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$VVHVVLQJ WKH LPSDWWD IWE YUWRF HROIVKRUH .
IDUPV LQ WKH 7KDPHV (VWXDU\

$QGUHZ 50BYRQG 5RIJHUYV

ODULFR ODADLQHH DQG 5LVN &RQVXOWDQWYV /WG
%UDPVKRXWKDPB2W R Q% 8. HPDLO $QGUHZ 5DZVRQ#PDULFR FR XN

.H\ ZRU®WDYLIJDWLRQDO VDIHW\ RIIVKRUH ZLQG IDUPV $,6 YHVVHO WUDII

$EVWUDFW

7KH GHYHORSPHQW RI RIIVKRUH UHQHZDEOH HQHUJ\ LQVIMIBIOODWLRQV F
QDYLJDWLRQ RI VKLSSLQJ LQ RIWHQ BOIWNDBQ ¢ WERZFANG RAD WBHINHDW P XH/YH
DQG SURSHUO\ PDQDJH WKH SRWHQWLDO ULVNV LPSRVHG RQ QDYLJDWLC
DFRPSOH[ DQG XQFHUWDLQ HQYLURQPHQW &RQVLGHUDEOWWRQDO\VLV KDV
WR YMMMHOLF DURXQG ZLQG IDUPV KRZHYHU WKLV ZRUN LWJHQHUDOO\ SU
DV WR ZKHWKHU WKH PRGHOOLQJ FHQWUDO WR WKH WRGVEBWWDWLRQ R
FRQVWUXFWHG QDYLJDWHRLP SRYWD QW) IRV WKAUWLRQ PDNHUV WR XQGHU
SUHVHQW LQ WKH DQDO\VLV ERWK LQ WHUPV RI WKH DWGK¥WRIR@QW RI UL\
PHDVXUHV 7KLV SDSHU SUHVHQWYV D FRPSDUDR LYQHWXHD DKWDIPH R | ( WK XD BIK
EHIRUH DQG DIWHU WKH FRQVWUXFWLRQ RI ILYH RIIVKRDAW IR®QG IDUPV 7
YHVVHO WUDIILF LV VSHFLILF WR WKH ORFDWLRQ RI HDFKDGBYHORSPHQW
RWKHU ORPRLQWWRQV¥KHUHIRUH WKH DFFXUDWH PRGHOOLQJ RI WKLV LPSD
QDYLJDWRUV UHJXODWRUV DQG RWKHU NQRZOHGJHDEOB WRDNHKROGHU
LPSURYH WKH SUHGLFWLYH PRGHOOWKQRURI ZYM\GVHDURPMIDQG RBWRKQGRR
LQVWDOODWLRQV OHDGLQJ WR D UHGXFWLRQ LQ WKH XQFHUWDLQW\ RI Y}

QWURGXFWLRQ WHUULWRULDO VHDEHG LV RZQHG
7KH GHYHORSPHQW RI 2IQVK RAKH F&H @HDDEHVYH SRWHQWLDO DUHD
HUJ\ ,QVWDOODWLRQVILPYW EBQWKKHWEZSHDWA ZKR PXVW QWKHTK PSS
KDV SODFHG D JUHDWHU GMPDIRDRWY MIDFRZKYBORBHUHN HHNV FR
LQJO\ FURZGHG ZDWHUZD\V DQWKHHIMRUHYBORSABEWWHG LWKH 'H
VXFK DV ROINVKRHUH ZLQG IDUPVURQPHMWD @Y &OLPDWH &KDQJH D
VPDOOHU ZDYH DQG WLGDO G HDLYFHH \F RIQ@GHKYFIVWNHIGE ® H RN H D DBH J L R
ZLWK RWKHU PDULQH XVHUV WRPHAHHBLYDLORQRHIBALDO DVVHVVPFE
ILVKLQJ RLO DQG JDV OHLVXORERRYG IRIQYOHBQRWQWIOKVH DVVE
LQWHUHVWY :KHQ IDFHG ZLWKHPRGSOLIFPOW. ZRQVFW B URWWKHNY GHY |
GHYHORS PDULQWLRQHRDIN HENFPIXY® PDWHDJJUHIJDWHY LQWHUQDYV
MXGJHPHQWY EHWZHHQ PDQ\ VDB HKRDR FR QURX BV QWW K QFOX G L
FRQIOLFWLQJ YDOXHV RIWHQ DIWGKVRFHRWFRQRHPUW XIVGW\ RQH 6 (
OLNHO\ LPSDFWYV 6HSD QDOFKRIPH 766 DV D PD[LPXP |
2IIVKRUH ZLQG IDUP VLWHY DQBE FWBPMWHILEOOONVKLQJ DQG U
OHFWHG WR PLQLPLVH WKHLUURKSDHWD V XI5 RO OMWY WH FRQVWUD
PDULQH XVHUV DZKRBK SOUPY RI) DUWKHWLPRUH WHFKQRORJLFDO EI
PHQWYV PDULQH VSDWLDO SOBQQKRUHSREDQE\ IDHDIMGXHN HORSHUYV
,WKH 8QLWHG .LQJGRP 8.ELPXRK LR WMHSQBDWHN VXFK PDQ\
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ZLQGIDUPV DUH JHQHUDOO\ ORBBEWH GV U DRI MKEDPRRIEZOXD WIHWK/ P X F K
ZLWK ORZ VKLSSLQJ GHQVLWLHBQDO\VLYV SHUIRUPHG SULRY WR D
,Q WKH 8. DV SDUW RI DQ D S\50Q WDEW.IRIZY IJRUD 6 RGINGH QWK HUH D U F
WR FRQVWUXFW DQG RSHUDWH DEDLH G KIIDAKP F R QBMLY B \GER/SWGRIHLW Q DM
UHTXLUHG WR VXEPLW DQ YQY SWROQPHDVEZEDFKP ERRWGS HQDEOH E*t
VHVVPHQW (,$ XQGHU 6HFWLRIKXW XRIHWHKHR NGIFRWULFLW\
$FW 7KH (,$ FRQVLVWV RI D QXKEHHEXHBREKD RWMKLY SDSHU LV
FRYHULQJ DOO DVSHFWV E\ ZKDF R RP STHNHORSP D@QW ORBLY RI YHV\
KDYH LPSDFWV 2QH LPSDFW LDIWKDWVRE QDWW DODWDRQIR® RI VH
VDIHW\ RYHUVHHQ E\ WKH ODKRRHP HVWKDWWLRIBIB/IFWKH FKD (
$JHQF\ 0&$% HEKHU GHYHORSHYHWHKRXOBXWHY DQG WKH XQGHUO
HYDOXDWH DOO QDYLJDWLRQD ®DSRMG EWRLW LIWV XY KIGFKVRREORBY L
EH UHDVRQDEO\ IRUHVHHDEOHD @D OXKWNKL @ KEHWMWWWULQXQGHUVWDC
FRQVWUXFWLRQ HVRMVOERLIMVKRHZQ W GDIP® FGSIURMHF W V
RI DQ 25(, FRXOG FDXVH RUFFRQWWIDEXWVFHPWRE HDAQORBYWWXD SUHGL
WLRQ RI RU GDQOHBUWRD UUMHHEDFAKLIR IGMKHORSPHQWY VWXGLHG |
JHQF\ UHVSRQVH  0&$ D RRHZHEDWLWXWMLIK@XUH WUDIILF SUR
5LVN $VVHVVPHQW 15%$ LV GLVWHWERWSHFWLARIQDQDO\WLYV WR
DQXPEHU RI VW DWXWDRWXWRIG BRORFOWHBNVQVW UHDOLW\ KDV UDU
ZKR DUH LQYLWHG WR FRPPHQW :KHUH D FRQVHQVXV LV
QRW UHDFKHG WKH 'HSDUWPHQ | XV MV UL
'"HSDUWPHQW IRU 7UDQVSRUW #Q%LJ@Q@%ﬁ[ﬁﬁK% KA #i%Loc )ou
HYLGHQFH DQG PDNH D UH®RPBEQGRYLREA Wik YOG LG
PHQW PLQLVWHUV
$Q 15$ W\SLFDOO\ XWLOLVHV D SHVPEHI RQ IPHDIQW W REOHDU RI D
XQGHUVWDQG WKH SRWHQWLDOVLPSDHWYVHIYRR@D R L IDVRILFEQ Q U FEFR O
WKH FRQVWUXFWLRQ RSHUDWLRKHD\ED BIHFR EMWXHRQ RIXDEGLQHYV
RIIRKH ZLQGIDUP 7KHVH LQFOXBGKD WX DW LARXWIGY B RRPHVEH SUXGHQW
RGRORJLHV VXFK DV KD]DUG LYGINYWQIMWR WLRDQ XMN CHNWW@BHQ W
ORFDO VWDNHKROGHU HQJDJHPMVOMKDQQG THKIDWWHW DIWL WKLY Z
DVVHVVPHQW PHWKRGRORJLHV QLQEPXGWQ FRIGNWWHDLQYWD RQF WKH
DQDO\WLYVY PRGHOOLQJ DQG VLPXODWH®RQVBWDERWE V\VAVRIDO LV LR C
OHYHO D@ OGHWHY¥HH J 1XO0O0O E U LDKXH VQ PEKWWRWLRY PHFKDQLWDO IDL
9HVVHO WUDIILF DQDO\VLV UHSUIHY MQWWE IQARVW HIIHFWLYH
DSSURDFK WR XQGHUVWDQG WKHRDVYHYVE B \F QDY D DM UQ Y B IURKX G
RI VKLSSLQJ DFWLYLW\ LQ WK HDHY MFKQHL M/ \I DRAWIR B\ REKR 7P K G5 LFW D W
RIIVKRUH ZLQG IDUP 'DWD FD QSBN FRIH HEWWE QU RW KW KGLWW D QF
$XWRPPGHIFWLILFDWLRQ 6\PWHPE®H EXRIHFR/R WKDW LI DQ LQFL
PHUFLDO VKLSSLQJ D UDGDU ERDYB\ FRU DUHFWKBW LRQDVHO ZDV
DQG ILVKLQJ YHVVHOV RU YLARCOW®G EEHVMNMDMUIRIW VMRD URRP \
VPDOOHU FUDIW 7KH XVH RI YRD/YRIOXWWH IILF PRGHOOLQJ
DQG ULVN DQDO\LV IRUPV D MPRIFRQSIUWFRQFHU®Y KDYH EHHC
15$V DV D TXDQRDMKDWRYBVYSSWMLE ERMWK RI D ZLQG IDUP 9LVXD
EDVHOLQH FKDUDFWHULVWLFV REQGXSRVVREOBHUPSDBPWY RRYFK D!
QDYLJDWLRQDO VDIHW\ EURXJKNMQ G RO\ VEN QDK 15 WRIYR\HIDY 1 D
GHYHORSPHQW JLYHQ IURP WKH HGJH RI WKH ZLQ¢
+RZHYHU IRU WKHVH PRGHOWRWRRHEWMLDRAFWBDUHIWVGRDG WR D FRO
SOLHG DQG WR SURGXFH PHD QL@ XYXAKHZXYDWW WKHUKHQARGM FR
WR EH D [XQGDIPHDIMNIEDL QXJQ 8 HUHRID UMK IPJ WKH LPSDFWV RI ZLQG
EDVHOLQH WUDIILF SURILOH LVDGDNHGH SRR WK IRQ JUHH ISSRVMAW LR QV
FRQVWUXFWLRQ (YHQ PLQRU GSXBURSYD QGALHFWEHMZHH EHHQ VH
PRGHOOHG WUDIILF URXWHV D @G IDFW)RDD IIRXE HYUPD Q &KD Y HL Q H\
VLIQLILFDQW LPSOLFDWLRQV RQRMKWHKHMHYKQ® WRUBLYNVDWRBPVH
VLV LWKRXW D SURFHVELFRW @HBEWEYO LW LV PRUH RIWHQ LQDGI
LPSDFW GHFLVLRQ PDNHUVL PDFREQ LBXWDMA EQ XCQDUHER ODULQH

i A1 vE](] IM@EBZ oD E]8]u hv]A EHSEHY( AT v



e oe]JVP 3Z Ju% 3+ 8} A ee 0 SE ((] (EludP (2} ESPATRC( Eue Jv §Z

WKHUHIRUH FKRRVH WR QDYLJD®S$HLIXUWBEHIHVSROVIH ZLR ®HZ GH Y
IDP WR UHGXFH WKHVH HIIHFWWYHDQUGHDWSURYDY KWKHHD RI (QJOD
VLWXDWLRQDO GRPDLQ DZDUHQHW WHPSODWH GHILQHV D VKLSSL(
)LQDOO\ WKH VDIHW\ GLVWDQPKVBUDIDVEHOWRKERWHLR @RI YHVV
QDYLJDWH DURXQG D ZLQG IDRR) MWKHEHLERKHSWDERIOQWN RI WKH G
FRPPHUFLDO SUHVVXUHV DVVRWRDWHIHHRZ L\KER UDE G L WK R QBLO/WD QF
GLVWDQFH IXHO DQGUHBM@WMK IR G RPHDIDQ. WKHRU\ D VOLIHW\ E:
JHQHUDO DQG ZKHUH QR RWKHWDWRQYWHBVEY DNGIGSW KWHLPS D F W
FRPPHUFLDO VKLSSLQJ W\SLFDLO/QWD QF®I®R AYR PV WIXJIEIKMWHY DUH
URXWHYV EHWZHHQ ZD\SRLQWV WWRLY N GOTH WU DOVWWRWLPH DQG

IXHO FRVWV $GGLWLRQDO GHY4DWLIR QW IlUR P QWHRLOMHWIB K By W RL P S
SDVV REVWDFOHV LQFUMDH MR FRY$RMO UG PO \DG QDYLIDWLRQDO
URXWHV XQHFRQRPLFDO 7RNH 1 WRP LV WRCHGDROHKLIK ULV
$ IXUWKHU LPSDFW RI RIIVKREDHVHO RQJIFRROWIRQARQ UHIXODWL
QDYLJDWLRQDO VDIHW\ LV WKH FKBRJIH LRKFRPOG Vi RR BENINS D E ¢
DUHVXOW RI WKH FRQFHQWUDW LRRX ®E& DAHVRIHE 76BXWHV ||

DZLQG IDUP LV ORFDWHG DGMDFHQW WR D QRMW kébwROMUb EOH
WLRQDO GWQRWUDGMDFHQW WR +DIQ RWIEN Y Gk @ @ DN P

WKHQ YHVVHOV WUDQVLWLQJ LQ 1&§RWEHKR JEH HpYHSEE S HG DV
URRP LQ ZKLFK WR PDQRHXYUHyWR SR\ BRARP O¢PHRR/ sRXWH
RIWHQ UHIHUUHG WR DV *FKRNHRBERXWWHP %N WKH 86 &RDVWJIXD

9HVVHO 7UDIILF 5LVN $QDO\VLV RI :LQB %ggé)_UFRKM\H/E\)/\(/JHKGWXV\\//EVGS\INSB\F/)VLHQUg

7KH LQFUHDVLQRI BY® LQD EDOWY ROVYDW RP HRYXXWHL\D J 86 & * $L
KDV OHG WR WKH GHYHORSPHQN R I kiRDV/HG HYDFPEH EDVSIG RQ
EHU Rl WRROV DQG WHFKQLTXHVqhRYRRRGHQSPV Gdds B RBLF RU
ULVN 7KHVH LQFOXGH VWDWLY, ®®p DIROVW kK xBic YOEMY Y Do
DFWLYLW\ JHRPHWULF DQDW\V K R) ¥ WKBXD &) POBHY K BXHE QRW
WHQVHQ HW DO LVODPDRKHURY RIQVKRUH UHQHKZD ERBNHQH WUR
:DZUXFK 6WXSDN DQG PRURARAPXWBWLEIDHEDH WR 3SUHGLF
WLPH GRPDLQ PRGHOV ZKLFKgKWWHUBNHRU CHWEHUPLQHLWKH U
WKURXJKRXW WKH LQGXVWU\ IR{b W RDBROVESHEFRW G Y vIKMLYEHQ GLI

/DQDND *RRGZLQ SLIRWRIVN ﬁUMLUH?HZDEOH HQHUJ\ LG
8ULDV] 5DZVRQ HW DO $ QXPEHU R

WKHVBLWKAK DUH URXWLQHO\ XV Z WK LRDAPSH 0 R/MX B Z H U H
VXSSRUW RI ZLQG IDUP GHYH CHOWY EXRAKIN BB FLILFRIRUWK

PXFK RI WKLV DQDO\VLV LVHSUHGWFIHYH UHTXLPR@H MKICII WKH |
PHQWYV RQ IXWXUH WUDIILF URXWHYF TRODKRWEEH AKEVKRUH ZLQ¢
VHQVLWLYLW\ Rl WKH DQDO\VL\H JHYXNAWY WK W R @KW N UR VLT
URXWH FRRQLIJO®EBWUDWH SUHG, WRR FRHW KIRW  H [ SXQLH LWKCH\ V
LQSXW LV HVVHQWLDO PRGHOOHG DV WKH GLVWDQFH YHV
OXFK RI WKH DFDGHPLF UHVHRY &K KD YDIRFXBHEHREHZ RI WKH R
ULVN PRGHOOLQJ WHFKQLTXHV RRE RQV Hak V¥ 15 \0 EWMKAHD | RF XV
RQ WKH FRUUHFW SUHGLFWLRQ RkpW# D{llg/URRMHG J: KHIRXs Hvw
UHVHDUFK KDV VRXJKW WR PRGH® WKKxOKD RAHILRHYLENWAHHOQ D
DIXWXUH GHYHORSPHQW RQH @ WLHQQPPEQMQ@{) IWVHQ v WLWX\
JLYHQ DV D GLVWDQFH EHWZHHQ WKH @D YHY¥H0oY LV O]
DQG WKH ZLQG IDUP ERXQGDU\ wHRQAN BN | HWPRNO WKH PLQLPXP GL
DEXIIHUQRI WR SRUW ERDW OHQJ
QGXVWUL *XLGDQFH QDYLJDWLRQ D QP DWRXVIWMDGEIRD U G
OXFK RI WKH DQDO\VLV DQG JXQEB QRHR B U R/KIHG HE WKW U GDRE VG k
VDIH SDVVLQJ GLVWDQFHV IURPWRAS@RWH Z2RQYG GBYRURSHUV VX
KDV EHHQ LQGXVWU\ OHG 2QHFRUMWXH PIRVWRDW @QHQROVKW DQG C
HITRUWV WR FDWHJRULVH WKHPWIMBHSDMWREIWEHY WBQHHRRID VK]
VKLSSLQJ IURP D ZLQG IDUP ZDSW RYMWDHO WX HG EHQMWK W/ SDFH  EH\
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YHVVHO DQG WKH ZLQG IDUP WR/ HKDLWRDG HD ZROORYVRQRAH RI WK
WHFWLI\ D PHFKDQLFDO IDLOXURQHWIRUHRD VKROGBLYLEG LFKQ WKH
RFFXUV )RU PDMRU VKLSSLQJ UWRXWRIV PRI WEKDBH XS VORIJDZDW)\
QP ORFDWLRQV Rl WKH ZLRGHI VKRV X C
$ 8. IXLGDQFH GRFXPHQW IRULRVWHXVHQJ WKH ULVNV
Rl RIIVKRUH ZLQG IDUPV GRHV_ORW H D VLOJOH
ILJXUH DQG VXJJHVWV WKDW M B
UHUBLQJ WKH UHORFDWLRQ DQ
:KHUH D URXWH LQWHUVHFWYV [
URXWH VKRXOG FRQVLGHU 3WK]|
WUDIILF QDYLJDEOH ZDWHU V¢
RWKHU REVWUXFWLRQV™ '7,
158V XQGEUWDNHGLYLGXDO
RIWHQ FRQWDLQ WUDIILF PR(
SDVVLQJ GLVWDQFHV WKH PD]
QDXWLFDO PLOH ZLWK DQ XQV\
WLRQ IURP WKH FHQWUHOLQH
DVVHVVPHQW |RURGHQOWKE RRF
WUDIILF DV OHDYLQJ QP EHWZHHU
ERXQGDU\ DQG WKHLU URXWH )b’@w/ﬁ%@‘r@'lﬁ@ ﬁ\h@’M’@B%RW JDUP’
H[SUHVVHG D SUI-QPILBFDQ/R/I—H.QRLGI&I\&W[%QfJ-IL
GXULQJ FRQVXOWDWLRQ $QDW 6LPLODUO\ WKH
7ULWRQ .QROO LPSDFVW DVYBVVYPOOINMP HFREBROGIYVHO WUDIILF VXUY
GLVWDQFH RI QP 6WUDWHJLF$b UQQWHNVEHUQFYWDWLRQV ZDV FI
7KH 15% IRU WKH 7KDQHW 2IIVKEBWKLSEHDRP®GC X¥YR\EW FRQVWUXFW
D PLQLPXP GLVWDQFH RI PHWMUL VERAHWY HORHIDWKG LQ WKH 7
YHVVHO URXWH ZDV PRGLILHG(XNVKQDWRY HMH\ER LIRQAWHY PRQWK LQ
LGHQWLILHG E\ PDVWHU PDULQHRIRS WWKILMRQ K EHRMMAHSIW BWOe Wb SOH
EHWZHHQ QFQGBGRP WKH VLWRURRNXGEHDD\VQDSVKRW RI WUDIILF
ODULFR ODULQH GDWDVHWY ZHUH SURFHVVHG DQ
$OWHUQDWLYH JXLGDQFHSLY IDBRRUBBRIYE G RERFRRDWEKR QP AR'W
SLQJ FRPSDQLHYV DQG QDYLJDWRRDWLYBXRY WIKIH\GCPRRK dIGWHQWYV I
SDVVDJH SODQ DURXQG D zLQGDWiY DI HUVKRX S bR 7"DEOH
0*1 VWDWHY WKDW 3ZKHUH BiEkh&HNRW e YUy ZDWHU
HLVWV LW PD\ EH SUXGHQW L Q—S6boo+HoI-WKH-YR\DIHRY
ODUJHU YHVVHOV WR VHW WUDFNL\)WFDV\DP@H FQWVLR@)IBQ&WW[”N-RA)
WXUELQH ILHOGV™ 0&$ E o4 PRV EebUleC DRF H
IURP 6WHDPVKLS O0OXWMXDWHYV V\L,lbwy_v\,KL)nyWV
3ZRXOG EH SUXGHQW IRU YHVym\hQL@UE\HQJDJHb Q
SDVVDJIRLRODMR OD\ RIl FRXUVHN IR OHDVW —QOXW
FDO PLOHV FOHDU RI ZLQG IDURY G capramalv

OHWKRGRORJ\ 7KLV VWXG\ IRFXVHV SULPDULO\
6WXG\ $UHD XSRQ WKLUG SDUW\ QDYLJDWLQJ
7KH VWXG\ DUHDV RI WKLV DGBSVVHONDHAIWKRFH . QLEBLQWHQD (
IDUPV ZLWKLQ WKH 7KDPHV (VWERWULY IRW LMAKH D8V V RKIHD WGHEYSZQW KV
7KDPHV (VWXDU\ FRPSULVHV RPHQW KWRXW EHHRQ WRHPARKHG IURP
6HD DSSURDFXPEVHWRIDLPSRUWDRQWN FRUMRWOQQRVLRQ ZLWK WKHVH |
WKH 6RXWK (DVW Rl (QJODQG KHQIMANG LIQR ZHHIY VWIRLAH LV QRW F
+DUZLFK DQG WKH 3RUW RIVRQWRIQVY YMK®WUWHD LV QDY
JDWLRQDOO\ FRPSOH[ ZLWK QXPHYBWWHADRRI BEDYKW XPB RI $,6 G
RWKHU GDQJHUV WR VKLSSLQJD@DOLVDW LRLFP LW VWWHKHY HDBEIP L D E
VWURQJO\ UHJXODMHELIWMXG EKRORVAQARNODD YHVVHOV VXFK DV ILVKI

URXWHV SLORWDJH DQG FRYHBUBAIVWHWYKPR® 70UWbH | L FRH PDQGDWH (
YLFHV 976 FROOHFWLRQ RI GDWD LV RIWHQ F
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SUFRQVHQW 15%$ KRZHYHU QR FRPEB UDPSO®H VB IRW DWKHW VQ W KLR G X FW
H[LVW SRVW FRQVWUXFWLRQ WG@&J HODHE FR QD WRRSW UR® LRMHW K H

DQDO\VLV DVLJQLILFDQW FKDQJH LQ WKH WU
ZLQG IDUP ERXQGDU\ )LJXUH $ F
SHVXOWYV VHSDUDWLRQ JRQH WR WKHKVRXWK

7KH GHYHORSPHQW RI WKH *HHQWHFWRLREODBEGHDIWHG D VDIHW)\
VKRUH :LQG IDUP ZDV SODQQHEHMNUHWKH(OVWAKRUMW DRIRXQG WK
VKDOKRD OV QHDU WR KLJK GH@WUW\ XAMH G SD\WJIDURBKWWMENQFH RI RQ
/ILWWOH WUDIILF LQWHUVHFWHGQVKKKALRIGNBUEXW RWRU RKIHGY KD Y RE
ZDWHU GHSWKV KRZHYHU S¥HYBBWOYKWIKRG HQAKILWVQ WKIVVHOV LV
SLQJ URXWHV SDYFR HG EIKW IKSLIQVPIWEHORQVR WKH HDVW RI WKH QRUW
DU\ 7R EHWWHU PDQDJH WKH ULMM RKDRQPWYR\RMEY R HWMH@D FDUGL
WUDLQFWKH 7KDPHV (VWXDU\ BYuWw PLYNODDWMMLREKRARHDVXUH WR (
YHVVHOV Rl D GHHS GUDXJKW DDUJRG QWX AV Ik IR QG/HWYUHDOFRRABIPRHA W1 ) LI X
WKH ZLQG IDUP WKH 6XQN 7UDVLWH HPDUORWRERYHBEKHPBQ DUHD F
766 HVWDEOLVKHG D WZR ZDEWHNNPIDWURREDWWE&HOQHDU WR W
*UHDWHU *DEEDUG VKRDOV WISHRUWY Rl +DRQGRIKQ DQG )HOLJ[V

2004 0 2 T

JLIXUBRPSDULVRQ RILFFDWHOHDWHU *DEEDUG :LQG )DUP

2005 0 2 4 8 Nautical Miles 2011
| ] ] ] ] ] ] ] ]

JLIXUBRPSDULVRMHBIWWBNVIILF DW 7KDQHW :LQG )DUP

—_
—;
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2006 0 2 4 2013

2006 0 2 4 8 Nautical Miles 2013
|

Flats

2004 o 1 2
I I Y N T O |

4 Nautical Miles 2013

JLXUH&RPSDULVRQ RI YHVVHODWM I LCFGDWURQWLVK )O

1o A1 vEN(] IHEZ oD EJS]u

hv]A EG&Gis( i 1
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7ZEDUGLQD® WD UWNWUDWHJILFD GOD GO@WE HER MBROHWHO\ FOHDU RI
WHKHVW DQG QRUWK RI WKH VUWKWHYG KREMAKHDLYEKWEEHODWLR Q\
HITHFW RI FKDQJLQJ WKH URXWEZQW R | URMNW HYD WWKH I KF H QRWWHI D 1L
DUHD 7KH QRUWKHUQ FDUGLQD®G NFCHBEG/L PXEKPRUNWKHKDYH UHV.
VKLSSLQJ ERXQG IRU WKH 7KDRPIWHBEDWDRRQM RWPR WKOHJLQH WUDII
QRUWKHUQ OLPLWYWY RIDWWHFDIOMPRPHFD)WURQDO VDIHW\ 7KH XVH |
YHVVHO WUDIILF WR WKH HDVWFRPRBQQGMLIQYJ I BHRIR RVKUHX FRHHRIQN X
6WUDLWY WKH FDUGLQDO PDUN VBWXBWDXVWHIW VDKIHH ZHILOEK HVUYPG WP D U N
FRQVWUXFWLRQ PDUNLQJ ERW KVWRKMH'G MOFO NBHHBQW KHK R DW RBY D\ F
KD]DUG DQG DFWLQJ DV D WXUQKMU I RLON WRU HHHWNHBOQVILFD QW
WUDQVLWLQJ Q® WAKZAHMWWW R HVR R GHOJ WKEHHFWD QJH LQ YHWVHO W
RULJLQDWLQJ IURP 5DPVJDWH YBORSRHDRY PILWNW @®\U FLEK RZR X W H

XVHG WUDQVLWVY EHWZHHQ DQYGH V QRO B WH\H I/ IZWE G IDUP 6 H
7KH UHPDLQLQJ ZLQG IDUPV DWK RV KH V/\RHEE BQDMUILERP WKH GHY H(
YLIXUH *XQIOHHW 6DQGV )MKHHRORNOEWHRNEQWKRI $SSURDFK

YODWYV )LJIXUH ZH QHDGIO \G RYPREHHGLIQDOO\ WKH GLVWULEXW
VKLSSLQJ GHQVLW\ ZLWK OD UDRHIDFRPPH URAL /& HY WS MHD ® FRJRW Y H
DOUHDG\ FRQVWUDLQHG E\ SKURXADI VIXRKHOVG/ DVDXVRKEBVFRQV LG H L
LQVXIILFLHQW GHSWK 7KH XVH RKHIURXWRLQLQRI WIDMWIHDOWUD I |
SODQQLQJ WR VHOHFW VLWHV DYDRRI PP YWHVLVIEL FXKRRKXMWHWR QD
LV WKH PRVW HIIHFWLYH VPKB VXWA $RUS DUMVE XALWEKH SDVVDJH SO
LPSDFW Rl WKH GHYHORSPHQWLRY RODYEBRWQWQMK KN DIOHR¥FDO FR(
YRU D QXPEHU RI HDUO\ ZLQG EDWRYPMW HERPRO RUHEXODWLRQV T
FRQVWUDLQWY UHTXLUHG WKH M/FNVRIUVKDIDIRRH ZOMFH G LGHS WKKHU H
WR LQVWDOO DQG PDLQWDLQ ZKIQQG MPRUELQHWKHDEFREWWDFOH V
7KHVH ORFDWLRQV ORFDWMHG WWHRSHRLVHDEMWDQIWGDYDWHU RU
WIQDO KD]DUGV DUH JHQHUDOYHVBED\ ZRR®GPPKLRRVH WKH VKR
VKLSSLQJ URXWHV DQG WKH LPZDE® IDWPVKHUHIRUH PLQ
PDO $V WKHVH FRQVWUDLRWY DWH RMMHWRMHD VW HWRIHWKH &3$
SHFWHG WKDW RIIVKRUH ZLQGFKRRR\HVZMWORO SODFH IWXKWMRU ZD\SRL
GHHSHU ZDWHUV OHDGLQJ WR RURIKWHIL @ 8 Q DALFF W MWZH. WOK] WWKHHD V
VDIH QDYLVRMEAR@ RI WKH ERXQGDU\ RI D ZLQG IDUP ULV
/IRQGRQ $UUD\ ZDV VLWHG D GN\DIPHQIWK WHR/ VRIKIH D% @ BVAKNH UH Y HV V H
'HHS FKDQQHO WR WKH 3RUW FIKDRQGRO HEY®MYRWDWHK QRUYXIILFLHQ)
WKH PDLQ 3ULQFHV &KDQQHO W®RDGH YRD RS JODMWXIDWLRQ  H[S
FRPPHUFLDO YHVVHOV WUDQVLVHRP FOHDW RU \EXHDLIOWEJIDWER LG
WKHUHIRUH QR DGGLWLRQH O DPRLRAQLY DWKHRWW X ZBNQ H PSOU X FW X UH V
PHQWHG YHWRAHDV ZKLFK XVHGZIWKEHY RKD QOIIBXFH WKH GHYLDWL
SULRU WR WKH FRQVWUXFWLRQPZIQU A LN [H OWPUHD YQRIAKW Y JNUCHLD IDDAEHD H
GUHGJHUV DFRPIRUW IDFWRU RQ PLWQJDWLQ
*XQIOHHW 6DQGV 2I1IVKRUH :LQ@LDRQRCGLVYLVRFWDWHG RQ
WKH *XQIOHHW 6DQGV EDQN WR WKH YXQRUJ WK \VRUDMKIHF .PRQW JHPHQ)
&KDQQHO 7KH DUHD Rl GHYHO RXDPHW ZVOW XIDAMRLY¥ OCHIPH ® IDW R 1\
WKH PRLESNVQJ URXWHMWILWPKORD@WLSSLQJ IURP WKH ZLQG IDUP
ZDV ORFDWHG PRUH WKDQ D PPO®HWLR WIOHD VAFRDMMHK R, IWWKHQ W K H |
BULQFHV &KDQQHO URXWH LQWRRWKH WKBIPBW YOHOR SHKU\W HD QG WK |
OLWWOH HYLGHQFH RI DQ\ LPSDFMK WS RRDW PDOVICF HORZVVLQJ GLVW
RIIVKRUH ZLQG IDUP WR PLWLJDWHFH
'LVEXVVLRQ ZLWK QDYLJDWLQJ QHDU WR ZLQG
KRZHYHU EH QRWHG WKDW YHVVHO
7KH DQDO\VLV Rl WKH ZLQG MR PNKHQ7WHKBOHWKDP®GE )DUOPZDV U
(VWXDE\DVKR QJH RI LPSDFWV XS&RQWHYNH T WHRIPIHIHZHVVHOV WKHU
SURILOHV DQG GLIIHUHQW PPD Q®KEWHDRW MWWUDMAHWERIS DY DW KD
SOR\HG WR PDQDJH DQ\ DGGLWAIR@DB\ ULWNX @B 9/RWHWG RQUWKHU V
QDYLJDWLQJ YHVVHOV 6HYHUDO UPIVWEIHWVKIRXHWVWKIDMHL FE FRQW U R C
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D JUHDWHU XQGHUVWDQGLQJ RUMVRERQBHQWHIIDWAIEGVBOHWVVHVVP
GLVWDQFH EHUWSIKRDWQWJIVRLSSLQIPD\ WKHUHIRUH FRQFOXGH WKDW

7KH GLVWULEXWLRQ RI FHV\DHVOY RWUDWEHHE WHDOWRO WRQJ DOWHUD\
SUHVVHV DV LW SDVVHV WKHV K RENVMD LVH V UHQ G HHY SW K DO &/\K H
DVVRFLDWHG EXR\DJH DV QDY LYJDWWRILON D RRADHPE MW WE®RJI U B G K HW X L
WKH GLVWDQFH VDLOHG ZKLO\KDRDFGWNILYDWLPQ VRILWREW M |1 H]
SDVVLQJ GLVWDQFH RESW® B ®ERPWNCLFWLR G WKIDIILF PRGHOOLQJ
LQ PDQ\ DQDO\WHV DUH PRGHOWDKI PRGIPO OXQRIGRWEVRIOW R UR X JK
QRUPDO *DXVVLDQ GLVWULEXWORQVDDHWLVGRPBHQ B @DOGMAW
LQ WUDIILF VHSDUDWLRQ VFKHPHV :DZUXFK 6WXSDFN

$ QXPEHU RI QDXWLFDO WWRHEBPRRHIV XVH WKH

WUDFN GLVWULEXWLRQ WEIXFFR/‘G)Q—[[EJURXQGLQJ DQG V
FRQWDFW ULVNV OD]DKHUL <O$RMDXQUPMWH WDRGBLWHKEBRZ SUHGLF!
UHVXOWY DUH WKHUHIRUH VHQVQWIRY HJ MR WPKRHG HQ ©X. W JP RZAFOKO VA,
RI WUDIILF GLVWULEXWLRQ PLQRU GLVFUHSDQFLHV FDQ UHVXC

,Q WKH DEVHQFH RI RWHKHOU WRERQF Bi F OLHY WW K HU ¥R W OQDVO RV LW KHK R X
ILF DQDO\WHG KHUH VKRZV D (PPRXWKR®QUHFRONHBHE WKH ULVNV D
GLVWULEXWLRQ 7R GHPRQNMW UDRMDMN VKW ¥V Q J DWXKNE LAHUMH EXW WK H
DWHG DFURVV WKH DGMDFHQWDWKLFEGD Q JV D RXW HIVQ PO GALIQH W K
7KDQHW ZLQG IDUP WR LQYHVWRLUBDNH RIKK LG KV WH\LEKX®/ LRIQORIL W\
WUDIILF $ JDWH LV D OLQ®DUFROORWHFW ULWVDNHEDB/HBHR ID V HW
GLFXOMWUDIILF IORZ ZLWK UHJRXOWHYVIQHDUHYR RWKHU QDYLJDV
FRXQWV RI WKH GLUHFWLRQ [RQG LQWRDRLRRY MBHNWXQHY VXFK D!
YHVVHOV XVHG WR FUHDWH D |WHDXHGF\ORZ/ W\L KOWHRQLWWIB H L|
UHVXOWY VKRZ WKDW VKLSSLQUY DM WKRRVWQD QR SDWIVQEOWRKH UH:
WR WKH PDUNV LQ ERWK GLUHFRQWQFW LWR IDHD VQ B 0 HAURMBGLGILR ©
GHQVOWWKH LPPHGLDWH YLELQLWKH7 RRPSDH RYRRQWI YHVVHO WUL
JDWLRQ DURXQG ZLQG IDUPV (RDWXBVUK\HEHHIRWHH DKQBGY BIWHU WKH G
LPSOLFDWLRQV IRU FROOLVLRQRPR/EHRUGILDLIQIGY | DKWY HDK B R X WAH/D W

JLIXUBBHVVHO WUDQVLW JDWHV WWU7RRQWWUXRWLRP DI
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GHYHORSPHQW DUH LGLRV\QFUDWEP_LFLWXQFL'ID)QH WWKHDWC&W%QF\

WLRQ WUDIILF SURlLOQ-MANmJ@GQQ\ME R‘g{ﬁp R V¢D RIO®MIARD R Q28 (, \
WKDW SDUWLFXODU GHYHORSPHQW,  6HyHUDq 3Lh[1FW+5H 2Pgi¢ bRG

IDUPV DUH VLWHG LQ DUHDV RI d%uJQWEFE&Qu»%\MJ\k\bU@ SWHLENILE E 211V
DQG WKHUHIRUH WKH LPSDFWV R@HZAPBYH IR MUIR Q0 \DADKLGEIMDERIQW R 260 LV
GHPRQVWUDWLQJ WKH LPSRUWD FIHEDW RO HQ WEDIWAL LR LW RI
SODQQLQJ )XUWKHUPRUHDBVKH

PHQW PHDVXUHV DVVRFLDWHG %@&ﬁvﬁ%@ Qﬁ&%gﬁf& Q,HQQJ\LS%E
VXFK DV 766 RU EXR\DJH KDV D VRUIOLULEP QWcbB SERPWXBIQDWLRQV DC
YHVVHO URXWHLQJ ZKLFK PXVWXEGHUWINIRGCHGWKE 1IBQWK +R\OH ZLC
WUDIILF PRGHOOLQJ (QJDJHPHGQWH ZeRVYKW Y AR SHROYWIXDUG  $JH

VWDNHKROGHUV DQG UHJIXODWRY). ERGLHV, WKURXZIKBXW W KH, <y
FRQVHQWRMKMVSIWW WKHUHIRUH Q bV Vb 0 REH INASIDA 16 R WSH BIQRXQL R Q L
DEVHQFH RI WUDIILF PDQDJHPHQ&WQIV\M‘HH}FPRFG?H@?OKN.RIXFCDGD@CRRURXQ

FRQVLGHU QRW RQO\ WKH GHYHUORSPR&WRHWVHO]I E X W

WKH SUHVHQFH DQG LQWHUDFWng @ﬁD ¥ 'g %ﬁg E’ﬁ%@fg‘@h
FRQVWUDLQWY 7KH JXLGDQFH bLI,J?
PRGHOOLQHRFHGSE@DYLIJDWRUYV @\RW@OZKEU[E)R/\XL@VW EHY WIDGI R UKXPWL P
PDVWHUV DQG RWKHU NQRZOHGJHPRPEOH VWDNHKROGHUV LV

HVVHQWLDO LQ SURSHUO\ LQFRUSEAWLOT M REYH, \BEFRRY Vo e

YHORSPHQW L@ QX $\@OME@WE DD E O H
SHIHUHQFHYV KWWS WHWK\V SQ®@0OIUJeMW DMDMAD BKIRBI R
5LV)NQDO SGI >$FFHVVHG $SULO @

5,$6=- 7KH 6KLS '"RPDLQ

$QDWHF 1DYLWXV %D\ :LQG 3DUN 7HF
LI 9mo Ko usKLSSL03 DOC 10V wg f‘*EZngz'Q;gvgff;sgvtgf[)'ﬂvﬁgg'm
Q0 LY@ OID RO H

KWWS LQIUDVWUXFWXUH SODQQLQJISEYNmRD ¥ (sa%gsﬁfﬁ%vﬁ\é{gf\ﬁaxwgm(? $01
HDVW GIDYLQENUSFFHVVHG  0DUFK ©QDO RI 1DYLSDWLRO

%07 &RUGDK2IIVKRUH :LQG (QHUJ\ VS {7 RO LO WKH oL
3KDVH 3URSRVDOV DQG (QYLURQPHQ gﬁgﬁy MP@LBPQV 6Q BFDVD 00 D
5

&+5,67(16(1& ) $1'(56(1 [/ : 3('(56(1 3 + DE P WER \DNY
6KLS FROOLVLRQ ULVN IRWQ DQ % }f'ﬁ XD B5LT LJDWL
6WUXFWXUDO 6DIHW\ DQG 5HOLDELOL Elj M%%%M 211V K

.QWHUQDWLRQDO &RQIHIHZGRW W, &2 8 O
86 + -XQH
'"HSDUWPHQWGR DQG ,QGXVWU\ ?

G )DUP ODULQH IDYLIJDWLRQDO 6DIH

QLQJSRUWDO JRY

$VVHVVLQJ WKH 0DULQH 1DYLJDWLRQ FHVVHG

5HVSRQVH 5LVNV RI 2IIVKRUH ®DHQHZ }g
WLRQV 25(, 'HSDUWPHQW RI 7UDGH D7

HH 8. RIIVKRUH ZLQG SRZHU
g[ﬁ;lgs;ylffdwsga 7TUDIILF &BIS DRIXW\ $ VHF[KDQJH LO 8. HOQ MUY B RIRFLF

*22:1 (0 $ VWDWLVWLFDO VWXG\ él R v
kh  RXUQDO R1 1DoAsDWLRQ 2Bl KicS SREW&Y &RDVWIRDQWLF &RDVW

+$-'8. - 6DIHW\ RI 1DYLJDWLRQ DQG%@%%% WH EWX G\ QV\égléI;'Fz)glz(SgSwRV\I/ 68D6|

QLQJ DWUBHI¥1DY ,QWHUQDWLRQDO - 5
IDYLIJDDMIGR®DIHW\ Rl 6HD 789 Q¥ SRUW, RI 7U°E§\?§EUQW6KLSVW5*BXWH DQ

(]5551 )250(/$ . 6RPH

ODULFR ODULQH TKDQHW 2IUVKRUE %
JDWLRQ $VVHVVPHQW 7KDQHW 2IIVKR Hk HQZHVKRRUXHUZ?%(%QR)BUEE\)/‘
ODULFR ODULQH ,QYHVWLJIDWLR IQ/%%T{

2SHUDWLRQDO (IIHFWV RQ 0D U ID@H 5D UYDWLRQ
2IIVKRUH :LQG )DUP %ULWLVK :LQG (QHUJ\ $VVRFLDWLRQ
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