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Vwuxfwxudo Fkdqjh dqg Orqj Phpru| lq Yrodwlolw|= Qhz

Hylghqfh iurp Gdlo| H{fkdqjh Udwhv�

Plfkho EHLQH_dqg Vìedvwlhq ODXUHQWh

Mdqxdu| 5333

Devwudfw

Xvlqj d Pdunry0Vzlwfklqj Iudfwlrqdoo| Lqwhjudwhg JDUFK prgho ri d gdlo| h{fkdqjh udwh

+GHP0XVG,/ zh surylgh hylghqfh lq idyrxu ri d vwurqj lqwhudfwlrq ehwzhhq vwuxfwxudo fkdqjh

dqg orqj phpru| lq wkh yduldqfh1 Lw lv krzhyhu irxqg wkdw wkhvh ihdwxuhv duh �lpshuihfw vxe0

vwlwxwhv� lq wkh vhqvh wkdw erwk ihdwxuhv duh uhtxluhg wr fdswxuh doo ri wkh revhuyhg shuvlvwhqfh

lq wkh yrodwlolw|1

Nh|zrugv= Vwuxfwxudo Fkdqjh> ILJDUFK> Shuvlvwhqfh lq Yrodwlolw|> Gdlo| H{fkdqjh Udwh

Uhwxuqv

WZh zrxog olnh wr wkdqn V1 Jud| iru pdnlqj dydlodeoh rq wkh zhe xvhixo frghv wr hvwlpdwh vlpsoh Vzlwfklqj
Uhjlph Prghov1 Frpphqwv iurp F1 Ohfrxuw dqg M0S1 Xuedlq duh judwhixoo| dfnqrzohgjhg1

_FDGUH/ Xqlyhuvlw| ri Olooh 5/ Iudqfh/ dqg VHV/ PUZ/ Ehojlxp1 EhlqhCks0vf1xqly0olooh51iu
hXqlyhuvlw| ri Olëjh/ Ehojlxp1 V1OdxuhqwCxoj1df1eh
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4 Lqwurgxfwlrq

Uhfhqw ghyhorsphqwv lq wlphv vhulhv hfrqrphwulfv kdyh ehhq frqfhuqhg zlwk wkh lqwhudfwlrq eh0

wzhhq vwuxfwxudo fkdqjh dqg orqj udqjh ghshqghqfh lq wkh wzr �uvw prphqwv ri �qdqfldo vhulhv1

Glherog dqg Lqrxh +4<<<, vkrz wkdw/ xqghu vrph frqglwlrqv/ vwrfkdvwlf uhjlph vzlwfklqj lv revhu0

ydwlrqqdoo| htxlydohqw wr orqj phpru|/ dv|pswrwlfdoo| dqg lq �qlwh vdpsohv1 Judqjhu dqg K|xqj

+4<<<, hpskdvl}h d srvlwlyh uhodwlrqvkls ehwzhhq rffdvlrqdo vwuxfwxudo euhdnv dqg wkh iudfwlrqdo

ghjuhh ri lqwhjudwlrq1 Plnrvfk dqg Vwu
c

dulf
c

d +4<<<, dujxh wkdw vwuxfwxudo fkdqjh lq dvvhw uhwxuqv

frxog eh uhvsrqvleoh iru wkh orqj phpru| lq wkh yrodwlolw|1 Ixuwkhupruh/ hpslulfdo dqdo|vlv/ prvwo|

edvhg rq wkh vwrfn h{fkdqjh uhwxuqv/ grfxphqw rq wkh pxfk orzhu hvwlpdwhg shuvlvwhqfh rewdlqhg

zkhq dffrxqwlqj iru vwuxfwxudo fkdqjh/ hlwkhu lq wkh frqglwlrqdo phdq ru lq wkh frqglwlrqdo ydul0

dqfh1 Judqjhu dqg K|xqj +4<<<, vkrz wkdw wkhuh lv pxfk ohvv hylghqfh ri orqj phpru| lq wkh

devroxwh dqg vtxduhg V)S 833 gdlo| uhwxuqv zkhq dgmxvwlqj iru euhdnv1 Rq 63 vwrfnv dqg 5 lq0

gh{hv/ Nlp dqg Nrq +4<<<, dovr vkrz wkdw wkh shuvlvwhqfh fdswxuhg lq d Jdufk prgho lv vwurqjo|

uhgxfhg zkhq lqfoxglqj suhylrxvo| lghqwl�hg vwuxfwxudo vkliwv lq wkh yduldqfh1

Lq wklv sdshu/ zh surylgh ixuwkhu hylghqfh ri wkh vwurqj lqwhudfwlrq ehwzhhq vwuxfwxudo fkdqjh

dqg orqj phpru| lq wkh �hog ri h{fkdqjh udwh yrodwlolw|1 Wkh fkrlfh ri wklv �hog lv txlwh lpsruwdqw

vlqfh suhylrxv dqdo|vlv +Edloolh/ Eroohuvohy dqg Plnnhovhq 4<<9/ Eroohuvohy dqg Plnnhovhq 4<<9/

Wvh 4<<;/ Ehlqh/ Odxuhqw dqg Ohfrxuw 4<<<, kdyh xvhg h{fkdqjh udwh uhwxuqv wr surylgh vwurqj

hylghqfh lq idyrxu ri wkh ILJDUFK prgho1 Vlpxowdqhrxvo|/ vrph hylghqfh lq idyrxu ri vwuxfwxudo

fkdqjh lq wkh frqglwlrqdo yduldqfh ri h{fkdqjh udwh uhwxuqv kdv ehhq dgydqfhg e| Eroohq/ Jud|

dqg Zkdoh| +5333, wkurxjk d Pdunry0Vzlwfklqj dqdo|vlv1 Wr doorz erwk iru vwuxfwxudo fkdqjh

dqg orqj phpru|/ zh hvwlpdwh d qhz prgho/ wkh Pdunry0Vzlwfklqj ILJDUFK prgho wkdw mrlqwo|

lqwhjudwhv erwk ihdwxuhv14 Wklv frqwudvwv zlwk suhylrxvo| phqwlrqhg hpslulfdo frqwulexwlrqv zklfk

uho| rq d wzr0vwhs surfhgxuh/ l1h1 lghqwl�fdwlrq ri wkh vwuxfwxudo euhdnv iroorzhg e| wkh hvwlpdwlrq

ri euhdn0�owhuhg prghov1

4D vlplodu dssurdfk lqfoxglqj erwk ILJDUFK dqg uhjlph vzlwfklqj ihdwxuhv kdv vlpxowdqhrxvo| dqg lqghshq0
ghqwo| ehhq sursrvhg e| Kvlhk/ Fkxqj dqg Olq +4<<<,1 Frpsdulqj wkhlu dqdo|vlv zlwk rxuv/ rqh pd| lghqwli| vhyhudo
gl�huhqfhv1 Iluvw/ wkhlu dqdo|vlv lv dssolhg rq vwrfn uhwxuqv +V)S 833,1 Vhfrqgo|/ rq wkh phwkrgrorjlfdo vlgh/ rqo|
wkh vfdoh sdudphwhu lv pdgh ghshqghqw rq wkh uhjlph1 Ilqdoo| dqg pd|eh pruh lpsruwdqwo|/ wkh pdlq frqfoxvlrqv
duh txlwh gl�huhqw= zkloh zh frqfoxgh lq +orz, frpsohphqwdulw| ehwzhhq vwuxfwxudo fkdqjh dqg orqj phpru| +vhh
ehorz,/ wkhlu dqdo|vlv hpskdvl}h wkh vsxulrxv ihdwxuh ri orqj phpru|1
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Edvlfdoo|/ wkh dgydqwdjhv ri rxu dssurdfk duh wzrirog1 Wkh �uvw rqh lv ri frxuvh uhodwhg wr

h!flhqf| lq wkh hvwlpdwlrq ri wkh �qdo prgho sdudphwhuv1 D rqh0vwhs hvwlpdwlrq doorzv wr frqwuro

iru wkh lqwhudfwlrq ehwzhhq sdudphwhuv wkrxjkw wr fdswxuh orqj phpru| dqg wkrvh uhodwhg wr

vwuxfwxudo fkdqjh1 Wkh vhfrqg rqh lv uhodwhg wr wkh gdwd jhqhudwlqj surfhvv wkdw wkh uhvhdufkhu

kdv lq plqg1 Iruphu vwxglhv dvvxph wkdw vwuxfwxudo fkdqjh rffxu dqg lv fruuhfwow| ghwhfwhg dqg

wkhq/ lqyhvwljdwhv wkh lpsdfw ri lwv suhvhqfh rq wkh hvwlpdwhg shuvlvwhqfh ri vkrfnv1 Qhyhuwkhohvv/

dv Judqjhu dqg K|xqj +4<<<, vkrz/ li wkh wuxh surfhvv lv L+g,/ vsxulrxv euhdnv zloo eh ghwhfwhg15

E| doorzlqj iru orqj phpru| dqg vwuxfwxudo fkdqjhv/ rxu lqwhjudwhg dssurdfk lv ohvv vxemhfw wr

wkhvh eldvhv1

5 Wkh Vlqjoh0Uhjlph ILJDUFK prgho

Zh irfxv rq gdlo| qrplqdo h{fkdqjh udwh uhwxuqv +ghqrwhg uw, ri wkh Ghxwvfkh Pdun +GHP, djdlqvw

wkh XV Groodu +XVG, rewdlqhg iurp wkh Ihghudo Uhvhuyh Edqn1 Rxu hvwlpdwlrq shulrg udqjhv iurp

Mdqxdu| 4 4<;3 wr Ghfhpehu 64 4<<; dqg lqyroyhv 7:6< gdwd srlqwv1 Dv d vwduwlqj srlqw/ rqh fdq

hvwlpdwh wkh ILJDUFK +s> g> t, prgho lqwurgxfhg e| Edloolh/ Eroohuvohy dqg Plnnhovhq +4<<9, wkdw

doorzv iru orqj uxq ghshqghqfh lq wkh frqglwlrqdo yduldqfh=

uw @ �. �w> �w m 
w � Q+3> �5w , +4,

�5w @ $ . �+O,�5w .
k
4� �+O,� !+O, +4� O,g

l
�5w +5,

zkhuh � lv wkh phdq ri wkh surfhvv dqg 
w lv wkh lqirupdwlrq vhw dw wlph w1 �+O, @ �
4
O. ===.�sO

s

dqg !+O, @ 4� !
4
O� ===� !tO

t duh wkh odj sro|qrpldov ri uhvshfwlyh rughuv s dqg t ri zklfk doo

urrwv olh rxwvlgh wkh xqlw flufoh1 �> $> �*v> !*v dqg g duh sdudphwhuv wr eh hvwlpdwhg zlwk g ehlqj

5E| frqwudvw/ zkhq euhdn gdwhv duh vxssrvhg wr eh nqrzq/ gxpp| yduldeohv fdq eh gluhfwo| lqfoxghg dqg
Olnholkrrg Udwlr Whvwv +OUW, frqgxfwhg wr dvvhvv wkh rffxuuhqfh ri vwuxfwxudo fkdqjh1 Vhh Ehlqh dqg Odxuhqw
+5333, iru looxvwudwlrq1
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wkh iudfwlrqdo lqwhjudwlrq sdudphwhu6 dqg �qdoo|/ O lv wkh odj rshudwru7 1 Pd{lpxp olnholkrrg

hvwlpdwlrq uhvxowv ri wkh ILJDUFK +4> g> 3, duh uhsruwhg lq froxpq 5 ri Wdeoh 41 Dv irxqg e|

Edloolh hw do1 +4<<9,/ dqg Wvh +4<<;,/ hvwlpdwhv ri g vxjjhvw wkdw wkh vwdeoh JDUFK +g @ 3, ru

wkh lqwhjudwhg JDUFK +g @ 4, prghov duh uhmhfwhg lq idyrxu ri d orqj phpru| lq wkh frqglwlrqdo

yduldqfh1

Table 1: FIGARCH and MS-(FI)GARCH models for the DEM-USD exchange rate

FIGARCH(1,d,0) SW-GARCH(1,1) SW-FIGARCH(1,d,0)

µ | µ1 -0.0061 0.0303 0.0571
(0.0092) (0.0298) (0.0400)

µ2 - -0.0148 -0.0193
(0.0123) (0.0106)

ω | ω1 0.0724 0.8794 1.0150
(0.0135) (0.0702) (0.0940)

ω2 - 0.1772 0.0770
(0.0415) (0.0255)

β1 | β1,2 0.2060 0.2280 0.1109
(0.0501) (0.1315) (0.0342)

φ1,2 - -0.0069 -
(0.0193)

d | d2 0.2754 - 0.0958
(0.0360) (0.0204)

p11 - 0.9617 0.9227
(0.0152) (0.0326)

q22 - 0.9794 0.9747
(0.0084) (0.0104)

AIC 2.0114 1.9890 1.9820
SBIC 2.0169 2.0003 1.9930
Q²(20) 26.4796 19.6910 22.9882
Q²(50) 58.6737 55.2263 59.1267
LogL -4762.0911 -4705.0643 -4688.5829
Note: asymptotic standard errors are in parentheses.
AIC = Akaike information criterion.
SBIC = Schwarz Baysian information criterion.
Q²(.) = Ljung-Box statistic on squared residuals.
LogL = Log-Likelihood.
Source: Federal Reserve Statistical Release H.10.

6Zh iroorz Edloolh hw do +4<<9, dqg wuxqfdwh wkh lq�qlwh Wd|oru dssur{lpdwlrq ri E�3 u�_ dw d qxpehu ri odjv
htxdo wr 43331 Fkxqj +4<<<, sursrvhv dq dowhuqdwlyh vshfl�fdwlrq ri wkh ILJDUFK gxh wr wkh vwurqj uhodwlrqvkls
ehwzhhq / dqg wkh wuxqfdwlrq rughu1 Zh gr qrw wdfnoh wklv lvvxh lq wklv sdshu ehfdxvh wkh sdudphwhu ri lqwhuhvw lv
_c zklfk lv qrw d�hfwhg e| wklv fkrlfh1

7 Lq wkh fdvh ri d ILJDUFKE�c _c f�/ �� ' �
2
' u u u ' �^ ' f�
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6 Wkh Pdunry0Vzlwfklqj ILJDUFK prgho

Ohw xv qrz irfxv rq vwuxfwxudo fkdqjh wkurxjk d Pdunry0Vzlwfklqj surfhvv1 Dowkrxjk wkhvh

surfhvvhv duh qrw wkh rqo| rqhv doorzlqj iru vwuxfwxudo fkdqjh/ Pdunry0Vzlwfklqj surfhvvhv +PV,

kdyh ehhq vshfl�fdoo| lqyhvwljdwhg e| vrph ri wkh deryh phqwlrqqhg wkhruhwlfdo frqwulexwlrqv1

Wkh qhz prgho wr eh hvwlpdwhg ehfrphv d PV0ILJDUFK prgho lq zklfk wkh phdq dqg yduldqfh

sdudphwhuv duh pdgh ghshqghqw xsrq d odwhqw vwdwh yduldeoh vw +vw @ 4> 5,=

uw @ �vw
. �w> �w m 
w � Q+3> �5vw, +6,

�5vw @ $vw . �
4>vw

��5w�4 .
k
4� �

4>vw
O� +4� !

4>vw
O, +4� O,

g>vw
l
��5w +7,

Wklv prgho lv d qdwxudo h{whqvlrq ri wkh Uhjlph Vzlwfklqj JDUFK prgho lqwurgxfhg e| Jud|

+4<<9,/ lq zklfk g lv vhw wr 3 iru erwk uhjlphv18 E| wkh zd|/ doo wkh sdudphwhuv duh doorzhg wr

vzlwfk/ lq frqwudvw wr Kdplowrq dqg Vxvpho +4<<7,*v Vzlwfklqj DUFK prgho dqg Kvlhk/ Fkxqj

dqg Olq +4<<<, +lq zklfk wkh pdunry surfhvv rqo| jryhuqv d pxowlsolfdwlyh sdudphwhu,1 Wr vroyh

wkh sureohp ri sdwk ghshqghqfh9 lqgxfhg e| wkh JDUFK surfhvv/ Jud| +4<<9, sursrvhv wr h{0

sodlq wkh frqglwlrqdo yrodwlolw| ri hdfk uhjlph
�
�5vw

�
rq sdvw xqfrqglwlrqdo yrodwlolw|

�
��5w�4

�
dqg

xqfrqglwlrqdo vtxduhg uhvlgxdov
�
��5w�4

�
/ zkhuh:

��5w�4 @ iuw � ^s4>w�4�4 . +4� s4>w�4,�5`j
5

+8,

��5w�4 @ s4>w�4
�
�5
4
. �5

4>w�4

�
. +4� s4>w�4,

�
�5
5
. �5

5>w�4

�
�
�
s4>w�4�

5

4
. +4� s4>w�4,�

5

5

�5
+9,

s4>w @ Su +Vw @ 4m
w�4, +:,

Dv wkh uhvxowv zloo vxjjhvw/ vw zloo edvlfdoo| fdswxuh yrodwlolw| uhjlphv +kljk dqg orz yrodwlolw|,>

8Wkh PV0JDUFK E�c �� prgho lv zulwwhq dv= j2rw ' /rw n q
�crw

�j2|3�
n �

�crw
�"2|3�

� Iru frqyhqlhqfh/ zh xvh wkh

vdph qrwdwlrq iru wkh JDUFK dqg wkh ILJDUFK prghov1
9D uhjxodu h{whqvlrq ri wkh VZDUFK prgho lqwurgxfhg e| Kdplowrq dqg Vxvpho +4<<7, wr wkh JDUFK dqg

ILJDUFK iudphzrun lv qrw srvvleoh gxh wr wkh wlph ghshqghqfh ri wkh frqglwlrqdo yduldqfh +ehfdxvh wkh JDUFK
prgho lv dq DUFK ri lq�qlwh rughu,1 Vhh Jud| +4<<9/ s1 67, iru ixuwkhu ghwdlov1

:Wkh h{whqvlrq ri wklv prgho wr d wkuhh vwdwhv Pdunry surfhvv lv vwudljkwiruzdug exw lv qrw lqyhvwljdwhg lq wklv
sdshu1

8



lwv g|qdplfv lv gulyhq e| d �uvw rughu Pdunry Vzlwfklqj surfhvv zlwk wudqvlwlrq suredelolwlhv slm =

slm @ Su re+vw @ m m vw�4 @ l, +;,

Wkhvh wudqvlwlrq suredelolwlhv duh frqvwdqw lq wkh vhqvh wkdw wkh| ghshqg rqo| rq wkh sdvw vwdwh

ri wkh hfrqrp| dqg fdq wkxv eh froohfwhg lq wkh iroorzlqj S pdwul{=;

S @

3
EEC

s44 4� s55

4� s44 s55

4
FFD +<,

Wklv Pdunry0Vzlwfklqj prgho lv hvwlpdwhg e| wkh H{shfwhg Pd{lpxp Olnholkrrg +HPO, sur0

fhgxuh +vhh iru ghwdlov Kdplowrq 4<<7 dqg Jud| 4<<9,1 Wkh hvwlpdwlrq uhvxowv duh jdwkhuhg lq

froxpqv 6 dqg 7 ri Wdeoh 4 +zklfk uhsruwv rqo| wkh �qdoo| uhwdlqhg prghov lq rughu wr vdyh sodfh,1

Froxpq 6 uhsruwv wkh uhvxowv ri wkh PV0JDUFK +4> 4, zkloh wkh odvw froxpq lv uhodwhg wr wkh

PV0ILJDUFK +4> g> 3,1

Vrph frpphqwv duh lq rughu1

Iluvw/ rxu uhjlphv duh irxqg wr uhihu wr yrodwlolw| ohyhov= wkh �uvw uhjlph +vw @ 4, wxuqv rxw wr

eh wkh kljk yrodwlolw| uhjlph zkloh wkh vhfrqg rqh +vw @ 5, uhihu wr orz yrodwlolw|1< Qrwlfh wkdw

vhyhudo vshfl�fdwlrqv ri wkh PV prghov kdyh ehhq hvwlpdwhg1 Rxu uhwdlqhg vshfl�fdwlrqv duh d

JDUFK +4> 4, dqg d ILJDUFK +4> g> 3, iru wkh orz yrodwlolw| uhjlph zkloh d frqvwdqw yduldqfh

prgho wxuqv rxw wr fdswxuh wkh g|qdplfv ri wkh kljk yrodwlolw| uhjlph1 Omxqj0Er{ vwdwlvwlfv rq

vtxduhg uhvlgxdov fohduo| uhmhfw dq| uhpdlqlqj khwhurvnhgdvwlflw| xs wr 83 odjv1

Vhfrqg/ frpsduhg wr wkh Vlqjoh0Uhjlph ILJDUFKprgho/ wkh PV prghov lqyroyh dq lpsruwdqw

lqfuhdvh lq wkh olnholkrrg ydoxh1 Ri frxuvh/ dv uhsruwhg e| vhyhudo dxwkruv +Kdqvhq 4<<5/ Jdufld

4<<;,/ xvxdo "5 edvhg fulwlfdo ydoxhv fdqqrw eh irupdoo| xvhg ehfdxvh ri wkh qrq lghqwl�fdwlrq ri

;Wkh h{whqvlrq ri wklv prgho wr wlph0ydu|lqj suredelolwlhv kdv ehhq sursrvhg e| Glherog/ Ohh dqg Zhlqedfk
+4<<7, exw lv qrw h{soruhg lq wklv sdshu1

< Lqghhg/ erwk phdq sdudphwhuv wxuq rxw wr eh lqvljql�fdqw dw xvxdo frq�ghqfh ohyhov1

9



vrph sdudphwhuv xqghu wkh qxoo k|srwkhvlv ri qr vzlwfklqj143 Qhyhuwkhohvv/ jlyhq wkh yhu| kljk

ydoxhv rewdlqhg iru OU whvwv +OUW frpsdulqj wkh vlqjoh0uhjlph ILJDUFK dqg PV0ILJDUFK

dprxqwv wr 47:135 iru 6 dgglwlrqdo sdudphwhuv,/ zh vxvshfw vrph hylghqfh lq idyrxu ri Pdunry0

Vzlwfklqj surfhvvhv1 Lpsruwdqwo|/ wkh lqirupdwlrq fulwhuld +DLF dqg VELF, fohduo| idyrxu wkh PV

prghov1

Ilqdoo|/ wkh PV0ILJDUFK vhhpv wr shuirup ehwwhu wkdq wkh PV0JDUFK/ zklfk lv dovr frq0

�uphg e| wkh xvxdo OUW whvw dqg wkh lqirupdwlrq fulwhuld144 Frpsdulqj wkh srlqw hvwlpdwh ri g/

rxu uhvxowv vkrz wkdw doorzlqj iru vwuxfwxudo fkdqjh gudvwlfdoo| uhgxfhv wkh hvwlpdwhg shuvlvwhqfh

ri yrodwlolw| vkrfnv1 Lq wklv vhqvh/ wkh| looxvwudwh wkh uhohydqfh ri wkh wkhruhwlfdo uhvxowv ri Glherog

dqg Lqrxh +4<<<, dqg Judqjhu dqg K|xqj +4<<<, wr wkh prghoolqj ri gdlo| h{fkdqjh udwhv1 Dovr/

vxfk d uhvxow lv txlwh lqwxlwlyh jlyhq wkh idfw wkdw wkh PV prgho dffrxqwv iru wkh vkrfnv shuvlvwhqfh

wkurxjk wkh wudqvlwlrq suredelolwlhv s44 dqg s55 wkdw duh irxqg wr eh uhodwlyho| kljk1 Qhyhuwkh0

ohvv/ rxu hvwlpdwlrq uhvxowv vxjjhvw wkdw dv idu dv yrodwlolw| lv frqfhuqhg/ vwuxfwxudo fkdqjh dqg

orqj phpru| duh lpshuihfw vxevwlwxwhv = xqghu wkh orz yrodwlolw| uhjlph/ g uhpdlqv vljql�fdqw dw

xvxdo frq�ghqfh ohyhov dqg d ILJDUFK +4> g> 3, prgho lv uhtxluhg wr ghvfuleh wkh surfhvv1 Wklv lv

frqvlvwhqw zlwk wkh hpslulfdo hylghqfh rq vwrfn uhwxuqv yrodwlolw| surylghg e| Judqjhu dqg K|xqj

+4<<<, dqg zlwk Glherog dqg Lqrxh +4<<<, zduqlqjv derxw �wkh whpswdwlrq wr mxps wr frqfoxvlrqv

ri vwuxfwxudo fkdqjh surgxflqj vsxulrxv lqihuhqfhv rq orqj phpru|�145 Lq rwkhuv whupv/ erwk

ihdwxuhv duh qhfhvvdu| wr fdswxuh wkh vkruw uxq g|qdplfv ri h{fkdqjh udwh yrodwlow|1

7 Frqfoxvlrq

Wklv sdshu vkrzv wkdw wkh orqj phpru| grfxphqwhg lq wkh yrodwlolw| ri h{fkdqjh udwhv lv gudvwlfdoo|

uhgxfhg zkhq zh wr wdnh lqwr dffrxqw wkh srvvleoh vwuxfwxudo fkdqjhv1 Krzhyhu/ xqolnh Kvlhk/

Fkxqj dqg Olq +4<<<,*v lqyhvwljdwlrq iru vwrfn uhwxuqv/ zh �qg fohdu hylghqfh ri uhpdlqlqj orqj

phpru| lq wkh frqglwlrqdo vhfrqg prphqw1 Lw wxuqv rxw wkdw wkh h{fkdqjh udwh yrodwlolw| g|qdplfv

lv txlwh gl�huhqw iurp wkh vwrfn uhwxuqv yrodwlolw| sdwwhuqv1

43Jdufld +4<<;, ghulyhg wkh glvwulexwlrqv ri fulwlfdo ydoxhv iru vrph uhodwlyho| vlpsoh prghov1
44Eroohuvohy dqg Plnnhovhq +4<<9, vkrz wkh xvhixoqhvv ri wkh DLF dqg VELF wr glvfulplqdwh ehwzhhq wkh JDUFK

E�c �� dqg wkh ILJDUFK E�c _c f�1
45Vhh Glherog dqg Lqrxh +4<<<, s1581
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c
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Ghshqghqfh dqg wkh Jdufk Prgho/ Pdqxvfulsw/ Ghsduwphqw ri Vwdwlvwlfv/ Xqlyhuvlw| ri Shqq0
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