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Abstract

This dissertation is an application in the area of Exchange Rate Economics. The first part
of the thesis evaluates the theoretical and empirical literature on (equilibrium) exchange
rate determination models as well as the theoretical and empirical tools for testing foreign
exchange market efficiency. The second part of the thesis entails empirical applications
on the perspective of EMU enlargement, paying attention to the notion of equilibrium
exchange rates. In other words, the aim is to evaluate the integration process of the new
EU country—members towards EMU. We argue that current exchange rate stability does
not ensure future exchange rate stability. The sustainability of low exchange rate
volatility requires the nominal exchange rate not to be highly and persistently away from
its equilibrium rate. Evidence of linear and nonlinear reversion to PPP equilibrium as
well as evidence that effective and bilateral exchange rates per euro are not highly
misaligned implies that the candidate countries follow a normal integration process

towards EMU.
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IHEPIAHYH

Tov Mdwo tov 2004 déka emmiéov yopes (Kompog, Mdaita, Togyio, IToiwvia,
Ovyyopia, ZioPevia, ZhoPaxio, Agtovia, AtBovavia kot EcBovia) mpocydpnoav otnv
Evponaikn ‘Evoon (EE), evd and tov lavovdpio tov 2007 n EE anoteAeitan amd 27 péin
AMyw g evoopdtoong g BovAyapiog xar g Povupaviag. To devtepo Prjua
OLKOVOLKTG OAOKANP®GNG YU OLTEG TIG YOPES etvan 1 évtaén Toug oty Otkovopikn kot
Nopwopatikn ‘Evoorn (ONE) kot 11 vioBéton tov eviaiov vopicpatog. TIpoxeipévou va
oLpPel avtd, 0PEiAOVY VOl TKOVOTTOCOVY TO KPLTHPLOL GVYKAIGNG TOV opicOnkav and tnv
ouvOnKkn Tov Mdoaotpry. Zopewvao |’ ovTd Ta KpLtiplo, 0 TANBWPIoUOS OTIG VITOYNPLES
YOPEG 0ev Tpémel va vepPaivel meptosotepo and 1,5% 10 pHéco TANOBPIGUO TV TPLOV
KPOTOV-UEADV HE TO YapnAdTEPO TANB®PIoUO (Kpitipio mwinbwpiouod). Extdc avtov, 10
pokponpoBecpo emtokio dev mpémel vo vmepPaivel mepocdtEpo amd 2% 10 HEGO
EMTOKIO TOV TPLOV UEADV UE TO YOUNAOTEPO emtdKio (kpitipio emitokiov). 'Eneita, N
VIOYNPO.  YOPO TPEMEL VO EVOOUOTOGEL TO VOUIGHA NG o©t0  Mnyoviopo
Yvvorraypotikov lootypudv (MEI) I tovddyiotov dvo xpovia mpwv Vv (6000 TG oTNV
evpolovn. Kotd v mepiodo avtr, m ocvvoriaypotikny tocotipic tov  gyyopiov
VOUIGHOTOG évavTl TOL €VpAd TPEMEL vo. Kupaivetow petacy tov +/- 15% (kpitipio
ovvalloyuatikng wootiuiog). Ta ovotépo Kprtipla anetkovifouy TN VOUUGHOTIKY TAEVPA
¢ owovopiag. Av kot 1 ONE eivan xvpimg vopopatikny évoon, dev eotialel povo ota
VOIS HOTIKE Kp1Tiplo aAAd Kot ot dnpoctovouikd. ‘Etot, to onpdcto ypéog, mg Tococto
tov AEIL dev mpénetl va vrepPaiver to 60%. Emmhiéov, 1o dnpoctovopkod EAAelpa dev

npénetl vo Eemepvd 10 3% tov AEIL



210 Opopo mpog v ONE, o1 voynmoeieg ympeg Tpénet va epaprdcovy Eva TAIGLo
VOUIGUOTIKNAG TOMTIKNG COUPOVO UE TIG OPYES TNG «KOWNG VOUGUOTIKAG TEPLOYNG.
Kowvdg 616306 TV TOMTIKOV avTdV eivor 1) enitevén kot 1) Guvinpnon g otodepdtrag
TILOV KOl YEVIKA 1 TpomdOnom ¢ HaKPOOlKOVOUIKNG otabepdtntoc. Evtovtolg, ot
VIOYNPLEG XDPES dev eapUOlovV €va OLOIOLOPPO KOOEGTMOS VOUGHOTIKNG TOAMTIKNG.
Ot mepiocdtepeg emléyovy moltikég mANBwpirotikod otdyov - Inflation Targeting —
(Togyia, Ovyyopia, [ToAwvia, ZhoPaxio, XAoBevia, Povpavia, kot Konpog), eved diieg
EMAEYOVV TOMTIKEG OTOYELONG TNG OLVOAAAYHOTIKNG 1ootipiog - Exchange Rate
Targeting - (EcBovia, Aetovia, Mdita, AtBovavia, kot BovAyapia).

Y7o 10 kabeotdg mAnbwpiotikng otdyevong n Kevipwn Tpamela avayyédder Eva
o100 mAnBwplopov, Tov omoio eivor Odwatebeévn va  emtdyel. ‘Eva  onpovtikod
TAEOVEKTN IO OLTOV TOV TOATIKOD KOOEGTMOTOG etvat OTL 1 YDpa daTnPEl TV VTOVOUiQ
NG VOUICHOTIKNAG TOAITIKNG WEXPL TNV OTLYUN TnG vioBétnong tov eviaiov VouiopaTod.
And Vv GAAn mhevpd, vnd 10 KaBESTOG GuvaAlayuaTiKNG otdyevong N Kevipum
Tpanelo mpoonabel va dwutnpnoet 1o vopioud g otabepd pe 10 va emepPaivel otnv
ayopd  ocuvoAAdypotog.  Xvvnlwg, Ol YOPES  OTEPEDMVOLV  TIC  OVOULOGTIKEG
OLUVOAAOYLOTIKEG 10O0TIHiEG TOVG o €va voploua g yopog (| oe éva KaAdot
VOLIGUAT®V) HE GOOOS YOUUNAOTEPO TOGOGTO TANOwpoHod. To KOplo TAEOVEKTN A
aVTOV TOV GLOTNUATOS &ivar OTL 01 Y®PeG LYNAOL TANBwpiopol "ecdyouv" yaunio
TANO®PIGUO amd TIG YOPES YouNAov TANBmpiopoV. Avtifeta, 1 andAglo ovtovopiog TG
VOUIGUOTIKNG TOMTIKNG fvot éva GNUAVTIKO PELOVEKTTLLOL.

H «apyn g advvang tpiddacy avaeépel OTL o ydpo TPEREL Vo EYKATUAEIYEL Evav

amod Tovg aKOAoLOOVG TPES GTOYOVS: (o) oTaBEPATNTA GUVOALNYUATIKNG ooTiag, (B)
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OLTOVOUIOL VOUICUOTIKNG TOMTIKNG Kot (Y) €vomoinom yPMUOTISTNPLOKAOV aYOpPdV.
Agdopévng g O1ebvomoinong TV YPNUOTICTNPLOUKOV Oyopdv, Ol YMOPEG TPEMEL VO
emiégovy petafh g otafepOTNTOS GUVOALUYUOTIKNAG 1COTIUING KO TNG VOUIGHOTIKNAG
avegopmnoiog. ZOUP®VO HE VT TNV 0Py KOl COUP®OVO PE TOLG VOUICUATIKOVS TOVG
otoyovg, ot Kevipwég Tpameleg epapuoélovv VOUUGUOTIKY TOMTIKY GLUPOT HE TNV
1GYVOVGO. GUVOAACYLOTIKY TOAITIKY] £VOVTL TOL €Up®. AV Kol LEdpyel €vpld QAGHA
KOOEGTOTOV GUVIALNYUOTIKAG TOAITIKNG OVALEGH GTA dVO GKpa (EAeVBepA KLpLOVOLEVN
Kot otafepn 6oTyin), Ol EMAOYEG TOV VIOYNQI®V YOP®V Kupoivovior HeETaEy (o)
otofepn|g GLVOAAOYLOTIKNG tooTIHioG He PNOEVIKO (1] TOAD 6TEVO) €0POG SLOKVUAVOTG
(EcBovia, Aegtovia, Mdita, Awovavia, Boviyapia), (B) mAnpwg eredbepng
ouvorraypoatikig wotyiog (IToAwvia, Povpavia) kot (y) ehevBepng tootipiog oAb e
ereyyopevo gbpog dtaxvpavons (Togyia, Kbdmpog, Ovyyapia, ZAoPevia, ZAlofakia).

O Mnyavioudg XZvvorraypotikov lootyudv I peta&d 100 €vpd KOl TOV
CUUUETEYOVTOV €BVIKOV vopcpdtov katnyoplomoteitor oto kabeoctmdg €AevBepng
wootiog pe eleyyduevo gvpog dtaxvpavengs. Ilpog to mapdv povo n Esbovia, n Kompog,
n Agtovia, 1 MéAita, n ABovavia kot 1 XAofokio coppetéyovv oto Mnyaviopd
Suvarlhaypatikdv Isotyudv II, eved n ThoPevia etvar miéov to 13° pélog g evpmldvng.
Moévo 600 amd avtég (Kompog kot ZhoPaxia) £xovv dwutnpnoet to €0pog dtokOavong
610 +/- 15%. Or vmoAowmeg YDPEG £XOVV OVAAGPEL LOVOLEPT) VTOYPEMGT VO SLULTNPTGOVV
™ {dvn dtokdpavong akoua oTevaTtepT. Zuykekpiéva, 1 Agtovia £xel opicel To €0pog
dwaxvpavong oto +/- 1%, eved ot EcBovia, Mdkta kot ABovavia €govv decpevtet 01t Ha

JTNPNCOVY TNV KEVIPIKN 1G0T, EVAVTL TOV EVP®, OUETAPANTT.
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O otdy0g avg ™G ddakTopikng datpPng eivar va aglohoyndel n otabepotnta
TOV VOUICUATOV TOV TOPATAVE YOPAOV, KaOOS eniong Kot 1 dtodtkacio. OAOKANPWOONG
toug pog v ONE didovtog éupacn otnv €vvolo TG 100PPOTING GUVOALNYLATIKOV
WCOTYIMV. ZuyKeKpLpéva, mpoomabovue va eEetdoovpe TV THOvOTNTO EUPAVIONG GTO
LEALOV CTUOVTIK®OV SOKVUAVGEMY GTIC GUVOAAAYHOTIKEG 1GOTIHEG £vavTl Tov gvpd. H
otafepdTNTA TG CLVOAAXYLOTIKNG GOTIHIOG Elval KPIGUUN Yol TNV ATOTEAECUATIKOTITO
G VOUICUOTIKNG CUYKAONG oty gupmldvn. Zopeova pe tn Oeopio g «aplotng
VOUIGUOTIKNG TEPLOYNS» OG0 AydTEPO 00TAONG €lval N GUVOAAXYLOTIKY 1GOTIHiA, TOGO
VYNAOTEPN Etvar 1 duvatdTTa SVO YOPDOV VO LOPOGTOVV TO 1310 VOGO,

Avtp n OwrpPn ovpPdrrer mpoPdrioviag TN onuoacio TG  GOPPOTING
CUVOALOYLOTIKOV 60TV, Eivar gupémg yvwotd OtL pia diaitepo vrotiunpévn 1M
VIEPTIUNUEV]  CLVOAAQYHOTIKY]  1ooTio  dnpovpyel  mAnbwplotikés méocelg M
TPOPANUOATO  OVTOY®OVICTIKOTNTAG, OVIIGTOW(O, OTnV &yyoplo owovopic. Emmiéov,
TOPEXOVUE EVOV TLO «IOTNPTCLUO» YOPAKTPO GTN oTAOEPOTNTA TNG GUVOALOYLOTIKNG
wotiog. Me  dAha Aoy, vmoompilovpe 011 TO KPP0  GOYKAIoNG NG
SLUVOALOYLLOTIKNG toTiiog etvat avaykaio aAAd Oyt tkavh cuvOnkn Yo T otabepdTnTa.
NG GLVOALAYUOTIKNG 1GOTOG, Kot KOTO GUVERELWX Yol TV €mttuyn eicodo oty ONE. H
Aoy etvan OtL, axoOua Kt av 11 GLUVEALXYHOTIKY wwoTyio givarl v Tpéyovca mepiodo
otafep] oAAG, ONUOVTIKO HOKPLL amd TO EMIMESO 1GOPPOTING TNG, 1| CLVOAANYLOTIKY
wotior Tpokertan vo givar wiaitepa aotadng oto péAAov. To kOplo emyeipnua g
napovoos STplPrg eivol OTL 1| 1IGOPPOTIN GTNV CLUVOAANYLLOTIKT 1COTLUIO EMLTUYYAVETOL
HOvVo €GvV 1 OVOUOOTIKN] GUVOAAQYUOTIKY] 1COTIUIO. CUUQOVEL HE TIC HOKPOYPOVIO-

GOPPOTNUEVES TIUES TOV LOKPOOIKOVOULK®OV UETARANTAOV.
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"Evag and tovg otd)ovg ovtig g dratpiPng sivar va a&todoynei n Agttovpyio tev
avVTIGTOLY®V ayop®dY GUVOALAYUATOG Kol 1) VABEd TOVG 6€ TOAVEG GUVOALOYUATIKES
Kkpioelg. Tuykekpipéva, mpénet va yvopilovpe Katd mOGO Ol 0yopES AVTES AEITOLPYOVV
ATOTEAECUOTIKG, KOOMG eVvOeielg Un oamotelecpatikng Agttovpyiag ovéavovv Tnv
mBavotnta epedavions kepdookomkmv entfécewv. Evtovtolg, n vtobeon apepoinyiog
¢ mpobecuiaxng wootipiog (Forward Rate Unbiasedness Hypothesis) gaivetar vo pnv
etvar KatdAAnAn omv mepintoon mov efetdlovion avamtuooopeves ayopés. Ki avtd
Ywti, ¢’ oVTég TIC YOPEG Ol TPoBecpiokés ayopés Oev elval avamTuypEveg Kot Ot
npobeopiaxés 1ootipieg emmpedlovral, oe éva peydio Pobud, omd TOV KPOATIKO
napepPotiopd. ‘Etor, avt) n dwtpPn copPdiiel pe v mapoyr] evog EVOAAUKTIKOV,
0AAG KaTdAANAOL, Be@pnTKoD TAMIGIOV Yl TOV EAEYYO OMOTEAECUATIKOTNTOG TMV
ayopdV GULVOAAAYUOTOC, OTNV TEPITTOON TOV OVUTTUCOOUEVOV YOPOV. Avti 1
TPOcEYYLoN GLVOVALEL TNV €VVOld 1GOPPOTING TOV GUVOALNYUATIKOV 1GOTLAOV UE TNV
VO0ECT AMOTELECUATIKOTNTOG Kot ONAGDVEL OTL pia ayopd elval amoTEAEGUATIKN, €6V N
1GOPPOTiO.  GUVOAAQYUOTIKNG GOTYMOG EKUETOAAEVETAL OMOTEAECUATIKA OAEC TIG
dwbéoeg mAnpopopies. Mia evarrhakTikn Ekepacn gival 0Tt o’ €vOg 1 OVOUOGTIKN
GUVOAAOYLLOTIKY 1o0TIioL OgV TPEMEL VoL €lval CNUAVTIKE LTOTIUNUEVN 1] VIEPTIUNUEV
KoL 0’ ETEPOL VO TAPEKKAIVEL OO TO EMITESO 1GOPPOTIAG TNG LOVO TAPOITKA.

[Mopakdto akolovBel cuvonTIKY| (1] GE OPIGUEVEG TEPITTACELS EKTEVIG) TEPLYPADT
Tov KepoAaiov mov amoptilovv Vv mopovoa Swtppn.' To kepdhaa 2 éwg 5

neptappdvouv v mapovciocn 1000 NG OepNTIKNG 00O Kol TG EUTEPIKNG

"H apifumon tov vmo-kepaloiny Tov ypneLOTOIoDIE GTIY THPOVGH TEPIMTTIKY ovVopopd TAVTILETaL e
mv apifunon tov Koppol g daTpPrg, £T61 AOTE Vo PNV VIAPYEL GVYYLON UETAED TOV KEPUAOI®V TG

STPIPNG Kot TV avTIoTO®V GUVOTTIKAOV TEPTYPAPDV.
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Biproypapiog oyetikd pe To LTOSEIYHOTO GUVOAAQYLOTIKOV 1GOTIHIOV KOl OYyOP®OV
ouvoAddypatog. Emmiéov, ta kepdlaia 6 £0¢ 9 amoteAodV TO EUTEPIKO TUNUO OVTAG
™™g otpPng. Tvykekpipéva, oto Kepdiao 6 e&etalovpe v vwoddeon g loodvvapiog
Ayopaotikng Adbvoung — TAA - (Purchasing Power Parity) yio tv mepintoon 4 yopov
mg Kevipiknig & Avatohkng Evpomng (Togyio, Ovyyapio, IHolwvia, ZAoPoaxio).
Opoimg, oto kepdiaio 7 eEetdlovpe v mpocappoyn 10 cuvoALAYUATIKOV 1GOTIULOV
EVavTl ToV gVPd (TOV YOP®OV oL glonyncav otnv EE 10 Mdwo tov 2004) g mtpog v
woppomia. ¢ TAA. 10 KePAAMO OVTO YOAUP®OVOLUE TNV LIOBESN TNG YPOUUIKNG
TPOCUPUOYAS KL EKTIHOVUE TOGO YPOUKG OGO Kot pn-ypouptkd vrodeiypata. To
KEPAANL0 8 TPUYLOTEVETOL TV EKTIUNOT TS 1GOPPOTING TV Vopopatov ¢ [oAwviag,
¢ Ovyyopiag, ™ ZAoPakiag kot g MdAtag péow tv vrodetypatov BEER & PEER.
Y10 kepdrowo 9 mopovoidlovpe o EVOALOKTIKY] HEBOdO eAéyyov NG VmOBeoNG
OTOTEAECUATIKAOV OyOp®V Kot TNV EQOPUOLOVUE EUTEIPIKA OTIG 0YOPES GLUVOAALYLLOTOG
¢ Togylag, Ilohoviag kot XAoPaxiag. Télog, oto kepdiaio 10 mapovoidlovue
GLVOTTIKG TNV PPAoypoeio GYETIKE He TIG CUVOAAAYLOTIKES KPIOELS KL EMLYEIPOVUE VO
avadeifoope TOVG GLVOECUOVS  UETAED  1GOPPOTING  GLVOAAOYULOTIK®V  1COTIUIADYV,

OTOTEAECULATIKAOV 0YOPADV KOl GUVOALYUATIKOV KPIGEWDV.

2. Ioodvvapio AyopaosTikig Avvaung
H Iocodvvapio Ayopaoctikng Avvaung (IAA) givar Paciopévn 6to «vOpo TG oG
Tune» (Law of One Price), chppwva pe v omoia ot Typég 600 opotwv ayodmv petaly

V0 yopodV Tpémel va gival ioeg OTav petatpomovy e Kowd vopopa. H ocuvOnkn g
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IAA mapovcialetar oy Piprloypagio oe dvo popeés. H popen g andivtng IAA
(absolute PPP) vmovoel 61t 1 cvvadhoypotikn ootiio Hetaéd Tov VOUISUAT®V VO
YOPOV TPEMEL va. lvar iom pe TV avaroyio Tov TiHdV Tovs. Qotodco, ot Froot & Rogoff
(1995) vroompiCovv 6Tt N améivtn [AA dev givar duvatdv vo 1oydeL aKOUA KL oV O
«wopog g pag ey Ppiloketor oe woyv. H amdivtn TAA pmopei vo woyvel €bv
vroBécovpe 6t o1 V0 YDPeS Exovv Ta 101 akpPmg KaAdbo KatavaAwong, To oroio dev
etvat peaMotikr vtodeon).

Ao v GAAN TAELPAd, cVpP®VO pE TNV popen TG oxetikng IAA (relative PPP), 0
OUVOAAOYLLOTIKY] IGOTIIOL KOl Ol OYETIKEG TIUES TPEMEL v peTafdAAovTal pe v 1o
avaroyio. Mg GAAa Adylo, Ol SLOKLUAVOELS TNG GUVOALNYUOTIKNAG 1COTIUIOG TPETEL VO
avtiotaduifovtol omd Tig HETAPOAES TOV GYETIKOV EMMESOL TIUdV. H popen g oxeTikng
IAA enupéner otoVg epevvnTéC va amodei&ovv 0Tt M vdBeon g TAA sivor aAnbuwvn
QKOO KL 0V Ol YDPES £XOVV TOAD JAULPOPETIKE TOGOGTA TANOMPIGHOD.

Evtovtotg, dev vmapyet oty gumepikn Pifatoypagio ioyvpr| £vOeiEn 01t ot petaBoréc
NG GLUVOALOYUATIKNG oOTioG €ivol avOAOYEG TPOS TIC WETATOMIGELS TOV GYETIKOV
eMMEOOL TIUAV. ALTO TO QovOpevo gival yvooTd ®G 0 «ypipog TG 1sodvvapiog
ayopaoctikng ovvaune» (PPP puzzle), to omolo pmopetl va avaivBel oe dVo empépoug
ypipovg. O mpdTOg TEPLYpApel TIG peybreg amokAioelg and v coppomic IAA (PPP
equilibrium) katd v Ppayvypdvia TePiodo evd 0 dELTEPOG AVTICTOLXEL GTNV TOAD APy
obykAon oty ooppontioe [TAA, yeyovog mov amoduvopdvelr v emoAnbevorn g
ouvOnkng TAA «atd v poakpoypdvie mepiodo. H dvokapyio tipdv xatd v
Bpayvypdvio mepiodo pmopel va e€nynoet v advvopio EUTEPIKNG EPAPUOYNG NG

ouvOnkng IAA (Dornbusch, 1976), @otdéco Ba mepipuévope mAnpn epapuroyn g Katd tnv
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pokpoypdvio mepiodo, émov ot Tipég yivovrar gukounteg. Avtifeta, eumelpkcég Hehéteg
detyvouv vynAég extiunoelg «nui-Cone» (half-life) mov wwodvvapovv pe Kabvotepnuévn
ovykion oty tooppomia [AA.

"Eva euph @AcH0 OIKOVOUETPIKOV TEXVIKMV £YEL ypnoiponombei oty Pipioypapia
npokeEvoy va  eleyybel m eumepwkn epoapuoyn e vrobeong TAA katd Vv
pokpoypévia mepiodo. Meléteg mov Pacilovrar otov Eheyyo povadiaiog pifog (unit root)
OTNV TPOUYUOTIKT) GUVOAALYLOTIKNY 1G0TIi0 OEV Tapovctdlovv vBappuvTikd ctotyeia yio
v enaAnevon g [AA (m.y. Alba & Park, 2003 ko1 Holmes, 2000). Avtd pmopei va
OQElAETAL OTNV YOUNAT 10X TOV GLYKEKPWEVOV eAEYY®V. Amd v dAAN mhevpd,
povopetafintol ko  molvpetafAntol  €leyyor  cvvoAokAnpwong  (cointegration)
TapoLGLaLovy KaAVTEPO amoteAécpata, aAAd Kot TaAl 11 cuvOnkmn g [AA dev paiveton
Vo 1YVEL 6€ OAEG TIG TeputtoelS (.. Wang, 2000).

O1 gpevvnTéC PmopovV v aENGOLY TNV oY1 TOV EAEYXWOV TOVG EITE YPNCILOTOUDVTOG
neyaAdTEPO €VPOG YPOVOrOYIKMV dedopevav (long span of data) — m.y. Lothian & Taylor
(1996) — eite ypnoonowwvrog peBodovs eEatopkevpévov dedopévov (panel data
methods). Melétec mov e€etdlovv v vmapén povadtaiog pileg Kot GLVOAOKANPWONS GE
eCotopkcevpéva  dgdopéva  (panel unit root & panel cointegration, avtictoy)
TAPOLGLALOVY TEPIGGOTEPO TKOVOTOUTIKG OTOTEAECUATO, OCTOCO KL €0M 1| amdppLym
™m¢ ovvOnkng IAA dev elvan acvvifioto awvopevo (m.y. Basher & Mohsin, 2004 kot
Drine & Rault, 2003).

Extég amd v yapnAn 1oy0 KEmolimv ooVOLETPIKAOV TEXVIK®OV, 1 0cOeVNG £vOEIEn
EUTEPIKNG £QaproyNS TG ouvOnkng [AA pmopet va opeiheton oty vVmopén andTopmv

petafolmdv oTlg Xpovoroyikég oelpég (structural breaks) kaBd¢ emiong kot oty un-
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YPOUUKY CGUUTEPIPOPE TMOV GLVOAAOYHOTIKOV IGOTYUIOV KOl TOV HOUKPOOIKOVOLUK®V
petafintov. H Omapén amodtoung petafoing (structural break) ommv mpoypotikn
cuvoAlaypoatikn wootipio propel va Bewpnbel g apvntiky £voeln yio v enaAndevon
¢ vrobeong g IAA. Qotdco, oty mepintwon kotd TV omoion 1 vedOeon g
povodwiog pilag otnv mpaypoatikny 1ooTyio amoppintetal, OTOV TOVAGYICTOV Lo
amotoun petafodn éxer a&oroynOel, onuoivel OTL M TPAYUOTIKY) GLVOAAOYLOTIKY
ootio. akoAovBel o «Aevkd B6pvPo» (White noise process). £’ AT TNV TEPITTOON,
o véa popen g ocuvining IAA Bpicketor o€ 10y0, n omoia ovopdletat «otwvel-IAAy» -
“quasi-PPP” - (Hegwood & Papell, 1998). Téhog, mpdopateg eumeipkég PHEAETEG OV
e€etdlovV TN UN-YPOUUKT COUTEPLPOPE TV GUVAALAYLOTIKOV 16oTyu®v (.. Taylor k.
a., 2001 wor Sarno «. a., 2004) xkatdeepav va Adcovv Tov ypipo Tng IAA,

Tapovctalovtag Tayhg d1ad1Kacieg cLYKAMONG TPog TV woppomio TAA.

3. Ynoociypara [Iposdropiopod Xovarraypatik@v Icotypiaov

To xepdraio avtd meprypdeel cvvomtikd TG Pacikés Bewpntikéc apyés kot v
EUTMEPIKY]  EQOPUOYN  TPLOV  TOPUOOCLOK®V  LTOJEYUAT®OV — TPOGOOPICUOD
CLVOALQYHOTIKOV 1c0Tyudv. To Movetapiotikd vmodsrypo (monetary model) twv
Frenkel (1976), Kouri (1976) xot Mussa (1976, 1979) - yvootd Kt ®¢ LEOdEYLQ
evkapyiog Twwov  (flexible-price model) - egivor T0 TOAowdTEPO  LVEASEIYUA
CUVOALQYLOTIKOV 1G0TV, To KOPLo YapaKTnpIioTiKO auTNG NG TPOGEYYIoNS £ivor 1
gukapyio TILOV TOGO TNV HaKPOoXpOVIa 000 Kol ot Bpayvypdvia mepiodo, aALd Kol 1
EMKEVIPMOT OTNV €EETAON TNG OYOPAS YPNLUOTOG. ZOUPMOVO LE TO VTOJEYHO OVTO, 1|

OVOLOIOTIKY]  GUVOAAOYHOTIKY 1GOTIHie €ivar GuvapTnom NG OYETIKNG TPOGPOPAC
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YPALOTOG, TOL GYETIKOD EIGOONUATOG Kol TNG EMITOKIOUKNG dapopdc. Mo vyniotepn
abénNon oV EYYDOPOL TPOGPOPE YPNUATOG OVOUEVETOL VO VTOTIUNGEL TO EYYDPLO
vopopa. To avéavopevo amdbepa ypLOTOC ALEAVEL TO EYYDPLO EMIMESO TIUDV, YEYOVOG
mov Kobotd o eyyoplo oyabd Aryotepo avtayoviotikd. Katd cvvémewn, n {ntmon
eyyopiov ayabov peidvetar eved n {\tnon yuo Eéva ayadd avcavetat. ‘Etot, to eyydplo
VOGO DTTOTIHATOL.

Mo oyetikd vynmAdTepn aDENCT GTO EYXDOPLO EIGOOMUN TPOKEITOL VO, AVATIUNGEL TO
eyyopro vououa. H avénon tov eico0dnpuotog tpokoiel avénon omyv gyyopro. {Rmmon
YPALOTOS Kol  Oedopévng TG TPOCPOPAS YPNUOTOS  otabepng,  onupiovpyeitot
vrepPaiiovoa {ntnon eyyopiov ypruotoc. H wooppormion oty ayopd ypruatog Ha
arokoatactafel €POGOV TAL OIKOVOUOUVTIO GTOMHO. UEIDCOLV TIG OOMAVEG TOLG Yol
katavdiwon. 'Etol, 10 eyymdplo enimedo Tindv peumvetotl kot péow e ocvvinikng IAA
EMEPYETOL  UEIOON OTNV  CUVOAAAYUOTIKY] ooTiio (OnAadn TOo eyympro vopouo
OVATILATOL).

Avrtifeta, po peyoddtepn avénon 6to EMITOKIO TG EYYDPLOG OLKOVOUING OVOLEVETOL
Vo TPOKAAEGEL QDENCT TNG GLVUAAXYUOTIKNG GOTIHIOG. ZVYKEKPIULEVA, TO VYNAOTEPO
emtokio Bo pewwost ™ {\Tnom (PMUATOS Kol O£00UEVOL OTL 1) TPOGPOPE YPMLLOTOG
TapopéVeEL apeTPANTN, TpokaAeital vrepPdilovso mTpocsopd ypnpatos. Mépog tng
VREPPAAAOVOOG TPOGPOPAS YPMUOTOS VLEEPOEPUAIVEL TNV ECMOTEPIKY KOATOVOIAMON,
YEYOVOG OV dNUOVPYEL AVOOIKEG TAGELS OTO £YXdPlo eminedo Tumv. Katd cvvéneia, ta
E&va ayabd stvar mpotyumtén amd To ecmTEPKd, KoBmG givar eOnvotepa. To gunopikod
16000Y10 EMOEWVAOVETOL KOl 1| CUVOAAQYLOTIKY 1GOTIHi0 av&dvetat, ONA. TO €YYDPLO

VOUG O VTTOTILATOL.
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To vrdderypo tov Dornbusch, yvowotd ki wg vwodderypo dvokapyiog tipdv (sticky-
price model), amotelel €WK TEPITTOON TOV HOVETOPIGTIKOL Vmodeiypatos. To
VIOdEYIA aVTO, On¢ Tapovcsldctnke and tov Dornbusch (1976), vmobéter petad
AoV AP KnTIKOTTA KeQaAaiwv (mov onuaivel 0Tl 1oybel 1 cLVONKN TOV
Axélomtov Apumitpdl Emitokiov — AAE), minpn amacyoAnon kot duokopyio Tymv
Katd Vv Bpayvypdvia tepiodo. To vadderypo tov Dornbusch cuyvd avagépetor Kt g
«mddetypa vepakoviione (overshooting model) emedn Ppayvypdvia n Tpéyovoa
OLUVOAAOYLOTIKY to0TIiot £(EL TNV TAGT VO LIEPOUKOVTILEL TNV HOKPOYXPOVIL 1GOPPOTTia,
™¢. Avtd onuaivel 6Tt 1 cuvEALOYHOTIKY woTio Bpiokel To enimeda wwoppomiog TG
puovo katd TN poakpoypdvio mepiodo. Xtn Ppoyvypdvia mEPId0, 1 GUVOALOYUOTIKY
ootia etvarl extdg 1looppomiog Ady® TG aPYNG TPOGAPUOYNS TOV TULMV.

Onwg omv mepintmon Tov HOVETOPIOTIKOV VROJEIYUATOg (He €VEMKTEG TUWEG), M
abénon G EYYOPLOG TPOGPOPAS YPNUOTOS OVOUEVETOL VO VTOTIUNCEL TO EYYDPLO
vopopa. To owbypappa 3.4. (Kepdioo 3, evommra 3.2.1, oeh. 65) amewkoviler Tig
EMNTMOCELS UG EMEKTATIKNG VOLUGUOTIKNG TOMTIKNG Kol TEPLYPAPEL TO QOLVOUEVO TG
VIEPAKOVTIONG. XTO onueio A, ot ayopég xpnpaTog Kot ayafdv Bpickoviol 6e 16opporic.
Oupwg, n avénon g OVOUUGTIKNG TPOGPOPAS YPNUOTOS TPoKaAel ovénomn kot g
TPOYUATIKNG TPOCPOPAS XPNUOTOS YTl TO eMimedo TV TH®V givor otabepd Katd v
Bpayvypdvio mepiodo. AVTd TPOKAAEL TNV TTMOON TOV EMTOKIMV GTNV £YXDPLOL OKOVOLLiaL
Kat v doAicOnomn tov gyywpiov vopiopatog. To véo (Bpayvypovio) onueio 1oppomiog
etvar 10 onueio B, 6mov 1 OVOHOGTIKY) GUVOAAXYLOTIKY 1GOTIHIO EYEL VTEPAKOVTIGEL TNV
noakpoypdvia wooppomia Tne. e mapadetypa, av&non e tpoceopds xpnpotos katd 1%

emeépetl vrotipunomn neptocotepo and 1%. Avtd cvpPaiver yoti, Adyw g Ppayvyxpodviag
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duoKopuyiog TGV, 1 VOUGUOTIKY ETEKTOOT) ETNPEAlel HOVO TNV ayopd GUVOAANYLATOG.
Y10 onueio B, m vmepPdilovca {ntnon ywo gyyopo ayobd (Adym g mTTMdOoNG Tov
EMITOKIOV Kot TNG S1OAIGONoNS TOL VoUioUATOG) dNoVPYEL aVOdIKEG TAGEIS GTO EYXDPLO
eminedo tiudv. 'Etol, katd v pokpoypdvia mepiodo (6mov ot Tipég mposapuodlovran
ELEMKTO) 1 TPAYUOTIKY) TPOGPOPE YPNUATOG UELOVETAL KOl TO €MTOKI0 ov&avetoar. H
petaxivnon and to onueio B oto C deiyver v avatipnon tov eyympiov vopiopatog. To
onueio C amotelel to onueio paxpoypdviag tooppomiog, OmOV KOl Ol dVO AYOPES
(xpnpatog Ko ayabdv) Ppickoviol 6€ 1GoppoTiaL.

To vroderypa tov yaptoevrakiov (Portfolio Balance model, Branson 1977) eicdyst
éva gupl PAGLO TEPLOVGLOKAV GTOYEI®V, OO EyYOPLO YPNUO, EYYOPLL Kot EEva
1pe0Ypaa. Ot vToBEGES TOV VTOJELYLOTOS VTOD SLOLPOPOTOLOVVTAL OO TIC VTODECELG
TOV 000 TPONYOVUEVOV VTOJEYHATOV. 'ETGl, TO0 VIOdelypo Tov YopToQULANKiOL Ogv
Baciletar omv vrndBeon tov Axdivmtov Apumitpdl Emitoxiov (Uncovered Interest
Parity). Me dAha Adyw, To eyydple Kor ta EEva ypedypapo Oev givor TéAEW
vroKatdotaTa. AvTtd oNUaivel OTL Ol EYXDPLOL ETEVOVTEG EMAEYOLV £VOL SLOPOPOTOMUEVO
yoptoeuAdkio (diversified portfolio) meprovslokdv cTotyeiwy, emTvyydvoviag avtd Tov
oLVOLOC O EYXWPIOV YPNLATOG KOl EYXOPI®MV Kol EEVOV YPEOYPAPOV TOL LEYICTOTOEL TOL
EMEVOVTIKA TOVG KEPOT.

2Opeova |1 ouTd TO VIOJELYUA, OVTEG Ol EMEVOVTIKEG KIVNGELS Tpocdlopilovy v
Bpayvypdvio TN TG OVOUOGTIKNG GUVOAALYLOTIKNG IGOTLUING, 1] OO LLE TNV GEPA TNG
kabopiler v 1coppormicc tov 1coluyiov TpEYOLSOV GLVOAAAY®DV (current account
equilibrium). 'Eoct® 611 n Ppoyvypdvio cuovorraypotiky tootyiio cvvovdletor e

TAEOVOGLOTIKO 160L0Y10 TPEYOVGMY GUVOALAYDV, TO omoio umopel va eEarelpBel pe éva
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avdioyo Elheypo oto olvyo kivnong kepaiaimv (capital account). Avtd onuaivel 6Tt
Ol EMEVOLTEG GLOCMPEVOVY EEVAL YPEOYPOPO LE GULVETELD VO, EMNPEAlETOL 1 TIU NG
TPEXOVOAG GUVOALXYHOTIKNG 100TIHi0G. Apa, eivatl ovepO OTL 1| LaKPOYPOVIOL 1IGOPPOTIN
TG OCULVOAAQYHOTIKNG 1GOTWHOG EMTUYYAVETOL HOVO OTOV TO 160J0Y1I0 TPEXOVCHOV
oLVOALaYDV PBpioketal 6 TANPN 10OPPOTIaL.

Ocov agopd TV EUREPIKT] EPOPUOYN OVTOV TOV VTOOEYUAT®V, Ol EUTEIPIKEG
peiéteg dev vmootnpilovv EexdBapa TV EPAPLOYY TOVG GTO TPAYLATIKA dedopéva. o
TOPAOEIYIO, KOTOEG EPELVNTIKEG HEAETEC €Youv amodeifel OTL TO HOVETOPLOTIKO
vrodetypa givarl a&lomoto gpyoieio katd TV paxpoypoévia mepiodo (m.y. MacDonald &
Taylor, 1994a), ev®d GAAeg eUMEIPIKEG EQOPUOYES OMOTLYYAVOLV VO amodei&ovv TV
OopEN CLVOLOKANP®ONG UETAED TNG OVOUOGTIKNG GUVOAAQYLOTIKNG 1GOTLUI0G Kol TMV
TPOGIOPICTIKMV HOKPOOIKOVOUIK®OV HETaPANTOV (m.x. Cushman, 2000). AAdeg peréteg,
EVD aOdEYOVTOL TNV HoKPOYPOVIO 16YD TOL VTOJELYHOTOC, dEV KATOPEPVOLV Vo deiEovV
OTL TO HOVETAPIOTIKO VILOdEYIA Umopel va eEnynoet v Ppoyuypdvic GLUTEPLPOPE TV
GLVOALAYHOTIK®OV 1oTidV (t.y. Papadopoulos & Zis, 2000).

To vrodetypa g VIEPAKOVTIONG QAIVETOL VO EXEL KAADTEPT] EUTELPIKT EPAPULOYN. AV
Kot dgv vmapyel EekdBapo moOpopa Yoo TV 160x0 TOL VIOJEIYUATOS, Ol TEPIOCOTEPES
eumelpkég peréteg vrootnpilovv v gumelpiky| tov epappoyn (m.y. Papell, 1988). Alheg
eumelpkés peAéteg eite amotvyydvouvv vo Bespeldcovy Tig Bewpnrikéc vrobécels Tov
vrodetypartog (m.y. Faust & Rogers, 2000), eite Ppiokovv evdeilelg vrepaxdvtions arrd
KAmoleg amd TIC EKTIUNUEVES LOKPOOWKOVOUKEG HeTaPANntég dev elval oTATIOTIKA

onpavtikég (m.y. Driskill, 1981).
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Ao ™V dAAN TAELPE, M EUTEIPIKN EPOPLOYT TOL VTOJEIYLATOG YAPTOPLAOKIOV Elvar
woyv TOG0 OT0 TANOOC TV EUTEPIKOV HEAETOV OCO KOl OTOL TOWOTIKA TOVG
arotedéoparta (m.y. Backus, 1984). 'Evag and tovg Adyovg givar n Elhenym KotdAANA®V
dedopévev (data), Kupimg Yo TIG OVOTTUGGOUEVEG YDPES, KAODS EMIONG KO O1 «IGYVPESH
TOV VIOOEGELG TOV OEV 1IGYVOVV TAVTIO GTNV TPAyHoTIKOTNTA. [0 Tapddetypa, dev givar
peoloTikn N vdBeon Ot 01 EEVOL emevOLTEG dEV EMEVOVOVY GE YPEHYPAPA TNG EYXDPLOG
XDPOG.

Téhog, 10 KePOAOO OVTO VTOVOEL OTL 1 EUMEIPIKN EQOPUOYN TOV TOPATAVED
vrodelypdtov givol Vo apEofiTnon. Ayotepo auEIGPNToUN Eival 1) EPOPLOYT TOL
vrodeiypatog tov Dornbusch, kvpiog Adyw TV pedMoTIK@OV TOL VTOBEcEWDV (T.Y.
Bpayvypdvio dvokapyio TIHdV). Qo6TdG0, 1| GLUPOAN TOV VTOSEYHATOV OVLTOV GTNV
Atebviy Maxpootkovopukn Oeopio eivar a&loonueiot). A’ &vdg, TO VTOJEYUA TOV
Dornbusch e&nyei mog elvar duvatdv 10 €yYDPLO VOUICUA VO, OVOTILATOL LETE 0o ol
avENon TG TPOoSPOPAsg ¥PNLATOS (AOY® TOV QOVOUEVOL TNG VIEPUKOVTIONSG) KL O’
eTEPOV, TO LIOOELYUO YOPTOPLANKIOL GLUPAAEL OVOICTIKA LE TNV EVOOUATOOT TOV

TEPLOVCIAKMV GTOWYEI®MV GTOV TPOGOOPIGUO TNG CUVOAALYLLOTIKNG IGOTIHIOG.

4. Yrnooeiypato Ieopponiog Zvvarraypatik®dv Ieotipidv

H évvola g woppomiog ™G cuVOAAXYLOTIKNG GoTIHiaG Eival TOAD GNUAVTIKY| TOGO
YW TIG OVOTTUGGOHEVEG OGO Kol Yo TS ovomTuyuéveg yopec. Kiu ovtd ywti, pa
«avBaopévny TIUN TG CLUVOAAAYUOTIKNG 160TIHOG Umopel Vo EMPEPEL GNUOVTIKA

npofAnpata oty yyopla otkovopia. ['a wapddetypa, £vo vTOTIUNUEVO VOLUGHO E1GAYEL
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VYNAO TANOOPIGHO GTNV €yYOPLEL OIKOVOpia, VA €vo LIEPTIUNUEVO VOUIoUN KOOIGTA
TNV EYYOPLOL OIKOVOUTDL AYOTEPO OVTAYMOVIOTIKY OTO O1EBVEC eUmOpPlo. ZVYKEKPLUEVA,
OTNV TEPITTMOOY] TOV OVOTTUGGOUEVOV YOP®OV, IO VIEPTIUNUEVT] GUVOALXYLOTIKY
ootio. eyKkvpovel Kivouvoug yo Thoveg HEAAOVTIKEG cuvaAdaypatikés kpioels. Ommg
el0aEe OTIG TPONYOVUEVEG EVOTNTEG, TOCO T TOPAOOGLOKE VTOJEIYUATO TPOGIIOPIGUOD
CUVOAAAYLOTIKOV 60TV 660 Kot 1 ouvOnikn g [AA dev amoteAovv 1oyvpd
EUMEIPIKE  €PYOAEIDL YL TNV EKTIUNOT 1TNG CULUTEPIPOPAS TOV GLVOAALYLOTIK®OV
WCOTYI®V, YEYOVOG TOoL  KaOIoTA  EMITOKTIKY TNV avdykn ovolftnong mo
OTTOTEAECUATIKAOV EPYOULEIW®V.

O Williamson (1985) mapovotdlet po €VOALOKTIKY TPOGEYYIOT] TPOGOOPIGHOV
CUVOAAAYLLOTIKOV 1GOTIMV, KATAAANAN Yoo pecoypdvia. aviAvor, 1 omoio ovopdletal
«Bepehodng looppormia Xvvarroaypotikng Iootiog» (Fundamental Equilibrium
Exchange Rate — FEER). Avt n mpocéyyion vmootnpilel 0Tt | GUVOAAAYLOTIKY 1GOTILi0
Bploketor ota emimeda 1coppomiag TG HOVO Otav Kovomoleitar M cuvOnKn NG
TOVTOYPOVIG E0MTEPIKNG Kl eEMTEPIKNG 1ooppomiag. H ovvBnkn g eomtepikng
woppomiag (internal balance) wavomoteitar Otav emrvyydveror 1 vynAdTePN dvvaTn
ATOGYOANOT GE GLVOLAGUO HE eheyyOUevo TANOWPIGHO (oTNV €yydplo. otkovopia).
Qot6co, o Williamson mpocdidel oty cvvOnkn g eEmtepikng 1ooppomiog (external
balance) dwpopetikny €vvolo am’ avt ™S GLVVOAMKNG tooppomiag (overall balance).
2Opeova e TV TApadOcIaKn TS LOPeN, N EEMTEPIKTN 1G0ppoTmio EMTVYYXAVETOL OTAV M
avicopponio. 6to 16000y TPEYOVGMOY GLUVOAAAYDV €E1GOPPOTEITAL OO KEPOAOOKES
poéc. AvtiBeta, o Williamson opilet 611 n eEmtepikn| wwoppomio wpénet vo tavtileton pe

16oppoTio. 6To 16oLVYI0 TPEYOVCAOV GUVOAALY®V KL O)L Le GLVOAIKY teoppomia. ‘Etot, «o
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OTOY0G TPETEL VO, EIVAL 1] ETITEVEN 1GOPPOTIOS GTO 160LDYI0 TPEYOVEDV GVVAALOYDY oL Bo;
EMTPETEL KEPOAQLOKN POT] OE TETOL0 TOGOGTO oL Ba. givau draTnpoyo kol extBounto, kol
KOTO, GUVETELO, GOUPATO UE UAKPOOIKOVOUIKY LGOPPOTILA, KL Oyl 1] ECOVDIETEPWON OAWV TV
ovigoppormivy (Williamson, 1994, p: 183).

Apa, n FEER elvar avty n ocvvoriaypotikny tcotipion mov e€iodvel 10 1600010
TPEYOVODV GLVOALAYDV GE EMMESN TANPOVG ATAGYOANONG LE daTnpoLeS (sustainable)
kepalalokég poéc. Kabmg to datnprioo 1oolbyro kivnong keporaiov mpocsdiopiletat
amd to. embountd enimeda GLVOAIKNG amotapicvong ki emévovone, n FEER umopet va
Bewpnbel g m ovvordaypotiky tootipic mov eElo®@veEl TO 160LVYI0  TPEXOVGHOV
CLUVOALOYDV LE TNV 160pPOTia amoTopicvong — enevovcemv. Katd cuvéneia, 1 avaivon
LETAPEPETOL OTNV £EETOCT] TOV TPOGOIOPICTIKMOV TOPAYOVIOV TNG ATOTOUIELONG KoL TNG
emEvOLONG,.

Ot cvvoAloypatikég 1ootinieg mopovstdlovy ONUOVTIKY HETOPANTOTNTA KOl OF
OPKETEG TEPWMTMCES €lval OVGKOAN 1 TOTOMOINGON MG  HOKPOYPOVIOG  GXEONS
woppomiog petald TG CLUVOAAAYUOTIKNAG 1GOTYHOG Kol TV HOKPOOIKOVOUK®OV
petafintaov. ‘Etor, Adym tov mpofAnpdTov mov ot epeuvntég oLy v avTipetonilovy oTig
OWKOVOLETPIKES TOVG peAétes, M mpooéyyion FEER eaiveton va givar ypnoipo epyoaieio
KaBdg dev Paciletol amokAEIGTIKA GTNV GUECT] OKOVOUETPIKY avAaivot). Q6tdc0, £va
00 TO CNUOVTIKO UEOVEKTUOTO TOV LTOOELYHOTOS aLTOV €ivar OTL KATOlES amd Tig
petafintég mov ypnopomolel dev emMpedlovy GUEGH TNV GLVOAAQYLOTIKY 1GOTULO.
Emumiéov, n FEER givan pecoypdvia k1 0yt pokpoypdovia, 16oppomia.

To vndderypo g «Mmyepropiotikng Isoppomiog Zvvarlaypatikrg lootipiogy

(Behavioural Equilibrium Exchange Rate — BEER), to onoio mapovcidomke amd toug
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Clark & MacDonald (1998), mepilopfdver tnv GUECT] OWKOVOUETPIKN WEAETN NG
OCLUTEPLPOPAS TNG CLVOALUYUOTIKNAG tooTiiag, 1 omoion mpocdiopiletanr amd  TIg
LLAKPOOKOVOLIKEG petaPntéc.’ H mpocéyyion avtn dev Pacileton o€ kdmolo Hempntikd
VIOOEIYUO KOL T 1G0PPOTi0. TNG GLVOAAAYHOTIKNG tooTiog kabopiletar amd Tig
pokpoypovieg — olatnpnoleg (sustainable) TYEG TOV HAKPOOIKOVOLUK®V UETAPANTOV.
Qo16060, 0Ol MEPLGGOTEPES EPEVVNTIKEG UEAETEC €YOVV LIOYN TOVLS TN CLVONKN TNG
TOVTOYPOVNG E0MTEPIKNG KL eEmTEPIKNG 1ooppomiag. Onmg kol otV mePinT®ON TOV
vrodeiypatog FEER, 1 cuvOnkn g ecmtepikng tooppomiag amattel yopnio tAnbwpiopd
Kot TANPN amoacyoAnon. H cuvinkn g e€otepikng iooppomiag yopaktmpiletor and pio
KOTAOTOON KOTA TNV omoie ot emevouTég eivol adtdpopotl petald eyywpiov Kot EEvav
YPEOYPAP®V, DTOVODVTOS TNV oYV TG cLuVONKNG Tov AkdAvrttov Apumitpdl Emtokiov
(AAE). Emopévmg, av Kot cuykekplévo Bempntikd vmddetypa dev amatteitat, 1 cuvOnkn
AAE amotelel Oepeiicddn apyn tov vrodeiypatog BEER.

Ot Clark & MacDonald (1998) ektipovv o6tt or mnyég amoOKMoNG g
GUVOALAYLLOTIKNG 1GO0TIHOG omd TNV 1o0ppontia g gival: (o) mapodikol Tapdyovieg mov
emNPealovy TNV GLVOAAQYLOTIKY 1GOTIHi0 LOvo Katd v Ppayvypdvia mepiodo, (B) évag
JTOPAKTIKOG OpOG Kol (Y) OMOKAIGELS TOV HOKPOOIKOVOUIK®OV UETARANTOV omd To.
pokpoypdvio ETinedo 1GOPPOTIOG TOVG.

To vroderypna BEER givat éva aldomioto vmddety o mposdlopicod GUVAALLYLOTIKNG

wotiog Kuplowg ywtt 1 cuvoAloypatiky] wwotio eivar cuvdptmon petafAntodv ue

2 H am6300m 00 Opov «umiyePloptoTikoc) Eival 6Ta TPOTLTN TOV OPOV «LOVETOPIGTIKOD» (PA. “monetary
model”). EmmAéov, o dpog givar daveiopévog and v emotiun s Poyoroyilac, 6mov cOLE®VA LE TNV
«Mmiyepropiotikn Oswpion 10 TEPPAALOV TOL TOdOV eMMPedlel ONUAVTIKA TV cvpmeptpopd tov. 'Etot
KL €00, TO HOKPOOWKOVOUKO mepairiov elvar avtd mov mpocodlopilet ™V  CLUTEPLPOPA TG

GUVOAAOYLLOTIKNG 1GOTLOG.
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dpeon emidpaocn oV ovumeplpopd G Me  dAAa AdYlo, M ooppomio. NG
OLUVOALAYLOTIKNAG 1ooTipiog Tpoodtopiletal amd TG OTNPNOUES TIHEG OVTOV TOV
peTafAnTdv Kt Oyl amd TNV YEVIKY] UOKPOOIKOVOUIKY 160ppomia. Avtifeta, 1 vynAn
HETAPANTOTNTO TOV GUVOAAYUATIKOV 1GOTIU®OV, UTOPEL Vo TPOKAAECEL TPOPAN LT
omv 0a&lomoTi TV OWKOVOUETPIK®V  Teyvikev. Kovpiog omv  mepintoon
OVOTTUGCOUEVOY  YOP®OV, TO TOPATOVE® OTOTEAEL ONUOVTIKO UEOVEKTNUO NG
npocéyyionc BEER.

To vrdderypa g «@uowng Ilpaypatiknig Xvvoriaypoatikng lootipiagy (Natural
Real Exchange Rate — NATREX), 1o onoio mapovoidotnke and tov Stein (1994), sivar ki
avTd cLUPATO LE TNV GLVONKT TNG TAVTOYPOVIG ECMTEPIKNG Kl EEMTEPIKNG 1GOPPOTING.
Opoimg pe 1o vmodetypo FEER, m mpocéyyion NATREX eficovel 1o datnpfclpo
160J0Y1I0  TPEYOLCMY GLUVOALOYDV HE TNV 160ppomio. amotapicvong — emévovong,
KafioT®VTOg TNV pEcoypovia 16oppomtia. 26T0G0, 1 suvarraypatikn wwotiioo NATREX
dev gival pHOvo HecoypoOvia 1IGoppoTior aALG Kol LoKpoypOvia yati ivat cupPatn Kot pe
1GOPPOTiL. YOUPTOPLAAKIOL.

211 HEGOYPOVIL 1IGOPPOTLO TO KEPAAOIOKO OB KOl 01 OQEINES TPOG TO EEMTEPIKO
(foreign debt) eivon eEwyevelg, evd oty pakpoypdvio woppomio eivor gvooyeveis. H
pecoxpovie. ooppomio. omontel eomTEPKN Kl €€MTEPIKN 1o0ppomin, v avtiBeTa 1
pokpoypdvio 1oppomia, ekTOC amd T mapamdve cuvOnkeg, amattel ot (o) ot kabapég
tonofetoelg oe EEva ypedypapa elvar otabepés, (B) 10 amdBepo keporaiov eivor
otabepd, (7) ta eyyoplo kot EEva emrokio elvar ica, kot (8) 0ev VLAPYOVY CNUAVTIKES

aAL0YEG GTO GUVOALYLATIKE O100Ea1L0, ONAAOT OEV VTLAPYOVY KEPOOGKOMIKES KIVIOELS.
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H npocéyyion NATREX cuykevipdvel onpavTikd TAEOVEKTAUOATA EVOVTL TOV GAA®V
TPOCEYYICEWV. TVYKEKPIUEVO, CNUAVTIKO oTolXElo amotedel To yeyovog 0Tt 1 NATREX
etvatl KOTAAANAN TG0 Yo HecoypoOvia. OGO Kal Yio pokpoypdvia. ovéivor. EmmAiéov, n
EICOYMYN TV YPEOYPAP®V ©TO VLROOEYHo emitpémel oty woopponiocc. NATREX va
arotelel 1ooppomia pe duvapukn amobépatog — pong (dynamic stock-flow equilibrium).
Télog, éva ONUOVTIKO PEIOVEKTNHO TNG TPOCEYYIoNG QLTS Eival 1) ovavTiotolyio pnetald
DePNTIKOV Kl EUTEIPIKOV UETAPANTOV. ZVYKEKPLUEVO, HETAPANTES OTWG TO KEPAAOIOKO
amoBepa Kot ot 0QENEG TPOS T0 EMTEPIKO gival SVOKOAO va PeTpnBovv, Kupimg otV

TEPIMTOGT TOV AVATTUGGOUEVOV YDOPDV.

5. AmoteleopaTikOTNTO AYopdc Lovailaypnatog

O Fama (1970) opilet 6Tt pio ayopd eivoar «acBevag omoterecpoatikny (weakly
efficient) dtav dev etvar dSvvatov Kavelg va TeTOYEL Un-Kavovikd képdn (abnormal profits)
YPNCLOTOLDVTAG UOVO TO 16TOPIKO TapeABOV TV TIH®V. AV GTIG TANPOPOPIES OV £XEL
otV 0160eon tov TPooTEHOHV OMUAGLOL OVAKOIVAGILEG TANPOPOPIES (T.Y. CYETIKA pe TNV
EYYOPLOL TPOGPOPA XPNUOTOS, TO EYYDOPLO EMTOKIO, K.T.A.), 0AAL Tap’ OAa ovtd eivon
adbvaT 1 EMiTEVEN VTIEPKEPODY, TOTE M ayopd YopaKTPiletol MG «NU-1GYLPDS
amotelecpaTikny (semi-strong efficient). Téhog, av givar addvatov kdmolog va TeTHYEL
VIEPKEPOT| YPNOLUOTOLDOVTOS OTOLAONTOTE ONUOCLA 1] WOIOTIKY TANPOPOpia, TOTE 1) ayopd

etvat «1ioyvpag amotedespotikn» (strong efficient).
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H vndbeon g amoteleouatikng ayopds (efficient market hypothesis) pmopei va
epappootel TG00 OTIG Oyopég YPNUOTOG Kol KEQOAOIOL OGO Kol OTIS OYOPES
OLUVOAAGYHOTOG. ZOpemva pe tov optopd tov Fama (1984), wia ayopd cuvarAidypotog
etvar amoteleopatiky] 6tav 1 TPEYOVGO GUVOAAAYLOTIKY 1G0T OVTAVOKAG TANP®G
OAeg TIG Owbéoipeg mAnpoeopiec. ‘Evag yevikdtepog optopdg didetar and tov Jensen
(1978). Mo amotedecpatiky oyopd avtiel Tic dabéoiues TANpoeopieg HéEypL To onueio
OmoV TO OPLKO OPENOC YPNONS TOV TANPOPOPLOV dgv Eemepvl TO 0plaKd KOGTOG
ovykévipoong tovg. H vmdbeon amotelecpatikdmrag g oyopds CUVOAAGYLOTOG
(Foreign Exchange Market Efficiency Hypothesis) cuvifwg tavtiCeton pe v vndbeon
apepoAnyiog g mpobeopokng wootuiog (Forward Rate Unbiasedness Hypothesis),
KaOdg og (o amoteAespatikny ayopd n mpobecpakn wootiia (forward rate) mpémet va
etvat apepOANTTOS EKTIUNTAG TNG TPOGOOKAUEVNG LEALOVTIKNG 1o0TIpiag (spot rate) otav
VILAPYEL 0VLOETEPOTNTO KIvoLVOL. Opmg, o Fama (1984) vrootnpilel 11 n wpobeopiaxn
wotio meptlapfavel Eva acediiotpo kvdvvov (risk premium), to omoio givon ico pe
™V Seopd eyywpiov kot EEVOv EmMTOKIOL Kot OLGLOGTIKG avTioTaduilel Tov Kivouvo
TV EEVOV YPEOYPAPOV.

O1 meplocOTEPEG EUMEIPIKES UEAETEG, TTOV €YoV acyoAnBel pe avtd to {RTnua, dev
napovcstalovy  evBappuvtikd  otoyele  ywo MV woyxd ¢ vmobeong g
OTOTEAECUATIKOTNTOS TOV Ayop®V GLVOAAAyHatog. Kdmoleg amd avtég ypedvovv v
amoppyn Mg vrdbeong avtig oty Vmapln €vOeg AGOAAIGTPOL KVOUVOL GTNV
npoBeopaxn wwotipia. o mapdderypo or Fama (1984), Baillie & Bollerslev (1989),
Naka & Whitney (1995) éyovv Bpet tnv dmap&n evoc petafAntov aceorictpov Kivdvuvov.

Opoimg, o Taylor (1989) dev umopel va amoddcetl TNy amotvyio 16xHG TS VLOBEON S OTIC
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un-opBoroyikés mpocsdokieg TV enevovT®V. Avtifeta, avty ogeiletor otnv eUPavion
TOV OGPAAIGTPOV KIVOVVOV.

Ao ™V dAAN TAEVPA, epTEIPIKEG PEAETEG - OGS awTéG Twv Frankel & Froot (1987)
kot Hai k. a. (1997) — dgv pumopodv va amod®covy v un enaindevon g vrdbeong
OTOTEAECUATIKOTNTOG OTNV VIapEn KATOW0L ac@AAGTPOV KIvoHVov. XT0 1010 HUNKOG
KOMOTOG €ivat KO To. GUUTEPACLLATO, TG EMOKOMNONG TNG EUTEPIKNG PLAoypagiag Tov
emyepel o Engel (1996). Téhog, ot Liu & Maddala (1992) vmootmpilovv o611 1
emoAnBevon N un awtng g vodbeong e€aptdton oe peydAo Pobud amd v cuyvotnta
TOV 0E00UEVMV, 1) oTtoia dev pmopel va givat 1 01 Yo OAES TIG ayopég,.

Qo1660, N ATOPPLYT TNG TOPATAVE® LTOBEGNC OV onpaivel Thvto 0Tt 1 eEeTalOpevn
ayopd dev givar amotehespotikn. H amotuyio emaAnfevong e umopet va opeidetan ite
oe owovouetpwkd mpoPfAnquota (misspecification problems) 1 otnv mpofAnuotiky
dapBpwon tov Bewpntikod vmodeiypotog (bad model problem — Fama, 1991). 'Eva
emiong onuovtkd oAloOnua 10600 ce BempnTikd 660 Kot 6€ EUNEPIKO TTAAICL0 givarl TO
KeVO Tov vdpyel otV PipAoypapio oyeTkd pe TNV apuoyn ovtng T vddeons oe
OVOTTUGGOUEVEG AYOPEG GLVOAAGYLOTOS. To YPNUATOTICTOTIKO GUGTNUO TOV YOPOV
auTOV O0gv elvarl avamtuypévo kKot ot mpobespokés ayopés (ov avTéG LIAPYOLV)
emnpealovtal, oe peydro Pabuo, amd tov KuPepynTikd TOPEUPATIGHO. ZVVERTMOS, AOY®
™mg éMewyng a&lomotiog TV TPoBesOKOY 1GoTYIdV, 1 Vdbeon apepoinyiog g
npoBeopaxng wotipiog (FRUH) dev amotelel ypnopo Bewpntikd ki epmelpikd epyareio

otav ££€TaloVTal OVOTTUGGOUEVES Y DPEGS.
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6. H XuvOiqkn Ieodvvapiog Ayopaotikig Avvaung otic Xmpes g Kevrpiknic ki
Avatolxig Evponng

Av16 t0 KePdAoo eEetlel TV 1oL ™ voBeonc TAA oty mepintwon te66dpmV
yopov ¢ Kevipwkne & Avarohkng Evpomng (Togyio, Ovyyoapia, IToAwvia kot
YloPaxia), or omoieg mpdopata Eywvav véa péEAN e EE. O o16y0g avthg g pnerémng
etvar durtde. Tlpadtov, epevvovpe av 1 ouvOnkn TAA elval 1oyvovsa cuvOn KN 1GoppoTiag
OTNV TEPITTMOT OVTMOV TOV OVATTUGCOUEVOV YOPOV KOl TN GLVEYELD, TPOooTadodE va
OTOGAPNVICOVUE TIC EUTOPIKES OYECELS TV Ywpav avtav pe v EE, tig HITA kot Toug
VRLOAOUTOVG EUTOPIKOVS eTaipovG. I avtd 10 Ady0, Yoo KABE ydpa xpNnoIomolovpe 600
OEPELG CUVOALAYLOTIKEG 1GOTIUIEG (OC TPOS TO EVPD KOl TO OOAAPL0) Kot Eva OEiKTN
otafuiopévng cuvaliayuatikng wootipiag (effective exchange rate), mov petpd v aia
TOV €yY®pPiov vouiopatog oe oyéon pe éva koAdol voptopdtov. Me dAha A0y, N Lehétn
avt ovuPdrer pe v e€€taon g ovvOnkng IAA o¢ Pacwikng oyéong icoppomiog
CUVOALOYLLOTIKOV 1GOTYUAOV. AEOOUEVNG TNG EMIKEIUEVNG EVOOUATOONG TOV TOPOTAVED
YOPOV 61N {OVN TOL EVP®, AVAUEVOVUE IOYVPES EUTOPIKES OYECELS LE TOL KPATN-UEAT TNG
EE. Ot woyvpoi gpumopikoi cOVOECHOL ATOOEIKVVOVTAL e TNV amrodoyn TG cuvOnkng TAA,
KaBmg avt vrovoel EAAEYTN EUTOPIK®OV TPOSTPIPOV Kl EUTOdI®V OTIG HETAED TOLG
eumopikég oyxéoels. 'Etol, 1 opoAn ewcayoyn tov yopov avtov oty ONE amotrei,
petacd dArov, v woybd g [AA petadd tov vToyneiov yopoOv Kol ToV YOPAOV NG
evpolmv”g.

Apykd, epappolovpe 000 evarloaktikéc pebodovg eréyyov povadiaiog piCag (ADF
& PP) otig Owepeic mpoypoTikég GULVOAALOYUOTIKES 1GOTIEG KOl OTOV  O&iKTN
OoTOOUIGUEVIG TTPAYHOTIKNG GLVOAAOYUOTIKNG 1ooTiag. Ommg éyovpe avapEépel 6To

KePaiato 2, n vobeon g TAA Ba woydel av KatapEépovpe vo amoppiyovpe v veddeon
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™G UN-CTOCIUOTNTOS TNG TPOYUATIKNG GUVOAANYUOTIKAG 160TIiaG. AKOpo KU ov O
«Nopog g Mg Twuneg» dev Ppioketar oe 1oy, n vedbeon g [AA Ba woydel av N
TPOYUOTIKT IGOTIHI0 0KOAOLOEL o Stadtkacio cVYKAMoNG Tpog Tov pHéco (mean reverting
process). Me dAdho Adywo, Ol GMOKAIGELS TNG GULVOAAMYLOTIKNG 10O0TIHiOG Omd TNV
ooppomia G [AA mpémet va elvar LOVO TapOSIKEC.

Ta omotehéopota delyvovv, 0cov a@opd TS Owepeic wootyieg, OTL pHOVO OV
nepintwon g Ilodwviag pmopodue vo oyvprotovpe TV Y0 G vrobeong TAA.
Emumiéov, n otabuiopuévn mpaypotiky cvvoriaypotikny ootipio tov [ToAwvikod Aoty
(zloty) eivail ypovikd oTACIUN, TOV GE CLVOLOCUO HE TO TOPOUTAVE OTOOEIKVVEL TIG
KOVOTOMTIKEG eumopikés oxéoelc ¢ TloAwviag pe Tovg gUmOpPKovg NG ETOiPOVG.
Qo1660, TO, 1310, IKOVOTOMTIKE OTOTEAEGILATA OEV 1GYXVOVV Yid TIC VTOAOTES YOpeS. [ap’
6A0 mov ol otafuopéveg TPOYUATIKEG 1ooTdieg g XAoPakikng kot g Toeykng
Kopdvog (crown) eivol ypovikd otdowec, n vmopén povadiaiog pilag otig duepelg
wootiieg toco g Togyiog 660 kot g ZAofokiog VTOINAMVEL OTL 01 EUTOPIKEG GYECELG
HE TPITOLG EUTOPIKOVG ETOUPOVS Elval TEPIGGOTEPO OVOMTUYUEVEG OO TNV EUTOPIKN
oLVOALOYT] TV 000 AVTOV YOPOV He dVo Pacikovg etaipovs, dnwg ot HITA xar m EE.
Xmv mepintoon g Ovyyoaplag, m vrndbeon tng povadiaiog piCog dev pmopel vo
amoppleOel 6 Kopion LOPPT) TPAYLATIKNG GUVOALXYLOTIKNG 1GOTILIOG.

Qot660, o1 svpPatikés pébodot eAéyyov povadiaiog pilag elvar Un OmOTEAEGUATIKES
OTNV TEPIMTMON OV 1) YPOVOAOYIKY| GEPE TEPLEYEL KATOL OTATOUN SLopOpMTIKY] aAlOY™
(structural break). Zopeova pe to kepdioto 2, eEAEyyovpe v oYL TG LVdBEoNS TG
«owwvei-IAA» (quasi-PPP) otic mpaypatikés iootipieg 6mov 1 un-ctacotnTo 08V €XEL

amoppefel. [V avtd tov €heyyo ypnoomolovpe ) pebodoroyio tov Perron (1997), tng
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omoilag kVPLO TAEoVEKTNUA €lval M duvatdTTA 7OV OIOETOL GTOV EPELVNTH VO
TPoodopilel evOoyeEVAS TV XPOVIKN oTiyun g andtouns arrayne. To amotedéopato
0V eAéyyov delyvouv OTL M LTOOBEoN TG UN-CTACIUOTNTOG ATOPPINTETOL G o POVO
nepintowon. Xvykekpyéva, 1 vrobeon ¢ «olwvel-IAA» 1oy0el Yo TV TPAyHOTIKN
ocuvorilaypoatiky wotipia g Togyikng Kopdvag Evavtt Tov up®. AvTd Guverdyetal 0Tt
oV KOl M GOTIHO 0T NTOV YPOVIKA-GTACIUT, [o amdToun oAAayr otnv KAion g
oe1pdc NTov vIeEHOLVY Yo TNV €YY AAVOACUEVOV GUUTEPACUATMV.

[Mopaxdto epappolovpe £va TOAUETAPANTO EAEYXO GUVOAOKANPWONGS, PoCIGUEVO
ot néBodo tov Johansen (1988). Xe mpdn (don amorteitor n vmapén HoG 1GYXVOVCAG
LOKPOYPOVIOG GYECNG OVALEGO GTNV OVOUOGTIKY] GUVOAAQYLOTIKY 1GOTILIO, TO €YYMPLO
Kot T0 EEVO eminedo TIMV, 1 omoia Pmopel vo motomomBel pe Ty €VPECT] TOLVAIYIGTOV
H0G GYE0MNG GLUVOAOKANP®ONG. AVTNH givol 1 «avoykKaion cuvONKN Yo TV 1KOvoToino
¢ vdBeonc g [AA o paxpoypdvia mepiodo. Av avti KAVOTOLEITAL, TOTE 1) KIKOVIY
ouvOnKn Yo Vv 1YL ™S IAA anoutel avaroyio 6T petaforéc Tov eyywpiov kot EEvav
TIWAOV. Av uoévo 1 avaykoio cuvonkn wavornoteitat, tote N ocuvOnkn TAA 1oyvel oy
«acBevip» g popen. Emumdéov, av kot ot 0o cuvOnkeg wavomolovvtal, tote 1 IAA
LGYVEL GTNV «1GYLPN» TNG LOPPT).

Ta amoteléopata detyvovv v Hmapén TOLAGXIGTOV UIKG GYECNG GUVOAOKANPWOONG
yioo Oho To exTiumpévo  vmodeiypoto  Sovdopatog  avtomoivdpdunong  (Vector
Autoregressive — VAR - models). Qotoc0, 1 vtdBeon g avaroyikdtntog enaindedeton
oe 6 and 11¢ 8 meputdoelg. Katd cuvéneia, n «ioyupn» popen g vrddeong TAA 1oydet
YU avtd ta 6 vrodelypota, eved yo. To VOO 2 pOVo 1 «acHEVIGH LOPON NG

Bploketar oe woyxd. Avtd ocvpPaivel oTic cvvaAlaypotikég ootipie tov Ovyypikod
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euopivt (forint) ko ¢ ZAoPaxikng Kopdvag (crown) €vavil Tov gup®. Avtibeta, ot
avtioTolyeg Oepelg 1ooTipieg g TPOg T0 AEPIKAVIKO dOAAPLO gival cuUPBATES pe TV
«oyup» popen ¢ vrobeong TAA. Avtd 10 yeyovdC LIOONAMVEL TNV GNUOVTIKY
EMPPON TNG AUEPIKAVIKNG OIKOVOLIOG G AUTES TIG YDPES, Top’ OAO OV OTOTEAOVV UEAN
¢ EE. Qotoco, pumopel avtd va onpaivel 6ti, Katd v tp€yovca mepiodo, ol YMOPEG
avtég e€axorovBodv va Exovv otevitepeg eumopikés oyéoelg pe g HITA mopd pe v
EE; H andvtnon oto epdTnuo eV pmopel va givar Katnyopnuatikd 0Tikn 1 apvnTiky.
Avto mov 1oyvplopacte glvar 6Tt M mapovoa avdivon yopaxtnpilel KOAVTEPA TIC
TapeABoVGES, KL Ol TIC TPEYOLOES, EUMOPIKEG oyéoels. Emouévog, omattovvron
nePLocOTEPO dedOpEVA (OMAdY|, VEEC TAPATNPNOELS) TPOKEWEVOD VO EVIOTIGOVUE TNV
ALENUEVT EUTTOPIKY] dPACTNPLOTNTO, KOl TIC CUVEREEG NG, HETAED TOV LIOYNELOV
yopov ko g EE.

Yvykpivovtog ta aroteAéopato ond Tig HeBddovs eAEyyov povadiaing pilag pe avtng
TOV TOAVUETAPANTOV EAEYYOV GUVOLOKANP®GNG, Tapatnpodue OtL 1 TeElevtaio HéBodog
TAPOLGLALEL TEPICCOTEPO IKOVOTOMNTIKA OMOTEAEGHLOTA YO TNV oYL NG cvvOnkng IAA
Katé ™ pokpoypdvio mepiodo. EmmAiéov, dev pmopolpe vo amodmd®covpe v advuvopio
emoAnBevong e otV guedvion andtopmv petafoiov (breaks), Kabdg n cuvOnKn TG
«owwvel-IAA»  wovonoteitan og pio povo mepintwon. Etol, emkevipdvoviog v
avdAivon oty péBodo TG GLVOLOKANP®GNG, UToPoLLLE Vo amodeyBovue v [AA og o
KOVY] GLVONKT| 1G0PPOTHOG TOV CLYKEKPIUEVOV GUVOAALYLOTIK®OV 160THdOV. Emmiéov,
10 YeYOVOG 0Tl 1] cuVONKN [AA 1GyYvEL HETAED TV LTOYNELOV XOPOV Kot THG EVPpWEdVNC,

vrovoel TV VIPEN 1GoPPOTIRG GTNV GCLUVOAANYLOTIKY TOVG 100TLHi0 £VAVTL TOL €VPM
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KaOhg eMioNG KO TIG OVOTTUYUEVEG EUTOPIKES TOVG oyéoels. Katd ocuvémela, avtiy n

peAétn mapovctaletl evBappuvTikd otoryeio yio TV opoAn €viaén toug otnv ONE.

7. Mn-I'pappicn Ilpocappoyn Xvveriaypotikov lootipiov otny Atevpopévn
Evpolovwn

Q¢ LVOIKN GLVEYELD TOV TPONYOVLUEVOL KEPAAOIOV EAEYYOVLE TNV oYV TNG LILOBEGN G
TIAA yw 10 vroymeieg - mpog évtaén omv ONE - ydpeg (yio v wepiodo 1990 — 2006),
KaBdg emiong kot ywo ta. kpatn-péAn g Evpoldvng (yio v mepiodo 1980 — 1998).
Kofwotoviag 10 gupd g vopioua avagopds (numeraire currency), €@appolovpe
YPOUMKEG Kol UN-YPOUMKEG HEBOOOVG. ZVYKEKPIUEVO, Ol EKTIUNCELS TOL YPOLLLUKOD
vrodeiypatog ADF cuykpivovtal pe TiG EKTIUNCELS TOL UN-YPOUUIKOD LTOOELYHOTOC
aUTOTOAVOPOUNONG  He  avto-Oeyelpopevo  KatdeAl  (Self-Exciting  Threshold
Autoregressive — SETAR - model). H cuveicpopd tng mapovong peréng éykettoan otnv
ONUOVTIKOTNTA OV amodideTor otV 1oyd T cuvOnKkng IAA vy v opaAn évtaén tov
voynoeiov yopov oty gvpwldvn. Emmiéov, n ektipnon Ttov  un-ypoppkod
vrodelypatog pog dtvel Ty duvatdHTNTO VO TPOGEYYICOVUE TNV TPAYLOTIKY SldtKaGia
oVykAong mpog Vv weoppomion ¢ [TAA. Téhog, cuykpivovtag to omoTEAEGHATA TNG
avlALoNG Yo TIS VIOYNPIEG YDPEG Ue TNV avdAvom Y Tig xdpeg g Evpaoldvng,
TAPEXOVUE 0L EWKOVA Yol TNV TPOOOO OIKOVOUIKNG oAokApwong oty Evpomn, kabdg
eMioNG Kot TPOGOOKIES Yol TNV OAOIKAGIN EVOMUATOCNS TOV VIOYN POV YOPAOV GTNV

ONE.
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Iotopwcé, o Heckscher (1916) ftav 0 Tp®dTOG TOL OVOPEPONKE GTNV UN-YPOULLKY|
CUUTEPLPOPE. TV GUVUALAYUOTIKAOV GOTYUIOV AOY® TOL GUVOALOKTIKOU KOGTOLG. To
OUVOALOKTIKO KOGTOG, OV UTOPEL VO ApOPA TO UETOPOPIKO KOGTOG, OUGLOVG KO UN-
JOCUIKOVG POPOVS, emMpedlel Aueca TNV dadKacio TOV apuUmtpal ayabdv Kot Kotd
ovvéngw TV 1oy0 g vobeong [AA. Onwg eidape Kot 610 KePAAOO 2, 0 «VOUOG TNG
oG Tiney» vrootnpilet 6Tt 6vo Odpota ayabd - og 600 yhpeg — TPEMEL va. EYovv TNV 1010
T av oot petatponet oto 1010 vopopa. H Aoyikn micom amd 10 «vOpo ¢ Hog TN
etvar 0Tt 10 apumTpdl ayabov eEicdvel Tic Tipés. QotdG0, 1 VTapEN GLVAIALUKTIKOD
KOGTOVG KaB1oTA TO apuUmITPAL UN-KEPSOPOPO.

Xoyypova Bewpnrtikd vrodeiypata (O’Connell, 1998a ko Obstfeld & Taylor, 1997)
delyvouv 0Tl Ta GLVOAAOKTIKG KOGTN Onpovpyodv po (ovn adpdvewng Yo Tnv
TPOYUOTIKY) CUVOAAAYLOTIKY 1G0TI0, pHéca otV omoia To apumitpdl etvor (nuioyodvo.
Eumelpicd, tétoov €idovg pn-ypoppky  ovumepipopd  pmopel va  ektiunBel pe
VIOJEIYLLATO TTOV EMTPETOVY GTOVG AVTOTOAAIIPOLOVS GUVTEAEGTES VO LETAPAALOVTOL GTO
xpovo. Tétown vmodetypota eivoar yvootd g «Ymodelypato AVTOTOAVOpOUNONG
Kotogiiov» (Threshold Autoregressive — TAR — models).

Yopeova pe ta Beopntikd vrodelypata, to vmodetypoata TAR emurpémovv v
omoapén pog Covng adpdvelng péca otnv omoio 0gv yivetol kapio TPOGAPUOYN OTIC
ocuvoAlaypatikés ootipies. ‘Etol, m mpaypoatiky cvvoAloypotikn tcotiion etvor pn-
otaoun €viog g Covng adpdvelag. Avtifeta, 1o apumtpdl yivetal kepdoPOPo Kol M
dradkacio TPOGAPUOYNS TS CLVOAAXYLOTIKNG tooTipiag etvor otdoiun é€m an’ avty ™

Covn. Avtd ovvemdyetor Ot or amokAicelg amd v wooppomiocn g [AA Ba eivon
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e€axorovOnNTikég av avtég elvar pukpég ko Ba mepropilovtal cvveydg av avtéc sivol
peyoAeC.

To ypoppkd vrodetypo ADF mapovcialer amoteAéopoto mov vmootnpilovv v
OTOCIHOTNTO TOV TPAYLOTIKOV GUVOAALNYUATIKOV ICOTIUOV TOV VIOYNQIOV YOPOV
évavtt to gupod (PA. Keo. 7, mivaxag 7.1., oel. 193). Av ka1 avtd amotelel enaindevon
mg ovvOnkng IAA, ov avtictoyeg extymoels «ui-{ong»  amodeikvbovy OTL Ot
GUVOALOYLLOTIKES IGOTIES GVYKATVOUY TTOAD apyd mpog Vv 1ooppomia g TAA (BA. Keo.
7, mivakag 7.5., oeh. 200). o mopdostypa, ov amokAicelg tng ootipiog Kumprokng
Mpag/evpd Ba peiwbovv katd 50% oe mepinov 69 pnveg.

Ocov agopd ta OTOTEAEGUOTO TOL 10100 VTOJEIYHOTOS YO TIG YOPEC-UEAN TNG
evpoldvng (yio v mepiodo 1980-1998), GAec 01 TPAYLATIKES GUVAALNYUOTIKEG IGOTLUIES
EVOVTL TOL €VPM, €KTOG TV [aAlkold @pdykov/evpd Kot OAALAVIIKOD QlLOpivi/eEvpd,
akolovBovv «tvyaio mepimato» (random walk). Akoéua Kol oTIg TEPIMTOGELS OOV 1
ouvOnkn [AA oeaiveton vo emainBevetar, n dladikacioo TPOSAPUOYNS eivar eEapeTikd
apyn. AvaEPOVUE EVOEIKTIKA OTL Ol EKTIUNGCELS «NUL-(ONG» OTIG TAPATAVE® 1G0TLUIES
VTOVOOVV UEIMON TOV AmOKAMGE®V KATA TO NGV 6€ 36 Xpovia.

H onuovtn avt) kabuctépnon 6ty Tpocaployn TOV GUVOAALYLOTIKOV IGOTILDV
pmopel va €ivarl TOPATACVITIKY KO VoL OQEIAETOL GTO UN-YPOLLLIKA OLPOKTPLOTIKA TOV
YPOVOLOYIK®V cepdv. Eivar yeyovog 01t ta ypoppikd vrodeiypato eAE&yyov povadtoiog
pilog HepoAnmTOLV LEEP TNG OMOdOYNG TNG VIOBEONG UN-OTOCIHOTNTOS OTAV 1 OEPd
yopoaktnpiletor and pun-ypapky counepipopd. ‘Etol, givar ypiioyo va e€etdoovue av
TO0 YPOUUIKO VLEOOEYHO OUTOTOAVOPOUNONG 1 TO  pn-ypoppkd vmodetypo TAR

xopakTnpilel TNV GLUTEPLPOPE TOV GLUVOAAAYLATIK®OV oTyumv. Ta arotedéopata (PA.
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Keo. 7. mivakag 7.3, ogh. 197) deiyvouv 0TL 1} vOBeoT YPOUUIKOTNTAG UTOPEL VO yivel
dekT povo ywo Tic mepmrtooels g EcoBoviag kar g Ovyyopiag. EmimpocsBétwg, M
LOVOSIKT TPOYHOTIKY) CUVOAAAYHOTIKY 10OTIHi (0O TO CUUTAEYUO TOV YOPOV NG
Evpwldvnc) mov axoiovBel ypoapupuiky mpocappoyr sivor avty g Italkng Apétag
EVAVTL TOV ELPOD.

Mo Okec Tic vOAOWMEG TPAYUOTIKEG GLVOAAOYUOTIKEG LGOTYMES EKTIHOVUE Eval
CUUUETPIKO VOOELYHO. OLTOTOAVOPOUNONG HE OVTO-OIEYEIPOUEVO KATOQAL  TPLOV
kafeototov  [symmetric  3-regime SETAR(/=6,9=2,d)]. H 1té&n 1tov
avtomaAivopopov oynuatog () etvar ion pe 6, eved o apBpdc Tov KaTOEAI®V glval i60g
pe 2. To ovppetpcd 3-regime SETAR vrdderypa eivon 1icodvvapo tov 2-regime SETAR,
av vrobécovpe cuppeTpio oto EEMTEPIKA KAOESTAOT. TVVETMG, av $ gival TO HOVAIIKO
KatOEA (2-regime), t0 OwAd kotOQA (3-regime) yopokmmpileton and (—%,9). H
mapapeTpog kabvotépnong (d) vrodniover v Kabvotepnuévn avtidpacn g oyopds
OTIG AMOKAMGELG TNG GLVOALOYUOTIKNG 1o0TIHioG amd TV 1coppomia g [AA.

Yg OUYKpoN HE TO YPOUUKO LEOOEYHa, 1 OldIKOGI TPOGOPUOYNS T®V
GUVOALOYLOTIKOV 100TY®OV givor aucOnTd toydTepn OTOV TO UN-YPOUMKO DTOOELY O
extipdTon. Kotd péco 6po, 10 YpopKO LITOSEYHA OVOPEPEL LEIMON TOV OTOKAIGEWV
010 50% o¢ mepinov 62 unveg (5 xpdvia), evd 1 avticTolyn TEPIOdOG YO TO UN-YPOLLLULKO
vrdoeypa gtvor poag 18 punveg (1,5 ypdvia). Zvykekpiuéva, 0 YPOUMKOS EKTIUNTAG TNG
u-Lone» vy v wotion Kumprokng Apag/evpd eivor mepimov 69 pnqveg kot o
OVTIOTO(0G UN-YPOUMIKOS ekTiun TG eivan 12 pnveg. H taydtepn dadikacio cOYKAIoNG
nmopatnpeitar oty mepintwon g [Holwviag (5 uveg), evd otov avtinoda n Aydtepo

o OG UN-YPOUKT dtadkocio Tapatnpeiton yio v ZhoPevia (56 unveg).
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Ocov agopd 10 cOumieypo tov YOpdv g gupwlimvng (yio v mepiodo 1980-
1998), n vmoébeon g un-otdoung oepdg evtdg ™G LOvng adpdavelng Kot Tng
OTOCIHOTNTOG £ A’ avTNV emMoANOevETAL Y100 VO UOVO TPOYLOTIKEG CUVOAAOYLOTIKES
wotieg (Pavdkd papro/evpd kot Tloptoyadikd eokobdo/evpd). Ot vmoOAouTEG
TPOYUATIKEG CUVOALXYHOTIKEG 1G0TIUIES BpéBnKav un-otdoipeg 1060 £viog 660 Kl EKTOG
™¢ {dVNG adpavelag.

SOUTEPAGUOTIKA, TO KEQPAAOO OLTO EVIGYVEL TNV ATMOYN OTL Ol VIOYNQLEG YDPES
npokerton va £yovv opaAn évtaln otnv ONE. Ot evoeilelg vrép g 1oybog g vtobeong
TAA kot 1 tayeio S10d1Kacior GLYKAONG TOV IGOTILAOV TPOG TV 1GOPPOTIN SNADVOLY OTL
ot gEetalOpeveg GUVOAAAYLOTIKES 1oOTIHiEG (vavtt Tov gupd) axorlovbBovv mopeia
woppomiag. Téhog, N amotvyia emainBevong g cvvOnkne IAA oty mepintwon tv
pHerdv g evpwldvne, dev pmopel vo onuaivel 6Tl Katd TV TPEYOLGO TEPIOdO T
OLKOVOLKY] OAOKANpwon oty Evpdmn sivar avemapkng. Akoua, dev pmopovue va
LGYLPLOTOVUE OTL Ol OMOKAIGELS TIHMV HETOED TV pedmv TG ONE eivan peyolvtepeg o€
oxéon W’ ouTéG HETAED TOV VITOYNPI®V YOPOV Kot TG EVPOLOVNG. AVTO TOV UTOPOVLLE
va woyvprotovpe givar 0Tt ofjuepa N Evponn eivor mo evomomnpévn oe chykpion pe 10
napeABOV, yeYovoc OV avTATOKPIVETAL OTIC ALENUEVES EUTTOPIKES GYECELS LETOED TV

peiav g EE.
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8. Extipnon Iesopponiog Zvvarraypatikig Iootipiog yio to gv duvapel kpaTn-
péin s ONE

¥’ avtd to Kepdloro, e€etdlovpe TV MOAVOTNTA ELPEAVIONS GTO LEAAOV CUAVTIK®V
SLIKVUAVOEMV GTIG GUVOAANYUOTIKES 1G0TIUIES TV VITOYNPimV — Tpog Eviaén otnv ONE
- YOP®V. ZVYKEKPIUEVA, LTOAOYILovpEe TNV 160ppOTio. TNG GTOOUGHEVIG OVOUOGTIKNG
ocvuvaAhaypatikng wotipiog yo v [olwvia, v Ovyyapia, t ZAoPakio kot ™ MdAta.
H ovvelopopd avtig g perémne omyv eunelpikn PBiproypaeio dievpvvong tme ONE
gyKertal otV eVOAAOKTIKY] amddoon epunveiag tov kpumpiov otabepodoTntag g
OLVOALOYHOTIKNG 100TIiaG. Me GAAo Adywa, 1M TPOCEYYIoT HOG OEXETOL TO KPITHPLO
CLUVOALOYLOTIKNG 160TIHi0G (KpItnplo cVYKAIoNG Tov Mdaotpry) wg avaykaio aAid Oyt
wavi cuvOnkn v v évtaén tov vroymeiov yopov otnv ONE. H Aoy eivon 6t edv
1N GLVOAAOYUOTIKN IGOTIIN TaPOLGLALEL aLTHY TNV TEPI000 TadepOTNTA OALGL BploKeTal
ONUOVTIKA LOKPLE amd TO EMIMESO 160PPOTIOG TNG, TOTE OVOUEVETOL VO vl a.oTOONG 6TO
péArov. EmmAéov, éva vynAd mocootd amokAong amd tnv coppomio. umopel vo
TPOKOAEGEL LOKPOOIKOVOULKT 0o TAOELn, EMEWON 1 AOTOONG GUVOAAAYLLOTIKNY 1GOTIHiO £XEL
OVGEVEIC EMITTOOEL GTOVS LOKPOOIKOVOUIKOVG OETKTEG.

H woppomnion TG cuvardaypatikng tootipiog vroloyiletor HEo® TV VTOJEYUATOV
Mniyepropiotikng Iooppomiag Zvvarraypotikev Iocotyuwv (BEER) kot Moéviung
Iooppomniag Zvvorraypotikov Icotyumv (PEER), 6nog mapovcidetnkay and tovg Clark
& MacDonald (1998) kot MacDonald (2000). Onwg 10 xepdroro 4 emebnyei, M
npocéyyon BEER avtiotoyel oty dupeon okovopeTpikn ovaALGT TNG GCLUUTEPLPOPAS

™G ovvoAraypatikng ootiog. H wotipic BEER vroloyileton 6tov o1 Tpoaypotikeg
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TIWES TOV HOKPOOIKOVOUIK®OV HETOPANTOV ovTikaficTovtol omd Tic LokpoypOVIES TIHEG
1GOPPOTIAG TOVG.

A@' etépov, M wotwic PEER pmopel va Beswpnbel g €01k mpocsyyion g
TOPOTAVE ooTioc. Zopeove pe v npocséyyion BEER, n cuvallaypotikn wotyio
etvat  ovvéptnon 1660 Tapodik®V 660 Kot povipwv mtopaydviov. H tpocéyyion PEER
dwpépet and v BEER v v évvola 0TL 1) 160ppomict. GUVOAALYLOTIKNG 1G0TIHI0G
etvar ovvéptnon povo tev petafintdv mov £xovv pudviyun enidpoon oe avtv. 'Etot,
ATOGLVOETOVLE TIG LOKPOOIKOVOUIKES LETAPANTEG O OV KO TOPOIIKA GUGTOTIKGL, TO.
omoio povVipa cuoTaTIKd KaBopifovv TV 16oppomic. TG CLVOAANYLATIKNG 1GOTIHIOG.

Yy Beopntikn e&eldikevon tov vodelypatdg pog, n oxéon 8.6 (Keo. 8., oeh. 218)
Qovep®VEL OTL 1M TPEYOVOE T TNG OTOOUGUEVNG OVOUOGTIKNG GUVOAANYLOTIKNG
ootpiog eEaptdtat amd TV dopopd Tov eyympiov enttokiov amd To d1eBvEg emTOKIO KO
amd TG TPOGOOKIEG Yl TNV HEAAOVTIKN TN TNG OLVOAAAYMOTIKNAG tooTwioc. H
TPOGOOKMUEVT TIUN TNG CLVOAALYLLOTIKNG 160TIHiaG, 1 otoia pmopel va BewpnBel ki g n
pokpoypévie T g, Elval  GUVAPTNON TV TPOGOOKAOUEVOV TOV  TOV
LOKPOOIKOVOLUK®V — petafintav. ‘Etol, ektdg amd v emrokwokn Olagopd, 1
pokpoypévio. cuvorlaypatikny wootipio eEaptdror and Eva SIVUGHO LOKPOOTKOVOUIK®OV
LETAPANTAOV, OTOTEAOVUEVO OO TOVG EYXDPLOVG OPOLS EUTOPIOV, TNV dlakpdtnon EEvev
YPEOYPAP®V OO £YYDPLOVG EMEVOVTEG Kot TN O1eBvN TN TOL TETPEAIOL.

H owovopetpwkn extipnon Paocileror kvpiowg ot péBod0 GLVOAOKANPMOONG TOV
Johansen (1988). XOppwvo p’ avty t pebodoroyia, n amodoyr] TOLAdGTOV €VOG
SVOGLOTOS GLVOAOKANP®ONG 6T0 ekTunuévo vrodetypa VAR vmoonimver O0tL 1M

OUVOAAOYLOTIKY] 1GOTWHiOL KOl Ol  HOKPOOIKOVOMKEG  HeTaPAntés oymuoatiCouv o
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Hokpoypovie. oy€on eoppomiog. AvTd onuoivel OTL Ol HOKPOOIKOVOUIKEG UETOPANTES
etvar og Béom va epunvedlooLV TN GLUTEPIPOPA TNG GLVOALOYUATIKNG IGOTIIOG KATA T
pokpoypoévie.  mepiodo. 'ETtol,  KOVOVIKOTOIOVTOG TO OWUIVUGUO GUVOAOKANP®GNG,
Aappdvovpe v e&icmon avorypévng popeng (reduced-form) pe e€aptnuévn petofanm
TNV GLVOALQYHOTIKY 1o0Tiio. QoT000, 1) 16YVG AVTNG TG e€lomong amattel TV amrodoyn
¢ Vtobeomng ¢ «acbevoic eEmyévelngy (weak exogeneity). Avtd onuaivel 6Tt OAeG ot
avegapmteg petafantég e e&lomong TG GLVOAANYLOTIKNG tooTiog mpémel var ivat
eCoyevelc og mpog v e&optnuévn petafAnt. Me dAha Adyw, m vmodBeon ovty
emPefardverl 6TL M TOpeion GLYKAONG TPOG TNV 1GOPPOTIR. OPEIAETAL OTOKAEIGTIKA GE
dopboTikég Kvnoelg g 1010 g cuvoAAaypatikng wotioc. H avorypévn popen g
eflomwong G  GUVOAAOYUOTIKAG 10OTWHIOG  EKTIUA TNV HOKPOYXPOVIO TN 1TNG
OLUVOAAOYHOTIKNAG tooTipiag, 1 omoio yopoktnpiletor ®G «TPEYOLGO  1COPPOTIL.
Yopeova pe 1o vrdderyua BEER (PEER), 1 «olkn 1coppomioy mpokhmtel and v
YPAON TOV HOKPOXPOVIOV TILOV (UOVIL®V GLGTATIKOV) TOV  LOKPOOIKOVOUK®OV
petafintov. H eEayoyn tov paxpoypdviov Tipdv 16oppomiog yivetar pe T0 GIATPO TV
Hodrick & Prescott (1997), evd n amochvleon tov petaffAnT®dv o Tapodikd kot povio
ovotatikd yiveror pe v pébodo twv Gonzalo & Granger (1995).

o [loAwviko CAOTL

Onwg gaiveton and to dwdypappa 8.3. (Kep. 8, oeh. 238), n tpéyovca otadcuévn
OVOLOIOTIKY] GUVOAAQYUOTIKY 16oTipio ivor kupiog vreptiunuévn. H kapmoin BEER
dglyvel OTL Ol HOKPOYPOVIEG TIMEG TMOV HOKPOOIKOVOUK®MV HETAPANTAOV VTOVOOHV
YounAdtepN 1ootTion omd v TpéYovoa. Movadikn mepiodog vroTipnong eival avt

petacd tov 1998 kar tov 2001. And to 2002, 1 cvvoriaypatikny eotipia tov CAdTL
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Katépyetol, akoAovdmvrag Tig thoelg g ootipnicg BEER. Eival emiong mpogavég 6t n
kapmoAn PEER avagéper axdpo yopmAdtepn GLVOALAYUOTIKY 16O0TYio, TO 0omoio
(QOIVETOL KOl OTNV OTUOVTIKY Sopopd avapeso oTic 00 EKTIUNGELS 100pPoTiag. Av Kot
ot 000 Tpoaceyyicelg GVUP®VOLY OTL To LAOTL givorl vrepTiunpévo, 1 mpocéyyion PEER
AVAPEPEL TOAD HEYOIAVTEPO TOGOGTO OMOKAIONG OO TNV 1GOPPOTTICL.

Yoppova pe v ektipnon g BEER, m tpéyovca cuvvoliaypotikn icotipio
Bpioketon kovtd ota eminedo 1ooppomiag TS, KaODS T0 VYNAHGTEPO TOGOGTO LLEPTIUNONG
etvar 8% Ko Katd péco dpo amokAivel katd 2%. Avtifeta, n tpocéyyion PEER avagépet
VYNAOTEPO TOCOGTO LIEPTIUNONG 6T0 25% Ko péco 6po amdkiong oto 13%. Eivan
Oumg amapaitmto va tovicBel 0Tt kot ot 6vo KaumvAeg omdxiong (BEER-based
misalignment & PEER-based misalignment) axolovBovv kaBodikn mopeion (mpog T0
uNndév), vrovomvtag TV dtadikacio chykAong Tov CAOTY TPog TV 160ppoTic. 1o TEAOG
g meptodov, n andkiion BEER eivar poig 1%, evod n avtictoyn andxiion PEER €yet
uewbei ot0 7%. H dwpopd avdpeca otig 600 eKTUNGELS 10oppomtiog VTovoel 0Tt N

wotiio BEER gumepiéyet kot kdmota mopodikd ctoryeio.

e  Ouyypikd Dropivi

¥’ oot TV mepinton, dnwg eaivetor amd to ddypoaupa 8.6 (Keo. 8, oei. 243), ot
dvo mpooeyyioelg mapovcstalovv acOntd dwpopetikd amoteAécpata. H mpooéyyion
BEER o¢iyver 611 to @ropivi dev amokAivel onpoavtikd ond to eninedo 160ppomTiag Tov.
Evo 10 péyioto mocootd vreptipnong eivar 20%, o pécog 6pog amodkAiong meplopiletan
o010 10%. Ano 1o 1994 n kapmvin BEER axolovbel avodwr mopeia, gvvodviog tnv

avAyKn ovOTiNomg Tov oVYYypKoH VORIoUaToc. ATO TNV GAAN TAELPA, 1 TPEYOLGA TIUY|
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T0V vouiopotog cuveyilel tnv mopeia votipunong péxpt to 2001. An’ avtd To onpueio Ko
HETA, M TPEXOVOA GLUVOAAAYLLOTIKN WoTIio BpiokeTal apKeTd KOVIA 6TV 1G0ppoTio TG,
KaOdg 6T0 TEAOG TG TEPLOOOL TO TOGOCTO AMOKAGONG tvat Aryotepo amd 10%.

H wotioo PEER eivan EekdBapa mo younin and mv wcopporniocc BEER. Avti 1
dtpopd dev amoterel EkmANEN KoOMOG oNUOVTIKO TOCOGTO TV 0PV EUTOPIOL KOl TNG
TG meTperaion yopaxtmpiletar and mapodikd cvotoatkd (PA. IMivoka 8.15, Kep. 8,
oel. 242). Me dAlo AOylo, M Olo@opd avTh €ivol GUVETEIDL TOV LYNADV TOGOGTOV
TOPOJIKAOV GTOolKElOV oV evowpotdvovtal oty ootipwio BEER. Xvykekpuyéva, T0
1060010 andkiong BEER dev vrepPaivel to 30%, evd avtiBeta 1 koumOAn andkiiong
PEER od¢giyver 611 m vreptipnon tov @lopivi eivar vynAn kot emipovn (Lécog O6pog

vreptipnong 60%).

e YAoBaKIKA KOpOVQ

H wwotipia BEER dgiyver 6t1 1 ZAofokikn] kop®dva HToV apyikd VITEPTIUNUEVT GAAL
oTn ouvvéxeln Tapovotdlel Eva pkpd Pabud vrotiunone. Avti 1 aAlayn oev ogeileTon
oTNV OPOUATIKY] UETAPOAN TNG CLUVOAAOYUOTIKNG 160TIUIOG OAAQ OTO YeEYOVOg OTL M|
vreptipnon — ocvppova pe v BEER — akolovfel xobodwkéc tdoeig. Kab’ oin
SLAPKELNL TNG TTEPLOSOL M TPEYOLSO GLVOALNYLOTIKY 1GOTIiN Tapovstalel otabepoTnTa,
evad M wootuioo BEER vrovoel avatyunrtikég tdoeic yio 1o LAofakikd vouiopo. And v
GAAN mAevpd, N wotioc PEER vrootmpilel 6ti n tun g xopavog Oa Empene var eivon
vynAdTEPN 1660 amd TV TpEYovsa Tun ™G 660 kot ond v wotwio BEER. Katd

OLVETELD, 1 ZAOPOKIKY) KOPOVO NTOV DTOTIUNUEVT Yo OAn TNV mepiodo eKTIUMONG o€
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avtifeon pe tov woyvpiopud g mpocéyyiong BEER o6mov m mepiodog vmotipnong
dwdéxetar tnVv mepiodo vreptipnong (PA. Awdypappa 8.9, Keo. 8, oel. 247).

Eniong, odppwva pe v mpoocéyyion BEER n XAofokikn kopdva Mtav apyikd
VIEPTIUNUEV AL GTO TEAOG TNG TEPLOOOV NTAV TOAD KOVTO GTO EMIMEDN 1GOPPOTIOG
™G LVYKEKPIUEVA, EVA 1 ATOKAIOT TNG GLVOAAXYUOTIKNG 100TIHING (GOUP®VO PE TNV
uebodoroyice BEER) ftav apyikd 50%, avth cuppikvdbnke 610 7%, Qovep®VOVTOG TNV
drdkacio cVykAMong mpog v ooppomio. AvtiBeta, n mpocséyyion PEER deilyver pa
dtadkacio amopdkpuveng amd TV 16oppoTic. KaBdS 1| KOpdvae NToV apyikd ToAD KovTd
oto emineda 1ooppomiag G (amodKAon POAS Katd 5%) ahAd oto TEAOG TNG TEPLOOOV
Bpénke va eivor onuovtikd vrotyunuévn (amodxion kotd 50%). Katd péco 6po, 1
YAoBoKikn Kopava, amokAivel and v wooppomia g Katd 10% kot 30% cOpemva pe tig

npoceyyicelc BEER ka1 PEER avtictovya.

e Aipa Mdhrtag
Onwg gaivetoar oto odypoupa 8.12 (Kep. 8, oeh. 252), av ko1 n kaumdin BEER
VROVOEL LYNAGTEPN TN ATTO QLT TNG TPEXOVCOS GUVUAAXYLATIKNG 1GOTING, 0 Babudg
andkMong g Alpag and v ooppomion dev etvar vymids. To vymAdTEPO TOGOGTO
andxhong mopotnpeitor 6to 2° Tpiunvo tov 1993, evd o pécog 6poc amdkAiong dev
Eemepva 10 1%. To yeyovog 0Tt 610 TEAOG NG MEPLOSOL M TPEYOLGA TIUN NG Alpag
amokAivel kotd poig 0,01% and v wotipic BEER, avadewviet tov woyvpiopd ot n

Mpa Mdatog ivor TANPp®S 160pPOTNUEVT.
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H mpocéyyion PEER, obupovn pe 1o vmodetypo BEER, dgiyver o611 1
cuvoAllaypatiky wootyio Mrav  acBevog vmotyunuévn. To vynmAdtepo mOGOGTO
vrotipumong dev Eemepvd 10 4%, evd 0 pécog 0pog amdkiong tvar 3%. Ot kaumdreg TV
wwotyuwv BEER kot PEER dev dapépovv onpovtikd, yeyovog mov vmovoet to younio
TOGOOTO TAPOSIKAOV cuotoTik®v TG ootipiog BEER. Tlpaypatikd, tave and to 80%
Kol TOV TPV petafAntov, mov mpocsdiopifovv v wootioc BEER, sivor pévipa

ovotatikd (PA. [ivaxa 8.25, Keg. 8, oel. 252).

SOUTEPAGUOTIKA, 1 OVOADOT 0T  QOVEPMVEL OTL Ol TPEYOLGES TUEG TV
OTOOLUGUEVOV OVOLLOGTIKMY GUVOAALYLOTIK®V 1GOTIAOV TOV €EETAGAE OEV ATOKAIVOUY
ONUOVTIKA amtd T eminedo 16oppomiog tovg. Katd cuvémeia, dev avopévoope peyaieg
SLKVUAVOELS OTIC TOPOTAVED CUVOAANYLOTIKES IGOTIUIES, TOV O oNOvE Kot advvapio
KOVOToiNong Tov GYeTIKOD Kprtnpiov cOykAlong. Xto onueio avtd eivor oavaykaio vo
avagépovpe 0Tt To KPrtiplo cOyKAong tov Mdaotpiy 6ev avaeépetat 6T oTAOIGUEVES
oLVOALOYPOTIKES 1o0Tiieg aAAG oTic Oluepelg wwotyieg Evavit tov gupd. QoTdOGO, N
TPocEyylon pog vrootnpilel 0Tt pi aoTafng oTaOUICHEV] GUVOAACYLOTIKY 1G0T
umopel va. Tpokarécel avicoppomion Kot aoTdfslo 6T depeic 1ooTyieg, Om®G AVTG
évavtt Tov gup®. Emopévoc, ta amoteléopata avtig TG UEAETNG HOG EMLTPETOVY V.
WoYLPOHOCTE OTL Ol GUYKEKPLUEVES VITOYNPLEG YDPES UTOPOVV VA IKOVOTOU|GOVY TO
KpuMpo cuvaAraypatikng otabepdtrag. ‘Etotl, 1 évtaln tov mopandve yopdv otnv
ONE avapévetar o’ evog va givol opain Kt @’ €Taipov va unv mpokaiel TpoPAnuoto

otV 6TadepdHTNTAU TOV EVPD.
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9. Isopponio Xvvorioypotik@v lcoTiOV Kol ATOTEAECRATIKOTNTO AYOop®OV
Yovarlhaypotog

Y10 Kepdlowo 5 aocyolnbnkape pe v vmoBeon G AmOTEAECUATIKOTNTOG TOV
aYOPAV GUVOAAAYLOTOG KOl OVOADOVTOG TIG 1OOTNTEG TOV EUTMEPIKOV HEAETOV
WoYLVPoTAKAUE OTL av Kot 1 vEdbeon apepoAnyiog ¢ mPobecokng oTiog eivat
YPNOILO EPYOAEID Y10 AVOTTUYUEVES OYOPEG, aTh OV amoTedel alOmMGTO KPLTHPLo OTOV
e€etdlovtal avamTUGCOUEVEG AYOPES. LTO TOPADV KEPAAMO EMYEPOVUE VO VUOEIEOVE
o véo  mPooEyylon  eAEyYov NG  VMODECTG  OMOTEAEGUOTIKMOV — OyOpdOV Yol
avantvooopeveg yopec. H pébodoc avty Pooiletor omv  extipnorn 1coppomiog
CUVOAAOYLOTIKOV ootV gpapudlovtag tv  mpocéyylon BEER. H  ayopd
oLUVOAAGYHOTOG B0 €lval OMOTEAEGUOTIK OV 1 TN TNG CLVOAAQYLOTIKNG 1GOTIOG
avTovokAd Odec Tic dnbéoyeg mANpoeopiec. Av avtd GYVEL N TPEYOLGO TN TNG
GUVOALOYLLOTIKNG 1GO0TIHIOG 08V Bal AMOKAIVEL GNUOVTIKG OO TV TIUT 1GOPPOTLOS TNG.

H mpotewvopevn pébodog, n omoio emkevipdvetal otnv €£6TACT TOV GTATICTIKMOV
YOPOKTNPIOTIKOV TG OmOKAoNG amd TNV 1copp0ni(x3, ePapUOCETOL EUTEIPIKA OE TPELG
xopes g Kevipwkng & Avotolkng Evponng (véa néin g EE). e ka0 mepintmon,
YPNOLOTOOVUE SYUEPEIS CLUVOAAAYHOTIKES 1o0TIieg Evavtl Tov gup®. H ovvelocpopd
aLTNG TG HEATNG €yl ottt vootaon. [Ipotov, e€etdlovpe av ot dpepeic 1ootipieg
£vavtil Tov eVpd Ppickovtol 6e woppomia Kot devTEPOV, TpoTEivoL e €va VEO BewpnTikod
Kl EUMEPIKO TAOIGL0 KOATAAANAO Yoo TOV €AEYXO NG VTODEOTG OMOTEAEGUATIKOTNTAG

OVOTTUGGOUEVOV  ayop®V GLUVOAAAypHatog. Oco yvopilovpe T OYETIKN EUREPIKN

3 H andkhon and v eopporia opietor wg drapopd g wwotipiog BEER and v tpéyovoa tun g

GUVOAAOYHLOTIKNG 1GOTLOG.
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Bproypaeia, vt etvar n TpdTN POpd GOV 1 EVVOla TNG 1IGOPPOTILOG CUVOAANYLOTIKAOV
COTYIOV EQOPUOLETaL 6TOV EAEYYO TNG TOPATAVE® VTOBECTS.

Onwg cidape oto Kepdhao 8, n mpocséyyion BEER dev amoutel ocvykexpipuévo
Bewpntikd mAaiclo. v mapovoo pekétn cvvovalovpe to vmoderypo BEER pe tig
VoBécelg Tov MOVETOPIOTIKOD VROOEIYUATOG. ZVYKEKPLUEVA, Ol UETAPANTEG TOL
kaBopilovy ™V cuumEPLPOPE TG GUVOALOYUATIKAG IGOTIHIOG Kol TNG LGOPPOTIOG TNG
elvat M oYETIKN TPOSPOPA YPNLOTOC, TO GYETIKO E1GOIM U0 KOl O GYETIKOG TANOWPIoUOS
avapesa otic 800 ydpes (PA. Tyéoeic 9.1 ko 9.2, Keo. 9, oeh. 258)."

Ocov apopd v vtddeomn TG amoTeAeoUATIKOTNTAG, 1] OTOKAIGT OO TNV 1G0PPOTIN
dev mpémeL va glval oNUAVTIKA VYNAY. Avti 11 VITOYPE®ON Eivat TPoPavig Kabmg Eva
VYNAO mocootd amdkAiong Oa onuove OTL M TPEYOVCA TN TNG GLVOAAOYLOTIKNG
ootiog dgv gtvor copPatn pe TIG LOKPOOIKOVOIKEG HeTAPANTES. 20TOCO, TO KPLTHPLO
avtd dev eivar apketd yioti dev eivor cagég molo mocootd Oswpeitor vymid. ‘Etot
amorteiton £va Mo CLYKEKPLUEVO KPLTHPLO, TO OTTOI0 OPOPE TNV GTATICTIKY] OVOAVGT| TNG
YPOVOCEPAG amdKAoN. ZuyKekpluéva, av 1 omdkion elvar pun-ctdown [dniadn, I(1)],
tote vrovoeitanl 01t mapelBovoeg TWES pmopovv va xpnopomonBovy otnv TpoOPAeym
HEAALOVTIKOV TIUDV. AnAadr, Otav pio 6elpd akorovbel «tvyaio mepimaton, TOTE
opeABOVTO oK €YOVV GLVEYN EMPPON OTIG TpEYovses TéG G Katd cuvémewn, n
amOKAIOT gumePEyel pn-a&lomompéves mAnpopopies, ot omoieg pmropovv va a&lomombovv
YL TV TPAYLOTOTOINoT VIEPKEPODV. Me dAAa Adyla, ot dwubéciueg minpopopieg dev

alomoobVTal  OMOTEAEGUOTIKG  omd TNV TPEYOLGO  KOL TNV  100ppomict NG

* %10 GUYKEKPLEVO VITOSELYLLOL YPTGULOTOLOVLLE L0 TPOTOTOINGT TOV HOVETOPLoTIKOV vrTodeiypatoc. ‘Etot,

avti Yo TNV EMTOKLOKY] S10pOoPEL, YPNOLLOTOOVUE TNV TANO®PIGTIKY d10popPd.
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OUVOAAOYUOTIKNAG tooTiog. X7 ouTn TNV JTEPITT®ON, 1M 0oyopd GULVOAALYLOTOG
YopoKTNPICETOL WG UN-OTOTEAEGLOTIKT).

Avtifeto, (o 0mOTEAEGLOTIKY 0yOPA GUVOAAGYLOTOC OOLTEL TNV OTACIUOTNTA TNG
YPOVOCELPAG amoOKAloT, dnhadr| mpénet va eivar I(0). Avtd onuaivel 6Tt 1 amdKAion dev
EUTEPLEYEL KATTOLO. GNUAVTIKY] TTANpoPopio Tov pmopel vo eppnvedoel (1 va mpoPréyet)
mv peAdoviikn tun g OAeg ot dabéoipeg mAnpoeopieg £xovv a&tomomnbel and v
TPEYOVOO Kol TNV TN 160ppomiag tng cvvariaypotikng ootipiocg (BEER). Emniéov,
avtd onuoivel 6Tl 1 TPEYOLGO GUVOAANYUOTIKY 1oOoTIioL €ivol oOUQOVN HE TIG
HOKPOYPOVIEG TIHEG TOV HOKPOOIKOVOUIK®OV petafAntov. H ayopd cuvvoiAidypotog
AVOPEPETOL MG OMOTEAEGLOTIKY KaO®G a&lomotel amoteAeGUATIKA OAEC TIC OaBéoipeg
nAnpoeopiec. Me dAla Adyla, M GTAGILOTNTO TNG OMOKAIONG VIOVOEL OTL 1 TPEYOLGO
CUVOAAOYLOTIKY 1GOTUiO. OmOKAIVEL KOTE TOpOodikd HOVO GLOTOTIKG omd THV TN
ooppomiag G (OnAadn akoAovBel to «Aevkd BO6pvPor). X’ avt) TV TEPinTOON, N
YPOVOGEPE TNG AmOKAIOTG akoAovBel mopeion cOyKAMONG TPOG TO HEGO, PUVEPDVOVTOG
(o dadkacio 1oppomiog.

Eivar moAd onpavtikd va yvopifovpe av n cuvoriaypotikn ootipio odnysitor oty
ooppomio. amd TS 101eg TIG SLVAUELS TNG ayopds 1N Kabodnyeitor pécw KvPepvnTikdv
napepfdcewv. 'Etol, ypnoyonoodpe 600 TOTOLVG GLUVOAAAYHOTIKNG tooTipiag: (o) v
emionun wootipio £vavit Tov gvpd, N omoia avakowvavetol ard v Kevipum Tpdaneloa,
Kot (B) v otavpoedr| ootipion Evavtt tov gupd, N omoia Paciletar oy 1ox0 TG
vtdBeong tprymvikol apumtpdl. Emiong, n tedevtaia ayvoel tig Oeopucés mapepuPaceic
oV ayopd cLVOAAGYLOTOC. AV 01 000 HoPQES tooTiiog Tavtilovtol, T0Te vovoeital OtTt

n enionun wotia tpocdopiletar yopic onuavikés Beopikég mapeppdoe. And v
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AN TAELPA, OMUOVTIKY amOKAIo OTIg 000 tooTiieg onpaivel 0Tt 1 Kevipukn Tpanela
napepPaivel 6TV ayopd GLVOALAYHOTOC Yo Vo SlopO®MCEL TNV OOl AVIGOPPOTIAL.
Ouwc, o1 mapepupdoelg omv ayopd cuvorAdypotog dev ivar copfotéc pe v vedbeon
NG OMOTEAEGUATIKOTNTOG, £6TM KL 0V 0ONYOUV TNV TIUN TNG GUVOAAQYHLOTIKNG 1GOTILIOG
otV woppomiog tng. Me dAla Adyia, ot mapepPdoeic fonbodv v ayopd vo EmTLYyAVEL
«@avopevikny amotedecpatikdmra. Kt avtd ywotl ot mopeppdoeilg anoteAovv €voeién
adLVapiog TG ayopdg vo 0EI0TOGEL ATOTEAEGUATIKG OAES TIG SLOOECIUEG TANPOPOPIEC.

H VYmapén wog omdétoung petafoing (structural break) ommv ypovocepd g
amoKAlonG pmopel va ennpedost v oyxd tov eléyyov povadiaiog pileg. ‘Etot, av
Aoppévovtag VoY TNV TOPOVGia LING TOVAGYIGTOV ATOTOUNG AAANYNG KATOPEPOVLE VO
deiEovpe OTL O1 UN-0TAGIIEG (COUP®VO LE TOLG SLUPBATOVG EAEYYOVG povadiaiog pilac)
oelpég  oKoAovBovv TeEMkd TO «hevkd BOpvPor», TOTE M CLYKEKPUEVN Oyopd
GUVOALGYLLOTOG XopOKTNPILETOL MG «OLOVEI-OTOTEAEGLATIKN . AVTOG 0 OpOg onuaivel 6Tt
éva ook umopet va mpokaAécel pHovo mapodkn ovamotelespotikotnTo. H dadwocio
oLYKAMONG TPog TNV 1ooppomio cuveyiletar VoTEPA OO o TOAD GOVIOUN O10KOTN.
Téhog, e€etdlovpe v mBavOTTA N YPOVOGEPE TNG ATOKAIOTG Vo yopaktnpileTat amd
YEVIKT] UN-YPOLULKT) GOUTEPLPOPA.

H extiunon g wootipiog BEER yiveton pe v pebodsoroyia tov keporaiov 8, pe v
JLpopa OTL TO SIAVLGLOL TOV OVEEAPTNTOV LETAPANTAOV TEPIAAUPAVEL TIC LETAPANTES TOV
Hovetaplotikod vmodeiypatoc.” To amoteéopoto deiyvovy OTL, Kotd péGo Opo, TO

[ToAwvikd CAOTL amoxAiver amnd v wwopponio Kotd 4%. To vynAdtepo mOGOGTO

> v mepintoon ™c Togyglog ektipovpe dVo vrodeiypato VAR, kobdg 1 emionun cuvorloypuotiky
wootipio dev tavtileton pe Vv otowpoedn tootio. Katd ocvvémeln, ta dvo vmodetypata e&dyovv

S0POPETIKA TOGOGTA amdKAoNg and TV 16oppomio.



vreptipnong eitvar 10% ko mapatnpeitar tov lodvio tov 2001. Et0 té€h0g TG TEPLOdOL
(AexépPprog tov 2005), to CAoTL givar vroTyumpévo Katd 3%. Ocov agpopd v Toeywn
KOopdvo, 1M OmOKAoN TG  OTOVPOEWOVG  100TIiNG  Topovcldlel  peyolvtepn
petafintoémra amd vt TG Enionung wotiog. To vynAdTEPO TOGOCTO VIEPTIUNONG
etvar 6,5% vyio TNV GTOVPOEDN GOTIIN, EVO TO OVIIGTOL(O TOGOGTO Yo TNV EMIONUN
wotia givar 2%. To vymidtepo mocootd vmotipnong sivor 4% wor 3% vy v
OTOVPOEWY] Kot TNV emionun wootyio avtiotoyyo. Opwmg, xatd péco O6po ot VO
anokAioelg gival ioeg (2%). H ZhoPakikn kopmdva, KoTd HEGO 0po, OmoKAivel amd TV
wooppomio. g Kotd Aryotepo amd 1% (0,7%). To vynlotepo mocooTd AMOKAIONG
napatnpeitor oto téhog g mepLodov (AekéuPprog tov 2005). Evéd n wootipic BEER
vrovoel otafepdTnTo Yoo TNV 160TIWHO TNG KOPAOVAG £VAVIL TOL €VPM®, 1 TPEYOLGA
oLVOALAYLOTIKY 1oTIio Tapovotdlel avatiuntikég téoels. Katd cuvéneia, ota téAn tov
2005 n kopwva Bpicketorl va givor vepTiumpuévn kotd 2%.

21 cuvéKE EAEYYOLUE TV LIOOEGT YPOUMKOTNTOS OTIC EKTIUNUEVES ATOKAIGELS,
ypnowonowwvtag tov éieyxo tov Terasvirta (1994). Tvykexppéva, eEetalovpe v
vdBeom Ot 10 Ypappkd avtoraiivopopo (AR) vdderypa etvor kKaTaAANAOTEPO TOV M-
YPOUUIKOD avTomoAivopopov vrodetypotog opaing petdfaocncg (Smooth Transition
Autoregressive — STAR — model). Ta amoteléopata (PA. [Tivaka 9.5. Kep. 9, oer. 278)
EVIoYVOLV TNV VTOBEST] OTL Ol EKTIUNUEVES ATOKAICELS 0koAOVOOVV ypappukn dtadikacio
npocapuoyns. Emopévog, pmopodue vo Paciotodpe oty €QOPUOYY]  YPOUUKOV
VIOJEYUATOV.

[Tpokewévou va gvioyboovpe v a&lomotics Tov eAEYYOoVL Hag £@apUOlOVUE TPELS

evoAokTikES HeBOdoVG eréyyov povadtaiog pilag. Xtig 000 an’ avtég (ADF & PP) n
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vtdBeon unodév vrobétel OTL M Ypovocelpd £xel povadwaia pila, eved otnv tpitn pébodo
(KPSS) n vobeon unoév avtiotoryel oty otaciuodtnta g oepdc. Ta amotedéopata
(BA. MMivaxec 9.6 & 9.7, Keg. 9, oeh. 279) deiyvouv 611 1] amdOKAGON OTNV TEPITTMOOT TNG
[Molwviag eivar otdoun [oniadn 1(0)], eved oty mepintwon ¢ XAofokiog sivor pn-
otaowyn [dniadn I(1)]. Me dAla Adylo, v 1 Tp®TN GEPA akolovbel «hevkd 06pvfoy,
N devtePN axorovbel «tuyaio mepinatoy. Koatd cuvéneio, GOUPOVO [LE TOV TPOTEWVOUEVO
OpWoUO, M TPAOTN ayopd Oev €ivol ATOTEAECUATIKY €MEWON 1 amdKAoN TEPIAAUPAVEL
TANPOQOpiec oV dev givar CLUPATEG PE TNV 1GOPPOTIN TNG GVVOAANYLOTIKNG 1GOTILIOG.
Ao Vv dAAN mhevpd, N avtictoym ayopd g [lohwviag elvar amotelecpatikny enedn
OAeg or dwBéoiueg mAnpoeopieg €xovv aflomomBel amd MV 1coppomicn NG
GUVOAAOYLLOTIKNG 1G0TIHI0G,

Ocov apopd v ayopd g Toeylag, n amdkhion g eMioNUNG GUVOALLYUOTIKNG
ootiog axoAovbel «tuyaio mepimaton, yeyovdg mov vmovoel OTL M ayopd givar pn-
amoteAecHATIKY. AvtifeTa, 1 oTaAcIUdTTA TG AMOKAONG TG GTAVPOEWOVS 1G0TII0G
ONAMVEL TNV OMOTEAEGLATIKN AgrTOLPYia TG ayopdiG GUVOALAYLATOG. Q20TOC0, 0PeilovLLE
vo emkevipmBodpe 6Tl TANPOPopleg MOV AmOPPEOLY AMO TNV EMCNUN 1GOTIUIA.
Enopévac, n ayopd cuvaAddypoatog ivol pn-omoteAEoUATIKY AOY® TV KLBEPVNTIKOV
napepPacewv. Av Kot avTég 01 TapeUPACELS 001YOUV TNV 10OTLUIN IO KOVTA GTa £MimEd
1GOPPOTIAG TNG, ATOTEAOVV TINYN AVATOTELECUATIKOTNTOG Y10 TNV ayopd. Ot kepdooKOTOL
UIopovV Vo TPOPAEYOLV TNV AVTIOPACT] TOV VOUUGUOTIKOV apy®V Kol Vo Totofetnovv
oTNV ayopd GLUVOAALYLOTOC EKUETAALEVOUEVOL OVTEG TIC TANPOPOPIES, O1 0Toieg Oev gival
ocupupatéc pe Tig poakpoowovopkés petafantéc. Eivar onuovikd va tovicovpe Ot 1M

ATOKAIOT) TNG GTOVPOEWOVS GoTIioG efvar YNAOTEPN o’ aVTN TG ENioNUNG 1GOTLUING.
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‘Etot, B avapévape 1oyupotepes evOSiEELG OVOTOTEAEGLOTIKOTITOS GTV GTAVPOELN Kl
Oyt otV emionun wotia. To yeyovog avtd evioyvel v dmoyn 61t t0 péyebog g
amoKAlong oev umopel va givalr o povadikdg mapdyovtag mov  Kabopiler v
OTOTEAEGUOTIKT AELTOVPYIO L0 OyOPdiG.

[Top’ 6A0 OV M PN-YPOUUIKT) COUTEPLPOPE - GTN LOPON OLOANG peTdfaong peta&d
TOAOTAGDV KaTOQAIwV - €xel amoppipbel, mapoakdto eEetdlovpe ™V emidpacn MG
amotoung aAdayng (structural break) otV cuumeEPLPOPA TG GLVOAALYLOTIKNG ICOTLUING.
"Eto, epappdlovpe tov édeyyo povadwaiog piCag tov Perron (1997) otig xpovooeipéc mov
&xovv Bpebel pun-otdopues. Aappdvovtag vwoyn TV TOPOVGI0 (G ATOTOUNG ALY,
to anotedéopota (PA. IMivoka 9.8. Kep. 9, oeh. 281) dgiyvouv 611 1 amdkAion tng
wotiog Togyikng kopdvac/evpd eEakorovbel va givar pn-otdoyun. Avtibeta, n
VIOOECT UN-CTAGIUOTNTOG GTNV ATOKAIOT TNG WGOTIiOG TG ZAOPAKIKNG KOPOVAG/ELP®
umopet vo. amopprpfel pe v mapovsio pog oamdToUNG 0AANYNG. XVVETMG, 1 TEAEVLTOI
ayopd GUVAALAYLOTOG EIVAL €OLOVEI-OMOTEAEG LOTIKTY.

JOUTEPACUATIKA, KOTA HEGO Opo M  ovvorAiaypotikny wotiio  TToAwvikov
CAOTV/evp®d  amokAiver amd v 1coppomicc g Katd 4%, m ootpic Togykng
KOPAOVOC/eVp® amokAivel Katd 2%, evd 1 16oTyior XAoBaKIKNG KOPOVAG/EVP® amokAiveL
Katd poAMg 1%. Ot ekTIUNOELS OVTES TKOVOTOOUV T GLVONKT TOL YOUNAOD TOGOGTOV
amoKAlonG. Qo1060, TO VYOG NG OmOKAoNG Ogv amoteAel povadwod ki a&OmoTo
KpUMpo. ZOuemvo pe v Tpotevopevn pebodoroyia, m ypovocelpd e amdKAIoNg
npénel va yopaktnpiletal omd (o otdoun ddtKacsio. GOYKAIONG TPOS TV 1GOPPOTICL.
Amoppintovtag v €paproyn evog Un-ypappkod vtodelylatog opaAng pLetdfacnc, tpia

ypappkd vrodetypata eAéyyov povadaiog piCag mapovoidlovv v IoAwvikn ayopd mg
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amoTeEAECUATIKY, TNV Togyk | ®G UN-amoTteAeGHaTIKN Kot TNV ZAOPAKIKY] ©OC «OlmVEl-

QTTOTEAEG LOTIKT)».

10. Ioopponia Xovorraypotik®v IooTipi®dv, ATOTELECPATIKOTTA AYOP@OV
Xuvorhaypotog ko Xvveiraypatikés Kpiceig

To kepdiaio ovtd mapovsldlel cuvonTikd TG Pacikés BewpNTIKEG Kl EUTMEIPIKEG
peiéteg g PPAoypaeiog TV GUVOAAAYLOTIK®OV Kpicemv. Ot GUVAALAYUOTIKEG KPIGELS
umopet va cupfaivovv gite Ady® POKPOOIKOVOLIK®V avicoppomidv (PA. Krugman, 1979
kot Flood & Garber, 1984) gite Aoym avto-exkmAnpovpevev tpocdokidv (BA. Obstfeld,
1986 wot1 Ozkan & Sutherland, 1995). EmmAéov, por cuvarlaypatiky kpion pmopei vo
npokANOel amd o Kpicn 6To YPNUOTOTIGTOTIKO GVGTNHO TG XDPOS, Kol OVTIGTPOQO
(BA. Kaminsky & Reinhart, 1999).

O otoyog 0V Keporaiov avtod elvor va efgtdoovpe TNV avtidpaon TV
VOUGUATIKOV OpY®OV OTOV TOPATPOVVIAL CTUAVIIKO VTEPTIUNUEVO 1 LTOTIUNUEVOL
vouicpata. Otav 1 ayopd cuvaAldypotog sival amoTeAEGHATIKY, TOTE Ol VOUIGUOTIKEG
apyég dev Exovv Adyo emépPacng ot Agttovpyia TG ayopds. 26TOGO, 1 aTdvINGTn devV
etvar EexdBaprm Otov ot ayopég doev elvar amotedecpatikés. Mia dmoymn eivor OtL ot
VOO UOTIKEG apyéS mpemel va enepPaivouy yio va 610pBdvovy v avicoppomio Kot vo
e€OVOETEPOVOLY  TIG TNYEG AVOMOTEAECUATIKOTNTAG. AmO Tnv GAAN mAgLPd, Ol
TapePUPAGE; OTNV  ayopd GUVOAAAYUOTOS Mmopel vo  glvarl  emikivovveg yuoo nv
otafepdmra tov eyympiov vopicpatog. O Krugman (1979) avaeéper O0tt av ot

VOIS UOTIKEG apyég TapeUPaivovy otnv ayopd GUVOALLYLATOS Y10l VO TPOGTATEYOLV TO
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EYYMPLO VOUIGHO ot TNV LITOTIUN G, TOTE 0€ KATOola Xpovikn otiyun Ba vrdpéel palkn
amm®AEl cLUVOAAaYHOTIK®OV Oabecipov. Otav mapepfaivouv yio va gumodicovv tnv
avatipnon Tov  VOMGUHOTOG, UTOpeEl va  TPOKOAEGOLV  VLEEPUETPT, avENoM  TOV
mAnBopiopod. Otav ot apyéc otapaticovy vo vrepoonifoviol 10 vOpoua, Ady®m Tov
TOPOTAVE® TEPLOPIGUAV, Ol KEPOOSKOMIKES €MBECELS TPOKAAOHY VYNAY KEPOOGKOTIKN
nieon oto VOUoUO, KOOGTOVIOG TO TEPIGCOTEPO ELVOAMTO o€ Mo mhovn
CLVOAAOYLLOTIKY Kpiom).

Emopévog, ov  vopopatikés apyés mpémer  va  €etalovv TG TPEYOVLGEG
LLOKPOOTKOVOLUKEG GUVONKES TPV amoPAGiGovy ToV TpdTo e ToV omoio Ba vrootnpi&ovv
TO VOUIGUA TOVG. AV 1) VOLUGHOTIKY TOALTIKY] €IVl YOAOPT, 1] OIKOVOULKY] OpacTnpltOTnTOL
acBevig Kol T0 TOMTIKO oVvotnuo aotafés, TOTE Ol apyég MPEMEL VO OTOPEVYOLV
omotadnmote enEéPPacn Kabmdg ot kepdookdmot Ba emiteBoHv 6TO VOUICHA. XTO KEQPAAOLO
9 efetdoape tpelc  evpd-ayopés ovvaAldyuatog. H o IModwvikn oyopd  eival
OOTEAECUATIKT), YEYOVOG OV vrtootnpilel v dmoyr 0Tt kapio mapéuPocn oev ival
amapoitnn. Opoiwe, ot vopuopotikés apyes g XAoPakiog mpénel vo amo@hyovy TIC
napepnPacelc Kabds N ayopd mopovctdlel KAmol LOPE OVOTOTEAEGLATIKOTNTOS LWOVO
npocwpvd. Avtifeta, n ayopd g Toeylag eivar pun-amoterecpatiky. Qotdco, mowa Oo
npénetl va gtvon n avtiopaon g Kevipumg Tpanelag; 'Eva vreptiunpévo 1 vrotunpévo
Voo o TPokaAel TPOPANLATA OVTAYOVIGTIKOTNTOS 1| TANOMPLOTIKES MECELS AVTIGTOUYO.
Amd ™V GAAN mhevpd, ot dopBwTikés mapepPAcelc oV ayopd GUVAAALYHOTOC
amoteAOVV evdeilelc un-amoteAespatikng Aettovpyiag e ayopds. Otav n ayopd dev
glval  OmOTEAEGUOTIKY), TOTE VLWAPYOLV  €LVOIKEG GLVONKES Yoo  EMTUYNUEVES

KEPOOOKOTIKEG MECELS, Ol OTOieg 0ONYoVV GE GUVOALAYUATIKY Kpiot. Agdopévou OTL I
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Togylo extehel emrTUYNUEVES OIKOVOMIKEG KOl TOAMTIKEG WETAPPLOUIGES, KOl GE
OLVOLOCUO LE TNV GOIKTH VOUIGHOTIKY TNG TOALTIKY], UWTOPOVUE VO IGYVPIGTOVUE OTL Lid.
ereyyopevn dwopbotikn mopéuPacn dev Ba amoteAécel onpavtikd kivovvo Yoo TV

Togym kopmva.

11. Eni)doyog

O KOplog o1dY0G avTNG TG dttpPng Nrav va allohoynbei, didovtog ERECT OTIC
OTNV GLUTEPLPOPA TNG CLVOALLYLLOTIKNG IGOTIHIAG, 1 EVTASIOKN TOPEiD TOV VEOV KPATOV
- pedov g EE mpoc mv ONE. Acgiape o611 1 1p€yovca otabepdtnta Tng
ocuvaAlayHatTikng tootipiog oev e€acporilel pealoviikny otabepotnta. O doTPNGLOG
YOPOKTNPOG TNG XOUNANG peTaPAnTodTTOS dev €lval cupPatdg pe vyMAES Kot POVIHEG
OTOKMGELG TNG GLVOALOYUOTIKNG 10OTIUIOG OO TOL EMITESD 1GOPPOTING TNG.

To npdTo PEPOG NG droTtpIPrg (Kep. 2 €m¢ 5) Tapovsioce T Be@PNTIKY KL EUTEPIKN
Biproypapion oyeTikd pe TO LROSEIYUATO GUVOAAAYUATIKOV 1ooTiidv. [lpodTov,
eetdoape v vobeon e TAA og po pokpoypovia cuvinkn woppomioc. H eumeipikn
Biproypaeia mapovsialetl pewktd copmepacpota. Otav ol amdtopeg addayég (structural
breaks) kot M UN-yPOLULIKT GUUTEPIPOPA TOV GLUVOAAAYLOTIKOV 1GOTIUOV Ppiokoviot
oto emikevtpo, N IAA @aiveton va gival 1oyvovca cuvONKn 16oppomiag. AgdTEpov, 1M
EUMEIPIKT  EQOPUOYN  TOV  TOPAOOCIOKAOV  VTOOEWUAT®OV — TPOGOIOPIGUOD
GUVOALQYLLOTIKOV 1GOTILAOV (LOVETOPIOTIKAE DTOSEIY AT KO VITOSELYLLOL YOPTOPLAAKIOV)
dev givar kavomomtiky. Qot1060, T0 HOVETAPIOTIKO VITddetypua tov Dornbusch gaivertat

VoL EYEL OYETIKA KOADTEPT EUTELPIKT] EQAPLLOYT.
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H oy eumepikny epappoyn tov mopomdve VTOSEYUAT®OV TPOKAAESE TNV OVAYKY)|
avanTuENG vEmV clhyypovemv LTOSEYUAT®VY, TO. OToie €ival YyVmOoTd ®G VTOdelypotTa
Ioopponiag Xvvorraypoatikov Icotyuamv. To vrdderypo FEER amotelel pecoypdvia
ooppomia, cvpuPartn pe eocwteptkn ki eEmtepikn ooppomio. Ta vrodeiypota BEER kot
PEER amotelobv Bpayvypdvia woppomia, evdd to vrodderypo NATREX avagépetor o
Hecoyxpovia Kot poakpoypoévia woppomia. To vrdderypa NATREX ¢aiveton va givon to
TAEOV KOTAAANAO, €0IKA Y0 OVOTTUGGOUEVES YMPES, YTl oamotedel tcoppomio e
duvapukn amobépatog — pong (dynamic stock-flow equilibrium). Q6t6G0, 01 «1GYVPESH
VIoBEcELS Kat 1) avavTioTolyio HeTall BempnTIKOV Kl EUTEPIKOV HETAPANTOV KabioTOOV
™V AQuecn owovoueTpiky] avaivon (vmodetypota BEER kot PEER) mo gpwm
pebodoroyia. Ocov agopd v VTOOESN TNG ATOTEAEGLOTIKNG OLYOPAS, 1] TAELOVOTNTO TMOV
EUTEPIKAOV PEAETMV gV vIoaTnpileL TV 1oy TNG.

210 eumelpwd MEPOG G JWTPPng, To KePAAowo 6 delyver Ot M péBodOC
TOAVUETOPANTAG GLVOAOKANPWOONG TTaPOoLGIALEl KOADTEPA AMOTEAEGUATA, YO TNV 16Y0
¢ vtobeong TAA, oe oyxéon pe v péBodo povopetafAntod eréyyov povadiaiog piloc.
Av xou gEetdoope TPEG HOPPEG CLVOALAYUOTIKOV GOTY®V Yoo tnv Ovyyapio, v
[Tolwvia, v Togyia kot v XAoPakia, To KOpLo evdloeEpov eoTIdlETOL OTIC OLEPELS
wotieg évavtt tov evpw. Ta amotedéopota delyvouvv evdeiEelg 1coppomiag TV
GUVOAAQYLOTIKOV 1GOTIAV KOl OVOTTUYUEVOV EUTOPIKAOV OYECEOV UETAE) TOV
TOPOUTAV®D YOPAOV KOl TNG ELPOIDOVNC.

Y10 kepdloo 7 efethoape TV odKacio mposapuoyns 10 dipepdv GoTydV
EVavTL TOL €VPM, didovTag Eppacn otnv woyL ™G cvvOnkng [AA kot otig eumopikég

oxéoelg petalhd tov vmoymeiov yopodv Kou e evpolodvng. H yopaxtmpiotikn
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JpOPOTOINGT VTG TNG LEAETNG 0T’ QTN TOV KePaAaiov 6 gival 6Tt epappocape TOGO
YpOpKG OGO Kot pn-ypoputkd vmrodelypota. H dwomictmorn g Un-ypOoLIKNG
CLUTEPLPOPAG LTOVoel OTL 1 aAnBwvr] Swdwkaciocc GUYKAIONG TPOG TNV 1GOPPOTial
yopoaktnpiletor and to pn-ypopptkd vrdderypo SETAR. To amoteléopata deiyvouv 0T
OAEG O1 TPOYLOTIKEG GUVOALXYHOTIKEG 1o0TIiEG Elvan cupuPatég pe TNy vobeon g [AA,
evd ot youniég Tipég «nui-ComMg» vmovoovuv 0Tt Ol GUVOAAOYUOTIKEG 1GOTLUIES
aKoAlovBovv dtadikacio cHYKAeNG TPOG TNV 1GOPPOTTICL.

210 kepdlao 8 eetdoape av n oo tov vopoudtov g Ovyyapiog, Tlohwviag,
YAoPokiog kot Mditag eivor onuoviikd vreptyunuévn N vrotyunuévn. To kvplo
CLUTEPOC LA ETVOL OTL OV OVOUEVOVILE CNUOVTIKEG LEALOVTIKEG HETAPOAEG oV aia TV
VOUGUATOV anT®V, Kabdg ot oTabucuévol dgiktec toug Ppickovtal Kovid oto enimeda
ooppomiag Tovg. Opoimg, 10 Ke@Aiato 9 deiyvel OTL 01 160TIHIES (EVAVTL TOV EVPM) TNG
Togykng kopodvag, g ZAoPakikng kopmvag kot tov [Todwvikod {AOTL dev amokAiivouy
ONUOVTIKA amd To €mmedo 100pPOTiag TOvG. AKOUO, GOUG®VOL HE TOV OPIGHO NG
OTOTEAEGUATIKNG ayopds (Omm¢ mpoteiveTan 610 KEP. 9), T0 T0G0GTH amOKAMONG omd TV
wooppomio. 0ev Umopel vo OMOTEAEGEL PLOVOSIKO KPLTHPLO YO TOV YOPOKTNPICUO LG
ayopds cuvaArdypotog ¢ amoteleouatiky. ‘Etot, e€etdlovrag v otaciudmmra tov
xpovocePdV omdkiong, OeciEape 0t M [Hodwvikn ayopd eivol amoteleopaTikn, M
YAofokikn etvor «owwvei-omotehespoTikny kot | Togykn elvor pun-amoteAeopatiky. g
OULVEYELDL OVTNG TNG UEAETNG, TO KePAAao 10 Ogiyvel OTL OTIG AMOTEAEGUATIKES OYOPES
(ITohwvikd  CAOTV/evpd Kot ZAOPOKIKY] KOPOVA/ELVP®) Oev  vmhpyel Adyog Yo
omoladNmote TapPEUPACT OTNV Ayopd GUVOAAGYLOTOG, €VA OTIG UN-OTOTEAECUOTIKES

ayopés (Togykn| KopOVA/EVP®) Ol VOUIGUATIKES apYEG TPEMEL VAL EIVOL TTOAD TPOGEKTIKES
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otav mopeppaivovv oy ayopd, KaOdg ot TapepPacelg KAvouy T0 VOUGHO EVAAMTO GTIG
KEPOOOKOTIKEG EMOECELG.

Ievikd, ot eumelpikés SAMGTOCELS TG TOPOVONG OOAKTOPIKNG STPIPg aprvouv
vo gvvonfel OTL o1 VTOYNPIEG YDPES aKOAOVOOLV opodn evtallokn mopeio mTpog TV
ONE. Ta amoteléopato vép g oxvog ¢ ocuvOnkng TAA (kep. 6 & 7) delyvouv
ATOLGI0 EUTOPIKOV TPPDV Kl EVOEIEEIS OVOTTUYUEVOV EUTOPIKMY GYECEDV OVAUEGH OTIG
voynoeleg yopeg kan v EE. Emumiéov, n tay ¢ diadikacio cOYKAMONG TV TPOYHOTIKOV
GOTIAV TPOG TNV LGOPPOTIO. PAVEPMVEL TNV TPOCAPLOYN 1GOPPOTIOS TOV OVOUACTIKMV
wotyuwv, n onoto gival coppatny pe TG HETOPOAEG TOV GYETIKOV TIUOV. AKOMO, TO
YEYOVOGS OTL 1 a&lo TV EMAEYUEVOV VOLIGUATOV OV OLOPEPEL CTULOVTIKA ot Ta eminmeda
16oppoTiaG TOVvg, ONAMVEL OTL Ol GTAOUIGUEVOL JEIKTEG OVOUOOTIKNG GUVOALOYUOTIKNG
ootiog (kee. 8) kar ot dipuepeis wwotipieg Evavtt Tov evpd (KeP. 9) cupEOVODV HE TIG
STNPNCIUES TIHEG TV HOKPOOIKOVOUKAOV peTafAntov. Emopévog, dev avapévovpe
ONUOVTIKES UETAPOAEC TOGO OTIC GTOOUGUEVEG OGO KOl OTIG OUEPELS GUVOALOYLLATIKES
wotieg. Me dAha AOYlo, OUTEC Ol OAMIGTAOCELS EMTPEMOVY TOV 1GYVPIGUO OTL Ot
VIOYNPLEG XDPES, TOV eEETAGTNKAV G° LT TN datpiPr), Bal 1KEVOTOGOVY TO KPLTHPLo
oLVOALOYLLOTIKNG tooTipiog Tov Mdaaotpiy, KaOdg emiong Kot TO 7o 16YXVPO KPLTHPLO TG
dnpnoung otafepOTNTOS TG GLVOALXYUOTIKNG 100TIUING (OTMG TOPOVGLAGTNKE GTNV
nmapovoa dwtppn). Katd cvvéneia, n emkeipevn éviaén tov xopaov avtdv otnv ONE
TPOKELTAL VAL EIVOL OUOAT KO OEV OVOUEVETOL VO EMNPEACEL APVNTIKG TNV oTafepoTnTa

TOV EVIOOV EVPOTOTKOV VOUIGUATOC.
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1. Introduction

In May 2004 ten additional countries (Cyprus, Malta, Czech Republic, Poland,
Hungary, Slovenia, Slovakia, Latvia, Lithuania and Estonia) joined the European Union
(EU), while since January 2007 EU has been a union of 27 members due to the
introduction of Bulgaria and Romania into EU. The second step of economic integration
for these countries is the membership of Economic and Monetary Union (EMU) and the
adoption of the single currency. In order to join EMU, they ought to satisfy some criteria
known as Maastricht convergence criteria. According to these criteria, inflation rate
should not exceed by more than 1.5% the average inflation of the three members with the
lowest inflation rate in EU (inflation criterion). Besides, the long-term interest rate
should not exceed by more than 2% the average interest rate of the three members with
the lowest interest rate in EU (interest rate criterion). Next, the candidate country has to
join Exchange Rate Mechanism (ERM) II at least two years before entering the euro
zone. Under this period, the domestic currency must be pegged to euro and to fluctuate
no more than +/- 15% (exchange rate criterion). The above criteria reflect the monetary
side of the economy. Although EMU is mainly a monetary union, it does not focus only
on monetary criteria but also on fiscal criteria. So, the ratio of the general government
deficit to GDP should not be higher than 3% (government deficit criterion). Finally, the
ratio of public debt to GDP should be lower than 60% (public debt criterion).

On the road to EMU, candidate countries should apply a monetary policy framework
consistent with the principles of the common currency area. As Tavlas (1994) argues, the

participation in a currency area is not a sufficient condition to ensure reputation (i.e.



credibility). What is needed is support from the appropriate monetary policy. A common
aim of those policies is the achievement and maintenance of price stability and in general
the promotion of macroeconomic stability in the domestic economy. However, candidate
countries do not apply a uniform monetary policy regime. Most of them choose an
Inflation Targeting (IT) regime (Czech Republic, Hungary, Poland, Slovakia, Slovenia,
Romania, and Cyprus)' while others choose an Exchange Rate Targeting (ERT) regime
(Estonia, Latvia, Malta, Lithuania, and Bulgaria).

Under the inflation targeting regime the central bank announces an inflation target,
which the later is determined to achieve. A major advantage of this policy regime is that
the country retains the autonomy of its monetary policy until the time of adoption of the
single currency. On the other hand, under the exchange rate targeting regime the central
bank attempts to retain its currency stable, i.e. nominal exchange rate stability, by
intervening in the forex market. Usually, countries peg their nominal exchange rates to a
currency of a country (or to a basket of currencies) with remarkably lower inflation rate,
which is called as “anchor country”. The main advantage of this policy regime is that
high inflation countries “import” low inflation from the anchor country. In contrast, the
loss of monetary policy autonomy is a significant disadvantage.

The “principle of the impossible trinity” states that countries must give up one of
three goals: (i) exchange rate stability, (ii) monetary policy autonomy and (iii) financial
market integration. Given that financial markets become more and more integrated
internationally, countries have to choose between exchange rate stability and monetary
independence. In line with this principle and according to their policy objectives, central

banks apply their monetary policy by choosing the appropriate exchange rate regime vis-

! Slovenia is not any more a candidate country as since 1/1/2007 is the newest member of EMU.



a-vis euro. Although a wide range of exchange rate regimes between the two bands (free
float and truly fixed) exists, candidate countries’ choices lay among (i) a fixed to central
parity regime with zero (or very narrow) fluctuation band (Estonia, Latvia, Malta,
Lithuania, Bulgaria), (ii) a free floating regime (Poland, Romania) and (iii) a managed
floating regime (Czech Republic, Cyprus, Hungary, Slovenia, Slovakia).”

Exchange Rate Mechanism II (ERM II) between the euro and participating national
currencies fall in the category of managed floating exchange rate regimes. At the moment
only Estonia, Cyprus, Latvia, Malta, Lithuania and Slovakia participate in ERM II. Only
two of them (Cyprus and Slovakia) have retained the +/- 15% fluctuation band.’ The rest
of the countries have undertaken a unilateral commitment to keep the fluctuation band
even narrower. Specifically, Latvia allows the lats vis-a-vis euro exchange rate to
fluctuate within +/- 1%. Estonia, Malta and Lithuania have declared that they will
maintain their exchange rates vis-a-vis euro unchanged at the central parity.

More analytically, Czech crown was pegged to a basket of currencies until early
1996. In 1997 Czech Republic abandoned the fixed peg exchange rate regime and since
then Czech crown has been determined under a managed floating exchange rate regime.
This means that although crown vis-a-vis euro can fluctuate; the Central Bank retains the
right of intervention in the forex market to smooth excessive fluctuations. Czech
Republic does not participate in ERM II and the central parity of the crown per euro has
not been yet determined. Although, fluctuations in the crown/euro exchange rate are

inside the hypothetical band of +/-15%, the exchange rate has been relatively highly

? For an analytical presentation and discussion of the alternative exchange rate regimes, see Stockman
(1999) and Tavlas (2003).

3 Slovenia, before adopting euro, followed the same policy.



volatile. In recent years, Czech crown in nominal and real terms follows an appreciation
trend against euro.

Estonia participates in ERM II since June 2004 with a central parity per euro IEURO
= 15.6466 EKK. Although the exchange rate can fluctuate within the band of +/- 15%,
Estonia has undertaken a unilateral obligation to keep the exchange rate unchanged to the
central parity. This implies a fixed exchange rate regime and a currency board
arrangement, which has been established at the monetary policy reform of 1992. The
Estonian kroon was fixed to Deutsche mark, and since 1999 the kroon was fixed to euro.
The nominal kroon/euro exchange rate exhibits low volatility, while the real exchange
rate is close to its historical averages (from 1999 onwards).

Exchange rate policy in Cyprus has changed a lot of times. In general, the exchange
rate was used as an anchor of achieving low inflation and macroeconomic stability. For
the period 1960-1972, Cyprus pound was pegged to the UK pound and for a short time
(1972-1973) it was pegged to US dollar. From 1973-1992, Cyprus pound was pegged to a
basket of currencies, while from 1992 Cyprus currency was pegged to ECU
(1CYP=1.7086ECU). At the birth of the European currency (1/1/1999), Cyprus pound
was pegged to euro (1CYP=1,7086EURO) within a fluctuation band of +/- 2.25%.
However, in 2001 this band became wider (+/-15%). Since May 2005 Cyprus pound is
included in the ERM II with unchanged central parity (1CYP=1,7086EURO) and the
same fluctuation band (+/-15%). In recent years, Cyprus applies a stable exchange rate
policy against euro, which is reflected to the very low exchange rate volatility since 2004.

The Latvian lats participates in ERM II since May 2005. The central rate of the lats

per euro is set at 0.702804. Since 1994 Latvian lats was pegged to SDR currency basket.



In January 2005 and prior to the membership of ERM II, Latvia abandoned this regime
and fixed its currency to euro. After its introduction into ERM II, Latvia adopted a
unilateral obligation to keep exchange rate fluctuation within a band of +/-1%. As a
consequence, since 2005 exchange rate volatility vis-a-vis euro has remained in low
levels.

During the period 1991 — 2001, the Hungarian forint was determined under a
crawling peg exchange rate regime. Since September 2001, this regime has been replaced
by a fixed central parity against euro. The central parity is 282.36 forints per euro while
the fluctuation band has been extended from +/-2.5% to +/-15%. Hungary is not currently
a member of the ERM II but the forint vis-a-vis euro fluctuates around the central rate
within the band of +/-15%. Nevertheless, the forint/euro has been relatively highly
volatile.

Malta participates in ERM II since May 2005. The central rate was set at 0.4293
Maltese liras per euro with a standard fluctuation band of +/- 15%. However, Malta has
declared that it will maintain the exchange rate per euro unchanged at the central parity.
Prior to its participation in ERM II, the Maltese lira was pegged to a basket of three
currencies (US dollar, UK pound, and euro). In line with the above unilateral
commitment (i.e. no deviation from the central parity), the lira/euro exchange rate
exhibits no volatility at all after the entry into ERM II and very low volatility before the
entry.

Polish zloty does not currently participate in ERM II and since 2000 the zloty is
determined freely vis-a-vis euro. Polish authorities have chosen a free float exchange rate

regime against any other currency, but they retain the right of intervention in the forex



market in line with the applied inflation targeting policy. During the free float period, the
zloty/euro exchange rate has been highly volatile. It is indicative that during 2002-2004
the zloty/euro deviated by about 19%. Furthermore, after 2004 the exchange rate does
still exhibit high volatility.

Slovakia participates in ERM II since November 2005. The central parity was set at
38.4550 crowns per euro but due to downward pressures on the exchange rate
(appreciation trends of the crown) and the high degree of exchange rate volatility the
central rate of the Slovak crown was revalued by 8.5%. So, since March 2007 the Slovak
crown vis-a-vis euro can fluctuate within the band of +/- 15% around the new central rate
(1IEURO = 35.4424 SKK). Slovakia applies a managed floating regime and an inflation
targeting policy since October 1998. At this time, Slovakia abandoned the fixed exchange
rate regime with a narrow fluctuation band (+/- 0.5% - +/- 7%), due to the increased
pressures on the fixed rate as a result of the Russian currency crisis.

Lithuania has been participating in ERM II since June 2004. Even though the
Lithuanian litas against euro can fluctuate within the band of +/-15% around the central
parity (IEURO = 3.45280 LTL), Lithuanian authorities have adopted a unilateral
commitment to retain the exchange rate fixed at the central parity. The same policy had
been applied prior to the ERM II participation as well. This explains the stability of the
litas/euro exchange rate both in pre and post ERM II periods.

In May 2006 the European Central Bank (ECB) and the European Commission (EC)
examined Lithuania and Slovenia in terms of their status on the road to EMU. Both
institutions reported that Slovenia’s status could allow Slovenia to adopt euro. On 1

January 2007, Slovenia became the 13™ member of the euro zone. The Slovenian tolar



has been participating in ERM II since June 2004 with central parity of 239.64 tolars per
euro. Prior to its participation in ERM II, Slovenia adopted an exchange rate policy
against euro, which was gradually depreciating the tolar vis-a-vis euro. Since joining
ERM II, the tolar/euro exchange rate has been very close to the central rate indicating
very low volatility.

On 1 January 2007, Bulgaria and Romania became the new country-members of the
EU. Bulgaria has adopted a currency board regime by fixing the Bulgarian lev to the
Deutsche mark (for the period 1997-1999) and euro (1999 onwards). The lev is pegged to
1.95583 per euro and the Central Bank has adopted a unilateral obligation to maintain the
lev/euro exchange rate fixed to the above rate. On the other hand, Romania has adopted
an inflation targeting regime compatible with a floating exchange rate vis-a-vis euro.

The aim of this PhD thesis is to evaluate those countries’ exchange rate dynamics
and their integration process towards EMU by laying emphasis on the equilibrium value
of the exchange rate. Specifically, we attempt to examine the likelihood of emergence of
significant exchange rate fluctuations in the future for the candidate EMU countries.
Exchange rate stability is crucial for the effectiveness of monetary convergence to the
euro zone. In line with the theory of optimum currency area the lower exchange rate
volatility, the higher the ability of two countries to share a common currency.

This dissertation contributes by shedding light on the importance of equilibrium
exchange rates. It is well known that a highly misaligned exchange rate creates
inflationary pressure or competitiveness problems to the domestic economy.
Additionally, we provide a more sustainable character to the exchange rate stability. In

other words, we argue that the exchange rate convergence criterion is a necessary but not



sufficient condition for exchange rate stability, and as a consequence for successful entry
into EMU. The intuition is that, even if the exchange rate is currently stable but,
significantly away from its equilibrium rate, the exchange rate is going to be highly
unstable in the future.* The main argument of the present thesis is that the equilibrium
exchange rate is achieved only if the nominal exchange rate is in line with the sustainable
values of the macroeconomic fundamentals.

One of the concerns of this thesis is to evaluate the operation of the examined forex
markets and their vulnerability to possible currency crises. To be specific, we need to
know whether these markets are efficient, because in the presence of inefficiency there is
room for speculative attacks. However, the Forward Rate Unbiasedness Hypothesis
(FRUH) seems not to be suitable, when emerging markets are examined. This is because
forward markets are not well-developed and the forward rates are highly regulated by
governments. So, this thesis contributes by providing an alternative, but appropriate,
framework for testing forex market efficiency, in the case of developing countries. This
approach combines the concept of equilibrium exchange rates with the efficiency
hypothesis and states that a forex market is said to be efficient, if the equilibrium
exchange rate efficiently exploits all the available information. An alternative expression
is that the nominal exchange rate should not be significantly misaligned and deviate from

its equilibrium rate by only transitory components.

4 Actually, exchange rate volatility corresponds to short-run fluctuations of the exchange rate around its
long-run trends. Exchange rate misalignment refers to a significant deviation of the observed exchange rate
from its equilibrium rate. Both notions are closely related with each other. This is because a highly
misaligned exchange rate is going to be highly volatile at present and in the future in order to find its

equilibrium rate (by its own forces or by government interventions in the forex market).



A starting point is convergence to Purchasing Power Parity in the long run as a
baseline of equilibrium exchange rate. The following chapter presents the basic concept
of the PPP hypothesis and reviews the recent empirical findings. Chapter 3 presents a
theoretical and empirical literature review on traditional exchange rate determination
models (flexible-price Monetary model, Dornbusch model, Portfolio Balance model),
while chapter 4 presents the up-to-date exchange rate determination models, known as
equilibrium exchange rate models (FEER, BEER, NATREX, etc). Chapter 5 deals with
the issue of foreign exchange market efficiency. It presents the theoretical framework of
the FRUH and the empirical findings of relevant studies.

Chapters 6 to 9 encompass the empirical part of this PhD thesis. In chapter 6, we test
the validity of the PPP hypothesis for selected CEEC (Czech Republic, Hungary, Poland
and Slovak Republic). In addition to signs of equilibrium exchange rate, the evidence in
favor of PPP hypothesis implies well-developed trade relations and absence of trade
frictions. So, by applying univariate unit root tests (with and without structural breaks) as
well as a multivariate cointegration test, we attempt to define those countries’ trade
linkages between euro area, US and the rest of the world. In chapter 7, we relax the
linearity assumption and the evidence of nonlinear adjustment in real exchange rates
dictates the estimation of a nonlinear SETAR model. By applying both a linear ADF test
and a nonlinear SETAR model, we test the validity of PPP hypothesis for 10 prospective
EMU members (those entered in May 2004) for the period 1990 — 2006 as well as for the
former EMU members for the period 1980 — 1998. For both clusters of countries, euro is
taken as the numeraire currency. The estimation of the nonlinear SETAR model gives us

the opportunity to estimate the true reverting process towards equilibrium and, by



comparing the evidence of the candidate countries with this of the current EMU
members, to generate implications for the progress of economic integration in Europe and
expectations for the candidates’ assessing process towards EMU.

In chapter 8, we estimate the equilibrium rate of the nominal effective exchange
rate for Poland, Hungary, Slovak Republic and Malta through the BEER and PEER
approaches. This chapter entails the main aim of this thesis, i.e. to examine the likelihood
of emergence of significant exchange rate fluctuations in the future, giving a more
attractive character to the exchange rate stability criterion. However, the Maastricht
exchange rate criterion does not deal with effective exchange rates. A successful entry
into EMU requires stability in the bilateral rate against euro. We argue that an unstable
effective exchange rate may entail instability in bilateral exchange rates, such as this
against euro.

Chapter 9 proposes an alternative way of testing Foreign Exchange Market Efficiency
Hypothesis for developing countries. The FOREX market will be efficient, if fully
reflects all available information. If this holds, the actual exchange rate will not deviate
significantly from its equilibrium rate. Moreover, the spot rate should deviate from its
equilibrium rate by only transitory components (i.e. it should follow a white noise
process). Considering a Logistic Smooth Transition Autoregressive (LSTAR) model we
test whether a nonlinear STAR model or a linear autoregressive model should be
estimated. This test is applied to three euro markets vis-a-vis Czech crown, Slovak crown
and Polish zloty. This chapter shows that there is a strong connection among equilibrium
rates, market efficiency and currency crises. So, in chapter 10, we briefly review the

currency crisis literature and we provide implications for the forex markets considered in
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chapter 9. Finally, chapter 11 concludes by evaluating our empirical findings and

providing inspirations for further research.
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2. Purchasing Power Parity

Many theoretical and empirical studies that attempted to explain and predict the
behaviour of exchange rates have used as groundwork the Purchasing Power Parity (PPP)
hypothesis. PPP condition has been used as a theory of exchange rate determination and
as a condition of long run equilibrium. Although classical economists such as John Stuart
Mill, Alfred Marshall discussed the idea of Purchasing Power Parity, Gustav Cassel
(1921, 1922) was the first who introduced PPP as an empirical tool, employing this
condition as a means for setting relative gold parities. At the end of World War I, a
financial problem raised. The World Financial System, after the collapse of the gold
standard system, was unable to reset exchanges rates. Gustav Cassel introduced PPP as a
tool of calculating exchange rates. His intuition was the calculation of cumulative CPI
inflation rates from 1914 and given these inflation differentials to calculate exchange
rates consistent with PPP hypothesis.

Purchasing Power Parity is based on the Law of One Price (LOP), which states that
goods prices among domestic and foreign countries should be equal once they are

converted to a common currency. This can be expressed as follows:

Pi: =€ pl*t (2.1)
where pi; is the domestic price of good i at time t, pi* corresponds to the foreign price of
good i at time t and e is the nominal exchange rate at time t, which can be shown as the
foreign currency in terms of home currency prices. Purchasing Power Parity hypothesis

is presented in the literature in two versions. The absolute version implies that the
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exchange rate between the currencies of two countries must be equal to the ratio of their

price levels:

> p.=e>.r (2.2)
Froot & Rogoff (1995) argue that Absolute PPP is not possible to hold even if LOP does
hold. Absolute PPP may hold if we assume that the two countries have identical
consumption baskets, which is not a realistic assumption.” Moreover, as Rogoff (1996)
points out, there is a problem with the data that are available to measure absolute PPP.
This is because there are no available indices for an internationally standardized basket of
goods. These facts force researchers to study the Relative PPP form. This version states
that exchange rates and price ratios must change in the same proportion. In other words,
exchange rate fluctuations must be offset by changes in relative price levels. The

following expression presents the relative form of PPP hypothesis:

Zpit { €, :| Zp:t
— = : P 23
Z Piia € Z Piia 23

The Relative PPP allows researches to find evidence that PPP holds even if countries

have very different inflation rates. However, there is no strong evidence in the empirical
literature that exchange rate movements are proportional to price level shifts. This is
known as Purchasing Power Parity Puzzle®. This phenomenon can be decomposed into
two puzzles. The first one exists when large deviations from PPP are present in the short

run and the second corresponds to the very slow convergence to PPP equilibrium. This

> Engel (1999) finds that exchange rate fluctuation is better explained by changes in relative prices of
traded goods. Imbs et al (2002) explain this finding in terms of sectoral heterogeneity. This is higher among
traded goods than among nontraded goods.

® To find more about PPP puzzle, see Rogoff (1996) and Obstfeld & Rogoff (2000).
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has negative implications for the validity of PPP hypothesis in the long run. In fact, many
researchers have found evidence of convergence to long run PPP with high measures of
“half-life” (three to five years).” Isard (1977) examined disaggregated data on US,
German, Canadian and Japanese exports and found that deviations from PPP hypothesis
are large and persistent and reflect nominal exchange rate movements. Similar results are
derived from Giovannini (1988) using data for US and Japanese commodity prices and
Frenkel (1981) who states that PPP deviations are high for industrialized countries during
the 1970s. On the contrary, Frenkel (1978) found that for a number of hyperinflationary
countries PPP is an appropriate condition for any exchange rate determination model.
But, this does not hold if hyperinflation is not the case®.

There is a plethora of studies in the literature that attempt to give an answer to these
puzzles. Traditional studies (Dornbusch, 1976) mention that short run deviations are
caused by price stickiness. But, if this is the case, we would expect evidence of
convergence to PPP equilibrium when prices become flexible. Edison (1987) points out
that PPP holds if the following conditions are satisfied: (i) symmetry between the
domestic and the foreign country, (ii) proportionality between exchange rates and relative
prices, and finally (ii1) exclusiveness. The last one is satisfied only if relative prices are
the exclusive determinants of the exchange rate. However, his study on the UK pound/US
dollar exchange rate failed to accept the exclusiveness assumption. As long run PPP

holds, exchange rate movements are explained only by movements in relative prices. This

7 “Half-life” is the necessary time for deviations to diminish by one half. For example, if half-life is 3 years,
deviations will be reduced to one half in 3 years. Hence, the real exchange rate will find its equilibrium in 6
years.

¥ Note that his model suffers from econometric specification problems. Specifically, he did not check the

statistical properties of the error term and those of the variables.
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means that other factors, such as transaction costs, tariff and non-tariff barriers prevent
PPP condition to be valid in the long run. Based on the Balassa (1964) & Samuelson
(1964) effect, rich countries have higher prices than poor countries. This is not due to
higher overall productivity in the developed economy. The latter is more productive only
in its traded goods sector. If the exchange rate is fixed, any increase of productivity in the
traded goods sector (in the rich country) does not increase the price level, because it is
fixed to the world level. But, wages in the traded goods sector increase. Employees in the
non-traded goods sector will demand higher wages equal to those of the traded goods
sector. But now, the price level in the non-traded goods sector increases. As a result, the

overall price level of the rich country rises.

2.1 Testing PPP Hypothesis: Empirical Literature Review

Purchasing Power Parity hypothesis can be tested by employing numerous
alternative methodologies. Some studies apply univariate unit root tests on real exchange
rates, while others apply more powerful panel unit root tests. Some researchers apply
univariate (Engle & Granger, 1987), multivariate (Johansen, 1988) and panel
cointegration techniques on the relationship between nominal exchange rates and relative
prices. Others examine the validity of PPP hypothesis under the presence of structural
breaks in the exchange rates. This is possible for developing, emerging and transition
economies, which the recent years perform significant structural reforms. Moreover,
when long span of data are used, both flexible and fixed exchange rate regimes may exist,
implying the presence of a break at the time of the regime switch. Kocenda (2001)

examines the presence of breaks in the currencies of 11 developing countries against US
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dollar and Deutsche mark (1991-1997) by the Vogelsang’s (1997) approach.” There is no
strong evidence of breaks in the Central European Countries. In contrast, the evidence is
strong in Balkan and Baltic countries. In general, structural breaks in exchange rates are
present in less stable economies. This study stresses the importance of breaks in
developing countries. Given that in the presence of breaks conventional unit root tests are
biased against rejecting non-stationarity, structural breaks cannot be ignored when testing
PPP hypothesis. In line with the presence of structural breaks, some studies show that
convergence to PPP equilibrium may be a non-linear instead of a linear mean reverting
process. Below, we present the basic characteristics of these studies and their results

categorized in groups according to their theoretical and econometric specification.

2.1.1. Univariate Unit Root Tests

Even if the Law of One Price (LOP) does not hold, PPP will be valid if the real
exchange rate follows a mean reverting process. In other words, PPP deviations should be
transitory. This is confirmed by accepting the stationary nature of the real exchange rate.
In contrast, if non-stationarity cannot be rejected for the real exchange rate, PPP cannot
be accepted. This subsection includes studies that perform univariate unit root tests on
real exchange rates with and without structural breaks. The presence of structural breaks
in real exchange rates is itself a negative sign for the validity of PPP. On the other hand, a
rejection of unit roots in real exchange rates, when breaks exist, implies a mean reverting

process. These two findings are indeed contradictory. The above contradiction yields to a

? This method allows for detecting a break at an unknown date, without imposing any restrictions on the

nature of the data.
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new version of PPP, which is called by Hegwood & Papell (1998) as “quasi-long run
PPP” - henceforth quasi PPP."

Obstfeld & Rogoff (2000) using an Augmented Dickey-Fuller (ADF) regression
find that for monthly data (1973-1995) all exchange rates among Canada, France,
Germany, Japan and the United States are accompanied by slow mean reversion. To be
specific, the mean half-life among the estimated exchange rates is about 3,4 years. Thus,
convergence to PPP is very slow. The problem that arises is that it is very difficult to
distinguish between an exchange rate that follows a random walk and a stationary
exchange rate, which is slowly mean reverting.

Abuaf & Jorion (1990) examine a panel of ten industrialized countries. The data set is
filled with monthly observations (from 1973 to 1987) for exchange rates and consumer
price indices. They estimate a first-order autoregressive —AR (1) — model in levels''. But,
the drawback of this model is that conventional test statistics are not applicable. Power
can be increased by extending the Dickey-Fuller test to a system of univariate
autoregressions, estimated by General Least Squares (GLS). The authors apply a
multivariate test (estimating a system of equations), which is more informative than
univariate tests. The empirical results support this point of view. Univariate Ordinary
Least Squares (OLS) autoregressions are unable to reject the random walk hypothesis. On
the contrary, the restricted GLS autoregressions reject the random walk hypothesis,

providing positive implications about long run PPP. This comes in contradiction with

' Quasi PPP is referred to a situation in which the breaks create only transitory shocks.
" Dickey & Fuller (1979) have pointed out that autoregressive regressions in levels may be more powerful
than regressions in first differences. This can be viewed as a main point of failure of previous studies to

reject the random walk hypothesis.
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previous studies, which were unable to reject the hypothesis that real exchange rates
follow a unit root process. This may be due to low power of their tests.

Similar results are derived from Lothian & Taylor (1996) who using a long data set
aim to test the stationary nature of the real exchange rate. They use annual data for US
dollar/UK pound and French frank/UK pound exchange rates and their Wholesale Price
Indices (WPI). The main point of this empirical work is its long data set, which covers
the period from 1791 to 1990. The econometric framework is supported by two
methodologies: a Unit-Root test and a univariate autoregressive process. For the full
sample, the unit root hypothesis is rejected but for the floating period (after World War
IT) the hypothesis that the exchange rate follows a random walk process cannot be
rejected. This may be due to the low power as the sample is now reduced. Estimating an
AR(1) process, for the full sample period, they find that non-stationarity can be rejected.
Hence, PPP hypothesis is valid in the long run.

Bahmani-Oskooee & Mirzai (2000) construct nominal and real effective exchange
rates on a quarterly basis for 20 developing countries from 1973:1 to 1997:3 to test PPP
hypothesis. They avoid relying on the ADF test because of its low power. In contrast,
they test the stationary nature of the real effective exchange rates through the KPSS test.
When a constant is included PPP is rejected, but when a trend is included unit root
hypothesis is rejected. As a result, PPP can be accepted. In order to test robustness of
their test, they apply an ADF test as well. Indeed, KPSS test supports better PPP than
ADEF test does.

Although this test manages to accept PPP, other studies mainly based on the ADF test

fail to reject the unit root hypothesis. For example, Aggarwal et al (2000) cannot reject,
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via an ADF test, that the real exchange rates of 7 Asian currencies against Japanese Yen
(1974:1-1997:4) do not follow a random walk process. In contrast, when structural breaks
are allowed, the evidence is more supportive for PPP."? Although, stationarity cannot be
accepted for all the exchange rates, there is evidence of quasi PPP. Moreover, they test
the case of a different base country. When US dollar, Deutsche mark or the Australian
dollar are used as base currencies, PPP cannot be accepted. This fact implies that Asian
economies are more oriented towards Japan rather than US and Europe.

Sabate et al (2003) examine PPP under the existence of two structural breaks for the
peseta-sterling exchange rate (1870-1935). Conventional Unit Root tests (such as ADF,
P-P) do not reject the null of non-stationarity. In contrast, under the presence of either
one or two breaks, the null of a unit root is rejected. Thus, given the presence of two
breaks, the real exchange rate follows a white noise process. In other words, quasi PPP is
accepted.

On the other hand, quasi PPP cannot be accepted in the case of Croatia. Payne et al
(2005) examine two real effective exchange rates (PPI-based and RPI-based) for Croatia,
during 1992:1 — 1999:10 (monthly observations), in the presence of possible structural
breaks. They apply a minimum Lagrange Multiplier (LM) unit root test by Lee &
Strazicich (2003) — henceforth, L-S test."> They do not pre-determine breaks in the

exchange rate, but these are identified endogenously by the L-S test. They find the

12 They use a test proposed by Perron-Vogelsang (1992) and extended by Clemente et al (1998) to find the
presence of possible breaks. While the former allows for only one break, the latter test allows for more than
one break in the mean. Here, they find evidence of two breaks.

1 They state that this test is robust because the possibility of breaks is included not only to the alternative
but also to the null hypothesis. Other tests such as Zivot & Andrews (1992) and Lumsdaire & Papell (1997)
assume no breaks under the null. However, by rejecting the null of the above tests we cannot be sure that

the relevant variable is stationary. Strictly speaking, this implies that there is no unit root without breaks.
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presence of two breaks between 1992 and 1993. However, non-stationarity of each of the
real effective exchange rates cannot be rejected. As a consequence, PPP hypothesis does

not hold.

2.1.2. Cointegration-based studies

These tests try to find any valid long run relationship between nominal exchange rates
and relative prices. PPP hypothesis will be valid in the long run if a long run relationship
exists. In other words, the above variables should be cointegrated. A univariate
cointegration test (Engle-Granger 2-step procedure) requires the error term to be
covariance stationary. A multivariate cointegration test (Johansen’s technique) requires
the existence of at least one cointegrating vector. Some studies stop short at this
requirement, while others impose the restrictions of symmetry and proportionality on the
implied reduced-form equation. The unrestricted cointegration test is known as weak-
form PPP and if the above conditions are satisfied, strong-form PPP does hold.

Corbae & Ouliaris (1988), applying cointegration techniques, test the Absolute PPP
version for the US dollar exchange rate against the Canadian dollar, French frank, UK
pound, Japanese Yen, Italian lira, and Deutsche mark. They use monthly exchange rates
and Consumer Price Indices for the period July 1973 — September 1986. The unit root
hypothesis is tested by two approaches: the ADF test and the Phillips-Perron Z statistic.
Both approaches imply that the null of no cointegration cannot be rejected. Therefore,
Absolute PPP does not hold in the long run. Another study in that field with no so clear
results is that of Enders (1988). The author examines monthly data (1960 — 1986) of US

dollar real exchange rates against Deutsche mark, Canadian dollar, Japanese Yen and the
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relative Wholesale Price Indices. He finds evidence of cointegration in the case of US —
Japan exchange rate under a fixed exchange rate regime, but cointegration is not
supported for US — Canada exchange rate under a floating regime. However, this does not
establish the general statement that PPP is more easily accepted under fixed exchange

“«“

rate regimes. As Enders (1988, p. 508) concludes, “PPP performs equally well, or
equally poorly, in both time periods”.

Under the same framework, Patel (1990) fails to reject the hypothesis of no
cointegration. His study is applied to the US dollar exchange rate against UK’s,
Canada’s, Germany’s, and Netherlands’ currencies. Quarterly data for exchange rates and
Producer Price Indices have been used for the period 1974 — 1986. In most cases, no
cointegration cannot be rejected, which means that long run PPP does not hold. Further,
Patel (1990) shows that PPP is not an appropriate anchor for forecasting purposes.

MacDonald (1993) develops a multivariate cointegration technique to test the long
run relationship between exchange rates and relative prices. He makes a distinction
between the strong—form and the weak—form Purchasing Power Parity. As mentioned
above, the former form holds if at least one cointegrating vector exists and the
proportionality condition is satisfied. The weak-form PPP requires just a wvalid
cointegrating relationship between exchange rates and prices with no restrictions on the

properties of the cointegrating vectors. The data set covers monthly observations of

exchange rates and prices of a panel of countries from January 1974 to June 1990."* For

' The panel consists of US, Canada, France, Germany, UK, and Japan. Both CPI and WPI are included in
the data set. When WPI is preferred, the results are more supportive of the existence of cointegration. For
example, cointegration is rejected in the Canadian dollar/Japanese yen exchange rate when CPI is used. On
the contrary, cointegration is accepted when WPI is used. Froot & Rogoff (1995) explain that this is
because CPI has a higher non-traded goods component than WPI.
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most of the examined cases, the weak-form PPP is supported. For the full sample, strong-
form is rejected because the homogeneity hypothesis is not accepted. But, for the
European countries strong-form PPP is accepted.

Mahdavi & Zhou (1994) examine the weak-form PPP in 13 developing and high
inflation countries from 1973 to 1991. Univariate unit root tests show that the variables
are difference stationary, while others are 1(2). Applying a multivariate cointegration test
and estimating an Error Correction Model they find supporting evidence of PPP in 8 out
of the 13 cases. Stronger evidence exists in relatively high inflation countries.

Salehizadeh & Taylor (1999) test the strong version of PPP for 27 developing
countries (base country is US) for the period 1975:1-1997:9 (monthly observations). The
necessary condition of at least one cointegrating vector is satisfied for all of the 27 cases.
In contrast, the proportionality and symmetry conditions cannot be accepted. Thus, only
the weak-form PPP can be accepted. The authors state that this finding is sufficient
because cointegration is really difficult to hold when developing countries are involved.
So, the evidence of a long run relationship is equivalent to the validity of PPP in the long
run. Similarly, Wang (2000) finds evidence of one cointegrating vector for Indonesia,
Korea, Philippines and Thailand, and two vectors for Singapore and Japan."> However,
restrictions in the cointegrating equations cannot be accepted in any case. Furthermore,
Diamandis (2003) finds a valid long run relationship between exchange rates (per US
dollar) and price levels in four Latin American countries, during 1973-1993. This study is
quite different since PPP hypothesis is tested in the parallel foreign exchange market

instead of the official one.

1> Of course, Japan cannot be handled as a developing country. The exchange rates are per US dollar for a

period from 1973-1996. So, the financial crisis in Asia (1997) is not included in the examined period.
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As mentioned above it is difficult to confirm a valid long run relationship when
developing countries are the case. This is because of structural changes, exchange rate
regimes switch, transaction costs, etc. These facts imply that structural breaks may occur
in the exchange rates. The presence of breaks seems more possible and important when
financial crises occur in the estimated period. Indeed, Zurbruegg & Allsopp (2004) apply
multivariate cointegration techniques, by allowing the presence of structural breaks, to
test PPP in Asian countries in a period including the financial crisis of 1997. They test the
presence of breaks by Inoue’s (1999) test.'® Only for Japan there is evidence of two
breaks (1991, 1997). For the rest of the panel, only one break is found (located in 1997).
PPP is tested by Johansen et al (2000) cointegration technique. They find one
cointegrating vector for all the cases except Malaysia, Indonesia and Singapore, in which
two vectors are found. They conclude that PPP is a valid long run relationship in the case
of Japan, South Korea, Malaysia, Singapore and Thailand. In contrast, PPP cannot be

accepted for Honk Kong, Indonesia and Philippines.

2.1.3. Panel Data Studies

Panel data analysis consists of unit root tests in a panel framework as well as panel
cointegration techniques. Since univariate unit root tests suffer from low power,
researchers can increase power either by using a longer span of data or by employing
panel unit root tests. However, Papell & Theodoridis (2001) stress the importance of the
choice of the numeraire currency. They argue that the choice of the base country (i.e.

numeraire currency) in panel unit root tests does matter. The criteria for selecting the

' This test determines endogenously the number of breaks. It is consistent with cointegration analysis, as it

can determine a cointegrating rank in the presence of breaks.
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appropriate base country are: (i) exchange rate volatility, (ii) geographic distance and (ii1)
openness. However, by performing a panel unit root test with 21 different numeraire
currencies, they find that only exchange rate volatility and distance are significant
criteria. Thus, evidence to PPP is sensitive to the selection of the numeraire currency.
Alba & Park (2003) examine real exchange rates of 65 developing and 15 developed
countries (against US dollar) in terms of PPP hypothesis. A univariate unit root test fails
to reject the null of non-stationarity. Besides, they perform a panel unit root test by Levin
et al (2002) — hereafter, LLC test - and they find that for the full sample (1976-1999) unit
root hypothesis cannot be rejected. Thus, PPP does not hold. By dividing the estimated
period into two sub-periods, they manage to find evidence of PPP only after 1980.
Moreover, they find that PPP can be more easily accepted for more open and high
inflation economies. Finally, consistent with the Balassa-Samuelson hypothesis, PPP is
accepted for low growth panels, but it fails in high-growth economies. Under a similar
framework, Oh (1996) examines 150 exchange rates, including exchange rates of 88
developing countries. When it comes to developing countries, they find that PPP is valid
when the whole period is examined (1950-1990). But, when the examined period is split
into fixed and flexible exchange rate regimes, PPP cannot be accepted.
Holmes (2000) tests PPP for 27 African developing countries from 1974 to 1997
through a panel unit root test.'” A univariate unit root test (ADF) cannot confirm that real

exchange rates are covariance stationary. In contrast, the Im et al (2003) test —

'7 He applies the IPS test. He states that this is more appropriate than Quah’s (1994) test, which does not
allow for heterogeneity across countries. Moreover, O’Connell (1998b) shows that panel tests have low
power because of the presence of autocorrelation. The IPS test solves the serial correlation problem by

assuming heterogeneity across the variables in the panel.
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henceforth, IPS test - finds that PPP is accepted for the whole panel. Moreover, PPP is
strongly accepted for high inflation countries but rejected for low inflation countries.

Besides to panel unit root tests, researchers employ cointegration tests in a panel
framework. Nagayasu (1998) tests the validity of PPP for 16 African parallel exchange
rates against US dollar.'® He applies a multivariate cointegration technique but PPP
cannot be accepted. However, a panel cointegration approach by Pedroni (1995) accepts
the semi-strong PPP." Similarly, Boyd & Smith (1999) find that for 25 developing
countries (nominal currencies per US dollar) from 1966 to 1990, univariate unit root tests
and conventional cointegration techniques fail to support PPP. In contrast, by using panel
data analysis and by constraining coefficients to be equal across countries, there is much
more evidence in favor of PPP. Basher & Mohsin (2004) apply panel unit root tests,
multivariate cointegration as well as panel cointegration tests to check PPP in 10 Asian
countries (national currencies per US dollar from 1980 to 1999). Panel unit root tests,
such as LLC and IPS, cannot reject the null of non-stationary real exchange rates.
Moreover, the Johansen cointegration technique does not provide evidence of any long
run relationship. The results do not differ when Pedroni’s (1995) panel cointegration test
is applied. Thus, PPP cannot be accepted.

Drine & Rault (2003) examine panels of 73 developed and developing countries from
1964 to 1998. These countries are classified in separate panels based on (i) the level of

development and geographic zone, (ii) the exchange rate regime and (iii) the inflation

'8 Recall Diamandis’ (2003) study, which examines PPP in parallel foreign exchange markets by
conventional cointegration techniques.

1 According to MacDonald & Marsh (1994), when the restrictions in the cointegrating space can be
accepted, then PPP is accepted in its semi-strong version. Moreover, Pedroni’s (1995) test allows for

finding evidence of cointegrating vectors even if variables are heterogeneous.
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level. A panel unit root test (IPS) shows that PPP is accepted for developed but not for
developing countries. A panel cointegration analysis, based on Pedroni (1995), shows
that PPP does not hold in developing countries. Moreover, they find that PPP is more
easily accepted in high inflation countries, while the exchange rate regime does not

matter.

2.1.4. Nonlinear models

Linear models may be inappropriate for testing PPP, especially in developing
countries, because of the existence of significant trade costs, structural reforms, etc,
which cause structural breaks in exchange rates. This means that exchange rates may
follow a non-linear process rather than a linear one. So, unit root tests are biased when a
linear model, instead of the true non-linear, is estimated. In line with this statement,
Taylor (2001) spots two econometric pitfalls in testing for PPP hypothesis: (i) Temporal
Aggregation and (ii) Linear Specification. The former corresponds to the use of low
frequency data. When the process is daily and the data sample covers weekly or monthly
observations, convergence will be slower under low frequency data. The problem is that
we omit useful data and information.

The second pitfall holds if exchange rate adjustments are characterized by nonlinear
dynamics. Under a linear specification, the adjustment speed of PPP deviations is
constant and the main task is the estimation of the half-life. If a linear model is estimated
using nonlinear data, the results will be misleading. Indeed, Obstfeld & Taylor (1997)
and other researchers have found evidence of significant nonlinearities. Heckscher (1916)

first introduced the idea that adjustments may be nonlinear because of transaction costs.
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Other sources of nonlinearity, shown in the literature, are the heterogeneity of opinion in
the foreign exchange market (Kilian & Taylor, 2003), Central Banks’ policy (Taylor,
2004) and the differences in technology and preferences (O’Connell & Wei, 2002).

Researchers model nonlinearities in real exchange rates through the estimation of
models that allow the autoregressive parameter to vary. These models are known as
Threshold Autoregressive (TAR) models.”’ The TAR model allows for a transaction costs
band within which no adjustment takes place. Outside the band, arbitrage becomes
profitable and the process becomes stationary autoregressive. This means that PPP
deviations will be persistent if they are small and mean reverting if they are large. Balke
& Famby (1997) called this model as a “Band-TAR” model.

Taylor & Taylor (2004) mention that there is no unique transaction cost and many
threshold barriers are more possible to exist. To manage this problem, Smooth Transition
Autoregressive -STAR- (Granger & Terasvirta, 1993) models are applied. In these
models, adjustments are smooth and in contrast to TAR models, they take place in every
period (inside and outside the band). Michael et. al. (1997) and Taylor (2001) argue that
STAR models are more appropriate than TAR, because adjustments are smooth and it is
unlikely that agents’ behaviour changes simultaneously. Hence, adjustments may be
smooth rather than discrete. Obstfeld & Taylor (1997) present two more threshold

models. The Equilibrium Threshold Autoregressive (EQ-TAR) model differs from the

2 Another set of nonlinear models implies that the autoregressive parameters are subject to Markov
Regime-Switching (Hamilton, 1989). Kanas & Genius (2005), by applying a Markov volatility regime
switching ADF test, find that the US/UK real exchange rate is stationary when the exchange rate is low
volatile, and non-stationary when it is highly volatile. Bergman & Hansson (2005) find that six major
currencies against US dollar are characterized by a 2-state Markov-Switching AR(1) model as the unique

regime autoregressive model is rejected by the data.
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TAR in the way of reversion. This is toward to the center of the band, and not to its
edges. The reversion, under the Returning-Drift Threshold Autoregressive (RD-TAR)
model, is of the form of random walk with a drift outside the bands.

Taylor et. al. (2001) examine the validity of PPP hypothesis among US, UK,
Germany, France and Japan for the period from January 1973 to December 1996. They
test the random walk hypothesis by univariate and multivariate unit root tests. The former
cannot reject the hypothesis that real exchange rates are nonstationary. Hence, under a
univariate unit root test, PPP hypothesis is rejected.”’ When it comes to the multivariate
tests, they apply (i) the MADF test (Taylor & Sarno, 1998) which is analogous to ADF
test, (i1) the MADF; test which allows a deterministic linear trend, and  (iii) the
Johansen’ s Likelihood Ratio (JLR) test which has been proposed by Taylor & Sarno
(1998).” The multivariate unit root tests, with one voice, provide significant evidence of
a mean reverting process as unit root hypothesis is rejected. However, by estimating an
Exponential STAR (/=d=1) model®™, they find significant evidence of nonlinear mean
reversion. Moreover, for larger shocks, mean reversion is faster. This implies that for
large PPP deviations, half-life estimates are low. In contrast, small deviations produce
high half-life periods.

Under the same theoretical and empirical framework, Michael et al (1997) examine

whether deviations from PPP exhibit a nonlinear behaviour over time. As nonlinearity is

*! The authors, using Monte Carlo simulations, provide evidence that the univariate unit root tests are low
in power.
2 Taylor & Sarno (1998) suggest an alternative null hypothesis which states that at least one of the series is

a nonstationary process. If N cointegrating vectors exist among N real exchange rate series, at least one of

the series should be I(1). When all series are stationary, the null is rejected.

2 [ and d stand for the lag length of the autoregressive process and the delay parameter, respectively.
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confirmed, they estimate an ESTAR model by nonlinear least squares.”* For the full
sample, the estimated ESTAR model shows that small deviations entail a random walk
behaviour, but large deviations cause a mean reverting process. This means that the larger
the deviation from PPP, the faster the convergence to equilibrium.

A similar study in the framework of PPP deviations under a nonlinear specification is
that of Sarno et al (2004). They show that transportation costs or “iceberg” costs (an
amount of the good is melt when shipped) create a bound for the exchange rate within
which the marginal cost of arbitrage is higher than the marginal benefit. They apply a
TAR model in which the threshold variable is the lagged dependent variable (siq). This
specification is known as Self Exciting TAR (SETAR) model.

Once again, the parameters need to be estimated are the autoregressive vector (/),
the delay parameter (d), and the threshold parameter ($). Moreover, the significance of
the nonlinear specification should be tested against the alternative of a linear model. This
test, based on Hansen’s methodology (Hansen, 1997), supports the rejection of the linear
autoregressive model against the TAR model. Using a Monte Carlo analysis, they found
that the power of the test is high if the lag length of the TAR model and the value of
autoregressive vector are relatively small. The estimated TAR model implies a lag length

equal to 8 (/ = 8), and the delay parameter to vary between 1 and 8 (d ~ D[1, 8]).> The

threshold parameter () takes values between 0.0 and 0.2 (¢ ~I770.0, 0.2]). When & =

* The data set includes monthly data on WPI for the UK, the US, France, Germany and their spot exchange
rates. The estimated period is from 1921 to 1923 for German data and from 1921 to 1925 for the rest. In
two cases, annual data have been used (UK/US, 1791-1992 and UK/FR, 1802-1992).

¥ However, economic intuition suggests low values of d. This is because large values of the delay

parameter correspond to slow reaction to deviations from PPP.
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0.0, there is no transaction cost and the domestic markets are internationally fully
integrated.

The TAR model is estimated by sequential conditional least squares (Hansen, 1997).
The results show that transaction costs differ among countries and goods sectors.”® For
example, Japan faces lower transportation cost than European countries, when both
importing from the US. They show that real exchange rates follow a unit root process
within the band. Outside the band, the process is stationary. Furthermore, they provide a
measure of the speed of convergence to equilibrium. For the outer regime, the average
half-life is about 2 years. These results are consistent with the validity of long run PPP
hypothesis.

In many standard autoregressive models, the convergence speed is low, which
indicates the existence of high half-life periods. This is a result of the lack of power of
those tests as they ignore the presence of nonlinearities. Obstfeld & Taylor (1997) argue
that the solution is to transform the standard AR(1) model to a TAR model, which is
parameterized by an autoregressive length (/), an arbitrary number of thresholds (q), and
an arbitrary delay parameter (d). They set /=1, g=2, d=1 [TAR(1,2,1)] and using the
Monte Carlo analysis they test the significance of the TAR model against the linear
AR(1) model.

The use of inappropriate models causes misleading implications. An erroneous use of

the standard AR(1) model, yields to higher half-life periods and slower convergence

% The data set includes six countries (US, UK, Germany, France, Italy, Japan) and nine goods sectors.
Prices reflect to the difference between the logarithm of value added at current prices and the logarithm of
value added at the base year’s prices (1990). Using quarterly data from 1974 to 1993, they estimate five

bilateral US dollar exchange rates.
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speed. Indeed, using monthly disaggregated and aggregated CPI’s for 32 countries
worldwide - from 1980 to 1995 - they found that the convergence speed estimated by a
linear autoregressive model implies too large half-life estimates, but the convergence
speed estimated by a TAR model indicates a 12-month half-life period. Moreover, they
provide measures of economic distance and they state that distance is positively related to
the threshold value. In other words, the variability of deviations from PPP is positively
related to distance. Their results imply that deviations in the outer band generate lower
half —life estimates, supporting the theoretical framework of the threshold autoregressive
model.

To sum up, this subsection deals with the estimation of exchange rate adjustments
when transaction cost and other sources of nonlinearity influence the exchange rate
behaviour. So far, we have seen that based on a TAR model, small deviations from PPP
follow a random walk process (inside the band) and large deviations are mean reverting
(outside the band). This is consistent with Kilian & Taylor (2003, p.104) view:
“nonlinear mean reversion in the real exchange rate can be detected statistically only
following unusually large departures from equilibrium”. However, the story is not
always that. In contrast to other studies, there is evidence that “large PPP deviations do
not display a stronger tendency to mean revert than small deviations” (O’Connell,
1998a, p.72).

O’Connell (1998a) applies two models in order to test the nonlinear specification.”’

Firstly, he estimates an EQ-TAR model in which two null hypotheses are tested. Under

" The data sample covers the period 1973 —1995, within which 18 countries (US, UK, Austria, Denmark,

France, Germany, Netherlands, Norway, Sweden, Canada, Japan, Finland, Greece, Ireland, Spain,
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the first null, real exchange rates follow a random walk process, while the second null
states that real exchange rates follow an unconditional AR(1) process. The alternatives
state that deviations from PPP are mean reverting. Secondly, he estimates a nonlinear
regression model in which a higher order term is added to the standard ADF regression.
The null hypotheses between these two tests coincide.

The estimated EQ-TAR model implies that in some cases, large deviations are not
mean reverting (in contrast, they are more persistent than small deviations). As a
consequence, transaction costs - which are assumed to be responsible for high deviations
from PPP - do not explain the PPP puzzle. Identical results are derived from the nonlinear
regression model. Nonetheless, large deviations are mean reverting only in the case of a
panel of some European countries. But, increasing the panel with more countries, the
previous statement is no more valid. Further, this explanation (i.e. that transaction costs
explain the PPP puzzle) is meaningless for the failure of PPP in the post Bretton-Woods
period.

Sarno (2000) examines bilateral exchange rates of 11 developing countries (Middle
East) against US dollar for the post Bretton-Woods period. Linearity is rejected in 8 out
of the 11 cases. So, he estimates an ESTR model by Non-Linear Least Squares and tests
whether an ESTR or an ESTAR model is more appropriate.”® The results imply that the

ESTR is more suitable. In terms of the PPP hypothesis, he finds that real exchange rates

Australia, New Zealand and South Africa) are examined. Moreover, four different price indices have been
used (VAD, UCL, PPI and CPI).
® Writing the ESTR model in first differences and imposing restrictions on it, the ESTR becomes an

ESTAR model. If the restrictions do not hold, tested by a LR test statistic, the ESTAR is misspecified.
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follow a non-linear mean reverting process towards PPP equilibrium. Moreover, he finds
that PPP is more easily accepted in case of large variations in relative prices.

Similarly, Liew (2003) tests PPP under the framework of a non-linear unit root test
proposed by Kapetanios et al (2003).>” A preliminary conventional ADF test fails to
reject the unit root hypothesis in all the cases except for Indonesia. However, a non-linear
unit root test rejects this hypothesis in any case apart from Philippines. Thus, PPP is
accepted. In other words, real exchange rates follow a non-linear mean reverting process.

Finally, Calderon & Duncan (2003) apply univariate linear unit root tests (ADF, PP,
KPSS) as well as univariate and multivariate cointegration techniques in the case of
Chile. Two types of exchange rates are examined. They employ a bilateral exchange rate
of the national currency vis-a-vis US dollar and an exchange rate of the national currency
against a basket of currencies (US dollar and UK pound). Conventional tests manage to
confirm the validity of PPP. Furthermore, they test the presence of structural breaks by a
non-linear TAR model. They find a statistically significant break in 1973 consistent with
PPP equilibrium. They state that the breakpoint in 1973 can be attributed to trade and

financial liberalization strategies in Chile.

** This test examines the presence of non-stationarity against a non-linear but stationary ESTAR process.
Moreover, Liew does not apply this test to the real exchange rate. In contrast, this is applied to the
exchange rate deviation from PPP. If PPP deviation is stationary, the exchange rate is mean reverting,
consistent with PPP. A similar study is this of Razzaghipour et al (2001), which through graphical and
statistical analyses finds evidence of a mean reverting process in PPP divergence for 5 Asian currencies

against US dollar for a period including the Asian financial crisis.
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2.2 Concluding Remarks

Although Gustav Cassel (1921, 1922) proposed Purchasing Power Parity as a tool of
exchange rate determination, the empirical evidence does not fully support this view. A
wide range of econometric techniques has been used in the literature to test the validity of
PPP hypothesis in the long run. Univariate unit root tests cannot provide supportive
evidence of the PPP condition (see for example, Alba & Park, 2003 and Holmes, 2000).
This is due to the low power of those tests. On the other hand, univariate and multivariate
cointegration studies provide somewhat better results, but PPP cannot be accepted in all
cases (see for example Wang, 2000).

Researchers can increase power by using either long span of data (see for example,
Lothian & Taylor, 1996) or panel data methods. Panel unit root tests and panel
cointegration techniques provide more satisfactory evidence. However, rejections of PPP
equilibrium are not missing (see for example Basher & Mohsin, 2004). The same holds
for panel cointegration studies, such as Drine & Rault (2003). Moreover, panel unit root
tests are valid only if there is no cross sectional dependence (O’Connell, 1998b). As
Papell & Theodoridis (1998) point out, PPP is sensitive to the choice of the numeraire
currency. Besides, evidence of PPP seems to depend on the US dollar trend. PPP is
stronger when US dollar appreciates and weaker when US dollar depreciates (Papell,
2002).

Any rejection of the PPP hypothesis can be attributed, apart from the low power of
the applied tests, to the following reasons: (i) Balassa-Samuelson effect: developing
countries have been experiencing fast growing rates, (ii) transactions cost, (ii1) tariff and

no-tariff barriers, (iv) price instability, (v) appreciation trend of capital flows, (vi)
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government intervention in forex markets, (vii) structural reforms and (viii) exchange rate
regime switch (when long span of data are used, it is sensible to find both fixed and
flexible exchange rate regimes over the estimated period).

All the above factors are responsible for the presence of structural breaks in exchange
rates. The presence of structural breaks in real exchange rates is a negative sign for the
validity of PPP. On the other hand, a rejection of unit roots in real exchange rates, when
breaks are considered, implies a mean reverting process. If this is the case, the quasi-PPP
is accepted (Hegwood & Papell, 1998). Univariate unit root tests and cointegration
techniques are able to confirm the validity of PPP when structural breaks are modeled.
(see for example, Zurbruegg & Allsopp, 2004, Sabate et al, 2003 and Aggarwal et al,
2000). Finally, in line with the presence of structural breaks, some studies find that real
exchange rates follow a non-linear mean reverting process. Given the nonlinear
adjustment, a Threshold Autoregressive (TAR) model allows for a transaction costs band
within which no adjustment takes place. Outside the band, arbitrage becomes profitable
and the process becomes stationary autoregressive. Small deviations from PPP follow a
random walk process, and large deviations are mean reverting. Taylor et. al. (2001),
Sarno et. al. (2004), Obstfeld & Taylor (1997) among others support this view, finding
that large deviations imply low half-life estimates. In contrast, small deviations cause
high half-life periods. But, O’Connell (1998a) provides a different point of view. He
finds that large deviations are more persistent than small deviations, implying higher
estimates of half-life in the outer regime.

To conclude, this chapter presents the basic theoretical notion of the Purchasing

Power Parity hypothesis and reviews the recent empirical findings in the literature. This
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analysis is in general supportive to the validity of the PPP hypothesis in the long run. A
direct implication of this analysis is that the vast majority of the empirical studies, which
has failed to confirm long run PPP equilibrium, may suffer from low power or it has
ignored the presence of structural breaks and the possibility of nonlinear behaviour of the
exchange rates, especially when developing countries are examined. Therefore, by
employing advanced econometric techniques, Purchasing Power Parity can be more

easily accepted as a valid long-run equilibrium phenomenon.
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3. Exchange Rate Determination Models

International Macroeconomics is an extensively analyzed field of economics.
However, there are a number of questions that are still unresolved. Obstfeld and Rogoff
(2000) present some of those puzzles in International Macroeconomics. For instance,
chapter 2 surveys the Purchasing Power Parity hypothesis, which states that exchange
rate and price movements should be proportionate. Adler & Lehmann (1983), Corbae &
Ouliaris (1988), Patel (1990) and others fail to accept the validity of this hypothesis. This
is an embarrassing puzzle for International Macroeconomics. However, Taylor et. al.
(2001), Sarno et. al. (2004) and Obstfeld & Taylor (1997), using more appropriate
econometric techniques, show that PPP is a valid long run relationship.

Some of those puzzles have risen after the collapse of the Bretton-Woods system and
the adoption of flexible exchange rate regimes. When exchange rates were fixed,
fundamentals were more volatile. Moving to a floating regime, what changes is exchange
rate volatility. Therefore, under fixed regimes exchange rate volatility is transferred to
fundamentals. But, how this volatility can be explained? Is it dictated by economic
fundamentals or it follows a random walk? The answer in this question is crucial in
explaining exchange rates behaviour and in predicting future movements.

The monetary model of exchange rate determination, known as flexible-price model,
states that the exchange rate is a function of fundamentals, such as relative money supply,
relative real output and interest rate differential. Furthermore, taking into account the UIP
condition, one more factor that affects the exchange rate is the expected inflation

differential. The main characteristic of the monetary model is price flexibility and its
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focus on the money market. A modification to the flexible-price model is the
Dornbusch’s model, which is known as sticky-price model or overshooting model. It
explains large fluctuations in exchange rates and shows that the initial value of the
exchange rate overshoots its long run equilibrium value. The basic assumptions of the
model are price stickiness and perfect asset substitutability.

An asset approach presented by Branson (1977) is the Portfolio Balance model. This
model introduces a wide range of assets, such as domestic money, domestic and foreign
bonds. The portfolio balance model does not assume that the UIP condition holds. In
other words, domestic and foreign assets are not perfect substitutable. That means that
agents choose this amount of domestic and foreign bonds, which maximizes their profits.
Thus, agents choose a diversified portfolio of assets including domestic money, domestic
and foreign bonds. According to this model, agents determine the short run exchange
rate, which in turns determines the current account equilibrium. If the short run exchange
rate implies a current account surplus, this can be eliminated by a proportionate capital
account deficit. This means that agents accumulate foreign assets. But, this path can lead
only to a temporary equilibrium. The long run equilibrium exchange rate is attained when
the current account is in balance.

This chapter surveys the above exchange rate determination models. Although,
theoretically these models seem to perform reasonably well, the empirical evidence of
those models is an inquiry. The Dorbusch model performs relatively better than the other
two models. This is because of the short run price stickiness assumption. Hence, under a
monetary policy shock the exchange rate will overshoot its long run equilibrium because

in the short run the shock affects only the foreign exchange market.
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The following section outlines the monetary model and its application to the real
world. Section 3.2 deals with the Sticky Price model while section 3.3 illustrates the
concepts of the Portfolio Balance model. Each section includes evidence of the empirical
application of each model and a criticism to the validity of those models. A final section

concludes.

3.1. The Monetary Model

The monetary model is the earliest approach to the exchange rate determination and it
has its origins in Frenkel (1976), Kouri (1976), and Mussa (1976, 1979). The main
characteristic of the model is price flexibility. Moreover, it focuses on the money market.
“Basically, the monetary approach to the exchange rate may be viewed as a dual
relationship to the monetary approach to the balance of payments. These approaches
emphasize the role of money and other assets in determining the balance of payments
when the exchange rate is pegged, and in determining the exchange rate when it is
flexible” [Frenkel (1976), page 200]. The assumptions of the model are as follows™":

1) Prices are flexible

2) Aggregate supply curve is vertical. This implies that the economy is at full

employment level
3) Demand for money is a stable function of only a few domestic macroeconomic

variables. Therefore, monetary equilibrium in the domestic market is given by:

3% e= nominal exchange rate, m= domestic real money supply, m*=foreign real money supply, p= domestic
price level, p*= foreign price level, y= domestic real income, y*= foreign real income, i= domestic interest

rate, 1*= foreign interest rate.
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M, =P, =Py, ~ Hi, (3.1
The same holds for the foreign country:
mE=p= oy, i (3.2)
4) PPP hypothesis holds all the time:
e=p—-p* (3.3)
5) There is perfect asset substitutability and perfect capital mobility. Thus, UIP
condition holds continuously:
i, =i +E[Ae,] (3.4)
The foreign price level is exogenous to the domestic economy and the domestic money
supply determines the domestic price level and hence the exchange rate. Combining
equations (3.1) and (3.2), we get the following expression:
(m, —m*)=(p, = p*) =@y, —@* y, *—pi, + u*i,* 3.5)
Assuming that the domestic and foreign coefficients are identical, the equation below
gives the equation for relative money demands:
(m,=m*)=(p, = p,*) =@y, = y,*) = u(i, =i,*) (3.6)
Now, solving for the relative prices and using the PPP condition we get the exchange rate
equation:
e, =(m,—m*)=g(y, = y,*)+ pu(i, = ;%) (3.7)
Equation (3.7) shows that the nominal exchange rate depends on the relative money
supply, the relative output, and the interest rate differential. Applying the UIP condition,

the exchange rate equation becomes:
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e = (mz _mt*) _¢(y; _yt*)+ﬂEt[Ae;+1] (38)

But, as PPP holds all the time, E[Ae, ]=E[Ap, ,]1-E[Ap,.,], the exchange rate

t+1
equation becomes:
e, = (m,—=m*)=p(y, -y, *)+ w(E,[Ap,, 1~ E[Ap.,) 3.9)
A higher increase in the domestic money supply is expected to depreciate the
domestic currency. The increased money stock increases the domestic price level. This
makes domestic goods less competitive than the foreign ones. Thus, demand for domestic
goods decreases and this of foreign goods increases. As a result, the domestic currency
depreciates.

A relatively higher increase in the domestic output is going to appreciate the domestic
currency. This will increase the demand for money and given the money supply constant
there is excess demand for the domestic money stock. The money market equilibrium
will be restored if people reduce their expenditure on consumption. Domestic prices fall
and through PPP the exchange rate decreases.

The response of the exchange rate to an increase in the domestic interest rate has
exactly the opposite effect with the increase in the domestic output. To be exact, a higher
interest rate will decrease the demand for money and given the money supply unchanged,
the domestic price level increases. As a consequence, foreign goods are preferable to
domestic goods, as they are cheaper. The Trade Balance deteriorates and the exchange

rate increases, i.e. the domestic currency depreciates.
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Besides this effect, an increase in the domestic interest rate means increase in the
expected domestic inflation, through the Fischer condition®'. This will create expectations
of depreciation of the domestic currency. Agents with perfect foresight will sell domestic
currency for foreign currency. As a result, the domestic currency depreciates. Therefore,
through this mechanism, it is obvious that a relatively higher expected inflation in the

future is going to depreciate the domestic currency at the present.

3.1.1. Future Expected Changes

Current values of exchange rates include expectations for future values. If the foreign
exchange market is efficient, current spot rates reflect all available information for future

values.*® In equation (3.8), we solve for the nominal exchange rate:

et =(mt_m[*)_¢(yz_yt*)+ﬂEz[A€z+1] (38)
et:(mt_mt*)_¢(yt_yt*)+/u(Et[et+l]_et) (310)
1 M
e, =1—[(m,—mt*)—(ﬁ(yt—yt*)]+—E,[€,+1] (3.11)
+u I+ u

After n periods, equation (3.11) becomes:

L (L O (72 |
¢ Z[ jEi(mm R S )]{wj Ele.,] G.12)

a1 p
Assuming that lim (%} E[le,, 1=0, the above expression takes the form of:
n—o0 +/J

3! The Fischer condition says that the nominal interest rate is equal to the real interest rate plus the expected
inflation rate. This is expressed by the following relationship: i, =7, + E [Ap,,,].

32 Agents form rational expectations (i.e. they have perfect foresight).
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1 & 1) : .
&= (—J Ez[(mt+i_mt+i)_¢(yt+i _yt+i)] (313)
I+ u T\ 1+ u

Expression (3.13) implies that the exchange rate is forward looking and responds
today to new information about future values of money stock and output. The effect on
the exchange rate is discounted by the factor [1/(1+p)]. This means that the higher the
expected future change in money and output differentials, the smaller the current effect
on the exchange rate.

Given output differential and foreign money supply unchanged, suppose that at time t
it is known that the domestic monetary authorities are willing to increase the money stock
in period t+1. According to the monetary approach, this will depreciate the domestic
currency. This movement may be temporary or can have a permanent effect. Taking into

account the above assumption, let see the effect of a temporary increase in the domestic

money supply:
e—;E[m 1>0 (3.14)
t (1 N ﬂ)z t t+1 .
1
Et[et+1]=l—Ez[mz+1]<et (315)
Tu

The announcement of a temporary increase in the money supply in period t+1 tends to
the depreciation of the exchange rate in period t. In period t+1, when the money increase
actually takes place, the exchange rate depreciates more. At the end of period t+1, money
supply moves back to its previous level, then the exchange rate appreciates finding its

prior long run equilibrium. This is shown in the following figure.
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Figure 3.1: Temporary change
e,m
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t t+1 t+2

Now, suppose that the increase in the money stock will be permanent. This means

that the increased money stock will be continued after period t+1. Thus, spot and
expected exchange rates become:

1 1 1
e=——FE[m_ |+—E[m_, ]+...... =——UF][m 3.16
t (1+/1)2 t[ t+1] (1+,U)3 t[ t+2] 1+ﬂ t[ t+l] ( )

Ele.,]1=E[m,,]>e (3.17)
This announcement increases the exchange rate at time t. In other words the domestic
currency depreciates. In period t+1, when the money stock increases, the exchange rate
increases again. The main difference from the temporary change case is that now the
money supply does not reach its previous level. It remains high, during periods following
the t+1 period, until the next movement. Therefore, the exchange rate finds its new

equilibrium and stays there until the next shock. This movement can be shown in figure

3.2
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Figure 3.2: Permanent change
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3.1.2. Empirical Literature Review

A broad number of empirical studies deal with the question whether the monetary
model is a reliable tool of explaining the behaviour of exchange rates. The empirical
literature shows that using data until 1978 the monetary model performs well providing
evidence of a valid empirical tool. Although this chapter concentrates on more recent
studies, a brief review of those studies is presented below.

Frenkel (1976) tests the monetary model for the Deutsche mark/US dollar exchange
rate and uses data from 1920 to 1923. His results, focusing on the German money and
expected inflation, support the validity of the flexible-price model. Furthermore, Bilson
(1978) tests the Deutsche mark/UK pound exchange rate over the period 1972-1976.
Similarly, his results do not deviate from what the monetary model predicts. Hodrick
(1978) examines the US dollar/Deutsche mark for the period 1972-1975 and finds that
the effects of the fundamentals on the exchange rate coincide with the monetary model’s
analysis. In the same study and for the same sample, Hodrick states that the monetary

model is also well applied in the case of the UK pound/US dollar exchange rate.
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Dornbusch (1979), estimating the Deutsche mark/US dollar exchange rate for the period
1973-1978, provides supporting evidence for the monetary model. However, posterior
studies do not offer a clear-cut statement on the validity of the monetary model. A
selection of those is presented below.

MacDonald and Taylor (1994a) examine the long run and short run properties of the
monetary model for the UK pound/US dollar exchange rate. The estimation period is
from 1976 to 1990 and the monetary fundamentals consist of money supply (M1),
income (industrial production) and long run interest rate. Applying the Dickey-Fuller
(1979, 1981) and Phillips & Perron (1988) unit root tests, they find that all variables are
of the same order of integration. The presence of I(1) variables dictates the use of non-
conventional approaches. The long run relationship between the exchange rate and the
monetary fundamentals is tested by two methods. First, the two-step cointegration
approach of Engle and Granger (1987) fails to confirm the long run relationship. In
contrast, the Johansen cointegration technique [Johansen, (1988, 1991) and Johansen &
Juselius, (1990)] finds up to three cointegrating vectors. As a result, there is evidence of a
valid long run relationship. The monetary model is more supported by the estimation of
the cointegrating vectors. Indeed, the estimated coefficients - except US interest rate - are
correctly signed in terms of the monetary model’s predictions. Furthermore, the exclusion
restrictions of the model are rejected for all variables.

An error correction model (ECM) tests the short run dynamics of the UK pound/US
dollar exchange rate. As the goodness of fit of the model is established, the results imply

that the monetary ECM performs satisfactorily in both in-sample and out-of-sample
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forecasting.”® Therefore, the monetary model is a valid long run relationship that explains
and predicts the fluctuation of the UK pound/US dollar exchange rate.

Using the same data set and sample period (1976-1990), MacDonald and Taylor
(1994b) re-examine the monetary model in terms of the US dollar/French frank exchange
rate. Under the same econometric technique, they find evidence of existence of four
cointegrating vectors. As before, the monetary model is supported as a valid long run
relationship. However, the monetary model cannot explain short run exchange rate
movements and it is not accepted as a forward-looking process. The authors imply that
this failure is a result of short run deviations from the equilibrium value, which in turns
are due to irrational speculation.

McNown & Wallace (1994) test the validity of the monetary model in the case of
three hyperinflation countries relative to the U.S. The panel of data consists of Argentina
(1977-1986), Chile (1973-1985), Israel (1979-1988) and U.S. as the reference country.
Data are filled with monthly observations on exchange rates and monetary fundamentals.
High inflation rates are related with large changes in monetary variables. In example,
high inflation may be a result of an unstable money supply. Testing statistical properties
of the variables, the ADF test shows that for Argentina most variables are I(1), but KPSS

test™* implies that some may be I(2). For Chile and Israel, variables are 1(2) (ADF) and

33 The out-of-sample forecasting performance is tested as follows: They estimate the model using data up to
1988:12. The estimated model is used to calculate five forecasting horizons over the period 1989:1-
1990:12. Then, root mean square errors (RMSE) are estimated and compared with those of the random
walk model. If monetary model’s RMSE statistic is less than this of the random walk, the monetary model
outperforms the random walk model. This is one more supporting point for the validity of the monetary
model.

3 This is developed by Kwiatkowski, Phillips, Schmidt and Shin (1991).
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using 12 lags the KPSS test shows that these variables are I(1). US variables are
undoubtedly I(1). However, all used variables are of the same order of integration [I(1)].

Cointegration results imply the existence of a unique cointegrating vector for Israel.
For Argentina, two cointegrating vectors establish a long run relationship, while for Chile
one cointegrating vector is found when US (M1) is applied and two when US money
supply is expressed by M2. These results provide evidence of a long run relationship and
support the monetary model as a long run phenomenon. But the coefficients, implied by
the estimated cointegrated vectors, are not of the expected sign. Namely, the estimated
coefficients are not correctly signed and inconsistent with the monetary model. However,
McNown & Wallace (1994) state that it is difficult to reject the validity of the monetary
model because the true structural model is unknown.*

Kouretas (1997) examines the Canadian — US Dollar exchange rate under the
framework of the monetary model. The data set includes monthly end-of-period
observations for the exchange rate, money supply, income and interest rates from June
1970 to May 1994.°° A dummy variable is added in the model to include the change in
US monetary policy in 1982. He tests the order of integration of the variables by the
KPSS test and the existence of cointegration between the exchange rate and the monetary

fundamentals by the Johansen multivariate cointegration technique. Moreover, he tests

3% The estimated coefficients are derived from a reduced form model, which is a mixture of structural
coefficients. Since the structural model is unknown, incorrect signs not necessarily mean rejection of the
monetary model. This may be due to incorrect specification of the model.

3¢ M1 is used as money supply, industrial production stands for income and the Treasury bill yield is used

as interest rate.
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the identification and the stability of the estimated model by the Johansen’s FILM
method and the DOLS approach37.

The results imply that all variables are I(1). Cointegration estimation is applied by the
likelihood ratio test and the trace statistic (Johansen’s test). The former implies the
existence of one cointegrating vector, while the latter accepts two significant
cointegrating vectors. Kouretas (1997) accepts the existence of two cointegrating vectors.
Furthermore, the test of identification of the model shows that both cointegrating vectors
are overidentified as the linear restrictions are rejected. Thus, the monetary model cannot
be accepted as a long run forward-looking relationship. However, Kouretas (1997)
concludes that given the unrestricted model for the Canadian-US Dollar exchange rate,
the monetary model is a valid long run relationship.

Cushman (2000) is critical to the Kouretas’ results. To be specific, Cushman
(2000) believes that Kouretas (1997) uses inappropriate critical values for the
cointegration test. The inclusion of a dummy variable can affect critical values. The
appropriate critical values are given by Johansen and Nielsen (1993) who have created a
computer program (DisCo) to simulate the asymptotic distributions for testing
cointegration with (and without) dummies. According to Kouretas’ (1997) results, the
monetary model’s validity is confirmed under the unrestricted model because of the
existence of two cointegrating vectors. But, using the correct critical values, no
significant cointegrating vector can be accepted. As a result, the monetary model fails.

Cushman (2000) re-estimates the Canadian-US Dollar exchange rate by adding 41/2 years

37 This approach, developed by Stock and Watson (1993), adds leads and lags of first differences and first
differences of unit root variables to an equation with the unit root and deterministic variables and then

estimates by OLS.
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data more. By applying the same technique he finds evidence of a unique cointegrating
vector. But this is not equivalent to the support of the monetary model. All the estimated
coefficients are statistically significant, but the majority of those are not correctly signed.
In other words, these estimates are not consistent with the monetary model. An
explanation, given by Cushman (2000), may be the low power of the Johansen test. As
both Kouretas (1997) and Cushman (2000) point, this can be ruled out by using the
DOLS approach (Stock and Watson, 1993). However, DOLS results are similar to the
Johansen test’s results.

Papadopoulos and Zis (2000) examine whether there is a long run equilibrium
relationship between ECU/Drachma and monetary fundamentals of Greece and EU over
the period 1980-1991 using quarterly observations. As the authors note, their model is
based on the assumption that the Greek and EU demands for money are identical.
Moreover, M2 is used for money because of its advantage of money demand stability.*®
The evidence of I(1) variables implies the application of cointegration techniques. As the
constancy of the model and weak exogeneity’’ are established, the estimated VAR model
implies the existence of a unique cointegrating vector. This is equivalent to the existence
of a long run equilibrium relationship between the exchange rate and the monetary
fundamentals. Moreover, given that the estimated coefficients are of the correct sign, the
validity of the monetary model in the long run is strongly supported. However, the error

correction model (ECM), which tests the short run dynamics of the exchange rate, does

¥ Papadopoulos and Zis (1997) find for the case of Greece that M1 produces an unstable demand function.
In contrast, M2 is consistent with money demand stability.

3% All variables except the exchange rate are weakly exogenous to the model. This means that if the
exchange rate deviates from its long run equilibrium value, deviations can be damp out only by exchange

rate adjustments.
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not provide supporting results. All coefficients, except the exchange rate, are statistically
insignificant. Furthermore, the impulse response analysis implies a highly complex
process of adjustment consistent with the monetary model. For example, a higher Greek
income will depreciate Greek Drachma in the short run, which in the long run will lead to
the appreciation. Therefore, Papadopoulos and Zis (2000) conclude that the monetary
model is a valid long run equilibrium condition with highly complex short run dynamics.

Groen (2000) applies time series, cross sectional and panel data analysis for 14
bilateral exchange rates*” and monetary fundamentals over the period 1973-1994 using
quarterly observations. Either US or Germany is used as a base country. Time series
analysis provides some evidence of cointegration, but not satisfactory. In other words,
there is no strong evidence that the monetary model is valid in the long run. On the other
hand, cross-country analysis of the monetary model implies stronger evidence of validity.
The estimated coefficients are statistically significant and correctly signed. As a result, a
long run relationship exists.

Besides to the cross sectional analysis, a two-step panel data analysis is applied. In
the first step, the model is estimated by an OLS regression. The second step examines the
stationary nature of the residuals. In turn, the model is estimated by Feasible Generalized
Least Squares (FGLS) to correct cross sectional dependence and cross sectional
heteroskedasticity in residuals. The panel data analysis is separated in four sub-panels:
(1) all 14 bilateral exchange rates, (2) the G7 bilateral exchange rates (Canada, France,
Germany, Italy, Japan, UK and US), (3) the G10 bilateral exchange rates (adding the

Netherlands, Sweden and Switzerland), (4) EMS bilateral exchange rates (Austria,

40 The panel of the countries is: Australia, Austria, Canada, Finland, France, Germany, US, Italy, Japan,

Netherlands, Norway, Spain, Sweden, Switzerland and UK.
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France, Germany, Italy, the Netherlands and Spain). The results imply that for (1) and (3)
panels, cointegration cannot be rejected regardless of the base country. For G7 panel,
cointegration is not accepted and for EMS panel the null of no cointegration is rejected
only when Germany is used as a base country.*’ Thus, in the majority of the panels, the
monetary model is accepted as a long run relationship between the exchange rate and
monetary fundamentals. On the contrary, time series analysis does not support the
validity of the monetary model as a long run phenomenon.

Rapach and Wohar (2002) test the monetary model using long spans of data.*? If the
exchange rate is I(0) or I(1), then Aey:; =0 in the steady-state. Thus, from UIP condition,
domestic and foreign interest rates are equal. Given the above definition, the dataset
includes annual observations of nominal exchange rates, money supply and real GDP for
14 industrialized countries® relative to US. The Unit Root test shows that for Australia,
Belgium, France, Italy, Spain and UK all variables are I(1). For Portugal and Finland,
only e and m are of the same order of integration [I(1)]. Hence, cointegration will be
tested only between e and m. For Canada and Switzerland, results are not clear and for
Denmark, Norway and Sweden there is evidence that the monetary model does not hold

in the long run [e~I(0) & m~I(1)]. In contrast, for the case of the Netherlands, exchange

I Although in time series analysis the choice of the base country is not important, in panel data analysis
this is crucial. The evidence shows that the monetary model is more supported when DEM bilateral
exchange rates are examined.

** They assume that the rejection of the validity of the monetary model is a result of short data. However,
the use of longer spans of data can cause structural instability. This can be managed if we assume that there
is homogeneity across countries or a stable dynamic system.

4 Australia, Belgium, France, Italy, Spain, UK, Finland, Portugal, Denmark, Norway, Sweden, Canada,
Switzerland and the Netherlands.
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rate deviations from any linear combination of money supply and real GDP are
stationary.

In addition to the Unit Root test, Rapach and Wohar (2002) apply four cointegration
tests**. The results imply that for France, Italy, Spain, and the Netherlands the monetary
model is strongly supported since cointegration is accepted and the estimated coefficients
are of the expected sign. For Belgium, only one of the four tests can reject the null of no
cointegration. Despite the correct sign of the estimated coefficients, the monetary model
is not supported for the case of Belgium. The same holds for Switzerland. Furthermore,
the monetary model finds some support in the case of Finland and Portugal. The
estimated coefficients are close to the expected values and three of the four tests accept
the cointegration hypothesis. To sum up, the authors provide evidence that in most

applications the monetary model is a valid long run relationship.

e Monetary model’s predictability as a means of long-run exchange rate estimation

In a survey, Taylor (1995) presents an alternative way of examining the validity of
the exchange rate determination models. Specifically, a number of studies are presented,
which test the out-of-sample forecasting ability of the monetary and other models. A
representative study is that of Meese and Rogoff (1983). They test the predictability of
exchange rate determination models including the monetary model.* This is applied to
the UK pound, Deutsche mark and Japanese yen against the US dollar, using monthly
observations from 1973:3 to 1981:6. The monetary model produces forecasts at 1 to 12

month horizons, which are compared to the random walk’s forecasts. The out-of-sample

* Phillips and Ouliaris (1990) test, Johansen (1988, 1991) trace test, Hansen (1992) Lc statistic and Shin
(1994) Cu statistic.

* The Dornbusch and portfolio balance modes are also examined.
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forecasting is measured by three statistics: (i) ME (mean error), (ii) MAE (mean absolute
error) and (iii) RMSE (root mean square error), which is the statistic that Meese and
Rogoff (1983) apply. The other two statistics are useful in determining of whether the
model undershoots or overshoots.

The results imply that the random walk model has the lowest RMSE over all horizons
and over all exchange rates. Hence, the monetary model does not provide any better
information on future exchange rate movements.** However, the ME and MAE statistics
show that the monetary model neither underpredicts nor overpredicts. Finally, Meese and
Rogoff (1983), providing some possible reasons for this forecasting inability, stress that
there is structural instability due to oil shocks and unstable macroeconomic policies.
Moreover, the model may be misspecified because of the unstable money demand
function.

Under the same framework, Mark (1995) examines the predictability of the monetary
model by testing the deviations of the spot exchange rate from its fundamental value. The
latter is dictated by the monetary model, which is a linear combination of relative money
stocks and relative real incomes. This study is applied to the Canadian dollar, Deutsche
mark, Swiss frank and Japanese yen exchange rates relative to the US dollar, using
quarterly data from 1973 to 1991. He estimates out-of-sample forecasts for a given
horizon -h-, using t<N observations (N = all available observations). Next, the first
horizon -h- forecast is re-estimated by using t+1 observations to construct the second h-
horizon forecast. This is continued until N-h observations are used. These h-horizon

forecasts are compared to the forecasts from the random walk model.

* This statement does not change in the case of the other two exchange rate models. Neither structural

model has better predictability performance than this of the random walk model.
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Forecasting estimation includes the period 1981-1993 in order to cover the dollar
appreciation and its peak point during 1985. The results show that for the first horizon,
predictions for the Canadian dollar, Swiss Franc and Japanese Yen have RMSE (Root
Mean Square Error) lower than those of the random walk model. In general, Mark (1995)
shows that the monetary model in a long run base can predict the exchange rate.

Groen (1999) tests the long run predictability of the monetary model. His study is
applied to Canada, France, Germany and the Netherlands relative to US, using monthly
data over the period 1973 — 1994. He attempts to model the following expression:

Ae,, =oa,+pB(z,—e)tu,, (3.18)
where z is a vector of fundamentals (such as relative money supply and relative income).
If the current exchange rate and the vector of fundamentals are cointegrated, the
parameter B should be positive to confirm stability. If B,>0, current exchange rate
deviations from its equilibrium value will be offset in the future. Therefore, this is a good
approximation for future exchange rate movements. Monte Carlo simulation gives the
appropriate critical values for the cointegration test. The results imply that there is no
evidence of long run relationship between the exchange rate and the fundamentals.

Next, he moves to the out-of-sample forecasting estimation, which is similar to the
Mark’s (1995) methodology. In explain, he compares the ratio of RMSE of the
forecasting model with this of the random walk model. The estimated model will provide
valuable forecasting information if the ratio of RMSE is less than 1 and statistical
significant.*’ Forecasting evaluation is applied into two samples. The first one covers the

period 1981:10 — 1991:12 and the second one includes the period 1981:10 — 1994:12.

*7 Significance is tested using the Diedold and Mariano (1995) DM statistic.
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Forecasting performance of the model is weaker during the second period. As a general
point, Groen (1999) finds no supporting evidence of the predictability of the monetary
model. This failure may be due to the lack of cointegration.

Motivated by Mark’s (1995) study, Kilian (1999) applies a long-horizon regression
test using the same data set, but extending the sample size up to 1997 (1973-1997). Long
run exchange rate predictability is examined through two criteria. The former is that the
joint test statistic must be significant at the 10% significance level, and the latter claims
that p-values should be decreasing as the forecast horizon increases.*® For the period
1973-1991, most joint statistics are significant and p-values are decreasing, except this
for Canada. For the extended sample, there is evidence of long-horizon predictability
only for Switzerland. For the rest of the panel, p-values are either stable or increasing.
Kilian (1999) in an effort to explain this contradiction states that Mark’s technique may
not be correct, as he does not include the appropriate drift. This can lead to misleading
ADF test results. Moreover, OLS estimators may be biased. If this is the case, critical
values and standard errors are invalid.

He concludes that there is some evidence of exchange rate predictability, but there is
no evidence of long-horizon forecasting ability. According to the author, this failure may
be due to the fact that the true process is described by nonlinear dynamics. If a linear
model is used instead of the true nonlinear model, p-values are inconsistent. As a result,
the implied results are misleading. The solution is to compute new p-values consistent

with the true nonlinear specification.

* p_values are constructed by 2,000 independent replications
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Rapach and Wohar (2002), following Mark (1995), examine the predictability of the
monetary model by comparing the monetary model’s forecasts with those of the random
walk model. The difference from Mark’s (1995) technique is that they allow for a drift in
the random walk model. They use five tests to compare the above forecasts. The null
hypothesis is that forecasts from the random walk include monetary model’s forecasts. If
this is true, monetary model’s forecasts are not informative for exchange rate
fluctuations. The results show that for Belgium, Italy and Switzerland, monetary model’s
forecasts provide valuable information on exchange rate variability. In contrast, the
monetary model does not provide additional information on exchange rate forecasting for
France, Portugal, Spain and Finland. They conclude that any failure of the monetary

model as a forecasting tool is a result of the weak exogeneity of the exchange rate.

3.1.3. A critical view on the validity of the Monetary model

The empirical evidence on the monetary model cannot be summarized by a clear
statement. While interwar period data studies support the monetary model, subsequent
studies differ in their implications. For example, a number of empirical works accept the
monetary model as a long run phenomenon, while others reject the existence of any
cointegrating relationship between the exchange rate and the monetary fundamentals.
Besides these results, other studies - although accept the existence of a long run
relationship - fail to accept that the monetary model can explain the short run dynamics
of the exchange rate. In addition, researchers attempt to test the validity of the monetary
model by estimating its in-sample and out-of-sample forecasting ability. Similarly,

implications are mixed.
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A review on the literature shows that researchers have moved to a more sophisticated
econometric analysis. Hence, researchers seek to establish the validity of the monetary
model by using non-conventional econometric techniques. They use longer spans of data,
panel data analysis and more recently nonlinear models in explaining exchange rate
behaviour. For example, Groen (2000), using time series analysis, fails to support the
monetary model. In contrast, applying cross sectional analysis, he finds supporting
evidence for the monetary model.

Rogoff (1999) answering the question “why is difficult to estimate exchange rates?”
stresses some interesting points. Firstly, fundamentals are less volatile than exchange
rates. This means that interest rates, money and income are not the only factors that affect
exchange rates.”” Secondly, money market cannot be easily modeled. For example,
money demand is unstable and money supply is set exogenously by Central Banks.
Moreover, when the inflation is close to zero, the effect of the monetary policy on the
exchange rate is difficult to be detected. Finally, the exchange rate may not be correctly
estimated due to the slow convergence to PPP.”

To sum up, the evidence is not clear about the validity of the monetary model. Recent
studies use more powerful techniques in examining exchange rates. Any failure of the
monetary model may be due to inappropriate econometric procedures. To avoid this
misspecification, it is useful to test the properties of the model. Assuming that the model
is characterized by nonlinear dynamics, an erroneous usage of a linear model instead of

the true nonlinear model will produce invalid implications. Therefore, we need to turn on

* Rogoff (1999) implies that political factors have an active role in exchange rate determination.
% However, this is not a true reason for the failure of the Monetary model. As chapter 2 shows, recent

studies manage to accept the validity of the Purchasing Power Parity hypothesis. For example, Sarno et. al.

(2004), estimating a nonlinear model, find evidence that PPP hypothesis holds in the long run.
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nonlinear models and new open economy macroeconomics.”’ Finally, the monetary
exchange rate determination model was vital for the development of exchange rate

economics and under conditions it is a useful empirical tool.

3.2. The Dornbusch model

This model is alternative to the monetary model, in which prices are flexible and the
Purchasing Power Parity hypothesis holds all the time. Dornbusch (1976) develops a
theory of exchange rate determination under perfect capital mobility, slow adjustment of
goods markets relative to assets markets and consistent expectations. This model is also
known as overshooting model because the current exchange rate tends to overshoot its
long run equilibrium value following some exogenous shocks. The main characteristic of
the model is that prices are sticky and the exchange rate is at equilibrium only in the long
run. In the short run, the exchange rate is out of its equilibrium value because of the slow
adjustment of the price level. The assumptions of the model are:

1) Prices are sticky in the short run.

2) The country is small in capital market, which means that interest rates are given.

3) The economy is at full employment, so the output level is given.

4) There is perfect asset substitutability, which means that the Uncovered Interest
Parity (UIP) holds. If the domestic currency is expected to depreciate, interest
rates on assets will exceed those abroad by the expected rate of depreciation. We
rewrite equation (3.4), which illustrates the UIP condition. This is equivalent to

the perfect capital mobility.

> This is a suggestion of Rogoff (1999). Moreover, he introduces the estimation of political models to

capture the role of political factors in exchange rate determination.
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i =i +E][Ae, ] (3.4)
The expected rate of depreciation is given by:
E[Ae, ]1=0(e—e) (3.19)
where: e~ logarithm of the current exchange rate

e = logarithm of the long run exchange rate

6= coefficient of adjustment
5) The long run exchange rate is determined by monetary and real factors.
6) Import prices are given.

7) Prices of domestic goods depend on aggregate demand for domestic goods.

e Money Market
Equilibrium in money market requires the supply of money to be equal to the demand for
money. We rewrite equation (3.1):>
m, =P, =@y, ~ li, 3.1)

We substitute (3.4), (3.19) to (3.1):

m,—p, =@y, —u(i +E[Ae,,]) (3.20)
m,—p, =@y, — uli, +6(€~e)] (3.21)
pO@ —e)=—m, +p,— @y, — pi, (3.22)
_ 1 x
e, =e+——(m,—p,—@y, +ui) (3.23)
Y

Equation (3.23) shows the relationship between the exchange rate and the price level that

guarantees money market equilibrium.

52 All symbols stand for the same variables as in the monetary model, presented in the previous section.
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¢ Goods Market

Equilibrium in goods market is restored when aggregate demand equals aggregate
supply. The demand for domestic output is given by:

du, =a(e + p,*—p,)—oi, +1y, (3.24)
where a, o, T are positive coefficients.

Equation (3.24) shows that the demand for domestic output depends on the relative
price of domestic goods, interest rates and real income. So, an increase in the relative
price of domestic goods decreases demand. The same does an increase in interest rates,
but the opposite happens in case of an increase in income™. The rate of increase in the
domestic price level is given by:

Ap =ola(e +p,*—p,)—oci, +7y,—y] (3.25)
where 0 is the coefficient of price adjustment. Assuming that the domestic price level
does not change, writing (3.25) as follows we ensure that excess demand is zero.

Ap=0=90lale +p, *—p,)—oci,+7y, -] (3.26)
Now, using the UIP condition and the fact that the economy is at full employment (i.e

y =), equation (3.26) becomes:

ale,+p, *—p,)—oi +(r-1)y, =0 (3.27)
ale,+p,*=p,)—oli *+0(e —¢)]+(r-1)y, =0 (3.28)
ae,+a(p, *—p,)—oi *~c0e +c0e +(r—-1)y, =0 (3.29)
(a+00)e, =oc(i,*+0e)—a(p,*—p,)—(t-1)y, (3.30)
e = ! [a(it*+HE)—a(p,*—p,)—(r—l)yt] (3.31)

a+ob

33 Dornbusch (1976) sets the foreign price level equal to one, so that its logarithm is equal to zero (p*=0).
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Equation (3.31) indicates the relationship between the current exchange rate and the

domestic price level that ensures equilibrium in the goods market.

e Equilibrium

When both markets are in equilibrium the exchange rate and the price level find their
long run equilibrium levels. This is shown in figure 3.3 (point A). At this point,
aggregate demand is equal to aggregate supply, which means that there is no pressure on
the domestic price level. Moreover, domestic interest rate is equal to the foreign interest
rate. Thus, there is no expectation of either appreciation or depreciation of the exchange
rate.

The curve QQ gives the combination of exchange rates and price levels at which the
money market is at equilibrium. As we can see from equation (3.23) exchange rate and
price level are negatively correlated. Thus, its slope is negative. To explain the negative
slope of the QQ curve, suppose that price level is below its long run level. As a result, the
real money supply increases and the domestic interest rate decrease. From the UIP

condition we can see that the term E [Ae,,,

] falls, which is equivalent to expectations of
appreciation of the domestic currency. Equation (3.19) implies that if the current
exchange rate is above its long run level, the exchange rate is expected to appreciate.

Thus, a low price level requires a high exchange rate.

The curve Ap=0 includes the combinations of exchange rate and price level at

which the excess demand in goods market is equal to zero. Its slope is positive but as
figure 3.3 shows it is lower than this of the 45° line. An increase in the price level above

its equilibrium value has two effects on the aggregate demand. Firstly, as prices raise the
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real money supply decreases, this leads to the increase of the domestic interest rate. As a
consequence, investment and aggregate demand decrease. Secondly, any increase in the
domestic price level reduces competitiveness because foreign goods are relatively
cheaper. Thus, export rates decline and aggregate demand for domestic goods declines as
well. For that reasons, aggregate demand falls more than the aggregate supply, which
causes disequilibria in the goods market. The excess supply can be reduced by increasing
the exchange rate in a rate higher than that of the domestic price. Therefore, the slope of
the curve is lower.

Figure 3.3: Dornbusch model
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The excess supply case corresponds to points above the curve. On the other hand,

points below the curve indicate excess demand. Such a point is B. There is excess
demand for domestic goods because the price level is lower than the equilibrium level
and the exchange rate is higher than its long run equilibrium value (i.e. it is undervalued).

Equilibrium will tend from B to point A because the excess demand will cause a higher
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domestic price level. We saw that in the case of excess supply due to high prices,
equilibrium is restored through the depreciation of the exchange rate. In a similar way,
excess demand requires the appreciation of the exchange rate in order the market to be in

equilibrium.

3.2.1. Effects of an Expansionary Monetary Policy

An increase in the nominal supply of money will cause disequilibria in goods and
assets markets. In order to have equilibrium in assets market, prices will increase and the
exchange rate will depreciate. Figure 3.4 presents the effect of a monetary expansion on
the exchange rate. At point A, goods and money markets are in equilibrium. Suppose that
the monetary authorities increase the nominal quantity of money in the economy. Then,
the curve QQ shifts out to QQ’ (this shift is proportional to the increase in the quantity of
nominal money supply). In the short run, when prices are sticky, increase in nominal
money supply means increase in real money supply. Then, the domestic currency
depreciates as a result of the decreased interest rate. In the figure, that means shift from A
to B, which is the short run equilibrium. The effect on the exchange rate is given by:

£:1+L > 1 (3.32)
dm uo

From (3.32) we can see that in short run the exchange rate will overshoot. For
example, 1% increase in the money supply will increase the exchange rate by more than
1%. This is because in short run, prices do not change and the monetary expansion affects
only the foreign exchange market. At point B, there is excess demand for domestic goods
because of the decrease in the domestic interest rate and the depreciation of the home

currency. This will cause the domestic price level to increase in the long run. Real money
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supply decreases and domestic interest rates increase. As a result, the exchange rate
appreciates. In the figure, that means shift from B to C. In the long run equilibrium (point

C) both markets are in equilibrium.

Figure 3.4.: Monetary Expansion

S|

e Flexible Output

Finally, Dornbusch (1976) relaxes the assumption of fixed output at the full
employment level. Here, output can change in the short run due to aggregate demand
movements. Thus, inflation rate depends on the difference between actual output and full
employment level. The effect of a higher money stock on output is described as follows:
the increased money supply will increase output and in turns will increase the domestic

price level since domestic income increases as well. Real balances move to equilibrium
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until the increased money supply be offset by increased prices. This will lead output back
to full employment level.

However, the effect of the same policy on the exchange rate and the interest rate is
not identical to the fixed output analysis. Recall that since domestic money supply
increases, interest rate declines and the exchange rate overshoots its long run equilibrium
value. In contrast, the increased output (due to the increased money supply) will raise
domestic income and as a result interest rate goes up. Moreover, the exchange rate
undershoots rather than overshoots. Given the increased interest rate, domestic and
foreign assets returns will be equal if the exchange rate increases (i.e. domestic currency
depreciates). But, it depreciates less than the long run equilibrium level. Specifically, the
rate of increase of the exchange rate is lower than this of money supply. Actually, the
behaviour of the exchange rate and this of the interest rate depends on income and price

elasticity.

3.2.2. Empirical Literature Review

Driskill (1981) estimates a reduced form exchange rate equation based on the Swiss
franc/US dollar exchange rate. The Dornbusch model is estimated through the period
1973 — 1977 using quarterly data.>* The estimated reduced form equation is as follows:

e =a,tae_ tam +am,_, +a,p,_,+ay, +a.y, ,+a.g, (3.33)

4
where ¢, is a first order serially correlated random variable. If the restrictionZai =11s
i=1

accepted, the Purchasing Power Parity holds. Moreover, the exchange rate will overshoot

 Quarterly data are computed by three monthly end-of-period averages. CPI index is used for price

variable and M3 stands for the money variable.
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if a, > 0. The results imply that the above sum of coefficients is insignificantly different

from one. Therefore, PPP holds in the long run. The estimated coefficients of the lagged
exchange rate and the lagged price level are not correctly signed in terms of the
Dornbusch model. However, there is evidence of exchange rate overshooting. The
exchange rate depreciates in the first quarter, then appreciates for three quarters and then
depreciates again. Thus, the exchange rate path to the long run equilibrium is not
monotonic. Recall that the Dornbusch model implies that after overshooting, the path to
the equilibrium exchange rate will have only one direction. Finally, the author points out
that any inconsistency of the estimated exchange rate equation to the Dornbusch model
may be due to the reduced-form model estimation rather than the true structural model
estimation.

Hacche and Townend (1981) examine the UK pound effective exchange rate using a
number of alternative exchange rate determination models. The effective exchange rate is
calculated as the weighted average of the UK pound against US dollar, French franc,
Deutsche mark, Japanese Yen and Italian lireta. Although, weakly, monthly, quarterly
and annually observations are applied, the estimation of the model is based on monthly
observations over the period 1972:5 — 1980:2. The results imply that the exchange rate
does not follow a random walk. Moreover, money supply is the only significant and
correctly signed coefficient. This estimated coefficient provides evidence that an increase
in money supply causes a more than proportionate depreciation of the exchange rate. This
evidence is consistent with the Dornbusch model. Furthermore, the authors find that an
oil price shock has an impact on the exchange rate in the short run but not in the long run.

Finally, they fail to find a strong long run relationship between the exchange rate and
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fundamentals. They conclude that the exchange rate overshoots its long run value
(providing some support to the Dornbusch model), but many coefficients are statistically
insignificant and wrongly signed. It is worth notable that the evidence from other
exchange rate determination models is even unsatisfactory.

Papell (1988) provides supporting evidence for the sticky price model applying
constraint maximum likelihood methods. He claims that single equation methods are
inappropriate and unsuccessful. The Dornbusch model is tested for US, UK, Japan and
Germany effective exchange rates over the period 1973-1984 (quarterly observations).
The reduced form model is an ARMA with nonlinear constraints on the parameters. His
estimation contains two steps. Firstly, a vector ARMA model is estimated for the
exogenous variables.” Then, the constraint model is estimated by a maximum likelihood
approach. The results imply that most of the structural coefficients are statistically
significant and of the correct sign. In addition, Papell (1988) compares the results from
the constrained model with those of a semi-constrained model. The estimated coefficients
do not deviate significantly except of the case of Germany. To give a review of his
results, the estimated coefficients indicate that the German effective exchange rate
overshoots while the Japan effective exchange rate undershoots. The results for the UK
and US exchange rates are not clear-cut.

Faust and Rogers (2000) model the effects of an expansionary monetary policy on the
exchange rate. Taking into account the Dornbusch’s overshooting model, they attempt to
find if the exchange rate overshoots in response to the monetary policy shock. Moreover,

they test if that shock is responsible for the high exchange rate volatility. Their results,

> Domestic money supply, foreign price level, foreign real output and foreign interest rate are exogenous.
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based on the estimation of four models®, indicate no strong evidence of delayed
overshooting. They find that the speed of the exchange rate adjustment is sensitive to
dubious assumptions. Furthermore, they find significant UIP deviations and evidence of
forward premium anomaly. Recall that one of the building blocks of the sticky price
model is that UIP holds all the time. In addition, the model states that spot rates are
proportional to forward rates. Therefore, the above finding is contradictory to the
Dornbush model. However, they do not find that this forward premium anomaly is due to
UIP deviations.

Rogoff (2002) in a charming paper, expressing his experience of being in Rudiger
Dornbusch’s course at MIT, tests the empirical application of the overshooting model.
Prior to this, he stresses the contribution of Dornbusch’s model to the development of
New Open Economy Macroeconomics. Actually, it is a further development of the
Mundell (1962)-Fleming (1962) model. Dornbusch’s model is the first, which introduces
both expectations and price stickiness. Based on Frankel’s (1979) observation that, under
the framework of the Dornbusch model exchange rates and interest rate differentials are
positively correlated, he examines the US dollar/Deutsche mark, Japanese Yen/US dollar
and UK pound/US dollar exchange rates in terms of the above relationship. In the first
two cases, there is some evidence of relationship. Many turning points can be explained
by interest rate fluctuations. On the other hand, the identification of this relationship is
very difficult in the case of the pound/dollar exchange rate. In most turning points, an
increase in the exchange rate is associated with a decrease in interest rate differential.
Moreover, accepting Flood’s (1981) position that, in Dornbusch model spot rates

movements are proportionate to forward rate movements, he tests the Yen/dollar and

%6 7-variable and 14-variable models for US/UK and US/Germany.
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pound/dollar exchange rates. He implies that this attempt is not very supportive for the

Dornbusch model.”’

3.2.3. A critical view on the validity of the Dornbusch model

The empirical literature on the sticky price model neither supports nor rejects the
model. In the majority of the studies, there is some support. For example, Driskill (1981)
finds that there is exchange rate overshooting but some of the estimated coefficients are
statistically insignificant and incorrectly signed. More satisfactory are the results of
Papell (1988). Furthermore, Smith and Wickens (1988), estimating an alternative version
of the sticky price model developed by Buiter and Miller (1981), find that the UK pound
exchange rate overshoots its long run value. A 5% change in the money supply causes
21% change in the exchange rate. However, there are studies, such as Faust and Rogers
(2000), which fail to accept the validity of the Dornbusch model. In general, evidence on
this model is relatively satisfactory. In our sense the Dornbusch model has a better
empirical application than the monetary model. One of the reasons must be its realistic
assumption. In particular, the Dornbusch model avoids assuming that the price level
changes in the short run (as the Monetary model does). Such an assumption would accept
that PPP holds continuously. Hence, the Dornbusch model is a useful empirical tool and a
brilliant theoretical note for new open economy macroeconomics. Rogoff (2002) points
out the contribution of the Dornbusch model in explaining the appreciation of the

domestic currency in response to an increase in money supply. As it is well known, an

7 However, he remarks that he did not test the statistical significance of his results. Moreover, the
exchange rate — interest rate differential relationship is tested by a figure analysis and not by a regression

analysis.
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expansionary monetary policy causes the depreciation of the domestic currency.
However, how is the above appreciation possible? Dornbusch gives the answer. The
depreciation is higher than it should be. Namely, the exchange rate overshoots its long
run value. As a consequence, in the long run the exchange rate decreases (i.e. the

domestic currency appreciates) to find its equilibrium value.

3.3. The Portfolio Balance Model

As shown before, the monetary models of exchange rate determination show that the
exchange rate is a function of money supply, interest rates, inflation rates and output
levels. The portfolio balance model introduces a wide range of assets, such as domestic
money, domestic and foreign bonds. This is not the only difference from monetary
models. The portfolio balance model does not assume that the UIP condition holds. In
other words, domestic and foreign assets are not perfect substitutable. This means that
agents choose this amount of domestic and foreign bonds, which maximizes their profits.
Thus, agents choose a diversified portfolio of assets including domestic money, domestic
and foreign bonds.

Exchange rates depend on agents who invest between domestic and foreign bonds.
Agents form expectations about future domestic and foreign bond prices. In that way,
expectations have an important impact on the exchange rate determination. But, some
researchers (for example, Allen & Kenen 1976, MacDonald 1988) assume that

expectations are static. On the other hand, Dornbusch & Fischer (1980), Allen & Kenen
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(1980), Branson and Henderson (1985) allow expectations to have an active role in
determining the exchange rate.

Another important point of the portfolio balance model is the distinction between
short run and long run exchange rate determination. Agents determine the short run
exchange rate, which in turn determines the current account equilibrium. If the short run
exchange rate implies a current account surplus, this can be eliminated by a proportionate
capital account deficit. This means that agents accumulate foreign assets. But, this path
can lead only to a temporary equilibrium. The long run equilibrium exchange rate is
achieved when the current account is in balance.

Allen & Kenen (1980) compare the effect of an open market operation under fixed
and flexible exchange rate regimes. The purchase of domestic bonds (from government
spending) increases the demand for domestic bonds and the money supply at home.
Under a fixed regime, the new asset equilibrium implies loss of reserves and the
monetary policy cannot have any permanent effect on prices, output and employment.
Under a flexible regime, this purchase causes the depreciation of the home currency and
in contrast to the fixed regime the monetary policy can have a permanent effect on
income. However, the model presented below will be tested only under the flexible

exchange rate regime.

3.3.1. Static Expectations

The model presented here is that of Branson (1977). Its assumptions are as follows:
1) Domestic country is a small country and as a result the interest rate is fixed to

the world level, i.e. interest rate is exogenous.
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2)  Foreign agents do not hold domestic assets

3) Supply of assets is fixed

4) Domestic and foreign agents have identical portfolio preferences
5) Agents prefer domestic than foreign assets

The wealth constraint of the home country is given by equation (3.34):

W=M+B+eF (3.34)
where M, =MC(@,,i *+E[Ae, W (3.35)
: : oM
is the domestic money supply and —-<0, — L <0
oi, o0(i, *+E [Ae,,,])
B =B(i,i*+E[Ae, W (3.36)

is the net holding of domestic bonds which represents the private sector holding of the

government debt, and —->0, o8, <0
Oi, 0(i, *+E [Ae,,,])
eF, = F(i,i, *+E,[Ae, W (3.37)

is the net holding of foreign bonds expressed in the domestic currency, and

oF, oF,
<
oi

, >0
, oG, *+E[Ae,,])
The rate of return on domestic and foreign bonds is expressed as iand i*,
respectively. The expected rate of return on foreign bonds is shown as i, *+E [Ae,,,].
Assuming that expectations are static, the term £,[Ae, ,, ] is equal to zero. The equation set

(3.34) — (3.37) represents the portfolio balance model, which diagrammatically is shown

in the following figure:
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Figure 3.5: Equilibrium
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The curve MM represents the money market equilibrium. It contains all possible
combinations of interest rates and exchange rates, which ensure the money market
equilibrium. Its slope is positive, as an increase in the exchange rate requires a higher
interest rate to restore equilibrium. Suppose that the domestic currency depreciates (e
increases). Then, given other things constant, domestic income increases because eF
increases (through equation 3.34). The increased income increases the demand for
money, so a higher interest rate is required to restore money market equilibrium.

The curve BB represents the combinations of interest rates and exchange rates, which
guarantee domestic bonds market equilibrium. This curve is negatively sloped because
any disequilibrium caused by a higher exchange rate can be offset by a lower interest

rate. Assuming again that domestic income increases due to the higher holding of foreign
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bonds (eF increases), the demand for domestic bonds increases. As a result, their prices
rise and the interest rate declines.

Finally, the curve FF shows equilibrium combinations of exchange rates and interest
rates for the foreign bonds market. Like curve BB, it is negatively sloped. The increased
domestic income increases the demand for foreign bonds and the supply of those (as eF
increases). The supply of foreign bonds increases more than the demand because agents
invest between domestic and foreign bonds (i.e. the increased income is allocated
between domestic and foreign bonds). Therefore, the net impact is excess supply of
foreign bonds. This can be offset by a lower interest rate. This is because by decreasing
the interest rate, domestic bonds are less attractive, thus agents are forced to purchase
foreign bonds eliminating the excess supply.

As shown in figure 3.5, curve BB is steeper than FF curve. This means that the
former has bigger slope than the latter. A given change of the domestic interest rate has a
stronger effect on domestic bonds than on foreign bonds. Similarly, a movement of the
foreign interest rate affects more the foreign bonds market. As the domestic interest rate
increases, the demand for domestic bonds increases more than the decrease of demand for
foreign bonds. As a result, equilibrium requires the exchange rate to fall more in domestic

bonds market than in foreign bonds market.

e Short Run Equilibrium

Equilibrium in the model is attained when all markets are in balance. In figure 3.5, the
equilibrium point (E) is the tangent point of the three curves. It is worth notable to remind

that, because of the wealth constraint, if two of the markets are in balance then, and the
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third market will be in balance. Next, we will examine the static analysis of the short run
equilibrium.

Governments can affect the equilibrium conditions by changes in government
spending (fiscal policy) and open market operations (monetary policy). Government can
increase its spending by increasing the money supply or by increasing its debt. In other
words, governments can increase the supply of the domestic bonds. Under the first
scenario, the increased money supply will increase the demand for domestic and foreign
bonds. This will cause excess money supply and excess demand for domestic and foreign

bonds. In figure 3.6, the curve MM will move upward and to the left at M"M’.

Figure 3.6: Increased Government Spending (new issued money)
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At each exchange rate level, the money market equilibrium will be restored with a
lower interest rate. As a consequence of the excess demand for domestic bonds, their

prices rise and the interest rate falls. Then, the curve BB will move downward and to the
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left at B’B’. Satisfying the wealth constraint, the foreign bonds market meets its new
equilibrium and the curve FF moves upward and to the right at F’F’. The new tangent
point implies a short run equilibrium in which the interest rate decreases and the
exchange rate increases (i.e. the domestic currency depreciates).

Let now see the effect of an increase in government spending by increasing the
supply of domestic bonds. At each exchange rate, the domestic bonds market equilibrium
requires a higher interest rate. In figure 3.7, this is equivalent to a movement of curve BB
to a new curve B’B’. This movement causes disequilibria in markets. There is excess
supply of domestic bonds and excess demand for money and foreign bonds. If we assume
that domestic and foreign bonds are close substitutes, the domestic currency will
appreciate. This is because the increased interest rate (substitution effect) will be higher
than the increase in income (wealth effect). Thus, domestic agents will reduce the
demand for foreign bonds. But, here we assume that domestic bonds and money are
better substitutes than domestic and foreign bonds are. Consequently, the substitution
effect (lower increase in interest rate) will be less than the wealth effect.
Diagrammatically, the excess demand for money causes the movement of curve MM
downward and to the right at the new curve M’M’. Then, the curve FF moves upward at
F’F’ (at each exchange rate, a higher interest rate is required). The new equilibrium is a

short run equilibrium with a higher interest rate and a depreciated domestic currency.
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Figure 3.7: Increased Government Spending (bond-financed debt)
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Besides the change in government spending, governments can influence equilibrium
by open market operations. By this procedure, governments intervene into the markets
adjusting the money stock. The main difference from fiscal policies is that now there is
no income effect because wealth is unchanged. The total effect is caused only by the
substitution effect.

Suppose that the domestic government increases the money supply by exchanging
money for bonds (i.e. government purchases domestic bonds from households). As a
consequence, there is excess supply of money and excess demand for domestic bonds.
Figure 3.8 illustrates this situation. MM curve is moving upward (M’M”) since at a given
exchange rate, a lower interest rate is required to restore money market equilibrium.
Similarly, BB curve moves downward to B’B’, to express the lower interest rate that is

necessary for domestic bonds market equilibrium. At this interest rate, foreign bonds

market is characterized by excess demand. This will be offset by a higher exchange rate
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(i.e. depreciation of the domestic currency). The new equilibrium is on FF curve (point
E1). This policy leads to a short run equilibrium accompanied with a lower interest rate
and a depreciated domestic currency.

Figure 3.8: Open Market Operation ( AB = - AM)
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Alternatively, governments can exchange money for foreign bonds. This will create
excess money supply and excess demand for foreign bonds. As before the MM curve
moves to curve M’M’ and the interest rate declines. The excess demand for foreign bonds
will be offset by a higher exchange rate. Therefore, the FF curve moves upward to the
new curve F’F’. The new equilibrium point (E,) is the tangent point of M’M’, F’F’ and
the original BB. This short run equilibrium is shown in figure 3.9. The specific policy
depreciates the domestic currency while the interest rate falls. Observing figures 3.8 &
3.9, we can see that in figure 3.8 the domestic currency is depreciated less than in figure
3.9. Moreover, domestic interest rate decreases more in figure 3.8 than in figure 3.9.

Therefore, the first policy has a bigger effect on interest rates and a smaller effect on the
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exchange rate than the second policy has. As a result, given the assumptions of the
model, the open market purchase of domestic bonds is more appropriate.

Figure 3.9: Open Market Operation (AeF = -AM)
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e Long Run Equilibrium

The above analysis shows that open market operations cause the depreciation of the
domestic currency and a decline in the interest rate. In the long run, the exchange rate
depends on the current account and capital account situation. For example, a current
account surplus must be offset by a capital account deficit. Domestic agents will increase
the net holding of foreign bonds. On the other hand, a current account deficit must be
accompanied by a decrease in holding of foreign bonds. But, these changes in F can
affect the exchange rate. Therefore, an unbalanced current account leads only to a

temporary equilibrium. The long run equilibrium requires a current account balance, at
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which there is no reason for accumulation or decumulation of foreign bonds. The current
account is equal to the sum of net exports and net income on foreign bonds:
CA=(EX—-IM)-(eP*/P)+i*eF (3.38)
A crucial assumption for long run equilibrium is that the system is stable. Suppose
that the exchange rate (e) is linked with a current account surplus (CA>0). This causes
two contradictable effects. Firstly, domestic agents accumulate foreign assets and
secondly the current account surplus appreciates the domestic currency. The first effect
increases wealth and the current account surplus is increasing more and the second effect
reduces domestic goods competitiveness, which in turns decreases the current account
surplus. The system will be stable only if the second effect overshoots the first effect.

Figure 3.10: Long Run Equilibrium
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Let now see the effect of an exchange of money for domestic bonds on the long run
equilibrium. In figure 3.10, equilibrium before the shock (time to) is illustrated by P=e=1.

The open market operation increases the money stock at home and as a result the
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exchange rate increases in order the asset market equilibrium to be restored (e;). Given
that the price level changes very slowly, the real exchange rate is increasing. Hence, the
domestic currency depreciates and domestic net exports rise, creating a current account
surplus.

The current account surplus tends agents to accumulate foreign assets, reducing the
exchange rate (domestic currency appreciates). Then, the exchange rate follows the
downward path AB (figure 3.10). On the other hand, since the price level is more flexible
in the long run, the price level rises as the money supply increases. In figure 3.10, the
price level follows the upward path CD. At point E the price level is equal to the
exchange rate, however this is not the long run equilibrium. This is because the current
account is not in balance due to the increased income on foreign bonds. As F is rising, e
will continue to fall and P will keep on increasing until the current account is zero [(EX -
IM)(eP*/P) = -i*eF]. This happens at P* and e* which ensure the long run equilibrium.

Like the Sticky Price Monetary model, short run exchange rate overshoots its long
run equilibrium. This is because a change in domestic interest rate affects more the
demand for foreign bonds than the money demand. In contrast, when the money demand
is affected more, the short run equilibrium is below its long run value (i.e. the exchange

rate undershoots).

3.3.2. Rational Expectations
So far, the portfolio balance model has been presented under the assumption of static
expectations. In other words, agents have no information about future changes or they

cannot apply any information to predict future exchange rate movements. Alternatively,
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they believe that the current exchange rate will be unchanged. But, this is not a realistic
assumption. Agents form expectations about future bond prices and given that exchange
rates are mainly determined in assets markets, their expectations are crucial for the
exchange rate determination. Moreover, they choose between bonds denominated in two
currencies, and their choices must reflect their expectations about the future value of the
exchange rate. In this section we assume that agents form rational expectations. Hence,
domestic and foreign agents have perfect foresight, which means that they are able to
predict correctly future movements.”

Under the framework of Branson’s model, Branson and Henderson (1985) develop a
portfolio balance model assuming that agents form rational expectations. Other
assumptions of the model are:

e Domestic agents hold only domestic money

e Domestic demand for money does not depend on foreign bond returns

e Changes in domestic demand for money are associated with changes in
demand for domestic bonds

¢ Domestic demand for money does not depend on nominal wealth

e The elasticity of domestic demand for money with respect to nominal income
is unity.

Fixed Goods Prices

The following figure (3.11) contains the equilibrium conditions under static and

rational expectations when goods prices are fixed. The curve w presents the

3% Besides to static and rational expectations, Masson (1981) presents the case of regressive expectations.
This is an inverse procedure. Agents look ahead to the long run effect of exogenous variables on the

exchange rate, and assume that in the short run the exchange rate tends to this value.
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combinations of exchange rates and home assets accumulation, which ensure balance of
payments equilibrium. Its slope is positive because a depreciation of the domestic
currency increases domestic trade surplus and domestic asset accumulation. The curve
w=0 corresponds to the equilibrium real exchange rate, where asset accumulation is
Zero.

Curves As and Agr represent asset market equilibrium under static and rational
expectations, respectively. Following Branson (1977), it is assumed that domestic agents
prefer more domestic assets.”” When there is local asset preference, a transfer of wealth
from foreign to home agents increases the demand for domestic assets and decreases the
demand for foreign assets. As wealth increases, the domestic currency appreciates to
restore asset equilibrium. Then, the slope of those curves is negative and the higher the
local asset preference, the steeper is As.

Figure 3.11: Unanticipated Transfer of Wealth to Domestic Agents
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%% This assumption is not adopted by Branson & Henderson (1985). Alternatively, they test each case

separately. However, only the case of local asset preference is examined here.

84



Figure 3.11 illustrates the exchange rate adjustment, caused by an unanticipated
transfer of wealth from foreign to domestic agents, when goods prices are fixed. Under
static expectations the domestic currency appreciates (eis), because demand for domestic
bonds increases. At this point, the domestic country runs a trade deficit. Therefore, as
wealth decreases the domestic currency depreciates until its previous equilibrium (ep).
The effects under rational expectations are the same but relatively smaller. Indeed, the
domestic currency appreciates less and the trade deficit is lower. In both cases, the
exchange rate meets its previous equilibrium. Hence, the exchange rate is unchanged.

Figure 3.12: Unanticipated Contractionary Open Market Operation

\.
\
~ N
NN
€o '\';\El Eo w=0
T<
N N
NN
CIR \ N Ar
\ S
N
\ N
ers g ~. Ap
v Ag
\
< >
W 0 WwWor Wos W1 Wo w

Assuming again that goods prices are fixed, an unanticipated contractionary open
market operation moves Ag and Agr downward, as shown in figure 3.12. Given wealth
constant, the domestic currency appreciates under both expectation types. As before, the

exchange rate decreases less under rational expectations. Due to the domestic currency
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appreciation, domestic country faces a trade deficit and asset decumulation. As a result,
the domestic currency begins to depreciate. Under both expectations, the exchange rate
meets its previous value, but at the new equilibrium (E;) wealth is lower.”

Flexible Goods Prices

In the case of flexible goods prices and local asset preference, equilibrium conditions
are shown in figure 3.13. The obvious difference from the fixed prices case is the slope of
curve w=0. Here, the curve that ensures zero asset accumulation is positively sloped.
An increase in wealth causes lower home asset accumulation, so the domestic currency
must depreciate in order to increase it. As before, asset equilibrium under static and
rational expectations is expressed by negatively sloped curves.

Figure 3.13: Transfer of Wealth to Domestic Residents
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Figure 3.13 entails the effect of a transfer of wealth to domestic agents. As wealth
increases, the demand for domestic bonds increases and the demand for foreign bonds

decreases. This will lead to the appreciation of the domestic currency. The analysis is

5 The reason for lower wealth may be that the domestic interest rate has been increased excessively to

restore asset market equilibrium.
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exactly the same with the fixed price case. Indeed, the appreciation is less under rational
expectations and the new equilibrium leaves unchanged wealth and exchange rate.

A contractionary open market operation, under flexible prices, produces different
results from those derived under fixed prices. To be specific, due to this policy As and Ar
curves are moving downward. This is shown in figure 3.14.

Figure 3.14: Contractionary Open Market Operation
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When w is unchanged the exchange rate is decreasing. Again, under rational
expectations domestic currency appreciates less. At this point, trade deficit causes home
asset decumulation. Therefore, as w decreases the domestic currency depreciates in order
to restore zero home asset accumulation. The interesting point here is that the exchange
rate does not reach its previous level. The net effect of this policy is the appreciation of
the domestic currency since the rate of appreciation exceeds this of depreciation.

Moreover, the new equilibrium point (E,) is accompanied with lower wealth.’

%' In the new long run equilibrium, real exchange rate is unchanged. Assuming that there is local good
preference, as w increases domestic goods prices rise and foreign goods prices fall. When the nominal

exchange rate appreciates, the real exchange rate appreciates too. Finally, if there is neither local asset
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3.3.3. Net Foreign Asset Position, Expectations and Stability

The above subsection shows that the long run equilibrium is stable under both
expectation systems. This statement is not valid if the country has a negative net foreign
asset position. Here, we present the effect of an unanticipated transfer of wealth to home
agents under static and rational expectations assuming that the domestic country is a net
debtor (i.e. F<0). The analysis will be focused on the stability of the system. Taking first
the case of fixed goods prices (figure 3.15) curves w and w=0 are unchanged as the

foreign asset position is not included in the balance of payment equation.

Figure 3.15: Unanticipated Transfer of Wealth to Domestic Agents (F<0)
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On the contrary, the slope of curve Ag is positive expressing that an increase in
wealth is associated with a depreciation of the home currency to restore asset market

equilibrium. When F is positive, a depreciation of the domestic currency increases

preference nor local good preference, changes in nominal exchange rate do not affect the real exchange

rate.
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domestic wealth and demand for domestic bonds. Alternatively, if F is negative, a
depreciation of the home currency decreases wealth and demand for domestic bonds.

As wealth increases to wi, demand for domestic bonds rises and the asset market
equilibrium is restored by a higher exchange rate. Domestic country runs a trade surplus
and since asset accumulation takes place the exchange rate is increasing more. In other
words, long run equilibrium is unstable under static expectations. Under rational
expectations long run equilibrium remains stable. As w increases, the appreciation of the
domestic currency restores asset market equilibrium. Thus, the imminent trade deficit is
linked with asset decumulation. As a result, the exchange rate increases finding its
previous value. Identical results are derived in the case of flexible goods prices. Long run
equilibrium is unstable under static expectations and stable under rational expectations.
This is shown in figure 3.16.

Figure 3.16: Unanticipated Transfer of Wealth to Domestic Residents (F<0)
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To sum up, Branson and Henderson (1985) show that the portfolio balance model
under static expectations produces an unstable equilibrium when the case of a net debtor
country is examined. On the contrary, the rational expectation version of the model is
consistent with stability even if the country has a negative net foreign asset position.
However, the portfolio balance model under rational expectations may be unstable if
speculation is destabilizing. Masson (1981) provides a different point of view about
stability. He points out that the unstable equilibrium of the portfolio balance model is not
due to expectations. Further, it is a property of the portfolio balance model that a negative
net foreign asset position causes instability.*

Finally, two contradictory rational expectation models are those of Calvo &
Rodriguez (1977) and Dornbusch & Fischer (1980). The first one, assuming that
domestic goods are separated into traded and nontraded goods and that domestic agents
invest between domestic and foreign money, shows that an anticipated expansionary
monetary policy leaves unchanged the exchange rate, but increases the stock of foreign
currency.” Dornbusch and Fischer (1980), assuming that agents invest between domestic
money and foreign assets, show that an anticipated increase of the domestic money stock

depreciates the domestic currency leaving unchanged the stock of foreign assets.

62 Masson (1981) accepts the stability of the portfolio balance model if and only if strong expectational
assumptions are applied.

8 1t is worth notable that in most models (i.e. Mundell - Fleming model) an increase in the domestic money
supply causes loss of foreign exchange. This model, instead, shows that there is foreign exchange

accumulation.
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3.3.4. Empirical Literature Review

Like monetary models the portfolio balance model predicts that a higher domestic
money stock depreciates the domestic currency. Furthermore, an increase in the supply of
domestic bonds depreciates the domestic currency as well. To test if model’s statements
are true we have to search in the empirical literature. However, empirical studies on the
portfolio balance model are relatively limited. This is due to the complexity of collecting
disaggregated data on domestic and foreign holding of assets. Empirical literature
contains two different types of research techniques in examining the portfolio balance
model. The first technique tests the model directly, examining short run dynamics in a
reduced form. A representative study is this of Branson, Halttunen & Masson (1977,
1979). The alternative technique tests the portfolio balance model in terms of the
existence of a risk premium. The assumption of imperfect substitutability of domestic and
foreign bonds implies that domestic and foreign bonds are separated by a risk premium.
Thus, this technique examines the significance of the risk premium. A relative study is
this of Dooley & Isard (1982).

Branson, Halttunen & Masson (1977) examine the US Dollar/ Deutche Mark
exchange rate under the framework of the portfolio balance model. The data set includes
monthly data from August 1971 to December 1976. They include only the variables of
domestic money and foreign bonds because of their clear effects on the exchange rate.
The effect of domestic assets depends on the relative substitutability in the portfolio

balance model. Therefore, the exchange rate is described by the following function:

e=h(M,,M,,F,F,) (3.39)
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Theoretically, they expect that a higher US money stock (M,) will depreciate the US
dollar. On the other hand, higher German money supply (M,) will appreciate the US
dollar. When it comes to the holding of foreign assets variable, an increase in the foreign
asset stock of US in dollars (F,) is going to appreciate US dollar. In contrast, a rise in the
German holding of US assets (F,) is expected to depreciate US dollar.**

They regress an OLS in (3.39) introducing private sector’s asset stocks. The foreign
asset stock variable in (3.39) actually is the private foreign asset stock (FP), resulting
from the difference between total national claims on foreigners (NF) and government net

claims (FG). Hence, the regression equation takes the form of:
e=a,+aM, +a,M, +o,FP, +aFF, +u (3.40)

The results imply that coefficients are statistically significant and correctly signed.
But the results are not reliable because the residuals in (3.40) are autocorrelated. Since
autocorrelation is present, OLS estimators are not valid because they produce invalid
standard errors. Next, they introduce the case of Central Banks’ Intervention. They
provide consistent estimates of reaction function estimated by Two Stage Least Squares
(2SLS). For the case of Germany, the regression shows that German base money is
weakly and insignificantly related to the exchange rate. The money stock in Germany is
also not significantly related to the exchange rate. But the foreign exchange reverse stock
is significantly and positively related to the exchange rate. These results imply that

German monetary policy is exogenous to the exchange rate. As a consequence, this leads

64 MacDonald (1988) criticizes the dataset of Branson et al (1977) as unsatisfactory because of the way
they estimate net foreign assets. These are estimated by taking cumulative current accounts, but this is not
the right way because cumulative current account surpluses may include foreign assets held by US or
German agents in third countries, which are irrelevant to the determination of the US dollar/German mark

exchange rate.
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to a two-equation system for exchange rate and central bank intervention policy estimated
by 2SLS. The estimated coefficients are correctly signed and more significant than these
of (3.29). Finally, examining exchange rate elasticities, they show that US variables
cause stronger effects than German variables on the exchange rate.

Branson, Halttunen & Masson (1979), extending the data set with more data (until
March 1978), re-estimate the original model.” The results from OLS estimation do not
change significantly. Moreover, 2SLS estimation implies that exchange rate elasticities
have not changed very much, US variables are now more significant and forecasts are not
far away from actual values. In that paper, Branson et al. (1979) test the empirical effects
of a negative net foreign asset position. The sample period is divided into two subperiods:
(1) when FPg>0, and (ii) when FPg<0. While in the whole period FPg is statistically
insignificant, in both subperiods FPg is not only significant but also its coefficient
changes sign. The rest of the coefficients do not change sign.

As Copeland (2000) points out, if the portfolio balance model is valid, a current
account surplus will be associated with appreciation of the exchange rate. Similarly, a
current account deficit will be associated with a depreciating exchange rate. This is tested
in the case of six industrialized countries: UK, US, Germany, Japan, France and
Switzerland. The data set includes annual effective exchange rates and current account
balances for the period 1972-1998. This relationship is violated in the cases of UK and
US. For the rest of the sample, this statement is not so clear. In any case the relationship

between current account balance and exchange rate is very weak.

%5 See Branson, Halttunen & Masson (1977).
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3.3.5. A critical view on the validity of the Portfolio Balance model

Although Branson et al. (1977, 1979) provide supporting results for the validity of the
model; these results are misleading as their model suffers from serious econometric
problems (i.e. autocorrelation). Moreover, Backus (1984) estimates the US
dollar/Canadian dollar and fails to derive consistent results with the portfolio balance
model. Their coefficients are wrongly signed and statistically insignificant. An exception
is the study of Bisignano & Hoover (1982) who, by testing the same exchange rate,
obtain supportive results for the portfolio balance model. They criticize the Branson et.
al. (1977, 1979) model, because it is based on the small country assumption but it is
never tested.

In general the evidence on portfolio balance model is unsatisfactory. One of the
possible explanations for this failure is inadequate data. As mentioned above, it is
difficult to collect disaggregated data on domestic and foreign holding of bonds. Some
researchers estimate this values by approximation. For example, some researchers take an
initial estimate and by adding each period’s current account surplus approximately
estimate domestic holding of foreign assets. Copeland (2000) argues that this is an invalid
procedure because capital gains or losses are ignored and it is assumed that only domestic
agents hold domestic assets. This is a fundamental assumption of the model, but in the
real economic world this is not the case.

Another reason is that in many cases short run dynamics are due to oil price shocks
and international financial crises. Such shocks are difficult to be introduced in the
econometric regression. Moreover, empirical models suffer from econometric

misspecification. In Branson et al. (1977, 1979) model, serial correlation invalidates its
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results. Besides to autocorrelated residuals, the statistical properties of the variables have
not been tested. Namely, they did not test the presence of unit roots in variables. In the
presence of unit root, OLS estimators are inappropriate.

Finally, one more explanation of the empirical failure of the portfolio balance model
may be its restrictive assumptions. It is not a realistic assumption that foreigners do not
hold domestic assets. Furthermore, it is a two-country model, which ignores the
interrelationships with third countries. It is obvious that in the real economic world the
current account of country A is affected not only by transactions with country B, but also
by economic relationships with country C.

Bearing in mind the very poor application of the portfolio balance model, our point of
view is that it is not a useful empirical tool and not appropriate for forecasting purposes.
However, in a theoretical basis, the contribution of the model is crucial due to the
introduction of dynamics of assets demand and supply in the exchange rate

determination.

3.4. Concluding Remarks

The above analysis is not supportive for the examined exchange rate determination
models. The empirical evidence on monetary models (flexible-price and sticky-price) is
not clear. While interwar period data studies support the monetary model, subsequent
studies differ in their implications. For example, a number of empirical works accept the
monetary model as long run phenomenon, while others reject the existence of any
cointegrating relationship between the exchange rate and the monetary fundamentals.

Besides to these results, other studies although accept the existence of a long run
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relationship fail to accept that the monetary model can explain the short run dynamics of
the exchange rate. However, the empirical application of the Sticky-Price model is more
satisfactory than this of the Flexible-price model.

The evidence for the Portfolio Balance model is clearly unpleasant. Although
Branson et al. (1977, 1979) provide supporting results for the validity of the model, these
results are misleading as their model suffers from serious econometric problems. Some of
the explanations for this failure that can be reported are inadequate data, econometric
misspecification and its restrictive assumptions.

In general, MacDonald (1995) argues that the poor performance of the monetary and
portfolio balance models can be charged in two reasons. Firstly, reduced form estimates
are estimated with very limited data dynamics. If static regressions are estimated, it is
very difficult to distinguish between short run and long run relationships. Secondly, in
many cases estimators are not estimated by the true reduced form equations. Often,
researches ignore some significant relationships in their specifications. This can lead to
misleading implications. Furthermore, Rogoff (1999) points out that economic
fundamental are not the only factors that affect the exchange rate. Perhaps, other factors,
such as social and political, affect the exchange rate. In addition, money market cannot be
easily modeled. For example, money demand is unstable and money supply is set
exogenously by Central Banks. Moreover, when the inflation rate is close to zero, the
effect of the monetary policy on the exchange rate is difficult to be detected. All these
facts are an obstacle in the effort of explaining exchange rate behaviour. Rogoff (1999)
states that these problems can be managed if researchers apply more appropriate

econometric techniques.
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4. Equilibrium Exchange Rate Models

A successful macroeconomic policy requires the combination of the appropriate
monetary, fiscal and exchange rate policies. Economic authorities have to decide about
the way they will apply each policy in order to manage internal and external equilibrium.
Of course, these policies are closely related with each other since macroeconomic
fundamentals can influence the exchange rate and vice-versa. The Exchange rate is the
link of the economy with the rest of the world. It reflects all transactions between
domestic agents and foreigners. Imports, exports and investment in domestic and foreign
financial assets do not only affect the exchange rate but also are influenced by its current
and expected values. Thus, economic activity is sensitive to the exchange rate and more
properly to the equilibrium value of the exchange rate.

Economists attempt to explain and predict the behaviour of exchange rates. However,
this is not a simple task since agents, besides to usual transactions, purchase foreign
currency for speculative reasons. Unfortunately, speculation cannot be easily predicted.
In most cases, the examined exchange rate is away from the optimal level. In other
words, the observed exchange rate is misaligned in respect to its equilibrium value. This
implies significant consequences for any economy. For instance, when the domestic
currency is undervalued (below its equilibrium rate) the economy faces inflationary
pressures. On the other hand, if the domestic currency is overvalued (above its
equilibrium rate) a competitiveness problem arises for the domestic economy. Foreign

goods are relatively cheaper and preferable. Thus, domestic production is weakened and
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unemployment is increasing. This is a serious obstacle especially for developing
countries.

Convectional studies based on Purchasing Power Parity (PPP) hypothesis fail to
explain the exchange rate fluctuation.®® Furthermore, the empirical literature on monetary
models (flexible-price and sticky-price) is not clear for the validity of those models. As
chapter 3 shows, another traditional exchange rate determination model with poor
empirical application is the Portfolio Balance model. The evidence is unsatisfactory and
this may be due to inadequate data or (and) very restrictive assumptions. As a result, this
model is not the best tool of explaining and forecasting exchange rate behaviour.

Given that any country should know the equilibrium level of its exchange rate, there
is an explicit necessity of employing a well-performed tool to explain exchange rate
fluctuations. Under this desire, Williamson (1985) proposes an alternative exchange rate
determination model suitable for medium-run analysis, which is called as “Fundamental
Equilibrium Exchange Rate” (FEER). This approach indicates that the exchange rate is at
its equilibrium value when satisfies the condition of simultaneous internal and external
balance. The Internal Balance condition is satisfied when the employment and price
levels meet their target levels. An alternative expression of the Internal Balance consists
of higher employment combined with controlled inflation. Williamson interprets the
external balance condition in terms of current account balance and states that the current
account must be sustainable. Combining these two macroeconomic conditions, the FEER

is the rate that equates the current account at full employment with sustainable net capital

% However, by estimating TAR, STAR, and ESTAR nonlinear models, some studies succeed to find
supportive evidence of PPP in the long run. For an analytical review on PPP hypothesis, the reader should

refer to chapter 2.
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flows. A very similar approach to FEER is the Desired Equilibrium Exchange Rate
(DEER) presented by Bayoumi et al (1994).

An alternative approach is the Behavioural Equilibrium Exchange Rate (BEER)
presented by Clark & MacDonald (1998). BEER is a short run concept, which involves
the direct econometric analysis of the behaviour of the real exchange rate. It does not
actually rely on any theoretical model and the equilibrium rate is designated by the long
run behaviour of the macroeconomic variables. It is based on the estimation of a reduced-
form equation that explains the behaviour of the real effective exchange rate. Although a
theoretical model is not necessary to be specified, most researchers have in mind the
condition of simultaneous internal and external balance. In a similar way, the Permanent
Equilibrium Exchange Rate (PEER) is the direct econometric analysis of the exchange
rate. The PEER approach differs from BEER in the way that the exchange rate is a
function of variables that have only persistent effect on it. This fact makes PEER a
medium-run concept.

One more approach presented in this chapter is the Natural Real Exchange Rate
(NATREX) which is referred in both medium-run and long-run periods. The Natural Real
Exchange Rate (NATREX) is “...the rate that would prevail if speculative and cyclical
factors could be removed while unemployment is at its natural rate” (Stein 1994, page
135). This rate is consistent with simultaneous internal and external balance. NATREX
equates the sustainable current account with saving and investment. Obviously, there is
an implicit similarity with Williamson’s FEER model. But, NATREX is not only medium
run equilibrium but also long run equilibrium because it is consistent with portfolio

balance as well.
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The aim of this chapter is to survey the above approaches and to evaluate their
empirical performance.’’” The following section describes the theoretical background of
the FEER approach, while a small subsection deals with DEER methodology. Section 4.2
illustrates the BEER and PEER approaches and section 4.3 gives an outline of the
NATREX approach. In each section, a review on the relevant empirical literature is
provided. A final section concludes this survey by comparing and evaluating these

approaches.

4.1. The Fundamental Equilibrium Exchange Rate (FEER) Approach

In the presence of global macroeconomic instability in 1980s, the aim for
macroeconomic and exchange rate stability was obvious. In doing so, exchange rates
should be targeted to equilibrium levels. Under this desire, Williamson (1985) proposes a
new exchange rate determination model, which is called as “Fundamental Equilibrium
Exchange Rate” (FEER). The term “fundamental” is relevant to the “fundamental
disequilibrium” term, which was a parity criterion in the Bretton-Woods system.
Fundamental disequilibrium refers to an exchange rate inconsistent with macroeconomic

stability. In contrast, the Fundamental Equilibrium Exchange Rate (FEER) proposed by

%7 These are the most known approaches of estimating equilibrium exchange rates. Others, which are not
presented here but they are very similar to the above are: APEER (Atheoretical Permanent Equilibrium
Exchange Rate), CHEER (Capital Enhanced Equilibrium Exchange Rate), and ITMEER (Intermediate-
Term Model Based Equilibrium Exchange Rate). APPER is a medium and long run concept but the
absence of any theoretical assumption differentiates it from PEER. The CHEER is based on PPP and UIP
assumptions. While PPP holds any deviation from equilibrium may exists if UIP condition does not hold.
Finally, ITMEER is a short-run equilibrium concept and the basic theoretical assumption is nominal UIP.
The distinctive point is that estimation does not rely on cointegration techniques. To find more about these

models, see Driver & Westaway (2004).

100



Williamson, is the rate consistent with macroeconomic balance. For this reason, this
approach is also called as “macroeconomic balance approach” because it estimates the
real exchange rate consistent with macroeconomic balance.

This approach indicates that the exchange rate is at its equilibrium value when it
satisfies the condition of simultaneous internal and external balance. In other words, the
Fundamental Equilibrium Exchange Rate is the equilibrium rate that would be consistent
with ideal macroeconomic performance. The Internal Balance condition is satisfied when
employment and price levels meet their target levels. An alternative expression of the
Internal Balance consists of higher employment combined with controlled inflation.
Furthermore, we can say that full employment is the employment level consistent with
NAIRU.

The meaning of External Balance, in Williamson’s model, differs from the meaning
of overall balance. According to the traditional interpretation, external balance exists
when the current account imbalance is financed by a capital flow leaving the reserves
unchanged. In contrast, Williamson interprets the external balance condition in terms of
current account balance and states that the current account must be sustainable. Thus,
Williamson sets a current account target rather than an overall balance target. In
selecting the appropriate current account target, countries may choose to have capital
inflows or outflows. So, countries can have sustainable current accounts consistent with
macroeconomic balance even if no all imbalances are eliminated. It is not sensible to
assume that countries have balanced current accounts. This is because in any period
countries can increase their imports or exports relative to the conditions in international

trade.
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As a consequence we need to know the capital flow consistent with current account
sustainability. As Williamson (1994, p: 183) points out “the aim should be to achieve that
current account balance that transfers capital at a rate that is sustainable and desirable,
and therefore consistent with macroeconomic equilibrium, rather than to eliminate all
imbalances”.

Combining these two macroeconomic conditions, we can say that the FEER is the
rate that equates the current account at full employment with sustainable net capital
flows. Following Clark & MacDonald (1998), this is expressed by equation (4.1), which
shows that the current account is equal to the negative capital account:

CA=-KA 4.1)
Equation (4.2) includes the determinants of the current account, which are domestic and
foreign output and real effective exchange rate:
CA=a+Bs+pBy+By =-KA (4.2)
where a<0, ,<0 & [5>0.
The above equation shows that the Fundamental Equilibrium Exchange Rate is the real
effective exchange rate (s), which equates the current account with the sustainable capital

account while the determinants of the current account are at full employment levels.

Solving (4.2) for s we get FEER:

FEER = _(KA+a '}_ﬂﬁzy"'ﬁ&y*) (43)

The FEER calculation provides only an estimate of the current value of the exchange
rate. FEER does not focus on the dynamic adjustments of the real exchange rate.

Therefore, in that form, it is not appropriate for forecasting purposes. It is appropriate for
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comparing the actual rate with the equilibrium rate. For example, if the actual rate is
below the estimated FEER, the exchange rate is undervalued. In contrast, if the actual
rate exceeds FEER, the exchange rate is overvalued.

In equation (4.3), the capital account is exogenously determined. In reality, it reflects
the sustainable capital flow, which equates the capital account with the current account.
Williamson (1994) attempts to include the factors that affect the capital account and in
some sense he examines the dynamics that force the capital flow to a sustainable level.
Williamson begins with the following identity

EX-IM=(SA-1IN)-(G-TR) (4.4)
which says that net investment in the rest of the world is equal to net saving of the private
sector minus the public sector deficit. This means that we have to find the optimal level
of public sector deficit, so that to estimate the sustainable capital flow. But, this is not a
simple task. Alternatively, he states that the sustainable capital account is the difference
between the desired aggregate saving and investment at full employment:

-KA =(SA - IN) (4.5)

Substituting (4.5) to (4.2) we get:

CA=a+pfs+By+py =SA-IN (4.6)
FEER = (S4—-IN) _CI;_ By =By (4.7)
1

Equations (4.6) & (4.7) imply that the FEER is the exchange rate which equates the
current account with (SA - IN) while the determinants of the current account are at full
employment levels. In other words, Williamson proposes the examination of saving-

investment balance. The main point here is to identify the determinants of saving and
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investment. Some of the factors that affect the full employment levels of saving and

investment are output gap and fiscal position (i.e. fiscal deficit).*®

The methodology of selecting the current account target can be summarized in the

following steps:

1.

We observe all the present and past imbalances and examine whether they
are relevant to economic theory. To be specific, we test their relationship
with saving and investment conditions.

We test whether these imbalances form a sustainable current account.
Sustainability is a constraint only for deficit countries. A current account
surplus does not need to be examined as sustainable, since surpluses may be
seen as sustainable current accounts. Therefore, when a current account
deficit is the case we have to decrease the deficit in a level consistent with
sustainability.

Current account sustainability may not be a sufficient condition for the
FEER. What is needed is international consistency among the current
account targets. If this is not satisfied we have to alter all targets until
international consistency is achieved. For instance, international cooperation
may be unsuccessful if the sum of the surpluses exceeds the sum of the

targeted deficits.

Finally, Williamson (1994) makes the distinction between ex post and ex ante

analysis. Under the framework of an ex post analysis, the aim is to estimate the real

exchange rate that is consistent with internal and external balance during a past period.

5 Investment and saving behaviour can be analyzed by the debt cycle theory of the balance of payments

and the life cycle hypothesis, respectively. To find more, see Williamson (1994).
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On the other hand, the ex ante analysis indicates the aim to estimate the real exchange

rate consistent with internal and external balance in the present and future periods.

4.1.1. DEER as an extension of the FEER

The DEER approach, presented by Bayoumi et. al. (1994), is very similar to the
FEER methodology. It is the real effective exchange rate consistent with simultaneous
internal and external balance. Once again the internal balance refers to the full-
employment output (with controlled inflation) and for external balance the current
account should be sustainable. Like FEER, the DEER is the rate consistent with ideal
macroeconomic performance. In other words, fundamentals must be driven to the
“desired” levels. When this is satisfied the exchange rate finds its Desired Equilibrium

Exchange Rate. This rate is illustrated in the following figure where » is the full

employment output (shown by a vertical line), e is the actual effective exchange rate, e
is the implied DEER and CA stands for the current account. This schedule is downward
sloping because a higher domestic income increases imports and the current account
deteriorates. As a result, the exchange rate needs to be depreciated to maintain current
account stability.

Figure 4.1: Desired Equilibrium Exchange Rate
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The main difference from the FEER approach is the way that defines the sustainable
current account. As shown before, Williamson proposes the analysis of the saving-
investment balance. In the DEER framework, the desired current account is a function of
the desired levels of domestic output, foreign output and the DEER:

CA = CA (V.5*,¢) (4.8)
Thus, we observe the actual values of y, y*, CA and e and we compute the required
change in e to move to the desired values (y to y, y* to 3" and CA toCA ). The exchange
rate, that drives the above variables to the desired values, is the DEER.

The Desired Equilibrium Exchange Rate, like the Fundamental Equilibrium Exchange
Rate, is sensitive to the “hysteresis effect”. To give an example, suppose that at time t the
exchange rate is equal to the DEER and the next period appreciates. Then, the current
account deteriorates and the net foreign indebtedness increases. As a consequence, the
current account target must change to repay the increased debt. Hence, the exchange rate

depreciates and the previous DEER is not any more the desired exchange rate.

4.1.2. Empirical Literature Review

The FEER approach was revolutionary in the Equilibrium Exchange Rate literature.
According to Williamson (1985), US Dollar was overvalued, rather than undervalued as
PPP-based forecasts were indicating. Similarly, contrary to the PPP claims, Japanese Yen
was undervalued. There are an adequate number of empirical studies that attempt to
estimate equilibrium exchange rates using Williamson’s approach. First of all,
Williamson (1994) estimates the Fundamental Equilibrium Exchange Rate for the US

dollar, UK pound, Japanese Yen, French franc, Canadian dollar, Deutsche mark and
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Italian lira. Estimates of FEER’s are taken by six macroeconometric models: EAG, GEM,
Interlink, Intermod, Mimosa and MSG.® These models provide different estimates of
FEER’s for a single currency and as a consequence the range of these estimates is too
large. So, the question that arises is which model provides the most appropriate FEER.
Williamson proposes two ways of getting a unique FEER. The first one is the calculation
of the average of the alternative estimates. A more appropriate method is to select one of
the models and accept this as the correct FEER.” He finds that the most appropriate
model is the GEM and the proper FEER estimates refer to this model. Comparing the
FEER estimate of the first quarter of 1990 with the actual rate of the fourth quarter of
1989, he finds that all currencies - except Japanese yen and Deutsche mark - were
overvalued.

Finally, Williamson points out that FEER estimates are volatile over time. By
comparing the FEER of the fourth quarter of 1984 with the FEER of the first quarter of
1990, he finds that the equilibrium rates of US dollar and French frank depreciated by
15%, the Japanese Yen appreciated by 32%, the Deutsche mark by 16% and the UK
pound by 4%. Some of the factors, which can cause the fluctuation of the FEER are: (1)
different income elasticities, (ii) productivity bias, (iii) asset accumulation, (iv) oil price
changes, and (v) changes in the current account target. However, these factors can

explain only the 2% of the US dollar volatility. Similarly, these factors indicate that the

% To find more about the origins of those models and the way that can be used, see Williamson (1994).
Almost all models estimate the fundamental equilibrium exchange rate in consistency with current account
targets. For example, the EAG model includes the values of growth and real exchange rate and provides
estimates of the current account. Then, this outcome is compared to the targeted value. If there is a
significant misalignment, the exchange rate is adjusted until the current account finds its targeted level.
Thus, the FEER is the exchange rate path that drives the current account to the desired value.

" The selection of the model is done by the satisfaction of three criteria, shown in Williamson (1994).
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UK pound should be depreciated by 13% and not to appreciate by 4%. More satisfactory
is the case of the French franc, in which only 2% of the volatility cannot be explained.

Smidkova (1998) estimates the Equilibrium Real Effective Exchange Rate of the
Czech crown applying the FEER methodology. In other words, the equilibrium value of
the crown is estimated through the condition of simultaneous internal and external
balance. In the first part of her paper, provides an overview of the macroeconomic facts
of the Czech Economy and tests the sustainability of the current account. The ratio of
Government Foreign Debt to GDP and that of Central Bank’s Reserves to GDP, used as
indicators of Debt Sustainability, show that the external position of the Czech economy is
stable. But, these that actually affect negatively the external stability are financial
indicators, i.e. foreign reserves. Smidkova estimates a model introducing four equations:
(1) export of goods, (2) export of services, (3) import of goods, and (4) import of
services. Internal balance consists of that situation consistent with NAIRU. External
Balance exists when trade balance plus structural flows are consistent with asset market
equilibrium. As shown before, the main issue in FEER methodology is the selection of
the appropriate current account target. Here, the author provides a relevant formula:

= CA+ FDI (4.9)
Y-P

where CA= current account, FDI= foreign direct investment, Y= real GDP, P= domestic
CPI. Estimation is based on the National Institute Global Econometric Model (NIGEM)

and covers the period 1992-1996. The FEER is calculated for 12 alternative cases.”' The

"' The current account target can get three values: (i) 0%, (i) -4%, and (iii) -2.04%. Similarly, capital
inflow may be low or higher. Finally, real financial wealth can increase in a restrictive way or in an

expansive way.
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results imply that the Czech crown was overvalued relative to the estimated FEER and
Smidkova concludes that this misalignment may be a warning sign for a future external
crisis.

Hallet & Richter (2004) estimate the equilibrium exchange rate of US dollar, euro,
Canadian dollar and other currencies. The theoretical background requires simultaneous
internal and external balance. In other words, the equilibrium exchange rate is a FEER
estimate, which is consistent with a sustainable current account. This is achieved in that
value of current account, in which the ratio of foreign debt to GDP is stable.

For their estimation, the MULTIMOD macro econometric model is applied. They
solve the model until 2200 and the output they get is actually the equilibrium level for all
the estimated variables. Thus, this output becomes a long run equilibrium path. The
results imply that for the next 5 years (2002-2007), the variables (current account, GDP,
real exchange rate) will not deviate significantly from their actual trend. The following
step in the estimation procedure involves the FEER calculation. This comes by adjusting
the conditions of the equilibrium solution in order to get an alternative solution, which
will be the new solution path. This new solution indicates the depreciation of the US
Dollar against the other major currencies. A fact responsible for this is the fall in the US
growth rate. Finally, they test the implications on FEER estimates of US Dollar if the
other countries do not act in a consistent way. For example, suppose that euro
appreciation is restricted and that Japan’s current account remains high. These
assumptions do not differentiate significantly the results derived from the “new solution”.

Therefore, euro area and Japan do not play a crucial role in the development of the US
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economy. In contrast, relevant assumptions for Canada can change the above outcome.
Hence, Canada’s policy is a significant determinative factor of the US economy.

Motivated by the recent appreciation of the real exchange rates of the Central and
Eastern European Countries, Coudert & Couharde (2002) estimate those countries’
Fundamental Equilibrium Exchange Rates. Under the FEER methodology, the exchange
rate should be consistent with internal and external stability. External balance is satisfied
when the current account is sustainable. Current Account sustainability indicates smaller
current account deficits in order to generate in the future sufficient surpluses to repay
these debts. This path leads to the depreciation of the currency. However, the authors
here apply a different approach to interpret external balance. They estimate an
econometric model with respect to saving-investment balance.

Their model is estimated by the NIGEM macroeconometric model, in which trade
elasticities are compared to the exogenous variables, such as output gaps and deviations
from current account targets. In the first step, the elasticities of deviation from FEER with
respect to deviations from current account targets are estimated. A negative value implies
that the exchange rate is undervalued. This is because the actual current account is higher
than the targeted value and real appreciation is needed. The final step includes the
comparison of the above estimates with the exogenous variables. The results imply that
real exchange rates do not deviate from their equilibrium values. Thus, their appreciation
trend in the last years cannot be accepted as overvaluation. Finally, the authors confirm
the robustness of their model by changing the current account target and by taking lower

trade elasticities.
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Feyzioglu (1997) estimates the equilibrium real effective exchange rate of the Finnish
markka for the period 1975-1995. The author uses a similar to FEER approach, as the
long run equilibrium exchange rate is defined as the level consistent with simultaneous
internal and external balance. He estimates a reduced form model using the Johansen
cointegration technique. According to his theoretical model, a positive terms of trade
shock is expected to appreciate the real effective exchange rate. An increase in the world
interest rate will increase the domestic interest rate and the exchange rate is going to
appreciate (as demand for money declines, saving increases, and the external position of
the economy is improved). Similarly, a positive productivity differential is expected to
appreciate the Finnish markka. The econometric model is estimated by the Full
Maximum Likelihood approach and the results imply that all coefficients have the
expected signs. The short run movements, modelled by an Error Correction Model, show
that a relatively higher domestic price level and a higher foreign interest rate appreciate
the real effective exchange rate. He concludes that the actual exchange rate deviates from
its long run equilibrium value. These deviations can be explained by price and interest
rate differentials.

Paiva (2001) estimates the equilibrium real exchange rate for Costa Rica using the
CGER and FEER approaches.”> The sample period is from 1990 to 2000. He estimates
the real exchange rate by an error correction model in accordance with the sustainable
values of the explanatory variables. These variables consist of terms of trade, degree of

economic openness, fiscal position and net capital flows. The FEER approach implies

> The CGER approach is developed by the IMF’s Coordinating Group on Exchange Rate Issues and is
used to estimate equilibrium exchange rates for industrialized countries. The condition for equilibrium is

simultaneous internal and external balance.
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that higher government consumption and greater capital inflows lead to the appreciation
of the real exchange rate. On the other hand, deterioration in the terms of trade
depreciates the exchange rate. As the CGER methodology is not appropriate for
estimating exchange rate misalignments, he applies the FEER methodology. The latter
estimates that the Costa Rica’s actual real exchange rate was overvalued the period 1999-
2000.

Combining the FEER and BEER approaches, Egert (2002) estimates the equilibrium
exchange rate in five European transition economies’. Internal balance is defined in
terms of relative prices and external balance as the sustainable value of the current
account. An increase in relative prices and an improvement in current account are
expected to appreciate the real exchange rate. He estimates a VAR model with three
equations, which implies that all coefficients are correctly signed except the terms of
trade, which indicates that an improvement leads to the depreciation of the exchange rate.
Measuring the misalignments, he finds that the exchange rates of Czech Republic,
Poland, and Slovakia were overvalued. Hungary’s currency, before its convergence to its
equilibrium value, was undervalued by 10% in the first half of 1990s. Finally, Slovenia’s

currency was very close to its equilibrium rate.

7 These economies are: Czech Republic, Hungary, Poland, Slovakia, and Slovenia. The estimation sample
is from 1992 to 2001 for Hungary, Poland, and Czech Republic and from 1993 to 2001 for Slovakia and
Slovenia. The exchange rate for all countries responds to the effective exchange rate and in any case is

based on the German mark and the US dollar.
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4.2. The Behavioural Equilibrium Exchange Rate (BEER) Approach
The Behavioural Equilibrium Exchange Rate (BEER) involves the direct econometric
analysis of the behaviour of the real exchange rate. This approach estimates the
misalignment of exchange rates in accordance with the deviations of the actual exchange
rate from the estimated value, derived from the relationship between the real exchange
rate and the macroeconomic fundamentals. This approach does not actually rely on any
theoretical model and the equilibrium rate is designated by the long run behaviour of the
macroeconomic variables. It is based on the estimation of a reduced-form equation,
which explains the behaviour of the real exchange rate. Clark & MacDonald (1998) apply
the following equation to answer the question why exchange rates deviate from their
equilibrium rates.
S, =BZ,+ P2, +7T, +u, (4.10)
where s; = real effective exchange rate
Z,= vector of macroeconomic fundamentals that affect the exchange rate in the
long run,
Z,= vector of macroeconomic fundamentals that affect the exchange rate in the
medium run,
B1, B2 ,t = reduced form coefficients
T= vector of macroeconomic fundamentals that affect the exchange rate in the
short run,

u = error term
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The current values of the medium-run and long-run fundamentals give the current

equilibrium exchange rate (equation 4.11) and by subtracting (4.11) from (4.10) we find

the current misalignment (equation 4.12):
5, =BZ,+ P2, (4.11)
s, —s =11, +u, (4.12)
But, what actually matters is total misalignment, which is the deviation of the actual
exchange rate from the total equilibrium exchange rate. The latter comes by putting in
(4.10) the long run (or equilibrium) values of the fundamentals (Z, = Z~1 &7, = Z~2). So,

equation (4.13) illustrates the total misalignment rate and by adding and subtracting s

from the right-hand side of that equation we can decompose the sources of exchange rate

misalignment (&).

E=s-pZ,-B7Z, (4.13)

& =55 )= B2y~ P2y +5, (4.14)

E =(s,~5 )= BZ, ~Po 2+ BZ, + B, 2Z,, (4.15)
& =(5, =5 )+ B(Z,~2,)+ B (Z,, = Z,,) (4.16)
E =T +u)+B(Z,~Z,)+ p,(Z,, —Z,,) (4.17)

Equation (4.17) illustrates the sources of exchange rate deviation from its equilibrium
value. These are (i) transitory factors that have a short run effect on the exchange rate,
(1) a disturbance term and finally and more importantly (iii) deviations of the

macroeconomic fundamentals from their long run (or equilibrium) values.
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We have already pointed out that the BEER approach does not need any theoretical
model. However, this does not mean that any theoretical concept is not required. Stein
(2001) presents an evaluation of studies based on the BEER approach, in which the
authors have in mind a theoretical model but there is no need to be specified. For
example, most authors - like in FEER - have in mind the condition of simultaneous
internal and external balance. Internal Balance corresponds to low inflation and full
employment. External Balance is described by the situation where agents are indifferent
between investing on domestic or foreign assets. This can be expressed by the Uncovered
Interest Parity (UIP) condition. Therefore, more properly we can say that the building
idea of the BEER approach is the UIP condition. Following Clark & MacDonald (1998)
and MacDonald (2000), the theoretical framework of the BEER approach starts with the

UIP condition:
Et(et+l)_et:it_it +7p, (4.18)

where e and 1 stand for nominal exchange rate and interest rate respectively, while rp is

the risk premium. Equation (4.19) shows the expected inflation differential.

Ez(Asz)_Ez(Ap;l) = [Et(pzﬂ)_pz]_[Ez(p;l)_pt*] (419)

By subtracting (4.19) from (4.18), we get the real interest parity (equation 4.20) and by
solving for the real exchange rate we find that this is a function of the expected real

exchange rate, the real interest rate differential and the risk premium.

EI(SHI)_S =1 = T, (4.20)

s, =E,(s,.,)—(r,—1r))—rp, 4.21)
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The expected real exchange rate, which can be shown as the long run component of
the real exchange rate, depends on the expected values of the macroeconomic
fundamentals. Thus, besides to the real interest rate differential, the equilibrium real
exchange rate depends on the long run values of the macroeconomic fundamentals.
According to Clark & MacDonald (1998) and MacDonald (2000) these variables are: (i)
net foreign asset, (ii) terms of trade and (iii) relative price of traded to non-traded goods.

The latter captures the Balassa-Samuelson effect. So, the vector of the macroeconomic
fundamentals is of the form {S, = f(nfa,,tot,,tnt,)}. 1t is obvious that the BEER

estimate is sensitive to the selected fundamentals. For instance, BEER may differ if we
include productivity, government debt, and oil price as fundamentals instead of those
used above. The risk premium has a time-varying component, which is a function of the
relative supply of domestic to foreign government debt. So, BEER is given by the
following expression:

BEER = (r —r*, gdebt | gdebt*tot,tnt,nfa) (4.22)

4.2.1. PEER as a special case of BEER

The Permanent Equilibrium Exchange Rate (PEER) can be seen as a special approach
of the BEER. As we have seen, according to BEER approach, the exchange rate is a
function of transitory and permanent factors. The PEER approach differs in the way that
the exchange rate is a function of variables that have only persistent effect on it. Thus,
transitory factors are excluded from equations (4.10) & (4.17).

The question here is how to decompose the exchange rate to permanent and transitory

factors. Most studies use the Multivariate Beveridge-Nelson Decomposition. Some of
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these are Huizinga (1987) and Cumby & Huizinga (1990). A different way is that
proposed by Clarida & Gali (1994). They decompose the real exchange rate into supply,
demand and nominal components and they test the importance of these variables to the
exchange rate. In other words, they create three shocks (supply, demand and nominal)
and examine the effects of each shock to the variability of the exchange rate. They expect
that supply and demand shocks are going to affect significantly the real exchange rate in
the long run. However, by examining the exchange rate of US dollar against the Canadian
dollar, Deutsche mark, Japanese yen and UK pound, they find that supply-side shocks
explain only small movements of the real exchange rates. A more comprehensive

presentation of the PEER approach is shown in MacDonald (2000).

4.2.2. Empirical Literature Review

Most of the empirical studies, having the UIP condition as a benchmark, calculate the
equilibrium real effective exchange rate of developing countries. Others attempt to
approach the equilibrium exchange rate of euro. This is an interesting task as from the
birth of the euro this has been very volatile. For example, the period 1999 — 2000 euro
depreciated against USA dollar by 17.5% but afterwards an appreciating period raised for
euro. Today, there is an appreciating trend for euro. This means that the euro/US dollar
exchange rate has not yet reached its long-run equilibrium.

A leading study is that of Clark and MacDonald (1998), which estimates the
equilibrium exchange rate of the effective rates of US dollar, Deutsche mark and
Japanese yen under the framework of the BEER methodology. They use annual data from
1960 to 1996 for the following variables: real effective exchange rate, terms of trade,

relative price of non-traded to traded goods, stock of net foreign assets and relative stock
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of government debt. The latter is a determinative factor of the risk-premium (UIP
condition). Estimation is based on the Johansen cointegration technique. So, by
estimating a VAR model, they find that all the macroeconomic fundamentals are
statistically significant and correctly signed. An increase in any variable is expected to
appreciate the real effective exchange rate. But, the relative stock of government debt is
not correctly signed and statistically insignificant. The estimated BEERs imply that the
actual real effective exchange rates were away from their equilibrium values during the
estimated period.

MacDonald (2002) uses the BEER approach to estimate the equilibrium exchange
rate for the New Zealand dollar real effective exchange rate within the period 1985-2000.
His theoretical model is motivated by the UIP condition and shows that the current
equilibrium exchange rate is given by a systematic component plus the interest rate
differential. The systematic component is a function of the ratio of net foreign assets to
GDP, relative labor productivity, relative output gap and the New Zealand’s terms of
trade. He estimates his model by VAR and VEC models. The net foreign assets and
relative productivity variables can be excluded from the long run relationship. His results
indicate that all remaining coefficients are statistically significant and positively
correlated with the real effective exchange rate. The estimated BEER is more volatile
than the actual exchange rate and this reflects the volatility of the real interest rate
differential and the terms of trade. He concludes that the New Zealand Dollar was
undervalued in the period after 1999.

A study that focuses on the euro before its actual existence is that of Clostermann and

Schnatz (2000). The authors examine the euro-dollar exchange rate over the period 1975-
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1998 by applying the BEER approach. The exchange rate corresponds to a “synthetic”
real euro exchange rate that is calculated as a weighted average of the Dollar exchange
rates of individual EMU countries. A Vector Error Correction model estimates the euro-
dollar exchange rate and for forecasting purposes they progress a reduction of the VECM
to a single equation approach. Their results imply that a higher price level in euro area
appreciates the euro. In contrast, higher real oil price depreciates it, as EMU members are
more oil dependent than US. Moreover, a decrease in relative government expenditure
appreciates the real exchange rate.

Using the BEER and PEER approaches, Fernandez et al (2001) evaluate the factors
that determine the euro real effective exchange rate. They examine a “synthetic” effective
exchange rate, using time series that have been calculated as a geometric weighted
average of the individual euro area countries series. Estimating five alternative models,
find that euro can be affected by productivity differentials (a relative increase in the
productivity leads to the appreciation of the currency), real interest rate differentials (a
higher domestic interest rate tends to the appreciation of the domestic currency) and
external shocks (an increase in the oil price can be a negative external shock which will
depreciate the euro). The results imply that the BEER is more volatile than the PEER.
Both approaches show that in seventies and in the first half of nineties, euro was not
significantly away from its equilibrium value. But, during 2000, euro real effective

exchange rate was undervalued.
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Osbat et al (2003) study the long run determinants of the euro-yen exchange rate and
through cointegration techniques estimate the Behavioural Equilibrium Exchange Rate.™
An increase in euro area productivity and an improvement in euro area’s net foreign asset
position appreciate the euro against the yen. Moreover, an increase in real oil price is
estimated to appreciate the euro, as Japan is more oil dependent than EMU countries.
From 1975 to 2001, yen appreciated by 65% against euro. Oil price and government
expenditure movements cannot explain this outcome. In contrast, relative productivity
and relative net foreign asset position variables explain the 90% of this progress. Finally,
the estimated BEER implies that euro appreciation against Yen in 2001 was a result of
equilibrium correction of its previous depreciation.

Zhang (2001) estimates the Behavioural Equilibrium Exchange Rate for China and
the exchange rate misalignments in accordance with China’s exchange rate policy
reforms. Using annual data from 1952 to 1997, he estimates that a higher investment rate
in China depreciates the exchange rate. The same effect corresponds to the index of
openness of the China’s economy. This indicates that trade restrictions may appreciate
China’s currency. Higher government consumption and growth rate of China’s exports
appreciate the exchange rate. The actual exchange rate was overvalued much of the
estimated period but, economic reforms in China have made the actual real exchange rate
to fit better with its equilibrium rate.

In a similar way Zhang (2002) employs the BEER approach to estimate the
equilibrium rate of the Chinese renminbi yuan (RMB) for the period 1984:1-1999:4. In

the lines of Clark & MacDonald (1998) the vector of the fundamentals includes the terms

™ The estimation sample is from 1975 to 2001. For the period before the introduction of euro, a ‘synthetic’

euro is estimated, which is calculated as a trade-weighted average of the EMU members’ currencies.
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of trade, productivity, money supply (M2) and net foreign assets. All these variables are
statistically significant and correctly signed. Next, he estimates the long run values of the
fundamentals (H-P filter) in order to calculate the long run equilibrium exchange rate.
The BEER illustrates that the Chinese RMB was either undervalued or overvalued over
the estimated period. Finally, he checks the robustness of his results by comparing the
BEER with another model, motivated by the models of Edwards (1994) and Eldabawi
(1994), which includes a different set of fundamentals. Robustness is confirmed since the
two misalignment curves seem to be quite similar.

Melecky & Komarek (2005) estimate the Behavioural Equilibrium Exchange Rate of
the Czech crown against the German mark.”” The data sample covers quarterly
observations from 1994 to 2004, including real exchange rate, productivity differential,
foreign direct investment, terms of trade, real interest rate differential, trade openness, net
foreign assets and government consumption. Their theoretical concept, inspired by Clark
& MacDonald (1998), states that the fundamentals that affect the exchange rate should be
enhanced by factors, which affect the exchange rate only in transition periods. Since
Czech Republic is a developing and transition economy, they test the importance of the
above variables to the exchange rate by regressing three alternative models.”® According
to the ARDL approach, only productivity, foreign direct investment, terms of trade and
real interest rates seem to affect significantly the relevant exchange rate. The estimated

BEER implies that the Czech crown was in general undervalued over the referred period.

> After 1999 German mark is replaced by euro.

® These are the DOLS approach by Stock & Watson (1993), the ARDL approach by Pesaran & Shin
(1995) and finally the Johansen’s (1988) methodology. By comparing the implied speed of adjustment of
those approaches, they find that the more appropriate is the ARDL approach.
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Furthermore, using the Hodrick — Prescott filter, they simulate the long run values of the
fundamentals and find that total misalignment does not differ significantly from the

current one.

4.3. The Natural Real Exchange Rate (NATREX) Approach

The Natural Real Exchange Rate (NATREX) is “...the rate that would prevail if
speculative and cyclical factors could be removed while unemployment is at its natural
rate” (Stein 1994, page 135). This rate is consistent with simultaneous internal and
external balance. NATREX equates the sustainable current account with saving and
investment. As in FEER, saving and investment depend on a number of fundamentals.
This is a medium run equilibrium concept. Obviously, there is an implicit similarity with
Williamson’s FEER. But, NATREX is not only medium run equilibrium but also long
run equilibrium because it is consistent with portfolio balance as well.

In the medium run NATREX capital stock and foreign debt are exogenous to the
system, while in the long run they are endogenous. Medium run NATREX requires only
internal and external balance. In contrast, long run NATREX - besides to internal and
external balance - requires that (i) net foreign assets are constant, (ii) capital stock is
constant, (iii) domestic and foreign interest rates are equal, (iv) there are no changes in
reserves, namely there is absence of any speculative action.

The inclusion of stocks makes NATREX a stock-flow equilibrium concept, which is
determined by the above conditions and a vector of fundamentals. But, which are these
fundamentals? In reality, they vary from country to country but in general the vector Z

includes (i) the productivity variable, presented by the growth rate of GDP and (ii) the
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time preference or discount rate, presented by the ratio of social consumption

(consumption plus government expenditure) to GDP. So, the medium run NATREX is

expressed by s[k, F, Z], where k stands for the capital stock, F stands for the foreign debt

and Z is the vector of the fundamentals. The real exchange rate (s) is described by the
following equation:

s={s—slk,F,Z]}+{s[k,F,Z]-5[Z]}+5[Z] (4.23)

Equation (4.23) shows that the exchange rate is the sum of three components:

(1) exchange rate deviations from the medium-run NATREX, (ii) the difference between

medium run NATREX and steady state equilibrium (s[Z]) and (iii) the steady-state

equilibrium itself, which exists when capital stock and foreign debt satisfy the portfolio
balance. When cyclical and speculative factors are removed the actual exchange rate is
equal to the medium run NATREX. So, the first term of equation (4.23) becomes zero.
Next, when portfolio balance is satisfied, medium run NATREX equalizes the steady-
state equilibrium. Therefore, the second term is equal to zero. As a consequence, in the
case of simultaneous internal, external and portfolio balance, the actual real exchange rate

coincides with the steady-state equilibrium.

4.3.1. Stein’s NATREX Model

NATREX was originally presented by Stein (1994), who examined the US dollar
exchange rate against the other G-10 currencies. The main characteristic of the model is
that the equilibrium debt is endogenous to the system and countries may change their
position from debtors to creditors and vice-versa. The only requirement is that trade

balance must be large enough to repay the existing debts. Furthermore, in that model
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there is no perfect foresight. The model is presented by a number of equations, regarding
goods market equilibrium, investment, capital stock and portfolio balance. This is

expressed by the following equations’”:

v(k,ep)=C(k,F,r,Z)+(dk/dt +nk)+TB(s,k,F,k*,Z) (4.24)
v(k*,cp*) = C(k*, F,r,Z)+ (dk*/ dt + nk*)+ TB(s, k, F,k*,Z) (4.25)
dk/dt=IN(k,r,Z) (4.206)
IN =dk/dt+nk (4.27)
dF /dt = IN —SA—nF =—(CA+nF) (4.28)
SA=yk,z)-rF-C(k,F,r,Z) (4.29)
d(r—r*)/dt =—a(r —r¥*) (4.30)

Equations (4.24) and (4.25) present goods market equilibrium, while equations (4.26) and
(4.27) stand for investment equations. The last three equations express the portfolio

balance condition.

Medium Run Solution

In the medium run capital stock and foreign debt are given, while goods market
equilibrium at home and abroad are expressed by equations (4.31) and (4.32)
respectively:

s=h[r,k,F,Z] 4.31)

77 y=GDP per effective worker, k=capital intensity, F=net foreign asset position, r=real interest rate,
TB=trade balance per effective worker, CA=current account per effective worker, C=consumption per
effective worker, rF=real interest payment per effective worker, SA= savings per effective worker,

IN=investment per effective worker, cp=parameter of the capital productivity, 77 =growth of effective

labor. Finally, stars in variables imply a foreign variable.
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s=flr',k F,Z"] (4.32)
Here we remind that k is the capital stock, F is the foreign debt, Z is the vector of
fundamentals and r is the real interest rate. The above equations represent home and

foreign IS curves in figure 4.2.

Figure 4.2: Medium Run NATREX
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The domestic IS curve is negatively sloped because an increase in the home interest rate
decreases domestic goods demand creating disequilibria in the goods market. Equilibrium
will be restored if relative prices decline as well. This leads to the decline of the real
exchange rate. Thus, the real exchange rate depreciates.”® In contrast, the slope of the
foreign IS curve is positive since depreciation of the domestic currency means

appreciation of the foreign one.

8 Stein defines the real exchange rate as the amount of goods that a unit of currency can buy abroad
relative to the amount can buy at home. So, an increase in the real exchange rate implies appreciation of the

domestic currency.
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The system is at full equilibrium at point A, in which the exchange rate and the
interest rate are expressed by equations (4.33) & (4.34).

s=s[k,F,k",Z] - exchange rate (4.33)

r=rlk,k’,Z] - interest rate (4.34)

Now, suppose that there is an increase in investment or a decrease in saving at home.
This leads to the movement of IS curve from IS, to IS;. In response, domestic interest
rates increase to restore equilibrium. So, equilibrium moves from point A to point B,
associated with unchanged exchange rate and a higher domestic interest rate. The
increased interest rate causes higher capital inflow and as a consequence the domestic
currency is going to appreciate since the balance of payments is improved. The new

equilibrium point C represents the medium run NATREX.

Long Run Solution

In the long run solution the fact that actually matters is that capital stock and foreign
debt are not any more exogenous to the system. Indeed, they have an active role in
determining the real exchange rate as they move towards their steady-state levels. We
substitute equation (4.34) into equation (4.26) and then the modified equation (4.26) is
substituted into equation (4.27) to solve for investment. Next, equation (4.34) is
substituted into equation (4.29) and we solve for saving. Finally, the modified investment
and saving equations are introduced into equation (4.28) to derive equations (4.35) &
(4.36).

dk/dt = J(k,k,Z) (4.35)

dF /dt=J—-S=L(k,F,k,Z) (4.36)
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Equation (4.35) gives the change in capital intensity, while equation (4.36) stands for
the rate of change of the foreign debt. These two equations are presented in figure 4.3.
Equation (4.35) is expressed by the J=0 curve and equation (4.36) is expressed by the

L=0 curve.

Figure 4.3: Long Run NATREX

]

In J=0 curve the change in capital stock is equal to zero (dk/dt=0). This holds if the

marginal product of capital is equal to the world interest rate (k = k ), where the & term
is the steady-state value of capital stock. To the left of the curve, the capital stock is

lower than the steady state level and the capital stock increases. On the other hand, to the

right of the curve, k exceeds k and capital intensity decreases.
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In L=0 curve the rate of change of the foreign debt is equal to zero (dF/dt=0). This is
the case when there is no capital flow. Namely, saving must equalize investment. As the
current account is equal to saving minus investment, this implies that along the L=0 curve
the current account is completely balanced. To the left and below of the curve there is
current account deficit because saving is less than investment. Thus, foreign debt
increases. In contrast, above the curve saving exceeds investment and the existing current
account surplus decreases foreign debt. The slope of that curve is negative because a
higher capital stock produces a current account deficit and a reduction in foreign debt.

Let assume that there is a time preference increase (i.e. a rise in social consumption)
at home. The medium run effect of this is captured by the medium run solution. Namely,
equilibrium moves from A to B and then to point C with a higher interest rate and an
appreciated domestic currency. The path B'E in figure 4.3 illustrates the long run effect.
At point B” current account runs a deficit and capital intensity is positive (dk/dt>0). The
current account deficit increases foreign debt and the steady-state debt increases too.
Furthermore, capital stock decreases because of the increased interest rate. This trajectory
will stop at point E, which is the long run equilibrium.

Now suppose that domestic productivity increases. Likewise the medium run solution
of figure 4.2 applies in this case, while the A'DE arc describes the long run solution. At
point A" domestic country faces a current account deficit and a higher foreign debt. Then,
both capital stock and foreign debt rise until point D. Along the DE path, as capital stock
increases, there is current account surplus, which reduces debt. Hence, the system meets

its long run equilibrium (point E) by increasing capital intensity and decreasing foreign

debt.
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All these show that despite the appreciation in the medium run the exchange rate
turns back to its equilibrium level. Capital stock and foreign debt movements force the
exchange rate to depreciation, up to the point of its initial value. This fact implies that the
NATREX approach comes in contradiction with the Mundell-Fleming model. According
to the latter, an expansionary fiscal policy is expected to appreciate the domestic currency
in both medium run and long run periods. In contrast, the NATREX model indicates that
the real exchange rate is going to appreciate in the medium-run and to depreciate in the

long run.

4.3.2 Empirical Literature Review

The methodology of estimating NATREX is based on cointegration techniques. Some
studies use the Engle-Granger two-stage least square estimation, while others employ the
Johansen’s cointegration technique and the estimation of Vector Error Correction models.
In addition, cointegration analysis may be undertaken by the ARDL methodology. To
give an example, Frait & Komarek (2001) use an ARDL model and the H-P filter to
calculate exchange rate misalignments.” A selection of NATREX empirical studies is
presented below.

Stein (1994) estimates the equilibrium rate of US dollar against the G-10 currencies
covering the period from the third quarter of 1973 to the first quarter of 1989. His
empirical estimation is based on the above theoretical model and the variables used as
fundamentals are US growth rate, foreign growth rate, foreign debt, capital intensity and

social consumption. In order to move out cyclical factors, growth is measured as a 12-

" The Hodrick-Prescott (H-P) filter simulates the long run (i.e. sustainable) values of the fundamentals.

This way of estimation makes NATREX similar to BEER methodology.
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quarter moving average of GNP growth. Similarly, foreign debt is measured as a 12-
quarter moving average of the ratio of current account to GNP.

The first step of the estimation involves the medium run solution as in the theoretical
model of NATREX. In the long run solution, the set of endogenous variables includes
real exchange rate, foreign debt and capital stock, while US and foreign growth, and US
time preference (social consumption) are exogenous to the system. Foreign time
preference is omitted due to lack of data availability. The author’s aim is to find if, under
the motivation of NATREX, fundamentals can explain exchange rate movements. The
estimation procedure entails three steps. First, the Johansen cointegration test is applied
to confirm the long run relationship among endogenous and exogenous variables. This is
confirmed by 2 cointegrating vectors. Next, OLS and Nonlinear OLS estimate the
implied equations and the results derived from OLS are compared to those derived from
NOLS to check robustness. Indeed, the two models provide similar results, which imply
that, an increase in foreign growth rate and in social consumption depreciate US dollar,
and a positive real long-run interest rate differential appreciates US dollar. US growth
rate is expected to appreciate dollar, but the estimated coefficient is not statistically
significant. Stein concludes by pointing out that in general actual real exchange rates
seem to be very similar to NATREX, but there are significant deviations in the short run,
which may be due to non-fundamental factors (i.e. cyclical and speculative factors).

Gandolfo & Felettigh (1998) estimate the multilateral equilibrium exchange rate of
Italian lira from 1976:2 to 1995:4 using quarterly observations. Instead of cointegration
techniques and the estimation of a single-equation error correction model, they propose

an alternative approach to estimate NATREX. This is the estimation of a simultaneous
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equations model, which is a nonlinear system of four equations: (i) net social investment,
(i) social consumption, (iii) trade balance, (iv) real interest rate. The system of
simultaneous equations is a nonlinear model estimated by the FILM econometric
methodology and the results imply that all coefficients are correctly signed and
statistically significant. Testing for system’s robustness they find that the hypothesis of
non-normality cannot be rejected, however this cannot affect the validity of the results.*
Since the reliability of the NATREX is confirmed they go on in measuring the deviations
of the actual rate from the estimated NATREX. Lira was undervalued from 1976 to 1982
and overvalued during 1982-1993. In 1992 Italian lira faced a rapid depreciation, which
is not consistent with its equilibrium rate. As a result, lira was below its equilibrium rate
from the mid of 1993 until the end of the estimated period.

A study focusing on the case of Czech crown is that of Frait & Komarek (2001).
Especially, they estimate the equilibrium exchange rate of the CZK/DEM for the period
1993:1 to 2000:3 (quarterly data). The set of fundamentals includes (i) terms of trade, (i)
productivity (real GDP), (iii) world real interest rate, and (iv) foreign direct investment
(fdi/GDP).*! Cointegration analysis is based on the ARDL methodology. The results
show that all estimated coefficients are statistically significant and consistent with theory.
As a result, they observe that the fundamentals can explain the exchange rate behaviour

under the framework of the NATREX approach. Next, they estimate the current and the

% 1n a nonlinear model when the residuals are not normal, FILM estimators are not valid but in contrast 3-
stage least square approach provides valid estimators. In this specific case, the system is nonlinear because
of the inclusion of the ECM terms, while for the endogenous variables the system is linear. Then, FILM
and 3-stage least square estimators do not significantly deviate, so we can accept FILM’s validity.

8! Following the theoretical underpinnings of NATREX, they also included the rate of saving as a
fundamental, but it was the only 1(0) among I(1) variables. For this reason, they decided to eliminate this

variable.
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actual misalignments through the H-P filter (as in BEER). Both estimates show that the
actual value of the crown was initially undervalued and afterwards overvalued. However,
those two estimates of exchange rate misalignment are not similar enough. One possible
explanation is that the applied macroeconomic policy might not be sustainable. Finally,
they stress that the Czech crown has an overvaluation trend, which entails a danger for
the Czech economy.

Detken et al (2002) employ four different models® to estimate the synthetic real
effective exchange rate of euro.® Their theoretical specification to NATREX includes
three behavioural equations (investment, consumption, and trade balance), the national
account identity, real uncovered interest parity and the Fischer equation, stock
accumulation and the steady-state values of the stock variables. The empirical section
deals with the estimation of separate VEC models for the three behavioural equations. A
significant error correction term and the fact that all coefficients are statistically
significant and correctly signed imply that NATREX is a reliable medium-run measure.
In addition, they estimate the long run NATREX as well. The latter is estimated by
obtaining the long run values of the fundamentals.** Both measures of NATREX look
quite similar. For instance, at the end of 1998 the actual effective euro was undervalued

by 0.7% according to medium run NATREX and by 2.3% according to the long run

%2 Besides NATREX model, they apply a cointegration analysis consistent with PPP, a structural VAR
analysis and a macroeconometric model developed by ECB.

% The effective exchange rate is calculated in respect to UK, US, Japan and Switzerland, while the data set
covers the period 1970:1 — 2000:4 (quarterly observations).

% Recall that the difference between medium run and long run NATREX is that capital stock and foreign
debt are given in medium run NATREX, but as they tend to their steady-state values we move to long run
NATREX. In other words, NATREX illustrates the exchange rate’s trajectory from the medium run to the

long run equilibrium.
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NATREX. During the period 1997-2000, euro was undervalued. So, the following
appreciation trend of euro can be accepted as a correction movement.

Rajan & Siregar (2003) examine the real effective exchange rate of the Singapore
dollar with respect to NATREX. Applying the Johansen’s Cointegration technique they
estimate a single-equation model from 1980 to 2000. This equation includes the terms of
trade variable, productivity, world interest rate and government spending. Moreover, they
include a dummy variable capturing the East Asian currency crisis in 1997. All the
estimated coefficients are consistent with theory and statistically significant, except
government expenditure and the dummy variable. For this reason, the dummy variable is
excluded. The most significant variable is productivity, implying that it has the most
explanatory power. This estimation output enforces the view that NATREX is an
appropriate measure of the Singapore dollar equilibrium exchange rate. The following
step is to measure the rate of exchange rate misalignment. In order to make valid
implications, they test if misalignment is stable. In other words, they apply ADF and
Phillips-Perron tests on exchange rate misalignment. As stationarity is confirmed they
state that there are both overvalued and undervalued periods but on average Singapore
dollar was undervalued. An interesting finding is that after Asian crisis (after 1997) the

actual exchange rate was undervalued at a rate, similar to the pre-crisis period.

4.4. Concluding Remarks
The concept of equilibrium exchange rates is very important for developing as well as
for developed countries. As mentioned before, an abnormal exchange rate can cause

serious problems to countries. For example, an undervalued currency imports high
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inflation, while an overvalued currency makes the domestic economy less competitive.
Especially, when a developing country is the case, overvaluation is an alarm of future
currency crises. Since traditional exchange rate determination models seem not to be so
reliable in many empirical applications, researchers have turned to alternative
approaches. In this chapter, the most important models have been analyzed: FEER,
BEER and NATREX.

The Fundamental Equilibrium Exchange Rate is that rate consistent with internal and
external balance. Williamson’s main contribution to this approach is the alternative
meaning of external balance, which is current account’s sustainability. Under this
framework, there are a number of alternative methods in the literature for measuring
external balance. Most studies (Williamson 1994, Smidkova 1998) set a target value for
the current account while others (Feyzioglu 1997, Paiva 2001, Egert 2002) use
cointegration techniques and by taking the average of the actual current account balances
estimate equilibrium exchange rates. An alternative approach is the cointegration analysis
of the saving-investment balance. This is shown in Coudert & Couharde (2002). Finally,
current account balance exists if the ratio of foreign debt to GDP is stable (Hallet &
Richter 2004).

The main advantage of the FEER approach is that it is not based on the direct
econometric analysis. Exchange rates are very volatile and in many cases it is difficult to
establish a valid relationship between exchange rates and economic fundamentals. Thus,
because of the difficulties we face in the direct econometric analysis, Williamson’s
approach seems to be an appropriate empirical tool. But, there are many drawbacks as

well. Firstly, some factors included in the FEER do not affect directly the exchange rate.
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For example, saving and investment are not mentioned as determinants in any exchange
rate determination model. Moreover, as Clark & MacDonald (1998) state, FEER is not a
dynamic solution. It provides only a calculation of current values and it is not suitable for
forecasting purposes. Another problem with FEER estimation is that it is a medium-run
equilibrium rather than a long-run equilibrium. Some argue that the FEER is not a real
equilibrium because it is not stock-flow equilibrium. Driver & Westaway (2004) do not
actually accept this statement arguing that this is because the concept of FEER is
misunderstood. However, it is true that FEER estimates are sensitive to the “hysteresis
effect”. This is because a medium-run current account can be affected by temporary
movements and, as a consequence, FEER is also affected.

The Behavioural Equilibrium Exchange Rate approach involves the direct
econometric analysis of the behaviour of the real exchange rate. It is based on the
estimation of a reduced-form equation that explains the behaviour of the real effective
exchange rate, dictated by economic fundamentals. The long run real equilibrium
exchange rate is then estimated by filtering fundamentals from speculative and cyclical
factors. What makes BEER reliable is that the exchange rate is a function of variables
that have a direct effect on the exchange rate. In other words, the equilibrium exchange
rate is driven by the sustainable values of variables that affect the actual exchange rate
and not by overall macroeconomic balance. As we have seen in FEER, equilibrium is
subject to conditions, which are difficult to hold in reality or they are difficult to be
measured. Therefore, the equilibrium exchange rate is a rate that is difficult to be
matched. In contrast, BEER is the rate consistent with the sustainable values of variables,

which constitute the core of exchange rate fluctuation. Furthermore, important policy
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implications arise from this methodology. Economic authorities have to apply the
appropriate macroeconomic policy to drive macroeconomic fundamentals to the desired
levels in order to achieve the equilibrium exchange rate.

However, econometric analysis may include some inconsistencies, which will affect
model’s robustness. For example, absence of any cointegrating vector rejects the long run
relationship between fundamentals and the exchange rate. So, in this case, no variable can
explain exchange rate behaviour. These problems may be due to inappropriate
econometric procedures.®

Finally, the Natural Real Exchange Rate seems to be the most appropriate approach.
NATREX is the rate consistent with natural unemployment and absence of speculative
and cyclical factors. Similarly, the main condition is simultaneous internal and external
balance. The fact, which differentiates NATREX from FEER, is the condition of
portfolio balance. An advantage of this approach compared to FEER is that it is suitable
for medium-run as well as for long-run analysis. In the medium run, capital stock and
foreign debt are exogenous to the system while in the long run they are endogenous. The
inclusion of stocks makes NATREX a dynamic stock-flow equilibrium concept.
Therefore, NATREX seems to be more appropriate than FEER. Furthermore, NATREX
has an advantage compared to BEER in terms of econometric inconsistencies. However,
weaknesses are not eliminated. The correspondence between theoretical and empirical
variables is an embarrassing issue. Some variables, such as foreign debt and capital stock

cannot be easily measured. As a result, approximations of those variables are usually

% The main disadvantage of the BEER approach is that because of the volatility of the exchange rate, the
applied econometric techniques may not be appropriate. These econometric inconsistencies weaken BEER

compared to FEER and NATREX approaches.
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employed. Another serious problem is that, like in FEER, some variables may have no
direct effects on the exchange rate. Finally, NATREX is based on “quite strong”
assumptions, which are hardly satisfied. For instance, capital stock constancy and net
foreign assets stability are not simple tasks for any economy. However, NATREX is
suitable for developing countries, in which direct econometric analyses may provide

ambiguous results.
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5. Foreign Exchange Market Efficiency

In a micro-foundation framework, the term “efficiency” corresponds to the efficient
resource allocation within an economy. In financial economics, an efficient investment
requires agents to remove their capital from markets with lower return to markets with
higher return. However, the Efficient Market Hypothesis (EMH) relies on the efficient
exploitation of information by economic actors. EMH is also referred as Informational
Efficiency (Hallwood & MacDonald, 1994). For example, an asset market is efficient if
the asset price fully reflects all available information. EMH requires that market agents
have rational expectations and there are no transaction costs that avert them from buying
and selling assets.

According to Fama (1970), if it is not possible for a trader to make abnormal profits
using only the past history of prices, the market is weakly efficient. If by increasing public
information set (about money supply, interest rates, e.t.c.) it is not possible for a trader to
make abnormal profits, the market is semi-strong form efficient. Finally, if it is not
possible for a trader to make abnormal profits using public or private information, the
market is strong form efficient.

The efficient market hypothesis can be applied to asset markets as well as to foreign
exchange markets. Fama (1984) states that foreign exchange markets are efficient if fully
reflect all available information. This is a strong version of the efficiency hypothesis. A
weak form is presented by Jensen (1978). An efficient market reflects information up to
the point where the marginal benefit of information does not exceed the marginal cost of
collecting it. Foreign Exchange Efficiency Hypothesis is also called as Forward Rate

Unbiasedness Hypothesis (FRUH), because in an efficient market the forward rate should
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be unbiased (or good) predictor of the future spot rate. Fama (1984) shows that the
forward rate includes a risk premium, which is equal to the interest rate differential. An
alternative expression of this hypothesis illustrates that a market is efficient if the
expected value of excess return is zero. In other words, efficiency means that the
available information cannot lead to unusual profits. Non-zero expected excess return
may exist because of UIP deviations, or due to the existence of a risk premium in the
forward rate, or because of exchange rate speculation. Bilson (1981) argues that if a profit
from speculation can exist, the market cannot be efficient.

All these statements, which summarize the efficiency hypothesis, imply different test
procedures to test for the robustness of this hypothesis. Earlier studies, based on the
statistical properties of the spot and forward rates are Cornell (1977), Geweke & Feige
(1979), Rose & Selody (1984) and Ligeralde (1994). Posterior studies can be
decomposed into two major categories. Those which test the efficiency hypothesis
through conventional econometric techniques, i.e. OLS — Fama (1984), Naka & Whitney
(1995) e.t.c. - and those which apply cointegration techniques between spot and forward
rates, i.e. Dutt (1994), Corbae et. al. (1992), Liu & Maddala (1992), Zivot (2000) e.t.c.

The following section presents the theoretical framework of the Forward Rate
Unbiasedness Hypothesis, while section 5.2 deals with the empirical findings of relevant

studies. Section 5.3 concludes by criticizing the theoretical and empirical literature.

5.1. Theoretical Framework

In a two-country model, let e; and f; be the spot and forward rates of currency a per

currency [, respectively. Moreover, let i, and i, be nominal interest rates on bonds in
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country « and country f, respectively. We assume that both interest rates and the

forward rate are of the same maturity and the bonds in the two countries are under the
same risk and taxation.
Suppose that an agent from country « invests in a domestic bond, which yields

1+, . Alternatively, this agent can invest in a foreign bond with return (1+i)/e, .

Because the future spot rate is now uncertain, the return of the investment in foreign

bonds is doubtful. The agent can cover this uncertainty by selling a forward contract of

(1+i')/e, . Thus, the new value of the future return becomes [(1+i )f]/e,. The Covered

Interest Arbitrage makes the two returns equal:

(1+1i )= L(1 +i)) (5.1)
et

Now, solving for the interest rate differential (assuming that the term [1+i*] is close to 1)

we find the Covered Interest Parity condition:

)
fi=e (1+l:) (5.2)
Jo_y_d+i)
e (+i) (5-3)
ft — € (lt B lt*)
e (+1) S
i —i _Sime (5.5)

=

Equation (5.5) illustrates the Covered Interest Parity condition, which states that the
forward premium (as a percentage) is equal to the interest rate differential. Now,

introducing the Uncovered Interest Parity condition (under risk neutrality)
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*

E, [Ae, ]=1 -1 (5.6)
which states that the interest rate differential is equal to the expected change of the future

spot rate (or equivalently, the expected depreciation) and combining the covered and the

uncovered interest parity conditions, we get:

%: El[Aet+l] (57)
ft —€ = Et [ez+1]_ €, (5.8)
fi=E,[e.] (59)

Equation (5.9) is the benchmark equation of the foreign exchange market efficiency
hypothesis. It says that the forward rate is a good predictor of the expected future spot

rate. Assuming that expectations are rationally formed, we have:

€ = Et |:et+1 ‘Qt:| + U, (5.10)

where Q, is the informational set available at the time of forming expectations and uy is
a random forecast error. Substituting (5.10) to (5.9), we get:

Ji=e—u., (5.11)

et+1 B f; = Z’tt+1 (5-12)
Equation (5.12) shows that the forward rate deviates from the future spot rate only by a
random error.

5.1.1. Relaxing the Assumption of Risk Neutrality

So far we have assumed that both domestic and foreign bonds include the same risk

and are under the same taxation. These facts make agents risk neutral. Now, let suppose
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that investment in country £ is more risky than investment in country « , which makes

agents risk averse.*® Thus, the Uncovered Interest Parity becomes:

i — i: =FE [Ae, ]+ 1D, (5.13)
where 1p is the risk premium. Then, from (5.5) and (5.13) we have:

fi—e =Ele,]l-¢ +mp, (5.14)

]i :Et[et+1]+rpz (515)

Equation (5.15) is the condition of foreign exchange market efficiency under risk
aversion. The difference of the forward rate from the expected future spot rate is equal to
the risk premium. However, the foreign exchange market efficiency hypothesis requires
that the forward rate should not include any time-varying risk premium.

Following Fama (1984) and rearranging equation (5.1) in the following way:

Ji_(A+i)

e (1+i[*)

t

(5.16)

we can easily observe than any deviation of the forward rate from the corresponding spot
rate is because of interest rate differentials. This is intensively sensible if we recall that
different riskiness in the two bonds yields to different returns (i.e. different interest rates).
As a result, the premium should be analyzed in terms of interest rate differentials. Taking

natural logarithms in (5.16) we get:

Inf —Ine =(1+i)—(1+i) (5.17)

Inf -Ine =i —i (5.18)

% This may be due to a higher taxation or due to an unstable financial system in country /3 .
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Now we introduce, in equation (5.18), the Fischer equation, which is described by the
following expression,

i, =r,+E[Ap,,] (5.19)
where i, is the nominal interest rate

r;1s the real interest rate

E{Ap:1] is the expected future inflation rate, at time t.
fi—e =l +E,(Ap, )]=[1 +E,(Ap,.,)] (5.20)

fi—e =@, —r)+[E(p.)-E(p,.)]-(p, - P,) (5.21)

Assuming that PPP holds all the time, equation (5.21) becomes:

ﬂ_et :(rt _’/}*)+Et[ez+1]_et (5.22)
fi=(r, —r))+ Ee,.] (5.23)
ft_Et[eH—l]:rt _r,* (5.24)

From the above equations we can easily observe that the forward rate deviates from
the expected future spot rate when the real returns on the bonds of the two countries are
not equal. Thus, this difference can explain the existence of a risk premium in the
forward rate. In other words, when the Fischer equation and the PPP condition hold, the
variables which determine the real returns on different bonds can also settle on the

premium in the forward rate.

5.2. Empirical Literature Review
As mentioned above the foreign exchange market efficiency hypothesis holds if the

forward rate is an unbiased predictor of the future spot rate. An alternative expression of
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the foreign exchange market efficiency hypothesis states that a market is efficient if fully
reflects all available information. Moreover, in an efficient market, the available
information cannot lead to an unusual profit.

All these statements, which summarize the efficiency hypothesis, imply different test
procedures in testing the robustness of this hypothesis. Earlier studies, based on the
statistical properties of the spot and forward rates were able to accept the efficiency
hypothesis. Suggestively, Cornell (1977) examines 7 major currencies against US dollar
(1973:4 — 1977:1). The efficiency hypothesis requires the absence of a risk premium and
the spot rate to deviate from its expected value only by a white noise error. He finds no
evidence of a risk premium, as the mean of the forward forecast error is close to zero.
Moreover, in an efficient market, the standard deviation of the forecast error should be
less than (or equal to) the standard deviation of the forecast error derived from an
alternative model. The results show that the forecast errors do not deviate significantly,
which is supportive for the existence of market efficiency. As a general statement,
Cornell confirms foreign exchange market efficiency hypothesis. Other studies, based on
statistical properties analysis are Geweke & Feige (1979), Rose & Selody (1984) and
Ligeralde (1994).

Posterior studies can be decomposed into two major categories. Those which test the
efficiency hypothesis through conventional econometric techniques, i.e. OLS and those
which apply cointegration techniques between spot and forward rates. Below we discuss
the properties and the pitfalls of each econometric methodology and we present the
empirical evidence from relevant studies. The majority of the empirical studies examine

the efficiency hypothesis in terms of the relationship between the spot and forward rates.
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However, we can add one more set, which includes studies approaching the foreign
exchange market efficiency hypothesis through a somewhat different theoretical and
empirical concept. For example, Bilson (1981) performs the efficiency test in terms of
speculative efficiency, while Franker & Froot (1987) test the hypothesis of rational and
static expectations. Furthermore, Hai et. al. (1997) decompose the exchange rate into
permanent and transitory components and estimate this model by Maximum Likelihood
Estimation.

5.2.1. Conventional Studies based on OLS Estimation

The first category includes studies, which estimate the following equation by

Ordinary Least Squares:

e, =a+p f+u, (5.25)
where the null hypothesis states: 0=0 & B=1, and that the error term has a conditional
mean of zero, E{u1]=0. Namely, under the null, the forward rate is a good (unbiased)
predictor of the future spot rate. The second part of the null requires the forecast error to
be orthogonal or uncorrelated to information available to agents at the time they form
their expectations. However, this methodology incorporates an important econometric
inconsistency. Both spot and forward rates are expected to be non-stationary, which
means that OLS estimators will be inconsistent since they provide invalid standard errors
and confidence intervals.

Given that these variables are difference stationary [i.e. I(1)], the above inconsistency
can be ruled out by regressing the above equation in differences. Hence, some studies test

market efficiency by estimating the above equation:
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e.,—¢=a+p-(f,—e)+u,, (5.26)
where f~e=fp is the forward premium and e,; — e;=4e;+; is the change in future spot rate.
Similarly, the null states: a=0 & B=1 and E[uy]=0. At first glance, the above
inconsistency seems not to hold any more. However, following Liu & Maddala (1992),
we can be sure about the stationary nature of Aey;; but we cannot assume the same for the

forward premium. The forward premium is written as follows:

fi—e=U—fD)+(a—e) (5.27)

The first term of the right hand-side of equation (5.27) is stationary. If the second term is
stationary, the forward premium will be stationary as well. But, it is not clear-cut that this
is 1(0). Therefore, the stationary nature of the forward premium is not certain.”’

Moreover, Liu & Maddala (1992) show that the estimation of (5.26) by OLS provides

inconsistent estimates. The forward rate, under risk aversion, is given by:

f,=E e, 1+rp, (5.28)
and the future spot rate is given by the following expression:

e =Ele J+u, (5.29)
Equation (5.28) shows that the forward rate is equal to the expected future spot rate plus a

risk premium, while equation (5.29) implies that the future spot rate deviates from its

expected value only by a random forecast error. Combining these two equations we get:

€= ft Tu,, D, (5.30)

€€ :(f;_et)-i_(utﬂ_rpt) (5.31)

but in (5.31), the forward rate is correlated with the risk premium. This can lead to biased

¥7 This is important because if the forward premium is still non-stationary, OLS estimators will be biased.
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OLS estimators. As a consequence, this methodology can lead to rejection of the
efficiency hypothesis even if it is true. Therefore, under this analysis we observe that
conventional econometric procedures are not valid for testing the foreign exchange
market efficiency hypothesis.

Empirical Evidence

A seminal study is that of Fama (1984), which examines efficiency in nine exchange
rates (nine currencies against US dollar), using monthly data from 1973:8 to 1982:12.
Fama regresses equation (5.26) by Ordinary Least Squares and tests the corresponding
null hypothesis. The results show that the estimators of B are not equal to 1 and negative.
Moreover, he finds positive autocorrelations of the forward rate, which indicate that the
forward premium or the expected future change of the spot rate is highly unstable. He
states that the negative values of  can be attributed to the negative correlation between
the forward premium and the expected future change of the spot rate. Hence, Fama
concludes that the market efficiency hypothesis is not accepted because of a time-varying
risk premium.

Similarly, Naka & Whitney (1995) test the efficiency hypothesis of seven exchange
rates (against US dollar) from 1974:1 to 1991:4 (monthly observations). They regress
both equations by OLS, i.e. equations (5.25) & (5.26). The results from regressing
equation (5.25) show that the estimates of B are positive and close to 1, with small
standard errors. However, the non-stationary nature of the exchange rates invalidates
these estimates. For this reason, they regress equation (5.26) by OLS and set again the
same null hypothesis. Their output implies negative estimates of B, with large standard

errors. So, the null is rejected. They argue that efficiency is rejected because of the
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existence of a time-varying risk premium. Finally, they manage to accept the efficiency
hypothesis through Non-Linear Least Squares estimation. The estimates of 3 are close to
1 and the null is accepted, which means that the forward rate is an unbiased predictor of
the future spot rate.

Other studies in that field, which apply similar econometric techniques, are those of
Hakkio (1981), Taylor (1989), Backus et. al. (1993), McCallum (1994), e.t.c.®. All
studies fail to accept the efficiency hypothesis. For example, Hakio (1981) examines five
exchange rates against US dollar from 1973:4 to 1977:5. In all cases, the unbiasedness
hypothesis cannot be accepted. Taylor (1989) examines the US dollar/UK pound
exchange rate from January 1981 to July 1985. He finds a statistically significant risk
premium, so there is evidence of risk-averse behaviour. He also tests the rationality of
expectations but, he cannot accept the hypothesis that expectations are not rational.
Therefore, risk aversion rather than non-normality causes the rejection of the efficiency
hypothesis. Similarly, McCallum (1994) examines the efficiency hypothesis in the case
of Japanese yen, Deutsche mark and UK pound against US dollar from 1978:1 to 1990:7
(monthly observations) and he finds negative estimates of B, significantly away from 1.
Finally, Backus et. al. (1993) examines the same currencies plus Canadian dollar and
French frank, against US dollar, from 1974:7 to 1990:4 (monthly observations). His
estimates are once again significantly away from 1 and negative.

5.2.2. Cointegration-based Studies

On the other hand, empirical studies based on cointegration techniques provide mixed

results. Cointegration techniques, such as the two-step Engle-Granger (1987)

¥ A more comprehensive review on these empirical studies can be found in Hodrick (1987) and Engel
(1996).
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methodology and the Johansen’s (1988) multivariate cointegration technique are applied
to equation (5.25), as well as to equation (5.26). Namely, applying this technique to
equation (5.25) we test the hypothesis of cointegration between spot and forward rates in
levels, while equation (5.26) examines cointegration between the forward premium and
the change of the future spot rate. Under the framework of cointegration analysis, two
non-stationary variables are cointegrated if they form a valid long run relationship. In
other words, spot and forward rates will be cointegrated if the forecast error term [in
equation (5.25)] is stationary (Engle-Granger 2-step methodology) or there is at least one
cointegrating vector (Johansen’s technique). Dutt (1994) calls the efficiency hypothesis
test, performed by the Engle-Granger 2-step procedure as a strong-form test and this of
the multivariate cointegration technique as a weak-form test.

Therefore, the acceptance of the foreign exchange market efficiency hypothesis
requires the existence of cointegration (necessary condition) and the absence of unit roots
in any autocorrelation pattern in the residuals, i.e. the error term to be white noise
(sufficient condition). However, inconsistencies are not absent. Hai et. al. (1997) show
that when cointegration analysis is applied to equation (5.25), there is evidence of
cointegration with estimates of B equal to 1. Similarly, when equation (5.26) is the case,
cointegration is not rejected but the estimators of f are found to be negative. This is a
puzzling issue because when the levels is the case, the forward rate is an unbiased
predictor of the future rate and when differences is the case, the forward premium
predicts the future change of the spot rate with the wrong sign. Fama (1984) charges this
inconsistency to the presence of a time-varying risk premium, which is negatively related

to the change of the spot rate.
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Another type of cointegration test is testing the efficiency market hypothesis in an
international framework. In an efficient market, a spot rate cannot be cointegrated with
any other spot rate. The main motivation here is that if two variables are cointegrated, at
least one can be predicted from the other.* This is not consistent with market efficiency,
especially with the weak-form efficiency hypothesis, because if a spot rate includes all
available information, its future change cannot be predictable.

A lot of criticism has been applied to this type of test. For instance, Hodrick (1987)
describes as false the above statement about the predictability of the future spot rate.
Similarly, Baffes (1994) argues that efficiency does not require unpredictable exchange
rates. Actually, efficiency is weakened only if arbitrage opportunities can arise from
predictability. Moreover, Engel (1996) does not accept that two spot rates, in a pair of
efficient markets, should not be cointegrated and argues that foreign exchange market
efficiency does not require unpredictable spot rates. Furthermore, Dwyer & Wallace
(1992) show that there is no evidence of market inefficiency if two exchange rates are
cointegrated. Crowder (1994) explains that even if two spot rates are cointegrated, this
will not violate efficiency if there is a risk premium. His argument is that if the forward
premium is I(1), then efficiency requires the risk premium to be I(1) as well. However,

this argument has not escaped from Engel’s critique.”

% This is found in Granger (1986). Namely, two asset prices from two efficient markets cannot be
cointegrated.

% To find more about the arguments against this methodology, see Engel (1996).
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Empirical Evidence

The empirical evidence generally rejects the efficiency hypothesis. Liu & Maddala
(1992) test this hypothesis in two steps. First, the Rational Expectations Hypothesis
(REH) is tested, which states that agents use all available information in forming their

expectations. The REH test is based on:
e, =py+pbEle,]+u, (5.32)

where e is the current spot rate and E|[e,,,] is its expected value. This hypothesis will be

+1
accepted if PBo=0, B;=1, the forecast error is uncorrelated with the variables in the
information set and the error term is not autocorrelated. Because of the evidence of I(1)
variables, cointegration techniques are applied. Using weekly data, the REH is not
rejected. However, using monthly data, REH is rejected. The second step of the test is the
Market Efficiency Hypothesis (MEH). Once again, when weekly and monthly data are
used, MEH is rejected. Thus, the forward rate is not an unbiased predictor of the future
spot rate. It is not clear what is responsible for this failure. When weekly data are applied,
this may be due to a risk premium. On the other hand, when monthly data are used, the
reason differs from currency to currency. For example, for the British pound, the
Deutsche mark and the Swiss franc both a risk premium and the rejection of REH are
responsible for the rejection of MEH. In the case of Japanese Yen, only the rejection of
REH causes the rejection of MEH.

Zivot (2000) tests the foreign exchange market efficiency hypothesis for the British
pound, Japanese Yen, Canadian dollar against US dollar from 1976:1 to 1996:6 (monthly
observations). He compares cointegration models between the forward rate with the

current spot rate and the forward rate with the future spot rate. He finds that cointegration
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analysis in the first case, estimating a VECM, strongly rejects the efficiency hypothesis in
all exchange rates. Thus, the forward rate is not an unbiased predictor of the
corresponding spot rate. This failure may be attributed to the existence of a risk premium.
When it comes to the second pair of cointegration analysis, he states that this
cointegration model has not a finite lag VAR representation. Hence, standard VAR
models can lead to misleading statements about foreign exchange market efficiency.

Hakkio & Rush (1989) examine the efficiency hypothesis for the UK pound and the
Deutsche mark from 1975:1 to 1986:10 (monthly observations). They find that all
variables are I(1), which dictates the application of cointegration techniques. This is
performed in three steps. In an international framework, there is no evidence of
cointegration between the two spot rates or the two forward rates. So, this is a first sign
consistent with efficiency.”’ At a second stage, spot and forward rates, within a country,
are cointegrated, which is consistent with efficiency too. But, the estimation of the error
correction model rejects the hypotheses of no risk premium and efficient use of the
available information by the agents. These findings reject the foreign exchange market
efficiency hypothesis. However, they cannot be sure about the factors which cause this
failure.

Baillie & Bollerslev (1989) examine the exchange rates of seven currencies against
US dollar. Their dataset includes daily spot rates and one-month forward rates from 1980
to 1985. Since, unit roots tests imply that all variables are non-stationary, the appropriate
methodology is this of cointegration analysis. They find that all pairs (e; & f;) are

cointegrated, implying a stationary error term. This finding is consistent with market

%! Recall that Hodrick (1987), Engel (1996) and others do not accept this kind of test.
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efficiency. On the other hand, a multivariate cointegration analysis in an international
framework shows that spot rates are cointegrated. The same holds for the forward rates as
well. The authors interpret this finding as a violation of the efficiency hypothesis because
the disequilibrium error can predict the future change in the spot rate.”” In an attempt to
find the reason of this failure they state that this may be due to a risk premium.

Similarly, Aroskar et al (2004) apply cointegration techniques in an international
framework. The interesting point here is that they examine the efficiency hypothesis
between crisis and non-crisis periods. This study is applied to British pound, Italian lira,
German mark, French franc, all against US dollar. Data are daily spot rates and 1-month
forward rates from 1990:1 to 1999:12.”* Both cointegration tests, i.e. Engle-Granger and
Johansen, show that the examined spot rates are cointegrated in all periods. This is not
consistent with market efficiency. Moreover, they test the hypothesis of exclusion of a
currency from the long-run relationship, i.e. the exogeneity assumption. However, the
results indicate that no one currency can be excluded. Thus, all currencies help to
maintain the long run relationship, as they are endogenous to the cointegrating equation.
Finally, they examine efficiency in terms of lack of forecasting ability. This is performed
by comparing the predictability of the implied Error Correction Model (ECM) with the
Random Walk Model (RWM).** If the criteria have lower values in the ECM rather than

RWM, foreign exchange efficiency cannot be supported. However, the results for the

92 See footnote 90.

% They decompose the examined period in three sub-periods: (1) pre-crisis period (1990:1 — 1991:12), (2)
crisis period (1992:9-1993:3) and (3) post-crisis period (1994:1-1999:12). The crisis period is referred to
the ERM crisis. There is no evidence of structural breaks during the crisis period. However, breaks are
found during pre-crisis and post-crisis periods.

% The applied criteria are: Mean Absolute Error (MAE), Mean Square Error (MSE) and Root Mean Square
Error (RMSE).
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French franc and the Italian lira are mixed, while for the UK pound and the German
mark, the ECM has higher predictability than the RWM. As a general statement, this
study shows that foreign exchange market efficiency hypothesis cannot be accepted.
Furthermore, this failure may be due to the existence of a risk premium during the crisis
period.

An empirical study, which tests the efficiency hypothesis in a developing foreign
exchange market, is that of Wickremasinghe (2004). He examines efficiency of the Sri
Lankan foreign exchange market through six spot rates.”” Two unit root tests (ADF &
PP) show that all spot rates are not stationary. By performing two cointegration tests
(Engle-Granger & Johansen), they find evidence against semi-strong efficiency. In other
words, they find evidence of cointegration among the spot rates. As a conclusion, the
author states that the efficiency hypothesis cannot be accepted for the Sri Lankan foreign
exchange market.

Cointegration techniques do not always provide clear-cut inferences on foreign
exchange market efficiency hypothesis. Sephton & Larsen (1991) using both the Engle-
Granger and the Johansen methodologies for the Canadian dollar, the Japanese yen and
the Deutsche mark against US dollar (1975:7-1988:12, monthly observations), point out
the weaknesses of cointegration techniques. Specifically, they estimate a 2-currency and
a 4-currency model by cointegration techniques. Their results are mixed, which implies
that the efficiency hypothesis is sensitive to the model specification and to the estimated

period.

% These are: Us dollar, UK pound, German mark, French franc, Japanese yen, Indian rupee against Sri
Lanka’s currency. The data include only monthly spot rates (1986:1-2000:11) because, the Sri Lankan

forward market is not well developed.
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Corbae et. al. (1992) provide mixed results as well. They consider six currencies
against US dollar from 1976:1 to 1985:1 (weekly observations). They find that when the
forward rate unbiasedness hypothesis is not accepted, the risk premium includes an I(1)
component and a transitory component [[(0)], which means that in overall it is non-
stationary. On the other hand, if the above hypothesis is accepted, the risk premium is
stationary and negative. Moreover, they estimate a multi-country test, which implies that
other currency forward rates, especially those of Deutsche mark and Japanese yen, affect
significantly most of the future spot rates. Nonetheless, these effects are not stronger than
these of the currency’s own forward rate.

Dutt (1994) performs a strong-form test (Engle-Granger 2-step) and a weak-form test
(Johansen multivariate). He examines the exchange rates of five currencies against US
dollar. The dataset includes spot rates and forward rates from 1981 to 1988. Under the
framework of the strong-form test, the spot and the forward rates are I(1) but the
stationarity of the error term cannot be accepted. Thus, strong-form efficiency hypothesis
is not accepted. On the other hand, weak-form test requires the existence of at least one
cointegration vector. The trace and the max-eigenvalue test statistics indicate that there is
at least one cointegrating vector. Thus, as cointegration is confirmed the weak version of
the foreign exchange market efficiency hypothesis is accepted.

A study, which extends the horizons of cointegration-based tests, is this of Aron
(1997), which examines the validity of the foreign exchange market efficiency hypothesis
for South Africa. He performs a weak-form efficiency test through cointegration analysis
between spot and forward rates. Likewise, the necessary condition requires evidence of

cointegration and the sufficient condition requires the error term to be white-noise.
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Although the necessary condition is accepted he finds evidence of autocorrelation in the
error term, which means that lagged residuals can predict the future spot rate. Thus, this
kind of test rejects the efficiency hypothesis. However, Aron (1997) introduces another
type of cointegration-based test, which is more appropriate for the case of South Africa.
This is a semi-strong form test based on the long run equilibrium of the spot rate with a
vector of macroeconomic fundamentals.”® Actually, he uses an error correction model to
examine the predictability of future excess returns via the lagged disequilibrium error
term. This test entails a two-step procedure. Firstly, evidence of cointegrating vectors
between the spot rate and the vector of fundamentals implies that exchange rate
movements can be explained by the relevant fundamentals. But, the estimation of the
error correction model shows that exchange rate returns are predictable by fundamentals.

Therefore, the efficiency hypothesis is rejected.

5.2.3. Other Studies
Bilson (1981) examines the foreign exchange efficiency hypothesis in terms of
speculative efficiency. In other words, he introduces a direct test of nonzero speculative
profit. If a profit from speculation can exist, the market cannot be efficient. He estimates
the following equation:
Ae =a+pf-f,_ +u, (5.33)
and the null states: a=0, p=1 & Ei[uy, u:i]=0. The dataset includes weekly spot rates and
I-month forward rates of nine currencies against US dollar. OLS estimation of (5.33)

does not support efficiency. He states that conventional tests of speculative efficiency in

% The vector of fundamentals includes: tariff, government expenditure, government revenues, gold price

and interest rate differential. Observations are monthly from 1979:2 to 1995:1.
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the foreign exchange market are low in power. This test can be improved by using higher
frequency data (weekly) and by estimating the above equation by Generalized Least
Squares. However, he concludes that the null of no speculation profits cannot be
accepted.

Under a similar framework, Frankel & Froot (1987) approach the efficiency market
hypothesis through exchange rate expectations. They test whether investors’ expectations
are unbiased predictors of the future spot rate. They regress the following equation:

Ele,1=08-/,+(0-p)-e (5.34)
The null hypothesis requires f=0. This implies that expectations are static, i.e. agents
believe that the exchange rate follows a random walk. This test is applied to UK pound,
German mark, Swiss franc, Japanese Yen and French franc against US dollar from 1976
to 1985. The results show that there is no evidence of static expectations. This is
equivalent to the rejection of foreign exchange market efficiency hypothesis.

Hai et. al. (1997) apply a simple parametric Permanent-Transitory (P-T)
components model for spot and forward rates.”” The fundamental component is modelled
by a stochastic trend, which includes a common random walk for both e; and f;. The
transitory component is modelled by a vector ARMA.. This study deals with the exchange
rates of UK pound, French franc and Japanese Yen against US dollar from 1976:1 to
1992:8 (monthly observations). The P-T components model is estimated by Maximum
Likelihood using the Kalman filter. The results show that the slope coefficients are
negative in all exchange rates. Moreover, expected excess return, which is estimated by

subtracting the expected future spot rate (estimated by the Kalman filter) from the

°7 Their model is inspired from Mussa’s (1982) sticky-price model, in which the exchange rate is a function

of fundamentals and a transient disequilibrium term.
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forward rate is more volatile than the expected change of the spot rate and negatively
correlated with this. As a consequence, they fail to confirm the validity of the forward
rate unbiasedness hypothesis. However, they cannot charge this failure to the existence of
a risk premium.

Finally, Barkulas et al (2003) employ a univariate unit root test as well as a more
powerful multivariate panel unit root test to six major currencies against US dollar. The
multivariate test is applied, through a Johansen Likelihood-Ratio test, by utilizing the
cross sectional information available in the term structure of forward exchange
premiums. The data set includes daily spot rates and 1, 3, 6 and 12-month forward rates
of six exchange rates.” As a preliminary test, they apply a univariate test by ADF-GLS,
which is more powerful than conventional DF and ADF tests. The results, regarding the
stationary nature of the forward premium, are mixed. For example, stationarity is
accepted only at 1 & 3-month forward rates for the Canadian dollar. In the case of
Japanese yen, this is accepted only at 1-month maturity horizon. Moreover, Deutsche
mark forward premiums are stationary except this of 1-month maturity horizon. Finally,
all the remaining forward premiums are stationary at all maturity horizons. However, the
results from the multivariate panel unit root test are not inconclusive. The forward
premiums, at all maturities, follow a stationary process. This finding is consistent with

foreign exchange market efficiency.

% These are Canadian dollar, Deutsche mark, UK pound, French franc, Italian lira and Japanese Yen

against US dollar.
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5.3. Concluding Remarks

The majority of the empirical studies do not support the validity of the foreign
exchange market efficiency hypothesis. Some of those studies attribute this failure to the
existence of a risk premium in the forward rate. For example, Fama (1984), Baillie &
Bollerslev (1989), Naka & Whitney (1995) find evidence of a time-varying premium.
Similarly, Taylor (1989) does not find any evidence of irrational expectations. Thus, the
rejection of the hypothesis is charged to the risk premium. On the other hand, other
studies such as Frankel & Froot (1987) and Hai et al (1997) do not find sufficient
evidence to attribute this failure to a risk premium. Moreover, reviewing the empirical
literature, Engel (1996) argues that it is not the risk premium, which is responsible for the
efficiency hypothesis rejection. Mixed implications are found from Liu & Maddala
(1992), which states that the reason of rejection is sensitive to the frequency of the data
and differs from currency to currency.

Boothe & Longworth (1986) present some possible reasons for the efficiency failure:
(1) investors may not be rational, (ii) the full model of exchange rate determination may
not be known to the investors at time they form their expectations, and (iii) a risk
premium may exist in the forward rate.

Dealing with the same issue, MacDonald (1988) collects some reasons that explain
this failure: (i) validity of test statistics used in the tests. In many cases, test statistics are
only asymptotically valid, (ii) uncertainty about government’s policy. If intervention

rules change from period to period, agents are not able to have rational expectations.”

% This is consistent with Boothe & Longworth (1986). They show that policy intervention does not affect
efficiency only if it is applied in a systematic way. Government intervention can affect efficiency by

affecting the risk premium.
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Besides, incomplete information can lead to inefficient estimates and biased variance
estimates, and finally (iii) transaction costs.

However, a rejection of the hypothesis does not always mean that the foreign
exchange market is inefficient. Some studies may have failed to accept the efficiency

100 Recall that conventional OLS

hypothesis because of misspecification problems.
approaches suffer from important econometric pitfalls. Moreover, the recent development
in econometrics and specifically in cointegration analysis shows that earlier cointegration
studies may provide misleading implications because of insufficient test procedures. For
example, a valid cointegration analysis is based on a VAR model, which is correctly
specified, the error term is not serially correlated, not homoskedastic and normally
distributed. Very few studies have tested all these assumptions. This implies that some
studies may have failed to accept the efficiency hypothesis because of misspecification
problems. One more issue, which is currently under examination but it is absent in earlier
studies, is the weak exogeneity assumption. If this assumption does not hold, the
estimates of the implied cointegrating vector will be invalid.'"'

Another theoretical and empirical pitfall is that there is a gap in the literature
regarding tests of efficiency in developing countries. These countries do not have well
developed and independent from the government financial systems. Therefore, forward
rates may be highly regulated and as a consequence inappropriate for deriving any

inferences about foreign exchange efficiency. In some cases, forward markets are totally

absent and the forward rates unavailable. Aron (1997) proposes a test of foreign exchange

1% This is relevant with what Fama (1991) called as “bad model problem”. To be specific, Fama was
referred to the problematic structure of a theoretical model.

1% To find more about the statistical properties of this assumption, see Johansen (1995).
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market efficiency by regressing the long run relationship of the spot rate with a vector of
fundamentals. Although, Wickremasinghe (2004) applies a cointegration test in the case
of a developing country, we cannot adopt this methodology. Hodrick (1987), Baffes
(1994), Engel (1996) and others emphasize the invalid properties of this test. Efficiency
does not require that two spot rates cannot be cointegrated. Moreover, there is no need for
a spot rate to be unpredictable. As a consequence, the empirical tool for testing this

hypothesis in developing markets is still missing.
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6. Purchasing Power Parity in Central & Eastern European Countries

In line with the theoretical and empirical literature - shown in chapter 2 - the present
chapter concentrates on the validity of long run PPP hypothesis in the case of four
Central & Eastern European Countries (Czech Republic, Hungary, Poland and Slovak
Republic), which recently became the new country-members of EU. The purpose of this
study is twofold. Firstly, we seek whether PPP is a valid long run relationship in the case
of these developing countries. Secondly, we attempt to define those countries’ trade
linkages between euro area, US and the rest of the world. For this reason we examine 3
types of exchange rates. For each country, we estimate 2 bilateral exchange rates (against
euro and US dollar) and the effective exchange rate. In other words, this study contributes
on understanding whether PPP holds as groundwork of equilibrium exchange rate.
Namely, in line with their entry into EU, we expect strong trade linkages with former EU
country-members. By establishing PPP hypothesis we can argue that these trade relations
exist, indicating no trade frictions and other barriers. Therefore, a normal entry into EMU
requires PPP to be valid in the long run between these countries and former EU members.

The following section describes the data used in this study, while sections 6.2, 6.3 and
6.4 illustrate evidence of PPP from univariate unit root and multivariate cointegration-

based tests, respectively. A final section concludes by evaluating the estimation output.

6.1 Data Description
The dataset consists of four bilateral (nominal and real) exchange rates against euro

and four bilateral (nominal and real) exchange rates against US dollar. Real Exchange
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Rates are computed based on Consumer Price Indices of Czech Republic, Hungary,
Poland, Slovak Republic, euro area and US. The above rates are taken from OECD
statistical database. Exchange rates per euro stand for cross exchange rates (assuming
perfect triangular arbitrage), while the euro/US dollar exchange rate is estimated by the
OECD methodology, in which prior to 1999 rates stand for ECU rates. The data sample
includes monthly observations for all variables from 1991:1 to 2003:8 for Czech
Republic and Hungary, 1995:1-2003:8 for Poland, and 1993:1 to 2003:8 for Slovak
Republic.

Figure 6.1: Bilateral Real Exchange Rates
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Finally, the dataset includes four real (CPI-based) effective exchange rates provided
by IFS statistical database (1990:1 to 2004:6). The effective exchange rate is an indicator
of the domestic economy’s international competitiveness in terms of its foreign exchange
rate. It is a measure of the value of the domestic currency against a basket of other
currencies. It is calculated as a weighted average of exchange rates and it is expressed as
an index (base year 2000 = 100). As a consequence, the effective exchange rate is applied
to capture the domestic country’s trade linkages with the rest of the world. All variables
are presented in natural logarithms.

Figure 6.2: Real Effective Exchange Rates
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6.2. Conventional Unit Root Tests

Here we apply two alternative univariate unit root tests (ADF & PP) on bilateral real
exchange rates as well as on real effective exchange rates. Consistent with the evidence
shown in sub-section 2.1.1, PPP can be accepted only by rejecting the unit root
hypothesis. This is because even if the Law of One Price (LOP) does not hold, PPP will
be valid if the real exchange rate follows a mean reverting process. In other words,
deviations from PPP equilibrium must be only transitory. This is confirmed by
establishing the stationary nature of the real exchange rate.

Suppose that the real exchange rate s; follows an AR(1) process:
s, =ps,_ +u, u~ NID@0,0?%) (6.1)
o if | p| <1, the real exchange rate is covariance stationary or integrated of order
zero, i.e. 1(0).
e if p=1, the real exchange rate contains a unit root.
The above definition can be tested by applying the Dickey-Fuller (1979, 1981) test.
The following relations present this test in any form. Equation (6.4) is the less restricted

case where both a constant and a linear trend are included. In contrast, equation (6.2)

includes no exogenous terms. Finally, in equation (6.3) only a constant term is included.

ASt = (p - 1)Sz—l + u, (62)
As, = u+(p-1)s,, +u, (6.3)
As, =u+90-t+(p-1s,_, +u, (6.4)
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Dickey — Fuller (DF) test suffers from low power as in practice we often find strong

evidence of autocorrelation in first differences. A treatment to this problem is given by

!
the Augmented Dickey Fuller (ADF) test, which includes the term * Z W ;As, ;> in order

J=1

to “soak up” autocorrelation. Thus, the above three processes become:

!
As,=(p=1)s,, + D v As,_; +u, (6.5)
j=1
/
As, =u+(p-1s,  + Z w,As,  +u, (6.6)
j=1
/
As, :,u+5-r+(p—l)sH+Zl//jAst7j+ut (6.7)

J=1
The problem here is the selection of the appropriate lag length. If “I” is too small, the test
will not be asymptotically valid and if “I” is too large, the test will suffer from low

power. The Akaike Information Criterion (AIC) provides a useful test to manage this

problem. The AIC statistic is given by: AIC =N 10g|2|+2E, where N = number of

observations, Z = total number of parameters, and |Z| stands for the determinant of the

variance/covariance matrix of the residuals. We choose this lag length, which is
associated with the lowest value of the above statistic.

In order to check the robustness of the ADF test we apply one more test, the Phillips-
Perron (1988) test. This test has its origins in Phillips (1987) who proposes an alternative
to DF test for testing the presence of unit root in time series. Phillips suggests accounting
for autocorrelation through a non-parametric analysis. This procedure aims to capture the
effect of autocorrelated errors on results. In the ADF test errors are iid ~ (0, ¢°), but

Phillips’ test relaxes this assumption. The disturbance term can be weakly dependent and
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heterogeneously distributed. The Phillips’ proposal was extended by Phillips & Perron

(1988) to two special cases. As in the ADF test, the PP test covers three alternative

processes:
s, =ps,, +u, (6.8)

S, = U+ ps,  +u, (6.9)

s, =u+o(t—=N/2)+ps,  +u, (6.10)

PP test computes test statistics suitable for testing the null hypothesis ( o =1). For the

most restricted case (no exogenous term) these statistics have the following form:

K(p)=N(p-1) —%(wa RN 5 6.11)
KIt(p)] = (R, / R\)(p) —%(wa CRORy (NI )T (6.12)

N 7 N 7 ! N A A
2 -1 2 2 - 2 -1
where R =N E u, and Ry, =N E u, +2N E E Ui, ; .
t=1 t=l1

j=lt=j+1

In both ADF and PP tests, the null hypothesis states that the real exchange rate

contains a unit root (i.e. p=1). Rejection of the null states that the real exchange rate is

mean reverting, indicating that PPP holds in the long run. Table 6.1 shows the statistics
and the probabilities of accepting the unit root hypothesis. The two alternative tests
provide quite similar results. This confirms robustness of our tests. The results show that
in the case of Czech Republic both bilateral real exchange rates are non-stationary. Only
the real effective exchange rate seems to be stationary (at 5% and 10% significance level
according to ADF and PP tests, respectively). Even worse is the evidence for Hungary.

There is strong evidence against stationarity in all types of real exchange rates.
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Table 6.1: ADF and P-P Unit Root Tests

Real Exchange Rate Augmented Dickey-Fuller Phillips-Perron
Exogenous Statistic Exogenous Statistic
Term

Term (lags) (probability) (bandwidih) (probability)
Czech/euro none (1) 1.75 (0.98) none (2) 2.13(0.99)
Czech/US none (1) 1.09 (0.92) none (4) 1.35(0.95)
Czech Effective p&t(2) -3.70 (0.02) p& 1 (6) -3.30 (0.06)
Hungary/euro none (8) 1.06 (0.92) none (8) 4.57 (1.000)
Hungary/US none (5) 2.08 (0.99) none (8) 4.01 (1.000)
Hungary Effective p&t(l) 2.62 (0.99) none (10) 3.02 (0.99)
Poland/euro constant (2) -2.94 (0.04) constant (23) -3.79 (0.04)
Poland/US constant (5) -3.33 (0.01) constant (6) -3.33 (0.01)
Poland Effective constant (4) -4.003 (0.001) pn & 1(0) -6.12 (0.000)
Slovak/euro none (1) 3.25(0.99) none (2) 3.83 (1.000)
Slovak/US none (1) 2.09 (0.99) none (5) 2.32(0.99)
Slovak Effective p&t(l) -4.90 (0.000) pn& T (10) -3.76 (0.002)

*MacKinnon (1996) one-sided p-values.

On the other hand, there is strong evidence that real Polish zloty/US dollar and real
zloty effective exchange rates are stationary. Weaker evidence, but sufficient, exists for
the real Polish zloty/euro exchange rate (stationary at 5% and 10%). Similarly, non-
stationarity is strongly rejected for the Slovak crown real effective exchange rate. In
contrast, both bilateral Slovak real exchange rates are found to be non-stationary.

To sum up our findings, when it comes to bilateral exchange rates we found
supporting evidence of PPP only in the case of Poland. In line with this, we found that the
Polish zloty real effective exchange rate is stationary as well. Thus, the implied
consistency with PPP - found in bilateral exchange rates — is incorporated in the real

effective exchange rate, which illustrates the external relations of Polish economy with

168



the rest of the world. However, this does not hold in the rest of our estimated exchange
rates. While by examining the Slovak and the Czech real effective exchange rates we are
able to confirm PPP as valid long run relationship, the bilateral real exchange rates are
not mean reverting. Namely, it seems that those countries have more developed trade
relations with other countries rather than US and EU. Finally, when Hungary is the case,

PPP cannot be accepted in any exchange rate form.

6.3. Unit Root Test with Structural Breaks

However, conventional unit root tests may be inappropriate when structural breaks
are present in real exchange rates. As chapter 2 reviews, the presence of structural breaks
in real exchange rates is something not surprising, especially in the case of developing
countries. For example, Kocenda (2001) finds that structural breaks in exchange rates are
present in less stable economies. Under the presence of structural breaks conventional
unit root tests are biased against rejecting non-stationarity. For this reason we apply
Perron’s (1997) unit root test, which allows the presence of structural breaks in real
exchange rates. When it comes to the PPP hypothesis, we explicitly test the validity of
the quasi PPP hypothesis, as it has been explained in chapter 2.

Hence, we test for quasi PPP in those exchange rates, which were found to be non-

102

stationary. The methodology is based upon Perron (1997)." Perron (1989) presents three

alternative break specification models. The first model, named “Innovational Outlier

192 This test has its origins in Perron (1989). The present test differs from the Perron (1989) in the way the
break point is determined. In Perron (1989), the break point was set exogenously. On the contrary, Perron

(1997) test determines the break point endogenously.
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Model 17, allows only a change in the intercept under both the null and the alternative

hypotheses. It has the following form:

/
s, =u+aDU, + Br+S5D(T,), + ps,_, + > WAs,_, +u, (6.13)

i=l1
where p is a constant, DU is a dummy variable which captures the effect on the real
exchange rate when the break occurs, t is a time trend and D(Ty) is a dummy variable

which captures the effect on the p -coefficient when the break occurs. The term
/
Zy/l.Ast_i 1s included in order to “soak up” autocorrelation. The second model,
i=l1

“Innovational Outlier Model 2”, allows for both a change in the intercept and the slope at

time Ty, and has the following form:

/
s, =u+aDU, + Br+yDT, +5D(T,), + ps,_, + Y w,As,_, +u, (6.14)

)
where the dummy DT captures the change in the slope. The third model, “Additive
Outlier Model”, allows a change in the slope but both segments of the trend function are
joined at the time of break. Firstly, the series are de-trended by the regression (6.15), and
finally the test is performed in regression (6.16):

S, = pu+ pr+yDT *+5, (6.15)

i
S, =pSi, + zl//iAﬁt—i +u, (6.16)

i=1
The main advantage of the Perron (1997) unit root test is that both the time of the
break and the /-lag length are treated as unknown. These are identified endogenously to
the system. The /-lag length is selected by the “general to specific” procedure instead of

any information criteria, such as Akaike and Schwarz. When it comes to the selection of
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the break date, there are two alternative methods. First, T}, is selected as the value that
minimizes the t-statistic for testing p =1. Secondly, T, is this value that minimizes either
the t-statistic on the parameter associated with the change in the intercept (I01 model), or
the t-statistic on the change in the slope (I02 & AO models). In the present study we
perform this test by the Colletaz & Serranito (1998) procedure for RATS. While the /-lag
length is selected by the general to specific approach, the break date is selected by

minimizing the 7, - statistic. The following table resumes this test’s output.
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Table 6.2: Unit Root Test with Breaks

Real Exchange  Model Sample Break
l U a B /4 ) p t
Rate Time
Czech/euro AO 1993:1-2003:8 1999:07 8 321 - 0.006 -0.009 - 0.70 -4.92%*
(564.92) (70.32)  (-37.01) (11.82)
Czech/US 102 1993:1-2003:8 2000:05 1 0.36 0.30 9.40 -0.002 -0.09 0.87 -4.05
(4.10)  (3.70) (3.94) (-3.87)  (3.67)  (29.16)
Hungary/euro 102 1993:1-2003:8 1994:11 3 0.16 0.82 0.001 -0.001 -0.03 0.45 -4.005
(4.28)  (5.65) (3.92) (-437)  (-2.18)  (91.46)
Hungary/US 102 1993:1-2003:8 2000:05 1 0.24 0.28 0.001 -0.002 -0.07 0.93 -2.84
(3.09)  (2.99) (2.77) (-3.15)  (-335)  (39.55)
Hungary Effective AO 1990:1-2004:6 2002:04 11 436 - 0.002 0.004 - 0.92 -2.72
(483.39) (23.21)  (4.48) (35.17)
Slovak/euro 101 1993:1-2003:8 1998:06 1 0.43 0.02 376 - -0.03 0.87 -4.43
(4.57)  (4.52) (2.40) (-2.17)  (31.83)
Slovak/US AO 1993:1-2003:8 2003:07 1 317 e 0.008 025 - -0.92 -2.67
(163.44) (32.67)  (-2.33) (33.23)

** means rejection of the null at 5% significance level
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The results show a significant change only in the constant for the Slovak/euro
(1998:06), while a significant change in both the slope and the constant is found in
Czech/US (2000:05), Hungary/euro (1994:11) and Hungary/US (2000:02) exchange
rates. Finally, a significant change only in the slope is found for the Czech/euro
(1999:07), Slovak/US (2003:07) and the Hungarian forint effective exchange rate
(2003:04). The break points in Czech exchange rates are not linked with the exchange
rate regime switch (1997:05). Furthermore, the break dates in the Hungarian exchange
rates do not match with 1991:09, when the exchange rate was fixed to a central parity
against euro. Finally, the exchange rate regime switch, for the case of Slovakia, does not
affect the observed breaks because it happens after the end of the estimated period
(2004).

When it comes to the unit root hypothesis test, non-stationarity can be rejected in a
unique case. Thus, by allowing the presence of structural breaks we failed to confirm that
the failure of rejecting the unit root hypothesis can be attributed to structural breaks.
Quasi-PPP is accepted only between Czech Republic and EU. This implies that although
the Czech/euro real exchange rate was stationary, a break (happened in 1999:07) caused a
significant change in the slope, which was responsible for deriving misleading results.

In overall, we have found strong evidence that PPP holds for the case of Poland.
Besides, PPP hypothesis is accepted among Czech Republic, EU and the rest of its trade
partners apart from US. While real Slovak effective exchange rate is stationary, which
implies that PPP holds, both bilateral real exchange rates are non-stationary. Finally,
there is no sign that PPP is established between Hungary and any of its trade partners.

But, can we make valid implications based only on unit root tests? As shown in chapter 2,
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many researchers argue that univariate unit root tests suffer from low power. They can
increase power either by using longer span of data or by employing panel unit root tests.
Therefore, it is necessary to re-test the PPP hypothesis before we state that this does not
hold when non-stationary real exchange rates are found. Below, we apply a more

powerful multivariate cointegration test, based on Johansen’s (1988) technique.

6.4. Multivariate Cointegration Analysis
6.4.1. Methodology

At a first stage we need to establish a valid long run relationship among the nominal
exchange rate, the domestic and the foreign price levels. This is confirmed by finding at
least one cointegrating vector. This is the necessary condition for PPP to hold in the long
run. If this is confirmed, the sufficient condition states that the domestic and the foreign
CPI’s should be proportional. Namely, the proportionality condition requires that if p=1,
then p* = -1. If only the necessary condition holds, PPP is accepted in its weak form.
Furthermore, if both the necessary and the sufficient conditions hold, strong form PPP is
accepted.

For illustrational purposes, consider the following VAR model:

Z =11Z +11,Z ,+...... +I1,Z,_, +u, (6.17)

where Z; is the endogenous vector and the disturbance term (uy) is 1id~N(0, o). Assuming
that the vector of the endogenous variables contains nonstationary variables, we have to

reform the VAR model to an error correction form:
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-1
AZ, =TIZ, _, + Z [ AZ,_ +u, (6.18)

i=1

/
where H:ZHZ.—I 1S a vxv matrix which determines the rank of cointegrating

i=l1

/
relationships and I';, = - Z IT,is a vxv coefficient matrix. The VEC model implies that

J=itl
any stationary variable AZ; is equal to a nonstationary variable, Z; plus some lagged
stationary variables, [JAZ; | and a stationary error term.

The rank of the matrix II determines how many linear combinations of variables are
1(0). In the case of cointegration, this matrix has those numbers of rank equal to the
number of linear combinations of variables that are covariance stationary. If rc =v, then
all variables included in Z; are 1(0) and if ¢ =0 then, there is no cointegration and the
dynamic system does not depend on the value of any variable. If rc < v, Il matrix can be
written as the product of two vxrc matrices (I = af’). a is the matrix of error correction
coefficients and f is the matrix of cointegrating vectors such that °Z; ~ I(0). Thus, under

the I(1) hypothesis, the cointegrated VAR model is of the form:

AZ =aff'Z, +T AZ,  +......... +T, AZ . +u, (6.19)

=141
where B'Z.; is a rcx1 vector of stationary cointegrating relationships. The main
advantage of the error correction model is that both differences and levels are included,
which makes researchers able to estimate the short run as well as the long run
adjustments. But, the determination of the cointegration rank is not a simple task. First of
all, we have to select the appropriate model dictated by the data. To be specific, in reality
we do not know a priori whether there are linear or quadratic trends in the model.

Consider the general case:

175



AZ =aff'Z,  +u,+ut+u, (6.20)
where u, =af, +y, and u, =apf, +y,.
According to Johansen (1995) there are five sub-models, which can be seen as special

cases of the above. These models assume:

Case 1: u, =0,4, =0. In this case there is no deterministic component in the data.
Case 2: u, =0,7,=0,8,#0. In this case, there are no linear trends in the data.

Instead, a constant term is included in the model.
Case 3: x4, =0. In this case, there are linear trends in the data, but there is no linear
trend in the model.
Case 4: y, =0,(y,,B,,5,) # 0. In this case, there are linear but no quadratic trends in
the data.
Case 5: trend and constant are unrestricted. In this case, we allow for linear and
quadratic trends.
The choice of the cointegration rank is crucial as it can affect significantly the results
derived from the reduced form equation. This decision is based on the well-known
Johansen Cointegration test, which is a likelihood ratio test. Johansen (1995, theorem 6.1,

p.93) shows that under the hypothesis that H(rc):I1=¢af’, the maximum likelihood

estimator of B can be found by solving the equation ‘xlSH ~8,08008,|=0, for the

A A A

eigenvalues 1> 4, >.....> 4, and the eigenvector V =(i,,.....i1,). The likelihood ratio

test statistic for testing the null [rank(IT)<rc] against the alternative [rank(II)=v] is:
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Trace=-2logQ[H(rc)| H(v)]=—N z log(1- ii) . The likelihood ratio test statistic for

i=rc+1

testing the null [rank(IT)=rc] against the alternative [rank(IT)=rc+1] is given by:
Ao =—21log O[H (rc) | H(rc+1)]=—Nlog(1- /@H) . For both tests, we accept this number

of cointegrating vectors when the null is accepted for the first time.

6.4.2. Results

We start with estimating 8 VAR models in levels, in which the endogenous vector
includes 3 variables (nominal exchange rate, domestic CPI, foreign CPI). The appropriate
lag length, which “soaks up” autocorrelation, is selected by the Akaike Information

c . 103
Criterion.

. Furthermore, we test the specification of each of the VAR models in order
to confirm robustness. Specifically, we apply the Lagrange Multiplier test for

autocorrelation, the White’s heteroskedasticity test and the Jargue-Bera test for normality.

Table 6.3: Diagnostics

Model Lags LM test statistic White test statistic Jargue-Bera test statistic

(probability) (probability) (probability)

Czech/euro 2 15.73 (0.07) 104.86 (0.06) 7862.3 (0.0000)

Czech/US 3 4.39 (0.88) 131.46 (0.22) 3900.2 (0.0000)

Hungary/euro 2 8.11 (0.52) 92.56 (0.24) 1187.1 (0.0000)

Hungary/US 3 6.73 (0.66) 153.8 (0.02) 504.36 (0.0000)
Poland/euro 7 8.88 (0.44) 257.2 (0.60) 14.19 (0.027)
Poland/US 9 3.14 (0.95) 325.3 (0.65) 50.31 (0.001)

Slovak/euro 1 7.44 (0.59) 68.7 (0.02) 952.25 (0.0000)

Slovak/US 2 3.26 (0.95) 107.4 (0.04) 746.91 (0.0000)

103 This statistic is illustrated in section 6.2.
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The residuals are not serially correlated as the no autocorrelation hypothesis is
strongly accepted. When it comes to homoskedasticity, there is strong evidence in 5 out
of the 8 models. In 3 models the homoskedasticity hypothesis is rejected at 10% and 5%
significance levels, but it is accepted at 1%. Table 3 provides strong evidence against
normality. In all cases, except Poland/euro model, there is strong evidence that errors are
not normally distributed. However, this is not really a problem. Since our sample size is
quite large, estimators are approximately Normal (Central Limit Theorem). Thus, the
presence of Non-normality does not affect the validity of our estimation output.

As we have verified that our VAR models are not misspecified, we can estimate those
models in first differences (VECM) to test for cointegration. As shown above, this is
performed by the well-known Johansen Likelihood Ratio test. This test determines the
rank of matrix II (II=0f”) by computing two test statistics: the Trace and the max-
eigenvalue test statistics. Based on the trace statistic we find evidence of cointegration in

all the cases. These are shown in table 6.4'%

. The last two columns in table 3 represent
the test of the proportionality condition. When the cointegrating vector is normalized, we
assume that the domestic price is equal to one and the foreign price is equal to minus one.

This can be tested by restricting the coefficients in the following way:

(s, p, p*) = (1, 1, -1). This hypothesis cannot be accepted in two cases.

1% The column cointegration sub-model corresponds to the cointegration specification. Sub-model 1 does
not include any deterministic component in the data. In sub-model 2 there are no linear trends in the data

but, a constant term is included to the model.
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Table 6.4: Cointegration Test

Model Cointegration Cointegrating Likelihood Ratio Probability
Sub-model Vectors Statistic
Czech/euro 2 1 0.72 0.69
Czech/US 2 1 0.72 0.69
Hungary/euro 1 1 32.67 0.00
Hungary/US 2 2 7.13 0.03
Poland/euro 2 2 7.88 0.02
Poland/US 1 2 2.46 0.29
Slovak/euro 1 1 16.10 0.00
Slovak/US 1 1 5.51 0.06

MacKinnon-Haug-Michelis (1999) p-values

In general, we have found evidence of cointegration in all models. However, the
proportionality restriction holds in 6 out of the 8 models. This implies that for these 6
models strong-form PPP is confirmed, while for the rest two models, PPP holds only in
its weak version. This happens in the Hungary/euro and Slovak/euro models. In contrast,
the corresponding evidence (when US is the reference country) shows that strong-form
PPP is accepted. This fact illustrates that, during the estimated period, there are stronger
trade linkages between these two countries and US than between those and EU.

This points out the significant influence of the US economy on these countries,
which are new EU members and potential members of EMU. Does this imply that, at this
moment, these countries are more oriented towards US rather than EU? In addition, can
we imply that, despite their entry into EU, these countries have currently better trade
relations with US? In our point of view, the answer in both questions is negative. We
cannot safely state that these countries have now more developed trade linkages with US.

The above contradictory finding is because our data sample describes a past situation
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instead of the current one. Thus, we need more data (observations) in order to be able to

capture the increase of trade linkages with EU and their consequences.

6.5. Concluding Remarks

In this chapter we test the validity of the Purchasing Power Parity hypothesis for four
Central & Eastern European Countries — members of the European Union (Czech
Republic, Hungary, Poland and Slovak Republic). Through the examination of this
hypothesis we seek to define how well developed the trade relations between those
countries and their trade partners are. In doing so, we employ three types of exchange
rates: two bilateral national rates per US dollar and euro and a national effective
exchange rate. While euro (US dollar) bilateral rates capture the trade linkages between
the domestic county and EU (US), the effective exchange rate captures trade relations
with the rest of their trade partners.

By applying two univariate unit root tests (ADF, PP) we found evidence of PPP for
the cases of Czech Republic, Poland and Slovak Republic (between those and the rest of
the world). When it comes to bipartite relations, we found evidence of PPP between
Poland & US and Poland & euro area. Next, we performed Perron’s (1997) unit root test,
which allows the presence of a structural break (endogenously determined) in real
exchange rates. Although we failed to find evidence of PPP between Czech & EU by
conventional unit root tests, this test manages to accept quasi-PPP. However, in the rest
of the real exchange rates, non-stationarity cannot be rejected although we have found
significant break points. This implies that any failure to accept PPP cannot be attributed

to structural breaks, apart from only one case. Furthermore, we failed to find evidence of
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PPP between Slovakia & EU and Slovakia & US, even though we found that PPP holds
between Slovakia and the rest of the world. This may mean that Slovakia has more
developed trade relations with other trade partners rather than EU and US.

However, this contradictory finding may be due to the low power of univariate unit
root tests. To confirm our estimation, we employ a more powerful cointegration test. We
found evidence of strong-form PPP in 6 out of the 8 cases. Weak-form PPP is accepted
between Hungary and EU and Slovakia and EU. The lack of strong-form PPP in these
two cases could mean that Hungary and Slovakia are more oriented towards US rather
than EU. But, carefully analyzing this output we state that we need more observations in
order to see if this is really true.

To sum up, by comparing the results from unit root and multivariate cointegration
tests, the latter provides stronger evidence of PPP. Moreover, any rejection of the PPP
hypothesis cannot be charged to structural breaks. This happens in only one case. So,
focused more on cointegration analysis we confirm PPP as a long run equilibrium
baseline for these exchange rates per euro. This entails positive implications for the
introduction of those countries into EMU. Furthermore, the fact that PPP holds between
these countries and euro area implies that well-developed trade linkages exist between
CEEC and EU. As a consequence, this study provides supportive evidence that the entry

of those countries into EMU is going to be normal.
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7. Nonlinear Exchange Rate Adjustment in the Enlarged Euro Zone

There are an adequate number of studies, which focus on the aftermaths of the EU
enlargement as well as on the integration process of the candidate countries towards
EMU. Hochreiter & Tavlas (2004) derive implications for the accession countries by
examining the exchange rate policies undertaken by the Austrian and Greek monetary
authorities. They argue that the exchange rate regime does matter if viewed as a
transitional phase on the road to a monetary union. Thus, the participation into ERM II
offers an essential framework for a continuation of policy adjustments as well as a test for
the sustainability of the central rate vis-a-vis euro. Most of the empirical studies focus on
the examination of the Maastricht convergence criteria and on the possibility of real
convergence within the enlarged Europe. For example, Breuss et al (2004) find more
arguments in favor of EMU enlargement than against it. The only problem they refer is
the high level of debts in Poland and Malta. Frenkel & Nickel (2005) focus on CEECs
and examine the speed of adjustment to demand and supply disturbances in these
economies compared to France, Germany and Italy. In general, CEECs exhibit different
adjustment process compared to EMU countries. But, some of the more advanced
economies exhibit similar response to shocks with former EMU members. Similarly,
Furceri & Karras (2006) perform a cost-benefit analysis of adopting euro by examining
(a) the business cycle correlation between the candidate’s economy and that of the euro
zone and (b) the candidates’ inflationary bias. Their results imply that most countries’

business cycle is well synchronized with that of euro zone. In addition, price stability in
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candidate countries is stronger compared to some EMU members, such as Portugal and
Greece.

However, there is little empirical work based on direct exchange rate analysis.'®
Beyond the exchange rate stability criterion, the exchange rate should not be significantly
misaligned compared to its equilibrium rate. Purchasing Power Parity (PPP) can be seen
as a preliminary measure of exchange rate equilibrium. Moreover, the validity of PPP
hypothesis implies prices co-movement and evidence of well-developed trade relations
between two countries. Although PPP hypothesis has been thoroughly examined for
developed as well as for developing countries, the literature is not rich for the prospective
EMU countries. Koedijk et al (2004), applying a Seemingly Unrelated Regression (SUR)
methodology, examine PPP hypothesis within the euro area, in which candidate members
are not included. By taking Deutche mark as a numeraire currency, they find evidence of
PPP among EMU members. Recall that a more relevant study is this presented in chapter
6, in which we have found sufficient evidence of PPP for the case of four candidate
countries (CEECs).

In the present chapter, by applying both a linear ADF test and a nonlinear SETAR
model, we test the validity of PPP hypothesis for 10 prospective EMU members'* for the

period 1990 — 2006 as well as for the former EMU members for the period 1980 —

19 The majority of the existing studies focus on CEECs. For more information see Egert (2002), Egert &
Lahreche-Revil (2003), Coudert-Couharde (2002) and Bulir & Smidkova (2005). These studies estimate
equilibrium exchange rates through FEER, BEER and NATREX methodologies. To find more about these
alternative methodologies, see chapter 5.

1% Since January 2007, Slovenia is not any more a candidate EMU country. On January 1, 2007, Slovenia

adopted the euro. However, in our analysis, Slovenia belongs to the cluster of candidate countries.
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1998.""7 For both clusters of countries, euro is taken as the numeraire currency. Our study
contributes on EMU enlargement literature by shedding light on the importance of PPP
hypothesis for the accessing process of the candidate countries towards EMU. A number
of important implications can be derived from this analysis, such as exchange rate
misalignment and the degree of trade openness within the enlarged euro area.
Furthermore, the estimation of the nonlinear SETAR model gives us the opportunity to
estimate the true reverting process towards equilibrium. Finally, by comparing the
evidence of the candidate countries with this of the current EMU members we generate
implications for the progress of economic integration in Europe and expectations for the
candidates’ assessing process towards EMU.

The structure of the remainder of the chapter is as follows. Section 7.1 presents
theoretical notes on nonlinearities in real exchange rates. Section 7.2 illustrates the
econometric methodology, including the properties of the nonlinear SETAR model and
the Hansen’s Linearity test. The data set is described in section 7.3 while section 7.4
presents our empirical findings. Section 7.5 discusses the implications derived from our

analysis and section 7.6 summarizes and concludes.

7.1. Theoretical Notes on Nonlinear Adjustment in Real Exchange Rates

Real exchange rates may exhibit a nonlinear behaviour because of heterogeneity of
opinion in forex markets (Kilian & Taylor, 2003), heterogeneous Central Banks’
objectives (Taylor, 2004) and differences in technology and preferences (O’Connell &

Wei, 2002). Heckscher (1916) first introduced the idea that real exchange rate

197 The estimation period ranges form country to country due to data availability. In addition, the data set

for Greece is extended for two years (1980-2000) because of its delayed entry into EMU.
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adjustments may be nonlinear because of transaction costs. These developments have
direct effects on goods arbitrage and on the validity of the PPP hypothesis. The Law of
One Price (LOP) states that homogeneous goods across countries should have the same
price once they are converted to a common currency. The intuition behind the LOP is that
goods arbitrage can equalize prices across countries. However, in the presence of
transaction costs, goods arbitrage becomes unprofitable. As a consequence, PPP may not
hold in the long run because of transaction costs, which include transportation cost, tariff
and non-tariff barriers. Though, tariff barriers decline over time, other trade frictions
(non-tariff barriers) cause significant nonlinearities in the adjustment process of real
exchange rates.'*®

Theoretical models (O’Connell, 1998a, Obstfeld & Taylor, 1997), studying nonlinear
real exchange rate adjustment, show that transaction costs create a band for the real
exchange rate within which goods arbitrage is unprofitable (i.e. the marginal cost of
arbitrage exceeds the marginal benefit). This is called as proportional or “iceberg”
transaction cost. O’Connell (1998a) shows that if a good is shipped from one country to

another, a fraction ¢ melts on the way, so only the (1—¢) of the good arrives. If P is the
good’s price, the profit from shipping the good from one country to another is (1—-¢)— P,
which is positive for P<1—¢. The profit from shipping the good in the opposite
direction is (1-@¢)P—1, which is positive for P>1/(1-¢). Thus, the “band of no

arbitrage” is (1-¢9)< P<1/(1-¢).

198 Knetter (1994) shows that non-tariff barriers can successfully explain the deviations of the Deutche

mark/Japanese yen real exchange rate from PPP equilibrium.
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Empirically, researchers model nonlinearities in real exchange rates through the
estimation of models that allow the autoregressive parameter to vary. These models are
known as Threshold Autoregressive (TAR) models. In line with theoretical studies, TAR
models allow for a transaction costs band within which no adjustment takes place. As a
consequence, real exchange rate adjustment is non-stationary. Outside the band, arbitrage
becomes profitable and the process becomes stationary autoregressive. That means that
PPP deviations will be persistent if they are small and mean reverting if they are large.'”

7.2. Econometric Methodology
7.2.1. Linear Unit Root Test

In a linear framework the real exchange rate is modeled by s, =e, — p, + p, , where ¢

is the nominal exchange rate, p, is the domestic price level and p; stands for the foreign
price level (all expressed in natural logarithms). Purchasing Power Parity hypothesis is
valid if the real exchange rate follows a mean reverting process. Namely, once the real
exchange rate describes deviations from the Law of One Price (LOP), the stationary
nature of the real exchange rate means that deviations from LOP are transitory. If
linearity is the case, a simple unit root test, based on ADF test, is described by equation

(6.7):

!
As, =y+5~r+(p—1)sH+zl//jAsH+u

J=1

(6.7)

t

The null hypothesis of non-stationarity (H,: p=1) is tested against the alternative that
the real exchange rate is stationary (H, : p <1). Following the specification of the ADF

test, half-life is estimated by In(0.5)/In(p +1). However, Taylor et al (2001) show that if

19 An analytical review on these models and their empirical findings is presented in chapter 2, subsection

2.14.
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real exchange rates exhibit a nonlinear behaviour, conventional linear unit root tests are
biased against rejecting non-stationarity. This means that even if non-stationarity is

rejected, the estimated half-life implies slower mean reversion than the actual one.

7.2.2. Self-Exciting Threshold Autoregressive (SETAR) model

Consider a two-regime Threshold Autoregressive (TAR) model, originally presented

by Tong (1983), of the following form:

-

I
—_

o, -s, . +u, if s, ,<38

i t—
i

! (7.1)
‘9'(1_ﬁ1)+ﬂ1'Sz—1+2ﬂi'st—i+uz’ lf Sz—d>‘9
i=2

where & is the threshold parameter, s, , is the threshold variable and d is the delay

parameter. Furthermore, the error is assumed to be normally and identically distributed
with zero mean [u, ~ NID(0,6°)]. The above TAR (I, q, d) model,''® in which the
threshold variable is the lagged dependent variable, is named as Self-Exciting TAR
model.

Assuming symmetry in the bottom and upper regimes, the SETAR (/, 1, d) model

can be written as a symmetric three-regime SETAR (/, 2, d) of the form:

"% The specification of this model is as follows: / is the lag length of the autoregressive process, q is the

number of thresholds and d is the delay parameter.
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-

(B =D-(s =9+ Zﬂ (5 =9 L5, >F)

[
Ag — As |-¢ <9
J + ;al St—l (‘St—d‘ ) (72)

+(ﬂ1 o 1) ) (St—l + ‘9) + Zl:ﬂz ) (St—i + ‘9) ) f(sz—d < _‘9) +u,

Based on theoretical assumptions, the process is non-stationary inside the
band[—&, 3]. Namely, the real exchange rate is not mean reverting if |s,_ d| <&. Once
s, ,>39 or s,_, <=9, the process becomes mean reverting. The above SETAR (p, 2, d)

model is written as follows:

!
As = A (3,d)-B+u, (7.3)
where A4,(3,d)"is a 1x3 vector that illustrates the behaviour of the real exchange rate in
the three regimes, and B is a 3x1 vector which involves the autoregressive parameters to

be estimated.'"! Hansen (1996, 1997), assuming that the error term is NID(0,0?), shows

that the Ordinary Least Square (OLS) is an appropriate estimation procedure.''> Applying
sequential conditional least squares, for any combination of $and d, the OLS estimator

of B is given by:

" Following the theoretical assumptions, we would restrict the process to be non-stationary inside the
band. However, we estimate the autoregressive parameters of the outer regime as well as these of the inner
regime to test robustness of the theoretical model.

"2 Under this condition, OLS is equivalent to Maximum Likelihood Estimation.
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é(&d>=[i4(s,d>-4(9,d>'] -(iAt(s,d)-Astj i

t=1

with residuals:
0,(9,d)=As, — 4,(3,d)' - B(3,d) (75)

and residual variance:
R l <.
O-z(lgvd) = ;Zuz ('gad)z (76)
t=1

The OLS estimators of ¢ and d are those that minimize the residual variance:

(4,d) =argmin 6°(9,d) (1.7)

9e®,deD
where © =[p,(1-¢)] and D =[1,d]. Hansen (1999) shows that by writing the residual
variance as 6°(4,d) =" — f*(4,d), the minimization problem of (7.7) is equivalent to a
maximization problem of f?(9,d) . In this problem the search of values of the threshold
variable lies between the @ -th and (1—¢ )-th fractiles of the data. However, if / and n are
large, this process is too long. So, we restrict the search to N-values of & lying on a grid
between @ -th and (1—¢) -th fractiles of S.q. If d =/, the procedure runs a search over
[-N pairs of (4,d). Once the optimal combination of the threshold variable and the

delay parameter has been selected,'”” the OLS estimator of B is given by ﬁ(@,aA’) with

residual variance 6°(4,d).

'3 Hansen (1997) argues that as D is discrete, the estimator of the delay parameter is superconsistent.

189



7.2.3. Hansen’s Linearity Test

Here we investigate whether real exchange rates exhibit a nonlinear behaviour. In
other words, we test the null hypothesis of a true linear AR(/) model against a nonlinear
SETAR (!/, q, d). Conventional tests of the null of a linear AR model against the TAR
alternative have nonstandard distributions because of the presence of nuisance parameters
under the null (Davies, 1977). Hansen (1996) shows that the nuisance parameters in a
SETAR model are the threshold parameter (¢) and the delay parameter (d). Davies
(1977) suggests an alternative LM test statistic, which has an unknown distribution under
the null. Furthermore, Luukkonen et al (1988) propose the replacement of the transition
function with its third-order Taylor approximation when testing linearity against a STAR
model.

Hansen (1996, 1997) proposes a bootstrap test procedure, which replicates the
asymptotic distribution of the F statistic. The null of the linear AR(/) model against the

SETAR(/, q, d) is tested by:

(7.8)

F 9 d):n(&z_&z(g’d)}

52(%,d)
where &° is the residual variance of the linear AR(/) model (i.e. restricted), and
6°(3,d) is the residual variance of the SETAR(/, q, d) model (i.e. unrestricted). Hansen

(1999) shows that the F-statistic in (7.8) can be written as:

f7(8,d)
o’ = [*(4,d)

F(8,d)= n( (7.9)

which is an increasing function of f?(4,d). He shows that the appropriate F-statistic is

described by:
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F,= max F (5,d) (7.10)

9e€0,deD

Since $and d are not identified under the null, the F, statistic does not have an
asymptotic X” distribution.''* Hansen (1997) shows that the asymptotic distribution of the

F, statistic can be approximated by the following bootstrap procedure.'” Let

t=1,..n be NID(, 1) random draws and set s, =w,. Then, using the
observations s, ;,, t=1,...n, & i=1,...[, we get the residual variances of the null and

the alternative to estimate the following F statistic:

—~%

2 Am
F'&d)=n| =2 &

6'*2(19,01) (711)

The bootstrap approximation to the asymptotic p-value of the test is performed by
counting the percentage of bootstrap samples for which F (4,d)exceeds the observed
F (4,d).

The above analysis assumes that the error term is homoskedastic. Nonetheless, in the
presence of conditional heteroskedasticity, the derived distributions provide misleading
p-values. Hansen (1999) has presented appropriate algorithms to calculate

heteroskedastic asymptotic and bootstrap distributions. If it is not clear whether the error

term is homoskedastic or not, Hansen (1999) suggests the use of bootstrap distribution

"' Fstatistic has an asymptotic X* distribution for any fixed ($,d). However, once we allow for

N -1 pairs of (9,d), we get N -1 asymptotic X* random variables.
"3 Hansen (1999) presents two similar replication procedures to derive robust p-values. The first one yields

the asymptotic distribution of the test statistic, while the other one yields the bootstrap distribution. The
empirical findings in Hansen (1999) show that there is no significant difference between the asymptotic and

the bootstrap p-values.
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which allows for conditional heteroskedasticity. Moreover, if homoskedasticity is clearly
rejected, the most appropriate p-values are those of the heteroskedastic bootstrap
distribution. On the other hand, if the evidence of homoskedasticity is strong,
homoskedastic bootstrap p-values are more credible. Though, to confirm robustness in

our study, we present all types of p-values (i.e. A-Hm, B-Hm, A-Ht, B-Ht).

7.3. Data

The dataset involves monthly observations on nominal exchange rates per euro, euro
area’s Consumer Price Index (CPI) and domestic CPI for two clusters of countries.
National exchange rates per euro are taken from Eurostat (ECU rates before 1999), while
Consumer Price Indices are taken from IFS statistical database (base year 1995 = 100).
Once all variables are expressed in natural logarithms, real exchange rates per euro are
computed as the difference of the price differential (domestic CPI minus euro area’s CPI)
from the nominal exchange rate.

The first group of countries corresponds to 10 new members of the EU and candidates
for EMU membership (so after called candidate countries), while the second group
covers the current EMU members (henceforth, called EMU countries), except Germany
and Ireland. This is because of data unavailability on German and Irish CPI’s. The
examined period for the candidate countries is similarly subject to data availability. So,
the estimation for Cyprus, Hungary, Poland and Malta covers the period 1990:1-2006:7,
for Latvia and Slovenia the estimated period is 1992:1-2006:7, for Czech Republic,
Slovak Republic and Estonia is 1993:1-2006:7 and for Lithuania is 1993:6-2006:7.

Accordingly, the under-examination period for the EMU countries is this before adopting
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the single currency. Hence, Austria, Belgium, Finland, France, Italy, Luxembourg, The
Netherlands, Portugal and Spain are examined for the period 1980:1-1998:12, while for

Greece the estimated period is extended for 2 years, i.e. 1980:1-2000:12.

7.4 Empirical Analysis

7.4.1. Linear Unit Root Test

Real exchange rates measure the degree of deviations from the Law of One Price
(LOP). Given that testing for PPP makes sense only in its relative form, PPP hypothesis
will be valid if the stationary nature of the real exchange rate is confirmed. As a
preliminary test, we apply a linear unit root test (ADF) on real exchange rates per euro.

The results, shown in Table 7.1, are quite satisfactory for the candidate countries.

Table 7.1: Augmented Dickey-Fuller test (Candidate countries)

Exogenous Term  Lags Statistic Probability
Cyprus Constant 0 -6.14 0.0000
Czech Republic Constant 1 -6.31 0.0000
Estonia Constant 9 -5.53 0.0000
Hungary Constant 1 -3.73 0.0042
Latvia None 1 -3.95 0.0001
Lithuania Constant 1 -4.66 0.0002
Malta None 0 -11.78 0.0000
Poland Constant 1 -2.71 0.0734
Slovak Republic Constant 1 -6.29 0.0000
Slovenia Constant 1 -4.15 0.0010

MacKinnon (1996) one-sided p-values
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The real Polish zloty/euro is stationary at 10% significance level, while the evidence
of stationarity is stronger for the remaining real exchange rates. The evidence of a mean
reverting process makes us look for the speed of the adjustment process. In other words,
we need to know how fast are deviations from LOP diminishing. The estimated
autoregressive parameters imply the half-life estimates, shown in Table 7.5.

Half-life periods are measured in months. For example, PPP deviations of the Cyprus
pound/euro exchange rate will damp out by 50% in about 69 months (i.e. 6 years
approximately). The highest half-life is found, as expected, in the Polish zloty/euro
exchange rate. On the other hand, the lowest half-life is found in Lithuania and Slovak
Republic (about 43 months or 3.5 years). However, these values are high and imply a

slow mean reverting process.

Table 7.2: Augmented Dickey-Fuller test (EMU countries)

Exogenous Term  Lags Statistic Probability
Austria Constant 3 1.40 0.9990
Belgium None 6 -0.78 0.3746
Finland None 10 -1.50 0.1237
France None 3 -1.91 0.0541
Italy None 3 2.98 0.9993
Luxembourg None 6 -0.78 0.3778
Netherlands None 3 -2.35 0.0185
Portugal None 6 0.60 0.8439
Spain None 6 0.40 0.7971
Greece None 12 0.21 0.7462

MacKinnon (1996) one-sided p-values
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When it comes to the EMU countries, table 7.2 shows that all real exchange rates are
found to be nonstationary, except the French franc/euro and the Dutch guilder/euro rates,
which are covariance stationary at 5% and 1% significance levels, respectively. This
means that the calculation of the half-life is impossible unless meaningless. Suggestively,
half-life estimates for the French franc/euro and Dutch guilder/euro rates imply mean

reversion in about 36 years, which is tremendously high.

7.4.2. Testing Linear AR against SETAR

The implied slow mean reversion may be misleading due to the presence of
nonlinearities in the adjustment process. This is because conventional linear unit root
tests are biased against rejecting non-stationarity (i.e. the autoregressive coefficient is
biased upward) when the process in nonlinear. So, we test whether a linear AR model or
instead a nonlinear TAR model characterizes the adjustment process. In other words, we
test the significance of the threshold effect on the process. Since ¢ and d are not
identified under the null, the F-statistic (expression 7.10) does not have an asymptotic X*
distribution. To overcome this problem, we perform asymptotic and bootstrap procedures
as described in Hansen (1997, 1999). In fact, the F-statistic can have an asymptotic X*
distribution for any fixed combination of ¢ and d. But, the maximization problem of
(7.10) requires a search over /- N pairs of (¢,d). For our model, we set p = 6 and we
restrict N = 100. This yields to 6-100 = 600 pairs of ($,d).

The asymptotic as well as the bootstrap distributions are calculated using 1,000
random draws (replications) which yield the F*-statistics of (7.11). Then, p-values are

computed as the percentage of bootstrap values for which the F*-statistic (7.11) exceeds
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the observed F-statistic (7.10). However, the above p-values are consistent only if the
error term is homoskedastic. Hence, we perform an F-type Heteroskedasticity test, which
has a standard X* distribution [X*(6),ss = 12.6, X*(6),1% = 16.8]. The Heteroskedasticity
test is carried out through an OLS regression of the squared OLS residual on the squares
of the lagged real exchange rate, and on dummy variables indicating the regime. Once
homoskedasticity is rejected, asymptotically robust to heteroskedasticity distributions are
calculated and robust p-values are considered.

The results imply that errors are homoskedastic in the cases of Cyprus, Lithuania,
Poland and Slovenia, while for the remaining 6 countries this hypothesis is rejected. The
computed p-values, shown in Table 7.3, show that linearity can be accepted only in the

16 For the rest of the countries, the evidence that real

cases of Estonia and Hungary.
exchange rates exhibit nonlinear behaviour is stronger when asymptotic p-values are
considered. An exception is the case of Malta and Slovenia, for which bootstrap p-values
provide stronger evidence of nonlinear adjustment. When it comes to the group of EMU
countries (Table 7.4), homoskedasticity is rejected only for the case of Italy. In addition,

the Italian lira/euro exchange rate is the only one, which follows a linear adjustment

process. For the remaining EMU countries, linearity has been rejected.

7.4.3. SETAR Estimation

The evidence from the linearity test implies the estimation of a nonlinear TAR model
for all real exchange rates, apart from the Hungarian forint/euro, Estonian kroon/euro and

Italian lira/euro, which were found to follow a linear autoregressive process. For the

"® Homoskedastic p-values imply that both real exchange rates are characterized by nonlinearities.

However, the evidence of heteroskedasticity makes homoskedastic p-values inappropriate.
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remaining real exchange rates a symmetric 3-regime SETAR (6, 2, d) model is estimated.

In all cases, the lag length / is set equal to 6, '’ while the number of thresholds is equal

to 2. The symmetric 3-regime SETAR model is equivalent to a 2-regime SETAR if we

assume that the process is symmetric in the outer regimes. Thus, if$is the single

threshold (2-regime), the double threshold (3-regime) is described by (—%,.9) . The delay

parameter (d) illustrates the possibility that market participants react with a delay on PPP

deviations. The minimum delay order is equal to 1 and the maximum delay order is set

equal to 6,i.e. d =/ =6 and d € D(1,6).

Table 7.3: SETAR estimation: Candidate Countries

d 9 lo Yii A-Hm  B-Hm A-Ht B-Ht F-Het RRV
Cyprus 1 -3.980  0.983 0.942 0.00 0.12 0.04 0.03 15126  0.751
Czech 4 2.940 0.985 0.978 0.00 0.00 0.03 0.09 23.45 0.715
Republic
Estonia 1 2120 e 0.00 0.05 0.12 0.10 42.51 0.740
Hungary 1 2150 - e 0.00 0.17 0.12 0.19 21.93 0.759
Latvia 4 -2460 1.008 0.919 0.00 0.00 0.04 0.02 27.28 0.535
Lithuania 5 1.300 0.979 0.940 0.04 0.47 0.18 0.58 3.18 0.865
Malta 4 -4450 0.978 0.946 0.00 0.06 0.14 0.01 24.50 0.655
Poland 5 -1.790 0.985 0.889 0.00 0.18 0.16 0.17  15.20 0.789
Slovak 1 3.150 0.962 0.904 0.00 0.02 0.05 0.01  23.26 0.711
Republic
Slovenia 1 2.630 1.242 0.988 0.09 0.66 0.13 0.58 12.59 0.897

"7 In selecting the lag length of the autoregressive process, we faced two important restrictions. Firstly, we

had to ensure that errors are not serially correlated and secondly we should achieve high power of the

linearity test. A high lag length can soak up autocorrelation. However, Sarno et al (2004) find that the

power of the test is higher the lower the lag length of the SETAR model.
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Notes: 1. d is the delay parameter.
2. @ is the threshold parameter.
3. o stands for the inner root, calculated as the sum of the estimated autoregressive parameters of the inner

/
regime: ¢ = Zai )
i=1
4. 3 stands for the outer root, calculated as the sum of the estimated autoregressive parameters of the outer

/
regime: f— Zﬂ, .
i=1

5.A-Hm and B-Hm are homoskedastic asymptotic and bootstrap p-values, respectively. A-Ht and B-Ht stand for
heteroskedastic p-values.

6.F-Het is the F-type heteroskedasticity test that follows a standard X* distribution.

7.RRYV is the ratio of the residual variance of the nonlinear SETAR(6, 2, d) model to the residual variance of the
linear AR(6) model.

Moreover, the search of values of the threshold parameter lies between the 10% and
90% fractiles of the data and since /=6 and N is restricted to 100, the search of the

combination of (4,d)entails 6-100 =600 pairs of (#,d). A final restriction on the

estimation of the SETAR model requires 10% minimum percentage of observations per
regime.

Tables 7.3 & 7.4 present the results of the SETAR estimation. For the cluster of
candidate countries, the most frequently observed delay order is 1, which indicates that
market participants react to deviations with a delay of one month. The highest delay
parameter (d=5) is observed in the cases of Lithuania and Poland. On average, reaction is
delayed by about 3 months when candidate countries are examined. Likewise, the most
frequent delay order is 1 month for the cluster of EMU countries. The longest delay, 5
months, is observed in Finland and Portugal. On average, delay is slightly lower in EMU
countries. Market agents react with a delay of about 2 months.

Once the delay and the threshold parameters have been determined, we can estimate
the autoregressive parameters inside and outside the band. In other words, we do not

restrict the process to follow a random walk inside the band (-9 <, , <9). So, we allow
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the true process to show if theoretical assumptions are valid. For all candidate countries,
apart form Latvia and Slovenia, the inner root implies a reverting process. However, the
process is faster outside the band. This means that the theoretical assumptions are partly
satisfied. Namely, the random walk hypothesis has been established in only two cases but
the hypothesis of faster mean reversion when deviations are large has been confirmed in
each case. Hence, we focus on the outer root of the SETAR model, which indicates the
degree of nonlinear reversion towards the thresholds.

Table 7.4: SETAR estimation: EMU Countries

d 9 a B A-Hm  B-Hm A-Ht B-Ht F-Het RRV
Austria 1 -0.920 1.045 1.011 0.00 0.06 0.28 0.11 6.23 0.796
Belgium 1 0.140 1.010 1.047 0.00 0.05 0.29 0.08 9.46 0.796
Finland 5 -1.920 1.004 0.955 0.00 0.05 0.22 0.04 8.67 0.804
France 1 -1.690 1.648 1.011 0.00 0.09 0.32 0.20 5.30 0.813
Greece 1 1.970 1.014 1.002 0.00 0.10 0.27 0.09 7.60 0.858
Italy 2 3.700 - e 0.00 0.07 0.26 0.22  20.03 0.822

Luxembourg 1 0.140 1.010 1.049 0.00 0.05 0.28 0.07 10.36 0.789

Netherlands 1 -2.720 1.050 1.010 0.00 0.07 0.27 0.13 4.35 0.797
Portugal 5 1.550 0.999 0.955 0.00 0.09 0.27 0.06 3.04 0.819
Spain 1 1.240 1.009 1.020 0.00 0.04 0.22 0.26 12.11 0.783

Notes: 1. d is the delay parameter.
2. 4 is the threshold parameter.
3. « stands for the inner root, calculated as the sum of the estimated autoregressive parameters of the inner

i
regime: ¢ = Zat }

i=1

4. 3 stands for the outer root, calculated as the sum of the estimated autoregressive parameters of the outer
!
regime: f— Zﬂ: .
i=1

5.A-Hm and B-Hm are homoskedastic asymptotic and bootstrap p-values, respectively. A-Ht and B-Ht stand for
heteroskedastic p-values.

6.F-Het is the F-type heteroskedasticity test that follows a standard X* distribution.

7.RRYV is the ratio of the residual variance of the nonlinear SETAR(6, 2, d) model to the residual variance of the
linear AR(6) model.
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Compared to the linear model, the implied adjustment process is much faster when a

nonlinear model is estimated. This is clearly shown by the estimated half-life (Table 7.5).

On average, the linear model implies reduction of deviations by 50% in about 62 months

(5 years), while the corresponding period, implied by the nonlinear process, is about 18

months (1.5 years). Specifically, the linear half-life estimate for the Cyprus pound/euro

rate is about 69 months and the nonlinear half-life is just 12 months.

Table 7.5: Half-life estimates

0 Linear Half-Life ,3 Nonlinear Half-life

Cyprus -0.010 68.968 0.942 11.577
Czech Republic -0.015 45.862 0.978 31.212
Estonia -0.013 52971 e e
Hungary -0.008 86.296 e e
Latvia -0.012 57.415 0.919 8.171

Lithuania -0.016 42.974 0.940 11.286
Malta -0.012 57.415 0.946 12.433
Poland -0.006 115.178 0.889 5.918

Slovak Republic -0.016 42.974 0.904 6.897

Slovenia -0.011 62.666 0.988 55.828

Notes: 1. Linear Half-life = In(0.5)/In(p +1).
2. Nonlinear Half-life = In(0.5) / In( ﬁ) :

3. pis the estimated autoregressive parameter of the linear ADF test.

4. [ is the estimated outer root of the nonlinear SETAR model.
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The fastest process is this observed in Polish zloty/euro rate, in which the nonlinear
half-life estimate is 6 months. The fact that, under the linear model, this process was the
slowest mean reverting process (half-life = 115 months) makes this finding even more
impressive. On the other hand, the slowest nonlinear reverting process is observed in the
case of Slovenia, half-life = 56 months (4.5 years). But, it is faster than the implied from
the linear model (half-life = 63 months or 5.5 years).

For the EMU countries the process is found to be non-reverting in both regimes,
except two real exchange rates, even by allowing for nonlinearities. Specifically, a
reverting process in the outer regime is observed in the Finnish markka/euro and
Portuguese escudo/euro rates. Suggestively, half-life estimates imply convergence to
equilibrium by one half in about 15 months, while in the linear ADF test we failed to
confirm stationarity. Therefore, there is evidence of a band of inaction and adjustment
outside the band - when goods arbitrage becomes profitable - in only two cases. For the
rest of the real exchange rates, although the hypothesis of random walk in the inner
regime has been confirmed, we failed to find evidence of reversion when deviations are
large. As a matter of fact, theoretical assumptions are in part satisfied.

Finally, as a robustness check we estimated the ratio of the residual variance of the
nonlinear SETAR(6, 2, d) model to the residual variance of the linear AR(6) model. For
all real exchange rates the ratio (RRV) is less than 1, which means that the variance of the
error term of the estimated SETAR model is smaller that this of the alternative AR
model. This evidence supports the estimation of the nonlinear SETAR model contrary to

the linear AR. Furthermore, the evidence of heteroskedastic errors in some SETAR
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models does not affect our estimation since robust to heteroskedasticity p-values have

been applied.

7.5. Implications

A number of important implications can be derived from the above analysis. First of
all, it is obvious that the adjustment process of real exchange rates in Europe is nonlinear.
For both clusters of countries, specifically in 17 out of the 20 real exchange rates,
linearity has been rejected. This is the critical point for our analysis. The estimation of
nonlinear SETAR models provides interesting implications regarding PPP hypothesis,
trade relationships and economic integration for both clusters of countries.

Candidate Countries

A linear unit root test (ADF) implies stationary real exchange rates but the half-life
estimates show that the adjustment process is slow. On the other hand, nonlinear
(SETAR) half-life estimates imply much faster reverting processes. This discordance is
due to the presence of nonlinearities in the adjustment process. Recall that linear
autoregressive parameters are biased upwards in case of nonlinearities. The outer root of
the SETAR model implies average half-life of 1.5 years. Rogoft (1996) describes the PPP
puzzle as the evidence of slow convergence to PPP equilibrium (3 to 5 years). That
means that our estimation resolves this puzzle at least for the examined exchange rates.
As a consequence, the validity of PPP hypothesis in the long run assigns evidence of
exchange rate equilibrium. Given that a stable and not highly misaligned currency is
important for the EMU membership, our findings provide supporting evidence for their

assessing process to the euro zone. On the other hand, the evidence of nonlinearities —
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because of transaction costs — might be warning signs of future problems for the
integration process with former EMU members. In our point of view, once tariff and non-
tariff barriers decline over time, these problems seem not to be significant and prohibitive
for the entry of those countries into EMU.

EMU Countries

Non-stationarity for real exchange rates, even by allowing for nonlinearities, cannot
be rejected for EMU countries apart from Finland and Portugal, whose real rates per euro
were found to follow a reverting process towards the threshold band. This finding looks
quite strange for the integrated Europe. However, we can avoid misleading implications
if we carefully analyze these findings. First, we have to take into account that the
estimated period does not cover the most recent period. In contrast, it covers the period
between the post Bretton-Woods era and the pre euro zone era (1980-1998). During this
period Europe has been experienced a number of important economic developments. An
important step, which was preparing the economic environment for the monetary union,
was the creation of the European Monetary System (EMS) in March 1979. Besides to the
EMS, the European Community (EC) decided the creation of the Exchange Rate
Mechanism (ERM) and the European Currency Unit (ECU), which both were parts of the
EMS. Nonetheless, it is not clear whether the EMS succeed in achieving monetary and
exchange rate stability. It is indicant that, during the period 1979 — 1993, EMS central

rates were realigned seventeen times. The ERM crisis of 1992 broadened the exchange
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rate fluctuation band from 2.25% to 15%.""® This development marked the collapse of the
Exchange Rate Mechanism.

So, our findings do not imply that Europe is not currently integrated as much as
required. In addition, we do not argue that at the moment price differentials in EMU
members are persistent and higher compared to the candidate countries. What we can
argue is that Europe is now more integrated than two decades before. This means that
trade relationships are well developed and tariff barriers have been eliminated for the EU
members. However, current trade relationships as well as price differentials in the euro
zone are out of the scope of this study. The reason we examined PPP hypothesis among
EMU members was to compare the adjustment process of the euro real exchange rate in
candidate countries with the corresponding process of EMU countries for the time-period

they were candidates for entering the euro zone.

7.6. Concluding Remarks

In this study we examined the adjustment process of real exchange rates per euro in
the enlarged European Union concerning the validity of PPP hypothesis and the degree of
trade rigidities in Europe. We focused on the candidate EMU countries, while an
analogous analysis on current EMU countries is undertaken to justify that integration in
Europe is currently more mature than two decades ago. The evidence of nonlinearities in
real exchange rates dictates the estimation of a nonlinear SETAR model. The results
imply that nonlinearities bias linear half-life estimates (5 years on average), implying

slower reversion than the actual one. So, SETAR half-life estimates (1.5 years on

" Only Germany and the Netherlands retained the 2.25% fluctuation band. To find more about theoretical

explanations of the ERM crisis, see Ozkan & Sutherland (1995).
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average) imply a faster reverting process towards PPP equilibrium. As a matter of fact,
PPP puzzle seems to be resolved for the examined countries.

To sum up, this study implies that candidate countries follow a normal integration
process towards the European Union. Furthermore, the evidence in favor of PPP
hypothesis and the fast reverting process of the real exchange rate imply an equilibrium
process for their currencies, which is a crucial requirement for adopting the single
European currency. It is worth notable that Slovenia, which recently adopted euro, has
the slowest reverting process towards PPP equilibrium among the candidate countries.
The slow convergence may be attributed to the applied exchange rate policy vis-a-vis
euro before and after its membership into ERM II. Prior to the participation in ERM 11,
Slovenia adopted an exchange rate policy against euro, which was gradually depreciating
the tolar vis-a-vis euro. Since joining ERM II, the tolar/euro exchange rate was very close
to the central rate indicating very low volatility. As a consequence, the implied
intervention in the foreign exchange market prevents the nominal exchange rate to reflect
movements in relative prices.''” This is in line with Sideris (2007), who states that
omission of interventions bias negatively the evidence in favor of PPP equilibrium.
Finally, the evidence of nonlinear adjustment — mainly due to transaction costs — is not
really a problem. We just need to consider that these countries, as full members of the

EU, face no more any tariff barriers while non-tariff barriers decline over time.

19 Given the calculation of the real exchange rate, as described in 7.3, this is equivalent to slow mean

reversion of the real exchange rate.
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8. Estimating the Equilibrium Effective Exchange Rate for Potential
EMU Members

In this chapter, we attempt to examine the likelihood of emergence of significant
exchange rate fluctuations in the future for the candidate EMU countries. In doing so, we
estimate the equilibrium rate of the nominal effective exchange rate for Poland, Hungary,
Slovakia and Malta. If significant misalignments persist, the behaviour of nominal
exchange rate is expected to be unstable in its attempt to find its equilibrium rate. If the
actual rate is undervalued, the domestic economy is expected to face inflationary
pressures. On the other hand, if the actual rate is overvalued, the domestic economy is
expected to loose competitiveness. Each of the above scenarios will cause significant
problems to the process of joining EMU. In contrast, an observed exchange rate close to
its equilibrium implies that we do not expect large fluctuations in the future, excluding
unanticipated shocks.

This study’s contribution to the EMU enlargement empirical literature is the way of
examining exchange rate stability. In other words, our approach accepts the exchange rate
convergence criterion as a necessary but not sufficient condition for successful entry into
EMU.'® The intuition is that if the exchange rate is currently stable but significantly
away from its equilibrium rate, the exchange rate is likely to be unstable in the future.

Moreover, a high misalignment rate can cause macroeconomic instability as well,

120 In this study we examine nominal effective exchange rates. However, the Maastricht exchange rate
criterion does not deal with effective exchange rates. A successful entry into EMU requires stability in the
bilateral rate against euro. We argue that an unstable effective exchange rate may entail instability in

bilateral exchange rates, such as this against euro.
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because the unstable exchange rate will affect negatively the macroeconomic indicators.
Therefore, the stability of euro will not be weakened if the examined exchange rates are
not significantly misaligned. The estimation of the equilibrium effective exchange rate is
undertaken by the Behavioural Equilibrium Exchange Rate (BEER) and the Permanent
Equilibrium Exchange Rate (PEER) approaches, presented by Clark & MacDonald
(1998) and MacDonald (2000). The next section presents an overview of the economies
considered. The model that is going to be estimated is presented in section 8.2, while
section 8.3 outlines the applied econometric methodology. Section 8.4 describes the data
and section 8.5 provides the empirical findings. A concluding section summarizes and

evaluates the derived output.

8.1 Economies’ Overview

8.1.1. Poland

Poland can be characterized as a transition country, which since 1989 performed
significant economic and political reforms. The social economic system has been
replaced by the free market system and the centralized economy is now operating by the
law of the free market. In comparison with other Central European Countries this
transition was smooth for the Polish economy, which has the lowest decrease in GDP
growth and the shortest period of economic recession during this transformation. Since
1/5/2004 Poland is a member of the European Union. This is a consequence of the aim of
the Polish authorities to integrate with EU. An indicator of this movement is the rapid

growth of trade between Poland and the other EU members.
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The Polish economy is a dynamic economy with promising macroeconomic
indicators. The inflation rate is stable, the public deficit is low but above 3% (about 5%
of GDP in 2003), the public debt is lower than 60% of GDP and the GDP growth is
increasing over time. But, the path of the GDP growth is not monotonic. From 2000 to
2001, GDP growth decreased by 3%, while economic growth is increasing after 2001.
GDP increased by 1.4% in 2002 compared to the previous year and by 5.3% in 2004
compared to 2003. This growth is not because of labour productivity. Actually, it is
thanks to production means productivity. Moreover, this is a result of the rapid growth in
the industry sector and the stable growth in the services sector.

Despite the satisfactory GDP growth, other macroeconomic variables are performing
poor. The per capita GDP corresponds only to 42.7% of the average of the EU (15
members). The most important problem of the Polish economy is the high unemployment
rate. The conditions in the labour market became even worse the last years. The
employment rate decreases and the unemployment rate increases significantly. At the end
of 2003, the unemployment rate was 19.3%. Some of the reasons of this phenomenon are:
the high labour cost, mismatched supply and demand in the labour market, dramatic
increase of persons in productive age, and other rigidities in the labour market. It is
remarkable that although domestic GDP is rapidly growing, this economic growth does
not produce a proportional decrease in unemployment. In contrast, unemployment rate
follows an upward trend. This fact amplifies the view of low competitiveness of the

Polish economy.
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The main object of the National Bank of Poland (NBP)'?! is the reduction of inflation
and its maintenance in low levels, i.e. price stability. The overall target for the period
1999-2003 was the reduction of the inflation at a rate below to 4% by the end of 2003. In
2000, the inflation target was set to 5.4%-6.8%, however due to supply shocks the
inflation target was not fulfilled. The aim for 2001 was set to 6%-8%, while a more tight
monetary policy was required. This policy had to be applied under the environment of
high economic deficit (current account deficit) and insufficient fiscal policy, which was
not consistent with the monetary policy strategy. In 2002, monetary policy aims to drive
inflation to 5% within a band +/- 1%. In 2004, the target was set to 2.5% +/- 1%. This
year Polish economy faced large price shocks, especially in food and oil prices. The
increased inflation rate was not a result of a rise in domestic demand. Hence, the reaction
of the monetary authorities was not a simple task. They had to apply this policy, which
would not affect economic activity and domestic demand. But, the main obstacle in
applying the monetary policy was public finance imbalances (public debt, e.t.c.). This
fact reveals the necessity of the public finance reform. Therefore, the goal of low and
stable inflation rate requires a fiscal policy consistent with the applied monetary policy.
As a consequence, the monetary council sets again the target of 2.5% in 2005 and
remarks that it has to be matched as soon as possible. However, inflation rate was 3% in
April (2005), indicating that the inflation target is not yet matched (Inflation Report May

2005). Similarly, the long-term interest rate was higher than the implied by the relevant

12l The National Bank of Poland, which is responsible for the formulation of the applied monetary policy in
Poland, is the Central Bank of Poland. The operation of the NBP is not compatible with the requirements
on central bank independence. The co-operation of the NBP with the state authorities and especially the
obligation of the Bank to ensure the approval of the Council of Ministers, on its annual accounts, imply that

the NBP is highly dependent on the government.
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convergence criterion. From 2001, interest rates follow a downward path. This was in
line with the concurrent decreasing trend of the inflation rate. Despite this declining
trend, the long term interest rate was 2.9% in August 2004, slightly above the reference
rate (2.4%).

As mentioned above, the public finance situation of Poland is relatively stable. In
2003, the government deficit as a ratio of GDP was 3.9% (above 3%) and the public debt
ratio was 45.4% of the GDP (below 60%). Both ratios have increased compared to 2002,
by 0.3% the deficit ratio and by 4.3% the public debt ratio. The former is expected to fall
to 1.5% by 2007, while the latter is expected to jump to 52.3% at the same time. Despite
this upward trend, both fiscal criteria are expected to be fulfilled by the end of 2007. A
final task for the Polish authorities is the introduction of the Polish zloty into ERM II at
least two years before joining EMU. The main requirement is the stability of the bilateral
exchange rate of zloty against euro, which means that the exchange rate should deviate
no more than 15%. This is a crucial restriction for the Polish zloty, as during 2002-2004

the Polish zloty deviated by about 19% against euro.

8.1.2. Hungary

Hungary has moved from the transition period of 1990s to the present period of EU
challenges. Since May 2004, Hungary is one of the ten new member-states of the
European Union. This is a result of a successful reform program, including privatization,
markets’ liberalization e.t.c. Nowadays, Hungarian economy differs significantly from its
previous status. It has become a growing economy and one of the most open economies

in Europe. In the first quarter of 2005 the GDP growth rate was increased by 2.9%

210



relative to 2004. However, Hungary’s growth rate is one of the lowest in the Central &
Eastern Europe. It is worth notable that the sector, which enforces more the growth rate,
is the services sector. When it comes to its unemployment rate, this was declined from
1998 until 2001. From then, unemployment was relatively stable, following a slightly
upward trend. This trend became more rapid in 2004, exceeding the 7%.

As a full member of EU, the next task is the membership into EMU and the adoption
of the single European currency. This requires the introduction of the Hungarian forint
into ERM II at least two years before adopting euro. The Hungarian exchange rate regime
was a crawling peg one, which in September 2001 was replaced by a fixed central parity
against euro. The central parity is 282.36 forints per euro and the fluctuation band is +/-
15%.

Despite the successful change of the Hungarian economy, the performance in main
economic indicators shows that convergence is not a simple task. The convergence
program of the government (November 2004) sets 2010 as the target date for adopting
euro, but the criteria are not yet matched. The inflation criterion must be met during
2007-2008, the fiscal criteria by 2008 and the introduction into ERM II by the end of
2007.

The main objective of the monetary policy, applied by the Magyar Nemzeti Bank'*
(MNB), is price stability. In the last five years inflation follows a downward path, but it

cannot be argued that price stability is achieved. In the middle of 1990s the inflation rate

122 The Magyar Namzeti Bank (MNB), member of the European System of Central Banks, is the central
bank of Hungary. MNB is characterized as independent, but according to the ECB, its independence
requires a number of changes in the way that is operating. For example, the provision of the right to the
Ministry of Justice to review its draft legal acts is not consistent with the Treaty and Statute requirements

on central bank independence.
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was 30% and at the end of the same decade this rate became less than 10%. In 2002 the
monetary authorities set the inflation target for 2004 to 3.5% +/- 1%. This target was
updated twice until 2005. The inflation target was set to 4% for 2005 and 3.5% +/- 1%
for 2006. At the end of 2004 the inflation rate was 5.5%, which was higher than the
targeted rate' .

Hungary has had the highest long-term interest rate since 2003 among the new EU
states. From 2001 to 2003, the Hungarian interest rate followed a declining path, but from
2003 the long-term interest rate increased rapidly. This declined again during 2004-2005
but it is still above the level required by the convergence criterion.

When it comes to the fiscal position of Hungary, this has the highest government
deficit of all the new EU members and the highest public debt in the CEEC of EU. The
government deficit criterion was met in 2000, but from then the deficit as ratio of the
GDP increased until 2002. The period 2002-2004 was a decreasing period for the deficit

ratio, but from 2004 it is rising again, being higher than 3%. Public debt ratio was from

2000 lower than 60% of the GDP, but in 2004 was slightly above the targeted ratio.

&.1.3. Slovak Republic

After the creation of the Slovak Republic (1993), the Slovak Economy has been
significantly improved. From its previous status of a political instability and an inefficient
industrial sector, now Slovakia’s economy has become an attractive foreign investment
one. Gross Domestic Product growth rate has increased by 4.3% after just a year of the
independence of Slovakia. This growth was stable and continuous all over the time.

Especially, the growth rate increased by 4.5% in 2003 and by 5.5% in 2004. This implies

12 The Magyar Namzeti Bank argues that the high inflation rate was a result of the increased indirect tax.
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that Slovak economy has been transformed to a fast growing one. During the period
1993-1994, Slovak inflation rate was decreased from 20% to 12%. In December 2004,
the inflation rate was 5.9%, which was lower by 3.4% compared to the previous year.
The unemployment rate in 2004 was 14.3%, which was by 0.9% lower compared to
2003. This rate could be much lower if the supply of labour force had not increased so
much. So, the small percentage change in the unemployment rate does not mean inability
of creating new jobs.

The exchange rate of the Slovak crown is determined under a floating exchange rate
regime since 2004. The National Bank of Slovakia (NBS)m, which is responsible for
monetary and exchange rate issues, may intervene in the foreign exchange market to
manage the fluctuations in the exchange rate. Since the main mission of the Slovak
Republic is the adoption of the single European currency, the Slovak crown must
participate ERM 1I at least two years before adopting euro with no large fluctuations
against euro (no more than +/- 15%). Although NBS convergence program set the first
half of 2006 as the possible period of introduction into ERM II, Slovak Republic has been
a member of ERM II since May 2005 (1 euro = 35.4424 SKK).

However, the inflation criterion is not yet matched. The average of the Harmonized
Index of Consumer Price (HICP) for 2004 was 8.7%, which is higher than the reference

rate. It is estimated that at the end of 2007 the domestic inflation rate will be 2.5%, while

'2* The National Bank of Slovakia, member of the European System of Central Banks, is from 1993 the
Central Bank of Slovakia. The NBS is responsible for the formulation of the applied monetary policy and
the exchange rate developments. When it comes to the independent status of the NBS, the right of the
Slovak parliament to obligate the NBS to modify its annual report is not compatible with the Treaty and

Statute requirements on central bank independence.
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the reference rate will be 2.8%.'> On the other hand, the long-term interest rate criterion
is fulfilled, as for 2004 this rate was 5.13% and the reference rate was 6.46%. This was a
result of the action of the NBS to decrease its key interest rate, from 2001 to 2004, by
3.5%.

Similarly, the public debt criterion is fulfilled. Actually, the public debt as a ratio of
GDP had not ever exceeded the reference rate (i.e. 60%). This is a result of the dynamic
growth of the GDP and the applied stabilization program in public finances. It is expected
that the public debt ratio will not exceed the 46% of GDP. On the contrary, the other
public finance criterion is not yet fulfilled. The government deficit as ratio of GDP is
higher than 3%. In 2002 this rate was 5.7%, while in 2003 declined to 3.5%. This
criterion will be matched only by completing the necessary structural reforms in the

Slovak economy.

8.1.4. Malta

Malta has a small open economy, which is basically dependent on international trade
and tourism. Malta produces only the 20% of its consumption on food and the main
activity of the Maltese economy is motivated by its tourism industry and the industrial
sectors of electronics and pharmaceutical products. The contribution of tourism in GDP
was about 35% in 2000. Although, the Maltese economic authorities have introduced a
reform policy, which incorporates a gradual economic liberalization, the Maltese
economy is still highly regulated by the public sector.

In 2000 the economy has grown by 4.3% compared to 1999. Because of this

increased growth rate, the unemployment rate decreased by 4.4% to a rate, which was the

125 This is a National Bank of Slovakia’s prediction.
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lowest in the last three years. However, this high growth rate did not last the next years.
Indeed, the Maltese economy grows only by 1.5% in 2004, while an updated estimation
implies an even lower growth rate (i.e. 1%). It is worth notable that in 2001 and 2003 the
GDP did not rise, but instead decreased by 1.7% and 1.8%, respectively. So, the positive
growth rate in 2004, as well as in the first quarter of 2005, is synonymous to economic
recovery. What caused this insufficient development was the increase of imports, which
offset the rise of exports. Furthermore, in the first quarter of 2005, exports declined by
14%, compared to the same period of the previous year. This was caused by the decrease
in the manufacturing sector’s exports, especially in the electronics sector. The recent
economic recovery had positive effects on the labour market and the unemployment rate.
In the first quarter of 2005, the labour force increased by 0.2% compared to 2004 (first
quarter) and the unemployment rate fell from 7.2% in 2004 to 6.7% in 2005.

Moving to the analysis of the convergence criteria, the average of the Harmonized
Index of Consumer Price (HICP), between 1997 and 2003, was 3%. From 2003 to 2004,
the same index fell to 2.6%, which is slightly above the reference ratio (2.4%). In the first
quarter of 2005, the HICP was 2.7%, while in the second quarter this rate became 2.5%.
Hence, in terms of the inflation rate criterion, price stability is not yet matched but the
Maltese inflation rate is very close to the reference rate. However, the ECB’s view is that
this criterion will be achieved if the Maltese monetary authorities apply a monetary
policy consistent with capital flows liberalization. On the other hand, the interest rate
criterion seems to be already satisfied. During 2003-2004 the long-term interest rate was

4.7%, which is stably below the reference ratio (6.4%). This was the consequence of the
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Central Bank of Malta’s'*® policy to decrease, from 2001, its key interest rate. Moreover,
a development, which helped this policy, was the relatively low inflation rate.

Despite the satisfactory performance in the monetary-based criteria, both the
government deficit and the public debt criteria are not yet matched. In 2003, the
government deficit ratio was 9.7% and the public debt ratio was 71.1%. Comparing these
rates with those of 2002, we observe that the former increased by 3.8% and the latter by
8.4%. By enlarging the reference period (1996-2003), we find the impressive fact that the
public debt as a ratio of GDP increased by 31.1%. The government deficit ratio fell to
5.2% in 2004, while the CBM expects this to fall more (3.7%) during 2005. This rate
must be 1.4% by the end of 2007. Instead, the public debt ratio increased in 2004
(73.2%), while the CBM’s expectations imply a rate of 70.4% by the end of 2007.

Finally, since May 2005 Malta is a member of ERM II. This is a pre-entry to EMU
step, in which the Maltese lira should be relatively stable against euro for at least two
years before adopting euro (i.e. the Maltese lira/euro exchange rate should not deviate by
more than +/- 15%). Now, the Maltese lira is pegged to euro (with a central parity 0.4293
against it), instead of the previous regime in which the Maltese lira was pegged to a

basket of three currencies (i.e. euro, US dollar and UK pound).

12® The Central Bank of Malta (CBM) is responsible for the formulation of the monetary policy in Malta.
The main objective of monetary policy is the achievement and the maintenance of price stability and in
general the formulation of that policy consistent with a sustainable development and the introduction of
Malta into EMU. The operation of the CBM is fully compatible with the Treaty and Statute requirements

on central bank independence.
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8.2. Theoretical Framework

The equilibrium exchange rate is estimated through the Behavioural Equilibrium
Exchange Rate and the Permanent Equilibrium Exchange Rate approaches, presented by
Clark & MacDonald (1998) and MacDonald (2000). As chapter 4 illustrates, the BEER
approach involves the direct econometric analysis of the behaviour of the exchange rate.
It estimates exchange rate misalignments in accordance with the deviations of the actual
exchange rate from the estimated value, derived from the relationship between the
exchange rate and the macroeconomic fundamentals. The BEER is estimated when the
actual values of the fundamentals are replaced by their sustainable (or smoothed) values.

On the other hand, the Permanent Equilibrium Exchange Rate (PEER) can be seen as
a special approach of the BEER. According to BEER approach, the exchange rate is a
function of transitory and permanent factors. The PEER approach differs in the way that
the equilibrium exchange rate is a function of variables that have only persistent effect on
it. So, we decompose the fundamentals into permanent and transitory components. These

permanent series are allowed to determine the equilibrium exchange rate.

8.2.1. The Model

These approaches do not actually rely on any theoretical model and the equilibrium
rate is designated by the long run behaviour of the macroeconomic variables. It is based
on the estimation of a reduced-form equation that explains the behaviour of the effective

exchange rate. However, this does not mean that any theoretical concept is not required.
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Following Clark & MacDonald (1998) and MacDonald (2000), the theoretical framework

is based on the UIP condition'?’:
i, =1, *+AE [neer, ] (8.1)
where 1 and 1* are domestic and world nominal interest rates, respectively
neer is nominal effective exchange rate

E is conditional expectations

Solving for neer, equation (8.1) becomes:
neer, = E [neer,, |- (i, —1,*) (8.2)
Now, focusing on the forward-looking dynamics of the exchange rate we get:
neer, = E [neer,, 1+ E E, [neer,, |- (i, —i,*) (8.3)

Using the Law of Iterated Expectations ( E,[.] = E,E,,,[.]), we have:

neer, = E [neer, |+ E [neer, ,]— (i, —i,%*) (8.4)
neer, = E [neer,, |+ E [neer,, | +....+ E [neer,,, |- (i, —i%*) (8.5)
neer, = Z E [neer,, 1-(i, —i) (8.6)

n=0

Equation (8.6) shows that the current value of the nominal effective exchange rate
depends on the nominal interest rate differential plus expectations on future values of the
exchange rate. The expected exchange rate, which can be shown as the long run
component of the nominal exchange rate, depends on the expected values of the

macroeconomic fundamentals. Thus, besides to the interest rate differential, the long run

127 Clark & MacDonald (1998) and MacDonald (2000) assume that in the UIP condition a risk premium is
included. This has a time-varying component, which reflects the relative supply of domestic to foreign

debt. Here, due to lack of data availability we assume that the risk premium is equal to zero.
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effective exchange rate depends on the macroeconomic fundamentals. The vector of the
macroeconomic fundamentals includes the domestic terms of trade, the domestic foreign
asset holding, and the world oil price. So, the vector is of the form: {tot, fa, op). Hence,

Long run Effective Exchange Rate is given by the following expression:

LEER = f (i —i*,tot, fa,op) (8.7)

8.2.2. Expected Signs of the Variables

Interest Rate Differential: Based on the monetary model of exchange rate

determination (as it is shown in chapter 3) a positive interest rate differential is going to
depreciate the domestic currency (i.e. the effective exchange rate decreases). This can be
seen by the UIP condition (equation 8.1) and the nominal effective exchange rate
equation (8.6). On the other hand, accepting the Portfolio Balance model of exchange rate
determination (Branson, 1977), presented in chapter 3 as well, a higher domestic interest
rate relative to the world level is going to appreciate the effective exchange rate. This is
because the increased interest rate will cause capital inflows and the capital account will
be improved. Therefore, the expected sign of the interest rate differential is ambiguous.

Terms of Trade: A higher increase in the value of exports relative to the value of

imports (i.e. an increase in the terms of trade) is expected to affect the effective exchange
rate in two different ways. The first effect, called as substitution effect, improves the
current account and as a consequence the exchange rate appreciates. On the other hand,
the income effect means that the improved current account will increase domestic
income. So, domestic consumption of imported goods increases and as a result the

domestic currency has to depreciate to restore equilibrium. The final effect depends on
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the relative price elasticity of demand for imports and exports. However the first effect
comes before the latter. Therefore, we expect that the direct effect of a positive terms of
trade shock on the exchange rate will be the appreciation of the effective exchange rate.

Domestic Holding of Foreign Assets: This variable reflects the external position of

the domestic country. It is actually the amount of assets that domestic agents hold abroad
and affects the domestic monetary base. Following the portfolio balance model of
exchange rate determination (Branson, 1977), an increase in foreign assets can decrease
the effective exchange rate. In other words, if domestic agents prefer foreign than
domestic assets, there is a capital outflow responsible for the capital account deficit. This
is going to depreciate the domestic currency. Therefore, the expected sign of foreign asset
holding is negative.

Oil Price: This variable is included in the model to capture a kind of external shock.
Usually an increasing trend in the world level of oil price produces negative
consequences in any economy. However, the magnitude of the effect depends on the type
of the economy. More oil dependent economies face serious problems and the terms of
trade deteriorate. As a result, the exchange rate depreciates. On the other hand, less oil
dependent economies are able to handle this shock and to avoid the depreciation trend.
For example, an increase in oil price will affect less the US. In contrast, this shock will
affect heavily developing countries. To sum up, the sign of this variable for the domestic

country is expected negative (i.e. effective exchange rate depreciation).
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&.2.3. Equilibrium Exchange Rates

The Behavioural Equilibrium Exchange Rate is estimated by getting the smoothed
values of the fundamentals. If the long run exchange rate is estimated by the following

reduced form equation:
LEER, =a,(i, —i*)+a,tot, +a, fa, + a,op, (8.8)
Then, the BEER estimate is shown below (the symbol “~”denotes a smoothed series):
BEER = a,(i —i *)+ a,tot, +a, fa, +a,op, (8.9)
The Permanent Equilibrium Exchange Rate is estimated by using, in the regression

equation, only the permanent series of the fundamentals. This is shown below (p denotes
to a permanent series):

PEER = a,(i, —i,*)" +a,tot” +a, fa” +a,op,” (8.10)

Comparing these rates with the actual exchange rate we find how the latter deviates

from the former. In other words, this yields to the total misalignment rate, which shows

whether the exchange rate is overvalued or undervalued. If e > beer or peer, the domestic

currency is said to be overvalued and if e < beer or peer, the domestic currency is

undervalued.

8.3. Econometric Methodology

Estimation is undertaken by the well-known Johansen’s (1988, 1991) cointegration

128

technique. = Under this framework, the acceptance of at least one cointegrating vector

128 This methodology has been thoroughly illustrated in chapter 6. Hence, to avoid any repetitive
descriptions, the Johansen cointegration technique is not presented here. The reader should refer to section

6.4.1
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means that the effective exchange rate and the vector of fundamentals form a valid long
run relationship. If this is the case, the fundamentals can explain the exchange rate
fluctuation. Then, by normalising the cointegrating vector, we can derive the reduced
form equation, which explains the relationship between the exchange rate and the
fundamentals. This equation will be valid if the weak exogeneity assumption is accepted.
This means that all the variables included in the exchange rate equation are weakly
exogenous to the exchange rate. In other words, any misalignment from the equilibrium
rate must be absorbed only by exchange rate movements. The derived reduced-form
equation computes the Long run Effective Exchange Rate. This rate is the anchor for
estimating the Behavioural Equilibrium Exchange Rate (BEER) and the Permanent

Equilibrium Exchange Rate (PEER).

&.3.1. Behavioural Equilibrium Exchange Rate

According to the BEER methodology, the reduced-form equation, implied by the
cointegrating vector, is called as current equilibrium exchange rate. The total equilibrium
is derived by estimating the long run (sustainable) values of the fundamentals. These
values are estimated by the Hodrick-Prescott (1997) filter. This is a smoothing method,
which estimates the long run components of the variables. Suppose that we want to
estimate the smoothed series q of the variable y. Then, the H-P filter chooses q subject to

A to minimize the following expression:
N 5 N-1 5
z(yt_qt) +;{’Z[(qt+l _qt)_(qt_qt—l)] (811)
t=1 t=2

However, a lot of criticism has been applied to the statistical properties of the H-P filter.

One of the discussed issues is its poor performance near the end of the sample. Mise et.
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al. (2005), Kaiser & Maravall (1999) and Baxter and King (1999) provide evidence of
suboptimal H-P filtering at the endpoints. To avoid this inconsistency, following Kaiser
and Maravall (1999), we estimate optimal ARIMA forecasts and we apply the H-P filter
to the extended series.'” As noted by Mise et. al. (2005), this approach minimizes
revision standard deviation.

So, we substitute these smoothed series to the reduced form equation to get the
Behavioural Equilibrium Exchange Rate. Finally, by subtracting the BEER from the

actual nominal effective exchange rate we estimate the total misalignment rate.

&.3.2. Permanent Equilibrium Exchange Rate

According to the PEER methodology, the equilibrium exchange rate is a function of
the permanent elements of the fundamentals. The decomposition into permanent and
transitory components is undertaken by Gonzalo & Granger (1995) methodology'*’.
Based on the information derived from the cointegration analysis, the elements of the

vector x, can be decomposed into permanent-transitory components by the following

expression:

12 The forecasts are estimated by an ARIMA, using the TRAMO-SEATS program of Gomez and Maravall
provided by Eviews 5.

B0 Asitis already shown in chapter 4, other studies use the Univariate and Multivariate Beveridge-Nelson
(1995) Decomposition. This methodology entails the direct decomposition of the exchange rate into
permanent and transitory components. A different way of measuring PEERSs is that proposed by Clarida &
Gali (1994). They decompose the real exchange rate into supply, demand and nominal components and test
the importance of these variables to the exchange rate. In other words, they create three shocks (supply,
demand and nominal) and examine the effects of each shock to the variability of the exchange rate.
Moreover, two of the studies, which have applied the Gonlzalo & Granger approach to estimate PEERs are
Clark & MacDonald (2000) and Hoffmann & MacDonald (2000).
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x, = Aja, x, + 4, B, (8.12)
where 4, = (a' )‘1 and A4, =a( ’a)‘1 . The first term of equation (8.12) gives the
1 \a, p, 2 q

permanent component of x;, while the second term stands for the transitory component.
Granger & Gonzalo show that if the vector x, is of reduced rank rc, x; can be explained by
(v-rc) I(1) variables, where v is the number of the parameters included in the vector x;
and rc is the cointegration rank. In other words, we expect (v-rc) common trends.
Johansen (1995) shows that the Beta and Alpha orthogonal components are given by

(8.13) and (8.14), respectively:

B, =8,b,.,.Db) (8.13)
a, =85Sy, (b,.15sb,) (8.14)
where S, = N"'RR’, i,j=0, 1.

The Alpha orthogonal matrix shows which of the variables affect more the common
trends. The A; and A, matrices show how the variables are affected by the common
trends. The product of the transposed Alpha orthogonal matrix with the A; matrix yields
to a new matrix. The diagonal of this matrix displays the permanent rate of each variable.
Similarly, the product of the transposed beta matrix by the A, matrix yields to the
transitory components matrix. The diagonal shows the transitory rate of each variable.
The permanent series of the fundamentals are derived by multiplying the rates in the
diagonal by the actual series of the fundamentals. Then, the permanent series of the
fundamentals substitute their actual values, in the reduced-form equation, to derive the

Permanent Equilibrium Exchange Rate (PEER).
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8.4. Data Description

The data set includes quarterly observations for four new EU-members. These
countries are Poland (1993:1-2004:1), Hungary (1990:1-2004:1), Slovak Republic
(1993:1-2003:4) and Malta (1990:1-2003:3), which stand for the domestic country. All
variables, including the nominal effective exchange rate of the domestic country, the
world and the domestic nominal interest rates, the domestic terms of trade, the domestic
holding of foreign assets and the world price level of petroleum (hereafter called oil
price), are taken from IFS CD-ROM statistical database. The nominal effective exchange
rate (neer) is an indicator of the domestic economy’s international competitiveness in
terms of its foreign exchange rate. It is a measure of the value of the domestic currency
against a basket of other currencies. It is calculated as a weighted average of exchange
rates and it is expressed as an index (base year 2000 = 100). An increase in this index is
equivalent to the appreciation of the domestic currency. Obviously, a reduction
corresponds to the depreciation of the nominal effective exchange rate.

The nominal interest rates correspond to lending rates. For the world interest rate the
US prime loan rate is applied, while for the rest of the panel standard lending rates are
applied. Subtracting the US lending rate from the domestic one we get the nominal
interest rate differential (i-i*). An increase in this variable implies a relatively higher
increase in the domestic interest rate. Next, domestic holding of foreign assets (fa) shows
all foreign assets held by domestic agents abroad, expressed in millions (domestic
currency). The terms of trade (fo¢) variable is calculated as a ratio of the value of exports
to the value of imports, both expressed in millions (domestic currency). A higher increase

in the price of exports relative to the price of imports is linked with the rise of the terms
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of trade. This means that the terms of trade are improved and the trade position of the
domestic economy is enforced. Finally, oil price (op) is the world price level of
petroleum per barrel, expressed in US dollars. All variables, except interest rates, are

expressed in natural logarithms.

8.5. Estimation

8.5.1. Cointegration Analysis

The estimation analysis entails three steps. Firstly, we check if the exchange rate and
the fundamentals form a valid long run relationship, credible for the calculation of the
equilibrium exchange rate. In other words, we have to find whether the exchange rate and
the fundamentals are cointegrated in the long run. This is performed by the well-known
Johansen’s cointegration technique (1988, 1991), presented in a previous chapter. The
second step includes the estimation of a reduced-form equation, derived form the above
technique. This reflects the long run effective exchange rate. The final step incorporates
the estimation of the equilibrium exchange rate, getting two alternative estimates, the
Behavioural Equilibrium Exchange Rate (BEER) and the Permanent Equilibrium
Exchange Rate (PEER).

The Johansen’s methodology is based on the estimation of a VAR model. Accepting
that a VAR model is valid only when stationary variables are included, we regress VAR
models in an error correction form by using the first differences of the variables. We pre-
regress the VAR models in levels just to select the appropriate lag length by the Akaike

Information Criterion (AIC). This statistic is given by:

AIC = Nlog|g|+28 (8.15)
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where N = number of observations, = = total number of parameters, and |Z| stands for

the determinant of the variance/covariance matrix of the residuals. The appropriate lag
length is this which “soaks up” autocorrelation. So, we select this number of lag which
fits with the lowest value of the AIC statistic. The following table indicates the

appropriate length of lags in each specific case:

Table 8.1: Lag Length Selection

Model Poland | Hungary | Slovak Republic | Malta

Number of Lags 2 4 3 2

Including 2 lags for the Poland’s and Malta’s cases, 3 lags for the Slovak Republic
and 4 lags for Hungary, we estimate the corresponding VAR models in first differences
and we check their robustness by testing their parameters constancy. To be specific we
test the hypotheses of non-autocorrelated, homoskedastic and normally distributed
residuals. The serial correlation hypothesis is tested through the Lagrange-Multiplier test
(up to the maximum lag), in which the null hypothesis states that the errors are not
serially correlated. Next, White’s heteroskedasticity test includes the null hypothesis of
homoskedastic errors and the hypothesis of normal errors is tested through the Jargue-
Bera test. The following table summarises the performance of the above tests. Test
statistics are presented first, while the values in brackets denote the probability of
accepting the null. The first test statistic is a Lagrange Multiplier statistic, while the next
two test’s statistics follow the Chi-square distribution. As a matter of fact, this table

confirms VAR models’ stability. Errors are non-autocorrelated, homoskedastic and
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normally distributed in each of the estimated models. This information persuades us to

believe that the estimated VEC models are stable and robust for the foregoing analysis.

Table 8.2: Diagnostics

Homoskedastic Multivariate Normal
No Serial Correlation
Errors Errors

30.77 (0.1908)

Poland 322.67 (0.6028) 91.26 (0.8281)
21.08 (0.6881)
27.83 (0.0331)
20.80 (0.1864)

Hungary 328.94 (0.6566) 56.94 (0.4028)
28.05 (0.0312)
16.92 (0.3905)
13.38 (0.6444)

Slovak Republic 14.19 (0.5843) 262.78 (0.4401) 49.75 (0.6749)
29.26 (0.0222)
27.74 (0.3198)

Malta 334.14 (0.4260) 71.72 (0.9946)
18.34 (0.8277)

The next step of analysis entails the test of cointegration. This test is crucial for the
estimation of the Equilibrium Exchange Rate. What we actually test is whether the
exchange rate and the fundamentals form a valid long run relationship. If this is not
accepted (i.e. series are not cointegrated), no fundamental can explain any exchange rate
movement. Therefore, the desired output will be the acceptance of at least one
cointegrating relationship. This test is performed through the Johansen’s likelihood ratio
test. This test determines the rank of matrix IT (IT=af”) by computing two test statistics:

the Trace and the max-eigenvalue test statistics.
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An important decision is the selection of the appropriate sub-model. An erroneous
selection may drive us to misleading implications. In doing so, we follow Koukouritakis
& Michelis (2005) who select their model through a test proposed by Johansen (1995,
chapter 11, Corollary 11.2 & Theorem 11.3, p. 161-162). We test the restricted against
the less restricted model using their computed trace statistics. These tests follow the X*
distribution and the degrees of freedom are as shown below:

1~2 (re d.f.), 2~3 (v-re d.f.), 3~4 (rc d.f.) , 4~5 (v-re d.f))
where rc is the number of cointegrated vectors and v is the number of parameters. For
example, in the case of Poland, testing the first against the second sub-model, we accept
the most restricted model. Thus, the cointegration test is applied when no constant and

trend are included either to data or to the model."*!

The same holds for Hungary and
Slovak Republic, while for Malta the second sub-model is accepted. In this case, a
constant term is included in the model.

In a first step, the vector of fundamentals includes all the variables defined in the
theoretical section and we test whether they are cointegrated in the long run with the
effective exchange rate. However, the acceptance of the cointegration hypothesis is not
sufficient for deriving this relationship. What is needed is to test the hypothesis of weak
exogeneity. We assume that the only endogenous variable in the exchange rate equation
is the exchange rate itself. Macroeconomic fundamentals are assumed to be weakly

exogenous. This means that if the exchange rate deviates from its long run equilibrium

value, deviations can be damp out only by exchange rate adjustments. In practice, weak

B! These sub-models are tested in pairs. We subtract the calculated trace of the first sub-model from the
calculated trace of the second sub-model. The derived statistic is (52.11-33.9=18.21), which denotes the

rejection of the movement from the first to the second sub-model. So, the first sub-model is selected.
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exogeneity assumption is required because the asymptotic distribution theory for the
estimate of beta becomes very difficult without exogeneity. The exogeneity assumption is
tested by imposing the following restriction on alpha matrix: (a1, 0, 0, 0, 0), while beta is
identified.

Table 8.3 shows the results from these tests. At first glance, in all models, the
fundamentals and the effective exchange rate are cointegrated. However, only in Poland
and Malta models weak exogeneity is not rejected. This means that for these specific
models, the fundamentals are all exogenous to the exchange rate equation. On the other
hand, in the other two models, some of the fundamentals may be endogenous to the
exchange rate. When this assumption is rejected the implied long run relationships are
meaningless. As a result, under the absence of weak exogeneity the estimation of the
equilibrium exchange rate is meaningless as well.

Table 8.3: Cointegration — Weak Exogeneity Test

Model Cointegrating Cointegration LR Statistic | Probability
Vectors Sub-model
Poland 1 1" 6.40 0.17
Hungary 3 1* 31.13 0.00
Slovak Republic 4 1" * *
Malta 1 2 8.46 0.075

MacKinnon-Haug-Michelis (1999) p-values
* means that convergence is not achieved

In order to find these endogenous variables we exclude the foreign asset variable and
the terms of trade variable from the Hungary and Slovak Republic models, respectively.
We re-estimate those models, applying again the cointegration and weak exogeneity tests.

The updated results are shown in the following table:
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Table 8.4: Updated Cointegration — Weak Exogeneity Test

Model Cointegrating Cointegration LR Statistic | Probability
Vectors Sub-model
Poland 1 1" 6.40 0.17
Hungary 2 1* 5.006 0.28
Slovak Republic 1 1* 8.94 0.03
Malta 1 2" 8.46 0.075

MacKinnon-Haug-Michelis (1999) p-values

The revised estimation satisfies both the cointegration and weak exogeneity hypotheses.
As before, in all models, there is at least one cointegrating vector. The new information
here is that for the Hungary and Slovak Republic models, weak exogeneity is not
rejected. Thus, the included fundamentals are all weakly exogenous to the exchange rate
equation. This finding implies that the foreign asset variable is endogenous to the
exchange rate for the Hungary model. Similarly, the Slovak Republic terms of trade
variable seems to be endogenous to the relevant exchange rate equation.

Having established the validity of the implied long run relationships, we estimate the
non-restricted component of the alpha matrix, known as adjustment coefficient. The
adjustment coefficient is statistically significant in all models. This value denotes the
speed of adjustment of the exchange rate towards equilibrium. Specifically, it is estimated
that deviations are expected to decrease in a quarter (3-months) by about 30%, 43% and
4% for the Poland, Malta and Hungary models, respectively. The positive value of the
adjustment coefficient in the Slovak Republic model implies that the actual exchange rate
is expected to move away from its long run rate, in a quarter, by about 3%.

Next, we can derive the estimated coefficients, implied by the reduced form

equations. Before we form these equations, it is necessary to test whether these
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coefficients are statistically significant and correctly signed. The following table briefly
presents these estimates:

Table 8.5: Estimated Coefficients

Coefficients Slovak
Poland Hungary Malta
(standard errors) Republic

constant 5.24
(s.e.) (0.13)
i-i* 0.05 0.024 0.01 0.008
(s.e.) (0.02) (0.01) (0.03) (0.001)

tot 0.3 3.99 0.05
(s.e.) (0.17) (1.13) (0.04)

fa 0.27 0.8 -0.117
(s.e.) (0.02) (0.21) (0.017)

op 0.35 1.58 -1.63 0.03
(s.e.) (0.08) (0.06) (0.77) (0.01)

All estimated coefficients are statistically significant apart from the interest rate
differential in the Slovak Republic model and the Malta’s terms of trade. When it comes
to the sign of the estimated coefficients, the interest rate differential and the terms of
trade are positively signed, as expected, in each estimated model. Based on the Portfolio
Balance model (Branson 1977), a higher domestic interest rate is going to appreciate the
nominal effective exchange rate because of the increased capital inflows. The terms of
trade sign shows that the substitution effect will overshoot the income effect. In other
words, the improvement in the current account will be higher than the increase in
domestic income. Thus, the nominal effective exchange rate rises.

The domestic holding of foreign assets sign is as expected only in the Malta’s model.

For the rest it is estimated that an increase in the domestic holding of foreign assets is
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going to appreciate the exchange rate, which is not consistent with our theoretical model.
A possible explanation can be given by examining the monetary base of domestic
country. As the foreign asset position of the domestic country affects its monetary base, a
rise in foreign bonds decreases the monetary base. Then, domestic money supply
decreases.'*? Now, following the monetary model of exchange rate determination we can
easily explain the appreciation of the effective exchange rate. We just need to assume that
this action decreases domestic money supply, which in turn appreciates the domestic
currency. An alternative explanation states that the increased foreign asset holding creates
positive expectations of high capital inflow in the future. This is due to the expected
capital gains caused by this investment.

Finally, the effect of the oil price shock is surprisingly unusual for all cases except
this of Slovak Republic. The estimated coefficients imply that an increase in the world
price level of oil is going to appreciate the nominal effective exchange rates of Poland,
Hungary and Malta. This movement may be sensible for less oil dependent countries.
This interesting finding is an inspiration for further research. However, a possible reason
for this is that while the nominal effective exchange rate is a weighted average of a basket

of currencies, these countries may have been relatively less affected from oil shock.

12 Based on the money multiplier theory, the amount of money (coins & notes) held by domestic residents,
decreases. Since the monetary base (MB) is equal to the sum of bank reserves (BR) plus coins & notes held
by domestic residents (CN) [MB = BR+CN], monetary base declines. Thus, domestic money supply
declines as well because money supply is equal to monetary base multiplied by the money multiplier.
However, this holds only if coins and notes finance the purchase of foreign bonds. In case of an exchange

between domestic and foreign bonds, monetary base remains unaffected.
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&.5.2. Equilibrium Exchange Rate

Polish Zloty

Having tested the significance of the estimated coefficients, we can now derive the Long
run Effective Exchange Rate (LEER) for the Polish zloty, implied by the estimated
cointegrating vector. This is estimated from equation (8.16).

leer ,

=0.05-(i—i*,6 + ((3&73) tot , + 0.27 - fa, + (()0.%85) op , (8.16)

(0.002 ) (0.02)
Below, this rate is plotted against the observed Nominal Effective Exchange Rate

(NEER), while the right hand-side of the graph illustrates the current misalignment.

Figure 8.1: Long Run Effective Exchange Rate, Current Misalignment
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Positive values indicate that the observed effective exchange rate is above the estimated
(i.e. overvalued) and negative values show that the observed exchange rate is
undervalued. This graph implies that there are both overvaluation and undervaluation
periods, with the former to be a more usual case. However, this that actually matters is
total misalignment, which is the deviation of the actual effective exchange rate from the
BEER and PEER estimates. So, we evaluate the long run values of the fundamentals, by

the Hodrick-Prescott (H-P) filter (A=1600). This is shown in figure 8.2.
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Figure 8.2: Macroeconomic Fundamentals Smoothed Series
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The smoothed series of the above variables replace their actual series in the estimated
exchange rate equation (8.16). This yields to the estimation of the long run equilibrium
effective exchange rate. The derived BEER is plotted against the actual nominal effective

exchange rate in figure 8.3.

The Permanent Equilibrium Exchange Rate (PEER) can be seen as a special approach
of the BEER. The PEER approach differs in the way that the exchange rate is a function
of variables that have a persistent effect on it. Thus, we have to decompose the
fundamentals into permanent and transitory components. The permanent-transitory
decomposition is undertaken by the Gonzalo & Granger (1995) methodology. So, we
decompose the fundamentals into permanent and transitory series and then, we substitute
the permanent series into equation (8.16) to derive the Permanent Equilibrium Exchange

Rate.
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The cointegration analysis confirms the acceptance of a single cointegrating vector.
This implies that we expect four common trends.'* Johansen (1995) shows that the Beta

and Alpha orthogonal components are given by (8.13) and (8.14), respectively:
By =58(b,pyseb,) (8.13)
a, =S4 So (brusrsesb,) (8.14)
where S, = N"'RR/, i,j=0, 1.
Solving equations (8.13) and (8.14), we calculatea, & £, . Next, we estimate the A; and

A, matrices. All these estimates are shown in the following tables:

Table 8.6: Alpha Orthogonal Components

a; a; a; a;
neer -1.965 -0.02 0.83 -1.052
i-1* -0.288 0.051 -0.042 -0.027
tot -0.269 -0.306 -0.8 -0.583
fa 1.168 -0.201 8.84 -0.263
op 3.694 0.956 0.01 0.438
Table 8.7: Beta Orthogonal Components
B B B Bl
neer 0.567 -1.33 2.548 -0.128
i-1* 0.277 -6.27 3.886 -1.94
tot 1.67 -2.77 6.684 -0.323
fa -0.04 0.08 -0.253 0.106
op 0.32 -0.81 1.788 0.07

13> Gonzalo & Granger (1995) show that if the vector x, is of reduced rank rc, x, can be explained by (v-rc)

I(1) variables, where v is the number of the parameters included in the vector x, and rc is the cointegration

rank.
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Table 8.8: A; Matrix

Table 8.9: A, Matrix

A Al A} Al ” Ay
neer -0.27 0.026 0.006 -0.488 neer -0.03
i-1* -1.458 0.865 -0.235 -4.731 i-1* 0.581
tot 0.01 -0.139 -0.01 -0.134 tot 0.008
fa -0.003 -0.01 0.11 0.01 fa 0.006
op 0.144 0.07 -0.05 -0.64 op 0.026

The product of matrices A; and a, yields to a new matrix, which entails the

permanent components of the fundamentals. Similarly, the product of A, and P’

corresponds to the transitory components of the fundamentals. These values are

summarized in the following table:

Table 8.10: Permanent — Transitory Decomposition

1-1* tot fa op
Permanent (P) 0.604 0.97 0.97 0.886
Transitory (T) 0.396 0.03 0.03 0.114
P+T 1 1 1 1

The above analysis implies that about the 60% of the interest rate differential is
permanent and the 88.6% of the oil price movements have a permanent effect. Moreover,
about the 97% of the terms of trade and the domestic holding of foreign assets is
permanent. The robustness of this decomposition is confirmed by the last row of table
8.10. Summing the permanent and the transitory components yields to unity. By

multiplying the permanent values with the actual series of the fundamentals we get their
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permanent components. Then, we substitute in equation (8.15), the actual series of the
fundamentals by their permanent series. This estimate is the Permanent Equilibrium
Exchange Rate. Both Equilibrium Exchange Rates are plotted against the actual exchange

rate in the following figure:

Figure 8.3: BEER, PEER, Total Misalignment
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It is obvious that the actual effective exchange rate was mainly overvalued. The
BEER line implies that the long run values of the macroeconomic fundamentals indicate
a lower effective exchange rate than the observed. A single undervaluation period is from
1998 to 2001. Comparing this graph with the current misalignment figure (8.1), we can
see that there is a significant difference between current and total misalignments. This is
due to the inclusion of the filtered values of the fundamentals in the BEER estimation.
From 2002, the actual nominal effective zloty declines following the BEER’s trend. This
is an indicator of a movement approaching the equilibrium rate.

It is clear-cut that the PEER implies a lower effective exchange rate. Moreover, the
difference between thee BEER and the PEER estimates is obvious. Although, both rates

show that the Polish Zloty was mainly overvalued, the PEER shows that the
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overvaluation rate is much higher. Recall that the BEER estimate allows for a single
undervaluation period, which does not hold in the PEER implication. This is clearly
shown in the misalignment’s figure. Taking as ground that both rates provide evidence of
an overvalued Polish zloty, we now analyze the difference in the magnitude of
misalignments. The BEER estimate is very close to the actual effective exchange rate,
implying highest overvaluation at a rate of 8%, while on average the exchange rate
deviates by 2%. In contrast, the PEER estimate deviates significantly from the actual
exchange rate. The corresponding misalignment rate is about 25%, while on average
deviates by 13%. These high rates are observed at the beginning of the estimated period.
It is worth notable that both misalignment rates follow a downward path, implying that
the actual exchange rate moves towards equilibrium. In the first quarter of 2004, the
BEER-based misalignment rate was 1%, while the PEER-based deviation has declined to
7%. The divergence between the BEER and the PEER implies that the BEER estimate

incorporates some transitory elements.

Hungarian forint

Given that the domestic holding of foreign assets variable is statistically insignificant
for the Hungary’s model, we exclude this variable from the regression equation. Thus, the
long run effective exchange rate (LEER) is estimated by equation (8.17):

leer , = 0.024 - (i —i*),+3.99 -tot , +1.58 -0p , (8.17)

! (0.01) (1.13) (0.06 )

This rate is plotted against the actual effective exchange rate, while the second part of
the following figure shows the deviation of the former from the latter. As it has already

been mentioned in the case of Poland, this estimated rate is not the equilibrium exchange
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rate and the implied misalignment rate is referred as current misalignment. The figure 8.4
shows that the Hungarian Forint is mainly overvalued, while there are two undervaluation
periods. This is clearly shown in the second part of the following figure. Recall that
positive values indicate overvaluation and negative values imply undervaluation.

Figure 8.4: Long Run Effective Exchange Rate, Current Misalignment
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The Behavioural Equilibrium Exchange Rate will be estimated by the sustainable
values of the fundamentals. As in the case of Poland, we measure the long run values of
the fundamentals through the Hodrick-Prescott filter. These estimates are shown below:

Figure 8.5: Smoothed Series
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Now, we substitute the fundamentals by their smoothed values, in equation (8.17), to
derive the Behavioural Equilibrium Exchange Rate. This rate is plotted against the actual
exchange rate, in figure 8.6.

Likewise, the Permanent Equilibrium Exchange Rate is estimated by decomposing
the vector of fundamentals into permanent and transitory components. Hence, performing
the Gonzalo & Granger decomposition, we can derive the permanent components of the
fundamentals. This requires the estimation of the alpha and beta orthogonal matrices and
the A; and A, matrices, defined in the econometrics section. Since the cointegration
analysis finds that there are two valid cointegrating relationships, we expect two common

trends. These matrices, shown below, have rank 4x2.

Table 8.11: Alpha Orthogonal Components Table 8.12: Beta Orthogonal Components

a, a; B B
neer -2.238 -0.055 neer -0.703 3.194
i-1* -0.06 0.001 i-1* 1.567 6.627
tot 3.282 -0.047 tot -0.0003 -0.07
op -3.593 -0.0207 op -0.471 2.09
Table 8.13: A; Table 18.4: A,
A A’ A, Ay
neer -0.13 -5.705 neer -0.064 -0.065
i-1* -6.144 417.002 i-1* 0.076 -3.165
tot 0.033 -2.115 tot 0.043 -0.028
op -0.033 -5.35 op 0.078 0.067

Transposing the alpha orthogonal matrix and multiplying the transposed matrix by the A,

matrix, we get a new matrix, which entails the rate of permanent components of the
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fundamentals. Similarly, transposing the beta matrix and multiplying the transposed
matrix by the A, matrix, we derive the rate of the transitory components of the

fundamentals. These coefficients (rates) are presented in the following table:

Table 8.15 : Permanent — Transitory Decomposition

i-1* tot op
Permanent (P) 0.842 0.21 0.338
Transitory (T) 0.158 0.79 0.662
P+T 1 1 1

In this case, the rate of permanent elements is high for the interest rate differential but
most of the fluctuation of the terms of trade and the oil price variables are transitory.
About the 84% of the interest rate differential movements are permanent, while only the
21% and 34% of the terms of trade and the oil price fluctuation, respectively, are
permanent. 134

We use the above rates to measure the permanent elements of the fundamentals,
which substitute their actual series in equation (8.17). This yields to the Permanent

Equilibrium Exchange Rate, shown with the Behavioural Equilibrium Exchange Rate in

the following figure.

% The robustness of the decomposition is established since by summing the permanent rate and the

transitory one, we find always unity.
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Figure 8.6: BEER, PEER, Total Misalignment
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In this case the two alternative procedures provide considerably different equilibrium
exchange rates. The BEER-based approach shows that the actual forint does not deviate
significantly from its equilibrium rate. The highest overvaluation rate is about 20%, while
on average the Hungarian forint deviates by 10%. The interesting point here is that from
1994 the BEER follows an upward path, implying that the domestic currency should
appreciate. In contrast, the actual exchange rate continues the depreciation until 2001.
Hereafter the actual exchange rate is very close to its equilibrium rate. At the end of the
estimated period, the Hungarian forint is overvalued by less than 10%.

The PEER estimate is clearly lower than the actual exchange rate and the estimated
BEER. This seems sensible since a significant percentage of the terms of trade and the oil
price variables can be characterised as transitory. As a consequence, the deviation of the
PEER from the BEER is due to the transitory components of the BEER estimate. This
deviation becomes more impressive if we calculate the misalignment rates and compare
the BEER-based misalignment with the PEER one. The BEER-based misalignment rate

does not exceed the 30%. In contrast, the PEER-based misalignment rate shows that the
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overvaluation rate is high and sustainable. On average, the Hungarian forint is overvalued

by about 60%.

Slovak crown
The Slovak terms of trade variable is endogenous to the exchange rate, so it is not
included in the regression equation. Similarly, the interest rate differential is excluded
from the reduced form equation because of its statistically insignificant sign. Thus, the
estimation is based on the following equation:
leer |, = (OO'.2§)- fa, — 1(0§73) op , (8.18)
The analysis is analogous to the other two models’ estimation. This equation yields to the

long run effective exchange rate and by subtracting this rate from the actual effective

exchange rate we get the current misalignment. These rates are shown in the following

figure:

Figure 8.7: Long Run Effective Exchange Rate, Current Misalignment
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While the exchange rate was initially overvalued, it was undervalued - but relatively
close to its long run value - at the end of the estimated period. As in the previous models,
this rate cannot be considered as the equilibrium exchange rate and the above
misalignment rate stands for the current misalignment rate. The BEER and the total
misalignment rate will be estimated by filtering the fundamentals by the Hodrick-Prescott

filter. The smoothed series of the foreign asset and the oil price are shown below:

Figure 8.8: Smoothed Series
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The actual values of the fundamentals are substituted by the above series (equation 8.18).
The derived rate corresponds to the Behavioural Equilibrium Exchange Rate, while the
total misalignment rate arises by subtracting this rate from the actual exchange rate.
Following the Gonzalo & Granger methodology, the existence of one cointegrating
vector implies that there are three common trends. Thus, the alpha and beta orthogonal
matrices as well as the A; matrix are of the rank 4x3. The A, matrix is of the rank 4x1.

Solving the same problem as in the other two models, we get the above matrices:
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Table 8.16: Alpha Orthogonal Components

3

a aj ay
neer | 827 | 16.132 | 8.687
fa | -2.082 | -0.685 | 1.833
op 136 | 0.115 | 1.831
i-i* | 7915 | -434 | 0.964
Table 8.18: A; Matrix
Al A? A
neer | 0.012 | 0.042 | 0.025
fa | -0.157 | -0.009 | 0.189
op 0.063 | -0.153 | 0.196
i-i* 0.07 | 0.074 | 0.07

Table 8.17: Beta Orthogonal Components

Bl B B
neer -2912 | -1.38 | -0.108
fa -7.511 3.8 -0.817
op -1.912 | -0.91 -0.29
i-1* 0.075 0.08 | -0.0003
Table 8.19: A, Matrix
A
neer 0.006
fa 0.102
op -0.135
1-1* 0.004

The transposed matrix of the alpha orthogonal components is multiplied by the A;

matrix and the transposed matrix of the cointegrating vector (beta) is multiplied by the A,

matrix. The former product yields to the permanent matrix and the latter gives the

transitory matrix. The diagonals provide the permanent and transitory rates, respectively.

These rates are summarized in the following table:

Table 8.20: Permanent — Transitory Decomposition

fa op i-1*
Permanent (P) 0.777 0.256 0.955
Transitory (T) 0.223 0.744 0.045
P+T 1 1 1

As the robustness of the decomposition is established (P+T=1 in each variable), we

can derive the permanent series of the above variables. About the 78% of the foreign
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asset movements are permanent and only the 26% of the oil price fluctuation is
permanent. Although, we have decomposed the interest rate differential, we do not
measure its permanent series because it was statistically insignificant in the reduced-form
equation. So, we measure the foreign asset and the oil price permanent series and

estimate the Permanent Equilibrium Exchange Rate (figure 8.9).

Figure 8.9: BEER, NEER, Total Misalignment
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The BEER estimate follows the same path as the long run effective exchange rate
does. The difference is that the former is smoother than the latter. So, the Slovak crown
was initially overvalued but during the estimated period became undervalued. The
overvaluation rate has a decreasing trend. While the actual effective exchange rate
(NEER) is stable the BEER implies an appreciation trend. This contradiction is under
consideration. Is the stability of the exchange rate natural or a consequence of a specific
exchange rate policy?'*® In the beginning of the estimated period the exchange rate was

overvalued by about 50%. In the first quarter of 1998 the BEER becomes equal to the

133 National Bank of Slovakia was fixing exchange rates of selected currencies during the period 1993-
1998. Slovak crown was pegged on a basket of two currencies (60% of Deutsche mark and 40% of US
dollar), and it was allowed to fluctuate by no more than 7%. Since October 1998, Slovak crown is freely

determined in the foreign exchange market.
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actual rate. Thereafter, the BEER implies a stable exchange rate, while the actual
exchange rate follows a slightly depreciation path. Instead of the former overvaluation
period, these movements show that the exchange rate is undervalued. However, this
deviation is not a significant one. During 2003 the Slovak crown was undervalued by
about 5%, while at the end of the estimated period the misalignment rate was 7%. The
declining trend of the actual exchange rate may be due to the effects of the former
stabilisation exchange rate policy. The exchange rate can meet its equilibrium rate when
these effects are totally absorbed.

The PEER estimate implies that the value of the Slovak currency should be higher
than its observed value and the BEER estimate. As a matter of fact, the Slovak crown is
undervalued during all the estimated period. While the BEER decomposes the estimated
period into overvaluation and undervaluation periods, the PEER estimate shows that the
exchange rate is clearly undervalued. An implicit difference in the misalignment rates is
that according to the BEER-based estimation, the exchange rate was initially overvalued
and at the end of the estimated period was very close to equilibrium. On the contrary,
according to the PEER-based estimation, the exchange rate was initially very close to
equilibrium and during the time becomes more and more undervalued.

In overall, the BEER seems to be more close to the actual exchange rate. Although,
the BEER-based misalignment was about 50%, this rate has been reduced to 7% at the
end of the estimated period. The PEER-based misalignment rate shows that the exchange
rate moves away from its equilibrium. While the misalignment rate was only 5% at the

beginning of the estimated period, this rate has been jumped to 50% at the end of this
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period. On average the Slovak crown deviates by 10% according to the BEER analysis

and by 30% based on PEER analysis.

Maltese lira
All of the fundamentals are weakly exogenous to the exchange rate, however the
terms of trade variable is statistically insignificant. Given this finding and the inclusion of
a constant term in the model, the Long run Effective Exchange Rate is estimated by:
leer , = %d%ﬂ)+ Q6338)-(i——i*)t - Q6££7)']b’ + ngé)-qpt (8.19)
This estimate is presented in the following graph against the actual exchange rate, while
the second part of the figure presents the current misalignment rate. Once again the
estimated period is divided in two sub-periods. The first period is from 1990 to 2001, in
which the estimated rate is stably above the actual exchange rate. From 2001 a new
period arises, in which the estimated long run exchange rate is very close, and in some
cases equal, to the actual rate. This is easily observed in the current misalignment line

(figure 8.10). At the end of the estimated period the misalignment rate lies around zero.

Figure 8.10: Long run Effective Exchange Rate, Current Misalignment
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The Behavioural Equilibrium Exchange Rate is estimated by getting the sustainable
values of the fundamentals. Then, we use these values in the regression equation to
estimate the BEER. These sustainable series and the estimated BEER are shown in the

following figures (8.11) and (8.12), respectively.

Figure 8.11: Smoothed Series
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To estimate the Permanent Equilibrium Exchange Rate, the Gonzalo & Granger
methodology requires the computation of the Alpha and Beta orthogonal matrices as well
as the A; and A, matrices, defined in the econometric section. Since the cointegration
analysis confirms the existence of a unique cointegration vector, we expect four common
trends in this model. As a matter of fact the rank of the matrices is 5x4 apart from the A,

matrix, which has rank 5x1.
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Table 8.21: Alpha Orthogonal Components

Table 8.24: A, Matrix

a, a; a’ al
neer | 1887.75| -569.66 | -87.393 | 43.275
i-i* | -31.336 | 8.541 1.6 -0.8
fa |963.801 | -277.18 | -45.944 21.5
op | 158.566 | -42.89 | -6.529 2.4
tot | 234.874 | -67.41 | -11.727 | 4.442
Table 8.22: Beta Orthogonal Components
B Vi Jin Bl
neer | 791.54 | -224.78 | -36.462 | 15.284
i-1* 13297 | -37.081 | -6.632 3.271
fa 1098.95 | -312.12 | -50.554 | 21.174
op 517.74 | -147.18 | -23.896 | 10.083
tot -73.047 | 20.723 3.374 -1.402
Table 8.23: A; Matrix
A A’ AP Al
neer 0.0039 -0.004 0.174 0.1369
i-1* -0.417 -1.157 -4.936 | -6.8551
fa -0.029 -0.043 -0.568 | -0.4307
op 0.073 0.121 0.88 0.1787
tot -0.012 -0.02 -0.32 -0.368

A,
neer 0.003
i-i* -0.17
fa -0.026
op -0.002
tot 0.034

The transposed alpha orthogonal components matrix is multiplied by the A; matrix and

the transposed beta matrix is multiplied by the A, matrix. The diagonal coefficients of

these products provide the permanent and transitory rates of the fundamentals.
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Table 8.25: Permanent — Transitory Decomposition

i-1* fa op tot
Permanent (P) 0.892 0.813 0.996 0.505
Transitory (T) 0.142 0.184 0.005 0.496
P+T 0.994 0.997 1.001 1.001

All summations (P+T) are very close to unity. Thus, the above decomposition can be

considered as valid. So, about the 89% of the interest rate differential, the 81% of the

foreign asset holding and the 99% of the oil price movements are allowed in equation

(8.19) to measure the Permanent Equilibrium Exchange Rate (PEER). This rate, plotted

against the BEER and the actual exchange rate, is shown in figure 8.12.

Figure 8.12: BEER, PEER, Total Misalignment
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Although the BEER is higher than the actual exchange rate, the degree of

misalignment is not too high. The highest rate of misalignment is observed in the second

quarter of 1993 (1.8%), while the average misalignment rate is less than 1%. More

satisfactory is the evidence at the end of the estimated period. The actual exchange rate
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deviates from the BEER by 0.01%. This implies that the Maltese lira completely meets its
equilibrium rate.

On the other hand, the PEER implies a higher undervaluation rate. The PEER-based
misalignment rate implies that during the estimated period the lira was undervalued, an
implication which coincides with the BEER analysis. What is different is that the
exchange rate never meets its equilibrium rate. It is always away from the PEER
estimate. However, the magnitude of the misalignment is low. The highest
undervaluation rate does not exceed the 4%, the lowest deviation is about 2%, while on
average the Maltese lira deviates by less than 3%.

All of these enforce us to believe that the actual exchange rate does not deviate
significantly from its equilibrium rate. In accordance, BEER and PEER estimates seem
quite similar. This implies that the BEER estimate entails only a small percentage of

transitory components.

8.6. Concluding Remarks

As we have already mentioned, the motivation of the present study was to examine
the likelihood of emergence of significant exchange rate fluctuations in the future for the
candidate EMU countries. In doing so, we estimated the equilibrium rate of the nominal
effective exchange rates for selected EMU potential members: 3 Central Eastern
European Countries (Poland, Hungary, Slovak Republic) and Malta. If significant
misalignments persist, the behaviour of nominal exchange rate is expected to be unstable
in its attempt to find its equilibrium rate. In contrast, an observed exchange rate close to

its equilibrium implies that we do not expect large fluctuations in the future, excluding
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unanticipated shocks. Thus, the foregoing participation into EMU does not lead euro,
regarding its stability, to any hazardous pathway.
In general, the PEER estimates imply a higher misalignment rate than the BEER

. 136
estimates do.

The Polish zloty was very close to equilibrium at the end of the estimated
period. Following BEER, it has been overvalued by less than 1% and by 7% according to
PEER. The Hungarian forint was slightly overvalued (less than 10%) at the end of the
estimated period, based on BEER estimation. In contrast, the PEER estimation shows that
the overvaluation rate was high and sustainable. Similarly, the Slovak crown was both
overvalued and undervalued. Although, the PEER misalignment rate implies a high
misalignment rate (about 50%), the BEER estimate shows that the exchange rate does not
deviate significantly. Specifically, at the end of the estimated period, the Slovak crown
was undervalued by 7%. Finally, the BEER-based analysis shows that in the last quarter
of 2003 the actual Maltese lira has been totally matched with its equilibrium rate.
Following the PEER analysis, at the same time, the effective exchange rate was
undervalued by only 2%.

To conclude, our analysis indicates that the actual effective exchange rates do not
deviate significantly from their equilibrium rates. As a consequence, based on BEER
analysis, we do not expect any anticipated large fluctuations in the examined effective
exchange rates. Hence, the relevant effective exchange rates are expected to be relatively
stable. This evidence persuades us to assert that those countries can successfully meet the

exchange rate criterion. As a matter of fact, the introduction of those countries into EMU

is not expected to weaken the stability of euro.

3¢ This finding should worry us about robustness of the trend-cycle decomposition. This is not a panacea,

since alternative procedures can lead to different, and in some cases contradictory, estimates.
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9. Equilibrium Exchange Rates and Foreign Exchange Market
Efficiency

In chapter 5 we discussed the properties of the applied tests on foreign exchange
market efficiency and we argued that although the Forward Rate Unbiasedness
Hypothesis (FRUH) is appropriate for testing FOREX efficiency between developed
markets, this is not suitable when developing countries are involved. These countries do
not have well developed and independent from the government financial systems.
Therefore, forward rates may be highly regulated and as a consequence inappropriate for
deriving any inferences about foreign exchange market efficiency. In some cases,
forward markets are totally absent and the forward rates are unavailable. Aron (1997)
proposes a test of foreign exchange efficiency by regressing the long run relationship of
the spot rate with a vector of fundamentals."*” Although, Wickremasinghe (2004) applies
a cointegration test in the case of a developing country, we cannot adopt this
methodology'*®. Hodrick (1987), Baffes (1994), Engel (1996) and others emphasize on
the invalid properties of this test. As a consequence, the empirical tool for testing this
hypothesis in developing markets is still missing.

The present chapter proposes an alternative way of testing Foreign Exchange Market

Efficiency Hypothesis for developing countries. This methodology is based on the

7 He uses an error correction model to examine the predictability of future excess returns via the lagged
disequilibrium error term. This test entails a two-step procedure. Firstly, evidence of cointegrating vectors
between the spot rate and the vector of fundamentals implies that exchange rate movements can be
explained by the relevant fundamentals. But, the estimation of the error correction model shows that
exchange rate returns are predictable by the fundamentals. Therefore, the efficiency hypothesis is rejected.

1% He assumes that FOREX efficiency requires that two spot rates cannot be cointegrated.
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Behavioural Equilibrium Exchange Rate (Clark & MacDonald, 1998). The FOREX
market will be efficient if fully reflects all available information. If this holds, the actual
exchange rate will not deviate significantly from its equilibrium rate. The proposed
methodology concentrates on the statistical properties of the misalignment rate.
Considering a Logistic Smooth Transition Autoregressive (LSTAR) model we test
whether a nonlinear STAR model or a linear autoregressive model should be estimated.
This test is applied to three Central & Eastern European Countries — members of the EU.
In each case, we examine exchange rates per euro to find whether these rates imply
efficient foreign exchange markets. The contribution of this study is twofold. Firstly, we
find whether those countries’ currencies are misaligned against euro. This is important
information regarding their prospective membership of EMU. Secondly, this study
provides an appropriate framework of examining FOREX market efficiency when a
developing country is the case. To our knowledge of literature, this is the first time the
concept of equilibrium exchange rate (BEER) is applied to characterize a foreign
exchange market as efficient or inefficient.'”

The model and the proposed test are described in the following section. Section 9.2
describes the dataset and section 9.3 presents our estimation. Section 9.4 summarizes and

discusses the policy implications of this analysis by stressing the strong connection

among equilibrium rates, market efficiency and currency crises.

9 A similar study is this of Aron (1997). However, our approach differs significantly from this. Our test

does not require unpredictable exchange rates.
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9.1. Theoretical Framework

9.1.1 The Model

Although the BEER approach does not rely on any theoretical model, here we apply a
modification of the monetary model of exchange rate determination. Consider the
Monetary model of exchange rate determination (Frenkel, 1976, Kouri, 1976 and Mussa,
1976 & 1979), in which prices are flexible and PPP & UIP conditions hold all the time.
Assuming that agents form rational expectations, the monetary model can be expressed

by equation (3.11):'*

1o 1Y . .
€ =" PR Ez[(mz+i _mt+i)_¢(yt+i _yt+i)] (3.11)
I+ u T\ 1+ p

Expression (3.11) implies that the exchange rate is forward looking and responds
today to new information about future values of money stock and output. In other words,
current values of exchange rates contain expectations for future values of the
fundamentals. If the foreign exchange market is efficient, current spot rates reflect all
available information for current and future values. So, a misaligned spot rate may exist
because of new or unexploited information. In that case, the foreign exchange market is
inefficient.

Therefore, assuming that the BEER is estimated based on the fundamentals of the

141

monetary model (including the inflation rate) ™, if the current spot rate deviates

19 To find more about how this equation is derived, see chapter 3.

! Here, we employ a modification of the monetary model. According to this model, the nominal exchange
rate depends on the relative money supply, the relative output, and the interest rate differential. Applying
the UIP condition and the PPP hypothesis, the exchange rate equation is expressed by equation (3.9). Now,

assuming that agents have perfect foresight, we derive an equation similar to (9.1).
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significantly from its equilibrium rate, the foreign exchange market does not incorporate
efficiently all available information. As a consequence, the market cannot be efficient.

Let now discuss the way the Behavioural Equilibrium Exchange Rate (Clark &
MacDonald, 1998) is estimated. Focused on the above fundamentals, the long run
exchange rate is estimated by the following equation:

e, = (m,—m*)=¢(y, =y, ")+ (7, — 7,*) 9.1
where e = nominal exchange rate, m = money supply, y = output, n = inflation rate. The
expected sign of the fundamentals is given by the corresponding signs in equation (9.1).
Namely, a relatively higher increase in domestic money supply is expected to increase the
exchange rate (i.e. to depreciate the domestic currency).'*? The same holds for the
inflation rate differential. On the other hand, a relatively higher increase in domestic
output is expected to appreciate the domestic currency.'*’

The estimated rate, implied by equation (9.1), corresponds to the long run exchange
rate but not to the equilibrium rate. This rate will be estimated by capturing the
sustainable values of the independent variables. Then, these values are included in
equation (9.1), which has the following form:

BEER, = (m, —m*) = ¢(y, = y,*) + u(7, = 70,*) (9.2)

Comparing this rate with the actual exchange rate we find how the latter deviates

from the former. In other words, this yields the misalignment rate, which shows whether

"2 The increased money stock increases the domestic price level. This makes domestic goods less
competitive than the foreign ones. Thus, demand for domestic goods decreases and this of foreign goods
increases. As a result, the domestic currency depreciates.

'3 This will increase the demand for money and given the money supply constant, there is excess demand
for the domestic money stock. The money market equilibrium will be restored if people reduce their

expenditure on consumption. Domestic prices fall and through PPP the exchange rate decreases.
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the exchange rate is overvalued or undervalued. According to the specification of the
monetary model, an increase in the exchange rate means depreciation of the domestic
currency. Thus, if e > beer, the domestic currency is undervalued. In contrast, if e < beer,

the domestic currency is overvalued.

9.1.2. Foreign Exchange Market Efficiency

In terms of foreign exchange market efficiency, the misalignment rate should not be
significantly high. This requirement is sensible since a high misalignment rate implies
that the actual exchange rate is not in line with the fundamentals. However, this is not
sufficient. What we actually mean by “high misalignment”? Is this 5%, 10% or higher?
Thus, we need a more specific criterion. This comes by the statistical analysis of the
misalignment rate. More specifically, we need to know about the stationary nature of the
misalignment rate. If this is non-stationary [i.e. I(1)], it implies that past values can
predict future values. When a series follows a random walk, previous shocks can have a
continuous impact on the current values of the series. As a consequence, the
misalignment rate contains unexploited information, which can be used for unusual
profits. In other words, the available information is not efficiently exploited. In that case,
the foreign exchange market is not efficient.

In contrast, an efficient foreign exchange market requires the misalignment rate to be
stationary, i.e. 1(0). This means that it contains no information. The BEER incorporates
all the available information. Thus, the actual exchange rate is in line with the
fundamentals. Under this circumstance, the foreign exchange market is efficient because

it efficiently exploits all the available information. In other words, the stationary nature of
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the misalignment implies that the spot rate deviates from its equilibrium rate by only
transitory components (i.e. it follows a white noise process). Under this circumstance the
misalignment is mean reverting, indicating an equilibrium process.

The actual exchange rate may deviate from its equilibrium rate either because
fundamentals are away from their sustainable values or because the foreign exchange
market is not properly working. What make macroeconomic fundamentals to move away
from their equilibrium values may be transaction costs, government intervention and
inefficient exploitation of the available information. MacDonald (1988) mentions some
of the reasons of foreign exchange market inefficiency. For instance, transaction costs,
government intervention and incomplete information are some of those. As a
consequence, the concepts of equilibrium and efficiency are very closely related.

Obviously, the exchange rate should not be highly volatile. Exchange rate fluctuation
is directly related with exchange rate misalignment. The latter is the core of future
exchange rate fluctuation. If significant misalignments persist, the behaviour of the
exchange rate is expected to be unstable in its attempt to find its equilibrium rate. On the
other hand, an observed exchange rate close to its equilibrium implies that we do not
expect high fluctuations in the future, excluding unanticipated shocks. Therefore, foreign
exchange market efficiency requires a stable and not misaligned spot rate.

Since our main concern is foreign exchange market efficiency, we need to know
whether the spot rate moves self-directed towards equilibrium or instead it is driven by
government interventions. To capture this we employ official exchange rates as well as
cross exchange rates. The latter is this exchange rate if any intervention is absent. In other

words, triangular arbitrage is held perfectly. If the cross and the official rates are
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identical, the official spot rate is determined under no intervention. In contrast, if the
official spot rate deviates significantly from the cross exchange rate, we imply that the
monetary authorities intervene in the foreign exchange market to correct the
disequilibrium. Strictly speaking, interventions are not consistent with efficiency.
However, an intervention can drive the exchange rate closer to equilibrium. In other
words, it may help the foreign exchange market to work efficiently. But, this may be
misleading because any presence of intervention is evidence that the FOREX market
cannot efficiently exploit all the available information.

Moreover, the presence of structural breaks is very common in the case of developing
countries. Changes in the monetary policy, exchange rate regime-switching and other
structural reforms in these economies can affect exchange rate movements and as a
consequence can interrupt the mean-reverting process of the misalignment rate. This
implies that by taking into account these developments we may find a mean reverting -
but interrupted for a short period — process. Therefore, if by excluding any break we
reject the mean reverting process and by allowing the presence of a break we find that the
misalignment follows a white noise process, the FOREX market is said to be “quasi-
efficient”. By this term we mean that a shock can cause market inefficiency only
temporarily. While the mean reverting process is interrupted, this process is continued
after a short period. Finally, we examine whether the exchange rate misalignment is

characterized by a nonlinear mean reverting process. In line with recent empirical
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findings'*, we test whether a linear autoregressive model or a nonlinear STAR model

should be estimated.

9.2. Data Description
The data set, collected mainly from IFS CD-ROM (2006), consists of monthly

observations on exchange rates, inflation rates, money supply and output, from 1999:1 to
2006:2, for Czech Republic, Slovak Republic, Poland and euro area.

Nominal exchange rates (e) stand for bilateral exchange rates per euro. In each case
we employ two different types of exchange rates. Official exchange rates per euro are
taken from those countries’ Central Bank databases. The other type of exchange rates
corresponds to cross exchange rates. They are computed through US dollar exchange
rates assuming perfect triangular arbitrage. For instance, the Polish zloty/euro exchange
rate is estimated using the Polish zloty/US dollar and euro/US dollar exchange rates. An
increase in both types of exchange rates implies depreciation of the national currency
against euro.

Figure 9.1: Polish zloty/euro
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% To find more about nonlinear models and their application on exchange rates, see chapter 2 (section

2.1.4.), which reviews the empirical literature on relevant nonlinear models.
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Figure 9.2: Slovak crown/euro
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Figure 9.3: Czech crown/euro
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The above graphs plot official against cross exchange rates (both in natural
logarithms). These rates are identical for the case of Polish zloty per euro, while they are
almost equal for the Slovak crown/euro. This implies that spot rates against euro are
determined under no (or at least little) intervention in the foreign exchange market. In
contrast, the official Czech crown/euro differs significantly from the corresponding cross
exchange rate. The former is less volatile, which may be attributed to government

interventions in the foreign exchange market.
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Money supply (m) corresponds to change in money supply and it is presented as a
percentage. Similarly, inflation rate (m) is based on the Consumer Price Index. Euro
area’s inflation rate is computed as the average of the CPI-inflation rates of Germany,
France, Italy and Spain. Finally, output variable (y) is represented by industrial
production. Likewise, euro area’s industrial production is the average of the
corresponding values of Germany, France, Italy and Spain. All variables, apart from

money supply and inflation rate, are presented in natural logarithms.

9.3. Empirical Analysis

9.3.1 Behavioural Equilibrium Exchange Rate

Estimation procedure is performed by the Johansen cointegration technique
(Johansen, 1988). Under this framework, the fundamentals and the exchange rate must
form a long-run linear combination. We start by regressing VAR models'* in levels to
select the appropriate lag length by the Akaike Information Criterion (AIC). Next,
including the implied number of lags, we estimate the corresponding VAR models in first
differences and we check their robustness by testing their parameters constancy. The next
table tests whether the VAR-residuals are normally distributed, homoskedastic and

serially uncorrelated. Values presented first are test statistics, while values in parentheses

are probabilities of accepting the null.

' Given that the official Czech crown/euro is different from the cross exchange rate, we have to regress
two VAR models for the case of Czech crown per euro exchange rate. For the rest of the examined

exchange rates, only one VAR model is estimated because cross and official exchange rates coincide.
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Table 9.1: Diagnostics

Model / Null Hypothesis | Lags | No autocorrelation | Homoskedasticity | Normality
Poland/euro 9 9.42 (0.39) 327.6 (0.61) 58.26 (0)
Czech/euro (official) 5 6.13 (0.72) 180.42 (0.71) 40.47 (0.02)
Czech/euro (cross) 5 7.87 (0.54) 116.7 (0.01) 101.4 (0)
Slovak/euro 8 24.4 (0.08) 663.7 (0.45) 113.6 (0)

The no-autocorrelation hypothesis is a Lagrange Multiplier test, while White’s
heteroskedasticity and Jarque-Bera (normality) test statistics follow the Chi-square
distribution. There is strong evidence that errors are not serially correlated. Similarly, the
evidence is strong against heteroskedasticity, apart from Czech/euro (cross) model, in
which there is weaker evidence. In contrast, normality can be accepted only in the
Czech/euro (official) model at the 1% significance level. However, this is not going to
violate our estimation output. Since our data set is quite large (more than 80
observations), the errors are asymptotically normal (Central Limit Theorem). In overall,
diagnostics imply that the corresponding VEC models do not suffer from any
misspecification problem. Thus, robustness of our estimation is confirmed.

The acceptance of at least one cointegrating vector establishes a valid long run
relationship between the exchange rate and the vector of fundamentals. In other words,
this evidence implies that exchange rate movements are explained by the monetary
fundamentals. Cointegration tests are presented in table 2. The second column of the
table shows the variables included in the vector of fundamentals. At a first stage we
include all variables in the vector. However, weak exogeneity is not accepted in some

cascs.
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Table 9.2: Cointegration test — Weak Exogeneity test

Model Variables | Cointegration | Number of C.V. | Weak Exog. test:
Sub-model Trace Max LR statistic
Eig.
Poland/euro S, m, y, T ond 1 0 ok
Czech/euro (cross) |s,m,y, n P 2 1 13.52 (0.003)
Czech/euro (offic) |s,m,y,n 2 1 0 *x
Slovak/euro s, m, y, T 2 1 1 1.42 (0.69)

** means that convergence is not achieved

This may mean that some variables are endogenous to the exchange rate equation. To

avoid this, we exclude those variables for the VECMs. So, given the results on Table 9.3,

industrial production and money supply differentials are found to be endogenous to the

Poland/euro and Czech/euro, respectively. Only by accepting the weak exogeneity

restriction, the implied cointegrating relationship is valid. This means that movements

towards equilibrium are due to exchange rate correction movements.

Table 9.3: Updated Cointegration test — Weak Exogeneity test

Model Variables | Cointegration | Number of C.V. | Weak Exog. test:
Sub-model Trace Max LR statistic
Eig.
Poland/euro s, m, T 2 1 0 4.69 (0.09)
Czech/euro (cross) |s,y,n P 1 1 8.68 (0.01)
Czech/euro (offic) |s,y,n ond 1 0 1.04 (0.59)
Slovak/euro s, m, y, T 2 1 1 1.42 (0.69)

Table 9.3 presents two cointegration test statistics, the trace and the max-eigenvalue.

While the latter finds no evidence of cointegration in the Poland/euro model, the former

finds evidence of a unique cointegrating vector in each model. Hence, based on trace

statistic, the fundamentals can explain exchange rate fluctuations. Furthermore, the
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acceptance of the weak exogeneity assumption validates the implied cointegrating
relationships.

The estimated coefficients are presented in table 9.4. Values on the second column of
the table correspond to the estimated adjustment coefficients. Since they are all
statistically significant, these values show the speed of adjustment. For instance,
misalignments are reduced by 12% in a month for the Poland/euro exchange rate.
Similarly, the cross and the official Czech/euro exchange rates move closer to
equilibrium - in a month - by about 25% and 8%, respectively. Stronger convergence to
equilibrium is observed in the Slovak/euro case. In this case, deviations from equilibrium

damp out by 64% during a month.

Table 9.4: Adjustment Coefficient - Estimated Coefficients

Model Alpha constant m-m* y-y* n-m*
(s.e.) (s.e.) (s.e.) (s.e.) (s.e.)
Poland/euro -0.12 1.31 0.02 | - 0.004
(0.03) (0.05) (0.007) (0.007)
Czech/euro -0.25 3.61 | - -1.36 0.02
(0.05) (0.02) (0.13) (0.01)

(cross)
Czech/euro -0.08 3.57 | e -0.78 -0.05
0.02 0.03 0.17 0.01
(official) (0.02) (0.03) (0.17) (0.01)
Slovak/euro -0.64 3.81 -0.0003 -0.32 -0.006
(0.13) (0.01) (0.0003) (0.05) (0.001)

The inflation rate differential (Poland/euro) and the money supply differential
(Slovak/euro) are statistically insignificant. Therefore, they should be excluded from the
foregoing analysis. When it comes to the sign of the estimated coefficients, money supply
and output differentials are as expected. According to the monetary model of exchange
rate determination, a higher increase in the domestic money supply depreciates the

domestic currency. This is in line with the positive sign, shown in Poland/euro exchange
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rate equation. Moreover, if the domestic country grows more than the foreign one, then
we expect the domestic currency to appreciate. In our case, the negative sign of the
industrial production differential is consistent with the above statement. However, the
evidence is not clear for the inflation rate differential. This is correctly signed in the
Poland/euro and Czech/euro (cross) models, while it has the opposite sign in the (official)
Czech/euro and Slovak/euro models. A higher domestic inflation rate makes domestic
goods less competitive than the foreign ones. Thus, demand for domestic goods decreases

and this of foreign goods increases. As a result, the domestic currency depreciates.

Polish zloty per euro Equilibrium Exchange Rate

The long run exchange rate equation, excluding any insignificant variables, is

presented by the following equation:
lrer =1.31+0.02(m — m*) (9.3)

This rate corresponds to the current equilibrium exchange rate, while the deviation of this
rate from the actual exchange rate stands for the current misalignment rate. However,
what exactly matters is total misalignment. This is estimated only by estimating the
behavioural equilibrium exchange rate. In this case, we get the smoothed value of the
money supply differential by the Hodrick-Prescott (1997) filter. Next, we replace, in
equation (9.3), its actual value by the smoothed one to get the BEER. This is shown in the

following figure, plotted with the actual exchange rate.
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Figure 9.4: Polish zloty/euro
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The left hand-side of the graph illustrates the above relationship, while the right hand-
side shows the total misalignment rate. If the actual rate is higher than the BEER, the
domestic currency is undervalued. This corresponds to positive misalignment values. In
contrast, if the actual exchange rate is lower than the estimated BEER, the national
currency is said to be overvalued. This is shown by negative misalignment values.

The evidence shows that the exchange rate is misaligned through time. There are two
undervaluation eras and a unique overvaluation period for the Polish zloty. On average,
the actual exchange rate deviates by about 4%. The highest misalignment rate
(overvaluation by 10%) is observed in June 2001. At the end of the estimated period
(December 2005), the Polish zloty was undervalued by 3%.

The observed exchange rate follows a downward path from 1999 to 2002, implying
an appreciation trend for the Polish zloty. In contrast, the period 2002-2004 corresponds
to a significant devaluation of the Polish zloty against euro. Specifically, during this
period, the Polish currency depreciated by 19% against euro. This may be attributed to
the failure of matching the inflation and interest rate targets. For the period 1999-2003,
the inflation target was set to a rate less than 4%. However, in 2000 this target was re-set

to 5.4%-6.8%. In 2001, the inflation target was 6%-8%, but it was not fulfilled because of
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supply shocks. During the estimated period, the long-term interest rate was decreasing
but slightly above the reference rate. It is worth notable that during this period, the
depreciation trend was consistent with the estimated BEER. In other words, the BEER
was increasing as well. However, the fluctuation was smoother and the devaluation
period was shorter. On the other hand, the BEER implied even higher exchange rate. This
means that the Polish zloty was overvalued.

The BEER follows a downward path from 2003, while the actual exchange rate starts
decreasing from 2004. Namely, the appreciation trend of the Polish zloty has been
delayed by a year. Furthermore, BEER implies that during the period 2003-2005 the
Polish zloty was undervalued. The zloty’s appreciation trend is the outcome of a tight

monetary policy, applied by the Polish monetary authorities.

Czech Crown per euro Equilibrium Exchange Rate
The current equilibrium of the cross exchange rate is given by the following equation:
lrer =3.61-1.36(y— y*)+0.02(r — 7*) (9.4)
Similarly, the current equilibrium of the official exchange rate is given by equation (9.5):
lrer =3.57-0.78(y — y*)—0.05(7r — 7*) 9.5)
Then, by applying the modified Hodrick-Prescott filter, we estimate the sustainable
values of the fundamentals. The smoothed values substitute their actual values, in
equations (9.4) and (9.5), to get the Behavioural Equilibrium Exchange Rate. By
subtracting this rate from the actual exchange rate, we derive the total misalignment rate.

These rates are shown below:

270



Figure 9.5: Cross Czech crown/euro
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Starting with the cross exchange rate, Czech crown was mainly undervalued against euro.
However, the beginning of the estimated period is an overvaluation period, which lasts
until 2000. The highest misalignment rate (overvaluation by 6%) is observed in January
1999. On average, the exchange rate is misaligned by 2%, while at the end of the

estimated period the Czech crown was undervalued against euro by 3%.

Figure 9.6: Official Czech crown/euro
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Now turning to the official exchange rate we can see from figure 9.6 that BEER

implies a lower exchange rate. Namely, there is evidence that the Czech crown was

mainly undervalued, except a single overvaluation period during 2002. In overall, this is
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not contradictory to the above implication (based on cross exchange rate analysis). But,
as exchange rates are different, equilibrium exchange rates are different as well. As a
consequence, the implied misalignment rates are not equal. This is shown in the
following figure:

Figure 9.7: Comparing the Misalignment Rates
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Specifically, the misalignment rate based on cross exchange rate is more volatile and
higher than the other one. When overvaluation is the case the highest (cross)
misalignment rate is 6.5%, while the corresponding (official) misalignment rate is 2%. In
the case of undervaluation, the cross and official misalignment rates mention
undervaluation by 4% and 3%, respectively. However, on average the two misalignment
rates are equal (about 2%). All these imply that foreign exchange interventions have
driven the exchange rate closer to equilibrium.

In 1997 Czech Republic abandoned the fixed peg exchange rate regime. Since then,
the Czech crown is determined under a managed floating exchange rate regime. This
means that although the currency can fluctuate, the Central Bank retains the right of
intervention in the foreign exchange market. In most of the estimated period the Czech

crown appreciates against euro. This is a natural consequence of the evolutionary process
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of the Czech economy. In 2004, the Czech economy grew by 4% - the same rate as in
2003 — which was higher than the average GDP growth rate of the former EU members.
The appreciation trend of the Czech crown is in line with the macroeconomic
developments. In other words, the BEER — estimated by the macroeconomic
fundamentals — establishes the appreciation of the Czech currency. Thus, this can be

46 The Czech inflation rate follows a

characterized as an equilibrium movement.
downward path. In 1997 the inflation rate was 8%, while in 2004 prices were higher by
only 1.8% - compared to 2003 — which was lower than the reference rate (2.4%). The
lower inflation rate and in general the increased credibility of the national monetary
system, helped the long term interest rate to follow a decreasing trend as well. During the
period 2003-2004, the Czech interest rate was 4.7%, lower than the reference rate (6.4%).

In terms of its fiscal discipline, the government deficit as a ratio of GDP was 12.6%
in 2003. Specifically, this rate has been increased by 5.8% relative to the previous year’s
rate. In contrast, public debt as a ratio of GDP was 37.8% in 2003 (i.e. lower than 60%).
However, this rate was increased by 9% compared to 2002. These developments may

explain the depreciation of the Czech crown against euro during 2003 (cross) and for the

period 2002-2004 (official).

¢ Though, the depreciation of the cross and official Czech crown during 2003 and 2002-2004,
respectively, was not in line with the BEER. In other words, the fundamentals included in the BEER
equation do not dictate this movement. This can be explained by other macroeconomic conditions, shown

in few lines below.
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Slovak Crown per euro Equilibrium Exchange Rate

Similarly, the long run exchange rate equation is given by:
lrer =3.81-0.32(y — y*)—0.006(7 — 7*) (9.6)

Then, we estimate the sustainable values of the output and inflation rate differentials,
applying the modified H-P filter. The actual values of the fundamentals are substituted by
their smoothed series. As a consequence, equation (9.6) becomes the Behavioural
Equilibrium Exchange Rate equation. Total misalignment is the difference of the actual

exchange rate from the estimated BEER. These rates are shown in the following figure.

Figure 9.8: Slovak crown/euro
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The actual exchange rate fluctuates around BEER, indicating small in duration and value
misalignment rates. Namely, the Slovak crown was both slightly overvalued and
undervalued against euro. On average, the exchange rate is misaligned by less than 1%
(0.7%). The highest misalignment rate is observed at the end of the estimated period.
While the BEER implies a stable exchange rate, the domestic currency follows an
appreciation trend. This yields the overvaluation of the Slovak crown by 2% (December

2005).
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The estimated period can be decomposed into two periods. The first one starts in
1999 and ends in 2004, while the other starts in 2004 and lasts until the end of the
estimation period. The former period corresponds to a small and controlled appreciation
trend for the Slovak Crown, while during the latter period the Slovak currency
appreciates rapidly. The appreciation trend - during the first period - is consistent with the
fundamentals, since the BEER follows the same trend. After a year of the creation of the
Slovak Republic (1993) GDP increased by 4.3%, while at the same time inflation rate
decreased from 20% to 12%. In 2003, the Slovak economy grows by 4.5% and in 2004
grows by 5.5%. When it comes to the inflation rate, this was 5,9% in December 2004,
lower by 3.4% compared to 2003. This is still higher than the reference rate, but it
follows a declining trend.

On the other hand, the long-term interest rate is lower than the reference rate.
Similarly, Slovak Republic has a well-specified public finance position, since the public
debt criterion is already fulfilled and the government deficit criterion is expected to be
fulfilled by 2007. A question arises is why the exchange rate falls rapidly after 2004. This
movement is not dictated by the fundamentals, since in the second period the BEER
implies a stable exchange rate. The true reason is the exchange rate regime switch. The
Slovak crown is determined under a floating exchange rate regime since 2004. However,
the National Bank of Slovakia retains the right of intervention in the foreign exchange
market to manage exchange rate fluctuations. This means that although the BEER was
able to capture all the previous positive facts of the Slovak economy, these facts seem to
be discounted by delay (retroaction) during the free float era or at least they create

favorable expectations for the Slovak economy.
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9.3.2. Foreign Exchange Market Efficiency

As mentioned earlier, the efficiency market hypothesis is tested through examining
the stationary nature of the misalignment series. Here we relax the linearity hypothesis
and we test whether the misalignment exhibits a nonlinear behaviour. This test is pivotal
for the validity of our analysis. If a series follows a nonlinear adjustment, the
autoregressive parameter will be biased upward and the unit root test will be biased
against rejecting nonstationarity. Next, we present an LSTAR model and we examine

whether this or a linear autoregressive model should be estimated.

Testing Linearity Hypothesis
Following Terasvirta (1994) we consider a Logistic Smooth Transition

Autoregressive (LSTAR) model of order / for the misalignment series (& )17

E =@+ oW, +(@y + o) [(I+expi—y (&, —c)}) " =05]+u, (9.7

u, ~ NID(0,0,)
(pj:((pjlo """ 7(pjk)_laj:132

W, =(E e &)
y >0

The term (1 +exXp {—}/ (gz,_d - C)})_1 stands for the transition function while d is the

delay parameter, which presents the possibility that the FOREX market will react to
deviations from equilibrium with a delay. The parameter y determines the speed of the

transition process between the upper and the bottom regimes. The process becomes linear

7 Actually, Terasvirta (1994) considers a Logistic Smooth Transition (LSTAR) model as well as an
Exponential Smooth Transition (ESTAR) model and proposes a test procedure to choose between those

models.
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when the transition function is equal to zero. That means that linearity is confirmed if the
null hypothesis Hp: y = 0 is accepted against the alternative H;: y > 0. Expression (9.7)

can be estimated only under the alternative hypothesis because the parameters ¢, ¢,, and

@, can take any value. The Lagrange Multiplier test statistic has an asymptotic Chi-
square distribution under the null, but the distribution is dependent on ¢ . Davies (1977)

suggests an alternative LM test statistic, which has an unknown distribution under the
null. Furthermore, in order to avoid any lack of power of the proposed LM test statistic,
Luukkonen et al (1988) replace the transition function in equation (9.7) with its third-
order Taylor approximation. Terasvirta (1994) tests linearity against LSTAR or ESTAR

by estimating the following expression:
! ! ! ) ! s
& =Pt Zﬂoj'é—j + Z ﬁljfz—jé:t—d + Zﬂz;‘égt—jé:t—d + Z ﬂ3j§t—jé:t—d +u, (9.3)
Jj=1 Jj=1 j=1 j=1

The null hypothesis of linearity is tested by H,: 05, =f,,=p;,=0,j=1,....1,

against the alternative that the null is not valid. Here we perform an F test as an
approximation of the LM test. This approach has been undertaken by Michael et al
(1997) in order to increase the power of the test. Harvey (1990) shows that when the lag
length is large and the number of observations is small, the LM test suffers from low
power. Terasvirta (1994) argues than in those cases LM-type tests should be avoided.

The estimation procedure begins with selecting the appropriate length of the
autoregression of the misalignment series. This information is derived based on the
Akaike Information Criterion (AIC) which suggests 5 lags for the Slovak misalignment, 4
lags for the cross exchange rate — based Czech misalignment, 1 lag for the official

exchange rate — based Czech misalignment and 2 lags for the Polish misalignment. Once

277



the order of the autoregression process has been identified, the null hypothesis of linearity
is tested for different values of the delay parameter. Tsay (1989) determines the
parameter d, which corresponds to the lowest p-value of the linearity test. Hence, we
allow d to take values between 1 and 4 and we select this value of d such that the p-value
of the F-type linearity test is minimized. The test is performed in RATS econometric

software package using Doan’s procedure.

Table 9.5: Linearity Test

Misalignment / d F-statistic Probability
Slovak 5 3 0.98 0.47
Czech(cross) 4 1 1.85 0.06
Czech(official) 1 2 2.11 0.10
Polish 2 2 2.06 0.07

The results imply that the linearity hypothesis is strongly accepted for the Slovak and
Czech (official-based) misalignment rates, while the Polish and the Czech (cross-based)
misalignment series follow a linear autoregressive process at 5% significance level. Since
these series do not exhibit any nonlinear behaviour we should not estimate an LSTAR
model. Instead, we can get valid implications based on linear unit root tests such as the

Augmented Dickey-Fuller test.

Linear Unit Root Tests

Given that different tests may provide different results, we employ three alternative
procedures to test for misalignment stationarity. To confirm robustness we perform two

tests in which the null states that the series is non-stationary (ADF, PP) and a test with the
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opposite null hypothesis (KPSS). The results are shown in table 9.6, while table 9.7

summarizes these results at 5% and 10% significance level.

Table 9.6: ADF., PP & KPSS Unit Root Tests

Misalignment Augmented Dickey-Fuller Phillips-Perron KPSS
Exogenous Exogenous Exogenous
Statistic Statistic
Term Term Term LM Statistic
(probability) (probability)
(lags) (bandwidth) (bandwidth)
Poland/euro (levels) none (1) -2.06 (0.03) none (3) -1.75 (0.07) constant (6) 0.24%**
Poland/euro (1% dif) none (0) -7.77 (0.00) none (7) -7.76 (0.00) e e
(cross) Czech/euro
none (0) -2.60 (0.00) none (2) -2.60 (0.00) constant (6) 0.39%*
(levels)
(official) Czech/euro
none (0) -0.74 (0.39) none (4) -0.75 (0.38) constant (6) 0.23%**
(levels)
(official) Czech/euro (1%
) none (0)  -10.07 (0.0) none (4) -10.00 (0.00)  —mememem e
dif)
Slovak/euro (levels) none (4) -0.73 (0.39) none (2) -1.55(0.11) n & t(6) 0.229
Slovak/euro (1% dif) none (4) -5.54 (0.00) none (1) -8.27 (0.00) constant (0) 0.156%**

Notes:

1. The null under the ADF and the PP tests assume that the series is not stationary.
The null under the KPSS test assumes that the series is stationary.

i

Table 9.7: Unit Root Tests

MacKinnon (1996) one-sided p-values are shown in parentheses.
* means acceptance of the null at 1% significance level.

** means acceptance of the null at 5% significance level.

*** means acceptance of the null at 10% significance level.

Misalignment ADF PP KPSS
Poland/euro 1(0) I(1) 1(0)
1(0) 1(0) 1(0)
Czech/euro (cross) I(0) 1(0) I(1)
1(0) 1(0) 1(0)
Czech/euro (official) I(1) I(1) 1(0)
I(1) I(1) 1(0)
Slovak/euro I(1) I(1) I(1)
I(1) I(1) I(1)

first row: 5% significance level
second row: 10% significance level

27
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Although at 5% significance level the three tests do not provide identical results, the
evidence is clearer at 10% significance level. So, the misalignment in the Poland/euro
model is covariance stationary, i.e. 1(0), while the exchange rate misalignment of the
Slovak/euro model is non-stationary, i.e. I(1). These results imply that the former
misalignment is mean reverting but the latter follows a random walk. As a consequence,
the Slovak/euro FOREX market is not efficient because the misalignment contains
information, not relevant with the estimated equilibrium exchange rate. On the other
hand, the Poland/euro FOREX market can be characterized as efficient because the
misalignment contains no information useful for predicting its future value. As a result,
all available information is relevant with the estimated BEER. In other words, the market
exploits efficiently all the available information.

When it comes to the Czech/euro FOREX market, the results based on the official
exchange rate imply that this market is not efficient as the misalignment rate follows a
random walk. On the other hand, the analysis based on cross exchange rate implies an
efficient foreign exchange market. However, only the official exchange rate matters. As a
matter of fact, this FOREX market is inefficient because of the government intervention.
Although, these interventions help the exchange rate to move closer to the equilibrium
rate, these are also the true reason for the implied inefficiency. Speculators with perfect
foresight can predict the response of the monetary authorities. Thus, this is information,
not relevant with the macroeconomic fundamentals, which can be used by economic
agents. Recall that in the previous section we saw that the cross exchange rate implies a
higher misalignment rate than the official one does. So, we would expect inefficiency

when the cross exchange rate is the case. This finding enforces the idea that the
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magnitude of exchange rate misalignment is not the only factor that matters for FOREX
market efficiency. Another important implication is that any kind of intervention in the

foreign exchange market is contradictory to efficiency.

Unit Root Tests and Structural Breaks

Even though nonlinearities in the form of multiple thresholds have been rejected, a
single structural break may exist in the examined non-stationary misalignment series.
Under the presence of structural breaks conventional unit root tests are biased against
rejecting non-stationarity. For this reason we apply Perron’s (1997) unit root test, which
allows the presence of a single break to the misalignment process.'” In this study we
perform this test by the Colletaz & Serranito (1998) procedure for RATS. While the /-lag
length is selected by the general to specific method, the break date is selected by
minimizing the t,-statistic.

Next, we test whether the non-stationary nature of the misalignment is described by a
constant non-stationary process or by a stationary, but interrupted, process. In other
words, we test stationarity in the presence of a possible structural break. The following
table presents the results by the Perron (1997) unit root test.

Table 9.8: Unit Root Test with Structural Breaks

Misalignment Model Break

Time ! n p Y P )
Czech/euro (official) AO 2001:12 5 0.13 -0.003 0.005 0.86 -2.50
(12.73)  (-8.13) (8.53)  (16.00)
Slovak/euro AO 2003:05 3 0.008 5.15 -0.003 0.47 -5.41%*

(1.70) 0.34)  (-7.57)  (4.80)

** means rejection of the null at 5% significance level.
t-statistics in parentheses.

'8 The properties of this test have been illustrated in chapter 2.
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The specification of this test is the Additive Outlier model, which allows a change in
the slope. The date of the structural break in the two misalignment series is linked with
the rapid appreciation of the domestic currencies. In the case of the Czech/euro exchange
rate, the appreciation of the Czech crown at the end of 2001 was consistent with the
equilibrium rate but not in that magnitude. Furthermore, the appreciation of the Slovak
crown in 2003 was not consistent with the macroeconomic fundamentals, since the BEER
implies a stable exchange rate. When it comes to the unit root test, the Czech/euro
misalignment is still non-stationary even by allowing the presence of the break. In
contrast, the Slovak/euro misalignment is found to be stationary when the break is
considered. These findings imply that the Czech/euro (official) FOREX market is not

efficient, while the Slovak/euro market is “quasi-efficient”.

9.4. Concluding Remarks

The Forward Rate Unbiasedness Hypothesis (FRUH), as an instrument of testing
foreign exchange market efficiency, is appropriate only when developed countries are
examined. Even if forward markets in developing countries exist, forward rates may be
highly regulated by governments. This is because many developing countries have not
well developed and independent from the government financial systems. As a matter of
fact, we cannot rely on forward rates in order to make valid implications on FOREX
market efficiency. Here we propose a test procedure based on equilibrium exchange rates,
i.e. Behavioural Equilibrium Exchange Rate (BEER). An efficient FOREX market

requires the exchange rate (spot rate) not to be highly unstable and misaligned and to
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deviate from its equilibrium rate by only transitory components. The statistical sense of
this final requirement is that the misalignment should follow a white noise process.

Based on BEER analysis, on average the Polish zloty/euro exchange rate is away
from its equilibrium rate by 4%, the Czech crown/euro exchange rate deviates by 2%,
while the Slovak crown/euro exchange rate is misaligned by less than 1%. These
estimates provide positive implications regarding the low misalignment condition.
However, the magnitude of the misalignment cannot be alone a useful tool. According to
the proposed methodology, the misalignment should be characterized by a stationary
mean reverting process. Considering an LSTAR model we find no evidence of nonlinear
adjustment in the examined series. So, linear unit root tests imply that the Poland/euro
FOREX market is efficient; the Czech/euro FOREX market'® s not, while the
Slovak/euro FOREX market is quasi-efficient. This implies that a stationary process,
interrupted by a structural break, characterizes the latter misalignment.

A question arises is whether the monetary authorities should respond to the
inefficiency of the foreign exchange market. In other words, what are the policy
implications of this analysis? Should the Central Bank leave the market alone to be
driven to equilibrium by its own forces or it should intervene to correct any
misalignments. In terms of foreign exchange market efficiency, any government
intervention is a sign as well as a source of inefficiency. But, by intervening in the
FOREX market, the exchange rate is driven closer to its equilibrium. We saw in the case

of Czech/euro exchange rate that a lower misalignment rate (manipulated by the

91t is worth notable that the Czech/euro market is inefficient when the official exchange rate is applied. In
contrast, when the cross exchange rate is applied, the misalignment rate is stationary, which implies an

efficient FOREX market. The implication of this finding has been discussed in the previous section.
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monetary authorities) does not necessarily imply efficiency. But, what we actually desire
more, a misaligned self-driven exchange rate (consistent with efficiency) or a
manipulated equilibrium exchange rate (inconsistent with efficiency)? This is a dilemma
because a misaligned exchange rate can create a competitiveness problem (when
overvaluation is the case) or inflationary pressures (when undervaluation is the case). On
the other hand, speculators can see government interventions as evidence of inefficiency.
When a market is inefficient there is room for speculative attacks, which may lead to a
currency crisis.

It seems sensible that we cannot provide a unique answer. The response of the Central
Bank should be subject to the specific conditions of the market as well as to the nature of
the exchange rate misalignment. In other words, if the possibility of speculative attacks is
high, they should avoid any kind of intervention. But how can we figure out if a currency
crisis is possible to occur? We have to examine a number of economic conditions in the
domestic economy, such as macroeconomic fundamentals’ performance, monetary and
fiscal position, financial sector’s stability and political situation. Economic performance
is poor before crises. Moreover, there is a bi-directional relation between banking and
currency crises (Kaminsky & Reinhart, 1999). Namely, financial instability can import
problems to the foreign exchange market. Finally, political situation is an important
factor for crises. The empirical evidence shows that speculative attacks are more possible
to succeed in countries with unstable political systems (Eichengreen et al, 1996). In
addition, although fiscal situation is not directly linked with currency crises (only money-

financed deficits are sources of speculative attacks), the evidence shows that some times
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it is related with attacks. This is because governments apply expansionary fiscal policies
to reduce political cost.

This study stresses the strong linkages among equilibrium exchange rates, market
efficiency and currency crises. When it comes to the examined foreign exchange markets,
two of them are found to be efficient. This means that no government intervention is
needed. On the other hand, the Czech/euro FOREX market is found to be inefficient. The
following chapter provides a brief review on the currency crisis literature, including

implications for the examined countries.
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10. Exchange Rate Misalignment, Forex Efficiency and Currency Crises

In the presence of significant exchange rate misalignments the domestic currency is
not valued as the macroeconomic fundamentals dictate. An important issue is the
response of Central Banks in case of currency misalignments. Should they intervene in
the foreign exchange market to correct the disequilibrium or they should leave the market
to be driven towards equilibrium by its own forces? It seems sensible that we cannot
provide a unique answer. The response of the Central Bank should be subject to the
specific conditions of the market as well as to the nature of the exchange rate
misalignment.

If the exchange rate misalignment is mean reverting (i.e. stationary), the foreign
exchange market is said to be efficient since the exchange rate is misaligned only
temporarily. This means that the exchange rate is self-driven towards equilibrium. Thus,
there is no need for any action. In contrast, if the exchange rate misalignment is non-
stationary, the exchange rate follows a disequilibrium pathway. In that case the foreign
exchange market is not efficient because equilibrium cannot be restored.

Central Banks usually intervene in FOREX markets because a continual exchange
rate misalignment is costly for the domestic economy. An undervalued domestic
currency creates inflationary pressures, while overvaluation leads to loss of
competitiveness in the domestic economy. But, these interventions (open market
operations, direct operations on foreign assets, e.t.c.) are not costless. Krugman (1979)
shows that if the Central Bank prevents its currency from depreciation, at some time there
is loss of foreign exchange reserves. When appreciation is prevented, Central Bank’s

actions may increase inflation more than expected. When the authorities stop defending
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the currency, because of the above restrictions, successful speculative attacks are more

possible. This pressure can lead to a currency crisis.

10. 1. Basic Concepts

Before we move to the analysis of currency crisis models and the factors that cause a
crisis, it is useful to explain some basic concepts. According to Eichengreen et al (1996),
speculative attack is a period of extreme pressure in the foreign exchange market. In
other words, a speculative attack occurs when the speculative pressure index reaches
extreme values.'™® A speculative pressure can affect foreign exchange reserves, interest
rates and (or) exchange rates. The attack can lead either to depreciation of the domestic
currency or to extremely high interest rates as a consequence of the response of the
authorities to defend the domestic currency. But, not all speculative attacks can lead to
devaluations. Some of them are not successful and some are successfully defended by the
government.

Let now make a crucial distinction between devaluation and crisis. In general,
devaluation is caused by a speculative attack, while a crisis entails a speculative attack.
Similarly, not all crises lead to currency depreciation. Usually, attacks can lead to
devaluations when:

(1) unemployment is high

(i)  monetary policy is loose

(ii1))  inflation is high

(iv)  external accounts are weak

13 Speculative pressure is measured as a weighted average of exchange rate changes, interest rates changes

and foreign exchange reserves changes (relative to the corresponding changes for Germany).
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After depreciation:

(i)

(i1)
(iif)
(iv)

reserves flow back
current account is improved (because of reduction in private spending)
external balance is restored

monetary and fiscal policy are tight

A common fact is that monetary policy is loose before devaluations and crises. This

implies that there are warning signs of possible speculative attacks. But, Eichengreen et

al (1996) argue that currency crises are not predictable. Macroeconomic fundamentals

can give only a sign, but they cannot predict the timing of crises. Furthermore, a currency

crisis may occur even if there is no macroeconomic imbalance.

Finally, based on empirical evidence, devaluations and crises differ in the following

points:

(@)

(i)

(iii)

Monetary policy is tight before devaluation, while a crisis comes after
monetary policy relaxation.

Stock prices decrease before the depreciation because of the increased interest
rates. However, this does not happen before a currency crisis. This implies
that either market is myopic (agents do not foresee the attack) or agents do not
expect that a speculative attack can cause monetary tightening.

After devaluation, monetary policy is more restrictive in order to restore
internal and external balance. Although, after a crisis monetary policy
becomes tight, the restriction in money growth is not as high as after
devaluation. As a result, interest rates are higher after a depreciation rather

than after a crisis.
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(iv)  When macroeconomic imbalance is the source of the event, devaluation may
occur when policy corrections have to be applied. In contrast, a currency crisis

occurs when macroeconomic fundamentals are out of control.

10.2. Theoretical Models

The theoretical models of currency crises can be categorized into two major groups.
The first one includes models in which a crisis is the result of macroeconomic imbalance,
while the second category includes models that explain the currency crisis as a result of
self-fulfilling expectations.

The first group of models is based on the seminal paper of Krugman (1979). In that
model, monetary authorities keep the exchange rate fixed while they apply an
expansionary monetary policy. He shows that the crisis is a result of the investors
maximizing behaviour. They change the composition of their portfolios by selling
domestic assets for foreign assets. The monetary authorities defend the currency using the
existing foreign exchange reserves. The final step of the crisis entails a massive and
discrete loss of reserves as a result of a speculative attack. The crisis comes before the
authorities would have run out of reserves in the absence of speculation. Suppose that
under the presence of the balance of payments problem (i.e. gradual loss of reserves), the
agents do not foresee the time of abandonment of the fixed rate. Then, foreign exchange
reserves run out, the currency depreciates and agents generate loss of capital. In contrast,
if the agents can anticipate the time of the end of the fixed regime, they attack the
currency (i.e. change their portfolio preferences) before the exhaustion of reserves. Then,

a currency crisis occurs. Foreign exchange reserves are exhausted, the currency
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depreciates but speculators have avoided any capital losses. This model explains how
governments’ efforts to defend the fixed exchange rate can lead to currency crises.

A similar model in this category is that of Flood & Garber (1984). In their model the
government generates a domestic credit expansion, while it defends the fixed exchange
rate in the usual way (i.e. using the existing foreign exchange reserves). Foreign
exchange reserves are decreasing at a rate proportional to the rate of domestic credit
expansion. Suppose that the government stops defending the fixed rate when reserves
reach a predetermined lower value. Then, speculators will foresee this point and they will
deplete all reserves before that point is reached. According to that model the timing of the
crisis depends on the initial level of reserves, the minimum limit of reserves and the rate
of domestic credit expansion.

The second category of currency crisis models explains the existence of a crisis even
if there is no macroeconomic instability. This category originates from Obstfeld (1986)
model, in which a speculative attack occurs because of private sector expectations of a
loose monetary policy after the collapse of the fixed exchange rate regime. Agents expect
that monetary authorities will adopt an inflationary domestic-credit growth rule at time
the fixed exchange rate collapses. The expectations of currency devaluation force agents
to sell domestic currency because any switch to the above policy is unprofitable for any
speculator. Then, they join the attack, which exhausts foreign exchange reserves, and the
authorities switch the exchange rate regime. The domestic currency depreciates and the
expectations are fulfilled.

Another model in this category is the Ozkan & Sutherland (1995), where an

optimizing policymaker causes a switch from a fixed to a floating exchange rate regime.
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The policymaker has well-defined objective functions and the choice of the exchange rate
regime (fixed or floating) affects policymaker’s welfare function. The main variable in
this model is demand shock. Here, the policy maker’s optimizing problem is to choose
that level of demand shock at which to leave the fixed rate in order to maximize social
welfare. Thus, the collapse of the fixed exchange rate regime is not because of loss of
reserves. Instead, this is dictated by an optimizing policymaker’s incentives in response
to the existing economic conditions. An empirical application of this model is the ERM
crisis in 1992. The evidence shows large and sudden loss of reserves for UK and Italy.
This development is consistent with fundamental-based crisis models (i.e. Krugman,
1979), but we cannot argue that macroeconomic imbalance was the main source of this
crisis. On the contrary, the Ozkan & Sutherland (1995) model captures the German
unification effect on ERM. High German interest rates caused higher interest rates in the
other ERM country-members. As a result, these developments caused negative demand

shocks in the ERM members.

10.3. Twin Crises: Banking and Currency Crises

The relation between banking and currency crises is bi-directional. Some theoretical
models show that currency crises can cause banking crises, while others show that a
banking crisis precedes a currency crisis. For example, Stoker (1994) argues that an
increase in foreign interest rates, combined with a fixed exchange rate, causes loss of
reserves or extremely high short run interest rates. These developments create a lot of
problems in the domestic banking sector. Similarly, Mishkin (1996) shows that a

currency crisis (i.e. large domestic currency depreciation) deteriorates banks’ position
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because of their liabilities in foreign currencies. In other words, the Central Bank’s
incentives to defend the fixed rate create financial instability. On the other hand, Velasco
(1987) stresses the role of banking crises as a precedent of currency crises. Specifically,
he shows that an unstable financial sector creates macroeconomic instability. For
example, suppose that the banking sector generates excessive money and credit
expansion. According to the fundamental-based currency crisis models, this makes a
successful speculative attack more possible. Therefore, financial instability can lead to
macroeconomic instability and as a consequence to a currency crisis.

Kaminsky & Reinhart (1999), dealing with the existing empirical evidence, examine
whether both crises are preceded by the same macroeconomic instability. They observe
that the linkage between banking and currency crises are stronger after financial market
liberalization. Moreover, a banking crisis starts before a currency crisis occurs. But, the
peak of the banking crisis comes after the currency crisis. This means that problems in
the banking sector can help in predicting a possible currency crisis. When it comes to the
source of economic instability, both crises come after economic recession and in general
after poor performance of the macroeconomic fundamentals. Finally, they find that
economic performance (i.e. macroeconomic fundamentals) is worse when both crises are

jointly occurred compared to an isolated episode.

10.4. Implications for the examined countries (CEEC)
The empirical application in chapter 8 shows that the examined nominal effective
exchange rates are not highly misaligned. In addition, chapter 9 shows that the exchange

rates of selected currencies vis-a-vis euro do not deviate significantly from their
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equilibrium rates. These findings imply that we do not expect high instability in these
currencies. This is consistent with the exchange rate convergence criterion, which states
that their exchange rates per euro should not deviate more than +/- 15%. Even if the
exchange rate regime is a floating one, Central Banks retain the right of intervention in
the foreign exchange markets (i.e. managed floating regime). Most countries employ an
inflation targeting regime. These characteristics cannot provide a clear view about the
emergence of currency crises in the examined forex markets. However, they warn that the
possibility of speculative attacks and crises should be examined. Although, high
misalignment rates are not observed, policy objectives (i.e. controlled exchange rate
fluctuation) and governments’ intervention in forex markets may generate expectations of
a successful speculative attack when fluctuation reaches the pre-determined band (i.e. +/-
15%).

Two major issues arise here. Firstly, should Central Banks intervene in the forex
markets? Secondly, if they do so are there any signs of a prospective currency crisis?
When the exchange rate misalignment is sufficiently low and there is evidence of forex
efficiency, monetary authorities should not intervene at all, since market forces can drive
the exchange rate towards equilibrium. In contrast, if the misalignment rate is high and
the market is inefficient (according to the definition shown in chapter 9), Central Banks
may intervene under conditions. In other words, if the possibility of speculative attacks is
high, they should avoid any kind of intervention.

But how can we figure out if a currency crisis is possible to occur? According to the
theoretical currency crisis models, we have to examine a number of economic conditions

in the domestic economy, such as macroeconomic fundamentals’ performance, monetary
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and fiscal position, financial sector’s stability and political situation. We saw above that
economic performance is poor before crises. Moreover, there is a bi-directional relation
between banking and currency crises. Namely, financial instability can import problems
to the foreign exchange market. Finally, political situation is an important factor for
crises. The empirical evidence shows that speculative attacks are more possible to
succeed in countries with unstable political systems. Eichengreen et al (1996) argue that
governments avoid taking serious steps due to political cost. In addition, while fiscal
situation is not directly linked with currency crises (only money-financed deficits are
sources of speculative attacks), the evidence shows that some times it is related with
attacks. This is because governments apply expansionary fiscal policies to reduce

political cost.

10.5. Concluding Remarks

This chapter briefly reviews the literature on currency crises. A currency crisis may
occur because of unstable macroeconomic performance (i.e. monetary policy relaxation)
as well as due to self-fulfilling expectations. Moreover, a currency crisis may be preceded
by a banking sector crisis, and vice-versa. The motivation was to examine the response of
Central Banks when highly misaligned currencies are observed. When the forex market is
efficient, there is no room for any intervention. However, the answer is not
straightforward when the market is not efficient. One could say that the monetary
authorities should intervene to correct the source of inefficiency. One the other hand,
government intervention is not costless and in some cases is hazardous for the domestic

currency. Therefore, monetary authorities have to examine the recent macroeconomic
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conditions before they map out the way they will defend the domestic currency. If the
monetary policy is loose, the economic performance is poor and the political situation is
unstable, Central Banks should avoid interventions because speculators will attack the
currency.

In the previous chapter we found that the Polish zloty per euro forex market is
efficient. Thus, there is no need for any intervention in the forex market. Similar
implications are derived for the Slovak Republic case, in which inefficiency is present
only temporarily. On the contrary, the corresponding market in Czech Republic is found
to be inefficient.””' But, what the Central Bank should do? A misaligned exchange rate
can create a competitiveness problem (when overvaluation is the case) or inflationary
pressures (when undervaluation is the case). On the other hand, speculators can see
government interventions as evidence of inefficiency. When a market is inefficient there
is room for speculative attacks, which may lead to a currency crisis. Given that Czech
Republic performs successful economic and political reforms, combined with a tight
monetary policy (inflation and interest rates are decreasing over time), we can argue that
a controlled and moderate intervention will not be so dangerous for the domestic
currency. However, a more detailed examination is required, which is left for a future

study.

131 Recall that the cross-based misalignment implies market efficiency, while inefficiency is implied by the
official-based misalignment. However, the rate that actually matters is the official one because it can

captures interventions in the forex market.
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11. Conclusion

The main aim of this PhD thesis was to evaluate, paying attention to exchange rate
dynamics, the integration process of the new EU country—members towards EMU. We
showed that current exchange rate stability does not ensure future exchange rate stability.
The sustainability of low exchange rate volatility requires the nominal exchange rate not
to be highly and persistently away from its equilibrium rate.

The first part of this thesis (chapters 2 to 5) presented the theoretical and empirical
literature on exchange rate models. First, PPP hypothesis has been considered as a long
run equilibrium phenomenon. The evidence in the empirical literature is mixed.
Especially, when structural breaks and the nonlinear behaviour of the real exchange rate
are examined, PPP seems to be a valid long run relationship. Second, the empirical
validity of traditional exchange rate determination models (flexible-price and sticky-price
Monetary models, Portfolio-Balance model) is not strong enough. However, the
Dornbush model has a better empirical application.

In overall, the poor empirical application of the above models generated the
necessity to employ up-to-date exchange rate models, known as Equilibrium Exchange
Rate models. The FEER approach is a medium-run equilibrium model, consistent with
internal and external balance. The BEER and PEER approaches are short-run equilibrium
models, which rely on the direct econometric analysis of the nominal (or real) exchange
rate. The NATREX approach is a medium and long run equilibrium model, consistent
with internal, external and portfolio balance.

The NATREX approach seems to be the most appropriate model, especially for

developing countries, because it is a dynamic stock-flow equilibrium model. However, its
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quite strong assumptions and the fact that some variables cannot be easily measured and
some of them do not affect the exchange rate directly, make the direct econometric
analysis (i.e. the BEER and PEER approaches) a more feasible methodology. When it
comes to the Efficient Market Hypothesis, the majority of the empirical studies do not
support the validity of the EMH. Although in chapter 5 we presented some of the reasons
for this failure, an important argument of this thesis is that the FRUH is not appropriate
when FOREX efficiency in emerging markets is tested.

In the empirical part of this thesis, chapter 6 has shown that a multivariate
cointegration test provides stronger evidence of PPP compared to univariate unit root
tests. Although three types of exchange rates for Hungary, Poland, Czech Republic and
Slovakia have been examined, the main interest is focusing on bilateral rates vis-a-vis
euro. The results imply that trade relationships between EU and CEEC are well
developed. Furthermore, there is evidence of preliminary equilibrium exchange rate.

In chapter 7 we examined the adjustment process of real exchange rates per euro,
paying attention to the validity of PPP hypothesis and the degree of trade rigidities in
Europe. The characteristic difference from chapter 6 is that we performed both a linear
ADF test as well as a nonlinear SETAR model. Moreover, we focused on ten EMU
candidate countries and an analogous analysis on current EMU countries has been
undertaken to justify that integration in Europe is currently more mature than two
decades ago. The evidence of nonlinearities implies that the true reverting process is
given by the nonlinear SETAR model. The results imply that all real exchange rates
(candidate countries) are consistent with PPP hypothesis, while the fast reversion implies

an equilibrium process for their currencies.
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Chapter 8 explicitly examined if the currencies of Hungary, Poland, Slovakia and
Malta are significantly misaligned. The results imply that nominal effective exchange
rates do not deviate significantly from their equilibrium rates. So, we do not expect large
fluctuations in the examined currencies. In consistency with these findings, chapter 9 has
found that Czech crown, Slovak crown and Polish zloty exchange rates vis-a-vis euro are
close to their equilibrium rates. According to the definition of forex market efficiency (as
explained in chapter 9), the percentage rate of exchange rate misalignment cannot on its
own provide valid implications about forex market efficiency. So, by examining the
stationary nature of the misalignment series, we have found that the Polish zloty/euro
market is efficient, the Czech crown/euro market is not efficient, while the Slovak
crown/euro market is quasi-efficient. In line with this analysis, chapter 10 shows that in
efficient markets (Polish zloty/euro and Slovak crown/euro) Central Banks should avoid
any kind of intervention, while in inefficient markets (Czech crown/euro) interventions
may be hazardous for the domestic currency, as they can make it more vulnerable to
speculative attacks.

In overall, the empirical findings of the present PhD thesis imply that the candidate
countries follow a normal integration process towards EMU. The evidence in favour of
PPP (chapters 6 & 7) shows absence of trade frictions and signs of well-developed trade
relations between the candidate countries and the EU. Furthermore, the fast mean
reverting process of real exchange rates implies an equilibrium process for the nominal
exchange rates consistent with price movements. Nonetheless, the evidence that selected
countries’ currencies are close to their equilibrium rates imply that nominal effective

exchange rates (chapter 8) and bilateral exchange rates against euro (chapter 9) are in line
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with the sustainable values of the macroeconomic fundamentals. As a consequence, there
are no signs of expected significant exchange rate fluctuations in the future. Namely,
these findings persuade us to assert that the candidate countries, considered in this PhD
thesis, will successfully meet the exchange rate criterion and the more restrictive
condition of the sustainability of exchange rate stability (which has been introduced in
the present thesis). In consistency with our analysis, the Council of the European Union
approved Cyprus’ and Malta’s application to join the euro area on 1 January 2008.
Therefore, the prospective entry of those countries into EMU is going to be normal and it
is not expected to weaken the stability of euro.

Although this PhD thesis provides important information about exchange rate
developments in candidate countries, a number of policy issues are still open and require
further research. First, in a future study we aim to examine if the exchange rate and the
macroeconomic fundamentals form a long run relationship subject to regime switching.
Some studies fail to find evidence of cointegration between the exchange rate and the
macroeconomic fundamentals. Others, although they find evidence of cointegration, fail
to accept the theoretical restrictions. These relations may be characterized by a regime-
switching process. For example, exchange rate movements may not be explained by
fundamentals in a regime but may be well explained in the other regime. Thus, we can
test for a nonlinear behaviour and if this is the case we can estimate the equilibrium
exchange rate for the candidate countries (per euro or the effective exchange rate) by a
Markov Switching Vector Error Correction Model (MS-VECM), introduced by Krolzig

(1997).
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Furthermore, in line with chapter 9, it is interesting to examine if the exchange rate
misalignment is subject to regime switching. Specifically, we can test if this follows a 2-
state Markov process. Then, by applying a MS-ADF test we can examine:

(i) stationarity in each regime. Namely, it is possible to have stationary misalignment in
one regime and non-stationary in the other. This implies that the exchange rate moves
towards equilibrium in one regime, while in the other follows a disequilibrium
pathway. This could imply evidence of forex efficiency in one regime, even if there is
evidence of inefficiency in the whole sample.

(ii) stationarity and volatility. We can compare stationarity and volatility across regimes.
For instance, suppose that in regime 1, the misalignment is low volatile, while in
regime 2 it is highly volatile. What happens in the stationary nature of the misalignment
rate? Is there any relation between stationarity, volatility and forex market efficiency
regarding the proposed efficiency test? Since BEER is smooth, misalignment volatility
is due to exchange rate volatility. Based on this, we can link exchange rate volatility
and forex market efficiency. We should expect that efficiency is consistent with low
exchange rate volatility.

Second, we aim to define the sources of volatility of those exchange rates vis-a-vis
euro. In a future study we will allow for monetary variables, real variables, financial
variables and spillovers from an external forex market to assess the relevant importance
of each of the variables to (potential) exchange rate volatility. Thanks to this information,
policy makers are aware of the channels which transmit volatility to the exchange rate
and by applying the appropriate policy can stabilize those disturbances in order to avoid

excessive fluctuation of their exchange rates per euro (for those countries which follow a
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free floating or managed floating regime) and excessive pressure on the currency (for
those countries which have chosen to peg the exchange rate at the fixed central rate). In
addition, we can infer whether monetary-based or real-based shocks are most important
in explaining exchange rate behaviour. This information is helpful in evaluating the
applied exchange rate policy against euro (in the examined countries) until the time of
adoption of the single currency. If monetary shocks are more important then, a fixed
regime is appropriate. In contrast, if real shocks drive exchange rate developments then, a
floating exchange rate regime seems to be appropriate. We aim to find out how a
potential membership into EMU can affect the euro zone itself. We investigate whether
exchange rate volatility across countries has a common source, which can be treated by a
common monetary policy (i.e. ECB’s monetary policy). Finally, this analysis shows if the
source of exchange rate volatility across countries is compatible with a monetary union.
The theory of common currency area states that the more synchronized the business
cycles among the candidate’s country and that of EMU, the lower is the cost of
abolishing monetary policy independence and the lower is the probability of asymmetric
shocks across EMU members. Here we need to know if output differential variability (i.e.
indicating low business cycle synchronization)'** has significant spillover effects to
exchange rate volatility, opposed to the common currency area principles. The applied
econometric methodology is based on linear VAR models (Granger causality and
Variance Decomposition analysis) and GARCH models.

Third, it is interesting to examine the effect of forex interventions on the exchange
rate in levels as well as in terms of volatility. Usually Central Banks intervene in the

forex markets by open market operations, e.t.c. Recently, most of the examined countries

"2 High output differential volatility implies low income convergence.
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have adopted an inflation targeting policy, but their monetary authorities retain the right
of intervention in the foreign exchange market. In general, forex market interventions aim
to stabilize the exchange rate. However, when these are not systematic and inefficient,
exchange rate volatility can increase. Then, the currency is vulnerable to speculative
attacks and a crisis seems possible. So, we can test the effectiveness of forex market
intervention on the examined exchange rates (i) in levels, i.e. appreciation or
depreciation; (ii) in exchange rate volatility. The methodology will be based on GARCH
models. Especially, we can employ Component GARCH models in order to capture
short-run effects as well as long-run effects. This is because an intervention may reduce
only short-run volatility but not long-run volatility. This information will be useful for
policy makers. Furthermore, this is relevant with the issue of forex market efficiency
(inefficient interventions lead to inefficient markets) and as a consequence with currency
crises (inefficient interventions create space for speculative attacks).

Finally, when a currency crisis occurs it is possible that other currencies are
affected as well. In a future study, we can test how currency crises in Russia (1998),
Argentina (2001), Turkey (2000), Mexico (1995), East Asia (1997) and other crises have
affected the currencies considered in this PhD thesis. This analysis is going to let us know
which currencies have been more affected, i.e. which are the most vulnerable to
speculative attacks. Moreover, the results will show which currency crisis has affected
most the examined currencies. We would expect that the Russian crisis, due to contiguity,
is the one with the strongest effect on the examined currencies. We can examine these
interdependencies through GARCH models. Similarly, we can divide the examined

period into pre-crisis and post-crisis periods. If a currency is vulnerable to other
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currencies’ crises, then we expect volatility transmission to be stronger in the post-crisis
period. This evidence would imply signs of nonlinearities. So, it would be useful to
estimate nonlinear GARCH models, such as a Markov Switching GARCH (MS-

GARCH) model and a Smooth Transition GARCH (ST-GARCH) model.
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APPENDIX

Part 1: Symbols Definition

e Nominal exchange rate (spot rate)

p Price level

>0 Summation

[ Lag length of the autoregressive process
d Delay parameter

S,_y Threshold variable

v Threshold parameter

q Number of thresholds

m Log of money supply

y Real income

i Nominal interest rate

E[] Expectations at time t

A(Y) First difference

r Real interest rate

1(0) Covariance stationarity

1(1) Difference stationarity

0 Coefficient of exchange rate adjustment
du Demand for domestic output

o Coefficient of price adjustment

y Full employment level

¢ First-order serially correlated random variable
w Wealth

M Money supply

B Net holding of domestic bonds

F Net holding of foreign bonds

323




CA Current account

EX Exports

IM Imports

FP Private foreign asset stock

NF National claims on foreigners

FG Government net claims

KA Capital account

s Real exchange rate

S4 Savings

IN Investment

G Government spending

TR Tax revenues

VA Vector of fundamentals

Z, Vector of fundamentals that affect the exchange rate in the long run

Z, Vector of fundamentals that affect the exchange rate in the medium
run
Vector of fundamentals that affect the exchange rate only in the short

! run

u Error term

¢ Exchange rate misalignment

p Risk premium

nfa Net foreign asset position

tot Terms of trade

tnt Relative price of traded to non-traded goods

gdebt | gdebt” Relative supply of domestic to foreign government debt

k Capital stock (or capital intensity)

TB Trade Balance

C Consumption

cp Parameter of the capital productivity
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n Growth of effective labour
k Steady state value of capital stock
h Forecast horizon
N = Number of observations
o’ Residual variance
neer Nominal effective exchange rate
leer Long run effective exchange rate
lrer Long run exchange rate
op Oil price
Ja Domestic holding of foreign assets
f Forward rate
Q Informational set
T linear trend term
|2| Variance/covariance matrix of the residuals
1, Time break
IT Matrix which determines the rank of cointegrating relationships
r Coefficient matrix
v Number of variables
rc Rank of cointegrating relationships
a Matrix of Error Correction Coefficients
B Matrix of cointegrating vectors
A Eigenvalue
4 Eigenvector
a, Alpha orthogonal matrix
B Beta orthogonal matrix
= Number of parameters
MB Monetary base
BR Bank reserves
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CN Coins and notes held by domestic agents
A Smoothing parameter
V2 Inflation rate

Speed of the transition process in the nonlinear LSTAR model

Part 2: Abbreviations List

2SLS Two Stage Least Squares

ADF Augmented Dickey-Fuller

A-Hm Homoskedastic Asymptotic Distribution

A-Ht Heteroskedastic Asymptotic Distribution

AIC Akaike Information Criterion

AO Additive Outlier Model

APEER Atheoretical Permanent Equilibrium Exchange Rate
AR Autoregression

ARDL Autoregressive Distributed Lag

ARIMA Autoregressive Integrated Moving Average

ARMA Autoregressive Moving Average

BEER Behavioural Equilibrium Exchange Rate

B-Hm Homoskedastic Bootstrap Distribution

B-Ht Heteroskedastic Bootstrap Distribution

CBM Central Bank of Malta

CEEC Central & Eastern European Country

CGER IMF’s Coordinating Group on Exchange Rate Issues
CHEER Capital Enhanced Equilibrium Exchange Rate

CPI Consumer Price Index

CYP Cyprus pound
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CZK Czech crown

d.f. Degrees of Freedom

DEER Desired Equilibrium Exchange Rate

DEM Deutsche mark

DM Diebold — Mariano

DOLS Dynamic Ordinary Least Squares

EC European Community

ECB European Central Bank

ECM Error Correction Model

ECU European Currency Unit

EKK Estonian kroon

EMH Efficient Market Hypothesis

EMS European Monetary System

EMU Economic Monetary Union

EQ-TAR Equilibrium Threshold Autoregression
ERM Exchange Rate Mechanism

ERT Exchange Rate Targeting

ESTAR Exponential Smooth Transition Autoregression
ESTR Exponential Smooth Transition Regression
EU European Union

FDI Foreign Direct Investment

FEER Fundamental Equilibrium Exchange Rate
FGLS Feasible Generalized Least Squares

F-Het F-type Heteroskedasticity test

FILM Full Information Maximum Likelihood
FOREX Foreign Exchange

FRUH Forward Rate Unbiasedness Hypothesis
GARCH Generalized Autoregressive Conditional Heteroskedasticity
GDP Gross Domestic Product

GLS General Least Squares
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GNP Gross National Product

HICP Harmonized Index of Consumer Price

H-P Hodrick — Prescott

IFS International Financial Statistics

11D Independently and Identically Distributed
101 Innovational Outlier Model 1

102 Innovational Outlier Model 2

IPS Im — Pesaran — Shin

IT Inflation Targeting

ITMEER Intermediate — Term Model Based Equilibrium Exchange Rate
JLR Johansen Likelihood Ratio

KPPS Kwiatkowski — Phillips — Schmidt — Shin
LLC Levin — Lin — Chu

LM Lagrange Multiplier

LOP Law of One Price

L-S Lee — Strazicich

LSTAR Logistic Smooth Transition Autoregression
LTL Lithuanian litas

MADF Multivariate Augmented Dickey - Fuller
MAE Mean Absolute Error

MAE Mean Absolute Error

ME Mean Error

MEH Market Efficiency Hypothesis

MIT Massachusetts Institute of Technology

MLE Maximum Likelihood Estimation

MNB Magyar Nemzeti Bank

MS-ADF Markov Switching Augmented Dickey-Fuller
MSE Mean Square Error

MS-GARCH Markov Switching GARCH

MS-VECM Markov Switching Vector Error Correction Model
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Non-Accelerating Inflation Rate of Unemployment (or Natural Rate

NAIRU
of Unemployment)
NATREX Natural Real Exchange Rate
NBP National Bank of Poland
NBS National Bank of Slovakia
NID Normally and Identically Distributed
NIGEM National Institute Global Econometric Model
NOLS Nonlinear Ordinary Least Squares
OLS Ordinary Least Squares
PEER Permanent Equilibrium Exchange Rate
PP Phillips — Perron
PPI Producer Price Index
PPP Purchasing Power Parity
P-T Permanent — Transitory
p-value Probability
RD-TAR Returning-Drift Threshold Autoregression
REH Rational Expectations Hypothesis
RMB Chinese Renminbi Yuan
RMSE Root Mean Square Error
RPI Retail Price Index
RRV Ratio of Residual Variances
RWM Random Walk Model
s.e. Standard Error
SDR Special Drawing Right
SETAR Self Exciting Threshold Autoregression
SKK Slovak crown
STAR Smooth Transition Autoregression
ST-GARCH Smooth Transition GARCH
SUR Seemingly Unrelated Regression
TAR Threshold Autoregression
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UCL

Unit Labour Cost

uUIP Uncovered Interest Parity
VAD Value — Added Deflator

VAR Vector Autoregression

VECM Vector Error Correction Model
WPI Wholesale Price Index
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Part 3: Candidate EMU Countries

Central rate

Candidate (& Monetary Exchange | Exchange
ERM 11 . . rate rate
Country fluctuation policy resime volatilit
band) g y
Until 1996:
pegged to a
currency
Czech Nota | Inflation basket Hich
Republic member targeting | Since 1997: &
managed
floating
regime
A member IEUR = Currenc Fixed to
Estonia since June | 15.6466 EEK board y central Low
2004 (0%) parity
A member IEUR = . Managed
. 0.585274 Inflation !
Cyprus since May . floating Low
2005 CYP (+/- targeting regime
15%)
Since 1994:
A member 1EUR = Exchange peéieg to
Latvia since May | 0.702804LVL rate . ) Low
2005 (+/- 1%) targeting Since 2005:
pegged to
euro
IEUR = . managed
Hungary mI\eIr(;Ibaer 282.36 (+/- tI:rﬂZ?izn floating High
15%) getng regime
Malta gnncl: nl\l/})ae , IEUR = Currency %: Low
Y| 0.4293 (0%) board pees
2005 euro
: Free
Poland Nota . Inﬂatllon floating High
member targeting .
regime
A member 1EUR = Inflation managed
Slovakia since May | 35.4424 SKK taroetin floating High
2005 (+/- 15%) getng regime
. . A member IEUR = Currency Fixed to
Lithuania | since June 3.45280 (0%) board central Low
2004 ' ° parity
Bulearia Not a 1EUR = Currency Pegged to
g member 1.95583 (0%) board euro
. Not a Inflation Frge
Romania | =~ = | e . floating
member targeting :
regime
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Part 4: Empirical Evidence on Purchasing Power Parity Hypothesis
Study Exchange Rates Estimation Econometric Results
Period Methodology
Abuaf & Jorion (1990) 10 developed countries 1973-1987 AR(1), Dickey- | PPP is accepted
Fuller estimated by
OLS and GLS
Aggarwal et al (2000) 7 Asian currencies 1974-1997 Univariate Unit Quasi-PPP is
against Japanese yen Root with and accepted
without Breaks
Alba & Park (2003) 65 developing against US | 1976-1999 Panel Unit Root Weak Support of
dollar PPP
Bahmani-Oskooee & Mirzai (2000) | Effective Exchange Rates | 1973-1997 Univariate Unit PPP is accepted
of 20 developing Root (KPSS)
countries
Basher & Mohsin (2004) 10 Asian countries 1980-1999 Panel Unit Root PPP is rejected
against US dollar Panel Cointegration
Boyd & Smith (1999) 25 developing countries | 1966-1990 Panel Data Evidence of PPP
against US dollar equilibrium
Calderon & Duncan (2003) Chile against US dollar 1810-2002 Univariate Unit PPP is accepted
and a basket of US dollar Root
and UK pound Multivariate
Cointegration
Non-linear TAR
Corbae & QOuliaris (1988) Canadian dollar, French | 1973-1986 univariate Absolute PPP is
franc, UK pound, cointegration, ADF, | not accepted
Japanese yen, Italian lira, PP
Deutsche  mark, all
against US dollar
Diamandis (2003) Argentina, Brazil, Chile, | 1973-1993 Multivariate PPP is accepted
Mexico against US dollar Cointegration in parallel forex
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Study Exchange Rates Estimation Econometric Results
Period Methodology
Drine & Rault (2003) 73 developed and 1964-1998 Panel Unit Root PPP is rejected
developing countries Panel Cointegration | for developing
countries
Enders (1988) Canadian dollar, 1960-1986 cointegration mixed results
Japanese yen, Deutsche
mark, all against US
dollar
Holmes (2000) 27 African countries 1974-1997 Panel Unit Root Strong Support
against US dollar
Liew (2003) 5 Asian countries against | 1975-2001 Non-linear Unit PPP is accepted
US dollar Root
Lothian & Taylor (1996) US/UK & French | 1791-1990 univariate unit root | PPP is accepted
franc/UK tests, AR
MacDonald (1993) US, Canada, France, UK, | 1974-1990 cointegration weak form PPP is
Germany, Japan accepted. Strong
foorm PPP s
accepted only
among European
countries
Mahdavi & Zhou (1994) 13 high inflation 1973-1991 Multivariate Stronger evidence
countries Cointegration for high inflation
countries
Michael et al (1997) Us, UK, France, | 1791-1992 Nonlinear ESTAR | Nonlinear mean
Germany (the data span reversion to PPP
varies across is accepted
countries)
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Study Exchange Rates Estimation Econometric Results
Period Methodology
Nagayasu (1998) 16 African countries 1981-1994 Panel Cointegration | Semi-Strong PPP
against US dollar is accepted
O’Connell (1988) 18 countries 1973-1995 Nonlinear EQ-TAR | PPP is accepted.
But, small
deviations are
mean reverting
Obstfeld & Rogoff (2000) Canada, France, 1973-1995 ADF regression slow convergence
Germany, US, Japan to PPP
equilibrium
Obstfeld & Taylor (1997) 32 countries 1980-1995 Nonlinear TAR Nonlinear mean
reversion to PPP
is accepted
Oh (1996) 88 developing countries | 1950-1990 Panel Unit Root Mixed Results
Patel (1990) UK, Canada, Germany, | 1974-1986 cointegration PPP is not
Netherlands, all against accepted
US dollar
Payne et al (2005) Effective Exchange Rate | 1992-1999 Univariate Unit PPP is rejected
of Croatia Root with Breaks
Razzaghipour et al (2001) 5 Asian countries against | 1992-1999 Statistical Analysis | PPP is accepted
US dollar of PPP divergence
Sabate et al (2003) Peseta-Sterling exchange | 1870-1935 Univariate Unit PPP is accepted
rate Roots with Breaks
Salehizadech & Taylor (1999) 27 developing countries | 1975-1997 Multivariate PPP is accepted
against US dollar Cointegration
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Study Exchange Rates Estimation Econometric Results
Period Methodology
Sarno (2000) 11 Middle Eastern Post Bretton- | Non-linear ESTR PPP is accepted
countries against US Woods period
dollar
Sarno et al (2004) US, UK, Italy, France, | 1974-1993 Nonlinear SETAR | Nonlinear mean
Germany, Japan reversion to PPP
is accepted
Taylor et al (2001) US, UK, Germany, | 1973-1996 Nonlinear ESTAR | Nonlinear mean
France, Japan reversion to PPP
is accepted
Wang (2000) 7 Asian countries against | 1973-1996 Multivariate PPP is rejected
US dollar Cointegration
Zurbruegg & Allsopp (2004) 8 Asian countries against | 1990-2002 Multivariate Mixed Results

US dollar

Cointegration with
Breaks
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Part 5: Empirical Evidence on the monetary model (flexible & sticky price models)

Study Assumption Exchange Rates Estimation Econometric methodology Main Implication
Period
Cushman (2000) Price flexibility Canadian — US dollar 1970-2000 Johansen’s cointegration Using more appropriate critical values
technique, rejects monetary model’s validity.
DOLS approach by Stock &
Watson (1993)

Driskill (1981) Price stickiness Swiss franc/US dollar 1973-1977 Single-equation estimation There is evidence of exchange rate
overshooting, but the direction is not
monotonic. Moreover, the estimated
coefficients are not correctly signed.

Faust & Rogers (2000) Price Stickiness | US/UK, 1974-1997 VAR There is no strong evidence of delayed

US/Germany overshooting. Furthermore, there is
evidence of significant UIP deviations.
Groen (1999) Price flexibility Canada, France, 1973-1994 Cointegration analysis, There is no supporting evidence for the
Germany, Out-of-Sample forecasting | predictability of the monetary model. It
Netherlands against estimation by the RMSE statistic | is neither accepted as a long run
US relationship.

Groen (2000) Price flexibility 14 bilateral exchange 1973-1994 Time Series Cointegration, Unclear statement (time series analysis

rates against US
dollar and Deutsche
mark

Cross sectional analysis,
Panel data analysis

rejects the monetary model while cross
sectional and panel data analyses
accept it.
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Study Assumption Exchange Rates Estimation Econometric methodology Main Implication
Period
Hacche & Townend (1981) Price Stickiness | US dollar, French 1972-1980 Random Walk analysis Exchanges Rates overshoot their long
frank, Deutsche mark, run values, but many coefficients are
Japanese yen, Italian statistically significant and wrongly
lira against UK pound signed.
Kilian (1999) Price flexibility Canadian dollar, 1973-1997 Testing long run exchange rate | There is some evidence of exchange
Deutsche mark, predictability by two criteria: | rate predictability, but there is no
Swiss frank, Japanese joint test statistic and p-values. evidence of long-horizon forecasting
yen against US dollar ability.
Kouretas (1997) Price flexibility Canadian — US dollar 1970-1994 Johansen’s cointegration There is some supporting evidence but
technique, the monetary model cannot be accepted
DOLS approach by Stock & as a long-run forward-looking
Watson (1993) relationship.
MacDonald & Taylor (1994b) | Price flexibility | US dollar/French 1976-1990 Johansen’s cointegration | Accept Validity only in the Long Run.
franc technique
MacDonald & Taylor (1994a) | Price flexibility | UK pound/US dollar 1976-1990 Engle-Granger two-step | Accept Validity in the Long Run as

cointegration,
Johansen’s cointegration

well as in the Short Run.
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Study Assumption Exchange Rates Estimation Econometric methodology Main Implication
Period

Mark (1995) Price flexibility Canadian dollar, 1973-1991 Testing the  Out-of-Sample | The monetary model can predict the
Deutsche mark, forecasting ability by the RMSE .

. L exchange rate in the long run.
Swiss frank, Japanese statistic
yen against US dollar

McNown & Wallace (1994) Price flexibility | Argentina/US, 1977-1986, Johansen’s cointegration | Unclear statement (coefficients have
Chile/US, 1973-1985, technique ot the expected si
Israel/US 1979-1988 P gn)-

(respectively)

Meese & Rogoff (1983) Price flexibility UK pound, Deutsche 1973-1981 Testing the  Out-of-Sample | The monetary model does not provide
mark and Japanese forecasting ability by three | any better information on future
yen against US dollar statistics: ME, MAE, RMSE exchange rate movements.

Papadopoulos & Zis (2000) Price flexibility | ECU/drachma 1980-1991 Johansen’s cointegration Monetary model is a valid long run

technique, equilibrium condition with highly
VAR-VECM complex short run dynamics.
Papell (1988) Price Stickiness | US, UK, Japan and 1973-1984 ARMA, German effective exchange rate

Germany effective
exchange rates

Maximum Likelihood Approach

overshoots while the Japan effective
exchange rate undershoots. There is no
clear view for US and UK rates.
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Study Assumption Exchange Rates Estimation Econometric methodology Main Implication
Period
Rapach & Wohar (2002) Price flexibility 14 bilateral exchange 1900-2000 Unit Root tests, In general, the monetary model is a
rates against US Cointegration tests [P-O, | valid long run relationship. However,
dollar Johansen, Hansen L. (1992), | the evidence for predictability is
Shin Cu (1994)], inconclusive.
Test of long run exchange rate
predictability.
Rogoff (2002) Price Stickiness | US dollar/Deutsche 1979-2000 Analysis of real exchange rate | His results are not very supportive for

mark, Japanese yen/US
dollar, UK pound/US
dollar

against real interest rate
differential and spot rates against
forward rates.

the sticky price model.
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Part 6: Equilibrium Exchange Rate Models

Name of Theoretical Time Estimation Main Main
Approach | Assumption | Horizon Methodology | Advantage | Disadvantage
FEER Simultaneous | Medium-run | Macroeconom | Does not ()Itisnota
internal and etric models, | rely ondirect | dynamic
external cointegration | econometric | solution,
balance analysis analysis. (11)it is not
Given that suitable for
exchange forecasting
rates are purposes,
very volatile | (iii) some
it is difficult | variables do
to establish | not affect the
a valid long | exchange rate
run directly
relationship
by a direct
econometric
analysis
DEER
As in FEER
BEER UIP condition | Short-run Direct All Direct
with a risk- econometric variables econometric
premium analysis: included analysis may
cointegration, | have direct | suffer from
H-P filter effect on the | serious
exchange problems
rate
PEER
As in BEER
NATREX | Simultaneous | Medium-run | Cointegration | Itisa (1)Some
internal, Long-run analysis: dynamic variables
external and Engle- stock-flow | cannot be
portfolio Granger, equilibrium | easily
balance Johansen, concept measured,
ARDL (11)it is based
on “strong”
assumptions,
(ii1) some

variables do
not affect the
exchange rate
directly
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Study Methodology Exchange Rates Estimation Fundamentals Main Implication
Clark & MacDonald (1998) | BEER effective rates of US dollar, | Johansen tot, relative price of | actual real effective
Deutsche mark and Cointegration non-traded to | exchange rates were away
Japanese yen technique traded goods, net | from their equilibrium
foreign assets and | values
relative stock of
government debt.
Clostermann and Schnatz | BEER euro/US dollar VECM Price level, oil | euro/dollar is  highly
(2000) price, government | volatile. Higher oil price
expenditure depreciates euro because
EMU is more oil
dependent
Coudert &  Couharde | FEER Central and Eastern NIGEM Output gap, current | Real exchange rates do
(2002) European Countries’ macroeconometric account target, not deviate significantly
currencies model trade elasticities from equilibrium
Detken et al (2002) NATREX Real effective exchange rate | VEC models Investment, During the period 1997-
of euro consumption, trade
. 2000, euro was
balance, national
account identity undervalued. So, the
following  appreciation
trend of euro can be
accepted as a correction
movement.
Egert (2002) FEER Czech Republic, Hungary, Cointegrated VAR Current account, Overvaluation for Czech,

Poland, Slovakia, Slovenia

tot, relative prices

Slovakia and Poland.
Hungary’s exchange rate
was undervalued and
Slovenia’s rate was very
close to equilibrium
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Study Methodology Exchange Rates Estimation Fundamentals Main Implication
Fernandez et al (2001) BEER & euro real effective exchange | VAR and VECM Productivity euro was close to its
PEER rate differential,  real | equilibrium rate before
interest rate | 2000 but undervalued
differential, oil | afterwards
price
Feyziogly (1997) Similar to Real effective exchange rate | Johansen Tot, world interest | Exchange rate deviates
FEER of the Finnish markka Cointegration rate, productivity from its long run
technique differential equilibrium rate
Frait & Komarek (2001) NATREX Czech crown/Deutsche Cointegration tot,  productivity | Czech Koruna has an
mark analysis by ARDL (real GDP), world .
. overvaluation trend,
approach real interest rate,
and foreign direct | which entails a danger for
mvestment the Czech economy.
Gandolfo & Felettigh (1998) | NATREX Italian lira Nonlinear model Net social | Italian lira was either
estimated by FILM investment, social | undervalued or
consumption, trade | overvalued
balance, real
interest rate
Hallet & Richter (2004) FEER US dollar, euro, Canadian MULTIMOD Current account, US dollar depreciated
dollar and other currencies macroeconometric GDP against the other
model currencies
MacDonald (2002) BEER Effective rate of the New VAR and VECM ratio of net foreign | New Zealand dollar was

Zealand dollar

assets to GDP,
relative labor
productivity,

relative output gap,
terms of trade and
interest rate
differential

undervalued in the period
after 1999.
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Study Methodology Exchange Rates Estimation Fundamentals Main Implication
Melecky & Komarek (2005) | BEER Czech crown/German mark | Johansen’s Productivity Czech Coruna was in
Cointegration differential, foreign | general undervalued
technique, ARDL direct investment,
method and Dynamic | tot, real interest
OLS rate differential,
trade openness, net
foreign assets,
government
consumption
Osbat et al (2003) BEER euro/yen Cointegration Relative euro appreciation against
techniques productivity, yen is 2001 was a result
relative net foreign | of equilibrium correction
asset position, | of its previous
government depreciation
expenditure, oil
price
Paiva (2002) FEER & Costa Rica’s currency Error Correction Tot, degree of Actual exchange rate was
CGER Model economic undervalued
openness, fiscal
position, net capital
flows
Rajan & Siregar (2003) NATREX real effective exchange rate | Johansen’s terms of trade, | in average Singapore
of Singapore dollar Comt.egratlon product1v1ty, world dollar was undervalued.
technique interest rate and
government
spending
Smidkova (1998) FEER Real effective exchange rate | NIGEM CA, FDI, real Czech crown was
of Czech crown macroeconometric GDP, domestic CPI | overvalued
model
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Study Methodology Exchange Rates Estimation Fundamentals Main Implication
Stein (1994) NATREX US dollar/G-10 Johansen US growth rate, | in general actual real
Cointegration foreign growth | exchange rates seem to be
technique combined | rate, foreign debt, | very similar to NATREX,
with OLS and capital intensity | but there are significant
Nonlinear OLS and social | deviations in the short
consumption run,
Williamson (1985) FEER US dollar, UK pound, GEM Current account, All currencies except
Japanese yen, French Frank, | macroeconometric asset accumulation, | Japanese yen and
Canadian dollar, Deutsche model oil price, Deutsche mark were
mark, Italian lira productivity overvalued
Zhang (2001) BEER Chinese RMB Cointegration Degree of | Actual exchange rate was
techniques openness, relative | overvalued
investment rate,
government
consumption and
exports growth rate
Zhang (2002) BEER Chinese RMB Cointegration Tot, productivity, | Chinese RMB was either
techniques money supply | undervalued or
(M2), net foreign | overvalued

assets
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Part 7: Empirical Evidence on FOREX Efficiency

Study Exchange Rates Estimation Econometric Results
Period Methodology
Aron (1997) South Africa’s currency | 1979-1995 VECM among a EMH is rejected
spot rate and a
vector of
macroeconomic
fundamentals
Aroskar et al (2005) UK pound, Italian lire, 1990-1999 cointegration EMH is rejected
Deutsche mark, French
franc against US dollar
Backus et al (1993) 5 currencies against US | 1974-1990 OLS EMH is rejected
dollar
Baillie & Bollerslev (1989) 7 currencies against US 1980-1985 cointegration EMH is rejected
dollar
Bilson (1981) 9 currencies per US OLS & GLS EMH is rejected
dollar
Corbae et al (1992) 6 currencies against US | 1976-1985 cointegration mixed evidence
dollar
Cornell (1977) 7 currencies against US | 1973-1977 statistical analysis | evidence of forex
dollar of the forecast error | efficiency
Dutt (1994) 5 currencies per US | 1981-1988 cointegration weak-form
dollar efficiency is
accepted
Fama (1984) 9 currencies against US | 1973-1982 OLS EMH is rejected

dollar
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Study Exchange Rates Estimation Econometric Results
Period Methodology

Frankel & Froot (1987) 5 currencies against US 1976-1985 statistical analysis | EMH is rejected

dollar of the expected
future spot rate

Hai et al (1997) UK pound, French franc, | 1976-1992 P-T decomposition | EMH is rejected
Japanese yen per US using the Kalman
dollar filter

Hakio (1981) 5 currencies against US | 1973-1977 OLS EMH is rejected
dollar

Hakkio & Rush (1989) UK pound, Deutsche 1975-1986 cointegration & EMH is rejected
mark VECM

McCallum (1994) Japanese yen, Deutsche 1978-1990 OLS EMH is rejected
mark, UK pound against
US dollar

Naka & Whitney (1995) 7 currencies against US | 1974-1991 OLS & Non-linear | evidence of forex
dollar Least Squares efficiency

Sephton & Larsen (1991) Canadian dollar, 1975-1988 cointegration mixed evidence
Japanese yen, Deutsche
mark against US dollar

Taylor (1989) US dollar/UK pound 1981-1985 OLS EMH is rejected

Wickremasinghe (2004) Sri Lanka’s currency 1986-2000 cointegration EMH is rejected
against 6 major
currencies

Zivot (2000) Japanese yen, UK pound, | 1976-1996 cointegration & | EMH is rejected
Canadian dollar against VECM

US dollar
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