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-RXUQDO RI 6DLOLQJ 7THFKQRORJ\ $UWLFOH

< 7KH6RFLHW\RI1DYDO $UFKLWHFWV DQG ODULQH (QJLQHHUYV
$33/,&$7,212?13+$6($9(5$*,1*0 7+2')250(%$
685,1*.,7(3(5)250%1&( 216+25(5(68/76
ORUJDQ %HKUHO

(167$ %UHWDJQH ,5'/ 805 &156 YUDQFH

.RVWLD 5RQFLQ

(167$ %UHWDJQH ,5'/ 805 &156 JUDQFH

“HDQ %DSWLVWH /HURX]

(167$ %UHWDJQH ,5'/ 805 &156 YUDQFH

JUHGHULF ORQWHO

(167$ %UHWDJQH ,5'/ 805 &156 JUDQFH

5RPDLQ +DVFRHW

(167$ %UHWDJQH ,5'/ 805 &156 YUDQFH

$ODLQ 1HPH

(167$ %UHWDJQH ,5'/805&156 YUDQFH
&KULVWLDQ -RFKXP

(167$ %UHWDJQH ,5'/ 805 &156 JUDQFH

<YHV 3DUOLHU

EH\RQG WKH VHD )UDQFH

ODQXVFULSW UHFHLYHG -DQXDU\ DFFHSWHG 6HSWHPEHU

$SEVWUDKW SDSHU GHVFULEHV DQ H[SHULPHQWDO VHW XS DLPL
IRUPDQFHV RI VPDOO OHDGLQJ HGJH LQIODWDEOH WXEH NLWH\
7KLV VHW XS FDQ EHGHSOR\HG HLWKHU RQVKRUH RURQ D GHGI
WKHRQVKRUH UHVXOWY $ "ORDG FHOO LV XVHG WR REWDLQ W
OLQH DVVXPSWLRQ $ZLQG SURILOHU 62'$5 LV GHSOR\HG WR
GLUHFWLRQ DW WKH NLWH SRVLWLRQ $ VSHFLILF SRVW SURFH
SKDVHDYHUDJLQJ 7KHJXLGHOLQH RI WKLV ZRUN LV WR HVWLP
OLIWFRHIILFLHQW DQG OLIW WR GUDJ UDWLR DORQJ ILIJXUH RI
SDUWLFXODU FDVH VKRZ D GHFUHDVH RI OLIW FRHIILFLHQW RI
LQJ WXUQLQJ PDQHXYHUV RI WKH NLWH 7KH OLIW WR GUDJ UD!
REVHUYHG WR JR WKURXJK D ORFDO PLQLPXP GXULQJ WXUQLQJ
,QIOXHQFH RI ZHLIJIKW DQG LOQHUWLD LV KLIKOLIKWHG LQWURG)
WHWKHUV %XFNOLQJ SKHQRPHQD RI WKH NLWH LQIODWDEOH C
LVVKRZQ WKDW WKH\ FDXVH FRQWURO SUREOHPV

.H\ZRUGNLWH SKDVHDYHUDJLQJPHWKRG NLWHERDW ZLQG SU

,1752'8&7,21

'LWK WKHFXUUHQW FRQWLQXDO JURZWK RI WKHJOREDO PDULMW
HQYLURQPHQWDO IRRWSULQW ZLWKRXW KLIJIKHU FRVWYV KDV EHF
RI D NLWH DV DX[LOLDU\ SURSXOVLRQ GHYLFH IRU PHUFKDQW V
HOOLFRPH 1DDLMHQ HW DDGG (UKDUG DQG 6WUDKPKRXS



HW DO ,Q WKLV FRQWH[W )UHQFK VDLORU <YHV 3DUOLHU KL
DLPLQJ WR GHYHORS WKH XVH RI ODUJH NLWHV DV DX[LOLDU\ S
IURP VPDOO SOHDVXUH ERDWVY WR YHU\ ODUJH FRQWDLQHU YHYV
VFKRRO RIHQJLQHHULQJ (167%$ %UHWDJQH ,5'/ KDV EHHQ FKRV|
VHYHUDO UHVHDUFK DFWLRQ V /KIDRX § HHNWQ DV@/HD B RIGIFBEL VIHKD F H W
DQWBLIJL HW DO 2QHRIWKHVHDLPV WR SURYLGH H[SHULPHQ
DQG YDOLGDWH QXPHULFDO PRGHOV GH YoHBR SIOGHMODMK H OD ER
$IHZUHVHDUFK JURXSV KDYH DOUHDG\XQGHUJRQH WULDOV DQ
VKRUH'IDGGH RWJILDQRHWD®QG IUHTXHQWO\ZLWKDQ HOHFV
REMHFWRYPDQQ HW DOHD WULDOV DQG PHDVXUHPHQWYV KDYH R
E\WKH 6N\6DLOV(WHKDBGVIHHG 6 WUDXFK
'LWK WKH REMHFWLYH RIDFTXLULQJH[SHULPHQWDO GDWD DQ
SHUIRUPDQFHV RQVKRUH DQG RQERDUG LV GHYHORSHG 7ZR H[
RXW WKHILUVW RQH KHOG RQVKRUH LQ -XQH DQG WKH VHF
DGHGLFDWHG PHWHU ORQJERDW $IWHUD SUHVHQWDWLRQ R
WKH H[SORLWDWLRQ RI WKH RQVKRUH UHVXOWV IURP -XQH |
UHFRUGHG GXULQJ WKLV FDPSDLJQ DQG D SRVW SURFHVVLQJ |
RSHGLQ RUGHUWRFRPSXWHOLIWFRHIILFLHQWDQG OLIW WR G
WR H[SHULPHQWDOO\EHQFKPDUNDYHUDJHNLWH SHUIRUPDQFF
DQG WR UHILQH WKH HYROXWLRQ RINLWHDHURG\QDPLF SDUDP
,QGHHG WKHVH YDULDWLRQV DUH QRW WDNHQ LQWR DFFRXQW
'DGG RIHORXS HW DO+RZHYHU UHJDUGLQJ WKH GHIRUPDWLR
WKH NLWH GXULQJD WXUQ LWLV YHU\ SUREDEOH WR JHW D YDU|
ZLWK UHVSHFW WR WKH WXUQ UDWH RI WKH NLWH IRU H[DPSOH
UHTXLUHG WR DFKLHYH WKLV REMHFWLYH WKHDQVZHURIDQ F
EHFDPH UDSLGO\REYLRXV ,QGHHG NLWH SHUIRUPDQFH DVVH\
ERDW PRWLRQV ZKLFKLV XVHIXO WR VWD\IRFXVHG RQ WKH NLV
H[SHULPHQWYV DUHHDVLHU WR DFKLHYH ZLWK OHVV FRQVLGHU
H[SHULPHQWDO VHW XS DQG OHVV KXPDQ DQG PDWHULDO UHVF
)LUVW DIWHUDVKRUW SUHVHQWDWLRQ RIWKHUHIHUHQFH IUDF
VHW XS DQG LWV VHQVRUV B6HFRQGO\ WKH PHWKRGRORJ\ WR C
7KH SKDVH DYHUDJLQJ PHWKRG XVHG KHUH LV GHVFULEHG ,Q
PHWKRG Rl WKH DHURG\QDPLF FKDUDFWHULVWLFV LV QRW GLUH
7KH FODVVLFDO JHUR PDVV PRGHO DQG WKH SRLQW PDVV PRGH
SRUWDQFH RILQHUWLD HIITHFWV 7KLUGO\ WKH PDLQ UHVXOWV
7DELQ VHFWVRRZV WKH H[SHULPHQWY WKDW DUH HIIHFWLYHO
WULHV DUH WKH WHWKHU OHQJWK DQG WULP RI WKH NLWH 'LUH
IOXFWXDWLRQ GXULQJ D ILIXUH RI HLJKW IOLJK DV ZHOO DV Wi
EDFNWHWKHUV 6RPHLQWHUHVWLQJXQH[SHFWHG UHVXOWYV DI
DQG ZH ZLOO KLJKOLJKW LPSDFW RQ FRQWUROODELOLW)\ )LQD
WHULVWLFV DOO DORQJWKH D ILJXUH RI HLJKW WUDMHFWRU\ L
ZLWK UHVSHFW WR WKH WXUQLQJ UDWH DUH SURSRVHG $W WK
FRQFOXGLQJ

50)(5(1&()5%0(6

7KHUHIHUHQFH IUDPHV XVHG LQ WKLV VWXG\DUHLQWURGXFHC
WKHIROORZLQJ VHFWLRQV 7KH\DUH LQ FRQIRUPLW\ Z1N&K W KF
4XDOLW\ *URXBQG GLUHFWO\LQ DFFRUGB®DFH ZLWK VWBREGDUG



DUHLGHQWLILHG ZLWKRQHRUWZROHWWHUV SULQWHGLQ VXE
IRUPLQJ WKH D[LV VIVWHP :KHQ WKH FRQVLGHUHG UHIHUHQFH
RQH LV WKHQ SULQWHG XQGHU SDUHQWKHVLV LQ VXSHUVFULS\
YHFWRV H[SUHVVHG LQ WKHRLH IHWH QG B BHD&HY R\Y MKBVROORZL
BHFWLRQ ERG\" VWDQGV IRUWKH JURXQG VWDWLRQ XVHG RQV

1RUWK (DVW 'RZQ 1('" 5HIHUHQFH )UDPH

7KHHDUWK IL[HG UHIHUHQFH IUDPH XVHG LQ WKLV VWXG\ LV WK
GHOQRRMI®D QG GHILQH® DUWKSIRLKIPWLQY DRYVER L\QMWH. QJ WR WKH
WKEHD[LYV SRLQWLQJWRZDUGVY WKHFHQWHU RI WKH SODQHW

+HDGLQJ5HIHUHQFH )UDPH

7KH KHDGLQJ UHIHR HQFEOVBBHRQ WKH KHBGWEHERBH HODWL
WKH WUXH QRUWK GLUHFWLRQ ,W LY WKHDQHVDEISORHB WRW D
Rieda ZKHUHV WKH ILUVW RI WKH WKUHH (XOHU DQJOHYV

6KLS 5SHIHUHQFH )UDPH

7KHVKLSUHIHUHQFHIUDPHLVULJLGO\ILIHGWRWKHERG\ DQG
UHPDLQLQJIURP WKHWZR RWKHUY DXQGHW KOS vd BU WW HDSW R/W R W L
y RIDQDQILYHDSSOLHG IROORZHG K\ D DRVWIWORQ DERXW

2QVKRUH OHDVXUHPHQW :LQG 5HIHUHQFH )UDPH

7KH RQVKRUH PHDVXUHPHQW ZRQRG W MIKHK BQIPHVWIWPHP R1 WKH 2
VXUHPHQW GHYLFH ZKHQ GHSOR\HG RQVKRUH DQG QRW ULJLG
7KXV ZLQG PHDVXUHPHQWY DUH RXWSXW LQ WKLV UHIHUHQFH
WULSOH URWDWLRQ Rl RQVKRUW; Zkb)QOES SXCDLHHUG DR KM KHD G LQ J
IUDRH ,WV RULJLQLVY ORFDWHG DW M- QG PHDVXUHPHQW SRLQW

5HODWLYH :LQG 5HIHUHQFH )UDPH

JRUDNQRZQ UHODWLYH ZVQG WG RAHGMDOW HEFMRIUQG UHIHUHQFH
ZLWKXWKHLY FR OVQHDMHWRLI 7KXV RY,KBHIHUHQFH IUDPH LV WK
RIDILUVW URW DRV ILRQIDEIOHROORZHG E\ D VHFRO RRQE DRRAW
w TKHUHIRUMQG DQJOHV DUH WKH WZR ILUVW (XOHU DQJOHYV
DQG WUDQVIHW PDMQIE FHFDQ DOVR EH GHILQHG 7KH UgkODWLY
JHQHUDOO\ XVHG E\ VDLORUV DQG DOVR XVHG L QW IMKVWEHE \
IROORZLQJIRUPXOD

$HURG\QDPLF5HIHUHQFH )UDPH

7KH DHURG\QDPLF UHR{ UNQIFBIVIRI GHHLQHG IURP WKH DSSDUHQ
VKRZQ LQ ) ZUWKxWBHY FR OMQHDAKW ®[LV LV RUWKRJRQDO WR



JLIXUH 'UDZLQJRIWKH UHODWL R, Z7&%, UMM BQ ®HLNU D B H
WKH UHVXOW RI D WULSOJ: WRWDORQRAQRIPRHDHW FRQYHQWLRQ
KHDGLQJ UHIHURIQFH IUDPH

VWR

JLIXUH 'UDZLQJRIWKHDHURG)\QR,PLEWH MARN R IF H \Y IDODRGHN L W H
SRLQW DUH QRW QHFHVVDULO\FRQWDLQHG LQ WKH SODQH RI W

IRUPHG E\ WKKN YBIGW RDQG & KOHLVY LV FRPSOHWLQJ WKH D[LV V\
GRZQ .LWH WHWKHUV DQG NLWHDWWDFKPHQW SRLQW DUH QRYV

.LWH 3RVLWLRQ

.LWH SRVLWLRQ LV GHBRWKB ER WIKWLBRRERPRAHRRUSUHVVHG LQ R
WKHUHIHUHQFH IUDPHV SUHVHQWH GLYUHYW RXAINOD\WHGXW RV B S PU
V\VWHP DQG SUHVHQWYVY NLWH SRVLWLRQLQ D JHQHULF UHIHU
RQO\NLWHVHHQDVD SRLQWLVFRQVLGHUHG ZLWK QR PRWLRQ
SRVLWLRQ RIWKHNLWHLVY FRQVLGHUHG ZKLOH LWV DWWLWXGH
RQO\DUHUHTXHVWHG WR SRVLWLRQ WKHNLWH %HFDXVHWKH N

FRRUGLODWBIVH SDUWLFXODUO\VXLWDEOH + RRxIPfyRE) ADUHNV H V L
VRPHWLPHV QHFHVVDU\

(;3(5,0(17%/6(7 83

7TKHH[SHULPHQWDO VHW XS XVHG IRU WKLV PHDVXUHPHQW FDP
ZLWK VHQVRUVDQG DFWXDWRUV DQG WZR DGGLWLRQDO ER[HV
WLRQ DQG FRQWURO V\VWHP 7KLV WULR FDQ EH GHSOR\HG RQ
WKH JURXQES RWURQ ERDUG HPEHGGLQJ WKH VI\IVWHP RQ WKH E



JLIXUH 'UDZLQJ RI WKH WZR NLWH SRVLWLRQLQJ V\VWHPV |
VIVWHP XVHG IRU SRVLWLRQLQJNLWHFDQ YDU\GHSHQGLQJRQ

IRU WKLV SXUBRVHKHINLWH XVHG IRU WKLV VWXG\ LV D &DEULQI
DUHD RI P8 XVXDOO\XVHG E\NLWH VXUIHUV IRU OHLVXUH VSR
WKH NLWHERDW 7KLV NLWH KDV IRXU WHWKHUV WZR RQ HDFK"
IURQW WHWKHUV DQG KDYH FRQVWDQW OHQJWK 7KH WZR RWHK
OHQIJWK DQG DUH XVHG IRUFRQWURO SXUSRVH 9DULRXV OHQJ
IURP P WR P

ODLQ VHQVRUV
JRUFHDQG 3RVLWLRQ OHDVXUHPHQW

7KH PDMRU VHQVRU RI WKH H[SHULPHQWDO GHYLFH LV D WKUHE
WHQVLW\DQG GLUHFWLRQ RI WKHIRUFH LQWR WKH IURQW WHMW
PHDVXUH ERWK PDIQLWXGH DQG GLUHFWLRQ RI WKH IRUFH ZLW
UDF\FRPSDUH WR RWKHU WHFKQLFV WKDW R WV B Q@ DXUMNDAIDMIHD VR
DQG 6WUDXFK 7KHVH ODWWHU WHFKQLTXHV QHHG PRVW RI WK
ORDGFHOOLQOLQH ZLWK WKH WHWKHU ZKLFKFDQ DITHFW WKF
SUHVHQW VWXG\LV D75 " % .EXLOWE\OLFKLIJDQG6FLHQWLILF 2
SRXQGV 1 DQGDVDIHRYHUORDG RI RI'WKHIXOOVFDOH
RQH XVHG RQD SUHYHRMYM Y WW@OBOXW ZLWK D VPDOOHU UDQJH RI
VXLWDEOH IRUIRUFHY JHQHUDWHG E\D PO NLWH 7KLV VHQVR
E\PDQXIDFWXUHU DV EHLQJ XQGHU RI'I1XOO VFDOH DQG K\V
XQGHU RI'IXOO VFDOH HDFK RQ HDFK RI WKH WKUHH FRPSR(
WKH ORDG GLUHFWLRQ LVWKHQ XQGHU f TKHDFFXUDF\ KDV I
ODERUDWRU\

JRUEDFN WHWKHUV GXHWRWKHLU YDULDEOH OHQJWKYVY DQRW
7KLVRQHLV EDVHGRQ WZR VLPSOH ORDG FHOOV )XWHN /&0
SXOOH\ 7KHVH ORDG FHOOV KDYH D IXOO VFDOH ORDG RI 1
XQGHU RIIXOO VFDOH DQ K\VWHUHVLVY HUURU XQGHU R
XQGHU RI'NXOOVFDOH 9DULRXVVHW XSVIRUUHWXUQ SXOOH
UHWXUQ DQJOHY 7KHVHDQJOHVY ZHUH DOO WKH WLPH FDUHIXO
UHDO ORDG LQ WHWKHUYV



JLIXUH D 3LFWXUH RI WKH .LWHODE WKH H[SHULPHQWDO SC
RXWPHDVXUHPHQWY RQ HITHFWV DQG SHUIRUPDQFHV RI NLWH ¢
PHQW PDVW LV YLVLEOH DW WKH UHDU RI WKH ERDW 7KH LQIO
Pd RQH E .LWHFRQWURODQG PHDVXUHPHQW GHYLFH GHSOR
ZLQFKHVDUHYLVLEOH DVZHOODV WKH "I[URQW WHWKHU ORDG
WHWKHU ORDG FHOOV UHG UHFWDQJOH

2QVKRUH :LQG OHDVXUHPHQWYV

,OQWHQVLW\DQG GLUHFWLRQ RI WKH ZLQG DW NLWH DOWLWXGH
WR UHDOL]H D YDOXDEOH SRVW SURFHVVLQJ DV %W KWDHCE HW® X
+RZHYHU ZLWK D NLWH IO\LQJ EHWZHHQ P DQG P DERY
WR JHW D ZLQG PHDVXUHPHQW ZLWK D JRRG DFFXUDF\ DW DQ\ ¢
WKLV SUREOHP LW ZDV GHFLGHG WR XVHD ZLQG SURILTKHW ED
W\SH RI GHYLFH LV FDOOHG 62'$5 IRU62QLF'HWHFWLRQ $QG 5D
ZDV DEOH WR PHDVXUH D SURILOHIURP P DERYH WKH JURXQG
P DYHUDJLQJ GDWD RYHUD PLQXWH SHULRG )RU HDFK SRLC
WKH LQWHQVLW\ DQG WKH YHUWLFDO FRPSRQHQW RI WKH ZLQ
VWDQGDUG GHYLDWLRQ IRU HDFK GDWD ,W ZDV SDUWLFXODU
WKHVH RQVKRUH PHDVXUHPHQWY EHFDXVH Rl WKH WRSRJUDSK
WKH WULDOV ZHUH FDUULHG RXW ,QGHHG LW KDV EHHQ REVH
DQG RU GLUHFWLRQ DQG RU YHUWLFDO LOQWHQVLW\ Rl WKH ZL¢
EHHQ HDV\ WR PRGHO
7R FDWFK KLJKHU UDWH ZLQG YDULDWLRQ DQ XOWUDVRQLF W
86$ ZDV DOVR XVHG 7KLV DQHPRPHWHU ZDV SXW LQ SODFH |
JURXQG DQG KDG DQDFTXLVLWLRQ UDWH RI  +]
,Q WKH SUHVHQW VWXG\ ZH FKRRVH WR XVH WKH 62'$5 DV WKH S
H[FHSW ZKHQ LW LV VSHFLILFDOO\PHQWLRQHG WKDW WKH 0(7¢(.

.LWHFRQWURO V\VWHP

&RQWURO $QG 'DWD $FTXLVLWLRQ 6\VWHP

$00 WKH FRQWURO V\VWHP DQG WKH GDWD DFTXLVLWLRQ V\VW
FRPSDFW5,2 PRWKHUERDUG ZLWK DGGLWLRQDO , 2 PRGXOHYV



D E F

JLIXUH 2QVKRUHZLQG PHDVXUHPHQW H[SHULPHQWDO VHW XS
SDQJLQI ZLQG SURILOHU D D 'XOWUDVRQLFDQHPRPHWHU OF
JURXQG E DQGD 'XOWUDVRQLFDQHPRPHWHUORFDWHG RQD

DUH VDPSOHG VLPXOWDQHRXVO\ 7KHVH PRGXOHYV SURYLGH DQ
DQG IXOO EULGIJHDQDORJLQSXWV IRUORDG FHOOV GDWD DFTX
SURJUDPPHG XVLQJWKH 1DWLRQDO ,QVWUXPHQWY VRIWZDUH /
7KH NLWH FDQ EHVWHHUHG E\ DEIW YIHHIQDWSK HIBDHNQ WHHW KHU OF
SXUSRVH HDFK EDFN WHWKHU LV DWWDFKHG WR DQ HOHFWULF
LQ SRVLWLRQ WKDQNV WR RSWLFDO HQFRGHUV ZLWK D UHVRO X
IRUDJLYHQ GLIITHUHQRQUDDOLYDHW \SKRD. QW VLD WY E WIKHIROKKIHU ZL Q
DYDOXHRI(DFKZLQFK KDV D SRZHU RI ZDWW DQG LV DEOH WIH
DWDVSHHG RI 7KPHWD[LPXP GLIIHUHQWLDO VSHH&SRAHW KIBDQ G
LOQOWHUIDFHVY WKH FRPSDFWS5,2DQG WKH ZLQFKHYV

‘"\QDPLF )OLJKW $XWRPDWLF 3LORW

7KH ZLQFKHVY FDQ EH FRQWUROOHG E\ MR\VWLFNV IRU D PDQ X!
PDWLF SLORW FDQ EH DOVR HQJDJHG HQDEOLQJ WKH VWHHUL
UHSURGXFLELOLW\ 7KLVDXWRSLORW L)\DBPDRQRWHEDDER RKWD J L
DSURSHUIXQFWLRQLQJRIWKHDXWRSLORW WKHNLWH SRVLW|
DQ\WLPH WR HQVXUH D IHHGEDFN WR WKH FRQWUROOHU ORUH
EHNQRZQ EHFDXVH WKH NLWH LV XQGHUJRLQJ G\QDPLF IOLJKYV
GDWD VKDOO EHQRW WRR QRLV\WR DOORZ WKH FRPSXWDWLRQ
OHDGLQJWR WKH YHQREUWWADVIH WKH NLWH SRVLWLRQLV REWD!
FHOO DVVXPLQJWKDWWKHIURQW WHWKHUV DUH VWUDLJKW D
$FFRUGLQJ WR D YHULILFDWLRQ YLD D FDWHQDU\ PHWKRG LQF
WKLV DVVXPSWLRQ VHHPV UHDVRQDEOH DV LW VKRXOG QRW FIL
fIRUWKHUHIHUHQFH FDVH SUHVHQWHG LQ WKHUHVW RIWKH S
GDWD ORDG FHOODFTXLVLWLRQLY GRQH DW N+] DQG WKHQ
RI +] $IWHU WKH GHULYDWLYH SURFHVV WKH GHULYDWLYH V
DYHUDJHILOWHU



$YDLODEOH GDWD

.LWH GDWD PHDVXUHG GXULQJ H[SHULPHQWY DUH WKH IRUFH C
GHQRWHG WKHIRUFHV LQ WKH OHIW DQG UL JRMWEBZ  NDNHMWKKIR V
YDULDEOH SDUW RI WKH OHQJWK RI WKH EDFN WHWKHUV ZKLF#
1DQ@ 7KH ZLQG GDWD DUH PHDVXUHG IURP WKUHH GLITHUHQ)
+RZHYHU WKH &9 DQHPRPHWHU XVHG IRU IOLJKW FRQWURO SX
PDQG ZzDV WKHUHIRUH YHU\ GLVWXUEHG E\JURXQG SUR[LPLW\
LQ REWDLQLQJ VI\IPPHWULFDO WUDMHFWRULHY ORUHRYHU D C
DW WKH HQG RI WKHILHOGZRUN OHDGLQJ WR DIDOVH ZLQG GLL
GDWD IURP WKLV GHYLFH DUH QRW WDNHQ LOQWR DFFRXQW LQ W
PHDVXUHPHQWYV FRPHIURP WKH62'$5DQG WKHO(7(. EXWWKH VI
WKH ODVW WZR GIORZV LRPH UHVXOWYV IURP WKH 62'$5 SURILOH
KDYLQIJWKHZLQG VSHHGDQG GLUHFWLRQ IURP P WR P ZLWEK
LOWHUSRODWH WKHZLQG VSHHG DQG GLUHFWLRQ DW NLWH DO
DERXW EHWZHHQ WKH VWDQGDUG ,77& SURILOH DQG WKH PH

P 7KLV HIKLELWV WKH QHFHVVLW\ RI VXFK D GHYLFH IRU UH
DOWLWXGH 7KHUHVXOWYV VKRZ D VLJQLILFDQW YHUWLFDO FRF
WKHRULHQWDWLRQRIWKHZLQG ZLQGRZ 7KLV PXVWEHWDNHQ
RIWKHDHURG\QDPLF FKDUDFWHULVWLFV HVSHFLDOO\WKH OL|
ZHUH DOVR UHFRUGHG XVLQJ FDPHUD VXFK DV *R3UR UHIOH[ R
PHDVXUHPHQW KDYHEHHQ FDUULHG RXW SURYLGLQJ K RIUHC

3267 352&(66,1*

7TKHPDLQ REMHFWLYHV RI WKHSRVW SURFHVVLQJDUH WR REWD
FRHIILFLHQW DORQJDQ SDWWHUQ WUDMHFWRU\ )RU WKLV SX
SXWHG DQG D SKDVHDYHUDJLQJ PHWKRG KDV EHHQ GHYHORSFH
RI'WKH62'$5 ZLQG PHDVXUHPHQWYV

ODLQ HTXDWLRQV

S9HFWRUV DUH H[SUHVVHG LQWR WKR KBI'Y) GHQLQMHG H. Q6@ BN
RWKHUZLVH QRWHG $00O YHORFLWLHV DUHJLYHQ ZLWK UHVSH
WHWKHUDUHFRPSXWHGLQWKHKHDGLQJUHIHUHQFHIUDPHLQV

7TKHQ IRUFHVLQWR EDFN WHWKHUVY DUHDGGHG WR WKH IURQW
NLWH IRUHRH,YDIWWRWH DWW RFRK®@ MKW SBRAQYG VWDWLRQ

E
Fya = —kE: k(kEf K+ Fpi + For)

'LWK WKH K\SRWKHVLV RI SHUIHFWO\ VWU D LJ KWKW MWRKNHIUO/ NZ LW |
YHFWRU DW DWWDFKPHQW SRLQW RQ WKH JURXQG VWBWLRQ L
JHQHUDWHG E\ WKH WHWKHUV RQ WKHNLWHDW NLWH SRVLWLR

Fv= Fxa
:LWKWKHVDPHDVVXPSWLPQ DWW K&HNWNKIHANH SYEHADNODRXY. RVEH FRP S XV



E F

JLIXUH ([DPSOHRIZLQGVSHHG SURILOH D ZLQG GLUHFWLRAQ
SURILOH F PHDVXUHGE\WKHG62'$5GXULQJWKH WKRI-XO\EHW
RIHDFK SURILOH GHSHQGV RQ FRORU DQGLVGHQRWHG E\ WKH

D GHQRWHV WKH ,77& SURILOH FDOFXODWHG IURP WKHDYHUD
SHULRG



=

[
[

A A
D =HUR PDVV PRGHO E 3RLQW PDVV PRGHO

JLIXUH JRUFH GLDJUDPV RIWKH]HUR PDVVPRGHO D DQG WKI
WLYHO\GHILQBI@&E{TITRU WKH VLPSOLFLW\ RI WKH GLDJUDPV N

YHFWRU ZLQG YHORFLW\YHFWRUDQG NLWHZHLIJKW YHFWRU D
LVDSDUWLFXODU FDVH

P——ELL
P
V, = dP;

KT dt

'LWK WKH K\SRWKHVLV RI WKH ]JHUR PDVV PR,GHQ HNKHNVBI KUR GN

NLWH LY GLUHFWO\HTXDO WR WKH RSSRVLWH RI WKH IRUFH JHC
SRVLWLRQ

Ea = Ek

7KHIRUFH GLDJUDP SUHVHQWLQJ WKH JHUR PBHRAHFRI®WH O V¥ BRY
PRGHO FDQ EHDOVR XVHG WKHVR FDOOHG SRLQW PDVV PRGHC(
p, DQG LQHUWLDO IRUFHV DUH WDNHQ LQWR DFFRXQW ,PSDFW})
6HFWLF7(]§(H IRUFH GLDJUDP SUHVHQWLQJ WKH SRLBW PDVV PRG

Ea =m_y Ek Ek

KHUK LV WKHNLWHDFFHOHUDWLRQ YHFWRU REWDLQHG IURP
Ve, (T D@GLV WKH PDVV RI WKH NLWH

dv,

=« dt
,QWKHFXUUHQW FDVHRIRQVKRUHPHDVXUHPHQWYV ZLWK D IL[H
UHODWLYH 2LQGYHTWRO WR WKH WIW,XHZQQG ¥E EMRBW E\ DQ |
VI\VWHP FKDQJH IURP WKH RQVKRUH ZLQG P HRVWRHP K WHDHS H(
UHIHUHQF® IUQRKU FDVH IRUDOO ZLQG P#{D U KIWRPIH 8 W G HQEFH

IUDPH ZDV FRLQFLGHQW ZLWK WKH PRGWHTFOMOVYHDQLQJ WKDW



Vwr = Vwr = (& M M )!S\I/V:/l)

.QRZLQJ WKH WUXH ZLQG VSHHG DQG WKH NLWH Y HQ FBLOVMB HW K H
FRPSXWHG DV IROORZYV

dP,

dt

7KLV DSSDUHQW ZLQG YHFWRU DOORZV WR GH I LRY HDAVKGHHDAHRILROGH
LQ 6HFWLBRJ YHFWBQ EH JHW E\ SR ARRMRH PW GQUIL | W. ¥ M FAKRIWD W K H
GLIIHUHQFHFE HDWIEBH H Q

Vao=Vur Vye=Vyur

YHFWRU
kL k

L
D kD

J)LQDOO\ WKH OCIWWRG VIR BEAMNYWHWKWH DWKH GRGVLW\ RI WKH

f =

=~

KLk
C = -
T IAWVZ

7LPH GHULYDWLYH RI H[SHULPHQWDO GDWD

TRFRPSXXWRG WLPHGHULYDWLYHLVQHFHVVDU\ $VLPSOHFHQ)
LV XVHG DV IROORAAKIRIMHWIBMILYHQ VLIQDOWIDFPFEOWHE I LWK D

X(t+ t) Xt 1)

2 t
+RZHYHU ZLWK H[SHULPHQWDO GDWD DQG SDUWLEXODUO\ XV
SURFHVV JHQHUDWHY D QRLVH PRUH RU OHVV LPSRUWDQW GH
VLIQDO 7KXV DILOWHULQJVWHS QHHGY WR EHDGGHG WR JHW
ILOWHU EXLOW IURP 0$7/$% GHGLFDWHG WRROV LV WKHQ DSSOL

ax
E(t) =

'LQG HVWLPDWLRQ DW NLWH SRVLWLRQ

$V GHWDLOHG EHIRUH WKH ZLQG DW NLWH DOWLWXGH FDQ EH F
VXUHPHQW GRQH E\ WKH 0(7(. VHQVRU DW KLJK IUHTXHQF\ DW
DYDLODEOH RUWKHZLQG SURILOHJLYHQ E\ WKH 62'$5 EXW DV
DQGVWDQGDUG GHYLDWLRQVDUHDYDLODEOH 7KHVHWZR ZLC
WKH SRVW SURFHVVLQJ DQG GLITHUHQFHV LQGXFHG LIFMHH UF
)L DIRUH[DPSOH )RU WKHO(7(. FDVH WKH ZLQG DW PHDV XU
DVEHLQJHTXDO WR WKHZLQG DW NLWHDOWLWXGH ,Q WKH FD\
OLQHDUO\LQWHUSRODWHG LQ WLPHDQG VSDFHIURP GDWD SUF



SKDVHDYHUDJLQJ

7KH DXWRSLORW GHVFULE HIGVLIEXEWRFPMIURRUP UHSHDWDEOH
ULHV 1HYHUWKHOHVV GXHWRWKHYDULDELOLW\RIWKHERXQ
H[SHULPHQWYV VPDOO YDULDWLRQV DURXQG D PHDQ SHULRGLF
VXUHPHQWYV RI VHYHUDO PLQXWHV 7KHUHIRUH IRUWKH DQDO\
DYHUDJLQJSURFHGXUHRIWKHUHFRUGHG GDWD LV DSSOLHGLQ
DQG DOO WKH DVVRFLDWHG WLPH VDPSOHG DYHUDJH FKDUDFW
WLRQ NLWHFRQWURO SDUDPHWHUV DQG WHQVLRQV RI WKH WH
7KH SUHVHQW FRQGLWLRQDO SKDVHDYHUDJLQJSURFHVVLVGL
DQDO\VLYVY WHFKQLTXHV ZKLFK DUH ZLGHO\ XVHG WKHRUHWLFC
HUDO ILHOG RI W X6DDEOXMQ W KDRSZYV 6HF :HUQHUW DQG )DYLHU

<X HW DO

7KH FKRVHQ GHW HF WV RWX W LEIFROISIR CHIRM B W KH PDLQ D[LV RI WK
SRLQWV FRPSRVHG IURPWKH ZKROH SDWWHUQWUDMHFWRULH
WR 3ULQFLSDO &RPSRQHQW $QDO\VLV & $L VWEKH 6 R/ MDRA W@ A H
SRLQWV ODG (T DQG WKHQ WKLY PDWUL| LV GLDJRQDOL]JHG 7K
ZLWK WKH ELJJHVW HLJHQYDOXH GHQRWHYV WKH PDLQ D[LV RI W
D[LVRIWKHDYHUDJH SDWWHUQ 7K LxVD[LLW R VDAKHHZUGHH HLUHHIG- B
Rg 7KH WZR RWKHU HLJHQYHFWRUV FRPSOHWH WKH UHIHUHQFF
WUDMHFWRU\LVWKHQDVSHFLILF SDWWHUQ YLVLEOHRQ WKLV
FDQ EHLVRODWHG E\GHWHFWLQJZKHQ WKH VLJQDO LV FURVVL
BWHS

EXIY 2R COUX; V)= =5 (X (Y 1)

|
=—cov;ij = COMPwi; P)
JURP WKHUHD VHW RI SLHFHV RI WKH GHWHFWLRQ VLJQDO LV DY
DVWKHQXPEHURISDWWHUQVLQLWLDOO\H[LVWLQJGXULQJ WK
FDQ EHFRPSXWHG E\DYHUDJLQJ WKH GXUDWLRQ RIHDFK SLHFF
7TKHQ WKH GHWHFWLRQ VLIQDO LV ZLQGRZHG ZLWK WKHIROORZ
GRZFRPHVIURPWKHGHWHFWLRQVLIQDODQGWKHZLQGRZOHQ
RIWKHWUDMHFWRU\ 7KLV OHDGV WR D VHW RIHOHPHQWDU\ VL
ZLWKRQH HOHPHQWDU\ SDWWHUQGBMWHIEMH F Vi RIH FRU RMAWKHH WX |
WKHVHHOHPHQWDU\VLIQDO LV FKRVH@WN SVKH DHIG WHKAIFFHURY
UHODWLRQ RIHDFK ZLQGRZ ZLWK WKDW UHI6WHS®FH LV KLY DAD\
WRDVHWRIPD[LPXP FRUUHODWLRQ OHYHOVDQGD VHWRIVPDC
WKLV PD[LPXP ZKLFKLV XVHG WR VOLJKWO\FRUUHFW WKH EHJL
7KLV ZKROH SURFHVV RI WKH GHWHFWLRQ VLIJQDO EHLQJ DFKLF
VLIQDOV UHFRUGHG LQ WKH FRQVLGHUHG UXQ FDQ EH ZLQGRZ}F
VWDUWLQJ WLPH DQG HQGLQJ WLPH LQGLFHYV )LQDOO\IRU D J
GHYLDWLRQ FDQ EH FRPSXWHG IURP DOO WKH SDWWHUQV DW H
6WHS 1RWH WKDW WKH VWDQGDUG GHYLDW LLRQFR Q AMXKOHD B/MKHEG
IROORZV XQGHU WKHDVVXPSWLRQ RILQGHSHQGHQW PHDVXUH



(3 $YHUDJH SHULRG RI WKH ZLQGRZV EDVHG RQ D ]JHUR FURV'
t1 t; th

P
1 n
R

'"HWHFWLRQBLIQDO

t, =

67(3 :LQGRZLQJRIWKHOMLBQDORSWLERIBIWHQFH ZLQGRZ VHOH
ta ta ta ta ta

ta ta ta ta

RSWLRERQRPWYWY FRUUHODWLRQ RIHDFK ZLQGRZ ZLWK WKH F
7LPH VKLIW

(o]

~
RFAL

w

%HVW FURVV FRUUHODWLRQ OHYHO % &/

67(3 RSWLRPDUG FULWHULRQ

LBCL >BCL i, t<  tma
SHWDLQ WKH VKLIWHG ZLQGR?Z
HOVH

&gFDUG\NKHZLQGRz

UHIHUH QF HZZ IQ@®

67(3 $YHUDJIJLQJ RIWKH UHWDLQHG VKLIWHG ZLQGRZV IRUDOO

$YHUDJH SDWWHUQ
2 ZLWKWKHVWDQGDUG GHYLDWLRQ RIWKHDYHUDJH SDWWHUQ

JLIXUH 6FKHPDWLF GLDJUDP RI WKH SKDVH DYHUDJL



ZKHUHMY WKH VWDQGDUG GHYLDWLRQ RI WKHFRQVLGHUMG VLJC
LVWKHQXPEHU RI SDWWHUQV XVHG LQ WKH SKDVHDYHUDJLQJ !
ORUHRYHU DV WKH  FURVV FRUUHODWLRQ SURFHVV UHWXUQV L
WHFWHG ZLQGRZ LWLV SRVVLEOHWRLQWURGXFHDFRQGLWLR(
IURP WKH VHBWBH&J $ OLPLWFDQ EHGHILQHG LQ RUGHU WR RQ
GHWHFWHG SDWWHUQ KDYHD FURVV FRUUHODWLRQ OHYHO DER
WLRQ OHYHO RI WKHUHIHUHQFH GHWHFWLRQ SDWWHUQ D OHYF}
LQ)LJ 7KLVFURVV FRUUHODWLRQ FKHFN FDQ EHGRQH VLPXC
RIWKHIURQW WHWKHU IRUFH 7KXV QRWRQO\WKHJHRPHWU\R
WKHLQWHQVLW\ RI WKHIRUFH 7R HQVXUH D IDLU FRPSDULVRQ
WHUHG VLJQDOV QRUPHG E\ WKH VWDQGDUG GHYLDWLRQ RI WKII
VLIQDO LV FKHFNHG DQG SDUWLFXODUO\ WKH 62'$5 VLJQDOV
VLIQDOV FDQ EH PLVVLQJ DQG UHSODFHG E\ 1D1V 1RW D 1XPE
XQGHILQHG YDOXH TKXVDQDGGLWLRQDO OLPLWDWLRQ KDV I
ZLWK PRUH WKDQ RI'1D1LQ WKH62'$5VLJQDOV

I WKHFRQGLWLRQDO FULWHULRQ RSWLRQLV VHOHFWHG WKH
DQG QHHGV WR EH GHWDLOHG ,Q WKH FDVH RI D SHUIHFW SHUI
HITHFW +RZHYHU WKH GHWHFWLRQ VLJQDO LV UDWKHU SVHXG
TKHUHIRUHDUDQGRP FKRLFHKDYHWREHDYRLGHG EHFDXVH W
DQH[WUHPHRQH DQG WKHFURVV FRUUHODWLRQ PD\GLVFDUG
RSWLRQ ZKLFK ZDV ILQDOO\ FKRVHQ LV WR PDQXDOO\ VHOHFW
LQ UHODWLRQ WR WKH RWKHUV $Q HI[DPSOH RI WKH HITHFW R\
LQ )LD ZLWK DOO WKH SDWWHUQV RI WKH UXQV VXSHULIRYRVH!
FRPSROQHQW/RH UHVXOW RI WKHPHWKRG DSSOLHG R@NLWH SR\
+RZHYHU LQFDVHRIDJRRGUHSHDWDELOLW\ DSSO\LQJVXFKD
LQ WHUPV RI VWDQGDUG GHYLDWLRQ )XUWKHUPRUH WKH DS
TXHVWLRQDEOH HVSHFLDOO\LIRQHZLVKHV WR FDUU\RXW D V\
FULWHULRQ ZDV QRW XVHG LQ WKH SUHVHQWHG UHVXOWYV IRU W

5(68/76

7TKHSKDVHDYHUDJLQJ SURFHGXUH KDV EHHQDSSOLHG WR DOO ¢
SRWHQWLDOO\UHOHYDQW OHDGLQJWRD VHWD FDVHV SOX\
UXQ OHDGVY WR RQHDYHUDJH SDWWHUQ WUDMHFWRU\ $00 W
NLWH EXW WKUHH GLITHUHQW WHWKHU OHQJWKYV ZHUH XVHG
JLYHQ LQ WKHKMD\EH UHVXOWY DUH DQDO\]JHG LQ WKH IROORZLQ
PDLQOLQHYV :KHQD VSHFLILF SORWQHHGY WR EHVKRZQ WR LO
DOO FDVHV D UHIHUHQFH FDVH LV WKHQ XVHG AKWKHKHURGRABRL
DQRYHU ULJKW DUURZHG TXDQWLW\GHQRWHV DWLPHVHULHYV
UHODWHG WR WKHUHVXOW RI WKH SKDVIEEQQRWHM- YKAHDWKRG J
RIDWLPHVHULHYV

7R FRPSDUH HDVLO\ D FDVH WR DQRWKHG LWKARRBEWW HRU FUIRFFR
DYHUDJH YDOXH RIHDFK FDVH

|

F

Ck: k
1 |
2Ak :

VwT

7KHEDFN WHWKHS UBWL@®WY WKH SDUW RI WKH IRUFH VXSSRUW
JLYHQ LQLADWKH DYHURJR WHWERE K DWWHUQ



D E

J)LIXUH 3ORW D VKRZV DOO WKH SDWWHUQV RI RQH RI WKH U
WKHUHIHUHQFHRQH LQUHG WKH SDWWHUQV WKDW FRPSO\ WK
ZKLFK GLG QRW DQG LQ JUHHQ WKH UHVXOWLQJ SDWWHUQ DIW
DOO WKH SRVLWLRQV RI WKH NLWH GXULQJ WKH UXQ ZLWK WKH
UHVXOWLQJIURP WKH SKDVHDYHUDJLQJ SURFHVV LQ JUHHQ L

:FbI+Fbr
Fx
7TKHDPSOLWXGM WBWIDRPSOLWXGH RITRUFHDORQJ WKH WUDMHF

Mo

I I I
_ max(Fy) min(Fy) _ 4 Fy
o= =
!FI< !Fk
7KH WUDMHFMRULY LMGRMKD]LPXWK DPSOLWXGH RI WKH WUDMHF
FDOFXODWHGDVIROORZV I

4 traj = L 4 P®

,QRUGHU WR VHOHFW WKH UHIHUHQFH FDVH ZH XVHG D FULWH!|
WKH EHVW V\PPHWU\ 7KH WUDMHFWRU\ LV VDLG V\PPHWULFDO
RI WKHRNLWHV\PPHWULFDO UHODWHG WR LWV 3SULQFLSDO SOD:
DV WKH SODQ FRQWDLQLQJ WKH FHQWRY RIQE EWLGY RIVMKR WR
Upax WKH XQLW YHFWRU RI WKH D[LV DFFRU®L QY W RZIKAF®& WBKH
YHFWRU ZKLFKLVGHWHUPLQHGE\WKH3ULQFLSDO &RPSRQHQV
LQG6XEVHFWIMRDVY WKHQ SRVVLEOH WR XVH WKHIROORZLQJ QRUF
FULWHULRQ

" 2
0 (Ek;c(t)-'-%(t-" P:Z)) u;max dt

oP Bk;c(t)zdt '

ZKHBHV WKH SVHXGR SHULRG R WKHRY U MIVFW IR SRYGWLRQ Y
WKHNLWHUHODWHG WRWKHFHQWHU RIJUDYLW\RIWKH WUDMH
ZH KDMrid] =0 DQS¥raj LV JURZLQJ ZLWK WKHDVV\PPHWU\ RI WKH W

Straj =



7TDEOH

6XPPDU\ WDEOH RIDYHUDJH UHVXOWYV IRU WKH
WKHUHIHUHQFH FDVH & B
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P
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.LWH ORDGLQJ
*HQHUDO FDVH

$V YLVLEOH MQKIDEYHUDJH IRUFH JHQHUDWHG E\ WKH NLWH LV
OHDGLQJ WR D ZLQJ ORDG XQGHU 1 P VRIDU XQGHU WKH L
/IHORXS HW DO+RZHYHU WKLV LV WKHDYHUDJH YDOXH RQ D SDW\)
YDOXHDORQJ WKH WUDMHFWRU\ LV IDUIURP FRQVWDQW DV Gl
WKH YDULDWLRQLV DERXW RIWKHDYHUDJH YDOXH RDWKH U)
7KH PD[LPXP NLWH IRUFH YDOXHV RFFXU JHQHUDOO\ DW WKH H
WUDMHFWRU\ ZKHUHDV WKH PLQLPXP YDOXHV DUH ORFDWHG D
"SORW SUHVHQWHG IFQ LEH UHJDUGHG DV DQ HIILFLHQF\ FRHI
YDULDWLRQV IURP WR FDQ ERCR ENKH.V YHRGI LIQ FDHEQW GHSHQ
NLWH WULP EXWDOVR RQ WKH SRVLWLRQ RI WKH NLWH LQ WKH 2
PRGHO IRUDNLWH ZLWK D OLIWWR HGIUIDRLHB QW LARRXRIG YWKME\ C
WR EHWZHHQ WKHHGJHDQG WKH IXO0O SRZHU SRLQW RI WKH
REVHUYHG MW)KEDEHWY KLIKHU ZKHQ WKH OLQHV DUH ORQJHU EH
FORVHULQDYHUDJH WR WKH IXO0O SRZHU SRLQW

D E

JLIXUH (YROXWLRR) BORQWIBD OBRD®/WHUQ WUDMHFWRU\ IRU W
7DE 30RW D VKRZV YDULDWLRQ RI WKH ORDG RYHU WKH WL
GHYLDWLRQV FRPSXWHG WKDQNV WR WKH SKDVHDYHUDJLQJ Pt
EXWDFFRUGLQJWR WKH SRVLWLRQ RI WKHNLWHDORQJ WKH WL

(( WUHPH ORDGV REVHUYHG

'XULQJDOO SKDVHV RIH[SHULPHQWY KLJKHU ORDGLQJFRQGLYV
DW VSHFLILF PRPHQWY DV DW ODXQFK IRU H[DPSOH 7KHVH PF
LW KDV EHHQ GRQH LW WKH SUHYLRXV 6 XEVHFWLRQ EHFDXVH |
DUHSHWLWLYH UHJXODU SDWWHUQ +RZHYHU VLQFH ORDGYV JF
PXFK KLJKHU WKDQ GXULQJ RWKHU SKDVHV LW GHILQLWHO\ KD\
EHHQLGHQWLILHG RQHIRUHDFK NLWH

'LWK WKH 1RUWK NQRVMHG HI[FHHGHG 1GXULQIJWKUHH SHDNV I
V IRUD SHULRG GXUDWLRQRI V ZLWKDPD[LPXPIRUFH UHD



WUXH ZLQG VSHHG GXULQJ WKH SHULRG RI PV 7KLV PD[LPX
ORDG HTXDO N1 P3

'LWK WKH VHFRQG NLWH &DEULQKD RQO\RQH SHDN ZDV REVF
WKHDYHUDJH ORDG GXULQJWKH V SHULRG ZDV VOLJKWO\DERY
VSHHG GXULQJ WKH SHULRG RI PV 7KHHYROXWLRQ RI WKH
)LJ

%XFNOLQJ 3KHQRPHQD

1RQHRIWKH FDVHV S UHWKRAWHGW QXMW ELQG VSHHG KLJKHU WKD (
OHVV VXFKZLQGFRQGLWLRQVRFFXUUHG GXULQJWKHPRQWK R
WKHREVHUYDWLRQ RIH[WUHPH ORDGLQJFDVHV +RZHYHU QR
PHWKRG FRXOGEHDFKLHYHG ZLWK WKHVH ZLQG FRQGLWLRQV 7
FXUULQJRQ WKH LQIODWDEOH OHDGLQJHGJHRIWKHNLWHDQG
WKH SKHQRPHQD ZDV OLPLWHG LW KDV QR LPSRUWDQW HIITHFW?
WKH DPSOLWXGHDOVRLQFUHDVHG JHQHUDWLQJORVVHV RI SH
NLWH 7KXV WKHDXWRSLORW ZDV QR ORQJHU DEOHWR GUDZ V>
NLWH WUDFNV DSSHDULQJ OLNH D VXFFHVVLRQ RI XQSUHGLFWD
H[WUHPH FDVH WKH DXWRSLORW ZDV HYHQ QRW DEOH WR PDLQ
RI WKH NLWH RIWHQ YLROHQWO\ ([DPSOHV RILQVWDQWDQHRX
DUH JLYHQ LBLEWXUH D SUHVHQWV D YHU\ FODVVLF FDVH ZLW
RIWKHOHDGLQJHGJH 3LFWXUHV E F DQG G VKRZWKHVDP]
ODVW DQG PLGGOH EDWWHQV DQG DIIHFWLQJ DOVR WKH OHDG
H SUHVHQWY D FDVH ZKHUH WKH NLWH ZDV WRWDOO\ FROODSV
$QRWKHUH[DPSOHRIEXFNOLQJSKHQRPHQRQFDQEHVHHQRQ I
,QGHHG WKH IRUFH RVFLOODWLRQV REVHUYHG EHWZHHQ VD
V DUH W\SLFDO RI D EXFNOLQJLVVXH ZKHQ ORDG UHDFKHV D F
OHDGLQJ WR D VLJQLILFDQW ORVV RI SHUIRUPDQFH RI WKH NLV
ORZ WKHNLWHUHWULHYHVD EHWWHU VKDSH DQG ORDGFDQ UL
7KHVH RVFLOODWLRQV FRQWLQXH XQWLO WKH NLWH UHDFK D U
HGJH $FFRUGLQJWR WKH GDWD LQ WKLV FDVH RVFLOODWLRC
WKLV W\SHRIHYHQWY DXWRSLORW RUPDQXDO SLORW KDYH D¢
RWKHU IRUFH RVFLOODWLRQV REVHUYHG MXVW EHIRUH WKH W
DOVR SUREDEO\EXFNOLQJSKHQRPHQD EXWDV QR YLGHR GDWLEL
GLIILFXOW WR FRQFOXGH

3DUDPHWHUV UXOLQJ WKH WKUHVKROG OHYHOV RI EXFNOLQJ |
GLFWDEOH IURP ZKDW ZH NQRZ ,EXGHNHIEL Q/WLIOKFMQ/)QRDG IRU
DURXQG 1 ZKHUHDV RQH VHFRQG ODWHU WKH ORDG UHDFKF
+RZHYHU WZR HOHPHQWY KDYH D FOHDU LQIOXHQFH RQ EXFNC
OHDGLQJHGJHDQG WKHEULGOH VWUXFWXUH 3UHVVXUHHIIHE
ZKHQ WKH NLWH ORVW SUHVVXUH GXH WR OLWWOH KROHV LQ W
EXFNOLQJDIWHUDIHZPLQXWHV RITOLJKW WKDQ MXVW DIWHU W
SOLFDWHG WR PRGLI\DQG QR WHVW ZDV FDUULHG RXW LQ WKDYV
RI NLWH DUH QRW GHVLJQHG WR EH XVHG RQVKRUH E\ EHLQJ SH
,QGHHG XQGHU QRUPDO FRQGLWLRQV D NJNLWH VXUIHU FDC
1 7KHQ KH ZLOO PRYH WRZDUGV WKH NLWH JHQHUDWLQJ D YH(
YHORFLW\ ZLOO FDXVH D GHFUHDVH RI WKH DQJOH RI DWWDFN C
NLWH UHVXOWLQJLQDVLIQLILFDQW UHGXFWLRQ RIWKH ORDG



JLIXUH OD[LPXP HIITRUW UHFRUGHG IRU &DEULQKD NLW

G H

JLIXUH SLFWXUHV RI EXFNOLQJ SKHQRPHQD ZLWK VHYHUDO
VKRZV WKH MXQFWLRQ EHWZHHQ WKH LQIODWDEOH OHDGLQJ H
ZDVPRXQWHG RQ WKHFHQWUDO EDWWHQ VKRRWLQJIRUZDUG



JLIXUH %DFN WHWKHU ORDG YHUVXV WRWDO ORDG GXL

SDWLR EHWZHHQ IRUFHV LQWR EDFN WHWKHUV DQG WRWDO

)RU WKH SXUSRVH RI FRPPHUFLDO GHYHORSPHQW RI NLWH FRQ
SRUWHG E\ WKH EDFN WHWKHUV LV DQ LQWHUHVWLQJ HOHPHQ\
HVVHQWLDO WR VL]H FRUUHFWO\ WKH SRZHU RI WKH DFWXDWR
PDWHULDO $V LW FDQ EWMRHHRWRRIEHWZHHQ WKH VXP RI FRQW
WHWKHUV DQG DQ WKH WRWDO NLWHHDIRUHAHE BW BHHIQQ H DIQW (T L
WKH WUDMHFWRU\ Rl WKH UHIHUHQFH FDVH 7KH DYHUDJH YDC
SUHVHQWH UM BHEWZHHQ DQG

,PSDFW RI WULP

7KHDXWRSLORW ZDV SURJUDPPHG LQ RU G@& G MSRHIDHM QW H WRPHWM
VHH 6 XEVHFWLRIQLY PHDQV WKDW ZLWKLQ WKH VDPH UXQ WKH
7KH WURPWKH NLWH ZDV GHILQHG DV WKH OHQJWK GLIIHUHQFH
7KXV LI TURQW WHWKHUV ZHUH GLUHFWO\ FRQQHFWHG WR WKH
EHWKHGLVWDQFHEHWZHHQ UHDO VWDUW RI EDFN WHWKHUV Dt
DUHDOO WKH WLPH ORQJHU WKDQ IURQW RQHV $QG WKLV GLV\
HQFRGHUV +RZHYHU EHWZHHQ UHDO VWDUW RI IURQW WHWKF
OLQH ZDV ULJJHG DV VKRZQLQ)LJ E DQG WKHOHQJWK RI W|
SUHFLVHO\ ORUHRYHU WKLV OHDGHU OLQH ZDV UHSODFHG Vt
DW DWWDFKPHQW SRLQW 7KXV WULP YDOXHV FDQQRW EH FRP
HQWDLOV WKDW NLWHV ZHUH QRW ULJRURXVO\VHW LQ WKH VDP
SHUIRUPDQFHVY FDQQRW EH UHDOO\ FRPSDUHG
+RZHYHUD UHFRUG ZDV VSHFLILFDOO\GRQHWRDQDO\]H WKH HI
7KXV GXULQJD UXQ ZLWK QR FKDQJH RI DQ\ RWKHU SDUDPHWH
GXULQJDIHZPLQXWHY $YHUDJH UHWX®WKHHDWHWUYRYDQ XBE DL
UHODWLYHO\WR WKH ILUVW RQH 7KLV PHDVXUHPHQW ZDV GRQ
WHWKHUV
'LIIHUHQFHY EHWZHHQ WKH FDVH DQG DUH VLJQLILFDQW XQGC
GLIIHUHQFH RQ ZLQG ZH PHDVXUHG PRUH WKDQ LQ PHDQ OF



/TDEOH ,PSDFW RIWULP RQNLWH SHUIRUPDQFH

&DVHt [Vt ! Ck ry | 4
1DPH V| P 1 FP
% &

% &
% &

&N EXW WULP GLITHUHQFH LV RQO\ FP DQG FIPVWL BHD QK RZUW k
+RZHYHU WKH FRPSDULVRQ EHWZHHQ FDVH DQG FDVH LV PR
OHQIJWK 7KHUHIRUH DWULP UHGXFWLRQRI FPOHDGV WR DQ
WKH VDPH WLPH WKHEDFNWHWKHU IRUFHUDWLR JRHV IURP \

$SSDUHQW ZLQG YHUVXV WUXH ZLQG VSHHG

"KHQ WKH NLWH LV IO\LQJ LQKGKODRLIHF PRREW FZQWKVDWLF PRGH
WLPH WKH NLWH YHORFLW\ LQFUHDVHVY WKH DSSDUHQW ZLQG
PDMRUDGYDQWDJHV RINLWHVY LQ FRPSDULVRQ ZLWK FODVVLF V
LWLVLQWHUHVWLQJ WR DQDO\]HWKH IDFWRU EHWZHHQ WKH U
ILHOGZRUN WR WKH WUXH ZLQG VSHHG ZLWK WKH DSSDUHQW
ZDV FRPSXWHG IRUHDFK RI WKH FDVIHGSWHYO@QWHG D QH/® B J D
FDVHV )LQDOO\ WKHDYHUDJH IDFWRU LV %YHFDXVH IRUFH
DSSDUHQW ZLQG VSHHG WKLV YDOXHVKRZV WKDW NLWHV XVHG
SRZHUIXO WKDQ D FODVVLFVDLO ZLWK WKH VDPH VL]H %XW WKI
LQ G\QDPLFIOLJKW ,Q VWDWLFIOLJKW WKHDSSDUHQW ZLQG L
FDVH DUHHTXLYDOHQW WR VDLOV

.LWHPRGHO LPSDFW RQ SRVW SURFHVVLQJ

D E

JLIXUH &RPSDULVRQEHWZHHQ WKHWRWDONLWHIRUFHDQG L
WKH UHIHUHQFH FBURW/IDE GHDOV ZLWK WKH QRUP RI WKHVH IR
DIRFXVRQ WKHSURMHFWLRQ RI WKHVHIRUFHV RQ WKH DSSDUF



7ZR GLIIHUHQW PRGHOV KDYH EHMH®RGSIW RHYWHERWHTWKH DHU
IRUFH RI WKH NLWH 7KH ILUVW RQH LV WKH JHUR PDVV PRGHO I
WKHQ QR LQHUWLDO HIITHFW H[LVWV 7KH VHFRQG PRGHO LV WK|
PDVV LV FRQFHQW KD WHKE& \D WQS/RD. QW WKH DSSDULWLRQ RI LQH
,Q)LIJD WKH WRWDO NLWH IRUFHLY SORWWHG ZLWK WKH FDOF
RI WKH NLWH WR NJIRU WKLV FDOFXODWLRQ 7KH UDWLR EHW,
ULJKW D[LV (YHQLIWKHLQHUWLDO HIIHFW UHPDLQV ORZ WKH)
IRUFH YDOXH :KHQ SURMHFWHG RQ WYXNERQG DG S D UMWQWKIR[IL\L
LQHUWLDO HIITHFW DPRXQWYV DV PXFK DV RI WK B [WR W.EDORNLKW
ZRUGV WKH GUDJRIWKH]JHUR PDVVPRGHO 7KHUHIRUH WKH F
DIIHFW WKH GUDJ FDOFXODWLRQ DQG VR WKH OLIW WR GUDJ U]
FRPSXWDWLRQ RI WKH OLIW WR GUDJ UDWLR DQG WKH OLIW FRF
WZR IROORZLQJB6XEVHFWLRQV

/ILIWWR GUDJUDWLR

7KH OLIW WR GUDJ UDWLR KDV EHHDRER WKHWHIE KVHYQRQXWLRQ
YDOXH DORQJ WKH WUDMHFWRU\ RI WKH NLWH GXUDQ ¥ MKHHHU H |
OLQHVDUH SORWWHG 7KHEOXHRQHLVY WKHOLIWWRGUDJUDW
WKH 62'$5 DQG XVLQJ WKH ]JHUR PDVV PRGHO 7KH RUDQJH RQH
ZLWK WKH SRLQW PDVV PRGHO )LQDOO\ WKH \HOORZ RQH LV EI
JHUR PDVV PRGHO $Q LPSRUWDQW GLIIHUHQFH LV REVHUYHG E
\HOORZOLQH DQGWKHWZRRWKHUV 62'$5GDWD EOXH RUDQJI
UHJDUGLQJDYHUDJH ZLQG VSHHG JLYHQ E\ WKH WZR GLIITHUHQ"
E\ WKH 62'$5 DW NLWH DOWLWXGH LV DERXW PV ZKHUHDV Wk
WKHO(7(. VHQVRU ZLWK QR SURILOH FRPSHQVDWLRQ ZDV PV
LV WRNQRZDV ZHOO DV SRVVLEOH WKH ZLQG DW NLWH DOWLW]
TKHDYHUDJH YDOXHRIWKHOLIWWRGUDJUDWLRFRPSXWHG ZL
R1)LJVKRZV WKH VDPHOLIWWRGUDJGDWD EXW SORWWHGLQ |
YHORFLW\ YHFWW R WDWDRRWRB WIHWHKHUV D[LV $FFRUGLQJ WR ZKDW
WKHOLQH ZLWK 0(7(. GDWD LV QRW SORWWHG
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JLIXUH (YROXWLRQRIWKHOLIWWRGUDJUDWLRDORQJWKH W
3ORW D JLYHVWKHWLPHHYROXWLRQ DQG SORW E JLYHV WK
URWDWLRQ VSHHG RI WKH NLWH YHORFLW\ YHFWRU DURXQG WK

/ILIW FRHIILFLHQW

7KH OLIW FRHIILFLHQW RI WKH N LKDH ERHSX $WHRF KVIVRILG (TQ WKH
DV IRU WKH OLIW WR GUDJ UDWLR 7KXV WLPH HYROXWLRX RI
WKH HYROXWLRQ@W HOMHOHXRVER RW E ,WLVLQWHUHVWLQJ WR
YDOXH KDV OHVV LQIOXHQFH IRU OLIW FRHIILFLHQW FRPSXWDW
GLIIHUHQFHEHWZHHQ UHVXOWV ZLWKO(7(.GDWDDQG62'$5GDW
KDV PXFKHIIHFWRQ WKHOLIWWRGUDJUDWLR EHFDXVH LW WLC(
IRUWKHOLIWWRGUDJUDWLR WKHOLIWFRHIILFLHQW LV JHWWI
7TKHDYHUDJH YDOXH RI WKHOLIW FRHIILFLHQW IRU WKH ZKROH



D E

JLIXUH (YROXWLRQ RIWKHOLIWFRHIILFLHQW DORQJ WKH WU
3ORW D JLYHV WKH WLPHHYROXWLRQ DQG SORW E JLYHV WK
WR WKHURWDWLREMNHMH YHORFLW\ YHFWRU DURXQG WKH WH

'LQG YDULDELOLW\LPSDFW

7KH 62'$5 XVHG JLYH D PHDVXUHPHQW RI WKH DYHUDJHG ZLQG
DILYH PLQXWHLQWHUYDO EDVLV 7KH WUXH ZLQG YDULDELOL\
DYHUDJLQJ SURFHVV WKHNLWHWUDMHFWRU\KDG D SVHXGR S
HQFH FDVH VKRZQ LQ 7DE +RZHYHU WKH 62'$5 PHDVXUHV DO
WKH GLITHUHQW FRPSRQHQWV RI WKHWUXHZLQG %DVHG RQ WK
WKHLPSDFW WKH WUXH ZLQG YDULDELOLW\ZRXOG KDYH RQ WK|
VLPSOH ORQWH &DUOR PHWKRG ZDV XVHG WR UHSURGXFH WKH I
D*DXVVLDQ QRLVH RQ WKH WKUHH FRPSRQHQWYV RI WKH PHDV)>
WKHVH WKUHH FRPSRQHQWY DUH VXSSRVHG WR EH LQGHSHQG'
VFKHPHLY UHSHDWHG XQWLO D VDWLVIDFWRU\VWDWLVWLF LV L
YDOXHDQG WKHVWDQGDUG GHYLDWLRQ 5HVXOWWRPWD EYHA
WUXH ZLQG YDULDELOLW\ RQ WKH OLIW FRHIILFLHQW LV ZHDN L
UHSHDWDELOLW\LVJRRGHQRXJKDVIRUWKHUHIHUHQFH FDVH
YDULDELOLW\ RQ WKH OLIW WR GUDJ UDWLR LV PRUH LPSRUWD
RI'WKHDYHUDJH YDOXH RI DERXW ZLWK D VWDQGDUG GHYLD
PDWHO\

',6&866,21

7TKHOLIWWRGUDJUDWLRDQG WKH ORLQW BDRHHI W K HHMW )SOW \R WAL
DYHUDJLQJ PHWKRG OHDGLQJWR GDWD FRPLQJIURP SDWW|
RI7DEDQG DYHUDJHG WR JHW RQO\ RQH SDWWHUQ 7KHUHIRUH
SK\VLFDO VLIJQLILFDWLRQ 7KH VWDQGDUG GHYLDWLRQ IURP V
LOOXVWUDWLRQ RI WKHDWPF g HWWVDRNWH LXHMBUWKHOHVY EHWW
H[SHFWHG LQ WKH IXWXUH ZLWK D QHZ VHW RI GDWD $ V\VWHF
FRXOG EH KLIKOLJKWHG ZLWK UHVSHFW WR WKHURWDWLRQ UL
WHWKHU D[LV RUZLWKUHVSHFW WR RWKHU TXDQWLWLHYV



D E

JLIXUH (INT1HFWV RI D *DXVVLDQ QRLVH ZLWK UHG DQG ZLWKR
DSRVWHULRULVLPXODWLRQ VWDQGDUG GHYLDWLRQ VDPH DV
GRWWHG OLQH¥Y UHSUHVHQW

&RQVHTXHQWO\ WKHVH IXWXUH ZRUNV VKRXOG KDYH WR IRFXV
WU\ LVVXHV KDYHWR EHFRQVLGHUHG FDUHIX0OO\ ZLWK D ULJRU
OHDG WR SRWHQWLDO VIPPHWU\ LVVXH )RU H[DPSOH WHWKHU
DQG SDUWLFXODUO\ WKH OHQJWKV RI OHIW DQG ULJKW WHWKH
RXW DW YDULRXV ORDGV )RU WKDW WKH WZR WHWKHUV DUH IL
WKH WZR WHWKHUV DUH OLQNHG XVLQJ D OHDGHU OLQH 7KLV C
DQG D ORDG LV DSSOLHG WR WKH SXOOH\ 7KHUHIRUH WKH ORD
HUV :KHQ WKH DSSOLHG ORDG ULVHV WKH OHQJWK GLIIHUHQF
KDYHH[SHULHQFHG WKH VDPH KLVWRU\ +RZHYHU ZKHQ RSHUD
GXULQJD FUDVK D WHWKHU FRXOG EH VOLJKWO\ GDPDJHG DQ
EHGLIIHUHQW IURPRQHWRDQRWKHU WHWKHU 7RLGHQWLI\ V\F
VKRXOG EH GRQH TXLFNO\

BHFRQGO\ QHZ VHQVRUV FRXOG EH DGGHG WR EULQJ PRUH LQ
DQG NLWH DWWLWXGHV )RU H[DPSOH ,08V FRXOG EH HPEHGG
HVWLPDWLQJ WKH \DZ DQJOH RI WKH NLWH DQG WRH®P\S B G HW)
WKH YHORFLW\ YHFWRU 7KH\DZ DQJOH RI WKH NLWH FRXOG DC
ILOPLQJ WKH NLWH IURP WKH JURXQG DQG SHUIRUPLQJDQ LPD.
OHDG WR D PHDVXUHPHQW RI WKH IO\LQJ VKDSH LI VHYHUDO F
SKRWRJUDPPHWU\ SRVW SURFHVVLQJ 7KLV GIRWORBL ZILWAK DO |
OLPLWHG UHVXOWV FDQ SUREDEO\EH LPSURYHG ZLWK EHWWF
GRQHUHJIJDUGLQJHPEHGGHG FDPHUDV WR JHWDILQHVW XQGH !
GXULQJWXUQV )RUH[DPSOH \DUQ WHOO WDOHV FRXOG EH VW
7KXV VHSDUDWHGIORZVFRXOGEHREVHUYHG DW VRPHORFDWL
RIDVWDOO RFFXUULQJRQ WKH ZLQJRIDQDLUSODQH

7KLUGO\ DVLPSOHDHURG\QDPLFPRGHOLQJRIWKHNLWHFRXOC

KWWSV ZZZ \RXWXEH FRP ZDWFK"Y :)F: 13



QRQ OLQHDU OL I WLHIRX QMW B BXXKRRUW HW DAVR IRUHVHH NLWH
GXULQJ WXUQV DQG WKHQ SURYLGH D JXLGDQFH RQ WKH H[SH
SDUDPHWHUV RI WKH NLWH

7KH OLIW WR GUDJ UDWLR DQG WKH OLIW FRHIILFLHQW YDULDV
EURXJKW RXW LQ D SHUIHFW FRQFOXVLYH ZD\ E\ WKH SUHVHQ!
YDULDWLRQV H[LVW DQG OHDG FRQVHTXHQWO\WR ODUJHUDPS
E\ WKH JHUR PDVV PRGHO 7KHVH DPSOLWXGHV KDYH WR EH FR
GHWULPHQWDO WR ERDW VWDELOLW\ DFWXDWRU SRZHU RU PD
7KHUHIRUH LW KDV EHHQ GHFLGHG WR SURSRVH DQ HYROXWLF
UHIHUHQFH FDVH EOXPQ®RQQVDRERWKHU VLPLODU FDVHV &
7DE  ,Q WKLV ZD\ PRGHOLQJ RI NLWH DQG PRGHOLQJ RI ERDW
WKHVH YDULDWLRQV DQG WKHVH ODZV ZLOO EH XSGDWHG ZK}
EHWWHU DFFXUDF\ 7R JHW ULG RI WKH V\PPHWU\ LVVXH GDWLC
EHHQ SURFHVVHG LQ RUGHU WR PDNH WKHP VIPPHWULFDO )R
GUDJ U MWIGROLIW FRHKDLFEHEW FXW LQWR WZR SLHEHV RIHTXDO
SLHFHV KDYH WKHQ EHHQ DYHUDJHG 7KLV LV RQO\SRVVLEOH E
FRUUHVSRQGV WR WKH PLGGOH RI WKH W GRHH L\DHHBLIBRUK MKKN R |
VIPPHWULFBQ, VLM QDO

( ta
SOESt+3) 5 JO;%K

t 2Kz t,K
5HVXOWYVY RI WKLV SURFHVVIQUMH BIRMVHWILY HLURWDWLRQ UDWHYV I

WKH VLIQDO LV QRZ V\PPHWULFDO DERXWDNKHM DTKVY\G 8 HIGN\NG W
IROORZLQJOLQHDU ODZV

Ssym (t) = S(t 2)+S(1)
2

f =4:83 016 j

C =0:87 005 j

7KH V\PPHWULFDO GDWD VHW XVHG IRU SURS®Y 1D B W VB ODZ\
WKLV ZRUN OLQHDU ODZV DUHDOVR SURSRVHG EXW WKH SDUD
WKH H[SHULPHQWDO GDWD DUH FRPSDUHG ZLWK JHUR PDVV PRC
DGMXVWHG WR JHW WKH EHVW ILW SRVVLEOH 7KH SDUDPHWHU
,QGHHG WKH FXUUHR@GODIRYWKH OLIW WR GUDJ UDWLR DQG W
FRPSXWHG IURP D SRLQW PDVV PRGHO D VIOLQ\GLW K 8 G\DKLH)\ V&K B
XVHG ZLWKLQ WKH VDPH DVVXPSWLRQ

&21&/86,21

$ NLWH H[SHULPHQWDO VHWXS KDV EHHQ GHYHORSHG WR EH X\
RIDGHGLFDWHG ERDW $ 'ORDG FHOO LV XVHG WR JHW NLWH
ZLQGRZ 7KHNLWHLVFRQWUROOHG XVLQJZLQFKHV DQGDQ DX
HLIJKW WUDMHFWRULHV 'XULQJWKHRQVKRUHFDPSDLJQ KHOG
XVHG WR HVYWLPDWH WKH ZLQG DW NLWH DOWLWXGH %XFNOLQJ
HVWDEOLVKHG ZLWK IOLJKW LQVWDELOLWLHY DQG FRQWURO L'
PRGHO ZHUH LQYHVWLJDWHG IRUWKH SRVW SURFHVVLQJRI WK1
ZHLJKW RQ WKH FRPSXWHG GUDJDQG OLIWWR GUDJUDWLR ZDV

GXULQJ WKH WXUQV LQ WKH SUHVHQWHG FDVH 7KHQ LQVXI
ZHUH SRLQWHG RXW 7KH SKDVHDYHUDJLQJPHWKRG ZDV XVHG
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YLIXUH %HVW ILW SURFHVVHG RQ V\PPHWULFDO VLJQDO RI V
FRHIILFLHQW E IURPDQDYHUDJHGDWDVHWFRPLQJIURP WKU
LQ 7DE

GDWD REWDLQHG GXULQJ WKLV FDPSDLJQLQ RUGHU WR JHW PR
PHWKRG DOORZV HVWLPDWLQJHYROXWLRQ ODZV UHJDUGLQJ W
IXQFWLRQV RI WKHWXUQLQJUDWHRIWKH NLWH

)XWXUH ZRUN ZLOO IRFXV RQ RQERDUG GDWD WKDW ZLOO EH D
DYHUDJLQJ SUHVHQWHG KHUH

$&.12:/("*(0(176

7TKHDXWKRUVDUHJUDWHIXOWRWKH)UHQFK (QYLURQPHQW (Q
IRUIXQGLQJ WKLV VWXG\

SHIHUHQFHYV

%HKUHO 0 1 %LJL . 5RQFLQ ' *UHORQ ) ORQWHO $ 1rPH -
< 3DUOLHU OHDVXUHG 3HUIRUPDQFHRI D WR6\P\8R\RLXDP 7
RQ +LJK 3HUIRUPDQFH ODULQERHWIRRXDHV7$1<SH S +

%HKUHO 0 . 5RQFLQ - % /HURX[ ) ORQWHO $ 1rPH & -RFK}
([SHULPHQWDO VHW XS IRU PHDVXULQJ RQVKRUH DQG RQERD!|
LQIODWEDOH NLWHY SUHVHQWDWXR@R I, R QHKRWDHVL R QOO
,QQRYDWLRQLQ +LJK 3HUIRUPDQFH 6DUAQUQBIQDV KN &1L 12976

%LIJL 1 0 %YHKUHO . 5RQFLQ - % /HURX[ $ 1HPH & -RFKX
'"\QDPLF PRGHOLQJ RI VKLSVRXR2BOGE E0ONDQHKH + )HEUX

%RUPDQQ $ 0 5DQQHEHUJ 3 .|YHVGL & *HEKDUG DQG 6 B6NX
RID7KUHH /LOQH*URXQG $FWXDWHG $LUERUQH :LQG (QHUJ\ &R
DQG5 6FKPHKGLUERUQH :LQRKDBWNU  SS + %HUOLQ
%HUOLQ +HLGHOEHUJ



'DGG * 0 .LWHG\QDPLFV IRU VKK S UWRKH\WOMWLBQLYHUVLW)\RI
WRQ

GH6ROPLQLKDF $ $ 1rPH & 'XSRUW -HDQ %DSWLVWH . 5RQ

.LWH DV D EHDP $ IDVW PHWKRG WR JHW WKH IO\LQJ VI
$LUERUQH :LQG (QHUJ\ $GYDQFHVLQ 7THFKQROR&XZKHEBSWOGRSPH
SS * 6LQJDSRUH 6SULQJHU

'XSRUW & - % /HURX[ . 5RQFLQ & -RFKXP DQG < 3DUOLHU
QRQ OLQHDUOLIWLQJOLQHPHWKRG FDOFXODWLRQV ZLWK '5!
SUHGLFWLRQRIWKHJOREDO ORDGIR JRQUME RV GHIULIH G UR G\
%BUHVW )5$1&(

(UKDUG 0 DQG + 6WUDXFK &RQWURORIWRZL@JINDQ@WYV IR
DFWLRQV RQ &RQWURO 6\WVWHPV ZHFKQRORJ\

)DJLDQR / . +X\QK % %DPLHK DQGO .KDPPDVK 6HQVR
ZLQJV LQ DLUERUQH ZL¥PHMQFDQ\&RQWURO &RQIHUHQFH $&&

)DJLDQR / . +X\QK % %DPLHK DQGO .KDPPDVK 2Q VHQ\
ZLQG HQHUJ\ V{YWHPQVDFWLRQVRQ &RQWURO 6\VWHPV 7THFKC(

)DJLDQR / DQG 7 ODUNV 'HVLJQ RIDVPDOO VFDOH SURWIT
ZLQG HQHYWU$60( TUDQVDFWLRQV RQ OHFKDIWURQLFYV

,QIDQ]RQ 5 SKRWRJUDPPHWU\ %DVHG ,QYHVWLJDWLRQ R
7THFKQLFDO UHSRUW $XVWUDOLDQ ODULWLPH &ROOHJH /DXQI

,62 JOLIKW G\QDPLFV &RQFHSWV TXDQWLWLHYV DQ
PRWLRQ UHODWLYH WR WKHDLU 7HFKQLFDO UHSRUW ,62 *HC

,77& AXDOLW\ *URXS 6 ,77& 6\PEROV DQGW H U P DQR.GRD QL7
7DQN &RQIHERQHEEKDJIHQ '(10$5.

JHORXS 5 . 5RQFLQ DQG 0 %HKUHO $ FROQWLQXRXV D¢
NLWHV DV DX[LOLDU\ SURSXOVLRQ GHYRWHG WR PHUFKDQW V
SHQHZDEOH (QHUB\

JHORXS 5 . 5RQFLQ * %OHV - % /HURX[ & -RFKXP DQG < 3
RI'WKH OLIW WR GUDJUDWLR XVLQJWKH OLIWLQJOLQHPHWKF
NLWH ,Q8 $KUHQV 0 'LHKO DQGLUBRKPHKOQE&NDHSWN U
Ss + %HUOLQ 6SULQJHU 9HUODJ %HUOLQ +HLGHOEHUJ

1IDDLMHQ 3 9 .RVWHU DQGS5 3 'DOOLQJD 2Q WKH SRZHL
SURSXOVLRQOMWHWIPPDWLRQDO 6KLSEXLOGLQJ 3URJUHVYV

6DJDXW 3 /DUJHHGG\VLPXODWLRQIRULQFRPSUHYSBUEQBHOR
6FLHQFH %XVLQHVV OHGLD

‘HOOLFRPH - ) 6RPH FRPPHQWYV RQ WKH UHODWLYH PHUL
GHYLFRXUQDO RI:LQG (QJLQHHULQJDQG ,QGXVWWLDO $HURG
'"HUQHUW 3 DQG ' )DYLHU &RQVLGHUDWLRQV DERXW WK

DSSOLFDWLRQ WR (/'9 DQG 3,9 PHDVXUHP H (@ SWUR PH @ \& MV XK L
LGV +



<X - [/ OLXG6KL : JKH :DQJ DQG < ]JKHQJ /LX &RQGLWLF
3,99 PHDVXUHPHQWY RI ZDNH EHKLQG VTXDUH F\OLQGHU XVLQ.
DSSURPEXUQDO RI +\GURG\QDPLFV
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