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$GYDQFLQJ ODQG VHD FRI
SODQQURYVWR WKUHDWYV L
FRPSHWLQJ YDOXHV

3K'" WKHVLV VXEPLWWHG E\
-RUJH * EOYDUH] 5RPHUR
0D\

JRU WKH GHJUHH RI '"RFWRU R 3
$XVWUDOLDQ 5HVHDUFK &RXIRELO &t
&RUDO WHIBHIBPHY &RRN 8QLYHUVL
IRZQVYLOOH 4XHHQVODQG
$XVwWUDOLD






6WDWHPHQW RI $FFHVYV

, WKH XQGHUVLJQHG DXWKRU RI WKLV ZRUN XQGHUVWDQG
WKHVLVY DYDLODEOH IRU XVH ZLWKLQ WKH 8QLYHUVLW\ /LEUD
RWKHU PHDQV DOORZ DFFHVV WR XVHUV LQ RWKHU DSSURYHG

, XQGHUVWDQG WKDW DV DQ XQSXEOLVKHG ZRUN D WKHVLV KL
$FW DQG EH\RQG WKLV , GR QRW ZHVX WR ®®&DVFHMKPVULNYVWULF

0D\
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6LIJQDWRXJUH * EOYDUH] 5RPHUR 'DWH



6WDWHPHQW RI 6RXUFHVY '"HFODUDWLI

7KLV WKHVLV LV P\ RZQ ZRUN DQG KDV QRW EHHQ VXEPLWWHG
GLSORPD DW DQ\ XQLYHUVLW\ RU RWKHU LQVWLWXWLRQ RI WH
SXEOLVKHG RU XQSXEOLVKHG ZRUN RI RWKHUYV KDV EHHQ G X
UHIHUHQFHYV LV JLYHQ

0D\
BBBBEBBBBBBBBBBBBBBBB

6LIJIQDWXUH -RUJH * EOYDUH] 5RPHURDWH



6WDWHPHQW RI &RQWULEXWLRQ RI 2W

5HVHDUFK IXQGLQJ
&RQVHMR 1DFLRQDO GH+&PHERLO6\ THFQRORJ
BHFUHWDUtD @ I3 E0SIFDIFa6 "

*UDQW XSRPWLVRU 3URI 5REHUW / 3UHVVH\

7KHVLV FRPPLWWHH
3URIHVVRU 5REH®XWWIDHMWDHA 5 HVHDUFK &RXQFLO &HQW
&RUDO 5HHI 6WXGLHV -DPHV &RRN 8QLYHUVLW\

'U 1DWDOLH & DD OHYXDWEBBRXQFLO &HQWUH RI ([FHC
BWXGLHV -DPHV &RRN 8QLYHUVLW\

"RQ %UBBYWUDOLDQ &HQWUH IRU 7URSLFDO JUHVKZDWH
8QLYHUVLW\

'U -RKQDWKBROVVRBDOLDQ 5HVHDUFK &RXQFLO &HQWUH R
BWXGLHV -DPHV &RRN 8QLYHUVLW\

(GLWRULDO VXSSRUW

SREHUW / 3UHVVH\ OLFKHOOH 'HYOLQ

1DW RO RD Q &DUROLWQYH 3HWX

‘-RQ %URGLH (GXDUGR 7HL[HLUD GD 6LOYD
-RKQDWKDQ .RRO -DVRQ 5REHUWYV

HQ 9D@®RHWODQG $PHOLD :HQJHU

&KXEN :LOOHU BHUJLR &HUGHLUD

&DULVVD - .OHLQ ORUHQD 0OLOOV

BWHYHQ ' *DLQHV 6 W HS KD QK F KRDWNLOH\
2FWDYLR EXIMW B 3LHUR 9LVFRQWL

-RUJH 7RUUH *HRUJLODUQH\

6FRWW :LONLQVRQ

DQRQ\PRXV UHYLHZHUV Rl P\ SXEOLVKHG FKDSWHU
7KH KD Q-GOUMBR\ SXE G KDKWGHEUS Q SIHUY LHZ
ODUN 6FKZDUW]
/LQOH\ (ULQ +DOO
5RVHO\Q : HREZH



$QDO\WVLYV VXSSRUW

6FRWW :LONLQVRQ
-RKQDWKDQ .RRO

(GXDUGR 7HL[HLUD GD 6LOYD
3LHUR 9LVFRQWL

-DVRQ 5REHUWYV

-HUHP\ BDDO

BWHSKHQ /HZLV

'DYH (VOLQJHU

-DPLH &DUWHU

&RDXWKRUVKLS LQ FKIHSMIHEUMARSXBEEGHRDWLRQV

$XWKBURIKEKDSWHUV LRW R R B8 GFDIWWLKR ©H PRERIRJPL W MR HW K |
DQG ZHWHUDO FRQWXWERMVQDWVRROORZYV &KDSWHU , FI
OLWHUDWXUH UHYLHZ SDSHUV DQG UHSRUWV DQG ZUR\
& %DQ .HQUIDWFBQG DQG &KXFN :LOOHU DVVLVWHG LQ (
LOQWHUSUHWLQJ UHVXOWYV DQG HGLWLQJ &DULVVD .OHLQ
UHVXOWYV DQG HGLWLQJ &KDSWHU , FRQGXFWHG WKH
WKH VSDWLDO DQDO\VLY DQG ZURWH WKH FKDSWHU 5RE
GHVLJQ WKH DQDO\VHVY DQG DVVLVWHG LQ LQWHUSUHWL
2URSH]D DQG -RUJH 7TRUUH DOWY \WRG HG IL\Y WHU S & K VS W
FRQGXFWHG WKH WO DWKWL ¥ KDFGV BUR 6 RROWMU R G NH. QVHROS E
GHVLJQ WKH DQDO\VHVY DQG DVVLVWHG LQ LQWHUSUHWL
1DWDOLHR%QDQW KD@DG. RIRYCH (MOLVQVHGE LQ LQWHUSUHWLQJ L
HGLW&RDSWHRIQGXFWHG WKH DQDO\VLY DQG ZURWH WKH ¥
(GXDUGR 7HL[HLUD GD 6LOYD &DUROLQH 3HWXV DQG 6H!
DQDO\VHYVY DQG DVVLVWHG LQ LQWHUSUHWLQJ UHVXOWYV
-RKQDWKDQ .RRODVRQ SREEEMMMOLD :HQJHU DVVLVWHG |
UHVXOWY DRGCHEKIWFRBGXFWHG WKH DQDO\VLY DQG ZUJ
SREHUW / 3UHVVH\ DQG 1DVODWKH ©QRQOKWIOS D® GV B VA/H V |
LQWHUSUHWLQJ UHVXOWY DQG HGLWLQJ



6HYHUDO JRYHUQPHQW R PHHQPHQMWVDQ@GRQBRPQLVDWLRQV S
DQG , KDYH LGHQWLILHG DQG FLWHG WKH FXVWRGLDQV

SHUPLWYV

SHVHDUFK DVVRFLDWHG ZLWK WKLV WKHVLV FRPSOLHYV Z
SHUPLWYVY QHFHVVDU\ IRU WKH S U RN HW®WHEKFS/'SRIIRW D I0Q H (
1R+

(YHU\ UHDVRQDEOH HIIRUW KDV HHRIPQ & D& N Q\RRZ OB GQ HS M/
RZQHUV RI FRS\ULJKW PDWHULDO , ZRXOG EH SOHDVH(
KDV EHHQ RPLWWHG RU LQFRUUHFWO\ DFNQRZOHGJHG



$FNQRZOHGJHPHQWYV

$ YHU\ VSHFLDO D Q\GR E&® HNVKAKRN PRXH WKDQ D VXSHUYLV
D PHQWRUGVR FRXUWFH Rl SHUPDQHQW LQVSLWRWLRQ 7K!
ZRQGHUIXO RSSRRWMQHWHER BIBRSHQLQJ WKH GRRUV V
H[FLWLQJ ZRUOG R| FRRREU YBXGERQFS$O DGYLEOEB SHUVRQ
DQG IULHQG VRIS YKDOHPHEIDHH W R

$ YNEL) WKDVORN NMBWDOLH %DQ D PDJQLILFHQW VXSHUYL)
7KDQN \RX 1DWDOLH IRU DOO \RXU VXSSRUW ZLWKRXW |
WKH PDQ\ SUREOHPV , HQFRXQWH UY B8 XQUH.MU FH D F R LRXLAR
\RX DQG LW KDV EHHQ D YHU\ HQMR\DEOH H[SHULHQFH W
IULHQG

7TKDOQRX YIRUFK WR -RQ %URGLH ZKR VKDUHG KLV JUHDW
WLPH DQG XQFRQGLWLRQDOO\ -R@R ORXRHKIDNHJ DRORZUDNV DLAG/
TXHVWLRQ WKH WKLQJVS,UGR B QRXBA \BXUSRMRHUAW ZIDMH Z VLI Q
ZLWK \RX 7KDQN \RX IRU HYHU\WKLQJ

7KDQN \RX WR -RKQDWKDQ .RRO ZKR KHOSHG PH XQFRXQ
DQDO\WHV WKDW QJGH RQR HRWYWNLKYIXRBEVO\ SURYLGHG PH
JXLGH PH WR TXHVWLRQ P\ DSSURDFK DQG PDNH D FULW

$OVR D YHU\ ELJ WKDQN \RX WR OLFKHOOH '"HYOLQ ZKR
KHU LQ P\ UHVHOPUHF RRDEHRXOWML QO OLFKHOOH ,YfYH OHDUQ
DQG LW KDV EHHQ D JUHDW SURIHVVLRQDO H[SHULHQFH Z

7KDQNV WR 7HUU\ +XJKHW\D ORU' BWKIHL L HQORDXIDEOH D Q(

, UHFHLYHG IXQQGUFRRIIVE&W R 1DFLRQDO GH &LHQFLD \ 7H
&21%&<7 DQG 6HFUHWDUtD GH (GXFDFLYyQ 3~EOLFD 6(3
$XVWUDOLDQ 5HSHODIHEWIRX QFKFHOOHQFH IRU &RUDO ¢
YHU\ VIHKDDAPHY &RRN 8QLYHUVLW\ RIQGFWMBRID & K HRW



&RUDO 5HHI 6WXGLHV IRU W KHUGD [SPVIMLENRVY DRID B I0QV XICEIRDL
%D]DND -DQHW 6ZDQVRIK DIMA GARRAONYRNR O GR DL R
SURYLGEMXISBRGWKH +LJK SHUIRUPDQBRERMREBRERWLQJ 8QL
8QLYHUVLW\ IRU FRPSXWDWLRQDO IDFLOLWLHV

7TKDQRX WR WKH IROORZLODWVVHRYRQRUD QI GRRUGDR QLU LQYD
LQIRUPDWLRQ DQG VKDULQJ WKHLU H[SHULHQFH WKURXJk
&KDSwWBY ZHOO DV WVSORWMH $ DWWHIHAPRMXGAWORQ 7KRPDV %U|
SDWULFN &ULVW )UDQN : 'DYLV 'HERUD 'H )UHLWDV =D
*OHDVRQ ODUHD ( +DW]JLRORV %HUQDO +HUUHUD 3LHU
$XUHOLH 6KDSLUR 'DYMGH6WRFPYQHODQVRD DQG 7KH 1DW
&RQVHUYDQF\YV &DULEEHDQ 3URJUDP $ DOVR WKDQN -RC
SURYLGLQJ DGGLWLRQDO LQIRUPDWLRQ RQ WKH *UHDW ¢
OLVVBRQQVDY 1DWLRQDO (VWXDULQH 5HVHDUFK 5HVHUY

$OVR WKDQNV WR WKH IROORZLQJ SHUVRQV IRU SURYLC
H[HUFLVHV LQ WKH &DSWHERDOLSRUHOX¥BUYR®QQH *RQGRU
&HVDU 6DEXFKWD 'LDQD +HUQDQGH] (QULF 6DDQFRDQ 7VI
ORUJDQ ODUFIADBRUMHQRDQLH .ROE 3DWULFLD .ROHII 5O
(VITXLYHO DQG 9HURQLFD $JXLODU

7KDQNV WR WKH IROORZLQJ SHUVRQV IRU SURMIGLQJ LG
FDWFKPHQW PR GKIIDSOLBU VW XIGERMRWHERQY WHQFLVFR *RP
ODUWBBAIBUR SYHBDIDHO +HUQDQGH] 6WHSKHQ /HZLV (
$OHMD QG UR6 HRUQIDOWR V  $ VDWW R H) RUBINRWLOGH $UHOOD !
3pUHIPLIQ DQG OHODQLH .ROE

, DOVR WKDQN W KIHYVWRLGRMR/Z LY KRUWRPRQJ VRIWZDUH 8 6
DQG $WPRVSKHULF $GPLQLVW U D V& HR®W Q& $X VSRLD/ON.D @ V6
&RPPRQZHDOWK 6FLHQWLILF DQG ,QGXVWULDO 5HVHDUFK
':DWHUKH IROORZLQJ L Q\GADWWDRNYMRMIBOSWRWEILRHGH
,QIRUPDFLYQ $WWDRDOLPHARV BYHIUTB$@BBLVLYQ 1IDFLRQDO SL
HO &RQRFLPR KGIWIRD \9%BMR G LY H U VBLHGAUGH WU 6% H OHG LR
$PELHQMHFXUVRYV 1DW X U D O,W WAL\ S\ O FIL RFIROR J t D



6(0$51$7 ,QVWLWXWR 1DFLRQDO GH (VWDGtVWLFD *HRJU
&RPXQLGDG \ %LRGLYHUBURD® WX & D &R % R BV MQH
&RQVHUYDWLRQ % LOROR JAR QWK LSPXWHFDTV &RPPLVVLRQ IR
(QYLURQPHQWD R &RREBHUDWIXR® &RD&HH[YPRFDQG
'RUOG :LOGOL)H QMRER

0\ JUHDWBWW\RXBEHO P\ IULHQGY LQ 7TRZQVYLOOH ZKR PD(
HQMR\DEOH DQG ZKR VXSSRUWHG PH LQ VR PDQ\ GLIIHU]
*XUQHARUHDOOW 9DQHVIVDLGEGRPMNH 3LAWROQKDEDRBWL
"DQXFKRDWWNOH\ )UDAHIXFRRBIMWENERKHQ $GURPQ $ULDV
%UHZHU $0ODQD *UHFK 6WHSKHQ %DQ 7DWMDQD *RRG
-DPHV 7TMQV®K QD +LFNV 9DQHVVD OHVVPHU DQG HYHU\F
IULHQGY RXWVLGH WKH XQLYHUVLW\ )UH\D D@®GDYLG
/IRXLVHVSHFELDO WKDQN WR 5HQHH )LQQLJDQ ZKR ZDV WK
WR VXSSRUW PH WRHRXJKIQNN. DXORWVWR P\ KRXVHPDW
%DSWLVWH &OHP $OH[ $QGHUVRQ $OH[ <RXQJ 9HURQL
ZHUH DOVR YHU\ VXSSRUWLYH WKDQN \RX IRU WKH ZRQ
KHOSHG WR WR JDLQ SHUMBRBWELMHFR © SPAWHW HD U FK

7TKDQN \RX YHU\ PXFK WR P\ IDPLO\ ZKR ZHUH YHU\ VXSE¢
PRWIBORG RMDREWKHU ZKR VXSSRUWHG PH LQ HYHU\ SRVVLE
IROORZ P\ SHUVRQDO D@XBEKRVHMMIREPNO JRDOV

, GHGLFDWH WKLV WKHVLV WR P\ IDWKHU &DUOT
HQYLURQPHQWDOLVW DQG DOZD\V DQ H[DPSOI
HXFKDV JUDFLDV 3DSi



$SEVWUDFW

2YHUILVKLQJ SROOXWLRQ FRDVWDO GHYHORSPHQW DQ
ELRGUVLW)\ JOREDOO\ DQG FRPSURPLVH WKH VHUYLFHV
6SDWLDO PDQDJHPHQW LQFOXGLQJ VHWWLQJ DVLGH OD
WKH JOREDO GHFOLQH LQ ELRGLYHUVLW\ EXW PDQ\ WKL
ERXQGRUSHRWHFWHG DUHDV 7KLV LV D SDUWLEXODU SL
LQIOXHQFHG E\ PDQ\ DFWLYLWLHY RQ ODQG ,QWHJUDWL
WKHUHIRUH RI XWPRVW LPSRUWDQFH 6\WWHPDWLF FRQV
IUDPHERRWR LGHQWLI\ DUHDV ZKHUH DFWLRQV FDQ EH HII
ZKLOH PLQLIPUXH FRVWV RI LQWHUYHQWLRQWHIDHWKRGR
FRQQHFWLRQV LQ FRQVHUYDWLRQ SODQQLQJ DUH GHYHO
SODQIQIQULDWLYHYV KDYH QRW HPEUDFHG DQ LQWHJUDW,
WKHRULHY DQG WRROV LQ FRQVHUYDWLRW KSDMHQQLQJ FDC
OLPLWDWLRQV DQG IHJGODY¥E DWR\QIQHRULRUWDOWRZHYHU D
VFLHQWLILFLVQRHBE B GHW RVD\GVE WM WK BBIRWW DQG WR PD(
FRPSOH[LWLHV Rl FRQVHUYDWLRQ DFURVV UHDOPYV

7KH JRDO RI P\ WKHVLV LV WR LPSURYH XQGHUVWDQGLQJ
FRQVHUYDWLRQ SODQQLQJ DQG LQYWWWLUQWR WKH 8RB
SURFHVV ORUHPVSHRIMHFMOBISORUHY WKHRUHWLFDO DQ
RI WZR GHWBWIL@D SUREOHPV DV WRILL DW S GRDIAVKK LDQ V/BIQ G D
VA\VWWRU HYWMFLD OO\ KFIRD OP@WBHGQUYKUHDWYH DQ ® I ITHFW
FRDVWDO VS DWILIR®M SULBG LMRQYVLGHULQISBRRSBWLQJ YDO
LQFRQJUXH QWHH E Bl MAZ\M H (IDQIED X S @RZQMVIDHDA V R1 FRDV W
FDWFKPHQWW REMHFWLYHV ERXQG WEB/N HAFR S ARJ UAH WV KLH
OD®BD SODQQLQJ WKHRU\ D§&\SH®HFMHEG W VDWIEDD 6 K IQHAYLH
LQW HJ DD\G LFKEH OMIQHEBKRSEWHUY WE@EYHORS QRYHO PHW
IRU LQFRUSRVDMWLHP \F/EBHWPDBYS0QJ DQG WHRMHG/LQJ OD
WKUH®OMSWBQE® DQGWRSORUH FRLQFLGHQFH EHWZHHQ OD
IURP WHUUHVWULDO DQG PDUXQBWRQVHUYDWLRQ REMHI



,Q RUGHU WR RBIGKHFHMUWMWHVHHYLHZHG WKH OLWHUDW XL
FRQQHFWLRQV EHWZHHQ ODQG DQG VHD DQG KRZ WKH\ K
FRQVHUYDWLRD SWHBH\QLIPVX @WYV Rl WKLV FKDSWHU LQFO
RI OVGI® SURFHVVHV ZKLFK DOVR LGHQWLILHYVY SRWHQW!|
YDULDEOH REMHEWLYHV SODQQLQJ XQLWV DQG PRYDEC
LQWR SODQQLQJ , DOVR \NVOWHPWI KLLHHD W MORQUG FHUGRHPH Q W
VKRRERGQVIMRXUFHV DIIHFWHG UHDOPV GLWHMPWIGRQDOLW
DUHDV IRU LQWHUYHQWLRQ 7KH PDLQ RXWSXW RI WKLV
JXLGHVOHDQSODQQLQJ LQIRUPHG E\ H[SHUW RSLQLRQ DQC
OD@BD FRQQHFWLRQV

WKHQ D@®DOWFHESODQQLQJ LQLWLDWLYHV LQ WKH *XOI R
ZKHWKHU WKH HOHPHQWY LGHQWLILHG LQ WKH IUDPHZR
8KDSWHAKHRELY DQ LGHDO FDVH VW XIGAH@W LA RPG DWLRU LR!
LEXOWLSOH PDULQH FR QWHIYUH® W DRIQ GBH BOQY QZUVOK H[HUF
LQ WKH SDVW \HDUV 'HVSIRWB G/ RPBRIRQYQWIVRIFWLD O
SULRULWLHY EHWZHHQ SODQV 7KH H[LVWHQFH RI PXOW|
*R& KLIKOLJKWHG VRPN PIQW KEHGR PIS\OHRIWKIDYLQJ PXOV
SULRU,IDMMR/VKRZHG WKDW WKH XVH RI 6&3 PHWKRGV KDV
KLIJKOLJKWHG EHQHILWY DQG GLIILFXOWLHV RI DSSO\LQ.

$ PDMRU JDS LQ PDULQH PDQDJHPHQW RIWHKH *R& LV WK
FRQQHF\DLRQPP@DYHG SROOXWLRQ ZKLFKNKIVK EHD\WY LG
WR PDULQH HFRV\WWHPV , XVHG FDWFKPHQW PRGHOOLQ
SUREOHP DQG WR LGHQWLI\ DUHD VJ D\ DR\Q ERI VOIGEQGE L QW |
W K U HIODVSMW H U 'LIIHUHQW FDWFKPHQW PRGHOOLQJ DSS
QXWULHQWY DQG VHGLPHQWY YDU\ LQ GDWDFRHPBOLUHHGE H C
WZRDWFKPHQW PRGHOV FRPPRQO\ X\HPGH Q&3 (T UDGI®& FDW
BHG1IHW LQ WHUPV RHWKREWXSSWRIRKKY GDWD UHTXLL
DYDLOD@GBOHSDUDWLRQ SHUIRUPDQFH GLIIHUHQFHV EI
UXQRII DQG VXVSHQGHG VHGLPHQW ORO GG\D WIV® @ XRW S X
SROOXWBB@E ROGYHU ORXEG WKDW ERWK PRGHOV DUH .
DSSOLFDEOH XQGHU OLPLWHG GDWD FLUEXPVWDQFHV E
SDUDPHWHUV 7KH SDWWHUQV RI VXSSO\DUHH DGIRTODW H



IRU SULRULWIMLR) P DRDIH PHOIW SLTD QRQ Q J+ R 3B ®H B D W IKRIQ \
ORZHU SHUIR BBD&YFALRILYW YV LWR/UDS ®IEIARWRRIQFD O
PRGHOOLQJ $GGLWLRQDO IXQFWLRQDOLWQIQ 6HG1HW F
FDWFKPHQW PDQDJHPHQW 7KLV LQFOXGHV DFFRXQWLQJ
VXVSHQGHG VHGLPHQW

,Q DGGLWLRQ WR PDSIO\VHGVRKUGXW LRIQORGBQWLI\LQJ \
DQG WKH VFDOH RI LQIOXHQFH RQ PDULQH HFRV\VWHPV
LPSDFWV Rl GHJUDGHG ZDWHU TXDOLW\ , GHYHORSHG D
SOXPHV EDVHG RQ VDWHOOLWH LPDJHUEDWRI®VVHVV W}
SROOXMMIREY WKH *UH CHW \W\DIDVAMHB M4 D SW AR EXLOG

WKH PRGHO ILUVW , PDSSHG SOXPHV DQG LGHQWLILHG
PD[LPXP.NHOLKRRG FODVVLILFDWLRQ Rl HQKDQFHG VDW ¢
ZHHNO\ GDWD DI@BQRDOFMNHIWHGF\ Rl SOXPH REFXUUHQF
FODVV YDOXHV 7KLUG , FDOFXODWHG WKH SURSRUWLR
UHJLRQDO WRWDO VXVSHQGHG VHGLPHQW 766 DQG GL\
YROORWIKDIW, WFBIOHG WKH SURSRIUMLIR QDERW RQW i Ll K X VR
NQRZQ SOXPH H[WHQWY SHDN IORZV DQG PHDQ FRORXL
H[SRVXUH E\ FRPELQLQJ VFDOHG FRQWULEXWLRQV DQG
WKH H[SRVXUH P RGKHDNW QW RD (MDEMJIR [BRY&& HIFIDQG WK
DIIHFWHG DUHD RI FRUDO UHHIV DQG VHDJUDVV EHGV |,
VDWHOOLWH LPDJHV FDQ EH XVHG WR PDS SOXPHV DQG '
ERUQH SROOXWDQWYV 7KH PRGNDOG) & K ¥H\DIRCBW IGD DV DXQVGH M
YDULDWLRQ LQ H[BRYVKQH RFRERDAWHPY WR ULYHULQH SO
LQWIWXDO YDULDWLRQ LQ H[SRVXUH RI KDELWDWV WR ¢
LQFRUSRUDWH WKH WHPSRUDO FRERSRQHQW LQ H[SRVXU

,Q &KDSWXVWHG WKH RXWSXW\WPRGEBYKMHAD WEKXPHOQRNR GHC
GHYHORS DQ LOMHBDIBDWR AGRADQRBOHFWHG KBDWEHKPHQWYV L
FDWFKPHQW PRGHO WR PDS VRXUFHY DQG ORMD@GWRRI VHC
XVHG D ODQG XVH FKDQJH PRGHO WR FDOFXODWH WKH S
XVH FODVVHVY DQG WKH YXOQHUDELOLW\ RI QDWXUDO YH
RXWSXWV DQG WKH OLQN EHWZHHQ SROOXWDQW VRXUF
DUHDV Rl YDU\LQJ FRQVHUYDWLRQ SULRULW\ |, VHW WZ



PDQDJHPHQW Rl ODQG DUHDV ELRGLYHUVLW\ FRQVHUYD
YHIJHWDWLRQ W\SHV DQG DLPHG WR WD U FRWQ YCHUHDKNGZ LV
LQWR DQWKURSLF DUHDV DQG ZDWHU TXDOLW\ REMHFW
FRQWULEXWLRQ WR SROOXR/ BQWRPDRQBW X & K ORI HFKIEQ DH. WL
QDWXUDO FRQGLWLRQV DQG OLQN WR PDOWYHHS8B KRV LWH
WKDW LQWHJUDWLQJ ODQG XVH FKDQJH LQ VSDWLDO SU
LQIRUP PDQDJHPHQW IRU WHUUHVWULDO FRQVHUYDWLR(
DQG ULYHU SOXPH PRGHOV LV WKXV FULWLFDO WR DVVH
WR DFKLHYH ZDWHU TXDOLW\ REMHFWLYHYV

,Q VXPPDU\ P\ WKHVLV DGYDQFHV FRQVHUYDWLRQ SODQC
SURSRVDO RI DQ RSHUDWLRQDO IUDPHZRUN WKDW LGH
LQWHJUDWHIDGFERYEUYDWLRQ SODQQLQJ E\ SURYLGLC
SULRULWLHY GHULYHG IURP GLIIHUHQW SODQQLQJ DSSU
KDYLQJ PXOWLSOH VHWV RI SODQV E\LGHQWLI\LQJ N
FDWFKFROHOV IRU UNHRGHDD® QRG] DSSOLFDWLRQV E
LPSURYHG SOXPH H[SRVXUH PRGHO WR LQIRUP FDWFKPH
QHWZRUNV DQG E\ SURYLGLQJ D PHWKRG IRU LQWHJL
SOXPH PROB@&D BODQQLQJ DSSOLFDWLRQV



2XWSRWVRFLD WHW® YWH WK/

SHHUHYLHZHG SDSHUYV

EOYD®URIPHUR - * 5 / 3UHVVH\ URBODPP® & 9IDQEHU &
.OHLQ DQG 6 ' *DLQHV VHD GREGVHOWHWEWLAEDRQSODQAQL
PLVVLQJI$QIQXNDVO 5HYLHZ RI (FRORJ\ (YROXWLRQ DQG ¢

EOYDWRIPHUR - * 5 / 3UHVVH\&RVISR MG 2 FRUUMR
2URSH]D ,Q UHYLHZ ODULQH FRQVHUYDWLRQ SODQQLC
WKH *X @IORIBIXDWLF &RQVHUYDWLRQ ODULQH DQG )U

EOYDERIPHUR - * 6 :LONLQVRQ - .RRO 1 & %DQ 5 .
,QBUHBRGHOOLQJ FDWFKPHQW QXWR LHQRMARQBOVHGLP|
PDQDJHPHQW RI ZDWHP DXL WER\ VW EPWDID FRPSDUL
GLIIHUHQW D3\WHRDBHVRXUFHY 5HVHDUFK

EOYDERIPHUR - * 0 'HYOGRD 6L ONHL [I8L&BOMVXY 5 /
SUHVVHRO - 5RBRERBWEGHLUD $ HQJHEIUBM®G - %URGL
ORGHOOLQJ H[SRVXUH RI PDULQH HFRV\VWHPV WR ULY}
UHPRWH VYHQONVSEQURDMHK RQPHQWDO 3ROOXWLRQ

EOYD®URIPHUR - * 5 / 3UHVVH\ DRGYDQ&L@IADYD QG SUH

FRQVHUYDWLRQ SODQQH@XDL@MH FIDIMFK®H QW QEEQ BVU L Y
PRGHOOLQJ -RXUQDO 7%

%RRN FKDSWHUYV

%DQ 1 & 6 -DDURKRHE\VBMDBRPHUR O0LOOV 5 / 3UHVVH
ILQNH DQG ' GH )UHLWDV ODULQH DQG IUHVKZDW
UHSUH\WHQ\R DBMIUR/ BXW SIQFH W,IQH )XWXUH &RQVHUYDWLI
WKH ERWIWER8BD¥FWLFDO JXLGH I/R& WDKK KHDG DHEGWEX UAR C
HGLWRUV (65, 3UHVV 5HGODQGV &DOLIRUQLD

SHSRUWYV

'HYOLQ THL[HAD BLOYEOYDHIRHUR QG - :DWHUKRXVH
5HHI 5HVFXH ODULQH ORQLWRULQJ 3URJQQRD PORRESR IO

7KLYV WKHVLYVY LV EDVHG RQ WKH | ROWHRZULHYI RPWD Q& VSFUH-SINWMND W
KDYH EHHQ HGLWHG KHUH WR UHGXFH UHGXQGDQF\ DQG HQVXL



LQFRUSRUDWLQJ UHVXOWYV IURP WKH ([WUHPH :HDWKH
UHSRUW WR *UHDW %DUULHU 5HHI ODURQH 38BN $XWKF

$&7)5 6XPPDU\ XSGDWH IORRG SOXPH PRQLWRULQJ
ODULQH ORQLWRULQJ 3URJUDP $XVWUDOLDQ &HQWUH |
$&7)5 7RZQVYLOOH $XVWUDOLD

&ERQIHWHAA¥HQWDRW LRRMWHU V

-XQ &21$%,29TV 6FLHQWLILF 8S G D@NHMVEHEP IWDIDN 6 HU L H \
EOYDWRIPHU®R 3UHVVH\ DQG - %URGLH ,QWHJUDWLQJ
ODQG YDOXHV DQG RQJRLQJ GOROW/B R | FRDQWV/IHYLHY B MILHRDD S\
OH[LFR ')

0D\ S QWHUQDWLRQDO ODULQH ZRINXO/BUMDMWQWR QW
-* EOYDBRHPIHU® 3UHVVH\ DQG - %URGLH ,QWHJUDWL
PDULQH ODQG YDOXHV DQG RQJRLQJVGDVN R VGHW DYHL R
SODQQLQJ ,Q0 SXPIYRQUWRIHVHDUFK DQG DSSEDFDWLRQ
SODQQLQJ EULGJLQJ PDULQH IUHVKZDVWVHUBRO®G WHUL
9LFWRULD &DQDGD

$XJ - ‘RUNVKRS RQ PDULQH VRFLDO FRQQHFWLYLW\
,QYLWHG *WBONBDRRMHUR OLOOV3IBHVVH\ %RDOQFGG DQG
- +ROOH\ ,QFRUSRUDWLQJ VRFLDO FDSLWDO LQWR P
Rl &DQLIRUWKH UROH RI VRFLDO QHWZRUN DQDO\VLV 2
%LRGLYHUVLGDG $ & 3%1*$6 7KH 8QLYHUVLW\ RI $UL
&RQVHUYDQF\ DQ@AIRYPGGLOBFVRQ $UL]JRQD 86$%

-X 0 Y$QQXDO OHHWLQJ RI WKH 6RFLHW)\ IRU &RQV|
,QWHUQDWLRQDO &RQVHUYDWORY BMHHROBYDL&RQIUHVV
5RPHDRG 5/ 3UHVVH\ 30DQQLQJ IURP WKH ODQG WR \
RSHUDWLRQDO IUDPHZRUN ,Q 6\PSRVLXP 3, QWHJUDWFL
ZMWWODQGYV ULYHUV DQG VXEWHUUDQHDQ DTXDWLF HFR

0D\ 'RUOG 2FHDQ &RQDB&RIQFE 5HHI 7ULDQJOH ,QL
OHHWLBRVWHWHLWDV 5  BOMDPMMAHUK -DQXFKRZVNL
DQG - 9DQ'HU:DOWHMDWRHEHWZHHQ XSVWUHDP DQG GRZ
FRQVHUYDWLRQ REMHFWLYHV LQ FRDVWDO FDWFKPHQV

0D\ , QWHUQDWLRQDO 0D ULQ HD&FD, QHUDIMDLR IOR B ¢
ODULQH 3URWHFWH G2 8 DDYU &R ® JEDADMEIRPG DR G
5/ 3UHVVH\ $Q RSHUDWLRQDO IWVBPHZEDQQRQJILQW HJ
6\PSRVLXP 3&RQVHUYDW LR/Q® IV AICHDHF I DFH WIS ODLQG G}




VXSSRUW WRROV HITHFWLYHO\ ZLWKLQREHVRXNVFH PDQI
‘DVKLRQW' & 86%

$XJ %DHFRHBDFN WKQEHFLO (%0 7RROV 1HWZRUN OH|
&RDVODDQQH (FRADVWGRDQDJHPHQW 7RROV 7UDLQLQJ |
3UDFW L VWIUD@HIWHV H QY WERPHDRG 5 / 3UHVVH)
 QWHJUDWHD ®0RGQLQJ DQ RSN UDMNIQRGWLE [VDPRBG $

-X0 $QQXDO OHHWLQJ RI WKH 6RFLH®WWDRU &RQVHU
SUHVHQWD VWY DIRPHDRG 5 / 3UHVVH\ ,\DMOH SODWIE QI
DQ RSHUDWLRQBONVRRS ZRRROV DQG OHWKRG\D IRU ,QW
30DQQLQJ &KDWWDQRRJD 86%



2ZWKHU SXEOLFDWLRQV SURGXFHG GXULQJ

SHHUHYLHZHG SDSHUYV

'HYOLQ 0 / , OF.OYQOBRPHURE 3SHWXV % $EERW 3 +D
DQG - %URGLH O0DSSLQJ WKH SROOXWDQWV LQ VX

WKH *UHDW %D U ULBIDULHH 3ROONKWIDRED PO O HW L Q

%DLQEULGJH = ( @®RODERHPMUR- /HZEV DQG - %URGLH
J)LQH VHGLPHQW DQEVQUYMWOLWOW ®RBSPUWLFOH VL]H DC
%XUGHNLQ 5LYHU 10RR® $IOXIR 8 REXVXWIDREQY BV O HW L Q

'HYOLQ 0 - %URGLH $ :HQJHU 5RPGID R LD WBH UKRX\EHD Y
DQG / OF.HQ]JLH & KU RYHR DG PG XWKH FQHDW %D U
SXWWLQJ HIWUHPH ZHDWKHIRFRBGLYLR RV WE HF R QML H,[@
&RUDO 5HHI 6\PHBIRMLK PSHOAM S DVBILED

9LVFRQWL'L3IODUFREOYDBRPHWBR 5 -DQXFKRUZWEDL/\

SHVVH\ :HHNV& DERGILQ UHYEBHA ZH SURWHFWLQJ ZKDW
(UURUV DQG JDSV LQ VSDWLDO GDWDVHWYV GLVWRUW D

%LRORJLFDO &RQVHUYDWLRQ

SHSRUWYV

%R\OH 0 - - SRPOIVBQH] 7 3 +XJKHMDORR &RDVW :RU
+HULWDJH 1RPLQDWLRQ $ FRPSDUDWLYH DQDO\VLV ZL
$XVWUDOLDQ 5HVHDUFK &RXQFLO &HQWUH RI ([FHOOHC
&RRN 8QLYHUVLW\ 7RZQVYLOOH $XVWUDOLD SS



7DEOH Rl FRQWHQWV

6WDWHPHQW RI $FFHVYV
6WDWHPHQW RI 6RXUFHV '"HFODUDWLRQ
6WDWHPHQWRR RIRDMKHLEX W L
$FNQRZOHGJIJHPHQWYV
$EVWUDFW
2XWSXWV DVVRFWKWWIO/ ZLWK WKL
2WKHU SXEOLFDWLRQV SURGXFHG GXULQJ P\ FDQGLGDW
/LVW RI WDEOHV
/LVW RI ILIXUHV
*ORVVDU\
7KHVLV FKDSWHUYV
&KDSWHU *HQHUDO LQWURGXFWLRQ
5DWLRQDOH
5HVHDUFK JDSV
7KHVLV JRD @ DYHY REMHF
7KHVLV VWUXFWXUH
&KDSWHU ,QWHDUPRVHGHODPRWLRQ SODQQLQJ WKH PL
$EVWUDFW
,QWURGXFWLRQ

/IDQBHD FRQQHFWLRQV HFRORJLFDO SURFHVVHV WKU
LQWCHFW LR QV

$GYDQFLQHODSODQQLQJ DQ RSHUDWLRQDO IUDPHZRU
&KDOOHQJHV IRU WKH IXWXUH
&RQFOXVLRQ

&KDSWHU FROUHHDMWILRIQI LQ SUDFWLFH OHVVRQV O
&DOLIRUQLD



$EVWUDFW

, QWURGXFWLRQ
OHWKRGV
SHVXOWYV
'LVFXVVLRQ
&RQFOXVLRQV

&KDSWHU ORGHOOLQJ FDWFKPHQWR QLAVRU R QWAHV LDRAD
PDQDJHPHQW RI ZDWHPRDIUAMMAH. WKFRDQ\WVWWREPWDD FRPSDUL
DSSURDFKHYV

$EVWUDFW

, QW URRX FW
OHWKRGV
SHVXOWYV
'LVFXVVLRQ
&RQFOXVLRQV

&KDSWHU $ FRPELQH®G DSBRRBFKHWYRLRRIGHO H[SRVXI
HFRV\VWHPV WR ULYHULQH IORRG SOXPHYV

$EVWUDFW

, QWURGXFWLRQ
OHWKRGV
SHVXOWYV
'LVFXVVLRQ

&RQFOXVLRQV

&KDSWHU SCWHQFERQWVOHIWYPDOWLRQ SONXEQ LEKID QIHV H J L
FDOWFKPHQW DQG ULYHU SOXPH PRGHOOLQJ

$EVWUDFW
, QWURGXFWLRQ

OHWKRGV



5HVXOWV
'LVEXVVLRQ
&RQFOXVLRQV
&KDSWHU *HQHUDO GLVFXVVLRQ

$FKLHYHPHQW Rl WKHVLY JRDO DQG REMHFWLYHV
2ULJLQDO FRQWULEXWLRQV DQG ILQGLQJV
SRWHQWLDO SUDFWLFDO DSSOLFDWLRQV
/LPLWDWALSRFQWW RQLWLHV IRU LPSURYHPHQW DQG IXUWH!
)XWXUH ZRUN

%LEOLRJUDSK\

$SSHQGLFHV



/ILVW RI WDEOHYV

&KDSWHU
7DEOH ([IDPSOHV RI HFRORJLFDO SURFHVVHV OLQNLQ
7DEOH 6WUDWHJLH V HDRS URFRIY SRV DIVONY R DFRRE® VHU Y D V
&KDSWHU
7DEOH 5HJLRQDOLVHG UWRJAD®ER Q CHAT M DHW RR/Q Y LXYWAH
&KDSWHU
7DEOH 6HOHFWHG / SDUDPHWHUV GHULYHG IURP 02°,
7DEOH (VW LPDWNGYNGHPXOROHOXW DQW ORDGV IRU PD

FDWFKPHQW LQ WRQV ';1 DQG NLORWRQV 766



/ILVW RI ILIXUHYV
&KDSWHU

JLIXUH &KDSWHU VWUXFWXUH IRU WKLV WKHVLV

&KDSWHU

JLIXUH&URWWWHP WKUHDWY VRXUFHV DIIHFWHG UHDOP
WR W DW DHW LRQ

JLIXUH[DPSOH RI D GHFLVLRQ WUHH WR HYDOXDWH SRW
FRQVLGHUVYQUWRHRWKUHDWYV

JLIXUH2SHUDWLRQDO IUDPHZRVMNDRIWDQWHQUDWHG ODQC

J)LIXUH 'LITHUHQFHYVY LQ WKH VSDWLDO ORFDWLRQ RI |
VFHQDULRYVY WKDW LQFRUSRVDWRGOGNKQG RLWYRUHG FURVYV

JLIXUH 'LITHUHQFH LQ SULRULW\ DUHDV IRU FRQVHUY
QHVWLQJ KDELWDW ZKHQ PDULQH REMHFWLYWWGRU WKL

JLIXUH ([SHUW RSLQLRVWVHRQL W M(HIJOBDWHEB RIFOW AGFK F
FRPSRQHQWYVY RI WKH RSHUDWLRQDO IUDPHZRUN

&KDSWHU

YLIXUH 6LPLODULW\ SKHQRJUDPV IRU PDULQH SODQQ
DJJORPHUDWLYH KLHUDUFKLFDO FOXVWHULQJ DQDO\VLYV
YLIXUH &R R STHOLWRVQHRS IHDWXUHV RI SULRULW\ PDSV
SODQQLQJ GRPDLQ H[WHQW

YLIXUH JUHTXHQF\ Rl VSDWLDO FRLQFLGHQFH EHWZH]
YLIXUH 6SDWLDO FRLQFLGHQFH RI SULRULW\ DUHDV |
YLIXUH 5HSUHVHQWDWLRQ Rl JHRPRUSKRORW FODVV|
OHYHOV RI RYHUODS RI SULRULW\ FRQVHUYDWLRQ DUHD
YLIXUH ([SHUW RSLQLRQ RQ UHSRUWHG DQG LPSOLFL
YLIXUH ([SHUW RSLQLRQ RQ KRZ SODQQLQJ LQIOXHQT

RI DFWLRQV

JLIXUH ([SHUW RSLQLRQ RQ WKH EHQHILWY RI SODQC
RI DFWLRQV



&KDSWHU
J)LIXUH .H\ IHDWXUHV RI WKH VWXG\ DUHD UHOHYDQW

JLIXUHODMRU VWHSV LQSXWY¥(&HQO RXWISEWHWWRPRGHOV

JLIXUH 2EVHUYHG DQG PRGHOOHG IORZ DQG VXVSHQ
163(&7 DQG 6HG1HW PRGHOV

JLIXUH SDWWHUQV DFURVYV VXEFDWFKPHQWY RI VXSS
766 DQG GLVVROYHG LQRUJDQLF QLWURJHQ ',1

J)LIXUH 6BEORNQW\ UDWLRAB(&SDVQURBERIIHUHQFHY LQ ¢
EHWZHHQ PRGHOV

JLIXUH SDWWHUQV RI VXSSO\ DQG FRQWULEXWLRQ E\
VHGLPHQW 766 DQG/WRWDO QLWURJH

JLIXUH RYUQBGHU ORDGYV RI WRWDO VXVSHQGHG VHGLPH
71 E\ FDWFKPHQW

&KDSWHU

YLIXUH $I'X® VDWHOOLWH LPDJH LOOXVWUDWLQJ ULYl
RI WKH *UHDW %DUULHU 5HHI *%5 O0DUMQH 3DUN $XVWU

YUXUH 6 XPPDU\ RI WKH SURFHVY IROORZHG WR EXLOC(

YLIXUH )XQFWLRQV XVHG WR FDOFXODWH FRVW VXUIL
DQG GLVVROYHWGURQRQJDQLF QL

)LWJKXUH 6DWHOOLWH LPDJH DQG PDSSHG SOXPHV IRU

JLIXUH LRQULOWFHDQ FRORXU / SDUDPHWHUV DFUR\
LGHQWLILHG XVLQJ XQVXSHUYLVHG FODVVLILFDWLRQ

J)LIXUH ([DPSOH RI VXPPDU\ PDSV RI SOXPHKRAH XU UH (
HISRVXUH PRGHO

JLIXUH SURSRUWLRQDO FRQWUIZLBXWS RO RWPDQWRQR L
HDFK RI WKH ILYH ZHW VHDVRQV FRYHUHG E\ WKLV VWXC
JLIXUH &RVW VXUIDFHVY DQG VFDOHG ORDGV IRU GLV!
WRWDO VXVSHQGHG VHGLPHQW 766

J)LIXUH ODSV RI DQQX¥DO HHFRVIOUWIHGGRMHRIUDVV EHGV
766 % IRU WKH ZHW VHDVRQ

J)LIXUH SHODWLRQVKLS EHWZHHQ PRGHOOHG PD[ SO

GLVFKDUJHYV



YLIXUH DQ@WEBEO YDULDWLRQ LQ WRWDO DUHD XQGHU (
FDWHJRULHYV

JLIXUH DQ@QWEO YDULDWLRQ LQDH)GRNDOUMN IRVVFRHDBDU W
$ DQG & UHVSHFWLYHO\ DQG 766 % DQG ' UHVSHFWLY

&KDSWHU

JLIXUH 7KH VKQQHWDAWWKRH QW YV FRPEBD LYIO®I RN KZHK LVF
GUDLQ LQWR WKH *XOI RI &&DOLIRUQLD

J)LIXUH SUREDELOLW\ RI FKDQJH IURP WKH HLJKW QD\
FURSODQG % SDVWXUH DOQHDEHWXKXIREDQ DUWMRY IRWHBWLF
XVLQJ WKH ODQG XVH FKDQJH PRGHO

JLIXUH (VWLPDWHG PD[LPXP UHGXFWLRQ LQ WKH VXS
VHGLPHQW 766 DQG GLVUYWRRBQVHG, L QRIRID QIOAVEIMRSLFE ODC
LPSOHPHQWLQJ K\BRYBHMPLHFQW EHDWWLFHYV

J)LIXUH OD[LPXP SURSRUWLRQDO FRQWUIZEXSWLRQ R \
VXVSHQGHG VHGLPHQW 766 ORDG FRQVLGHULQJ WKH S
YHIHWDWLRQ WR FURSODQG SDVWXUH DQG XUEDQ DUH

YLIXUH 5LYHU SOXPH PRGHO DQG SULFPDUW®KHYHO R
FRQVHUYDWLRQ

YLIXUH &KDQJH IDFRNRUIVFRMWWKPHOMWUWOORFDWHG D
HVWLPDWHG FKDQJH LQ WWRW® 08 VR QSHRIGHAR UM B G PLHIRN .
QLWURJH @+ ORDGV IURP WKH ptQDWXUDOYT WR UFXUUHQYV

YLIXUH 3ULRULWLHV IRU FDWFKPHQW PDQDJHPHQW D
YDOXH RU SULRBHWWRIIRMEFDXUAYLQJ WZR VHWV RI PDL
LPSURYLQJ RU PRUQWEBUQAMWHHOD EXDOLW\ DQG RQH VHW
FRQVHUYDWLRQ RI WHUUHVWULDO YHUWHEUDWHV

JLIXUH LD®SOMWPLODULWLHY DQG GLIIHUHQFHYV EHWZHHOC
TXDOLW\ SURWHFWLRQ DQG WHUUHVWULDO ELRGLYHUVL



*ORVVDU\

&RQVHUYDWIBBROD PHMHEZXHUH VRPH IRUP RI PDQDJHPHQW
UHHUYDW UWLRLY MRY R IPD QDIHBPHWW HEMVMN DQG UHVWRUD
WR FRQWULEXWH WR FRQVHUYDWLRQ REMHFWLYHYV

&RQVHUYDWLRQ YAHRUQMDKMH FXUUHQW RZQHUVKLS XVHV
WKUHDWY WKDW PDNHDXS MWXHHI{R QWM IRQFOXSIXLQJ LQV
WHUUHVWULDO IBRR R DILADIH W RWW HP V

&RQVHUYDWLRQOREMHEWLYM\HUSUHWDWLRQV RI JRDOV V
DYDLODEBBQUHGIWEO\ TXDQWLWDWLYH RWRKWZKRRA TXDOI
PXFK RI HDFK IHDWXUH H J KDELWDW W\SHV VSHFLHV
UHSUHVHQWHG LQ FRQVHUYDWLRQ DUHDV 2EMHFWLYHYV
DUHD QXPEHU RI RFFXUUHQFHV RU DEXQGRIOBPWVYRQ LQG
SDVW GLVWXUEDQFH DQG RWKHU FULWHULD

&RVWY S5HOHYDQW VRFLRHFRQRPLF FRVWV LQFOXGH DF-
WUDQVDFWLRQ FRVWY DQG RSSRUWXQLW\ FRVWV &RVW
EXW DV WKH VXLWDELOLW\ RI DUHDV IRU FRQVHUYDWLRC
WKDW UHIOHFW FRQVWUDLQWY DQG RSSRUWXQLWLHV

&URVWWHP WKKHBMWMNVYV WR ELRGLYHUVLW\ WKDW RULJLQ
DQRWKHU

'"HFLVLRQ VXS SFRQN MURMOWLR Q SODQQDQJI3®PIQVZDQG! H J
RWKHU WRROV H J IRU FDWNKPSQIVQPR G B OW KO W DSUR 0O
DQG JUDSKLFDO FDSDELOLWLHY WR IDFLOLWDWH QHJRW
LQYROYHPHQW RI H[SHUWV DQG RWKHU VWDNHKROGHUYV

(FRORJLEPHVEHY 6HTXHQFHV RI FKDQJHV LQ ELRORJLFD
LQFOXGLQJ PLJUDWLRQV PHWDSISRE®ERWREQYBQIDPLFV
PDWHULDOV HFRORJLFDO SURFHVVHV RSHUDWH DW PDQ



(FRV\VWHP VHMRXEFNVY PH)G SURFHVVHV VXSSOLHG E\ QD
EHQHILW RI KXPDQV (FRV\WWHP VHUYLFHV LQFOXGH SU
IRRG DQG ZDWHU UHJXODWLQJ VXFK DV WKH FRQWURDO
DV QXWULPQW FURCHSBROOLQDWLRQ DQG FXOWXUDO VXF
EHQHILWYV

*RDO¥ FROOHFWLYH YLVLRQ RI DVSLUDWLRQV LQFOXGLQ
SHUVLVWHQFH RI ELRGLYHUVLW\ SURWHFWLRQ RI HQGD
UHVWEFEXY PDQDIJHPHQW LPSURYHG OLYHOLKRRGV IRU FRPI
HFRV\VWHP VHUYLFHVY SUHVHUYDWLRQ RI FXOWXUDO KH
NQRZOHGJH

,UUHSODFHDEHDVYWWVH RI WKH LPSRUWDQFH RI DUHDV LQ
REMHFWLYHV 8QLWYV ZLWK KLJKHU LUUHSODFHDELOLW\
PRUH OLNHO\ WR EH QHHGHG IRU LQFOXVLRQ LQ D V\VWt
REMHFWLYHYVY ODSV RI LUUHSODFHDELOLW\ DWIHYVY DOVR PD
JLYLQJ VFRSH IRU SDUWLFLSDWLRQ DQG QHJRWLDWLRQ

ODLQVWUHDPLQJ 7KH WUDQVODWLRQ RI WHFKQLFDO SO
UHDGLO\ DFFHVVLEOH WR D GLYHUVLW\ RI VWDNHKROGH
LPSOHPHQWDWLR@RWERQVHUYDWLRQ

ODULQH SURWHFWHEF PRUGL@PBWR WKH ,8&1 DQ 03$ LV D
LQWHUWLWDRGRQW WKEUDLQ WRJHWKHU ZLWK LWV RYHUO!
IDXQD KLVWRULFDO DQG FXOWXUDO IHDW X UHH\E WZKLH K K
PHDQV WR SURWHFW SDUW RU DOO Rl WKH HQFORVHG HC
RI SURWHFWLR @ DINH {R@HWJIJHQR WR HQDEOH ILVK VWRF
PXOWLSOH XVH RI WKHLU UHVRXUFHYV

30DQQLQJ GRBPDRQ DFURVV ZKLFK FRQVHUYDWLRQ DUHD®
FRPSDUHG IRU LQYHVWPHQW LQ DFWLRQV WR DFKLHYH F



3ODQQALQIRDWWNO VXEGLYLVLRQV RI SODQQLQJ GRPDLC
DVVHVVPHQW DQG FRPSDULVRQ LQ FRRIN® WEYD YL W & UDAD |
DGPLQLVWUDWLYH RU DUELWUDU\ VXEGLYLVLRQV RI O
IRU VA\VWHPV RU QHWZRUNV RI FRQVHUYDWLRQ DUHDYV

6WDNHKREORPAPXWQLWLHY QDWXUDO UHVRXUFH XVHUV JRY
ORFDO H[SHUWV DQG 1*2V ZKR ZLOO LPSOHPHQW RU EH
ZKR FRXOG FRQWULEXWH LQIRUPDWLRQ DQG H[SHUWLVH

6\VWHPDWLF FRQVHUYDWLRQ SODQQLQJ $ SURFHVV WR
UHVRXUFHV WRLWF KO RRMEOLF XDQWLWDWLYH FRQVHU
GHILQLQJ HOHPHQWYV RI VI\VWHPDWLF FRQVHUYDWLRQ S
EHWZHHQ VHOHFRMRWGV DARHODXW LIRHKDVWR DFKLHYLQJ REMHF
UHSHDWDEOH PHWKRGV IRU GHVLIJQLQJ FRQILIXUDWLRQ®



7TKHVLV FKDSWHUYV
&KDSWHU HOUHRGOFWLRQ

SDWLRQDOH

7KLV WEKLHPWL W R DXGRY@DOHHHQ W RA BI@@EHP HRWVHUYDW LR Q SOI
%HORZ , KLJIKOLJKW D@L WHIUDOYXVH WK VYHYHUDO WRSIH
WKH IRFXV RI PRHWKIMBBUWDWY WR PDULQH ELRGLYHUVLW\
ELRGLYHUVLW\ ORVV JXLGLQJ HIILFLHQW XVH RI FRQVHI
ERXQGDULHV RI FRQVHUYDWLRQ DUHABNQ IDDM&® G AORIER Y HMPD
7TRIHWKHU WKHVH WRSLFV LOOXW\W D DSAOHR2 Q/GHDQ YA KIRSU MR U
OLWHUDWXUH UHYLHZ LWB8RALKSHIGE KEMHBIHRHHYX VH &

7TKUHDWYV WR PDULQH ELRGLYHUVLW\

ODULQH HFRV\WVWHPVHBYRNHGHWRDOMRSOH LQFOXGLQJ
PLWLJDWLRQ RI FRDVWDO &W']DUGVUDQBNUHWBEMBWLRQ
GHOLYHU\ RI WKHVH VHUYLFHV LKD BWGWHD NGDRWGR @\ O
XQSUHFHGHQWHG SRSXODWLRQ GHAMDMI\QHV RI(¥PDQ\ PDU
':RUP HW DO+XPDQ LPSDFWV RQRPHIHQYRADOGEH WRIDFHG
ILVKLQJ SROOXWLRQ DQG FOLPDWH FKDQJH 7KDBDBWWQ
DUH JHIQOAUKLJKHU LQ RARKRUWWMADDUBIQE® @EHKBIWH FRUDO UHH
URFN\ LQWHUWLGDO FRPPXQLWLHY DUH DPRQJVW WKH |
DO ,Q PRVW FDVHV PDULQH V\VWHPV DUH WKUHDWH
H JLVKLQJ DQG 89 UDGLDWLRQ DQG HPSHBL@®Q BHHRX XX
7KLV IDVW JURZLQJ DQG ZLGHVSUHDG GHJUDGD\
HFRV\V®/HPNVEAEAWFWLYH PHEFKDQLVPV WR FRQVHUYH WKH
WKDW WKHVH V\%WHEVHESURWLD @ *UDQHN HW DO



$FWLRQV WR PLWLIJDWH ELRGLYHUVLW\ ORVV

BHYHUDO DNEWGRQM KDYH EHHQ LPSOHPHQWHG WR DGGUH
FRDVWDO DQG PDULQH HFRV\VWH/AV RLEPDONGHQUHPBYR
LPSURWHUWQRQL\RKHULHY PLQLPLVLQJ LPSDFW RI PDULQ
HJ UHJXODWLQJ WUDQVSRUW DQG FRDVWDO GHYHOF
KLJK FRQVHUYDWLRQ YDOXH $WHFRP RR QWKRIQ VMY HDRH.GRK
PDULQH SURWHFWHG3BPWHBY HOABYQWLDO FRPSRQHQW R
VWUDWHILHYVY WKDW DLP WR SURPRWH PDULQH ELRGLYH

&DUU HW DO ) &3 SAKD DD SUEHHDOQWHRI IHFWLYH WRRO
FRQVHUYDWLRQ DQG PDQDJHPHQW ZLWK GRFXPHQWHG E
ERXQGDHVMAMU HW DO IXEFKHQFR HW DO S5REH I

$ NH\ FRQVLGHUDWLRQLYKWRHIOQODFRQH LQ PLQLPLVLC
FRQVHUYDWLRQ IHDWXUHV ZLWKLQ WK H P:LFOY QY RHVG LYY
D

*XLGLQILHQOM AKREVRIUYDWLRQ UHVRXUFHV

$ FULWLFDO TXHVWLRQ GHULYHG IURP WKH QHHG WR LQ
ELRGLYHUVLWHORWKERXOG ZH SODFH FRQVHUYDWLRQ DU
FRQVHUYDWLRQ REMHFEW L YHAR XMLE BWHRGE LICRQ U B G YDRADLLRAQL
FRQVWUDLQWY UHVWULFW WKH QXPEHU DQG H[WHQW RI
6\WVWHPDWLF FRQVHUYDWLRQ SODQQLQJ 6&3 SURYL
ZKHUH FRQVHU YD WIFRFERHFYR PRQVHUYDWLRQ REMHFWL
PLQLPQY \RKM V¥ RI LQWOHUNIKQW VR QU HF&H\SURYLGHV D
IUDPHZRUN WR JXLGH GHF L \WLHRSH\D W@ HHIORQ) DIDWS BWHRQY WG
GHELWIDRH UV ZLWRKS WL 8D \R MDRDAM XADMBSEVHW DNHKR OGHUV L
WKHLU FRQWULEXWLRQ WR REMHF SN WWHD Q% RWKHUE R ©
7KHOXBI Rl WKLV DSSURDFK LV UHIOHFWHG RQ WKH L
PHWKR@WRROV W FGHYXDER WRRILIFM RUOG MRPH RI ZKLFK
KDYH ERRBVWAXOO\ LRSOIHP WEW HSG RFHVYV WR EHMUHPBWH P H
%DUULHU 5HHI ODULQH 3DUN $XVWUDOLD )HUQDQGHV H
*OHDVRQ HW DO BULQFH (GZDUG ,VODQGD BIRXAVK $IL



SODQQLQJ KDV DGYDQFH G QDS GLARJ /SO/MDQELQJ IRU SHO
*DPH HW DO L Q F R WRDDWADE DUQW\HRRGE R-HVDD O
FRQVLGHULQJ WKH SRWHQWLDO HIIHFWVQRS FDLE@W WIHQE R
ELRORJLFDO FRQQHFWS$GPWQEHWZHBIQ 03$V

7TKUHDWYVY EH\RQG ERXQGDULHV RI FRQVHUYDWLRQ DUHD

&RQVHUYDWLRQ DUHQNWXIHD OXDHNRMOEFHH GHR HORSPHQW
RFEXLQJ RXWVLGH WHKHI LFRSDGWUEK®DUO\ UHOHYDQW |
PRUH RSHQ QDWXUH RYRDWULQH &DVW HRNG DWK H
D/\PPHWULFDO +PRQWDBF @ R REFHWIWBIID QG D @& R/MDHW DO
$FWLYLWLHV RFFXUULQJ ZLWKLQ FRDVWDO FDWFKP|
RI NLORPHWUHYV DZDN IURPX®WIKR URIDLWOHPDQ HW DO
%DUULHI 5HHI %URGLH HW DO * X OD URH DHD[W FHRJ L QLW ¢
RI ZDWHU VHGLPHQWY DQG QXWULHQWY RU DGGLQJ SR
DUHPMOSHUQ HWRDOGZLGH DJULFXOWXUH JUD]LQJ ORJ
FROWWRKIDQG KHQFH WKIEDWISOG FR/RD GLXDUNDHQAN ¥ LMKV RIK H V
DFWLYLWLHV KRRBVVOMHBFRM\W@®/HPV DUH SDUWLEXODUC
WKUHDWVY GXH WR HOHYDWHG SRSXODWLRQ GHQVLWLHYV
FRQWDPLQDQWY GHULYHG IURP KX/PD\QVRBOWHW LDAOLHYV LQ |

' KLOB$SWUH JHQHUDOO\ SODQQHG WR VHSPR BW R FHHWVN PN
WKDW W K UHDUWH QODHKGXIIHY 3UHNVRS$SIDFWV RI SROOXWLRG
FDWDVWURSKHV FOLRDWH @&FQLH R/ ER\DIOR B MLDOWGH G
VKRBXPH FRPSOHPHQWHG EAHRAM®KHU D S SXRAKAHKPIFR HW DO
SREHUWYV HWMPWOV 03V DUH ORFDWHG$Q FRDYWDQ\ZDW
FDVHV HIWHUQDO WKUHDWYV WR 03$V KDYH JUHDWHU LPS
ERXQGRUERRLQ %HOILRWHUHIRUH PRVW RI WKH ELRGL
ILVKHULHYV EHQHILWY WKDW 03$V SURYLGH DUH XQGHUPI
RI DWWR QGMWRQ Q\D: @ R\GK HWDMWDKHVH KDYH EHHQ UHIHUUHG
VIVWHP WKKHUWSDWWLDO FRQILIXUDWLRQ RI PDULQH FRQVFH
WKHVH WKUHDW V CDOJOHL ¥ RHQW IDGH U H G



(FRORJLFDO FRQQHFWLRQV EHWZHHQ ODQG DQG VHD

JORZV RI PDWHULDOV DQG RUJDQLVPV GHILQH ELRORJLFI
DFURVV WKB @RRQGGDU\ DQG VXVWDLQ ELRGLYHUVLW\ C
DQG PDULQ Mo i HHWNO DO E 3ROLV +XUG TKHSVM L HV
SURFHVVHVY GHSHQG RQ XQLQWHUUXSWHG FRQQHFWLRC
LOQWHJULW\ RI WKHLU FRPSRQHIJNY JIOMHWRR SEGHM UGR RWX G
IHUWLOLVDWLRQ RI WHUUHVWULDO DQG QHIHMKRIWGH F
QXWULKQWWHGE E\ SHODJLF SUHGDW RIHWHGHQJIR IVHOREWM G
DUHPYGHUVRQ 3ROLV /R PIEEDSXGV HR/G DUY.BE QXWULL
LOQWR WHUUHVWULDO DQGHIQIHKWIOLD W H D UiFbBRAND § WHHWR VD O

GHOLYHU\ RI QXWULHQWY DQG RUJDQLPLFPDVWPHULDO
6LEHUW 'LSIOD@®& AFROYMRAHDOQLPD OV XWLOLVLQJ ERWK
PDULQH KBEUWBDWWW DO ORQWD\WTXHKRUVRQ

(FRORJLFDO LQWHUDFWLRQV EHWZHHQ WKH WHUUHVWU
KDYH EHHQ UHFRJQLVHG D QGHASW X G\DHEFBMHR U HB QD R QM VAL
WHUUHVWULDO DQG PDULQH FRDVWDO HFRV\VWHPV EXV
FRQVHUYDWLRQ $¥HRQ@OMWHF® QW /HWVRQ HW DO
)XUWKHWKRMHPBD LQW BUBFYLRMD®O\ QRW H[SOLFLWO\ FF
FRQVHUYDWLRQ SODQQLQJ H[HAKKW Bl G&W R RQVMVR FFO R \
WKUHDWY FRQVHUYDWLRQ DUHD GHVLJQ VKRXOG DOV
SURFHVVHV WKDW GHSHQG RQ FRQWLQXLW\ RI IORZV EH
%HJHU HW DDLQWELQLQJ WKH IORZ RI QXW WL\HQWNOEHB W :
FRQVHOPIR@WIG IUHVKZDWHUED P B DY QHWE GBIFHE Y F D QD
DOVIOXBQFH W K H P@FDWUWLIRVG IOR IQ LDV BIW D O

SHVHDUFK JDSV

'KLOH OLQNV EHWZHHQ ODERHE0B 6 RIGQH W K POIRMKR G M W R

DFFRPSOLVK LQWHDI SDWEQLOD@AJH QRW \HW IXOO\ GHYH
LQWHJUDWHG SODQOXQUQUHWRHQDMOXNMZYBHFDGHY UH\
LQ FRQVHUYDWLRQ ELRORJ\ KDSUSQRGXGHG W KM KREWD PH
VIVWHPDWLF FRQVHUYDWLRQ SODQQLQJ %DVHG RQ WKH



QHWZRUNV RI SURWHFWHG DUHDV DQB\ LBHMMPIH QWY HE GV KH
DUHDV WKDW DUH UHSUHVHRWBWLR® RQ G MK B WR BD @ HUNM
OR@IHUP SHUVLVWHQFH RI WKLV ELRGLYHUVLW\ DQG WK

ODUJXOHV 3UHVVH\ 3 VRO/O/RIZ QW W R PRI EBULQFL
WDQ SODQQLQJ H[HUFLVHV KDYH LGHQWLILHG FRQVHUYD
HQYLURQPHQW EXW RQO\ D IHZ Rl WKHVH FRQMLGHUHG
LQWHJUDW SRI@® WHFKLDY KDELWDWV XVHGPEL @WRIGODQE |
FOHDQ@HU SURYYYLRQIHU\ IHZ VWXGLHYVY KDYH FRQVLGHU}
RU SURFHVVHV W KNDRWVRBADFXGD B A U RVGH QW Gl \PIRR/QW HU YD W L
DUHDV LQ WKH WHUUHVWULDO DQG PDULQH UHDOPV LQG

D7KXV JPPHOQQH ELRGLYHUWKW\LEBROUEDHINE D ®G OD Q

LQWHUDFW L FQWWIHPGWAURAMDMW YV D R DQMRIU UDMVIHRIQU RK QDS G
LQ FRQVHUYDWLRQ SODQEPSW TR V XW MHVLY WK DWW B YG/H |

7TKHVLV JRDO DQG REMHFWLYHYV

7KH RYHUDUFKLQJ JRDO RI P\ WKHVLV LV WR LPSURYH X
LQ OV FRQVHUYDI/QB Q SOBWVWLIIWH KRZ WKHVH FDQ E
WKH SODQQL @IGSURIKFNVW KLY JR DO WHMHDXUIKK WRKEWHH W E M|

$VVHVV SURJVHWDVSIOD QROGUW KWRBEN DRGG LGHQWLI\
DQG FKDOOHQJHYV

'HYHORS QRYHO PHWKRGV MVWBPFRUISRHWDWY QP FIRIM
WDUJHWEQ Y HD® QBKQGI D W V

([SORUH FRLQFLGHQFH EHWZHHQ ODQ@GWKL@XHV GHU
FDWFKPABGQWDGRQAVWRBBOYPUYDWLRQ REMHFWLYHYV

TKHWIWUXFWXUH

,Q DGGLWLRQ WR&EWHKSW HQ W WRGX AW HREKDSWEO GLYFXV
IXUWKHUHG P\ UHVHDUFK REMHFWLYHV WKURXJK ILYH FK
RI UHVHDUFK FKDSWHUV IRUPDWWH& HRYURXEETFOW LR Q
VKRZV WKH RYHUDOO VIDIEXOHWXDE QR I W KHHMWKBVHVVKRZQ



WH[W DQG DGGLW DRMHUQ /XS 3/ WREISW R ¥ V QDHNGK H
DSSHQGLFHYV

JLIXUH&KDSWHU VWUXFWXUH IRU WKLV WKHVLV 1XPEHU’
UHVHDUFK FKDSWHUV DQG WKH QXPEHUV RQ WKH ULJKW
REMHFWLYHV WKDW HDFK FKDSWHU DGGUHVVHV



)LIXUH&KD SWHMXWWAUDRRU WKLV WKHVLV



&KDSWMWKLYV FKDSWHKHH SORY.RHDWH IRU WKH DEBXMIRI WK
VXPPIRWWKMHKHRUHWLFDO DQ@ QG DRPWWEHHOD VWR Q WAHWW UH R

&KDSWHBGUHVVHV 2 EMNEWINGUQEODINSODQQLQJI H[HUFL
7KH UHVHDUFK TXHVWLRQV DGGUHVVHG LQ WKLV FKDSW
VRFLRHFRQRPLF FRXSOLQJV EHWZHHQ ODQG DQG VHD U}
FRQVHUYDWLRQ VFLHQFH LQIRUPVPRUGIQH QB FWQEH KQW H.
RXU FXADSHEND L W H J WIHDHESO O DEKEHIIHDMWBH WKH PDMRU L
JDSV" 7R DQVZHU WKHVH TXHVWLRQV , UHYLHZ OLWHUD
ODQG DQG VHD DQG KRZ WKH\ KDYH ERGI G QRPRUBRUDWE
DQDO\WH FDVH VWXGLHV SODQQLQJ H[HUFLVHV ZKLF
VHD LQWHBMB®/ R WKH DSSURDFWKKMVIHQ GBHNGRIHRZS \D Q

RSHUDWLRQDO IUDPHZRUN DLFH® WROMKHLEQ & QWGIQUQW H
)LQDOO\ XVLQJ WKH IUDPHZRUN DV D UHIHUHQFH , LQW
DVSHFWV KDYH EHHQ DGGUHVVHG DQG ZKLFK DUH WKH P

&KDSWHBGUHVVHY 2EMHFWRFSUHKMKQRKYK DQDO\VLV RI F
LQVKH *XOIl RI &DOLIRUQLD LQFOXGLQJ DQ DVVHVVPHQW F
SULQFLSOHV WRROV WKH VSDWLDO DQG PHWKRGRORJLFI
RI SODQQLQJ RXW S>XOM\P iHQ WHVUPRQRRLFSDWLDO DFWLRQ\
TXHQW LIRGGUHVVHG DLUWHWEK D W KDUHVWMKH JDSV DQG GLIILF
VIVWHPDWLF FRQVHUYDWLRQ SODQQLQJ PHWKRGV" +RZ "
HPSOR\HERRZQG.PLOEH DMEVHTXHQW VSDWLDO SODQV" :KI
GLIILEFEXOWLHV RI KDYLQJ PXOWLSOH FRQVHUYDWLRQ SOI
TXHVWLRQV , XVH WKH RSHYDG LRQINERSMMHYRUN GHYH (
PHWKRGRORJLFDQ®ILIPHOBQIPMVHI QG LGHQWLI\ SODQQLQJ
VLPLODULWLGRGFFREBWZHHQ SODQV LQ WHUPV RI WKHLU
REMHFWLYHY DQGREDMOHEHFRNVH WKH PRVW LQIOXHQW
DUHDV VSDWRID®SUVRRLDW IWB\OWY D FRPSDULVRQ RI VS
FRQILIXUDWWR @RS S U ERWUDF LG H QEHWRINS D WRWIHW\ODSKD V
RI SULRULW\HJUWW®VY @QLWE$SY PDULQH HFRUHJLRQV DQG V
VHDVFDSH IHDWXUHVY , DOVR LQWHUYLHZHG SODQQHUYV
SODQQLQJ RKWOKW\HRBHG MOBWDB W UFW LIRFIMOLWDWLQJ
LPSOHPHQWDWLRQ



&KDSWHBGUHEMH¥V2LYHD FRPSRKYINRQ RI WZR FDWFKPHQW
SDUWLFXODU WR DVVHVV WKHLU SRWHQWLDO DSSOLFDW
PDULQH SODQQLKH HHVHMWMAKTXHVWLRQV DGGUHVVHG L
FDWFKPHQW PRGHOV GLIIHU LQ UHJDUGY WR GDWD UHTX
DFFXUDF\ DQG RXWSXWV" +RZ GR WKHVH IDEFWRRJV LQIOX
UHJLRPD®H GHFLVLRQV IRU FDWFKPHQW PDQDJHPHQW" 7
WKH *XOI RI &DOLIRUQLD DV EDVHG/WKGQG HDAKY DH WV BIR FOT
WKH QHHG WR NQWWWH B DMKHFRIDMMAY HG DV D SULRULW\ , F
FDWFKPHQW PRGHOV FRPPRQO\ XVHG W®3(&DJUJGI®& FDWF
BHG1HW LQ WHUPV RI WKHLU DSSURDFK PHWKRG DQG D
DYDLODELOLW)\ DQG SUHSDUDWLRQ SHUIRUPDQFH GLI
UXQRII DQG VXVSHQGHG VHGLPHQW ORDGVY DQG RXWSX
SROOXWDQW V JFDRNFKP\HRNRADIXE B @RDGY %DVHG RQ WK
HOHPHQWY , GLVFXVV WKH SURM DO BERQY QRI PRS®IORD

&KDSWHGWGHWWV\AEMHFWLYO®)RYYHEEIBRRDKK WR PRGHO H[SRVX
FRDVWDO PDUWJR EGHERAA @ WSHREDY X\ DROQVVDW AIOKD LWH LPDJ
UHVHDUFK TXHVWLRQV DGGUHV\FR® RRUWHKILYVNK DLSAVID ML B
VDWHOOLWH LAFDISHY EXPKXVHBOQWREHWWHU XQGHUVWDQG
GR WHPSRUDO FKDQJHV LQ ULYHU GLVFKDUJH DQG SROO
PDULQH KDELWDWY WR ULYHULQH SOXPHV" 7R DQVZHU W
5HHI ODULQH 3DUN *%5 $XVWUDOLD DV FDVH VWXG\ W]
EXLOG WKH PRGHO ILUVW \\PDGIBBNPADWIHQGC ERARWUWI FOLC
PD[LPXOALNHOLKRRG FODVVLILFDWLRQ RI HQKDQFHG VDWt
ZHHNO\ GDWD DQG FDOFXODWH DQQXDO IUHTXHQF\ RI SC
YDOXHV 7KLUG , FDOFXODWH WKH SURSRUWLRQDO FRQW
WRWDO VXVSHQG6MIRGEH/IRPHYHEG LOQRUIDOQRBPGYKWQ RIHQ

VFDOH WKH SURSRUWLR QD G LAVRNDANUFIHE XWLARADMVR DLW IR BDZ DR S
SHDN IORZV DQG PHDQ FRORXU FODVV )LQDOO\ , FDOF.
FROQOWULEXWLRQV DQG IUHTXHQF\ RI RFFXUUHQFH , WKH
HIWHQW RI HDFK H[SRVXUH FDWHJRU\ 766 ',1 DQG WKH

VHDJUDVYV EHGV



&KDSWBEGUBEMHYW LLYQHW HRW R WK OWY I[URP WKH FDWFKPH Q)
KDSWHWG WKH ULYHU SOXPH PRGHO &KDSWHU WR G
FDWFKPHQW PDQDJWPHWQQYH EDWRDVIMXDOLW\ 7KH UHVHD
DGGUHVVHG LQ WHRZ\GRKDBXWHWHW BRH SROOXWDQWV ZLWKL
VSHFLILFPPRLOWDHFRV\VWHPV" :KDW DUH WKHD GHGHUHQ\
WKUHDWVPWR LFRD WHRWO\VWHPY FDQ EH PLQLPLVHG" :KDW
GLIIHUHQFHV LQ WKH GLVWULEXWLRQ RI ODQG YDOXHV Zl
FRQVHUYRWIRMZHU WKHVH TXHVWLRQQ WXWHXGIYRIUDO F
&DOLIRUQLD DV PF\DHI GAWMMNGEDWEKHPHQW PRGHO WR PDS \
VHOHFWHG SROOXWDQWYV 766 DQG 71 , DOVR XVH D OD
SUREDELOLW)\ RI FKDQJH WR DQWKURSLF ODQG XVH FOD)\
YHIJHWDWLRQ WR FOHDULQJ %DVHG RQ WKHVH WZR RXW
VRXUFHV FDWFKPHQWY DQG WKH DIIHFWHG PDULQH DU
VHW WZR W\SHV RI REMHFWLYHVY WR SULRULWLVH PDQDJ
FRQVHUYDWLRQ SURWHFWLRQ R DAHPUNYR BWUDUN HW DQG YV
D KLJKHU YXOQHUDELOLW\ WR EH FRQYHUWHG LQWR DQV
IRU FDWFKPHQW PDQDJHPHQW EDVHG RQ FRQWULEXWLRC
PDJQLRIXBKIDQJH IURP QDWXUDO FRQGLWLRQV DQG OLQN
DUHDYV

&KDSWIHIRYLGHYV D VXPPDU\ RI WKH SUHYLRXV FKDSWHU)\

FRQWULEXWLRQV PDG H5 W IDSOYLOQDAHVIN. KIDIEFRRG/ \O D Q G

FRQVHUSOWQROQQJ , DOVR KLJKOLJKW WKH RSSRUWXQLW

WKH UHVHDUFK JDSV V GIHRGL QI LSD3) WQ FRXKIDBWHHIDUGLQJ

LQFRUSRUDWLRWHPI WKBNDW\D QSKBBWHHUWLQJ REMHEWLY
LQ WKHQEIODWORFHVV



&KDSWHUWHJUDWH®D FRRQEHUYDWLRQ SODQQLQJ W

$EVWUDFW

6SDWLDO PDQDJHPHQW LQFOXGLQJ VHWWLQJ DVLGH FR(
JOREDO GHFOLQH RI ELRGLYHUVLW\R @& W KHD @ R YVKGDHWDLY
FRQVHUYDWLRQ DUHDV 7KLV LV D SDUWLFXODU SUREOH
E\ PDQ\ DFWLYLWLHVY RQ ODQG ,Q DGGLWLRQ FRQQHFWL
VSHFLHY DQG HFRORJLFDO SURFHVVHV YDOXHG IRU FRQ
FRQVHUYDWLRQ SODQQLQJ LV WKHUYHHZUW KRl & WP R Y BWLE
GHVFULELQJ FRQQHFWLRQV EHWZHHQ ODQG DQG VHD DC
FRQVHUYDWLRQ \SHOD ORQ Q¥ FWDIQRY ML SERXEMV IOV QWKH Q
IORZV RFFXUULQJ EHWXIWWMBPUNRORYWNURKVFK RULJLQDW
DIIHFW DQRWKHU DQG VRFLRHFRQRPLF LQWHUDFWLRQV
PDLQWDLQ RUVHDV Y RRFHHOVAE DQG WR YUHWWH®WRU HPRLW!
KLIKOLJKW WKH QHHG WR WHB FRFLOHFWILE@ DR ULSR ERQMH @
SODQQLQJ DQG VXJJHVW ZD\V RI GRLQJ WKLV WKURXJK \
IUDPHZRUN IRU L\DM\DHSODW & GQOD Q@@ WXKHY EDAV DY ® IDH[SH U
OLWHUDW XGVBHYLHEWLI\ WKRVH DVSHFWV RI FRQVHUYEL
LPSURYHG LQWHJUDWLRQ EHWZHHQ ODQG DQG VHD LV P

, QWURGXFWLRQ

&RQWLQXHG ORVV RI ELRGLYHUVLW\ UHPDLQV D PDMRU L
VHBDQGYV HW DO 6WRNVWDG DQG PDQ\ HIIRUW)
VSDWLDO SURWHFWLRQ WKURXJK O/DVUW/KWPD\®UF PRV HU Y
7KH KLVWRU\ Rl SURWHFWHG DUHDV DV D IRUPDO FRQVH
HVWDEOLVKPHQW RI <HOORZVWRQH 1DWLRQDO 3DUN LQ
03$ ZDV GHVLJQDWHG LQ $XVWUDOLIDQLWKH V HXVKDWKE D
WKDW Rl WKRVH RQ ODQG E\ VHYHUDO GHFDGHV %HFDX"
SUHYDOHQW RQ ODQG PDULQH FRQVHUYDWLRQ VFLHQFH
WKHRU\ DQG DISSNOS.FW W L RN 0D U J X O $OW KRMIKVW K H U H
DUH NH\ GLIIHUHQFHV LQ PDULQH R/NWWHHIRNH VWK D D O HT XS



HJ GLIIHUHQW VFDOHY DQG SDWWHUQV RI GLVSHUVDC
+DOSHUQ HW DO .LQODQ *DLQHV WKH IRXQGD
ODQG KDV SOD\HG D SLYRWDO UROH LQ WKH UDSLG DGYL
SODQQLQJ

'HVSLWH VKDUHG FRQFHSWXDO URRWY FRQVHUYDWLRQ
KDV ODUJHO\ SURFHHGHG DV LI WKH HFRORJLBEW® RNXVWH
HW DO 7KLV ODEFN RI LQWHJUDWLRQ LV HVSHFLDOO\ SUR
SK\WLFDO DQG HFRORJLFDO FRQQHFWLRQV EHWZHHQ OD
DV\PPHWULFDO ZLWK PDULQH DUHDV PR 6BMW RBVOXWM @EH G

03$V GHVLIJQHG WR SURWHFW PDUL Q@ H LYRK@®IQHHID/EG
WR ERWKQWGDEBHDHG WKUHDWY RULJLQDW L9QR HRXWWLGH WK I
3DUULVK 6D&IFL®HOILRAHFEFDXVH PRVW 03$V DUH LQ FR
'RRG HW DQVKH ULVNV IURFD GHGHAWLODWGHY DUH IXUW
+DOSHUQ HWQDWKLYV, HHFDYALHZH RXU XQGHUVWDQGLQJ RI W
EHWZHHQ ODQG DQG RFHDQ V\VWHPV DV ZHOO DV KRZ WK
LQWHJUDWHG FRQVHUYDWLRQ GHVLJQ DQG LPSOHPHQWTEL

&RQVHUYDWLRQ SODQQLQJ IRFXVHV RQ WKH VSDWLDO D
GLIIHUHQW DFWLRQV H J SURWHFWHG DUHDV UHVWRU
SUDFWLFH ODQG XVH Z&EDERRDRSS DWW PH@Q WIS OVELD@RQPFW LY L\
VXFK DV OHJLVODWLRQ SROLF\ LQFHQVWUHNWWHKDSDFLW!
%RWWULBGRFK FRPSOHPHQWDU\ HITRUWYVY VWUHQJWKHQ FR
WKH PDQDJHPHQW DQG VXVWDLQDEOH XVH RI QDWXUDO
WR IRFDO FRQVHUYDWLRQ DUHDV

/IDQ@HD FRQVHUYDWLRQ SODQQLQJ LQERWZRHDRWH\Q 8 AR®
VHD DQG VHHNEDIWHG LMPKWHOIMMYGWR 03$V EXW QHLWKHU
QRU DQ RSHUDWLRQD/HDUDPPHIZRUNJI IR|L\ODWY GOXFK KDV E
LQWHJUDWHG FRDVWDO |RQH PD EDM-HFD @ROEVE PDULQH
&LFBOLQ %HOILRUH OF/HRMGKHVHVIDIHURDFKHY RIWH
DVSHFWWRD GIDP® QLQJ VXFK DV HEZRIGRIJOPMG MRBGQWHFDV L
FXPXODWLYH LPSDFWV PXOWLSOH REMHFWLYHV GLYHU
IUDJPHQWDWLRQ +RZHYHU QHLWKHU DGGUHVVHV WKH |



FRQVHUYDWLRQ SODQQLQJ QDPHO\ FRPSOWRW®WDULW)
VROXWLRQV WR DFKLHYLQJ REMHFWLYHV DQG WUDQVSE
FRQILIXUDWLRQV RI PRQVYKONDW BRG MBHHRODW\ LQWHJIUDV
ODYBD FRODWHRQ SODQQLQJ FRPELQHV V\VWHPDWLF SULQ
DSSURDFKHVY WR GHOLQHDWH FRQVHUYDWLRQ DUHDV DQ
%H\RQG WKH UHTXLUHPHQWYV |RW ISODHQ LBR W QDI EOQJ O
VHD SODQQLQJ VKRXOG LQYROYH H[SOLFLW FRQVHUYDW
WKH ODQG DQG WKH VHD DV ZH® ORVWH B 8 DRLWWIHODW RRIU
RQH UHDOP DQG DIIHAHD V8 OIMD RKHUD OVRGDGGUHVVHV W
HITHFWLYHO\ LQWHJUDWH FRQVHUYDWLRQ LQYHVWPHQW
EHQHILWY DQG PLQLPLVH FRVWV RI FRQVHUYDWLRQ DFW

6RPRI WKH FRQVHUYDWLRQ LPSOLFDWLRQV RI FRQQHFWL
H[DPLQHG SUHYHRXDO\DDNNHYWHG WKH PHWKRGV FKDOO
SRWHQWLDO IRU VSDWLDO DQDO\WHV WR LQFRUSRUDWH
DQG PDULQH HQYLURQPBQRWW GMWRPY D FRQFHSWXDO PRC
WR LQFRUSRKDVOHQNDIQPGE Y WKDW HLWKHU EHQHILW RU Wk
7DOWWVDO H[SORUHG SRWHQWLDO FKDQJHV WR 03$ GHVL
RULQDWLQJ RQHMD QG SORBARHMWKRG WR PD[LPLVH WKH U]
LQYHVWPHQW LQ WHUUHVWULDO DQG PDULQH FRQVHUYD
UHHIV RULJLQDWLQJ ERWK RQ ODQG DQG LQ WKH VHD 7K
DQG PHWKRGV WR WKH TXLRROOH[Y REGVDB IBMDIKLIRD\ F
+RZHYHU QRQH RI WKHVH SDSHUV LQWHJUDWHG DOO WK
FRPSUHKHQVHPHSODQGLQJ ZKLFK LVWKUMMPDZU\,REMHFW
DGGLWLRYHQRBHQWDO RUJDQLVDWLRIWQHAFAV IDRB8 JRY
DURXQG WKH ZRUOG KDYH DGDSWHG V\VWHPDWLE FRQVF
GLIILFXOWLHV RI LQWHJUDWLQJ ODQG DQG VHD 5HSRUW
LQVLIJKWY DUH REVEXUH WR WKH EURB GHWY RRMMIFHZY D W L
WKHLU OHVVRQV OHDUQHG DQG FRQWULEXWLRQV WR WK



/IDQ®HD FRQQHFWLRQV HFRORJLFDO SURFHVVHV WKUHE
LQWHUDFWLRQV

IDQBHD HFRORJLFDO SURFHVVHYV

(FRORJLFDO SURFHVVHVY DUH FULWLFDO DOWKRXJK RIWH
SODQ@RIDLQJ HW DO 3URAMHHHAROMROLFDO SURFHV\
ODQG DQG WKH VHD KHUM B DNVSIWREHMMHYVH GWKRNDH DDH @
IORZ Rl ZDWHU DQG PRYHPHQWY RI RUJDQLVPV EHWZHHC
HFRV\VWHBMU HW D@G DUB FULWLFDO WR WKH SHUVLVW!}
UHDOPV ([DPSOHV LQHGXGHUUHQMW LZQASKWNIRIFWY RQ WK
FRPSRVLWLRQ RI FRDVWRDGRDU LQBINKRP P X Q £ WRERUJ HW

1DLPDQ 6LEMXEVLGLHY WR ODQG IFGRI® ZHIES® IURP P
QXWULHH@WIM OG 1DLPDQ 1DLPDQ HW DQG 3ROLV
HFRV\VWHPV RQ WKH PDUJLQV RI WKH WZR UHDOPV H J
IRU YXOQHUDEOH OLIH VWDJHV Rl WHUUHVWULDO IUHVK
DO

8VLQJ WKH IUDPHEWUNORD, AAGIDHMVYLILHG DMHDQIH RAHYVOIE
IURP WKH VFLHQWLILF OLWHUDWXUHDEQG FRQWHKR XDKVLR
QRW H[KDWRWHVHNLHZ GHVFULEHVY SURFHVVHYVY WKDW DUH
UDQJH RI VSDWLDO DQG WHPSRUDO VFDOHYV DQG LQFOX
ODQG DQG VHD ( Y\HHD WEBHURREIKKV O Bl g D IRHF XIHHFODWHL G HO\ ZH O
LQIRUPDWLRQ DERXW WKHP UHOHYDQW WR FRQVHUYDWL

7DEOH([DPSOHV Rl HFRORJLFDO SURFHVVNWIDLQNLQJ OD
SURFHVVHV FDQ EH PHGLDWHG E\ WZR W\SHV RI OLQNDJ|
,QWHDFHVY DUH DUHDV ZKHUH WZR RU PRUH UHDOPV DQG
FDQ EH HLWKHU QDUURZ HJ URFN\ LQWHUWLGDO FRPP
&RQQHFWLRQV DUH OLQNDJHYVY EHWZHHQ WZR HQG SRLQV
DGMRDW 7KH\ FDQ EH PHGLDWHG E\ ZHOO GHILQHG RU FR
FRQQHFWLQJ FRDVWDO FDWFKPHQWY DQG RFHDQV EXW
PRYHPHQW SDWKV RI RUJDHILNWP \H R UCEDW KHDIADLY W H G

FRQVHUYDWLRQ IHDWXUHVY L H HOHPHQWYV ZLWKLQ WH!
WKH VSDWLDO HOHPHQWY WKDW FDQ EH WDUJHWHG LQ F
ZLOO EH PRVW HIITHFWLY HW.L I WHKGH Z HWHKO Bl P VI IQAMWWD Q BIH ILUGF



7TDEOH([DPSOHV RI HFRORJLFDO SURFHVVHY OLQNLQJ ODQG DQG V



'HVSLWH WKH DEXQGDQW VFLHQWLILF OLWHUDWXUH RQ |
XQGHUVWDQGLQJ WHWKR U\DSD @ L@IP VG RS URFG OB\) G H F
OLPLWHG ,PSRUWDQWO\ VSDWLDOO\ H[SOLFLW GDWD W
VSDUVH ([DPSOHN BRURPKWGVHY WKDW DOWKRXJK LQFRPS
EHHQ LQFRUSRUDWHG LQWR SODQQLQJ LQFOXGH RFHDQ
LVODQGYV DQG FHR DVWDQOIRWW VY D O VREERQ GJ XQN D
GHOLYHULQJ QXWULHQWYV WR 1UH\SKTOIWNRQUHMQ BONHUUH V
ULYHULQH FRUURWRGR ZLPORUMDRQYXWULHQW IORZV DQG
OD@BD LQW/HUMDEHMWOOH HWWH MOQPLWHG GDWD RQ WKHVH
UHIOHFW D SRRU VSDWLDO XQGHBYM\D\Q LKW RIOSURFHV\
&RQVHTXHQWO\ PRVW SODQQLQJ H[HUFLVHV KDYH HLWK
LQFRUSRUDWHG WKHMH FSVIRAHPHUMAK R&GRVWR LPSURYH GD
UHSUHVINGSURBBBVHY UHPDLQ D PDMRU FKDGOHBQH IRL
HW DO

&URVWWHP WKUHDWYV

$QWKURSRJHQLF FKDQJHV WR WKH \OHDID S LRRF MAKHHWVH DQF D ¢
FRQVHUYOMWAI®RIQJIJ JHQHUDOO\ WKH FUXFLDO UROH RI FR
SUHYHQW SUR/[LPOWHQ WK BWDWS DDSODQQLQJ LPSOLHYV
FRQVLGHUDWLR @ RP FUBRVEYDW MW KDW FDQ KDYH VLJQLILF
LPSDFWV RQ FRDVWDO D OQBOSHUWL® H\ELRGLYHUWBMWRPY HW
,QFRUSRUDWLR @ HRR AKRWVWDWY LQYROYHV LGHQWLI\LQJ V
FRDVWDO DQG PDULQH FRQVHUYDWLRQ DQG PDSSLQJ WK
ZHOO DV DVVHVVLQJ WKHLU PD3QIOWXRE BWOORWHQWQE
DO D 3UHYLRXV VWXGLHV KDYH GHVFULEHG DQG PR
RQH UHDOP DQG DVIHFVSEQDRWIRMENLQ %EBORLRUH
+DOSHUQ HW DO 6 X EXMW @RRRNHWKHVLV RI WKUHDW YV
VHD FRQVHUYDWLRQ SODQQLQJ H[LVWV

8vLQJ WKH WKUHDW FODVVLIHWODWQR,Q GHNRWRMHIG E\ BD O
FURMVWHP WKUHDWN DQICHVY XY PINPHDIDURKDUDFWHULVWLFV VF
GLUHFWLRQV RI LQIOXHQFH VWUHVVRUMXDKRG DUHDV W
,PSRUWRQWWHP WKUHDWY LQFOXGH QXWULHQW UXQRII



FDXVH VHYHUH HXWURSKLFDWLRQ WR[LF SK\WRSODQNW
HFRV\VWEBRWUQ 'LD] 5RVHQEHUJ H[SD{RZIRQNVKI
DJULEXOWXUH IRUHVWU\ DQG XUEDQLVDWLRQ ZKLFK O
ORDGV L@WRNHUV+DLUVLQH DQDOMAWHU WKH VWUXFW)]
IXQFWLRQ RI HVWXDULQH 7XKQ \FKR B VWWID@G HW R M\ X WHH IRV
SHVWLFLGHWH® QGUIRFK-OMXJ\ SODQWDWLRQV ZKLFK UHV
DQG FRUDO EOHDFKLQJ 'XNH HW DO +D\QHV HW DO

JLIXUH&URWWWHP WKUHDWY VRXUFHV DIIHFWHG UHDOP
WR WDUJHWW 1R UHDAW ERQ VVHYV DUHVED® HE 2R QWETHO DDWN V

RI H[LVWLQ$EWDXG HMWVD O +DOSHUQ HW DO +DOS
HW DO,DQWLFLSDWHWWDPMWARURMMWY ZLOO KDYH DQ DUU
OD®BD FRQWLQXXP EXW D FRPSUHKHQVLYHVXHYHW® R V
DQ LQLWLDO EURDB[Y¥RPROUHRWBRMWHIHW VROV DQG LQWHQ
DVVRFLDWH & \XMWWKP FW R M D&WR Q HWDDODVMVLILFDWLRQ

FRPPRQO\ XVHG LGHQWLILHY SRLQW DQG QRQSRLQW VRX!
FODVVLI\ VRXWRWW HRR MKRNMDWY 3RLQW VRXUFHV FDQ EF
PDQDJLQJ LQGLYLGXDO IDFLOLWLHV RU VWUXFWXUHV Z|
DVVRFLDWHG ZLW K BVKHIDID \R LD UHQMWRQRU VWUHVVRUV DU
HQYLURQPHQWDO DQG ELRWLF IDFWRUV WKDW H[FHHG W
KXPDQ DFWKWOIZRIPINVG HW DO



JLIXUH&URVWWHP WKUHDWY VRXUFHV DIIHDRY/GHGUH BN OPR WDLUIH MW ILRRIQ D MW/LLRHV V |



&SURWWWHP WKUHDWYV PRVW FRPPRQO\ RULJLQDWH RQ O
ULYHBWRPV HW E®QW WHUUHVWULDO DR FOKQVKHE W HE WK
DFWLYLWLHYV LQ WKH PDULQH UHDOP ,Q DGGLWLRQ WR (
LQ PDULQH DQG HVWXDULQH DUHDV IRU IGHWWDIYEGEBH FDC
QXWULHQWY GHOLYHUHG WR GJ SRMHQWUBIO &\ HDNVI DOV SR S
WHUUHVWULDO SUHGDWRUYV IHHGLQJ RQ VDOPRQ DV ZHO
IRUHVYWQILHOG IDLPD®RPH WKUHDWYVY FDQ KDYH ERWK G
XSVWUHDP LPSDFWV VXFK DV GDPPLQJ DQG RWKHU ZDW
DOWHU WKH IORZV RI VHGLPHQWYV Q@LQWW. BNV FRQGJHANW
FRDVWDO HARN\VAKIDRMIHY LQ SK\WRSODQNWRQ VSHFLH)\
DQG GHFUHDVHG SURGXHMRNLY IDV\LRHSIR V WIHEI | B U HSDX\E D
%DLVUH $SUEROH\D EXW WKH\ DOVR DIIHFW XSVWU!
DQDGURPRXV ILVK WKXV SRWHQWLDOO\ DOVR UHGXFLQ.
HFRV\VWBIPR/DQ HW RORNVWHP WMKHUFHDIWN GLIIXVH FRQQH
7TDEOH FDQ EH GLIILFXOW WR LGHQWLI\ DQG PHDVXUH )
VXFFHVV RI WKH HQGDQJMWUBMGKRDDPS KK VPID Y PBRDENNVX V
WKDW GHSHQ&RZWR RRGVWDO |EBHQWWHYBRWHG W&R KYWU F
RI WKH FRDVWDO ILVK VWRIFNY R Q % KLNK QQWHHMNG\D VH
ERWK IRUHVW SURWHFWLRQ DQG ILVKHULHYV PDQDJHPHQ
VXFFHVVIXO FRQYEKWYBWLHRQ) BODQ +D]OLWW HW DO

$Q DVVHVVPHQW WRH EGW B YGEHNVWKUHDWY LV QHHGHG \
VXLWDEOH ORFDWLR QV6MRPNRQW HLOY DWW/ LDROD OV REDD Y
JHQHUDO LQFOXGLQJ KLJKO\ YXOQHUDEOH DUHDV LQ FR
FRQVHUYDWLRQ REMHFWLYHV LI WKH SUREDELOLW\ RI S|
%HFN *DPH HW.O®WRQ HW BI® SHFIDDOO\ LI FRQVHUYDW
DOWHUQDWLYH DUHDV FDQ DFKLHYH WKH VDPH REMHFW
DYRLG LPPLQHQW WKUHDWYVY ZKHUH SRVVLEOH 3RWHQWL
DUHDV FDQ EH L\GHGWDIQH®\V LQFOXGLQJ DRDINTHW R L
3UHVVH\ ZKLFK FDQ SURYLGH PDSV RI RSWLRQV IR
VFRSH IRU SDUWLFLSDWLRQ DQG QHJRWLDWLRQ 'HSHQG
WKDQ DYRLGDQFH RI FXUUHQW RU SRWHQWLDO WKUHDW
LUUHSODFHDEOH PDULQH DUHDV DO OV ?\LWWIK P QVW K H ) RVQ/H
JLIXUHLOOXVWUDWHY D GHFLVLRQ WUHH WKDW FDQ EH X



DUHDV H[SRVHEWHP FURWVNDWY 6W U NWHN HIPVWKR PDW B JE
GHSHQG RQ LUUHSODFHDELOLW\ WKH LQWHQVLW\ RI WK
RI DEDWLQONWLKHARW DO

J)LIXUH([DPSOH RI D GHFLVLRQ WUHH WR HYDOXDWH SRW
FRQVLGHUVLQYWHPRWKUHDWY G6FHQDULR SRWHQWLDO F|I
DIIHFWHG WV AMHPVW KUHDWY EXW FRQWDLQ IHDWXUHYV RI
WKUHDWHQHG ORFDOO\ FDQ EH FRQVLGHUHG IRU LQFOX)
V\VWHP DQG SURWHFWHG RU PDQDJHG DFFRUGLQJO\ 6FI
WKDW DUH DIINFWWHEPEN KURDMWY DQG KDYH ORZ LUUHSOL
SRVVLEOH UHSODFHPHQWY FDQ EH VXEVWLWXWHG E\ OF

, ] LUUHSODFHDELOLW\ LV KLJK VSDWLDO RSWLRQV DU
DEDWHG H J E\LPSURYLQJ ZDWHU TXDOLW\ WKURXJK E
SUDFWLFHVY WR UHGXFH QXWULHQW UXQRII RU H[FHVVLY
WKH VRXUFH RI WKUHDWYV H J LQ FRDVWDO FDWFKPHQ\
ORFDO SURWHFWLRQ RI WKH DII¥PWHP DNUKHDH/D VB ¥ HHDBQULA
DEDWHG EXW WKH DUHD GRHV QRW LQFOXGH IHDWXUHYV
LUUHSODFHDELOLW\ PLIKW EH GXH WR RQH RU PRUH IHD
QHLIJKERXULQJ UHJLRQV WKHQ SODQQHUV FRXOG VWLOC
REMHFWLYHYVY UHODWHG WR IHDWXUHYV FKDUDFWHULVWLF
LV KLJKO\ LUUHSODFHDEOH IRU FKDUDFWHULVWLF IHDW)
FRQVHUYDWLRQ DUHD V\VWHP H J 03%$ QHWZRUN DOW
IHDWXUHYVY PLIKW EH UHGXFHG ,Q WKHVH FDVHV WKH SL
VWUDWHI\ WR OHYHUDJH PDQDJHPHQW BRWLRE W W BRHUWDH
6FHQDULR DQG DOVR WR LQFUHDVH WKH UHVLOLHQFH
UHVWRULQPKQ@QELMWIDIWORBDO WKUHDWY VXFK DV RYHUH[S
SODQQHUV PLIKW H[FOXGH WKH DUHD IURP FRQVLGHUDW
DQG DFNQRZOHGJH WKH SRWHQWLDO ORVV RI WKH DVVR



JLIXUH([DPSOH RI D GHFLVLRQ WUHH WR HYDOXDWH S
FRQVLGHUVYQUWRHRWKUHDWYV



6RFLRHFRQRPLF LQWHUDFWLRQV

3HRSOH DUH DQ LPSRUWDQW OLQN EHWZHHQ WHKB ODQG
SODQWKRXOG FRQVLGHU VRFLRHFRQRPLF LQWHUDFWLRQ
ZRUOGYTV SRSXODWLRQ OLYHV LQ WKH FRDVWDBBDRQH DC
SURFH&MHEDLQ %HOILRQUG GULYWW WHRVWMKNHBD WV
&XUWDLOLQJ WKHVH WKUHDWYVY WKHUHIRUH LQYROYHV PI
DFURVV WKB PPQWLQXXP WKHUHE\ DIIHFWLQJ SHRSOH SF
ODQ@DUZDUGLQH HWG L@ WEHLQHBW DO E 1RQHWKHO
IRU WKH VRFLRHFRQRPLF EHQHILWY DQG LPSDFWV RI FR
RQO\ ZLWKLQ VLQJOH UHDOPYV

&RQVHUYDWLRQ DFWLRQV LQ RQH UHDOP FDQ KDYH VREI
&UXULQLGDG HWDDULWLFXODUO\ LQVWHHDIBR @ ¥ H\K\HHMH DODR) ¢
FURMVWHP WKUHDWY DUH VWURQJO\ OLQNHG WR ORFDO
IRUHVWHG FDWFKPHQWW{(RDW BRWDDLQWHBWRFR\QNBDWHP
IRUHVW LV FRQYHUWHG WR DQ LQWHQVLYH ODQG XVH V
SROOXWDQWY FRXOG QHEBWLY HGR D VIHFIK MPK HD QI E H U
SRWHQWLDOO\ DOVR GDPDJH PDULQH WRXULVP DQG ILVK
H[DPSOH HXWURSKLFDWLRQ GHULYHG IURP DJULFXOW XL
GHPHUVDO ILVK UHVXOWLQJ LQ D VKLIW WR ILVKHU\ ODQ
.HPS HW DGBOWHUQDWLYHO\ LI WKH FRDVWDO IRUHVW L
FKDULVPDWLF ZLOGOLIH WRXULVWV YLVLWLQJ WKH PDU
SURYLGLQJ DGGLWLRQDO LQFRPH WR WKH ORFDO HFRQRP\
PDQDJLQJ DFURVYV UHDOPV UHTXLUHV VRFLDO DQG HFRQ
HVWDEOLVKPHQW RI DQ 03$% PLJKW IRUFH ILVKHUV WR VXS
ODE@BVHG DFWLYLWLHV VXFK DV IRUHVWU\ DQG DJULEXO
WHUUHVWULDO ELRGLYHUVLW)\

6RFLRHFRQRPLF LOQWHLEPGE WIRQRVHHIVAWVR QQYROYH IHHG
VFDOHV /RFDOO\ GLVSODFHPHQW RI ILVKHUV E\ DQ 03% C
ODEBVHG DFWLYLWLHV PLIKW UHVXOW LQ KLIJKHU VHGLP}
VHD 7KLV LQ WXU®HARRKGGWXHIDWL YSRONVHQWLDOO\ XQGH
WKDW PRWLYDWHG LWV HVWDEOLVKPHQW )XUWKHUPRUH



DITHFW WKH UHPDLQLQJ ILVKLQJ JURXQGV FDXVLQJ PRU
DJULFXOWXUH OHDGLQJ WR IXUWKHU QHJDWLYH IHHGED
EH HIDFHUEDWHG E\ QXWULHQW URRGUURPHFRDVWDO F
QHIJDWLYHO\ LPSDFWLQJ UHJLRQDO HFRQRPLHV WKURXJI
+RH3IKOGEHUJ HW/RXV WKH DEYUIRKHOQRNHME 50RQRGQLQJ
FDQ OHDG WR DOWHUHG VRFLRHFRQRPLF LQWHUDFWLRQ
QHIJIDWLYH FRQVHTXHQFHYV IRU RQH RU ERWK UHDOPV

$GYDQFLQUHODR@WDQQRLQRJ DQ RSHUDWLRQDO IUDPHZRUN

*LYHQ WKH VWURQJ DQG GRFHRNFHRHFRFARIJERKS M@IV EH\
VHD KRZ FDQ FRQVHUYDWLRQ VFLHQFEHYHRRBHR DK HI|
RSHUDWLRQDO |UDP NHDURNRW R HIUXY I3 UM OSSODKDL. Q.Y

LQIRUPHG E\ H[SHUW RSLQLRYYIDGHU NBI\IHF QW R & EMAL RVGK\D V
IUDPHZRUN HPSKDVLVHVY WKH HOHPHQWWHWD KDOD QQIHQS D
DQG KDV D ORRVH VWUXFWXUDO PDWFK ZLWK WKH HOHY
VIVWHPDWLFDOO\ VHOHFWHG FDVH VWXEIGNPNGWDWYS |
ODWHUWBOW DSSOLHG WKH JHQHUDO SULQFLSOHV RI V\V
LGHQWLILHG REQWHWMI\WVRIQY) ERWK PDULQH DQG WHUUH
FURMVWHP WKUHDWKNDD®GREW\OWDHMG $OWKRXJIJK HDFK VWX
FRPSRQHQWYV RI WKH XWIHPMRRHNRBPSRQHQWY ZHUH PLVVL
VWXGLHV 7 KWWK H @GLH® WRHV [ X U W K H W/ 16 Bl YSHODREBPLHIUWD RIGON
GLIIHUHQW FRPSRQHQWY FDQ EH PRUH RU OHVV LPSRUW

JLIXUH2SHUDWLRQDO IUDPHZRVNDRIWOWOIQWHQD B W HRSU ® DLQA
FRPSULVHG RISKRVHM BUHRIDBQDO VFRSLQJ LQWHJUDWLR
VIQWKHVLYV ([WHUQDO DUURZV UHSUHVHQW IORZV RI1 LQ
SODQQLQJ SURFHVV DQG WKH\ KLJKMHD ISV DMKH QHB & W
FROWLQXRXV DQFEHXSE GCHPWDREAHHIIFRUFOLQJ WKH VHFRQG
SODQQLQJ LQYROYHV LWHUDWLYH F\FOHV RI DQDO\VLV LC
FULWHULD DQG VvVSDWLDO GDWD DQG PRGHOV DUH DGMX
GLITHUHQW HQYGUWRFRREWROQRPLF VFHQDULRYV



JLIXUH2SHUDWLRQDO IUDPHZRVNDRIWOWDQWHQUDWHG ODQG



7KH IUDPHZRUN KDV WKUHH EURDG SKDVHV UHJLRQDO VF
VIQWKHVLV ,W LQFOXGH VFR@P\LOWUDDWRPS @@L @RI DG D
VHD DSSURDFK DQG VRPH OHVV JHQHULF DWIS FROMDY S DQ I
([SOLFLW LQ WKH IUDPHZRUNDOWHU DG DS\ WERB® $SURDF
LQGLFDWHG E\ IHHGEDFNV B\ R BIWWO WENM WWH BIX\W VHN QDWW
JHHGEDFENV UHTXLULQJ UHFRQVLGHUDWLRQ RI HDUOLHU

H[DPSOH DQWKURSRJHQLF FKDQJHV WR ODQG VHDVEDSF
FRQGLWLRQV QHZ GDWD VHWHMW WIQGT @R Y YVRR IFIRQYIVRIIUW B W
6DUNMDDM $Q DGDSWLYH DSSURDFK LV SDHDVEBRPQDUW QY
RZLQJ WR WKH XQFHUWDLQW\ DQG FRPSOH[LW\ DVVRFLD
$PRQJ WKH VRXUFHV RI XQFHUWDLQW\VBIDHLRXH OD P WA R
ODJ WHHPWYHHQ LPSOHPHQWDWLRQ RI DFWLRQV DQG PHD
SUHGLFWLQJ FOLPOMHFRRRQHBH DQBQBKHLU SRWHQWLDO

DQG PDULQH HFRR/GWHWHPNKH SKDVHV RI WKH IUDPHZRUN D
FRPSRQWY DUH GHVFULEHG LQ WKH IROORZLQJ VHFWLRQ

5HJLRQDO VFRSLQJ

IDQBHD SODQQRLQJ LQYROYHV VHYHUDO DGGLWLRQDO FR
UHJLRQDO VFRSLQJ 6FRSLQJ FRPSRQHQWY OD\ WKH IRXQ
WKH EURDQLRIASR/UMXG FRQVWUDLQWY WKDW ZLOO LQIOXH!
FRQVHUYDWLRQ DFWLRQV DQG VHW WKH VFHQH IRU WKH
WKHVH LVVXHV DUH FULWLFDO WR FRQVHUYDWLRQ SODQ
HFRORJLFDE&H ¥ RXHVRDWKLY UHYLHZ DQG DUH QRW H[DP

'"HILQLQJ WKH SODQQLQJ GRPDLQ

$Q LOWHIUDMMHG SURDFK UHTXLUHV LGHQWLILFDWLRQ R
LQIOXHQFNM\RWHBRNVNKXUHDWY DQG VSDWHD CS BIRBHYAPH QW L
XSODQG DUHDV WR WKH QHDUVKRUH DQG VRPHWLPHV RI
FKDOOHQJLQJ WDVNV

'"HILQLQJ WKH OLPLWV RI WKH SODQQLQJ GRPDLQ LQ WKH
VWUDLJKWIRUZDUG EHFDXVH ODQG WKDW LQIOXHQFHV P



H[DPSOH ZDWHUV WKBPX\OIGRV BKOUWEBH QW WRR DQ DUHLC
PLOOLRQ NP RU DSSURRQIPW WG GMDARRKE MW KD 0L QJOH
SODQQLQJ SURFHVV DW WKLV VFDOH LV H[WUHPHO\ GLIII
MXULVGLFWLRQV DQG VWDNHKROGHUV WKDW ZRXOG QHF
H[SHQVH DQG UHTXLUHPHQWYV V¥R VFRIORHFW KRG R B WHHQ
FRYHUHG VPDO® BDWWFKHPHQWF FDWFKPHQW RI -HUYLV %
HW DORU ODUJHU DQG PXOWLSOH FDWFKRHQW\WODOEH LW
FRDVWDO FDWFKPHQWY GUDLQLQJ LQWR WKH OHVRDPHU
2WKHQGIOQJ H[HUFLVHV KDYH IRFXVHG RULYWKH GRZC
GUDLQLQJ LOQWR WERKHRWHHDNH %D\ /RZODQGV (FRUHJLR
RU SRUWLRQV RI FDWFKPHQWY ZLWK PDMRU GLUHFW LPS
OLNHO\ WR FHGGIHY M H HQ BI D 0 LXWORUH$UDQVDV (VW XD U\

6WDNHKROGHUY DQG FRQVHUYDWLRQ FRQWHI[W

,GHOWUI\DQG LQYROYLQJ VWDNHKR OGHQF HIYDRXDRML Q'R X
FRQVHUYDW BRG FRHDW H{ RW QY RO H FUDWGFPROVREEDO
DQDO\VHVY WKDW EULQJ GLYHUVH YLHZV DQG JRDOV LQWR
VSDWLDO DQDO\WHV LQ WKH FRQWH[W RI PXOWLSOH VRF
RSHUDWLYHODBHRWWLD O D&QIG-EHDPLDL Q P HBIDRA PW

 QWHJUDWLRQ DQG DQDO\VLV

7KH VHFRQG SKDVH LQWHJUDWHY ELRORJLFDO DQG VRFL
DGDSWLQJ VHYHUDO IDPLOLDU FRPSR QHQHWDVDBISHR@FKU
HJ SODQQLQJ JRDOV DQG REMHFWLYHR2WKGE® DRINVR HF
W\V\SLFDO DVSHFWV LQF OWEIH LL@WWRUBRWD W Q ¥ JIDQEQBG D SW
VAVWHPY WR DGGUHVV PXOWLS®HDREQ®WNHAWDF WY RQKDW LG

*RDOV DQG FRQVHUYDWLRQ REMHFWLYHYV

*RDOV IUDPHG TXDOLWDWLYHO\ SURYLGH WKH OLQN EF
DQRDO\WVHV WKDW FKDUDFWHULVH $UHVNPD W KR ARAQU/IHIUDY L



,Q DGGWWLRRDOV DVVRFLDWHG ZLWK LQGLYLGXDO UHDOP
PDULQH VSHFLHV DQG KINHIDWHRODWQ QLRD A\ FROX ®B @G L QW
UHVWRUDWLRQ RI ODQGGWHDYHG SEH PR@QXHMOLNMLRAY RI R
PDWHDOV DQWRI®QIPWIXUH WKH SHUVLVWHQFHtRQBIRMBGW Y H
HW DO 7DOOHNWRDBGARDOV WR PDLQWDLQ PDULQH F
VHH %DQNV HW DO .UD®HDOO\UDKRIXOG EH H[SDQGH
H[SOLFLW VWDWHPHQWHYDDEIRXND YISV F VMK CDQBDLQWDLC
EHWZHHQ PDULQH DQG WHUUHVWULDO HFRV\VWHPV VHH

*RDOV UHIHUULQJ WR\?WMRIUB\Y WR/QDRIVRURK/RXOG EH
6RPH H[DPSOHV DUH WKH LGHQWLILFDWLRQ RI DUHDV RU
WR PLQLPLVH GRZQVWUHDP LPSDFWV ROQLRRWKEHWRE@V\V
HW DODQG WRKIBP @ 7ULOKQUQHW PDRDOV UHODWHG WR LQWF
VHD FRQVHUYDWLRQ KDYH EHHQ UDUH RU VWDWHG EXW
WKHP 5HDVRQV LQFOXGH OLPLWHG U HWHRX U BMAH UDIFFAL R
GLIIHUHQFHV LQ VWDNHKROGHUVY LQWHUHVWY DQG VW
LPSRUWDQFH Rl WKHVH OLQNDJHV

2QFH VWDNHKROGHUV DJUHH XSRQ JRDOV WKH\ QHHG W
TXDQW.YWDFRQVHUYDIWLHRWQ/ RE Mt RWMYGIOI SODQQLQJ

REMHFWLYHV VKRXOG LQFOXGH WKRVH DVVRPALIDOWHG ZLV
SURFHVVHV DQG DUHDV WR EH PDQDUWGVRB B/KRW B RWH G
30DQQLQJ H[HUFLVHV KDV¥IBW®EHBW DN.WREFGD VWHBEY DLW K P
SURFHVVHV )RWGHHBE@EBOH L® GHVLIQLQJ D QHWZRUN RI C
FHQWUD % BRERWKRPUDSSHG DQG WDUJHWHG VWUHDPV W
RI DQDGURPRXV VSHFLHV 2WKHU VWXGLHWKDYH WDUJH
PDUIGHULYHRWXWWUR WHUUHWWU LD ODHERRG\Y WRBYSLQQLS
3ULQFH (GZDUG ,VODQGV 6RXWKDRIG LEB VKZTEDHG HIFR D\
HJ VDOPRQ DQG VWHHOKHDG LQ WKH $ODVND 3HQLQV,
2WKHUV KDYH IRFXVHG RQ VSHFLHV ZLWK OLIH F\FOHV U
KDELWDWYV VXFK DV WKHVED QGRFEREV WIOLB ZIPW HLUY WR V.
DQG WKH ZKRRSLQJ FUDZHH ZKUDBK/ PA Y DG \EXI@R YDOW PD



&RQVHUYDWLRQ RW R HOEMIGLHOW bl H ODAHIVGR U OLQNLQJ HFR
HVWXDULHV PDQJURYHV FRDVWDO VWUHDPV RU WKHLU
HVWXDULQH WXUWOHYV DQG ULLEKK WZHDWMIRDUIERQ QUGHI U B BVQ RDQD V
)ORULGD OWWXQHLQH 6LWH $VVHVVPHQW *HVHOEUDFKW t

&URWWWHP WKUHDWY FDQ EH PLQLPLVHG E\ WDUJHWLQJ
IORZW J DUHDV ZLWK D KLJK HURVLRQ SIRMNHQWEOOL G W k
FRPELQDWLRQ ZLWK VHWWLQJ TXDQWLWDWLYH ZDWHU T
SROOXWDQW GLVFKDUJHV IURP FDWFKPHQWY LQ NLORJU
':DWHU TXDOLW\ REMHFWLYHV FDQ EH EDVHG RQ KLVWRU
FDW F KFRGHMD@M® PRQLWRULQJ DQG LGHDOO\ RQ DVVHVVP
RU WROHUDQFH RI PDULQH VSHFLHY% RRIGKLBIEHW DDAV WR S

%LRGLWMODWURVY UHDOPYV

/IDQ@HD SODQQLQJ UHTXLUHV VSDWLDOO\ H[SOLFLW GDW
SURFHVVHV DPURL F RMXWMLOQXQIE 7KHVH LQFOXGH GLVWU
RFFXUUHQFHV Rl PDULQH WHUUHVWULDO DQG IUHVKZD!
W\SHV DV ZHOO DV PDSV RI |HDMWX SR DHNWRH. D VD MWE® DLQ\C
DUH FRPPRQO\ IRFXVHG RQ D VLQJOH UHDOP RU VHSDUD
LQFOXGH VRPH VSHFLHV RFEXUHLRJ G&DDRBRIRHE WD Q QRN A
VSHFLHV Rl HFRQRPLF DQG HFRORJLFDO LPSRUWDQFH 7
7KH W\SHY DQARRUNMSRXWOR®YWD RQ ELRGLYHUVLW\ YDU
JHQHUDOO\ PRUH GIIGY HQ WHHDQ® \GHWBIHIDHQYLURQPHQW V

&ROOHFADLVRI) RQ DQG PNSSLRYURFIHONEE UHTXLUHV LGHQ
IHDWXUHV WKDW ZLOO VHUYH DV VXUURJDWRZXOW®JEHWU H
DO %XLOGLQJ RQ VWXGLHVY WKDW H[S@RRIOLQY LQW

3UHVVH\ &RZOLQJ HW DO DQG RKINKRGWWRO LQF L
SURFHVVHV DFURVYV UHHIHOP W \8 DROSG M B @/ [EIL G IRXU SRWF
VWUDWHJILHV WARHSODURIRWIBBRPGGHVLIQ FULWHULD YDUL
XQLWV DQG PRYDEOH7PEQWH)HZD WA R QLHYHONYH DGGUHYV
GHVLJQ QHHWGH/DRS WDDFHYVHY LQ D VSDWLDOO\ H[SOLFLW



L OO XV WHHMOHVBOPRAG WKH QHHG WR FUHDWH DQ LQODQG
SURWH/RPWIOD & RFHVVHY LQFOXGLQJ VHWWOHPHQW RI
RUJDQLVPV EHWZHHY GDQG RQ GVKHDGHSE DQ QR |, WOKHD & V
03$ /RPEDUG HW@FROXGHG SRUWLRQV RI RFHDQLF IRUDJ
PDMRU PRYHPHQW D[HV Rl VHDELUGYV DQG SGHULYHGY W
QXW ULH QW VDLOQ VAR VWHHRNIRIEYP BLIDGHIR@® LQFRUSRUDWHC
WKH IORZ Rl QXWULHQWY EHWZHHQ RFHDQV VWUHDPV I
IRU NH\ WBOBRQQJ VWUHDPV HVWXDULHV DQG KROGLQ.
SURFHVVHV VXFK DV WKH ELGLUHFWLRQDO QXWULHQW |
FRXOG DOVR UHTXLUH WKH SURWHFWLRQ Rl WHUUHVWUL
IRUHVWY DQG PDQDJHPHQW RI IUHVKZDWHU QHWZRUNYV
SODQQLQJ EXW WKLVWMGAGHW WR EH GHPRQVWUD



7TDEOH6WUDWHJILHV WRVHQ FRURSHRHYMYWWY IODVWK FRQVHUY



&URVWWHP WKUHDWYV

8QGHUVWDQGLQJ WKH G\QDPLFV D\YGV 8 R WHQ@WDMNO/ LR/SQF
WR GHYHORS W8 DYW\D ORDOMRHUNMIDUYDWLRQ DUHDV WKDW F
PD[LPLVH FRQVHUYDWLRQ RMMWARARW KBEBBWYV RD 6 URIM/Y
ZLWK IRXU NLQGV RI LQIRUPDWLRQ VRXUFHV ]JRQHV RI
HISHFWHG FKBPQVHW\LRUSWWWHUQV LQ UHVSRQVH WR OD
FRQVHUYDWLRQ DFWLRQV $OWKRXJK SODQQLQJ H[HUFL
FURMMWVWWHP WMKUHWWW HW DO *UHHQ H W) FBO@H 7
KDV DGGUHVVHG WKHP FRPSUHKHQVLYHO\ WKURXJK WKF

,GHQWLI\LQJ DEFWLRQV WR \H\MWFW LW KON PWW LGDS\HD 6 VR
PRGHOOLQJ RI WKRVH WKUHDWYV ZKLWE F3OQ VEED G HRIHEG
PLJKW EH LQIHDVLEOH LQ VRRM ¥RORKMNWR\RG DRRFEHHO W R FE R (
JHQHUDO SDWWHUQV DW UHJLRQDO VFDOHV PLJKW EH Q
ODE@BVHG DQG KDYH JHQHUDOO\ QHIJOHFWHG WKUHDWYV F
VI\VWBHIPMXUH 3RWHQWLDO JRQHV RI LQIOXHQFH RI SRLQW
DV VLQJOH RIUW @X-OGVESOH UV VDK GR FILDM IQ® K HIHQVHRM LP:
DO 8 AR D HEWW WKH\ DOVR FDQ EH PRGHOOHG LQ PR
GLUHFWLRQDO GDWD RQ LQWHQVLW\ DQG HIIHFWV RQ HF
JXLGHG E\ H[SHWW RBULQ LR DO ODIBISQ HWQRQSRLQW
VRXUFHV LQYROYHV HVWLPDWLQJ WKH SRWHQWLDO FRQ'
LQWHQVLW\ RI WKUHDWY HJ SROOXWDQW GERVEKNWUJIH

HW DO OF . HUJRZIRWIRXHG E\ PDSSEPQU MDKH L|RI@EK HRQ
XVLQJ GLIIXVLRQ PRGHOV 'XQWRQ RO QOHBQ BW XORH
PRGHONHUXELQ HW DO 3bUuLV &KHUXELQ 7DOO

(FRV\VWHP VHUYLFHYV

(FRV\VWHP VHUYLFHVY GHVFULEH ZKDW SHRSOH YDOXH IU
SURPLQPIRMQARWY RI SODQQRLQJ H[HUFLVHV &KKH) HW D
LPSRUWDQVWHIRISOBRBVVHY LQ WKH SURYLVLRQJRI GLYHU
SROOXWLRQ EXIIHULQJ DQG VHGLPHQW WUDSSLQJ LV ZH
6LOYHVWUL HEXKD W KHVH JHQHUDOO\ KXIDPW MW IEQIH @ [ OHLL



FRQVHUYDWLRQ REMMHINEYRFHERAM DOQGULWLFDO WR \
PDULQH HFRV\VWHPVY DQG VSHFLHV RI HFRQRPLF LPSRUW
LPSRUWDQW SURFHVVHV VXFK DV PDS§QWGQEMDIEYLHR/N RFH

ODLQWDLQLQJ WKH VHUYLFHY SURYLGHG E\ FRDVWD (
F\FOLQJ DQG WKH HFRQRPLF EHQHILWY DVVRFLDWHG ZL
DUH FRPPRQO\ UHFRJQLVHG BYMANJRPGDIDD QQLQHKR DOV

+LQFKOH\ HWEXOW VHOGRP KDYH EHHQ WUDQVODWHG
TXDQWLWDWLYH FRQVHUYDWLRQ REMHFWLYHVL® VWXG\
) OR U LIGRDYW K RHDWIMY & H[HPSOLILHVY D PHWKRG WR LQFRU.
VHUYLFHV SURYLGHG E\ FRDVWDO ZHWODQGV LQ WKLYV |
SODQQLQJ

ORVW VWXGLHV KDYH QRW FRQVLGHUHG HFRV\VWHP VHU
SURYLVLRQLQJ VHUYLFHV VXFK DV VXVWDLQL@HDLVKHUL
SURFHVVHV PLJKW EH LQFRUSRUDWHG LQFLGHQWDOO\ W
RWKHUV ZLOO UHPDLQ XQSURWHFWHG DQG WKHLU SHUV
6LOYBPQWUHUVKD@HYHORSHG D IUDPHZRUN WR KHOS SOD
DQG MDHPRV\VWHP VHUYL¥HD PRAW I QXKHP ODGGWR GHWH L
DOWHUQDWLYHV IRU WKHLU SURWHFWLRQ RU UHVWRUDW

&OLPDWH FKDQJH

21 VSHFLDO FRQFH GORQ @MINIGDUH WKH HITHRMWHD R1 FOLF
SURFHVVHVVDWIEPFWRYMDWY &OLPDWH FKDQJWHDVVRFLD
SURFHVVHV VXFK DV PLJUDWLRQ RI ILVK DQG QXWULHOQ\

5HLVW HW3N®MHFWHG LQFUHDVHYV LQ WHPSHUDWXU'
UHJLPHV ZLOO OLNHO\ UHVXOW LQ PRUH LQWHQVH QXWU
ODQG XVH FKDQJH DW OHDVW LQ VRPH UHJLRQV ZLWKLC
DO 6\QHUJLVVRLFKHSIRHEW VW HPSH OBDIWN O W RIQW K& SK\V L
RI PDULQH RUJDQLVPV DQMWHIMWVR A [S\HKF WOIGOBMR H VIE KODOQ J H

7KH SURMHFWHG VHD OHYBD®ED/H @WE 0|58 R BDFEROA\ ¥
*LOPDQ HWDIVOZHOO DV WHUUHVWULDO FRPPXQLWLHV E\
FRDVWDO JRQHV $FFRUGLQJO\ LPSDFWV RI FOLPDWH F|
WKH LQWHUDPMWKLHRRWERWIZE HE® FRQVLGHUHG IRU ERWK C



$OWKRXJIK FOLPDWH FKDQJH LV PHQWLRQHG DV D PDMRU
IHZ KDYH HPRGOHE O DBDMODWHG FKDQJHYVY DQG PRVW RI W
VSHFLHV DQG KDE& ZW\nKDY MY WRHBLORVRU MHISDVRWW W HRQOF
FOLPDWLF YDULDEOHY DFURVV WHUUHVWULDO HFRV\VWF
ORUH RIWHQ JHQHUDOUYQRIDDWHYLBVHRIRCEBREHG J L\
LQFUHDVLQJ WKH UHVLOLHQFH RI HFRV\VWHPV WR FOLPI
HFRV\VWHPV )RU H[DHAMEORU NWEBHWLIN G IRUHZPEH %D\ 2
JXLQHD FRQVLGHUHG VSUHDGLQJ ULVNV WKURXJK UHSU
VSHFLDO VLWHV HJ VSDZQLQJ DJJUHIJDWLRQV QHVWL
FOLPDWH FKDQJH FRQQHFWLYLW\ PD[LPXP VHSDUDWLR
NP *UHHQ HW BQPLODU HIIRUWY JXLGHG 03% QHWZRUN
&DOLIRBOQVW XQGHU WKH ODULQGHDOVRQG@URWBOWLRQ $FW

([SOLFLW FRVWYV

,QWHJUDWLRQ Rl VRFLRHFRQRIPDLE CRQE L G Bl WIVWLKRDQO/O H,
EH DWWHPSWHG E\ PLQLPLVLQJ WKH FRUWVGRRFRQVBO Y

$ PPRQ DSSURDFWKHDDFLSODOQLQJ LV WR PLQLPLVH F
PDQDJHPHQW DFWLRQV ZKLOH DFKLHYLQJ FRQVHUYDWLR
,Q ODMEOG SODQQLQJ FRVWV DUH FRERR@E\LDQW H LQIW FiE
GHYHORSHG IRU WHUUHVWULDO D Q& X.DWDLEXHD UMD D@ LIE®
LQWHJUDWH VERDRABR@RPAFELRORJIJLFDO IDEFWRUV WR SU
ZLWK KLJKHHUGRQIIDELOLW) DQG DYRLG DUHDV ZLWK KLJK
*HVHOEUDFKW HW DOGHDODARDB@® QQLQJ VKRXOG FRQ
ERWK UHDOPV VLPXOWDQHRXWH FRWD| MPSICOHY JOD N WG L |
FRUDO UHHI FRQVHUYDWLRQ ZDV WKH PDLQ JRDO FRQVL
RQ WKH ODQG L H FRVWV DVVRFLDWHG ZLWK PDQDJHP
IRUJRQH HFRQRPLF UHWXUQ WMR P HG RBHY KEIGQUEH DWIY] LR
WKH VHD L H 03%$ PDQDJHPHQW FRVWYV DQG DVVRFLDWt}
,OHLQ HW BOWKRXJK WKHM RVSWVANHYHMHB Q& HFROIRP HWV W H
DO7DOOLYV HRRRWLGHUHG FRVWYV IRU PDULQH FRQVHUYDYV
EDVHG WKUHDWYVY 7KHUH RIM KW WKRAHKDY P IUQ VP WNH®D G-HU R V
WKUHDWY DQG PLQLPLVLQJ QHIJDWLYH WRFDLRIQMRIRPEF |



JRU HI[DPSOH LI PXFK ODQG QHHGV WR EH SURWHFWHG V
ELRGLYHUVLW\ SRWHQRDLDIO® \SRIOWHKWHE& E\ EDXOM SHRSOH
IRU VXEVLVWHQFH WKH FRVW RI WHUUHVWULDO SURWHF
FDVHV RWKHU FRQVHUYDWLRQ DFWLRQV VXFK DV EHWMW
GREQVWUHDP LPSDFWWRWDGRQRZHU FRVW

30DQQRLQJ XQLWYV

7KH GHOLR® DRI SODQQLHDXRLWYQL@DDYWEQIOXHQFHG E\
FRQVLGHUHG LQ WHUUHVWULDO DQG PDULQH H[HUFLVHYV
UHJLRQ DQG VRFLRHFRQRPLF DQG SROLW&RDOLDPFWRUV
3UHVVH\ SUHVVH\ ,QRODMEG SODQQLQJ DQRWKHU FRQ
WKH FKRLFH RI SODQQLQJ XQLWV LV WKH QHHG WR LQW ¢
VHD LQWHUIDFH ZKLFK RIWHQ UHTXLUHV GLIIHUHQW XQ|
RZQHUVKLS SDUFHOV PDULQH HJ KH[DJRQV DQG LQ
SODQQLQJ GRPDLQ 6PPOVHOEOCDIRKQD G W LAV V FDQ DC
UHFRJQLVH WKH VSDWLDO KHWHURJHQHLW\ IRXQG LQ QC
SUHFLVLRQ DQG WR PLQLPLVMER MPQG® 948 U HHAKH QWD W LR Q
%DQNV HW DO XVHG OLQHDU XQLWV WR FRQILJXUH
FRQVHUYDWLRQXBHOUSXRWUWIRDEW $ VWXG\ LQ WKH 8 6
IRUWKZHVW XVHG GLYHUVH XQLWYV WHUUHVWULDO DQG
VXEFDWFKPHQWY HVWXDULHV ZHUH HDFK PDSSHG DV VI
LQWHUVHFWH® NWKKR B R DMYDDLQOEAYL GOIAs KIYRMKUHHD R PD MR
9DQGHU 6FKDDI HW DO ,Q FR QOMN\DR/BRAR YD OOHHEVQ L Q .
D XQLIRUP KH[DJRQDO JULG WKDW FRYHUHG WKH ODQG |
71& 8QWLO QRZ PRVW SODQQLQJ H[HUFLVHV KDYH C
LQGHSHQGHQWO\ IRU WKH ODQG DQG WKH VHD DQG WKHL
DFFRXQWHG IRU OLQNDJHVY EHWZHHQ WKH UHDOPV

'"HFLVLRQ VXSSRUW WRROV

ODMRU FKDOOHWIRD HB\OWRQONQPERPH ZLWK WKH QHHG WR |

WHUUHVWULDO IUHVKZDWHU DQG PDULQH HFRV\VWHPYV
DQG WR UHODWH SRWHQWLDO FRQVHUY DWY R® B WHKDOM WV



'"HFLVLRQ VXSSRUW WRRI®PY QW ¥ WO B B RYGILYH\ HIDFRU ST
FRQQHFWLYLW\ EHWZHHQ UHDOPV FDQ UHTXLUH PRGLILF
WRROV DQG D O HRW DWKPXP E\HJHU WWRP® % HHMWUD O

H[DPLQHG H[LVWLQJ DQG QHZ PHWKRGV WR LQFRUS
UHDOPV VXSSRUWHG E\ FRQVHUYDWLRQ SODQQLQJ VRIW
DFWXDOO\ EHHQ XVHG $SSURDPKHY/SWRW YWHIHPW LR
GHVLJQ FULWHULD WR IRUFH WKH VHOHFW LB QRRN HPFDUH. G |
WHUUHVWULDO RU HVWXDULQH DW\M VW P QU UDH DMWYU R 1P USH
DO JUMMQDO WOHWDW 7KH\ DOVR LQFOXGH VLPXOWD
SULRULWLVDWLRQ DFURV\DQBDHYYNO XWDWLRQ RI FXUUHQW
OD®@H VFHQDULRYV WR H[SORUH DOWHUQDWLYHV IRU PL\
VHD SODQQLQJ ZLOO UHTXLUH WKH XVH DQG DGDSWDWL
VRIWZDUH LQWHUIGHODZQW D @S KHBXRKROWLRQ WRROV W
RI GDWD DQG PRGHOVHWHDRLWIQE H J FULVW

&RQVHUYDWLRQ SODQQHUV RIWHQ XVH3QRPHODEDPIQR SW |
=RQDWLRQ WR KHOS LGHQWIIR G UTZRR IMWHELHRW G IR OR/ GV
IRU LQWHJVBW H®ODRQGQJ XVHYIJD®UIDEWEBO O
H[SORUHG FKDQJHV LQ WKH GLVWULEXWLRQ Rl WKUHDWV
DUHDV ZKMQ/ WBPVW KU H BWW AHRRQM[SHUHG 7KH\ LQFRU.
LPSDFW BHULYHG WKUHDWY WR LGHQWLI\ FRQVHUYDWLF
QRUWKEZBXWH +DJ®OWWW LQFRUSRUDMINGURPBWOGWR LGFH
SULRULWLHV IRU FR@OHGY P XDLEHHORMWANK BV R DWR AW KX LU H V
IRUHVW IRU QHVYWRQUIW\QRDKILIX KD E@MDW\RDEKPERDDILQJ
&DQDGMU WKLV VSHFLHV WKH\ IRXQG WKDW WKH LQFOXVI
RI TXDOLW)\ RI DSFOWGEHIQMWLID@OFMXWR DEOH PDULQH IRUDJLQ
SURFHVV LQIOXHQFHG WKH ORFDWLRQ RUJSWHRULW\ DUH
HVSHFLDOO\ ZKHQ FRQVHUYDWLRQ UHVRXUFHV RQO\ DOC
IUDFWLRQ RI DYDLODEOH WHUUHVWULDO KDELWDW



JLIXUH'LIITHUHQFHV LQ WKH VSDWLDO ORFDWLRQ RI PDUL
VFHQDULRYV WKDW LLQRRIHSI WDNRHAG WDKQZE D W V. FMDH P
WKUHDWYV BROUDRMUWIPE XQLWYV ZKMW KR®D XWKEH. [5 G XK PH UR | HW
E\ WKH ZKLWH OLQH KDG KLJKHU FRVWV IRU PDULQH FF
ZLWKLQ WKH JRQH RI LQIOXHQFH Rl WKH ULYHU SOXPH
:LOH\ )LIJXUH UHSURGXFHG DH)G P® ELLIWKGS HUPR VADLR®L V
WKV RRUV



JLIXUH'LITHUHQFHYVY LQ WKH VSDWLDO ORFDWLRQ RI PDULQH FRQVHUYDWLRWVSVHRULWL
WKUHDWYV



JLIXUH'LITHUHQFH LQ SULRULW\ DUHDV IRU FRQVHUYDW.L
QHVWLQJ KDELWDW ZKHQ PD U NQHHR EMHFRRLLYSR/UIRW HEK R



&RQVHUYDWLRQ DOWHUQDWLYHYV

6\WWHPDWLF FRQVHUYDWLRQ SODQQLQJ LQYROYHV WKH
DOWMUQYH FRQILIXUDWLRQV RI DUHDV DQG DOWHUQDWLY
ZKHQ GHVLJQV DUH SUHVHQWHG IRU SXEOLF YLHZLQJ DC
HILVWV WRIHHFRHRALDRG UHRGREREDRW H VD DADLR Q V

$SSURDFKHV WR H[SQROLDOWRQQWWWIDYHY DUH GLYHUVH

VXSSRUW V\V3XPMVWRRM K [ISG UW VHY® G EPUDIAKMA YW D O
VXFFHVVLRSH®HNRIL GRPPHQWHNQ® QGIMYVHLR QD Q

LQWHUDFWLYH DQG SD UG FA\S®MXYE R QR FHOW-RE VX
3UHVVH\ HWDRG HISHUMRFSVVHY VXSSRUWHG E\ JHRJ

LQIRUPDWLRDONVWMPYQULBRIBUDGH HW DO 7TKHVH
DSSURDFKHV FD Y B (VLONTD QWP QDQHEH WV DOD PHU .UDPHU
71& SHIDUGOHVV RI WKH DS SYIRW EKQ ®DYWHOREL)L

XVXDOO\ LQYROYHV LWHUDWLYH F\FOHV RI DQDO\VLV LQ
FULWHULD DQG VSDWLDO GDWD DQG PRGHOV DUH PRGLI
SUHIHUHQFHY DQG WR H[SORUH SRWMDWROQPHWORWOXA LR QV
VRFLRHPERQDQG SURWHEFWHRWHVHWQ DOLR YV

&RQVHUYDWLRQ VFHQDULRY FDQ UHIOHFW YDULDWLRQV
UHSUHVHQWDWLRQ GLIIHUHQW PRGHOWRRWAHQHDOW YV H
UHDOP UDSLG PRGHUDWH FKDQJH W\SHV Rl SURWHFWL
DOWHUQDWLYHYV DQG FRVWV DPRQJ RWKHU IDFWRUYV
DQG XVH HJ UHVHUYDWLRQ ZDWHU PDQDEHBHQW UH\
UHJXODWLRQ FDQ EH OLQNHG WR VSHFLILF FRQVHUYDW
'XQWRQ 0371& $GGUHVVLQJ VSHFLILF WKUHD)
VHGLPHQW IOX[HV LQWR FRUDO UHHIV PLJKW UHTXLUH \
LQFOXGLQJ UHIRUHVWDWLRQ DQG WH\KIOBWRIEOQ R1 ORJJI
,GHDOO\ WKHVH VWUDWHJILHV VKRXOG EH WUDQVODWHG
PDULQH PXOWEBQWMHUYDWLRQ V\VWHPV L EKUPKVGWIHIGU H
SURKLELWHG RU UHJXODWHG FRQVLVWHQW ZLWK HFROF
FRQVWUDPWOVRY) HWHDQDQGH)NV HWWQDBHKDDI| BIW DO



6\QWKHVLYV

7KH WUDQVLWLRQ IURP GHVLJQ WRVVPSIOSF b Y WDXOLORUQ U
OD@BD SODQQLQJ LQFOXGLQJ GHFLGLQJ RQ WKH FRQVt
SURWHFWHG PDQDJHG ILUVW LQYROYLQJ WUDGHRIIV EH
FRPPXQLFDWLQJ SODQQLQJ RXWSXWV WHRQWN DN B & R D ®HL
DFURVVHID QIGULVGLFWLRQV DQG PRQLWRULQJ WKH DFK
FRQVHUYDWLRQ DFWLRQV DUH LPSOHPHQWHG

6FKHGXOH DUHDYVY DQG DFWLRQV

&RQVHUYDWLRQ SODQV DUH VHOGRP IXOO\ LPSOHPHQW
LQFUHPHBRQVHUYDWLRQ DFWLRQV LV XVXDOO\ QHFHVVD
REMHFWLYHV DUH FREPGURWMWUHGV ER @ R EY R & HYWH DL W\

+HQFH RQH RI WKBOSTHQN MABIBODQ® LQJ LV WKH UHTXLL
VLPXOWDQHRXV VFKHGXOLQJ LQ WHUUHVWULDO DQG PD!
EHWZHHQ UHDOPV FDQ EH DGGUHVVHG FRPSUHKHQVLYHC
SURWRFRO WR JXLGH SODQQHUV LQ VFKHGXOLQJ FRQVH
UHDOPV LQ WKH FRUDO WULDQJOH 7KH VWXG\ GHPRQVW
VFKHGXOLQJ PLIJKW UHTXLUH FKRLFHVY EHWZHHQ PDULQF
EHWZHHQ DUHDV RQ HLWKHU VLGH RI WKH VKRUHOLQH

WKDW DUH HTXDOO\ YXOQHUDEOH DQG OLQNHG WR SULR
DVVHVVLQJ ORFDO YDOXHV HJ WHUUHVWULDO HQGDQ.
WKHVH FDVHV H[SHUWY FDQ SOD\ D FULWLFDO UROH LQ
LPPHGLDWH DWaVGIQW HRQD®R J 71& HVSHFLDOO\ Z
GDWD RQ WKH G\QDPLKVYVRMHPRW B O HDQGV FUNWRW D LP LW H G

ODLQVWUHDP WHFKQLFDO RXWSXWYV

ODLQVWUHDBLWI1AD/OD BEXW RIWRE RWHUDRRYIMEBUMOWLRQ ¢
3LHUFH HW ,QOODHIG SODQQLQJ SODQQHUV VKRXOG HQJLC
GHFLVLRQ PDNHUV ZLWK LQIOXHQNH B ¢ RRMMQURIXVHIN FW LR
DO 'XQRQ 032 LQ SDUWLEXODU W K RWHHD UIRAVSKRIQYV L E



VXFK DV FEWFKBHRWDQLVDWLRQV WKDW FRQVLGHU PDU
ODLQVWUHDPLQJ IRU PXOWLSOH DQG GLYHUVH VWDNHKR
FRDVWDO PDQDJIHRH QW ® XWKKRNIW.FXOWXUDO DQG ILVKI
FRPSOH[ DQG UHTXLUHV VXEVWDQWLDO WHEKQLFDO DQ

$SSO\ FRQVHUYDWLRQ DFWLRQV

$SSOLFDWLRQ RI DFWLRQV LQYROYHV WKH FULWLFDO WU
WR LPSOMPRIQWDIHDVLEOH DQG HIIHFWLYH DEWLRQV RQ
$SSOLFDWLRQ R \DHFW SRQW QQQIDDIG O OLNHO\ UHTXLUH V
DGGUHVV WKH W KUbIBDRRQ WQ QWKKKHP GMKPGV DUH LPSOHPHQW
DUUDRYMPLWK GLYHUVHoDWBMHKR OGHUY *UHHQ HW DO
$SSOLFDWLRQ DOVR UHTXLUHV FRRUGLQDWLRQ RI DGPLC
JRYHUQPHOIWWDXOWLEQV DWXGMWIRQ HMWDOHYHOV,GHDOO\
VKRXOG DOVR GHOLYHU D VWUDWHJ\ WKDW LQWHJUDWH)
SURPRWHY FROODERUDWLRQ RI VWDNHKROGHUV IURP GL
EH\RQG WXKHDOBPRYGQGDULHY VXFK DV UHJLRQDO FDWFKPF
FDQ VLJQLILFDQWO\ FRQWULEXWH WR FRRUGLQDWLRQ R
GDWD DQG XQH[SHFWHG FRQVWUDLQWY DQG RSSRUWXQL
LQWHUSUHWHG DQG DSSOLHG 7KDSVEZD®Q FOQ NRH G5 HMHL QLY
DFFRPPRGDWH WKBXWHFKDQJHV

ORQLWRU DFKLHYHPHQW RI REMHFWLYHV

ORQLWRULQJ LV D FULVQ ADEDBRWPSRDBEQWQRILQJI SURFHVV
W LQIRUPV SODQQHUV DERXW WKH H LHHFMDLIY R BV EWRLIY Bl
DFURVV UHDOPV VR WKDW DFWLRQV DQGDMQKEHDUHDV Z|
DGMXVWHG DRBRWREL XMWRQ HWHDQDQGH)NV HW DO (
WKRXJK WKH\ DUH D FULWLFDO FRPSR QHQW\L RUWHL HHV/F M/ILLW
KDYH QRW EHHQ FRQVLGHUHG RU KDYH EHHQ GHYHORSH
5DUHO\ KDV PRQLWRULQJ LQFOXGHG VSHFLHV DQG KDEL!
VRXUFHV DQG LPADMMY RIKEHDWWY 1 RW/IDHE O MAMEHP SW LR Q
PROLWRULQJ SURJU DR \OSRI® GOADWARDWSIOD QQLQJ LQLWLDWL
KWWS FGPR EDUXFK VF HGX 'XQWRQ DQBDWKH ZD\
EDUULHU UHH I&PNWIRIHD SHOW ND O



&KDOOHQJHV IRU WKH IXWXUH

6FLHQWLVWY PDQDJHUV DQG FRQVHUYDWLRQ SUDFWLW
DSSURDFK WR PDQDJLQJ WHUUHVWULDO IUHVKZDWHU D
'XWWRQ HWRWGRQ WRP% HW DO 'LIlHUH @WDD SSURI
LQWHJUDWLRQ KDYH EHHDRI® ®O R QWG J UBWBITRIZHE FiY\H DU
LQFOXGLQJ FRQFXUUHQW DUHD SULRULWLVDWLRQ F
VA\VWHPYV W KD VP EDAHG ODRYEXLDGYVE V0L)QREH SDBIQ/ DO
VLPXOWDQHRXV SODQQLQJ LQ ZKLFK ODQG DQG PDULQH
DQG VRPH PHDVXUH RI FRQVHUYDW LR @ LFRAOW DD HPR RV O L\
H 71& DQG H[SOLFLWR ILBRUNRNG/R P DWK REO @/L\W HW D @
DAQRU OBQGSURFHWREDWHGIHW DO LQ WKH SULRU
'LWKLQ WKHVH DSSURDFKHV GLIINWGHYWWUHLEH 8HIERY HR KD
EHHQ LQFRUSRUDWHG EXW QR SODQQLQJ H[HUFLVH KDV

([SHUW RSLQLRQ EDNRIGQGGRF\WHXUYHGLFDWHY WKDW IHZ
RSHUDWLRQDAGXWDPEBHERUNDYH EHHQ VGTRESRQIMUBE L QW
,Q DGGLWLRQ WR WKH SDUWLFXOD)LIXHHBGQGRU LPSL
SUHYLRXVO\,GXFPRVYHMIB EHORZ WKUHHVKIB\ SEDQQHDIHV
EDVHG RQ UHYLHZHG VWXGBLRXQ H[SHUWHREHQLRQ DQG

JLIXUHSHEWLQLRQ RQ WKHMHDHYE W HRRIUDMWQARQ IRU HDFK R
RI WKH RSHUDW LRBIQBOHI UQWHZBDWLRQ ZLWKLQ FRPSRQ
SODQQLQJ SKDVH ZDV JHQHUDOO\ UBDMHG/ERRQE H5M® DB Q
SKDVH WZR FRPSRQHQWY ZHUH FRQVLGHUHG WR KDYH I
SODQQLQJVRWFHPRWKUHDWY D FRPARGORQYRQYH R QD
RI GHFMXISSRUW WRROV $OVR ZLW KD MRKH R HRR.P® \8 K DF
DQG H[SOLFLW FRVWV VHHP WR GHVHUYH VSHFELDO DWW!
FRPSRQHQWY LQ WKH WKLUG SKDVH DV LQYROYLQJ SRR
7KHVH LQFOXGHG VFKHGXOLQJ ZKLFKQKDG/WEKE WREHVW
SODQQLQJ SURFHVV 7KH KRULJRQWDO EODFN EDUV UHS!I
DVVLIJQHG EM H[SWBWWDFK FRPOSRRHRHGLXP DIIGI K

LQWHJUDWLRQ HUURU EDUV GHQRWH WEBH SFRQILGHQ



J)LIXUH([SHUW RSLQLRQ RQWMBPHLQMWMHO RW D@ GRU HDFK Rl WKH FRPSRQHQWV RI W



3SDUWLDO LQWHYUDWHR @ RUHFDW VYV

$OWKRXJIJK\FWRMVWKUHDWY DUH ZLGHO\ FLWHG DV D PDM
FRQVHUYDWLRQ DQG RIWHR SRRQQERVU HGHLEF ODHG WKH V'
SDUWLDOO\ LQFRUSRUDWHG LQWR SULRULWLVDWLRQ SU
RULJLQV RQ XSVWUHDP NRRA\G VMWGHEN ICQERBBRUDWHG LQW
SODQAUABQ HW DO 'DWD UHTXLUHG WR PRGHO WKL
SROOXWDQW ORDGYV DQG JRQHV RI RIIVKRUH LQIOXHQFH
IRU VEKHRWIWR GV FRDUV$W K® W\ R R OKWDLERSQW D P H U RU
LOQDGHTXDWH IRU STIRQQLQDWRUSIRMNMWDWLRQV FDQ EH R
WKURXJK WKH XVH RI VLPSOLILHG PWR\&MOW WARKID M D MWWV H
ODXJKDBURGLHRU HEITHWUMELGHDWLRIQ RN KLWKDV % DQNV H
+RZHYHU VLPSOLILHG GDWD OLPLW WKH GHYHORSP
WR PLWLJDWH WKHVH WKUHDWVY DQG WKH\ FRXOG UHVX
PDQDJHPHQW UHFRPPHQGDWLRQV ORUH DGYDQFHG PHW
FLUFX @R HRO® LD J 3 RKIEMI XELQ FDQ EH HWSIDR\HG IRU
SODQQLQJ LI UHVRXUFHV GDWD DQG H[SHUWLVH DUH D
VSDWLDO GDWD WR FDOLEUDVON DQEDWIRQL 6 B WGOWM KH HP R’
DQG LQWHJUDWLQJ PRGEORUWQ W RV IV HERQISD QDGR XD ¥ HY H
%RKQHW HWUDOW HW'PQWRQ DQG RIUDEHWZHHQ TXDOL
UHVXOWYV DQG LQY RRW RBQUMER FG R B/DHDEXSHQ DVVHVVHG

&RPSHWLQJ REMHFWLYHV

,QWHJUDWHD ®ODCGQLQJ PXVW DGGUHVV PDQ\ SRWHQWLE
6RPH VWXGLHV KDYH IRXQG FRLQFLGHQFH LQ WKH VSDW
GLIIHUHQW REMHFWLYHV EXW RWKHUV KDYH QRW 'LIIHU}
FRQVHUYDWLRQ SULR U LVHILHAM WR\UD\Y K5 U FHR/ VWKMOMDHEP\RMLR G Y. IY F

DQG RI WHWRRBG WHUUHMNYLE® SMOLRIHWWN.HWVKDW YDC
ZLW® FRDVWDO FDWFKPHQWY GHULYHG IURP WHUUHVWU|
FRQQHFWLYLW\ EHWZHHQ YHJHWDWLRQ IUDJPHQWV ZLO
ZLWK WKRVH IRU PDULQH FRQVHUYDWLRQ HJ UHGXFLC
+RZHY DQ LQWHJUDORLEBBZXG KRRPREMHFWLYHV IRU EF
KD]DUG PLWLJDWLRQ DQG ELRGLYHUVLW\ FRQVHUYDWLR



WKH HIWHQW RI SULRULW\ DUHDV DQG ZLWK LQFUHDVHG
DGGUHVKHQVZR VHWV RI REEMEFWLYKMQ/HERUBNWHDU H
QHFHVVDU\ EHWZHHQ REMHFWLYHV GHFLVLRQ PDNHUYV I
KDYH EHHQ GBDYNORYHEGKWRQRANOHDQ WU D GHR [ ITHW W
6DUNDU EXW PRUH WRROV DUH QHHGHG HVSHFLDOO\ WF
VWDNHKROGHUV

, QVWLWXWLRQDO VWUXFWXUHYV

$ IXQGDPHQWDO EDU U LWHDWIROD@WH QUDWHEKBDQBEN RI FF
LQVWLWXWLRQWW & UM WRSISRH \WD@DWHPHQW 7\SLFDOO\
GHSDUWPHQWY RU JURWSWURYWWQP® QDYEHRODRGC UHVR X |
YHOILRUH 7KLV LV DOVR WUXH ZLWKLQ D VLQJOH UFH
ILVKHULHV PDQDQHPHRV\\PWHP FRQVHUYDWLRQ DQG PLC
RIWHQ EHHQ PDGH LQG QM @B AWROY ZL W KIRAIRY HWQ P&

7KLV VHIVHIDIDLRHQW DFURVV DQG HYHQ ZLWKLQ I
VFLHQWLILF LQVWLWXWLRQV ,Q D JLYHQ UHJLRQ FRQVHL
WHUUHVWULDO SODQQLQJ WHDPV WKDW ZRUN ZLWK RQO
VLPLODU VHJUHJDWKR Q/ EVHERWPIPIR® ERPPXQLW\ DV GLIIHL
FRQIHUHQFHVY MRXUQDOV DQG JUDQW VFKHPHV H[LVW I
GLYLGHG QDWXUH RI QDWXUDO UHVRXUFH PDQDJHPHQW
(ITHFW LYWH D DSD® Q. QHTXLUH VXEVWDQWLDO FKDQJHV L
RUJDQLVDWLRQDO VWUXFWXUHV WR DOORZ IRU PRUH FR

&RQFOXVLRQ

,QFRUSRUDWHI)DOPYBIHY LQ FRQVHUYDWLRQ SODQQLQJ
DOVR XQLTXH RSSRUWXQLWLHYV HVSHFLDOO\ JLYHQ WKF
FXUUHQWO\ XQGHUZ&R QY HQ WKIGRGH DQWKLER ORILWBHIG 'LYHU VL
IDWLRQV (GXFDWLR® EX OMFXHRW RWLFDRLVDWLBR® :RUOG
1WLRQDO RKEMQ &DSV LQ GDWD DQG NQRZOHGJH DUH RE
DQG DSSOLHG UHVHDUFK LQ PXOWLSOH GLVFLSOLQHV L
SROLWLFV DQG VRFLRORD SIRFOYVAY IRWTRDQEY WKH G



DSSURDFKHY DQG WRROV WR HQJDJH ZLWK PXOWLSOH V)
DQG YDOXHV &RQVHUYDWLRQ SUDFWLWLRQHUV ZLOO EH
DSSURDFKHVY WR PDNH EHVW XVH RI DYDLODEOH LQIRUPI
FRPPXQLFDWLQJ ORWFWIFRPK OMDVIOMSBNIZLO O DIBIYDQFH LQ
SODQQLQJ ,QWHJUDWLRQ RI LQIRUPDWLRQ RQ GLIIHUHQV
VFLHQWLVWY PDQDJHUV DQG SUDFWLWLRQHUV IURP GL
SUHYLRXVO\ IRFXVHG/ R®UIIGIIHQ 8 Q WHLUIBAMFMESROW RO U\ D
JDSV LV FULWLFDO WR JHQHUDWLQJ D FRRUGLQDWHG UH
FXPXODWLYH WKUHDWY WR ELRGLYHUVLW\ ZKLFK LQ WX
FRQVHUYDWLRQ L QUKMMHWALGNAY BDOIQQMHTXLUH VXEVWDQV
SROLF\ FKDQJHV LQ WKH PDQDJHPHQW RI QDWXUDO UHVI
UHDOP FROODERUDWLRQ VKRXOG WKHUHIRUH FRQWLQXH
LQWHUQDWLRQDO DJUHHPHQWYV VXFK DV WKH FRQYHQWL
IXUWKHU GHYHORSPHQW RI WKH PHWKRG/RI®RJILFDO IRX
FRQVHUYDWLRQ DQG HIIHFWLYH FRPPXQLFDWLRQ RI WKF
LPSRUWDQW FRQWULEXW LRQD QR W FIRHDWHILWWDW WRQP B © H



&KDSWBDULQH FRQBODYIMODRQAQ SUDFWLFH OHVVR
WKH *XOIl RI &DOLIRUQLD

$EVWUDFW

2YHUILVKLQJ SROOXWLRQ FRDVWDO GHYHORSPHQW L
ELRGLYHUVLW\ JOREDOO\ VINQG LFRPS WRKLWH PW KHQH HFRV
6\WWHPDWLF FRQVHUYDWLRQ SODQQLQJ 6&3 SURYLGHV
DFWLRQV FDQ EH HIIHFWLYH LQ DGGUHVVLQJ WKHVH W
LQWHU Y HIQQWLIHRVMQWL JDW H G RW K8 3DISG QLK WXBIQR|1 &DOLIRUC
ELRGLYHUVLW\ KRWVSRW ZKHUH VHYHQ VSDWLDO SULRUI
7KH UHYLHZ RI SODQQLQJ H[HUFLVHV VKRZHG WKDW WK
VORZO\ JDSV LQFOXGHNHPBRRQOEWLRRY ORGGHFRV\VWHF
KLIJKOLJKWHG EHQHILWY DQG GLIILFXOWLHV RI DSSO\LQ
FRQYHUJHIREKHQG LPSRUWDQW VSDWLDO GLIIHUHQFHV L
&RQYHUJHQFH ZDVWWAGH DM RQCEHMEYW KLF PDULQH HFRV
ZHUH DOVR LPSRUWDQW GLIIHUHQFHV UHODWHG WR WK
'LYHUJHQFH EHWZHHQ PHWKRGRORJLFDO DQG VSDWLDO
LGHD WKDW YDULRXV HOMMPHRQYGE REMBE®LWHR Q S/OD \GDQ
GHILQLQJ WKH GLVWULEXWLRQ RI FRQVHUYDWLRQ SU!
LPSOHPHQWDWLRQ RI QHZ PDULQH SURWHFWHG DUHD
LQIOXHQFHG E\ VRPH RI WKH SODQQLQJ H[HUFLVHV +RZ
SURJUHVVHG VORZO\ GXH WR PXOWLSOH IDFWRUV H J
EHWZHHQ RUJDQL]DWLRQV OLPLWHG WHFKQLFDO FDSDF
FRPPLWPHQW $SDUW IURP PRBSODRWKEU IEHROKNGWE |
LQVWLWXWLRQDO VNLOOV DQG NQRZOHGJH LPSURYLQJ
RUJDQL]DWLRQV LQFOXGLQJ DJHQFLHV DQG ORFDO UF
RQ WKH QHHG WR DVVHVV SULRULWLHV IRU PDULQH FRQ
WUXVW DPRQJ RUJDQL]DWLRQV 7KH H[LVWHQFH RI PXO
*XOl Rl &DOLIRUQLD DOVR KLJKOLJKWHG VRPH RI WKH
PXOWLSOH VHWV RI SULRULWLHYV



,(QWURGXFWLRQ

%BLRLYHUVLW\ FRQVHUYDWLRQ RI PDULQH GFRO G\ B -HVWU |
DO EHFDXVH ILVK VWRFNV:RBBWMQ B BHW R WGRHFHOLLFPW L R C
FRDVWDO DUHBRZIDWREIRQ® H[WLQFWLRQV RI PDULQH VS
6DOD .QRZOWRQ 7KH VHUYLFHV SURYLGHG E\ PDU
SURYLVLRQLQJ ZDWHU TXDOLW\ FRDVWD CsEBURMRFWLR
2URSH]D HW DO 'RUPIRWQDBRQVHUYDWLRQ HIIRUWYV
SURWHFWHG D/WHNWDWH WD HWWV DO OF&RRN HW DO 6S
ILVKHULHYV P DOGRIUJIH FIMQ VO ' R U B QHGV HEFBE\D\W/R\G
VSDWLDO SODQQLQJ DQG PDQDJHPHQW )ROBIWHHW DO
SURYLGLQJ VRPH EWOQRDUW@HWRLBGRWHUVLW\ EXW DUH Q
RU UHYHUVH WKH GHFOLQHV 7KH H[SDQVLRQ Rl WKUHDW
DYDLODEOH IRU FRQVHUYDWLRQ WKXV FDOPWRYHHIIHFW I
VW UDW HJ L HA\R @R/ EBUNRWIRMEE@HGEE R DL{WR/LIRU KXPDQ OLYHOLKI

6\WWHPDWLF FRQVHUYDWLRQ SODQQLQJ 6&3 SURYLGHYV
FRQVHUYDWLRQ DFWLRQV FDQ EH HIIHFWLYH DW DFKLHY
PLQLPL]LQJ WKH FWYREYRVYBWHYRMWBHQDIQWY EH\RQG
JXLGLQJ HIIHFWLYH LQYHVWPHQW LQ FRQWHRE®RWLADO DU
NQRZOHGJH UHOHYDQW WR ELRGLYHUVLW\ FRQVHUYDWL
FDSDFLW\ IDFLOLWDWLQJ FROODERUDWLRQ DPRQJ VWD
QHHG IRU XUJHQW DFWLRQ WRRWWYHQ® HEWRIEQ Y HU UHW L K
%RWWULBBQGLWLRQV IRU VXFFHVVIXO LPSOHPHQWDW.L
DUHDV LGHQWLILHG W K URODIKH6RI3 HI FMKRZGIWR LQFOXGH
HFRORJLFDO DQG VRFLRHFRQRPLF FULWHULD LQWR GHV
DO *UHHQ HW DO VWDNHKROGHU RZQHUVKLS C
LQSXW IURP PDQDJHUV DQG H[S HUWWFEWIHUD B QG W V. FH \& DIV
HQJDJHPHQW ZLWK ORBPN®G W RRP OQLWLHWDPH HW DO
FRQVLGHUDWLRQ RI SUDFWLFDO DVSHFWV RI LPSOHPHQ\
FRQVHUYDWMHRIQRDQBBY HW DO / B BSBSWA YNV PIDA) D J H F
OF&RRN HW DO WUDQVSDUHQF\ GXULQJ SODQQLQJ
VWUDWBNLHV



*LYHQ WKH LQFUHDVLQJ UHFRJQLWLRQ RI WKH YDOXH RI
FRQVHUYDWLRQ UHVHDUFK LQ AMKB UHHTKG (L\D DVELYID® PLLE
IRFXV RQ UHSUHVHQWDWLRQ RI ELRGLYHUVLW\ SDWWHU
HFRORJRFBI®\SHV DQG VRFLRHFRQRPLF FRQVLGHUDWLRQV
SODQQLQJ IRU VHYHUDO NLQGV RI G\QDPLFV DQG LQWHU
RFHDQRJUDSKLF SURFHVVHY DQG GHODJEBDEQLR &D P HUW LY
/JRPEDUG HWFR@QHFWLYLW\ EHW Z H4HY KoW IHMWU B QW K II
(GZDUGV HW D®DSWDWLRQ WRUFGIMP DWH FKDIFJHRG HW D
ODWED LQWHOHD HR\D D O 7DD@EWRMM BPOFRQRPL
FRQVLGH%DWHRQIW DO % DIQUHH .DEYQQFHV KDYH JXLC
VRPH UHFHQW FRQV HAUDNDMUL RI@/ \D/UDW HJI UMW Q HW DO

'KLOH WKHRU\ LQ FRQVHUYDWLRQ SODQQLQJ LV GHYHORS
DVVHVVPHQW RI| WKHGHDO ROQBESPOILEBWLRQV RI PDULQH
BUHYLRXV VWXGLHV KDYH UHYLHZHG DVSHFWV RI 03$ GH
FRQVHUYDWLRQGORWYRQV*UDQHN 2IV® 8 Q\GK H WHDEDU H
UHWURVSHFWLYHV RQ SDUWLFXODU SODQQLQJ H[HUFLVF
UH]RQIHUWQDQGHV BQYGDWKH 1RUWKHUQ &HQWUDO &DOLIRI
GHVLYOQHDVRQ HW+BDHYHWZPDA RI QR SUHYLRXV VWXGLH
PXOWLSOH PDQ@LQBLSODMLYHY ZLWKLQ D VLQJOH UHJLR(
IUDPHZRUN IRU UHYLHZ DQG FRPSDULVRQ

7KH *XOl Rl &DOLIRUQLD LV LGHDO IRU FRPSDUDWLYH VV
ZLWK VHYHQ PDULQH SODQQLQJ H[HUWHDMHW X R G\H WAWIXK
LQYHVWLIJDWHG KRZ 6&3 SULQFLSOHV KDYH JXLGHG P
LGHQWLILHG PLVVLQJ FRPSRQHQWY RI WKH SODQQLQJ ¢
GLIILFEXOWLHV RI DSSO\LQJ 6&3 SULQFLSOGWV IBQBQWRRC
EHWZHHQ SODQQLQJ H[HUFLVHV ZHUH H[DPLQHG LQ WHU
LGHQWLILHG SULRULWLHYV PDWFK WKH H[LVWLQJ 03$ V\
FRQVHUYDWLRQ DQG PDQDJHPHQW DFWLRQWUMDWERQW
SODQQHUV DQG SUDFWLWLRQHUV DUH GLVFXVVHG ZKHQ



OHWKRGYV

BWXG\ UHJLRQ

7KH *XOl Rl &DOLIRUQLD LV D PROVEB FR@HUIWNDILIOR Q K
SREHUWYV HW OREDO EUIRFHRUWY RXWVWDQG L% U ¥P\DALLQH
HW DO &ROMOFKW REHDQRJUDSKLF SURFHVVHV LQFOX
DQG XSZHOOLQJV /DYtQ ODULQRQH FRQWULEXWH
SURGXFWLRQ WKDW VXVWDLQ ULFK FRDVWDO DQG PDULC
$EXQPWRSH]D HW DO %HPRERWW BW ODBH *G@RFKV DQ
LPSRUWDQW IHHGLQJ EUHHGLQJ DQG QXXRIRW D HWDDI® L

ORUJDQ HW ID@FOXGLQJ WKH FULWLFDOO\ HQGDQJHU|
3KRFRHQD /D RPX&ORUUHWD HW DO 7KH *XOl VXSSRU
WKH ZRUOGYTV SRSXODWLRQV RDXRRMDDBWD@EQH ELUG
SURYLGHV FULWLFDO KDELWDW IRU 7KIH UB &R QG \E RU GWK H*
RI &DOLIRUQLD KDYH a SODQW VSHFLHV 5HABPDKLFK FI
HW DO &RPSDUDEOH OHYHOV RI HQGHPLFLW\ KDYH EHHQ
LQFOXGLQJ LQYHUWHEUDWH DQG ILVK VSHFLHV %U

7KH *XOl Rl &DOLIRUQLD UHWDLQV PRVW RI LWV QDWXUTL
LOQWHOWURQ RI KXPDQ DFWLYLWLHY DUH WKUHDWHQLQJ
HFRV\WWHP VHUYLFHV +XPDQ SRSXODWLRQ GHQVLW\ LV
GUDLQLQJ LQWR WKH *XOl Rl &DOLIRUQLD EXW UDSLGO\
W KU RDWKRHWDULQH MYBREVRD PMQWRLOH WKH ZHVWHUQ F
UHPDLQV FRPSDUDWLYHO\ XQGLVWXUEHG PDQ\ HDVWHU
LQWR WKH *XOl DUH DIIHFWHG E\ DTXDFXOWXUH LQGXVV
%HPDQ HW DO &RWD/BWFKO 2VXQBiHFHURQIQGH]
,QWHQVLYH XVH Rl SHVWLFLGHV LQ PDOLBBEWXH\I D DOUH
*XWLHDOHPGR HW DDRUUHMW VR BOWHUDWLRQ RI IUHV
DQG VHGLPHQW LQSXWV IURP WKH &RORUDGR 5LYHU KDV
DQG HQGDQJHUHG VSHFLHV $00 &DUULTXLU\ 6iQF|
6DOWJUDVV PDUVKHRWEHBY® \PDQHIRMHQJ UHGXFHG DQG GH
GHYHORSPHEQWH®BRO®OXWLRQ $EFCRWRS HPE HW PO
*OHQQ HW DO 'H3RVLWLRQ RI DWPRVSKHULRISROOXYV



PHUFXU\ HJ PLQLQJ XUEDQ DQG LQGXVWULDO VHZDJH
*DURBHDUQIiQGH] HW)IDQD OO\ WKH GUDPDWLF LQFUHDVH Lt
LQDGHTXDWH PDRPDUHRY EW YR OLN\G WR VXEVWDQWLDO GH
VWRENV FKDQJHV LQ SRSXODWLRQV Rl WDUJHWHG VSHF
6DOD HW ZBLFK LQ WXUQ KDYH D I|HF W FRQERIIVHREDD O \D Q C
DO

'‘DWD FROOHFWLRQ DQG VRXUFHYV

6SDWLDO PDULQH FRQVHUYDWLRQ SODQQLQJ H[HUFLVHYV
SROLF\ UHJXODWLRQ DQG HGXFDWLRQ LQLWLDWLYHV ¢
DQG UHYLHZHG®ENRDWWDLOL RWLMOULQH FRQVHUYDWLRQ DL
&DOLIRUQLD 7KH H[WHQWV Rl WKHVH H[HUFLVHV GHYHC
IURP EREDW L@ @GWDRUJIJDQ HW P QDWLR QPO DEDHUD HW
DO 630 &21$%,2UHJDRQDOZLIGH6*8X GRUtTXH]
$Q®GH HW DO (5 SOORDUHW.P@DO LQLIVQOWILXYEHV L
SRUWLRQV R4&BKKHQUSQIGHUDGH 'DQHPDQQ 051 6DOD

7DEGFRQWDLQV IXO0O QDPHV IRU DFURQ\PV DQG EULF
,QIRUPDWLRQ VRXUFHV LQFOXGHG SXEOLVKHG DQG XQS:
LQIRUPDWLRQ $ GLJLWDO PDS RI PDULQH SULRULW\ FRQ
DUHDV' DQG GHWDLOV RI GDWDVHWY ZHUH QRW DYDLOD
RQO\ WKH %DMD 3HQLQVXOD RROLDRIYDUWLRQCR G WIK H ¢
DUHDV EDVHG RQ PRGLILFDWLRQV WR WKH 1DWLRQDO OC
UHDVRQV VSDWLDO DQDO\WHV ZHUH IRFXVHG RQ WKH R\
NHY HOHPHQWYV RI WKLV VHYH QMR RSDIDRWH GQ Y FEXURMH V$ Z
FRPSUHKHQVLYH GHVFULSWLRQ Rl WKH PHWKRGYV DQG S¢
PDSV RI SULRULW\ D U&MDS/S ®HRH 8 WRDYU\GA-DAVBIW L D O

SHYLHZ RI DSSURDFKHV WR PDULQH FRQVHUYDWLRQ SOTC

.H\ DVSHFWWRPDWLF FRQVHUYDWLRQ SODQQLQJ IUDPH?Z
5RPHUR HW DMUH XVHG WR LGHQWLI\ FRPPRQDOLWLHV D
DQG PHWKR GRHEHNWZHHPDW LQH FRQEDHDIGLRQ SGEQWLI)
PLVVLQJ HOHPHQVBX SO MRIDQMAD LIREDHBWWDLDY 7KLV IUD!



LQFOXGHY NH\ FRPSRQHQWY LQ SODQQLQJ H J FRQVHL
VWDNHKROGHU SDUWLFLSDWLRQ WKUHDWYV DQG FRVWYV
IRU HFRORJLFDO SURFHVVHVY WHRWYWHBDHWLYREWY DQ!

$VVHVVPHQW RI PHWKRGRORJLFDO DQG VSDWLDO VLPLO

OHWKRGRORJLFDO VLPLODULW\ EHWZHHQHEORQ QWLKH HI[H
-DFFDUG FRHIILFLHQW ZKLFK DGGV XS WKH WRWDO QXP
H[FOXGLQJ LQVWDQFHV RI JHUR WLHV IREFXVLQJ RQ FRQ
WKHVH ZHUH DVVXPHG WR EH PRVW LQIOXH@WWDO LQ WK
FRQVHUYDWLRQ REMHFWLYHY DQG GDWD IRU IHDWXUHV

XVHG QRW XVHG :KHQ SODQQLQJ H[HUFELVHV XVt
UHVROXWLRQ GDWH RU ZKHQ GDWD ZHUH JURXSHG RU ¢
ZHUH PDWFKHG ZLWK WKH PRVW HTXLYDOHQW HOHPHQWYV
VDPH ZD\ DV LQ RWKHU H[HUFLVHV %DVHG RQ DQ RYHUC
SULRULW\ DUHDV KHUHDIWHU 3SULRULW\ PDSV" DUHDV
VSDWLDO VLPLODULW\ EHWZHHQ SDLUV RI SULRULW\ PDSES
XVLQJ WKH 0DS &RRYDHUVR®H. 1WBISYSD VLPLODULW\ LV DC
DQG FRPRRB®G\IRU DVVHVVLQJ DJUHHPHQW EHWZHHQ EDV

:LOVRQ HW D®H -DEFDUG FRHIILFLHQW DQG .DSSD V\
ZLWK VLPLODULW\ SKHQRJUDPVLED V B G VRRQ DKSLSHULIHGF § URD:
% D Q 'HHNV HW DO E ,Q DGGLWLRQ WKH VSDWL
LH QXPEHU VL]H SHULPHWHU DQG VSDFLQJ DQG WK
DOVRIOARHPG $ VHFRQG VSDWLDO DQDO\VLV IRFXVHG RQ K
WKH VL[ SODQQLQJ H[HUFLVHV ZHUH GBDHPIEHG VSDWLDO
PDULQH HFRU&KJLRQOQG VHOHFWHG HFRV\WVWHPV DQG VHD
&21%$%,2 IXYRS )JHUQDQGH] &yUGRYD 8OORD HW
& 0&

(YDOXDWLRQ RI DFKLHYHPHQW RI JRDOV DQG EHQHILWYV

, QWHUYLHZV ZHUH FDUULHG RXW ZLWK HISHUWV VHOFL

FRQVHUYDWLRQ LQ WKH UHJLRQ DQG WKHLU LQYROYHPHC
SURFHVVHV GLVFXVVH®WHUMLHZWL G SMKMMWHLGHQWLILHC



XQUHSRUWHG SODQQLQJ JRDOV DQG LQGLFDWHG WKH H]|
DFKLHYHG )XUWKHU WKH HWHQW WR ZKLFK SODQQLQJ
LPSOHPHQWDWLRQ RI FRQVHUYDWLRQ DFWLRQV ZDV DVYV
PRUH FRPPRQ ([SHUWYV DOVR LGHQWLILHG WKH PDLQ IDF
FRQVWUDLQ DFWLRQV ,Q DGGLWLRQ RWKHU SHUFHLYHC
EHVLGHY VSDWLDO DFWLRODW WHKHJH[LEWERWEH RG DQV IRL
DVVHVVPHQWY RI RXWFRPHV DQG LOWHQWLRQV IRU UHY
E\D ZULWWBJ@ S/SXAUINAHQWDU\ ODWHULDO

SHVXOWYV

$SSURDFKHVY WR PDULQH FRQVHUYDWLRQ SODQQLQJ

$O0 VHYHQ SODQQLQUIXRGIDMFHYWD @ GIRGPEIEG'V RI VI\VWH
SODQQRLQJ H J LQYROYLQJ VWDNHKROGHUV VHWWLQJ
DQG FRQVHUYDWLRQ FRVWYV DQG GHOLQHDWLQJ QHZ SU
ZD\ WKH\ DG G U HAMVPING VINDKBHDHHBIEGIS OHPHQWDU\N ODWHULDC
1RWDEOH GLIITHUHQFHY LQFOXGHG WKH ZIRVAR W\R QD XM URI(
YV SULRULWL]DWLRQ RI KLIKO\ WKUHDWHQHG DUHDV D
H J HEDH/WHW YBUWMRIWZ WKH IROORZLQJ VHFWLRQV WKH
DQG GLIITHUHQFNY DQK \GURFXVNVHG

6WDNHKROGHUYV

6WDNHKROGHU SDUWLFLSDWLRQ YDULHG FIREOH GHUDEO\
3DUWLFLSDWLRQ RI UHVHDY FRONHWY ZDYGS UGS K YHIQ\R PL Q JD
FRQVHUYDIRIYRHQU QROQWDO RUJDQL]DWLRQV 1*2V DQG 03
VXEVWDQWLDO LQ PRVW H[HUFLVHV 7ZR SODQQLQJ SUR
VRPH UHSUHVHQWDWLYHV RI WKH ILVKLQJ DQG WRXULVP
XVHUV ZDV WR SURYLGH LQIRUPDWLRQ RQ DUHDV RI HFR
JURXQIGY 8OORD HOWWD®HKROGHU LQYROYHPHQW LQ RQF
051 ZDV UHVWULFWHG WR DFDGHPLFV DQGEDR/GNHUYDW



SURFHVVHV UHSUHVHQWDWLYHV IURP DJHQFLHV DFDGH
FRQWULEXWHG WR \8KH HUIHDQQ) VQUDS HR ARH V V

&RQVHUYDWLRQ REMHFWLYHV

$SSURDFKHV WR VHWWLQJ FRQVHUYDWLR © RADEMWHHF ML QYH V
ILOWHU DSSURDFK WR LGHQWLI\LQJ FRQVHUYDWLRQ IHD!
FRPPXQLWLHYV HEFRV\VWHPV D QY LIQEEA Y $ 16 SLEREYQWS 6HPW HD/OI H

ZDV WDNH@ [HQY PIRMMW EXW WKHUH ZHUH DOVR LPSRU
AXDQWLWDWLYH REMHFEWLYHV ZHUH VHW IRU RQO\ WZR ¢
Rl ZKLFK DOVR GHILQHG VHSDUDWH REMHEWLYHV IRU FR
WKDQ RQH ELRUHRRWHRBRWDOHW ZWUHHFRPPRQ WR DOO SO
A4XDOLWDWLYH REMHEWLYHV LQFOXGHG VHOHFWLQJ DUH
DEXQGDQFH RU HQGHPLF HQGDQJHUHG RU SURWHFWHG
EHWZHHQ DUHDV

7TKUHDWY DQG FRVWYV

7KHUH ZHUH PDMRU GLIIHUHQFHYVY EHWZHHQ SODQQLQJ H
FRVWV ,Q WZR H[HUFLVHV 630 DQG &6*& LPSRUWDQW \
HFRV\WVWHPV ZHUH LGHQWLILHG LQGHSHQGHQWO\ RI WKF
QR O@HQFH RQ WKH VHOHFWLRQ RI SULRULW\ DUHDV 2Q
DQG QXWKNUMDU SURMHFWLRQ WKUHDWY WR LQIRUP WKH
FRQVHUYDWLRQ DFWLRQV DV ZHOO DV WR LGHQWLI\ SR\
SRWHBOQW LWLIDWLRQ VWUDWHJILHY ZHUH GREXPHQWHG I
503 DIWHU WKHVH ZHUH GHOLQHDWHG E\ H[SHUWV )RU
UDQNLQJ RI WKH LQWHQVLW\ DQG WUHQG RI WKUHDWYV Z
ZWK ERWK WKUHDWY DQG FRQVHUYDWLRQ RSSRUWXQLWL
PDQDJHPHQW HIIRUWYV ,Q FRQWUDVW WKH WZR SODQQL
SODQQLQJ VRIWZDUH 051 DQG (5% XVHG GDWD RQ WKUH
PLQLPLER@QIOLFWY DQG RU %PQVH.OHRL\GLBQ FRMWVSULRUL
DUHDV DZD\ IURP KLJKO\ WKUHDWHQHG RU KHDYLO\ XVH¢



(PHUJLQJ LVVXHYV

8SWDNH Rl UHFHQW DGYDQFHV LQ 6&3 H J VBDDQQLQJ I
LQWHUDFWLRQV DQGOEPLWE®HZEWKQVKH 2H)JFHSWLRQ RI H
SURFHV\6K\8 SOHPHQWD UV*BRWHUE BGIVLIQ FULWHULD VXE
VL]IH DQG FRQQHFWLYLW\ JXLGHG WKH VHOHEWLRQ RI SU
7R PDLQWDLQ ODUYDO GLWSXUNG O/ RWWEDIEH W BIRLIWXUH
EHWZHHQ SULRULW\ DUHDV GLG QRW H[FHHG NP )RU "
JHQHULF GHVLJQ FULWHULD VXSSRUWHG E\ DYDLODEOH
PLJUDWLRQ URXWHY DQG DUHDV Rl KLJK SURGXFWLYLW\
SURFHVVHV OLQNLQJ ODQG DQG VHD VXFK DV QXWULHQ
H[SHUWV LQ WKH QDWLRQDO PDULQH JDS DQDO\VLV 630
&URW\WWHP WKUH DEMW HHX I8 RR@@PE G FRDVWDO GHYHORSP!
FRQVLGHUHG E\ H[SHUWV LQ % % DQG LQ WKH (5% H[HUFL
EDVHG WKUHDWVLRQH EXXBOWNLONWRFLDWHG ZLWK KLJKHU
LQFRUSRUDWHG 2QO0O\ RQ%#& SOB@®QEQW 6| MWFULYHW K6 HFR
OLQNDJHV EHWZHHQ WHUUHVWULDO IUHVKZDWHU DQG P
JDS DQDORMWLRRMHJIUDWLRQ ZLWK WHUUHVWULDO DQG IL
UHFRPPHQGHG IRU WKH IXWXUH 1RQH RI WKH VWXGLHYV
LQYHVWPHQWY IRU FRQVHUYDWLRQ DFWLRQV WKURXJK V
SULRULW\ OHYHOV EDVHG RQ H[SHUW DGYLFH WR SULR
DQRWKHU (5% UHFRPPHQGHG VFKHGXOLQJ

6LODULW\ DQG VSDWLDO FRLQFLGHQFH EHWZHHQ SODQC

OHWKRGRORJLFDO VLPLODULW\

&OXVWHULQJ RI H[HUFLVHV EDVHG XU} RE MHKERZIHG W B D\
H[HUFLVH HPSKDVL]LQJ SURWHFWLRQ RI ILVK 051 ZDV Y
DOVR FRQVLGHUHG RWKHU WD[RQRPLF JURXSV DQG RFHI
VLPLODULW\ YDOXH\REWWQZHEOWDMOKH[NYXELVH % % DQG R\
UHODWLYHO\ ORZ % % IRFXVHG RQ VSHFLHV RI FRQVHUY
$PHULFD VOKRRW IR ®RUH W\SLFDO RI WKH *XOIl DQG DOVR |
RYHU ODUJHU JHRJUDSKLF H[WHQWV H J PLJUDWRU\ FF



ERWK 051 DQG % % ZDV WKHLU IRFXV RQ D IHZ VSHELHYV
WKH VLFEHDIHWQ WKHWEFDR H HJHRGDWHY &6*& DQG (5% Z
GLIIHUHQFHV LQ PHEBRIB® OYRJ &/ RINSHQ W KDUHG PDQ\
FRQVHUYDWLRQ REMHFWLYHV DQG XVHG VLPLODU GDWELC
VFDOH H[HUFLWAY ZD$ DAGDWLDPOOORZY SODFHG 630 FO
WKH UHJLRQDO SODQV DQG 503 VRPHZKHERQEH W HQID O/ |
H[HUFLVHV 7KLV LV FRQVLVWHQW ZLWK ERWK % % DQG 5
VSHFLILF DUHDV IRU PDULQH FRQVHUYDWLRQ DQG WKHL
SXUSRVH

6SDWLDO VLPLODULW\

2YHUDOO VSDW)LD® WHEP LDPARXMQWLQJ IRU VSDWLDO RYHU
DQG WKHLU UHODWLYH SURSRUWLRQV LQ WHRHDUDHILRQ L
(5$630 DQG WZR SODQQLQJ H[HUFLVHV WKDW ZHUH VXEV
503 DQG 051 6SDWLDO VLPLODULW\ EDVHG RQO\ RQ WK
SULRULW\ORFHDIYQG QRW WKH LU) UFKQBW LWKR S H B SKRIUSWHR Q
YDXHV EXW DOVR D GLIIHUHQW FOX ¥ UWRIOMW FKB® \E BAHH® R
RYHUDO®IRDPSB D QHZ VXEJURXS ZLOVKF & §4&L ¥ DACHG/ W @ U
UHVXOW IURP SULRULW)\ DUHDV IURP 051 EHLQJ DOPRVW HC
LQ ERWK H[HUFLVHV WKH SUHIHUHQWLDO ORFDWLRQ RI
HQYLURQPHQWY 2Q WKH RWKHU KDQG WKH VXEJURXS |
RYHUDOO VSDWLDOUHEPLOPDLYNG LQRWY RN DIRHQ RVILUIRIMP

JLIXUHF EXW ZDV VWURQRWWIRSRYREE®LRBFH WR WKH LQ
PLQRU DGMXVWPHQWY RI VRPH Rl WKH (5% SULRULW\ DU

JLIXUH6LPLODULW\ SKHQRJUDPV IRU PDULQH SODQQLQJ
DJJORPHUDWEXHRAOG FOXVWHULQJ D@RXS VILWH UKBZH L 9K ¥
%DWBRHULQJ 503 ODULQH 3ULRULW\ 5HJLRQV 630 ODUL
&RDOLWLRQ V ,PSRUWDQW &R QM HIUR/@MNCL B Q VHMYIP\H Q\F'$ 0¢
ODULQH 5HVHUYHV KRWGRPRNLFD OONMWPLODULW) EDVHG R
DQG GDWDVHWYV -DFFDUG FRHIILFLHQW E 2YHUDOO V¢
SULRULW\ DUHDV DQG UHODWLYH SURSRRQYQRYVPLDOID
. ORF VWDWLVWLBSOM/MHY VLPLODULW\ YDULHG EXW JH



DJUHHPHQW EHWZHHQ SDLUV RI SULRULW\ PDSV ZDV IDL!
.DSSD DQG PRGHUDWH IRRQULPLHODRA W\ LQ ®RFDWL
YDOXH RI PHDQUVLMGB\HRDBVF ZELSOH. RLQGLFDWHY QR PRU
H[SHFWHG E\ FKDQFH $ VLJQLILFDQFH DQDO\VLV EDVHG
9LVVHU GH 1LMV LQGLFDWHG WKDW .DSSD YDOXHV
VLIQLILFDQW ZKHQ FRPXDUBGGRR PDBMDBLW\ ZLW



JLIXUH6LPLODULW\ SKHQRJUDPV IRU PDULQH SODQQLQJ
DJJORPHUDWLYH KLHUDUFKLFDO FOXVWHULQ



&RQILIXUDWLRQ RI SULRULW\ DUHDV

7KHUH ZDV DQ DV\PSWRWLF LQFUHDVH LQ WKH PHDQ VL]
HIWHQWYV Rl SODQQLQJ GRPDLQV LQFUHDVHG ZLWK VLJC
JLIXUHD E7KHUH ZDV DQ LQYHUVH UHODWLRQVKLS EHWZ
DUHDV DQG WWKH HO/HQW. @) GRPDLQ WKRXJK WKH VWUH
IDLUO\)DR@UHF ([FOXGLQJ WKH YDOXHV A RKH HYISRBLIGAHD J
WKDW IRFXVHG RQ ILVK SURWHFWLRQ IRUPHG E\ UHODW
WR IRUP DRQ HMRB R HNHDBHWHFLDEO\ LQFUHDVHG WKH ILW
SULRULW\ DUHDV DQG H[WHQW Rl GRPDLQ 7KH WHQGHQ
DVVRFLDWHG ZLWK ODUJH YL DXQUHDHZBIV SKHQ R WIHVG\ \I R HTR\
GDWD UHOBOXMMLBQDQQLQJ XQLWYV EHLQJ DVVHVVHG DQ
PRUH HWHQVLYH WDUJHWLQJ RI HFRORJLFDO SURFHVVH
ZDV SRVLWLYHO\ FRUUHODWHG ZLWK WKH VHSDUDWLRQ
ORZHU SRWHQWDDDXBR® BHPWQYHWROXGLQJ 051 LPSURYH
ILWWLQJ EHFDXVH LWV SURSRVHG PDULQH UHVHUYHV ZH
H[HUFLVHV DQG WKXV ZHUH UHODWLYHO\ ZLGHO\ VSDFH
GRPDLQHYQEGR QWJIXUWRIF GV WKDW 503 LGHQWLILHG IHZHU
VLIQLILFDQWO\ PRUH VHSDUDWHG SULRULW\ DUHDV WKD
VLPLODU WROQWKHM WE®W DO H[HUFLVH % % WKDQ WR WKH F
ZLWK WKH PHRMDKR GRPRODULW\ GLVFXVVHG DERYH

J)LIXUH&RPSDULVRQ Rl VHOHFWHG IHDWXUHV Rl SULRULW
SODQQLQJ GRPDLQ H[WHQW YDOXHV RQ < D[HV FRUUHVS
RI &DOLIRUQLD RQO\ D PHDQ VL]H DQG E PHDQ SHULPH
QXPEHU RI SULRULW\ DUHDV FRPSULVLQJ HDFK SULRULW
EHWZHHQ QHDUHVW SULRULW\ DUHDV XVH RI PHGLDQ U¥
3RLQWYV FRUUHVSRQ®EQDW R WHRFDIMNMIABEDEOXH 630 DC
UHG GDVKHG 503 FLUFOHV )LWWHG WUHQG OLQHV FRU
DQG OLQHDU GUW\SHMQHMIKWRZ DQ LPSURYHG ILW ZKHQ
WKH DQDO\VLV VHH WH[W (& URIREDUKNHURISDOIVEQW WK
HVWLPDWHG E\ ORQWH &DUOR VLPXODWLRQ D E DQG W



JLIXUH&RPSDULVRQ RI VHOHFWHG IHDWXUHV RI SULRULW\ PDSV LQ UHODWLR



2YHUBD®WIMDDO FRLQFLGHQFH HFRORJLFDO UHSUHVHQWD)

7KH FRPELQHG VXPPHG SULRULW)\ PRWVUFRODHWLHGI @\ OL
VXPPHG DUHD ZDV FRQVLVWHQWO\ LGHQWLILHG DV KDYL
$ERXW RXRAKHG DUHD ZDV LGHQWLILHG E\ DW OHDVW
VHOHFWHG E\ DOO SODQV 7KLV ZDV UHIOHFWHG LQ WKH
IUHTXHQF\ Rl VSDWLDO FRLQFLGHQFH DQG WXHUWRWDO !

&RQYHUWHORH WP JH RI H[LVWLQJ 03$V FRYHUHG E\ S
ZLWK WKH IUHTXHQF\ RI VSDWLDO FRLQFLGHQFH 7KLV P
DUHDV FRQVLVWHQWO\ LGHQWLILHG DV SULRULWLHV KD"
SURWHEWXWRH)Y DOWKRXJK LQ VRPH DUHDV SURWHFWLF
H[HUFLVHV 6SDWLDO FRLQFLGHQFH ZDV JHQHUDOO\ KLJ
FRDMWX UH

JLIXUH)UHTXHQF\ RI VSDWLDO FRLQFLGHQFH EHWZHHQ W
SODQV LGHQWLI\LQJ DQ DUHD DV D SULRULW\ DQG WZR YI
IUHTXHQF\ RI VSDWLDO FRLQFLGHQFH EOXH GRWV DQG ¢
Rl H[LVWLQJ 03%V LGHQWLILHG DV SULRULW)HNUHDV JUH
FRUUHVSRRGGMR SR®O\QRPLDO UHJUHVVLRQV

JLIXUH)UHTXHQF\ RI VSDWLDO FRLQFLGHQFH EHWZH



5HSUHVHQWDWLRQ RI PDULQH HFRUHJLBRRWVHWERXMG PDUI
ROWKLUG RWWKH HPRWHJLRQV ZLWKLQ WKH *XOIl RI &DOL
HQWLUHO\ E\ VHOHFWHG SULRULW\ DUHDV RI PRVW SODC(
&RUWH]LDQ ,QQHU 1HULWLF DQG OLGULII ,vODQGYVY 6WUD
RWKHU HFRUHJLRQV LQFOXGLQJ WKH 60RSH DQG %DVLC
3DFLILF 5LVH ZHUH RQO\ SDUWLDOO\ LQFRUSRUDWHG LQ

JLIXUH6SDWLDO FRLQFLGHQFH RI SULRULW\ DUHDV EHWZ
Rl &DOLIRUQLDUHRUHR¥FHHWDW O®DUNHU DUHDV ZHUH LGHQ\
SODQV 3LH FKDUWYVY UHSUHVHQW WKH SHUFHQWDJHV RI
IUHTXHQF\ RI VSDWLDO FRLQFLGHQFH DFURVYV SODQV IL



JLIXUH6SDWLDO FRLQFLGHQMHZ RH S LBLARIUQ §/1\ @IU H AW E HV
*XOl Rl &DOLIRUQLD



3ULRULW\ DUHDV ZHUH FRQFHQWUDWHG LQ FRDVWDO DQ
IUHTXHQF\ Rl SULRULWL]DWLRQ GHFUHDVLQJ ZLWK GHSW
RI JHRPRUSKROR JILFDUHDH DAL WKHSULRULW\ DUHDV PRUH RI
WKH FRQWLQHQWDO VKHOI )HDWXUHV VXFK DV WUHQFKH
RIWHQ RPLWWHG (FRV\VWHPIUEHNHDIWBIB R&RYHDYOH QBN |V
VHDJUDVVHV DQ&DUEKRBRG WK DH)E®RUH RIWHQ LQFOXGH
RWKHUV VXFK DV VHDPRXQWY ZHUH UDUHO\ LQFOXGHG
ODQJURYHV ZHUH LQFOX@RGWRODRRH EXW HQKH LSRUW LR C
FRYHUHG E\ KLJK FRLQFLGHQFH Rl SULRULW\ DUHDV L H
3DUWLDO LQFOXVLRQ RI PDQJURYHV FDQ EHVBHDODWHG W
LQWHUIDFH SODQQLQRK PP ULMWIHBORVRFWHWRE DQG WR \
HIWHQVLYH GLVWULEXWLRQ PDNLQJ WKHLU IUHTXHQW O'
WHUPV

JLIXUH5HSUHVHQWDWLRQ RI JHRPRUSKRORJ\ FODVVHV D
OHYHOV Rl RYHU OCDBHRIYDPW RRIQWWUFHHDV *UDSKV VKRZ WKH
DUHD RI D PDULQH JHRPRUSKRORJ\ FODVVHYVY DQG VXEF
PDULQH HFRV\VWHPV WKDW FRUUHVSRQG WR WKUHH FOL
ORZ PHGLXPDQG KLJK



JLIXUH5HSUHVHQWDWLRQ RI JHRPRUSKRORJ\ FODVVHV L
OHYHOV RI RYHUODS RI SULRULW\ FRQVHUYD



$FKLHYHPHQW RI JRDOV LPSOHPHQWDWLRQ RI VSDWLDC

7KURXJK LQWHUYLHZV DQG VXUYH\V H[SHUWYV DVVHVVHC
SODQQLQJ H[HUFLVHV LQ WKH *XOI Rl &DOLIRUQLD DQG V
DFKLHYBGUH $Q H[SOLFLW JRDO FLWHG @Y DBQHUBFRUWYV
SULRULW\ DUHDV IRU FRQVHUYDWLRQ ZKLOH LGHQWLI\L
UHTXLUHG ZLWKLQ WKHVH DUHDV ZDV JHQHUDOO\ FRQVL
LQGLFDWHG E\ PRVW H[SHUWV ZHUH W@GGRRXPBQW DQG
FRQIOLFWV ZLWK KXPDQ DFWLYLWLHVY DV ZHOO DV WR J
7KH PDMRULW\ Rl H{SHUWYV DJUHHG WKDW RYHUDOO UH
VDWLVIDFWRULO\ 6RPH H[SHUWV GLVDJUHHG ZLWK WKL\
DSSOLFDWLRQ RI SODQQLQJ RXWSXWV KDG SURJUHVVHG
LQLWLDWLYHVY WKDW ODFENHG WKH SHUVSHFWLYH SRWHQ
2SLQLRQV UHJDUGLQJ LPSOLFLW JRDOV ZHWN FAIRSVH YDU
E\ ODWHU SODQV ZDV FRPPRQO\ SHUFHLYHG DV D SRVLW
UHSRUWHG RU PHQWLRQHG DV DQ LPSOLFLW JRDO

JLIXUH([SHUW RSLQLRQ RQ UHSRUWHG DQG LPSOLFLW S
H[SHUWV 1 WWRW GEBVYRWIEHHBGSODQQLQJ JRDOV DV I
EODFN SRUWLRQ RI WKH EDU RU LPSOLFLWO\ FRQVLGH!
GHYHORSLQJ WKH SODQQLQJ HI[HUFLVHVY RQO\ WKH ODV
HIHUFLVHV HLWHKHB QP OLGLWE RBHUFHQWDJHYV RI H[SHL
RYHUDOO DFKLHYHPHQW RI JRDOV ZLWKLQ HDFK OHYHC
H[SHUWV VWURQJO\ GLVDJUHHG WKDW JRDOV ZHUH DFK
DJUHHG WKDW RYHWOO JRDOV ZHUH



JLIXUH([SHUW RSLQLRQ RQ UHSRUWHG DQG LPSOLFLW SODQQLQJ .



'HVSLWH GLIIHUHQFHV LQ RSLQLRQV H[SHUWV FRPPRQO
VRPH ZD\ LQIOXHQFHG WKH LPSOHPHQWDWLRQJRUNSDWL

$FFRUGLQJ WR PRUH WKDQ KDOI Rl H[SHUWV LQWHU"
ZDV WKH LPSOHPHQWNW LSRR RIHEX\HGLBOHDY H J  %DKLE
(VSLULWX 6DQWR 1DWLRQDO 3DUN 6DQ /RUHQ]JR $UFKLS]
%LRVSKHUH 5HVHUYH 7ZR DFWLRQV DOWKRXJK RQO\ F|
QRVDNH JRQHV H J *XD\PDV +\GURWKHUPDO 9HQWV DQ
HFRORJLFDO PRQLWRULQJ RU UHVHDUFRS$IWFEMHFWYV ZLW
KWWS SDQJDV DUL]RIDHIEXMMUWBOLWHQW H[SHUWV DO

SODQV KDG FRQWULEXWRBDUWQRHGENMMIOBRERH PR MOQGED]IR Q L
PDLQO\ E\ SURYDWBLRQ WRRIUMHQFLHY DQG LQGXVWU\ UHJ
DUHDV RI FRQVHUYDWLRQ YDOXH

JLIXUH([SHUW RSLQLRQ RQ KRZ SODQQLQJ LQIOXHQFHG
RI DFWLRQV %DUV GHQRWH WKH SHUFHQWDJHV RI H[SHL
DFWLRQV DV EHLQJ LPSOHPHQWHG DV D UHVXOW RI SOD



JLIXUH([SHUW RSLQLRQ RQ KRZ SODQQLQJ LQIOXHQFHG RU OHG WR VSDWL



$FFRUGLQJ WR H[BWUNY VL O FWDRWHGWASDWLDO LPSOHPHQ
SULRULW\ DUHDV WR WKH DWWHQWLRQ RI DJHQFLHV RU
UHJLRQDO RU QDWLRQDO VSDWLDO IUDPHZRUN WKDW SL
RQJRLQJ PDULQHHFRQUMWHY DPIMELRROSSRUWHG GHFELVLRQV E
FUHDWLRQ RU JRQLQJ RI 03$V DQG SDUWLFLSDWLRQ RI
SDUWLFXODU WKRVH GLUHFWO\ LQIOXHQFLQJ FRQVHUYD
KDQG VRPH IDFWRUV ZHUH SHUFHLYHG DV PDMRU FRQV\
RU FDXVHV RI WKH VORZ XSWDNH RI SODQV LQ JHQHUDO
SULRULWLHY EHWZHHQ FRQVHUYDWLRQ DQG QDWXUDO U
RUJDQL]DWLRQV OLPLWHG WHFKQLFDO FDSDFLWLHV DQ¢
SDUWLFXODUO\ DW WKH PXQLFLSDO DQG 6WDWH OHYHOV
IURP 6WDWH JRYHUQPHQWY WR LPSOHPHQW 03$V WKH ¢
FRQVHUYDWLRQ DUHDV HJ LQFRUSRUDWH VRFLRHFRQ!
JRQHV DQG VFKHGXOH WKHLU LPSOHPHQWDWLRQ DQG Wi
LQFRUSRUDWHG E\ UHOHYDQW DJHQFLHV LQWR WKHLU VW
SURJUDPV SDUWLFXODUO\ DJHQFLHV QRW GLUHFWO\ UH
PDQDJHPHQW LQIUDVWUXFWXUH DQG GHYHORSPHQW

,Q DGGLWLRQ WR VSDWLDO DFWLRQV H[SHUWV FRQVLG#
ZLWKLQ WHHINHBLREVSLWH GLIIHUHQRMHW XQ RRSQLMO DO\G |
NQRZOHGJH VNLOOV ZHUH FRPPRQO\ SHUFHLYHG DV EHQ
VWDQGDUGL]LQJ RU KDYLQJ PRUH ULJRURXV SODQQLQJ

GHYHORSPHQW LPSOHPHQWDWLRQ RI UHJLRQDO RU OR
IQIOXHQFLQJ FRQVHUYDWLRQ VWUDWHJILHY DQG DFWLRQ
JXLGHG E\ WKH SULRULW\ PDSV 2WKHU LPSRUWDQW EHC
VNLOOV H[SHUWLVH RI RUJDQL]DWLRQV LQ FRQVHUYDWL
VFMHQLF HYLGHQFDNLQY GHFSWULRMLFLSDWLQJ RUJDQL]DW
SDUWQHUV $PRQJ WKH VRFLDO EHQHILWYV LPSURYLQJ FR
RUJDQL]DWLRQV FUHDWLQJ D UHJLRQDO FRQVHUYDWLR
WUW DPRQJ RUJDQL]DWLRQV ZHUH DSSDUHQW FRPPRQ R.
ILQDQFLDO EHQHILWY HJ PDNLQJ EHWWHU XVH RI DYD
LPSURYLQJ HIILFLHQF\ LQ WKH RSHUDWLRQV RI RUJDQL]!



JLIXUH([SHUW RSLQLRQ RQ WKH EHQHIWWDORI SODQQLQJ
LPSOHPHQWDWLRQ RI DFWLRQV

7KH EODFN SRUWLRQ RI HDFK EDU UHSUHVHQWY WKH SH
FRQVLGHUHG WKH GHVFULEHG EHQHILWY ZHUH D UHVXO\
SHUFHQWDJHV WKDW LQGLFDWHG WKDW WKRVH EHQHILW
SHUFHQWDJHV RI H[SHUWV QRW FLWLQJ WKRVH EHQHILW



'LVFXVVLRQ

7KH VWDWH RI PDULQH FRQVHUYDWLRQ SODQQLQJ LQ Wi

'HVSLWH WKH JURZLQJ QXPEHU RI VWXGLHY DQG PDULQH
WRROV XSWDNH KDV EHHQ UHODWLYHO\ OLPLWHG LQ W]
H[HUFBYDIOWDW HW DO SRVORG FRQUBUYDWLRQ SODQQLQ
ILQG BRPWWROXWLRQV WKDW DFKLHYHG FRQVHUYDWLR
KDYH EHHQ UHDGLO\ PIX® L O DHBOUYORHMPRIOHE SO LFDW LR Q V
WR PDULQH SODQQLQJ GDWLQJEMEN. QR LV VXHW OLGF O X (
WDUJHWLQJ Rl HFRV\VWHP VHUYVYAPVFRQ® FRWVR QMU RIVY.
UHFHLYHG OLPLWHG DWWHQWLRQ LQ WKH *XOl 1RWDEO\
FOLPDWH FKDQJH RU VFKHGXOLQJ RI FRQVHUYDWLRQ DF

&RQVHUYDWLRQ SOD QW QQDWIRH ORYIHE DERVPHA RN VWHJID UG L
VWDNHKROGHU LQYROYHPHQW EXW IHOO VKRUW IRU RW|
VWDJHV RI SODQQLQJ LGHQWLI\LQJ EURDG JRDOV VHW)
IRU SULRULW\ DUHDV VXSSO\LQJ YDOLGDWLQJ DQG JH!
FRQVHUYDWLRQ IHDWXUHV DQG LGHQWLI\LQJ SULRULW\
D UHYLHZ RQ VWDNHKROGHU SDUWS R US\D ZVR R 0V MG SWHUED B
VWDNHKROGHU LQYRPI¥NPOLWURF BHFHV LRQWKH *XOI RI &
FRQWULEXWHG WR ILOOLQJ JDSV FRQFHUQLQJ HFRORJLF
HW DO ,Q DGGLWLRQ KLJKO\ SDUWLFLSDWRU\ SURT
FRQWULEXWHG WR EXLOGLQJ FRPPRQ YLVLRQV RI FRQVFE
H[SHOWMXYHQ SURFHVVHV WRROV RWKHU WKDQ FRQVHUYTE
Y LV X VG DWAHL D8CP 1G50AN D D (Q3QTGYW|GH HWIDPLOLWDWH JU
GHFLWRNLRYUU LEODJPUHUD HW DO DQG GHOLQHDWH S
DO $ QRWDEOH JDS LQ PRVW H[HUFLVHV ZDV WKH OLP
XVHUV DQG LQGXVWU\ ZKE&FPKRZBV PRMAQV WHVRWRBW HR C
DUHDV ,QFOXGLQJ DOO VWDNHKROGHUV EXW SDUWLEXC
SODQQLQJ KHOSV WR EX L OG (RYIQHUMX L $DD IR® KX S S R XD C
*UDQHN DQG KDV EHHQ SLYRWDVERQOWX FFHVFLXYO\WHQLRD
SODQQHQO®DQGHY HW DO *OHDVRQ HW DO



2Q0\ WZR SODQQLQJ H[HUFLVH\6V®IDV HNXD@®N LW D\§ QDR R |
ZKLFK FRQWULEXWHG WR PRUH H[SOLFLPMDNWQDQVSD
SURFHYDBYXOHY 3UHMWHH TXDOLWDWLYH REBMHFWLYHYV
VSHFLHV ULFKQHVV ZHUH FRPPRI@ \WR O ®O GHWH UFH& HD\Q &
WDUJHWHG VSHFLHV ULFKQHVV IRU ILVK VSHFLHV %RW
REMHFWLYHY DOVR SDUWLWLRQHG WKHVH REMHFWLYHV
GLIIHUHQW ELRUHJLRQV ,QFRUSRUDWLQJ ELRUHJLRQDO
REMHFWLYH LV FULWLFDO WR HQVXULQJ WKDW 03$ QHW 2z
DVVHPEODJHV LQFOXGLQJ VSHFLHV WKBREBUM % RR\W OO
D %LRUHJLRQDO UHSUHVHQWDWLRQ KDV EHHQ IXQGDP
LQLWLDWLYHY HJ WKH &DOLIRUQL¥YLEBPR GMODVODQG
DQG WKH *UHDW %DUULHU 5HHI QDQGEM BWUNOUH]RQLQJ

,QFRUSRUDWLQJ VSDWLDOO\ H[SOLFLW VRFLRHFRQRPLF
FRVWV DVVRFLDWHG ZLWK XVH UHVWULFWLRQV DQG FR)
LV FULWLFDO WIR PRQWRLRIQIZM BU YHOHWQRQY .OHLQ HW D
D ([HUFLVHV IURP WKH *XOI Rl &DOLIRUQLD LOOXVWU
LQFRUSRUDWLQJ WKUHDWY DQG FRVWVHARRSPDD QMW QR Q7|
SODQQLQJ VRIWZDUH H[SOLFLWO\ D YEBLBRIGI OLEWH B WWHK H
ILVKHEDIOW HW DO 8OQERWW FDO/VHV ILHOG GDWD R
LQIRUPHG WKH FRVW OD\HUV 'HVSLWH SRWHQWLDO OLP
WKHVH GDWD WKH\ DUH OLNHO\ WR EH PRUH DFFXUDWH
YDULDEGHNW HW DO E ,Q FRQWLRWM QWHWA PO% H[HUF
IRFXVHG RQ DUHDV ZKHUH FRQVHUYDWLRQ IHDWXUHV R
SULRGLWA®EHUDEOH DUHDVY DQ DSSURDFK WKDW DLPV \
FRQVHUYDWLRQ IHDWXUHV $OWKRXJK WKHVH DSSURDFK
WR FRQYHUJH $SSOLFDWLRQ RI DFWLRQV IROORZLQJ VH
HW DO DQG 80ORD HARX®G UHTXLUH VFKHGXOLQJ LQ ZK
KLJK LUUHSODFHDELOLW\ DQG KLY SWKHANMHW PR RQAG QH
6XUSULVLQJO\ PRVW H[HUFLVHV LGHQWLILHG SULR
YXOQHUDELOLW\ RU OHYHO RI XVH HLYQKHTUSRBUHDWGH QJ W
HW DORU GHVLJQLQJ VWUDWHJILHV WR DG GRUHMD WK UH D\
&DEWM HW DO &21%$%,2 $QOUDGHITXBRHPDQQ



$Q LQWHUHVWLQJ ILQGLQ(QRIt VI \&B 68 H{WDIFQW KD W

SULRULW\ DUHDV WHQGHG WR EH KHDYLO\ XVHG RU KLJK
FRQVHUYDWLRQ PDQDJHPHQW LQ VRPH XVHG DQG WKUHTE
HPEDWM WKH QHHG IRU EHWWHU GDWD RQ WKUHDWYV DQG
PDQDJHPHQW DFWLRQV WKDW DUH IHDVLEOH DQG HIIHFW
&RQIOLFW RYHU FRQVHUYDWLRQ DQG H[WUDFWLYH XVHV
DYRLGHGOEFHWO\ LQFRUSRUDWLQJ FRVWY DQG WKUHDW
&RPELQLQJ PXOWLSOH FRVWYV HJ WR GLIIHUHQW VWD
PDULQH S @DQQH.D\HLQ EXW VKRXOG EH FRQVLGHUH(

'HVSLWH VSDWLDO GDWD OLPLWDWLRQV HFRORJLFDO Sl
RFHDQRJUDSKLF SKHQRPHQD DVVRFLDWHG ZLWK KLJK SU
SODQQLQJ H[HUPYDH®DE®BIGEIORORJLFDO DQG RFHDQRJU|
GHULYHG GDWD RQ VS DSWLD®X F D/ IR IAR DRRIGRDRYIH K L J K
$OYDYWRPYUHIJRFRPELQHG ZLWK H[LVANFIRORBEHD®D RRGHONL
&XG@NHQR HW DO ODULQRQH HW DO FDQ KHC
SURFHVVHV LQ WKH *XOIl Rl &DOLIRUQQ R LIQJGWHKDWH ERKX O
DGDSWHG WR WKH *XOI KDV LQFRUSRUDWHG H[WHQVLYH
*UDQWKDP HWQBOFRQVLGHUHG WKH HI+HHREWY\RI FOLPDW F
7KHVH DSSURDFKHV ZLOO KHOS WR HQVXUH ORFDO IXQF!
FRQWULEXW LQFWRHUHR QR @ D @ D5/RIERIQ \R E MHVL\R BOK\G [EQ J
WKRVH WRODWHHG LHV

IRWZLWKVWDQGLQJ WKH JOREDO LPSRUWDQFH DQG GHJ!I
FRDVWDO PDULQ®4DHERN W W\W FD/O ROJPWH W XD® U O\ LQ
*XO| Rl &DO$EUKW®SH]D HW DO (JFWHKHD HHWHD® QRW
FRQVLGHUHG H[SOLFLWO\ E\ DQ\ Rl WKH SODQQLQJ H[HU
SDUWLDOO\ DGGUHVVHG KRZHYHU E\ WD UUHRVMH QVRIQD/
HFRQRPLF YDOXH LQFOXGLQJ DUHDV RI KLJK SURGXFW
ILVKH$ URNEDIMUHUD HW DO &ERPN)VZDO BFRV\VWHPV
FRUDO UHHIV DQG NHOS IRUHVW WKDW SURYLGH SURWH
DFWLRQ HVWXDULHV DQG PDUVKHV DV H[SRUWHUV RI Q>
EDVHG WRUKTN@FEUDGH 'DQHPDQQ ORDQBQ HW DO

PDQJURYHV DV QXUVHULHV IRU FRRPHUFN@®IU DMK BWG L



6DOD HW DIOH RPLVVLRQ RI HFRV\VWHP VHUYLFHV LV
VSDWLDO SODQQLQJ DOWERNIKWWEEBUH KDYH EHHQ UHFH
YDOXDWLRQ DQOG YDWBIDZJ HUVROOLYV 3RPDODUVWKHU
UHVHDUFK LV QHHGHG IRKPQU LSXH DISCVKBRWLRQV

7KH LPSRUW D\OHD [RQVOBQIEF WY R EX PRV W HRRIQQLQJ H[HU
ERWK LQ WHUWRYWRHFWRVMMDWY DQG HFRORJLFDO FRQQHF
RQ RU PRGH®DWRG WOQHDWY ZHUH YHU\ OLPLWHG DQG |
SODQV 3ULRULWLVDWLRQ RI EDWH &P\ RWH/DWR/ FZLDAVL QIRWH F
DQ\ SODQ &R QVEMBHUGE W KNOIPGY FDQLQH SULRULW\ DUHD
WKHP DZD\ I[URP LIPPLIQG YW XUFEE Rl SROGRWQRY) H\K HID !

EXW FDQ DOVR KHOS WR LQWHJUDWH WHUUHVWULDO
PDQDJHPOIIMY) HW R2QO\ RQH H[HUFK®$BUDGH HW DO
H[SOLFLWO\ WDUJHWHG IUHVKZDWHU DQG WHUUHVWULD ¢
SURFHVVHVY FRQQHFWLQJ ODQG DQG VHD $GMXVWPHQW\
SODQ IRUHDDRWBRFHVVHY HJ VSHFLHV PLIJUDWLRQV EHW
PDULQH KPEJOLDMWNHRW RQSXW 8 H B DYUH GWXQWWR HEW VW D O
LQVXODU HFRVWEDWIBPNW DKH ODFN Rl FRQVYBBUDWLRQ R
FREHFWLRQV LQ WKH 1DWLRQDO 3URWHFWHIGES 2RIV B}V W |
/RIDQR HW DDQG KLIKQHHKSWR KRSURYH GDWD DQG PRG
WHPSRUDO RFFXWHDHSBR FRHIVOBWWABE WEEMBDWY IRU PDUL
$OYDIRFHUR HW DO

&RQYHUJHQFH DQG GLYHUJHQFH EHWZHHQ SODQV

%DVHG RQ D VSDWLDO RYHUQDRBE H U DRME IRASMI-ENK L$ E X U

QRWHG LPSRUWDQW VSDWLDO FRLQFLGHQFHV EHWZ}
SODQQLQJ H[HUFLVHV LQ WKH *XOI 7KW VHSWQRQLWLF
DPRQJ FRQVHUYDWLRQ SUDFWLWLRQHUV LQ WKH UHJLRQ
VDPH SULROLW®DOWDLY VKRZV WKDW GHVSLWH DUHDV R
LPSRUWDQW GLIIHUHQFHV VRPH RI ZKLFBRFKD @ HEW KRHOD V
DQG H[WHQW 7KH VPDOO RYHUODS EHWZHHQ DOO H[HUFL
FRQYHUJHQFH Rl PXOWLSOH LQGHSHQGHQW SODQV LV LQ
ELRGLYHUVLW)\ IHDWXUHYV DQG SURF HMVEHVS O/BOQ QYHKNY HQE



VRPH FDVHVY DUHDV FRPPRQO\ LGHQWLILHG DV PDULQH .
VWXGLHG DUHDV H J 8SSHU *XOIl OLGULII ,VODQGV /R
RXWFRPH LQ PDULQH SOUBQRIQHBVID@@HNRBODRVLEOH H[SO
RI K\ WKHVH DUHDV DOVR RYHHMNSY ZHW IO /RFMDRQJ 033$V
ZKLFK ZHUH HVWDEOLVKHG SULRU WR SULRULWL]DWLRQ

7KH VLPLODULWLHY DQG GLIIHUHGFEV ARPBRDQ Y IPLIKW E
WKHP LQFOXGLQJ VLPLODU GDWDEDALIRGODW B 5 SIDRG BK N
SULRULWL]DWLRQ RI WKUHDWHQHG DUHDV ZLWK ELRGLY
HQYLURQPHQWY WKH XVH RI SULRUIDQGPWEM UHVR S KW
GDWD DQG WDUJHWHG FRQVHUYDWLRQ IHDWXUHV &RQW
VSDWLDO VLPLODULW\ GLG QRW VKRZ FOHDU GLIIHUHQF!
GLITHUHQW V SQW.IPBBR WWDQMWVUHVXOW IURP WKH .DSSD O
JUHDWHU VLPLODULW\ YDOXHV IRU DOO H[HUFLVHV 7KL\
SURSRUWLRQV VL]H RI SULRULW\ DUHDV ZKLEFK FDQ EH L
GRPDLQ FDQ EH DQ LPSRUWDQW GULWEBHHI RYHUDOOSSUS)
SULRULW\ PDSV

,QWHUHVWLQJO\ JURXSLQJ EDVHG RQ VSDWLDO VLPLODU
SODQQLQJ REMHFWLYHY DQG GDWDVHWV 'LYHUJHQFH E
VLPLODULW\ SKHQRJUDPV \RXS/SROMWPHW WK LIGQH D GNGKIWA RYQ
REMHFWLYHV SOD\HG DQ LPSRUWDQW UROH LQ GHILQLQJ
SULRULWLHYV 7KHVH FRXOG LQFOXGH LQDFFXUDF\ LQ PD
H[SHEDWHG H[HUFLVHV LQFRE D YDWHWLIR @ @G XSBIDENRHPGH U L
8QIRUWXQDWHO\ WKH OLPLWHG DQG IUDJPHQWHG VSDW
QRW DOORZ IXUWKHU LQYHVWLIJDWLRQ RI WKHVH GLIIHU

6L]H DQG SHULPHWHU KDYH LPSRUWDQW GHVLJQ LPSOLF
/JHVOLH HW DO 5 R BSHHUP\D W NNDAE @O SULRULW\ DUHDV S
RQO\ H[HUFLVH WKDW H[SOLFLWO\ LQFOXGHG PLQLPXP V

ZHUH VLJQLILFDQWO\ VPDOOHU WIKDXQU M KRV H Q USORU RV
WKLV LV H[SODLQHG E\ WKH UHGXFHG QXPEHU RI SODQQ
LQ REMHFWLYHV DQG KRZ WKHVH FDQ LQIOXHQFH SULRU



&RQYHUJHQFH RI SULRULWLHV ZDV REVHUYHG LQ ZHOO \
HFRV\VWHPV HJ FREDOJDEWOR VERDYIWNO HEFRV\VWHP
UHSUHVHQWHG LQ HVWDEOLVKHG 03$V VRPH RI ZKLFK Z
UHVSRQVH WR WKH H[HUFLVHV UHYLHZHG KHUH 7KH UHF
&DOLIRUQLD WR SURWHFW WKH EHQWKLEF FRPPXQLWLHV |
%DWDQ DUHD LGHQWLILHG DV D PDULfIN ®DQLR|[FIHBWERRQ
WKH JHQHUDO WUHBGH VHQHN XRWEID@Q PIQGHHSODILF HQYLU
WKH *XOI RI &DOLIRUQLD LQ FRPSDULVRQ ZLWK QHDUVK
UHODWLYHO\ OLPRWHBQGD@/® $R B @BHHSH § YQRNHQHUD O
6PLWK 'HEE HDWQGONVKH HPSKDVLV LQ WKRIUBURWHFEWL
HFRV\VWSIPOGLQJ HW DO SPRG INWRHW LRQV YHUWLF]
JRQLQJ SURYLGHV D ZD\ Rl GHVLJQLQJ SULRULW\ DUHDV
EHQWKLF HQYLURQPHRBRKO YR RUHT KMUBHZ WHFKQRORJLHYV
DOORZLQJ WKH H[SORUDWLRQ RI GHHSHU $EXVMWRQPHQW
2URSH]D HWDRG WKH GDWD |UR R ® KHIVKVHE X\ R HVS & ORH
SODQQLQJ H[HUFLVHYV

8SWDNH RI SODQQLQJ LPSOHPHQWDWLRQ RI VSDWLDO D

$VVHVVLQJ WKH LPSOHPHQWDWLRQ RI SODQV ZDV QRW [
EDVHG RQ WKH LQIRUPDWLRQ SURYLGHG E\ H[SHUWV WKt
UHJLRQ KDV EHHQ LQIOXHQFHG E\ VRPH Rl WKHVH SODQ
PRQLWRULQJ DQG UHVHDUFK DFWLYLWLHY KDYH UHVXOV
FRQVHUYDWLRQ DUHDV LQ WKH QRWLIHRG H@IRHUHHP HIDWV WD
RWKHU SBRBEDHRVDO L QB UFDYWHZWKDW 03$V DUH QRW QHI
WKH REMHFWLYHV VWDWHG LQ WKHLU GHFUHHV

$Q HOHPHQW UHJDUGHG E\ VRPH H[SHUWV DV D FRQVWU|
DFWLRQV ZDV WKH ODFN RI UHJDUG IRU RQJRLQJ UHILQH
PD[LWMWKH OLNHOLKRRG RI LPSOHPHQWDWLRQ 6XFK UHIL!
DQG UHDGLO\ UHFRJQL]DEDHHRPRSXQ 0 DR BHHVQW R CPAOLQ PW D W
,Q RWKHU UHJLRQV LPSD HRHQMW BINQRFQ KWMUEHRHQLQ SOD(
KDYH OHG WR VXFFHVVIXO DSSO)RDWDRG HRV WWHD®OD QQ
JHUQDQGHV HW DO /| RIKEN B GHHW PIOVHY DOVR LOOXV



ZRUN ZLWK VWDNHKROGHUV RQFH SUHOLPLQDU\ SULRUL!
VSHFLILE DEWLRQV VXFK DV VXUYHLOODQFH VSHFLHV U
HUDGLFDWLRQ FRQWURO SURJUDPV ZLWKLQ SULRULW\ D
LPSOHPHQWHG IROORZLQJ SODQQLQJ 7KLV VXJIHVWV W
DFWLRQV ZLWKLQ SULRULW\ DUHDV WR DGGUHVV SUREO
DOVR EH OLPLWLQJ WKH YDOXH RI FRQVHU Y DIWHIZRIGI B ODQ\
PHQWLRQHG DFWLRQV UHODWHG WR ILVKHULHYV PDQDJHF
OLPLWHG SDUWLFLSDWLRQ Rl WKH ILVKHULHV VHEWRU L
EHWZHHQ WKLV VHFWRU ZLWK WKH QDWLRQDO UHJLRQDO

7KH LPS@HDRHIQRQ RI 03$V LQ WKH *XOIl Rl &DOLIRUQLD D\
%H]DEUMHO KDV EHH® PRRWDXQLVWLF WKXV OLPLWLQJ
SODQQLQJ RXWSXWV 5HDVRQV XQGHUO\LQJ WKLV DSSUT
VRFLRHFRORJLFDO GDWD DFFHOHUDWHG GHJUDGDWLRQ
WR SURWHFW WKHMRI| D®GWRERFK WRHFQRHFRQRPLF DQG S
7KHVH HOHPHQWY FDQ KRZHYHU EH FRQVLGHUHG DQG |
IROORZLQJ DQ DGDSWLYH DSSURDFK $GDSWLYH FRQVHU
EHVW XVH DYDLODG GED WRF LRHF® GRWMKRQJRLQJ ORVV RI
DGYDQWDJH RI HPHUJLQJ FR OWBQW BN P RHY8RIBG R\LHV X Q LW |
UHTXLUHPHQWY WR DGDSWLYH SODQQLQJ DUH VHWWLQ.
FRQVHUYDWLRQ REMHFWLYHV FULWLFDO WR WKH WUDQ
SODQQLQJ GHFLVLRQV GHYHORSLQJ VSDWBmMGEG GDWD LC
VKDUH GDWD WR UHYLVH WKH SODQV RU WR LQIRUP RWk
VIVWHPDWLFDOO\ XSGDWH VRFLRHFRORJLFDO GDWD GHL
DVVHVVLQJ WKH HITHFWLYHQHRM RDOUYWIRIQFW R R VIREQ R
LQWHUYHQWLRQV HVVHQWLDO WR DGMXVW REMHEWLYH
VWUDWHJILHV  8QIRWMX®DRRHAW RHZ QB 8 IRLIMLWPH WR S U
DGDSWLYH PDQDJHPHQW H[LVW LQ WKH UHJLRQ WRGD\

XSGDWH WKH SODQV HYHQ ZKHQ LQIRUPDWLRQ IURP WK
WKHVH WZR VWUDWHJILHV LV D PDMRU OLPLWDWLRQ RI PLC
&RQVHUYDWLRQ SODQQLQJ LQLWLDWLYHV LQ 6RXWK $IULI
VFDOH SODQV DUH EHLQJ GRFXPHQWHG XSGDWHG DQG
VFDOH SODQQLQJ IUDPHZRUN HJ 6RXWK $IULFDQ 1DWL
KWWS FSX X$E@WER/@DO HOHPHQWY WKDW KDYH FRQVW L




LPSOHPHQWDWLRQ LQFOXGH LQVWLWXWLRQDO FRQWLQXL
WUHQGVY VR WKHVH QHHG WR EH FRQVLGHUHG E\ SODQQ

&RQFOXVLRQV

7KH *XOl RI &DOLIRUQLD KDV § Bl HHQHWHY.W® \P R Q L\Y K HS S D Q\®
XSWDNH Rl PDULQH DSSOLFDWLRQV RI 6&3 PHWKRGV DQ(
WKH H[LVWHQFH RI PXOWLSOH SODQV ZLWKLQ WKH UHJL
EHQHILWY 2Q RQH KDQG PXOWLSOH SODQV KDYH FRQWU
WHQVLRQ EHWZHHQ VWDNHKROGHUVY OXOWLSOH SODQV P
VSUHDGLQJ DQG LQHIILFLHQW XVH RI ILQDQFLDO DQG K
XQQHFHVVDU\ UHGXQGDQF\ LQ DFWLRQV 'HVSLWH JRRG
SODQV SDUWLFXODUO\ ZKHQ WKHVH DHH \GMYGPOBSBEQVZL
KDPSHU WKH JRDO WR FUHDWH D FRPPRQ DSSURDFK DQC
LQ XQFRRUGLQDWHG DFWLRQV XQGHUWDNHQ E\ WKH GLI
WKH H[LVWHQFH RI PXOWLSOH SODQQLQJ SURFHVVHV DQ
LPSURYHG PHWKRGY GDWD DQG WRROV DV ZHOO DV EH
SODQV GHYHORSHG ODWHU

*LYHQ WKDW WKH 1DWLR QRQ 16, 2Q H PEDGVE GHIOWE W K H
RXWSXWV Rl SUHYLRXV SODQV LQFRUSRUDWLQJ VRPH S
H[HUFLVHV DQG HQJDJHG ZLWK VWDNHKROGHUV ZKR SD
SODQ KDV QRZ EHHQ ZLGHO\ DFFHSWHG DQG LV FRQVLGF
RUJDQL]DWLRQV DQG DJHQFLHV DV WKH QDWLRQDO IUD!
OH[LFR LQFOXGLQJ WKH *XOIl Rl &DOLIRUQLD 7KXV WKH
SODQ DQG UHILQH SULRULW\ DUHDV ZKLFK SURYLGH WK
FRQVHUYDWLRQ DUHDV DVVRFLDWHG ZLWK VSHFLILFE DFV
GHDZLWK FXUUHQW WKUHDWY LQFRUSRUDWLQJ ORFDO \
SDUWLFLSDWLRQ RI ORFDO VWDNHKROGHUV 7KLV UHILQ
WHUUHVWULDO DQG IUHVKZDWHU SULRULWLMNDLQ SDUW
FRQQREW KDYH EHHKQUIGXEHW DIG H G \R UKBI U H BID\GHG
WKUHDWYV DUH D FRQFHUQ $ VWURQJHU FRPPLWPHQW R
HQYLURQPHQW ILVKLQJ WRXULVP ZDWHU PDQDJHPHQ\



DOVR QHHGHG WR LQFRUSRUDWH SODQQLQJ UHVXOWV L
DQQXDO SURJUDPV DV ZHOO DV WR FRQWLQXH SDUWLFLS
,QFUHDVHG FRRUGLQDWLRQ EHWZHHQ RUJDQL]DWLRQV

IXQGDPHQWDO WR LPSOHPHQW D IXQFWLRQD® QIHWZRUN |
FRQVHUYDWLRQ JRDOV DQG WKH VXVWDLQDEOH XVH RI C



&KDSWBRGHOOLQJ FDWFKPHQW QXWULHQWY DQG V
UHJLRQDO PDQDJHPHQW RI ZBBDWHLD A XHDRIR\WWV W & FRR
FRPSDULVR G RU RIZFRK BV

$EVWUDFW

+XPDIQGXFHG FKDQJHV LQ IORZV RI ZDWHU QXWULHQWYV
LPSDFWV RQ HVWXDULQH DQG PDULQH HEFRV\WWHPV $Q
VWXG\ DQG TXDQWLI\ WKHVH LPSDFWV DQGRWRRWU\VW
UHPHGLDWLRQ DFWLRQV IRU PDQ\ DUHDV DURXQG WKH

ORDGV DQG FRQWULEXWLRQV IURP VXEFDWFKPHQWYV FI
SURWHFWLRQ LQWHUYHQWLRQV WR PLWLJDWH WKH L
VHGLPHQWY RQ HFRV\WWHPV &DWFKPHQW PRGHOOLQJ
QXWULHQWY DQG VHGLPHQWY YDU\ LQ GDW[FRPSRUHIKEP H C
WZR PRGEBO&7 DQG 6HG1IHW FRPPRQO\ XVHG WR SULRUL
RI ZWHXDOLW \PDWUEQ B WFRIVVWHPNMG WKHLU DSSOLFDWL
&DOLIRUQLD OH[LFR D JOREDO PDULQH E EPWIHGCH UWKLUM\DK
WR PDULQH KDELWDWYV KIRKH & HHCS FARFBEOWQGHEB UHQFH
EHWZHHQ PRGHOV 2YHUDOO 6HG3HW S6HGE RKWHER ©M WAV
HVWLPDWHG VSDWLDO YDULDWLRQV LQ UXQRIT ZLW¥X KL
PRGHOWR® DO VXVSHQGHGRDHELEZHQOW PRVWO\ ZLWKLQ
XQFHUWDLQW)\ LQ R EWHHTUXMHIG O-RDWY Z'MWD QRW DQ LPSR
WKH LPSOHPHQWDWLRQ RI HLWKHU PRGHOV LQ WKH VW.
GDWD ZDV V2IQISIXWINQMWRP ERWK PRGHOV ZHUH DSSUR!
VSDWLDO SDWWHUQVDRUFRBRO QWKMDQWXEX DAHD EXW VS
PRGHO RXWSXWV KDYH LPSOLFDWLRQV IRU PDULQH FRC
DSSOLFDELOLW\ WR ULYHU SOXPH PRGHOOLQJ DQG HQYLL



,QWURGXFWLRQ

+XPDIQGXFHG FKD QIHYXMULHRAVY SHVWLFLGHV VHGLPE
PDMRU WKUHDWY WR FRDVWDO DOQRQRD U L Q H IHIFARRD/Q VAWK R
IXWULHQW HQULFKPHQW RI FRDVWDO DQG PDULQH
IHUWLOLVHUV FUHDWHVY HXWURSKLF DQG K\SR[LF RU DQ
RI PDULQH HFRV\WWHPV DQG WKH VWDWXV 'RD]ELRGLYH
5RVHQEHUJ *DEULFFRZBHW® 3HVWLFLGHV IURP DJU
QHJDWLYHO\ DIIHFW VHQVLWLYH KDELWDWV DQG VSHFL
PDPPDOV VHDELUGVY DQG YDULRXV ILVK DQG LQYHUWH
5HDGPDQ HW DRDGV RI VHGLPHQWYVY GHULYHG IUI
XUEDQLVDWLRQ DQG DJULEXOWXUH KDYH VID@Q LIGFID QW
DQG DUH D PDMRU WKUHDW MRK YIVO ORUDE OH HPR D\Q
EHG®EDEDFR HW DO ODLQD HW MOFRQWBRVYWU\VGDPP
ULYHUV UHGXFHV W KER UWHD VHIBLP RQW LYGIE QXOVQLGID W V
EXW DOVR ZLWK SRWHQWLDO DGYHUVH HIIHEFWV \
F\FOHV DQG VSHFLHV FRPSRVLWLRQ LQXHPERXDWHWH @
0DQDJLQJ VKFKHGDW&UHDWY LV LQFUHDVLQJO\ U]
FRPSRQHQW RI PDLQWDLQLQJ KHDOWEDORRNWPOBLQ GHONPD
+DOSHUQ HW DO ODLQD HW DO

5HJLRQDO VWXGLHV WR EDWH® MK UDHIBD D VWD R VRS R \DWMBOH
DQG WR H[SORUH RSWLRQV WRHBWHYB QMW XRUIR QWA QHH B
6XJJ OF.HUJRZ HW&DWFKPHEQW PRGHOV DUH SRZHUI>
PDQDJHPHQW RSWLRQV WROFPEURRE AWM T XHEDY LEQ: D O C

EHFDXVH WKH\ OLQN VRXUFHV Rl SROOXWDQWV H J
DIIHFWHG DUHDV DQG HFRV\WWHPV )XUWKHUPRUH WKF
SURFHVVHV DVVRFLDWHG ZLWK SURGY¥XFEUR® VW @® GHOI
:DOOLQJ HW DQG WKXV KHOS WR GHWHUPLQH DSSURSHI
GRZQVWUHDP LPSDFWV $SSOLFDWLRQV Rl FDWFKPHQW
LQFOXGH LGHQWLI\LQJ HURVLRQ KRWVSRWYV DQG HVWLP
ZKLFK FDQ WXHRUERUDWHG LQWR ULYHU SOXPH PRGHO
FRDWWDDQH HFRV\VWEPHGN RUKIHBPE V 6 XJJ 'HYOLQ |



E ODXJKDOQ %URGLH 0DSSLQJ PDMRWKN®XUF
FDWFKPHQWY LV WKXV QHHGHG WR JXLGH PDQDJHPHQ
LPSDFIWWRGLH HW @®DQDJHPHQW DFWLRQV LQFOXGH LPS
SUDFWLFHV LQ DJULFXOWXUH DQG OLYHVWRFN PDQDJI
ULSDULDQ YHJHWDWLRGURQRWHRWLR QD R\EDHE{ESNGE R\RW BVE L
HW DO &KDQJ HW DO 7KRUEXUQ HW DO LO

'LIIHUHQW PRGHOOLQJ DSSURDFKHV KDYH EHHQ XVHG W
VHGLPHQW DQG QPOWULGDWQORRBYOH[LW\ GDWD UHTXLI
VSDWLDO DQG WHPSRUDO VFDOHV RI DSSOLFDWLRQ O
GHYHORSHG |RUF IDRF DG S CHWOEG QR IQWL QRO X G LBD VHIYGH QW
RU GDLOAWMISPRRGHOV WKDW DUMHDPSDRSUQRWHOI WD B
RQJRLQJ ZDWHU TXDOLW\ PRQLWRULQJ HRKHV:BRGHIOM
KRZHYHU DUH JHQHUDK@YLWRRD GBWIHWDLOHG WR EH |
PXOWLSOH FDWFKPHQWY DQG WKHLU WHPRIUBIBHR QDRRZ)
TXDOLW\ PDQDJHPHQW )HZHU PRGHDVH DBESIRISADID MRD
DOWKRXJK VHYHUDO UHJLRQDO FDWFK&H{QW BRGHOW D
6:,0 )RU PRGHOOLQJ DSSURDFKHV WR EH UHOHYDQW I
EDVHG WKUHDWNUMWRH FREORAWDWHPY VHYHUDO FRQVLGI
LQWHQGHG VSDWLDO DQG WHFYRBDWD WAHITOXH U H BHQWDV O
FOLPDWLIFQ MARWKHU TXDOLW\ VDPSOLQJ H[LVWLQJ WHI
DQG EXGJHW ERQOWQD IHQW D O &RPPRQO\ IORZ GD\
VDPSOLQJ RU PRQLWRULQJ DUH VSDWLDOO\ LQFRPSOHW
DQG WUIHFRSB® IUDJPHQWHG VSDQQLQJ OLPLWHG DQG RU ¢
WRJHWKHU ZLWK OLPLWHG WHFKQLFDO FDSDFLW\ KDYH
FRPSOH[ PRGHOV DSSOLFDEOH WR UHJLRQDO VFDOHYV

7KH DLP RI WKLV VWXG\ PYQMR ¥ RSN R WOZ RDGARRLP H Q W
63(&7 12$% BHG1HW :LONLQYRMHHRWV RO WKHLU SHU
GDWD UHTXLUHPHQWY HDVH RI LPSOWPHOW BWDRQLMIG
PRGHK®WH EHHQ XVHG WR IMAVWLPBWEVHRIGVHGLPHQW DQG
LGHQWLI\ DUHDV IRU LQWHUYHQWLRQ XSVWUHDP WR PLC
PRGHOV KDYH EHHQ HPSOR\HG LQ GLIIHUHQW DBGLRQV
163(&7 0HVRDPHULFDQ 5HHI %XUNH 6XJJ OF.HUJR



BHG1IHWHDW %DUULHU 5HHI O0F DHUG R/ZP B0 H[HWELVHYV
ODNDKD 9DOOH\ +DZDLL &DUWHU HW DO DQG $UDC
%RWRGHOV DUH DSSURSUWHUR W& QX\DVOL B RW 8 XRNRDQIW  V X
ULYHU ORDL.GQVHU HWLDOBRLQVRMQG DUH DOVR FRQVLGHUH
FRPSURPLVHV LQ WHUPV RI PRGHO VFRSH GDDMBOHTXLL
WKH PRGHOV WR FDWFKPHQWY GUDLQLQJ WR WKH *XOI
XUJHQW QHHG IWRFRWSFCUDIWHEE IWK& HDWYV WR PDULQH
FRQVHUYDW LRQYEDDRHIULR HW DO 7 KBMWXHBALBIZHD DOVR KD\
YDULDEOH K\GURORJLFDO DQG FOLPDWLF FRQGLWLRQV
FDVH IRU PDQ\ VLPLODU UHJLRQV DURXQG WKH ZRUOC
QXWULHQW HQU L ZIORHHQWW RIQFRBEWWBO| Rl &DOLIRUQLD E
DJULFX®RIHIHV HW DO 5 LODGIG IR FIDR® ULRDAOHQV HQ HW
2XU VWXG\ LQYHVWLIJDWHY WKH XVH RI FDWFKPH
DQDO\WLQJ ZKROH FDW FKPHYQMMAMD DQEDW R HXMHWFWV R V

OHWKRGYV

6WXG\ DUHD

7KH *XOl RlI &DOLIRUQLD LV D PDULQH HFRV\VWHP JORED
VHD QOWRQ 'LQHUVWOIGQALY FXUUHQWODWE UEDWH®R HG
DFWLY/IOXEBHRWD HW DO +XPDQ SRSXODWLRQ GHQVI
FDWFKPHQWY GUDLQLQJ LQWR WKH *XOl Rl &DOLIRUQ
DVVRFLDWHG LQFUHDVHV LQ WKUHOXRKRWRB WWHDPDULQ
'KLOH WKH ZHVWHUQ FRDVW UHPDLQV FRPSDUDWLYHO\ >
DUH DIIHFWEBVENGOWRGHDWY LQFOXGLQJ DJULFXOWXUH
GDPPL@MIXBRRWD HW DO2VXQBiHEXLQIiQGH] $OWKRXJ
HITHFWV RDVODRQ GROOXWLRQ DUH VWLOO SRRUO\ XQGHL
HIWHQG KXQGUHGV RI NLORPHRDDH W WUBR @ WHIQH/ LFYRD X WH
SHVMMBIHY LQ DJULFXOWXUDO D U HD\O LS B \S BHIWW DFOX O D U
*XWLHDWHRQRGR HW D@RUUHW KR $POWHUDWLRQ RI IUHVK
VHGLPHQW LQSXWV IURP WKHG&RFKIRUWMHIR PLMRU KEBD QUG



8SSHU *XOI DOWHULQJ WKH KDELWDW IRUSGRPPHUFLD
&DUULTXLU\ ©6iQFKH] SRZHOO HW DO

7KH VWXG\ IRFXVHV RQ VHOHRWRH\G KFHD YK PR QDD IG B D RQ
RQH RI WKH PRVW LPSRUWDQW DJULFXOWXUDO UHJLRQV
VWDQGY RXW JOREDOO\ IRU WKH LQWH Q\SKYH QV H \R | 00O

1D\ORU HW (DIBIFWV Rl WHUUHVWULDO UXQRII HJ D
XVH Rl IHUWLOLVHUV KDYH EHHQ REVHUYHGWHPROQVKRL
HW DO 7KLV LV SDUWLFXODUO\ UHOHYDQWDEH BBXD b HIDX
DUH FRQVLGHUHG QDWLRQDO UHJLRQDO RDGSR|IP SURYL
&21$1F1&3521$785$% 6(0$51$7 ,VHOHFWHG WKHVH ED\
YLIXUH IRU VHYHUD OX @ H DDVRQ W HY KW\D WQRM W\SHV
FDWFKPHQWY GUDLQLQJ LQWR WKH *XDGHZWWRG \L VL MEE
XQGHUWDNHQ ODWHU WKH\ FRPSULVH D YDULHW\ RI F
<DTXL DQG OD\R DUHV BHIF@NPWR VPDOO FRDVWDO F
NP WKXV H[HPSOLI\LQJ WKH YDULHW\ Rl WUDQVSRUW D
ZLWK FDWFKPHROWW WUL]HWDROG WKHUH LV D PDUNHG FOLPI
OLPLWHG VWUHDP JDXJH GDWD ZLWK GU\HU DUHDV EH
SURYLGWHVW RI WKH PRGHOVY FDSDELOLWOWRQUY R §UHHW
DO 7KHVH FKDUDFWHULVWLFV PDNH WKH UHJLRQ D JR
RI WKHVH WZR FDW® K FDH-GW RPIRFKHHY

JLIXUH .H\ IHDWXUHV Rl WKH VWXG\ DUHD UHOHYDQW
*HRJUDSKLF ORFDWLRQ % 7KH VHOHFWHG FDWEKPH(
GUDLQLQJ LQWR WKH *XOI Rl &DOLIRUQLD DOVYRW KRZLQ
HVWLPDWH FKDQJHV LQ SROOXWDQW ORDGV GXH WR C
QXWULHQWY JDXJH VWDWLRQV DQG FRQVHUYDWLRQ
PDQDJHPHQW XQLWV & 7KH VWURQJ JUDGLHQW LQ GU\Q
E\ WKH UDWLR Rl SRWHQWLDO HYDSRWUDQVSLUDWLRQ
ODQG XVH FODVVHV GHSLFWLQJ GHJUHH RI KXPDQ PR
FRQYHUVLRQ RI QDWXUDO DUHDV WR FURSODQG DQG ST
SDWWHUQV Rl SROOXWDQW VXSSO\ WKH SHUFHQWDJH
LQGLFDWHG LQ EUDENHWYV



JLIXUH.H\ IHDWXUHV RI WKH VWXG\ DUHD UHOHYDQW WR FDWFKPHQW



JLIXUH.H\ IHDWXUHV RI WKH VWXG\ DUHD WHRQNYDQW WR FDWFKPHQW F



&EDWFKPHQW PRGHO GHVFULSWLRQV DQG GDWD UHTXLUH

,FRPSDUHG WZR FDW BRPEDWQQRRGHOGYHW ZKLFK KDYH F
GDWDVHWYVY DQG VLPLODU RXWSXWV EXWXGHIIHRW®& VRF
PRGHOV UHO\ RQ VSDWLDO GDWDVHWV DQG SURFHVV
LQFOXGLQJ UXQRII HURVLRQ DQG QXWULHQW VXSSO\ L
63(&7 FDOFXODWLRQV DUE\FHOW R U MH G UDY \B HHHDWHG S L[+
KHQFH OLPLWHGUEV RGXWHERDU & B WEB\ & TV RXWHSX W M UMK HU
UHTXLUH DGGLWLRQDO VRIWZDUH WR VXPPDULVH RXWS X

5XQRIl FDOFXODWLRQV DUH RQH IX®GD&H QW B 06 IBE LIKHW |
5XQRII HVWUIUBBYWHVDIUH EDVHG RQ WKH 86'$ 6RLO &RQVHL
1XPEHU &1 PHWKRG D ZLGHO\ XVHG PHWKRG IRU GHWF
UXQRIl EDVHG RQ WKH DPRXQW RI SUHFLSLWDWLRQ DQC
DQG YHJHWDWLRQ FRYHU KHUHDIWHU ODQG XVH VRLC
VXUIDEG S $OWKRXJK WKH P HWKR GGHDAL RQMEIRBP VLG
HYHQWYVY DQG VPDOO FDWFKPHQWV LW FDQ EH VFDOHG
12%$$% DQG KDV EHHQ XVHOH ® W DBIHRID D @ /WG L X J J

'XQWRQ 3DULV &KHBRBDMQUDVW 6HG1IHW UXQRII
EDVHG RQ UHJLRQDOLVDWLRQ RI IORZ SDUDPHWHUYV
YDULDELOLW\ VWDW LWWXPW HNR QGIR DIV REQM UEDAGH GOR Z
IURP JDXJH VWDWLRQV DQG FDWFKPHQW FKDUDFWHUI
SRWHQWLDO H Y D SIROWULIW\RSL BV DRQ

%RWK PRGHOV HVWLPDWR IV RILLOR ORR/Q EWR/M & LRO® WOKH 5 H
6RLO /RVV (TXDWLRQ 586/( ZKLFK HVWLPDWHY DQQXDO
ODQGVFDSH FKDUDFWHULVWLFVY L H UDVQRSHO BQRBV
YHIHWDWLRQ FRYHU ZEHFW KHJ FDALRQE U G BHIAG B/ERHRIL D O

+RZHYHU WKH VHGLPHQW GHOLYHWRGHDW LIRU H6 "BX LM
GLIIHUHQW :KLOH 6HG1IHW XVHV D §BRRWRLDQMGY B ORXIHKR
HURVLRQ HVWLPDWHVY UHODWH WR 6BKH&L PHDQWR REOHDLLFYDH
FUHDWHV D VSDWLDOO\ GLVWULEXWHG BHD EDMHIE RQHGL
OHQJWK UDWLR FDOFXODWHG EDVHG RQ D GLJLWDO HO



FXUYH QXPEHU IROORZL®G GLOWOUIPPNE VWHR/NVILERERISRBDW
6HG1IHW EXKW&IRWQEOXGH JXOO\ DQG ULYHU EDQN HURVL

&DOFXODWLRQV RI GLVVROYHG6I&W ULOI® VW6 HVCXISBW \ | R Q OF
H[SRUW RU UXQRIl FRHRILBHNQW DSBKIFIXFKY EDVHG RQ
FRQFHQWARPPRRM®\ UHIHUUHG WR DV (YHQ® EXIMQ V&RIQF
%DUWOH\ HW DO IRU D GLVFXVVLRQ RQ GLIIHUHQF
YDORHWBDUWLFXODU SROOXWDQWY DQG QXWUWEHQ®WVIUR
DUH FRPELQHG ZLWK DQ HVWLPDWHG UXQRII YROXPH V
DGGLWLRQ 6HG1HW HVWLPDWHV WKH VXSSO\ DQG H[SRL
KLOOVORSH JXOO\ DQG EDQN HURVLRQ )RDVEHRWLD O/ H (
DQG SDUWLFXODWH QXWULHQWY 6HG1HW DOVR UHSUH
ZLWKLQ WKH ULYHU QHWZRUN WR HVWLPDWH WKH DPR X
ULYHU QHWZRUN 6LQNV 6HG1IHW RQO\ LQFOXGH ORVYV
UHVHUYRLUVY DQG ODNHV DQG DFEXPXODWLRQ RU GHSF
UHVHUYRLUV DQG ODNHV DRKRBQE M ¥ HEtBRMNGIEBM R1 |
QRW FRQVLGHU GHSRVLWLRQDO RU DFFXPXODWLRQ SUF
VXSSO\ Rl VHGLPHQW DQG QXWULHQWV

JLIXUHODMRU VWHSY LQSXWY¥(®N 6 RXWISEWWRPRGHOV
SDQHO JUH\ DUHD GHSLFWY¥(&R GHOH MWZIR VRRHOSWP QY R Q
FRUUHVSRQG WR 6HGIHWH KBRPRQWHBHSNGH E\ VLGH D
VKDSHV DQG VKDGLQJ DUH XVHG WR GHVFULEH WKH

SDUDPHWHUYV DQG RXWSXWV :LWKLQ HDFK VWHS GLIIH
LQGLFDWH GLIIHUHQFHW EHWZKHQ MK W RGHOY SDUDP
DUH FRPPRQ WR ERWK PRGHOV RU H[FOXVLYH WR RQH



JLIXUHODMRU VWHSV LQSX®3 &rQ B QREX BVHSGXIMHW RARIG H O



ORGHO SDUDPHWHULVDWLRQ

,Q WKLV VHHAWIEFHRRQEHWSDULYPWLRQ RI PRGHOV LQFOXGL
SURFHVVLQJ DQG DSSOLFDWLRQ IRYLBBBK RNERBDWWALIDS
ZKHQ DSSOLFDEOH GDWD OLPLWDWLRQV DGMXVWPHQW
RQO\ RQH PRGHO FUIGSWLRIQQORE GMHWD SUHSDUDWLRQ D
SURYLGHGSIDMHPHQWDU\ ODWHULDO

&DWFKPHQW DQG VWUHDP QHWZRUN GHOLQHDWLRQ

$ GLJLWDO HOHYDWLRQ PRGHO '(0 LV XVHG IRU GHOL
URXWLQJ RI SR OOXWDBIGW \@WDQRSBRDWO\ FRUUHFWHG Yt
UHVROXWLRQ $67(5 0JRAB6GS$' (0 ZKLFK ZDV UHMWDIPSOHG
$UFODS 6SDWLDOG5$QDOXWIWMDJI ELEFXELF LQWHUSRODWLRQ
UHVROXWLRQV KDYH EHHQ XVHG IRU RWKHU UHJLRQ
OF.HUJRZ HW D@G SWRYLGH D MRRGHEDWRAFH[WHQW R
DSSUR[LPDWHO\ NP8 DQG PDWFKLQJ RI UHVROXW|

%RWK PRGHOV GHOLQHDWH FDWFKPBEWYQHX\ERPDW H R
VHW WKH VXEFDW F&3RBDXW NG| W KYRXNEPDWGKPHQW RSWLR
UHVXOWHG LQ VXEFDWFKPHQWUYVDQIHK PHDR VRJGBNR I
BHG1IHWHW WKH GUDLQDJH DUHD ZWKEK VIKRDGOWMWG LQ
VXEFDWEKPHQWY ZLWK D ®HDQ VMNP KRUYHH UM WKDW P
VPDOO FRDVWDO FDWFKPHQWY ZHUH LQFOXGHG LQ WKH
WKH VWUHDP QHWZRUN GHOLQHDWHG XVLQJ 1%68H& DQG
WKH VPDOOHU VXEFDWFKPHQWYV |URPVHGC®RM GV RRWUFFRD
UHVXOWY(&T 1

SXQRII DQG IORZ FDOFXODWLRQV

$QQXDO SUHFLSLWDWLR®3 @& 7LD QG188 GLGI VE RWRK, ID OF X O
XVHG WKH JOREDOXWLRKQ a NP DQQXDBQMRIHFY SHW DWLR Q
DYDLODEOH RQOLQH KWR\PS : RIFOGREHAIFFK RESURYLGHYV D
UHVROXWLRQVF®W HJ H DIVRRKIP®! @ MA PBDRIGH O EQU D7 K H




QXPEHU RI UDLQ GDBB(&HT2ZOWHRO ERXODWHG IRU HDFK R
WKH VWXG\ DUHD EDVHG RQ W8®GH$F XU YHKB XPEG KOHT X QW
ZDV YHU\ VHQVLWLYH WR WKLV SDUDPHWHU DQG LW ZD
LH JODXWBE WBXGBOHPHQWDU\ PDWHULDO

7KH K\GURORJLF VRLO JURXS +6* L H WKH SHUPHDEL
VRLOV LV B¥(GT EMQ FRPELQDWLRQ ZLWK ODQG XVH WR
DVVLIJQHG +6* FODVVHVLEDWH® ® ® WKRIL DODYMVN SURSR
XVLQJ D QDWLRQDO PDFSR2IMRAQ XQKWMQ WZR +6*V ZHUH
DVVLIJQHG WR D SDUWLFXODU VRLO XQLW WKH ORZHVW
XVHG DV VXJIJHVWHG E\ (\&XIUQIH @ X-PVE HU®B 3 (&VHIRWQ 1
UXQRIlI FDOFXODWLRQV DUH GHWHUPLQHG E\ FRPELQLQ
QXPEHU YDOXHV DUH JLYHQ IRU ODQGVFDSHV ZLWK PRU
ZLWKKJK FOD\ FRQWHQW RU OD QG VP IPW WHHGS IV . YIH O DYQHE) KW
RIWKHV XG\ DUHD ZLWK WKH &RDVWDO&&ED QDH G FIRY WU
FOD V&Y

SRWHQWLDO HYDSRWUDQVSLUDWLRQ 3(7 LV XVHG LQ
GLVFKDWWMHG WKH *OREDO 3RWHQWLDO3(f'YDSRWDWBRWS
DYDLODEOHKWWBP ZZZVEJROBDOFXODWHG ZLWK WKH
HYDSRWUDQVSLUDWLRQ HTXDWNRQJ 7RH D BDXRAR)AR W DINVD \
6HG1IHMOVR SURFHVVHG GDLO\ DQG PRQWKO\ UHFRUGYV
REWDLQHG IURP WKH OH[LFDQ K\GURPHWULF GDWDEL
KWWS 777 LPWD WREIP[ JDXJHV ZLWKLQ WKHXVYWXG\ DUI

KDG VXIILFLHQW GDWD L H WKH PLQLPXP QXPEHU RI \}
DUHDV ZLWK QR RWKHU VWDWLRQV DYDLODEOH DQG DV
XQLOQWHUUXSWHG IRU WKH PRGHO

'LVVROYHG SR@OMXWLIH@WW DQG

/IDQG XVH LV XVHG WR HVWLPDWH WKH SROOXWDQW OR

SRWHQWLDGOG3UKQRQQAXVHG WKH PRVW XF®OODWIHG QDWLRC
ODQG XVH GDWDVBXWUJUHYDEZBEDEOHFRUUHVSRQGY WR Wik



6(0$51%$781%0 7KLY GDWDVHW Z7ZDV FRUUHFWHG
LOFRQVLVWHQFLHY EHFDXVH GLIITHUHQW PHWKRGYV ZHUH

,FDOFXODWHG SROOXWDQW HYHQW PHDQ FRQFHQWUDWL
UHSRUWHG (0& IRU VLPLODU YHJHWDWLRQ W\SHV PR
$XVWUDOLD DQG 6RXWK $PHULFD 9DOXHV RXWVLGH Wk
IRU HDFK ODQG XVH ZHUH H[FOXGHG ,Q SDUWLFXODU
WRWDO SKRVSKRUXV IURP IRUHVW ODQG XVH LQ DUHD
QLWURJHQ IURP LQGXVWULDO DQG KLJK LQWHQVLW)\ DJL
QR LQGLFDWLRQWRR QWKEW XG@H SIRWHD 6WXGLHV IURP 1R
$PHULRADZLV /JHZLV HW DO 3HUDNLV  +HGLQ
$XVWURMDUWW OH\ HW DO %URGLH OLDMFEHOO
PRGHOOHG GDWD IURP WKH 86% WKDW DF&FROVOKWHW DRU
SURYLGHG JXLGDQFH WR DGMXVW (0& YDOXHV IRU Q

+LOOVORSH HURVLRQ

%RWK PRGHOV XVH 586/( WR HVWLPDWH KLOOVORSH HU
HURGLELOLYWOR S®GIH QD PMKR XV H FR YBIDQGDL\QIBOXDHURV L
UHJLRQDOLVHG EDVHG RQ SUHFLSLWDWLRQ GLVWULEXW
LQWHQVLW\ QXPEHU RI HYHQWV DFFRUGLQJ WR KL
FOLPDWRORJLFDO VMRIGBMREDWR FFK L OLNKDLORYD H
0LOOZDUG OHUWHAHG D NP DQQXDO SUHFLSLWDWLRQ
HVWLPDWH 5 EDVHG RQ WKH UHJLRQDOLVHGDEORVLYLW\
SURSRVHG ERGBHW PPV XSGDWHG PO)LJPKBGRPREWILHG E\
6(0$513$78%$&+ 6L[ RI WKH HURVLYLW\ UHIRRIQW\GHVF
RFEXU IHMRKGBOOLQJ GRPDLQ

7DEOH S5HJLRQDOLVHG U HR FID\D\FLXFROD W HX B WR\RIOA W V K (
SUHFLSLWDWLRQ 3 7KH QXPHUDOV LQGLFDRWHUWXH RUL
WR WKH HURVLYLW\ UHJLRQV RI OH[LFR



SHJL (TXDWLRQ
' 3

9 3

9, 3 3

7TDEOH5HJLRQDOLVHG UHJUHVVLRQ HTXDWLRQV XVH(

6RLO HURGLELOLW\ . ZDV FDOFXODWHG XVIZQW W K/HR PG \
GDWD ZLGHO\ XVHG IRU HUR{O$SBQ$VBERXELH W QG RMKHAR
SDUWV RI WKNPDRUOCGREDUDPRU VRLO XQLWV ZLWK PDQ\
VRLO OD\HUV ZLWK GLIJHRDBEWOBKHED PWAHULNWLFGY DY H L
KRUL]JRQV FRIRELQHG2$$

7TKH OHMOIRVEH /6 IDFWRU LV FDOFEBB®REW HX DXWRWBW LFDF
RI GHOLQHDWLQJ FDWFKPHQWY DQG VWUHDP (@HWZRUN"

, XVHG WKH /6 JULG6F(BHDMWHGQASXW IRU VRLO OR)
FDOFXODWLRQV LQ 6HG1IHW

S9HIHWDWLRQ FRYHU & LV XVHG WR VROYH DWMKHDUERE O C
ULOO HURML®BA(&7 BOKWOW & YDOXHV DV D UHIHUHQFH EX
EDVHG RQ D QDWLRQDO HA/RSSIB@¥WMX G\ 'RH WHR[ICHRUJH
YDULDWLRQV LQ YHIJHWDWLRQ PBRX#HU $HEHPEZHHQ, GLIITHUFE
FDOFXODWHG DQ DYHUDJH YDOXH IRU DOO FURSODQG
FRYHUHG E\ GRPLQDQW FURSV ZLWKLQ WKH VWXG\ DUHD

*XO00O\ HURVLRQ

'"HVSLWH WKH FDSDELOLW\ RI 6HG1HW WR PRGHO JXOO\

CEVHQFH RI JXOOLHVY DFURVV WKH VWXG\ DUHDVKHUH QF
PRGHO DSSOGBDMWLBRHVY QRW PRGHO JXOO\ HURVLRQ



SLYHU EDQN HURVLRQ

BHG1HW XVHV D PDS Rl ULSDULDQ YHJHWD\WWNRQWRR HW
DO 'LONLQVRQ FHMAMWHG D FRQVLVWHQW ULSDULDGC
WKH VWXG\ DUHD LQ, FRFRE LMQWHES W KH USRO\JRQV LGHQW
YHIHWDWLRQ IURP WKH WKU HE8 HIDAIA LX\GH UL LOHF R B
SRUWLRQV Rl WKHVH SRO\GRPL FRWH G VCSIRAGE XY H WG DW
DQ P EXIIHU DORQJ WKH VWUHDP QHWZRWBR(&/DQN HURV

SDUWLFXODWH QXWULHQWYV

7KH SHUFHOWID@E QXWODHQW FRQWWMIPNY XB Q OR | QULRWOR X1IPQ
UHTXLUHG WR HVWLPDWH WKH DPRXQW RI SDUWLFXODW
6HG1IHMONLQVRQ HW\WMHEG WKH 6RLO DQG 7HUUDLQ 'DWDEI
DQG WKH &DULEEHDQ 627(5/%$& ZKLFK SURYLGHV LQI
SDUDPHWHNWKRRUQ B@WGDKDYV EHHQ XVHG IRU UHJLRQDO
63(&7%XUNH 6XJJ

'"HSRVLWLRQ DQG ORVV RI VHGLPHQW DQG QXWULHQWYV

5HVHUYRLUV DUH D PDMBUVMBGQRHRWY VWUSRYSRUWHG
':DOOLQJDQG DUH XVHG LQ 6HG1HW WR HVWLPDWH VHC
XSGDWHG YHUVLRQ RI W.IOH LQURMH HIW XEDMWORWID FH DUHI
UHVHUYRLUV DORQJ ZLWK PHDQ DLU WHPSHUDWXUH DC
LQ 6HG1HW WR HVWLPPMSS GG QLWHVHEBDRILKRY E\ FRPELQ
UHVHUYRLUSBDWOEDVEQG WKH PRVW UHFHQW ODQG XVH
ZKLFK ZDWHU ERGLHV DUH GHOLQHDWHG 5HVHUYRLU F
GDWDEDVH RU HVWLPDWHG XM5QJ $UFHEXS SO KO HQWIW \
PDWHULDO

$ORQJ ZLWKWPOQHKUYRDINNHY ULYHU IORRGSODLQV DUH O
YROXPHV RI VXVSHQGHG VHBQEHQW\HVD BEXP XNODWHDUH
LOQOFRUSRUDWHG LQWR 6HG1HW WR HVWLPDWH VHGLPHQYV
WKH VSDWLDO GLVWULBPSICRQHRKT WORR G WIFIKPHQW ORG



&6,5&5& WR FDOFXO DUHIN RAORHV ERQWWIRGPOIHQ GH[ 0U9%
GHOLQHDWAH LI@QDWUGIRLY 7THQKLHW PDQ EH UHODWHG WR
GHSRAMLOWODQW 'RZOYWPINHG RQ :LONLQVKYHN$DEBODS

(65, WR LGHQWLI\EW KBANRDOWK UMOOU9%!I YDOXHV DFUR
UHJLRAHOHFWHG WKRVH DUHDV ZYWXRW QMAMHY NMIRIRXGH
6HBHQW GHSRVLWLRQ LQ IORR&GSOHPLQYV LV QRW FRQVL

(YDOXDWLRQ RI SHUIRUPDQFH DQG RXWSXWV RI PRGHOV

SHUIRUPDQFH RI PRGHOV

, VXPPDULVHG DQG FRPSDUHG GLIIHUHQPHWRE@ HINHIR U
UXQRIlI DQG VXVSH QERHES REEHPHOMMGY UXQRII ZLWK GLVF
IURP JDXJH VIWBWLRRU HDFK HWYWDIWIDRMQHG WKH PHDQ D
EDVHG RQ PRQWKO\ DJIJUHJDWHG"Y6EDMUF HDAWG. O\HK HF E R R\
LQWHUYDIOQ J&BREBOVERG ORQWH &DUORODQMXOWWRRQ

VHWWLQJY GDWD ZHUH UHVDPSOHG ZLWK UHSIDXUIRHH P H(
VWDWLRQ GDWD ZHUH IXUWKHU YDOLGDWHG DJDLQVW U
:DWHU &RPPRYYLRQ 21 WKH JDXJH VWDWLRIRQYLWK .
DOVR LQFOXGHG 766 UHFRUGY GDWD ZHUH OLPLWHG V
PHGLDQ RI ZKLFK ZHUH VXPPDULVHG DV DQQXDO
DJJUHJDWHYVY 7R FRPSDUH PRGHOOHG DQG/ XRFRUVHG V
DQQOXDPHQMGUHFRUGY UKYRQWH®R @OVKO\ PHDQ YROXP}
UHFRUGHG LQ WKH JDXJH VWDWLRQV 7R IFRIRPFXDRWH 7
VWDWLRQXVWHIBWD KH W\SLFDO GHQVLW\ RI VDWXUDWHG
2 &RQQRU HWDIGBG HVWLPDWHG WKH PHDW®&D QBUWKKHER
PHDQ ORDG IROORZLQJ WKH VDB BW RHGS X B R IBINOHIBLG U
GDWD WR DVVHVV DJUHHPHQW DG WREBBRDWILLIR GDW W H



6SDWLDO SDWWHUQ RI VXSSO\ DQG HVWLPDWHG ORDGYV |

,VXPPDULVHG VLPLODULWLHY DQG GLIIHUHQFHV EHWZHHE
DQG RYHUDOQOREXGHBWRQ WRWDO VXVSHQGHG VHGLPFH
GLVVROYHG LQRQJDQLFDQGWWRWDO QLWURJHQ 71 DV
FRQVWLWXHQWY FRQVLGHUHG LQ ZDWHU TXDOLW\ PRG
PRGHOOHG SROOXW D5QX\S 8 OIHPHH GW R Y L HIWWIREDOH G W K H
UHVXOWYV EDVHG RQRARERRMK RPRVGIXWNV L H VXSSO\ RI 7
HURVLRQ DQG ',1 IURP FDWFKPHQWY DQG VXEFDWFKPH
VSDWLDO GLVWULEXWLRQ RI VXSSO\ RI SROOXWDQWV U
PRGHOV UDWKHU WHKDQQRWR PP FSGBBE&® M GHEN 1GHSRVLWLI
GHQLWULILFDWLRQ DQG SDUWLFXODWH QXWULHQWYV 7
PRGHOXWHG $UFODS 6SDMEDO S\FOPODWVOWXODWH VRLO ORV\
VRLO ORVV HTXDWLRQ 586/( DQG DSSOLHG D FRQVWDOQ\
WKH VWXG\ DUHD L H WKH GHIDXOW YDOXH LQFRUSRU
WKH PRGHOGHGLYMSSIORP ERW K FPRRESDOM G IFRQ® WV ED\
ILQDO RXWSXWV Rl HDFK PRGHO L H FRQVLGHULQJ E
PRGHOOHG RQO\ LQ 6HG1HW DQGRTXNIY®W LSRG XA DIGIW HC
ZHOO DV WKH AIQIRBBAPOHG FRQWULEXWLRQXVIHRP VS|
SHUFHQWDJH FRQWULEXWLRQ IURP V¥R EWTKP FIQRW\Q /K DV
FRQWULEXWLQJ PRV\G HVRRWOK WBIQMWR @QRDG 7KLV UHODW
WR GLUHFWDSWRIPRFPUFRWK PRGHOV DQG WR SULRULWLVH

SHVXOWYV

SHUIRUPDQFH RI PRGHOV

2YHUDOO 6HG1HW FRQVLVWHQWO\ HVYWLPDWHG VSDWLD
,Q PRVW FDVHV 6HG1HWYJV PRGHOOHG YDOXHV IHOO ZL\
FDOFXODWHG IURPRXDKJIHSYBGDWKH FRHIILFLHQMWRRI HI
DVVHVV WKH SHUIRUPDQFH RU JRRGQHVV RI ILW Rl WKH
'LONLGWRQODQG REWDLQHG D JRRG ILW EHWZHHQ WKH
(R 3 ( 6LPLOYMDOXHYV IRU EDQNI®GCPHGREZQ RYHUE



IOR Zpg 4 DQG UHVSHFWLYHO\ LQGLFDWHG D
SUHGLFWALROXJHQGDWIULRLOD U @R HWGUHVVHV WKH SUR:
YDULDQFH Rl WKH REVHUYHG UXQRII FRHIMKELHEYW AELOD

'LONQQHAR DO ,Q FRQWUD VOB (&FTRIVW RGHOOHG UXQR
IHOO RXWVLGH RI WKH FRQILGHOWMLPQWHQY DUXMWQ RIH QK
UHFRUGLQJ ORZHU G HWMKIPDMLD O ® X@RIHURU IJDXJIJH VWI
GLVFKDUKHIJKHMW GLVFUHSDQFLHV EHWZHHQ PRGHOOHG
RYHU DQG \WWRQIGRDW LRQ LQ ERWK PRGHOV FRUUHVSRQGH
RI ZHW DUHDV H J JDXOBXUH D&G

,IRXQG LPSRUWDQW GLIIHUHQFHV LQ PRGHOOHG DQG F
JLIXUH (%WLPDWHG 766 OR DBB& HVUVWHP XW LBD A0\ IHC
WKH FRQILGHQFH LQWHUYDOV DURXQG REVHUYHG YDO
YDULDWLRQ VRPHWLPHVY RUGHUV RI PDJQLWXGH DERY?H
IURP 6HG1HW ZHUH PRVWO\ ZLWKLQ WKH FRQILGHQFH L¢
VWDWLRQV DQG  HVVEHBILWWGX DEBH IR U, WREKHO\GH QIFD X J +
FOLPDWLF RU ODQGVFDSH IHDWRUHW WRU HDPS\OLIRLGY VL R HA
766 ORDGY EHWZHHQ PRGHOV ZHUH LQ DJUHHPHQW ZLW
VXSSO\ GHVFULEHG EHORZ VHEWLRQ %RWK PRGEH
EHWZHHQ HVWLPDWHG DQG REVHUYHG 766 ORDGV WKL
UXQRII

JLIXUH2EVHUYHG DQG PRGHOOHG IORZ DQG VXVSHQGHCG
163(&7 DQG 6HG1HW PRGHOV $ PHDQ DQQXDO UXQRI
VXVSHQGHG VHGLPHQW ORDGV GXH WR ODUJHQGLIIHUH
ORDGV HVWLP®OWEGXXWHLRIORIDULWKPLF VFDOH WR YLVX
5HG OLQHV UHSUHVHQWWSWKRHERRVOWHW FBYSIHEHQFH LQWH
HVWLPDWHG IURP JDXJH GDWD RQO\ DYDLOBEGBRARU UF



JLIXUH2EVHUYHG DQG PRGHOOHG IORZ DQG VXVSHIJEGH® YE GHEHAW GBRBOEVOWGHU



6SDWLDO SDWWHUQV RI VXSSO\ DQG HVWLPDWHG ORDG\

'LIIHUHQFHV LQ SDWW N D@\G FFIRHRVQQ EW\T DRQ VK KFOV X EF D'

'HVSLWH WKH REVHUYDEOH VSDWLDO VLPLODULW\ EHW?Z
766 VXSS OXUH SWHGLFWHG YDOXHV IRU LQGLYLGXDC
PDUNHGO\ DFURVV WKH VWXG\ DUHD 2YHUDOO WKH SHI
ORZ WR PRGHUDWH JHQHUDOO\ GLIITHUHQFH IRU LQ
63(&7 HVWLPDWLQJ KLJKHU 766 VXSSO\ SHU VXEFDWFK
YLIXUH (BDPLQDWLRQ RI WKH DUHDV ZKRUHX®8BHOV
HVWLPDWH VXSSO\ UHYHBOHRGE WKWYWPL\QHIEH QRZBO 766
6HG1HW IURP IODW DUHDV HJ FRDVWDO SODLQV LGH:!

& T7KHVHZBUMBV6HG1IHW HVW L PSS\ BN QHLLIKG O\ 6B YWXC
766 VXSSO\ 7KH VRLO ORVV FDOFXODWHG H[WHUQDOO
GHOLY H U\6 LBDMRLIR ZDV FRQVLVWHQW ZLWK WKH PDS
GHULYHG IURP 6HG1HW QRW VKRZQ 6XEWUDFWLQJ WK
IURP WKH 766 VXSSO\ PD63@TUHYHREVHGEGRWKIH VSDWLDC
HVWLPDWHG 6'5 OD\HU LQWHI@DQAROXFIDOFB3DAWHG E\ 1
FRQVLGHUDEO\ KLJKHU 6'5 PHGLDQ )LDSSBLHG DFU
HSODLQV HWW IRPCHULRQ RUJKEBHORMMZHOO DV WKH REVH!L
FRQWULEXWLRQV E\ VXEFDWFKPHQWY LQ IODW DUHDV LC

J)LIXUH 3IDWWHUQV DFURVYV VXEFDWFKPHQWY RI VXSSO\
766 DQG BGVVRRPYJIDQLF QLWURJIHQ 631&7DNVQBR GHI®IOHNG
,Q DOO FDVHV VXSSO\ LV UHSUHVHQWHG DV WKH SHUFH
WR WKH WRWDO 766 RU ',1 VXSSO\ DFURVV WKH VWXG\ D
E\ 163(&7 WO®KLORSH 766 VXSSO\ HVWLPDWHG E\ 6HG1HW
766 VXSSO\ SHU VXEFDWEERHTQW ' 6HGMXWBSO\ HVWLPDW
63(&7 ( ',1 VXSSO\ HVWLPDWHG E\ 6HG1HW DQG ) GL
VXSSO\ SHU VXEFDWEKSREBEQDW G6HG1HW



JLIXUH3DWWHUQVY DFURVV VXEFDWFKPHQWY RI VXSSO\ RI KLOOVORSH VXVSHQGHG V



JLIXUH 3SaDWWHUQV DFURVYV VXEFDWFKPHQWVDRREKOOGHCR E KIDQGY OHREHW W 6 DQG



$OWKRXJK VSDWLDO SDWWHUQV LQ HVWLPDWHG ', 1 VXS
WZR PREAHRVH ' QLIIHUHQFHV IRU LQGLYLGXDO VXEF
SURQRXQFHG DQG ZLGHYISUWHD G W,KDWX 8B \7 & FDOFXOL
6HG1HW ZDV FRQFHQWUDWHG VWURQJO\ LQ HDVWHUQ
JLIXUH ZKLO8B(R7 PRGHOOHG D VRPHZKDW OHVV FRQ
VXSSXAUXUH 7KH PRUH GLVSHUVHG(&D\QWGX®H CU RO® UJ
FRQWULEXWLRQV IURP VRHPHVWHMNVOH BRWIFEK® MRX W KLQ PR
GULYHQ E\ WKH GRPLQDQW ODQG XVHV)LBXUH DJ&LFXO
1IHLWKHU PRGHO V\VWHPDWLFDOO\ HVW L PDKWH G RADJKM U

JLIXUH6HGLPHQW GHOLYHU\ UBW(LRN DRGVGUURPHQFHV L
EHWZHHQ PRGHOV $ VSDWLDOO\ YDULDE®3 &75 ®BXWRP|
DEVROXWH GLIIHUHQFH EHWZHHQ 663 &AW \GWMLP RO\ G "% D
<HOORZ GHQRWHY VXEFDWFKPHQWY ZKHUH 6HG1HW 6'5
LQ GLIIHUHQW WRQHV Rl JUHHQ LQ3{KFDWKHOBIUBRUW 'R Y
GRPDLQ KDV 6'5 YDOXHV ! 63 7HVWLPDWHG E\ 1



JLIXUHGHGLPHQW GHOLYHU\ UBWERW @G G LIVLHKRPHODFHY LQ 6'5 EHWZHHQ PRGH



&RPSDULQJ PRGHOOHG 766 DQG WRWDO QLWURJHQ ZK
QLWURJHQ GLVVROYHG RUJDQLF QLWURJHQV DBGHDIDUH
WKH VWURQJ LQIOXHQFH RI UHVHUYRLUV DQG WKH FE
DVVRFLDWHG ZLWK HURVLRQ WR WKH WRWDO QXWULHC
LQ 6HGQLBIXWH 7KH LQIOXHQFH RI OD WPIW KH ORZ YRBBU V
FRQWULEXWLRQ HVWLPDWHG E\ 6HG1HW IRU PRVW RI WK
LQ J)LIXUH & DQG WR D OHVVHU H[WHQW IRU WKH XS
VRXMOKVW SDUW RI )LIXUH & $FEFRXQW LIQW HRU WKHV |
GLVWULEXWLRQ RI DUHDV RI KLJK 766 FRQWULEXWLRQ
WKH FDWFKPHQWW3ARPSDUHIBGHWIKDM L Q7&K H FRQWULEXWLF
ULYHU EDQN HURVLRQ HVWLPDWHG LQ 6HG1S@DZ DV QUHJ
WKH PLQLPDO GLIIHUHQFHV LQ SDWWHUQV RI 766 VXSS
KLOOVORSH DQ@R®WKHURVNOQRPORSIBEO\ PDSV QRW SUHVHQ

JLIXUH 3DWWHUQV RI VXSSO\ DQG FRQWULEXWLRQ E\ V
VHGLPHO@WDJ6 WRWDO QLWURJHQ6F(K7 DV REIGQDWG A
BHG1HW LQFRUSRUDWLQJ VLQNV DQG DGGLWLRQDO SR
SFRQWULEXWLRQ LV XVHG LQVWHDG RI 3VXSSO\" WR LQ
VHGLPHQWR®HBRGLBHQLWULILFDWLRQ WKDW PRGLI\ VXEI
WKHLU FRQWULRXMYRQVDRRIGEHS GRHY QRW FRQVLGHU
VXSSO\ HTXDOV FRQWULEXWLRQ 6XSSO\ LV UHSUHVHQW
VXEFDWFKRPKIQWRWRDO 766 RU ',1 VXSSO\ DFURVV WKH
HVWLPDWBBG&E\ % 766 FRQWULEXWLRQ HVWLPDWHG E\ 6
HURGHG IURP ULYHU EDQNV DQG GHSRVLWLRQ LQ UHVH
SHUFHQWDJHEXBBL F@ QBHBIAHEW ' 71 VXSSO\ HVWLPDWH
63(&7 FDOFXODWHG XVLQJ (YHQW OHDQ &RQFHQWUDWL
HVWLPDWHG E\ 6HG1HW DV WKH VXP Rl GLVVROYHG L(
RUJDQLF QLWURJHQ '21 DH® SDUWIRFQ\ODBMIK LQLUWWIRQ N
GHQLWULILFDWLRQ '21 ORVV LQ UHVHUYRLUV DQG 31 GHSI
DQG ) GLIIHUHQFH LQ SHUFHQWDIBB (R FRQWULEXWLRQ



JLIXUHSDWWHKXEBS B! DQG FRQWULEXWLRQ E\ VXEFDWFKPHQWY RI WRWDO VXVSHQC



JLIXUH3DWWHUQV RI VXSSO\ DQG FRQWULEXWLRQ E\ VXEFDWFKPHQWYV R



'LITHUHQFHYV LQ RVWLYPBW IOR BH&\G

'LITHUH QF AWKH WRMDODOYHHQ®RDGYV IRU ERWK SROOXWDC
JLIXUH KLIKOLIJIKWLQJ WKH PRUH FRQVHUYDWLYH H
WR WKH VWUHDP QHWZRUN ,Q DGGLWLRQ WR WKH ODUJ
RUGHUNDRQLWXGH WKH UHODWLYH FRQWULEXWLRQ
FRQVLGHUDEWH $O®MRU GLIIHUHQFHY ZHUH QRWDEOH
PDMRU FDWFKPHQWY ZKHUH WKH ODUJHVW FDWFKPHQ\
FRQWULEXWRUYWR HOGEG7LZKILOH 6HG1HW HVWLPDWHG
VHGLPHQWY HIIHFWLYHO\ GHOLYHUHG WR WKH FRDVW :
OD\R 7KLV GLIIHUHQFH ZDV PRVWO\ GULYHQ E\ GHSI
'LITHUHQFHV LLHBYNUDROUR S D WWWFKPHQWY RI HVWLPDWH
OHVVY PDUNHG ZLWK WKH WZR ODUJHVW FDWFKPHQWYV
FRQWULEXMWRHYV &+RZHYHU WZR LPSRUWDQW GLIIHUHC
ILUVW WKH FRQWKHWXRAY VWRZR/ YBIRIR ODUJH FDWFKPHQWYV
LGHQWLFDO a WRQ (WD Bl VWIKRIDMHG WRWDO QLWUR.
<DTXL DV WKUHH WLPHV ODUJHU WKDQ IURP WKH O0D\R
VPDOOHU FRDVWDO FDWFKPHQWY ZHUH OHVYV SURQRXQF

JLIXUH(Q®RULYHU ORBPBUVORVXVSHQGHDQBWHRANPBI QLW UR.
71 E\ FDWFKPHQW $ 766 OR@3G&7HVWAW LABWIHRED G\HIVWLPL
6HG1HW LQFOXGLQJ VHGLPHQW HURGHG IURP DIQGHU EI
IORRGSODLQV & 71 ORDBG(&FVWALPOAMKID® WEHG1 XVLQJ (Y
&RQFHQWUDWLRQ IRU 71 DQG ' 71 ORDG HVW,UPDWHG E
GHQLWULRRZIFDWVYRQYRBILUGBRBRRVLWLRQ LQ UHVHUYRLUV DQG



JLIXUH(Q®RULYHU ORDGV RI WRWDO VXVSHQGHG VHGLPHQW 766 DQG WRWD



JLIXUH(Q®RULYHU ORDGV RI WRWDO VXVSHQGHG VHGLPHQW 766 DQG WRWDO



'LVFXVVLRQ

,Q DWHZKHUED®B QG PSDFWW RIQQFRIDFVRWDIOW HPADDBHU® SR
HW DO D FUXFLDO \HW QHJOHFWHG FRPSRQHQW RI FRQ\
PLWLJDWH VX{FKY DRBBFWR/ HW FRPSDUHG WZR FDWFKPHC
WR DVVHVV WKHLU SHUIRUPDQFH GDWD UHTXLUHPHQW\
UHJLRPD®H SODQQRXDGDRBSRUWDQW G LlGLWVFEKGWHW K H
LPSOLFDWMKRBVQBLQJV IRU FRQVHUYDWLRQ SUDFWLWLR(
ODEBVHG LPSDFWRDLLWR FRDYVMLIYGIY LQ FRQVHUYDWLRQ

'LITHUHQFHY LQ PRGHO SHUIRUPDQFH DFFXUDF\ DQG VS

, IRXQG LPSRUWDQW GLIIHUH@RZHHQ QP RSGHIOR U PDYGIRID B
SHUIRUPHG EHMB(HU BWKDIHW FRQVLVWHQWO\ HVWLPDW
UXQRIlI ZLWK KLJKHU DFFEXEDFLWDWYBREDOOQNB 166 ORDGV
ZLWKLQ WKH H[SHFWHG UDQJH RI YDULDWLRQ 'LIIHUH
UHODWH WR LQWULQVLEF GLIIHUHQFHV LQ WKHLU DSSUR
WR LQFRUSRUDWH UXQRII SURFHVVHV RSHUDWLQJ DW FI
WLPH GHAMMNHWYVRQ HW DO 63 (&MQGHBQPWNFDD LQFRL
VLQNV UHVHUYRLUV DQG IORRGSODLQV DQG RWKHU V
DQG SDUWLFXODWH QXWULHQWY 7KHVH DGGLWLRQDC
HEXGJHWY DSSURDFK RI WKH PRGHO ZKLFK FRQIHUV D
VRXUFHV VLQNV DQG IOX[HV RI PDW:POICOL@ WKWRXOKR XW
FRQWUDVW IDFWRUV QHJDWLYHOB3D&M EQ ISQUH B/IKHNE B U |
WHUP UXQRII RYHU ODUJH DUHDXDIOQRQ X\GIDGN E R O UG/BHWIDX
FDOLEUDWHG SDUDPHWHUV 7 KBDWH VEIL WHKUHH QFHHNG | WIRW 8
DWWHQWLRQ WR FDOLEUDWLQJ UXQRII WR REWDLQ PRUI
GHOLYHU\

'‘DWD UHTXLUHPHQWY DQG HDVH RI LPSOHPHQWDWLRQ



2YHUDOO GDWD UHTXLUHPHQWY ZHUH QRW KRQVLGH
LPSOHPHQWDW LGR3Q &I RIUVSKIEBUHW LQ WKH VWXG\ DUHD Z
GDWD ZHUH DYDLODEOH FRPSDUHG WR RWKH & NHWIHRQ V
HW DO OF. HUJRZ HWPROW FEVHNS SUDRVIMHDWNH RIHV R
IRU UHLLGRHQDSSOLFDWLRQV ZHUH DYDLODEOH RU LW ZDV
H J ORFDWLRQV RI IORRGSODLQYVY DQG ULSDULDQ YHJF
GDWD +RZHYHU WKHVH PRGHGY BRH BRIOXLGHG HIX SXW |
UHTXLUH YDOLGDWLRQ IRU VXEVHTXHQW ZRUN ©6RPH GD
DQG OLNHO\ OLPLW WKH D REXWDAKHRIQP R®WHDMOR XW S XMOW

2R0H WKH GDWDVHWY ZHUH FRPSLOHG UXQQLQJ
VWUDLIJKWIRUZDUG +RZHYHU GDWD UHTXLUHPHQWY DQ
DQRG H[SHUWLVH IRBB(&FG1HW WKDQ 1

7KH WLPH FRPPLWPHQW WR ORFDWH DVWHPELRWV EWVF
XQGHUHVWLPDWHG &DWFKPHQW PRGHOOLQJ LV D PDM
VXEVWDQWLDO WLPH EXW DOVR WHFKQLFDO H[SHUWL\
PRGHOOLQJ $VVHPEOLQJ D UHVHDUFK RU SODQ®LQR JU
WKLV WDVN HJ K\GURORJ\ ZDWHU TXDOLW\ VRLO

SUHSDUDWLRQ DQG LPSURYH PRGHOOLQJ RXWSXWV $C
RXWSXWV DQG FRPSDULVRQ RI PRGHOOLQJ IRXMWSEKWV Z
VDPH PRGHOV FDQ KHOS WR LGHQWLI\ HUURUV LQ GDWI
XQH[SHFWHG RXWSXWV HJ YHU\ KLJK YDOXHV :KLO
FRPSLOLQJ DQG SUHSDULQJ GDWD FDQ EH LRSKGWDWYW
LQ WKH UHJLRQ 'HVSLWH WHUNVOHFRKRQOHQYBIW L R R DS/MDIX
WKH LPSRUWDQFH RI VXFK PRGHOOLQJ HQGHDYRXUV +D

$SSOLFDELOLWORRQRXYEXWY WR S

2XWSXWV I[URP ERWK PRGHOV ZHUH DSSURSULDWH WR
SROOXWDQW WXHYXGDPBURDYY EXW VSDWLDO GLIIHUHQF!
LPSOLFDWLRQV IRU PDULQH FRQVHUYDWLRQ 36®QQLQJ
IURP VXEFDWFKPHQWY YDULHG EHWZHHQ PRGHOV ZLWK
766 ORDGYVY ZHUH KLJKHVW QH[W WR WKH UHJLRQTV KLJK



&RQVHTXHQWO\ WKHVH FDWFKPHQWYV ZRXOG KRSHIX0O)
ZDWHU TXDOLW\ WHRDVPHGLPP'$B FO\DWQBIQ RVUK WY HP IXWU®H UH
+RZHYHUBA(&ITV UHVXOWY ZHUH XVHG LQVWHDG WKH\
SULRULWLVHG63%%YXWIRXWISXWV DUH OHVV UHOLDEOH W]
VHHPYNHOWIFRPSDULVRQV SULRULWLVDWLRQ RI FDWFK
163(&7 ZRXOG OHPWGELRVRVKLPDOULQH UHJLRQV FRQWLQXI
ORDGV Rl VHGLPHQW DQG QW8 (BLHYW/U H®MW KMLQRHMW L FR D
WKHVH PDULQH SULRULW\ DUHDV EHLQJ H[FOXGHG DV .
ODEBBVHG SROOXWLRQ ZDV VHHQ WR EH LQWUDFWDEOH
VHGLPHQW LQSRWNYHW®RDIE LQ SDUWLFXODU DUH Yt
FRQVHQ YDOMLRQLQJ DSSOLFDWLRQV VR WKDW DIIHEFWHG I
SROOXWODVYMRAHUR HW DGHDOO\ ORDG GDWD F®Q EH L
IORRG SOXPH PRGHOV WR PRUH IXOO\ DVVHEDNN&OQH
WKUHDWWH 6XJJ 'HYOLQ HW DO ED @ G XW R DRR U bb |
FRPSUHKHQVLYHO\ OLQNR SRPW K& LPOQ VRK DEHWD V W

&RQFOXVLRQV

0\ VWXG\ ZDV IRFXVHG FEQ@VO® HPSDWWYDILQEERGFRDVWDO
FRQVHUYDWLRQ SODQQLQJ 7KH QH[WWDN OO YRZOUGV
LQYROYH OLEDNVMHG OPSOEFEWY WR ADUW®BH RMIK. RIQY HU SO X
'HYOLQ HW DOVVHVEVLQJ ZKHUH WKH LPSDFWV QHJDWLYH
YXBQDEOH FRDVWDO DQG PDWIOBHKQEHLW DWY RU VBEELS
FDWFKPHQWY IRU PD QD JEPHHGN LW & BIUE RYGE\N HDIOIDHQUGH Q W
VWUDWHJILHV WRVMGHPUWYKY FDWVVDUH SRVVLEOH GHSHQ
LUUHSODFHDELOLW\ RI WKH DIIHFWHG PDULQEDIHG® X UH
DQG RU PDULKOH PBRIHDW \HW DRH FRQILJSUDRWLRQ RDSV
DVVRFLDWHG ZLWK WKHVH VWUDWHJLHY FDQ EH YHU\ GL
WKHUH ZLOO EH WUDGHRIIV DVVRFLDWHG ZLWK WKH GHF
VSDWLDO RSWLRQV XQGHU GLIIHUHQW VFHQDULRV ZLOO
SODQQLQJ SURFHY YD PIZD VW RGEKWKDWFOXGHG DOO RI WK
H[SORULQJ RSWLRQV WR LQWHJUDWH WKHVH HOHPHQWYV
FRQVLGHUHG D UHVHDUFK SULRULW\






&KDSWKHUFRPELQHGVWHPARWHD SSURDFK WR PRGHO HJ[S
PDULQH HFRV\VWHPV WR ULYHULQH IORRG

$EVWUDFW

,QFUHDVHG ORDGHGRS FOD@MGNDQWYV DUHWDURRMRU WKUHD\
HFRV\VWHPV ,GHQWLI\LQJ WKH DIIHFWHG PDDWR®HDUHD
HFRV\WWHPV LV FULWLFDO WR DVVHVV WKH HFRORJLFDO
LQIRUP SODQQLQJ IRU FDWFKPHQW PDQDJHPHQW DQG PI
UHPRWHO\ VHQVHG GDWD KDYH FRQWULEXWHG WR RXU X
LQIOXHQFH RI ULYHU SOXPHV DQG WR RXU DELOLW\ WR
ODEBVHG SROOXWDQWY +RZHYHU UHILQHPHQW RI SOXF
WR LPSURYH ULV G HDYWVOIRSRE PNYRYHO DSSURDFK WR PR
FRD\WPWDOQH HFRV\VEDNRG VER Q&G DVXBWUYLVHG FODVVL
02',6 $TXD WRE®RXU VDWHOOLWH LPDJHU\ WR PDS WKH H[
TXDOLWDWLYHO\ DVVHVV WKH G LX'\8HG WDIH R*IUSDOMO Yo\l D Q \
*0%5 WKH ZRUOG V ODUJHVW FRUDO URHR-PIEV.\Q/RVGH PU BT F\Q
RI SOXPH RFFXUUHQFH ZLWK VSDW LD O®L VGALYQFH. EXQFHGL
WR FUHDWH PDSV RI H[SRVXUH WR VXVSHQGHG VHGLPHC
WKHQ FRPSDUHG DQQXDO H[SRRPVNMEPO®BX¥QW NDULDELOL)\
WKH H[SRVXUH RI FRUDO UHHIV DQG0VHDIBIINMY EQGYRADR
WKDW FODV VL FIRFD®RXLLR @ DRV HDWXMW H LPDJHV RV XVHIXO WR
TXDOLWDWLYHO\ DV\EHDWAHE[SROOXMW WWRWOD G&LY DSSURD
FRQVLGHUHG FRPSOHPHQWDU\ WR UHPRWH VHQVLQJ PHV
XVHG WR FKDUDFWHUL]H VXUIDFHDZDQXBO YO BLDXPLHRQ PG
H[SRVXHFRRIWWHPY WR SROOXWDQWY VWUHVVHV WKH QF
FRPSRQHQW LQWR SOXP HOHYS\WRAGIAUFFR QMWMNLPRWH@ W R R X |
RI SOXPHWSHESRIUD® G\QDPLFV Rl WKH *%5 DQG RIIHUV D
SOXPH H[SROHMH SURBRWKEG FDQ DOVR EH DSSOLHG WF
RI FRIPDWDQH HFRV\WVWHPV WR SOXPHV DQG H[SORUH WK



,QWURGXFWLRQ

/IDQBEDVHG SROOXWLRQ SRVHV D PDMRU WKUHDW WR PDU
SURMHEWHGHWRH ZLWK WKH H[SDQVLRQ DQG LQWHQVLIL]
XUEDQL]BWWRRDUW HW DO &%'" +DOSHUQ HW DO
,QFUHDVLQJ OFRD/GI\G FSIR@II®' D Q W YA GH PIH QX VBBIVMQLWR G H V
DVVRFLDWHG ZLWK ODQG XVH FKDQJH DUH FDXVLQJ PDM
LQWHUDFWLQJ ZLWK RWKHU VWUHVVRUV H J RYHUILVK
DFLGLILFDWLRQ VHD OHY HO WLLYHTXIPREHNR YLL\Q W R R D W WRDLC
JOREDO SARULW\MXWULHQW UXQRII IURP LQWHQVLYH XVFH
DJULEXOWXUH FDQ FDXVH VHYHUH HXWURSKLFDWLRQ W
LQ FRDVWDO DQG PRORBH{FRV\WM\WHPBRVHQEHUJ *D

+RZDUWKIXWULHQW HQULFKPHQW RI FRDVWDO ZDWH
LQFUHDVHG ULVN RI FRUDO ED®® RX\QE U HORWVGRILSW K U H
GHVWUR\LRWRBRRDY VWDUIURIGLE2HW DO )DEULFLXV
*OREDOO\ ODQG XVH FKDQJH DVVRFLDWHG ZLWK DJULFX
OHG WR VLJQLILFDQW VRLO ORVV UHVXOWLQJ LQ LQFUH

ZDWRWRNH +DLUVLQH 7KUXVK HEKROK LQ WIXO QLKQD
EHHQ UHODWHG WR UHGXAMEK E R U\D G WHEBY M G \WRHDJ WD V V
PRUWDKILEDFR HW DO DQG GHFOLBHVGALBWEOMHUWHE

3HVWLFLGHYV DUH D PDMRU FRQFHUQ SDUWLEXODUO\ IR
LQWHQVLYH DJULEXOWXUH RU IRUHVW B \GLOMEQPWB VW QR QV
PDQJURYHV DV ZHOO DV UHGXFHG SKRWRV\QWKHVLV DQC
EOHDFKLQJ IURP FRUDOV 'XNH HW DO +D\QHV HW

'LVSHUVDCERVBOMBR@WYX KDV EHHQ WUDFHG WR RIIVKRUH
KXQGUHGY RI NLORPHWHWMADRPHW. DU PRXWKRGLH HW I
'HYOLQ 6FKDIIHKANKOLIJKWLQJ WKH QHHG WRQHRQVLGHU
FRQVHUYDWLRQ SODQQLQJ 7KEHDMAROSRRIQEX® DO WNFYWDW R
ZLWK WKH PDJQLWXGH DQG H[WHQW RI ULYRDULLGHHLQIOX |
HFRV\VWHPV EHLQJ DIIHFWHBOSBOQHWW BI® DO DQG Wi
DQG GXUDWLRQ RI 9EXHE] RH F XU K 7KXV FRQ\
ODEBBVHG WKUHDWV LV RI XWPRVW LPSFFOUMIQABFH ZKHQ S



FRQVHUYDWLRQ DQG F D$SPKIBREGWUMRD W J PIBHRQWQJ W K H

SRWHQWLDO LPBSDR® WRUBDW® FDQ UHGXFH WKH HIIHFW
FRQVHUY DWMRRP B UHD \D O 'LOVIR @ HFW DD\ ZKB Q WKH
WKUHDWYV DUBD GISWHQWHWHHOFRQVHTXHQFHY Rl LIJIQRULQJ
DQG WKXV RI WKH HFRORJLFDO FKDQJHV DVVRFLDWHG Z
HITHFWLYHQHVV RI PDUL @K FER QN HHWWY/IDGEIRVQHD USHFD/O X W L F
QRW RQO\ LPSDFWV PDULQH ELRGLYHUVLW\ EXW DOVR D
FRPSURPLVLQJ PDULQH HFRV\WWHP VHUYLFHV VXFK DV |
SURWHFWWRKR DYIMIQXKPKEQER HW DO :RUP HW DO

,GHQWLI\LQJ PDULQH DUHDV DQ&DMHRY WABBFW D ILM PV K 6
PDQDJHPHQW LV WR DGGUHVV WKR ‘MW HRBDNFMQMW GISS L QJ
VXUIDFH ZDWH U KDL INFHW BDSSWWRDFK WR LEBYWGEI\ WKH |
SROOXWDQWYV LQWR YRDLU. G \B®WHPYO DSSURDFKHV KDY
GHYHORSHG WR PDS ULYHU SOXPHV EXW LPSURYHPHQW
KDV EHHQ WKH PDQXDO GHi® RQHDMULRDMD FBIK R OHRF KD FKO\WVD
LPDJHHYOLQ 6FKDIIHONH "B YNGR @MEDW DRQ R1 YLV XDC
LQWHUSUHWDWLRQ LH PDQXDO GHOLQHDWLRQ RI SOX
H[SHULHQFH DQG OHDGV WR KRPIN®PLQUR W KXW D\ BLOWIRY
QXPEHU RI LPDJHV WKDW FDQ EH SURFHWY/ROGGHRIRH QRW
DXWRPDWLQJ WKH SOXPH LGHQWLILFDWRARUSBRR B X ¥ \WWK
GHULYHG IURP VDWHOOLWH LPDJHV HJ HVWLPDWHG FI
KDV EHHQ VXFFHVVIXOO\ XVHG WR PDS WKH IUHVKZDWHL

DQG WR PRQLDAMRURQV LQ VXU IDBFAHDDEBWRHHUWSDODPHWH
+RZHYHU WR GDWH WKHVH PHWKRGV DUH OLPLWHG EHF]
FKORURSK\0O0O VXVSHQGHG VHGLPHQW FDQ EH DVVRFLD
UHODWHG WR SOXPHV DQG LQ JHQHUDO SHUIRUP SRRU
HJ PRGHUDWH FORXG FRYHU DQG VXQ JOLQW KLJK W:
SKDVHV RI SOXPHV FRQGLWLRQV +\GURG\QDPLF PRGH
FRPELQDWLRQ ZLWK HVAWLBLWHGD SBB06 YW DQWHORD WR H\
GLVSHUVDO Rl SROOXWDQWY DQG KHQFH WR PVVHE8V H[S
SROOXWIR@KHUXELQ +RZHYHU WKLV DSSURDFK JHQHUD
VIQLILEFDQW H[SHUWLVH DQG FRPSXWDWLRQDO UHVRXUF}
YDOLGDWHG DJDLQVW LQ VLWX GDWD GXH WR WLPH DQG



TKXWH[SORUH D QRYHO DSSURDFK RI DXWRPDWLQJ ULYHU
VRPH WKHVH OLPLWDWLRQV

7KH SXUPRVW)XRGEG\ LV WR GHYHORS D QRYHO PHWKRG WR

PDULQH HFRV\VBDNPM\G V8 RTBAXSEIURD¥FK EDVHG RQ WKH FC
RI WERBRXU VDWHOOLWH LPDJHUH\WRNXGGHW W PG HUIDR\DHS
FRYHU DQG ZLWK VXQ JOLQW DV ZHOO DV LQ KLJKO\ WX
RWKHU UHPRWH VHQVLQJ PHWKR GIVLEPVWRL B R %/WHRSY H R DLH/ W
SOXPH PDSSLQJ DQG HVWLPERWULOH SHROROVOGWHQWR URYWBR

GHYHORSLQJ D UHODWLYHO\ VLPSOHEPHIWKEBEBOOX W D Q WW
TXDOLWDWLYHO\ DVVHVV WKHLU G WSS RWUD® YIQE D ELEL
WKH H[SRVXUH RI PDULQH HFRVDWW HRM VF RUB G @XAHHYV DN,
DVVHVVLQJ SRWHQWKXBO EFRQWARMEXWHY WR RXU XQGHUV
WHPSRUDO G\QDPLFV RI SOXPHV LQ WKH &IIMRAX\VVYDW KHH |
DSSOLFDWRRY KRG WR PRQLWRUHHARWRVYMHP R WD $I0XH H V
VWXG\ HFRORJLFDOEDNYSRVBGIOGXWD QW Y G

OHWKRGYV

BWXG\ UHJLRQ

0\ VWXG\ IRFXVHV RQ WKH *%5 WKH ZRUOG V ODUJHVW F
6HD RIl WKH FRDVW RIHD\AW GXONQP® QAQDQRQYWKD :RUOG -

7KH *%5 LV JOREDOO\ UHFRJQL]JHG IRU LWV RXWVWD
VRFLRHFRQRPH%hEOBH OXPIYG VLQFH D ODUJH SDUW RI V
SURWHFWHG E\ WKH *UHDW %DUULHU 5HHI ODULQH 3DUN
DURXQG UHHIV DQG LVODQGY DQG FD\V FRYHULQ
HIWHQW RIHDISN SWRURLKPLW WKH LPSDFW Rl KXPDQ XVH \
'D\ 7KH UHJRQLQJ RI WKH *%503 YDVWO\ LQFUHDVHG
SURWHFWLRQNH BUHDR IURP WR ! YR QGHV HW
GRFXPHQWHG EHQHILWYV IRU PDULQH ELRGLYHUVLW\ DQC
+RZHYHU WKUHDWV RPDRYHEDWAVQIYVILRPHYD ®G] FRDVWD
GHEDVHG ZDWHU TXDOLW\ DVVRFLDWHG ZLWK DJULFEXOW



DQG IURP JOREDO FOLPDWH FKDQJH HJ LQFUHDVHG ZI
DFLGLILFDWLRQ DWURDMR HWREEDIBYQE 6LQFH WKH

DUULYDO RI (XURSHDQV LQ $XVWUDOLD ORDGV RI VXVSFt
KDYH LQFUHDVHG GUDVWLFDOO\ IROORZLQJ H[WHQVLYH
FRDVWDO G HRRORS PDHAD W .URRPBQPHWD®™\ IHUWLOL]HG
KDV VLIQLILFDQWO\ LQFUHDVHG WKH ORDGV Rl QXWULHC
QLWURJHQ DQG SKRVSKRUXV WKXV UHVXOWLQJ LQ HXW

HQYLURQPUHRGLH HW DO % BRIGWH. HVEHDW ZDVIEHG TUR
DIJULFXOWXUDO ODQGVED®BGNVRRW & ¥ VWORE@W VREG WOIQYH U H G
.HQQHG\ HW DO /IHZLV HW DO ORVW RI WKH SR

ZHW VHDVRQ DQG LQ SDARNZLS KO DRGHX ZKHRQSHDWIH SOXP
LGHQWLILHG DORYQOLQKH%RPRWFDVLRQDOO\ UHDFKLQJ R
'HYOLMOHW E 6FKURHGHU HW DO

JIRFRY \HDU VWXG\ RQ IRXU RI WKH VL[ 1IDWXUDO 5HVR
UHJLRQV KHUHDIWHU 150V RI WKH *%5 : KHWVXQRGCILRY %
DQG )LWJWMRUH 7KH &DSH <RUAXDQBUMNZNUH H[FOXGHG IL
WRM XG\ EHFDXVH LQIRUPDWLRQ RQ HVWLPDWHG DQQXD:
LQFRPSOHWH 7KH IRXU VHOHFWHG 150V LOOXVWUDWH D
FKDUDFWHULVWLEFV HJ FOLPDWH VRLGDWWRISRYIW RS K\
GHOLYHU\ RI SROOXWDQWYV E\ PAWRGL H LH\W UDVOD F U R V. U RARK

'LIIHUHQFHV LQ IORZ DUH UHIOHFWHG LQ WKH VSDW
FRPSRVLWLRQ RREVAHY HSOORPR QIHWRHQ MW FIRDVW  'HY
HW DO $ORQJ WKLV ZLGH ODWLWXGLQDO UDQJH |
GLIIHUHQFHV LQ WKH GLVWULEXWLRQ RI PDULQH HFRV\V
FORVHU WR WKH FRDVW ZKLFK PHDQV WKDW VRPH RI W
DIIHFWHG E\ SOXPHV Rl FRPSDUDEOH PDJQLWXGH 7KHVF
LGHDO DUHD WR VWXG\ SOXPH G\QDPLFV DFURVV ODUJH
WKHOXPH H[SRVIRWHURHRIGRQDO SODQQLQJ



JLIXUHO02',6 $TXD VDWHOOLWH LPDJH IURP 1$6$% 2FHDQ&R
LOOXVWUDWLQJ ULYHU IORRG SOXPHV DORQJ WKH FRDV\
$XVWUDOLD RQ -DQKI BWUHWHKQFH RT KLIJK VXWSHQGHG VH
LGHQWLILDEOH DV EURZQ DUHDV HHNGPRIUWH GMYGHQRNVHR!
WZR ODUJHVW ULYHUV WKH %XUGHNLQ DQG )LW]JUR\ 7K
FDWFKPHQW DUH VKRZQ KIQVGE L1 BOUBRMW FRWORKWNQG VHD:
OLPLWHG E\ WKH *%5 ODULQH 3DUN ERXQGDU\ GHOLQHD
PDQDJHPHQW DUHDV ZKLFK DUH DOLJQHG ZLWK FDWFKPF



ORGHOOLQJ H[SRVXUH WR SOXPHYV

0\ H{ISRVXUH PRGHO EXLOGVY RQ SUHYLRXWHPRGMOVQGHWH
DO E ODXJKDQ %EMWGLBFOXGHV VHYHMHOH E WSHIR WHZFF
SROOXWD@MSWIR B [IDPLQDWLRQ EHFDXVH Rl WKHLU NQRZQ
VXVSHQGHG VHGLPHQW 766 DQG GLVVROYHG LQRUJDQL
)DEULFLXW66 DQG ',1 DUH FRPPRQO\ PHDVXUHG SDUDPH)
PRQLWRULQJ SURJUDPV ,Q WHKBPHAEH OR IYGV\RY LW R HMHF [3
PDULQH DUHDV DGMDFHQVRRVRW 5® LQ WIHHNVHAUSKR XV H HV
7KHVH SDUDPHWHUV DOVR LOOXVWUDWH GLIIHUHQW GLV
VSDWLDO SDWWHUQV RI HEYFOWLQUHW PORVV WKH 0% % U
0\ DQDO\VLV IREXVHG RQ WKH ZHW VHDVRQ 'HFHPEHU Wi
SUHYLRXW FMWWXGEA MAR BIRRZHEOBRX@&LQ HW DO E ODXJKD(
%URGLH XVHG DOO DYDS$DOEOBWRQOOLWH LPDJHVY RYHU W
EXW XS WR LPDJHV GD\ 5HVWULFWLQJ WKH DQDO\VL
SUREOHPY DVVRFLDWHG ZLWK VXQOLJKW UHIOHFWLRQ R
DQJOH LV VPDOOHVW DQG DOEHGR SUREOHP LV OLPLWHO(
3IDOVH’ SOXPH DUHDV WM RMEWHHHG \ZUREK @WRIEEXULQJ W
GU\ VHDIWRERPEH HW DO 2USLQ HW DO $OPRVW
DYDLODEOH IRU WKH *%5 UHJLRQ |REXW KHRWNXGO \IHDW\A \
FRQWDLQHG GDWD ZRWKYNY X\GK HD BR B Q @ B HRRBR G HROX MVS X W
D TXDOLWDWLYH PDS LQGLFDWLYH RI DQQXDO H[SRVXUH
766 DQG ',1 7KH PRGHO LV FRIQVMWUKFW H G D BKI IRY HZ K MFHKS
GHVFULEHG LQ WKH VHFWLRQV WKDW IROORZ

J)LIXUH 6 XPPDU\ RI WKH SURFHVYVY IROORZHG WR EXLOG W
'LITHUHQW FRORXUV RI ER[HV UHSUHVHQW VWHSV OLJK\
ZKLWH LQWHUPHGLDWH RXWSXWV GDUN JUH\ DQG IL¢



J)LIXUH6 XPPDU\ RI WKH SURFHVV IROORZHE PREHEXLOG WKH SOXPH H[SF



ODS WKH IXOO HIWHQW RI SOXPHV DQG VXUIDFH ZDWHU [

7KH ILUVW VWHS WR PRGHO H[SRVXUH LV WR LGHQWLI\
DQRG VXQLIDHPWK RI WKH a VDWHOOLWH LPDJHV 7KLV
GLIIHUHQW VXUIDFH ZDWHU PDVVHV REVHUYDEOH ZLWKL
FODVVHV ZKLFK DUH ODWHU XVHG W RXWYHSUIRNAHH®NV W KH
DYDLOWH®DONVWH PPDQBO\MRY DQG PDSSHG WKH H[WHQW |
IRXU DQDO\VHYV

JLUYMWHDWHG WKH LPDJHV QHFHVVRUMGRUDZXE B WDXH B WH
KHUHDIWHU / IURP WKH ORGHUDWH 5HVROXWRRQ ,PDJLC
ERDUG 1$6$TV (DUWK 2EVHUYDWLRQ 6\WWHP $TXD VSDFH
RFHDQFRORXU JVIF QDVWR RBYH B LY HE WRZRV W\S®IV RI LPDJH
P\PRGHO WTUXMVERORXU FHRHRIHD IWRDUHWUXH P UHVROX!
RFHDQ FRORXU SURGMFDNWHHYH®DUDPHWHUVY GHULY
6HD:L)6 'DWD $QDO\VLV 6\VWHP 6HD'$SVYQJ WoHOH VDI W W H
SURGXFHG WZR /7P PHWHNIWHU FRUUHFWLQJ IRU DWI
FRQWDPLQDWLRQV 7KH FRUUHFWLRQ LQYROYHG WKH FR
LQIUDUHG DWPRVSKHULF FRUUHFWLRQ VFKHPH DGDSWHC
FRPPRQO\ IRXQG LQ WKH QHDUMKRIUHBHBHJILRGHGRD WKH *O
PRGLILHG VFULSW RI WKH ODUL@H(7HRBR S B WWLVOMYR FDAR J \
FRQYHUW WRAHP BRVDWHIG / SDUDPHW HUKHIQQYWRH S RLQAD BAVF 0K
(65, WR H[SORUH WKH UHODWLRQVKLS EHWZHHQ WKH
FRORXWVE®RSSOHPHQWDU\ ODWHULDO

7TDEOH6HOHFWHG / SDUDPHWHUYVY GHULYHG IURP 02',6 VD
LQ/ SDUDPHWHUV LV FRQVLGHUHG WR EH LQGLFDWLYH
SOXPHYOLQ HW DO E DQG WKXV ZDV XVHG WR LGHC
UHSUHVHQW WKH SRWHQWLDO GLVSHUVDO RI SROOXWDC



/

SDUDP '"HVFULSWLRC $SSOLFDWLRQ LQ SOXPH $OJRULWKPV

1RUPDOLV@HQDM%HUDGLDQFHD'IH
QP RU QP LV VHQVLWLYH WR

I1RUPDOLVHIDHZDMWHWKH ZDWHU FROXPQ DQG LV FRU ),
UDGLDQFR MW 6DOLVEXU\ HW DO EKRRPDVXVHADWK
WKLY SDUDPHWHU DV D SURI[\ IRU £

GLVSHUVDO RI VHGLPHQW ZLWK
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7TDEOH6HOHFWHG / SDUDPHWHUV GHULYHG IURP 02',6 VDWHOOLWH L



6HFR,G® HSDUHG RVEKRIXW WD JHV IRUVSERWH POGSHQKD QF
W URKRIOR XU LPDJHV XVLQJ ,PDJH5$®D O\VEZX LIRK LEUYR O6Y H G
FRQYHUWLQJ LPDJ¥ @ XWHRHEIMGK W RHE K H+ XQ8DRQMLDW L R Q
,+6 FRORXU VSDFH ,PDJHV FRQYHUWHG IURP 5*% WR ,+
WUDFN WKH PRYHPHQW RRULF¥KRB (G 6X\P B WRDEPRRDR X U
LPDJHV ZHUH XVHG WR PDS FORXGV DQG VXQ JOLQW EX!
SXUSRVH 8VLQJ 5*%LPQYMAMHRBVRPRYGH FRQVHUYDWLYH EI
JHW LGHQWLILHG DV FORXGV VXQ JOLQW ZKLFK DUH LQ
FODVVLILFDWLRQ HUURUYV

7KLYUGHILQHG FRORXU FODVVHV FRSOXPHRRGH DY WK Z 6}
WR GHQVH) G OROQGYORQW DQG FUHDWHG D VBHFWKD® VL.
XVLQJ DQ LPDJH ZLWK ODUJH SOXPHV RPEXNMUHQJ DORQJ
HQVXUH WKDW FRORXU YDULDWLRQV ZLWKLQ SOXPHV DO
LQFRUSRUWDKMVH@SIHFWRIDO VLIQDWXUH 7KH VHOHFEWHG LI
SOXPHV YDULHG DWPRVSKHULF FRQGLWLRQV OLJKW WF
VHFWLRQV ZLWK QR GDWD QRW FRYHUHG E\ VDWHOOLW|
XVAHWKH $UFODS 6SD6%L DO LMRIDWE FOXVWHULQJ WRRO \
XQVXSHUYLVHG FODVVLILFDWLRQ Rl WKH VHOWRWHG LPC
ILQG VWUXFWXUH WR\ KI)OHD BHRO IOGHEQ /D W IF RIOR XU FODV V¢
QRYOXPH DUHDV WKURXJK DQ LWHUDWLW%D&SW DoMWL

7KH UHVXOWLQJ VWUXFWXUH WKHQ DOORZV FKDUDF
FHOOV L H SL[HOV ZLWKLQ DQ LPDJH LQ PXOM WK HQV
,+6 DQG 5*% VSDFHV IRU SOXPHV DQG FORXGV VXQ JOLQ

,DVVHVVHG SOXPH PDSV SURGXFHG XVLQJ GLIITHUHQW QX
FULWHULD KRZ ZHOO WKH PDSSHG FODVVBVMWHGWMHGLILH
WKH FOPDVHVYHGDRLQVW YLVXBRORXQW RADSHWHW HX & ZXH
YDULDWLRQ RI VHOHFWHG / SDUDPHWHUYVY DPRQJ WKH FF
JUDGLBIQWHVFULEHG E\ '"HYOLQ HW D)®&U HIEFK HB DMVFAWLHF
, SORWWHG WKH PHDQ YWDRPHWRIUW KIR W HAR'KKISBRFOR XU FOD
UHIOHFWDQMHV \ELHPADBHKHQWODQG DQG YHU\N WXUELG SOXPF
WKH ULIFOHIDMWVLILHG WKH IXOO LPDJH ZLWKRXW PDVNLQJ
YHU\ WXUELG KLJK 766 SOXPH DUHDV FRPPRQO\ IRXQG Q



UHJXODUO\ IQGIRHE DV BGMHQVH FORXGV H J '"HYOLQ HW
6FKURHGHU "WHDKWFWHG WKH FODVVLILFDWLRQ EDVH
DSSURSULDWH IRU SOXPH PDSSLQJ

JLQDOXOAHG V X& HFODIMVH.ILFDWLRQ WR PDS WKH IXO0 H[WF
FUHDWH D PDVN UHSUHVHQWLQJ GHQVH FORXGYV DQG LQ
XVHV ODEHOOHG WUDLQLQJ GDWD L H WKH FRORXU FO
D VSHFWUDO VLIJQDWXUH IRU HDFK FODVV ZKLFK LV WKF
a LPDJHV LQWR FR GRODW V¥ GIVRBHP H@RP DV DQG
FORXGV VXXHOLWMH $UFODS 6SDW LO0LO QDKRR & PODVR/XI
WRRE6, WR SURGXFHFODWDIS@OXPH PDSV UHSUHVHQWLC
SDUDPHWHUV DOVR XVHG WR LGHQWLI\ WKH SOXPH ERX
FORXGVY DQG LQWHQVH VXQ JOLQW XVHG WR HOLPLQDW!
PDS SOXPH®HFWHG D QXPEHU RI LPDJHVY FRYHULQJ GLIIH
PRQWKV WR FRQILUP WKH SOXPH H[MFQWVNQ QA R HIDXPO |
PDSV DJDLQVW SOXPH PDSV SURGXFHG XNWQDONKH PHWK
E DV ZHOO DV WR YLVXDOO\ YDOLGDWH WKH FORXGYV

&DOFXODWH DQQXDO IUHTXHQF\ RI RFFXUUHQFH IRU SOX

,Q WKH VHFRQG VWH $XRIHWXH,S URKHWDSSHG SOXPHV WR
FHOGHQOO EDVLV KRZ IUHTXHQWO\ WKH\ RFFXUUHG DV Zt}
FRPPRQO\ REVHUYHG FRORXU F O D,FWH\D \WRHG HDHFHNOAD U 7
FRPSRVLWH LPDJHV FODMMI SADKGHP 16 PIDSY WR PLQLPLVH W
ZLWKRXW GDWD SHU LPDJH GXH WR PDVNLQJ Rl GHQVH F
VHDVRQRGLH HWDRG LQWHQWH MEQWIKH PWQLPXP FRORXU
YDOXH RI HDFK FHOO ZHHN WR HQVXUH PDSSLQJ WKH FR
OHYHO RI H[SRVXUH WR BROGRW B®WIQR EW KH YHRGJ DMV SR Q
DVVXPLQJ WKH FRORXU JUDGLHQW UHSUHVMXN® D JUDG
RYHUODLG ZHHNO\ FRPSRVLWHY L H SUHVHQFH DEVHQI
FDOFXODWH DQQXDO IUHDXFAB¥\ RI RAEXNHUYHQWH QRJI \8 KH
ZHHNV SOXPHV ZHUH SUHVHQW LQ HDFK FHOO GXULQJ W
RI FRORXU FODVV 0 ZKLFK ZDV XVHG WR FUHDWH D JUL



IRUPDW ZKHUH HDFK FH OVRHTIDOG & RHEKHG KDV D QX
UHSUHVHQWLQJ SRWHQWLDO GLVSHUVDO RI SROOXWDQW

&DOFXODWH WKH SURSRUWLRQDO FPRQWUBBX'WILRADRG ULY
,Q PWKLUQLUWMHIS, XVHG HVWLPDWHG 766 DQG ',1 ORDGV
PHDVXUHPHQWY FORVH WR ULYHU PRXWKV WR FDOFXOD
GHOLYHUHG E\ HDFK ULYHU LQ UHOOMIGRQQWK DADK B RIDFGW L
VHYHQ PDMRU ULYHUV GUDLQLQJ LQW R/ KHKHI ISRURBSRUWHR
FROQWULEXWLRQLBR WRKHOU WHMRMFWHG 150R M \S/RHPXW D QW
ORDGV ZHUH HVWLPDWHG EDVHG RQ IORZ DQG ZDWHU TX
VWDWRRQNW DAU ILYH PRQLWRULQJ SRIWIZTR6\DQG ', 1

7DEOH 7KH SURSRUWLRQDO FRQWULEXWLRQV ZHUH
''1 DQQXDO ORDGV RIVHPPK G ORDG BERW PO ULYHUYV

5LYHI

T
%DUURQ
766

T
-RKQVWROH
766

7X00A

766

1
+HUEHUW
766

1
%XUGHNILQ
766

T
3LRQHHU
766

1
)LW]UR\
766

7278/

766

7DEOH(VWLPDWHG RRYX\HP ISBGOXWDQW ORDGV IRU PDMR
FDWFKPHQW LQ WRQV ', 1/RDIEGHVVORRDRAGHY REEPHDVXUHP
DW JDXJH VWDWLRQV FORVHVW WR ULYHU RXWOHWYV 7KI
GR QRW LQFOXGH VXSSO\ IURP FRDVWDO DUHDV GRZQVW
PDJQLWXGH RI WKH GLIIHUHQFH E M\DDMHQRDGNYLEPD W@ IS QL
BRXUFH 4XHHQVODQGYTV 'HSDUWPHQW RI (QYLURQPHQW



&UHDWH DQQXDO JULGV RI VSDWLDOO\ GLVWULEXWHG 7¢

,Q WKH IRXBWHDWWHS JULGY UHSUHVHQWLQJIWE6 DQQXDC
DQG ',1 GHOLYHUHG E\ WKH VHYHQ P DAMURHD W HYCH DWW LIGQY WRKU
ULYHU E\ PXOWLSO\LQJ WKHLU SURZBIRIHVLEAQDQGFRDW U
ORDGV VHFWLRQ GLVWALQWH D FRVVEHILQLQ DN KH QPLH L P X
DQG WKH GLVSHUVDO RI SROOXW DMDRW\Q IMX PG WHIDH G H V
LQGLYLGXDO VSDWLDOO\ GLVWULEXWHG JULGYV RQH SHL
ORDG SHU FHOO WKH RYHUODS Rl WZR RARXBRUSIOHILGV ¢
ULYHUV

,XVHG $UFODS 6SDMEDPO $WFDPUHWWH WEHY D/Q@¥BIOIJBRE W
HDFK ULYHU EDVHG RQ WKUHH LUGHESUNHW HORWKLIUGFH UQR FHDJWHL
PD[LPXP GLVWDQFH PHDVXUHG IURP ULYHU PRXWKV DC
HDVLO\ WKH SROOXW D QWNOFXOHMEH GOQWKKHPR FIHFDX® G LV W
ULYHU EDVHG RQ WKH YROXPH \R KW KHDWD ZKHL\F\W FOR/RGVA
SURGXFH WKH ODUJHVW SOXPH DQG WKH HVWLPDWHG H
RQ WKH HI[WHQW RI WKH %XUGHNLQ SOXPH LQGLFDWHV V
UHDFKHG E\ WKH SOXPH IURP WHKHWUMWRY\ OFDOUN K G \AF KB
HYHQWV ! */ DQG a NP IRU DYHUDJHHZLV HWR DO
,DQDO\VHG GDLO\ K\GURBSYBSKRWRRQWMDBW®RDWHULDO
LGHQWLI\ IORRG HYHQWY GHILQHG DV WKH VXP RI FRQV
WSHUFHQWLOH PHDHDIOBHAURRGD 9DOXHV RYHU DQG XQC
WSHUFHQWLOH PDUNHG WKH VWDUW DQG HQG RI HDFK |
WKRVH ZLWK WKH ODUJHVW VXPPHG YROXPH

,FDOFXODWHG WKH PD[LPXP GLVWDQFH IRU HDFK ULYHU
DSSUR[LPDWHV WKH UHODWLRQ EHWZHHQ WKH NQRZQ Gl
GLVFKDUJHV ;L RI WKH % XUGBHGMAWNANMNEBUWKH GLVWDQFH Z
REVHUYHG HIWHQW L H RBRBIPDODSBRBHSWRPMKH £ZIRWU G B U JRHIL
GLVWDQFH SUHGLFWHG M ERKLWVBRRZHWUDMN BEWLRK) FRVW \
JULG GHILQLQJ WKH 3FRVW’"™ SHU XQLW GLVWDQFH RU LP¢
HDFK FHOO LQGHSHQGHQW®LGRWKAL6W WA® IRWKHLIJULG UFL
DYHUDJHFERORXYDOXH L H WKH FRORXU FODVV PRVW F



FDOPMWHG IURP WKH ZHHRN®DD VR BORPHWVAD/SRI )RU 766 D \
SRO\QRPLDO IXQFWLRQ EHVW ILWWHG WKH REVHUYHG Ut
QOzZB LH 766 SUR[\ DQG VKRZHG W, PN\HW{BHEWHG JU|
FRQVHUYDWLYH FL$SUR[LPDWLRQ RQO\ DQG WKXV XVHG
WKDW EHVW ILWWHG WKH UHODWLRQVKLS EHWZHHQ FRO
&'20 KDV EHHQ XVHG DV SUR[\ IRU VDOLQLW\ DQG WKXV
LQIOXHQFH 6FKURHERUPBOLDBG ERWK ', 1 DQGJXEBHFRVW

7KH FRDVWOLQH DQG LVODQGYV ZHUH DVVLJQHG ZL\
DFWLQJ DV EDUULHUV LQ WIK\HWFDQFAX @B WIDE® B IQW KR OR'}
LQIOXHQFHG WKH PRGHOOHG GLVSHUVDO RI SROOXWDQW

S5LYH

9RO X
%D@URmvwc

9RO X
-RKQVWROH
"LVWE

9ROX
7X00\
'LVWEL

9ROX
+HUEHUW
'LVWEL

9ROX
%XUGHNIL O
'LVWEL

9RO X
3LRQHHU
"LVWE

9RO X
)LW]JUR\
"LVWE

7TDEOH9ROXPH RI ODUJHVW IORRG HYH QWWHDQG@HPIDQ L&XH
9DOXHV DUH HVWLPDWHYV RI WKH PD[LPXP OLQHDU GLVW
SOXPHVY FDQ UHDFK DQG SROOXWDQWYVY WUDQVSRUWHG .
GLVFKDUJH YROXPH DQG REVHUYHG H[WHQW RI SOXPHYV
YDOXHVY EDVHG RQ REVHUYHG H[WHQWYV RI PDSSHG SOXP
4XHHQVODQG IBERVAWSURIDWHAHUPRQLWRULQJ GHUP TOG JR




JLIXUH)XQFWLRQV XVHG WR FDOFXODWH FRVW VXUIDFHV
766 DOQBOXIHW LQRWWRIGIQF Qi

7TKHVH IXQFWLRQV UHSUHVHQW WKH EHVW UHODWLRQVK]
766 DQG DGJB VHFWLRQ 7KH OLQH FRUUHVSRQG
GHFD\ IXQFWLRQ XVHG WR UHSUHVHQW DWGIIQUWDR 'Rl VI
LQGLFDWHYVY WKH HVWLPDWHG OLQHDU GHFD\ DVVXPLQJ
SROOXWDQWYV LQ WKLV FDVH EDVHG RQ WKH REVHUYHG

&DOFXODWH H[SRVXUH E\ FRPELQLQJ WKH IUHTXHQF\ JU

,Q WKH ILIWK VWHS RI WKH DQDO\WLFDO SURFHVV WR FI
PXOWLSOLHG WKH DQQXDO IUHTXHQF\ RI SOXPH RFFXUU
WKH VXP RI VSDWLDOO\ GLVWULEXWHGJURXBAG HHLISEBRRXJ
YDOXHV LQ ILYH FDWHJRULHV RI H[SRVXUH IURP YHU\ Ol
YDULDWLRQ LQ H[SRVXUH

6SDWLDO DQG WHPSRUDO YDULDELOLW\ LQ H[SRVXUH RI

8VLQJ WKH DQOQXDOTHDPRWKXILH @ HIYRVXUH WR SROOXWD
, TXDQWLILHG WKH WRWDO DUHD LQ HDFK H{EBBGNXO BWHH®
WKH DUHD RI FRUDO UHHIV DQG VHDJUDVV EHGWV®IIHFWE
WKLV DQDO\VLV IRU HDFK \HDU DQG SORWWHG WKH YDUL



WZR VWXGLHG HFRV\VWHPV WR D QBFORSE BV H® WMLIDHY WRQV Y ®
DQG WKH DIIHFWHG DUHD Rl WKH VHOHFWHG KDELWDWYV
XQGHUVWDQGXIDQONHNULDELOLW\ LQ H[SRVXUBOMR UHODW L
H[SORUHG WKH UHODWLRQVKLS EHWZHHQ WKH HVWLPDW
DQQXDO GLVFKDUJH

SHVXOWYV

ORGHOOLQJ H[SRVXUH

3O0XPH PDSSLQJ

&RORXU FODVVHVPLGXISHWUMLHWBGXNFOQVYVLILFDWLRQ PHWK]
ZDWHU PDVVHVY DQG SOXPH ERXQGDUFRORXDOP\DUH¥RJIQ
JLIXUH FOKivV SOXPHV VKRZHG WKH H[SHFWHG JUDGL
J)LIXUH DRBOWKEWUHG WKH FODVVHV KYSRX& UWWHRWRLC
SROOXWDQWY DQG WR FUHDWH H[SRVXUH PDSV ODSSHG
LOWHUSUHW WKH REVHUYHG VXUIDFH ZDWHNXNURDVVHY 7K
LQFOXGHG WKH PRUH WXUELG SOXPH ]RROW CLKFOLWOLFQV H U L
FRQGLWLRQV DQG YHU\ ORZ VDOLQLW\ DVVRFLDWHG ZLW
VWDJHV RI SOXPH IRUPDWLRQ 7KHVH IRXU FODVVHV URX
JLIXUH G&VFULEHG E\ 'HEDIQG HOMIDQH WKH JRQH ZKHUH
VXVSHQGHG VHGLPHQWY DUH GHSRVLWHG 7KH ILIWK FO
PRGHUDWHO\ HOHYDWHG 766 ZLWK VXIILFLHQW OLJKW DQ
SK\WRSODQKWR®P UJORZWR WKH VHFRQGDU\ 22D WKHU W\SH
VLIWK FRORXU FODVV LQFOXGHG ULYHULQH LQIOXHQFHG
YDOXHV RI FRORXUHWHGDQGVERWYHE RW PDWNWWHU &'20 "' W
FODVVHV EXW VWLOO DERYH DPELHQW GU\ VHDVRQ YDOX
W\A\SH RI ' HYOLGEHW DO

7TKNLVXDO DVIVHVIVWVPHQMH® LPDIJHVY LQGLFDWHG WKDW XV
5*% QRW VKRZQ KHUH DSSUHFLDEO\ LPSURYHG WKH FR
ERXQGDU\ DQG EHWWHU GLVFHUQHG WKH YHU\ WXUELG



DQG WKH OHV\R@ XREGH® WYDIHAW DV EHWWHU UHVROYLC
KXHV RI JUHHQ ZDWHU IRXQG ZLWKLQ SOXPHV IXUWKHU |

JLIXUH6DWHOOLWH LPDJH DQG PDSSHG SOXPHV IRU PDM]
wK $ 02',6 WRIXRBUHLPEODVYV SOXPH PDS LQGLFDWLY
LQ / SDUDPHWHUV XVHG LQ WKLV VWXG\ WR DVVHVV H[S
WKUHH ZDWHU W\SHV SULPDU\ 3 VHFRQGDU\ 6 DQG W
DOJRULWKP Rl '"HYEBEQ WHMGDROQ RFHDQ FRORXU / SDUDPH

EODFN DUHDVS@XPH DWHDYRRU SRUWLRQV RI WKH LPDJH
PDVNHG RXW LQ 6HD'$6 RQO\ IRFMA/H Q6 7RR ORSF HOOQWARD B

SDUDPHWHUYVY GXH WR WKH SUHVHQFH RI FORXGV RU YHU



JLJIXUH6DWHOOLWH LPDJH DQG PDSSHG SOXPHV "RKU PDMRU ULYHUV RI WKF



JLIXUH9DULDWLRQ LQ RFHDQ FRORXU / SDUDPHWHUV D
LGHQWLILHG XVLQJ XQVXSHUYLVHG FODVVLILFDWLRQ

*UDSKV VXPPDULVH GDWD IURP VHOHFWHG LPDJHV WKI
ZLWK SOXPHV RDGG|ZHWHKQIMWQ VREMHUYDEOH JUDGLHQW L
IURP YHU\ WXUELG EURZQ WR JUHHQ ZDWHU 3RLQWV D
SDUDPHWHUYV EDVHG RQ WKHLU UHFRUGHG YDOXHV ZLWK
7KH OHOW\ FRUUHVSRQGV WROMPBN LRUPDOGLY @BEHZDWHU
QOzZB D/ SDUDPHWHU XVHG DV I LSW RQ\GIIRAD WaBV TKKH
YDULDWLRQ LQ WKH &'20 DQG GHWULWXV DEVRUSWLRQ F
SDUDPHWHU XVHG DVQDLSUR[VVYRO WHGW SRWDKWDQWYV H J
IRU FODVV  YHU\ KLJK 766 RI DGJB SURI[\ IRU '",1 ZD
SHUIRUPDQFH RI VWDQGDUG DOJRULWKPV IRALA'B' LQ |
DO 7KH REVHUYHG JUDGLHQWY REVHUYHG LQ WKLV JUL
XVHG WR FDOFXODWH WKH FRYWXVKUIDFHV IRU 766 DQG

2FFXUUHQFH RI SOXPH DQG FRORXU FODVVHYV
2YHUOD\LQJ ZHHNO\ FRPSRVLWHV RI SOXPHV VKRZHG WK

DQG DUHDV ZKHUH SOXPHV RFFXU PRUH RU OHVV IUHTXH
LQGHSHQGHQWO\ ZKLFK DSSUR[LPDMWHKVYHQ@XBO H[SRV



PHDQ YDOXH RI FRORXU FODVVHV LQGLFDWI¥WHRI D JUD
FRUUHVSRQGYLWRUWKNMYIHUE R UHSUHVHQW GLVSHUVDO
WKH IXQFWLR QW JXH\HF U LEGEXID® YDULDMWIKEG QB DRW K
PHDQ FRORX$HONNHPWDUX HDM HHLOIWFWHG LQ WKH RE
YDULDWLRQ LQ H[SRVXUH GHVFULEHG LQ VHFWLRQ

JLIXUH([DPSOH RI VXPPDU\ PDSV Rl SOXPH RFEXUUHQFH
H[SRVXUH PRGHO LQ WKLV FDVH WKH LPDJHV FRUUHVSR
IUHTXHQF\ Rl SOXPH RFFXUUHQFH WKH GDUN UHG FROR]
SOXPHV IRU PRVW ZHHNV GXULQJ WKH ZHW VHDVRQ ZKL
UDUHO\ H[SRVHG WR SOXPHV DQG %LFPHDH) YDOXH RI FF
LQGLFDWLQJ WKH JHQHUDO SDWWHUQ RI SROOXWDQWV ¢
7KH FRORXU FRGLQJ LNMIWEKH VD PHOD\ERGD IUGHIDRP HQIBULFD W



JLIXUH([DPSOH RI VXPPDU\ PDSV RI SOXPH RFFXUUHQFH XVHG DV LQSXWYV LQ



SURSRUWLRQDO FRQWULEXWLRQ RI ULYHUV

7KH GHOLYHU\ RI ',1 DQG 766 YDULHG FRQVLGHUDEO\ EH'
RI ULYHUV YDULHG VWURQLOXEHW ZH 2@ HAHDO & H\WW K R QWZ R
ULYHUV RI WKH 'U\ TURSLFV %XUGHNLQ DQG )LW]JUR\ FR
ZLGH ', 1 W R DQG 766 W R ORDGV DFURVV D(
&RQYHUVHO\ WKH VXPPMABERSRR QY IRRQDIOHFRIW 7URSLF\
"-RKQVWRQH 7X00\ DQG +HUEHUW ZDV SURPLQHQW IRU

W R 7ZR ULYHUV WKH +HUEHUW DQG WKH 7X00\ C
DQG ',1 ORDGV LQ WKLV DY0PDHNHR® QREMHMDDLDWLRQ LQ
SURSRUWLRQDO FRQWULEXWLRQV RI WKH WZR ODUJH 'U\
DEVROXWH GHYLDWLRQV IURP WKH FRQWULEXWLRQ RI W
DQG IRU ',1 DQG DQGIVSHRWI7%B80U ZKLOH WKH DYH
RWKHU ULYHUV LV RQO\ DQG 7KLV SDWWHUQ RI GH(
DUHDV XQGHU WKH LQIOXHQFH RI WKH WZR ODUJHVW UL
DQQXDO GHOLYHU\ Rl SRODIOXK\EDWWW UPNQRI HYSWRWVX UBD GH
VHFWLRQV DQG

JLIXUH3URSRUWLRQDO FRQWULEXWLRKY KRR CPOXWMWRQWLIR I
HDFK Rl WKH ILYH ZHW VHDVRQV FRYHUHG E\ WKLV VWXC
''’1 DQGR®W DO VXVSHQGHG VHGLPHQW 766 SLYHUV LGFE
EDUV FRUUHVSRQG WR ULYHYMIXQHWKH :HW 7URSLFV 150



JLIXUH3URSRUWLRQDO FRQWULEXWLRKY KRR CPOMRDFWLY R VEWVIRYHH ZHRWQVHDWVRQV FRYH



6SDWLDOO\ GLVWULEXWHG SROOXWDQW ORDGYV

7KH 766 DQG ',1 FRYWXVUMU IBEKWWHWG WR UHSUHVHQW GLIIH!
DQG ',1 GLVSHUVDO DQG WR FUHDWH WHHZELUG GMRI| VSDV
H[SHFWHG VSDWLDO SDWW HUDRQ SRE®RWBDOHPRYHPHQ
UHIOHFWHG WKH H[SRVXUH $DIMWH U Q ¥2WHRUBRBVBY SO O
WKDW WKH DUHD HVWLPDWHG WR EH XQGHU PDMRU LQIO
JUHHQ DUMNDH LV QRWDEO\ ODUJHU WKDQ WKDW XQG'H
UHIOHFWV WKH H[SHFWHG UDSLG GHSRVLWLRQ RI VHGLP
%DLQEULGJH HW DO

JLIXUH&RVW WXUDODFG VFDOHG ORDGV IRU GLVVROYHG LQHF
WRWDO VXVSHQGHG VHGLPHQW 766 $ &RVW VXUIDFH X
VSDWLDOO\ GLVWULEXWHG ORDGV RI ',1 SUHVHQWHG LQ
SURSRUWLRQDOIURPUWBN U LQHRRFRXWKYV WR RIIVKRUH D
SDWWHUQV RI GLVSHUVDO RI ',1 % &RVW VXUIDFH XVHG
GLVWULEXWHG ORDGV RI 766 SUHVHQWHG LQ ' IRU WKH
LQFUHDVH LQ FRVW UHODWLYH WR ',1 7KH SDWWHUQV R
JULGVY UHSUHVHQWLQJ WKH VFDOHG ORDGV IRU ",1 & DC
DV WKH SUREDELOLW\ RI SROOXWDQWY UHDFKLQJ D JLYF



J)LXUH &RVW VXUIDFHVY DQG VFDOHG ORDGV IRU GLVVROYHG LQRUJDQLF QLWURJ



JLIXUH&RVW VXUIDFHY DQG VFDOHG ORDGV IRU ',1 DQG 766 FRQW



$QQXDO H[SRVXUH WR ';1 DQG 766

&RDWDDOQH KDELWDWY FRUDO UHHIV DQG VHDJUDVV E}t
''1 DQG 766 UHIOHFWLQJ WKH GLIIHUHQFHV LQ WKH GLV:
RI WKH KDEXWHDWYV 7KH DUHD XQGHU PRGHUDWH WR KLJ
ODUWNKDQ WKDW IRU 766 DFURVYV DOO VWXGLHG ZHW VHD
ZKLFK UHFRUG GLVFKDUJHY REFXUUHG LOOXVWUDWHG V\
H[SHEFWHG XQGHU H[W U H PHY DH WKW UDEDR/QRGCPIVQ RIGIV W H G
YHU\ HIWHQVLYH SOXPHB Q& VRKIMK RY B ZRBAMMWNOGXULQJI W
YLIXUH

$OVR ZRUWK QRWLQJ DUH WKH GLITHUHQFHYV LQ H[SRVXUF
LQ UHVSRQVH WR WKH QDWXUDO GLVWULEXWLRQ RI WKH
WKH PRYHRODXWDQWY 2YHUDOO VHDJUDVV EHGV ZHUH
H[SRVXUH FDWHJRULHV IRU ERWK 766 DQG ',1 DQG PRVW
H[SRVXUH FDWHJRULHVY SDUWLFXODUO\ IRU 766

JLIXUHODSV RI DQQXDO H[SRVXUH RI FRUDIO § HBIQ\GDQG \
766 % IRU WKH ZHW VHDVRQ 7KH SURJUHVVLRQ LQ |
GHJUHH RI H[SRVXUH WR WKHVH SROOXWDQWY 7KH GLV\
DUHDV OHG WR WKHLU KLJKHU H[SRVXBHRJRP ERW W B RAOKD
FRDVW FRUDO UHHIV ORFDWHG ZLWKLQ WKH :HW 7URSLF
ERWK SROOXWDQWY LQ FRPSDULVRQ ZLWK FRUDO UHHIV |



JLIXUHODSV RI DQQXDO H[SRVXVUHDRUBRVIEHGWHIR DQG$ DQG 766 % IRU WKH



JLIXUH 5SHODWLRQVKLS EHW Z&GXQP A RBEMBY QMERRIS[H G
GLVFKDUJHYV

(DFK SRLQW UHSUHVHQWY WKH VXPPHG GLVERIPHM DQG
IRU WKH ZHW VHDVRQ RI WKDW \HDU 7KH JUDSK VKRZV L
WKH DUHD RI LQIOXHQFH DQG LGHQWLILHYV ZHW \HDUV
FKDUDFWHULVHG E\ ODUJH ORDGV RI 766 DRBU ,1 DQG KI
H[SRVXUH FDWHJRULHYV

6SDWULWHDRDSRUDO YDULDELOLW)N LQ SOXPH H[SRVXUH

,(IRXQG VWUR@QQAXIDOWHDULDWLRQ LQ WKH DUHD XQGHU HIS
SROOXMWDXQWHY 'LITHUHQFHY LQ H[SRVXUH ZHUH UHODWHC
SROOXWOQWKKVDZHUH VWURQJO\ LQIOXHQFHG E\ WKH SUR
GLITHUHQW ULYHUV VR BDR@EIDVO UKIHLRWHD RI FRUDO UHHI
SRWHQWLDOO\ DIITHFWHG E\ 766 DQG ',1 H[SRVXUH DOVR
QXPEHURMRRDO UHHIV DJLHRWHG LQ 766 H[SRVXUH ZDV KLJ

DQG :KLOH WKH H[SRVHG DUHD FDQ EH ODUJF



YHU\ KLJK H[SRVXUH FDWHJRULHYV ZDV D VPDOO FRPSRQI
HIFHSRILRD LQ

JLIXUH ,QWIHQUQXDO YDULDWLRQ LQ WRWDO DUHD XQGHU
FDWHJRULHYVY $ 9DULDWLRQ LQ H[SRVXUH WR ',1 7KLV .
KLJK H[SRVXUH FDWHJRULHV GXULQJ S5LYYHDWG\ LQIO>
$ % O9DULDWLRQ LQ H[SRVXUH WR 766 LQ FRQWUDVW
766 H[SRVXUH FDWHJRULHVY RFFXUUHG GXULQJ LQ W
%XUGHNLQBXLYHU ,@ ERWK JUDSKV WKH KRG |R\QG/D\OK BBU
OLQHV FRUUHVSRQG WR WKH HVWLPDWHG ORDGV RI ', 1

JLIXUH ,QWIHMQ XDO YDULDWLRQ LQ H[SRVXUH RI FRUDO U
$ DQG & UHVSHFWLYHO\ DQG 766 % DQOGII'HWHQYBSHFWQY
HISRVXUH RI KDELWDWV WR 766 DQG ',1 FDQ EH H[SODLQ
WKHLU ORFDWLRQ LQ UHODWLRQ WR ULYHUV FRQWULEXYV
GLVSHUVDO RI ERWK SROOXWDQWY ,Q ERWK JUDSKV WKH
OLQHYVY FRUUHVSRQG WR WKH HVWLPDWHG ORDGV RI ',1
ZHW VHDVRQ



JLIXUH ,QWIHMUQ XDO YDULDWLRQ LQ WRWDO DUHD XQGHU GLIITHUHQW ',1 761



JLIXUH ,QWIHMQ XDO YDULDWLRQ LQ H[SRVXUH RI FRUDO UHHIV DQG VHDJUDVV EHGV WR '



'LVFXVVLRQ

8QGHUVWDQGLQJ WKH G\QDPLFV ERQGHSRWKQWLWO RRSPBRY
PDULQH HFRV\VWHPV LV D FULWLFDO VWWHBSWXKSX IPD&G\H P L (
LPSURYHPHQWY WR ULYHU SOXPH H[SRVXUH PRGHOV LQ
UHODWLYHO\ VLPSOH PHWKRG WR PDS WKH HIWHQW DQG
EDVHRBEOOXWDQWY DQG VHFRMHEP SRUDWOVVHINYVILDQE LNOS WY LLIC
Rl PDULQH HFRV\VOMHRWUN RV EXOX FROWULEXWHYVY WR RXU X
SOXPH VWBIWEBODO G\QDPLFV RI WKH *UHDW %DUULHU 5H
LPSURYH BDPRVXUH PRGHOV GHYHORSHG IRU WKH *%5 D(
WUDQVIHUDEOH WR RWKHU UHJLRQV DQG FDQ EH VFDOH
LQGLYLGXDO 150V RU VHOHFWHG JURXSV RI FDWFKPHQV

0\ SOXPH H[SRVXUH PRGHO LQAPSIRLY BWHIYWAR PHR LSRUSRL
PRGH®WOLQ HW DO E ODXJKPWQVWUHR/GHE EHIRUH PL
PDSSLQJ Rl SOXPHV KDV EHHQ XVHG WR PRGHO H[SRVXU
UHTXLUHV VLIJQLILFDQW H[SHULHQFH DQG LV QRW YHU\
PHWKRGYV EDVHG RQ RFHDQ FRORXU SURGXFWV DUH DIIH
FRQGLWLRQV &ODARRORXEDMPIDRI® R D WQKAH PRUH LQIRUP
IURP LPDJHU\ HYHQ I3 PRGHUDWE VXQ JOLQW FRQ
WXUELGODDSHPWRDFK DOVR DXWRPDWHV WKH PDSSLQJ RI
SURFHVVLQJ WLPH DQG KXPDQ HUURU DVVRFLDWHG ZLW|
ODQXDO PDSSLQJ Rl SOXPHWXKBE BHRHDR\GHFT HIV ¥ RVXOWH
WLPH FRQVXPLQJ DQG ODERULRXV UHTXLUHV VLJQLILFD
0\ HISRVXUH PRGHO IXUWKHU LPSURYHV FXUUHQW PHWK
LQWHJUDWH WKH GLVSHUVDO Rl SROOXWDQWY LQWR UL)
DSSURDFKHY DSSOLHG D XQLIRUP YDOXH UHSUHVHQWLC
150 WR WKHUGH IRPGY DFURVV IRU WKHD Z@RHW B 50 VXU
$Q DGGLWLRQDW KRG/SDRWAKI HVRWKDW H[SRVXUH WR SROO
*065 FDQ EH OLQNHG WR VSHFLILF ULYHUV 7KLV LQIRUPEL
FRPELQDWLRQ ZLWK PDSV Rl SROOXWDQPKPHRQYWFEHV LW
PDQDJHPHQW WR EHQHILW SDUW L F X MYUDSREPEHLU/RDIY DA G
,Q SUHS %URGLH PIMMWEKEBG DOVR DOORZV WKH LGHQWLILF



LQIOXHQFHG E\ PXOWLSOH ULYHUV KHQFH LQFRUWBRUDW
uB®WLYHO\ VLPSOH DSSURDFK WR PDSSLQJ SOXPHV DQG
WKH SURFHVVLQJ RI ODUJH QXPEHUV RI LPDJHV WKXV S
WHPSRUDO YDULDELOLW\ DFURVY ODUJH UHJLRQV DQG C

,Q WKH *UHDW %DUULHU 5HHI PRUH DFFXUDWH DQG FRQ
GHULYHG H[SRVXUH PRGHOV FRXOG EMVHRS RRS\DIFQW IIRQC
DGMXVWLQJ FDWFKPHQW PDQDJHPHQW WR EDYHAVH RU
SROOXWDQWYV DMR W WWRIHYWRIE FYH AFRIRWMWDWH PV LQ WK
%URGLH HW D@ SDUBRVLFXODU IRU YXOQH U D)DEH IKFLEXMN D V
DQG VHDJUDR/WMEHBY 8QVZRUWRK LQVW VGEBPHODUJH
PRUWDOLW\ HYHQWYV DVVRFLDWHG ZLWK ZDWHUV Rl ORZ
IORRG FRQGLWLRQV KDYH EHHQ GRFXPHIQ@WHGRARQWKH L
DQG VHDDFDNYHW 8QVZRUWK DO :D\FERR\GHMXPHV FD
UHVXOW LQ ORZ OLJKW OHYHOV LQ VHDJUDVV EHGV DQG
FDXVH OHW RBI®/ PG WKEGLWLRQV IRU SKRWRV\QWKHWLF
FRUDO V\PERRQWNU HW DO SRRKSHW EHRV@ B PRORJLFDO
LPSDFWV FDQ EH VHHQ LQ WHKHI SSUHRVOA UHRWDR\BLLRED RANQFWRI U
LQ DUHDV UHJXODUO\ LQIOXHQFH G%a ROGLW KHWMR DRIHQLF C
)DEULFLXV HWHFGIQW VHDJUDVV PRUWDOLW\ HYHQWYV DV
VHDVRQ KDYH DOVR EHHQ UHODWHG WR LQFUHDVHG PRU
*%5 OF.HQJLH HW DO OF.HQ]JLH HW DO KLIKOLJ
VWXG\LQJ YDULDWLRQ LQ H[SRVXUH VOP\§RRQ XWRD R BAVH WX
HFRORJLFDO UHVSRQVHYV

'KLPPHNSOXPH PRGHO ZDV GHYHORSHG XVLQJ WKH *UHDW
DSSURDFK LV DSSOLFDEOH WR RWKHU UHJSRPW WEKDWH V
VLPLODU UHODWLRQVKLSY EHWZHHQ RFHDQ SDUDPHWHU
LQ RWKHU UHJLRQV FDOLEUDWLRQ RI IXQFWLRQV XVHG
DGYLVDEOH EHFDXVH FKDQJHV LQ FRQFHQWUDWLRQ FRI
UHIUDEWLYH LQGH[ RDQ%VISGHRGIH® LR PPDWILFEH SDUWLFOF
EDFNVFDWWHULQJ DQG DEVRAULSVELRI SSWRBAUWLH W% BL ZD

KHQFH LWV LQWULQVLF FRORXU ,QIRURMDMMW.RG\UHJC
DUHD WKURXHK D PRROQW RUEQU SERIUBBXMWOWKLY LQIRUPD



PD\ QRW EH DYDLODEOH IRU PD Q) LWPHW RG@ \F LTS IRV WIKPIFVH
RI FDWFKPH @R XRRGHOYWFKPHQWY H:DWHUB&S5& H J
HW DOWR HVWLPDWH SROOXW D QV$ ORBEFHWRDHIR RG D,Q\
UHYLHZH DSSURDFK XVHG WR PRGHO H[SRVXUH WR ',1 F
SROOXWDQWY HJ GLVVROYHG LQRUJDQLF SKRVSKRUX
SRWHQWLDO PS8QGADOW HFRRZRYHU WKH FRPSOH[ LQWHUDF
SROXWHQWVYORFXODWLRQ %DQGERRGVHUNIWIOH PL[LQJ
VRPH Rl WKHVH DQG RWKHU SROOXWDQWYV L H WKHLU F|
RI VDOLQLW\ VXFK DV %DR GLH X0\ MGU Q QWY LIKQW/K H U
LOQYHVWLDBWXR® WRHVH PRGHOV DV QHFHVVDU\

6RPH OLPLWDW LR ®VSHDWXH H PRHKEHIQNL QR DSSURDFK VRPH
RWKHU RFHDQ WFRQRXQJUNPROMHDWLRQV 2QH DVSHFW Wi
FRQVLGHUDWLRQ ZKHQ DSSO\LQJ WKH SURSRVHG PRGHO
ZDWHU PDVVHV WKDW UH\HPEOHS SEDKRH B DARIDBRX UVFH®ID V'
DQG DQG VHFRQGDU\ WHUWLDU\ SOXPHV DUH PDSSHG

SOXPHV 2QH H[DPSOH LV WKHUSHQUFKGZ B VXIS ZH 6 & GYJFRIOX
SK\WRSODQNWRQ EORRPV ZKLFK FNQ FKHSKR(PIX \ZHDGV B UW
%HPDQ HW BQRWKHU H[DPSOH LV LQ DUHDV ZLWK UHVX\
VHGLPHQWYVY E\ FXUUHQWY ZLQGWHKBHHMRG DDWHVY DQRSK
J)DEULFLXV 2USLTKHWDWWHU VLWXDWLRQ FDQ EH RI
%D\ QRUWK RI WKH JLWJUR\ 5LYHU ZKHUH YHU\ WXUELG
PRVWO\LDWHREF ZLWK VW UFOGISDVG D\P FXKHO QW W LD OO\ C
ZLWK WKHVH SUREOHPV E\ IRFXVLQJ DQDO\VLV RQ WKH 2z
DSSO\LQG DVRRDQ\E H X WQIKWMRKHUEUHILQHPHQW FRXOG LPS
)XUWKHUPRUH WKH PRGHO PLJKW QRW DFFXUDWHO\ PDS
ZKHUH ERWWRP LQIOXHQFH DQG UDGLDQFH UHIOHFWHG
VLIQDOV UHFRUGH® [PUWRHHIWDRVBIOOLWAKGH 6LHJIJHO

&RQFOXVLRQV

7KH PDSV UHVXOWLQJ IURP WKH SOXPH H[SRVXUH PRGHC
DSSOLFDWLRQV HVSHFLDO®D U P ZEWHUU ILRDEWFRID § G



FDWFKPHQW PDQDJHPHQW IRU PDULQH FRQVHUYDWLRQ ¢
ZLWK PHWKRGV EDVHG RQ RANDQQ RWRXO S D UD PEFKH B W (
KDV REYLRXV DSSOLFDWLRQV IRU PRQLWRULQJ EH
SHULRGLFDOO\ DVVHVV H[SRVXUBHDRIHFED §R QB XVF R W\W HR
RXWSXWV DUH XVHIXO IRU FRQVHUYDWLRQ EHFDXVH XQGtH
LPSDFW VEDIVOIBQWKUHDW VEHNQ@YHAHVESDW\LI/&® DOWHUQDW |
PLQLPLVH YXOQHUDELOLW\ DQG PD[LPLVH FRQVHUYDWLR
DYRLGLQJ LPPLQHQW WKUHDWYVY ZKHUH SRVVLEOH H J
DZD\ IURP DUHDV VWUR @DYHDBI ISFEQHCON D\QOD/Y G D DHOW V QHIV
FDWFKPHQRLQUPIDAMWRKH VXSSO\ RI SRRAXNWEQWD\DAG LI
TXDO%BWRGLH HW DO '"DYQBL A HWRPELQLE) WKHVH VW
DVVHVVLQJIRWKHE WWDIBHQ WKHP LOHGQ! HW HIBWHD S G RV H
WKHVH RSWURQWH TXQD 8 PHREDHVOHVGRW RDBBWYV WKDW LGHDC
LQIRUPDWLRQ RQ L WKH VSDWLDO GLVWULEPWHRBQ RI
SROOXWDQWY GLVFKDUJHG LQWR WKH VHD LLL WKH GL
WHK SRWHQWLDO HFRORJLFDO LPIDNPRGHRO GO WG DG HDV
VHFRQG DQG WKLUG HOHPHQWY DQG FDQ EH OLQNHG WR
PRGHOOLQJ ([SORUDWLR QPRH [WRWXERHURRIYISQ Q\GH R E WHR
HFRORJLFHIYD FKIRFFXUUHQFH RI &276 RXWEUHDNV )DEUI
GHFOLQHV LQ FRUDO FRYHU +XJKHV HW \BI® WR EGZHDWF
LQYHVWLIJDWHG 8QWLO QRZVH® FRKIBNREMDIWDLVRIOR R | SOCCDAR)
DSSOLFDWLRQV $0 WNREE WO HW B® WKXV VWXGLHV
WKHVH WRROV W REDHMW® HUKUGIRW Y PRQ@KBOV VKRXOG EH |



&KDSWHGOGYDQFLQVHDDRREQVHUYDWLRQ SODXYHQJ LQ
FKDQJH FDWFKPHQW DQG ULYHU SOXPH PR

$EVWUDFW

+XPDIQGXFHG GLVUXSWLRQ WR IORZV RI ZDWHU QXWULH
WUKHDW WR PDULQH HFRV\VWHPV 2QJRLQJ ODQG XVH FKDC
DQG DPSOLI\ WKH EPYBRBNW KU HIDMWG WR YXOQHUDEOH PDL
&RQVHTXHQWO\ WKHUH LV DQ XUJHQW QHHG WR DVVHV\
PLWWHOWKHLU LPSDFWV $ NH\ TXHVWLRQ UHJDUGLQJ SU
FDWFKPHQW PDQDJHPHQMD WIRQ P DZMWHU @ ¥IROMWMDFED Q EH
FRQJUXHQW ZLWK FRQVHUYDWLRQ DFWLRQV IRU WHUUH\
GUDLIQQWR WKH *XOIl Rl &DOLIRUQLD DHPB0RQHIGER RO®LQ/GI U
XVH FKDQJH PRGHO WR DVVHVV WKH YXOQHUDELOLW\ RI
FRQYHUVLRQ WR FURSV SDWHGK B B VWDRXP X Q WD PR BB Q J
VRXUFHV DQG HVWLPDWH SROOXWDQW ORDGWKEHQOLYHUFL
SULRULWLVHG DUHDV IRU FDWFKPHQW PDQDJHPHQW EDV
WHUUHVWULDO ELRGLYHUVLW\ DQG REMHFWLYHV IRU zZD
SROOXROWAMHY DQG DIIHFWHG PDULQH DUHDVO\LGHQWLIL]
REMHFWLYHV IRU SURWHFWLRQ Rl WHUUHVWOLDO ELRGL
REMHFWLYHWDRUQHREUWEBO TXDOLW\ ZHUH WR UHGXFH V
GLVFKDURIMWDQG XVHV DQG PLQLPLVH LQEMMBEBHV LQ FR
FRQVHUYDWLRQ SODQQLQJ VRIWZDUH ODU[DQ WR SULRU
GLIIHUHQFHV LQ SULRULWLHV IRU ERWK REMHFEWLYHV 1R
ODQG YDOXHV IRU WHUUHVWWDILLQ HE LZADGALY Bl TX DL DV Q G FG
SRWHQWLDO IRU FRQIOLFW DQG WUDGHRIIV +RZHYHU W
DFFRPPRGDWH SULRULWLHV WR D\PKW K &N ERRMRQ VAW D VR H
SUDFWLFDO DSSURDFK WR LQWHJUDWLQJ PRGHOV RI FDV
SOXPHV ZLWK FRQVHUYDWLRQ SODQQLQJ VRIWZDUH WR

PDQDJHPHQW



,QWURGXFWLRQ

+XPDIQGXFHG FKDQJHV LQ IORZV RI IUHVKZDWHU QXWUL
WKUHDWYVY WR FRDVWDO DQG PDHUQF HBERQO WHPYLDPDQC

IXWULHQW HQULFKPHQW RI FRDVWDO DQG PDULQH :
DJULFXOWXUH FUHDWHY HXWURSKLF DQG K\SR[LF DQRJLI
HFRV\VWHPV ELRGLYHUVUWY DGR WXPHOHUKHDOWREULF 9

+RZDUWK3HVWLFLGHV IURP DJULFXOWXUH DUH D JUF
UHJLROQMFXDODUO\ IRU VHQVLWLYH KDELWDWYV DQG VSHEFL
PDULQH PDPPDOV VHDELUGVYV DQG '"XDHWLRWVDIQVK D Q«®D
HW DO SHDGPDRB®WVDRIWNHGHRHYHG IURP ODQG FOF
XUEDQLVDWLRQ DQG DJULFXOWXUH KDYH:MQOQRILFD QW

DQG DUH D PDMRU WKUHDW WR HFRV\WWHPV VXFK D)
&DEDFR HW DO 0 DTLKXDY HWHDIORQDO VWXGLHV WR LGt
ODEBBVHG WKUHDWY DQG VXEVHTXHQWO\ WR H[SORUH R
XUJHQWO\ QHHGHG

2QJRLQJ YHIJHWDWLRQDQRBNW DQ GXOWEE KPRGIK\ UXQRII I

QXWULHQWYV DOBUDHGEGIF QWWW DO +RZDUWK ‘DO
SRWHQWLDOO\ PDJQLI\LQJEBXHEGHW WU HDSAD\E W\R BAMQD QW L
&DEDFR HW DO 5HLG HW DO 5RJHUV "RUO

VHGLPHQWY DQG QXWULHQWY GHOLYHUHG WR WKH RFHD
HIWHQVLYH ODQG FOHDULQJ IRU JUD]LQJ$ ®DUWWRKOW XUH
&REHODV HW DO 7KROKUQPIKOLIKWY WKH QHHG WR EH
PDJQLWXGH DQG SRWHQWLDO LPSDFWV RI VXVSHQGHG V
HFRV\VWSIIPUWLFXODUO\ LED DG DWK P KDWY (DRSHES Q RPN QHX

ODLQD HW BOWHUDWLRQV WR SROOXWDQW ORDGV UH
KDYH EHHQ HVWLPDWHG LEWHOPH UHHURSGNH I $XVWUDOLD

ZLWK D FRPPRQ ILQGLQJ EHIRPGD LQFDPDWHF LRSS R
GLVFKDUJHV WR FRDVWDO DQG PDULQH HQYLURQPHQWYV
XVH FKDQJH DQG DELOLWD QVRWRR @ DADN WRBBVR DGYDQF
$LWNHQKHDG $DOGHUYV LP ,QWHHLDMUL GIWLRQRUPL
IURP FDWFKPHQW PRGHOV DQG ODQG Y%WH WKD GXJFPRGHC



OF&ROO $JIJHWW 3DULV &KHUXELRQG LWDQDFI
DSSOLFDWLRQ WR PDULQH FRQVHUYDWLRQ SODQQLQJ LV
FDWFKPHQW PDQDJHPHQW $ IXUWKHU SOXPIH FRR GHHOWH IV
GHVLUDEOH WR UHODWH VRXUFHV RI SROOXWDQWYV ZLW#
RU UHFRJQLVHG $OWREEW U R LHIND D O 6WRPV HW DO

/JLPLWHG UHVRXUFHVY DQG RWKHU VRFLRHFRQRPLF FRQV\
PDNHUV WR SULRULWLVH FDWFKPHQW PDQDJHPHQW DQG
GRZQVWUHDP EHQHILWY OHWKRGV WR WDUJHW FDWFKPF
LQ WKH SDWYW RGIAD W DO OF.HUJRZ HW DO E OF
EXW LQWHJUDWLRQ RI WKHVH LQWFRO P DIRRPHIRSIOW @@L QJ L\
,Q WKH SDVW  \HDUV V\VWHPDWLF FRQVHUYDWLRC
PHWKRGY DQG WRROV WR JXLGH FRQVHUYDWLRQ LQWHU"
ELRGLYHUVLW\ ZKLOH BUGILVPLHL Q % R\ W F RV @/ V 6DUND!
,QWHJUDWLQJ ODQG DQG VHD LV UHFHQW LQ WKLV GLVF]
YDOXH RI D VIVWHPDWLF DSSURDFK WR SULRULWLVLQJ F
EDVHG W KU H D W\ VWRIPRKQLHOM HWRD O &ULVW HW DO

*LYHQ WKH XUJHQF\ REB VOGP WKLOHDOWDRQWR PDULQH HERV
TXHVWLRQV DULVH KRZ GR VRXUFHV Rl SROOXWDQWYV Z|
FRDWWDDQH HFRV\VWHPV" ZKDW DUH W EB\GLG! MUKHIQVD \X B
FRDWWDOQH HFRV\VWHPV FDQ EH PLQLPLVHG" DQG ZKD
GLIIHUHQFHV LQ WKH GLVWULEXW LR Q RN HOWDWDHEY WIUQ DOV DZQ
FRQVHUYDWLRQ" 7R D Q MHUG WAKKIH/ M XTOX HRIVRIIRAQMR U QLD
VWXG\ D PDULQH ELRGUERWDLMW KOROWVSRWOVRQ 'LQHU
ZKHUH P XIDMLGB\OHG WKUHDW YV KD Y YXSBRI\Q DG IRWXPE QW H G3 i+
2VXQD BSHURIQGH]VRPHWLPHV UHDFKLQHPRIQVHKR DK DUHI

$ PDMRU JDS LQ PDULQH SODQQRGJ D RETHO QN HIGQ W
DGGUHWHDIFR QHFWLRQVEDY H® SWOPXWLR Q DDIGLFK KD
LGHQWLILHG DV D NH\ WKUHDW WR PDULQH HFRV\VWHPV

7KH DLP RI WKLV VWXG\ LV WR LQWHJUDWH PRGHOV RI O
FOWHQWY DQG ULYHWHOXPRHYVHRWYOWQRERQ SODQQLQJ DS



SDUWLFXODU WKLV VWXG\ KDV WZR REMHEWLYHV 7KH |
WKDW QHHG WR EH SURWHFWHG RU PIPQLIHG VZRVWBUQW |
TXDOGIRMVLGHULQJ WKH LQIOXHQFH RI SROOXWDQWYV RQ
ZLWKLQ FDWFKPHQWY DSSO\ WR DUHDV ZLWK QDWXUDO
FOHDULQJ WR PLQLPLVH IXUWKHU LQFUHDVHV LQ VHGLPI
PRGLIQBEQG XVHV WKDW UHTXLUH PDQDJHPHQW WR UHGX
GHOLYHUHG WR WKH VHD IRU H[DPSOH WKURXJK WKH LP
DJULEFXOWXUH DQG JUD]LQJ 7KH VHFRQG REMHFWLYH LV
EHWZHHQ WKH PDSV GHSLFWLQJ DUHDV WR SURWHFW IR
FRQVHUYDWLRQ DQG DUHDV WKDW DUH LPSRUWDQW IRU

OHWKRGYV

BHYHUDO PRGHOV DQG D QP OYWXGYHIGHDL QDRGYFHIGDIQIH PF
HVWLRBVBHWREDELOLW) RI FKDQJH IURP QDW X U,X& G JHW D
D FDWFKPHQW PRGHO WR LGHQWLI\ DUHDV SURQH WR HU
VXSSO\LQJ PRUH VXVSHQGRDULKGLPHBBW W& G- RRVMADOL
UHBWLRQV LQ SROOXWDQW ORDGV VXVSHQGHG VHGLPH
EHVW PDQDJHPHQW SUDFWWKH\Q ZARPHE LL@IS G MPKHD &/BIGG F k
FDWFKPHQW PRGHOV WR HVWLPDWH WKH SRWHQWLDO H!l
,DAVXVHG D SOXPH PRGHO WR LGHQWLI\ WKH PDULQH DU
GLVFKDUJHG SROWKMP QWYNH&LWR WKH VRXUFHV RI SRO
PDQDJHPHQWXYIHH® BRQVHUYDWLRQ GHFLVLRQ VXSSRUW
FRPSDWIHRBLWLHYV IRU LPSURYLQJ ZDWHU TXDOLW\ SUHY
SROOXWDQW ORDGV DQG IRU FRQVHUYDWLRQ RI WHUUH

6WXG\ DUHD

 IREXPHWBGW X ON RIOHFWHG FDWFKPHQWYV RI VBKIDEROI RI &
LQWR FROOMVWEXIPIHPHQWIXQHWY LGHQWLILHG DV KLJK SUL
FRQVHUYDWLRQ LQ QDWLR®DIGDIGE UH KR QB ONVAKRIQDHM W M
FRDVW RI WKH *XOIl Rl &DOLIRUQLD UHPDLQV FRPSDUDW!
DUHDV DUH DIIHFWHG E\ DTXDFXOWXUH /DX@&RWDUNWD JU L



DO +HQFH FDWFKPHQWYV ZLWKLQ WKLV DUHD DUH DSSH
FDWFKPHQW PDQDJHPH®@WNW.R H EBMWHWH TPRIDVIWDREMHFEW

JLIXUH7KH VHOHF@/HEH WROMBKPHQWY FRPSULVLQJ WKH V
GUDLQ LOQWRAW@RHIRX@ILRI $ 6WUHDP QHWZRUN DQG OHY*H
RI DGMDFHQW PDULQH PDQDJHPHQW XQLWV % ODLQ OD:
KXPDQ PRGLILFDWLRQ HJ FRQYHUVLRQ RI QDWXUDO D
DVVRFLDWHG W WKQWSRWEROOSDMD QW VXSSO



JLIXUH7KH VHOHFQ/IHAHA WRWAKPHQWY FRPSULVLQJ WKH VWXG\ DUHD DOO RI ZKLFK



/IDQG XVH FKDQJH PRGHOOLQJ

, XVHG D ODQG XVH FKDQJI$ WPRECHD OLRVH RW ERDW HHWMK R P
YHIHWDWHG DUHDV WR FURSODQG SDVWXUH DQG XUED
HISORULQJ DQG VXPPDULVLQJ SDVW FKIFRMHUZRDBK D@
VHOHFWLQJ WKH GDW DV HWW H GRLFRQ W\KKH VOLDAHG VAFKLDLGIMH VPR
PRGHOOLQJ WUDQVLWLRQ SRWHQWLDOV IURP QDWXUDO
DQG FDOFXODWLQJ WKH SUREDELOLW\ RI FKDQJH IRU V
SUHGHILQHG WLPH SHULRG R&HEF XK DIQDIOSVIRIDZSHUH GGbY +
DQG /DQG &KDQJH: 0 R EHWORQ D WRRO FRPPRQO\ XV
RI ODQG XVHLFKDQJGBFKXO] HW DO

,H[SORUHG SDVW FKDQJHV LQ ODQG XVH VWH®EH DERYH

ODQG XVH FRYHU KHUHDIWHU pODQG XVHY GDMW
6(0$51$781%$0 ZKLFK ZHUH SUHYLRXVO\ FRUUHFWHG |
LQPROWHQFLHYV DULVLQJ IURP GLIIHYHQWI RHWHKRGIVOWR G
,XVHG /&0 WRROV DQG *,6 URXWLQHV WR LGHQWLI\ DQG
LQFRQVLVWHQFLMM WEEHHVZGBW DWIHPMY 7KLV SURFHVV ZDV
DUWLILFLDO GLIIHUHQFKVFRN WG HHY ROBVLDKXQOLNHO\ R
WUDQVLWLRQV HJ XUEDQ WR UDLQ/RHENRAW HG LVDKRIU H

DQG GDWDbVHMWUVHYFH PDSV WR PRGHO ODQG XVH FKEC
WUDQVLWLRQV IRU WKW SDHDQRW RBRWVN IRHUWKH RWKHU \
DQG 9HOI]TXH] HW DOVR FUHDWHG D PDS UHSUHVHQ

VFHQDULRY GHILQHG DV RULJLQDO YHIHWDWLRQ FRYHU
ZDV FRQVWUXFWHG EDVHG RQ WEKEGHHDUOLHGWEBDO®G XV

81%$0 IRU ZKLFK DQWKURSLF ODQG XVH FODVVHV ZHUH
UHIHUHQSHR\WB®WLD 05 MHIRIWINLHRQUHJLRQV RI 1IRUWK $I
& (& DQG WHUUHVWULDO HERUH&LPR®¥,RI 0HKLAR

PDS ZDV XVHG WRQDWXIUPIDNH XWXIHO\ RI VHGLPHQWY WR L
LQFUHDVH LQ ORDGV LQ FRPSDULVRQJWRHWK 6 uFXUUHQV

7R PRGHO WUDQVLWLRQ SRWHQWEWGYG NVSOD QIDERYMH YDU
LQFOXGLQJ UDLQIR®B WBGORGHYWRALMDOQW\SH DQG SUR[LPL
GHYHORSHG DUHDV WR PRGHO HDFRGH OWKH RHYEHQYD WLLD



KDYH EHHQ OLQNHG WR ODQG XVH VXLWDELOLW)\ IRU KXF
WR SK\VLFDO DFFHVVLELQRPW)\ LQ DUYHQRAH HOWMJIR@QV  5F
DO FUHDWHG WKUHH W UPRGH I\ R R QSR VRRIQMOLIDKD DUXVE K
VHOHFWHG D VHW RI H[SODQPR\GRLO\ YRWLDEOHV FRW K D F K
&UDPHUYTV FRHIILFLHQW PRIGHO IRHUUHDIRKFRNBRUDWHG &L
KDV EHHQ XVHG WR WHVW IRU VWUHQJWK RI DVVRFLDWLR
XVH FKDQJH DESOLEDWHR®N HW DO 9DQDFNHU HW D

)LQDOO\ WKH VHOHFWHG YDULDEOHV ZHUH XVHG WR FD
PRGHOOHG WUDQVLWLRQV \WDHSHUDER W UIWWK D® MW L
3HUFHSWURQ 1HXKDQ HWWIX®RUN 7KLV LV BBKOHIXO WHI
FKDQJH XVLQJ PXOWLSOH H[SODQDWRU\ YDULDEOHV VLPX
OLQHDU UHODWLRQVKLSY HJ JUDGLHQWYVYV LQ FKDQJH ¢
RU GLVWXU,EIQE FDWIHHFOIDWHG WKH LQIOXHQFH RI H[LVWLQ.
SURWHFWLRQ DQG PDQDJHPHQW LQ WKH PRGHO DV UFRC
/&0 WR UHGXFH WKH SUREDELOLW)\ RI FKDQJH IURP QDW
FRYHUHG E\ WKHVH WZR PDQDJHPHQW WRBQNG 9%BDKIHIXK R (
FRVWUDLQW YDOXH & WIRS B3 R WDHDFRAW DI ® B HFIRVQ VW U DL Q

WR :LOGOLIH 0D QDUHA(E KM BQLWWVKLY UHVXOWHG LC
WKUHH PDSV GHSLFWLQJ WKH SUREDELOLW\ RI FKDQJH |
RI WKH W K UMH A CODQAMIRIRIS L



JLIXUH3BUREDELOLW\ RI FKDQJH IURP WKH HLJKW QDWXUDO YHJHWDWLRQHIDWD $HV RWBGR ¢
WR HVWLPDWHG XVLQJ WKH ODQG XVH FKDQJH PRGHO



&DWFKPHQW PRGHOOLQJ

,XVHG 6HG1HW :LON VR P@ GO D/X S SN QWO X EPD \B BIG V/
ORDG DW FDWFKPHQW OHYHO RI ILQH WRWDO VXVSHQG
HURVLRQ DQG QXWULHQWV &' Y VFRROYRFEG HORWHID Q66 W RW
LGHQWLI\ DUHDV ZLWK QDWXUDO YHJHWDWLRQ WKDW FR
PLQLPLVH WKH LQFUHDVH LQ VHGEPPHQ@HORMMRNGHOLYH !
PRGHOOHG ',1 DQG 766 H[SRUWHG IURP FURSODQG SDVYV
DUHDV WKDW QHHG WR EH PDQDJHG U D PMWE RIIGXIERS C
SROOXWDQW ORDGV G,XWHK® B Bii6G HVQ VER ADKN W HIY SUHGL
VXVSHQGHG VHGLPHQW ORDGV ZLWKLQ WKHLU REVHUYH
GHOLQHDWHG VXEFDWFKPHQWY ZLWK 6HG1IHW E\ XVLQJ

ZKLFK UHVXOWHG LQ VXEFDWFKPHQWY ODWHU XVHC
DQDO\WHY ZLWK D PHOQ D/QBEDBG aGHNPDELRQHD SNPULPH
UDWLR RI VWD QG IVK® DELH)Y UB WX RUH P DQMAG IRU GHOLQH!

VXEFDWFKPHQWY UHODWHG WR FDWFKPHQW PRGHOOLQJ
VHH VHFWLRQ

,XVHG WKH FDWFKPHQW PRGHO WR FUHDWH WKUHH W\SH
766 DQG ',1 EDVHG RQ pQDWXUDOY DQG pFXUUHQWY ODQ
DQG ',1 VXSSO\ DIWHU PRYDHIPIRPOWWQS WL FHY DQG LLLI
VXSSO\ LI H[LVWLQJ QDWXUDOO\ YHJHWDWHG DUHDV DU}

,FDOFXODWHG WKH WRWDO FDW B K FCHQQGN' ,Q RED\GD/G GMLRIQ QWK
VXSSO\ Rl WKHLU FRUUHVSRQGLQJ VXEFDWFKPHQWYV ZK
DQG HPFXUUHQWY ODQG GVEHPUBOHEMWMIGHFWWIEKWH QWY G
PDULQH PDQDJHPHQW XQLWYV W K UW KHF IV\R WRH QW X GA RIPUS
YLIXUH <DTXL DR\ R NP DQG ODWDSH

NP DQG FRPELQHG FRQWULEXWH ZLWK DSSUR[LPDWH
766 DQG ',1 DIHGHRARDGY UHVSHFWLYHO\ &KDSWHU

7R FUHDMHOR IWKHRY RI SRWHQWLDO UHGXFWLRQ LQ 766 D
LPSOHPHQWD@QIDHEHPWQWIBOORWHG HVZ R MWHDSWH GLR LN 83W
UHSUHVHQWLQJ WKH HVWLPDWHG VXSSO\ IURP VXEFDWF



DUHDV XQGHU FURSODQG SDVW XU HPD QG JUPEDOQVDSHDRML
WR UHGXFH WKHVH WZR SROOXWDQWY 7R VLPXODWH UH
EHPWQDJHPHQW, CSANDXWAIFEWKH HYHQWORHDHHFRQFHQW |
%DUWOH\ HRY ,DORU FURSODQG D/IDE XK ERHV BIUHDO/XHV ZH |
VHW WR UHSUHVHQW PD[LPXP SRWHQWLDO UHGXFWLRQV
UHGXFWLRQV IUR®NQOW R QD WXWERIGIFH SRWHQWLDO UHGX|
KLJKHU IRU DUHDV ZHUH IHUWLOLVHU XVH LV PRUH LQW
EHWZHHQ FURSODQG FODVVHV GHSHQGLQJ RQ WKHLU U]
XVH UHGXFWLRQ KLJK XVH UHGXFWLRQ PRGHUD)

UHGXFWLRQ YHU\ ORZ XVH UHGXFWLRQ )RU XUED
FRUUHVSRQGY WR D PD[LRKFOXGHEEOVWLRUH IURP WKH
VFHQDULR EHFDXVH SDVWXUH PDQDJHPHQW SUDFWLFHYV
FROQFHQWVDRX.®DWHG WKH HIIHFW R DRY DLPHSRO-HP\M QB LDGFWH HF
UHGXFH 766 VXSSO\ E\ PRGLI\LQJ WKH LQSXW LQWR WKH
IDFWRDFWRU LV XVHG LQ 586/( WR FDOFXODWH VRLO OR\
SDVWRMMXPHG D PD[LPXP 766 UHGXFWLRQ R IURP FUI
SDVWXUH UNNVBERWIPOXBHG XUEDQ DUHDV IURP WKH 76¢
EHFDXVH RQFH WKKHY/ HWMKUHH 8 RWOIRRMD F\RQW ULEXWH VLJIQL
BHFRF®OFXODWHG WKH GLIIHUHQFH EHWZHHQ WKH pEH)\
HEXUUHQWY VFHQDULRY GHVFULEHG DERYH WR UHSUHYV
YLIXUH



'LVVROYHIDQQR 7RWDO VXVSHQ
/IDQG XVH

QLWURJHQ ',1 VHGLPHQW 766
SUEDQ D 1RW PRGLI

9HU\ KLJK«

+LIK««

ORGHUDWH

IRZ ««

9HU\ ORZ«

3DVWXUL 1RW PRGLIL

&URSOD(
FODVVH\

7DEOHXWULHQW HYHQW PHDQ FRQUPHQYW GDLWRRYVREODO DC
SDUDPHWHU YDOXHV IRU ',1 DQG 766 UHVSHFWLYHO\ >
ILUVW VHW RI1 YDOXH YV DRR (O&H/GBEG@GR W R D/ORKHH \R M IV HLIAQ W R
HEFXUUHQWY DQG PD[LPXP VXSSO\ VFHQDULRYV 1XPEHUV L«
PRGLILHG SDUDPHWHUV XVHG WR VLPXODWH 766 DQG ',1
LPSOHPHQWUQFWHFRBVVLILHG FURSODQG DUHDV EDVHG R
IHUWLOLVHU IURP YHUD$BRZBMR YHDR&LIKHG WKLV
FODVVLILFDWLRQ WR SURJUHVVLYHO\ DVVLJQ (0& YDOXH
XVLQJ WKH WK WKDQBSHUFHQWLOHYV RI GRFXRBQWEAG YD
6XSSOHPHQWDU\ ODWHULDO

JLIXUH(VWLPDWHG PD[LPXP UHGXFWLRQ LQ WKH VXSSO\
VHGLPHQW 766 DQG GLVVROYHG LQRUJDQLF QLWURJHQ
LPSOHPHQWLQJ K\BRQYWBHWPLHFQW BHDWNSYFH\KRZ WKH PD[LF
UHGXFWLRQ NJ \HDU LQ 766 VXSSO\ DW VXEFDWFKPHQ
SDVWXUH DQG ',1 IRU' FURSODQG DQG ' XUEDQ DUHDYV
DQWKURSLF ODQG XVHV ZHUH W DU NDWH®R QRDQMIDQ DK M FED
RQ ESIWIWFWLFH ODQG XVHV



JLIXUH(VWLPDWHG PD[LPXP UHGXFWLRQ LQ WKH VXSSO\ Rl SROOXWDQWY WRWDO VXV!
IURP DQWKURSLF S5O0 @RBHRWHLYD D KNVIFRINKEHW PFHIQON ESIWEBVF W LF H V



JLIXUH(VWLPDWHG PD[LPXP UHGXFWLRQ LQ WKH VXSSO\ Rl SROOXWDQWY WRWDO VXV:
IURP DQWKURSLF ODQG XVHV DFDOPHBRIG R MIQOWS QD KV KWK HW



)LQDOPGRR\GHOOHG WKH PD[LPXP 766 VXSSO\ DVVXPLQJ DOO
YHIJHWDWHG DUHDV DUH WUDQV,RURPBIG H® WR HDHWKLIRS [E
DSSO\LQJ D XXAWRWP RQH IRU HDFK Rl WKH PR@®BOOHG W
SDVWXUH RU XUEDQ DUHDV WR DOO DUHDV ZLWK DQ\ R

&RPELQLQJ ODQG XVH FKDQJH DQG FDWFKPHQW PRGHOV

7KH RXWSXWV IURP ODQG XVH FKDQJH DQG FDWFKPHQW
PDS UHSUHVHQWLQ$RWUKMHLR QWO PIRQMG SENRWLRQ RI VXEFTC
UHJZRGH 766 ORDG LI QDWXUDO YHJHWDWHG DUHDV ZHU
XVHVWRFXVHG RQ 76B EHFPREHOOHG SUREDELOLW\ RI FKD
SUHGLFWLRQ WR DQWKWRSLIXOXQE CLNWDDRBXYRWQ R C
SUHGLFWLRQ ZKLFK ZRXOG EH UHTXLUHG WRIPRWGWMO LQ
WUDQVIRUPHG WKH PDSV VKRZLQJ WKH HVWLPDWHG PD]I
ZLWK QDWXUDO YHJHWDWLRQ DUH FRQYHUWHG LQWR FU
GHSLFWLQJ WKH SURSRUWLRQDO FRQWULEXWLRQ WR
VXEFDWEKPHQWY ZLWK QDW XDD®HY NWIWHWCD DIURIP® W K6 WOKRH
,FRPELQHG HDFK Rl WKHHW UDWR/SRURH® PDSWDLPXP FR(
IURP HDFK W UDQWRWRR QD QRNXQD WXRIDON X Yt w616

DQG QDWRKEDQxuZdf ZLWK WKH PDSV GHSLFWLQJ WKH SUF
IURP QDWXUDO YHJHWDWLRQ WR DQW KWRRLFESFODIG/HV |
3rurs@ D WKXRIDON 3oUWR @ G QVRXEDR@:pEF DOFXODWHG XVLQJ W
XVH FKDQJH PRGHO VHFWLRQ 7KLV FUHDWHG D PDS
PD[LPXP SURSRUW LRDEBOW FriBuWIMXEKX W LREDVHG RQ WKH
IROORZLQJ IXQFWLRQ

76 bowHIPDWHBURSV/ GFORBD]| sHVwXEBsDvweouH XIEDY BXWEDQ PDJ



JLIXUHOD[LPXP SURSRUWLRQDO FRHQWM BWRVEKRGHE H YDEEF
VXVSHQGHG VHGLPHQW 766 ORDG FRQVLGHULQJ WKH ¢
YHIJHWDWLRQ WR FURSODQG SDVWXUH DQG XUEDQ DUH
7KH PDS LQWHJUDWHY WKH LQGLYLGXDO PDSV GHSLFWL(
YHJIJHWDWHGH FRIPYMUWHG LQWR FURSODRGH SBYMKXUH R
SUHYLRXVO\ PXOWLSOLHG E\ WKH SUREDELOLW\ RI FKDQ
FRUUHVSRQGLQJ DQWXURSBLF ODQG XVH

SLYHU SOXPH PRGHOOLQJ

,XVHG D JOREDO FERDGH®G IRK DHDIWGY +D\D HHUDSISW RO DP D W L
RI ULYHU SOXPHV LQ WKH VW XG FPRX®D SEYHBOGWQRI W KH |
LPSDFWV +DOSHPRGHW @G PDULQH DUHDV OLNHO\ LQIO>
LOQVNMWIXUH XWHG WKH OLQN EHWZHHQ FDWEIKWPHR WV L
SROOXWLRQ DQG PDULQH DUHDV L H PDULQH PDQDJHF



WDUJHWHG WR DFKLHYH ZDWHU TXDOLW\ REMHFWLYHV |
RXW SULRULW\ RI PDULQH PDQDJHPHQW XQLWV GHVFUL
LQIRUPDWLRQ RQ WKH HI[WHQW RI ULYHU SOXPHV RULJLC
FDWFKPBEOWXWHG WKDW WKHLU LQIOXHQFH ZRXOG EH UH'
XQLWWR ZEKLFK WKH\ GUDLQ GLUHFWO\

,XVHG WKH PRGHO RI| +DI@SFARPEHQDWARQ ZLWK WKH SULR
PDULQH PDQDJHPHQW XQLWV )LIXRHDOE(OIBWHT D PDULC
03 IDFWRU 7KH 03 IDFWRU UHSUHVHQWY WKH LPSRUWD
PDULQH ZDWHUXTXD GEPW\HG RQ WKH SULRUBIPWMQRI PDHDYH
WKDW DUH SRWHQWLDOO\ DIIHFWHG E\ WKH FDWFKPHQW
VHEWLRQ 6XEFDWFKPHQWY WKDW DUH OLQNHG WR
KDYH D KLJKHIFD®FPDOXWHG 03 XVLQJ WKH IROORZLQJ IX

03 &, 9,
:KHUH
&, &RQVHUYDWLRQ ,QGH] WR HFRORJLFDO LPSRUWL

SURGXFWLYLW\ SUHVHQFH RI W KYIKIFRDARHHQHDGRBNGARNEHDF W H (
PDFGRQNBOGLWXUWOHY FHWDFHDQV VEDWNDNQ GHRRSHWPW B !
ODJRRQV DQG SURWHFWHG DUHDV

9, 9XOQHUDELOLW\ ,QGH] WR +LJKHU 9, YDOXHV LQ!
DQG KX3ADHYVXUH FBFOMUHWKRVH DUHDYVY VKRXOG EH FRQV
VWDWH JRYHUQPHQMRW DN UL BW LR Q LRD\QIRIHPHQW

%YRWK LQGLFHV &, DQG 9, ZHUH DOORFDWHG WR PDULQI
FRQVXOWDWLYH SURFHVYVY ZLWK H[SHUWY DQG VWDNHKR(
SURFHVV IRU WKH *XQ0&31&0O0OLIRUQLD

JLIXUHSLYHU SOXPHGPRGIHFOUDW\ OHYHO RI PDWIEERHQWYV I
FRQVHUYDWLRQ $ 5LYHU SOXPH PRGHO GEBYHRBNLQJ SRV
QXWULHQW+DRGBX\QLRWBEG DV D SUR[\ RI WKH H[WHQW R



VHOHFWHG ULYHUV % ODULQH SULRULW\ 03 IDFWRU D\
VXEVHTXHQWO\ WR WKH VXEFDWFKPHQWYFW KRUHRDU L QHS
FRQVHUYDWLRQ LQ WHUPV RI WKHLU OLQN WR PDULQH PD
SULRULW\



JLIXUH5LYHU SOXPH PRGHO DQG SULRULWRPMWEM@HRF K Q WHK P B QYWR Q



ODQDIJHPHQW VFHQDULRY DQG REMHFWLYHYV

,GHILQHG WZR JHQHUDO PDQLP\(SPHRWLWEMRWURRY WR J)»
LPSOHPHQWDWLRQ RI EHVW SUDFWLFHWVRQLREWDWRSEWF |
TXDOLW\ DQG LL SURWHFWLRQ RI QP WDQUD DDYWHHH W R V@ |
DQG WR FRQVHUYH W HDEDHWIRMVDIO \ERRGR Y HRW LVPFR USR
WR PLQLPEDI ID® GROOXWLRQ WR SULRULDWWHBDWKEH FRQ)
GHFELWRSGRUW W RARIO ODKWWIMROH[SORUH WKH PDQDJHPHQV
XVHG WKH PRREFOWHKPHQWY DV GW SHDHDQLIDG XQ LOMG 17
VXEFDWFKPHQWY ZHUH VHOHFWHG SDUWLFXODUO\ WR P
WUDFWDEOH WKH QXPEHU RI DQDO\VLV XQLWV VWURQJC
WKHHVR] XQLWYV LPSRUMBQMUEBFDWWHSUR[\ IRU FRVW LQ
%HORZHVFULEH WKH VEBEPHDRS HD® GHORMZXUHY DQG REMH
ODU[DQ DGGLWLR®DOVEHRN DDWYDMERXM JLYH®EQHVKH FLC

_ 0O
x o
(a]
20
©FHQD *RDO '"HVFULSWLRQ YHDWXUHV W 2EMHFWLYH®
T
o
Tox > ,PSURYH FRIPBWB®HQW EHVW SOURGMQGHS E’Q[é#b%é%( UD\lj\',‘V?_\P;\TVVHVGDE
ani PDULQH ZDWWK DQWKURSLF O DJHGEG XFWY RQRR §< IU'E&F!;RWHQWLDO |
o#; TXDOLW\ WKHGXEK ORDGV RI QIFWBBIHX B G » El LRQ IURP WK
ﬁ EHVW SUDWGLLFPHWQW GHOLYHUBGHE R QR T iHV GLQJ
oA 4 PDULQH FRQVHUYDWIURGODAGW Q ngﬁL%?DQG XV H

BURWHFW DUHDV ZLWK QDWXUDO
ODLQWDLQ FRDMWD®WLRQ WKDW DORIGHSORIGHPWR$SEDER. WUDULO\ VHW D\
PDULQH ZIWRVLRQ DQG OLNHOAXSB@®HR| 766 RURWPKH PD[LPXP 766
TXDOLW\ WKRIRYHHBEWHG LQWR D QWKRIRE E R FO-DIMEXYSBION KURP QDW XUD
SURWHFWXRBY WR DYRIQG LQRUHPIMIQLQJ QDWXYHD® LI FRQYHUWHG
4 VHGLPHQW GHOLYHYHGHWRVBUR@®UDQYWKURSLF ODQG XVF
PDULQH FRQVHUYDWLRQ DUHDYV

MUWLYEOH

HW
SURWHFW DUHDV ZL E 5
&RQVHUYRDWXUDO YHJHWDW% H ﬁ FE'C:KQWL%HgLT/I\NULE
WHUUHVW®ISROWDQW IRU WK ﬁ bg &

E
AMVRIYH IRU HDFK

ELRGLYHWWHUWIHEUDWH VSHFL #{'
FROVHUYDWLRQ FRQWHLSJéJHVWULDO/S’HIEJB/VIN/ECEJI-H)\M/HHU/PLQH(

ZLWK H[SHUW RSLQLRC(

3URWHFWLRQ RI|Q
YHJHWDWHG DUHD

7TDEOBIXPPDU\ RI SDUDPHWHULVDWLRQ IRU 0ODU[DQ SULRL

VFHQDULR XVHG DUHD DV WKH FRVW IWHWBMNOHGH ES H3D DOORAMAF

IDFWRU DQG %/0 VHW WR QR FOXPSLQJ (DFK VFH(
LWHUDWLRQV HDFK



6FHQDULR PDQDJHPHQW RI DQWKURSLF ODQG XVHV

:DWHU TXDOLW\ REMHFWPD/UHL Q H. Z S WRIYH TEROBOLMFMAV KU R X J

7KH ILUVW VHW RI ZDWHU TXDOLW\ REMHFWLYHV :4 FR
SUDFWLFHV LQ DUHDV ZLWK DQWKURSLF ODQG XVHV FU!
ORDGV RI ',1 DQG 766 GHOLYHUHG WR SADHERQ |VWHAWDULQH
IRXU REMHFWRIVHYHBWRQRGY RI 766 DQG ',1 WZR IRU "1
EDVHG RQ IHDVLEOH UHGXFWLRQV IROORZLQJ WKH LPSO
,DUELWUDULO\ VHW WKHVH REMHFWLYHYV DV D RI'W
LPSOHPHQWDWLRQ RI EHVW SUDFWLFHV LQ FURSODQG D
XUEDQ DUHDVXMRG WokboH K\SRWKHWLFDO PD[LPXP UHGXFV
WR SULRULWLVH PDQDJHPHQW E\ WD UHKHWIRYWVW R FR®KH K
UHJZRQGH ORDGYV RI JUQPRGSFEBDWHG WKH OLQN WR PDUL
WKH IRXU PDSV GHSLFWLQJ PD][L PuRkBw&SHRWI B8 WieR Qv IHH G X F
"y 1rursve x FVR REG xuEbaexrwilrd X UH WXRLIQPFWRUV FDOFXODWE
FDWFKPHQW OHYHO PDULQH SULRULW\ 03 VHFWLRQ
IDFWRU LQ WRWDO 766 DQG ',1 ORDGV &) GHVFULEHG &t

76 PurgwooHd BURESNGXFWORQ Bek
7 6 6pvwsano HE0 S vwrsx FwORBo  7&9
"y1rurgmpoHG s lrursvexrwOo &)

"y1xvewepoHac , kueowexFrwlRo &)

7KH FKDQJH IDFWRU &) UHSUHVHQWY WKH SURSRUWLRC
HEXUUBGWNVBIFRQGLWLRQV DQG LV FDIXAXDDIWIHG DW FD
IDFWRU ZDV LQFRUSRUDWHG WR LQFUHDVH WKH LPSRUW
FRQWULEXWLRQ RI FDWFKPHQWY WKDW KDYH H[SHULHQ
H[SRUWHG VRIG WKW WDH DW OHDVW SRWHQWLDOO\ KD
HFRV\VWHRMKPHG WKDW UHODWLYH FKDQJHV LQ ',1 DQG 1
UHODWLYH FKDQJHV LQ RDKH.IQH LHPRSRDAW \WRHPHR DWKAHD &) W R
FDWFKPHQW VWRIGVKQQ EDVHG RQ WKH REVHUYHG SURSR!
766 DQG ',1 IURP pQDWXUDOY WR UFXEOMH QWY ODQG XVH



&KDOQJH )DF
'LVVROYHG LQRUJDQLF 6XMWSHRIEGHL V,H:IGLPI(—giLSQ 766

7DEOBDQJHV Rl SURSRUWLRQDO FKDQJH LQ FDWFKPHQW
IURP HQDWXUDOYT WR pFXUUHQWY ODQG XVH FRQGLWLRQ
DUELWUDULO\ DSSOLHG SURJUHVVLYHO\ ODUJHU &) YDO)
LPSRUWDQFH Rl WKH FDWFKPHQW E\ KDOIl ZKHQ WKH HV
766 ZDV UHODWLYHO\ ORZ L H SRUWPQFHL IRU FDMPK
ZLWK YHU\ ODUJH LQFUHDVHV LQ HVWLPDWHG ORDGV RI
IRU 766 'XH WR KLJK YDULDELOLW\ LQ WKH SURSRUWLRQ
FDWFKPHQWYV D& \ERQEBWIDLOMW B H @W AMWHHIRWDLGIW IRU 7
‘1 LQ ERWK FDVHV VHW EDVHG RQ D JHRPHWULF FODVYV



JLIXUH&KDQJH IDFWRUQ LRIHWAOHWWKRH QYWY DOORFDWHG DFFRUGLQJ WR WKG HbV VWDIQRD W H G
GLVVROYHG LQRUJD QhF GRMAMRIHRP WKH pQDWXUDOY WR pFXUUHQWY @)



6FHQDULR SURWHFWLRQ RI QDWXUDO YHIJHWDWHG DUF

:DWHU TXDOLW\ REMHFWRDIUL Q HP @ IDQWHIJL O XMDROD W MK U R X

7KNHFRQG ZDWHU TXDOLW\ REMHFEWLYH RAULFR QFZDNQHG
TXDOLW\ WR SUHYHBDDW HBS BRW U XRPIOROD @) HREPWVW VG PV
REMHFWLYH DLPHG WR DYRLG DV PXFK DGGLWLRQDO OR)
W D QIHWHH VXEFDWEFKPHQWY ZLWK ERWK WKH KLJKHVW U]
SRWHQWLDO 766 OR[DGM LWWDDIQON RHMH® KLY REMHFWLY
FRQWULEXWLRQ IURP VXEFDWFKPHQWY ZLWK UHPDLQLQJ
SRMMLDOO\ FRQWULEXWZL@/H H 6F6RORD & R IWEIRHD YHIU WRIG L
ODQG XVHV $V IRU WKH SUHYLRXV ZDWHU TXDOLW\ VHW
DQWKURSLFQFRHBRUDWHG WKH OLQN WR PDULQH DUHDV
PD[LPXSURSRUWLRQDO FRQWULEXWLRQpR)I7ZBEURI HDFK
EDVHG RQ WKH PDULQH SULRULW\ 03 DQG SURSRUWLRQTL
IROORZLQJ IXQFWLRQ

766rpoHé 6> 03 &)

%LRGLYHUVLW\ REMHFWLYHUWRHEVBDUYWHVWHUUHVWULD

7KH VHFRQG REMHFWLYH UHJDUGLQJ SURWHFWLRQ RI QL
DUHDV WR FRQVHUYH WHUUHVWULDO ELRGLYHUVLW\ LQ
ELUGYV UHSWLOHV DQG DPSKUHBLDHW IRID GLDIEHOMH C
VSHFLHVY UDQJLQJ IURP WR R 1 WK H GUWSRAN R EQMVH_FEOVOD |
WKDW WKH OH[LFDQ JRYHUQPHQW GHWHUPLQHG IRU VSH
SURWHFWLRQ VWDWXV IROORZLQJ HKNHG W PBYWPW H&2 1 &
PRGHOOHG SRWHQWLDO GLVWULEXWLRQWWHREGNDBDWNHG Z
DV UDVWHU JULGYV NP UHVROXW)BRIHEOHOPSKLEL
2FKRIFKRD 8QSXEOLYBRMOUURLUBNWWHUVRRDB® POPODWOIH G
&HEDOORYV



&RPSDULQJ VHOHFWLRQ ITUHWIHMGAHY IRU GLITHUHQW RI

7TKIBRDSV RI ODQG YDOXHV ZHUH WKH pVXPPHG VROXWLRQ
HEHVW VROXWLRQY IURP ODU[DQ DQDO\WVHV 7KH pVXPPHG
WKH VROXWLRQV LQ ZKLFK HDFK VXEFDWFKPHQW ZDV
ROQH SRVVLEOH FRQILIJXUDWLRQ RI VXEFDWFKPHQWYV WKI
VSDWLDO UHTXLUHPHRW W\KMJHFOIHB VMQWRVRIOXWLRQ RI Wk
UXQV VHH SUGURRRPASWDODDBG WKH pVXPPHG VROXWLRQY P
VFHQDULRVY WR LGHQWLI\ WKH DUHDV RI FRLQFLGHQFH |
EHWZHHQ PEHVW VROXWLRQVY DQG DUHDV RI GLYHUJHQ
QHHG IRU WUDGHRIIV EHWZHHQ REMHFWLYHV )RU WKH
YHIHWDWLRQ L H WHUUHVWULDO ELRGLFHHNMWWGDI G 2
PDS GHSLFWLQJ WKH GLIITHUHQFHV E\ VXEWUDFWLQJ WKF
DV D PDS LGHQWLI\LQJ WKH DUHDV RI FRLQFLGHQFH LQ \
WLPHVY WKDW HDFK XQLW ZDV VHOHFWHG LQ ERWK VFHQI

SHVXOWYV

7KH UHVX\OQWV[RQ DQDO\WHV VKRZHG LPSRUWDQW GLIIHUF
GLVWULEXWPRQ LRIHFRQY WHO UHVWULDO ODQG YDOXHV |
FRQVHUYDWLRIQ X¥EH QDUHRWQFHY EHWZHHQ pVXPPHG VR
DFKLHYLQJ ZDWHU TXDOLW\ REMHFWLRG®WVZMKURXJIK PDQI
SDUWLFXODYUOWXVYWULSERZHYHU WKHVH ZHUH H[SHFWHG
IRU PDQDJHPHQW REMHFWLYHYVY WDUJHWHG DQWKURSLEF ¢
VHHIXUH DQG VHOHFWLRQV IRU SURWHFWLRQ WDUJHW
KLJK HURVLRQ DQG AJMDHLQJ SRWHPWILDQ UHVXOWYV IR L
TXDOLW\ REMHFWLYHV IROORZHG H[SHFWHG SDWWHUQV
SURWHFW LR)Q JXEMNHFPV@RWH O\ IROORZHG W KB WSHWWHI@D O S|
IHDWXUH L H KLJKHU VHOHFWLRQ IUHTXHQFLHV FRUUH
FRQWULEXWLQJ WKH PRYXWWR WKIMDUGD @RBEPPHG VROXW
SUDFWLFH ODQG XVHVY J2ZOM O H¥K\Y. FRO R P © HE3O B VWG LW & ON K
SDWFK\ GLVWULEXWLRQ )R U XQKV KEXNE IDFOPR QGRXWHKW GLYH
RI WKH GLIIHUHQW DQWKURSLF ODRGXXWHY WDUJHWHG |



$ FRPSDULVRQ RI WKH PEHVW VROXWLRQYT RXWSKWYV IURP
REMHFWLYHV VKRZHG DOPRVW QR RYHUODS RQO\ WZR V
VXEFDWFKPHQWY ZLWK QDWLYH YHIHWDWLRQ DQG KLJK H
SURWHFWLRQ DQG KLJK FXUUHQW VXSSO\ RI 766 DQG ',
UDUHRYKHDOO FKDUDFWHULVWLFV RI WKH PEHVW VROXMW
SURWHFWLRQ VFHQDULRY DOVR GLIIHUHG QRWDEO\ )RU

PDQDJHPHQW VFHQDULR FRQWDLQHG VXEFDWEKPHQW

NP RI WKH VWXG\ DUHD &RQYHUVHO\ WKH MEHVYV
VFHQDULR FRQWDLQHG RQO\ VXEFDWFKPHQWYV RI
NP RI WKH VWXG\ DUHD

7KH pVXPPHG VROXWLRQY IRU WHUUHVWULDO YHUWHEUD
VHOHFWLRQ IUHTXHQFLHYVY FRQFHQWUDWHG LQ WKH XSSH
FDWFKPHQWY 7KHUH ZDV VRPH FRLQFLGHQFH EHWZHHQ
ZDWHU TXDOLW\ DQG IRU SURWHFWLQJ YMURNBEKIIDANH VS
ELRGLYHUVLW\ REMHFWLYHV WKURXJK WKH PDQDJHPHQW
XQLWY DQG WRWDO DUHD RI WKH pEHVW VROXWLRQT R X\
ODUJHU L H XQLWYV RI WRWDO QXPERHUWHKOHQG FR
VWXG\ DUHD WKDQ WKH pEHVW VROXWLRQY IRU WKH RW

J)LIXUH 3ULRULWLHV IRU FDWFKPHQW PDQDJHPHQW DQG
YDOXH RU SULRULW)\ RI VXEFDWFKPHQWYVY IRU DFKLHYLQJ
LPSWRYRU PDLQWOWLYLKU BEMEHU TXDOLW\ DQG RQH VHVW
FRQVHUYDWLRQ Rl WHUUHVWULDO YHUWHEUDWHY 7KH Y
HVXPPHG VROXWLRQYT PDSV Rl ODU[DQ 6XEFDWFKPHQWYV
UX@DUNHU FRORXUV LQGLFDWH WKHLU KLJKHU LPSRUW
VKRZQ LQ WKH PDSV DUH 0ODU[DQ MEHVW VROXWLRQVY IR
IRU PDQDJHPHQW WRDOPISQUHR YBVVFRDVWDOLW\ E\ LPSOHPH(
PDQDJHRBEGWLEHY LQ DQWKURSLF ODQG XVHV FURSODQ
WR PDLQWDLQ ZDWHU TXDOLW\ WKURXJK SURWHFWLRQ R
LQFUHDVH LQ VHGLPHQW CRDGYH>BOHDNUPQ@GVR FRIDLRWI
FRQVHURIDWHBEQHVWULDO YHUWHEUDWH VSHELHYV



JLJIXUH3ULRULWLHV IRU FDWFKPHQW PDQDJHPHQW DQG SURWHFWLRQ GHSLZRVVLOW W KH
RI PDULQH REMHFWLYHDLQPSBRMNQYGIIURAD WHILRWXDOLW\ DQG RQH VHW RI REMHFWLYHV |



0\ FRPSDUDWLYH DQDO\VLV RI VSDWLDO VLPLODULWLHV
GLIIHUHQFHV EHWZHHQ WKH PpVXPPHGRRORW LURQY IRU ZI
FRQVHUYDWLRQ Rl WHUUHVWULDO ELRGLYHUYNIXWHS$ YLV

% &OVR UHYHDOHG WKDW YHU\ IHZ VXEFDWFEKPHQWYV
VROXWLRQY LQ ERWK VFHQDULRYV 6XEWUDFXWHJI WKH W
KLIJIKOLJKWHG WKHVH GLIIHUHQFHV $FKLHYLQJ WKH REM
VFHQDULRV ZRXOG UHTXLUH DQ DUHD DOPRVW HTXLYDO
PDSV EXW WKHUH ZHUH VRPH DUHDV RI FRLQFLGHQFH D
FRLQFLGHQFH EHWZHHQ WKH LIYXMP H@OVR/QRW MRCH] PR\BW
RI SURWHFWLQJ VRPH FRPPRQ DUHDV WR DFKLHYH ERWK

JLIXUH6SDWLDO VLPLODULWLHY DQG GLIIHUHQFHV EHWZ
TXDOLWKBUR@DQG WHUUHVWULDO ELRGLYHUVLW\ REMH
WZR PDSV FDOFXODWHG E\ VXEWUDFWLQJ WKH WZR pVXF
SUHIHUHQWLDOO\ VHOHFWHG IRU WHUUHVWULDO ELRGLY
RIWHGURWHFWLRQ DJDLQVW HURVLRQ $UHDV LQ \HOOR:
FRPSDUDEOH VHOHFWLRQ IUHTXHQFLHV IRU WKH WZR VH
PRVW Rl WKHVH DUHDV GHSLFW DUHDV Rl ORZ VHOHFWLF
PHDVXWW WKH QXPEHU RI WLPHV XQLWYV ZHUH VHOHFWHC



J)LIXUH6SDWLDO VLPLODULWLHY DQG GLIIHUHQFHYVY EHWZHHQ SULRULW\ PDSV IRU WKH



'LVFXVVLRQ

0\ ILQGLQJV KLJKOLJKW IRU WKH WHUUHVWULDO UHDOP |
FRQVHUYDWLRQ SUERVY HWGLHRSDHEMQ/ ZHMIGL 6 ROV IDBH U H G
7DOOLV HWIR®QG LPSRUWQREHY GQIMAIKH VSDWLDO GLVWUL
GHULYHG IURP WHUUHVWULDO DQG PDULQRXRBMHEWLYH\
GLIIHUHQFHV LQ PDULQHEBVYHBUNWUHD\VZKHIH OB QGQRUHG
PLQLPDO FRQJUXHQFH EHWZHHQ WKH SULRULWLHV IRU F
SURWHFW QDWXUDO YHJHWDWLRQ WR PDLQWDLQ ZDWHU
RI FRPSHWLQJ REMHFWLYHV LQ LQWHJUDWHG FDWFKPHQ
VLPLODULW\ EHWZHHQ WKH SULRULWLHVPRRJHPHORY LQJ
SUDFWLFHVY DQG SURWHFWLRQ DJDLQVW SRWHQWLDO HU
GLIIHUHQFHV DUH LQGLFDWLYH Rl WKH WDUJHWHG IHDW.
LPSOHPHQWHG WR DFKLHYH WKHVH REMH¥EMQIYHV 7KH IL
PDQDJHPHQW LQ VXEFDWFKPHQWYV GRPLQWNWHREXEK DKM K
LPSOHPHQWDWLRQ RI DJULEXOWXUDO DQG JUD]JLQJ EHV\
DQG WKH RWKHU LQYROYHV WKH SURWHFWLRQ RI QDWXUI
HURVEWRHUWRQ HWVBOQWH WKH REVHUYHG GLIIHUHQFHYV
VFHQDULRYVY WKHUH DUH VSDWLDO RSWLRQV WR PDQDJH
ELRGLYHUVLW\ DQG ZDWHU TXDOLW\VRENMGIE W QGH ¥ D WKW
LQW HJUDWHIDGSODQ®LQJ FDQ KHOS WR LQWHJUDWH DQG I
ZLWK EHQHILWV IRU ERWK ODQG DQG PDULQH ELRGLYHU
LOQWHUYHQWLRQV

KLOHKMLW XG\ SURYLGHV & H PMSRADNGYW. @@WHDUDWLQJ OD
FRQVHUYDWLRQ LW GRHV QRW \HW UHDFK IXOO LQWHJU
SUHOLPUHQDWWX G\ KDG WZR NH\ RIFCAWIMRLRGWG) DUFNXW V R L
EHWZHHOUH@BU ORDGV RI SDOOUQRW CHDN V¥ COBRER WEW W DO
7KH PRGHO RI H[SRVXUH WR ULYHU SOEPHMVEURSRYV
WKH LPSURYHPHQWY SURSRVHG LQ &KDSWHU LV D JRRG
*XOl Rl &DOLIRUQLD )RU LQVWDQFH DGDSWLQJ WKH PR
GLIITHUHQWRMWBEFEES OXPH ZDWHUV IURP SHWIWHF®GLF XSZ
ZDWHU UHVXOWLQJ LQ FRORXKHPOD@ FKNIDES GHYMNMWR QLEBC



QHZ VHW RI VSHFWUDO VLIQDWXUHY DGDSWHG WR WKH |
LOQOFRUUWSRBRRWWQWLDO LPSDFW RQ DIIHFWHG PDULQH HFRYV
E\ HISHUW RSLQLRQ LQ WKH DEVHQFH RI VSDWLDO GDWD
SROOXWDQWY RQ SDUWLFXODU HFRV\VWHPV DQG VSHFLE

$ VHFRQG OLPLWDWGRQMN WBEDMQH FRQVHUYDWLRQ SULI
WDUJHWLQJ PDULQH DQG WHUUHVWULDO FRQVHUYDWLRC
QHFHVVDU\ WR DFFRPPRGDWH SUHYLRXVO\ VHW PDULQH
FRQVXOWDWLYH PDUIZEH $ODQQHYBBWRBBVSODQ IRU WK
FXUUHQWO\ JXLGHV DFWLRQV IRU FRQFPHBUYXQ W IDRIGH DY G F
UHJLERRQ$51$7 )XO O\ LQWHIND BB O @PLAET ZRXOG LGHD
PDULQH DQG WHUUHVWULDO SPDRRWPXW LEH/QWIPW ¥ VRD QH R X
FRQVHUYDWLRQ DQG PDQDJHPHQW DFWLRQV FDQ EH DFK
IRU IUHVKZDWHU HFRV\VWHPV WRR DQG FRVWV RI LQWH#
$ QH[W VWHS WR VLPXOWEQMR B\ KBPHQRWPUWDHY G DRP® L Q H

LOQWHUYHQWLRQV PD\ UHTXLUH DGDSWLQJ FRQVHUYDW L]
LQFRUSRUDWH FRQQHFWLYLW\ EHWZWMRPHOR W LIRMS R\DRJ
FRQVHUYDW IVRRROYDWR IDFFRXQW IRU FRQQHFWLYLW\ DU

D %HJHU HW DO E

&RQFOXVLRQV

7KH QHHG WR LQWHJUDWH ODQG DQG PDULQH FRQVHUYDYV
VHYHUD OWMIXE®LHW DO D 6WHRWPWRVGEDWH YHU\ OLW W (
KDV EHHQ SODFHG RQ H[DPLQLQJ WHUUHVWULDO PDQDJF
JRD®GQYDBIRPHUR HW ,BORYLGH RQH RI WKH ILUVW DSSUR
ODQG FRQVHUYDWLRQ DQG PDQDJHPHQW IRU PDULQH FRC
VIVWHPDWLF FRQVHUYDWLRW 80D QO Q1 VD\ESHIBD FHKV DO
BUHYLRXV VWXGLHV VKRZ WKH SRWHQWLDO IRU FERF
GLIIHUHQW PDQDJHHAHQWVRENMHFWWLYHY WKH SURYLVLRQ R
VHUYLFHV VXFK DV ZDWHU UHW HQR®)MROR GF DEJKEIRE XM OD
P\ VWXG\ LV WKH ILUVW FRPSDULQJ SULRULWLHV IRU OD
DQG SULRULWLHV IRU WHUUHVWULDO FRQVHUYDWLRQ 2



EDVHG SROOXWLRQ WR DIIHFWHG PDULQH DURDVVWLQJ
HW DO 3DULV  &EOHW XQRMP RZKRWKDYV LQWHJUDWHG W
PRGHOOLQJ WRROV ZLWK ODQG XVH FKDQJH PRGHOV WR
,GHQWQDMWXUDO DUHDV SURQH WR HURVLRQ LV WKH ILU\
FROQWULEXWLQJ WRNKHGEMWRQ WEMVREQQVLGHULQJ ODQG X\
HVVHQWLDO WR SULRULWLVH LQWHUYBQWLIRGV LQ DUHD
SWBRVHV D PHWKRG WKDW LQWHJUDWHY ODQG XVH FKDQ.
ZLWK FRQVHUYDWLRQ SODQQLQJ VRIWZDUH WR SULRULW
HW DO ZKR GLG WKHLU DQDO\VLVY DW WRHDSSBURORW LR Q
DW D UHVROXWLRQ PRUH DPHQDEOH WR PDQDJHPHQW DF
PRGHOOLQJ UHTXLUHG WRVBIPKER ®MHAUKDW NR Q G ®RW I©DUIG
DQG WIRRHV X PARKQHW HW DO &ULVW HW DO, 3DU
VKRZ WWDW SRVVLEOH DQG IHDVLEOH EXW DOVR QHFHV)
VHD SODQQLQJ H[HUFLVHV



&KDSWHU *HQHUDO GLVFXVVLRQ

,Q WKLV FKDSWHU , VXPPDULVH WKH NH\ ILQGLQJV DQG
WKHVLV LGHQWIAKF® LRQWMKPIGLQWIWHUDWHG EHORZ , D¢
FRQWULEXWHVY WR WKH VFLHQWLILF EDVLV IRU LQWHJUL

$FKLHYHPHQW RI WKHVLY JRDO DQG REMHFWLYHV

7KH RYHUDUFKLQJ JRDO RI P\ WKHVLR/I ZB @ G\DFP H BSWIROY H |
HOHPHQWWHDQFRQQBUYDWLRQ SODQQLQJ DQG LQYHVWL.
LQFRUSRUDWHG LQWR WKH SODQQLQJ SURFHVV , DFKLH
REMHFWLYHYV

$VVHVV SURJWVHWDVSIOD QROQGJ W KHR U\WLQ\GOPUBSHVD IURNH
DQG FKDOOHQJHV &KDSWHUV

'HYHORS QRYHO PHWKRGV MVWBPRUISRWDWY E\ POV
WDUJHWEQY HD® QWK UHDWVDR&DSWHUV

([SORUH FRLQFLGHQFH EHWZHHQ ODQG YDOXHV GHUL
FRQODAWUIRQ REMHFWLYHYV &KDSWHU

JRU 2EMHFWLYH , GHYHORSHG DQ RSHUDWWLIRIDO IUDP
FRQVHUYDWLRQ SODQQLQJ &KDSWHU .H\ DGYDQFHV F
FODVVLILFDWHDQSRIRFHYFHV ZKLFKLDOVSKODTHDVQLI VAWU S
GHVLJQ FULWHULD YDULDEOH REMHFWLYHV SODQQLQJ
WKHVH SURFHVVHV LQWR SODQQLQJ 7KHVH VWUDWHJLH
OD@BD SURHAHNVHB]OLWW HW DO Y@ 8 EIDWHS SHWD PHOG L
FRQWH[W RI DQ H[LVWLQJ FODVVLILFDWLRQ SUR®RRHG E
LGHQWLILHG \PDMWRIP FUKRMDWY DQG HOHPHQWY WR FRQV
GLUHFWLRQDOLW\ RI LQIOXHQFH VWUHVVRUV DQG DUHI
LGHQWLILHG QHFHVVDU\ HOHPHQWYV IRU LQFRUSRUDWLQJ
HFRV\VWWRYY HWDI@ H[SORUHG SRWHQWLDO VWUDWHJL



FRQVHUYDWLRQ DUHDV X GEDHH G KK U B DOKH QF R RQ FORDURR
VIVWHP WROBDWMW ,DDXOVH D GHFLVLRQ WUHH WR LOOXVW
DGGUHVW\WWRPWEKUHDWY RWKHU WKDQ DYRLGLQJ WKHP
PDQDJHBHI@RWLH HW DO DURR @ XHOQ MWD ELOLW)\ RI PDI
DIIHFWBIGSHUQ HW DO

, XVHG WKH RSHUDWLR QD @ RUDWVWZRW W HBKIRIBROWR JLF D O
VLPLODULWLHYV GLIIHUHQFHY DQG LGHQWLI\ SODQQLQJ J
VWXG\ &KDSWHU BUHYLRXV VWXGLHV KDYH H[SORUHG
WR PDULQH SODQQLQJ IRU VRPH UHJLRQV )HUQDQGHV F
2VPRQG HW EXW P\ VWXG\ LV WKH ILUVW WR LQYHVWLJ
SODQQLQJ LQ WKH VDPH UHJLRQ 7KH UHYLHZ RI SODQQL
VIWHPDWLF FRQVHUYDWLRQ SODQQLQJ PHWKRGV DQG WR
UHJLRQ DQG PDMRU JDSV IMHDORBEQHFrMWQRIQQJIDORG EBRY
VHUYLFHV 7KHVH ILQGLQJV DUH LQ DFFRUGDQFH ZLWK ¢
IXUWKHU GHYHORS PHWKRGV WR EHWWHU XQGHUVWDQG

*UDQWKDP HW DO / DD Q BUH. FRO\O\N VA NIPIZLGE IR RY 1 VH \
DO 6LOYHVWUL ,.IDOWHKRDIIR 3Q® MRPARQYHUJHQFH Et
PDSV RI SULRULW\ DUHDV HJ LQ QHDUVKRUH DUHDV V
DUHDV Rl KLJK FRLQFLGHQFH ,Q DGGLWLRQ WR JXLGLQJ
SODQQLQJ LQFOXGHG GHYBORSILEIURNILQO \F PQGDEQ R D W/
EXLOGLQJ WUXVW 0\ VWXG\ FRPSOHPHQVRWW KHOOQBNL @
UHYLHGHQWLI\LQJ EHQHILWY Rl SODQQLQJ RWKHU WKDC
RSLQERQFOXGH WKDW PXOWLSOH SODQV LQ WKH VDPH Ut
HJ LPSURYHG PHWKRGWOQVEEWWIHW I8 DWROVNEEGE WBDQV |
HJ FRQIXVLRQ UHGXQGDQF\ LQHIILFLHQW XVH RI UH\

7R DFKLHYH 2EMHFWLYH GHYHORSLQJ QRYWBPPHWKRG
WKUHDWYVY |, HISORUHG PHWKRGRORJLEPD@B®WVWISGRDFKHYV
SROOXWDQWY DRINGLMMW LOPRODAGHY HR B H I W R QW Bl W ¥ BWAIRQGS
&KDSWHU DQG GHYHORSHG D QRYHO DBBURD®HK WR DV
HFRV\VWHPERWRH SRFOOXWDQWV &KDSWHWZR ,Q WKH IR
FDWFKPHQW PRGHOV FRPPRQO\ XVHG W&R®3WIUJG® FDWF
6HG1IHW 3UHYLRXV VWXGLHV KDYH H[DPLQHG QXWULHQ



*XOl RI &DOLIRUQLD EXW IRFX$KGHRY IHW DI®WHG BDLUOM]

DQG ORF B®&UWLADMDHHYV H QO HWWIXA@ \ IRFXVHG RQ WKH DS
FDWFKPHQW PRGHOV W\R/ WGIFPRW B R & DWW H \WQIRMR V
FRQVHUYDWLRQ SODQQLQJ D WORFIGHFMHE GIMHDBOLQ QV Kt
UHYLHZ &RWMBRHW DO\ UHVXOWYV LQGLFDWHG WKDW ERWK
DSSOLFDEOH XQGHU OLPLWHG GDWD FLUFXPVWDQFHV E
SDUDPHWHUV 7KH SDWWHUQV RI VXSSO\ DUH VLPLODU C
IRU SULRORWIHMLR PD QD JHPHDNSIAD QRQGJ DSSOLFDWLRQV
GLYHUJHQFH EHWZHHQ PRGHOOHG DQG REMEIYIRG 766 O
SOXPH HFRORJLFDO PRGHOOLQJ $GGLWLRQDO IXQFW
IRU WDUJHWIQQY FD@TFIHPHQW IRU 766 LQ SDUWLFXODU ¢
UHVHUYRLU WUDSSLQJ LV FULWLFDO FRRNLGHW IORDW ¥ H
':LONLQVRQ HW DO

JRU WKH GHYHORSPHQW RI D PRG'HY RUQHHMR DOUH WER U
ODXJKDQ %URGGMHJHVXOWYV LQGLFDWH WKDW FODVVLILF
LPDJHV FDQ EH XVHG WR PDS SOXPHV DQG VERUQ® OLWD\
SROOXWDQWY 7KLV DSSURDFK VKRXOG EH FRQVLGHUHG
PHWKRGY EDVHG RQ RFHDQ FRORXU SURGXFWV XVHG WR
4LBW DO 6FKURHGHU HW DO 7KH PRGHO LV X\
WHPSRUDO YDULDW LR QPD®Q IHJ 8 RAVEKRIMA VRV HER\D WYRDIDL Y H U L C
REVHUYH®RQIWE WDULDWLRQ LQ H[SRVXUH RI KDNERWDW YV
LQFRUSRUDWH WKH WHPSRUDO FRPSRQHQW LQ H[SRVXU
SDUWLFXODUO\ LPSRUWDQW WR EHWWHU XQGHUVWDQG \
YXOQHUDEOH PDULQH HFRYODWQHPW DQG VSBIFOHMQJLH

, DFKLHEYMIKBEF WHYSORULQJ FRLQFLGHQFH EHWZHHQ ODQG
WHUUHVWULDO DQG PDULSH BRIZHIORBDL QL FDQPRIEWKHRFAN W Kt
FDWFKPHQW PRGHO D ODQG XVH FKDQJH PRHGIHO DQG D
FRQVHUYDWIQRQDSSDQFDWLRQV &KDSWHU 0\ UHVXOW\
ODQG XVH FKDQJH LQ VSDWLDO SULRULWLVDWLRQ SURF
WHUUHVWULDCDRRQQHH YHDMDIZORDW H U XU BB LW\X JJ

,QWHJUDWLQJ FDWFKPHQW DQG ULYHU SOXPH PRGHOV L'



RI PDQDJHPHQW DFWLRQV WR DFKLHYH ZDWHWRMDOLW\

GLVWULEXWLRQ RI ODQG YDOXHV |IRDUWAH UHRQN b ULYO VE
HQBULYHU ZDWHU TXDOLW\ LQGLFDWH WKH SRWHQWLD
DQG WKH QHHG WRRI\DQDRMVASWWDRO B L QFFIRIMI BGXHNGIOHR §H &
EDVHG RQ GLIIHUHQW ODQG PDQDJHPHQW REMHFWLYHV K
DO EXW WKLV VWXG\ LV WKH ILUVW FRPSDULVRQ R
WHUUHVWULDO FRQVHUYDWLRQ REMHFWLFARP PHRRZHW H U

SULRULWLHY WR DFKLHYH WHUUHVWULDO DQG PDULQH R
SURYLGH GRZQVWUHDP EHQHILWY 7KH SURSRVHG PHWKI
LQYHVWLIJDWLQJ LQWHJUDWLRQ RI WRRQW WREHWWHU |
FRQVHUYDWLRQ SODQQLQJ %RKQHW HW DO &ULVW

2ULJLQDO FRQWULEXWLRQV DQG ILQGLQJV

(DFK RI P\ WKHVLY FKDSWHUV FRQWULEXWHYV WR WKH DC
VFLHQFH WKHRRUWFEQG SUD

JLUVW , GHYHORSHG DQ R SHUDW HR QDRI VHPHDARILURNG VEFO [
&KDSWHU 1RYHO DVSHFWV Rl WKH FKDSWHU LQFOXGFH
EXLOGYV RQ WKH JHQHUDO IUDPHZBRUN \RH\F RQR\M BN QR Q
HPSKDVLVHV WKH HOHPHQWYV W KD D 8 8 DSDQLY L] FEX ED\DHIGD
LPSRUWDQNHRIFRQQBFWLRQV &WRRAVDHPAH DROUN LGHQW LI
IXQGDPHQWDO HOHPHQWYV XM 1S O DLQQV WY BMHHF © IRNEKBU HROUW
OD@BD SURFHVVHV DQG VRFLRHFRQRPLF LQWHUDFWLRQ
SURYLGHY SUDFWLFDO D GWILLRH MURY FIRR\Q\VGHIQ\D M L R@JI SNUHDF
LPSRUWDQW +RHVBODPIQIHGE EDVHG RQ H[SHYW\RIHQDORQ
DV WKH PHWKRGY DQG WRROV WR IDFLOLWDWH LQWHJUL

&KDSWHU LV D QRYHO FRQWULEXWLRW WWXVGEKHV®DWH U L
DZDUH RI WKDW H[SORUHV WKH SHFEXOLDULWLHYV RI KDYL
VDPH UHJLRQ , LOOXVWUDWH WKDW SODQV GLIIHU EHFD
SODQQLQJ HIWHQW ,QIRUPHG E\ HISHUWGRQUQURAP, FR(
SUHYLRXVWOWRVWXVGUHYO HWKDW |.Q GIHYDQOMAIKCD W IRDDWK IBWEQ QH



H J FDSDFLW\ EXLOGLQJ LPSURYH FROODERUDWLRQ F
IURP LQIRUPLQJ VLWLQJ RI 03%$V 7KH FKDSWHU DOVR FR
LGHQWLI\LQJ NH\ JDSV DQG ZD\V VYRWLDD US3 DR WD MAKHHP H
&DOLIRUQLD

O\ FRPSDULVRQ RI FDWFKPHQW PRGHOV &KDSWHU ZDV
PRGHOV WKDW FRXOG EH XVHG DWED\WHGE LVRKQUHD WRAD OR-U W&
FRQVHUYDWLRQ SODQQLQG VBEPEHWVFROQRQVYDWVYRFE G\OD C
DQG SUDFWLFH E\ KLIKOLJKWLQJ HOHPHQWY RI FDWFKPF
SODQQLQJ DSSOLFDWLRQV SURYLGLQJ D VLPSOH DSSUR
DQG D UHODWLYHO\ VLPSOH ZD\RWR O/ RXPADIXW M D[RQUG XA/RIP
SULRULWLVDWLRQ DSSOLFDWLRQV ZKLFK WKHQ FDQ EH
DQDOWRKQHW HW DO EKBEFRMSDODWLRQ DQG SUHS
GDWD ZDV YHU\ XVHIXO WR LGHQWLI\ GDWD JDSV DQG W
*XOl RI &DOLIRUQLD

7KH PRGHO RI H[SFOMHG! IRPO OPWBQWY SURSRVHG LQ &KI
FODVVLILFDWRR® RU WRDNHHU\ WR LGHQWLI\ DQG FKDUDFW
SURYLGLQJ ZD\ WR OEQNHXR SBPIOX\WLRQ PRG DIIHFWHG |
VWXG\ DOVR FRQWULEXWHV WRUW KIS DM IGCHL B ® Q\WGHLRER B
LQ H[SRVXUH Rl YXOQHUDEOH PDULWIHAERWV\'\8\R B PX WIRQS
LQIRUPDWLRQ FDQ KHOS WR H[SODLQ VRPH RI WKH REVH
GHFUHDVH LQ VHDJUDVV DQG FRUDO FRYHU DQG WKXV
PRGHOV WR EHWWHU LQIRUP PDULQH SODQQLQJ 'HYOLQ

,Q &KDSWHU , LQWHJUDWH IRU WKH ILUVW WLPH ODQG
PRGHOV WR SULRULWLVH FDWFKPHQW PDQDJHPHQW DLPI
PDULQH DUHDV , LOOXVWUDWH D PHWKRG WR LQWHJUDYV
XVLQJ FRQVHUYDWLRQ SODQQLQJ VRIWZDUH 3UHYLRXV
IRU PDLQWDLQLQJ WKH GHOLYHU\ RKB QI HW HD@M®B HERV\VW
SULRWGMUIHWHG IURP WHUUHVWULDO IRUHVW ELRGLYHUV
KDELWDW RI D VHDBDB]OGW WEHM RWLPAHWW X G\ LV WKH ILUV\
SULRULWLHYV IRU WHUUHVW URD OZENRiGW YTEHKUDVOLWW\ D QB3H CRA



WKHVH GLITHUHQFHY DQG WKH SRWHQWLDO IRU FRPSHW I
H[SORUH WKH WUDGHRIIV DVVRFLDWHG ZLWK PDQDJHPHC

$Q DGGLWLRQDO FRQWULEXWLRQ WR FRQVHUYDWLRQ SC
H[HUFLVHV LQ WKH *XOIl RI &DOLIRUQLD UHJLRQ XQGHU L
7TKHVH FLUFXPVWDQFHY DUH OLNHO\ WR RFFXU LQ PDQ\ |
GHYHORSLQJ FRXQWULHYV O\ HIIRUWYV LOOXVWUDWH WKD
HHQ ZLWK OLPLWHG GDWD DQG UHVRXUFHYV

SRWHQWLDO SUDFWLFDO DSSOLFDWLRQV

,Q FRQVHUYDWLRQ SODQQLQJ IDFLOLWDWLQJ FRQVHUYE
WKHRUHWLFDO VFLHQWLILE FRQWULEXWLRQV 0\ WKHVL\
FROQOWRQEXWR FRQVHUYDWLRQ WKURXJK WKH GDWD DQG P
HQJDJHPHQW ZLWK SUDFWLWLRQHUV WKURXJKRXW P\ WKt

$Q LPSRUWDQW FRQWULEXWLRQ RI P\ WKHVLV WR FRQVHL
FROODWLRQ DQG FRUUHFW ICRQRRIQEDW D R B UDW K ¥ H& @I QRS
DOO GDWDVHWYV LQ D GDWDEDVH , SODQ WR FRQWULEXYV
LQIRUPDWLRQ V\WWHP UHSRVLWRU\ WKDW LV XQGHU G}
LQFOXVLRQ RI WKHVH GFORV P\ P RIGHID@E RXSBEWW HYV ZLO
DGGLWLRQ WR WKLV VIVWHP DQG ZLOO IDFLOLWDWH LQ
FRQVHUYDWLRQ SUDFWLFH

7KH SURFHVV RI FRPSLOLQJ LQIRUPDWLRQ OHG WR P\ HC
QRIRYHUQPHQWQRULPYRODPMARQ FRQVHUYDWLRQ SODQQL
EHHQ LQYLWHG WR GHYHORS RU FRQWULEXWH WR RQJRL
&DOLIRUQLD UHJLRQ ,Q SDUWLEXODU , KDYH EHHQ LQY!|
GHYHORS D SOBRWRRQVRKHDF QHWWRNMN RUPDUY LIQH VOIRH 0L C
,VODQGYV UHJLRQ RI WKH *R& , DP DOVR HQJDJHG LQ DQ
IUHVKZDWHU DQG PDULQH SULRULWLHY GHULYHG IURP W
LV LQWH WKHV3WRWPHEWHG $UHDV &RPPLVVLRQVWR XQGHL
SODQQLQJ H[HUFLVHV IRU VHYHUDO FRDVWDO FDWFKPHC



RSSRUWXQLW\ WR PDNH XVH RI WKH RSHUDWLRQDO IUDP
P\ WXIHV

JRU WKH H[SRVXUH PRGHO GHYHORSHG IRU WKH *UHDW ¢
IURP UHVHDUFKHUY DQG PDQDJHUV H J IURP WKH *%5
HISRVXUH PDSV $ SULPDU\ JRDO RI WKLV PROMIOIMDWQJ H|
FRXOG FRPSOHPHQW WKH DFWLYLWLHYV XQGHU WKH O0DUL
SDUN $XWKRULW\ ,Q FRPELQDWRRMIN RVKLY KK RRJERDPH
RWKHU PRQLWRULQJ VWUDWHJIJLHV WKH H[SRVXUH PRGH
TXDOLW\ RRDRRODWHWHDER V\VWHPV RI WKH *%5

ILPLWDWRRSRWUWXQLWLHY IRU LPSURYHPHQW DQG IXUWK!

(YHU\ UHVHDUFK SURMHFW KDV OLPLWDWLRQV DQG PLQ
UHVHDUFK SURMHFW , UHFRJQLVHG VHYHUDO OLPLWDWL
DQG HQFRXQWHUHG VRPH SUREOHPV WKDW KLJKOLJKWH
VRPH RI WKHVH OLPLWDWLRQV ZLOO UHTXLUH WKH FRPS
DUHD JWBXWGLQJ DQG YD O L GHWRGHDR/P HWR KD IXW R RIIF
DGDSWLQJ RU DGMXVWLQJ WKH PHWKRGRORJ\ RU HYHQ
H[WHQW WKHVH OLPLWDWLRQV FDQ FRQVWUDLQ WKH LQV
DSSOLFDELOLW\ RI P\ RXW SXWV X QHLWSLLHWVHI RWK HPIS H R BI® H\
UHVHDUFK GHDOW ZLWK WKHVH OLPLWDWLRQV LQ WKH E
UHVRXUFH FRQVWUDLQWYV

7KH RSHUDWLRQDO |UDPHXRDNSIRRQIQQ\Y Bl JAHDWHHOR D@ G Q
SURYLGHYV D FRPSUHKHQVLYH UHIHUHQFH IRU JXLGLQJ S
HOHPHQWY WKDW PHULW IXUWKHU UHVHDUFK 1RQHWKH(
FRQVHUYDWLRQ SODQQLQJ DQG LQ SDUWLEXOBUW WKH L
DSSOLFDWLRQV ZLOOJOLKH OV DAHZR UM $HCGDWHIQXH IRU I
LQ WKLV UHJDUG LV WKH UHYLVLRQ RI WKH IUDPHZRUN ZL
LQWHURSHUDELOLW)\ RI PRGH O/®IDQ B RIDRRIGW MWRRQ I/ Q FRRIFSR
PD\ UHTXLUH PDMRU DG MWRWALRHMGEWR QP RPXFKFIRQVLGHUDWLR
SURFHVVHY DQG LPSOHPHQWDWLRQ EHFDXVH WKH\ DUH



IUDPHZRWE&DWH LW ZLOO EH YHU\ LPSRUWDQW WR FRQW
FDVH VWXGLHY GHYHORSHG IRU &KDSWHU

7Kl UHYLHZ DQG VSDWLDO DQDO\VLV Rl PDULQH SODQQL
&KDSWHU SURYLGHV D JRRG VXPPDU\ Rl WKH VWDWH |
+RZHYHU WKH SRRU GRFXPHQWDWLRQ RU DEVHQFH RI V
SODMW IPWFHRBPSDULVRQ 2Q WKH RWKHU KDQG WKH GLYH!
GRFXPHQWDWLRQ RI VRPH SODQV UHTXLUHG LQWHQVLYH

PHWKRGV IROORZHG 7KH SRRU GRFXPHQWDWLRQ RI SODC
XQGHQWDNULVWHPDWLF UHWURVSHFWLYH DQDO\WLV RI W
DVVRFLDWHG ZLWK VSHFLILF SODQV DV , KDG LQLWLDOC
DQHFGRWLF LQIRUPDWLRQ SURYLGHG E\ SODQQHUV DQG
DVWW XSWDNH RI SODQQLQJ RXWSXWV VIVWHPDWLFDOO\
SODQQLQJ SURFHVVHV DW D ORFDO VFDOH H J UH]RQL
YHU\ OLPLWHG WKXV LW ZRXOG EH GHVLUDEOH WR LQFF
LQ WKH GDWDEDVH Rl SODQV LQ WKH *XOIl Rl &DOLIRUQL
SODQQLQJ LQ WKH *XOI RI &DOLIRUQLD PD\ LQFOXGH W
IROORZ XS RQ WKH LPSOHPHQWDWLRQ RI H[LVWLQJ SODQ
SRULW\ PDSV LQ IXWXUH SULRULWLVDWLRQ H[HUFLVHYV

FRQVHUYDWLRWGDOHDBWDIRFDSODQQLQJ ZLWKLQ PDULQH
WR OHDGLQWHJUDWLRQ D UHFRJQLVHG JDBHLPHRDKR@®WH ¢
SURSRVHG LQ &KDSWHU FRXOG JXLGH IXUWKHU SULRUL

&DWFKPHQW PRGHOOLQJ LQ D UHJLRQ ZLWK UHODWLYHO
FRQVWUDLQ WKH UHVXOWYV 0\ VWXG\ &KDSWHU VKRXC
RI WKRI RRGHOV XQGHU WKH OLPLWDWLRQV LPSRVHG E\ C
FKDUDFW MUUWW GEVDBHD QRW DV D JHQHULF FRPSDULVR
FLUFXPVWDQFHV +LJKHU TXDOLW\ LQSXWV ZRXOG OLNH
,Q SDUWLFXODU WR LPSURYH WKH DFFXUDF\ Rl FDWFKP
DFWLYLWLHV LQ WKH VWXG\ DUHD VKRXOG LPSURYH VRL
JXOOLHV WR 766 FKDUDFWHULVH ORFDOFBORVIQR® QPDWH
WHUR QXKHQW ORDGYV DVVRFLDWHG ZLWK UDLQIDOO UXQR
ZDV WKH VLJQLILFDQW DPRXQW RI WLPBH $RNVWIDENHY WHD VY
ZK\ VR OLWAMOHSODQ®LQJ KDV EHHQ GRQH :KDW KDG EHF



FRPSRQHQW RI P\ DWW WADPWS OVRQIQQ Y 5 IWDUWOH G Q@& R D
XQGHUWDNLQJFRXHXPRYWSWUMHRI P\ WKHVLV

&KDSWHU FRQWULEXWHV WRHRSEHDOWD\QGPQFWRH /G
*UHDW %DUULHU 5HHI *%5 DQG RIIHUV D PHWKRG WKD\
H[SRVXUH GHYHORSHG IRU WKH *%5 DQG HOVHZKHUH +R
LQ P\ SOXPH PRGHOOLQJ DSSURDFK HVSHFLDOO\ WKH S
RWKHU VXUIDFH ZDWHU PDVVHV WKDW UHVHPEOH SOXPH
UHVXVSHQVLRQ RU XSZHOOLQJ DQG WKH IREXV RQ VXU
YHUWLFDO H[WHQW RI WKH SOXPH RU WKH PL[LQJ LQ WK
IXUWKHU XQGHUVWDQG KRZ WHKRR 6 RIDNPMHDEMAR B U QIEHRG
WKH ZDWHU VXUURXQGLQJ WKH EHQWKLF KDELWDWV EH(
DGGUHVVHG E\ XVLQJ K\GURG\QDPLF PRGHOV WR SUHGLI
DQG SROOXWDQWYV EXW VXFK PROHOWIDROP\QRW DY DYOD
DW UHVROXWLRQV FRQGXFLYH WR SOXPH PRGHOOLQJ $
PRGHOOLQJ RI H[SRVXUH DW ILQHU WHPSRUDB® YFDOHV
OLQNHG WR D FDWFKPHQW PRGHO VXFK DV WRKXUFRG&DW F
FDQ EH DGMXVWHG WR SURGXFH H[SRVXUH PRGHOV WKD
VWHSV )XUWKHU LQYHVWLJIDW LLRGD X\GKD W IFOIQG DMELLRR)Y R
VHOHFWHG 766 ',1 $QRAHDXBUBIPGNQWY WHVW RI RWKHU
H[SORUDWLRQ RI WKH @ | KR V VRU BXWEGJI ZKG FBORBHUFLQJ
LPDJHV DQG DGMXVWPHQW RI VSHFWHED BODN\QLD MWPOUMLR 5
DFFRXQW IRU SRWHQW LDQQWXHIDVRODWID WQR QR/U 2Q@NV B UV D S
WKDW , KRSHG WKH DSSURDFK ZRXOG EH JHQHULFDOO\ C
VLIQDWXUHV Rl SOXPHV ZRXOG EH WUDQVIHUDEOH WR R
*XOl Rl &DOLIRUQLD O\ DWWHPSW WR GRMWWYR®RGHYH L
LVVXHV RI RWKHU ZDWHU PDVVHV ZKLFK DUH PXFK PRUF
WKH *XOl Rl &DOLIRUQLD

7KH PHWKRG GHYHORSHG LQ &KDSWHU UHSUHVHQWYV W
opbgaDb SODQEQLQJ DQG LW LV DQ LPSRUWB@W DGYDQFH
FRQVHUYDWLRQ +RZHYHU LW GRHVGQRW RWWS UIHRDUFLIKWIRVD
UHJLRQV DW WKH VDRK MM P6LPX OWHRDQHR YW SDNQARULWLVI
SUHIHUDEOH EHFDXVH LW ZRXOG IDFLOLWDWH WKH FUHL



WKH EHQHILWV IRU FRQVHUYDWLRQ DQG PDQDJHPHQW DF
$OVR WKH OLQN BEVMWEHMRQROBBGOXWLRQ DQG WKH PDULC
QRW DV VRSKLVWLFB®IRGVDXQDKDHOKRBHBHQWLRQHG DEF
WKH VXJIJHVWHG H[SRVXUH PRGHO LQ WKH *XOI RI &DOLI
ZRXOG KDYH UHTXLUH®QWMQLILFDQW DGMXVWPH

)XWXUH ZRUN

7KH OLPLWDWLRQV Rl P\ WKHVLVY UHSUHVHQW RSSRUWXC
DGGUHVVLQJ VHYHUDO RI WKHVH LQ IXWXUH UHVHDUFK :
XSGDWHG IUDPHZRUN IRU LQWHJUD®/® Gl [SDWFKWBQWQE O]
VXVWDLQDEOH GHYHORSPHQW REMHFWLYHV DQG GHVFU
EHWZHHQ PRGHOOLQJ WRROV 3DUW RI WKLV UHVHDUEK
FRQVHUYDWLRQ SODQQLQJ VRIWZDUH YHV F®RW\D DRGSR
EHWZHHQ SODQQLQJ XQLWV IXQFWLRQDOO\ FRQQHFWHG
WKH SULRULWLVDWLRQ DQDO\WHV XQGHUWDNHQ LQ P\ VW
EDVHG RQ PXOWLSOH REMHEFWLYHV 7KLV UHVHDUFK ZLO
IRUWKHUQ $XVWUDOLD DQG SUREDEO\ DOVR LQFOXGH SL
OH[LFR DQG ZLWKLQ WKH *XOIl Rl &DOLIRUQLD $V SUHY
ZLWK VWDNHKROGHUV ZDV D SULRULW)\ GROM QB IPRKURVHE
P\ ILQGLQJV )RU WKLV UHDVRQ WKH ZRUN LQ $XVWUDOLD
WKH UHVHDUFK LQ FORVH FROODERUDWLRQ ZLWK QDWX L
IURP WKH RQVHW Rl WKH SURMHEW

0\ HYWDEOLVKHG FROODWRKBWQRQW RZ I5\M K WK %S RI WKH
7URSLFDO :DWHUV 5HVHDUFK 7URS:DWHU DW -DPHV &RI
UHILQHPHQW Rl WKH H[SRVXUH PRGHO ,PSURYHPHQWV Z
RI WKH DQDO\VHV DV ZH RV QV KM RARIGH WK DR\Q FDIQD EBIH)S!
PRQLWRULQJ RI ZDWHADUXQB LADWHUFNR BYXW\DHD WRROV FD(
WUDQVIHUUHG WR RWKHU UHVHDUFK JURXSV DQG EH DG
UHVHDUFK ZLOO DOVR LQFOXGH @ DDOQLIEM\W HR QVRL W[KS Q ) UM
SRWHQWLDO UHODWLRQVKLS EHWZHHQ HVWLPDWHG H[SF
YXOQHUDEPBURERBIVMIRO/\VWHPY H J FRUDO UHHIV DQG



DOORZ WR GHYHORS EHWWHU LQGLFDWRUY DQG ULVN DV
PDQDJHPHQW O0DSSLQJ RI SOXPHV EDVHG RQ WUXH FRO
DFWLYLWLHV LV DQRWKHU DUHD RI UHVHDUFK WKDW FRX



%LEOLRJUDSK\

$EHOO 5 - ' $00DQ DQG % /HKQHU 8QORFNLQJ WKH SRWHQW
%LRORJLFDO &RQVHUYDWLRQ

$EXUWR 2URSH]D 2 % (ULVPDQ 0 &DVR DQG ( (JFXUUD IRJ F
WKH 6HDPRXQWV RI WKH 6HD Rl &RUWHWH[QFVRLWXWR 1DFLRQDO G

$EXUWR 2URSH]D 2 ( (JFXUUD * 'DQHPDQQ 9 9DOGH] - OXUUD\ I
WKH *XOl Rl &DOLIRUQLD LQFUHDVH ILVKHU\ \LHOGV 3URFHHGLQJ
WKH 8QLWHG 6WDWHV RI $PHULFD

$EXUWR 2URSH]D 2 6DIDO/ & H/RIH] $ PDULQH UHVHUYH QHWZRUN
WKH QH[W VWHS LQ FRQVHUYLQJ WKH ZRUOGYTV DTXDULXP 3DJH

$KUHQV 7 ' - 0 %HPDQ - $ +DUULURQVRQ -HZH\WNQWRBVILVSRI
WUDQVIRUPDWLRQV DQG WUDQVIHUV IURP ODQG WR WKH VHD L
QRUWKZHVW OH[LFR :DWH® 5HVRXU B5HV

$LUDPH 6 - ( 'XJDQ . ' /DIIHUW\ + /HVODHQH$ OF$WBGESH\LDIIG !
HFRORJLFDO FULWHULD WR PDULQH UHVHUYH GHVLJQ $ FDVH VW)
(FRORJLFDO $SSOLBDWLRQV

$LWNHQKHDG 0 - DQG , + $DOGHUV BUHGLFWLRQ DDWQG FRY
DOJRULWKP PHWKRGV -RXUQDO RI (QYLURQPHQWDO ODQDJHPHQ"

$00 - &RORUDGR ULYHU IORRGV GURXJKWV DQG VKULPS IL
OH[LFR (QYLURQPHQWDO ODQDJHPHQW

$OOLVRQ * : 6 ' FPKBEWR- D@G + 3 3RVVLQJIKDP (QVXULQJ
UHVHUYHVY FDWDVWURSKHV UHTXLUH DGRSWLQJ DQ LQVXUDQFH II

$OOLVRQ * : - /XEFKHQFR DQG 0 + &DUU ODWEQHQWMRUYHYV

PDULQH FRQVHUYDWLRQ (FR®RJLFDO $SSOLFDWLRQV
$OPDQV * 6 &RQQROO\ ' +HDWK - +RJDQ * -RQHV / OF&RRN O

‘LOOLDPVRQ &RQQHFWLYLW\ ELRGLYHUVLW\ FRQVHUYDWLR
IRU FRUDO UHHIV &RUDO 5HHIV

$OPHLGD & 0 ' $ 0 9 ORQWHLURLOKRKPD& D& M4 T6X HLRIDU YV / 3 H
DQG 0 %DWW\ * 6 DQG UHPRWH VHQVLQJ DV WRROV IRU WKH
,QW HRI@DWELRXUQDO RI 5GHPRWH 6HQVLQJ

$OYDYREHODY 0 ' * $QJHOH&YD DYIOORGIQFKH|]SRUW RI QLWURJIHQ
$ ZRUOGZLGH DQDO\VLV (QYLURQPHQWDO 3ROOXWLRQ

$OYDBRPHUR - * - %URGLH 1 & %DQ - .RRO 1 & %DQ ' / (VOLC

SUHS ORGHOOLQJ FDWFKPHQW QXWULHQWY DQG VHGLPHQW ORE
FRDWDDOQH HFRV\VWHPV D FRPSDULVRQ RI GLIITHUHQW DSSURDFI

$OYDBRPHUR - * 0 'HYOLQ ( 'D 6LOYD & 3HWXV - .RRO - - 5RE|
ORGHOOLQJ FDWFKPHQW QXWULHQWY DQG VHGLPHQW ORDGV IRL
FRDWBDDOQH HFRV\WWHPV D FRPSDULVRQ RI GLIIHUHQW DSSURDFI
&RUIHH| 6WXGLHV -DPHV &RRN 8QLYHUVLW\ 7RZQVYLOOH 4/

$OYDBRPHUR - * 5 / 3UHVVH\ 1 & %DWRSHTRUQH HYQEZ2 0PEMN
FRQVHUYDWLRQ SODQQLQJ LQ SUDFWLFH OHVVRQV OHDUQHG IUR
ODULQH DQG )UHVKZDWHU (FRV\VWHPV

$OYDBRPHUR - * 5 / 3UHVVH\ %RWBODADE & 9MPAH) & - .OHLQ
*DLQHV ,QWHIHUD WRGVANQY®WLRQ SODQQLQJ WKH PLVVLQJ O
(FRORJ\ (YROXWARPDWQEV6\V

$PLV 0 $ 0 5RXJHW 0 /RWWHU DQG - 'D\ ,QWHJUDWLQJ IU
FRQVHUYDWLRQ SODQQLQJ %LRORJLFDO &RQVHUYDWLRQ

$QGHUVRQ : % DQG * $ 3ROLV 1 X W U LUHEQWDIIO )X FRW S O R ) \B DQVX
VWDWXV RQ *XOIl Rl &DOLIRUQLD LVODQGV 2HFRORJLD

$UGURQ - $ - /DVK DQG ' +DJJDUW\ ORGHOOLQJ D 1HWZRU N
&HQWUDO &RDVW RI %ULWLVK &ROXPEA& /LYLQJ 2FHDQV 6RFLHV

$UGURQ - $ + 3RVVLQJKDP DQG & .OHLQ 0DU[DQ *RRG 3UDFW

$QDO\VLV DQG 5HVHDUFK $VVRFLDWLRQ 9DQFRXYHU %&
$UULDJD &DEUHUD 'RPtQINHIXH] *&RDQIP HF -LFPRWVHQEHUJ ( 0XxR]

/ySH] DQ$IJXLODU 6LHUUD 5HJLRQHV PDULQDV SULRULWDULD\

SDUD HO &RQRFLPLHQWR \ XVR GH OD %LRGLYHUVLGDG &21$%,2



$WKHUWRQ - ' 20VRQ / )DUOH\ DQG , 4DXTDX )LML :DWHUYV
IR +HDOWK\ 5HHIV DQG )LVKHULH W 6:RXO K 3B F& RV X YDW )IRVQL 6 F

$YHU\ 5 0ODULQH DQG WHUUHVWULDO FRQVHUYDWLRQ 30DQQLQ
+XWFKLQJV DQG ' /XQQH\ HGLWRUW @RQVRIUSMLUGW @XW. R HO (DY
5R\DO =RRORJLFDO 6RFLHW\ RI 1HZ 6RXWK :DOHV B\GQH\ $XVWU

%DLQEULGJH = ( :RODQRRHMUR *6 $SIHZRWHPDQG - %URGLH YJLQH
QXWULHQW G\QDPLFV UHODWHG W® B DAXVLGHONL @LFH YOHUG | ORRRFG | B O
$XVWUDOLD ODULQH 3R®OXWLRQ %XOOHWLQ

%DLVUH - $ DQG = $UEROH\D *RLQJ DIDLQVW WKH IORZ (IIHF\
JLVKHULHV 5HVHDUEFK
%DLWK . 5 /LQGVDL *ORAXODQ®EG & 6HD'$6 D GDWD DQDO\VLV V\VW

VDWHOOLWH VHQVRUV (RV 7UDQV $*8
%DNHU 1 0 %HJHU & OF&OHQQHQ $ ,VKRGD DQG ) (GZDUGV
IUDPHZRUN IRU FRQVHUYDWLRQ VO D D-RXIU@D DQRW & Bl ULIHV %D R

%DOO * + DQG' - +DOO $ IRYHO OHWKRG RI 'DWD $QDO\VLV
5HVHDUFK ,QVWLWXWH OHQOR 3DUN &DOLIRUQLD

%DOO , + 3RVVLQJKDP DQG ' - IDAWWVVRIWZODW DRU DI® W HDD WR
SULRULWL]DWLRQ 3DJHV LQ $ ORLODQHQ . :LOVRQ DQG +

&RQVHUYDWLRQ 3ULRULWL]DWLRQ 4XDQWLWDWLYH OHWKRGV DQ
2[IRUG 8.

%DQ 1 & OLQLPXP GDWD UHTXLUHPHQWYVY IRU GHVLJQLQJ D VHW RI F
FRPPRQO\ DYDLODEOH DELRWLF DQG ELRWLF GDWDVHWYV %LRGL

%DQ 1 & DQG & - .OHLQ 6SDWLDO VRFEDRHFRRRPILEG HE B R/Q VW |
SODQQLQJ &RQVHUYDWLRQ /HWWHUV
%DQNV ' 0 :LOOLDPV - 3HDUFH $ 6SULQJHU 5 +BDWAEWHLQ D

&RQVHUYDWLRQ LQ WKH %HULQJ 6HD ,GHQWLI\LQJ ,PERUWDQW $U
IDWXUH &RQVHUYDQF\ Rl $ODVND $QFKRUDJH $.

%DUELHU ( % 6 ' +DFNHU & .HQQHG\ ( : .RFK $ & 6WLHU DQG
HVWXDULQH DQG FRDVWDO HFRV\WWHP VHUYLFHV (FRORJLFDO OR

%DUWOH\ 5 7:(BOSHYUDQG ' . :DWHUYV $ UHYLHZ RI VHGLPHQW
GDWD IURP $XVWUDOLD IRU XVH LQ FDWFKPHQW ZDWHU TXDOLW!

%HFN 0 7KH 6HD $URXQG &RQVHUYDWLRQ 30DQQLQJ LQ 0DL
*URYHV HGLWRU 'UDIWLQJ D &RQVHUYDWLRQ %OXHSULQW $ 3UI
%LRGLYHUVLW\ ,VODQG 3UHVV :DVKLQJWRQ '&

%HFN 0 : DQG O 2GD\D (FRUHJLRQDO SODQQLQJ LQ PDULQH
VLWHRQRBWFYDWLRQ LQ WKH QRUWKHUQ *XOI Rl OH[LFR $TXDWL
(FRVA\VWHPYV

%HFNHU % + DQG 6 5 %HLVVLQJHU &HQWHQQLDO GHFOLQH L
VHDELUG DIWHU ILVKHUI%L\RGRAOLQH &RQVHUYDWLRQ

%HJHU 0 + 6 *UDQWKDP 5 / 3UHVVH\ . $ :LOVRQ ( / 3HWHU
IRXULYDO ' 5 %UXPEDXJK DQG + 3 3RVVLQJKDP D &RQVHUYLI
DFURVV PDULQH IUHWKZBMWOFY DR 8 O/RHURDHY WRIQWHUYDWLRQ

%HJHU 0O 6 /LQNH 0 :DWWV ( *DPH ( 7UHPO , %DOO DQG + 3
DV\PPHWULF FRQQHFWLYLW\ LQWR VSDWLDO GHFLVLRQ PDNLQJ

%HWLH O DQG + 3 3RVVLQJKDP (QYLURQPHQWDO IDFWRUV Wi
ILVKHVY PRGHOLQJ RFFXUWFIDQFHFRMWBURDVEIURRDP ®QG PDQDJHPHQW
SURJUHVYV 6HULHV

%YHPDQ - O . 5 SPUILDWRVRQG 3 SIULFXOWXUDO UXQRII IXHOV OIL
EORRPV LQ YXOQHUDEOH DUHDV RI WKH RFHDQ 1DWXUH
%HQQHWW $ . 5 &URRNV DQG 0 6DQMD\DQ 7TKH IXWXUH RI FR¢

LQ . 5 &URRNVQ®MR®Q 6DGLWRUV &RQQHFWLYLW\ FRQVHUYDW
3UHVV &DPEULGJH 8.

%HUNHOPDQV 5 %OHDFKLQJ DQG PRUWDOLW\ WKUHVKROGV K
- + YDQ 2SSHQ DQG - /RXJK HGLWRBNV\&HRW DD EQHY DKQ®J SD\
FRQVHTXHQFHWH WBEDLQ®BHUOLQ *HUPDQ\

%H]DRUHHO - ( 3URWHFWHG DUHDV DQG FRDVWDO DQG RFHDQ
&RDVWDO ODQDJHPHQW



%LQGLQJ & ( ' * %RZHUV DIFRE *(\WWWFERWOYRYXVSHQGHG VHGL
FRQFHQWUDWLRQV IURP RFHDQ FRORXU PHDVXUHPHQWYV LQ PRG
SDUWLFOH VFDWWHULQJ SURSHUWLHY 5HPRWH 6HQVLQJ RI (QYL

%RHUVPD 3 ' DQG - . 3DEXNVWK PDULQHISWR®HBWHG DUHDV D OL
(FRORJLFDO (FRQRPLFYV

%RKQHW |, 3 5RHEHOLQJ . :LOOLDPV ' +ROJZRUWK O YDQ *ULHNH
- %URGLH IDQGVFDSHV 7RRONLW UDQWR) WV U\DW N &/ [P IR I K RO@

H[SORULQJ RSWLRQV IRU VXVWDLQDEOH ODQGVFDSH GHYHORSPHC

%RWWULOO 0 & 0 OLOOV 5 / 3UHVVH\ ( 7 *DPH DQG & *URYHV
HFRUHJLRQDO DVVHVVPHQWYV

%UDFPRUW . 6 % $ (QJHO DQG - 5 )UDQNHQEHUJHU (YD O X
SUDFWLFHV \HDUV DIWHU LQVWDOODWLRQ %ODFN FUHHN ZDWH
&RQVHUYDWLRQ

%UDQGR 9 7 6FKURHGHU $ 'HNNHU DQG < 3DUN 5HHI 5HVF
UHPRWH VHQVLQJ IRU *%5 ZLGH ZDWHU TXDOLW\ ILQDO UHSRUW IF
$&7

%ULFDXG $ 0 %DELQ $ ORUHO DQG + &ODXVWASHIEF DEDBUSELIORG
FRHIILFLHQWYV Rl QDWXUDO SK\WRSODQNWRQ DQDO\VLY DQG SD!
5HVHDUFK

%URGHULFN . $GDSWLYH PDQDJHPHQW IRU ZDWHU TXDOLW\ L
FDWFKPHQWYV KHMMGIHQ IHRRYWMDSKLFDO 5HVHDUFK

%URGLH - 0 'HYOLQ ' +D\QHV DQG - :DWHUKRXVH $VVHVVPH
*UHDW %DUULHU 5HHI ODJRRQ $XVWUDOLD %LRJHRFKHPLVWU\

%URGLH - . )DEULFGXV 2*NDHMIDWK D$UH LQFUHDVHG QXWULHQW L
RXWEUHDNWRIKRRZIY VWDUILVK" $Q DSSUDLVDO RI WKH HYLGHQT

%URGLH - 6 /HZLV = %DLQEULGJH $ OLWFKHOO - :DWHUKRXVH I
SROOXWDQW GLVFKDUJH PDQDJHPHQW RI ULYHUV LQ WKH *UHDW ¢
JUHVKZDWHU 5HVHDUFK

%URGLH - DQG $ OLWFKHOO IXWULHQWY LQ $XVWUDOLDQ WU
GHHORSPHQW DQG LPSOLFDWLRQV IRU UHFHLYLQJ HQYLURQPHC

%URGLH - 7 B6FKURHGHU . 5RKGH - )DLWKIXO % ODVWHUV $ °
'LVSHUVDO RI VXVSHQGHG VH® HPMQ WM UQ & UQ XHHI LHIIWR R Q @ )

GLVFKDUJH HYHQWYV FRQFOXVLRQV IURP VDWS$@XORK M DAHPRVOH V H
ODULQH DQG JUHVKZDWHU 5HVHDUFK

%URGLH - ( :RODQVNL 6 /HZLV DQG = %DHQE®HGBH WLPMVS$RI D\
VRXUFHG FRQWDPLQDQWY LQ WKH *UHDW %DUULHU 5HHI ODJRRQ I
UHFRYHU\ ODULQH 3RBOKWVLRQ %XOOHWLQ

%URGLH - ( ) - .URRQ % G6FKDIIHONH ( & :R@D@\RNLQHW ( =/HZLV
%DLQEULGJH - :DWHUKRXVH DQG $ 0 'DYLV E 7HUUHVWULL
5HHI $Q XSGDWH RI LVVXHV SULRULWLHV DQG PDQ BUHRNQW UH

%UXVFD 5 / 7 )DY&Q@BJV3 0$ (+ +HQGULFN[ - 7 &RVLR $ 0 YDQ
* &HEDOORV DQG 5 )HOJHU ODFURIDXQDO GLYHUQLW\ LQ W
&DUWURQ * &HEDOORV DQG 5 )HOJHU HGHWRDW L RBQRGLYRUW
OH[LFR 2[IRUG 8QLY 3UHVV 1HZ <RUN 1HZ <RUN

%XUJHU $ ( 9 %DKQ DQG $ 5 0 7LOOPDQQV &RPSDULVRQ |
DV UHVHUYHV IRU PDUEOHG PXUUHOHWY RQ 9DQFRXYHU ,VODQG
%XHN/ DQG = 6XJJ +\GURORJLF PRGHOLQJ RI ZDWHUVKHGV G

OHVRDPHULFDQ 5HHI :RUOG 5HVRXUFHV ,QVWLWXWH :DVKLQJIW

%XWFKDUW 6 + 0 0O :DOSROH % &ROOHQ $ YDQ 6WULHQ - 3 :
0 %DLOOLH % %RPKDUG & %URZQ - %UXQR . ( &DUSHQWHU *
&KHQHU\ - &VLUNH 1 & 'DYLGVRQ ) 'HQWHQHU O )RVWHU §$ *
" *UHJRU\ 0 +RFNLQJY /DP.DBRXH -) QHY-HURRJIWR$ OF*HRFK /
OF5DH $ 0OLQDV\DQ 0O + ORUFLOOR 7 ( ( 20GILHOG ' 3DXO\ 6
6DXHU % 6NROQLN ' 6BHWK 6 awWeWXBOW $ 6\PHV 0 7LHUQH\
& 9LH DQG 5 DWRHEHDP WLRGQYHUVLW\ ,QGLFDWRUV RI 5HFHQW
6FLHQFH VFLHQFH

&DEDFR 6 5 6DQWRYV DQG & 0 'XDUWH 7KH LPSDFW RI VHGLPF
$ UHYLHZ (VWXDULQH &RDVWDO DQG 6KHOI 6FLHQFH



&DGG\ - ) 9DONXQ $ WHQWDWLYH FODVVLILFDWLRQ RI FRDVWDC
GRPLQEDQW SURFHVVHV RI QXWULHQW VXSSO\ 2FHDQ &RDVWDO C

&DLWFKHRQ * * - 0 200H\ ) 3DQWXV * +DQFRFN DQG & /HVOL
SRFHVVHV VXSSO\LQJ ILQH VHGLPHQW WR WKUHH PDMRU ULYHUYV
40G DQG )OLQGHUV 40G 5QYBUNVYHRPRUSKRORJ\

&DUU 0 + - ( 1HLJHO - $ (VWHV 6 $QGHOPDQ 5 5 :DUQHU D¢
ODULQH DQG 7THUUHVWULDO (FRV\VWHPVY ,PSOLFDWLRQV IRU WKH
(FRORJLFDO $S80OBEFDWLRQV

&DUULTXLUN - ' DQG $ 6iQFKH] 6HGLPHQWDWLRQ LQ WKH &R
&DOLIRUQLD b IMHHQUWEHDBOGLVFKDUJH ORVVY ODULQH *HRORJ\

&DUUROO & ' :DWHUV 6 9DUG\ ' 0 6LOEXUQ 6 $wWwDUG 3 - 7
6FKPLGW % :LOVRQ DQG $ &ODUN $ 3DGGRFN WR UHHI PRQL
WKH *UHDW %DUULHU 5HHI 3DGGRFN DQG FDWFK® BQWWRPSRQHQ

&DUWHU - ' / (VOLQJHU 0 9DQGHU:LOW ( 'HPSWRXUPBPRG % :LOV

BROOXWLRQ DQG (URVLRQ &RPSDULVIR@ WRR®DN®XB VAMLAAIHO DZDXK
+DZDLL 3URFHHGLQJV RI WKH WK %LHQQLDO &RDVWDO =RQH &RC

&DUZDUGLQH - . $ :LOVRQ O :DWWV $ (WWHU & - .OHLQ DQG
&RVWO\ &RQVHUYDWLRQ OLVWDNHY 7KH ,PSRUWDQFH RI "HILQLG
6HWWLQJ 3/R6 21(

& %' *OREDO %LRGLYHUVLW\ 2XWORRN 6HFUHWDULDW RI WKH
ORQWUHDO &DQDGD

&HEDOORYV * ORGHODGR GH B9 GHWD®PIt BFXY (& 16 H pd DR/R HS/CBUHF L
*$3 3UR\HFWR '6 %DVH2GHGDWRVYWLWXWR GH (FRORJtD 81%0

)

&(& (FRORJLFDO UHJLRQV Rl 1RUWK $PHULFD WRZDUG D FRPP
(QYLURQPHQWDO &RRERIQWWHRQ &¥HEHF &DQDGD

&(& (FRORJLFDO UHJLRQV RI 1RUWK $PHXNSED \WMR ZRP 6 LIV \FIRPP
IRU (QYLURQPHQWDO &RRSHUDWLRQ ORQWUHDO 4XHEHF &DQI

&KDQ - & : . 3 &KDQ DQG $ :HK '"HWHFWLQJ WKH QDWXUH R
$ FRPSDULVRQ RI PDFKLQH OHDUQLQJ DOJRULWKPV 3KRWRJUDPF

&KDQ . 0 $ DQG 0 5XFNHOVKDXV &KDUDFWHUL]LQJ FKDQUJHV
%LRORJ\ 5HSRUWV

&K@ . 0 $ 0 5 6KDZ ' 5 &DPHURQ ( & 8QGHUZRRG DQG * & '
SODQQLQJ IRU HFRV\VWHP VHUYLFHV 30RV %LRORJ\

&KDQJ : . - 5\X < <L : & /HH & : /HH ' .DQJ & + /HH 6 +F
KLP ,PSURYHG ZDWHU TXDOLW\ LQ UHVSRQVH WR SROOXWLRQ F
ODULQH 3ROOXWLRQ %XOOHWLQ

&KHUXELQ / 0 & 3 .XFKLQNH DQG & % 3DULV 2FHDQ FLUFX
LQ WKH OHVRBIRHRQFINRP VSHFWUDO RSWLPL]DWLRQ RI 6HD:L)6 G
VLPXODWLRQ &RUDO 5HHIV

&KULVWHQVHQ / : 50FRO®DVIGIGLR2UWLILLWURJIHQ &\FOLQJ LQ DQ ,
LQ 6RQRUD OH[LFR OHDVXUHRMQWNQM®)&\FRGEDLQJI$IJURHFRV\VWH

&LFBQLQ % DQG 6 %HOILRUH /JLQNLQJ PDULQH SURWHFWHG DI
PDQDJHPHQW $ UHYLHZ RI WKHRU\ DQG SUDFWLFH 2FHDQ &RDV\

&ORHUQ - K\WRSGDQNWRQ EORRP G\QDPLFV LQ FRDVWDO HFRV\VV
OHVVRQV IURP VXVWDLQHG LQYHVWLJDWLRQ RI 6DQ JUDQFLVFR %D

&1$ ,OQVWUXFWLYR GH KLGURORJtD SDUD GHWHUPLQDU OD DYH
GHO $JXD &1$ Op[LFR ')

&1$ &XHQFDV KLGUROYJLFDV FRQ VX GLVSRQLELOLGDG PHGLD
6 * 7pFQLFD HGLWRU &RPLVLRQ 1DFLRQDO GHO $JXD OH[LFR ')

&ROOLHU & - 0 OBF\FRWW DQG/LJKW WKUHVKROGY GHULYHG IURF
FRDVWDO ]JRQH RI WKH QRUWKHUQ *UHDW %DUULHU 5HHI $XVWU

&21$%,2 &21$13 BHR1$785% $QDOLVLYV GH YDFLRV \ RPLVLRQHV H
ELRGIWHHGDG PDULQD GH OH[LFR RFHDQRV FRVWDV H LVODV &RPL
8VR GH OD %LRGLYHUVLGDG &RPLVLRQ 1DFLRQDO GH $UHDV 1D\
&RQVHUYDQF\ 3URQDWXUD $ & OH[LFR ')

&21%$%,2 D $QDOLVLWGHRYBINLRY FREVHUYDFLRQ GH OD ELRGLYH
RFHDQRV FRVWDV H LVODV &RPLVLRQ 1DFLRQDO SDUD HO &RQF



&21%$%,2 &RPLVLRQ 1DFLRQDO GH $UHDV 1DWXUDOHYV 3URWHJILC
$ & OH[LFR ')

&21%$%,2 E $QDOLVLY GH YDFLRV \ RPLVLRQHY HQ FRQVHUYDFLR
OH[LFR HVSDFLRV \ HVYSHFLHVY &RPLVLRQ 1DFLRQDO SDUD HO &F
&RPLVLRQ 1DFLRQDO GH $UHDV 1IDAWXRQ QHBYRIOBWPBIQKBDVFR 7KH 1

BURQDWXUD $ & )DFXOWDG GH &LHQFLDV )RUHVWDOHYV 8QLYHUVL
")

&21%$%,2 'LVWULEXFLYQ GH ORV PDQJODUHYV GH Op[LFR (VFDOD
"4 SURJUDPD GH PRYLMRUIOD GHY GH Op[LFR D ODUJR SOD]R SL
I1DFLRQDO SDUD HO &RQRFLPLHQWR \ 8VR GH OD %LRGLYHUVLGDG

&21%$*8% 7TDEOD GH ODV SULQFLSDOHYV SUHVDYV GH Op[LFR LQGL|
XVR FRQ FDUDFWHUtVWLFDV GH OD SUHVD \ VHULH GH YROXPHQ -
SDUD HO SHULRGR &RPLVLRQ 1DFLRQDO GHO $JXD &21%*8
BURJUDPDFLRQ OH[LFR ")

&21%$13 &REHUWXUD GH ODV EUHDV \1DAMWXDOUNDIDAHHY 3G IR W BI[LLFGRD V )
&RPLVLYQ 1DFLRQDO GH EUHDV 1DWXUDOHV 3URWHJILGDV 'LUHF
6XEGLUHFFLYQ (QFDUJDGD GH OD &RRUGLQDFLYQ GH *HRPIWLFD O

&RRSHU 7 ) 3 9 5LGG . ( 80VWUXS &)BDEBBRILXM 0 6LTCHHFRRU X
G\QDPLFV LQ FRUDO ELRLQGLFDWRUV IRU ZDWHU TXDOLW\ RQ FRD
ODULQH DQG )UHVKZDWHU 5HVHDUFK

&RUWRWUHYV + * &DUDFWHUL]DFLYQ GH ODLHURR Plp®MRG RB\H OL
PXOWLYDULDGRYVY 3DJH &ROHIJLR GH 3RVWJUDGXDGRY ORQWH
&RZOLQJ 5 0 DQG 5 / 3UHVVH\ ,QWURGXFWLRQ WR VA\VWHPD

JORULVWLF 5HILRQ %LRORJLFDO &RQVHUYDWLRQ
&RZOLQJ % /0 3UHVVH\ & 7 /RPEDUG 3 * 'HVPHW DQG $ * (OOLV
WR SHUVLVWHQFH 5HTXLUHPHQWY IRU D VXVWDLQDOF®&H VI\VWHP R
PHGLWHWOD@BOMH GHVHUW RI VRXWKHUQ $IULFD 'LYHUVLW\ DQG
&RZOLQJ 5 0 5 / 3BBYWODHS $610HV5RX[ ( %DDUG & - %XUJHUYV
7KH HISHUW RU WKHSDOUIJRRIOQVRPSULRULW\ FRQVHUYDWLRQ I
5HILRQ LGHQWLILHG E\ $HWN PMIHOHAW VRO GRUWY DUH %LRORJLFELC

&ULVW 3 . ODGGHQ , 9DUOHN ' / (VOLQJHU ' :DONHU $ $QGHL
,QWHJUDWHG /DQG 6HD 30DQQLQJ 7HF&Qh REDD GR@QABHM/R WKH
IDWXUHGHUYVYIRROV 1RWZRERWRROVARWDQIWRQ 9%

&URNH - & DQG 3 % +DLUVLQH 6HGLPHQW GHOLYHU\ LQ PDC
S5HYLHZV

&URZGHU / WHQNRVEH5 <RXQJ 6 $LUDPp ( $ 1RUVH 1 %DURQ -
1 (KOHU DQG % 6 +DOSHUQ SHVROYLQJ PLVPDWFKHV LQ 8 ¢

&UXULQLGDG $ 5 & *HURQLPR DQG 3 ODBOFWRULHVHDXGI®REBBEW
FRUDO UHHI XVH LQ /LQJD\HQ *XOIl 3KLOLSSLQHV 2FHDQ &RDVWI

&6,52 &5& 7KH &DWFKPHQW ORGHOOLQJ 7TRRONLW &/$66 6SDW|
&RPPRQZHDOWK 6FLHQWLILF DQG RIRE$VIRUDLQG HHOMWBU KR RSY H@IW
5HVHDUFK &3 W.DHP SEHOO $XVWUDOLDQ &DSLWDO 7HUULWRU\

&XGQH\ %XHQR 5 0 ) /DYtQ 6 * ODULQRQH 3 7 5DLPRQGL DQG :
RI ODULQH 5HVHUYHV YLD /DUYBO 'LVSHUVDO 3/R6 21(

"D\ - *UHDW %DUULHU 5HHI ODULQH 3DUNQ IR Y-H B Q BRYFHVD Q DA \X
DQG ( 0 'H6DQWR HGLWRUV *RYHUQLQJ ODULQH 3URWHFWHG $U
UHSRUW WR ODULQH &RDVWDO (FRV\VWHPV %UDQFK 81(3 8QLYV
81(3 &DPEULGJH 8.

'D\ - & “RANVNYRQV IURP WKH *UHDW %DUULHU 5HHI ODULQH 3DL
ODQDJHPHQW

'HYOLQ 0 - %URGLH $ :HQJHU ( 7HL[HLUDVBHDUKRXYB DQGFOYD
OF.HQ]LH D &KURQLF DQG DFXWH LQIOXHQFHV RQ WKH *UHDW

FRQGLWLRQV LQ FRQWH[W 3URFHHGLQJV RI WKH WK ,QWHUQDW
$XVWUDOLD

'HYOLQ O / , OF.LQOPRPHWR$S®YBHWXV % $EERW 3 +DUNQHVV D
0DSSLQJ WKH SROOXWDQWYV LQ VXUIDFH ULYHULQH IORRG SOXPH
ODULQH 3ROOXWLRQ %XOOHWLQ



'"HYOLQ O DQG % 6FKDIIHOMNH ULYH®IOWLIIDAR RIGWFHQXWPHY DQG H[SR\
HFRV\VWHPV LQ WKH 7XO0O\ FRDVWDO UHJLRQ *UHDW %DUULHU 5H

'HYOLQ 0 7 B6FKURHGHU / , OF.LQQD - %URGLH 9 %UDQGR I
PDSLQJ RI IORRG SOXPHV LQ WKH *UWDMX %mEUUHB FAWMH | VEDQMH.® R Q F
LQ ® &KDQJ HGLWRU (QYLURQPHQWDO 5HPRWH 6HQVLQJ DQG ¢

'HYOLQ O - :DWHUKRXVH - 7D\ORU DQG - %URGLH YORRG S
DQG WHPSRUDO SDWWHUQV LQ FRPSRVLWLRQ DQG GLVWULEXWL
5HHI ODULQH 3DUN $XWKRULW\ *%503$ 7RZQVYLOOH 4/

'HYOLQ O - DQG - %URGLH WKHHU B BN VW L% D UGLL\HRK B H B ADQVR IR
EHKDYLRU LQ FRDVWDO ZDWHUV ODULQH 3ROOXWLRQ %XOOHWL

'*96 6(0$51%7 6LVWHPD GH 8QLGDGHYV GH ODQHMR SDUD HO $SUT
9LGD 6LOYHVWUH 80$V GH OH[LFR 'LUHFFLRQ *HQHUDO GH 9LGD 6
$PELHQWH \ 5GHFXUVRV 1DWXUDOHV '*96 6(0$51$7 OH[LFR ")

'LD] 5 - DQG 5 5RVHQEHUJ 6SUHDGLQJ GHDG JRQHV DQG FRQ\
6FLHQFH
'LMNVKRRUQ . - +XWLQJ DQG 3 7HPSHO 8SGDWH RI WKH

/IDWLQ $PHULFD DQG WKH &DULEEHDQ 627(5/$& +:RUDG BRLO 5H
,QIRUPDWLRQ :DJHQLQJHQ 7KH 1HWKHUODQGV

'LRGDWR 1 DQG * %HOORFFKL (VWLPDWLQJ PRQWKO\ 5 86/(
UHJLRQ XVLQJ OLPLWHG GDWD -RXUQDO RI +\GURORJ\

'RQH\ 6 & 7KH *URZLQJ +XPDQ )RRWSQBHQ® RQRIRRVFWBPLY YE \2S
6FLHQFH

'R[DUDQ 0 )URLGHIRQG 3 &DVWDLQJ DQG 0 %DELQ "\QDPLFV
JRQH LQ D PDFURWLGDO HVWXDU\ WKH *LURQGH )UDQFH 2EVHU)
GDWD (VWXDULQH &RDVWDO DQG 6KHOI 6FLHQFH

'"UHZU\ - - | 7 + 1HZKDP 5 6PDR ‘DUHH@®H) $: & UBRMNH $ UHYL
QLWURJHQ DQG SKRVSKRUXV H[SRUW WR ZDWHUZD\V FRQWH[W
JUHVKZDWHU 5HVHDUFK

'XNH 1 & $ 0 %HOO ' . 3HGHUVRQ & 0 5RHOIVHPIOLFQ@WBEHGY% 1
DV WKH FDXVH Rl VHYHUH PDQJURYH GLHEDFN LQ WKH ODFND\ UHJ
PDULQH SODQW KDELWDWV RI WKH *%5 :RUOG +HULWDJH $UHD

'XQWRQ . + ,PSURYLQJ &RDVWD OK DX 83/IFS DB RYLBH 7KYEK X Y D ¢
WKH ,QWHURSHUDELOLW\ RI 7KUHH 'HFLVLRQ 6XSSRUW 7RROV )l
$XVWLQ $XVWLQ 7;

'XWWRQ , 0 3 6DHQJHU 7 3HUU\ * /XNHU DQG * / :RUER\V
PDQPHOQW RI FRDVWDO D TPDDAMLFWXGKRNBPHWUYLV %D\ $XVWUDO
&RQVHUYDWLRQ ODULQH DQG JUHVKZDWHU (FRV\VWHPV

(DVWPDQ 5 /IDQG &KDQJH ORGHOHU 9HU &ODUN /DEV &ODUN

(GZDUGV + (OOLRWW 5 / 3UHVVH\ DQG 3 - OXPE\ L QFRUSRUDW
HFRORJLFDO SURFHVVHV DQG FRQVHUYDWLRQ JRQLQJ LQWR UHVHL

(JRK % 0 5RXJHW % S5H\HUV $ 7 .QLQKWDH VO HKRZODQG % :640VD
 QWHJUDWLQJ HFRV\VWHP VHUYLFHVY LQWR FRQVHUYDWLRQ DVV}

(QUtTXH] $QGUDGHS5H\Q'D $QDED* X¢DYDWHUD G O 0R U&MWRYDMDB O
ODUWtB®)DGRFDEREUtIXH] DQ & D8 LIDDODW/p V $Q DQDO\LV RI FUL
ELRGLYHUVLW\ FRQVHUYDWLRQ LQ WKH *XOI Rl &DOLIRUQLD 5HJ

(QUtTXH] $QGUDGH 5 DQG * 'DQHPDQQ ,GHQ R/ LIGADGH Y QS D H D W
DFFLRQHV GH FRQVHUYDFLYQ \ RSRUWXQLGDGHY GH XVR VXVWHQ\
3HQtQVXOD GH %DMD &DOLIRUQLD 5HSRUWH WpFQLFR GH SUR\HF\
&DOLIRUQLD (QVHQDGD %DMD &DOLIRUQLD

(5'$6 ,PDJH $QDO\VLV IRU $UF*,6 (5'$6 ,QF 1RUFURVV *$

(ULVPDQ % , ODVFDUHQDV * 3DUHGHYURSH]OEHDQIGNVEFKHYRW L QJBE
6HDVRQDO DQQWBO PD\WGHIRGM LQ FRPPHUFLD OV KIHWK HQY IMHVH | RXUO D
RI &DOLIRUQLD OH[LFR )LVKHULHV 5HVHDUFK

(VOLQJHU ' / + -DPLHVRQ &DUWHU ( 'HPSVH\ 0 9DQGHU:LOW %
1RQSRARWFH 3ROOXWLRQ DQG (URVLRQ &RPSDULMRQ 7RRO 12$$ &
&KDUOHVWRQ 6&

(65, $UF*,6 (QYLURQPHQWDO 6\WWHPV 5HVHDUFK ,QVWLWXW



(65, $UF*,6 (QYLURQPHQWDO 6\WWHPV 5HVHDUFK ,QVWLWX)

H:DWHUB&5& 6RXUFH &DWFKPHQWY 8VMHDUYER HHQ W HU &5RR S H!
&DQEHUUD $&7

(JFXUUD ( 228BESHMIRO G OO0RUHRDPR YD MBEREHDQG - 7RUUH *
RI &DOLIRUQLD OH[LFR 3DJHV LQ . OF/HRGEIDAHG + /HVOLH
PDQDJHPHQW IR OMXGGRFHIDQAN :DVKLQIWRQ ' &

)DEULFLXV . . 2NDML DQG * 'HYDWK 7KUHH OLQHWRIRI HYLGHQT
WKRUQV VHDVWDU OW L JW $FDQWKDVWHU SODQFL OW L JW W
SHHIV

J)DEULFLXV . ( J)DFWRUV '"HWHUPLQLQJ WKH 5HVLOLHQFH RI &
DQG &RQFHSWXDO ORGHO

&RUDO 5HHIV $Q (FRV\WWHP LQ LQDO VINELRYN3IDDIQG 1 6WDPEOHU
6SULQJHU 1IHWKHUODQGYV

)$2 HGLWRS$ SURYLVLRQDO PHWKRGRORJ\ IRU VRLO GHJUDGDWLRQ D
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV )$2 B5RPH ,WDO\

JHUQDQGHV / - 'D\ % .HUULJDQ ' %UHHQ * 'HDWK % O0DSVW
3RLQHU 7 :DOGLDPV DQG 5 .HQFKLQJWRQ $ SURFHVV WR G
QRVDNH DUHDV /HVVRQV IURP WKH *UHDW %DUULHU 5HHI 2FHDQ

JHUQDQGHV / - 'D\ $ /HZLV 6 60HJHUV % .HEULIPMOO %UHHQ
/IRZH - ,QQHV - 7DQ]JHU 9 &KDGZLFN / 7KRPSVRQ . *RUPDQ 0
6DPSVRQ * 'H DWK % ODSVWRQH + ODUVK + 3RVVLQJKDP , %

6ODWHU DQG . 6WDSOHWHRGHQW DWE WD DB®HDIL RQ WKSIU*UHDW ¢
/IDUNFDOH LPSOHPHQWDWLRQ Rl WKHRU\ RQ PDULQH SURWHFWHG

JLJXHURD 6 2 $PDQWH 7 &RUWpPV / 3LPHQWHO & 2VXQD 2 B5R(
GISUHGLFFLRQ GH SHUGLGDV GH3 XHGRVRRU RBNMIRRD GO SBYWJIU
&HQWUR 5HJLRQDO SDUD (VWXGLRV GH =RQDV $ULGDV \ 6HPLDULG
+LGUDXOLFRV 6$5+ 'LUHFFLRQ *HQ HRLID® B H&XMGILW L RD (SR LERA

JOREHUJ - 0 *RHULQJ * :LOKHUH & ODF'RQDOG & &KDSSHOO &
6NLGPRUH 7 +RUVPDQ ( $OYHUVRQ & 7DQQHU 0 %U\HU 3 ,C
7 &RRN 0 6XPPHRWSKQG ' 5LOODBXWWH 7XBRIXOBLD %DVLQ
(FRUHJLRQDO $VVHVVPHQW 9ROXPH 2QH 71& SHSRUW 7KH 1DWXL

JORWHWOHOD 2 DIFKRD2FKRIXEOLVKHG EUHDV SRWHQFLDOHV GH
GH OD RIDXSHDNGH Op[LFR 3UR\HFWR '6 &219%BoV2H VOZWHRDGHRY 61, %
=RRORJtD $OIRQVR / +HUUHUD )DFXOWDG GH &LHQFLDV 81$0 OH

JROH\ 0 % +DOSHUQ ) OLFKHOL 0 $UPVE\ 0 &DOGZHOO & &U
0 %HFN *XLGLQJ HFRORJLFDO SULQFLSOHV IRU PDULQH VSDW

YR + ( 0O % ODVFLD ; %DVXUWR $ &RVWD / *OHZ ' +HLQHPDQ
JRPEDQD 5 6 3RPHUR\ & $ 5HFFKLD & 0 HHRRHGWVDQG $60QFKL

'K LWH 5HH[DPLQLQJ WKH VFLHQFH Rl PDULQH SURWHFWHG DU
&RQVHUYDWLRQ /HWWHUYV
*DEULF $ - DQG 3 5 ) %HOO 5(9,(: 2) 7+( ())(&76 2) 12132,17

/2$',1* 21 &2%$67%/ (&26<67(06 $XVWUDOLDQ -RXUQDO RI ODULQH D

*DOLQGR 5H\HV - * & 9LOODIODYPWH]DQG X QYDPIER@PHQWDO FRQG
SHVWLFLGH SROOXWLRQ Rl WZR FRDVWDO HFRV\VOWBPDPQ® WKH
(QYLURQPHQWDO 6DIHW\

*DOODQW - & DQG 7 , 'RZOLQJ $ PXOWLUHVROXWLRQ LQGH[ R
GHSRVLWLRQDO DUHDV :DWHU 5HVRXU 5HV

*DPH ( 7 + 6 *UDQWKDP $ - +RREEDUS // JUBWFNOHD 7 *MHUG
%XVWDPDQWH + 3 3RVVLQJKDP DQG $ - 5LFKDUGVRQ 3HOTC
GLPHQVLRQ LQ RFHDQ FRQVHUYDWLRQ 7UHQGV LQ (FRORJ\ (YR

*DPH ( 7 * ORRAHWW +DPIOWHROQVRQ - .HUHVHND : $WX 0 :DWW\
3RVVLQJKDP /(77(5 ,QIRUPHG RSSRUWXQLVP IRU FRQVHUYDWL

,VODQGV &RQVHUY®WLRQ /HWWHUV QR

*DPH ( 7 ( OFOP@GHA® 0 / 3XRWLQHQ DQG + 3:H3RVR WD WK H
6WURQJ RU WKH :HDN" 5LVN 5HVLOLHQFH DQG WKH 6HOHFWLRQ R
%LRORJ\



*DUFtBIUQIQGH] - &iU&SHIRBDQAD 0 %RHEPQRFRXUWDIDBIDUUD / *DUFtD

5LFR DQG ) JMUTIXW] 7TRWDO PHUFXU\ FRQWHQW IRXQG LQ HGL
I[URP WKH *XOIl Rl &DOLIRUQLD OH[LFR 7R[LFRORJLFDO (QYLUR
*DVVPDQ 3 : 0 5 5H\HV & + *UHHQ DQG - *VHVYROGW WRR®&H
+LVWRULFDO GHYHORSPHQW DSSOLFDWLRQV DQG IXWXUH UHVHD
*%5039% *UHDW %DUULHU 5HHI 2XWORRN 5HSRUW 3DJH *
$XWKRULW\ *%503%$ 7RZQVYLOOH 4/
*HVHOEUDFKW / 5 7RUUHV * &XPPLQJ ' 'RUIPDQ DQG O : %HEFN

$VVHVVPHQW IRU )ORULGD $ )UDPHZRUN IRU 6LWH 3ULRULWL]DV
/JHIDF\ ,QLWLDWLYH D SURJUDP RIRGNHUDRWLED §RPR LI/ G R:Q O TX
&RQVHUYDQF\ *DLQHVYLOOH )ORULGD

*HVHOEUDFKW / 5 7RUUHV * &XPPLQJ ' 'RUIPDQ 0 : %HFN DOQ
D VSDWLDOO\ HIILFLHQW SRUWIROLR RI SURQRURWH PR & V HURDLVGLDF
$TXDWLF &RQVHUYDWLRQ ODULQH DQG JUHVKZDWHU (FRV\VWHPV

*LOOLODQG 3 0 DQG ' /DIIROH\ .H\ HOHPHQWY DQG VWHSV LQ
EDVHG PDULQH VSDWLDO SODQQLQJ ODULQH 3ROLF\

*LOPDPQ - (OOLVRQ 1 & 'XNH DQG & )LHOG 7KUHDWV WR PL
DGDSWDWLRQ RSWLRQV $ UHYLHZ $TXDWLF %RWDQ\

*OHDVRQ 0 6 OF&UHBIQWRQOLO®IHRWHW] ( )R[ 0 OHUULILHOG :
6HUBRG . +RIIPDQ EDVFIGH QPG \GWDNH® FPO®HQH SURWHFWHG D
SODQQLQJ $ VXFFHVVIXO FDVH VWXG\ IURP QRUWK FHQWUDO &DO

*OHQQ ( 8 3 / 1DJOHU 5 & %UOHWARD RR® 2ZWHDIA RNRODQGY RI W
*XOl RI &DOLIRUQLD LQYHQWRU\ DQG FRQVHUYDWLRQ VWDWXV
(FRVA\VWHPV

*ORYHU $ * DQG & 5 6PLWK 7KH GHHS VHD IORRU HFRV\VWH
DQWKURSRJHQLF FKDQJH E\ WKH \HDU (QYLURQPHQWDO &RQ\

*RUGRQ + 5 DQG 0 :DQJ GHIWYLGY DO QRUXPMHHDQG DHURVRO RS
RYHU WKH RFHDQV ZLWK 6HD:L)6 D SUHOLPLQDU\ DOJRULWKP $S¢

*RUGRQ , - /LQNLQJ ODQG WR RFHDQ IHHEEDRN V FD0 WKW \WBR\D
WKH *UHDW %DUULHU 5HHI FDWFKPHQWY +\GURELRORJLD

*UDQHN ( ) 6 3RODVN\ & 9 .DSSHO ' - 5HHG ' 0 BWRPV (
&UDPHU 6 ' .DFNHU ( % %DUELHU 6 $VZDQL 0 5XFNHOVKDXV
OXWKLJD ' %DHO DQG ( :RODQVNL (FRV\VWHP 6HUYLFHV DV

(FRV\VWBRYHG 0DQDJHPHQW &RQVHUYDWLRQ %LRORJ\

*UDQWKDP + 6 0 %ROGMNGGHQF RQIDOBPH $ 7 .QLJKW DQG + 3RV
(IHIHFWLYH FRQVHUYDWLRQ SODQQLQJ UHTXLUHV OHDUQLQJ DQG
(QYLURQPHQW

*UDQWKDP + 6 ( 7 *DPH -$+REMRPEBUG 5LFKDUGVRQ / ( %HEN
3UHVVH\ - $ +XJJHWW - & &RHW]HH & ' YDQ GHU /LQJHQ 6 /
3RVVLQJKDP $FFRPPRGDWLQJ G\QDPLF RFHDQRJUDSKLF SURFF
PDULQH FRQVHUYDWLRQ SODQQLQJ 3/R6 21(

*UD\ - 6 ODULQH ELRGLYHUVLW\ SDWWHUQV WKUHDWV DQG
&RQVHUYDWLRQ

*UHHQ $ 6 ( 6PLWRRUHL&VHWWHY 1 3HWHUVRQ 6 6KHSSDUG 3

$OPDQ\ - $LWVL DQG / %XDOLD '"HVLIQLQJ D UHVLOLHQW Q&
.LPEH %D\ 3DSXD 1HZ *XLQHD 2U\[
*UHVK 7 - /LFKDWRZLFK DQG 3 6FKRRQPDNHU $Q (VWLPDWL

6DOPRQ 3URGXFWLRQ LQ WKH 1RUWKHDVW 3DFLILF (FRVA\VWHP (
JUHVKZDWHU 6\VWHPV RI WKH 3DFLILF 1RUWKZHVW )LVKHULHYV
*UREKQVPRUH 5 / RRQLQFN - )LHOG & $LQVZRUWK - %HHWYV 6
%WRXORRUBGHXU - %URG]LDN / &URZGHU ' *OHDVRQ 0 +L[RQ
OLOOHU / ORUJDQ DQG & :DKOH 9HUWLFDO =RQLQJ LQ ODUL
&RQVLGHUDWLRQV IRU %DODQFLQJ BHODJLFX)QVWLEGY Z)LW K HLR G}

*URYHV & 5 ' % -HQVHQ / / 9DOXWLV . + 5HGIRUG 0 / 6KDI
- 9 +LJJLQV 0 : %HFN DQG 0 * $QGHUVRQ 30DQQLQJ IRU
3XWWLQJ FRQVHUYDWLRQ VFLHQFH LQWR SUDFWLFH %LRVFLHQFH



*XWLHUUH] *DOLQGR ( $ * )ORUHV OXQR] 0 / 2UWHJID *DUFLD DQ
SHVWLFLGHYVY LQ FRDVWDO ZDWHUV RI WKH *XOI| RERR\DWILARGDVY D
HQ ODV DMHKDMVWBWO *ROIR GH &DOLIRUQLD 3URJUDPD GH 9LJLO

+DOSHUQ % 6 & (EHUW & 9 .DSSHO ( 0 3 0ODGLQ ) OLFKHOL O

:DOEULGJH *OREDO SULRULW\WBDHIRQ [(RUFWQ RRWYSIRYU P /W IQQ HO
&RQVHUYDWLRQ /HWWHUYV
+DOSHUQ % 6 . $ 6HONRH ) OLFKHOL DQG & 9 .DSSHO (Y

9XOQHUDELOLW\ RI *OREDO ODULQH (FRV\VWHPV WR $QWKURSRJ

+DOSHUQ % 6 6 :DOEULGJH . $ 6HONRH & 9 .DSSHO ) OLFK}
&DVH\ & (EHUW + ( )R[ 5 )XMLWD ' +HLQHPDQQ + 6 /HQLK
5 6HOLJ 0 6SDOGLQJ 5 6@HQHFHN JDREHO :PWS/RI KXPDQ LPSDF\
HFRV\WWHPV 6FLHQFH

+DUOH\ & ' * $ 5 +XJKHV . 0 +XOWJUHQ % * OLQHU & - %
5RGULJXH] / 7RPDQHN DQG 6 / :LOOLDPV JH LQ@KHR DN SDFONRDRILE
VIVWHPV (FRORJ\ /HWWHUYV

+DUULV * 3 %LRIJHRFKHPLVWU\ Rl QLWURJHQ DQG SKRVSKRUX
HVWXDULHV HIIHFWV Rl ODQG XVH DQG IORZ UHJXODWLRQ DQG FF
JUHVKZDWHU 5HVHDUFK

+D\QHV ' - %URGLH - :DWHUKRXVH = %DLQEULGJH ' %DVV DQC
TXDOLW\ DQG HFRV\VWHP KHDOWK RI WKH *UHDW %DUULHU 5HHI {
(QYLURQPHQWDO ODQDJHPHQW

+D]OLWW 6 / 7 * ODUWLQ / 6DPSVRQ DQG 3 S$UFHVH 7KH HI
YDOXHV LQ WHUUHVWULDO QHVWU®H SODELQLE J% RRIOR J REMHY W R Q V|

+HOILHOG - 0 DQG 5(I{HEWNMPRIQVDOPRQ GHULYHG QLWURJHQ RQ |
LPSOLFDWLRQV IRU VWUHDP SURGXFWLYLW\ (FRORJ\

+HOILHOG - 0 DQG S5 - 1DLPDQ 6DOPRQ DQG DOGHU DV QLWU
ERUHDO $0D VHN® Q2 BB W@ R YIKD

+HOILHOG - 0 DQG 5 - 1DLPDQ H\WWWRQH LQWHUDFWLRQV 6L
DODVND (FRV\VWHPYV

+HUQIQ®HRIQ 5 $/%®D] DQG & $S5REPHE®DQJID$VVHVVPHQWHRI UXQRI
WR ODQGVFDSH FKDQJHV LQ WKH 6DQ 3HGUR VXEEDVLQ 1D\DULW
* 6 -RXUQDO RI (QYLURQPHQWDO 6FLHQFH DQG +HDOWK 3DUW $
(QYLURQPHQWDO (QJLQHHULQJ

+H\PDQ : DQG 6 .REDUD +\GURORJLFDO ORGHOLQJ IRU WKH :DW
5HHI 'UDIW ILQDO UHSRUW *HRJUDSK\ '"HSDUWPHQW 7H[DV $ 0 ¢
+LGDOJR *RQ]iIiOH] 5 0 DQG 6 $OYDUH] %YRUUHJR 7TRWDO DQG (

&DOLIRUQLD HVWLPDWHG IURP RFHDQ FRORU GDWD IURP WKH VDW
3buw ,, 7RSLFDO 6WXGLHV LQ 2FHDQRJUDSK\

+LMPDQV 5 - 6 ( &DPHURQ - / 3DUUD 3 * -RQHV DQG $ -DUY
LOWHIDNWHG FOLPDWH VXUIDFHV IRU JOREDO ODQG DUHDV ,QWHL

+LQFKOH\ ' * /LSVHWW ORRUH 6 6KHSSDUG ) 8 6HQJHEDX ( Of
%LRGLYHUVLW)\ 30DQQLQJ IRU 3DODXYNJIZERRW & FSNV M 8 VAUPHHIWV 1 1 W4
3DFLILF ,VvODQG &RXQWULHV 5HSRUW 1R 3DJH 7KH 1DWXUH
4/° .RURU 3:

+REGD\ $ - 6OLGLQJ EDVHOLQHYV DQG VKXIIOLQJ VSHFLHV LP
FRQVHUYDWIFRQRODULQH (

+RHMXOGEHUJ 2 3 OXPE\ $ +RRWHQ 5 BWHQHFN 3 *UHHQILHOG

(GZDUGV DQG . &DOGHLUD &RUDO UHHIV XQGHU UDSLG FOL
6FLHQFH
+RRG * 0 3RS7RROV YHUVLRQ $XOVM\V® B E A R G RASKHRIRDAVHRI G
+RZDUWK 5 : &RDVWDO QLWURJHQ SROOXWLRQ $ UHYLHZ RI

+DUPIXO $0JDH
+XEHU 0 ( $Q DVVHVVPHQW RI WKH VWDWXV RI WKH FRUDO UHHIV R
%XOOHWLQ



+XJKHV 7 ' %HOOZRRG $ %DLUG - %URGLH - WU®AR DQG - 3I
GHFOLQLQJ FRUDO FRYHW H\QA® WHQF HURRRROQRY BAHEZHDWPDQ HYV
SHHIV

+XPERUJ & ' - &RQOH\ / 5DKP ) :XOIl $ &RFLDVX DQG 9 ,WW}
5LYHU %DWIHDWK)IDQ (IIHFWV RQ %LRJHRFKHPLVWU\ DQG $TXDWLF
(QYLURQPHQWYV $0%,2 $ -RXUQDO RI WKH +XPDQ (QYLURQPHQW

+XWFKLQJV 3 ' +D\QHV . *RXGNDPS DQG / OF&RRN &DWFKP
LQ WKH *UHDW %DUSQ HRY BHMLBHRIRRDSHUV OBWLQH 3ROOXWLRQ ©

,07$ %DQFR 1DFLRQDO GH 'DWRV GH $JXDV 6XSHUILFLDOHV %3
7HFQRORJtD GHO $JXD ,07$ &RPLVLYyQ 1DFLRQDO GHO $JXD OHJL

1 (YDOXDFLRQ SUHOLPLQDU GH ODV WD WY @GH LFHRU GQ @ IV IGMX(
1DFLRQDO GH (FRORJOD 6(0$51$7 OH[LFR ')

J1(*,,1(&21$%),2 (FRUUHJLRQHV WHUUHVWUHV GH OH[LFR 1LYHO
(VWDGLVWLFD *HRJUDILD H ,QIRUPDWLFD ,1(*, ,QVLWXWR 1DFL
IDFLRRPM® HO &RQRFLPLHQWR \ 8VR GH OD %LRGLYHUVLGDG &21$"

,1,)$3 &21$%,2 (GDIRORJtD GH OH[LFR 'DWRV YHFWRULDOHV HV
,QVWLWXWR 1DFLRQDO GH LQYHVWLJDFLRQHV )RUHQWOOHV \ $JU
SDUD HO &RQRFLPLHQWR \ 8VR GH OD %LRGLYHUVLGDG &21$%,2 |

-DUDP/IHORBUHWD $UDBRRDY /| %URZQHOO -U $ - 5HDG 5 5 5HHY]
7D\ORU 6DYLQJ WKH YDTXLWD LPPHGLWWRQ FWRR®JIQRW PRU

-HWWHQ 9 $ GH 5RRWOGRFNDYLV (YD URDOH PQ & \FEDMBIGY RQ &/
HURVLRQ PRGHOV &DWHQD

-RKQHV 3 (YDOXDWLRQ DQG PDQDJHPHQW RI WKIHQIGPSDFW RI OL
SKRVSKRUXV ORDG GHOLYHUHG WR VXUIDFH ZDWHUV WKH H[SRUW
+\GURORJ\

-RR 0 0 5D\PRQG 9 OF1HLO 5 +XJJLQV 5 7XUQHU DQG 6 &KR\
QXWULHQW ORDGV LQ WHQ PDMRU FDWFKPHQWY GUDLQLQJ WR Wt
3ROOXWLRQ BXH\OHWLQ

.HPS : : %R\QWRQ - $GROI ' %RHVFK : %RLFRXUW * %UXVK - &
DQG - +DJ\ (XWURSKLFDWMNMVORRILERBWISHOSN QG KERORJL
ODULQH (FRORJ\ 3URJUHVYV 6HULHYV

.HQQHG\ . 7 6FKURHGHU 0 6KDZzZ ' +D\QHV 6 /HZLV & %HQWO

0 %DUWNRZ / +HDUQ DQG - ) OXHOORIUSKRWRRQUWHRUP RRQEI
&RUUHODWLRQ ZLWK UHPRWHO\ VHQVHG IUHVKZDWHU H[WHQW W
HQWHULQJ WKH *UHDW %DUULHU 5HHIQ$XWAWWDOLD ODULQH 3RO

LP 2 6 $Q $VVHVVPHQW RIOW IRWHYMEINFLRQ ORIGVVLRQV IURP '
DQG )RUHVW 'HJUDGDWLRQ 5('" 7UDQVDFWLRQV LQ *,6

.LQODQ % 3 DQG 6 ' *DLQHV BURSDJXOH GLVSHUVDO LQ F
FRPPXQLW\ SHUVSHFWLYH (FRORJ\

.LUNSDWULFN - % $Q LWHUDWLYH PHWKRG IRU HVYWDEOLVKLQJ
$Q H[DPSOH IURP 7DVPDQLD %LRORJLFDO &RQVHUYDWLRQ

.OHLQ & & B6WHLQEDFN $ 6FKRO] DQG + 3RVNLHNKDPYH QB WEZIRIFN
LQ UHSUHVHQWLQJ ELRGLYHUVLW\ DQG PLQLPL]LQJ LPSDFW WR
XVHG LQ &DOLIRUQLD &RQVHUYDWLRQ /HWWHUYV

.OHLQ & - 1 & %DQ % 6 +DOSHUQ 0 %HJHU ( 7 *DPH + 6 *UIL
.LQLQPRQWK ( 7UHPO . :LOVRQ DQG + 3 3RVVLQJKDP 3UI
&RQVHUYDWLRQ ,QYHVWPHQWY WRHURWHFW &RUDO 5HHIV 3/R6

_.OHLQ & - $ &KDQ / .LUFKHU $ - &XQGLII 1 *PQGRGO RQEURYL
$LUDPH E 6WULNLQJ D EDODQFH EHWZHHQ ELRGLYHUVLW\ FF
WKH GHVLJQ RI PDULQH SURWHFWHG DUHDV &RQVHUYDWLRQ %LRC

.OH\SDV - $ &RUDO UHHI GHYHORSBH®W RW@G HU LAEODIW @ U IGIGN W
BRXQG $XVWUDOLD &RUDO 5HHIV

.UDPHU 3 $ DQG 3 5 .UDPHU (FRUHJLRQDO &RQVHUYDWLRQ
&DULEEHDQ 5HHI 5HSRUW IRU 71& ::) LQ 0 OF)LH®W HGLWRU 7K
5RVHQVWLHO 6FKRRO RI ODULQH DQG $WPRVSKHULF 6FLHQFH OLD

.URRQ ) - 3 0 .XKQHUW % / +HQGHUWRQGHUNVRQOBL GEERWSSV . L
%URGLH DQG 5 ' 5 7XUQHU 5LYHU ORDGV RDQUAVSHQGHG V
KHUELFLGHV GHOLYHUHG WR WKH *UHDW %DQ WBWUHYBHHI ODJRRQ



/IDJDEULHOOH ( 0 5RXJHW 7 /H %RXUJHRLV . 3D\HW / 'XULHX]
,QWHJUDWLQJ FRQVHUYDWLRQ UHVW®BQDWIORQY \IQ BWILDYGIGF BV

LQ 5HXQLRQ ,VODQG :HVWHUQ ,QGLDQ 2FHDQ /DQGVFDSH DQG !
/IDJDEULHOOH ( 0 5RXJHW . 3D\HW 1 :LVWHEDDU / 'XULHX[ 6 9%
,GHOQWIQG ®DSSLQJ ELRGLYHUVLW\ SURFHVVHV IRU FRQVHUYD\
VWXG\ LQ 5HXQLRQ ,VODQG :HVWHUQ ,QGLDQ 2FHDQ %LRORJLF
IDUFRPEH 3 3 9 5LGG $ 3U\W] DQG % :LOVRQ GLPHRRWRQV FRQV
LQQWKHOI FRUDO UHHIV 7RZQVYLOOH $XVWUDOLD &RUDO 5HHIV
IDXUDQFH : ) $ . 0 $OEHUQD] * 6FKURWK 3 0 )HDUQVLGH 6 %
'D & RVWD 3UHGLFWRUV RI GHIRUHVWDWLRQ LQ WKH %UD]LOLD

/IDYtQ 0 DQG 6 ODULQRQH $Q RYHUYLHZ RI WKH SK\VLFDO RF
3DJHV + LQ 2 8 9HODVFR - B6KHLQEDXP DQG - 2FKRD HGLW
JHRSK\VLFDO 10X BUQIFMIGFHWP LD 3XEOLVKHUV 'RUGUHFKW +ROL

/JHH = 3 . / &DUGHU DQG 5 $ $UQRQH '"HULYLQJ LQKHUHQW
PXOWLEDQGDXOWLFDO DOJRULWKP IRU RSWLFDOO\ GHHS ZDWHU"

/JHVOLH B5XFNHOVKDXV , 5 %DOO 6 $QGHOPDQ DQG + 3 3RVVLQ
LQ WKH GHVLJQ RI PDULQH UHVHUYH QBWZRUNV (FRORJLFDO $SS

JHVOLH + 0 6\QWKHVLV Rl PDULQH FRQVHURQWILLR® BODQQLQJ I

JHVOLH + 0 DQG . / OF/HRG &RQIURQWLQJ WKH FKDOOHQJHYV
EDVHG PDQDJHPHQW )URQWLHUV LQ (FRORJ\ DQG WKH (QYLURQ

/JHVWHU 6 ( % 6 +D@BEYRUW *UBRKNKEGK@PARHQEHUJ 6 ' *DLQHV 6
DQG 5 5 :DUQHU %LRORWFDW A IHFMVUHWHKILYH D RD JOREDO
(FRORJ\ 3URJUHVV BHULHV

JHWVRQ ' ' 6XPDQ DQG 0 B6KLYODQL DV3PMOIREYHR @GS H R
HVVD\ ZLWK FDVH VWXGLHV &RDVWDO ODQDJHPHQW

JHZLV 6 - %URGLH ( /HGHH DQG 0 $OHZLMQVH 7KH VSDWLDC
PDWHULDOV IURP WKH %XUGHNLQ UHJLRQ)E GHSKRK WU SHXOWW DO UL @ |
&HQWUH IRU 7URSLFDO JUHVKZDWHU 5HVHDUFK $&7)5 -DPHV &I

/JHZLV 6 ( - ( %URGLH = 7 %DLQEULGJH . : 5RKGH $ 0 'DYLV
- '"HYOLQ - ) OXHOOHU DQGHWEGFKDHMO®MKHZ WKUHDW WR WKH
(QYLURQPHQWDO 3ROOXWLRQ

JHZLV : 0 <LHOG RI QLWURJHQ IURP PLQLPDOO\ GLVWXUEHG
%LRIJHRFKHPLVWU\

JHZLV : 0 - 0 OHODFN : + OF'RZHOO 0 OF&ODLQ DQG - ( 5LFI
IURP XQGLVWXUEHG ZDWHUVKHGV LQ WKH $PHULFDV %LRJHRFKI

JOXFKRWD 6 ( ( BRBUHDIIRQ GDOQFKNLQ S$OWPERDHV - %DXWLVWD
S5RPHUR 5 & %BUXWEIZBHWH 5$Q@RADWHUDQRQIHHD $ (VTXLYHO
+HUUHUD * )HUQDQGH] 0 ( +®MGXWHFN{ SHWYBDQMHIFHI .DKUX
0 /DYLQ ' #OKFED ' WRMIXFK ORSBMILQH] 6 * ODULQHRQH 0 2 1H
ODUWLQH] *D WAL H ( DRDYDALR VS L BDWHYV *LBRQEHDPLUH]
SRGULJXH] & $DBDORQB®V$ 6FKZDUW]ORMPWRDP® $ 3 FKHULXOI R
&DOLIRUQLD 5HYLHZ RI HFRV\VWHPINW DBWRVUMHYS VR\VAFEDQBREUD

JRPEDUG $ 7 % 5H\HUV / < B6FKRQHJHNGDR - &RREOUVB [ % 6PLW
JURQHPDQ , - $QVRUJH 0 1 %HVWHU & $ 7RVK 7 BWUDXVV 7
6 /| &KRZQ U%RQYISDWWHUQ DQG SURFHVV LQ WKH 6RXWKHUQ
SURWHFWHG DUHD IRU WKH 3ULQFH (GZDUG ,VODQGV $QWDUFWLF

IXEFKHQFR - 6 5 3DOXPEL 6 ' *DLQHV DQG 6 $QGHOPDQ 2
HPHUJLQJ VFLHQFH RI PDULQH UHVHUYHV (FRORJLFDO $SSOLFDW

IXJRXES - DQG & )HUQDQGH] &yUGRYD *HRPRUIRORJtD ODULC
.9 $WODV 1DFLRQDO GH Op[LFR 9RO ,, (VFDOD ,QVW
OH[LFR ')

IXQGTXLVW & - DQG ( ) *UDQHN BWUDWHJILHV IRU VXFFHVVI
VRFLRHFRQRPLF SROLWLFDO DQG VFLHQWLILF IDFWRUV &RQV}H

ODLQD - 7 5 OF&ODQDKDQ 9 9HQXV 0 $WI@REDHU KWDMG LOHIGNY &D |
(ISRVXUH WR (QYLURQPHQWDO 6WUHVVHY DQG ,PSWOLFDWLRQV IR

0DQO\ % ) - 5DQGRPL]IDWLRQ %RRWVWUDS DQG ORQWH &DUO
+DOO5& %RFD 5DWRQ 86%



ODUJXG@HW DQG 5 / 3UHVVH\ 6\WWHPDWLF FRQVHUYDWLRQ SC

ODULQRQH 6 * 0 - $0PBDD$O03DUMNYIQ UXNHRB &XGA&RQQHFWLYLW
WKH QRUWKHUQ *XOIl RI &DOLIRUQLGLIRHR®VERQWDFQXPWUDFNOQIR
-RXUQDO RI ODULQH 6\WWHPV

ODXJKDQ 0 DQG - %URGLH ERHBHH{B R WDWPH Q\DRQ WIWY HU VSDW L D
DQG JUHVKZDWHU 5HVHDUFK

OF&ROO & DQG * $JMMHWRNHFDDQG K\GURORJLF PRGHO LQWHJUD\
OD®BH GHFLVLRQ VXSSRUW -RXUQDO RI (QYLURQPHQWDO O0DQDJH

OF&RRN [/ 7 $\OLQJ 0 &DSSR - &KRDW 5 (YDQV ' 'H )UHLWDYV
ODSVWRQH + ODUVK 0 OLOOV ) OROOR\ & 3LWFKHU 5 3UHVVH
5 7RELQ ' :DFKHQIHOG DQG ' :LOOLDPVRQ $GDSWLYH PDC

$ JOREDOO\ VLJQLILFDQW GHPRQVWUDWLRQ RI PMHKHGEBQWRIWV R
WKH 1DWLRQDO $FDGHP\ Rl 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI
OF.HQJLH / DQG 5 8QVZRUWK 6XUYLQJ WKH IORRG +RZ ORQJ
LQ / OF.HQJLH 5 / <RVKLGD DQG 5 SQ@WRAUIVK 6HOUWRVY :bWEFK
+4
OF.HUJRZ / $ , 3 3URVVHU $ 2 +XJKHV DQG - %URGLH D 5
H[SRUWV WR WKH *UHDW %DUULHU 5HHI :RUOG +HULWDJH $UHD Ol
OF.HUJRZ / $ , 3 23URVXHY $QG - %URGLH E 6RXUFHV RI VH(
%DUULHU 5HHI :RUOG +HULWDJH $UHD ODULQH 3ROOXWLRQ %XO
OF/HRG ( 5 6DOP $ *UHHQ DQG - $0PDQ\ '"HVLJQLQJ PDULQH
DGGUHVV WKFHOLPIMFMFKPIQJH JURQWLHUV LQ (FRORJ\ DQG WKH (¢
OF/HRG . DQG + /HVOLH HGEDRUG PDQDBRPHQWHPRU WKH RFHDQV
'DVKLQJWRQ ' &
0($ OLOOHQQLXP (FRV\YRMRYRVIWHNRW DROEEMKPQDH %IORGLYHU VLW
6\QWKHVLV :RUOG 5HVRXUFHV ,QVWLWXWH :DVKLQJWRQ ' &
OHL[OHU 0 DQG 0 %DLQ $ :-DWHU 4XDOLW\ ORGHO IRU 5HJLRQI
&RQVHUYDWLRQ 6WUDWHJI\ '"HYHORSPHQW (QYLURQPHQWDO 0D
0(7,1$6% §67*OREDO 'LJLWDO (OHYDWLRQ ORGHO $67(5 *'(0 9H
5HPRWH 6HQVLQJ 'DWD $QDO\WLV &HQWHU 7RN\R -DSDQ
OLNKDLORYD ( $ 5 % %U\DQW 6 - B6FKZDJHU DQG 6 ' B6PLWK
+RQGXUDV 6RLO 6FLHQFH 6RFLHW\ Rl $PHULFD -RXUQDO
0LOOZDUG $ $ DQG - ( OHUVH\ $GDSWLQJ WKH 586/( WR PR
PRXQWDLQRXV WURSLFDO ZDWHUVKHG &DWHQD
OLWVFK : - - : 'D\ - :HQGHOO *LOOLDP 3QGDQ®RIADR1"' :DQHIH\
SHGXFLQJ 1LWURJHQ /RDGLQJ WR WKH *XOI Rl OH[LFR IURP WKF
WR &RXQWHU D 3HUVLVWHQW (FRORJLFDO 3UREOHP %LRB6FLHQF
ORIIHWW $ DQG 6 6DUNDU ,Q FRUISHR GHIW L DQJ R X DRQ\SDWY BWMLR
QHWZRUNV D PLQLUHYLHZ ZLWK UHFRPPHQGDWLRQV 'LYHUVLW\
ORUD & 5 $ O0\HUV 0 &ROO 6 /LEUDODWR 7 - 3LWFKHU 5 8 6X
*DVWRQ DQG % :RUPHQW (QDHFDMHPHQHVYV RI WKH :RUOG V 0DULC
H
ORUJDQ / 6 OD[ZHOO ) 7VDR 7 $ & :LONLQVRQ DQG 3 (WQR\HU
DUHDV %DMD &DOLIRUQLD WR WKH %HULQJ 6HD &RRBEH U D VEIRPP IRV V
1RUWK $PHULFD DQG WKH ODULQH &RQVHUYDWLRQ %LRORJ\ ,Q\
ORULFKRQ ' ' 'DLOORX[ 6 $DUQLQNKRI DQ®WD6VISEDIAIGHR 6\\BWH®@JV
+RXUO\ ORQLWRU 6WRUP :DWHU 30XPHV $GRXU 5LYHU %D\ RI %LV]
5HVHDUFK
032 $ EOXHSULQW IRU FRQVHUYLQJ WKH ELRGLYHUVLW\ RI WK
OLFURQHVLD 3URJUDP 2IILFH 5HSRUW 7KH 1DWXUH &RQVHUYDQF\
OXOOSUDLQ & . .WRHAN HWD OBRIE® Q ,QWHUDFWLYH DQG FXPXOD\
KXPDQ VWUHVVRUV LQ PDULQH V\VWHPV (FRORJ\ /HWWHUYV
1DJHONHUNHQ , 6 - 0 %ODEHU 6 %RXLOORQ 3 *UHHQ 0 +D\Z
3DZOLN + 0 $HOD\RWMXPDU DQG 3 - 6RPHUILHOG 7KH KDELW
IRU WHUUHVWULDO DQG PDULQH IDXQD $ UHYLHZ $TXDWLF %R
1DLGRR 5 $ %DOPIRUG 5 &RVWDQ]D % )LVKHU 5 ( *UHHQ % /H¥
S5LEFNHWWAOREDO PDSSLQJ RI HFRV\VWHP VHUYLFHVY DQG FRQVHUYLE
1IDWLRQDO $FDGHP\ RI 6FLHQFHV Rl WKH 8QLWHG 6WDWHV RI $PHU
1DLGRR 5 $ %DOPIRUG 3 - )HUUDUR 6 3RODVNYWHMBWERBWWYV
HFRQRPLF FRVWV LQWR FRQVHUYDWLRQ SODQQLQJ 7UHQGV LQ



1DLPDQ 5 - 5 ( %LOE\ " ( 6FKLQGOHU DQG - 0 +HOILHOG
G\QDPLFV RI IUHVKZDWHU DQGWWHEBMLDQ HFRV\VWHPV (FRV

1DLPDQ 5 - DQG - 5 6LEHUW 7TUDQVSRUW RI QXWULHQWY DQG
ILPQRORJ\ DQG 2FHDQRJUDSK\
1DVK - ( DQG - 9 6XWFOLIIH 5LYHU IORZ IRVBVHFEDVWLQJ WKU

GLVFXVVLRQ RI SULQFLSOHV -RXUQDO RI +\GURORJ\

1IDYDUUR $ * DQG $ 7 3HWHUVRQ 8QSXEOLVKHG 0ODSDV GH ODV
GH GDWR&26$%62 OXVHR GH =RRORJtD $OIRQVR / +HUUHUD )DFXC
OH[LFR )

1D\ORU 5 : )DOFRQ *BQEGHBXHQWROLF\ 5HIRUPV DQG OH[LFDQ $JU
IURP WKH <DTXL 9DOOH\ &,00<7 (FRQRPLFV 3URJUDP &,00<7 OHJL

1ILXRRUUHV & $ 6GD¥HQWH®@R *DUGQHU DRWIDBQRERORBLQH SHVWL]
DQG SRO\FKORULQDWHG ELSKHQ\OV LQ ILQ ZKDOHV %DODHQRS)
(QYLURQPHQWDO 7R[LFRORJ\

12$% 1IRQSRXQWH 3ROOXWLRQ DQG (URVIRT &RRMFKDLFDD KRG H
9HU 12$$ &6& 531DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPL!
&RDVWDO 6HUYLFHV &HQWHU &KDUOHVWRQ 6&

1RKDUD ' $ .LWRK 0 +RVDND DQG 7 2NL ,PSDFW RI FOLPDYV
SURMHFWHG E\ PXOVRXRR®DWORH®\GHLARPHWHRURORJ\

2 &RQQRU - ( * ( *UDQW DQG 7 / +DOXVND 2YHUYLHZ RI *F
*HRPRUSKRORJ\ DQG 6HGLPHQW %XGJHW RI WKH "HVEBX%WHV 5LYHL
2 &RQQRU DQG * YV*$DIHWWXEBGRWBLYHU *HRORJ\ *HRPRUSKRORJ
WKH '"HVFKXWHV 5LYHU 2UHJRQ :DWHU 6FLHQFH DQG $SSOLFDWLF

2KGH 7 DQG + 6LHJHO &RUUHFWLRQ RI ERWWRP LQIOXHQFH L
ZDWHIHDV Rl WKH %DOWLF 6HD ,QWHUQDWLRQDO -RXUQDO RI 5HP
2NDGD < 6 OXNDL DQG , 6DQR ORGLILHG FORXG IODJ IRU 6H

*HRSK\V 5HV /HWW

20VRQ ' 0 DQG ( 'LQHUBWBLQ 3ULRWHWOHRFRUHJLRQV IRU JOREDC
$QQDOV Rl WKH OLVVRXUL %RWDQLFDO *DUGHQ

2USLQ $ 5 3 9 5LGG DQG/ . 6WHZDUW $VVHVVPHQW RI WKH
VHGLPHQW WUDQVSRUW PHFKDQUYRWY L5¢ AVKGIDERRW U B OV BID QL %Q
6FLHQFHV

2UWR]DQR / $ / *OMDLPTXIH] DQG $DUBERDGRVODULQH DQG WHUUH
SURWHFWHG DUHDV LQ OH[LFR ,PSRUWDQFH RI WKBILHPHDFWLRQL
2FHDQ &RDVWDO ODQDJHPHQW

2VPRQG 0 6 $LUDPH 0 &DOGZHOO DQG - 'D\ /HVVRQV IRU F
FRPSDULVRQ RI WKUHH PDULQH SURWHFWHG DUHD SODQQLQJ SUR

3iHRVXQ ) DQG $)RUBGKAGH] (QYLURQPHQWDO ORDG RI QLWURJF
H[WHQVLYH VHPLLQWHQVLYH DQG LQWHQVLYH VKULPS IDUPV L«
(QYLURQPHQWDO &RQWDPLQDWLRQ DQG 7R[LFRORJ\

3DUL% &DQG / 0 &KHUXEWMHI FRELYHEW L YERH ULF DVK BHUHWRR) &RUDO
SHHIV

BHUDNLVY 6 6 DQG/ 2 +HGLQ JOX[HVY DQG IDWHV RI QLWURJ}
WHPSHUDWH IRUHVW VRXWKHUQ &KLOH (FRORJ\
3HUDNLV 6 6 DQG / 2 +HGLQ ILWURJHQ ORVV IURP XQSROC

GLVVROYHG RUJDQLF FRPSRXQGV 1DWXUH

3IHLIHU 0 0 'LVQH\ 7 4XDLIH DQG 5 ODUFKDQW D UHWHUHZHRWULE
HDUWK REVHUYDWLRQ SURGXFWV IRU PDFURHFRORJ\ DSSOLFDWLR

3LHUFH 6 0 5 0 &RZOLQJ $ 7 .QLJKW $ 7 /RPEDUG 0 S5RXJH)
FRQVHUYDWLRQ SODQQXQHD SQRQIFWYWRU HIDMMEDWLRQ IRU LPSOH
&RQVHUYDWLRQ

3ROLV * $ : % $QGHUVRQ DQG 5 ' +ROW 7RZDUG DQ LQWHJU
HFRORJ\ 7KH G\QDPLFV RI VSDWLDOO\ VXEVR@GRJHBQBRG ZHEV $
6\WWHPDWLFV

3ROLV * $ DQG 6 ' +XUG /JLQNLQJ ODULQH DQG 7THUUHVWULL
WKH 2FHDQ 6XSSRUWV +LJK 6HFRQGDU\ 3URGXFWLYLW\ RQ 6PDOC
7KH $PHULFDQ 1DWXUDOLVW

3RPHUR\ 5 DQG ) 'RXYHUH 7KH HQJDJHPHQW RI VWDNHKROG!|
SURFHVV ODULQH 3ROLF\



3UHVVH\ 5 / DQG O & %RWWULOO 2SSRUWXQLVP 7KUHDWYV
&RQVHUYMWILRY 33RQVHUYDWLRQ %LRORJ\

3UHVVH\ 5 / DQG O & %RWWULOO DQG$%$SDRPEBEH W RIROG DRRIQAFDIS)
SODQQLQJ FRQYHUJHQFH FRQWUDVWY DQG FKDOOHQJHV 2U\]

3UHVVH\ 5 / 0 &DEH]D 0 OQLQDWD/\G 5 $0 :IBARZRQ &RQVHUYDW
LQ D FKDQJLQJ ZRUOG 7UHQGV LQ (FRORJ\ (YROXWLRQ
3UHVVH\ 5 / DQG 9 6 /RJDQ 6L]H RI VHOHFWLRQ XQLWV IRU I

DFWXDO YV WDUJHWHG UHSUHVHQWDWLRQ RI IHDWXUHV D FDVH \
&RQVHUYDWLRQ

3UHVVH\ 5 / 0 :DWWV 7 : %DUUHWW DQG 0 - 5LGJHV 7KH
6\WWHP 2ULJLQV $SSOLFDWLRQV DQG @RMRLIODOH X WXBRVVBRJIK
DQG . :LOVRQ HGLWRUV 6SDWLDO &RQVHUYDWLRQ 3ULRULWL]C
7RROV 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG 8 .

3ULQJOH & +\GURORJLF FRQQHFWLYLW\ DRYNJOBIFMWWHG GLPHC
LQ . 5 &URRN DQG 0 6DQMD\DQ HGLWRUV &RQQHFWLYLW\ &R
1HZ <RUN 86$%

3URVVHU , 3 , ' 5XWKHUIXUG - 0 200H\ : - <RXQJ 3 - :DOC
VFDOH SDHMURNURY BIQG VHGLPHQW WUDQVSRUW LQ ULYHU QHWZR
ODULQH DQG JUHVKZDWHU 5HVHDUFK

4LQ < 9 ( %UDQGR $ * 'HNMNBWWLNVYGHU %ORQIHDDGLW\ RI 6HD'$6
FRQVWLWXHQWY UHWUNBYOIODRONBRESWHKFO/ ARD¥W DO ZDWHUV *H

/

5DQGV 0 5 : : 0 $GDPV / %HQQXQ 6 + 0 %XWFKDUW $ &OH
+RGJH 9 .DSRV - 3 : 6FKDUOHPDQQ : - 6XWKHUODQG DQG %
&RQVHUYDWLRQ &KDOOHQJIHV %H\RQG 6FLHQFH

5HDGPDQ - : / /LRQJ :HH .ZRQJ / ' OHH - %DU@WRFBQR* DIQ® YH -
*RQIDOBIYLDV 3HUVLVWHQW RUJDQRSKRVSKRUXV SHVWLFLC
ODULQH 3ROOXWLRQ %XOOHWLQ

SHEPDQ - 3 - / / 'H/D/X] DQG 5 9 ORUDQ 9DVFXODU SODC

LQ 7 - &DVH 0 / &RG\ DQG ( (JFXUUD HGLWRUV $ QHZ LVO

&RUWHV 2[NRHIGVE®/\ 3UHVV 1HZ <RUN 86%

5HLG ' - [/ ' &KLDURQL - ( +HZLWW ' 0 /RKUHU & ' ODWWKDHL

% - 6PLWK 6 ) 7KUXVK & 5 7RZQARYME .D®G6$ ADVRARXWH
6HGLPHQWDWLRQ HIIHFWV RQ WKH EHQWRKRWY\\RW MR/ BFRB B D IDLY/R B VE
DQG J)UHVKZDWHU 5HVHDUFK

5HLVW - ' ) - :URQD 7 ' 3URZVH 0 3RZHU - % 'HPSVRQ 5 -
&DUPLFKDHO DQG & ' H@HEODMANVIHFWW RI &OLPDWH &KDQJH RQ $
3RSXODWLRQV $PELR

5HQDUG . * * 5 )RVWHU * $ :HHVLHV ' . OF&RRO DQG ' & <RC
HURVLRQ E\ ZDWHU $ JXLGH WR FRQVHQYDWURQ GBGRQQURY Y LW K D,
586/( 86'$ +DQGERRN 8 6 'HSDUWPHQW RI $JULFXOWXUH 86'$

5LIH $ 1 $ 6DQFKH] % (ULYBROHDQGQRUBEXHWRKHQ JRRG LQWHQ
HQRXJK WKH IDOVH VHQVH Rl SURWHFWLRQ JHQHUDWHG E\ SDSH

5LOH\ : - , 2UWL] ORQDVWHULR DQG 3 $ ODWVRQ 1LWURJH
DPPRQLXP OHYHOV XQGHU LUULJDWHG ZKHDW LQ 1RUWKHUQ OHI[L

5REUWY & 0 6 $QGHOPDQ * %UDQFK 5 + %XVWDPDQWH - & &
/IDITHUW\ + /HVOLH - /XEFKHQFR ' OF$UGOH + 3 3RVVLQJIKDI
:DUQHU D (FRORJLFDO FULWHULD IRU HYDOXDWLQJ FDQGLGDW
$SSOLFDVBLR&®V

5REHUWY & 0 - $ %RKQVDFN ) *HOO - 3 +DZNLQV DQG 5 *RRG
5HVHUYHY RQ $GMDFHQW )LVKHULHYVY 6FLHQFH

S5REHUWYV & 0 * %UDQFK 5 + %XVWDPDQWH - & &DVWLOOD - ']

JHVOLH - /XEFKHQFR ' OF$UGOH 0 5XFNHOVKDXV DQG 5 5 :D!
HFRORJLFDO FULWHULD LQ VHOHFWLQJ PDULQH UHVHUYHV DQG Gl
$SSOLRQW

S5REHUWY & 0 % 6 +DOSHUQ 6 5 3DOXPEL DQG 5 5 :DUQHU
QHWZRUNV :K\ VPDOO LVRODWHG SURWHFWHG DUHDV DUH QRW H



SREHUWY & 0 & - OF&OHDQ -QY * SHWABQHQ 3 §DEZNEOOLVWHU
OLWWHUPHLHU ) : 6FKXHOHU 0 6SDOGLQJ ) :HOOV & 9\QQH
ELRGLYHUVLW\ KRWVSRWY DQG FRQVHUYDWLRQ SULRULWLHV IR

SREHUWV - - %& "‘XHYW $ 7UHPO DQG 3 1 +DOSLQ ODULQF
7RROV $Q LQWHJUDWHG IUDPHZRUN IRU HFRORJLFDO JHRSURFHVV
DQG & (QYLURQPHQWDO ORGHOOLQJ DPS 6RIWZDUH

5RJHUV & 6 V RHVFRRQ@WHUHHIV DQG UHHI RUJDQLVPV WR VHGLPH
3URJUHVV 6HULHV

S5RXJHW 0 5 0 &RZOLQJ 5 / 3UHVVH\ DQG ' 0 5LFKDUGVRQ
RI HFRORJLFDO DQG HYROXW L R Q/DH\YDUNREFRY \SHOD RYL Q 1 JLLER Q\CKOH RERE
5HIJLRQ B6RXWK $IULFD 'LYHUVLW\ DQG 'LVWULEXWLRQYV

5RXJHW 0 ' 0 5LFKDUGVRQ 5 0 &RZOLQJ - : /OR\G DQG $ 7 |/
RI KDELWDW WUDQVIRUPDWLRQ DQG IXWXUH WKUHDWV WR ELRG
JORULVWLF 5HJLRQ B6RXWK $IULFD %LRORJLFDO &RQVHUYDWLRC

5RZHOO . . : )OHVVD ' / 'HWWPDQ 0 - 5RPiQ / 5 *HUEHU DQG
WKH &RORUDGR 5LYHULOH XG&Y WRUD GKIDIMDWQPQ HQGDQJHUHG PD
&RQVHUYDWLRQ

5]JHGRZVNL - 9HJHWDFLRQ GH OH[LFR UD (GLFLRQ GLJLWDO
&RQRFLPLHQWR \ 8VR GH OD %LRGLYHUVLGDG OH[LFR ')

6DOD ( 2 2%FRQHFR 3DUHGHV , 3DUUD - & %DUUHUD DQG 3 . 'D
IRU GHVLJQLQJ QHWZRUNV RI PDULQH UHVHUYHV 6FLHQFH

6DOD ( 2 24ERSHYR 0 5H]D * 3DUHGHWPXYWG / *)UYSHPJ GRZQ FRD
IRRG ZMEWKH *XOIl RI &DOLIRUQLD )LVKHULHYV

6DOD ( DQG 1 .QRZOWRQ *OREDO PDULQH ELRGLYHUVLW\ WUH
5HVRXUFHV

6DODIVN\ 1 ' 6DOJHU $ - 7BDNORW HU X HHDE WE\GHAKDMRQ % &ROO
1 &R[ / /| ODVWHU 6 2 &RQQRU DQG ' :LONLH $ VWDQGDU
FRQVHUYDWLRQ 8QLILHG FODVVLILFDWLRQV RI WKUHDWY DQG D

6DOLVEXU\ - ( - : &DPSHMA®G Q(HHIQHHUDYJIHBLUO DG & - 9|U|VPDL

2Q WKH VHDVRQDO FRUUHODWLRQ RI VXUIDFH SDUWLFOH ILH
LQ WKH QRUWKHUQ *XOI RlI OH[LFR 'HHS 6HD S5SHVHDUFK 3DUW ,, 7

6DUNDU 6 5 / 3UHVVH\ ' 3 )DLWK & 5 ODUJXOHV 7 )XOOHU
. - :LOOLDPV 3 + :LOOLDPV DQG 6 $QGHOPDQ %LRGLYHL
BUHVHQW VWDWXV DQXE H KEDEOKHDDMI BN YIIRHZ WK QMW RQPHQW DQG

6FKURHGHU 7 0 'HYOLQ 9 %UDQGR $ 'HNNHU - %URGLH / &OF
,QWOHQW XDO YDULDELOL\W RI ZHW VHDVRQ IUHVKZDWHU SOXPH H[W
EDVHG RQ VDWHOOLWH FRDVWDO RFHDQ FROBXHWEVHUYDWLRQ
6FKXO] - - [/ &D\XHOD & (FKHYHUULD - 6DODV DQG - 0 5H\ %HQ
FKDQJH RI WKH GU\ODQG IRUHVW @DQGVFISHHLRIGSHRWUDSOK&KLOH

6(0$51$7,1( EQGLFH GH XVR GH DJURTXtPLFRV SRU PXQLFLSLR
$PELHQWH \ 5HFXUVRV 1DWXUDOHV ,QVWLWXWR 1DFLRQDO GH (
(FROYJLFR H ,PSDPWRBPELHQWDO

6(0$51$78%$&+ (YDOXDFLYQ GH OD SpUGLGD GH VXHOR SRU HURYV
5HS~EOLFD OH[LFDQD HVF 6HFUHWDULD GH OHGLR $PELH
6(0$51$7 8QLYHUVLGDG $XWRQRPD GH &KD YMWIJRR 834 40 HEKRSLQ JR

6(0$51$781%$0 8VR GH 6XHOR \ 9HJHWDFLYQ \ HVFDOD
SUHSDUDGD SDUD HO DQiOLVLV GH FDPELR GH XVR GHO VXHOR ,Q
OHGLR $PELHQWH \ 5HFXUMRIS LW XUROUWVYWAWR GH *HRJIJUDItD 8¢
1IDFLRQDO $XWYyQRPBIGH OHFRR * ")

6(0$51%7 BURJUDPD GH 2UGHQDPLHQWR (FROYJLFR ODULQR GHC(
6(0$51%$7 HGLWRU 6HFUHWDULR GH OHGLR $PELHRPWH \ 5HFXUVRYV
6LOYHVWUL 6 DQG ) .HUVKDZ JUDPLQJ WKH IORZ ,QQRYDWLYH

9DOXH (FRV\WWHP 6HUYLFHV DFURVV /LQNHG +DELWDWV 81(3 :R
&DPEULGJH 8.

BORDQ 1 $ %BDO@MG DQG * & 5D\ )DOOHQ EHWZHHQ WKH F
ODQG DQG VHD &RQVHUYDWLRQ %LRORJ\



6PLWK 5 $ 5 % $OH[DQGHU DQG * ( 6FKZDU] 1DWXUDO EDI
LQ VWUHDPV DQG ULYHBQVVRHG EWIPROW HQRLIRRPHQWDO 6FLHQ

6PLWK 5 O &LPSDULQJ WUDGLWLRQDO PHWKRGYV IRU VHOHFWL
URIHVVLRQDO *HRJUDSKHU
6SDOGLQJ 0 / - :RRG & )LW]JJHUDDKH DQ& DUMHUGAHKHUH GR ZH V
LQ & 7TRURSRYD , OHOLDQH ' /DIIROH\ ( ODWWKHZV DQG |
SURWHFWLRQ 3UHVHQW 6WDWXV DQG )XWXUH 3RVVLELOLWLHV %
SURWpPJIpHV&38B&B81(3 :&0& 71& 818 DQG :&6 *ODQG 6ZLW]HUODC
'« DQG 1HZ <RUN 86% &DPEULGJH 8. $UOLQIJWRQ 86% 7RN\R -D

6WRFNZHOO 7KH *$53 PRGHOOLQJ VI\VWHP SUREOHPV DQG V
SUHGQFWIWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLEF

6WRNVWDG ( '"HVSLWH 3URJUHVV %LRGLYHUVLW\ 'HFOLQHV ¢

6WRPV * 0O ) : 'DYLV 6 - $QGHOPDQ O + &DUU 6 ' ®*DLQHV %

/IHLERZLW] $ /H\GHFNHU ( 0 3 0ODGLQ + 7DOOLV DQG 5 5 :DUC
UHVHUYH SODQQLQJ PDNLQJ WKH ODQG VHD FRQQHFWLRQ )URC

6XVNL & ' DQG 6 - &RRNH &RQVHUYDWLRQ RI DTXDWLF UHVI
SURWHFWHG DUHDV 2SSRUWXQLWLHY DQG FKDOOHQJHV %LRGL
6ZHDWPDQ + 6 'HOHDQ DQG & 6\PV $VVHVVLQJ ORVV RI FRU|

5HHI RYHUDWAHR/ GHAEWK LPSOL MDANIPR YV HRWBG W RGRYUDO 5HHIV
7DOOH\ " 0 * 5 +X[HO DQG 0 +RO\RDN ZDWHROQAWMMUYDWHN D30 W
LQ . 5 &URRN DQG 0 6DQMD\DQ HGLWRUV S8QRFEHNVNWWYLW\ &
3UHVV 1HZ <RUN 86%

7DOOLV + = )HUGDQD DQG ( *UD\ /JLQNLQJ WHUUHVWULDO D
WKUHDWYV DQDO\VLVY &RQVHUYDWLRQ %LRORJ\

7DOOLV + DQG 6 3RODVN\ 0DSSLQJ DY YDA DRD(FRVRUWHP 6]
&RQVHUYDWLRGHHRX UBWXDD®IJHPHQW $QQDOV RI WKH 1HZ <RUN

7HQJ - - 9D]JH 1 . 7XWHMD DQG - & *DOODQW &/$66 6SDWL
'LVWULEXWHG +\GURORJLFDO ORGHOOLQJ 3DJHV LQ $ =H
02'6,0 ,QWHUQDWLRQDO &RQJUHVV RQ ORGHOOLQJ DQG 6LPXO

6RFLHW\ Rl $XVWUDOLD DQG 1HZ =HDODQG

7KRPDV $ & DQG 5 $ :HDWKHUEHH UD®DVDWQDEWGLMHDRIXWKE &I
5LYHU SOXPH 5HPRWH 6HQVLQJ RI (QYLURQPHQW

7KRUEXUQ 3 - - 6 %LJJV 6 - $WWDUG DQG - .HPHL (QYLU
VXJDUFDQH SURGXFWLRQ 1LWURJHQ CGFRAOW YWKH ROFRV WXQHRPNV D Q €
(QYLURQPHQW

7KUXVK 6 ) - ( +HZLWW 9 - &XPPLQJV - , (OOLV & +DWWRQ
0XGG\ ZDWHUV HOHYDWLQJ VHGLPHQW LQSXW WR FRDVWDO DQ
WKH (QYLURQPHQW

7LOPDQ ' - )DUJLRQH % :ROIl & ' $QWRQLR $ 'REVRQ 5 +RZDUW
BFKOHVLQJHU ' 6LPEHUORII DQG ' 6ZDFNKDPHU YRUHFDVW
(QYLURQPHQWDO &KDQJH 6FLHQFH

71& &KHVDSHDNH %D\ /RZODQGV (FRUHJLRQDO 30DQ 7KH 1DWXU|I

71& &RRN ,QOHW %DVLQ (FRUHJLRQDO $VVHVVPHQW 7KH 1DWX
$.

718& $ODVND 3HQLQVXOD DQG %ULVWRW 9%RH %DWXY HFRR GV HRQ L
RI $ODVND $QFKRUDJH $.

71& $ODVND <XNRQ $UFWLF (FRUHJLRQDO $VVHVVPHQW 7KH 1D\
$QFKRUDJH $.

71& $G YD Q FLQ J%(FRNGYNDHPDI BMHFQWLRQ VXSSRUW WRRONLW IR
JRULGD 1RUWKEZRQW HRIRDLMN :HWODQGV DQG OLWLJIJDWLQJ +D]DUG
&DVH 6WXG\ ODULQH 30DQQLQJ 7KH 1DWXUH &RQVHUYDQF\ *ORE
KWWS ZZZ PDULQHSODQQLQJ RUJ &DVHBGOMOBVHYHS6:HB*ROB6XP |

71& (YDOXDFLRQ GH HFRUHJLRQHV PDULQDV HQ OHVRDPHULFD
HQ ODV HFRUHJLRQHV GH %DKLD GH 3DQDPD L,AID® XHO GRDR \ HF
&DULEH GH &RVWD 5LFD \ 3DQDPD 7KH IDWXUH &RQVHUYDQF\ OHV
5LFD




7TUDEXFFR $ 5 - =RPHU ' $ %RVVLR 2 YDQ 6WUDDWHQ DQG / 9
PLWLIDWLRQ WKURRIUIKHBWRWHWRWD W UR@BELHO DQDO\WLV RI K\GURC
VWXGLHV $JULFXOWXUH (FRVA\WWWHPV DPS (QYLURQPHQW

80ORD 5 - 7RUUH / %RXULOOYQ $ *RQGRU DQG 1 $OFDQWDU
FRQVHUYDFLYQRPOGHLEDO FRAWQLD \ FRVWD RFFLGHQWDO GH %DMD
7KH 1DWXUH &RQVHUYDQF\ 3DJH &RPXQLGDG \ WLRGLYHUVLG

81(3:&0& &RUDO 5HHIV RI WKH :RUOG :RUOG &RQVHUYDWLRQ O
(QYLURQPHQWDO 38&00RJURBPPBULXGJIH 8.

81(3 ,VVXHV IRU WKH VW &HQWXU\ 5HVXOW RI WKH 81(3 )RU
(QYLURQPHQWDO ,VVXHV 3DJH LQ - $OFDPR DQG 6 $ /HRQI
BURJUDPPH B8D(JREL .HQ\D

86'$ 7THFKQLFDO 5HOHDVH 8UEDQ +\GURORJ\ IRU 6PDOO :DWHU
I1DWXUDO 5HVRXUFHV &RQVHUYDWLRQ 6HUYLFH &RQVHUYDWLRQ (C
'"HSDUWPHQW RI $JULFXOWXUH :DVKLQJWRQ '&

9DQDFNHO 9DQGHUVFKDHJKH * *RYHUV ( :LOOHPV - 3RHVHQ - 'F
/ILQNLQJ K\GURORJLFDO LQILRVMW I KDBORIFHPRWE B BLVOWW U RXQIK O BQIC
WKH LPSDFW RI GHIRUHVWDWLRQ BPWNORISHGWW DHERRWS KIRD RI1V K

9DQGHU 6FKDDI ' * :LOKHUH = )HUGDQD . 3RSSHU 0 6FKLQGHO
* .LWWHO 5 &UDZIRUG ' BLFNHULQJ DQG - &KULVW)\ 3DFL
$VVHVVPHQW &KGIVIHUNDWH\ 3RUWODQG 2UHJRQ

9DVTXHRIQWR\D 5 DQG 7 % 7KRUVRQ 7TKH EXOO VKDUN &DUF

VDZILVK 3ULVWLYVY SHURWWHWLPD@H/ DRBERKD\®GRHRQ W MWURSQBEPO
(QYLURQPHQWDO %LRORJ\ RI )LVKHV

9HOI]TXH] $ - ) ODV DQG - / 3DODFLR $QiOLVLV GHO FDPEL

GH *HRJUDItD 81$0 ,QVWLWXWR GH (FRORJLD 6(0$51$7 OH[LFR
9LVVHU + DQG 7 GH 1LMV 7KH 0DS &RPSDULVRQ .LW (QYLUR
':DOOLQJ ' ( +XPDQ LPSDFW RQ ODQG RFHDQ VHGLPHQW WUDC

*HRPRUSKRORJ\

:DOOLQJ ' ( 3 1 2ZHQV - &DUWHU * - / /HHNV 6 /HZLV $ $ O
6 W R U DUHHGR FDVQAMRFLDWHG QXWULHQWY DQG FRQWDPLQDQWYV LQ UL
$SSOLHG *HRFKHPLVWU\

‘DOOLQJ ' ( 6 1 :LONLQVRQ DQG $ - +RURZLW] &DWFKPHC
VHGLPHQW TXDOLW) 33DUB8HUHU IHGLWRU 7UHDWLVH RQ :DWHU ¢
3UHVV 2[IRUG 8.

‘DOWHUV & - DQG 5 +LOERUQ (FRORJLFDO 2SWLPL]DWLRQ L
RI (FRORJ\ DQG 6\WWHPDWLFV

'DQJ 0 DQG : 6KL1,56:,BKHRPELQHG DWPRVSKHULF FRUUHFWLRQ DS
RFHDQ FRORU GDWD SURFHVVLQJ 2SWLFV ([SUHVV

':DWHUKRXVH - - %URGLH 6 /HZLV DQG $ OLWFKHOO 4XDQW
*UHDW %DUULHU 5HMLRQDYUX G BRD Q
‘D\FRWW 0 % - /RQJVWDII DQG - OHOORUV 6HDJUDVV SRSX

*UHDW %DUULHU 5HHI UHJLRQ $ UHYLHZ DQG IXWXUH UHVHDUEFK

:'3% '"RUGVDEDVH RQ 3URWHFWHG $UHDV :'3%$ $QQXDO 5HOHDYV
SURGXFW RI 81(3 DQG ,8&1 :80&SOXNHERBEWEHIG3E\ ,8&1 :&3%$ DQG ZR
ZLWK *RYHUQPHQWV WKH 6HFUHWDULDWYV RI 0($V DQG FROODER

'HEE 7 - ( 9DQ GBIQGY%5 WJ KR %LRGLYHUVLW\ V %LJ :HW 6HFUHYV
'LVWULEXWLRQ RI ODULQH %LRORJLFD(@SEHHRW VREH RHDMKX\H &K H R GBI
2FHDQ 3/R6 21(

‘HHNV 5 * 5 5XVV $ & $OFDOD DQG $ 70DKILVOHH 3URPWHRF¥FMWE YSHX
WKH 3KLOLSSLQHV IRU %LRGLYHUVLW\ &RQVHUYDWLRQ &RQVHUYD

‘HHNV 5 * 5 5XVV $ $ %XFRO DQG $ & $OFDOD E 6KRUWFXW
SODQQLQJ 7KH HIITHFWLYHQHVVI BWWRF LRIHHFARRRALCFOGORVDIDV H XY DRV |

‘KHHOHU 0 ) 0 - &KD®EWWUHS BLPV&RZOLQJ DQG ' B6FKRHPDQ
WR EUHDPV KRZ SDUWLFLSDWRU\ ZRUNVKRSYV FDQ FRQWULEXWH V
-RXUQDO RIFQBQE@H



‘'LONLQVRQ & DQG - %URGLH &DWFKPHQW ODQDJHPHQW DQG
JXLGH IRU FRDVWDO UHVRXUFH PDQDJHUV WR UHGXFH GDPDJH IUF
FDVH VWXGLHV *ORED 0J&R{UDZIR BMHD Q@ B GBLHHR DG 5DLQIRUHVW 5H\
7RZQVYLOOH 4/

:LONLQVRQ 6 $ +HQGHUVRQ < &KHQ DQG % 6KHUPDQ 6HG 1
5HSRUW &6,52 /DQG DQG :DWHU &6,52 /DQG DQG :DWHU &DQEHUU

'LONLQVRQ 6HVWLQJ7WKH FDSDELOLW\ RI D VHGLPHQW EXGJHW PF
WR UHGXFH VXVSHQGHG VHGLPHQWRKADGW 3DJKMRFKUDQH & 3KL
7 5 'DYLHV DQG / %DVKHU HGLWRUV 6H®IQFPHIIW K Q PBPH6EF ¥ ULHY ¥ K |
&KULVWFKXUFK 1HZ =HDODQG

'LONLQVRQ 6 1 , 3 3URVVHU 3 5XVWRPML DQG $ 0 5HDG (
GLVWULEXWHG VHGLPHQW EXGJHWV WR UHODWH HURVLRQ SURF
6RIWMBH

'LONLQVRQ 6 1 : - <RXQJ DQG 5 & 'H5RVH 5HIJLRQDOL]LQJ
YDULDELOLWFDROHBEDHGIQPHQW DQG QXWULHQW PRGHOOLQJ +\GUR!

'LOOLDPV - 5 6HGLPHQW 'HOLYHU\ 5DWLRV '"HWHUPLQHG ZLW.
DQG 6ROLG ODWWHU 7UDQ$+SRUsN B® E Q IOFDQNGL RIQW HU V

'LOVRQ . 5 / 3UHVVH\ $ 1HZWRQ 0 %XUJPDQ + 3RVVLQJKDP D
DQG LQFRU SRUMDWILELIOYXW\ LQWR FRQVHUYDWLRQ SODQQLQJ (QYL

'LOVRQ . $ 0 , :HVWSKDO + 3 3RVVLQJKDP DQG - (OLWK E

SODQQLQJ WR GLITHUHQW DSSURDFKHV WR RURQUFPWH &RRBRW HG Y\DS

:LSIOL 0 6 - 6 5LFKDUGVRQ DQG 5 - 1DLPDQ (FRORJLFDO O
GRZQVWUHDP HFRV\VWHPVY 7UDQVSRUW RI RUJDQLF PDWWHU LQY
FKDQQHOV -RXUQDO RI WKH $PHULFDQ :DWHU 5HVRXUFHV $VVRFL

‘"RRG / - / )LVK - /DXJKUHQ DQG ' 3DXO\ $VVHVVLQJ SURJU
SURWHFWLRQ WDUJHWV VKRUWIDOOV LQ LQIRUPDWLRQ DQG DF
'RROGULGJH 6 $ ‘DWHU TXDOLW\ DQG IFRU DK IE COH.ODANKD. DH MRIJU

LQVKRUH UHHIV Rl WKH *UHDW %DUULHU 5HHI $XVWUDOLD O0DULQ

‘RUP % ( % %DUELHU 1 %HDXPRQW - ( 'XII\ & )RONH % 6 +D¢
JRW]H ) OLFKHOL 6 5. 3D GXPRIRH H6DOPWDFKRZLF] DQG 5 :DW)\
,PSDFWV Rl ELRGLYHUVLW\ ORVV RQ RFHDQ HFRV\VWHP VHUYLFHV

'RUP % 5 +LOERUQ - . %DXP 7 $ %UDQFK - 6 &ROOLH & &RV
$ +XWFKLADQWBQJIJV 2 3 -HQVHQ + . /RW]JH 3 0 ODFH 7 5 OF
3DOXPEL $ 0 3DUPD ' 5LFDUG $ $ 5RVHQEHUJ 5 :DWVRQ DQG
*OREDO )LVKHULHV B6FLHQFH

=KX < 0 ; ; /X DQG 6HSBHRXQW IOX[ VHQVLWLYLW\ WR FOLPDWH
JRQIJFKXDQMLDQJ FDWFKPHQW RI WKH XSSHU <DQJW]H 5LYHU &KL



$SSHQGLFHV



6XSSOHPHQWD & EDWHUBIH VLVAPPOHFWHG HOHPH WD UGV HYWIMW. RUR LAQDORQVHUYDWLRQ SOD

30DQQLQJ H[HUFLVHRDOV

/IDQG VHD FRQVHUYDWLRQ REMBRWLYHY SURFHVVHV

&URVV VIVWHP WKUHDWYV

,QWHIJUDWLRQ DSSURDKKIIHUWQFH

$VVHVV HFRUHJLRQ ELRGHYHER@RLWYF@® RI DTKQW L X &VVWWHHDWY @ E WILRIMEWY L JQ DQ

$QDGURPRXV VWUHDPV IRU IKQKVEMUHRHSIEEMWHRWDOIXOO VH
WDUJ6INOHFPRDHGBW VHOHFWH

6RPH ZDWHUVKHGYV ZHUH VHOHFWHG DV LQWHJUDO

$ODVND &RRN ,Q@GHWQWLI\ DUHDV RI BARXOWRKLFAD@WUDO $ODVND 6SHRMHYHB WIUHIMWMWHRIQVH UL D

8QLWHG 6WDV\M—L\JQLILFWEEJHJH:[QWU\LX)RIK DV IRUDJLQJ DEH DG VRRIWVHOHBPWERERWVVHUYDWLRQ D

IUH VK DEHUUHDOPY IHHGLQJ FRQFHQWUDWLRQV RV BEKDU ¥ LLMPKU U MVUWM. @R WILQW
IHHG RQ VDOPRQHAH DM UPIFRUQAMKGM/U XSZDUG VSDZQLQJ PL
\RXQJ RQ WKHLU VHDEID)[UJGQ}RYHPH

$VVHVV WKH ELRG
$ODVND 3HQLQVXOD
%DVLQ HFRUHGHR®
DUHDV RI ELRORJLF
LQFOXGHE K ZDQREBIUL (

HQYLURQPHQW

$ODVND 3 H®LU
%ULVWRO
8QLWHG 6'

IHDWXRI EMR WHFWHG

'LDGURPRXVIMSHFHFHVHV R
VWHHOKHDG WURDXYG ®RX
YDUGHQ 7KHVH VSHBHHW\ Y
QXWULHQWYV WR IUHDWHED'
LPSRUWDQW SUH\ VSHFLHV
SUHGDWRUV 7KH\ DOVR RI
GXULQJ WKH L6 FOULHHE IFV B0 +
LQWHUWLGDO KD EUDEW\OA
QHDUVKRUH DQG FRDV)

, QW H JU D WBY /IKBIDEWHW
LQIRUPDWLRQ DERXW WKH HFRORJ\ RI

$ODVND <XNRQ WAKHMLIFJL R QOWR®GH Q
8QLWHG 6WDWBWRBVW QHFHVVDU

PDLQWHQDQFH RVWKH HFRUHJLRQY

ELRGLYHUVLW\

,GHQWLI\ WKH NH\
IHDWDQBBFR ORJLFDC
WKDW GHHD@Q® KRR
WR LWV XQLTXH U
URGXFWLYLW\ GH)
ELRGLYHUVLW\ FRC
EXW UNRKMRHIPSR UWD
FRPPXQLWLHV DQG |
OLYH DQG ZRUN LQ

%HULQJ 6F
5XVVLD 8Q s
6WDMyWMUQD
ZDWHUV

WKH SRUWIROLR DL PHGRWRVMWHPYXBRIG ZKLFK WKIHDUH IR LAR QW RY Y G W IDRIG! |IHDGAL
&KHVDSHDNH %\DH UU HY MADRVF® DVWDOLQGLUHFW DVVHVVPHQWY RIHFKHWIKRW H 8U HAVKBNMH
8QLWHG 6WBWWXDULQH VBRELMHYUDQEWHPY DQG WKH FRQQHFWLYRWGEADWZAHH DXW RH R/ \

KDELWDWV

6SHFLHV WKDW XVH OBIQK
WRUHELUGV ZDWHRERRY®
KDELWDWYV [ERSRIGW QD WRK
PDULQH PPRBDOWRU\ VQ/®R
VWDJILQZHDWH IO VR FRQ
,PSRUWDQW VHQVLWLYH K
EHGVY FRDVWDO ODJRRQQC(
HWXDULIHYGURPRXW YBHFEH'
VDOPR® UXQ RI VRENH\H V
%D\ LV WKH ODUJHVW L(C
.DPFKDWNDfV EURZQ EHDU
VHD HDJOHV DQG RWKHU
WLHG WR WKH %HULQJ ¢

:é’h;h}fRQ L Q FEREHG YDML R Q

[y IWZDUH '66 WHDWUHX®URDO DQG
VSHFHEDXVH Rl WKHLU LPSF@Q/&%WQBQQWMME% mvwaQHVLPXXKWDQBHRXVO\

HUODLG ZLWK SROVIJRQV GHII
UDIW, 5
0 H[sH
UHDV FRQWDLQLQJ PXO
\V\H

ZDWHUV

6SDZQLQJ PLJUDWLRQE®DW
EURDG HVWXDULQH DUHDV
ODUJHVW VDOPRQ UXQV DQ
HJ JUHDWHVW UXQV RI VF
DJJUHIJDWLRQV LQFONGHG

VKRUHELUGVY DQG ZDWHUEI
VDPH UBRRK ODJRRQV GXULC
IDOO PLJUDWLRQ RUWH® SiM
DV ZLQWHULQJ DUHI

&URVWWHP WKUHDWYV LQI
DVVHVVPHQW LQFOXGHG G
FRVW\WDYRHLEBGWKH SRUWIFK
FRQVHUYDW LLRQVDHKWIXUWHH
RFFXU DQ\ZKHUH HOVH L(

7KH ITUHVKZDW NRRIGHOV/ \X WH® DV

VXRIIDWH IRU DTXDWLF ELRGLYHUVLW\

BN

FRQVLGHUHG

ELRGLYWKVRWIK XSVWUHDP WUDQVIHU RI

PDULQH QXWULHQWYV

6SHHY QDWXUDO FRPPXQL
GURYH WKH ILQDO QHWZRUI
VWUDWHJLHV FRQVLGHUDV
W\SHV DQG HFRORJLFDO S
VXVWDLQLQJ ELRGLYHUVLW
ZKLFK DUH FRX8B H BRMRVED
FRQFHQWUDWLRQ RI VTXLC
DWWUDFWYV VDOPRQ ZKL
WHUUHVWULDO DQG BWHRFKiZ
FRQVLGHUHG LQFOXGHG WK
LFH HGJH RU LQIOXHQFH WI
DQG IRRIDNWHUQV IRU KDV
FRXEH-GDOWHUHG E\ FOLPD'
OHYHO ULVH

(VWXDULQHDDFRBUBWID@H VSHFLHV DQG

KDELWDW W\SHV FRPPRQ LQ DQG VLJQLILFDQW IRU
,GHQWL MXOJKW\ RFFXUMHARFNWHP IXQFWLRQLQJ RI WLGDO ZDWHUV DQG

Rl1 GHILQHG FRQVHU YDWGLRDFIH@W X®RBDWWDO XSODQGV LQ WKH &KHVDSHDNH
WR HQVXUH WKHLU YUAELDQ® $WQWRWULRHRDVWDO ED\V $PRQJ WKH
IXWXUH 7R DFKLHYH RMKHLIRDU SHFLH VWKRXRVWY VHOHFWHG

REMHFWLYH RI WKH ZDW M i BRENRN W KH SULPDU\ WDUJHWHG VWUXFWXUH
DQDO\VLV ZDV WR LGHIQHDIWX WHKW PBNW SHFLHY WKDW RFFXU LQ RU DUH
LQWDFW DQG IXQFWLRRIFOGYIN WHD D T RIVWLKR I H QVIOHQ G
QHWZRUNV DQG DTXDWKIDE DWNW\SRQG DO PQGVRKMKH WV ZDPSV
ZHWODQGV ZHUH FRPELQHG IRU DQDO\VLV LQWR RQH
KDELW DAY WKBEH®KDQWLQJ IUHVK DQG
VDOWZDWHU V\VWHPV

HFRV\VWHPV

LQW
,Q SDUWLHFXODWDWKRPRXYV DYE& ZDMAROAIUEGDO SURFHVVHV DQ

7ZR H[SIHGHAQ W L IV HVGN Fl PRW
ZHUH LQFOXGHG SRLQW V
FRDVWDO FLWLHV FDXVLQJ
VHGLPHQ@W6 W KR RPFRIOQL Q
FDXVLQJ GLUHFW KIOWHR DMR
UDQNHG DFFRUGLQJ WR O

VFRSH VFDOH RI WKH W
SRWHQWLDOO\ LPSDFWHG

WKUBRWSUJHQBFRILRQ

FIRQWRLMDKN‘H

DUH

GHQW RQ WK
ZDV DOVR
DP LPSDFW

FRDVWDO

3RUWIROLR ZDV PDQXDOO\ @WK
EDVLRWHHU FRQVHUYDWLRQ ¢
IRU IILQMRIQYW HUYDWLRQFIGIDE
LPSRUWDQW DUHDV IRR PRIFDX
ZKROAMVUHDP VBUNRRYLW\ ZDV J
WKDW FRQWDLQHG PXOWD®&AQ
VI\VWHPV H J WHDQG VRN
PDQ\ SULRULW\ DWGHRR @ ) FRM
RU VXEFDWFKPHQWY DUHDV
PWLQH HQYLURQPHQWYV LQFO
NP ZLGH VWULS RI VKRI

UWIROLR 7KL
ZRUNVKRS Z

WBUUHVWULDO DTXDWLF

L H[SHUW
SDWLDO

DV
RDUVH
F

71&

DULO\ IF
LPDWHO

6,7(6 ZDV UXQ IRU DOO V\VWHPV VLPXOWDQHRX
:DWHUVKHGV XS GRZQVWUHDP RI HDFK RWKHU
ZKHWKHU VWUHBRQQMMWHRGES H QBOH FRVW VXLWDELOLW\ DYGHDQ@BEG PRQVERUOOBMDHWE OHQIJWKYV WR IDYRU WK
FRDVWDGUGKALWHZDN XVHG DV DQRIQEHDIMRWRBLDO DQG PDULQRXKMDELOV U BRW RVEERDEG RMWIKHQ G VXPPHG

VHGBIGRIR PRXV DQGRU IUHVKZDWHU EXW XV LQJ WROHX WH B \& B MIKEX HMQHBKHAUKH U

RPBRWKVZHIOWOK DV HV W X DD MWHN UDAVK WG Y HZB & HUGIHRRIIH 6P RGLILHG ZLWK H[SHUW DIBQYGF H

PRXWKV W Z2BG WHPRI QLF R QIRHF WLHRDKBRWEHINIHGS PO Q DJHPGLAWH VLWHYV H J
PDULQHVZDMHEUNY WKH FRPSRVLWKR@IRWHUVKHG DQG XSV RLIWDAVEZQW N UAJKHDEW

H&&% LVVHG DUHDV
&KLQRRN VDOPRQ VSDZQLQJ I
(ISHUWV SDUWLFLSDWHG W

GDWD LQSXWQ®DEH\EADWY IGRKQ LQJ

ZRUNVKRSV

(ISHUW VGRYILRM W D[R QFRER LR
ILVK LQYHWQEHEPAPWAY DQ
UHJLRQDO H[SHUWLVH ([SH!I
ZLOGOLIH WD[D EDVHG RQ
XQLTXH VSHFLHV DVVHPEOD:
FRPSOH[HV ULFKQHVV RU HC(
DEXQEHV RU DJJUHJDWLRQV
VXVWDLQLQJ LPSRUWDQW HFF
IURP HDFK RI WKH IRXU WD[RC
FRPELQHG WR LGHQWLI\ DUH|
LPSRUWDQFH FRPPRQ DPR(
FRQVLGHUDWLRQ@RYL FDYHKU

ILD GLV
V RU KDE

%DGQNV DOVWDQGI
>0 DUHD
{QRPHQL
" ZHUH W
YWUDWLF
3V

([SHUWV XVHG GHBYQJMOMH.MFXO® DQ DUHD
$FRQGLWLRDDYQE®MYXHORSH G RQFRPSDVVLQJ D JRRG GLYHUVLW\ Rl FRQVHUYDW
EDVLV RI WKH VW DD ¥WH D QToX IV HPSIHQBH YL WK KLJK ZDWHU TXDOLW\ ZRXOG EH

HJ

GIHYGI /B G\LKH/ SRUWIROLR RYHU DQ HTXDOO\ GL
UHQ ZQW IS KSR\RSK R @MAMHIU T XADIOH. D W H U
WRP VXUIDFH TX{DAVIRD\YARBQGLWLRQ DQDO\VLY ZDV QRW XVHG EHF
) ULQJ SGRWIDEVWRHDAVERAH PDULQH VLWIHY DUH FRLQFL
WS é{fggyﬂ%ﬁ%%gpwwwoauwuwwo WD WWHHESIIVOHED WY HRUDH DBM\F U

BR QVHDY O W QFEQ HR\HD¥RQQHFWL YL W\

ODUJHO\ IRUH

EHFOPRGLWRULQJ XQLWYV ZH lKH G\R RRONWUIRIODWE&H DPRXQW RI VHGLPHQWYV DQG G

FRPSDUDEOH GDWD ZHUH QR WDIVKMG DEWR MKHWKHHN DQG DGMDFHQW ULYHU

XSVWUHDP SRUWLRQV SURYLGHG KLVWRULFDO VS|
JURXQGV IRU DQDGWRFRXV ILVK VSH

$WODQWLF FRDVW



ODWKHPDWLFDOO\ IRUPXODW 'RXUFH

OD[LRH WKUHDW UH 8VHG PDSSHG WKUHDWYV WF SUREOHPMHU® GRIHG WKH UD JQ L H
FRUDO UH NL\VDHH ,GHQWLI\ LI ODQG RU VHD EH RUWWHG 2ALMDIOK® RRQRUE UHGXFWLRQ RI WKUHDWYV WR " RQ LQ)Y
&RUDO 7UL HFRUHJLRQV WKURX GHOLYHU WKH JUHDWHVW 1RW FRQVLGHUHG DFWLRRWULRQWURPQHILMWL L H FRVW RI UHGXFLQJ WKUI -OHHW D& FRQVH
D VXLWH Rl FRQVHU FRUDO UHHIV ,Q DGGLWLI RUJDQLF SR®ROIXWRRBHEQYE DFWLRQ HJ PDULQH RU WH! "RQVHUY
WKH ODBB DQG JUHDWHVW UHWXUQ RQ LQY DUWLVDQDAOUYWYSHM Rk HDFK HFRUHJLRQ 7KLV ZD\ L\ VHUPLQF
FRPPHUFLDO ILVKLQ ODQG RQVHDYRWLRQ GHOL JHDWHV)

EHQHILW IRU FRUDO

ORGHOV RAMNFWRFWKUHDWY ZHUH UHVWULFWHG
QanshoaHw JRDISQ/U'LRQUHWHUUHVWU'—DO WR EXIIHULQJ FLWLHV WR PDS WKH SRWHQWLDO LPSDFW
D i o R! RI BRWDO FLWLHV SUR[\ IRU GRPHVWLF
FROVHUYDWLRO R H%VH(;V 0 DQG IUHVKZDWHU WHDPV GHYHORSHG GLVFKDUJHV RQRBK®EWVRQ RLIHV
ARV H YD ERO VR B HW/LNERV\VWHP DQG $FFXPXODWLRQ LQ HVWXDULHV DQG ED\V GXH WR

JUHVKZDWHU LGHQW'l‘,lJ

(TXDWRULDO 35@2%\%¢UYDWLRQ VLWH

HUVKHGV DQG R
(FXPGRU 3HU%\GURORJLFDO VA\VWH

DGHTXDWH PDQDJHP,
IUHVKZDWHU UHVRXU

LNARV\VWHP QDVW¥UBEQWDOO\ LQFOXGHG ZKHRGES WD WKHVXQEDQ LPSDFW FRY® DO SRUWIROLRY LQFOMGH@ DO/LDELOL

QG VSHFLHV O RDQ0VY RMHIAMRXE\DY DQ LPSRUWDERXWWULDO S RPRGHMDIORHIG ZDNYDOXBWLRQ EDVHG RQ WKUHDWAH WE@HKSH FLHV

HG HVW XDRRQHQH VRRPIRQMYW Rl HVWXDULQH VAQWE P®ISH@GE B8 LWWF O & DRV L RFFVRR/N\ LW E RWWHREXD IQF S\RLSHM.ODWDICR Q V' 7D BIBY D

LGDO VXEGLYLGH G DQ@NRDH QW-MNTROLRH. PG S UR FH DI V EIHAMLZHH @LADIIILQH NP RU QMWKH LAR\DWVAN OMKQHPDLQ VXUURP@GLQJ HFRORJL]
VXEWLGDDGQEFROR JUFNEK DIYEHAAW UHVWULDO WODWWIPIVLQJ WKHP EDVHG RQ WKH W\SSIWREHV VH YV

%@MWPDULQH WHBW H[SOLFLWO\ LQFRUSRUDWMHG \WRHG'BUURWEGIGWLRQ ZD&RME X B UHRQW DEWHWGPWRW Rl WHUUHVWULDO IUH

UHJLRQ ODULQH LGH HWHD ELUG QHVWLQJ SROOXWDQWYV WKH\ SURGXFH DQG SURMHFWLQJ WKHLU
FROVHUYDWLRO VLWHYV  JUDWRU\ VKRUHELUGV GLVFKDUJHV WR SRLWWN RRQWUNHRFERDVW RQ
PDULQH HERVA\VWHPY RI WKH WKHLU SRVLWLRQ ZLWKLQ WKH ZDWHUVKHG DQG LQ

HODWLRQ WR ULYHUV %XIIHUV DW ULYHU PRXWKV ZHUH
(TXDWRULDQRSDFLILF UHJ DOVR FUHDWHG IRU WKH GLIIHUHQW LQGXVWU\ W\SHV

,GHQWLI\ ZDWHUVKFE

SURWIBRG UHVWR UH 7KH 5HODWLYH (URVLRIQGH
RUGHU WR SURWH ZDV FDOFXODWHG IRU HDF
HFRV\VWHPV DQG IL’ VORSH VRLO HURGLELO
FRQVHUYD®@WXR QU H H VHDVRIEPDFXUUHQW 0DQG ;¢ g6 Ry WRROV XVHG WR LO bOPV 6!
)LMDWHUVE (LQFOXGH ZDWHUVK FOWERPHOWY  VHOLEPHG RYHUOD\ Rl FULWLFDO ZDW  $W K HHUW B/QK KLJK
JLML Vot UHHIV LGHQWLILHG Y)RUHVWV DQG SULRULW IRW FRQVLGHUHG FRQWULEXWLRQV WR ULYHU RV RIO0LH OO Co8 S0T e SHOGH
: E\ )LMLTV 1DWLRQ $ :-DWHUVKHG 'HYHORSPHQ\ TR b
6WUDWHJ\ DQG $FW DOVR FDOFXODWHG WR D
DU HVWK H UR D H B W H C FDWEKPHQWYV ZHUH LPSDF
UHTXLUH DGHTXDWH FRPSRVLWH WKUHDW LQGF
ODUJHO\ PRGLILH! ', IRU HDFK FDWFKF
UHVWRUDWLR!
3URYLGH UHVRXUFH B v
PDULQH VFLHQWLVW@B§§? Jjﬁw Wb%&ﬁFSHFLHV ZHUH FKDUDFWHULVWLF Rl /hogpyvHGVRURNE WKUHDWYV | OF,
H KDELWDWV LQFOXGLQJ UHYLHZHG LQ H[SHUW ZRUNVKI
SUDF W LD/QIGRRW KM U WKH VRFLRHFRQRPLF VXLW [
URER VWXPYLOH WXUWOHV DQDGURPRXV ILVK & H FOWHLYY_HH DHGUAHRARRO EHVD F KW
)ORWDEDQH VWDNHKROGHUV zLWR DO WX UWC SRSXODWLRQ D@@ansomoé uti OO R & W
WWXDULQH WKH LGHQWLILFDWLRG JHW KDELWDWYV VXFKBY FE@M-EVYHGC IDWLRQDO 3ROOXWDQW °L P%%UqW%VHUYDWH.R@QEMRQN WR
8QLWHG 6WDBHWDYV WKDW FRXOG ¥ 6\WWHB'(6 SHUPLWWHG SRL
DVWD®O®MRGDO ULYHUV VWUHDPYV v DV OHIW WR D VXEVHTXHQ
RLQWXWRMGADULQH D Wi LGHIaNLILFDWLRO RI GLVFKDUJHV 6FRULQJ ZDV GHY tefertl) BB Do L 0) SURFHVV
HVWXDULQH UHVRXUFH%%V&%E@%«"Q‘S{VQWV E\ H[SHUW UHYLHZ

DQG FRQVHUYDWLRQ

7ZR DSSURDFKHW®DVWYE KOL

DQG YXOQHUDELOLW\ RI KXPI ILHV ZH
.
'PQxFoow;mLsloaH\vuVmPovvaQvGD\(/)%v' ,QGLUHFWO\ LQFOXGHG E\ | \?;%LJJE'\/D%“}%VQVJURLXVV&“ RYHUODLG ZLWK GDWD RQ LW\ FRE
“RLQWO\ PHHW REM SURWHFWLRQ IXQFWLRQ WI " ZHWODQGV WKURXJK *,6 WR L "ODQGV |
YHIJHWDWLRQ HJ VHDJUD 12$$ V +XUULFDQH 6WRUP |
KD]DUG PLWLJIDW FRDVMH/ IXQFWLRQ RI ZHWH ZLWKLQ PLOHV WR KXPDQ
JORULGD 1R p)pgiyquvLwy 7k 3JYUDVVHV WLGDO IODWV E FRDVWDO KXFDGVWRPRXQ ORGHO ZKLFK HVWLPDWHV noo vYOQHUDEOH WR FRDVWI ERQVHU"
&RDVW WLGDO ULYHUV RU VWUHI DQG ZLQGV UHVXOWLQJ 718
. GHYHORSHG DWWSDV HERV\WWHP VHUYLEH ZI ELRGLYHUVLW\ ZDV D VHFRQG YH oD
8QLWHG 6 UHHIV DQG L PO\ WWN)BARGEH K\SRWKHWLFDO RU SUHGLF = i
ZL GIMD U LQHW XD U L € 7DUJHWLQJ FRDVWDO ZH . HWODQGV L&HEWIUDIDG ZBU | :
IHDWXUHV LQFOXGHG VSHF LOWR DFFRXQW SUHVVXUH
DVVHVVPHQW IR LQFLGHQWDOO\ LQFOXGH 5 DORQJ ZLWK RWKHU ELRGLYH! JHV WR
EUHHGLQJ FRQFHQWUDWLR! WUDFN DQG ZLQGV *UDSK
By SURFHVVHV VXSSRUWHG £ WQDBFN DOG ZLQGV “LDBSK vHw RI QDWXUDO DUHDV WKI
REMHFEWLYHV IRU FRQVHUYI JVLW\ DC

PLWLJIJDWLQJ FRDVWDO KD JWDQHR



%LRSK\WLFDO RSHUDWLRQDO SULQFLSOHV SURPRV
3ULQFLSOHV U NOWWHR) W KW R CRANFOHE W LR Q D QGVO R A CDWIIFRDY RIQQ R
Q HFRBRPLFLWLRQIRFIFRUGDQF H/ AIDVIKQWWHY® DWLRQ FULWHULD
7ZR FULWHULD 1RU LGHQWL'I‘Lr-‘f %\T\/&é%&e WHQXUH ,@RORGMELFRQVLGHUDWLRQ Rl VHD DQG DGMDFHQ
gfr |
P

DV LQ OR 1 DRI 7ZR AOMRU ‘D
(VWDEOLVK D QHZ QHWZRUNRL QRH\wy poc vsHELHY o, YV LQW R OR POWHIR QY @HWWDRIHQDR QH 23) \
WDNH DUHDV WR S \ RZ ZDWHU VvV ZH
*UHDW %DUULHUFSHBHVHQWDWLYH H v R b O SUHVH O :

0DULQH 3DUNHQWLUH UDQJH RI KQEE 5 W R S owhU R DN

DQG LQFOXGH S DN \SHHZW D QUE-NOUWVXIHEEW\M RUD BVQ 8 YWZ 1D O H

. RW QW SODQV DQG W H RPHDH B IWDSKIHP B DYHU VLW LQ ZBWEODEBHRIL W\ WR
9 9
$XVWUDOLIDOG DQL P MW LQ T Aviyv @ w g@@,mwquzwmwmo RI UHHIV ZLWKLQWBRBI$SQDW XU D
ZKLOH ALGULIPRSDFWYV RiGH! DQCTERROUMDEK RI IRX RYLGHG KLJKHU HFRV\ VRV ZIWWHKH TWOIEERSDBLURVEDIRH QR )HUQDQGHYV
HILVWLQJ XVHYV IUHTXHQF\ FODVVHV 55| GwpLQHG FRQQHFWHNLWH 2 () DRV HUHDV DWRFOIFHQMO DQG HVWXDWH\WH RDELWDW YV
KDECWDOWY 2KHO SRVVL 2 HDV RI JUHDWHU QEONU RS HIOGE WEBANY B VW H G
GMDFHQW WR ODQG R JUBIDRII UTDMOHLD O K IV B GYIBWHHIW WR VXEXUEV

ZHUH LQFOXGH\EDNG QWA RQRODYBMIWDIHY DQE RPGIDFAWY RI ODQG
EDVHG WKUHDWYV

$ VSDWLDO LQGH[ RI DQWKI $UHDVGHHU®HG E\ H[SHUWV V \ *,6

,GHQWLI\ WKURX! (ISHUWV GHOLQHDWHG ELRGLYHUVLW\ ZBRVY @D} VRIWZDURK(&$5(1$ 'DWDODGGC

SDUWLFLSDWLYH S FRQVHURDWLR QDOED SR Wl WKUHDWV WR PDULQH V\VW VHOHFWHG E\ EURDG FRQVH IK D KLJK

DUHDV IRU ELRG HFROROG BE\WLFDO SURFH SRIMRXUFHV RI SROOXWLRQ SDUWLFLSDWLYH SURFHVV ¢ O\ LPSR

FRQVHUYDWLRQ DQ 6RPH WDUJHWHG VSHFER®R WKHVH S REFEQWHA HD QGW ZL\EXINHAKH ILQDO DQWKUR¢ IRU WKH WD[RQRPHMD YURKXSU (QUETXH]
*XOl RI &DO UHODWLYH OHYHO SURFHVVHV LQRRASRUDQWI DQG VRPH LQFOXGHG FRD\ PDS FRYHUV WHUUHVWUIEIXO LPSRUWDQW IGFRIOR LIFFDOD0 SIR $QGUBWHDR

OH[LFR SUHVVXUH RQ QDWX LQFOP®LQANH WXUWOHV DVVRELDWHG WR ERDVW WKH LQGH[ ZDV QRW XVH SO ZHMH RYHIUODSSHG WR C DWHG
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WKH OLNHOLKRRG WKOMVUR
LOQWHUWLGDO FRPPXQLWL
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(FRORJLFDO VLJQLILFDQFH 't

HQGHPLVP GLYKUEHW\D VLIQL
PLJUDWRU\ VSHFLHV DQG SU
VLIQLILFDQW VLWHYV ZHUH UDWF
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GHYHORSPHQW DQG RSBWURK
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VXSSRUW 2WKHU FULWHULD
ZHUH FRQQHFWLYLW\ HFRORJ
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(65 XS WRI ((= DQG ODUJHU
VTXDUH 5HILQH PRGLI\ RU
XQGHU RI ((= $VVHVV WKUF

KLJK PRGHUDWH RU ORZ D
XQFKDQJHG ZRUVHQLQJ DO
6HOHFW Xl WK H DUHD ZLWKLC
((= RYHUOD\ SURSRVDOV IUR
RUJDQLVHG EDVHG RQ SDUWLF

IRU SHODJLF HQYLURQPHQW
PDQDJHPHQW DQG LGHQWLI\ C
GHOLQHDWHEHRHG RQ EDVHOLQ

IRXU JHQHUDO DQDO\WVHV L
RFHDQRJUDSKLF IURQWV QHV
HGGLHV 7KHVH DQDO\WHV UH
SURFHGXUHV DQG WRROV IRU

([SHUWV RR®VFIMRAM¥YHP WKUHDWV
EDVHG SROOXWLRQ DV KMHDIH L
SURFHVV Rl VHOHFWLQJ SULR
QRW H[SOLFLW FULWHULD WR
UHSRUWHG HJ DYRLGDQFH
SULRULWL]LQJ DUHDV DIIHFW}
H[SOLFIMHDO@®® QHFWLYLW\ L
ZLWK I[UHVKZDWHU RU WHUUHV\V
WHUUHVWULDO DQG LQWHUIDF
HVWXDULHV DQG LVODQGV

$GPLQLVWUDWLYH DQG HFRO
$PHULFDQ ODULQH (FRUMIDRQ
DQG ((= RI &DQDGD 8QLWHG ¢
3DFLILF &RDVW 1RUWKHUQ DQ¢
$PHULFDYV PDULQH HFRUHJLRQ)\
DFFRUGLQJ WR RFHDQRJUL
JHRJUDSKLFDOO\ GLVWLQFW C
30DQQLQJ LQFOXGHG HVWXDULF
DUHDV RU IUHVKZDWHUV B6WUD'
GHILQHG EDVHG RQ WHPSHUTL

30DQQLQJ FRRYRIBEWVLPUWWDJIHV UHJILRQDO VFRSLQJ

([SHUWV VHOHFWHG DUHDV EL
GLVWULEXWLRQ PDSV RI VSHF
IRU WKH ZRUNVKRS 6WUDWLILF
FODVVLILHG LQ WZR PDMRU F
SDUDPHWHUV IRRPV W BIOWHWHN
OHYHO RU FRDVWDO YHJHWDYV
DQG RFHDQLF P GHSWK WF
7KHVH W\SHV ZHUH IXUWKHU V
SURYLQFHVY UHVSHFWLYHO\ E
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DOWLWXGH P DERYH VHD Ol
FRDVWDO ZHWODQGV DUH ORI
SUHVHQFH RI PDQJURYHV D
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UHSUHVHQWLQJ DKW ® PFH QQN
JRYHUQPHQWDO RUJDQL]DWL

JURXSV RI H[SHUWV YHUWH

SODQNWRQ ILVKHULHYV RFHDC

YHIJHWDWLRQ GHOLQHDWHG SU

ZHUM BPJHG LQWR D VLQJOH QD
RYHUODS 7ZHQW\ LPSRUWD

RFHDQRJUDSKLF SURFHVVHV ZH!
UHIHUHQFH DORQJ WKH VHO}

SUHYLRXV SULRULW\ H[HUFLVI
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03% VIVWHP RI SULRULW\ VLWH
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UHIHUHQFH IRU H[SHUWV WR |
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1R H[SOLPLMDODRBQHFWLY LW\
WKH SULRULWL]DWRRZ® YGHIV IV
VHOHFWHG DUHDV KDYH WHU
FRPSRQHQWY VXFK DV ODJRR(
ULYHUV 6RPH FRQVLGHUDOWORR
FURW\WWHP WKUHDWDV N®&FXRDY
ODQED SURFHVVHV VXFK DV
VXVWDLQ FRDVWDO DQG PDULQ
VHOHFWLRQ SURFHVV W LV HJ[S
IUHVKZDWHQH QGLRDUWW\ DUHDV
WR WKH JDS DQDO\VIL

$GPLQLVWSIOWLFB O DQERKEE D!
OH[LFR V ((= 7KH SODQQLQJ
HVWXDULHV LVODQGV DQG FI
OLPLW ZDV QRW FIOM DEDOB HRIL
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UHJLRQV YDULHG IURP

([SHUWV VHOHFWHG LPSRUWLEL
DQG VXVWDLQ YLDEOH SRSXO
UHSUHVHQWDWLYH RI VHOHFW
PDPPDOV VHD WXUWOHV LQYHL
ODQG IORUD ODQG PDPPDOV
ZHOO DV DUHDV ZKHUH SK\VLFD
WDNH SODFH YLDELOLW\ UHSL
DQG SURFHVVHV 7KHVH DUHD\
LPSRUWDQW DUHDV $,% ZH!
LQWHJUDWHG LPSRUWDQW EL
ZHUH GHILQHG E\ DQ RYHUO
PDUERBIVWDO RU RU PRUH
FULWHULDGBGV B HSQFWKH QW L
HFRV\VWHPVY DQG KDELWDW IR
DQG LQFOXVLRQ RI LPSRUWD

'DWDCRRFWLRQ DQG SUHOLPLQD
RUJDQL]LQJ DQG SUHOLPLQ
XSGDWH VSHF LB UVOLYFHGW WU
BHYHQ ZRUNLQJ JURXSV ELRC
IDXQD PDULQH ELRWD DQG ZH\
SK\VLFDO SURFHVVHY PDULQH t
VRFLRHFRQRPLF SURFHVVHV
LQFOXGHG LQWHJUDWLQJ DYDL
JHQHUDWLQJ XSGDWHG LQYH
SUHOLPLQDU\ FRQVHUYDWLR
PRVW VXLWDEOH ORFDWLR Q\

6HOHFWHG FRQVHUYDWLRQ IHDV

SHWBYLHZ ,QWHJUDWLRQ RI $,¥
DQG HFRORJLFDO DQG SK\VLF
GHILQH LQWHJUDWHG LPS BUW
$UHDV ZHUH UHYLHZHG EDVHG

OLPLWY WKH UHODWLRQVKLS W
DUHDV DQG WKH HFRORJLFD
WKHLU ERXQGDULHYV IXUWKH!
DQWKURSRJHQLF WKUHDWV W

VRFLDO FRQIOLFWV

6LPXOWDQHRXV LGHQWLILFDW
DQG FROD/W.E BRHPBIVZHWODQG
ULYHU FRPSRQHBWWHG VKK HT
FRQVLGHUHG EXW WKHWQH RZWHS
LQ WKH SULRULW\ DUHDV VHC
UHFRPPHQGHG WKDW DUHDV ZK
DQG DQWKURSRJHQLF SUHV
FRQVHUYHG QRW RQO\ WR PDL
DVVXUH D VXVWDLQDEOH

(FRORJLFDO DQG DGPLQKHW
SODQQLQJ GRPDLQ LV OLPLWH
DQG ZHVW FRDVW RIQWIE I HDLN
NP EXIIHU 7KH GRPDLQ |
WHUUHVWULDO FRPSRQHQWYV
WKH ILYH VWDWHY ERUGHUL
1D\DULW 6LQDORD 6RQRUD ¢
&DOLIRUQLD 6XU

(FRUHJLRQDO SODQQLQJ IRFX
DUHDV HPSKDVL]LQJ WKH UHS
FRPPXQLWLHV ZDW®& L\Q\ WWAKHP I
30DQQLQJ ZDV HDUWEURGI D I
NH\ HQGHPLF DQG PLJUDWIRIL
LH KDELWDW W\SHV NH\ H
JRQHV DSSURDFK WR VHOHI
FRQVHUY DW L RQVRE MRIG WIVG HW \D
WKH SODQQLQJHGEREHIL® QWY VW
7KH SURFHVV DOVR LPSOLHV
SURSRVLQJ D VSDWLDOO\ F
FRQVHUYDWLRQ DUHDV 2WKHL
FRQVLGHUHG QRW '6M®O LFH
FRQQHFWLYLW\ DQG IXQFWLR(
FRQVHUYDWLRQ IHDWXUHV VSH

7KH SODQQLQJ H[HUFLVH IROOR
RI HFRUHJLRQDO DVVHVVPHQ
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UDUH H@Q&GHRPQREDQJHUHG V!
FRPPXQLWLHYV DJJUHJDWLRQ)\
,GHQWLI\ DQG HYDOXDWH FRC
RI UHODWLYH OHYHO RI WKUH
OD\HUV IRU HDFK SODQQLQJ
SRUWIROLR VXSSRUWHG E\ D
GHILQHG WDUJHWV ZKLOH PLQ
WKH SRUWIROLR EDVHG F

1R H[SODRUGW FRQQHFWLYLW\
ZHUH LQFRUSRUDWHG LQ WKH (
IUHVKZDWHU RU WHUUHVWULDO
SULRULW\ DUHDV LQFOXGHG V
FRPSRQHQWY VXFK DV ODJRRC(C
D&WKHLU DVVRFLDWHG LVODQC
FRDVWDO ZHWODQGV P DO
VI\VWHP WKUHDWYV DTXDFXOW?>
GHYHORSPHQW DQG SRUWV R
VLQJOH RU PXOWLSOHK IEHXHUH
ZHLIJKWV FRVWV LQ WKH

(FRORJLFDO DQG SKYXICADRO &R
(FRUHJLRQ %HFNQHBWVB®&W KZH
%DMD &DOLIRUQ L&DXIU RXK WRQ
*OHDVRQ HW DO /LPLWH
&RORUDGR 5LYHU '"HOWD QR
&RUULHQWHR XWKCHIYVW QLPLW
SRUWLRQ RI %DMD &DOLIRUQL
WR 3XQWD $EUHRMRV %DMD &D
,QODQG ERXQGDULHV ZHUH GHII
PHWUHV DERYH VHD OHYHO
&RDVWDVYQHEHHILQHG EDVHG RQ
PDSV ,1(*, 6WUDWL
(FRORJLFDO 8QLWV GHILQHC
GHSWK FRQWLQHQWDO IORZ\

(ISHUWV VHOHFWHG DUHDV E
SUHYLRXV HIG WALRGRMW D QW [
FRDVWDO PDURQH R S HAURVIMHW
PXOW LFQVORHDN HUHQFH ZDV J
ZLWKK.JKHU E LR OR HFFOTR ¥ DRODXG L

HFRV\WVWHP GLYHUVHWG FRLEG
ULFKGARRORJILFDO SIUREEM R IQ\
PRUH LQNMUH@WEFEHU Rl HQGDQJ
XVHRQIOLFW IS[RMEEAN LRSIRBQAOG |
JURZWER WIHBRZISIS RUW XQLW L}
RUJDQLVHG JURXSVP NG D HHIRME
V'SDW LA GHI[P EB3VR W H F WRHIEU B Y HRE
LG HQ VDM LFHREQ V H U Y DMKLIRI RS0 RFP
LPSRUVHF@NKHYV W H P \DIYGY GRHDAFG
SUHVH@®ANW\WRULFDO DQG DQW

7KH SODRQROBVV GRPEDILHWM
FRPSLODWLRQ RI LQIRUPDWLR
WKH XVH DQG FRQVHHYRBRWULRIQVR
LPSRUWDQW FRQVHUYDWLRQ |
FULWHULD IRU DUHDV DQG DF
H[SHUW RSLQLRQ LQWHUYLHZ
ZRUNVKRSV WR PRGLI\ DQG D.
DQG FDXVHV DRRQWHRUSDWIRY
DFWLR QVH [SEDNVSIELR ULW LYV DWLF
DQG DEMDNGXRQLWDWLYH PXOW
$UHDV ZHUH 3ULRULW\ DUHDV D
GLUHFWHG WR LPSURYH PDULC
FROQVHUYDWER@IILRQDOLVHC
PDQ D JH MFGRW RXQG KR H R | ALR/D\C
JRQH XVH DQG SURWHFW

1R H[SOLRPLMDODREBQQHFWLY LW\
WKH DUHD VHOHFWLRQ BRBHYU
VRPH SULRULW\ DUHDV KDYH V
FRPSRQHQWYV VXFK DV ORURKRQ
VA\VWHP WKUHDWKDVNEKSRVOOD
GDPPLQJ ZHUH FRQVLGHUH
SULRULWLVDWLRQ SU

(FRORJLF PO @R GHEPRDQQNG DKIH. HBVO D
ZDV UHV W RICPWWHIEO WXRDU [RQ H: D O L
DQG :HWRBY® RI %DMD &DOLIR
WHUUHVWULD®& BRI?O RQKQAR D
JRQH ZDV GHILQHG DV WK HE\OIDAD
SUR[LPLW\ WR WKH NOFIORIGLY O
F R DV WROROGWIV X Z W MWHODM\E VD QG F
JRQHV WREHUYV G LK HRDWBDIWHD
&DOLIRUQLD DQG % CBMIB RIIROKLY
VHOHFWHG SULRULW\ UHJLRC
JHRJUDSKLF IUDPHZRU?®

7KH SODQQLQJ H[HUFLVH KDV

(& 3HQLQVXOD 3ULRULWLHWDR&ERH 5HVHUYHYV 1HWZRU

FRQVLGHUHG SODQW DQG LDYHUW

KDELWDW DV D VXUURJDWH
SURWHFW R1

"HVLJIQ

HDFK UHSUHVHQWL

RI UDUH KDELWDWYV DQG DUHDV ZL

ULFKQHVYV OD[LPL]H SURWHFWL
IXQFWLRQLQJ E\ SURWHFWLQJ

I

IRWDUJHWHG ILVK VSHFLHV DQG E\ H

DPRQJ SRSXODWLRQV WKURXJK
5HSUHVHQWDWLRQ RI PDMRU ILVK

OLQLPXP UHVHUYH V LUH FURX HV@ P M Q M

OLQLPL]H QXPEHU RI UHVHUYHV WR

$VVXPYWEBRRWHFWLRQ DIIRUGHG E
QHWZRUN IRU FRPPHUFLDO VSHFLHV
ODUYDO SURGWRWHRBWHQHGQRIHF

$XWRPDWHG VHOHFWLRQ SURFH

6,7(6 63(;$1 SDUDPHWHUYV L

LWHUDWLRQV PD[LPL]DW
VLGIBHVW VROXWLRQ PHHWYV DGO F

QI

PLQLPL]JH KDELWDW DUHD DQq RF
C

PD[LPL]H VSHFLHY ULFKQHVV]
ERXQGDU\ OHQJWK SHULPHwWHU P&
PLQLPL]HG %/0
SUBKWW ZHUH ZHLIJKWHG DQG
&RQQHFWLYLW\ B6HOHFW SRUV
DGMDFHQW UHVHUYHV QRW H[FHHG
PLQLPXP GLVWDQFH EHWZHHQ QR
/DUJH SODQQLQJ XQLWV DQG ODUJH

6SHFLHV ULFK

|
(

VXAG\ DUHD ZDV VXEGLYLGHG LQ W

UHJLRQV IROORZLQJ ILVK DEXQGDQF

VHOHFWLRQ PRGHO ZDV UHSOLFDWH

KDELWDWY KDG D SHQDOL]DWLRQ
KDELWDWYV

1R H[SOLRALAMWDODRXEBQHFWLYLW\ FULV

ZHUH LQFRUSRUDWHB ZIHY MK H B PIN

|

WDUJHWHG DQG VHOHFWHG LQWHU

PDQJURYHV ZHUH FRQVLGHUHG D
VSHFLHV ILVK
FRQQHFWLRQV

(FRORJLFDO HKXQG\DXGNHUMWDIARY H
SRUWLRQ RI WKH &RUWH]LDQ *XO
HFRUHJLRQ EXW LV OLPLWHG E

WKHUHIRAHD GHS H(

JRRIJHRJUDSKLF DUHDV UHOHYDQW IF

DQG DVVRFLDWHG UHHI ILVK a
UHVWULFWHG WR SODQQER D\WQR®
DUHDV VHH SODQQLQJ XQLWV
LQ WKUHHIMLRE)Y GHILQHG E\ WKH
JRRIJHRJUDSKLF UHJLRQV EDVF

(

LQ WKH FDQRQLFDO FRUUHVSRQG

DEXQGDQFH GDWD IRKHEROOO ®HU
&DOLIRUQLD

LOQOWHJUDWLRQS$DY BGURHDWR VW DR G VIQ WEWWLIW DEVCHVG G IRQIGWHHD IBREMBARY®WLRQ SODQQLQJ WKH PLVVLQJ O



(YDOXDWH FRQVHUYDWLRGH®RWMWHD®DG LQYROYH VW

7KH SODQQLQJ H[HUFLVHV ZDV
VXSSRUWHG E\ WKH ODULQH
L, QVWLWXWH 0&%, ,W ZDV EDVk
SDUWLFLSDWLRQ RI JRYHUQF
'"HSDUWPHQW RI &RPPHUFH 12!
HJ 71& 15'& &, ::) 3URQD
2FHDQV 6RFLHW\ 3DUNV DQG
:LOGHUQHVV 1HWZRUN 6XUIULG
8QLYHUVLWLHV HJ 6LPRQ )UL
QDWXRBOFHHWHUV UHSUHVHQW
ODMRU LQSXWV IURP SDUWLFL
FRQVHUYDWLRQ REMHFWLYHV C
GHOLQHDWLRQ RI SULRULW\
SULRULW\ DUHDV DQG

1R DVVHVVPHQW RI

FRDIS‘/\V-IUYD
FERQVHUYDAWIRKUAPQWE [FHIRUH WKH SULRULW
XQGHUWDNHQ EHIRUH WKH S ULRR QW HJUDY\DLR QRHY HFURFQ.WHI [W ZDV EDV g\g
NQRZOHGJH Rl WKH H[SHUWYV

&RRUGLQDWRBY EDWHRIQDO &RP
WKH .QRZOHGJH DQG 8VH RI %LF
WKH SODQQLQJ SURFHVWLNRH
DSSURDFK 3DUWLFLSDQWV LQ
SXEOLF DQG SULYDWH UHVHDUF|
8$%&6 8'& 81$0 &2/0(;7 (601
&,&(6( &,%125 &,&,0$5 ,1(&2/
&5,3M3 JRYHUQPHQWDO D
HQYLURQPHQWDO ILVKHULHV
'*96 6(0$51$7 &21$13 352)(3$ ,
6$*$53% &21%*8% 6(&785 1*2V
OH[LFR :HWODQGV LQWHUR® WL
03$ PDQDJHUV HJ ,VOD &RQ
RUJDQLVDWLRQV L H &(& OD
ZHUH LGHQWLI\LQJ DQG GH:
FRQVHUYDWLRQ IHDWXUHV R
FRQIOLFWV LQ WKH XVH DQG FR
GHILQLQJ WKH SULRULW\ VWD\
UHFRPPHQGDWLRQV

1IRDVVHVVPHQW RI

&RRUGLQDWHG E\ OH[LFR V 1D'
.QRZOHGJH DQG 8VH RI %LRGL
VXSSRUWHG E\ WKH 1DWLR!
&RPPLVVLRQ &21%13 DQG WZR

SURWOUD EBMHW SDUWLFLSL
DSSURDFK $URXQG SHRS(
GLIIHUHQW ILHOGV H J FRDVW

FRQVHUYDWLRQ HFRORJ\ RF¥
QDWXUDO UHVRXUFH PDQDJHP
FRDVWDO DQG PDULQH HFRV\\
ZRUNVKRS 7KHVH LQFOXGHG Ul
&,19(67%$9 OHULGD (&2685 &KH
8$%&6 8'* 89 QDWLRQDO

HQYLURQPHQWDO 1*2V H J
1RURHVWH 7HUUD 3HQHQ@WR
DIJHQFLHV HJ 6¢t8$5367 '*96 1
,1(*, &RRUGLQDWRUV GHILQ
SODQQLQJ GRPDLQ DQG JHQH
ZHUH YDOLGDWHG E\ WKH HI[¢
SDUWLFLSDQWYV LQFOXGHG DGG:
FRQWHWIYRQ REMHFWLYHV VHOF
SULRULW\ DUHDV WKUHDW DVV
RI SULRULW\ DUHDV DQ

+LJKO\ SDUWLF IZS /W LLYQW B UR
QDWLRQDO UHJLRQDO DQG OF

SURFHVV ZDV FR RRGDQ DRI
6XVWDLQDELOLW)\ RI WRE*8XOTH
&6*& LQFOXGHG UHJLRQDO FR
IHGHUDO DQG VWDWH JRYHUQ
DQG SXEOLF DQG SULYDWH XQ
FHQWUHV 7KRI BWORBWWRQUHD\
SDUWLFLSDWR U\EDYG G BQRIFAV

GLYHUVH VWDNHKROGHUV SI
SDUWLFLSDWHG LQ WKH DQDO\V
SURFHVV LQFOXGHG 1*2V H J

1LSDUDMD &29K/OR1)&DOLIRUQ
OH[LFR UHVHDUFK FHQWUH\
8$%&6 &, %125 &,&(6( 7THF GI
&(&$5(1$ LQWHUQDWLRQDO R

ODULQH 3URWHFWHG $UHDV P
JRYHUQPHQWDO DJHQFLHV H
6(0$51$7&21$13 6WDWH $JHQFL
HJ &(0(; DQG RWKHU RUJIDC
3DUWLFLSDQWV LQ WKH ZRUN
VHW FRQVHUYDWLRQ REMHFW
LQIRUPDWLRQ GHYHORSHG Wt
VHOHRMBHGHOLQHDWHG WKH SU

$JHQHUDO [RVWHR/M PBIFOMR UV WKDW LQIOXHQFH
PDULQH FRQVHUYDWLRQ LQ OH[LFR ZDV XQGHUWDNHQ DQG
XVHG DV D UHIHUHQFH IRU WKH SODQQLQJ SURFHVV 7KHVH

LQFOXGHG FRQVHUYDWLRQ DQ% Pﬁg&%%

DFWLRQV SURJUDPV LQ SODFH tIQ]IO

LQWHUQDWLRQDO QRPLQDWLR

ELRGLYHUVLW\

HY D PDMRU RE
QQ WLV
F
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ELRORJLFDO HFRORJLFDO SU
SK\WWLFDO H J
JHRPRUSKRORJ\EL[R@(EYW\X/X.WDUXé

GLJLWL]H FDUWRJUDSK\ DQG GDWD H[LV
RUJDQLVDWLRQV DQG SURJUDPV

$ EURDG HYDOXDWLRQ RI

WKH SROLWLFDO DQG VRFLRHFRQRPLF FRQWH[W ZDV

XQGHUWDNHQ

o

7KH SURFHVV ZDV GHYHORS
%LRGLYHUVLGDG &2%, DQG 7K
71& ZLWK WKH VXSSRUW DC
PDQDJHUV DQG GLYHUVH RUJ
WHDP GHILQHGRW®W REMHIE By
PHWKRGRORJ\ DQG EDVHG R
SULRULW\ DUHDV SRUWIROLR
UHVRXUFH XVHUV L H ILVKHU
ILVKLQJ DUHDV YLD LQWHUYL
SODQQLQJ SURFHVV DQG SRU
H[WHUQDO JURXS RI H[SHUWV
DGGLWLRQDO LQIRUPDWLRQ
DGMXVWPHQWY WR WKH SRUW
ZRUNVKRS LQFOXGHG LQWHUQ

1*2V &H[LFR :OH[LFR 1LSD
3URQDWXUD 1RURHVWH UHVHI
8$%& 8%%&6 89 8'* &,&,0$5

ORVV /DE %OXH 2FHDQ ,QVWL\
PDQDJHUV HJ /RUHWR ODULQ}
86 JRYHUQPHQWDO DJSQEEHI
12$$ 10)6 12$HBRXWKZHVW )LVKI

&HQWUH

‘LYHUW® NHKROGHUY SDUWLFLS
SODQQLQUYW QDWXUDO UHVRX
WRXULVP LQGXVWU\ WUDGF
JRYHUQPHQWDO DJHQFLHV \GLI
03$ PDQDUHWWDUFKHUV DQG
RUJDQLVDWLRQV ZHUH LQWH!
XVHV W\SHV PHWKRGV DUHDV
RUJDQLVDWLRE&D N F R GGV IR UDY
ZRUNVKBBVYLMR SURE OH P\D QX
LGHQWLI\ SULRUR®G D FW BRGHKOUPR
JURXS RI UHVHDUFKHUV LGH
LPSRUWDQW DUHDV IRU PDUL

7KH SODQQLQJ H[HUFLVH ZDV EDVLF
SURFHVV RUJDQL]HG E\ WZR UHVH
,QWWKIWLRQ RI 2FHDQRJUDSK\ DQG 8
1*2 ::) OH[LFR ,QSXW IURP DUWL\

ZDV LPSRUWDQW IRU PDSSLQJ |

$ GHW DLNOHGY R P HHORD @ DBAKHHDM. UV W VW DJH
RI WKH WRHIER QQUIGFIBRHGWRBHWR XQW DQG VWDWXV RI

%VVPHQW RI WKHb% WD WK BLR B LYRQAAIRA KQBVWDO PDULQH UHVRXUFHV DQG
WHMDMAULR Q ZD UHlHUHQFH

IRUDW KR FE0 R Q @Y LSYWRIFHVVHIXQDWLRQV SROLFLHV

VXVWDLQDEOH XVH
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,QWHJUDWLRQ DQG DQDO\VLV

6HWQNRIUYDWLRQ REMHFWLHHNVQRIDD V

%LRGLYHUVLW\ FRQVHUYDWLRQ UHVRXUFH PDQDJHPHQW
FXOWRWX®Y UHFUHDWLRQ DQG UHVHDUFK SULRULWLHV
&RQVHUYH ELRGLYHUVLW\ DV ZHOO DV SURYLGH EHQHILWY WR %LRGLYHUVLW\ FRQVHUYDWLR

ILVKHULHYV

JRDOV LQFOXGHG

FXOWXUDO YDOXH

UHVHDUFK 7KH SURFHVV DLPH
FRQVHUYDWLRQ DFWLRQ LV LPPH
IRU IXWXRQVHUYDWLRQ DOOLDQ
DV WKH EDVLV WR LPSOHPHQW
PDULQH SURWHFWHG DUHDV LQ 1
LGHQWLI\ UH:
VLIQLILFDQFH DW FRQWLQHQW DX

Y% 'EF A
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LGHWLI\ SULRULW\ DUHDV IRU FRQVHUYDWLRQ DFWLRQ 3&$

FRQVLGHULQJ WKUHDWYV DQG |

FROODERUDWLRQ DQG GRFXPHQW HDFK 3&$

4XDOLWDWLYH FRQV HHYDWGRQ
SDWWHUQV DQG SURFHVVHV Z
PD[LPL]LQJ WKH VHOHFWLRQ R
FRQQHFWLBLWNUSHWD DQG Sl
XPEUHOOD DQG F K DDV \ZROOLB W
LPSRUWDQW HQGHPLF VSHFL
KDELWDWV FULWLFDO KDELWI
FRQFHUQ DQG LPSRUWDQW

1R FRQVHUYDWLRQ REMHF\

7KH 503 DUH D IUDPHZRUN WR

GLIIHUHRWRUV H J DIJHQFLH®

WKH GHYHORSPHQW RI ELRGLYH
UHVHDUFK SODQV

SUNGYBRYVRGEARY

DQG UHVWRUDWLRQ

4XDOLWDWLYH FRQV BAHYHBHWIRAN W
DUHDV ZLWK KLJK VSHFLHV U
HQGDQJHUHG HQGISHEEHRWU ISR
RFHDQRJUDSKLF SURFHVVHV
DQG LPSRUWDQW IRU ILVKHULL
UHOHYDQW FRDVWDO KDELWI
LQFOXGHG IHDWXUHV DQG S!
FRDVWDO JRQH FRQWLQHQWI
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AXDOLWDWLYH FRQVAHYBWIHRND V
LPSRUWDQW DUHDV WKDW FRXC
SRSXODWLRQV VI\VWHPV RU
UHSUHVHQWDWLYH RI VHOHFW
PDPPDOV VHD WXUWOHV LQYHL
ODQG IORUD ODQG PDPPDOV
NH\ VSHFLHV PDQJURYHV DQG
HFRV\VWHPV ZHWODQGV &R
LQFOXGHG LQFRUSRUDWLQJ L
HFRORJLFDO SURFHV®
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%LRGLYHUVLW\ FRQVHUYDWLR@LDPQPCLARRXVYDDQGHVRXHPHFK SULRULWLHYV
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%RGLYHUVLW\ FRQVHUYDWLRQ UHVRXUFH PDQDJHPHQW

,GHQWLI\ SUREOHPV

IPRGVFDYVRAD/U ILQHW KH XVH DQG FREPDHUH BDWFL BQ ARG PDRHIUY HW\ FRQV H L
QVHUYDWLRQ DQGURURRURAM @V WKRYIDIWH \D WR

PSURYH OLYHOLKRRGV RI FRF

PDQDJHPHYQYMWORS D PHWKRG PRG!
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OHYHOV RI LQIRUPDWLRQ RQ ELR

N Q R IZFOXHGEW B QRH REXOVRGE L LIG BIVOUWWLI R D Q G SWRRHAWHW HVBDE QY QR UUWRH X L\
HQYLURQFP(&I\QHNJV(DWQEQI RF [FRIDNV DAD B VG PR Q RO W HY RWU F H/QRS! W%PMILR HF R Q|

GHILQLWLRQ DQG LPSOHPHQWSMILRRURIL B FRONBHRIVRBMRYODOV R DERE@EOLFW DQG WDNLQJ LQWR DI

VWUDWHJILHV

AXDQWMYH FRQVHUY W URIQV R B/
SODQQLQJ WHDP WDNHQ LQ
GLVWULEXWLRQ GDWD FRQIL!
FXUUHQW RFFXUUHQFH DQG F
YDULHG EHWZHHQ GLIIHUHQW
6SHFLHVY RI LPSRUWDQW DUHEL
VHD PDPPDOV VHDELUGV DC
GLVWULEXWLRQ UDQJH IRU HG
PRVW VSHFLHVY RFFXUUHQFH\
VSHFEHSUHVHQWDWLRQ XRQ WD
EHDFKIRFN\ VKRUHYV FOLIIV DQ
VHGLPHQW EHDFKHV RI EF
IRU PDQJURYHV ZHWODQ(
UHHESHFLDO HOHRH®IWJIDVVR
RI VDUGLQH UHFUXLWPHQ
VHDPRXQWNK EHERGRIORW DVV |
WXUWOHV QHVWLQJ DUHDV VHE
OLRQV UHSURG XRM ERQVHRO F
SULPDU\ SURGXFWLYLW2VDKQH >
Rl 03$V DQG VHOHFWHG HWKQ

WR GHYHORS D UREXVW DQG

IOH[LEOH PHWKRG WKDW FDQ EH

XSGDWHG DQG UHSURGXFHG DW GLIITHUHQW VFDOHYV

*HQHUDO T X DHOU YWCDWMLIRYQH. GERRIM
QDWXUDO DUHDV RI SDUWLF X
FRQVHUYDWLRQ LQ WKH UHJLR
EDVEGRORJLFDO YDOXH HFROF
GLYHUVLW\ SURGXFWLYLW\ H
RXWV@DEBERORJIJLFDO SURFHV\
DQG VSHFLHV DIQW K UTWRQ\D UH

HQGDQJHUHG VSHFLHV

4XDOLWDWLYH DQG TXDQWLWDWLYH
ZHUH VHW EDVHG RQ HFRORJLFDO |
GHVLJQ WKHRU\ 7DUJHWV YDULHG
FRQVHUYDW LKRSH FHLBIWPMWPHYH UHHI ||
GLYHUVLW\ EDVHG RQ PHDQ VSHF
XQLW REWDLQHG E\ *,6 i@%
5HSUHVHQWDWLRQI§(}QR_W\VVKXD]EJ
PDULQH UHVHUYHV VKR XDBL® DRWMW
HQKDQFH I6SKIFUDMVHOHRHRWWIURY
ILVK QXUVHULHV ;; RI ODUYDO \
Rl ILVK VSDZQLQJ DJJUHJDWLRQ
VLWHV FRUDO UHHIV UDUH FRPPX
EHGV FULW LFUDFOF K DB)HWID|W S URWHF V
RI HFRV\VWHP IXQFWLRQLQJ E\ SUI
DQG QXUVHULHV IRU WDUJHWHG ILVK
FRQQHFWLYLW\ DPRQJ SRSXODW|
GLVSHUVDO
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LQFOXGLQJ EHQWKLF FRPSOH[LW\ KDELWDW DQG FRDVWOLQH

WASHV DQG VS HH LD OVIHIDRRXLCHNY 1*2V DQG UHVHGDWRBETH®W UHV VSHFLILF ORFDWLRQV DQG WKDW Dl
2FHDQRJUDSKLF DQG FR BIGWDL!
DUHDV RI LPSRUWDQW ELRORJLF 2FHDQRJUDSKLF DQGFRRUV®HW
VLIQLILFDQFH IRU WDUJHWHG H[SHUWV LQ WKH GHOLQHDWLR!
SURGXFWLYLW\ RKHDVQRRUQ B O XSZHQO®e R FHDQLFHURQRMDWO |
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SURFHYWOINRD GWRGLYHUVLW\ F SURGXFMWIGUAMHY LQWHJUDWH\
XSZHOOLQJ RFHDQLF IURQW' PDQ\ SURFHVVHV DQ®&SLZHOIUWQ
GHOLQHDWHG DUHBNRZARIK EB S| ELRORJLFDO LPSRUWDQFH G
ZKHUH PDLQ LQWHUDFWLRQV WKH V\VWHP 3URFHVVHV ZHUH
VSHFLHV IURP GLIIHUHQW WD LPDJHU\ DQDO\VLV 3URGXFW
EHWZHHQ WKHVH DQG SK\VLFLC [IURP GDLO\ 02',6 \HDU 8SZHO
JURXSY DOVR FRQVLGHUHG D\ ]JRQHV ZHUH GHILQHG EDVHG RQ
ODUYDH GLVSHUVLRQ ELUWK |l LVRWKHUPV :LQWHU f& DQ!

PDULQH PDPPDOV SURJ\ IR
SURG XFRAXWYUMQWY J\UHVHDQ®/
XSZHOOLQJV WURSKLF FDVFELC

QHW SULPDU\ BILRIRXEMDLO UW
ILVKHULHMW. J UIDBVGLR QFRRWUWEGR L
IHHGLQJ FDOYLQJ DQG BUH}
PDSSHG E\ PHDQV RI PRGHOV V

GLVFKDYURVHVVHV ZHUH VHOHI
UHODWLRQ WR KLJK SURGXFWI
FRQQHFWLYLW\ DPRQJ KDELWI
PDQJUR®BVFRUDO UHHIV UHJ
RFHDQYPRVSKHUH JDV H[FKDQJ
FRUULGRUV IRU QXWULHQWV
FRDVWDO HFRV\VWHPV =RQH)

2FHDQRJUDSKER QGVURGFHVYNG \E\
GHOLQHDWLRQ RI SULRULW\
FKHPLFDO DQG JHRORJLF ELROF
LPSRUWDQFH KLJK SURGXF)
SURFHVVHV ZHUH SURGXFHG
LQIRUPDWLRQ LV DYDLODEOH

PDS RU PRGHO SURFH\

3RSXODWLRQ RRKQINGGE WQY HWRWIEU D
H[SOLFLWO\ PDSSHG RU PRGHOOH
JHQHUDO GHVLJQ FULWHULD DQG LF
$YHQXH 9.0D[ $9; YLD UHVHUYH
FRQVWUDMMWQFH EHWZHHQ DGMDF
(XFOLGHDQ PLQLP XM I6QVAWDGHW BAK
QRW H[FHHG NP WR PD[LPL]H F

7KH SUHVHQFH RI HFRORJLFD(
H[SFOUW O\ XVHG WR LGHQWLI\ S
LQFRUSRUDWHG LQWR WKH E
SULRULWLVH DUHDV 3URFHVYV
LQFOXGHG SULPDU\ SURGXFWLY
DQG ELRORJLFDO FRUL
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IURQWY FRUULGRUYV

$ FRVW LQGH[ ZDV FRQVWUXFV
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HFRQRPLF V\VWHP
I1RW FRQVLGHUHG I1RW FRQVLGHUHG 1RW FRQVLGHUHG 1RW FRQVLGHUHG I1RW FRQVLGHUHG 1RW FRQVLGHUHG 1RW FRQVLGHUHG

6RFLDO HFRQRPLF FXOWXU
PHQWLRQHG DV SDUW RI WKH FULWHULD XWLOL]JHG LQ RUGHU WR
GHILQH FXUUKQWWHGRE HDW FRQIOLFW SRWHQWLDO

3
$VSDWLDO LQGH[ RI VRFLDO FRQI%IEIE W $ 3FRVW OD\HU ZDV GHYHORSHG V
WKH XVH RI QDWXUDO UHVRXUF
1R FRVWYV ZHUH LQFRUSRUDWHGLIR FRVWV ZHUH LQFRUSRUDWHGLR FRVWV ZHUH LQFRUSR@F?JIY_FB%RSHG 7KH LQGH[ UHSUHV %I

R \g\ WRH&%Q(‘S WR EH LQFRUSRUDWHG LQWR DQDO\VHRLWRPDQLPL]H VRFLDO FRC
% %%{%@g_{ F(§ VWUXFWHG WR DYRLG DUWLVDQDO ILVKHULHV $UWLVDQCL
Ok %

FRQIOLFW SRWHQWLDO
IHDVLELOLW\ RU GLIILEX®R@V HRUYI ILVKLQJ GHQVLW\ RLO DQG GHQVLW\ ERDWXVMRE DV DQ DGGLWL

\}_II
SURJUDPV RU SURWHFWHG DUHDYV EXW%%&%%W#&WHV WR PLQLPLIH LQ WKH VHOHFWLRQ F

GHOLQHDWH SULRULW\ VLWHV 7ZR DVSHFWV LOFOXGHG LQ WKH DYRLG FRQIOLFW
GHYHORSPHQW RI WKH VRFLDO FRQIOLFW LQGH[ ZHUH
DJULFXOWXUH DQG ILVKLQJ DUHDV

P LPLIR FRYIWVFXHPJHWIKQFRUS BUBIWWHWGAIH PHDQ VWDQGDUGL]HG YD!
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$ *, 6EDVHG FROODERUDWLYH
&RQVHQVXV O0DSSHU DQG PH)
OF*LOO 8QLYHUVLW\ ZDWXDOHGE I
GHOLQHDWLRQ 7KH VRIWZD
VSDWLDO GDWD GLVFXVVLRQ RI
PDSSLQJ RI HFRORJLFDOO\
,QGLYLGXDO PDSV DUH RYHUO
DQG FRQVHQVXV

1R SODQQLQJ X GIWDVZ Bl BIHXN
GHOLQHDWHG ZLWK WKH VRIV
NQRZOHGJH XVLQJ D *,6 L

$ VRIWZDUH WR IDFLOPDNW®JIIZ
HPSOR\HG L H 9HQWDQD &
6SHFLHY GDWDEDVH V\V

1R SODQQLQJ XGIWDVZEMBIHXR
GHOLQHDWHG E\ H[SHUWV D

*HRUDSKLF ,QIRUPDWLRQ 6\V
GDWDEDVH V\VWHP

1R SODQQLQJ X @KWMVSDHQH) XV F
ZRUNVKRS SDUWLFLSDQWYV F¥
HJ RFFXUUHQFHV RU GLVW!L
KDELWDWV ZDV VLJQLILFDQW(
DFURVV WKH VWXG\ UHJLRQ

WKHPDWLFDSKUWDY QRW DYDLO

VFDOH UHVROXWLRQ 3RO\JRQV

DLGHG E\ *,6

'DWD LQWHJUDWLRQ DQG DQDO\
FRQVHUYDWLRQ DUHDV ZDV
&(&$5(1% 'DWDODBRO DEEGNHG V
VSHFLDOL]HG LQ FROOHFWLQ.
FREVYDWLRQ WDUJHWYV IUDMWDGE
VRIWZDUH DQG ZDV SURYLGHG
WR EHJLQ WKH FRPSLODWLRQ
DQDO\VLV ZDV VXSSRUWHG E
$UHDV ZHUH VHOHFWHG E\ E
SDUWWMWFLSH SURFHVV ZLWK DF
LQGHSHQGHQW H[SHUWV DQG

1R SODQQLQJ X @UWDVZEAMBIHXR
GHOLQHDWHG E\ H[S EDWHNG DR

63272SWLPL]DWLRQ VRIWZD!I
SODQQLQJ XQLWV DQG WR DXWF
RI HDFK KH[DJRQDO XQLW WR
SRRWIR L H WRWDO SHULPH
ODU[BQGHFLVLRQ VXSSRUW WF
FRQVHUYDWLRQ DUHD HJ UH)
VRPH PLQLPXP UHSUHVHQWDW
XVBWILQHG WDUJHWV IRU WKI

$ JULG RI XQLIRUP S OHFaN D
KH[DJRQV ZDV XVHG 7KH VDPH
ZDV XVHG LQ DQRWKHU PDULQH
VLPLODU PHWKRGRORJ\ BRXW
(FRUHJLRQDO $VVHVVPHQW ¢
DGHTXDWH WR UHSUHVHQW UH
VIVWHPN FRUDO UHHIV ZLWKFR
QXPEHU RI DQDO\VLYV XQLWV
FRPSXWDWLRQ FDSDFLW\ 2Q
KH[DJRQDO VKDSH DSSUR[LPD)
UHGXFLQJ SHULPHWHU DUHD U
ERUGHUV WR MEQOWMUXFWLRQ
SULRULW\ VLWHV ZLWK DC

*HRJUDSKLF ,QIRUPDWLRQ 6\\
PXOWLFULWHULD DQDO\VLV PRI

1R SODQQLQJ X GIWDVZEM BIHXN
GHOLQHDWHG E\ H[SEDWHWG B R(
QDWLRQDO SULRULW\ UHJLRQ\
D UHIHUHQFH DQG ZHUHVKRIGLUL

6,7(6 '66 IDFLOLWDWH WKH VHOHFV
UHSUHVHQWDWLYH VIVWHPV RI UHVH
RI ELRGLYHUVLW\ ,W LV D VWUHD
63(;$1 $Q SUHFZ H[WHQVLRQ LQ $VI
9.0D[ $9; ZDV FUHDWHG WR HYDO
WKDQ KDELWDWV RU LQGLYLGXDO V:
ULFKQHVV ILVKLQJ SUHVVXUH 7K
6,7(6 SIRDMARY L H PRGHO VROXWLF
WDUJHWYV DQG RSWLPL]H GLIIHUHQV
PDULQH UHVHUYH SRUWIROLRV H J
FRQVHUYDWLRQ DUHDV KDYH DQ DC
ZLWKLQ D JLYHQ WKUHVKROG GL
FRQQHFWLYL

LQGLYLGXWDIBIXODU SZHUGIQLVQIDR G MW }
DUFKLSHODJRV FRYHULQJ D OLQF
VHFWLRQV RI FRDVW NP LQ OHQ
PDQJURYHV ZLWK D EXIIHU GLVWDQ
VLGH 7KHVH ZHUH VIHFOORN HG) BW LIRF
DQG LPSOHPHQWDEOH XQLWV $ FRQ
NP IURP VKRUH ZDV VHOHFWHG WR

KDELWDWV

6\QWKHVLYV
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KHGXOH

ORQLWRULGS$SO\ FRQVHUYDWL%%D&EQW\QX%@@%\{&@%G &RQVHUYDWLRQ DOWHU GIDWIQHW I XQLWNLVLRQ VXSSRU

KLIKOLJKW SODFHV RILKIRKQHFR@R® JLHANRQOWKH *XOIl RI

s0dXLEAAN
(FRORJLFDOO\ 6LJQLILFDQW 5H DURHDW L6 H5Q W.HILHYCH G WRH ORFDW g %H
BULRULW\ &RQVHUYDWLRQ $UHDVZRBBH FODVDLVXHEY HWDRHG RQ FR

(65V WKDW KDYH EHFRPH SULF
WKUHDWY DQG RU RSSRUWXQL

FRQVHUYDWLRQ VWUDWHJI\ IRL
,QWHUIDFH DUHDV H J
ZHUH LQFOXGHG

I1RW FRQVLGHUHG

ODULQH 3ULRULW\ 5HJLRQV

KLIJK ELRGLYHUVLW\ DUHDV
VRPH W\SH RI WKUHDW

SURYLGHG

I1RW FRQVLGHUHG

%URFKXUH ZRUNVKRRB®Q | HPUHHHWFLHMI V DQG

DGGUHVVHG WR IHGHUDO DJHQFLJ—I
,QIRUPDWLRQ DQG GD
WKURXJK WKH &(& ZHEVLWH RU
IRU G
LPS OH P HIQQWHUHR WHDGI

RXWSXWV

SURGXFWV DSSURSULDWH
FKDUJH RI
SURGXFHG

'XH WR ILQDQFLDO UHVWULFWLR
SURFHVYV ZDV QRW SRVVLEOH
XVHG E\ JRYHUQPHQWYV DQG
GHYHORS LQQDWARIK) VAW VW UDW
$PHULFD 03$%$ 1HWZRUN ZKLFI
ZHVW FRDVW 7KH EBREWQWHIDR
KLIKOLJKWV WKH QHFHVVLW\
SURMHFW ZLW KED \FHRG DX@VIL\@ YRS
PHPEHUV RI WKH FRPPXQLWIL

1R PRQLWRULQJ VWUDWHJ\

OHQWLRQ
PRQLWRULQJ DFKLHYHPHQW RI

7KH UHVXOWV RI WKH SODQQL:
VXEVHTXHQW SODQQLQJ HI[H!I

PHDQW WR VHUYH DV D UHIHUHC
PDNHUV VFLHQWLYVWVSXDuLb.
SDUWLFLSDWH LQ SODQQLQJ IR
PDQDJHPHQW DQG VFLHQWLIL
DOORFDWLRQ RI ILQDQF

FRQVHUY

OH[LFR D

DV
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FDQ VHUYH DV QRGHV DURXQG ZK LUFHKV Bl MUHVKZ RV K HRH GJHH® H)URYLH V D U H
FDQ EH EXLOW ,W LV D ILUVW VWHS WIRZWWELMP B E R Q VORGP G BV
DQ\ RI WKH SUHYLRXV FODVVH
FRDVVWIHD ERW BG EG H [ 8 QEWW ODI@GN DY
GLIIHUHQW SURWHFWLRQ DQG PD

g@& %:%@%F MGKHU %f%%

PR HRERELG & v ppr

ODULQH 3ULRULW\ 6LWHV 603
HWZRUN
R%ﬁ H%& RoL
FWHY VvHV Y
APHQ

i

DO
R w

FRQVLGHUHG

6LWHV ZHUH FODVVLILHG DV LP!
H[WUHPHO\ LPSRUWDQW EDV
QHFHVVDULO\ LQGLFDWLQJ VFF¥

DRWQV &ULWHULD"""

1RW \HW HYDOXDWHG 7KH SU
ILQDO DQG VWDWLF SURGXFW
XSGDWHG EDVHG RQ QHZ LQIR
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Restoratiofpopulation restocking

Control/eradication of exotic invasive species

Other:

L we refer to goals related to identifying spatial priorities.

2 Actions relate to ndake areas, multiple use zones, fisheries managéroetrbls, restoration, etc.
% Includes actions in progress or that have been scheduled.

4 Includes spatial allocation of gear/species restrictions, bag/size limits, temporal closures, etc.
® Includes maritime routes, industrial activities (e.g., oiling), etc.



If you have some examples of the actions magdsal/e, please include them here.

5. What are the main factdrthat have enaleld/facilitated thespatial implementationf actions

1.
2.
3.

6. What are the main factotisat have constrained/limitedhespatial implementatioof actions

1.
2.
3.

7. Aside fromspatial implementation of actigndid planning help t@f yes, was it unanticipated?):

Financial benefits YES Unanticipated

Make better use of available conservation resources
Create/maintaifunding leverage to access more conservation resources

Improve efficiency in the operations of organisatiagencies

Socialbenefits YES Unanticipated

Create a regional conservation approach/shared vision for conservation

Improve collaboration/coordination between organisations/agencies

Bring stakeholders together (that otherwise would not interact)

Facilitate access and sharing of socioecological data between organisations/agencies

Build trust among organisatiafagiencies

Attitude benefits YES Unanticipated

Raise awareness of biodiversity values and environmental problems
Promote a positive attitude towards marine conservation
Encourage stakeholders commitment to conservation actions

Knowledge and skillbenefits YES Unanticipated

Synthesiseexisting data on ecological, social and cultural values

Collect new knowledge on ecological or social values

Build supporting scientific evidence for decisioraking by organisations/agendigsrtners
Gain knowledge of new tools and concepts

Improve conservation planning methodsd theory (academic)

Develop skills/expertise of organisations/agengiesonservation planning

Apply personal learningnilater planningexercises

Apply institutional learning in latgulanningexercises

Transferconservation planning skills and knowledge to local commurotiganisations

Institutional benefits YES Unanticipated

Standardise and/or have more rigorous planpnogesses
Validateongoingconservatioractions/programmes
Identify a portfolio of priority areagsed by organisations/agendpestners

Meet regional/national/international commitments

® Factors may refer to characteristics of the planning process and outputs, but also to the socioeconomic context in which implementation occurs.




Influence conservation planning/strategies/actions by organisations/agesuties
Facilitatethe development/implementation of regional or local conservation strategies
Create/maintainglicy leverage to improve policies, laws, norms, codes, etc.

Other:

8. Has there beemonitoring/assessmennthe outcomes/effectiveness of implementing spatial actibtie plan?
Yes No

9. Has the plan been updated or are there intentiongdate it?
Yes No

10.What are the main benefitsd having multiple conservation plans tbe Gulf ofCalifornia?

11 What are the main difficultiesf having multiple conservation plans for the Gulf of California?




Supplementary Material C4: Catchment model parameterisation and data preparation

1. Catchment delineation

Digital elevation model

We used a 240m resolution hydrologicatiyrrected and pifilled digital elevation model (DEM) to
delineate streams. Accuracythe delineation of the stream network was an important consideration
in our study, since thigrocesss particularly sensitive to flat areas, such as the coastal plains of the
western coast of the Gulf of California.éWised ArcHydro Tool§ESRI 20090 create a
hydrologically€orrected andonditioned DEM that better represented the stream network. For this
reason we decided to buimvector hydrographfyCONABIO 2008)into the DEMfollowing the

AGREE method proposed by Hellweger (1999wever, in order to construct the floodplain grid
(discussed below) we used an unmodified DEM. Ritéiller tool (provided with Selet) was also
usedto remove artificial sinks from the DEM he @tchment delineation procedure inRSRECT
automaticallyuseghe Fill command in ArcGIS to eliminate sinks

Catchment delineation

Main considerations to define subcatchments size: ws&® of the planning domaitatger extents
usually require largeanalysis/planningnits); subcatchments aread aimed to minimise variance
subcatchments size, important when using area as a proxy for catchment manageniertacssts
larger subcatchments may be disproportionately more castdglution of other datasets250,000

land cover and soil datasetem@our main constrainds uncertaintyin load eimates(larger

catchments hold smaller uncertainty in the catchment madel)suitability for other purposes. For

the latter, we intended on using subcatchments as planning units in prioritisation analysis using the
conservation planning software Marxan. Thenber of analysis unitstronglyinfluence processing

time; andshape uniformity can influence priosttion results when clumping is used in Marxan.

During the NSPECT automated subcatchment delineattmnaximum value from the flow

accumulabn grid is multiplied by one of sevenailedefined threshold values (0.03, 0.06, 0.1) to

create small, medium or large subcatchments. This means that a small subcatchment is 3% of the
maximum flow accumulation value, a medium subcatchment is 6% of the maximum flow
accumulation value, and a large subcatchment is 10% of the maximum flow accumulatiowealue.
used the ‘small’ subcatchment option, which resulted in 27 subcatchments with mean size of 3774km
(385 to 8652kr). For SedNet, we compared different subcatchments delineations based on

permutations of drainage area threshol@T (40, 50 and 60 kA and minimum firsiorder stream

* ArcHydro functionality within ArcGIS is used to delineate watershed areas and calculate the flow direction and accumidation g



length threshold- SLT (1 and 2km). The combination we used, based on considerations such as
subcatchment size and resolution of datasets, was DAT =*40khSLT = 1km, which resulted in

1,655 subcatchments, with a mean size of ~60(&TD = 39 k). An additional set of stream

network parameters are: channel width coefficient, channel width area exponent and channel width
slope exponent. We used default values (6.04, 0.26 and 0O, respectively) because we did not have
information to justify using different values.

An inevitable problem when defining catchments using DAT > 40&ntat many small coastal

catchments (where land use is dominated by urban and cropland and can be significant sources of
pollutants) were not delineated. The selected parameters still resulted in a few small coastal
catchments not being delineated. An analysis of the potential contributions of pollutants from these
small coastal catchment revealed that their degree of influence was not important, and therefore they
were excluded from subsequent analyses. If deemed necessary (e.g., under different circumstances or
in a finegrained analysis), this limitation could be addressed by generating a mask of those areas and
multiply the runoff raster by RUSLE parameters and nutrient concentration rasters to calculate the
additional loads. This problem is handled ®WSRECT during catchment delineation, thuslsma

coastal catchments are also incorporated into subsequent analysis.

2. Land cover/vegetation

Landcover classes

The selectedandcoverdataset$SEMARNAT-UNAM 2002) have been used in previous erosion and
landcover change studies (SEMARNAJACH 2002; Velazquez et al. 2002)ower level
classificatiorlevels (i.e., vegetation type and community) was required to classify types grouped
under “other cover/vegetation types” at the formation |&extTable 1). Errors inthe assignment of
classes at the formation level are relatively small in comparison with the higher uncertainty in lower
classes (e.g., stbrmation and vegetation type) and for these reasons it is not recommended to use

lower classefor land cover change models aistbcale(Velazquez et al. 2002)

Vegetation cover

The cover factor reduces the soil loss estimate according to the effectiveness of vegetation at
preventing detachment and transport of soil particles. Values vary between 0 and 1, with higher values
representig low cover, i.e., areas that are more prone to erosion. We decided not to use the C values
tabulated in SEMARNATUACH (2002)for the following reasons: the values provided did not

include all the landcover classes defineddur study, there were differences between the classes

(even within the same study (e.g. scrub/brush classes); the map was only available for INEGI Series II



(1993), and to keep it as close as possible to the values used in other regional studies (e.qg.,
Mesoamerica: Burke & Sgg2006); if consistently used it can be useful for comparing areas.

Table 1. Landcover formation classes and corresponding vegetation types and communities

ID Landcover class  Formation Sub-formation Vegetation type Community

Asentamiento
humano

1 Urban Otras coberturas Asentamiento humano Asentamiento humano

Pastizales Pastizales Pastizales inducidos Pastizal inducido
7 Pasture inducidos y inducidos y . y Pastizal cultivado
; ; cultivados
cultivados cultivados Sabana

Bosque de pino

Bosque de coniferas Bosque de pin@ncino
Bosques Bosque de coniferas y Bosque de oyamel
9 Woodland Bosques Bosques latifoliadas Bosque de encino
secundarios Bosque de latifoliadas Bosque bajabierto

Bosque mesofilo de montana Bosque deascate
Bosque mesofilo de montana

Matorral subtropical
Selva baja espinosa
Chaparral (Matorral)

Matorral desértico rosetofilo
Matorral desértico microfilo
Matorral rosetofilo costero

Matorral sarcocaule

Matorral crasicaule

Matorral sarcocrasaule

Matorral sarcocrasicaule de neblina
Matorral submontano

Mezquital

Vegetacion de galeria

Selvas Selva caducifolia y

1 Dry forest Selvas Selvas secundarias subcaducifolia

Matorral xerdéfilo

13 Scrub/Shrub Matorral Matorral ;
Mezquital

Vegetacion Otras coberturas e
15 Wetland hidrofila de vegetacion Vegetacion hidrofila Popaltular
Manglar
17 Bare land Otros tipos de Otras coberturas  Area sin vegetacion Area sin vegetacion aparente
vegetacion de vegetacion aparente 9 p

Greentext indicates the classification level used to define the lardadass.

Orange text indicates communities that werealassified under a different formation (for the purpose of this study) based on hydrological characteristics.

3. Riparian vegetation



Due to technical requirements/costs, riparian vegetation has been traditionally mapped at fine scales
for local studies based on site and remote sensed (mostly aerial photography) data (Congalton et al.
2002; Etienne 1997 hus, spatial data is commonly not available or consistent for regional or

national scale studies. Differences in mapping accuracy were evident in class mismatches between
different periods of our land use time series, e.g., areas classified as woodland was also classified as

dry forest and scrub/shrub in subsequent datasets.

Due to inconsistencies between landcover datasets for the “riparian vegetation” class we decided to
create a new map for this class. First, we combined the polygons identified as riparian vegetation (i.e.,
bosque de galeria) from elaof the 3 periods (1976, 1993, and 2000) of the time series. Then, we
buffered (80m) the delineated stream network (see above) and used it to clip polygons corresponding
to natural treeover vegetation classes (i.e., bosgetva palmar, hidrofila). Finally, we combined

both layers into a single layer that represents the maximum extent of current (2000) riparian vegetation
for the study region. For the purpose of modelling sediment trapping, this approach to map riparian
vegetation is appropriat@Vilkinson et al. 2008), but improved maps and standardised methods to map

riparian vegetation at regional scales for future studies are needed.

4. Soils

Hydrologic group

There are four HSG groups rangiingm soils with high infiltration capacity (A), e.g., high sand
content, to soils characterised by a very slow etgater transmission (D), e.g., with higlay

content Table 2). For Mexico CNA(1987)proposes a corresponding HSG value based on FAO sail
types Table 3).

Table 2 Classification of soils types in terms of HSG.

HSG Soil Texture Soil Group Characteristics

Sand, loamy sand, Soils having high infiltration rates, even when thoroughly wetted and consisiefty of deep, weH

or sandy loam drained to excessively drained sands or gravels. These soils have a high rate of water transmission.

ly

Soils having slow infiltration rates when thoroughly wetted and consisting chiefly of soils with a layer
C Sandy clay loam that impedes downwd movement of water, or soils with moderately fine to fine texture. These soils

have a slow rate of water transmission.

with
at or

rate of



Table 3. HSG values based on soil types found in Mexico

Ao Acrisoles orticos C Fh Ferrasoles himicos D We Planosoles éutricos D



Erodibility

SEMARNAT-UACH (2002)compared the 3 methof@#&/ischmeier andlannering equation;

Wischmeier Nomogram, based on laboratory work with 134 soil samples covering all soil types in all
climatic regions; and FAO method using INEGI soil types and texture maps), the study found
significant differences in the values and concluded none is accurate or performs better than the others
but decided using FAO while better estimations are developed. We calarizddulity using K

factor values summarised BEMARNAT-UACH (2002) based on the methqutoposed by FAO

(1980) see Tabled.

For soils with multiple horizons, CNA (1991) suggestseighted sum of factors assuming the first

soil horizon (9 represents 60% and the secorg) 48% (i.e., K = K-value *0.6 + $K-value *0.4);

if 3 horizon$ are represented in the soil the assumed percentages are 50%, 30% and 20%, respectively
(i.e., K= SK-value*0.5 + $K-value*0.3 + $K-value*0.2). When a polygon is over water, units do

not contain kfactor or hydrologic soil group data and thus were assigned a value of zero (and HSG:

D); other examples of this situation also occur with urban soils, in this case a K value of 0.30 was

used.

2INEGI 1:1,000,000 map was used; the layer contains data for 3 soil horizons, which allows to calculatpradis® K (weighted) value



Table 4. Soil erodibility K-factor) corresponding to each soil tyjgxture combination

A 0.026 0.04 0.013 Lo 0.026 0.04 0.013



Curve numbers

We adjusted the CN value corresponding to each landcover class based on the Sta8dard
classification(C-CAP). Usually water is assighed with a O (zero) value, but some studies assign 100
instead (NSPECT default is zero). For example, urban (high intensity development) class [A/89

B/92, C/94, D/95] have higher CN values than woods (good) class [A/30, B/55, C/70 &7 7].
considered that natural vegetation covers as having good hydrological condition, except low evergreen
tropical forest (fair) and dry tropical forest (poor). Ofé assigned withilN-SPECTby overlaying the
landcover and soil HSG grids (NOAA 2008Ye used ArcCNRunoff extension of ArcGIS (Zhan &

Huang 2004jo independently determine CN and cargthem with values used in other studies

using the same methodologycatchment within our study region (Hernand&zman et al. 2008)

Landcover crosswalk criteria and rationale

Urban.- Not possible to distinguish different development levels at the study scale; an average of the
HSG/CN numbers for the 3 major components of urban areas wasitadogtreets and roads, urban
districts and residential districts); the average of high and meidiemsity developed was used

(NOAA 2008, USDA 1986).

Cropland.- Not possible to distinguish different crop classes at the study scale; an average of the
HSG/CN values for all cultivated land classes was calculated; cover factor was calculated as the
average of C values [from a study on hydrological erosion in Mexico (SEMARBTH 2002)] of
major crops existing in the study area, weighted to reflect #lative importance in terms of

cultivated surface at regional scale. Note: If data is available the general (i.e., average)
"crops/cultivos” value can be modified and adjusted to reflect the proportional surface that different

crops occupy within the region or each study section (i.e., catchment/basin/catchment group).

Pasture (induced/culrivated grassland} The HSG/CN values for pasture, grassland or range -
continuous forage for grazing (fair condition) were used (USDA 1986); cover value was takan from
study on hydrological erosion in Mexico (SEMARNAJACH 2002).

Grassland (natural grassland)- The HSG/CN values for pasture, grassland or racgatinuous

forage for grazing (good condition) were used (USDA 1986); cover value was taken fromMdefault
SPECT values (Note: The value for grasslands from the study on hydrological erosion in Mexico
(SEMARNAT-UACH 2002) included urban green areas, so it was decided not to use that value).

Halophyte vegetation- The HSG/CN values for herbaceousixture of grass, weeds, and lew
growing brush, with brush the minor elements (fair) were used (USDA 1986); CN for "A" HSG type



was not available, preliminary this was calculated as the average of desert shrub. The C factor value
used was the same as for naturakglands (SEMARNA-TUACH 2002).

Woodland.- It was not possible to distinguish different woodland types (or vegetation cover levels)
with confidence in available land cover time series; all wood classes were aggregated into woods
(good condition) and are presented in a single class. The HSG/CN values for woods (good condition)
were used (USDA 1986); cover value was calculated as the average for all corresponding wood types
(i.e., oak, pine, conifers) from a study on hydrological erosion in Mexico (SEMARNMACH

2002).

Tropical forest.- The HSG/CN values for woods (fair condition) were used (USDA 1986); cover
value corresponds to low evergreen tropical forest (selva baja perenifolia) class derived from a study
on hydrological erosion in Mexico (SEMARNATACH 2002).

Dry tropical forest.- The HSG/CN values for woods (poor) were used (USDA 1986); cover value
corresponds to low dry/thorn tropical forest (selva baja espinosa) class derived from a study on
hydrological erosion in Mexico (SEMARNAUACH 2002). This vegetation type could be more
similar to some types of the scrub/shrub that to tropical forest.

Scrub/shrub.- The HSG/CN values for desert shrumajor plants in class include saltbush,

greasewood, creosotebush, blackbrush, bursage, palo verde teyesticactus(good) were used

(USDA 1986); cover value was calculated as the average for all desert scrub/shrub types from a study
on hydrological erosion in Mexico (SEMARNAUACH 2002).

Palm vegetation- The HSG/CN values for brush (good) was usederfactor was maintained
(NOAA 2008, USDA 1986).

Wetland.- The HSG/CN and cover factor values for Estuarine Forested Wetland were used (NOAA
2008, USDA 1986).

Dunes, water and bare land The default values included inSPECT were used (NOAA 2008,
USDA 1986).

5. Floodplains

Valley bottoms function as hydrological buffers that significantly affect runoff behaviour.
Distinguishing valley bottoms from hillslopge an important first step in identifying and characterising
sediment deposits for hydrologic and geomorphic purposes. We used CLASS software-(F&IRO



2005)and our 240m DEM to identify valley bottoms (Teng et al. 200B¢ algorithm operates at a

range of scales and combines the results at different scales into a singkesolition index

(MrVBf). Based orWilkinson et al.(2009)we selected those areas with MrVBf DV SRWHQWLDO
floodplains. Further processing of the floodplain grid involved delimiting the presence of potential
floodplains to the areas along rivers by using 2.5kt 2° order streams) and 5km'{®rder and

higher) buffers around the stream network (as thedievithin Sednet) to clip it.

6. Pollutant event meanconcentrations (EMC) used in catchment models

Studies varied significantly in the methods used (although many didn’t report methods at all), the
constituents reported (most studies included N, but both TN and TP were commonly reported
constituents, and only a few were comprehensive in reporting different fractions, including Din, DIP,
DON ard DOP). When not directly reportede calculated TN or TP, as well as DIN and Digsed

on reported fractions. In many cases it was not possible to know if reported values were true EMC or
other types of concentrations (see Bartley et al. 2011 for definitions and methods for estimating EMC)

Following, we present a summary of the values used for modellingSRPBECT and &Net (Table

5), as well as the rational underlying our selection/calculation of valemcorporatedhe
concentrations used to construct management/best practices scdimasesvalues were et
represent maximum potential reductions in nutrient runoff based on reported reductions from
literature For cropland classes, the value repressmductionof 40% in EMC concentrations
following fertilizer best practices. Since potentiadiuctionsarehigherfor areasvere fertilizer use is
more intense, we gradually reduced concentrations to match the croplarfdesiassgh:40%; high:
30%; noderate20%; Low: 10%; Very low: 5%eduction). We assumed that agricultural practices
will have minor effects on DON and DOP concentration and thus EMC values for these fractions were
not modified. Br urban areas dorrespondso a maximun20% reductionFor pasture, the considered
managemerpracticepossiblyhave minor impact on nutrieabncentrationdyut can help to reduce
erosion; same as for agricultutbgse modifications were incorporated by modifying*tiwser factor
“C’ used inRRUSLE)

Rationalefor selecion/calculdion of EMC values

Urban: We selected high density residential/dense urban, because most areas classified as urban areas
in the landcover/vegetation maps correspond to these classes and industrial/commercial, not to rural

or sparse urban areas. When data was raolade for the nutrient fraction/constituent we used

® Cover factor was also used to magdifie weighting surface when projecting potential erosimmf newurban areasnder development

Sinceerosion from existing urban areas is relatively small, the cover factor assignesgtf@ngd current scenarios is relatively small;

however, erosion in areas under development can be significant, so the highest C factor (i.e., bare land = 0.700) was assigned to these areas.
For best management practices, we assumed a maximum reduct@ éo3n cropland and 20% from pasture, thus used 0.46@7

0.184, respectively.



aggregated values as noted. Since this class is the one with higher EMC values, we consider this to be
an adequate/conservative approach. However, a naiimnstudy in the USA shows that differences
between classes are minimal and not significant. Also, since many urban areas have "deficient"
sewage systems, we would expect that using a class with relatively higher EMC values would partially
compensate for the lack of point source data.

Cropland (5 classes)There are significant differences in EMC values from different crops, mostly as
a result from differences in fertilizer use. Since we don’t have a map that identifies the crop types
within thecroplandclassegor each period (1973, 1993 and 20008,overlaid a map that classifies
municipalities based on the average use of agrochemicals (fertilizers and pesticides) in five levels,
from very low to very high (SEMARNAANE 2000)with the cropland areas from each land cover

map. We used this classification gsraxy for fertilizer use and to subdivide the class corresponding

to cropland in five subclasses. Following, vedcalated the 50 60", 70", 80", and 90" percentiles of

all the available EMC values to represent the classes with different levetsilafer/agrochemicals
use.When calculated values were the same for different cropland classes or when values were lower

than those for natural vegetation classes, these were adjusted accordingly.

Grassland (natural grasslands) We used the median valoévegetation identified as natural

grasslands of the full dataset, except in cases when data was not available for a particular constituent
or when values between natural and modified/humdoeed grasslands were minimal or inverted

(i.e., higher for natural conditions). For both the Australian and North American datasets, this class
sometimes also contained cattle grazed areas. For the USA it includes grassland/herbaceous, and for
Australia it includes savannah woodland/ dryland sheep/cattle grazing in natural conditions, all of
which have a dominant grassland understory.

Pasture (modified/induced grasslands): We used the median value of vegetation identified as
modified grasslands of the full dataset, except in cases when data was not availalaeticularp
constituent or when values between natural and modified/hindaned grasslands were minimal or
inverted (i.e., higher for natural conditions). Classes in the USA include pasture/hay, and for Australia,

it also includes dairy cow pasture grazamgl intensive grazing areas.

Forests: Due to difficulty in matching/croswalking our land cover/vegetation classes to diverse

forest classes reported in EMC studies and to high similarity and inconsistencies in the variation in
EMC values between diffent types of forests for different constituents we decided to aggregate EMC
values for all types of forests, including dry scrub/shrub and xeric vegetation. We thus assign
gradually lower values, starting from temperate forests, down to xeric/deserneresits, based on
calculated percentiles (i.e.,"9@ 25"). Higher values correspond to woodlands (temperate coniferous
and mixed forest), followed by rainforests (humid tropical forests), dry forests (thorn forests and



bushland), and scrub/shrub (xeric desert and-desert vegetation). We assigned the values of “rain
forest” to “palm forest” due to its proximity and due to the minimal area that it occupies within the
study region. Until we have more information specific for Mexico, this could be considered a working
hypothesis to be tested using local experimental/observational data.

Although we would expect that erosion in areas with poor vegetation cover (e.gslsarpxeric
vegetation), would be important and therefore particulate nutrient concentrations would be higher,
studies indicate that arid and xeric environments tend to export significantly less nuteants t
temperate and rain forests (Perakis & Hedin 2002; Smith et al..2D@&h et al. (20033stimated

natural background concentrations for vegetation types that correspond fairly well with vegetation
classes in our study regiamd showed that those corresponding to arid environments are significantly
lower than those corresponding to temperate forests

Other land cover/vegetation classednformation for EMC values for other land cover/vegetation

classes (e.g., wands, coastal dunes) was very scarce and values very contrasting. Considering they
represent a minor portion of the region and that expected nutrient runoff from these areas is very low,
either because runoff is very low or because they act like reservoirs for nutrients from upstream
sources, we set values to zero for these classes. In contrast, values for bare/exposed land (i.e., cleared
areas, mostly for urban or agricultural areas) were set high based on available studies, mostly only

form North America studies.



Table 5. Nutrient runoff concentrations (mg/uysed for catchment models in the Gulf of California

region

Grey numbers are the maximum and minimum values contained in the reviewed studies.

Red numbers indicate the criteria to assign valwese adjusted, e.g., when percentile values were the same for different classes.

§A All (median high !AUS (median All (median high All (median high AUS (median

Il (median high
Urban density residential) density residential) aggregated) density residential) density residential) aggregated)
2.020/1.616 0.794/0.635 0.300/0.240 0.470/0.376 0.312/0.2496 0.014/0.011
(1.2002.220) (0.2001.650) (0.2700.300) (0.2000.570) (0.1430.480) (0.0100.020)
All (507 to 90" All (507 to 94" AUS (50" to 90" All (50 to 93" All (50" to 90"
. . - . All (ad hocvalueg .
percentiles) percentiles) percentiles) percentiles) \Very hiah...0.0900.060 percentiles)
Very high...6.4383.863 | Very high..1.5000.900 |/ery high..0.300 ery high...1.3480.809 Higz 9 0 6800 (556 Very high....0.025
Cropland High......... 5.409B.786 High........1.0470.733 High........ 0.275 High......... 1.1340.794 Modé.ra é' 0 070,0' 55 High......... 0.020
(5 classs) Moderate..3.8068.045 | Moderate..0.8500.680 |loderate..0.250 Moderate..0.4200.336 Low “0.06010.(54 Moderate..0.020
Low.......... 2.6802.412 | Low........ 0.7500.675 |ow......... 0.200 Low.........0.3710.334 Very“I.(J.\./\./m O (BO/O' o8 Low......... 0.019
Very low....2.3402.223 | Very low...0.7000.665 |ery low....0.200 ery low....0.3400.323 © 0106' 'io'o) ' Very low....0.014
(1.10041.497) (0.3692.000) (0.2000.502) (0.1402.294) : : (0.0020.027)
All (modified) All (modified) gléf)‘ allclasses All (modified) All (both) AUS - 1 value
Pasture 2.235 0.399 0.327 0.355 0.033 (modified)
(1.1002.480) (0.1880.610) (0.1180.360) (0.1200.480) (0.0130.050) 0.017
Al (natural) Al (natural) (Asté?)‘ all classes Al (natural) Al (both) AUS (natural)
Grassland 1.086 0.190 0.295 0.277 0.033 0.011
(0.1202.100) (0.160:0.200) (0.1180.360) (0.0100.350) (0.0130.050) (0.0100.012)
All (all classes All (all classes AUS (all classes All (all classes All (all classes AUS (all classes
including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub:
Woodland 90" percentile) 90" percentile) 90" percentile) 90" percentile) 90" percentile) 90" percentile)
0.700 0.170 0.227 0.052 0.037 0.013
(0.0500.830) (0.0400.180) (0.0720.257) (0.0060.070) (0.0040.050) (0.0050.016)
All (all classes All (all classes AUS (all classes All (all classes All (all classes AUS (all classes
including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub:
Rairforest 75" percentile) 75" percentile) 75" percentile) 75" percentile) 75" percentile) 75" percentile)
0.669 0.134 0.208 0.043 0.028 0.010
(0.0500.830) (0.0400.180) (0.0720.257) (0.0060.070) (0.0040.050) (0.0050.016)
All (all classes All (all classes AUS (all classes All (all classes All (all classes AUS (all classes
Dry forest incr!uding sc_rub/shrub: inchluding sc_rub/shrub: incr!uding sc_rub/shrub: incr!uding sc_rub/shrub: inchluding sc_rub/shrub: incr!uding sc_rub/shrub:
Paim forest 50" percentile) 50" percentile) 90" percentile) 50" percentile) 50" percentile) 25" percentile)
0.501 0.100 0.150 0.020 0.010 0.009
(0.0500.830) (0.0400.180) (0.0720.257) (0.0060.070) (0.0040.050) (0.0050.016)
All (all classes All (all classes AUS (all classes All (all classes All (all classes AUS (all classes
Scrib- including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub: | including scrub/shrub:
Shrub/ 25" percentile) 90" percentile) 90" percentile) 25" percentile) 75" percentile) 10" percentile)
Halophytic 0.222 0.051 0.110 0.011 0.007 0.007
(0.0500.830) (0.0400.180) (0.0720.257) (0.0060.070) (0.0040.050) (0.0050.016)
Wetland/
Water 0 0 0 0 0 0
Dunes 0 0 0 0 0 0
NA NA NA NA
Bare land 1.500 0.665 0 0.200 0.030 0
(0.9707.550) (0.5400.790) (0.1000.590) (Only value)

Reviewedstudies for EMC values

Adamus & Bergman (1995); Mean runoff concentrations; Reference: Adamus, C. L. and M. J. Bergman (1995). "Estimating Nonpoint

Source Pollution Loads with a GIS Screening Model." Journal of the American Water Resources Association 31(4): 647-655.

Baird & Jennings (1996); EMC median values; Reference: Baird, C. and M. Jennings (1996). Characterization of nonpoamdources
loadings to Corpus Christi Bay National Estuary Program Study Area. Austin, Texas, Texas Natural Resource Conservation
Commission.

Bartley & Spears (2010; 2011); EMC median values (>90% indicated land use); Reference: Bartley R, Speirs W, Ellis TK\2Qéds D
A review of sediment and nutrient concentratioradadm Australia for use in catchment water quality models. Marine Pollution
Bulletin .

Bartley & Spears (2010; 2011); EMC median values; Reference: Bartley R, Speirs W, Ellis T, Waters DK. 2011. A review of sediment and

nutrient concentration data from Australia for use in catchment water quality models. Marine Pollution Bulletin .

4 All = Values used were taken from full dataset, which included mostly studies from North America and Australia.

® AUS = When values were not available from North American studies or were not reliable or corrected (e.g., for forested areas where
atmospheric deposition is expected to be high and therefore values were much higher than those reported for pristineasiyssefinesh
Australia and Americas (not USA) were used.

® values for natural grassland and pasture were very similar (higher for grassland), so the sseat value for both.



Brodie & Mitchell (2005): We calculated average from ranges): Reference: Brodie J, Mitchell A. 2005. Nutrients in Australian tropical
rivers: changes with agricultural developthand implications for receiving environments. Marine and Freshwater Research-56: 279
302

Brodie et al. (2003); EMC 80th percentile values; Reference: Brodie J, McKergow LA, Prosser IP, Furnas M, Hughes AR, Pl0ger H
Sources of Sediment and Nutrigixports to the Great Barrier Reef World Heritage Area ACTFR Report No. 03/11, Australian Centre
for Tropical Freshwater Research, James Cook Univer§i§IRO Land and Water, Townsville, QLD.

Cogle et al. (2006); EMC mean values; Reference: Cogle AlpIC&y, Sherman BS, eds. 2006. The use of SedNet and ANNEX models to
guide GBR catchment sediment and nutrient target setting. Queensland, Australia: Department of Natural Resources, Miees and W

Ellis et al. (2005); EMC median values (full datasegfdRence: Ellis T, Bartley R, Rahman J, Weber T, Henderson A, et al. 2005.
Application of two water quality models as a Decision Support system (DSS) within the Douglas Shire, CSIRO Land and Water,
Canberra, ACT.

EPA (1983); EMC 90th percentile values; Reference: U.S. Environmental Protection Agency (EPA). 1983. Results of the Nationwide Urban
Runoff Program, Volume IFinal Report. Water Planning Division, Washington, D.C.

EPA (1983); EMC median values; Reference: U.S. Environmental Protection Agency (EPA). 1983. Results of the Nationwide Urban Runoff
Program, Volume { Final Report. Water Planning Division, Washington, D.C.

Furnas (2003): EMC median concentrations; Reference: Brodie J, Mitchell A. 2005. Nutrients in Australian tropical rivges: wifa
agricultural development and implications for receiving environments. Marine and Freshwater Researc388. 279

Hollinger & Cornish (2002); EMC median values; Reference: Drewry JJ, Newham LTH, Greene RSB, Jakeman AJ, Croke BFW. 2006. A
review of nitrayen and phosphorus export to waterways: context for catchment modelling. Marine and Freshwater Reseaf¢h.57: 757

Lewis et al. (2002): References: Lewis WM, Melack JM, McDowell WH, McClain M, Richey JE. 1999. Nitrogen yields from vedlisturb
watershedsrni the Americas. Biogeochemistry 46: 1@8®; and Lewis WM. 2002. Yield of nitrogen from minimally disturbed watersheds
of the United States. Biogeochemistry 57: -8B

Line et al. (2002); EMC mean values; Reference: Line DE, White NM, Osmond DL, Jenmndsof@nnier CB. 2002. Pollutant Export
from Various Land Uses in the Upper Neuse River Basin. Water Environment Research 74: 100-08.

Line et al. (2002); EMC median values; Reference: Line DE, White NM, Osmond DL, Jennings GD, Mojonnier CB. 2002. Exflatant
from Various Land Uses in the Upper Neuse River Basin. Water Environment Research 74: 100-08.

L-THIA (default values): EMC values; Reference: Nejadhashemi AP, Mankin KR. 2007. Comparison of Four Water Quality Models
(STEPL, PLOAD, LTHIA, and AVSWAT-X) in Simulating Sediment and Nutrient Dynamics in a Watershed. Presented at ASABE
Annual International Meeting, Minneapolis, Minnesota

Meixler & Bain (2010): EMC values taken from other studies and adjusted; Reference: Meixler M, Bain M. 2010. AuaktieM@del
for Regional Stream Assessment and Conservation Strategy Development. Environmental Management 45: 868-80.

Moller et al. (2005): concentrations; Reference: Moller A, Kaiser K, Guggenberger G. 2005. Dissolved organic carbomgemdnnitro
predpitation, throughfall, soil solution, and stream water of the tropical highlands in northern Thailand. Journal of Htéon Blodr
Soil SciencezZeitschrift Fur Pflanzenernahrung Und Bodenkunde 168: 649-59.

Nelson et al. (1006); EMC median values; Reference: Drewry JJ, Newham LTH, Greene RSB, Jakeman AJ, Croke BFW. 2006. A review of
nitrogen and phosphorus export to waterways: context for catchment modelling. Marine and Freshwater Research 57: 757-74.

Newell et al. (1992); EMC median values; Reference: Newell, C.J., H.S. Rifai, and P.B. Bedient. 1992. Characterizati®oiot Non
Sources and Loadings to Galveston Bay. Publication GBNER5alveston Bay National Estuary Program, Webster, Texas.

N-SPECT (default values): EMC values; Reference: NOAA. 2Bl@point-Source Pollution and Erosion Comparison ToolSRECT):
Technical Guide, Ver. 1.5 (NOAA/CSC/RPT 88-National Oceanic and Atmospheric Administration (NOAA), Coastal Services
Center, Charleston, SC

Omernick (1977) Central: EMC values; Reference: Omernik JM. 1977. Nonpoint setiream nutrient level relationships: a nationwide
study, U.S. EPA Report No. EP00/3-77105, U.S. Environmental Protection Agency, Corvallis, Oregon

Omernick (1977) East: EMC values; Reference: Omernik JM. 1977. Nonpoint satireem nutrient level relationships: a nationwide
study, U.S. EPA Report No. EP800/3-77105, U.S. Environmental Protection Agency, Corvallis, Oregon

Omernick (1977) West: EMC values; Reference: Omernik JM. 1977. Nonpoint seatream nuient level relationships: a nationwide
study, U.S. EPA Report No. EP®00/3-77105, U.S. Environmental Protection Agency, Corvallis, Oregon

Perakis & Hedin (2002): Perakis SS, Hedin LO. 2002. Nitrogen loss from unpolluted South American forests mainly via dissolved organic
compounds. Nature 415: 416-19.

PLOAD (default values): EMC values; Reference: Nejadhashemi AP, Mankin KR. 2007. Comparison of Four Water Quality Models
(STEPL, PLOAD, LTHIA, and AVSWAT-X) in Simulating Sediment and Nutrient Dynamics Watershed. Presented at ASABE

Annual International Meeting, Minneapolis, Minnesota



Smith et al. (2003): Modelled natural background concentrations for nutrient ecoregions; Reference: Smith RA, AlexaotievaRBGE.
2003. Natural background concentoas of nutrients in streams and rivers of the conterminous United States. Environmental Science &
Technology 37: 3039-47.

Smullen et al. (1999): EMC mean values; Reference: Smullen JT, Shallcross AL, Cave KA. 1999. Updating the U.S. nationwide urban runoff
quality database. Water Science Technology 386.9

Smullen et al. (1999): EMC median values; Reference: Smullen JT, Shallcross AL, Cave KA. 1999. Updating the U.S. nationwide urban
runoff quality database. Water Science Technology 3%.9

Strager (200); EMC mean values; Reference: Strager MP, Fletcher JJ, Yuill CB, Strager JM. 2000. Not in my watershed! An interactive

tool to evaluate land use changes on stream water quality. Presented at ESRI International Conference Proceedings, Redlands, CA.

7. Rainfall and precipitation settings

Precipitation

In N-SPECT rainfall is used directly to calculate runoff depth based on the Curve Number method
(Eslinger et al. 20055 edNet uses rainfall when regionalising runoff at subcatchment level
(Wilkinson et al. 2008)While it is possible to estimate evdydsed or monthly runoff in4SPECT it

is preferable to work with annual mean (NOAA 2Q08is also advisabléo use a layer built from
monthly and annual rainfall records for stations which has been interpolated as grids based on
precipitation records arttie WorldClim dataset fits this criterion. In order to use this grid-in N
SPECT we resampled the grid to 240m and coretnits into inche$(in) = P(mm)*(0.03937)

Rain days

This parameter represents the average number of days/year that have rain events that produce runoff
and is used to adjust the initial abstractida’ (i.e., water retained in depressions, taken up by
vegetation, evaporated and infiltrated) to account for mulapént rainfall over the course of a year
(Eslinger et al. 2005)rhis parameter is not entered into the model as a spaitaalbble grid and is

set as a single value for each run. Due to the size of the study region and variation in rainfall/runoff
associated with the marked climatic variability within the regiagire 1), we divided the study

region in three sections and calculated this value for each of three sections of the model domain,
defined based on the CN equation (USDA 19B&)delling individual sections provided significantly
better results, but increased processing time and required multiple trials to adjust values for each
section to ensure that modelled runoff values were within observed values for gauges within each

section and for the whole catchment when integrating upstream and/or downstream sections.

We calculated the mean (35 days) and standard deviation (16 days) of runoff days for all the basins
together, and calculated runoff results based on Mean and M&TiD- Based on the results of this

first comparison, we calibrated the model by adding and subtracting days to get the best fit possible.

" la consists of interception, initial infiltration, surface depression storage, evapotranspiration, and other factorsraliasiges 0.2S
based on data from agricultural watersheds (S is the potential maximum retention after runoff begins).



The Mean 1STD (19 days) actually gave a very good fit, but we slightly adjusted to improve fit (18
days). Then we calculated this value for sections, accounting for natural variability in runoff days,
based on variance of this parameter acsabsatchments, and grouping these trying to minimise
variance and the number of sections to be modelled separately. Based on the estimated rainfall days
(all basins), we calculated changes in runoff by adding/subtracting days, which in turn we used as a
reference taalibraté the model Eigure 1).

Figure 1. Comparative analyses for calibration of the runoff rain days parameter

8t isn't recommended that users simply adjust this value to calibrSBECT to local conditions, but useare encouraged to employ
creative methods to accurately reflect spatial variation in raining days.



Following are theteps to calculate the number of rain days that produce runoff, based on the CN

equations:

Createcurve number layeilUse ArcCNRunoff extension (Zhan & Huang 200#é)create a curve

number surface based on land cover (1 for each year), soil type (HSG from INEGI) and the cross
walked CN/HSG table developed based on the USDA reference values. Convert CN field to FLOAT,
and convert to Raster (240m, snapped to DEM240Agree).

Calculate Runoff Depth Q (mm): Based on CNA’s annual mean runoff (runoff values for a few
coastal catchments were not availablend reported catchment areaalculate runoff in a new field
(FLOAT) depth based on the following equation: Q = runoff/catchment af&at, units were
transformed into f The value can be directly compared with CONABIO’s “Annual Q” isolines map,

which ix expressed in mm. The map broadly matched the isolines map. Convert to Raster.

Interpolate Runoff Depth surfack order to fill in the catchment without data, and to “smooth” the
borders between different catchment for further calculations an interpolated surface veals Enesat

we created random points within each catchment, proportional to catchment area. Then, we used the
random points to extract values from Runoff Depth raster. Finally, with the points, we interpolated a

continuous surface using Krigging interpolation (default values).

Complete CNA's catchment lay®&ased on the planning domain coastline (only land), create a
complete layer of catchments, using CNA’s catchment boundaries. This layer will be then sued to
summarize data to calculate runoff (basednterpolated layer), abstraction and retention average

values for each catchment.



Create average values for each catchmélsing Zonal Statistics (as table) to calculate the average

values for:

f Runoff (based on interpolated surface) £mm)
f Annual precipitation (original Worldclim datasetlP (mm)

Calculate retention and abstraction: Based on CN raster, calculate the following:

f Soail retention (mm): S=((1000/CN)0)*24.5
f Initial abstraction (mm): la=(0.2*S)

Average catchment values were calculated following two different approaches and compared:

f First, the interpolated runoff raster, original annual precipitation, and calculated retention and
abstraction were used to calculate runoff rain days for each cell using the formula shown below;
Zonal St#s based on catchment was then used to calculate average value for each catchment:

f Second: Based on original layers (not average/catchment) calculate

f Following, join calculates tables based on catchment ID to “Complete CNN catchment” layer, and
export as hew Shapefile with the new statistics values for each variable.

Raindays_cell = ([Runoff_krg] / [abstraction76]) * (1 + ([retention76] / ([ppt_goc] * [abstraction76])))

Calculate annual runoff day&inally, based on average runoff and rainfall valoakulate the
number of rain days that produce runoff using the following equations:

f Runoff days (annual)R = (Q/la) x (1 + (S/(P x la)))

f Q = Annual runoff depth (we used the maximum runoff depth based on the annual natural runoff at
for each catchmerfitom CNA database (2008), validated with a coarsae national isolines map)

f P = Annual precipitation (mm)

f S = ((1000/CN}- 10)*24.5; soil retention (mm)

The equation for runoff days was derived from USDA curve number equation for annual runoff depth:
8. Rainfall erosivity

The erosivity (R factor) has been shown to be the index most highly correlated to soil loss at many
sites throughout the world. It refers to the sum of individual stormédliies for a year averaged over

long time periods (> 20 years) to accommodate apparent cyclical rainfall patterns. The E1 term is an
abbreviation for energy multiplied by the maximum intensity in 30min (Renard & Freimund 1994)



In absencef detailed and longerm information an approach to estimate erosivity at regional and
national scales is to regionalize the parameter based on precipitation distribution and occurrence
characteristics (duration, intensity, number of events) accordinigttwical record available from
climatological stations (Diodato & Bellocchi 2007; Mikhailova et al. 1997; Millward & Mersey 1999)
Estimation relations established for similar climatic zones could be considieraifor, and the

predicted soil loss may be far from exact, but they may be the best available for at least assessing the
erosion potential or relative erosion rates from different conditions or soils (Renard & Freimund

1994) In Mexico, CortésTorres(1991)typified thisparameter for 14 regions (based on data from 53
climatological stations and-#1 years) and developed a regression equation for each region, based on
annual precipitation bad on the following general second order regression equation:

R AP BP?

Where:R is the erosivity factor [MJ mm/(ha h)/year]; A and B are the estimated coefficients for the
regression equations and P is annual precipitation [mm/ygadviEy units can be anvertednto the
US system &s required by NMSPECT) by dividing R by 17.2.

SEMARNAT-UACH (2002)made a validation and revision of the equations proposed by Cortés
Torres(1991)and updated by Figueroa et al. (19B&¥ed on updated data and introducing

topography, and propose to use the original equations to some regions, use the equations form some
regions on other that are closely related or use a general equation instead [opigipatgd by
CortésTorres(1991)as a general equation for Mexico] for those regions where major difésrenc

were found in their analyséSigure 2).

We used theKkm annual precipitation grid to estimate Rédactorbased on the regionalized erosivity
mapand regression equatiopoposed byCortésTorres(1991) as updated by Figueroa et al. (1991)

and modified by SEMARNATUACH (2002) Five of the 14 erosivity regions described by Certés
Torres(1991)occur within our study regioff;able 6 shows the regression equations, as well as the
calculated R Once each erosivity was calculated for each section according to revised formulas,
layers were merged and the new layer was randomly sampled to produce a new “smoothed” erosivity
surface taavoid abrupt changes between sections (sampling points were distributed proportionally
within each erosivity section, based on area; i.e., #pts = Aré¥ 10 100 out of the total 19,550

points fell outside the raster and were eliminated). The new surface was calcats@dn Kriging

interpolation



Figure 2. Erosivity regions of Mexico

Table 6. Regionalisedegression equationsedto calculate erosivity

Region  Equation” R?

I 3.45552 - P + 0.006470 *P 0.93
\Y; 2.89594 - P + 0.002983 P 0.92
VI 6.68471 - P + 0.001680 * P 0.90
Vv, VI 0.71508 - P! 0.88
X 6.89375 - P + 0.000442 *P 0.95

9. Evapotranspiration

We compared the application of two differenapotranspiratiodatasets. The first was modelled
based on the Turc method, using global higgslution (30 arc seconds) climate dataset (Hijmans et
al. 2005)available online from WorldClimhttp://worldclim.org). The data required to estimate PET

based on another commonly used method (e.g., Pridsii@gr) was not availabl&Ve used the
Global Potential Evapotranspiration (GlofBdET) dataset (available online from CGIAR:

http://www.cgiarcsi.org, calculated based on the Hargreaves evapotranspiration equation (Trabucco

et al. 2008using WorldClim datasets. This method has been recommended for regional applications
of PET (Lu et al. 2005)



The equations to estimate evapotranspiration based aboke mentioned methods are

a) Turc-method

E =P /[ SQRT(0.9 + (POWER(P,2) / POWER(L,2) )) ]
L =300 + (25 * T ) +0.05 * POWER(T,3)

E: Evapotranspiration (mm)

P: Annual mean precipitation (mm)

T: Mean annual temperature (°C)

b) Global-PET (Hargreaves 1994)

PET =0.0023 x RAX (T +17.8) x TD

PET: Potential evapotranspiration (mm/month)
T: Mean temperature (C°)

TD: Daily temperature range (C°)

RA.: Extraterrestrial radiation on top of atmosphere as equivalent of evaporation (mm/month)

The following graphs shows a good fit between mean annual runoff coefficient (Rc) and PET/P, based
on the selected PET dataset<m.7759).

10. Hydrometric data processing



We used monthly and daily records from gauging stations data contained in the BANDAS database
(IMTA 2010). We selected 232 statioril(for Yaqui) based on the number of years recorced (

years, 15 years for areas with few stations) and continuity of records\HDUV RI FRQWLQXRXV L
in order to obtain reliabldischarge estimatggVilkinson et al. 2006)To calculate unregulated and
regulated scenarios in SedNet diided the dataset on two sections: unregulated and regulated (i.e.,
stations were flow is affected by reservoir). Records from gauge stations that preceded dam
constructon/operation were identified as unregulated, while records that spanned the periods before
and after dam started operating were divid#d.also identified stations with TSS records and
summarised annual sediment loads using monthly data. Due to inagsundtie database, manual
verification of the geographic position of each gauge station was required to validate its position in
relation to the mapped river netwd@®ONABIO 2008)and to adjust its location when needed.

Following are the steps for gauge data preparation:
x Download Mexico’s gauge stations full catalogue (2,248 gauderstat

http://mww.imta.gob.mx/index.php?option=com wrapper&view=wrapper&ltemid=145

x Eliminate stations with no geographic data and those located in the USA (b3t

X Map stations and eliminate those located outside Mexico or in the sea (1,551 stations).
x Clip to planning domain, based on coastal catchment boundaries (323 stations).

x ldentify stations that can potentially be used for regionalization anad32stations)

Verify number of years recorded: select stations with minirBQrgears(15 years for areas

with few stations) and assign a record sctrbasednthis criterion we eliminated

Continuity of records: preferably select stationswith +  \HDUV RI FRQWabh@Q XR XV UHTF
>300 days accurate recording/yeafverify w/Sednet) to get a reasonable mean discharge

estimate stationghat did not fulfill these criterimere eliminated (259 stations).

Identify regulated and uregulated statiod§ and classify them based on upstream reservoir(s)

size.

Mark stations with predominantly oldcords (i.e., <mean #yearsSTD); for areas were large

reservoirs exist, consider including the unregulated portion of refrordgauges downstream

of wherereservoirs now exist.

°REC_SCORE: 1> >20); 3 = [1015); 4 = <10 years); deleted stations, i.e., stations w/records under 20 or 15 years are identified
as set 2.
10 YEARS: - \HDUV RI FRQWLQARYEEs B HEIREHGHHtions are identified as set 1.

Monte Carlo simulation could be used to create a distribution to fill in the blanks for stations with few records, and because daily records
are needed, estimate these from monthly or annual flows. A daily rainfall/runoff model might be also appropriate, but thajuiveuld re
calibration. In the first instance these gauges should be excluded from the analysis.

2 REGULATED:0 = No reservoirs; 1 = Very large; 2 = Large; 3 = Medium ; and 4 = Small reservoirs



Daily discharge records (not monthly or annual); MAF regionalization could take a daily time
series =1/30*monthly discharge if required. However, bank erosion and more especially

floodplain deposition may be less accurate using this approach.

X Sort stations in two groups (unregulated and regulated flow datasets): Identify and mark as
regulated stationsthose located downstream of large (>10 has, 0.1 km2) reservoirs (however, if
pre-reservoir records, these portion can be included in the unregulated-foidérs case the
shapefiles of unregulated and regulated should both have the reservoir gauge point included).

Data transformation: ID = (SD x 86400) x 0.001
SD = Bandas Source Data (m3/s)
ID = SedNet Input Data (Ml/day)

x ldentify double/segmented records (e.g., stations measuring flow from left/right margins of the

river/reservoir; relocated stations)
x ldentify gauge stations that also have records for (§8@ment samplingO.

x ldentify any location problems in gauge location (based on original coordinates); If any problems
are encountered based on the drainage area comparison in Sgplioeé the station’s attributes
table (i.e., measured current) and the 1:250,000 map of rivers try to identify the corresponding

streanlink and—if needed -move it to match the corresponding river link.

11. Reservoirs

We mapped 11133for all GoC catchmentsgservoirs by combining the natiomekervoir database
(CONAGUA 2008)and the most recent landcover ngaP00) in which water bodies are delineated
Information was validated and corrected (including the mapping of additional dams) using online
ArcGIS map (source). 51 reservoirs with a surface of <100has were elimireetefiifther analysis
(mapping of small reservoirs was considered to be incomplete, and their influence in terms of
sediment retention is probably minimal in comparison to larger reservoirs; also volume calculations

for very small reservoirs was considered to be too unreliable).

Forreservoirswvith no information on storageapacity weestimatedsolume using the following

procedurewe converted the dams polygons to points (vertices). Then, we used these points to extract
the altitude values from a 30m resolution aster (source). The average and STD was estimated for each
dam in order to estimate a waterline (altitude) that could be used to estimate the volume. 3 different
waterline heights were used: AVG, AVG + STD, AVG + 2STD, MAX. We also used the raservoi
polygons to extract the topography within these from the 30m DEM. Using the Cut/Fill tool (from
ArcGIS 3D Analyst) we calculated the difference between the different waterlines (i.e., average,
AVG+STD, AVG+2STD) and the topography to calculate the velwithin each reservoir. Results



were compared with reservoir maximum and aegeacity available from CONAGUA databa¥ee
selected AVG+2STD, because our estimated volume was within the capacity range provided by the
database for most reservoirs for which we had capacity information. This estimate was only used for
reservoirs for which capacity data was missing, while the 67% of NAME was used for reservoirs
which available information.
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Supplementary Material C5 - Figure 2. Procedure to map plumes and cloud based on superviseificddiss of truecolour images

True colour images were used to identify and charaetphimes and to mask out areas considered unsuitable for classification (i.e., areas of high cloud cover and intens
glint that resulted in errors in the assignment of plume classes). The final outputs of this stage are grids (i.emattstdrniaps) representing: the full extent of plumes
(presencel/absence) angtléss plume maps that represents a gradient in the selected L2 parameters (the gradient in L2 parameters is considered to be indicative
quality variation within plumes and thus was used to identify the plume boundary and to represent the potential dispersal of pollutants incorporated in the qu
assessment of plume exposure proposed in this study), as well as a map-ofadeissend intense sun glint used to mask out areas unsuitable for colour classification.
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