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6RORGRY 9
.KDUNRY 1DWLRQDO $XWRPRELOH DQG +LJKZD\ 8Q

$EVWUORAWRUN LV GHYRWHG WR WKH GHYHORSP MW LRMWL PR GRH O
SURFHVV RI WUDQVSRUWLQJ SROOXWDQWKH. 6HQKH BROUSDEKV D\
WKH SUHVHQFH RI SODQWLQJV DQG WWD® CS.0QJ W KRH WIKAHU R LGV VRM |
FRQVLGHUHG DV WKH EDVLV Rl WKH PRGHODV20Q SBOLWHEDVLE& K
FRQVLVWYV LQ SUHOLPLQDU\ FDOFXODW LRRGRD DRXY HDF WH 8 QW RYH Y
JULG $ OLQHDU VRXUFH LV SURYLGHG HPARVQL®Y K HD FHR@W WDQMD |
VXPSWLRQ RIOHPSKRIE RFAKRYP RWLRQ RI WKH DLU LV GHVFULEHG E
WLRQV DYHUDJHG E\ 5H\QROGV 7R PRGH® WH\QROIEW W 2\R UTDQME
GLIIHUHQWLDO WXUEXOHQFH PRGHO ZLW K @PD®HO DQYIFRVILRKRIVF BDI
ZLWK OHDYHV DQG WUHH EUDQFKHV LV FDXWPURR G HOX W KRH WWKXS E
FDUULHG RXW XVLQJ WKH DXWKRUV 07)63 RRIW ZDUGH BDFEINDB AX Z
7KBHVXBWWLVIDFWRU\ DJUHHPHQW ZLWK H[SHUVY® B Q& 50 HSMRAPDH .
QRQ KDV EHHQ GHWHFWHG 7KH LQIOXHIF W RH \8 KWWUALE XMW RQHR
IURP YHKLFOHV LV VKRZQ

H\ ZRUWGWUXFWXUH Rl FDQ\RQ VWUHHWYV VWDNQGV VXUIDFH OD\H

, QWURGXFWLRQ E\ D VIVWHP RI ULYHUV IURP WKH
ORVW RI WKH OLWHUDWXUHHB VWV HEW W H[DPSIOCHR I RWKH HQW L
PRGHOLQJ WKH SURSDJDWLR®LRV\ WD U FH\KHURPWSBLQWUHQFH RI
VRXUFHV RI FRQWDPLQDWLRQQRWKBIUWRXW KRIDQB8IXRPWKZHVWHU
VWUXFWXUH >+ @ EXW WKHLW D WMHWHQ WKKDQRBWKBZHVWHU Q
WLFV RI D SRLQW VRXUFH LQODUJHDWDXUGB QZEHNK GRYVHV LQW
PHQW PD\ GLIIHU VLJQLILFDQWOWKHRVWWWRWHHLRQUH DQ DLUIL
UHJXODU VHULHV RI PRGHO ENUOGLQJNH ,PHD K GALRAHR® Rl WKH
WKH SUREOHP RI QXPHULFDO RRPXDDYW DERIWDHLRX¥XWHOOV DQ
VFHQDULRV Rl SROOXWLRQ RIFRXWQWT XWXKHWGIHWFIUQ RVIGRHY RV RW K H
LGHQWLI\ KLGGHQ GHSHQGHQWIKHVIUWRXQGCGWX UQDRWHKH GLV
SHUVLRQ RI LPSXULWLHV LQ W¥KHOWRYZUIDFWHGDRIQUW MHKH RQ VWD
IRUHFDVW RI VRPH EDVLF SD WBMPRHNHNVU W TRADWVK IR /W DWVKIHRLP S X U L’
WKH HQYLURQPHQW LV XUJH@QWRQWHUEIRWKH DRWSUR[RRDWLRQ F
SDUWLFXODU LQWHUHVW WR BROMWLFE &K HP RIGIVXKF WWK R | SRIRRGS D J D
HO VWXGLHV IRU WKH FDVH RODUHDORFLWK HG DWWPRIVBMKW FRR R1 D
WDLQLQJ FDQ\RQ VWUHHWYV |®SWKLW\SUBNKUFHEDRMHGVRE H[DPSC
WKH 5H\QROGY DYHUDJHG QR®UVRMWPRQRBRULNGHD W2HWHPLVVLRQ L
BWRNHV HTXDWLRQV ZH VWXGLQHKHVPIRBHY WLIDWHBO$ WZR SD
FLW\ GLVWULFW WXUEXOHQFH PRGHO ZLWK ZDOO IX
7KH ZRUN LV GHYRWHG WR PRGHO LW K HW WK WBXGIBDGW WUDQVIH
RI DWPRVSKHULF SROOXWLRQVW® QWKW MR GIDFBHWIHOHE GHVFU
WKH FHQWUDO SDUW RI WKH FID/M\ RH JIRXQMGLY Q&L W\ &HQ7KH LQIO

WHU 7KH FHQWHU )LJ WD VK@ BPRGMIOHRY MXIDHUH )LJ <
JHQHUDO PRGHO RI WKH FH@¥BRRQSD EBEW WRKH. WIRXKNUIFH WHUPV |
)LJ WV FRQVWUXFWLRQ YD HADORH® R PRRH GFWWF HTXDWLR

PDS KWWSV JLV XD NKDUNRY OR Q& DNK ig)$OM®G RIGWIRHGLQJI WR
FLWY VXUIDFHY ~ DQG FRYHMESH‘MEH WB&HG[WWDVHO@FWHG I

[ [ P7KH RYHUDOO P

FHQWUDO SDUW FRQWDLQHG WWHX%B%EHY)@ RUE‘LTg
VWRUH\ EXLOGLQJV 7KH FHQ 0

KLOO DQG LV VHSDUDWHG IU J\ﬁ\/ﬁéﬁ VEXQ
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PHPEHU ZDV LQWNRGXRMER WRA LQHUWLDO YROXPH ZLWK DGG
WUDQVIHU FHEXMYWRXBOH PHPERRGWYISHTXDWLRQV LQFUHDVLQJ W

)y &M N, 7KH PRGHO LQWHUSWHMR/ WKH LQIOX
HQFH RI YHJHWDWLRQ DV D KRPRJHQHRXV LVRWURSLF

)LJ ORGHO RI WKH FHQWUDORSDODWKR ID.GXG DNV X EZR-RVGH® K |

ORGHOLQJ SUREOHP VWDRKDFUDAW HUL]HG E\ KHDY\ WUDIILF

7KH VWXG\ ZDV FDUULHG RXON WH[SQH® BGRHMWDWONEQ IURP > @
PHDVXUHPHQWY RQ WKH JURXQG DV ZHOO DV E\
PRGHOLQJ XVLQJI W&HVRXWARIUSQ H[SHULPHQWR O RUPKXODWH W k
> @ E\ WKH PHWKRG RI VHWWLP®XOIWWRPRWYKH EHONPIGH[SHULPHQ
VWDWH WR WKH GHYHORSHGRARERVQOGW WRRWEKHBLE GDHIDPHV
IORZ 7KH IORZ RXWVLGH WKMRERPSXRIDYWR ZHOHGBHUIRUPHG
PDLQ RI WKH HQWLUH PRGHO W FIRMSAHIH FRIP\E -HAWMHPDWHG G X
WXUEXOHQW 7KH VHFRQG VW®DH R WWKHH \FDOF XSOWDMULIRHY LR/ H[S |
EDVHG RR(MMKBISSURDFK > @ XWHREKQMKY RI WKH PDVV IUDFWLRQ
WKH ERXQGDU\ FRQGLWLRQV ORUKW KHX R'XIEUP R B WOWDR B H ZD
WDNHQ IURP WKH FDOFXODWLRIQJRQ QIKH) ZKIROHI RRWHO RZLWK EU
WKH FHQWUDO SDUW Rl WKH FARWPLJRW IFQOY¥RRXWWIZ RQWR Z MKG! ) L.
VXEPRGHO JRHV RQ LQ D QR® ERVOW L PQW D\QIR UPXWRH SUHVHQF
WLRQ LQ WKH VTXDUH 7KH DLU WHPSHL
$ORQJ WKH FHQWHUOLQH RF&WZKH K KP IMKH KWDWHMX[ IURP VRC
<« + D OLQHDU VRXUFH ZDV DV.VXKPHMBOMRVBHBYLGRP WKH OLW
D FRQVWDQW IORZ RI LPSXULW)\ LQ@W L7KH ZQO MO RQ WWHKHEXLOGL
URDG DW DQ DOWLWXGH RI DHRKWDGLPEDWUN ZLWK D
WHPSHUDWXUH HTXDO WR WKH 068 RY XWHPSHQWD SRUGWY WKHH VH
LQFRPLQJ VWUHDP %DVHG RBURXWURQDBU\VIRLRWWKB D D T
WUDIILF IORZ DQG WKH H[SHSHPHOWPWDG®HBHRGHOHFMNVQWY RI &
REWDLQHG LQ WKH H[SHULPHQ@WVH S@U IR FRIQY \DWQ B KHLRKW R
IORZ UDWH RI &2 LQ WKH IRURURIPBQRDW ZHUBFMWHLRAUPHG ZLWK
SHU OLQHDU PHWHU RI WKH PMQWEBROLQHORFWHG BBYQW ZLWK
GHWHUPLQHG ZKLFK FRUUHVSRQ@HBHWRHWRHHWHSHHWHULHV 7K
PHQWDO GDWD 6WUHHWYVY < GDWD D WH IS UHWOI\QWMHG LQ WDEOH
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)LJ  $HULDO SKRWRJUDSIQ\L‘Ell QZ@@%@?%@%&% HWUVH RL%D\V/VXKUHL?G

EXLOGLQJ DUHD YHORSPHQW DUHD <« D VTXDUH ZLW
+ VWUHHWYVY SRLOWV <+ D+ D E=x

7TDEOH + $JJUHJDWHG PHDVXUNPRQW DWKGVFOXFXODWLRQ U

$U ([SHUL < ([SHUL< | $LU WC /RFDO &DOFXO
PHDVXULQRDVV IUDFWLPFRVV IUDFWXBE8 |. YHORFLW\PPWV IUDFWLRQ
SRLQW &2 &2 GLUHFWLR@I &2
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OHKLFOH H[KDXVW HPLVVLRQVUVEXVMLRYPDWKBDWHSXOWYV Rl WKI
LQGLYLGXDOO\ IRU HDFK VHJPHQW Rt WYXKRZRW&HR GLWWHILEXWLR
EDVLV RI H{SHULPHQWDO GDWWDDPW IZRH® @ ID&2 WD IDLRHLF KW RI
WHQVLW\ GDWD 1DPHO\ WKH L RWWKEXWDRYKRIDRB WKH URR
DORQJ WKH VWUHHWYV ZDV DG®LYRVDOQFAH RI(DFK VWUHHRWSRQHQW
¢ *+ LV GLYLGHG LQWR VHFWHRKQ/XWWV DDM WWKHE++HDQ VTXDUH D
E $W HDFK VLWH DQ LQGLY LSHKDLAR ERRIW Z BRXMHWRE BBVDH®/ L P H
RQ H[SHULPHQW GDWD IRU WKH7 NRXMW KZHYWHY LGV R KHKRZ WKH
GDWD IURP WKH H[SHULPHQWM WZHVUHPSRQBWIWH DOWHDA WKH VX
'LVWULEXWLRQ DORQJ WKH VW U HMHWW BDY HORWWMK P LQUHRX EE DV :
FRQVWDQW ODZ VXUIDFH DW HOHYDWHG DWPRVSK

$00 UDWHV ZHUH FRQVLGHUH®BG SHUWWUGW LADGE GLHORFLW\ |
UHFWLRQ DQG YHORFLW\ RYHWLWRH BHUWXULHRWQWQWMLPA®O GV DU
LQWHUYDO ZHUH DOVR FRQV IGENWWHGE BPRQVRVD GWYW WHHWQVWD DUH R
QRQ VWDWLRQDU\ FDOFXODWRRB@®URW WHH QW& GUDONRRQW HULRG
FRQVWDQW ERXQGDU\ FRQGLVDLYRIQ\D ZIDYJ FHYHRWPEBULRG RI K|

2Q WKH REWDLQHG IURP WKH&DSHAXOPWQWYVRRWKHDW WUDQYV
GLVWULEXWLRQ RI &2 ZHUH DDNRHF&BY LRAUHUHG IRRPSKITHUHQW Z
WDWLRQDO PRGHOLQJ RI WKH FEQ@QREDQW RY HD RH LW/H URDDIIQQ. W X G H
DQG EXLOGLQJV ZLWK D VRXWKZMHYAMUHIWDXBHQBY HUJ WKH TUDJPHC
7KHVH GDWD ZHUH FRPSDDKIGFKIFRKHUKNRNKHIRRQVLGHUHG X!
QRUWKHDVW ZLQG )LJ DQBRERKZHVIRQIGYGWR WKH SUHVEH
YLJ VRXWKHDVW ZLQG )2DQG2 DW D WHPSHUDWXUH GLIIH
R& GUDZV DWWHQWLRQ
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)LJ 'LVWULEXWLRQ RI DLU WHPSIHU®MOX YV HD Q & DVWRWE HD W XWR R MH |
DJLQJ RYHU D SHULRG RI KRXUNLRI &R XWIKPZAH D W HHI@H X IDAVCH G
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~ 1 3168010
7 1.00e-010

)LJ 'LVWULEXWLRQ RI WKH PDXWVIDFBFRMLRXQL G &Q JYHDQ GMKRIL O
DYHUDJLQJ RYHU D SHULRG RI KORXUU W RXVERXW YV WHH DQV HQ
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)LJ 'LVWULEXWLRQ RI DLU VRHESHOBW @ UVH AE® W RVLKOH DWX WIRD R W
DJLQJ RYHU D SHULRG RI KRXWWY FRSHWD\WXBH DQR BIWKMD WWM
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1,00e-010+

)LJ 'LVWULEXWLRQ RI PDVV IHWDRWERIQOBILQIVQBE QG WKIHOVXW IDF
DYHUDJLQJ RYHU D SHULRG RI KRR X0\ R Q B D WKIHDHY W2 IHDG
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)LJ 'LVWULEXWLRQ RI DLU WHEXHOGBWQWUWH BH® ¥V RALIOH DWW WIDKR!

DYHUDJLQJ RYHU KRXUV RI GD\OMRWPWKZIHVKY HZQIYGEDWHG 7 RI D

yLJ 'LVWULEXWLRQ RI PDVV IUDRWERQORIL®I\QBRG WRHOVEWI DF
DYHUDJLQJ RYHU D SHULRG RI KRXUVGRUDKIWH VYW ZLWE& KLJIK



yLJ 'LVWULEXWLRQ RI DLU WHEXHOBW®U\H MHE® W/ RLOH DWX WIR R
DYHUDJLQJ RYHU D SHULRG RI KORLXUU W IRX VB O \MOL\P\W PMQ BOHY D
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)LJ 'LVWULEXWLRQ RI PDVVIDEHWLEQLRIGED DHDQ AWK RLWOXDW

DYHUDJLQJ RYHU D SHULRG RI 7TKRX D VUR IVRDXWHK FHHD DWW/ HLAHSY D
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7KH PDLQ PDVV WUDQVIHU LVOKWKHR FWRYHSWHH®@ ZUQG FDVH
HDV LV GXH WR DGYHFWLRQ WFRJIMZKHRBEPRVHGF X SDHEBWRIOLQHV D
XUEDQ GHYHORSPHQW LQ VRPHGHO/SAAWHLWKFKBEHDH® HWJIOH RI C
LJHG E\ D UHODWLYHO\ ORZ RARKMF¥MBWRMDWIRHRWRZ2 ZLWK UHVS
7HPSHUDWXUH GLVWULEXWLRQVWEHHFH®VRUOHQHVYDRAOYWUHHW
SURYLGHG E\ DGYHFWLRQ VRSWUKWHWWHE@ SHRIAHZKDMW RIH®KBNM WR FF
ZLQGZDUG ZDOOV Rl EXLOGL®JIVEXKVOGRDHNV DG QH WK RXW WKF
OHHZDUG RQHV LPSXULWLHV LQ WKH FLW\ FHQWHU
7KH VXUIDFH Rl WKH URRIV I7\K HH [FSIRVAHXG DWRL RVKH FRPSDUHG W
KHDW IOX[ Rl VRODU UDGLDW ISRIH VIHR) K HR IW HPESHIQ DWSOFH FRQ W
WKH URRIV LV VOLJKWO\ LQFUHDX\DHGHI LQ WKH FHQWUDO SDUW RI
JLIXUHV + VKRZ JUDSKV RDULKRQILWRWUQRX VWUXFWXUH DC
WLRQ RI PDVV IUDFWLRQ RI &2 HWHPSHRDWBRBEVYHREB RI WUHHV
ZLQG VSHHG QHDU WKH VXUIDFKHREQWHKH MRLO PW O PHDRZ RQH
VTXDUH DYHUDJLQJ RYHU D SHUWRGW.IW\ VRKVBHIBWY SDVV EHWZH
WLPH DW HOHYDWHG DLU WHRBXWHW XD W RXW RWAKHV W SDBH E H\
ZLQG DORQJ WKH FHQWHU ORQG WKWNWVWRHMWY D@ EH FRQVLGH
7KH UHG IUDPH KLJKOLJKWV DZZWEHSDUDPEWHH .KRXWDVHG RQ
HV EHWZHHQ VWUHHWYV < +WKIHKMWEKD@RMXMHWKIURXJIJK WKH VTXI
VTIXDUH ZLWK WDOO WUHHV TAKKD WHILQKWKRI WRKKHV WAHHVHIU® Z L Q
WKH JDUGHQ UHDFKHV WKH KMLKK VB WRH WHIQH K RXWHVYHHY SDVVHV |
$OPRVW DOO VWUHHWY RI WKIHH VHOHFWHG IUDJPHQW RI
WKH FHQWUDO SDUW RI WKH FLW WHKERQSG WR QYRW HMB\SHKRW WK
FDQ\RQ VWUHHWY ZLWK D FKOQULDRWRHULNLY WQFWXMHU VRHDWMY HUVH
+: ZKHUH + LV WKH KHLJKWDRV WKHFWRRQHR! &2 IRU VWUHHW
© WKH ZLGWK Rl WKH VWUHHW QZ&HFEHW 2 HMQHWHKH WHIQWHUOLQ't
VWUHHWYV < + LV « LI LV WKH NKREW RI WKH FDQ\RQ VWL
WKH FXUUHQW OLQHV LQ WKH/HHQA YHORFEW\ ILHOGV IRU

yLJ BWUXFWXUH RI WKH IORZ FODLQ\HR Q QH WHFHWS LDRMH A
FRORU JDPXW RI WKH VSHHG RI WHKH &R RAVR PHP@QHQYTKDEH D VH DI
SHULRG RI KRXUV RI GD\WLPH DOWG HH¥“DWKIG FHIDWU VR XS\ K.
PHQW
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)LJ &RPSDULVRQ RI WLPH DYHUD IDHS HOHFHGR | RV ZH QG VG MVHKGH L
WKH SUHVHQFH RI WUHHV E ZL@EGVLWKHDXXOB% DQGNKRRUD @
UHIOHFW WKH PDVV IUDFWLRQ RAH&I KW WIKRHDNYFUH QH SRL AWV

)LJ &EXUUHQW OLQHV RI ZLQEF3 RS HMHIGHIHL W @ Q VWIKH W K M COU



)LJ &XUUHQW OLQHV RI ZLQGRMSWMHIBHN. HQGW KIHQ WV K B L5HU
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)LJ $YHUDJHG YDOXHV RI DLUDYHDO RFHBDW /W HW\KRIL BURX/Y IUDRF B C
WHPSHUDWXUH GHSHQGLQJ RQ WKH ZLQG GLUHFWLRQ
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)LJ $YHUDJHG YDOXHV RI WKHFRRWVWW UBDEW LR @ R G2DDWWVW K H
HOHYDWHG DLU WHPSHUDWXUH GHSHQGLQJ RQ WKH ZLQG GLU
308.00 -
307.50
307.00 \
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305.00 w— —e—North-West Wind :7
1( —+— North-E ast Wind
304.50 —a— South-WestWind
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)LJ $YHUDJHG YDOXHV RI DLRDWWHSHDD@HNDH WWHWKRIL 6 N

DLU WHPSHUDWXUH GHSHQGLQJ RQ ZLQG GLUHFWLRQ

7KH DEVHQFH Rl WUHHV FKDQKHVGWHKHFWLBRFRIXZHQRE ORDG 7
WKH VWUHDP WKH GLVWULE XGRR® ROQ W K IFORGIFHGWRID PLLVR\Q G H'
RI &2 DQG WKH WHPSHUDWXUGILVS HUKH R®MR B W WHBQLBBXWLW\ RY}
RI VWUHHWYV < 7KLV FD® IDRQVR,VEHVNRKQGILERP QRWHG WKDV
WKH FRPSDULVRQ RI WKH DLBHQMOIRPLIWRQGRVVW2LERWURQDWHYV
JUDSKV QHDU WKH VRLO VXUIVBDHQHIERDRQY WK& FHQWHUOLQH

RI VWUHHW < )LJ =

)L + VKRZ WKH DYHUDJHG YDOXH&RRIFWXWHLRQV

DLU SDUDPHWHUV DW WKH FURWKHI\QXPBHLFIHPRGHIOHRI EXLOG
VXUIDFH Rl WKH VRLO DW HOMYD® I$G DA R IWWMIRIS HFW B/W RU HKD U N F
GHSHQGLQJ RQ WKH ZLQG GLOBFHWLRQ WHKH VWPR¥BKIHBUH LV FF
LQWHUVHFWLRQV DUH LQW HURQQW RWIRF AR W UV K P HYQDAU IRD EVOKIHW H
FHQWUDO SDUW RI WKH FLW\WBIQG DAXRH WD RUGII W RM R IDFFWRX QW
RI WKH ERXQGDU\ FRQGLWLRQM \RQHWKHP WKH RRBGKBMRQV RI D
UHGXFHG $OVR QRWHZRUWK\SLO/DWWID W LR QRYDRILGL IRH UWHGHN GHQ\
EHKDYLRU Rl WKH SDUDPHWHRN WK&Y GOIRH ORIDRFQW\ WKH H[LV
DQG WR D OHVVHU H[WHQW \RH RXHDBWLMID QG DY WGIHVVWRH U H C
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7KH SUHVHQFH Rl SODQWDV 3RO 6 8 %URZQ 0 )ORZ 3DWWHUQV
D ORFDO LQIOXHQFH RQ WKH D B6WUHHW &DQ\RQ OHDVXUHPHQWYV

VWUHHW < WKH FRQFHQWL S8UEDAQ JLHOG ([SHULPHQW -RXU
WHPSHUDWXUH DUH DOPRVW SOLHG OHWHRURORJ\ $QG &Q\ADWRO

LV VOLJKWO\ LQFUHDVHG LQ 6SDWLDO DQG WHPSRUDO FéPUDFW
WUHHV LO WKH JDUGHO  ZLW HPLVVLRQV LQ XUEDQ PLFURHQYLU
PRELOH ODERUDWRU\ / 3LUMROD $

SURQRXQFHG DW WKH ERWWFR RQoPHQW
7KH H[DPSOH RI EORZLQJ XS DsWHPLDWRLWGLURY WUMH FDQRS\ PRG
WULFW RI D FHQWHU VKRZV WKKESUWHHRRO QPR WR EQOOXUHDFHLQG H
Rl FLW\ GHYHORSPHQW RQ WKHRFKIGDLAOG GG RWKHUV LIRD2 $6,
FRPSDUHG WR WKH HIIHFW Rl ZDQG GUDBA¥SRWRN 3URFHVVHV LQ FR
7KH UHVXOWY REWDLQHG LQG]HIRIBW\MUWHK\D\/\quj GHFUHDVHO 1%6

LQ YHORFLW\ LQ WKH SRURXV J&NV ?G IXUW
ZHDNHQLQJ RI WKH GLVSHUVLR(%LZ’LME{ Q/@Kﬁ

\EM%TQ bRrRGHOL
O %RU
FDQ SRWHQWLDOO\ KDYH DQ X mﬁﬂﬁ& % DL AN

TXDOLW\
Kheh’\h\ < = KIZjh"m[p_\ X < GZmc

/ILWHUDWXUH bdeZ"ghc uhH]Jfo uc dhfie>dk 07)6
9DUGRXODNLV 6RWLULV %HUQD/UeG} q )12V K : \vadbo Imj[me g

OLV 3HULFOHRXV 1RUEHUW *RQ]D0 bc)GHNd:rD?l (zﬂz@qapah\ \ hleZklyo i]
LQJ DLU TXDOLW\ LQ VWUHHWhetPRI\RRMu R _jbmbdzl Jhk | _]bklj
YLHZ $WPRVSKHULF (QYLURQPH@W, M=::K| « *
7K\NLHU 1LHOVHQ 6 B5RHG - 'LVSHU
:DWVRQ , ' -RKQVRQ * 7 *UDSKKHRDEH RWPPBWWR@DWLRQ RI D GLU
Rl VN\  YLHZ IDFWRUV LQ XUWEPRRPpUHDYLUB®RRQIHUHQFH RQ ©5DC
PHQWVY -RXUQDO RI &OLPDWRORW\DPLQDWLRQ LD XUEDQ DUHDV?2 5L\
PDUN 0D\ 3
1XQH] 0 2NH 7 5 7KH (QHUJ\ %0 DRAHGREWIRQ RI IORZ RYHU FRF
BUEDQ &DQ\RQ -RXUQDO RI $SSQVH@J0/*#2WHBL$RJ@+®J\LQG (QHUJ\ 3UHG
* V636 6 OXUDNDPL DQG RWKHU
/ILHQ ) 6 <HH ( &KHQJ < 6LPXOIYY /bR RRBHDQQ :LQG (QJLQHHULQ
IORZ DQG WXUEXOHQFH RYHU D grRBXLOGLQZE DUUD\ XV
LQJ KLJK UHVROXWLRQ &)' DQG *p\G VWY WERRWHGHGUDYQW - )ORZ D
IRUFH DSSURDFK -RXUQDO RI 'L2IGViQ FRPHHOWHYQIER VO XFWLRQV $SS
,QGXVWULDO $HURG\QDPLFV LHV QI#JHWDWLYH &DQRSLHV DQG ¢
.DVWQHU .OHLQ 3 )HGRURYLFK3XESRWDFK :
$ ZLQG WXQQHO VWXG\ RI RUJD@,&_]H@@@G qugzxx@ Waz[jmAg ggy Z
DLU PRWLRQV LQ XUEDQ VWUHHW FyhfhR@W | gRhlh ijhklhjm
'LQG (QJLQHHULQJ DQG QGXVWHLJD r$eH1UR\G\| d—FV\Ihreyoh\bd MdjZH

2NH 7 5 6WUHHW GHVLJQ DQG ){(LHEQQ\F@Q:RS\\OJDaﬁu = Fhr evi_ j gl
FOLPDWH (QHUJ\ DQG %XLOGLQZMhkn jguo aZPFyag _gbc \ ihehk_ gZkz
gbc \hae Z\Ihfh[bevghc Ahjhlb  :\lhfh[b
.LP - - %DLN - - $ QXPHULFDO kyw\,};@\dﬁhgfm@gup;@rqj ggu | _ogheh
HIITIHFWV RQ IORZ DQG SROOXWDQW GLVSHWLRLQ LQ XUEDQ
VWUHHW FDQ\RQV -RXUQDO RI %$8RAiH G GHWHRWRMRAYb  Imj[me glg
Es JZk%I hevrbo \boj ¢ OZjde\ 0OG:>
.RYDU 3DQVNXV $ ,QIOXHQFH RI JHRPHWU\ RQ WK
PHDQ IORZ ZLWKLQ XUEDQ VV\élZHd\and:QQ\Rfk\(ZS(Chngd ih |_iehnbab

$ FRPSDULVRQ RI ZLQG WXQQHQdH{SHHERNRAWY aRR®E “bArdhkl_c Fhko
QXPHULFDO VLPXODWLRQV SBUERY $&x 4XDOLW\ + 5H

FHQW $GYDQFHV 3URFHHGLQJV =p\hjmst gdh G Y Nbebiih\ < < <_ e
$GGHSDOOL % 3DUG\MDN ( ,QyHY¥WLJI WYe R@ RIf WA hp _gdb wdhel
YORZ 6WUXFWXUH LQ 6WHS 8S 6wy@+ﬁy\h DQWRQVIBFDRINIh dzq k|\z 7
JORZ DQG 7XUEXOHQFH 6WDWLV§lekYud Rﬁ(,QpDur\h/meyb]h\zggu | og
OHWHRURORJ\ 9 3 * eh]bb &5('27 K
.DVWQHU .OHLQ 3 %HUNRZLF] 5 %ULWWHU 5
7KH LQIOXHQFH RI VWUHHW DUFKLWHFWXT.&,J"_T“_E@HIQrB#\ADQG

GLVSHUVLRQ LQ VWUHHW FDO 9N a8
SWPRVSKHULE 3K\VLEV 9DUGRX®PWLYLY %HUQDUG ($ )

.RXOLV B3HULFOHRXYV 1RUEHUW *R
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ORGHOLQJ DLU TXDOLW\ LQ VWUKANWH®EDIIQHMMWHQD6 UBBRHG - 'LVSHU
YLHZ $WPRVSKHULF (QYLURQPHQWHQFH RI D GHWRQDWLRQ RI D GLU
EDQ DUHD 1.6 &RQIHUHQFH RQ ©5D(

‘DWVRQ , ' -RKQVRQ * 7 *UDSMIADLQ) BIWWRODVOLRQEDQ DUHDVa 5L\
RI VN\ YLHZ IDFWRUV LQ XUEDQ MIMUNURMPHQWY -RXU
QDO RI &0OLPDWRORJ\ &) SUHGLFWLRQ RI IORZ RYHU FRF

1XQH] O 2NH 7 5 7KH (QHUJ\ %OWIOQJFHRRODPUHD LQG (QHUJ\ 3UHG
B8UEDQ &DQ\RQ -RXUQDO RI $SSOBHG60HWHRXRORDPL DQG RWKHU

+ WK'QW &RQI 2Q :LQG (QJLQHHULC
/ILHQ ) 6 <HH ( &KHQJ < 6LPXOBRBWLRQ RI PHDOQ%
IORZ DQG WXUEXOHQFH RYHU D *DEXLGLYRDVWDN X¥XQW - )ORZ D
LQJ KLJK UHVROXWLRQ &)' DQG ZL VGK VARPISEODXHY HRE VGVUDXIFWLRQV $SS
IRUFH DSSURDFK -RXUQDO RI LDV (QUHIHMDWQYHD @GQRSLHY DQG
,QGXVWULDO $HURG\QDPLFV 3XEO £ S
.DVWQHU .OHLQ 3 JHGRURYLFK FZW5RANDIFRKKHO : PRGHOXYDQQLD ]L
$ ZLQG WXQQHO VWXG\ RI RUJDOWFARRBYVDHU RIRUBROHQYWLD SULGRUR
DLU PRWLRQV LQ XUEDQ VWUHHKW 6FRIDCREBRY WRXUQDOHYWIRVKODKRYLI
'LQG (QJLQHHULQJ DQG ,QGXVWULD® $HURG\QDPLFYV

6RORGRY 9 $YHUVKLQ $ 7KH ORGH:
2NH 7 5 6WUHHW GHVLJQ DQG XRUEBDNP KDRRBYHOBROWXWLRQ LQ 5RD
FOLPDWH (QHUJ\ DQG %XLOGLQQWDU WKH +LXZD\ $XWRPRELOH D
ORGHUQ 7THFKQRORJLHV 6 +

.LP - - %DLN - - $ QXPHULFDO &RORIB R WKHKUEXOHQW IORZ PRGHO
HIIHFWV RQ IORZ DQG SROOXWDRW XX IWVWHRYLRQDUNLYUED®'8
VWUHHW FDQ\RQV -RXUQDO RI $PPYODHWLOHWHRURDRQRGERRN RI WK

+ SURSHUWLHYV RI JDVHVY DQG OLTXLG!
.RYDU 3DQVNXV $ ,QIOXHQFH RI JHRPHWU\ RQ WKH
PHDQ IORZ ZLWKLQ XUEDQ VWEBEMRWXWOCHRRNRV 1D JLOLSSRY 9
$ FRPSDULVRQ RI ZLQG WXQQHG KHNR HUL P HQWRE KREL L PHWRGL
QXPHULFDO VLPXODWLRQV S8UEDHNRQBILKRBYWRIR 5H HQHUJHWLFKH
FHQW $GYDQFHY 3URFHHGLQJY DYWRPRELOQL] GRURJ SYWRPELC
$GGHSDOOL % 3DUG\MDN ( ,QWHV¥WQRODWIRIQ &B('2MKH 3 *
JORZ 6WUXFWXUH LQ 6WHS 8S 6WUHHW &DQ\RQV OHDQ
JORZ DQG 7XUEXOHQFH 6WDWILRAWLEW | %HRX KG P Ah¥edib 1jZzgkihjigh]t
OHWHRURORJ\ 9 3 tihoh”” _ggy \ kljmdIimje \mebpv dZgvchg
.DVWQHU .OHLQ 3  %HUNRZLF]glIpzevyntLyeWiHgb5f OZjdh\Z
7KH LQIOXHQFH RI VWUHHW DUFKZWHBEWXIZH i pR\Y§ Rz QR&Gh[e ggx fh
GLVSHUVLRQ LQ VWUHHW FDQ‘\REQVlZ OHMNERMRUBRORAKhPEDOEhkl_c ijhp_km
SWPRVSKHULF 3K\VLFV kE_ggy aZ[jm~rgx\Zevgbo j_qh\bg m ijbe
3RO 6 8 %URZQ 0 )ORZ 3DWW2|JUQ0\/\ZQMZeW\KId (REéVRIhe gqzklibgb feklZz
D 6WUHHW &DQ\RQ OHDVXUHPHZQWYKIURPZIWKH gRLQW evinm fekp \I
BUEDQ JLHOG ([SHULPHQWYdRXYRZO fhir $S jhaley~Z}lvky fedjhjz
SOLHG OHWHRURORJ\ $QG &OLRDWRZERFhE qZklbgb f OZjdh\Z P _c fedjt
6SDWLDO DQG WHPSRUDO FKDUDRWHU&EdRWHARQeRgh & UB4Iler p_gljm
HPLVVLRQV LQ XUEDQ PLFURK®YLUFQR HQWV jZdHW¥Ke DeekhiZjdhf GZ
PRELOH ODERUDWRU\ / 3LUMrR<(gB\-$WZ°kRNISHQEQJlLd:lé@d(-l_’\ /$:(3 > @ sh
URQPHQW 12} \ ihi_j_~gvhfm jhajZomgdm Z~\_dpe+€ -
2SWLPL]DWLRQ RI WUHH FDQRE&VgMRGHO ERUp&YI1jMS gz \e~ghkgh ]jm[ec
SOLFDWLRQ WR ORFDO DUHD Z|LhCD-G IrIQHgJJk\ §§9—|G\LZI@W¢R>Qj 1$Zgbggbo n
ORFKLGD DQG RWKHU 1$72 $6hqzldh\h]J®RgzZ[eb  _ggy gZ jha]eygml- i

DQG 7UDQVSRUW 3URFHVVHV bQeFRPEDN] KENWE XeFWeGmebpv i j_ [
JHRPHWULHV 0D\ = ,+0edgicg .\2Y j eh sh \b~eey} ihklecgm \ q
SNUDLQH 3 + ljZIm ~hferdb >hferdZ i_j_ghkblvky \ ijba

(PLVVLRQ DQG GLVSHUVLRQ PREIWH@LQZJe RnébYEROMPM\Bo [+qgh€ \eljh\h
TXDOLW\ DW ORFDO VFDOH &jb% RUYIHIR P @G} RV Kebkld \&IWIe |Z gZkzn®
PRVSKHULF (QYLURQPHQW \b9&O s kd8 jm =*Fh”_ev hkgh\ZgZ gZ k-l

hibke Ijb\bfejgh€ "-eygdb Jmo ih\eljyghlh
$SSOLFDWLRQ 6R IWZD&MHO 6 K)BDW R Rlibkm}lvky je\gyggyfb G2Z\ } Klht
" 9LVFRXV 7XUEXOHQW /LTXLGnRQGA§DYb)® RiZVILQghevrkhf Kmpeevg._
SUELWUDU\ 6KDSH 'RPDLQV &BYWILjbEZWHKR Ik SINPW RIbkeb\bf [Z]Z]
SHILVWUDWLRQ 8NUDLQLDQ 6dMBiWd HyHO FI\Z Rb&RGh g cljZzevgbf >
ULJKWV DQG 5HODWHG 5LIJKWVfhe ex\Zggy Imj[me _glgbo _n_dle\ i j g_}



yd [Zah\Z \bdhjbklZgZ \bkhdhj_cghewvvkéwzi _4t\lghkz ijbf_kb IjZgkihjlgh]h ijh
iZjZf_ljbggZ ~bn_j_gpeZevgZ fh"_ebkbhjfmegbyg \ kljmdimj_ mebp dZgvhgh\ |
Ighkle a ijbkleggbfb nmgdpeyfb Fhi}ZexghggygZklb ] OZjvdh\Zz

aZoZjZs_ggy ijhklhjm ebklyf ¢ JeedydftblZpbyX[hlZ ihk\ys_gZ jZajz[hld_ fh
\bdhgm}livky gZ hkgh\s fh”_ee« ihjbKlhdbh k_pkke_~h\Zgbx hkh[_gghkl_c ijhp_|
\bsZ Je\gyggy GZ\ } KIhdkZ Z IZdh ghRByggyjyagyxsbo \_s_kI\ \ ijba_fghf |
i_j_g_k_ggy "ey izZjzf_lje\ fh"_ee+ Hthgjhiteebhd!l p_gljZevghc qgZklb ]hjh”~Z ijb g
ghkle feklylv " _j_evge qe_gb \ ijZ\pob qzkkEZ " ~_gbc b j_ev_nZ f_klghklb < ¢
gZo m \blJey”es klZl_qggh€ aZe_"ghklklfth*mkeph\rdabfh”~_eb jZkkfZIjb\Z_lky fbdjhjZ
Adhkle \ "eeygdZo ihjbklhkle Py fh’hgew-egljfievghc qzZklb Jhjh~"Z OZjvdh\Zz
j_Im} \ieb\ jhkebgghkle yd h~ghje*dikc \dtechléebigbb mebp ij_"mkfZljb\Z_Iky ebc
gbc hiej fZeheg _jpecgh]lh h[T}fm ~hBElkdadbdie \gd eyxsbc ihklhygguc \h \j f
\ jel\gyggyo fh”r_ee Imj[me_glghkle jZ[kektmixbd¥_kb Ijbf_kv i_j_ghkblky \ ijba
\bjh[gbpl\h Imj[me_glghkle >hkees~ghyfigkeihh mebp \ mkeh\byo [hdh\hc \_[Ijh\l
\_~_gh a \bdhjbklZzggyf Z\lhjkvdh]hjujhijZfdhggh]h j_ev_nz f_klghklb b gzZkz"
]h dhfie_dkm 07)6S \ ydhfm [Zahdbc g\grgbkd\ jZ Fh”_ev hkgh\ZgZ gZ k.
Zelhjblf azZ[_ai_q_gbc jhas_ie_ggydimkZzZdgbbh~"Zgghc Ij_of_jghc h[eZklb >\b"_
"hf afeggbo gzZijyfde\ o 79' ko_fhx\ha?mrghc kj_"~u hibkulZ_Iky mjzZ\g_gbyfk
jy"dm Ihgghkle JhajZomgdb \bdhgXgeKihbhkhf hkj_~g_ggufb ih  J_cghev
mklZghle_ggy i_j_[*]m \e? aZ]ZeviKikghrgZ kIKjgmZ ijbgbfZ_Iky keZ[h k' bfz_f
I _j_[*] m ie~fh”_ee jhajZoh\m\z\ky fgdhlkdhdthgZglghc < obfbqg_kdb g_cljZev
jgec ihklZzgh\pe aZ klZpehgZjgbo ]j2elyqdho ebfiftbhZzgby \ dZqg_kI\_ [Zah\hc bki
ijhly]hf ihaZjhajZomgdh\h€ 7eeygdbZdZZ \a&hkihhj cghev~rkh\Zy ~\moizjzf_Iljbq
ih\geklx Imj[me_qglgbf sh \bagZqgqzZetkyn\otopbZevgZy fh~_ev Imj[me_glghkl
fb ]jZgbqgbfb mfh\Zfb <oe”gbc ijhipb&l _gogurfb nmgdpbyfb Fh” _ebjh\Zgb_a.
dhkle \eljm \bdhjbklh\m\zZ\ky a mfizomgbggydihegy_Ilky gZ hkgh\_ fh”_eb i
ijbdhj*hggh]lh rZjm <bdhgzgh ftkthexkZggy Bkke_"h\Zgb_ ijh\_~_gh k bki
ihrbj_ggy ~hferdb \a”h\" d\ZjlZe-\ \Zgb~f eZ\Ihjkdh]h ijh]jZzffgh]l]h dhfie_dk
p_glim az gZy\ghkle \e~kmlighkle eb&7y6m giZdhkigh\_ 79' ko_fu Jh ihjy~rdz It
Hlijbfzgh azZz~h\eevgbc a[¢] a _dki_jbikbdZewgheg_gh fh”_ebjh\zZgb_ jZkijhklj.

fb "Zgbfb <byle_gh y\bs_ I_ieh\hpgbyhkjpif\kxb \*hev d\ZjlZeh\ ih~fh”_eb p_1
[+~I\_j~r"_gZ \bojh\Z kljmdImjZ eesg«¢bkdjarefomgbb hlkmlkl\bb ebkl\u \ kd\_j_ H
aZ mfh\b h[ledZggy \mebpv dZgvchjgni_dhdgeZgdc_ | _ieh\h]h hkljh\Z 1IhdZa
\ieb\ kljmdImjb \mebpv dZgvchge\ gZbwolhbj d&dymdimju mebp dZgvhgh\ gz j.
Ahferdb \en IjZgkihjlgbo aZkh[e\ kljzg_gb_ ijbf_kb hl ljZzgkihjlguo kj_"kI\
Dexgh\e kehkZmdImjzZz \mebpv dzdvehge\u_ kehKEZmdIimjZz mebp dZgvhgh\
gZkz”~" _ggy ijba_fgbc rZj i_j_g_koddyZ &Z[gmy ijba_fguc kehc i_j_ghk aZzZ]
g_gv gbc

< = Kheh?tjhhin ~ 1 g OZjde\kvdbc gZp-KOEh/piAn Nlog OZjvdh\kdbc gZpbl
evgbc Z\Ihfh[sevgh “hjh gec mge*\_jlgZlevYguc Z\lhfh[bevgh “hjh guc mgb\_jkb
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