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H1 Vkhul�/ G1 Jloohu/ \1 Udg}|qhu/ D1 Vkdxory/ \1 Vfkohvlqjhu/

dqg \1 \hvkxuxq

Lqvwlwxwh ri Vxshufrqgxfwlylw|/ Ghsduwphqw ri Sk|vlfv/ Edu0Lodq Xqlyhuvlw|/

Udpdw0Jdq/ 85<33 Lvudho

Dq duud| ri plqldwxuh Kdoo vhqvruv kdv ehhq xwlol}hg wr phdvxuh wkh vsdwldo

glvwulexwlrq dqg wlph hyroxwlrq ri wkh orfdo lqgxfwlrq lq d wklq \Ed2Fx�R.3%

�op dw wkh uhpdqhqw vwdwh/ ehiruh dqg diwhu wkh dssolfdwlrq ri d gf wudqvsruw

fxuuhqw1 Dv d uhvxow ri wudqvsruw fxuuhqw wkh lqgxfwlrq shdn lv vkliwhg iurp

wkh fhqwhu ri wkh vdpsoh/ lqglfdwlqj dq lqkrprjhqhrxv fxuuhqw glvwulexwlrq1

Wudqvsruw fxuuhqw pdunhgo| fkdqjhv wkh vsdwldo glvwulexwlrq ri wkh hohfwulf

�hog dqg wkh uhod{dwlrq udwh/ fuhdwlqj d %g|qdplf qhxwudo olqh% zkhuh wkh

hohfwulf �hog lv pd{lpxp/ dqg wkh uhod{dwlrq udwh lv }hur1

SDFV qxpehuv= :71:91E}/ :71931Jh

41 LQWURGXFWLRQ

Wkh vwxg| ri vxshufrqgxfwruv vxemhfwhg wr erwk wudqvsruw fxuuhqw dqg

h{whuqdo pdjqhwlf �hog lv ri ixqgdphqwdo dv zhoo dv whfkqrorjlfdo lqwhuhvw1

Ghshqglqj rq wkh udwlr L@LS ehwzhhq wudqvsruw dqg wkh fulwlfdo fxuuhqw/

wkuhh gl�huhqw vwdwhv ri wkh yruwh{ v|vwhp fdq eh wkhruhwlfdoo| gh�qhg=� D

slqqhg odwwlfh +L@LS � 4,/ d sodvwlf �rz uhjlph +L@LS � 4,/ dqg d *prylqj

yruwh{ odwwlfh* +L@LS  4,1 Wkh wudqvlwlrq iurp wkh sodvwlf �rz uhjlph wr

wkh prylqj yruwh{ odwwlfh kdv dwwudfwhg vshfldo lqwhuhvw12 Pxfk ohvv dwwhqwlrq

kdv ehhq sdlg wr wkh rwkhu olplw +L@LS � 4,1 ]hogry hw do1� dqg Eudqgw hw

do1e wuhdwhg wklv fdvh wkhruhwlfdoo|/ surylglqj dqdo|wlfdo h{suhvvlrqv iru wkh

vsdwldo glvwulexwlrqv ri wkh lqgxfwlrq dqg ri wkh fxuuhqw ghqvlw|1 Wkh wlph

hyroxwlrq ri wkh lqgxfwlrq sur�ohv zdv wuhdwhg e| PfHoiuhvk hw do1D Orfdo



H1 Vkhul� hw do=

pdjqhwlf phdvxuhphqwv lq wkh suhvhqfh ri wudqvsruw fxuuhqw lq wkh olplw

L � LS zhuh suhiruphg e| PfHoiuhvk hw do1D dqg Gduzlq hw do1S xvlqj d

vlqjoh Kdoo sureh1 Lq wklv zrun zh xwlol}h dq duud| ri Kdoo surehv +KSD, wr

phdvxuh wkh vsdwldo glvwulexwlrq dqg wlph hyroxwlrq ri wkh pdjqhwlf lqgxfwlrq

dfurvv d wklq \Ed2Fx�R.3% +\EFR, �op1 Dq KSD zdv suhylrxvo| xwlol}hg

e| Ixfkv hw do1. hpsor|lqj dq df phdvxulqj whfkqltxh1 Wkh irfxv lq wkh

suhvhqw zrun lv rq wkh h�hfwv ri gf wudqvsruw fxuuhqwv lq wkh olplw L � LS1

Iurp wkh phdvxuhg vsdwldo glvwulexwlrq dqg wlph hyroxwlrq ri wkh lqgxfwlrq

sur�ohv zh h{wudfw wkh vsdwldo glvwulexwlrqv ri wudqvsruw fxuuhqw dqg hohfwulf

�hog dfurvv wkh vdpsoh/ dqg ghwhuplqh wkh h�hfwv ri wudqvsruw fxuuhqw rq wkh

orfdo pdjqhwlf uhod{dwlrq1

51 H[SHULPHQWDO

Fxuuhqw ohdgv zhuh dwwdfkhg rqwr dq hslwd{ldo \EFR �op +glphqvlrqv=

933 � 5533 � 3=6 �p�/ WS * <3 N,/ odvhu deodwhg rq d VuWlR� vxevwudwh/

zlwk wkh f0d{lv shushqglfxodu wr wkh �op sodqh1 Wkh vdpsoh zdv prxqwhg

rq dq KSD/ frqwdlqlqj qlqh hohphqwv hdfk zlwk d 63� 63 �p2 dfwlyh duhd1

Sureh &4 zdv orfdwhg mxvw rxwvlgh wkh vdpsoh dqg sureh &: qhdu wkh vdpsoh

fhqwhu1

Diwhu }hur0�hog0frrolqj wkh vdpsoh wr d suhvhw whpshudwxuh ehorz WS/ dq

h{whuqdo pdjqhwlf �hog zdv udpshg xs wr d ohyho kljkhu wkdq wzlfh wkh ixoo

shqhwudwlrq �hog/ dqg wkhq uhpryhg1 Wkh uhod{dwlrq ri wkh orfdo pdjqhwlf

lqgxfwlrq lq wkh uhpdqhqw vwdwh zdv prqlwruhg iru dssur{lpdwho| 763 vhf0

rqgv e| hdfk ri wkh qlqh Kdoo0surehv1 Vxevhtxhqwo|/ d gf wudqvsruw fxuuhqw

zdv vzlwfkhg rq dqg wkh uhod{dwlrq zdv phdvxuhg iru dgglwlrqdo 933 vhfrqgv1

61 UHVXOWV

Ilj1 4 vkrzv w|slfdo lqgxfwlrq sur�ohv dw ;: N/ ehiruh dqg diwhu wkh

dssolfdwlrq ri 433 pD wudqvsruw fxuuhqw1 Wkh h�hfwv ri wudqvsruw fxuuhqw

duh fohduo| revhuyhg= Wkh shdn lv vxssuhvvhg/ dqg vkliwhg iurp wkh fhqwhu ri

wkh vdpsoh/ fdxvlqj dq dv|pphwulf �hog sur�oh1 Wkhvh ihdwxuhv duh hqkdqfhg

dv wudqvsruw fxuuhqw dqg2ru whpshudwxuh duh lqfuhdvhg1 Wkh lqgxfwlrq �hog

uhvxowlqj iurp d krprjhqhrxv fxuuhqw glvwulexwlrq vxshulpsrvhg rq d v|p0

phwulf lqgxfwlrq sur�oh fdqqrw d�hfw wkh orfdwlrq ri wkh shdn1 Wkxv/ wkh

vkliw ri wkh lqgxfwlrq shdn iurp wkh fhqwhu lv d fohdu lqglfdwlrq ri dq lqkr0

prjhqhrxv fxuuhqw glvwulexwlrq1

Wkh vsdwldo glvwulexwlrq ri wkh uhod{dwlrq udwh lv dovr d�hfwhg e| wkh

wudqvsruw fxuuhqw1 Sulru wr dssolfdwlrq ri wkh wudqvsruw fxuuhqw/ wkh uhod{0

dwlrq udwh h{klelwv d pd{lpxp dw wkh vdpsoh*v fhqwhu dqg fkdqjhv vljq dw



Glvwulexwlrq ri Pdjqhwlf Lqgxfwlrq lq Ilopv Fduu|lqj Wudqvsruw Fxuuhqw

Ilj1 41 Lqgxfwlrq sur�ohv dw ;: N ehiruh +rshq vtxduhv, dqg diwhu +vrolg

flufohv, dssolfdwlrq ri 433 pD wudqvsruw fxuuhqw1 Fhqwhu lv orfdwhg dw { @ 31

Olqhv duh wkhruhwlfdo �wv xvlqj dssur{lpdwhg fxuuhqw glvwulexwlrqv dv vkrzq

lq wkh lqvhw= Wudqvsruw fxuuhqw fdxvhv dgglwlrq ri wzr fxuuhqw vkhhwv +juh|

uhfwdqjohv, wr suh0h{lvwlqj fxuuhqw glvwulexwlrq1
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Ilj1 51 Sur�ohv ri hohfwulfdo �hog 48 vhfrqgv diwhu uhprydo ri pdjqhwlf �hog

+rshq vtxduhv, dqg 48 vhfrqgv diwhu dssolfdwlrq ri 433 pD wudqvsruw fxuuhqw

+vrolg flufohv, dw ;9 N1 Olqhv duh jxlgh wr wkh h|h1



H1 Vkhul� hw do=

wkh *qhxwudo olqh*
Hcb

zkhuh E5 fkdqjhv vljq1 Dv d uhvxow ri wkh wudqvsruw fxu0

uhqw/ d qhz *g|qdplf qhxwudo olqh* lv fuhdwhg/ dfurvv zklfk wkh uhod{dwlrq udwh

fkdqjhv vljq dowkrxjk E5 grhv qrw fkdqjh vljq1 Wkh g|qdplf qhxwudo olqh lv

orfdwhg forvhu wr wkh fhqwhu wkdq wkh qhxwudo olqh/ dqg lwv srvlwlrq ghshqgv

rq wkh pdjqlwxgh ri wkh wudqvsruw fxuuhqw1 Lw lv gl�fxow lq rxu h{shulphqw

wr orfdwh wkh g|qdplf qhxwudo olqh rq wkh edvlv ri wkh udz uhod{dwlrq gdwd

ehfdxvh qrlvh lqwurgxfhv odujh huuru eduv lq CE5@Cw lq wkh uhjlph zkhuh

CE5@Cw * 31 Vsdwldo lqwhjudwlrq ri wkh uhod{dwlrq gdwd/ zklfk |lhogv wkh

hohfwulf �hog/
�f

uhgxfhv wkh qrlvh/ fohduo| uhyhdolqj wkh g|qdplf qhxwudo olqh1

Ilj1 5 vkrzv wkh vsdwldo glvwulexwlrq ri wkh hohfwulf �hog H/ dv fdofxodwhg iurp

wkh uhod{dwlrq gdwd/ H @ �4@f
U
+CE5@Cw, g{1 Wkh lqwhjudwlrq frqvwdqw lv

fdofxodwhg e| wdnlqj H @ 3 zkhuh wkh fxuuhqw fkdqjhv lwv vljq/ qdpho| dw wkh

orfdwlrq ri pd{lpxp E51 Qrwh wkdw ehiruh dssolfdwlrq ri wudqvsruw fxuuhqw/

H lv }hur dw wkh vdpsoh fhqwhu dqg pd{lpxp dw wkh qhxwudo olqh/Hcb zkhuh

E5 fkdqjhv vljq dqg CE5@Cw @ 31 Diwhu dssolfdwlrq ri wkh wudqvsruw fxuuhqw/

H lv furvvlqj wkh }hur olqh dw wzr srlqwv durxqg wkh g|qdplf qhxwudo olqh/

zkhuh H lv pd{lpxp dqg wkh uhod{dwlrq udwh glplqlvkhv1 Qrwh dovr wkdw dw

wkh g|qdplf qhxwudo olqh wkh uhod{dwlrq udwh fkdqjhv vljq dowkrxjk E5 grhv

qrw fkdqjh vljq1

71 DQDO\VLV DQG GLVFXVVLRQ

Iroorzlqj ]hogry hw do1
�ce dqg PfHoiuhvk hw do1

D zh dvvxph wkdw d srvl0

wlyh wudqvsruw fxuuhqw d�hfwv rqo| wkh vlgh ri wkh vdpsoh zkhuh wkh vklhoglqj

fxuuhqw lv qhjdwlyh1 Wklv lv edvhg rq wkh dvvxpswlrq wkdw lq wkh wlph zlq0

grz ri rxu h{shulphqw wkh fulwlfdo fxuuhqw fdq eh uhsodfhg e| wkh shuvlvwhqw

fxuuhqw1 Zh dssur{lpdwh wkhlu fdofxodwhg fxuuhqw glvwulexwlrq e| dgglqj

wzr fxuuhqw vkhhwv ri zlgwk v wr wkh ruljlqdo +qr wudqvsruw fxuuhqw, glvwulex0

wlrq +vhh lqvhw wr �j1 4,1 Wkh shuvlvwhqw fxuuhqw lv h{wudfwhg e| �wwlqj wkh

phdvxuhg lqgxfwlrq sur�ohv wr wkrvh dulvlqj iurp wkh dvvxphg fxuuhqw glv0

wulexwlrq1 Wkh �wv vkrzq lq �j1 4 |lhog txlwh uhdvrqdeoh djuhhphqw zlwk wkh

gdwd/ wdnlqj v wr eh 73 �p1 Wkh ydoxh ri v lqfuhdvhv zlwk wlph/ whpshudwxuh

dqg wudqvsruw fxuuhqw/ dv h{shfwhg1

Wkh phdvxuhg sur�ohv ri wkh hohfwulf �hog +�j1 5, duh frqvlvwhqw zlwk

wkh deryh ghvfulswlrq ri wkh fxuuhqw glvwulexwlrq1 Wkh }hur srlqwv ri H fru0

uhvsrqg wr wkh srlqwv zkhuh wkh fxuuhqw ghqvlw| fkdqjhv vljq1 Lq0ehwzhhq

wkhvh wzr srlqwv/ H uhdfkhv d pd{lpxp zkhuh wkh uhod{dwlrq udwh glplqlvkhv

lq dffrugdqfh zlwk wkh udwh htxdwlrq CE5@Cw @ �fCH@C{1 Wkh h{lvwhqfh ri

vxfk d %g|qdplf qhxwudo olqh% fdq eh xqghuvwrrg e| frqvlghulqj wkh wlph

hyroxwlrq ri v= dv m ghfd|v/ v lqfuhdvhv1 Vlpsoh dqdo|vlv vkrzv wkdw wkh lq0

fuhdvh lq v frpshqvdwhv iru wkh ghfd| lq E5 dw wkh g|qdplf qhxwudo olqh1



Glvwulexwlrq ri Pdjqhwlf Lqgxfwlrq lq Ilopv Fduu|lqj Wudqvsruw Fxuuhqw

Wkh orfdwlrq ri wkh g|qdplf qhxwudo olqh lv dssur{lpdwho| jlyhq e| wkh lq0

whuvhfwlrq ri wkh uhpdqhqw vwdwh lqgxfwlrq sur�oh dqg wkh lqgxfwlrq sur�oh

gxh wr wudqvsruw fxuuhqw dorqh lq wkh devhqfh ri slqqlqj1

DFNQRZOHGJPHQWV

Wklv zrun zdv vxssruwhg e| wkh Lvudho Vflhqfh Irxqgdwlrqv dqg e| wkh

Khlqulfk Khuw} Plqhuyd Fhqwhu iru Kljk Whpshudwxuh Vxshufrqgxfwlylw|1

\1\1 dqg D1V1 dfnqrzohgjh vxssruw iurp wkh XVD0Lvudho El0Qdwlrqdo Vflhqfh

Irxqgdwlrq1
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