WKH YHORF LW\ XBIW W K FDOHPR/ME RQBIQMQ F HiCGR 1ZRAWRW QRUPDO|
WKHDGYDQFHG VLP X DD R & & R WIHWIRHDMWHGI SRVLWLRQ 7KH 0$'V R
SODQLPHWULF;FRPSRIWUIOPLY DU D Q:G WS PBIR[K P DRAHHUDK KO B /K H

QRUPDOL]JHGO0$'VRIWKH Y H®RROGH PERERQAMEDQEAI HWUHDWHG SR
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‘HFRPSDUHG WKH WLPH VHU L& \REM. B HQYHR® X PW K B/IKIHDWW.HRQHR FDP H |
QLWXGH Rl WKH YR EWIFIHQHHEOR . MH PRQRVFRSLF FDPHUD DSSURDFK
U DQB ODEHQP®GHVZLWK WKH VHULHV RIGDLO\PHWHRURORJLFDO P
$:6 :-HREVHUYHGDVLJQLXFDQW UHODWLRQVKh S BBWIZHWY QXK B [GHDY
ORFLW\ DQG YROXPH YDULDWLRQV ZKLOH SUHFLSLWDWLRQDQGLQ
VKRZVWKHWLPHVHULHVDQGWKHVHDVRQDOWUHQG $O0O WKHVHUL
UHPRYHWKHPDLQVHDVRQDOWUHQGDQGDQDO\]HWKRHGMNWUHQGHC
ODQG IURPWKHRULJLQDO VHULHVDQG FRPSXWHG WKH 6SHDUPDQ |
YDULDEOHV 7DE 7KH FRUUHODBWR B @/\K BHEUHHADIOHZDG W G YU J B D OV B
861 IRUWKHRULJLQDO VHULHV
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, QWKHFDVHRIWKH%HOYHGHUH*ODFLHU WKHZLGHEDVHOLQHEHW
WLRQDOKDQG FUDIWHGPDWFKLQIJWHFKQLTXHYV ZKLFKIDLOHG WR:
LQJFDPHUD SRVHV 7UDGLWLRQDO IHDWXUHPDWFKLQJ LQFOXGLQJ
OHWDVKDSH \LHOGHG D OLPLWHG QXPEHURISRRUO\GLVWULEXWHG
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WLHSRLQWY ,QDOOWKHFDVHY WKHWLHSRLQWVY ZHUHFRQFHQWU
WKHLFHFOLIZDVQHDUO\YHUWLFDO DQGLW ZDVLPSRVVLEOH WR G

2QWKHRWKHUKDQG '"/IHDWXUHPDWFKLQJDOJRULWKPVRXWSHU
VXFFHVVIXOO\xQGLQJDVLIJQLXFDQW QXPEHURIFRUUHVSRQGLQJ I}
EHWZHHQ DQG IHDWXUHV ZKLFKZHUHZHOO GLVWULEXWHG R\
VWUHDPZLVHULJKW PRUDLQHLQ WKHEDFNJURXQG 7KLV VXEVWDQ
VSDUVH EXW FRPSOHWH 'UHFRQVWUXFWLRQ RI WKH WHUPLQDO LF}F
VFHQH UHFRQVWUXFWLRQ :LWKD UHOLDEOH FDPHUD SRVHDQG VS
PDWFKLQJDOJRULWKPYV OLNH VHPL JOREDO PDWFKLQJ SURYHG W
VWDWH RI WKH DUWDOJRULWKPVFDQEHHPSOR\HGIRUHYHQ EHW W
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7KHVWHUHRVFRSLFDQG PRQRVFRSLFZRUNURZV IRFXVHGRQ GLTHU
WKHFRPELQHG XVHRIWKHVH WZR SLHFHV RILQIRUPDWLRQ LV XVHI
WKHVWXGLHGDUHD 7KHLQVWDOODWLRQRIWZRFDPHUDVDOORZH(
VORXWDQG WKHFRPSXWDWLRQ RIYROXPHYDULDWLRQV ZKLOH WK
FKDUDFWHUL]DWLRQRIWKHPRYHPHQWRIWKHGHEULYVY FRYHUHG VF

7KHSURSRVHG V\VWHP ZDVDEOHWRPRQLWRUWKHHYROXWLRQR
SRUWVWKHLGHQWLXxFDWLRQRIGLTHUHQW NLQHPDWLFVHFWRUV )l
HIKLELWHGD FRPSOH[PRWLRQWKDWLQYROYHGPXOWLSOHFRPSRQ
ZLVHGLUHFWLRQ DGRZQVORSHIRUZDUG PRWLRQ GXHWR JODFLHL
FDXVHG E\DEODWLRQ )URPWKHVWHUHRVFRSLFSURFHVVLQJ LWZ
VLWLRQ RIWKHWHUPLQDO OREH ZKLFKUHWUHDWHG E\ PEHWZH]
LFHYROXPHORVYV )LJ 2QWKHRWKHUKDQG WKHPRQRVFRSLFCLC
PRWLRQ RI WKHJODFLHU E\WUDFNLQJIHDWXUHV RQ WKHJODFLHU{
PHWULFDQGNLQHPDWLF GDWD DOORZHG WKH FRPELQHG DQDO\VLYV
YDULDWLRQ VXUIDFHYHORFLW\DQGH[WHUQDO PHWHRURORJLFDO
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7\SLFDOO\ PRXQWDLQ JODFLHU PRWILRQLV ZKREEDLW WG E DRMORMDW K
VWDWH RIWKH K\G U DXIOQ FH3U/D H@Q/PQI8 YUOWNIFRODU WKHZDWHU SUHV



WKH SUHVHQFH RI G LV W3LLPEXWH-GOVPDO® DZRDGAMOGLPLQLVKHG ZKH
FDYLWLHV IRUPDQG D PRUH HRl FIOHRZW & WDEIRED/HHTE H QMR SVODFLH U
RIWHQIDVWHULQ HDUO\VXPPHU W &DQ®NUW KBVHIEG R VWHW ZDUP VHD
7KHUHIRUH DWWKHVHDVRQDOVFDOH JODFLHUVXUdDBBWHORFLW)\
HWDO $WKRXUO\WRGDLO\VFDOH VHYHUDO VWXGLHV VKRZHG WK
ZDWHU S&HMMXBE HWIDQEG DLU WHP % HUDMXKYH Q VERRX/IKD GW HW DO
GLG QRWREVHUYHDVLJQLXxFDQW YDULDWLRQLQWKHGLXUQDO
LW\ ZDV REVHUYHG WR UL VH DOW HW HOWIHDIVG H\D OEVIWRRIFP MW D O

‘HVKRZHG WKDW WKH GDLO\DLU WHPSHUDWXUH YDULDWLRQV DU
DGDLO\WR ZHHNO\ VFDOH 2Q DPRQWKO\VFDOH ZH UHJLVWHUHG \
DEVROXWH SHDN ZDV UHDFKHG LQ WKH xUVW KDOI RI-XQH FRQFXUU
WKHxQGLQJV RI RWRRUW HFRRODDY HWEXAL\DPD HW R GLG QRW
UHIJLVWHUDQ\UHODWLRQVKLS ZLWK UDLQIDOO HSLVRGHV 7KHVHF
VIVWHP UHPDLQHG KRPRJHQHRXVGXULQJWKHVHDVRQ DWOHDVWL
ZHDOVR REVHUYHGDQHYHQ VWURQJHU UHODWLRQVKLS EHWZHHQ |
RXUNQRZOHGJH KDVQHYHUEHHQ GRFXPHQWHG EHIRUH 7KLV ZDV
WKDW SURGXFHG YROXPHWULFGDWD LQFUHDVLQJWKHXQGHUVWD!
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7KHWUDQVIHUDELOLW\RIWKHORZ FRVW FDPHUD VI\VWHP XVHG LQ W
FRQVLGHU 7KHLQVWDOODWLRQSURFHVVRIWKHV\VWHPLVUHODW.
WRSRJUDSKLFWULSRGY HOLPLQDWLQJWKHQHHGIRUFRPSOH[DQG
HQDEOHY WKH VIVWHP WR EH UHSOLFDWHG LQ GLTHUHQW VLWHV ZL\
LQVWDOODWLRQ ZLWK PLQLPDO YLEUDWLRQVDQGFDPHUD URWDWL
DOORZVIRUHNFLHQW GHSOR\PHQW E\D VPDOO WHDP ZLWKRXW UHT
7KH %9HOYHGHUH JODFLHU FKDUDFWHUL]JHG E\GHEULV FRYHU DQ
FRQGLWLRQVIRU '"UHFRQVWUXFWLRQGXHWRWKHSUHVHQFHRIGLV
VWXGLHV KDYHDOVR DFKLHYHG VXFFHVVIXO 'UHRRQWVWQXFWLRQ V
DQGQGUDX[ HWXOMLOL]HG 8%$9 610 WR JHQHUDWH 'PRGHOV RI Gt
GHEULV FRYHRADHWRICDFEOWBRQVWUDWHG WKHHIHFWLYHQHVV RIDQ H
IRU 'UHFRQVWUXFWLRQRIDGHEULV IUHH JO®DFRLE U FDOYOQJ IURQ\



DQEBOLFKHOHHWP®OR\HG 8$9 EDVHG SKRWRJUDPPHWULFUHFRQVW
'"HVSLWHVQRZKDYLQIJHYHQIHZHUGLVFHUQLEOHSDWWHUQV WKDQ I
IRUDFFXUDWH "UHFRQVWUXFWLRQYV

WLV ZRUWK QRWLQJ WKDW WKHVHH[DPSOHV XWLOL]HG WUDGLW
EHIXUWKHU LPSURYHG ZLWK VWDWH RI WKH DUW '/ VSDUVHDQG GH
%HOYHGHUHJODFLHU{VFKDUDFWHULVWLFVIDFLOLWDWH '"UHFRQV
DQRGVQERZ FRYHUHGDUHDV XVLQJVLPLODUWHFKQLTXHVKDYHEHHOQ
EURDGHUDSSOLFDELOLW\RIWKHORZ FRVWFDPHUD VI\VWHP IRU PR (
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&KDSWHU GHPRQVWUDWHG WKHSRWHQWLDO RIDORZ FRVW VWHU/|
LQJRIJODFLHU G\QDPLFV +RZHYHU XVLQJD VWHUHR FDPHUD RQO\
FRYHU HVSHFLDOO\XQGHUVXE RSWLPDOYLHZLQJFRQGLWLRQVDQ
DWUDQVLWLRQWRDPXOWL FDPHUDDSSURDFK ZKLFKRTHUVVHYHU
HQKDQFH "UHFRQVWUXFWLRQ FDSDELOLWLHYV )LUVWO\ LWDOORZ
DJHRIFRPSOH[JODFLHUHQYLURQPHQWY 6HFRQGO\ DPXOWL YLH.
WLRQV SURYLGLQJPRUHREVHUYDWLRQUHGXQGDQF\DQGPRUHUR
PXOWL FDPHUD IUDPHZRUN JXDUDQWHHV UH[LELOLW\ DOORZLQJ W
IRUORQJ WHUP PRQLWRULQJZLWKLQ WKHVDPH S SURFHVVLQJSLSHO
$VGLVFXVVHGLQ &KDSWHU ZLGHFDPHUDEDVHOLQHYV VWURQJY
VXUIDFHVLQKHUHQWWRJODFLDOHQYLURQPHQWY SRVHVLJIQLXFDQ
QLTXHYV 7KHUHIRUH VWDQGDUGG6IOVRIWZDUHSDFNDJHVDUHRIWH(
UHFRQVWUXFWLRQ 7KLV FRPSOH[LWN\LQWURGXFHV WKH QHHG IRU |
ODWFKLQJ ',0 SWRROERVHG LQ WKLV FKDSWHU ',0LVD YHUVDWLOH
EDVHG PXOWL YLHZLPDIJHPDWFKLQJ ,WDGGUHVVHVDFUXFLDO JD-
FDOO\WDLORUHGIRUPXOWL YLHZPDWFKLQJXQGHUFKDOOHQJLQJ
WXUHVDQGPDWFKLQIJDOJRULWKPYV
7KHGHYHORSPHQWRI',0ZDVDFROODERUDWLYHHIRUWEHWZHHQ
DW '20 )%. :HERWKFRQWULEXWHG HTXDOO\WR WKH VRIWZDUH GF
PLWKLVWRU\RQ *LW+XE 6SHFLxFDOO\ ,ZDVUHVSRQVLEOHIRU WK
SDFNDJH ZKLFKLQFOXGHGGHxQLQJWKHPDLQREMHFW RULHQWHG
DUHLQKHULWHG E\DOO WKHVSHFLXxFDOJRULWKPV $GGLWLRQDOO
DSSURDFKHV JHRPHWULF YHULxFDWLRQ DQGLQWHJIJUDWLRQ ZLWK
FXVHGRQWKHLPDJHURWDWLRQ SUREOHPDQGLQWHJIJUDWLRQ ZLWHEK
7KLV FKDSWHU ZLOO H[SORUH WKH SRWHQWLDO RI"',0 E\WHVWLQJ
EDVHOLQHYV YLHZSRLQWGLIHUHQFHYVY ORZWH[WXUH KLJKOLJKWLC
PDWFKLQJ PHWKRGY 7KHJRDOLVWRDVVHVV WKHVXLWDELOLW\ RI
FDWLRQV E\H[SORLWLQJWKH',0OLEUDU\ 8QIRUWXQDWHO\ D PXO\
LQVWDOOHG \HWDW WKH %9HOYHGHUH *ODFLHU 7KHUHIRUH WKLV F
ZHZLOOVLPXODWHDPXOWL YLHZVFHQDULRRIWKH %HOYHGHUH *O

KWWSV JLWKXE FRP '20 )%. GHHS LPDJH PDWFKLQJ
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$V GLVFXVVHG LQ 6HF D ODUJH QXPEHU RI WUDLQDEOH DOJRULYV
PDWFKLQJKDYHEHHQ GHYHGRISHR® IGQ K H\S DWWHKQ LARHY DQG SDL
WLFXODUO\ DWWHQWRRQZBPDV HGVDEIFKH WP R WXUGBY SRZHUIXO WHF
H[WUDFWLQJDQGPDWFKLQJIHDWXUHV XQGHU FKDOOHQJLQJFRQGI
GLRPHWULF-GOIHWHGEBRWHW DO

$OWKRXJK'/ORFDOIHDWXUHV RTHUVHYHUDODGYDQWDJHV WKHL
VWUDLQW SDUWLFXODUO\ZKHQ DQDO\]LQJLPDJHV ZLWK GLYHUVH
8$9 SKRWRJUDPPHWULF DFTXLVLWLRQV :KLOHVRPHLQLWLDO VWXt
KDYH QRW SULRULWL]HG WKHVROXWLRQ WR WKLV SUREOHP DV GDW
ULJKW LPDJHV DUH FRPPRQO\XVHG ZLWKLQ WKH FRPSXWHU YLVLR
DSSURDFKHYOHNH/OPQG /) 2W HW DODQG VHPL GHQVHPHWKRGV OL
3DULKDU HWQG 6( /RPIBEPDQDQG .DEBPRQVWUDWH SURJUHVV LQ D
WDWLRQDO LQYDULDQFH 5HFH®QWKIRWUNY & LAVKIBXRHFHK UDDUEHD HUGRIXLS/
HTXLYDULDQW QH XU D O4Qil WZARUGIY WKL W\D R OWRE RRRIDNH WKHP LQYD L
IXUWKHU DGGUH W WKLY DQBLBWRDRFALR@HW DIHYHUWKHOHVYV WKH QX
RIDSSURDFKHVVSHFLxXxFDOO\DGGUHVVLQJWKLY SUREOHPLVPLQLP
IHDWXUH PDWFKLQJDOJRULWKPY 2Q WKHRWKHU KDQG WKHPRVW
LV VWLOO WR FRPSHQVDWH E\LWHUDWLYHO\URWDWLQJLPDJHV GX
LOQWHQVLYHIRUODUJHGDWDVHWYV

$QRWKHU OLPLWDWLRQRI'/DSSURDFKHV LV WKHLUFRPSXWDWLR
IRUSURFHVVLQJKLJK UHVROXWLRQLPDJHV PDLQO\ZKHQ FRQVXPF
DELOLW\WR SURFHVV KLJK UHVROXWLRQLPDJHV LV FUXFLDOIRUOF
WLRQLQKLJK DFFXUDF\ SKRWRJUDPPHWULFDSSOLFDWLRQV ,QDG
RIWHQFDUULHGRXWRQORZ UHVROXWLRQLPDJHV 7KHLPSDFWRIW
DQG WKH LQIHUHQFK EWWMNWL O MARFWUWDDRRQLQJPXVWEHJHQHUDO
UHTXLUHDGGLWLRQDO WUDLQLQJRQKLJK UHVROXWLRQLPDJHV WF

"KLOHWKHSRWHQWLDORIWKHVHDSSURDFKHV XQGHUH[WUHPH O
LVLQFUHDVLQJO\HYLGHQW VRPHSUHOLPLQDU\H[SHULHQFHV VXJ.
UDWHLGHQWWHNPDWHRQRGHHG GHVSLWHWKHH[LVWHQFHRI'/DSSU
WKHLU XWLOL]DWLRQLQ SKRWRJUDPPHWULFDSSOLFDWLRQV UHPD]|
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'HHS ,PDJH ODWFKV@IUH[LEOH RSHQ VRXUFH 3\WKRQ OLEUDU\ GHYV
LPDJH PDWFKLQJ OHYHUDJLQJERWK KDQG FUDIWHG DQG '/ PDWFKL
PDMRU OLPLWDWLRQV RI'/ORFDO IHDWXUHV IRUSKRWRJUDPPHWUL
DJHV ',0FDQ SHUIRUP WKH PDWFKLQJRSHUDWLRQV DQG UHWXUQ W
SURYLGLQJWKHHVVHQWLDOIRXQGDWLRQIRUEXQGOHDGMXVWPHQC
", 0{VSULPDU\JRDOLVWRSURYLGHD XVHU IULHQGO\LQWHUIDFH
SXWHUYLVLRQ DOJRULWKPV IRUPDWFKLQJDQG WUDFNLQJFRUUHV.
WLRQDOO\ ',0DLPVWRRYHUFRPH WKH PDLQ OLPLWDWLRQV RI'/ ED
OHQJHV IRUWKHLU SUDFWLFDO XVDJHLQ SKRWRJUDPPHWU\DQG UH
WLYLW\WR URWDWLRQ FKDQJHVY FRPSXWDWLRQDO ERWWOHQHENYV
SIRQWKHORQJHVWHGJH LQHNFLHQWLPDJHSDLUVHOHFWLRQIRU
DFFXUDF\ DQG FRPSDWLELOLW\LVVXHV ZLWK H[LVWLQJ610VRIWZD!
", 0HPSOR\V D PRGXODU ZRUNURZ GHVLJQHG IRUHIHFWLYH PXOWL
GRHV QRW SHUIRUP WKHEXQGOHDGMXVWPHQWDQG VFHQH UHFRQV
LQWHJUDWLRQ ZLWK YDULRXV SRSXODU 610 VRIWZDUH SDFENDJHV ZL
FRPPXQLWLHV 7KHVH BORFOXGHIZ2/0HIN GISHAPIRXORQ HW DO
OLFOPKSQLN HW D3JLVRIW OHIVM@& RRSRWKHU VRIWZDUH SDFNDJH
WKHLPSRUW IURP D % X Q/G DG \6ROX WIR®LWURQWOO\ ',0FDQ EH HDV
JUDWHG LQWRDPXOWL FDPHUD PXOWL HSRFK SLSHOLQH H J E\H]J

KWWSV JLWKXE'[\'Z:CRB”%. GHHS LPDJH PDWFKLQJ
KWWSV z7ZZ DJLVRIW FRP



,&(S\ ' VHH &KDSWHU
7KH ',0 SURFHVVLQJ SLSHOLQH EHJLQV ZLWK D SUH SURFHVVLQJ
PDWFKLQJVWUDWHJILHY EUXWH IRUFH ORZ UHVROXWLRQ JXLGHG
JHQWO\VHOHFW WKH SDLURILPDJHVIRURSWLPL]JHG PDWFKLQJ ',0
OHQJHRIURWDWHG LPDJHV ZLWKLQ GDWDVHWY HJ LQWKHFDVH ¥
WLI\LQJWKHLGHDO URWDWLRQDQJOHEHWZHHQLPDJHSDLUV VLJC
DOO\ XVHUVFDQRSW WRPDWFKLPDJHVDW WKHLURULJLQDO UHVR(
WHFKQLTXHV ',0 RTHUVWKHDGGHG FDSDELOLW\RILPDJHWLOLQJ W
HNFLHQW SURFHVVLQJZLWKRXW UHGXFLQJGHWHFWLRQ SUHFLVLR(
JRUWKH DFWXDO PDWFKLQJ ',0 VXSSRUWYV YDULRXV FRPELQDWL
ULWKPV.QDPHGWLPL]HGIRUGLYHUVH SUREOHP GRPDLQV 7KLV DO
WR WKHLU VSHFLXF QHHGV (DFK SLSHOLQH &R O MMWHNS/VRK DAZR P D HQ
VSRQVLEOHIRUH[WUDFWLQJORFDO IHDW XU VMW R B IV&O WPTDI\W F K I
WKHH[WUDFWHG ORFDO IHDWXUHV DFURVV WKH LPDJH SDLUV VHOHF
", 0 VXSSRUWV D ZLGH UDQJH RI ORFDO IHDWXUHV DQG PDWFKLQJ I
FHQWVWDWH Rl WKH DUWOHDUQLQJDSS WBRERKHVHSYBADDEOH ORF
IRZH 6XSHUMRROW HW D®/,. (=KDRHWD®/,.(' =KDRHW DO
'6. 7\WWINLHZLF] HWH\OLBWUURVR /DIJXQD+PW®EBKXWWDU 'H
'R'H(GVWHGW HD@® ;)BRWMH HW D@ LPSOHPHQW V6®XSH.W* B ¥WH O
/LIKWHOXBHHQEHUJHUDPIQGDWUDGLWLRQDO QHDUHVW QHLJKERU
.251,$ OLEBGDEN HW DDV ORFDO IHDWXUHV PDWFKHUV $GGLWLRQDO
DOJRULWKBYORJWSDO6( /R)P. NPDQDQG .DBQG5RG WHGW HW DO
DUHLQFOXGHGLQ',0DQGDOORZVIRUDVHPL GHQVHVFHQHUHF

ii 0g0e™@3”"[{OEQqO %o” ce %ol

7TKHPDWFKLQJVWUDWHI\GHXxQHVKRZWKHSDLUVRILPDJHVWREHP|
VWUDWHI\SOD\VD FUXFLDOUROHLQRSWLPL]JLQJLPDJHPDWFKLQJ

" 0ORTHUVD YHUVDWLOHUDQJHRIVWUDWHMHNMBDEBEHKSVRLYH
YLGHVWKHPRVWFRPSUHKHQVLYHH[SORUDWLRQE\DWWHPSWLQJW
7TKLVPHWKRGLVFRPSXWDWLRQDOO\LQWHQVLYHEXWFDQEHYDOXD
RWKHUVWUDWHILHV PD\\LHOGLQVXNFLHQWPDWFKHY 7KHLPDJHS
RIQHOHPHQWV LQ SODFHV L H WKHSDLU ZKHUHQLV WKH QXPE
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FRPSXWDWLRQ FERRSOH W\ EAKHUMWKH QXPEHU RISDLUV
JRULPDJH VHTXHQFHV DFTXLUHG LQ RUGHU E\D PRYLQJFDPHUD
VHTXHQWMWOUDWHJ\ RTHUV RSWLPL]JHG HNFLHQF\E\ PDWFKLQJ HDFK LP
VHTXHQW LPDJHV 7KHRYHUODS SDUDPHWHU GHXxQHV WKH QXPEHU |
)LJ F 7KHFRPSXWDWLRQ.BO FRHp SHD B KIHAL\N. W KIHYRIYQHEAOD S SDUDP
7KHDWFKLQJIBORZQKD QFHYV FRPSXWDWLRQDO HNFLHQF\ RQ ODUJH G
GRZQVDPSOHG LPDJHV WR SUH xOWHU SDLUV EDVHG RQ JHRPHWU
UHVROXWLRQ )LJ G %\GHIDXOW WKHPLQLPXP QXPEHURIYDOL

EXWWKHXVHUFDQ WXQH LW
7KHHWULHYWOUDWHJI\DOORZVWKHXVHRIJOREDO IHDWXUHV WR GHW



WRVHH WK H\WDMRIMDFHIQH VHOPEGREDO IHDWXUHVDOORZIRUGHVFULELQ
E\HQFRGLQJLWLQWR D QHXUDO QHWZRUN 7KHUHIRUH WKH\DUH Z
SUREQBBROHWDE®DQGLGDWH SDLUVDUHVHOHFWHGDPRQJDOO WK
GHVFULSWRUV '",0 PBONHYIXYHWRKORWUDFWLQJIJDQG PDWFKLQJ JORI
LWVXSSRUWYUBWOMHMORYLRSMQHOMHW DO DQG &RE6BRBEH W DO
JOREDO IHDWXUHYV
)LQDOKXVWRKRESRISIWLRQ JUDQWY XVHUV SUHFLVHFRQWURORYHU W
VSHFLXxFDWLRQRIH[DFWLPDJHSDLUVYLDDWH[W xOH

i i ,209"% E%i°-@0m®°3q3... Oe-e3”

'O SURYLGHVH[WHQVLYHFRQWURORYHULPDJHUHVROXWLRQEHIRL
WLRQDOLW\ LYV SDUWLFXODUO\LPSRUWDQW ZKHQ XVLQJ'/ EDVHG O
RQ *38 SDUDOOHOL]DWLRQ IRUEHVW SHUIRUPDQFH 7KH\IDFH OLP
FRQVXPHU JUDGH *38V ZKLFK W\SLFDOO\KDYHOLPLWHG PHPRU\ UF
GHSHQGLQJRQWKHDYDLODEOH *38PHPRU\DQG WKHVSHFLXFDOJRL
EH SDUWLFXODUO\PHPRU\ LQWHQVLYH $VDJHQHUDO JXLGHOLQH
EHSURFHVVHGRQD *%*38XVLQJWKHG6XSHU3RLQW /LIKW*OXH SLS

7JRDGGUHVV WKLV FKDOOHQJH ',0RTHUVVHYHUDO UHVROXWLRQ F
VDPSOHG E\D IDFWRU RI R& > FIRQRW URIO®HOGE &\ WBEHDPHWHU LQ ',
XVLQJ2SHQ&9{V SL[HOHD FHDUEBDWLAWHUSRODWLRQ ,PDJHGRZQ
DWHZKHQ FRPSXWDWLRQDO HNFLHQF\LVD SULRULW\ $OWHUQDWL"
DFFXUDF\ HJ B6XSHU3RLQW X5 VDPBOL\YUED DDPHWRWRXVLQJIELF)
ODWLRQFDQLPSURYHVXESL[HO GHWHFWLRQFDSDELOLWLHYV

',0 VXSSRUWV EUHDNLQJ LPDJHV LQWR VPDOOHU UHJXODU WLOH
KLJK UHVROXWLRQ GHWDLOV ',0{VWLOLQJDOORZV WKHXVHUWR V
URZ FROXPQ $QRYHUODSEHWZHHQ QHLJKERULQJWLOHV FDQEHVS
DORQJ WKH WLOH ERXQGDULHV 7KH VRIWZDUH DXWRPDWLFDOO\ |
WLOH VLIHV WKURXJKRXW ,PDJH WLOLQJLV FULWLFDO ZKHQ KLJK
GHWHFWRU IUHH PDWFKHUV H J /R)75 5R0D DV WKHLU FRPELQ
SDUWLFXODUO\PHPRU\LQWHQVLYH

2SHQ&9 LQWHUSRODXWWULRQ BEFIYRYLWKBRV B I JURXSBBLPISURFBBWUDQVIRUP
KWPO



"KHQ XVLQJLPDIJHWLOLQJ ''OKDQGOHVORFDOIHDWXUHH[WUDFW
WLDOO\ +RZHYHU WLOH EDVHG IHD WX b RS FHOHGWDMIEL BV VHY H U D (
PRGHH[K®XxvWPYRGH IHDWXUHV IURP HDFK WLOH RI WKH xUVW LPDJH I
WUDFWHGIURPDOOWLOHVRIWKHVHFRQGLPDJH 7KLVPLUURUYV WKI
6HF DQGHQVXUHVFRPSUHKHQVLYHH[SORUDWLRQRISRWHQWL
VLYHsUkwhoHFRRR@H SULRULWL]HVHNFLHQF\DQGLVWKHGHIDXOWDS
PDWFKLQJVWHSLGHQWLXHVWLOHSDLUVOLNHO\WRFRQWDLQFRUU
IRFXVLQJVXEVHTXHQW IXO0 UHVROXWLRQRPWRBKHLDV\HXRH W K IRIK W
VLPLODULW\EHWZHHQ WKHWZR LPDJHV ,WPDWFKHV IHDWXUHV IUF
WKHFRUUHVSRQGLQJWLOH L H WKHWLOHWKDW VKDUHYV WKH VDF
LPDJH 7KLVDSSURDFKLVZHOOVXLWHGIRUVFHQDULRVVXFKDV 96/
E\DPRYLQJFDPHUDDQG UHSUHVHQW VLPLODUVFHQHYV

i i ,20"% E°OqOcesi

'/ EDVHG ORFDO IHDWXUHV RIWHQ VWUXJJOH ZLWK H{WUHPH LPDJH |
ZLWK ODUJHO\FRQVLVWHQW RULHQWDWLRQV ',0DGGUHVVHV WKLV
VXULQJLPDJHVDUH SURSHUO&RURWD PMHEIR'DAFRDWXQHWRMUDFWLRQ
LQJ YHDWXUHV DUHH[WUDFWHG DQG PDWFKHG IURP WKH URWDWHG
PDSSHGEDFNWRWKHLU SRVLWLRQVLQWKHRULJLQDOLPDJH

I WKHLPDJHV{RULHQWDWLRQ UHODWLYHWRD SULQFLSDO GLUH
VI\VWHPV ',ODFFHSWV D WH[W xOH VSHFLI\LQJWKHVH URWDWLRQV
WLYHO\ LQWKHDEVHQFH RI[SVU bR U UBVDMDARIQYNMQWRRE D HE IHUB QFH LF
UDQGRPRUXVHU VHOHFWHG FDQEHXVHGWRGHWHUPLQHWKHSUL
VWDUWYV ZLWK D VLQJOH UHIH &%H Q& HDIQRDD B @ @ WKBILQL\VQA E B X YAWHILQ
FOXWAMIHU (DFK URDWH$LV LWHUDWLYHO\PDWFKHG®IDEQVW D UHIH
WHVWLQJURWDWLRQV RI > @ GHJUHHV 7KH URWDWLRQ ZLW
xHG PDWFKHV LV VHOHFWHG ,IWKHQXPEHURLWPRYVEKBIWR[FHHGV D ¢
H[SDQGLQJ WKDW FOXMW.HAKDQ S WRIFSHKGEX QH LVSDY DPODHOLFERLEOH Z
YLGHG LQWR VXEJURXSV IRU L QGEHS.HRBHQUWR BOQ BHILSHIQDEIDQ W \SW R F
VLIQLXFDQWO\VSHHGV XSWKHFRPSXWDWLRQDO WLPHFRPSDUHG W
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bl-];1-]1_bm]:

ii 0qO0e™@3” o/ % -03% i

", 0O RTHUV UH[LELOLW\E\VXSSRUWLQJ GLYBHUM6LBRBEOQBW B ORRIFIDRD .
IHDWXUH HIWUDFWRU DQG LWV FRUUHVSRQGLQJPDWFKLQJDOJRUL
IHDWXUH HIWUDFWRUV DQG PDWFKLQJDOJRULWKPV ZLWKLQ '/ EDVHI



ORZLQJSLSHOLQHYV
, 6XSHU3RLQW /LIJIKW*OXH
, 6 XSHU3RLQW 6XSHU*OXH
, ',6. /JLIKW*OXH
, $SOLNHG /LIKW*OXH
, 25% QHDUHVW QHLIJKERUPDWFKLQJ
, 6,)7 QHDUHVW QHLJKERU PDWFKLQJ
, . H\IHW$T1HW+DUG1HW QHDUHVW QHLJKERUPDWFKLQJ
, ' HR'H QHDUHVW QHLJKERUPDWFKLQJ
, ;) HDW QHDUHVW QHLJKERUPDWFKLQJ
, 12)75 GHWHFWRU IUHHPDWFKHU
, 5ROD GHWHFWRU I UHHPDWFKHU

", 0 VWUHDPOLQHY WKH SURFHVV ZLWK D XQLXHG LQWHUIDFH DOO
FRQxJXUDWLRQ ZKHQ GHIDXOW VHWWLQJV DUH VXLWDEOH $GYDQF
WRPL]HORFDO IHDWXUHH[WUDFWRURUPDWFKHU SDUDPHWHUYV

'O HNFLHQWO\ VWRUHV H{(WUDFWHG IHDWXUHV DQG PDWFKHV LQ
GDWDEDVHV E\ XVLQ3WKHOK GMHGRXENUDXW V D UHME RURRID W DMAR +') x (
LQJNH\SRLQWV LPDJHFRRUGLQD®EVIERYWDLYWRUW KHQ®GERH MR I
IHDWXUHV IRUHDFKLPDJHSDLU 7KHIHDWXUHY GDWDEDVHRUJDQL]
WXUHVLPLODUWRDWDEOHLQDUHODWLRQDO GDWDEDVH UHSUHVF
GDWDEDVH FRQWDLQV GDWDVHWYV SHU LPDJH SDLU VWRULQJDQ Q]
UHIHUHQFH WKH FRUUHVSRQGLQJIHDWXUHLQGLFHV ZLWKLQ WKH IF
HQDEOHVWKHFRQVWUXFWLRQRIWUDFNVRIIHDWXUHV PDWFKHG DF
PDLQWDLQDELOLW\

7KH XVH Rl +') GDWDEDVHV IDFLOLWDWHY WKH FRPELQDWLRQ R
IHDWXUHV H[SORLWLQJWKHLUSHFXOLDUVWUHQJWKY WRJHWKHU

K S\OLEWBDYA GRrRE&A RUIJ HQ VWDEOH



ERWK ZLWK 6,)7 IRU PDWFKLQJ DFFXUDF\ DQG UHOLDELOLW\ ZLWK
DOJRULWKPV OLNH6XSHU3RLQW /LIKW*OXHGXHWRLWVY UREXVWQF
FKDQJHYV

$IWHU FRPSOHWLQJ WKH PDWFKLQJ SLSHOLQHV RXWOLHU FRUUF
QRQ FDOLEUDWHG FDPHUDV DQG HPSOR\V IXQGDPHQWDO PDWUL[ H'
ZLWK ODUJHHSLSRODUHUURUV ',0RTHUVUREXVW DOJRULWKPV IRU
ULFYHULXxFDWLRQ $PRQUWKKHQH \ZDRSBEREDW L QX 2P5HD\WQ U DF

DQG '(*(16%&XPHW DOSURYLGHV WKHPRVW UREXVW VROXWLRQ
SRUWV DOO UREXVW HVWLPDWLRQ DQOFOXEK PV WRIDIEHRHRQD® [5G
OHDVW PHGLDQRIVTXDUHVDOJRULWKP /OHG6 DQG/2 5DQVDF 86

i &Qi%oiog...@%oi

7TKLVVHFWLRQ SUHVHQWV DIHZFDVHVWXGLHVRQFKDOOHQJLQJPX
LOGLYHUVHUHPRWHVHQVLQJVFHQDULRY KLOHWKHVHVWXGLHV
WKH\DGGUHVV FRPPRQ FRPSOH[LWLHV HQFRXQWHUHG LQ WKH UHPI
VSHFLxF WR WKH %HOYHGHUH *ODFLHU GHPRQVWUDWHY KRZ',0 LQ\
HQDEOHWKHFUHDWLRQRIHIHFWLYHPXOWL YLHZPRQLWRULQJV\V!

i loéaO%ogOQE%oii-%o3%oi

+DQG FUDIWHGGHVFULSWRUVOLNHG6,)7RIWHQVWUXJIJOHLQORZ W
DVWKHODFNRIGLVWLQFWLYHIHDWXUHV VLIQLXFDQWO\FRPSOLFD
WDWLRQ 6LQFHJODFLHUVDUHFRPPRQO\VQRZ FRYHUHG IRU ODUJI
HVVHQWLDO IRUUREXVW ORQJ WHUPPRQLWRULQJ :KLOHWKHWLP
LWHGWRWKHOD\ 1RYHPEHU SHULRG WKHSODQQHGH[SDQVLRQ WR
WKHV\VWHPDQDOO \HDUPRQLWRULQJSODWIRUPPRWLYDWHGD IR
7TRVLPXODWHDPXOWL YLHZVHWXS ZHLQWHJUDWHG WKH
x[HG FDPHUDV ZLWKWKUHHDGGLWLRQDO LPDJHVDFTXLUHG E\D 3DL
PPIRFDOOHQJWK PPLQ PPIRUPDWHTXLYDOHQW 'DWDVHW$
8$9 LPDJHV DFTXLUHGIURP SRVLWLRQV QHDU SRWHQWLDO IXWXUH
DQRQGZLWKFRQYHUJHQWYLHZDQJOHY FRPELQHGZLWKWZRWHUUHYV

2SHQ&9 UREXVW MWW LRBMW REMIIFly GOUGEF JURXSBBFDO KB/ PO



b]tu; ":19];vo= -|-v;| J)bm]|;u: I-];vbm|_; Cuv|uo% -u; |-h;m0¢& (7 % _bt; | -d¥tbm}_;v;lom7 uo%
Oc|;uu;v|jub-t1-l;u-v:

FDPHUDV )LJ 8QIRUWXQDWHO\ DJURXQGWUXWKDFTXLUHGRQ
PXOWL YLHZUHFRQVWUXFWLRQ 7KHUHIRUH DTXDOLWDWLYHDVVFE
LV SUHVHQWHG

JRULPDJHRULHQWDWLRQ GDWDVHW $LPDJHV ZHUH SURFHVVHG :
SLSHOLQH $ DQG VXEVHTXHQWO\FRPSDUHG ZLWK UHVXOWV REWI
WKHWUDGLWLRQDO &2/0$3 PDWFKLQJSLSHOLQH $ DQGWKH SURS!
PHQWHGLQ $JLVRIWOHWDVKDSH $

*LYHQWKHOLPLWHG GDWDVHW VL]H ZHXVHGD',0EUXWH IRUFHPI
SDLUV 7R DFFRPPRGDWH 6XSHU3RLQW{V ODFNRIVXESL[HO UHXQHTF
XSVDPSOLQJWKHP E\D IDFWRURIWZR ZLWK ELFXELFLQWHUSRODW
KDOl SLIHOOHYHO )XUWKHUPRUH GXHWRWKHOLPLWHGFRQVXPHI
VXEGLYLGHGLQWR UHJXODUO\VL]HG WLOHV RI [ SL[HOV 7KLV
OLPLWLQJWKHWRWDO QXPEHURIWLOHVDQG IDFLOLWDWLQJSURF!
PHPRU\ 6LQFH WKH LPDJHV ZHUHDFTXLUHG ZLWK DQ XSULJKW RULF
URWDWLRQV WKHSLSHOLQHIRUSUH VHOHFWLRQRIWKHEHVWLPD
IRUWKHJHRPHWULF YHULXxFDWLRQRISXWDWLYHPDWEFKHV DQG WK
&2/0$3 ,Q FRQWUDVW OHWDVKDSHDQG &2/0$3 XVHG IXO0O UHVROXW
EXQGOHDGMXVWPHQW SURFHGXUHV ZLWK WKHLUWUDGLWLRQDO ZF



$-0t; ":¥9ll-uco=|_;)bm|;u7-]-v;lu;vitivoO|-bm;7 %b]|_ lolr-u;7|o|_ov;o00[-bm;7 %b]|_ P%b]|_
=;-|tu;vQ -m7 ]bvo[ ;|-v_-r; %b|_b|vruorub;|-uc<=;-]tu;;S|u-1jou-m71-|1_;v:

/IRFDOIHDWXQHVHQWHGDQ UHGHRQ WUDMRANLH SRLQWYV
DQGPDWFKHWRWDO LMEBEFM\VL R @HQU RK

>S[@

$ ',0 6XSHU3RLQW
/LIKW*OXH

$ &2/0%$3
5RRW6,)7

$ OHWDVKDSH
SURSULHWDU\

7TKHUHVXOWV RIWKHLPDJHRULHQWDWLRQDUHVXPPDUL]JHGLQ 7L
DOO LPDJHV ZDV ',0ZLWK 6XSHU3RLQW /LIKW*OXH 2Q WKH FRQWU
RULHQWHG LPDJHV RQO\ EXW WKH\FRXOG QRW xQG HQRXJK WLH S
+RZHYHU FRQVLGHULQJWKHPHDQUHSURMHFWLRQDIWHU WKHEXQ
OHWDVKDSH ZLWKD UHSURMHFWLRQ HUURU VLIQLXFDQWO\VPDOO
ZKLFKLVDURXQG S|

', 0ZDVDOVR XVHGWRJHQHUDWHD GHQVHUHFRQVWUXFWLRQRIW
LQIJDOJRULWKPIRU SL[HO ZLVHFRUUHVSRQGHQFH HVWLPDWLRQ ¢
VSROQGHQFHVDUHOLPLWHGWRLPDJH SDLUV 7KHUHIRUH 5RO0D GHL
DEO\WUDFNHGDFURVV PXOWLSOH LPDJHV :KLOH WKLV LV QRWLGH
UHFRQVWUXFWLRQ SURYLGLQIJWKDWDJRRGJIJHRPHWULF YHULXFD\
FDUULHG RXW %HFDXVHRIWKLVYUHDVRQ 5RODFRUUHVSRQGHQFH\
WLPDWHG ZLWKLQ WKHB6XSHU3RLQW 6XSHU*OXHVROXWLRQ 6LPLO
PDWFKLQJVWUDWHI\ZDVDSSOLHG ZLWKLPDJHVEHLQJPDWFKHGT C
WRPHPRU\OLPLWDWLRQFRQVWUDLQWYV

)LJ VKRZV WKH VHPL GHQVHUHFRQVWUXFWLRQ SURGXFHG E\5
SURGXFHG E\ $JLVRIW OHWDVKDSH 7KHOHWDVKDSH UHFRQVWUXFYV
RQWKHVWUHDPZLVH OHIW PRUDLQH ULJKW VLGHRIWKHLPDJH GX
FRYHUDJHIURP WKHWKUHHRULHQWHG LPDJHV RQ WKHOHIW +RZHY
VQRZ FRYHUHG VXUIDFH FRQFHQWUDWHG PDLQO\LQDUHDV ZLWK V
FOLT 7KLVUHVXOWVLQDVNHOHWDOUHSUHVHQWDWLRQRIWKHJC



P-Q

POQ
bltu; ":"9v; u;lomvjutlZzomv o=|_; mou|_%;v|to0O; o= ;t";7;u; t-1b;u tvbm]P-Q Jbvo[ ;|-v_-r;-m7
lo -u;lomv]jutlZzom %-v lolrt|;7 tvbm] 1-l;u-rov;v;vzl-|;7 0« =v"tr;u obm|3 b]_| tt;rbr;tbm;: of; |
o=oub;m|;7bl-];v%b|_|_;|%07b@;u;m|-rruo-1_;v7-m7]|_;]Ju;-|;ulo”;u-];0=]_;vmo%Jlo~;u;7vtu=-.

ub]_|lou-bm; -1_b;";70<c!o -7;vrb|;|_;to%;uo0”;u-ttrobm| 7;mvb|<P_b]_tb]_|;7 0<|_; «<;tto% lbult;vc



b]tu; ""udrt; bl-1;v -|-v;|] J -7-u

'60JHQHUDWLRQ 7KHVWUHDPZLVHULJKWPRUDLQHUHPDLQV FRPS(
,QFRQWUDVW WKHS5R0D VHPL GHQVH SRLQW FORXG KDV D ORZHL
DUHD 7KHIURQWDOLFHFOLILVDOPRVWFRPSOHWHO\UHFRQVWUXF
VXUIDFHSURYLGHYDOXDEOHGDWD IRU'60LQWHUSRODWLRQ ,PSRL
DUHFDSWXUHG PDGH SRVVLEOH E\WKHVXFFHVVIXO RULHQWDWLR
DFKLHYHV VRPH UHFRQVWUXFWLRQ HYHQ LQ EDFNJURXQG DUHDYV ZI
KLIKOLJKWLQJLWY SRWHQWLDOIRUEURDGHUDSSOLFDWLRQV

i i +0ei0°Eeeq-e30%E3% 0 002q” %l

'DWDVHW % v1DGDUVLVDFROOHFWLRQRI VHOI SRUWUDLWLPDJH\
)«OL[ 7TRXUQDFKRQ NTKIZQPDVHNMEDYH EHHQ GRZQORDGHG IURP :LNI

[ S[ DQGWKH\VKRZVLIJQLXFDQWO\GLTHUHQW YLHZSRLQWYV O
UHODWHG DUWLIDFWV ,QDGGLWLRQ WKHGDWDVHWLY SDUWLDOO
VRPHWLPHV FKDQJHG ERWK IDFLDO H[SUHVVLRQV DQG WKH UHODWL
WKHVH FKDUDFWHULVWLFV PDNHWKHUHFRQVWUXFWLRQ GLNFXOW

:LNLSHGLD 1RG0y SPJHLNLSHGLD RUJ ZLNL 1DGDU



$-0t; ":"Fll-uco=]|_; -7-u7-|-v;lu;vitlvoO|-bm;7 %b|_ lolr-u;7|o|_ov;00]|-bm;7 %b]|_ P%ob|_ !
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IRFDOIHDWXQHVHQWHGDQ UHGHIKRQ WUDMRMANLH SRLQWYV
DOQGPDWFKHWRWDO LMHEFMALR @QHQU RIK

>S[@
% ", 0
FRPELQDWLRQRI/)
% &2/0%$3 1% 1% 1%
5RRWE6,)7

% OHWDVKDSH
SURSULHWDU\

JRUWKH1DGDU GDWDVHW GLTHUHQW ORFDOIHDWXUHV KDYH EHH
6XSHU3RLQW DQG',6. 6 XSHU3BRLQWDQG',6. ORFDOIHDWXUHV ZHUH
HUVZHUH PDWFKHG ZLWK D QHDUHVW QHLJKERUDSSURDFK 1RQHR
WKDQ WKUHHLPDJHV H[FHSW',6. ZKLFKIRXQG VLIJQLxFDQWO\PRUF
)LJ DPDWFKLQJSDLUH[DPSOHLVUHSRUWHGIRU®G6,)7 D DQG",6.
IDLOHG WR RULHQW WKH GDWDVHW OHWDVKDSHRQO\PDQDJHG WR
LWSRVVLEOH WR FDOFXODWH RWKHU VWDWLVWLFV VXFKDV UHSUR
VXFFHVVIXORULHQWDWLRQRIWKHEORFN

'LWK',0 RQO\E\FRPELQLQJDOOWKHWLHSRLQWVIURP WKHSUHY
ZDVLWSRVVLEOHWRRULHQW WKHZKROH GDWDVHW 7DE 7LH S
FOXGHG EHFDXVH WKH\ ZHUH FRQVLGHUHG QRW VXNFLHQWO\UREXYV
WKUHVKROG KDV EHHQ XVHG WR UHWDLQ PRUHPDWFKHV %HFDXVH
SRLQWYV LPDJHV ZHUH xUVW RULHQWHG XVLQJ D URXJK QRPLQDO IR
GLVWRUWLRQ SDUDPHWHU ZHUH XSGDWHG LQD xQDOEXQGOHDGMX

5HJDUGLQJ '"PRGHO UHFRQVWUXFWLRQ &2/0$3 DQG OHWDVKDSH
LPDIJHV{SRRUUDGLRPHWU\ 7KHUHIRUH WRREWDLQDSRLQW FOR X
PRGHO WKH'/VHPL GHQVHPDWFKHUS5R0$DYDLODEOHLQ"',0ZDV HPES
DGHQVHSRLQW FORXGRI1IDGDU{VERG\ )LJ H1 )LQDOO\ XVLQJ
PRGHO ZzDVFUHDWHGIURP WKHVHPL GHQVH SRLQW FORXG )LJ J



P-Q % POQ PUQIl;u-rov;v P7Qz;

robmjvJ
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i i &°2|e3®e3”"8%$9q3... O%EE%IOE®q-e2q” % |

'DWDVHW & v &DVWOH FRPSULVHVY LPDJHV RIWKHKDOI GHVWUR\HG
GuLb ,wbO\ ,WLVDWUDGLWLRQDO SKRWRJUDPPHWULFGDWDVHW
LPDJHV REOLTXH8%$9LPDJHYVY DQG WHUUHVWULDOLPDJHV ZLWK

WRJUDPPHWULFVXUYH\ )LJ '‘DWDVHW &LVWKHRQO\RQH ZLWK L
$OO0O WKHLPDJHV RI'DWDVHW & ZHUH DFTXLUHG E\D VLQJOH &DQR
PPDQGDVL]HRI [ S[ 7TKH8%$9 QDGLUDO LPDJHVH[KLELWDPRG]

LQ WKH ORQJLWXGLQDO GLUHFWLRQ DQG LQ WKHWUDQVYHUVDO
IRXU FRQYHUJHQW VKRWYV DETXLUHG DW HDFK FRUQHU RI WKH EORF
WKHH[WHULRU SHULPHWHU 7KHWHUUHVWULDO LPDJHV DUHDFETXL
FKDOOHQJHRIWKLY GDWDVHW LV OLQNLQJWKHQDGLUDO 8$9 LPDJH
GLTHUHQW SRLQWV RIYLHZ ORUHRYHU VRPHRIWKHWHUUHVWULDC
ODUJHGDUNDUHDVRUZHUHDFTXLUHGDJDLQVW WKHVXQ DQG WKH
'DWDVHW & ZDVH[WUDFWHGIURPDODUJHUDQGPRUHUREXVW GDW
)LJ DQGZKLFKZDVXVHGDVDJURXQGWUXWKUHIHUHQFHWRYDO
GDWDVHW LV FRPSRVHGRI LPDJHV QDGLUDO REOLTXH DQG
WZHHQWKHLPDJHVEHWZHHQ DQG DQG DQDYMUDIR KEYRICDSSUR



bltu; " w9rt; bl-];v -|-v;] J -v|t;: I-];vbm|_; Cuv|uo% -u; v-Irt;vo=|_; m-7bu-t-m7 o0tbtt; & (bl-];
bl-];vbm|_;v;lom7 uo% -u;v-Irt;vo=]|_;|;uu;v|ub-tbl-];v7Z7bmiltt7bm]vol;o=|_;1_-tt;m]lbm]tm7;u;$S
bl-];v:

7TKHIXOO GDWDVHW DOVRLQFOXGHG WDUJHWV GHSOR\HG RQ

E\DWRWDO VWDWLRQ ZLWK VXE FHQWLPHWULFDFFXUDF\ 'DWDVHW

WDUJHWV DV *&3VDQG SHUIRUPLQJD FDPHUD VHOI FDOLEUDWLRQ
ZDVHYDOXDWHGRQWKHUHPDLQLQJ WDUJHWV XVHGDV &3V UHVX
GLUHFWLRQV

6LPLODU WR 'DWDVHW $ 'DWDVHW & ZDV SURFHVVHG ZLWK ',0 E\
SLSHOLQH $ORZ UHVROXWLRQ JXLGHG DSSURDFK ZDV XVHG WR V't
WLPH ,PDJHVZHUHxUVW XSVFDOHGE\DIDFWRURIWZRZLWKD ELFX
ZKLFKZDVDJDLQ SHUIRUPHG XVLQJD WLOH EDVHGDSSURDEFK

7TKHUHVXOWV REWDLQHGZLWK6XSHU3RLQW /LIKW*OXH 7DE
WR WKRVHREWDLQHG ZLWK D WUDGLWLRQDO &2/0$3 SURFHVVLQJ S|
RXWFRPHV REWDLQHG ZLWK OHWDVKDSH & 'LWKERWK /LIJKW*OXH
HOQOWHG 2Q WKHRWKHUKDQG &2/0$3IDLOHGWRRULHQWDOO WKH L
QRW OLQNHGPRGHOV 7KHODUJHVWPRGHO FRPSULVHGRQO\ RUL
UHSURMHFWLRQ HUURU RI S[ZDVREWDLQHG EN\SURFHVVLQJ WKH
ORFDOIHDWXUH LPSOHPHQWDWLRQ ZKLOHDVOLJKWO\KLJKHU UH S
BRLQW /LIKW*OXH 7DE DV6XSHU3RLQWGR QRW KDYH VXESL[HC
RWKHUKDQG WKHPHDQ WUDFN OHQJWK RI REWDLQHG ZLWK 6 XSH
REWDLQHGZLWKOHWDVKDSH JXDUDQWHHLQJKLIJKHUUHGXQGDQF\
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IRFDOIHDWXQHVHQWHGDQ UHGHKRQ WUDMRANLH SRLQWYV
DOQOGPDWFKHWRWDO LMFEFMALR @QHQU RK

>S[@

& ',0 6XSHU3RLQW
/LIKW*OXH

& &2/0%$3
5RRW6,)7

& OHWDVKDSH
SURSULHWDU\
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)LJ VKRZV WKH PDWFKHG NH\SRLQWV IRU D FKDOOHQJLQJ SDI

DQRQGDWHUUHVWULDO LPDJH ZLWKD ZLGHEDVHOLQHDQG UDWKHU |
7KH FRPELQDWLRQ RI 6 XSHU3RLQW J/LIKW*OXH ZKLFKZRUNV EHWYV
,ROL HW DDOORZHG IRU HIWUDFWLQJ PRUH WKDQ YDOLG PDWFK
RQO\RQH YDOLG PDWFK 6XUSULVLQJO\ &2/0$3 ZLWK 5RRWE6,)7 GH
WKDQ OHWDVKDSH SUREDEO\ WKDQNV WR LIWX)\G DI E HYUW\QER* BV @/LLE T
+RZHYHU IRU RWKHU FKDOOHQJLQJ SDLUV WKH UHVXOWYV RI 6
WR WKRVH RI OHWDVKDSH RU &2/0$3 ZLWKRXW SURYLGLQJ DQ\ UHC
REWDLQHG ZLWK 6XSHU3RLQW /LIKW*OXHZHUH xQDOO\LPSRUWHG
DQG UHFRQVWUXFWLRQ )LJ D 7TKHWZR FRPSOHWH VROXWLRQ
SXUHOHWDVKDSH LQZKLFKDOO WKH LPDIJHV ZHUH RULHQWHG .
UHFRQVWUXFWLRQV LQWR D QHZ OHWDVKDSH SURMHFW DQG DGGLC
FRQVWUDLQW ZKLOH OHDYLQJ WKH RWKHU WDUJHWV DV &3V )LJ
VROXWLRQV& DQG& ZLWKWKHIJURXQGWUXWK'DWDVHW &B*7DQG\
DFFXUDF\ EDVHG RQ WKH &3V DQG WKH FDPHUD SRVH HUURU E\ FRP
SDUDPHWHUYVY &RPSDUDEOHUHVXOWY ZHUH REWDLQHG IRU ERWK &
DQGDQDYHUDJHHUURURIOHVVWKDQ FPRQWKHFDPHUD ORFDWL|
ZDVFRUUHFWO\RULHQWHG XVLQJERWKG6XSHU3RLQW /LIJKW*OXHD
FOHDUVXSHULRULW\RIDQ\DSSURDFK
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GHWHFWRU
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*H < :DQJ + =KX ) =KDR 5 /L + 6HOI VXSHUYLVLQJxQH .
ODUJH VFDOHLPDJHORFDOL]DWLRQ

+RQJ ' <RNR\D 1 &KDQXVVRW - =KX ; ; &RVSDFH &RP

IURP K\SHUVSHFWUDO PXOWLWI®FMNOAD O IHRLP/leHA/&SR@lCD-i@KHVl['l’ 4
V. KWWSV GRLIRUIJIEAVIUVEIOGNOOEDED
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2QR < 7UXOOV ( )XD 3 <L . O /I QHW /HDUQLQJORFDO IH

3DULKDU 8 6 *XMDUDWKL $ OHKWD . 7RXUDQL 6 *DUJ 6 OLC
5RUG 5RWDWLRQ UREXVWGHVFULSWRUVDQG RUWKRJUDSKLFYLH

3BRWMH * &DGDU ) $UDXMR $ ODUWLQV 5 1DVFLPHQWR ( 5
IRUOLIJKWZHLIKW [FRPJHPDWEKLRIILIQ 4 ! O 6UO;;i1 Xi&ld ;! G qU

3XOWDU O ,PSURYLQIJWKHKDUGQHW GHVFULSWRU
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ZLWK OHDUQLQJ EPDEVHEG WUH!SIREQWHR] [Y[[v KwwsVv GRLIRUJ
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5LED ( OLVKNLQ ' 3RQVD ' 5XEOHH ( %UDGVNL * L.RUQLI
FRPSXWHUYLVLRQOLEUDU\IRU S\WRUFK



5XEOHH ( 5DEDXG 9 .RQROLJH . %QUDGVNL * 2UE $QHNF

,qyzz/ ;i1 6; 1 O ! Qi1li &i! 1SS;ilqv4 !

5XSQLN ( 'DDNLU 0 3LHUURW 'HVHLOOLJQ\ 0 OLFPDFVD
SKRWRJUMHRPPHRWU\NO;E O;OI[[0;"EV;O0 €éE

6DUOLQ 3 ( &DGHQ_D & 6LHJZDUW 5 "\PF]\N O JURP FRDU
ORFDOL]DWLRQUIWABDWUIXINFDOH ,Q

6DUOLQ 3 ( '"H7RQH OD_.OLVLHZLF] 7 5DELQRYLFK $ €
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<L . 0 7UXOOV ( /HSHWLW 9 )XD 3 /LIW /HDUQHGLQYDU
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&RQFOXVLEF

7KLY FKDSWHU VIQWKHVL]HVY WKH NH\ xQGLQJY SUHVHQWHG WKUR?
RYHUYLHZ RIWKHUHVHDUFKFRQWULEXWLRQV ,WKLJKOLJKWYV WKH
LPSOLFDWLRQV ZLWKLQWKHXxHOGRIJODFLRORJLFDOUHVHDUFK

[ 6QZZQEé°“OTM%oE%oi®—|©i

7KLV WKHVLVY DSSOLHY SKRWRJUDPPHWULF WHFKQLTXHYVY WR WKH F
%HOYHGHUH *ODFLHU ,WDOLDQ $OSV DFKLHYLQJ VSDWLDO UHVF
WHPSRUDOIUHTXHQFLHVIURP GHFDGHV WR GDLO\

&KDSWHU RIWKH WKHVLY GHOYHV LQWR WKH ORQJ WHUP HYRO X
PXOWL WHPSRUDODQDO\VLVRIDHULDOLPDJHU\VSDQQLQJWKH SH!
ORJLPDJHYV DQG D KLJK TXDOLW\GLJLWDODHULDO GDV
WRIJUDPPHWULFWHFKQLTXHVZLWKLQ $JLVRIWOHWDVKDSH $FDVFI
JHRUHIHUHQFLQJ OHYHUDJLQJD UHFHQW 8$9 GDWDVHW DFTXLUHG



WKH 8$9 SKRWRJUDPPHWULFEORFN RULHQWHG XVLQJLQ VLWX*166
WKH GLJLWDO DHULDO EORFN ZKLFKKDGNQRZQD SULRULLPDJHH]
ERDUG*166 ,08 V\VWHP 6XEVHTXHQWO\ *&3VVWUDWHJILFDOO\GLV\
JODFLHU ZHUH PDQXDOO\H[WUDFWHG IURP WKH EORFNWR JHRUI
QLTXHVHQDEOHG WKHJHQHUDWLRQRIGHWDLOHG 'JODFLHU UHFR(
SRLQWVLQLWV KLVWRU\ URXJKO\VSDFHGE\D \HDULQWHUYDO

7KHDQDO\VLY ZDVDEOHWRGRFXPHQWDQG TXDQWLI\WKH SHFXO
ODVW KDOI FHQWXU\ 7KH %HOYHGHUH *ODFLHU HPKIEBEEWHG D SHU L|
iéPT 7KLVJURZWKWUHQGZDVGLVUXSWHGE\DVXUJHHYHQWEHWZF
ZDVIROORZHG E\D SHULRGRIGUDPDWLFDQG FRQWLQXRXV UHWUHL
SRUDU\JODFLHU H[WH@WAU H&/R B OLVFIH Q' RW XORH/ HRW ZH H Q DQG |
LPDWHOWRIPDVV

,Q &KDSWHU ZH SUHVHQW WKH UHVXOWYV Rl WKH SHULRGLFDO \
%HOYHGHUH *ODFLHU ZLWK 8$9DQG *166 IURP W R 'XULQJ\HD
x[HG ZLQJ8%$9VDQG TXDGFRSWHUV ZHUH H[HFXWHG WR DFTXLUH LPLC
FP ORUHRYHU WDUJHWV ZHUH GHSOR\HG RQ WKH JODFLHU DQG D¢
\HDUO\ ZLWK WRSRJUDSKLF JUDGH *166 UHFHLYHUV 7KHVH ZHUH X\
SKRWRJUDPPHWULF EORFNYDOLGDWLRQ $FTXLUHG GDWD ZHUH SU
GHFLPHWULF DFFXUDWH 'PRGHOV RUWKRSKRWRY DQG'60V $QQ>
*166 PHDVXUHPHQWYVY RI SKRWRJUDPPHWULFWDUJHWY FRPELQHG Z
E\',a RQRUWKRSKRWRVDQG '60V

$QDO\VLVRIVXUIDFHYHORFLW\XxHOGVUHYHDOHGGLVWLQFW SDW
LWHG WKHKLJKHVW YHORFWW L3/ \, QFRIL\VQU DWRW VilPH WZR WHUPLQD
VLIQLXxFDQWO\VORZHWRRYHPHQMUPIHBLDWH VSHHGY ZHUH IRXQG L
QHDULWV VWHHSDFFXPXODWLRQ]JRQHDQGWKHWUDQVLWLRQ]RQH
OREHV 7KHJUDGXDOVORZGRZQREVHUYHGLQWKHWHUPLQDO OREL
OLNHO\GXHWRWKHVHYHUHLFHWKLQQLQJWKDWKDVEHHQ GRFXPF
DUHDV GR QRW VKRZVWDWLVWLFDOO\VLIJQLxFDQW VSHHG FKDQJH\
UHYHDOHG D FRQVLVWHQW O&RR WS L F&IRY D2Q SIDQUMWUR®ODU FRQFHUQ
GUDPDWLFLQFUHDVHLQLFHORVVIURP W R ZLWK D VWDJJHUL
FRPSDUHG WR WKH EDVHOLQH

,Q &KDSWHU ZH SUHVHQWHG D SLORW VWXG\WKDW LQWURGXFH
UDWHJODFLHUPRQLWRULQJ %\XWLOL]JLQJWZRFDPHUDV QHDU WK



LQWHJUDWHG 'UHFRQVWUXFWLRQIURPVWHUHRFDPHUDVDQG VXU
E\',& 7KLVDSSURDFKDFFXUDWHO\HVWLPDWHG JODFLHU G\QDPLFV
LFHYROXPHORVVDQGUHWUHDW 7KHDSSOLFDWLRQRI'/PDWFKLQJ
RIRXUDSSURDFK DVLWDOORZHG XVWRRYHUFRPHWKHFKDOOHQJF

$ WRWDO LAEHEGRP\QRSID UHWUHDW RI WK 2DWRENH VDRE WRIFO 0D\

WR 1RYHPEHU +RZHYHU WKHLFHORVVUDWHLQFUHDVHG G X
LQDXWXPQ SDUWLFXODUO\DIWHU PLG 6HSWHPEHU :HDQDO\]JHG C
i6PIURPWKHIURQWDOLFHFOLTDQGDQRWKHULQWKHFHQWUDO SD
WLPHVHULHV H[KLELWHG VLPLODUEHKDYLRUV WKURXJKRXW WKH \F
-XQHDQGDJDLQIURPODWHG6HSWHPEHUWR1RYHPEHU +RZHYHU WK
DSSUR[LPDWHO\ KLJKHUYHORFLW\GXULQJWRRZROPDVHBEVRQ ZL\
GD\W LQ HDUO\ $XJXVW DQG HD Ui®P\GHRVWH BE-HKOW R IOLS/HONGR IQE) X Q G H
GLIHUHQWLDO JODFLHUPRYHPHQWLQ UHVSRQVHWR WKHH[FHSWLR

2QHRIWKHNH\xQGLQJV GHULYHGIURP WKHVWHUHR FDPHUD VHW
DLUWHPSHUDWXUHDQG JODFLHU VXUIDFH YHORFLW\DQG DEODWLR
VLIQDOV ZLWK QHJOLJLEOHWLPHODJ ,QWKHOLWHUDWXUH WKH
ZHOOHVWDEOLVKHGEXWUDUHO\DVVHVVHG TXDQWLWDWLYHO\LQ W
EHWZHHQVXUIDFHGLVSODFHPHQWDQG WKHWHPSHUDWXUHKDV QR
OHYHORIGHWDLODVLQRXUVWXG\

&KDSWHU SUHVHQWVY 'HHS ,PDJH ODWFKLQJ DQRYHORSHQ VRX
PDWFKLQJDOJRULWKPV LPSOHPHQWHG LQ &KDSWHU WR WDFNOH V
VWHUHR PDWFKLQJWRDJHQHULFPXOWL YLHZPXOWL YLHZVHWXS
VWHUHR PDWFKLQJLQ JHQHULF PXOWL YLHZ VHWXSV IDFLOLWDWL
SKRWRJUDPPHWULF FRPPXQLW\ 7KLV WRRO LV VSHFLxXxFDOO\GHVLJ
IHDWXUH PDWFKLQJDOJRULWKPV RIWHQ IDLO &RPSDUHG WR RWKH
WDJHV LW KDQGOHV KLIJK UHVROXWLRQ LPDJHV RIHUV UREXVWQH
ZLWK SRSXODU SKRWRJUDPPHWULFVRIWZDUH SDFNDJHV OLNH &2/0:

',0ZDV GHVLJQHG WR H[SDQG WKH %HOYHGHUH VWHUHR FDPHUD \
UHGXFHRFFOXVLRQV DQGLPSURYHUHFRQVWUXFWLRQ UREXVWQH"
FDPHUDVDORQJWKHJODFLHUPRUDLQHYV $VWKHWKLUGFDPHUD KD
VRIWZDUH{V FDSDELOLWLHY ZHUH WHVWHG RQ RWKHU FKDOOHQJLQ
VLPXODWHG XVLQJ 8$9 LPDJHU\DFTXLUHG IURP ORFDWLRQV WKDW |
WLRQV
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7KLVWKHVLVLVRQHRIWKHIHZH[DPSOHVRIFRPSUHKHQVLYHDQG O]
DOSLQHJODFLHU ,WDFKLHYHVVSDWLDOUHVROXWLRQVIURPWKHP
VSDQQLQJ GHFDGHV \HDUV DQG HYHQ GDLO\LQWHUYDOV )RFXVL!
WKH ,WDOLDQ $OSV WKLV ZRUN KDV SURYLGHG D UREXVW PHWKRGHF
VLIQLXxFDQWO\DGYDQFH JODFLHUUHVHDUFK FDSDELOLWLHVDQGD
HYROXWLRQRIWKH %HOYHGHUHJODFLHULQ WKHODVW KDOI FHQW)

+LVWRULFDODQGGLJLWDODHULDOLPDJHU\DQDO\VLVUHYHDOHG
RIJODFLHUHYROXWLRQDQGD XQLTXHH[SDQVLRQ SHULRGLQ WKH H
LPDJHV RTHU D XQLTXHO\YDOXDEOH WLPHFDSVXOHIRUXQGHUVWDC
DUFKLYHVRIDQDORJLPDJHVGRFXPHQWLQJODQGVXUIDFHFKDQJH)\
KDYHEHHQGLJLWL]HG PRGHUQG6I0VRIWZDUHXQORFNVWKHIXOO SF
WLRQ ,QWKHFDVHRIWKH%HOYHGHUH*ODFLHU KLJK TXDOLW\DQEC
&*56 S$ PDGHLWSRVVLEOHWRGRFXPHQW WKHHYROXWLRQ RIWK
SDVW +RZHYHU WKHUHFHQWUHOHDVHRIWKHG6ZLVV,PDJHDUFKLYF
LPDJHY DOORZVLWWRUHDFKHYHQIXUWKHUEDENLQWLPH $PRQJ"
WR WKH6ZLVV ,WDOLDQERUGHU LQFOXGLQJWKH%HOYHGHUH *ODF
FRXOG H[WHQG WKLV WKHVLV{VDQDO\VLVE\WZRPRUHGHFDGHYV

7KHLQWHJUDWLRQRI8$9VLQWKLVYVWXG\JUHDWO\HQKDQFHG WK|
DQDQQXDO VXUYH\IUHTXHQF\IRUDOPRVW \HDUV FRPELQHG ZLW
/IRZ FRVW8$9VDQGFRQVXPHU JUDGHFDPHUDVHQDEOHGWKHFRQVL
HOV ZLWK GHFLPHWHU DFFXUDF\ 7KLVOHYHORIVSDWLDO UHVROXW
RUWUDGLWLRQDO DHULDO LPDJHU\ PDNLQJ 8%$9 GDWD XQLTXHO\ YD
DQG JHRPRUSKRORJLFDO SURFHVV DQDO\VLYV

8$9V RTHU UH[LELOLW\ FRPSDUHG WR ERWK DUFKLYDO DQG PRGHU
LQKHUHQWO\OLPLWHG E\SDVWDFTXLVLWLRQ VFKHGXOHV $W WKH"
XVHG RQO\LQ VFHQDULRYV ZKHUH RWKHU RSWLRQV DUH XQDYDLODE
ORFDWLRQV 6LPLODUO\ KLJK UHVROXWLRQ VDWHOOLWHLPDJHU\
FDQEHLQIUHTXHQW HJ RQO\DIHZLPDJHVSHU\HDUDUHDYDLODE
OLPLWHG WLPHVSHQWLQ WKH xHOG 8$9VRYHUFRPH WKHVHOLPLWLE



DWDIUDFWLRQRIWKHFRVWDQGZLWKJUHDW UH[LELOLW\ ,QIDFW ¢
RQ %HOYHGHUH *ODFLHU ZHUH OLPLWHG WR DIHZ GD\V $GGLWLRQE
VDIHO\DQG HTHFWLYHO\VXUYH\GDQJHURXVDOSLQHHQYLURQPHQW

+LJK UHVROXWLRQ RUWKRSKRWRYV DQG '60V GHULYHG IURP 8%9 S|
FDOFXODWLRQRIDQQXDOJODFLHUVXUIDFHGLVSODFHPHQWYV E\",&
7KLV DQQXDO VXUYH\IUHTXHQF\ZDVHVVHQWLDO WR FDSWXUH WKH
FOLPDWH FKDQJH

$3°4% -~ ~°8a-°02@0-0cca-q2%EqliqEAECqs™ “°E[™M°EQaO% E22°3

5HFRJQL]JLQIJWKHLQKHUHQWO\QRQ OLQHDU QDWXUHRIJODFLHU Et}
YHORSHG D QRYHO ORZ FRVW VWHUHR FDPHUD V\VWHP IRU FRPSUHK
VFRSLFFDPHUD VIVWHP LQVWDOOHG QHDU WKH VQRXW RIWKH %HO
VWUXFWLRQIURPVWHUHRFDPHUDV ZLWK VXUIDFHYHORFLW\HVWLPF
UHVXOW LV D SRZHUIXO WRRO IRUTXDQWLI\LQJVKRUW WHUP JODFL
UHWUHDW DQGLFHYROXPHORVV

7KLVVWXG\LVRQHRIWKHIHZH[DPSOHVRIVXFFHVVIXOO\XWLOL]L
VWUXFWLRQ $NH\EUHDNWKURXJK ZDVWKHLPSOHPHQWDWLRQRI '/
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