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Introduction

This study provides the theoretical background emgirical investigation that are essential for
the estimation of the equilibrium real exchange (&RER) for the Maltese lira.

The real exchange rate is the nominal exchangeadjtested for domestic and international
price levels while the ERER is the rate to whioh tbal exchange rate tends over the medium to
long term. Although not known directly, the ERERnche estimated under a number of
assumptions. Some of these assumptions refer toirtilemstances that need to prevail for the
equilibrium to occur, others to the relation betwebe real exchange rate and economic
fundamentals. In this study it is the equilibriureothe medium run that was of interest, since
in the long run real adjustment is probably indvia even in the absence of corrective policy.
The estimation of the ERER signals possible exchaate misalignment and is therefore an
essential input into the identification of the agymiate level of the Maltese lira exchange rate.

The study is divided into six chapters. Chapteuv/eys the literature and presents well known
approaches to ERER determination. Chapters 2 e tbport the results obtained by applying
the Maltese data to a number of these approactneseTare the Purchasing Power Parity and
the Behavioural Equilibrium Exchange Rate approacha extension of these approaches was
also undertaken, inspired by a study authored bgddd-ernandeet al (2004). Following the
introduction of a new price deflator, the CentralnB of Malta updated its estimates of the
ERER by applying the newly available Harmonisedebaf Consumer Prices to two of the
methods used in the original study. The updatedltseare presented in Chapter 6. All relevant
findings are being published in this merged documbinshould be noted that this research
project involved independently conducted studiedemtaken between 2003 and 2005 by the
Bank’'s Research Office with external technical sup@and advice. Consequently the Bank
wishes to acknowledge the contribution of P Casblliector of the Research Department at the
Banca d'ltalia and L Schembri, Research Directaiernational Department, Bank of Canada. It
also wishes to highlight the input provided by BuGia Emeritus Professor of Business and
Economics at Hollins University, Virginia, and A kMawski, Head of International and
Financial Analysis, National Institute of EcononfResearch, Stockholm. Finally, the Bank
wishes to thank C Osbat and A Dieppe from the Dimate General Economics of the
European Central Bank and B Egert of the Austriatiovial Bank for reviewing the study and
providing valuable comments.






CONTENTS

PART ONE: SURVEY OF THELITERATURE

Chapter 1: Survey of the Major tNEOMES .......cciiiiiiiiiie e 1
R 1= 0o PP UEPPURPPPR
2 O 1Y = V= PSSO
1.3 PPP: AN labOration ......oooiii oottt ettt e e e e e e e e e e e e e e e e e e e e
1.4 BEER: Theoretical elaboration
1.5 BEER: Elaboration of explanatory variables .................oee 9
ST A = o o 1802 1171 42T o o7 Lo £ P 9
1.5.2 Net debt position Or NEt fOr@igN ASSELS wmmmm.uuurrrrrrrriiriiiiirrireerieeee e e e e eeeerrrrrrrerre e 10
1.5.3 Terms of trade and COMMOAILY PriCES ... mmeeeerivririiiiiieiieeieeeee e e 10
1.5.4 Interest rate differential.......... .o 11
1.5.5 FiSCAI POSITION coevviiiiiiieeeii e i i s e st e e e e e e e e e e e e e e e eneat e ae e e e e e e e eeaaaaaeaeaeeas 12
T @ o= o = PPN 12
1.6 BEER: Elaboration of the panel approach ... ... 12
R A @0 Tod 113 [ ) o OSSP 13

PART TwO: ESTIMATION OF THEEQUILIBRIUM REAL EXCHANGE RATE

Chapter 2: Basic PUrchasing POWET Parity ... o «eeeeeerriiiieeeeeeeiieiiisiciciiiieeeeeeeeeeeee e e s e e s ssssnnnnnns 14
P22 R 1o T[0T 1o o PRSP PSPR 14
2.2 Indicators of eqUIlIDIIUM..........cooii e 14
2.3 DALA ..ot ettt et e e e e e e b e et et et e e e e e aaaaeaaaas 14.
2.4 Estimation
P2 T U 10 0= T Y2 N
Chapter 3: Modified PUurchasing POWET Parity ..coccc...coiiiiiiiiiiiieiiieiee e 18
R 700 oo o {1 Tod 1T o T PSR URRRRPR 18
3.2 Modifications to the basic PPP @PPrOACK e ccociieeeeeiieiiei e 18
3.3 Data sources and COMPIlALION ... e e e eeeeeeeas 18
3.4 ESHMALION FESUILS ....eeeeiiieeii ittt ettt e e e e ettt e e e e e e e e e e e e e e e e e e s e e s aaaannnnnes 19
3.5 EStMAEA ERER ....coiiiiiiiiiiiii et mmme ettt ettt e e et e e e et e e e e sttt e e e e s annnanee s 21
G I G0 11010 =1V PP UPPPPT 21
Chapter 4: Behavioural Equilibrium Exchange Rate..............cooooccciviiiiiiiiiiieeeecee e e e 22
ot R [ 011 70 To 11 {od 1o o 1 ORI 22
4.2 Definitions and DAta SOUICES.........uiieuereeeeeiiitiiiee e ittt e e et e e e e s sreeee e s sssbbr e e e e s ssbeeeeeessanes 22
4.2.1 Real effective @XChange rate.........occeeeeeiiiiiiiiiii e 22
4.2.2 Relative ratio of non-tradable to tradabledpiCt Prices .........cccvveeiiiiiiiiie e 24
4.2.4 Relative termMs OF trAUE .....oooiiiiii e e e e e e e e e e e 25
4.2.5 Real interest rate differential ...........cccouuuiiiiiii 26
G T 1 1] 0 = LT o PP PUUPPPPPPPPPR 26
4.4 Estimates of BEER and BEER (SF)..........commmmmmeeeiiieiieee e eeeeee e e e e e s e s e nnnnnes 33
A5 SUIMIMAIY ..ttt ettt e ettt e et e et e et e et s e et e et e et ee aan e s e e e ee b s e e e e ab e e e e eebnneeeeebaneans 35
Chapter 5: Maeso-Fernandez €t @l...........cooveeie i e e e e 36
L% A [ o To (U T o T o F PP PPPR PO PPPRR 36
5.2 A Dynamic OLS model of the MalteSe ERER.....cccccc.uvviiiiiiiiiiiiiiicccecceeee e 36
5.3 SUMMBIY ..ottt e e et e et e e s e st a e e et e e et e e e e e e e e e e e e e s s e e s rrnee 39
(1 gF= o] LT g T U oo = (T O PP TP OPPPRRPR TP 42
LS 20 R [ oo [Fed 1 o] o HU PP PPPPPPPPPPPR 42
6.2 Update of the modified-PPP approach ... e 42
6.3 Update of the Maeso-Fernandez approach ...t 44
(OIS0 [0 0 1=V Y PSPPI 48
Chapter 7: General CONCIUSION ...........coiiieeeeee e e e e e e e e e e r e e e rreereaaaaaaaeaas 50

2 1] 11T T ir= o 0 V7RSSR 52



CHARTS

Chart 2.1: Unadjusted and adjusted current accasnier cent of GDP .. ceverererrreesmm—————orooeees 1O
Chart 4.1: Alternative indices of the real effeetexchange rate of the Maltese I|ra.........................23
Chart 4.2R: CPI-based real effective eXchange rate .......cccc.vvveiiiiiiiiiiiiiie e 24
Chart 4.3: Relative ratio of non-tradable to trddaiyoduct PriCes.........cccccovriiiiiiiiiieeceec e 24
Chart 4.4: Relative ratio of net foreign asSetSIBP...........ocuviiiiiiiiiiii et 25
Chart 4.5: Relative terms OF trade.......... oo e e e e e e e e e e e e e e as 26
Chart 4.6: Real interest rate differential ... 26
Chart 4.7: ReSIAUAI PIOL ...ttt ettt e et e e e e e e e e e e e e e s e e e aaannnnanes 28
Chart 4.8RaNd BEER.........oooiiiiii e 33
Chart 4.9RaNd BEER (SF)...cci ittt ettt ettt e e e sttt e s s et e e e e e s nnbbaeaeeeenane 34
Chart 4.10: Deviation dR from BEER (SF).....ccoooiiiiiiiiiiiiet et o s eeeeeeeee e e e aeeeeeeennan 35
Chart 5.1: Exchange rate gap (PPP/ACIUAL) . ommmmuceeeerriiiniiiiiiieie e e e e s e e e e e aee e e e e e e 37
Chart 5.2: Relative per Capita GDP .........icccecce e e e e e e s aeeeeeeeeeeees 38
Chart 5.3: ReIAtIVE OPENNESS .......oiiiiiieeeeaae ettt e et e s e et e e e s st b r et e e s s annereeeas 38
Chart 5.4: Relative government SPENAING ... .occccceueriieeiiiiieie et e et seeeeas 38
Chart 5.5: Actual and fitted exchange rate gapBaliral [0gS ...........oeviiiiiiiiiiiion it 40
Chart 6.1: Malta's HICP and GDP deflator relati@EtJ15/25 ... 43
Chart 6.2: Malta's per capita GDP in PPS relaivEW15 and EU25.............ccuviiiiiiiiiiiiiieeeeees 43
Chart 6.3: Update of the modified-PPP method: dmngrom ERER, using HICP and deflator............ 44
Chart 6.4: Malta’s price level relative t0 EUL . cciieiieeeeeeeie et ereee e e e e e e s s s esannnnnnnnes 45
Chart 6.5: Malta’s openness relative 10 EULS ...t ee e 45
Chart 6.6: Malta’s ratio of government spendin@P relative to EULS..........ccccvvvveveeees o eee e 45
Chart 6.7: Deviation from ERER, USING the HICP oo e e e 47
Chart 6.8: Deviation from ERER, using the GDP deflato...........ccooevveieeiiiiiiiiicveeeeeee e 47
TABLES
Table 2.1: Real exchange rate and indicators oliBOUM ............eeeiiiiiiiiiiieiiiee e 15
Table 2.2: Estimated deviation from ERER: basic PPROGD...............coeeeiiiiiiiiiiiie s e 17
Table 3.1: Countries included in the eStIMatioN.............cooiiiiiiiii e 19
Table 3.2: Estimation Of EQUALION 3.1.... ..ottt e e e e e e e e e aaeaaaeeas 20
Table 3.3: Estimation of Equation 3.1 based on PWE.Aa............euueiiiiiiiiiiiiii s 20
Table 3.4: Estimated deviation from ERER: modified RBproach..............ccccocviviiiiiieieeeceens 21
I o] (IR I U o) o To ) (=T £ PR OTUPSRT 27
Table 4.2; ENgle-Granger €SHMALES ...« eeieiiiiiiiiiiiiinrirereerreereeeseeeeeaaassssnrrssrerrrrrrrrrresaeeaeaas 27
Table 4.3: ADF tests for cointegration (Engle-Grar@@uroach) ........cccccvveeeeeeiiiiiiieccccceeeveeeeee 28
Table 4.4: Results of COINtEQGration 1SS ... .uuueieiiiiiieieee e e 29
Table 4.5: VEQM representation of variablesS ... ..o 30
Table 4.6: Estimated deviation from ERER: BEER approach.............cccccvviiiiiiiiiiiiiiccieeeeeeee 35

Table 5.1: Estimated exchange rate gap: Malta & im@liged countries
Table 5.2: Estimated deviation from ERER: Maeso-Fereaagproach

Table 6.1: Updated and previous parameter estinfgi@sso-Fernandez approach .........................46
Table 6.2: Estimated deviation from equilibrium: uggdbmodified-PPP and Maeso-Fernandez
=T 0] o] (o = Tod 0 1= PP PPPPPPPPPP 48

Table 7.1; SUMMArY Of fINAINGS ... e e e e e e e e e e e e e e e e e e e e e e aaanan 50









PART ONE: SURVEY OF THE LITERATURE






Chapter 1: Survey of the major theories

1.1 Definitions

The real exchange rate is defined as the relatipristtween the representative foreign product
and the representative domestic product. Countvids compatible price index measurements
estimate their national price levels by calculatihg value of a comparable bundle of products
in each of the national currencies. lRetstand for the domestic price level (the price fod t
representative domestic product) afd for the foreign price level (the price of the
representative foreign produc§is the nominal exchange rate, the number of wiithke home
money that trade for one unit of foreign currehcy.

The real exchange rate is then defined as:

r=8.P
P

On the right hand side of this identity, the nun@ras the foreign price level converted into the
home currency at exchange r&eThe denominator is the home price, already mealsiar the
home currency. The real exchange retepmpares the purchasing power of the home cwrenc
in the foreign and home markets. Analogoushgtan appreciation or strengthening of the real
exchange rate for the country under scrutiny iS\edent to a decline in.?

Most investigations of the equilibrium exchangeerfiicus on the real rather than the nominal
exchange rate, because of the presumption of eslemeutrality of monetary changes.
Fundamental or real factors determine the ratexcfi@ge between the representative domestic
product and the representative foreign productthereal exchange rate.

The studies surveyed in this chapter focus on tadimm term and the long term. The medium
term is long enough for the elimination of nomingidities and cyclical influences. The focus
on medium-term results implies that monetary poéiog its consequences can be ignored. The
long run is consistent with portfolio equilibrium.

What follows is an overview of the major methodsdi$o calculate the ERER, followed by a
detailed look at two specific methods: the puramggbower approach and the behavioural
equilibrium exchange rate approach.

1.2 Overview

In this section, the prevailing theories of ERERedmination are presented in order of
complexity: first purchasing power parity, then ahhvioural explanation and finally an
explanation that focuses on fundamentals.

As already mentioned, the real exchange rate isateeof exchange between the representative
foreign product and the representative domesticlymb The real exchange rate is, therefore,
dependent on the relative supply of, and demandfdogign and domestic products. For
example, an increase in the worldwide demand fonetic products will raise the purchasing
power of the local currency in the foreign markaimpared to the local market. It will thus
strengthen the real exchange rate.

1 Nominal exchange rate appreciation, as commomtierstood, is equivalent to a reductiorSjror a reduction in

the number of units of the home currency per uiihe foreign currency.

The overvaluation of a currency occurs whetr,, where the latter represents the ERER.

The assumption of neutrality means that the lamg-exchange rate varies homogeneously with monetar
variables, and non-homogeneously with real vargble



Inspired by the effectiveness of competitive presswand profit-seeking arbitrage, proponents
of Purchasing Power Parity (PPP)predict a real exchange rate of one. They pretatt the
nominal rate of exchange between the two nationakacies is equal to the ratio of the two
national price levels. In that manner, the comrbondle of products contained in the national
price indices will sell for the same price in titcountries, and the law of one price obtains.

More intricate versions of PPP allow a deviatiorr &fom one. Various authors recognise that
limitations on arbitrage and differences in priceeasurement methods mitigate the
effectiveness of the law of one price and causeramngnent but stable deviation in PPP from
unity.

One approach searches the recent past for a pauriiriy which the economy showed signs of
internal and external equilibrium, and then lakibls average real exchange rate during that
period as the equilibrium level.

However, the evidence suggests that deviations &R are substantial and take a very long
time to correct themselves. A commonly held belkethat at best PPP holds only over very
long stretches of time. Such reservations have spdwa number of alternative explanations of
the determinants of the ERER, introducing suchaldeis as the terms of trade, interest rate
differentials and the fiscal deficit. There maycakse an influence in the reverse direction, from
the real exchange rate back to these variables.

A recently popular theory involves thligehavioural Equilibrium Exchange Rate (BEER),
described in more detail in two separate secti@ievhh Starting from theoretical foundations,
proponents of BEER search for the variables thae hiafluenced the real exchange rate in the
past. The current equilibrium rate is then estigaty plugging current values of the
explanatory variables into the estimated relatignsh

BEER'’s theoretical foundation starts off from thBAR which BEER proponents modify in
recognition of the rigidities that reduce the apaliility of PPP. This theoretical pedigree dates
back to Rogoff“, who starts from PPP and then introduces threeifivations: the Balassa-
Samuelson (BS) hypothesis, accumulated currentuatadeficits and government spending.
MacDonald and Ricci go a step further by elevatomge of these modifications - the BS
hypothesis - to the status of an overarching exgtian of BEER deviations from PPP. They
anchor the BEER theory to its neoclassical foumdatia the BS distinction between tradable
and non-tradable products:

The rationale for most variables is based on a Isimpeo-classical theoretical
framework that assumes that prices of tradableymtsdare equalised across countries
and investigates how changes in the real exchaatge arise mainly from relative
movements in the prices of non-tradable productesaccountries. Relaxation of the
assumption of price equalisation [for tradablesjwsti provide richer insights into the
transmission mechanisms ... but leads to broadlylaimbnclusions.... In either case,
the chosen variables explain why the real exchaatgecan be expected to vary over
time and provide a rationale for deviations fronPPP

In this vein, these authors’ rationale for the ustbn of each key explanatory variable centres
on the distinction between tradable and non-tradaisbducts. Deviations from purchasing

power parity that make BEER consistent with neitas doctrine involve such variables as

the terms of trade, the ratio of non-tradable tal&ble product prices and the volume of net
foreign assets.

A third approach is known as thindamental Equilibrium Exchange Rate (FEER) This
equilibrium exchange rate is compatible with thedmam-term values of the fundamental

Rogoff (1996), page 658 ff.
® MacDonald and Ricci (2003), pages 3 - 4.



variables. The medium run is defined as one tharames over economic cycles, where
variables manifest the values that would occuh@absence of cyclical influences.

From a FEER perspective, macroeconomic balancawmaslimensions: the internal and the
external. Internal equilibrium is compatible witthet non-accelerating inflation rate of
unemployment (NAIRU) and a low and stable inflatrate. External balance is associated with
the “susgainable desired flow of resources betweeunntries when they are in internal
balance.’

Because this approach aims at calculating exchaatgs for a particular set of
economic conditions, it abstracts from short-rurtlical conditions and temporary
factors and focuses on “economic fundamentals”, ciwhare identified as those
conditions or variables that are likely to persiger the medium term. These conditions
are not necessarily projected to occur in the &tbut rather are desirable outcomes
that may in fact never be realised. In this setise FEER exchange rate measure is a
normative one, and indeed Williamson has charagdrihe FEER as the equilibrium
exchange rate that would be consistent with “igealnomic conditions”.

Barisone et al (2002) list the various types of FEER applicatio@ne is the complete
macroeconomic model, about whose strengths andneeaks Barisoret al note:

On the one hand, the estimated FEER will refleatomplete set of endogenous
feedbacks. On the other, estimating a complete hiomha scratch is quite costly, while
adapting an existing model may lead to problemst@rpretatiorf

Since the majority of the available structural med®e not limited to the medium run, the use
of such models introduces interpretation diffiestin disentangling various ruhs.

Another is the use of the reduced form method, whbe real exchange rate is regressed
directly on the relevant explanatory variables,aligun a single equation format. This method

shares the advantages and disadvantages of theeteflorm method, as noted by Barisone
et al'®

The third and most commonly used approach is tigapaquilibrium method, where only part
of the full macroeconomic system is estimated, whi#hremainder being included exogenously.
Barisoneet al note the “advantage that only part of the macrooopnneeds to be estimated —
the net trade function ”.and the “disadvantage ... that inconsistencies ar&e between off-
model assumptions and the solution for the reahamge rate This approach does not allow
for any feedback from the real exchange rate t@tieent account and output.

1.3 PPP: an elaboration

The Purchasing Power Parity (PPP) doctrine suggésts national price levels should be
identical, once translated into a common curreitfcgrbitrage brings the law of one price into
effect across a wide enough range of microecon@miduct markets, the law of one price will
be reflected in macroeconomic price measurenténts.

Clark and MacDonald (1998) page 6.

Clark and MacDonald (1998) page 6.

Barisoneet al (2000), page 4.

Wren-Lewis (2003), page 16, para 3.6.

Barisoneet al (2000), page 4.

Barisoneet al (2000), pages 4 - 5.

Wren-Lewis (2003) points out that given enoughetithere may be various forms of market adjustmtras
bring about PPP:

Consider a depreciation in the nominal “home” exgeamate generated by capital account outflows. The
depreciation will make the price of the home prastlgoods cheaper, generating a current accounusuim
offset the capital account outflows. However, tlepréciation also reduces the relative price of hdeheur
relative to overseas labour. Multinational compamidll be tempted to relocate production in the bagconomy
... . PPP may be more appropriate to a long-run rafttae a medium-term equilibrium. (Pages 8, 9)

© © N o
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Traditionally, this was investigated through a tsthe following logarithmic relationship:
S=a+pP+fP +u,

whereS is the nominal exchange raf,s the domestic price level afdl is the foreign price
level. Evidence that = 1 and8” = -1 provides support for the absolute versioRBP**

The relative version of PPP uses rates of changdate of levels, and requires changes in the
nominal exchange rate to offset the differencesvéen the rates of domestic and foreign
inflation. Evidence of the stationarity of the reaichange rate is supportive of the PPP, as is
evidence of co-integration of the nominal excharege and the relative price level.

Empirical investigation points to purchasing povparity in the very long run, as deviations
from PPP take a very long time to correct themselA®P theory requires real exchange rates
to revert to a constant mean, but the evidence eaigghat such reversion is a very slow
process, such that prolonged deviations from PB#EtreAs Wren-Lewi¥' points out, if the real
exchange rate is stationary, it may still takeragltime for such stationarity to materialise. This
reduces the relevance of PPP for a study with asfon the medium term.

According to Taylor's 1995 survey:

Earlier cointegration studies generally reportefdilure of significant mean reversion
of the exchange rate towards purchasing powernypfanitthe recent floating experience
..., but were supportive of reversion toward purchggiower parity for the interwar
float ..., for the 1950s U.S.-Canadian float ..., aod the exchange rates of high-
inflation countries ... Very recent applied work on long-run purchasimgver parity
among the major industrialized countries has, h@wneleen more favourable toward
the long-run purchasing power parity hypothesistfa recent float .... A number of
authors have argued that the data period for tbentefloat alone may simply be too
short to provide any reasonable degree of test powthe normal statistical tests for
stationarity of the real exchange rétfe.

A recent summary of empirical findings publishedrie ECBMonthly Bulletinreports that:

According to empirical studies, which take eithewvery long-term perspective by
employing correspondingly long data series or useaael data approach, the
adjustment process is typically found to have d-Iifal of three to six years. This
implies that following a shock, which drives thecbange rate away from its long-run
PPP value, about half a decade is required foexiebange rate to revert half way back
to this level. While some of these fluctuations Idole attributed to transactions costs
impeding arbitrage transactions in goods markbtspbserved medium-term swings in
the exchange rate are generally too large to beuated for by these factors alone. In
addition, some currencies, like the Japanese yenn$tance, exhibit a clear trend in
their real effective exchange rate, requiring saaditional explanatiof?

Sarno and Taylor note:

Interestingly, stronger evidence supporting PPBuad when the WPI [wholesale price
index], rather than the CPI [consumer price indéx]used and, even more so, than
when the GDP deflator is used. This is easy to amnpsince the WPI contains a
relatively smaller non-tradable component and regmes, therefore, a better
approximation required by the PPP hypothesis thiémere the CPI or the GDP

deflator?’

13 Taylor (1995), page 19.

4 Wren-Lewis (2003), page 9.

15 Taylor (1995), page 20.

16 ECBMonthly Bulletin(2002), page 44.
17 sarno and Taylor (2002), page 62.



In general, difficulty in attaining PPP can beihtited to:
Nominal inertia P andP" may be rigid. However, Rogoff disagréés.

Non-tradable productsArbitrage is less likely in the case of non-tdaléaproducts. For
example, importation of a service may be impossiblthout the migration of the factor
producing the service. This consideration may auoirtate even studies that restrict themselves
to tradable items since these too may have nomibtadcomponents. For example, the prices
paid by consumers for imports include significaosts of distribution services, which are
themselves not tradable.

More broadly, there is th8alassa-SamuelsofBS) theory concerning the effect of inter-
sectoral differences in productivity growth. Accioigl to this theory, there is likely to be faster
productivity growth in the tradable-products seatompared with the non-tradable-products
sector, because of a presumed lack of foreign congpein the latter.

Next, consider two countries, the first of whichsHaster productivity growth in its tradable-
products sector. Arbitrage equalises the pricedradable products across countries; wage
growth in that sector is accommodated by produgtigiowth. On the other hand, the prices of
non-tradable products will be higher in the firsunotry. The reason is that its tradable-products
sector will pay its resources a higher return taamaheir higher productivity. In turn, in
bidding resources away from the tradable produmtsos, the non-tradable products sector will
have to pay higher wage and other costs, whichtivdh be passed on in the form of higher
prices, making up for the lack of productivity gribwTherefore the national price level in the
faster growing country will be higher than what Wwbbe predicted by PPF.

Since national price indices include both typegmfducts, PPP will not be observed in these
indices®® National price indices that include non-tradableduoicts will rise faster in countries
with faster productivity growth. The BS effect asisbes higher productivity with an
appreciation in the real exchange rdte.

Imperfect substitutabilithetween similar products across different monetaeas leaves sellers
with some measure of monopoly power. Even in thesgmce of competitive pressures, price
differences between the products of price makexdilealy to persist.

The absence of productionf an item in a particular country reduces comjetipressure by
the home product on the foreign product. Howeveleast in principle, this should not be seen
as an impediment to the application of the law ¢ @rice, but rather as the manifestation of

18 Rogoff writes:

The failure of short-run PPP can be attributedtittkimess in nominal prices; as financial and manet
shocks buffet the nominal exchange rate, the regthange rate also changes in the short run. Thiseis
essence of Dornbush’s ... overshooting model of nah@nd real exchange rate volatility. If this wéne
entire story, however, one would expect substactalvergence to PPP over one to two years, as wages
and prices adjust to a shock. As we shall seegttience suggests this is not the case. Rogoff [198§e
654.
There may be also technological or other practififficulties in raising capital intensity in mosbn-tradable
services.
An alternative explanation goes as follows: fon+iradable product prices to rise relative to ¢hos tradable
products, one mechanism would be a lower domestieocy price for tradable products, and for a ¢guthat
is a price taker in tradable products, this wowddabhieved through exchange rate appreciation.
Consider the identity presented at the start ofdhéptery = S.P.
P
Let price parity apply, but only in tradable protijand let the termB; and Py refer to the prices of tradable
products only. Then arbitrage would ensure thamniiminal exchange rat&, will equal P/Pr, such thar = 1.
In the case where the home country is the one thihhigher productivity level, and therefore thes avith the
higher relative price leveP; /Py > P'/P. (P" andP are the comprehensive price levels that incluge abn-
tradable products.) For the sarBer < 1 for the home country, which will therefore kasn appreciating
exchange rate.

19
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the application of the law. Consider the altermatilf a product remains in production in a
higher-cost location, it would signal the absenfceompetitive pressures and arbitrage.

Legalbarriers to tradeinclude both tariff and non-tariff barriers.

Transport costsmply that price differences between countrieshim amount of such costs will
not be arbitraged away. A rough estimate of theoirigmce of transport costs is obtained from a
comparison of world exports, which are measuredannFOB basis that excludes transport
costs, and world imports, measured on a CIF b#sit ihcludes transport costs (as well as
insurance costs). The resulting estimate is arol@doer cent of value, with considerable
variation between countries.

Comparing international with intra-national vardatiin prices, various studies have estimated
the influence of an international border acrosscviiroducts are transported. There is evidence
that this border effect boosts not just the vdtstilof price differences but also their
persistencé?

Theindex number problenA country’s product mix may differ from anothesuntry’s. This
leads to different weightings in the price indexc{uding possibly a zero weight for a particular
product in only one country). This would be lessagbroblem if the indices are geometric in
nature. In practice, most indices are arithméfitus the problem becomes more serious the
more disparate the rates of price change betwestupts®

For the empirical examination of the PPP, the abédl international statistics are limited.
Rogoff provides this evaluation:

Unfortunately, available absolute PPP measures saghthe ICP [International
Comparison Programme] data set still have a nundbelimitations that make it

impossible for them to fully supplant standard goweent indices in empirical and
policy research. The main problem is that ICP datgathered infrequently ... and
country coverage is limited. .... For non-benchmgelirs and countries, data is filled
in largely by extrapolatiof{:

Sarno and Taylor point out:

The most influential work in this context has beesrried out by Summers and
Hestod> who developed the International Comparison Progf@®) data set, which
reports estimates of PPP for a long sample penmadaanumber of countries, using a
common basket of goods across countries. The IC@®tishowever, of great practical
help in empirical work since it is constructedagke time intervals and, for certain time
periods, data are available only for a few coustridoreover, since extensive use of
extrapolation has been made in order to solvepgioblem, the data presented in the
ICP become partially artificial, somewhat losingjadaility. *°

In a restricted application of the ICP data, oy tata subset that is collected directly is used,
but not that generated by extrapolation.

In summary, a list of reasons for not using PPEh&énsearch for a medium-term equilibrium
exchange rate includes:

- apriori reservations about the applicability of taw of one price;

22 sarno and Taylor (2002), page 55.

2 sarno and Taylor (2002), pages 53 - 54.
24 Rogoff (1996), pages 651 - 652.

% summers and Heston (1991).

% sarno and Taylor (2002), page 54.



- the unevenness of empirical support for PPP, andpparent inapplicability in
conditions other than very long periods of timeg an
- the substantial data limitations.

Still, several studies have used the PPP in thelsdéar the ERER. Since the law of one price is

even less likely to apply to the markets in nomttzle products, one can make the case for
excluding them from the national price indices usedhe PPP exercise. In the absence of
national price indices that directly exclude ncadfable products, a correction for the BS effect
using regression technigues permits the use of R &proach to search for the equilibrium

exchange rate.

Coudert and Couharde use cross-sectional data &rcdiintries in 2000 to measure the BS
effect on the relative price lev€|INational price levels (relative to the euro-areiaelevel) are
regressed on per capita GDP (relative to per capid in the euro area). They report the
following result:

l0g (P} /Peuro ared = 0.2448 109 X /Yeuro are} + 2.9919 (1.1)

whereP; /Peyro aredS the price level of countjycompared with the euro area’s afjd Yeuro aredS
the relative per-capita GD®.

The method is borrowed from Rogoff, who reportsiksinfindings in a study that used the U.S.
rather than the euro area as the benchrfiark.

log (P,/Pys) = 0.366 log {;/Yys) + 0.035. (1.2)

whereP,; /Pys is the price level of countrycompared with the US’s ang/Yys is the relative
per-capita GDP.

With GDP on the horizontal axis and the price legal the vertical, points on the fitted
regression line indicate the PPP-compatible préaeell for the corresponding level of GDP,
allowing for the BS effect. Since the dependenialde is 1f, wherer is the real exchange rate
as defined on page 1, the equations postulatedifiatences between bilateral ERERs are due
to differences in development levels and produgtivhs expected, the estimate of the slope is
positive, since a higher stage of economic devetyrand higher productivity lead to a higher
price level. Section 3.4 below discusses explanatfor the measured value of the intercept.

Once the parameters are estimated, the extentobfaage rate deviation from the ERER for
country j is given by the corresponding residual from thgreesion. A relative price level

which is higher than the estimate generated byrigii® hand side of Equations 1.1 or 1.2
indicates a real overvaluation of the currency aifirgry j with respect to the currency of the
benchmarked country or currency area, while theosppe indicates an under-valuation.

1.4 BEER: Theoretical elaboration

Despite the theoretical roots described in Secfidh above, the Behavioural Equilibrium
Exchange Rate (BEER) approach is sometimes vieveec d@heoretic, devoid of a clear
paradigmatic anchor and having only a limited freuoek of shared theoretical content. Still,
various explanatory variables are common to mangmKtudies.

The theoretical innovation in BEER is its searchda equilibrium exchange rate that varies
with changing values of the explanatory variable@g&hout necessarily setting them at their
equilibrium levels, unlike the FEER approach. Tarsh for evidence of the equilibrium

relationships, most BEER studies use cointegragohniques.

27 Coudert and Couharde (2002), page 17. See alsce@autd Couharde (2003).
28 P, is the price level of countiy converted into the currency of the benchmark aremuntry.
2 Rogoff (1996), page 660.



BEER studies have gained widespread acceptanchasdgained wider currency than FEER,
even if some misgivings about BEER are expressetianiterature. For example, the ECB
Monthly Bulletinsuggests:

Apart from the lack of consensus on the appropri@iacept of the ‘equilibrium
exchange rate’, even models belonging to the samtegery often send conflicting

signals, not only with respect to the magnitudd,dso with regard to the direction of
the perceived divergence from equilibridh.

Stein, too, expresses misgivings. Selecting sixdisf) he reports their findings on the
equilibrium euro-deutschemark rate and finds tresults “contradictory and often puzzlingf”.

Flagship BEER studies include Clark and MacDonaltlls a specification that is mirrored in
several other BEER studies, the determination @tdhg-run ERER is represented as follows:

re=f(TOT, TNT, NFA
The real long-run equilibrium exchange ratgis dependent on the relative terms of trade,
the relative ratio of the prices of tradable praduo those of non-tradable prodyctNT, and
net foreign assets expressed as a percentage GRXRENFA.
In the uncovered interest parity relationship, Bhis expectations operatd,is the nominal

exchange rate,is the nominal interest rate and the asteriskdstéor the corresponding foreign
variable.z represents the risk premium.

EQAS«) =(-1)+x

Subtracting, from both sides, the difference betwde home and foreign inflation rates, one
gets:

E(re) - 1= (r—ir) *m,

wherer is the real exchange rate, dnds the real interest rate. Since
E(rx) = reor the long run equilibrium rate,
=re - (r—ir) —7.

The time-varying part ot is a function of the ratio of domestic and foremrblic debt, relative
to nominal GDPsgdebt / gdebt

The preceding relationships generate this gengradten:
BEER = f(r - ir , gdebt/gdebt TOT, TNT,NFA
Clark and MacDonald define thrmurrent misalignment as “the difference between the actual

real exchange rate and the real exchange rate atetinfrom the current values of the
fundamentals.” On the other hand, toéal misalignment is the difference between the actual

30 ECBMonthly Bulletin(2002), page 52.

31 On net foreign assets, Stein (2002), notes:
[It] is included as a variable in five of the siugies ... In three studies, it is not significantpine study it
depreciates the real exchange rate and in only sbney does it appreciate the real exchange rate.
Moreover, Maeso-Fernandez, Osbat and Schnatz fthatdthe net foreign assets variable was weakly
exogenous. These results are not consistent witie baonomic theory. (Pages 355, 356)

%2 Clark and MacDonald (1998, 2000).



real exchange rate and the real exchange ratevthad prevail if the economic fundamentals
were at their long run or sustainable levéls.

As a result, Clark and MacDonald note that the BEERo0ader in scope than the FEER:

. in the BEER approach the total exchange rate ligisaent at any point can be
decomposed into the effect of transitory factoasidom disturbances, and the extent to
which the economic fundamentals are away from thestainable values. Whereas the
FEER is a medium to long-run concept, the BEER @enrgeneral in that it can in
principle be used to explain cyclical movementthimreal exchange raté.

On the proper comparison between the two methddsk @hd MacDonald write:

One key difference is that the FEER is the realharge rate associated with an
independently specified equilibrium capital accotodether with both domestic and
foreign output set at potential, whereas the BEEBstimated using actual values of the
fundamental determinants of the real exchange Patproper comparison [of BEER
and FEER] would therefore involve calculating tHeER with these determinants set at
their full-employment values. One interpretationsoich a comparison could involve
matching the potential output variable of the FE&R the calibrated values of the
relative price variables TOT and TNT]) and the interest rate differential. Variation in
the equilibrium capital account could be seen gstutad by movements in the
calibrated values of net foreign assets, relatioweghment debt, and the interest
differential®

15 BEER: Elaboration of explanatory variables
This section introduces a range of explanatoryades referred to in the BEER literature.

1.5.1 Productivity indicators

In the BEER literature, the justification for usipgoductivity measures to explain the real
exchange rate is the BS doctrine, already discusisede.

Proxies for BS range from total and sectoral prtigilg measures to ratios of price indices.
The ideal explanatory variable for capturing the Bflect measures the difference in
productivity growth between the two sectors at horeative to abroad. However, an
assumption that only the tradable-product sect@ysrproductivity growth justifies the use of
economy-wide productivity measures that do noirtistish between the two sectors.

The BS effect can be represented by the ratio®fCRI to the WPI (or producer price index),
where the CPI includes tradable as well as norabied products, while the other includes
mostly tradable producf§.The ratio is related positively to the BS effect.

Maeso-Fernandegt al®*’ compare two proxies - the relative price differ@nbetween tradable
and non-tradable products at home and abroad andtt labour productivity differential - and

% Clark and MacDonald (1998), page 10. In their @agibn, Pattichiet al (2003) first plug in actual values of the
explanatory variables in the BEER equation. They thgtimate the equilibrium exchange rate using $heab
versions of the explanatory variables, obtainedneans of the Hodrick-Prescott filter. (Page 20)

% Clark and MacDonald (1998), page 11.

% Clark and MacDonald (1998), page 17.

3% Coughlin and Koedijk (1990) write, “Wholesale grindices generally pertain to baskets of goodsciatain
larger shares of tradable goods than consumer ipidéees do. Consumer price indices tend to contatively
larger shares of non-tradable consumer servicBagé€ 40)

ECB Monthly Bulletin(2002) notes that the use of the relationship betwconsumer and producer prices suffers
from the drawback “that changes in taxes — andhitiqular value added taxes — as well as the efigiotiomestic
demand shocks on prices in non-tradable goodsrsati@y conceal the actual productivity informatt@mveyed

by this variable.” (Page 45)

It should also be noted that the CPI is more likelgontain products with regulated prices thanRRé



find them not to be equivalent. They note that wéh increase in tradable-products
productivity, both proxies change in the same dioa¢ but if non-tradable-products
productivity rises, the two proxies diverge. Howew@milarity is expected in the evolution of
the two proxies as the catching-up process proceeds

1.5.2 Net debt position or net foreign assets

Different international debt positions are ass@dawith different ERERs. Greater net external
indebtedness requires an improved trade balanfirance the additional debt-servicing costs,
necessitating depreciation in the real exchange vadditionally, a rise in the risk premium
results from a deterioration in the internationavestment position. For a given domestic
interest rate, a higher risk premium is compatibilh a weaker real exchange rate.

The distinction between tradable and non-tradatmdycts introduces another causal charthel.
Larger holdings of net foreign assets prompt ameiage in domestic spending. While this has
no effect on the prices of internationally arbigddgradable products, it pushes up the prices of
non-tradable products and strengthens the reabexghrate®

Data on international investment positions arelak& only for a few countries and for only a
short span of years. The difficulty in their conagibn arises from valuation changes, i.e. the
effects of fluctuations in exchange rates and @derates. The accumulated current account
positionmay serve as a proxy for net foreign assets odebt position. The measurement of
this proxy may not correctly account for valuaticlmanges, reinvested earnings and so on. In
the case of equity holdings in direct or portfdliwestments, there is the additional difficulty in
the valuation of unlisted holdings.

1.5.3 Terms of trade and commodity prices

Higher relative import prices are compatible with éxchange rate depreciation that preserves
competitivenes®

Assuming competition and arbitrage, the ratio gbark to import prices is also the ratio of
domestic tradable-product prices to foreign traelgiybduct prices. These two terms are
important components & andP* in the definition of the real exchange rate. Thaes if there

is any rigidity in the nominal exchange rate, thik Ibetween the real exchange rate and the
ratio of export to import prices is definitional.

Some writers use the relative price of oil as aplanatory variablé* The relationship with the
real exchange rate depends on whether a courdy @8l exporter or an oil importer, and in the
case of the latter, the relationship varies with diependence of the economy on oil imports. An
increase in the price of imported oil or a courgrgreater dependence on imported oil is
associated with a weaker real exchange rate.

Various authors explore other links between comiyogliices and the exchange rate. Higher
prices of exported commodities generate increasesges and non-tradable product prites.
A similar mechanism works through the wealth effetthigher commodity prices and the
resulting rise in the prices of non-tradable prasft

%7 Maeso-Fernandeztal (2001), pages 12 - 13.

% MacDonald and Ricci (2003), page 6.

% Ppattichiset al (2003) found the net foreign asset variable tcstaistically insignificant (page 19). Lane and

Milesi-Ferretti (2000) found the influence of NFé be stronger on the CPI based real exchange @ateoththe

WPI based counterpart (page 21).

Nillson (2002) uses export and import unit valé@sa number of countries in his BEER studies, aqgbg and

import prices for the rest (page 12).

41 Ppattichis et al. (2003) deflate the price ofyilthe wholesale price index (page 14). They foilvad a higher real
oil price led to a depreciation of the real exctarate for Cyprus, which is an oil importing coynfpage 19).

42 gee Cashiet al (2002), quoted in MacDonald and Ricci (2003).

4 See Dias-Alejando (1982), quoted in MacDonald Riudi (2003).

40
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Measurement of the terms of trade is likely to é&gslaccurate than that of commodity prices,
whose measurement is more straightforward. This neault in relatively weaker empirical
results relating to the terms of trade. Moreovereign exchange markets are more currently
informed about commodity prices than on nationainte of trade, so that these markets are
more efficient in processing information on comntpgirices than on the terms of trade. This
increases the likelihood that commaodity prices Wwél found to be more statistically relevant in
empirical work.

1.5.4 Interest rate differential

Interest parity associates a higher interest rdiie @pected depreciation of the currency and,
for a given expected exchange rate, a higher istteete is compatible with a stronger current
exchange rate.

Noting little evidence in the literature of a rétetship between real exchange rates and real
interest rate differentials, MacDonald and Nagayatsempt a formulation that allows expected

real exchange rates to vary across countries. Tiagiel cointegration results provide evidence
of a significant relationship, especially when gsiong-term interest ratés.

In their study of the ERER for South Africa, Maclath and Ricci explore other relationships
involving the real interest rate differential.

First, an increase in absorption relative to savinguld put upward pressure on the
real interest rate in an economy with less tharepercapital mobility. At the same
time, the demand for both tradable and non-tradgbtels would increase, inducing an
increase in the price of non-tradables, whichummtwould result in an appreciation of
the real exchange rate. Second, real interest diferentials may also reflect
productivity differentials: to the extent that theeasure employed to proxy for the
Balassa-Samuelson effect is not perfect, the me@irast rate differential may help
capture this empirically; also if the productivityf capital [rises] with respect to trading
partners, capital will flow to the home countryetéby inducing an appreciation of the
real exchange raf8.

In an analysis of the relationship between the esahange rate and medium-term economic
fundamentals, the ECBonthly Bulletinremarks:

The cyclical pattern of the [real interest ratefatintial] over the medium term may
display ... the relative business cycle position bé tcountries or areas under
consideration as well as their relative growth pemss ... To the degree that the
expected growth differential has reflected temppdifferences in the business cycle
[between the two economies], the exchange ratedwvoeéd to revert to its long-term
path over the medium term. By contrast, a struttorgpermanent shift in economic
growth could have required a long-term adjustmerhé exchange rate levél.

Computation of the expected inflation rate, neettedbtain the real interest rate, presents
measurement problems. Only in certain countries a#ormation from inflation-proof
securities be exploited, and such information heasnbavailable only for a relatively short
period of time. It is commonplace to use currefiition rates instead, or to employ a filtering
technique to extract information on inflation exfaions from actual inflation ratés.

4 MacDonald and Nagayasu (2000).

45 MacDonald and Ricci (2003) pages 4 - 5. These asiiiscuss also the influence of monetary and fisokcy.

46 ECBMonthly Bulletin(2002), page 48.

47 ECBMonthly Bulletin(2002), page 46. Pattichis al (2002) use the nominal interest rate minus antejghrter
centred moving average of the CPI inflation ratagg 14). Nilsson (2002) deflates by using the peage
change in the consumer price index over four quartAs Nilsson points out, this technique assuntes t
inflationary expectations are adaptive in natuaggl13).
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1.5.5 Fiscal position

If unmatched by an equal cut in private spendintarger budget deficit reduces the current
account surplus (or increases the deficit), worsgrnihe country’s net foreign assets position,
and weakening the real exchange rate. A link thatvd on the divide between tradable and
non-tradable products goes as follows: If governnsgending is directed more heavily than
private spending towards non-tradable goods, aehifibcal deficit pushes up the price of non-
tradable products, and in so doing strengthensdhleexchange rate. The reallocation towards
non-tradable products and the effect on the exaheatg will be weakeif the rise in the public
deficit comes from a tax cut rather than from imsed public sector spendiffy.

In the absence of a difference between the puliéit @ivate sector propensities to spend on
non-tradable products, the impact on the real exgphaate of a higher deficit depends on

whether there is Ricardian equivalence and how ¢earp the deficit shocks are. In the longer

run, the distorting effects of the higher taxesdeekto finance added government spending can
have growth-reducing effects that will depressekehange rat&.

1.5.6 Openness

This explanatory variable is found in, for exampWgacDonald and Ricc Trade restrictions
raise the domestic price of tradable goods, anithénprocess lift overall domestic prices and
strengthen the real exchange rate. As a proxy penoess, MacDonald and Ricci, as well as
Goldfajnet al* use the ratio of the sum of exports and importSBP. MacDonald and Ricci
recognise that this ratio is influenced by factotBer than openness and their econometric
method is designed to correct for the ratio’s emah@ity. To measure openness, Cathssudy

of the Malagasy franc uses the effective tax ratenternational trade, equal to the ratio of
import tax revenue to imports plus the ratio of @xtpax revenue to exports.

1.6 BEER: Elaboration of the panel approach

A highly relevant BEER study that draws also onBladassa-Samuelson-adjusted PPP theory is
contained in Maeso-Fernandetzal (2004)>* Although these authors follow BEER practice by
exploring the relationship of key explanatory vhles to a time-varying equilibrium exchange
rate, their method is related also to the PPP agprain that their specification is in terms of
deviations from PPP. Whereas many of the BEER ssudéferred to earlier use time-series
analysis, and the PPP approaches mentioned beferer@ss-sectional in nature, the panel
studies in Maeso-Fernandetzal are an amalgam of the two methods.

Defining the exchange rate gap as the differented®n the current values of the exchange rate
and the PPP exchange rate, Maeso-Fernaetdakestimate the gap for acceding countries in
Central and Eastern Europe (CEE).

Because of the lack of time series data for the Calhtries, Maeso-Fernandetzal use a two-
stage approach to estimate the exchange rate magfirst stage, they employ panel data on 25
industrialised countries between 1975 to 2002 tionese the key parameters of their regression

48 See MacDonald and Ricci (2003), who describe tilebietween the fiscal balance and the real excheatgeas

ambiguous. (Page 5 - 6.) See also Goldfajn andeggti999), pages 234 - 235.

It is noted in the literature that a larger puldlebt may also influence the real exchange rataugir changes in

risk premia.

0 MacDonald and Ricci (2003), pages 6 and 21.

1 Goldfajn and Valdés (1999), page 235.

2 Cady (2003), page 5.

%3 Additional explanatory variables used in BEERI&ts include:
Dependency ratio (the ratio of the non-working dapan to the working age population); R&D expendits;
the output gap; private and public sector conswnpdis percent of the GDP. See EMBnthly Bulletin(2002),
page 51, and Stein (2002), page 352.

% Maeso-Fernandezt al (2004).

49
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model. Then they sketch out a methodology to estinlae exchange rate gap for the CEE
acceding countrie¥.

1.7 Conclusion

This chapter discussed the determinants of the ERER following chapters will test variants
of the PPP and BEER methods for the purpose ahastig the equilibrium exchange rate of
the Maltese lira. Because of the demanding datacanmgplex computational requirements of the
FEER approach, and also because the applicatitimsrstudy of other methods provided the
comprehensiveness needed for an estimate of theREREwas found unnecessary to
supplement these other methods with the FEER apiproa

%5 Although they suggest using the slope coefficierstimated from their first-stage regression madejenerate
estimates of the exchange rate gap for the accetliif countries, they recommend caution in the choidbe
constant terms for these countries, because thxperience is likely to be different from the indistised
countries included in the sample. This issue isutised further in Chapter 5.
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PART TwO: ESTIMATION OF THE EQUILIBRIUM REAL EXCHANGE RATE






Chapter 2: Basic Purchasing Power Parity

2.1 Introduction

In this chapter the ERER for the Maltese lira igneated using a basic Purchasing Power Parity
(PPP) approach. This entails the identificatioraafecent period when the Maltese economy
appeared to be close to equilibrium. The real exghaate prevailing in that period could thus

be assumed to be close to its equilibrium level.

2.2 Indicators of equilibrium

It is not obvious how the equilibrium of the econoshould be defined. In principle, PPP is
consistent with a long-run equilibrium position, ialihcan hardly be found in empirical data. In
practice, one can look for a period when a numibeconomic indicators show relatively small
deviations from what are assumed to be their lamgwalues. Such a period would be one of at
least three years, with the relevant economic atdis averaged out over the period.

Table 2.1 below shows a humber of relevant econamdicators for Malta covering the period
1980 - 2002. These include:

the real effective exchange rate

real GDP growth

the unemployment rate

the inflation rate

the current account balance, after subtractiegrétained earnings of foreign-owned
corporations, as a percentage of GDP

the current account balance, after subtractivg retained earnings of foreign-owned
corporations and adding errors & omissions, asegmtage of GDP

g. the output gap computed using the productiootfan

h. the output gap computed using the Hodrick-Pre$itter

®oooTp

.

2.3 Data

Although the data series begins in the early edghtthe Maltese economy was significantly
regulated at that time, so that the indicators rehtl then fully reflect the operation of market

forces. Only in the late eighties were most reguitest abolished or relaxed. Thus, the period of
interest for the present exercise starts towareletil of that decade.

For this exercise, the current account balance adfssted in two ways, as indicated above.

Retained profits were subtracted because theseepmted as a debit entry in the current

account and then as a credit entry in the capitdlfanancial account. The second adjustment,

involving the addition of errors and omissions, waade because these are likely to stem
largely from under or over reporting of the goodsl aervices balance. The three measures of
the current account balance are shown in Chath&@dw.
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TABLE 2.1: REAL EXCHANGE RATE AND INDICATORS OF EQUILIBRIUM

Real effective Real GDP Unemployment | Inflation rate Adjusted Adjusted Output gap” Output gap®
exchange raté growth rate current current
account / GDP | account / GDP
(a) (b) (c) (d) (e) () (9) (h)
% % % % % % %
1980 112.92 7.0 3.3 15.8 10.0 8.7 8.5 8.8
1981 122.85 3.3 4.7 11.5 10.5 10.7 7.0 6.8
1982 129.29 2.3 8.6 5.8 3.1 4.6 4.4 4.4
1983 126.64 -0.6 9.3 -0.9 0.4 2.4 -2.3 -0.5
1984 126.81 0.9 9.4 -0.4 2.2 1.7 -5.1 -3.7
1985 123.39 2.6 9.1 -0.2 -0.8 -2.8 -6.5 -5.3
1986 119.96 3.9 7.5 2.0 1.8 1.9 -6.7 -6.0
1987 113.79 4.1 4.9 0.4 2.6 0.6 -6.2 -6.6
1988 112.52 8.4 4.4 1.0 4.6 1.9 -2.7 -3.5
1989 106.35 8.2 4.1 0.9 11 -0.5 0.6 -0.7
1990 99.86 6.3 4.3 3.0 -1.4 -1.2 1.0 0.2
1991 99.33 6.3 4.1 25 0.7 -2.7 1.6 1.0
1992 94.50 4.7 4.5 1.6 2.3 1.7 0.8 0.4
1993 95.01 4.2 5.2 4.1 -1.9 -1.2 -0.2 -0.5
1994 95.71 3.0 4.8 4.1 -2.7 -1.5 -2.0 -2.5
1995 100.00 9.3 4.2 4.0 -8.8 -8.5 1.3 1.7
1996 97.77 4.0 5.0 25 -9.3 -7.6 0.0 1.1
1997 97.18 4.8 55 3.3 -4.6 -1.8 0.5 15
1998 98.59 3.4 5.6 2.2 -3.5 -0.9 0.6 0.9
1999 101.02 4.1 5.8 2.1 -0.8 -2.6 0.9 1.0
2000 99.37 6.4 5.0 2.4 -6.2 -3.9 3.4 3.6
2001 100.73 -1.2 5.1 2.9 -2.8 1.3 -0.7 -1.0
2002 101.53 1.2 5.2 2.2 -1.6 1.2 -2.6 -3.0
1980-2002 107.6 4.2 5.6 3.2 -0.2 0.1 -0.2 -0.1
1989-1993 99.0 5.9 4.4 2.4 0.2 -0.8 0.8 0.1
1989-1994 98.5 5.4 4.5 2.7 -0.3 -0.9 0.3 -0.3
1992-1994 95.1 4.0 4.9 3.3 -0.8 -0.4 -0.5 -0.8

Equivalent to an index of f/wherer is the real exchange rate as defined in Chapfeade 1.
2 Current account minus retained earnings.
3 Current account minus retained earnings plus €&amissions.

*Measured using production function method.
® Measured using Hodrick-Prescott filter method
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CHART 2.1: UNADJUSTED AND ADJUSTED CURRENT ACCOUNT , AS PER CENT OF GDP
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2.4 Estimation

On the basis of these current account balancegpéars thal989 - 1993was a period of
relative equilibrium, as Chart 2.1 shows. The agenzalues of the indicators for this period are
also shown in Table 2.1. As can be seen in the talverage GDP growth for the period 1989 -
1993 was somewhat higher than that for the entme span shown. The unemployment rate
was, consequently, somewhat lower. At the same, tthree inflation rate was lower than the
average for the whole period, while the output gegs either positive or close to zero,
depending on the computation method chosen.

One peculiarity of the period was that it includies year 1992, during which the Maltese lira
was officially devalued by 10%. However, since othmjor currencies included in the Maltese
lira’s real effective exchange rate index depredatoncurrently, the real exchange rate was not
affected significantly by this devaluatich.

When the selected period was stretched by onetyeli94, the corresponding statistics for this
extended periodl989 - 1994 were quite similar to the full period averagdsslin the three-
year period fron1992 - 1994hat the average rates of real growth, unemployraed inflation
are closest to their full period averages. Howelseth the output gap and the current account
balance are negative for this period, giving argjes indication of disequilibrium than in the
previous two sub-periods.

The average values of the real effective exchaate for each of the two sub-periods that
manifested the strongest signs of equilibrium, rgntiee 1989 - 1993 and 1989 - 1994 sub-

6 The inflation rate accelerated during the subestjthree years, taking the real effective exchamatgin 1995
back to its 1991 level.
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periods, were estimated, with 1995 set as the Yaae The conclusion was that, with the real
exchange rate at 101.5 in 2002, the degree of ti@viltom the ERER was as follows:

TABLE 2.2: ESTIMATED DEVIATION FROM ERER: BASIC PPP APPROACH

‘ Implied deviation in 2002
Estimated equilibrium period: 1989 - 199 +2.6%
Estimated equilibrium period: 1989 - 199 +3.1%

2.5 Summary

These results suggest that in 2002 the deviatidheofeal exchange rate from the ERER ranged
from +2.6% to +3.1%. As already mentioned, a litigta of this approach is the assumption
that the equilibrium rate is constant. Departimanfrthis assumption may yield different levels
of divergence from the ERER.
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Chapter 3: Modified Purchasing Power Parity

3.1 Introduction

An advantage of the Purchasing Power Parity (PBp)oach is its conceptual and computational
simplicity. However, while the basic version pre®ehin the previous chapter may be appropriate
when the countries involved are at a similar lexfebconomic development, it has to be modified
for countries that are still catching up with theame levels of their more developed counterparts.

3.2 Modifications to the basic PPP approach

The basic purchasing power parity theory statesttieahome country’s price level will equal the
foreign price level when both are expressed instémae currency. Any deviation would imply that
the real exchange rate is not equal to unity amdisequently misaligned.

But empirical research shows that the price lemetiéveloping countries is lower than that in

developed countries, when both are expressed ionanon currency. This suggests an under-
valuation of the currencies of developing countrigserefore, the basic PPP approach is valid only
when comparing countries that are at a similarestaigeconomic development. Differences in

price levels may reflect differences in productiviespecially in the non-tradable sector. This is
probably the case for Malta, which has a lower pobdity level than the EU average. Thus, in

adopting the PPP approach to measure the app®peial of the real exchange rate, a correction
for the Balassa-Samuelson effect is needed.

Rogoff (1996) pioneered a method for estimating ¢oilibrium exchange rate using a PPP
interpretation that takes into account internatioddferences in relative productiviy. The
problem of applying PPP logic to countries at ddfa stages of economic development can be
addressed by estimating the following relationship:

log P /P") =a +flog(Y; IY) +¢; [3.1]°®
where:

P, = P(1/S) = Price level for country, converted at the exchange rate into the currehcy
the benchmark country.

P’ = Price level of the benchmark country.

Y; = GDP per capita in PPS in counjry

Y = GDP per capita in PPS in the benchmark country.

j =Countries 1,...n.

Equation 3.1 postulates that differences in bit&RERs are due to differences in development
levels. The coefficienys is likely to be positive, since a more advancealestof economic
development is expected to lead to a higher paeell Once the coefficientsandp are estimated,
the extent of exchange rate misalignment for cqunis measured by the corresponding residual
from the regression. A relative price level whishhigher than the result estimated from the right
hand side of Equation 3.1 indicates a real oveataln of the currency of countjywith respect to
the currency of the benchmark country, while thpagite indicates an under-valuation.

3.3 Data sources and compilation

As can be seen from Equation 3.1, the applicatfoie PPP approach corrected for the Balassa-
Samuelson effect requires data for price levels padcapita GDP at the Purchasing Power
Standard (PPS). The PPS is an internationallyotmifbasket of representative products. Since
Malta’'s main trading partner is the EU, the respectindicators for the EU were used as

benchmarks against which the price level and ppita&dDP in PPS for each selected country
were compared.

" See Section 1.3 above.
%8 Equivalent to Equations 1.1 and 1.2 in Chapt@aie 7.
% P,/P"= 1k, wherer is the real exchange rate as defined in Chapieade 1.
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An important issue concerned the type of pricelleveasure to be employed in the estimation of
the equation. The choice was between the consuriger ipdex and the GDP deflator. The latter
was preferred because it includes a wider rang®odls and services.

Given the data requirements, and the need of a lsegnple comprising a wide variety of
countries, the Penn World Tables (PWT) were useithese were the best source of data on both
relative prices and relative per capita GDP. Thesladata from the PWT were for the year 1999
and, thus, these were employed in the study. Ircése of relative prices, the PWT provides data
on relative GDP deflators and relative consumerepimdices. As both types of price measures, as
well as the GDP data for each country listed in PN¥T are expressed in relation to the US (the
benchmark country), the data were recomputed iardrrelate them to the EU countrf8s.

The issue of country selection was important beedhbe results proved sensitive to the choice.
The criterion used was that the sample of counstesuld include a wide variety of countries,

provided that good quality data were available éach of the selected countries. Therefore,
although the PWT provide statistics on 168 cousjribe data for 67 countries classified as of
“low” quality were excluded from the sample, withetexception of Malta and Cyprus. Thus, the
sample included 103 countries, comprising a mikath industrialised and developing countries.
The selection is displayed in Table 3.1 below.

TABLE 3.1: COUNTRIES INCLUDED IN THE ESTIMATION

Argentina Croatia India Malta Spain
Armenia Cyprus Indonesia Mauritius Sri Lanka
Australia Czech Republic  Iran Mexico St. Lucia
Austria Denmark Ireland Moldova Swaziland
Azerbaijan Lithuania Israel Morocco Sweden
Bangladesh Luxembourg Italy Nepal Switzerland
Barbados Macedonia Jamaica Netherlands Syria
Belarus Ecuador Japan New Zealand Tajikistan
Belgium Egypt Jordan Nigeria Tanzania
Bolivia Estonia Kazakhstan Norway Thailand
Botswana Fiji Kenya Pakistan Trinidad
Brazil Finland Korea Panama Tunisia
Bulgaria France Kyrgyzstan Peru Turkey
Cameroon Gabon Latvia Philippines United Kingdgm
Canada Georgia Lebanon Poland Ukraine
Chile Germany Sierra Leone Portugal Uruguay
China Greece Singapore Romania Venezuela
Colombia Grenada Slovak Republic Russia Zambia
Congo Hong Kong Madagascar Senegal Zimbabwe
Costa Rica Hungary Malawi Slovenia

Cote d’lvoire Iceland Mali South Africa

While data pertaining to Malta and Cyprus were gthds being of “low” quality, their inclusion
or exclusion from the sample did not materiallyealthe estimated coefficients of Equation 3.1.
This notwithstanding, the data pertaining to M&léal a significant bearing on the results obtained
where the estimation of Malta’s ERER was concerned.

34 Estimation results

Equation 3.1 was thus estimated on the basis fstmple of countries. As already indicated, the
GDP deflator was used as the price variable. Thanated coefficients were statistically
significant, even at the 1% level. These estimataggested a faster increase in relative prices
during the catching-up process compared to theeyexV studies. As shown in Table 3.2, the
coefficient for relative per capita GDP, is almost double that obtained by Coudert andn@oie
(2002), and somewhat higher than that found by R¢4696).

€0 For this purpose, conversion factors of 1.0202étative prices and 1.4175 for relative per Ga@DP were used.
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This study also undertook an alternative estimatibequation 3.1 based on the OECD/&in
Economic Indicatordor the thirty OECD member countries. Data for 20@ere available and
employed in this estimation. As can be seen froml&8.2, the coefficient of relative GDP was
higher in this case.

TABLE 3.2: ESTIMATION OF EQUATION 3.1

a
Coudert & Couharde (2002) ‘ 2.9919 0.'2,448
Rogoff (19965 0.0350° 0.3660
CBM (Sample of 103 PWT countriés) 2.3115 0.4490
CBM (Sample of 30 OECD countries) 1.8827 0.5824

The Bank’s estimate based on the sample of 103 BPoWtries predicts that, once the catching-up
process has been completed, and Malta’s relativ® @&r capita has reached the EU average,
prices in Malta would be around 79% of the EU ageral'hat Malta’s price level would not reach
the EU average at the end of the catching-up psoseggests that GDP per capita in PPS is an
imperfect proxy for the level of productivif§y.A possibly better indicator would be GDP per
employed person in PPS, because this measuresairdiyunore adequately. However, such data
were not available for most countrf&s.

As a further check on the robustness of the cadeffis, various other estimations were undertaken.
One used consumer prices as the relative price ureg€olumn A in Table 3.3). Another
excluded Malta and Cyprus from the sample (ColumnCEher adjustments included additional
variables, including the degree of openness, espteas imports plus exports as a proportion of
GDP (Column C), as well as a dummy variable faridl states (Column D).

In all these cases; and f remained very stable, as can be seen in TableTh&.degree of
openness and the dummy for island states weretatidtically significant, while the exclusion of
Malta and Cyprus from the sample did not substiyn@dfect the results.

TABLE 3.3: ESTIMATION OF EQUATION 3.1 BASED ON PWT DATA”

A B C D E
CPI GDP GDP GDP GDP
deflator deflator deflator deflator”™

Constant 2.2743 2.3115 2.3919 2.3254 2.3126

(13.92) (14.39) (6.32) (14.50) (14.21)
Sae"i’tt;"gngrm 0.4532 0.4490 0.4523 0.43B 0.4486
PPpS (9.65) (9.73) (9.34) (9.26) (9.55)
Openness - - -0.0212 - -

P (-0.23)

Dummy for i i i 0.1631 i
island states (1.32)
Number of 103 103 103 103 101
observations
R? 0.480 0.484 0.484 0.493 0.479

Parentheses contain the t statistic.
Estimation excluded Malta and Cyprus.

*x

61
62

Equation 1.1 in Chapter 1, page 7.

Equation 1.2 in Chapter 1, page 7.

® In Rogoff's dataP;/P" andY; /Y are each equal to 1 in the benchmark countryhénather three studies, each is
equal to 100. These differences in scale affectdhalting estimate of the constant.

These countries are listed in Table 3.1, above.

GDP per capita data may be influenced by diffeesrin labour market participation rates.

® In this regard it should also be mentioned thaecdices in the productivity of capital could aistect the results,
although capital is generally observed to be higimgbile and modern technological methods are masdlye
transferable across countries.

64
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3.5 Estimated ERER

The results of Equation 3.1 were subsequently tsezbtimate the ERER of the Maltese lira in
2002. This required relative price and GDP dataMaitta and the EU for that year. Since these
indicators were available only up to 1999 from AT source, GDP and inflation in Malta and

the EU were extrapolated to 2002, using NSO anchd$far data. From these computations it
resulted that both Malta’'s GDP per capita in PP8 d@s GDP deflator were 65.1% of the

corresponding EU averages in 2002.

The relative price and GDP per capita data for Malere applied to the preferred coefficients,
estimated on the basis of the CBM sample of 103 Rintries (Column B in Table 3.3). The
results indicate that the estimated -6.8% devialiom ERER in 1999 was corrected during the
subsequent three years. As shown in Table 3.4 hellogre was virtually no exchange rate
misalignment by 2002, when the difference betwédenactual relative price and the equilibrium
value amounted to -0.05%.

In applying Eurostat’'s revised GDP per capita amtteplevel for Malta to the estimated
coefficients, the results remain broadly samilwith an estimated deviation from the ERER
of -7.22% in 1999 and one of +0.22% in 2002.

3.6 Summary

The modified version of the PPP in this chapterromps on the model in Chapter 2 by taking into
account international differences in the stage aanemic development relative to the EU. The
estimation was based on data obtained from the RMvaA sample of 103 countries that included a
mix of both developed and developing countries. Tegression included a coefficient that

measured a catching-up factor that influences dgweénts in the real effective exchange rate.
Coefficient estimates were then applied to Maltaés capita GDP and relative price level to
estimate the ERER. The results showed virtuallgieation from the estimated equilibrium level

in 2002.

TABLE 3.4: ESTIMATED DEVIATION FROM ERER: MODIFIED PPP APPROACH"

| 2002
Data source for 2002: CBM estimates -0.05%
Data source for 2002: Eurostat +0.22%

" Based on coefficients estimated from 1999 PWT.data
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Chapter 4: Behavioural Equilibrium Exchange Rate

4.1 Introduction

The Behavioural Equilibrium Exchange Rate (BEER)rapch relates the real exchange rate to a
set of economic fundamentals that vary over timaking the BEER a time-varying concept. The

deviation of the exchange rate from its equilibrivedue is estimated from a comparison of the
actual real effective exchange rate and the cooratipg equilibrium rate for the selected time

period.

As mentioned in Chapter 1, the BEER approach ireslthe estimation of a cointegrating
relationship containing the real exchange rate aasdt of economic fundamentals. These include
the relative terms of trade, the relative raticnoh-tradable to tradable product prices, the redati
ratio of net foreign assets to GDP and the relatiterest rate differential.

4.2 Definitions and Data Sources

4.2.1 Real effective exchange rate

The real effective exchange raf, is an inflation-adjusted index of a home curréacyalue
relative to a basket of other currencies whereetlesrencies are weighted according to the home
country’s trade with the countries using the cucres. The index is adjusted for differences in the
national rates of inflationR is equivalent to the ratio of Malta’s price levelative to foreign
prices, where all prices are measured in a commoermcy®’

Malta’s major trading partners were identified aarice, Germany, Italy, the United Kingdom and
the United States, together accounting for 70% aftd/s total trade. The weights used to measure
R were time varying and were based on both merckangade flows and tourist arrivals. Time
variation reflects the effects of changing tradégras, while the inclusion of both manufacturing
and tourism recognizes the importance of thes@eefiir the Maltese econonfiy.

The selection of an adequate price measure wasmaoriant methodological issue in the
calculation ofR. The more widely used price measures found insiiygporting literature are
consumer prices (CPI), producer prices (PPI) aridaimour costs (ULCY.

Chart 4.1 plots three effective real exchange rideshe Maltese lira, based on CPIs, PPIs and
ULCs, respectively. These exhibit a common dowidwaend with a roughly similar pattern.
However, between 1994 and 1998 the path of theb@Bé&dR diverged from that observed in both
the PPI- and the ULC-based counterparts. While I#ter two indices continued to drop,

7 R = 1k, wherer is the real exchange rate as defined in Chaptgade 1. Real exchange rate appreciation, as

commonly understood, is represented by an incrieaRe
The weights for the index were constructed on lihsis of employment, rather than external tradechvis a
turnover or gross measure. Due to the relativelyeldurnover of the electronics industry, turnodata distort the
relative importance of manufacturing as well asriiative importance of the major trading partnéfswever, in the
case of tourism data on employment were unavailpie to 1983, and thus the index was based orouar from
1970 to 1983. An inspection of the data for thB83191989 period shows that the relative importasfdeurism was
very similar whether measured in terms of employneeriurnover.
% The sources of the PPl and ULC statistics afellsvs:
The PPIs for the foreign countries, comprisingnadinufacturing industries including oil productiamere obtained
from a database available at the Banca d’ltalia @brresponding PPI for Malta was constructed uag@s basis
the index of industrial production (Source: N2M®stract of Statistigs which was however only available up to
1996. Upon inspection of an overlapping samplal exports and the index of industrial productioarevfound to
move in line with each other. In addition, threexdars of manufacturing turnover is exported. Tfoee export
volumes were used to obtain a longer time seriethfindex of industrial production.
Since data on nominal manufacturing output werdlaa only through 1999, the series was extrapdlaising
growth in nominal exports. The PPl was then extdcas the ratio of nominal manufacturing outputthe
constructed real manufacturing output.
For the ULC-based alternative, the foreign indiaese obtained from the Banca d'ltalia database,enthié Maltese
equivalent was constructed by computing the ratiovages and salaries in manufacturing (Source: Na@onal
Account$ to real manufacturing output.
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suggesting that Malta’s manufacturing sector wdatively more competitive in relation to its
trading partners, the CPI-basRdncreased. Furthermore, both the PPI and ULC-bRsexhibited
a negative relationship after 1998.

CHART 4.1: ALTERNATIVE INDICES OF THE REAL EFFECTIVE EXCHANGE RATE OF THE M ALTESE
LIRA (1995 = 100)
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For estimation purposes, the CPIl-based varianh@Rtwas preferred mainly on account of the
CPI's comparability across countries. The local BRi ULC are not directly comparable to the
foreign indices as the Maltese indices are estitha® implicit deflators, while their foreign
counterparts are measured directly. More impowahtbwever, the preference for this measure is
justified by the far-reaching differences betweeme tproduction structures of Malta’s
manufacturing industry and those of its major tngdpartners. Indeed Malta’s production base is
more concentrated than that of its trading pariressts manufacturing output is dominated by the
electronics industry. On the other hand, one wenlgect consumption patterns in Malta and in its
trading partners to be similar in nature, especiathen compared to production patterns. For all
these reasons, the CPI-basedas deemed a better measure.

The path followed by thiR is shown again in Chart 4.2, which displays anoslintontinuous
depreciation up to 199%.The overall decline reflected the low inflatiortean Malta compared
with its main trading partners, and took place nibtstanding the fact that in nominal terms the
exchange rate was appreciatihgSubsequentlyR embarked on an upward trend. This was the
result of the inflationary effect of the officialedaluation of the lira in 1992, as well as rapid
economic growth.

0 This trend was temporarily interrupted in 19&illdwing the second surge in the price of oil.
I See Caruana Galizia (1989) for details of Malexshange rate policy and the effective exchange batween

1970 and 1988.
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CHART 4.2: R: CPI-BASED REAL EFFECTIVE EXCHANGE RATE (1995 =100)
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4.2.2 Relative ratio of non-tradable to tradable poduct prices’

This ratio (NTT) is defined as the ratio of domestbnsumer prices to producer prices in the
Maltese manufacturing sector, relative to its eglgmt in Malta’s trading partnef3.

The resulting NTT series is shown in Chart 4.3.sTdtiows a declining trend in NTT throughout
the 1970s, followed by a sharp rise in the earl0k9 During this period, the second oil-price
shock boosted price and wage inflation, which ledatrise in NTT. For the remainder of the
eighties the NTT declined, with the wage freeze 1882 - 1989 and productivity losses
experienced in the mid to late eighties contribgitio the fall. Subsequently, NTT increased, but
the rising trend was halted in the year 2000.

CHART 4.3: RELATIVE RATIO OF NON -TRADABLE TO TRADABLE PRODUCT PRICES
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4.2.3 Relative ratio of net foreign assets to GDP

As discussed in Chapter 1, the net indebtedneas eConomy is best represented by the country’s
international investment position (IIP). Howevence |IP data were only available from 1994, the
net foreign assets of the monetary sedibtA, were used as a proxy, measured as a percentage of
GDP/* An adjusted version of this proxpNFA includes the net foreign assets of the monetary
sector netted of the stock of outstanding foreaank of government.

2 As an alternative to NTT, the GDP per employes@e was considered. Although less prone to measemt error,

it yielded unsatisfactory results in estimation.

CPIs for Malta and its trading partners were atgdifrom the IMF'sInternational Financial Statisticswhile the

method of constructing the PPIs is described irtriate 69.

Attempts were made to estimate back data by &wdjuthe available statistics backwards, usingdineent account
balances, whilst taking into account nominal excgamate changes. However, the resulting seriededel
unsatisfactory results. This was mainly the coneaqa of a lack of information on asset price changs well as
the problem of exchange rate adjustments, sinGeth®y not have reflected the currency composifahe stock

of foreign assets and liabilities in each time peri
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The exclusion from th&lFA and ANFA proxies of the non-monetary sector’'s net exteasakt is
justified by the rigid capital controls that wersed to support Malta’s hard exchange rate peg for
most of the sample period.

A graphical representation dfFA as a ratio of GDP is shown in Chart 4.4. It sheawdecline in
the net foreign asset position of the monetaryosdodm 140% of GDP in 1976 to about 60% by
1997. The drop in the ratio after the mid-eightielected economic liberalisation and faster rates
of GDP growth. After 1997 the declining trend irethatio was reversed, mainly on account of
privatisation proceeds from the sale of variouslipwssets to foreign investors.

CHART 4.4: RELATIVE RATIO OF NET FOREIGN ASSETS TO GDP
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4.2.4 Relative terms of trade

The relative terms of tradd QT) are defined as the ratio of Maltese export priceisnport prices
divided by the similar ratio for trading partneBue to a lack of data on import and export prices,
unit value indices were used for Malta and thectetécountries, with the exception of the UK and
the US, for which the available import and expoite data were used.

Chart 4.5 shows a generally declining trend inréative terms of trade since 1974. The spike in
2000 mainly reflected higher export prices of etauic products following the international boom
in this industry during that year.

S These data were obtained from the IMEiernational Financial Statistics
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CHART 4.5: RELATIVE TERMS OF TRADE
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4.2.5 Real interest rate differential

The real interest rate differentidlj, which is depicted in Chart 4.6, is measurechagdifference
between the Maltese real lending rate and the taféeceal yield on foreign long-term government
bonds. In the construction of this variable, therage bank lending rate was used in the absence of
public debt instruments for a large part of the gl@nperiod. This proxy was also justified by the
fact that from 1993 onwards lending rates and l&mg: government bond yields moved roughly
in the same direction. The real interest rate waxssdd by adjusting the nominal interest rate by
the country’s consumer price inflation.

Until 1994 interest rate levels in Malta were s#anistratively. Therefore, the path Bf prior to
1994 reflected changes in relative inflation antbireign interest rates, as portrayed in Chart 4.6.

CHART 4.6: REAL INTEREST RATE DIFFERENTIAL
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4.3 Estimation

The Engle-Granger approach to cointegration wadepesl over the Johansen Maximum
Likelihood alternative mainly due to the small saethe sample employed, which consisted of
annual data for 1970 - 2002. However, the Johatedmique was also tested in order to relax the
restriction of one cointegrating relationship, mplied by the Engle-Granger alternative.

The first step in estimating a cointegrating relaship is to test for the order of integration lué t

variables. For this reason Augmented Dickey-FUWMDF) tests were performed on the variables
included in the model, namely loB)( log (TOT), log (TNT), NFAandRI.
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As shown in Table 4.1, onlRl is | (0). This variable can therefore be perceigstxplaining the
cyclical variation inR, rather than its long run values.

TABLE 4.1: UNIT ROOT TESTS

Variable ADF Test Statistic Critical Value (95%)
log (R) -1.691 -2.971
Alog (R) -2.667 -2.975
log (TOT) -2.933 -2.971
Alog (TOT) -4.788 -2.975
log (TNT) -1.499 -2.971
Alog (TNT) -3.267 -2.975
NFA -1.218 -2.971
ANFA -3.263 -2.975
RI -3.192 -2.971

The rest of the variables were judged as being Klthough the test foAlog(R) rejected the unit-
root hypothesis, logR) was still retained as an I(1) variable given lth@ power of the ADF tests
and given that the test statistic is very closth&ocritical value.

The cointegrating relationship therefore included (R), log (TOT), log (TNT) andNFA, as RI
was judged an I(0) exogenous variable. Table 4oRvststatic regressions estimated over different
sub-sample periods. Models 1 to 3 in Panel A NB&, while Models 4 and 5 us&NFA (see
Section 4.2.3 above).

TABLE 4.2: ENGLE-GRANGER ESTIMATES”

Dependent Variable: log R)

Panel A Panel B
Model 17 Model 2 Model 3 Model 4 Model 5
Variable | 1970 - 2002 1980 — 2002 1982 -2002 1980 -2002 212902
log (TOT) 1 0.73524 0.78724 0.73063 0.7887
(NA) (3.2798)  (3.0352)  (3.4236)  (3.2139)
log (TNT) 0.55949 0.58367 0.60829 0.58617 0.61505
(5.1728) (5.3411) (4.8945) (5.6276) (5.2198)
NFA 0.43258 0.40206 0.39705
(9.7275) (1.0583)  (9.5859)
ANFA 0.44321 0.43676
(11.184)  (10.188)
Intercept 4.3077 4.3271 4.3315 4.3152 4.3204
(106.73) (130.37)  (120.29)  (132.90)  (123.55)

Parentheses contain the t statistic.
" The coefficient of log TOT) in Model 1 was estimated at 1.1825. It was rasdt after a Wald test was
run on such a restrictiory{ = 0.27935 [p=0.71)).

Estimates for 1980 - 2002 in Models 2 and 4 wemeedi at excluding the effect of a regime of
price controls that prevailed during most of theesdies. Furthermore, the 1982 - 2002 span of
Models 3 and 5 excluded the spikeRimesulting from the 1981 oil shock.

The coefficients of the three models in Panel Aenerasonably stable, with the exception of those
for log (TOT), which was much higher for the extended estinmageriod. A possible explanation
for this instability could be the fluctuations imiges of electronics goods, which significantly
influence Malta's terms of trade. The coefficiemtgre virtually unchanged wheANFA was

27



substituted foNFA (in Panel B). This is understandable given thatlével of the government’s
foreign debt is very low in relation to GDP.

All the coefficients in the models carry the exgecisigns and are significant at conventional
levels. Their magnitude is well in line with thetiesates of similar studies, which exhibit
considerable disparity among each otfier.

Model 2, which represents the preferred long rudeh@f the ERER, suggests that, in the long
run, an improvement of 1% in the relative termstratie would lead to a real appreciation of
0.74%. This model also indicates that to maintajoilérium, an increase of 1% in the relative
price of non-tradable to tradable products wouldultein an increase of 0.58% in Maltese
consumer prices relative to the movement in thesGRItrading partners. This represents the
impact of the Balassa-Samuelson effect in Maltath&tsame time, an increase of one percentage
point in the ratio of banks’ net foreign asset&P would lead to a real appreciation of 0.40%.

From the plots of the residuals and the cointegnatiésts in Chart 4.7 and Table 4.3, the residuals
from Model 1 can be judged as stationary. Thestelsbw also that the residuals of the remaining
models are non-stationary. However, these restétscabe interpreted with caution since the ADF
test has a very low power in small samples. Thisgngthe small residuals in Models 2 to 5, as
well as the fact that upon graphical inspectiorirthattern is practically identical to the residual

in Model 1, one can also consider the residuaMadels 2 to 5 as being stationary.

TABLE 4.3: ADF TESTS FOR COINTEGRATION (ENGLE-GRANGER APPROACH)
UNIT ROOT TESTS FOR RESIDUALS

Residuals of Test Statistic Critical OaDIlIJ:e (95%)
Model 1 -4.6648 -4.0362
Model 2 -2.8303 -4.6912
Model 3 -2.6383 -4.7635
Model 4 -3.0169 -4.6912
Model 5 -2.7726 -4.7635

CHART 4.7: RESIDUAL PLOT
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The use of the Johansen procedure was hamperdtetsmall size of the sample. The VAR, in
Table 4.4, included lodR), log (TNT), log (TOT) andNFA, with Rl as an I(0) exogenous variable.
The intercept was restricted to the cointegratjmarce, so that the error-correction representation o
the VAR would not contain any drifts. In choosimg lag structure of the VAR, both the BIC and
AIC statistics suggested an order of 2. Howevergoiotegration was found, and thus VAR (1)
and VAR (3) alternatives were tested. The VAR ({@¢dification yielded no cointegration, while
for the VAR (3) two cointegrating vectors were foun

8 See Clark and MacDonald (1998), Nilsson (2002)Rewget al (2003).
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TABLE 4.4: RESULTS OF COINTEGRATION TESTS

Rank
Ho

R<=1
R<=2
R<=3

R=0

R<=1
R<=2
R<=3

Max
Eigenvalue Test

Critical Value
95%

Restricted intercept and no trends

17.2113 28.27 46.1825
15.1927 22.04 28.9712
8.4544 15.87 13.7785
5.3241 9.16 5.3241
Unrestricted intercept and no trends
15.1942 27.42 37.3817
13.5094 21.12 22.1875
8.1892 14.88 8.6781
0.48882 8.07 0.48882

Trace Test

Critical Value
95%

Tests on the VAR (1) Model: logR) log (TOT) log (TNT) NFA & RI [I(0)]

53.48
34.87
20.18
9.16

48.88
31.54
17.86
8.07

R<=1
R<=2
R<=3

R=0

R<=1
R<=2
R<=3

Restricted intercept and no trends

22.8923 28.27 58.2674
14.6773 22.04 35.3751
10.7564 15.87 20.6978
9.9414 9.16 9.9414
Unrestricted intercept and no trends
19.8694 27.42 44.4233
14.0535 21.12 24,5538
10.4999 14.88 10.5003
0.0003606 8.07 0.0003606

Tests on the VAR (2) Model: logR) log (TOT) log (TNT) NFA & RI [I(0)]

53.48
34.87
20.18
9.16

48.88
31.54
17.86
8.07

Restricted intercept and no trends

Tests on the VAR (3) Model: logR) log (TOT) log (TNT) NFA & RI [I(0)]

R=0 38.0702 28.27 94.3211 53.48
R<=1 37.1789 22.04 56.2509 34.87
R<=2 13.7558 15.87 19.072 20.18
R<=3 5.3162 9.16 5.3162 9.16
Unrestricted intercept and no trends
R=0 39.4937 31.79 73.7635 63
R<=1 24.557 25.42 34.2699 42.34
R<=2 8.1136 19.22 9.7129 25.77
R<=3 1.5993 12.39 1.5993 12.39
Tests on the VAR (3) Model: logR) log (TOT) log (TNT) NFA
Restricted intercept and no trends
R=0 38.7839 28.27 93.3797 53.48
R<=1 32.4275 22.04 54,5957 34.87
R<=2 17.3105 15.87 22.1682 20.18
R<=3 4.8577 9.16 4.8577 9.16
Unrestricted intercept and no trends

R=0 39.7049 31.79 88.8782 63
R<=1 24.3548 25.42 49.1732 42.34
R<=2 19.3937 19.22 24.8184 25.77
R<=3 5.4247 12.39 5.4247 12.39
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Attempts to identify the two vectors were not swsfel, and since the error-correction equations
revealed that only the first vector was significamthe real exchange rate equation, the VAR was
restricted to contain only the first cointegratiertor.(The VEQM representation of the variables
is presented in Table 4.5.) This cointegrating @eatstimated for the period 1970 - 2002, has the
form:

log (R) = 0.60747 logTNT) + 0.3737NFA + 1.5314 log TOT) + 4.3534 (4.1
(5.6143) (7.4754)  (4.0215) (98.7166)

All coefficients in this cointegrating vector shaiwe a priori correct signs and are statistically
significant. In addition, the resulting vector isughly similar to the Engle-Granger estimates
presented in Table 4.2, except for the coefficigfliog (TOT), which exceeded unity. Indeed the
estimate of 1.5 for the coefficient of log@T) appears on a priori grounds to be too high when
compared with the Engle-Granger estimates for timparable sample period.

Although the parameter estimates from the Englea@aa technique were generally similar to
those from the Johansen procedure, the former metas preferred on account of the effect of the
data limitations on the robustness of the resubtisifthe Johansen procedure.

TABLE 4.5: VEQM REPRESENTATION OF VARIABLES
Panel (a): ECM for variable log R) estimated by OLS based on cointegrating VAR (3)

Dependent variable &log (R) - 30 observations used for estimation from 1%/3002

Regressor Coefficient Standard Error T-Ratio [Prob]
Alog (R)(-1) .35074 .22969 1.5270[.142]
Alog (TNT)(-1) .095190 .10560 .90139 [.378]
NFA (-1) .19958 .067135 2.9729 [.008]
Alog (TOT)(-1) 20734 .14133 1.4670 [.158]
Alog (R)(-2) 37287 .15151 2.4611 [.023]
Alog (TNT) (-2) -.31588 .14544 -2.1720 [.042]
ANFA (-2) -.27538 .10215 -2.6958 [.014]
Alog (TOT)(-2) -.39585 .17452 -2.2683 [.035]
ecml (-1) -.19626 .12083 -1.6243 [.120]
RI -.0064938 .0016146 -4.0219 [.001]

ecm1 = 1.0000 lo@) -.63862 logTNT) -.36772NFA -1.6221 logTOT) -4.3592

R-Squared .78253 R-Bar-Squared .68467

S.E. of Regression .020803 F-stat. F(9, 20) 7.9060].

Mean of Dependent Variable -.012454 S.D. of Depen¥ariable .037046

Residual Sum of Squares .0086553 Equation log-tikelil 79.6936

Akaike Info. Criterion 69.6936 Schwarz Bayesiant&ion 62.6876

DW-statistic 1.8359 System log-likelihood 258.5728
Diagnostic Tests

Test statistic LM Version F Version

A: Serial Correlation CHSQ(1) = .33759[.561] F(1,£9.21624[.647]

B: Functional Form CHSQ(1) = 2.3246[.127] F(1,19).5959[.222]

C: Normality CHSQ(2) =.10933[.947] Not applicable

D: Heteroscedasticity CHSQ(1) =.0076493[.930] Bg) = .0071412[.933]

" parentheses contain the t statistic.
30



TABLE 4.5 (contd.)

Panel (b): ECM for variable log (R) estimated by OLS based on cointegrating VAR(3)

Dependent variable &log(R) - 30 observations used for estimation from 1973302

Regressor
Alog(R)(-1)
Alog(TNT)(-1)
ANFA(-1)
Alog(TOT)(-1)
Alog(R)(-2)
Alog(TNT)(-2)
ANFA(-2)
Alog(TOT)(-2)
ecml(-1)

Coefficient

.68310
.099585
.16697
.23428
.56291
-.55380
-42772
-.73931
-.28963

Standard Error
.27665
.13523
.086051
17872
.18667
.17155
12201
.19209

.15702

ecm1 = 1.0000 lo@) -.60747 logTNT) -.37377NFA-1.5314 log{OT) -4.3534

R-Squared

S.E. of Regression

Mean of Dependent Variable
Residual Sum of Squares
Akaike Info. Criterion
DW-statistic

.61586

.026982
-.012454
.015289
62.1592

1.8402

R-Bar-Squared
F-stat. F(8, 21)

S.D. of Depenh¥ariable
Equation log-likelih
Schwarz Bayesiant€ion

System log-likelihood

T-Ratio [Prob]

2.4692[.022]
.73640[.470]
1.9404[.066]
1.3109[.204]
3.0155[.007]
-3.2282[.004]
-3.5056[.002]
-3.8487[.001]
-1.8445[.079]

46952
4.2084].
.037046
71.1592
55.8538
245.2814

Diagnostic Tests
LM Version
CHSQ(1)=.52161[.470]
CHSQ(1)= 2.3794[.123]
CHSQ(2)=.18554[.911]
CHSQ(1)=.028326[.866]

F Version
F(1,2035389[.559]
F(1,20).7229[.204]

Not applicable
F(1:28026463[.872]

Test statistic

A: Serial Correlation
B: Functional Form
C: Normality

D: Heteroscedasticity

Panel (c): ECM for variable log (TNT) estimated by OLS based on cointegrating VAR (3)

Dependent variable Aloa(TNT) - 30 observations used for estimation from 1% 200:
Regressc Coefficien Standard Erro T-Ratio [Prob]
Alog(R)(-1) .2805! .6848¢ .40966|.68€
Alog(TNT)(-1) -.1294: .3347¢ -.38659[.703
ANFA(-1) -.2341¢ .2130: -1.0992[.284
Alog(TOT)(-1) .1613: 4424 .36461[.71¢
Alog(R)(-2) .1709: 4621( .36¢88|.715
Alog(TNT)(-2) -.1756: .4246¢ -.41354[.683
ANFA(-2) -.1896: .3020¢ -.62781[.537
Alog(TOT(-2) -.4413: 4755 -.92805[.364
ecml-1) -.06606¢ .3887: -.16997[.867
List of additional temporary variables crea
ecml = 1.0000 loR) -.60747 logTNT) -.37377NFA -1.5314 logTOT) -4.353¢
R-Square .1604 R-Bar-Square -.1594(
S.E. of Regressi( .06679: F-stat. F(8, 21 .50162[.841
Mean of Dependent Varial .007360! S.D. of Dependent Variat .06203:
Residual Sum of Squal .093¢€90 Equation lorlikelihood 43.966:
Akaike Info. Criteriol 34.966: Schwarz Bayesian Criteri 28.660¢
DW-statistic 1.992: System lo-likelihood 245.281.
Diagnostic Test:
Test statisti LM Versior F Versior
: Serial Correlatio CHSQ(1) =.22672[.34] F(1,20) =.15230[.70!
: Functional Forr CHSQ(1) = .25547[.61 F(1,20) =. 17178[.68:
- Normality CHSQ(2) =1.7368[.42 Not applicabl
. Heteroscedastici CHSQ(1) =.13680[.71 F(1,28) =.12826[.72.

oO0Ow>Xro0Om>

: Lagrange multiplier test of residual serial ctation
: Ramsey's RESET test using the square of the fitkds
: Based on a test of skewness and kurtosis afualsi
: Based on the regression of squared residuassjoared fitted values
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TABLE 4.5 (contd.)
Panel (d): ECM for variable NFA estimated by OLS based on cointegrating VAR (3)

Dependent variable ANFA - 30 observations used for estimation from 1973 @2

Regressc Coefficien Standard Erro T-Ratio [Prob]
Alog(R)(-1) .07057: .7185( .098223[.92¢
Alog(TNT)(-1) .3455; .35122 .98376[.33€
ANFA(-1) .3757¢ .2234¢ 1.6813[.10¢€
Alog(TOT)(-1) .5811¢ 46417 1.2521[.224
Alog(R)(-2) -.2171: .4848: -.44784[.65¢
Alog(TNT)(-2) .04691: .4455¢ .10529[.917
ANFA(-2) .01333¢ .3168¢ .042092[.967
Alog(TOT)(-2) .6810" .4989( 1.3652[187]
ecml-1) 1347 .4078: .33033[.744
List of additional temporary variables crea
ecml = 1.0000 loR) -.60747 logTNT) -.37377NFA -1.5314 logTOT) -4.353¢
R-Square .2753( R-Bar-Square -.7693E-3
S.E. of Regressic .07007" F-stat.F(8, 21 .99721[.467
Mean of Dependent Variat -.01883 S.D. of Dependent Varial .07005(
Residual Sum of Squal .1031: Equation lorlikelihood 42.526°
Akaike Info. Criteriol 33.526° Schwarz Bayesian Criteri 27.221:
DW-statistic 2.186¢ System lo-likelihood 245.281.
Diagnostic Test:
Test statisti LM Versior F Versior

A: Serial Correlatio
B: Functional Forr
C: Normality

D: Heteroscedastici

CHSQ(1) = 1.3739[.24
CHSQ(1) = 1.1118[.29
CHSQ(2) = .40677[.81 Not applicabl

CHSQ(1) = 1.0640.30. F(1,28) = 1.0296[.31!

F(1,20) = .95992[.33"
F(1,20) = .76971[.39.

Panel (e): ECM for variable log (TOT) estimated by OLS based on cointegrating VAR (3)

Dependent variable Aloag(TOT)- 30 observations used for estimation from 1973 P

Regressc Coefficien Standard Erro T-Ratio [Prob]
Alog(R)(-1) -.6825! .3463: -1.9707[.062
Alog(TNT)(-1) 5111 .1692¢ 3.0192[.007
ANFA(-1) .2430¢ 1077 2.2565[.03&
Alog(TOT)(-1) .2302¢ .2237¢ 1.0291[.31E
Alog(R)(-2) -.2710¢ .2336¢ -1.1600][.25]
Alog(TNT)(-2) .3294° .2147¢ 1.5342[.14C
ANFA(-2) .2445¢ 1527+ 1.6013[.124
Alog(TOT)(-2) 1974« .2404¢ .82102[.421
ecml-1) .6836¢ .1965¢ 3.4780[.002
List of additional temporary variables crea

ecml = 1.0000 loR) -.6074710gTNT) -.37377NFA -1.5314 logTOT) -4.353¢

R-Square .5267¢ R-Bar-Square .3464¢
S.E. of Regressic .03377¢ F-stat. F(8, 21 2.9219[.023
Mean of Dependent Varial -.005523. S.D. of Dependent Variat .04178:«
Residual Sum of Squal .02396: Equation lorlikelihooc 64.419¢
Akaike Info. Criteriol 55.419¢ Schwarz Bayesian Criteri 49.114!
DW-statistic 1.974: System lo-likelihood 245.281.

Diagnostic Test:

Test statisti LM Versior F Versior

: Serial Correlatio CHSQ(1) = 2.9163[.08 F(1,20) = 2.536[.158

: Functional Forr CHSQ(1) =.011561[.91 F(1,20) =.0077103[.93
- Normality CHSQ(2) =.75131[.68 Not applicabl

: Heteroscedastici CHSQ(1) = .079562[.77 F(1,28) =.074455[.78

: Lagrange multiplier test of residual serial ctation

: Ramsey's RESET test using the square of the fitkds

: Based on a test of skewness and kurtosis afualsi

: Based on the regression of squared residuassjpared fitted values

(ONQNv D JIONQR D2
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4.4 Estimates of BEER and BEER (SF)

Plugging the contemporaneous values of the exganagriables generates the estimated BEER.
Chart 4.8 plots the latter according to Models @l &n along with the actud. The results that
emerge from these two models are very similar,aasl®e seen from the chart. For example, the
estimated deviation from the ERER in 2002 rangesifan under-valuation of 0.5% in Model 2 to
an overvaluation of 0.1% in Model 1. Given the rdcstate of the fundamental variables, the
deviation in Malta’s ERER from the correspondingiégrium rate was negligible.

However, the fundamental variables themselves nese Istrayed away from their equilibrium
levels. Thus, it would be more appropriate to coeisihe extent of the deviation that would have
prevailed had the fundamentals been in equilibriommat their long-run levels. This approach
measures the divergence Bffrom the BEER, where the latter is estimated ftbmsmoothened
values of thdundamentalariables. This variant of the BEER is labelledEBE(SF). Among the
various statistical smoothing techniques used tainkestimates of BEER (SF) this study used the
Hodrick-Prescott filter {=100)8 ”°

CHART 4.8: R AND BEER
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mnfll R = BEER: Model 1 == BEER: Model 2

Chart 4.9 plots the observ&ialong with the BEER (SF), which in turn, was obéal by plugging
filtered fundamental variabl&% into the results of Model 2 (Table 4.2, above),iockhis the
preferred long-run model of the BEER.

8 Although this method simply entails a mechanjmaicedure that does not correspond to the notidntefnal and

external equilibrium of an economy, the technigei@ins the permanent component of a series byiffiff@away its
transitory counterpart. Thus, the resulting smodtheries can be perceived as an ‘equilibrium’ stigidata.

9 As in Clark and MacDonald (1998) and Cady (2003).

8 Before filtering, the fundamental variables waseetasted up to 2010 using the estimated VAR. Thisdone so as
to circumvent the tendency of the HP filter to gliehe same values as the actual series towardsnttheof the
sample.
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CHART 4.9: R AND BEER (SF)
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The chart shows a depreciating ERER through to ntfig-nineties, which mainly reflects a
deterioration in the relative terms of trade andealine in the ratio of the net foreign assets to
GDP. The first is mostly the result of the dominamé the electronics industry in Malta’s exports
and imports. Prices declined steadily, mainly spairby technological progress in the industry
worldwide. On the other hand, the deterioratiorthi@ net foreign asset position of the monetary
sector resulted from persistent current accountitiefwhich grew relative to GDP in the nineties,
driven mainly by trade liberalisation and economgnowth.

The deviation of Malta’sR from the BEER (SF) is illustrated in Chart 4.1thisl shows a
significant positive deviation in the 1980s, espbgiduring the first half of the decade. This in
turn mainly reflected the hard exchange rate pddidgpted until the mid-eighties. Following the
adoption of more market-oriented policies in thie laeighties and revisions to the exchange rate
basket of the Maltese lira to better reflect trdldevs, the economy experienced higher growth
rates up to 1994. This led to considerable prodlifgtigains, accompanied by lower inflation
relative to Malta’s trading partners. Consequenifyto 1994, Malta’s real effective exchange rate
showed a negative deviation from the BEER (SF)eAff992, this began to narrow, reflecting to
sorr;? extent the higher imported inflation that wagered by the 1992 devaluation of the Maltese
lira.

The deviation from the ERER averaged a margin&%0between 1995 and 1998. Subsequently
this turned slightly positive for the remainder tok sample period. Thus, the estimates of the
BEER (SF) generated by the preferred model (Mojleidicate a deviation of about +2% in 2002.

8 The devaluation alone contributed to an undeatin of the currency, but there was the contempenas
devaluation of the other significant currencies.
34



CHART 4.10: DEVIATION OF R FROM BEER (SF)
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4.5 Summary

This chapter used the analytical framework of tl€ER to estimate Malta’'s ERER. Of the two
approaches used, the Engle-Granger approach was sumtable, mainly on account of the
statistical limitations identified in the applioati of the Johansen procedure. These
notwithstanding, both techniques were applied ®dhta and these yielded similar results, with
the exception of the estimated coefficient for tdrens of trade.

The BEER estimates constructed from the smoothéeeels of the fundamentals showed a
historically depreciating ERER, which was influeddsy a steady decline in the relative terms of
trade, as well as a deterioration in the net foreigset position of the monetary sector.

The results indicated an overvalued real exchaatgein the eighties, which was reversed during
the first half of the nineties. This was followeg & brief period of virtual equilibrium, and they b
a small degree of overvaluation in the 1999 - 2062od.

TABLE 4.6: ESTIMATED DEVIATION FROM ERER: BEER APPROACH
‘ Deviation in 2002

BEER: Coefficient-estimation period: 1980 - 2002 0.5% to +0.1%
BEER (SF): Coefficient-estimation period: 1980 020 +2.0%
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Chapter 5: Maeso-Fernandezt al

51 Introduction

This methodology for estimating the ERER is basedhat used by Maeso-Fernandgzal(2004),
henceforth labelled as Maeso-Fernantieks already indicated in the literature review inapter

1, these authors estimated the exchange rate dpgh ¥ the difference between the actual values
of the exchange rate and the PPP rate. They appiedethodology to the EU acceding countries
of central and eastern Europe (CEE).

Since time series data for these countries aretdiniMaeso-Fernandez adopted a two-stage
approach. In the first stage, they used panel @ataventy-five industrialised countries to estimate
the key parameters. In the second stage, they dppeavmethodology to estimate the exchange rate
gap for the acceding countries, using the paranestémates from the first stage. Although Maeso-
Fernandez suggested using the slope coefficieriimated in the first stage to measure the
exchange rate gap for the acceding CEE counthey, recommended caution in the choice of the
constant term for the CEE countries since the éxpee of the latter was likely to differ from that
of the countries included in their sample.

This chapter estimates an equation for the Makeshange rate gap using the same specification
as Maeso-Fernandez, and using annual data for 12002. The following are the explanatory
variables:

- GDP per capita. This captures the Balassa-Samuelson effect, oimtpact of increased
productivity and greater disposable income on #it@nal price level.

- the degree of opennesdaverage of exports and imports]/GDP). This cegduhe relative
price movement (i.e., the real effective exchange rchange) necessary to shift the
required resources into the tradable goods sector.

- government spending as a ratio of GDPThis represents the impact of government
spending, which falls primarily on non-tradable dso

All of these explanatory variables are expresserkiative terms: Malta compared to the EU15.

The logic behind the Maeso-Fernandez method isathat country’s real GDP approaches the EU
average, the country’s exchange rate gap will deddis its national price level approaches that of
the EU. The results provide a useful comparisorth® parameters as estimated by Maeso-
Fernandez.

5.2 A Dynamic OLS model of the Maltese ERER

In the first stage of their procedure, Maeso-Fedeanuse various econometric specifications and
techniques to estimate a dynamic model of the exgaate gap. Because Malta has a longer time
series of data than the CEE countries, this chappplies Maltese data to one of those
specifications for the period 1970 - 2002. The DyitaOLS specification is as follows:

log(EGAR) =a, + B,1og(y, )+ 3,109(OPEN ) + B, 10g(GOV, )+ Y "6,A%,_, +¢,.  (5.1)

EGAP is the exchange rate gap defined as the ratio of the PPP exchange raténgoactual
exchange rat& ® This gap represents an estimate of the differéeteeen the actual exchange
rate and the long-run PPP value. The explanatomalmas arey, which isoutput per capita in
Malta relative to the EU15%° OPEN which is theopennessof the Maltese economy, defined as
the average of imports and exports as a ratio oP &ative to the EU15; ardOV,which is the
ratio of government spending to GDPin Malta relative to the EU15. The regression madso

82 See also Schembri (2004).
8  Prices are measured in terms of the purchasingipstandard.
8 Since relative price and per capita GDP data R Rvere unavailable before 1999, data for 1970-1868
estimated by adjusting backwards the observatiod989 using the growth rates for the GDP deflatod real GDP
for both Malta and the EU-15 countries. Exchangesrare measured as Maltese lira per euro.
Measured in terms of the purchasing power stahdar

36



includes constant and trend terms as well as théeengporaneous, lead and lagged values of the
differences of the three explanatory variables ftkis). These last variables capture the short-run
dynamics and ensure super-consistency in the dootexlong-run co-integrating relation between
the dependent variable and the three explanatarghlas®®

The data consist of Maltese and EU15 data ovepén®d 1970-2002. Most are taken from the
AMECO databad®, as indicated earlier, and also from Maltese sssirSome interpolation was
necessary to fill in the gaps, primarily in the Pi&ifies for Malta.

There are also two important differences betweenMheso-Fernandez data and those used in the
estimation. First, as a measure of government spendaeso-Fernandez employ data on final
consumption expenditure, which excludes governncapital expenditure, transfer payments or
interest payments on government debt. However,hasetappears to be no justification for
restricting the variable to government consumpérpenditure, in the Malta case total government
expenditure was used in the estimation of Equdiidn In addition, this estimation used trade in
both goods and servicés measure openness, in recognition of the impoetari tourist services

as a source of export revenue for Malta.

Movements in the dependent variable and the thtplaeatory variables are shown in Charts 5.1 -
5.4. They indicate that the Maltese economy has lgemerally converging to EU averages over

the period 1970 - 2002. This is particularly trdeGdP per capita. However, increasing openness
in the EU15 has reduced Malta’s relative openn@ssthe other hand, the level of government

spending in Malta is not far from the EU15 averalj@s general convergence has contributed to a
narrowing of the exchange rate gap as the Maltedenal price level approaches that of the

EU15.

CHART 5.1: EXCHANGE RATE GAP (PPP/ACTUAL)
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8  This co-integrating relationship was found by Baé&ernandez in their sample.
8 AMECO is the database of the Directorate-Gen&=dnomic and Financial Affairs, of the European Cassion.
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CHART 5.2: RELATIVE PER CAPITA GDP
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CHART 5.3: RELATIVE OPENNESS
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CHART 5.4: RELATIVE GOVERNMENT SPENDING
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The test results for Equation 5.1 using Maltesa filmt 1970-2002 are presented in Table 5.1. Also
shown are the Dynamic OLS results obtained by M&&saandez from the industrial countries
sample in the first stage of the procedure. Thedets of results are qualitatively similar. The key
coefficients carry the same signs, and they aréisstally significant and of comparable
magnitude. In general, the coefficients for the telsd equation are larger in absolute value than
those for the industrialised countries, which i¢ sorprising given that Malta is quite different
from the countries included in the Maeso-Fernansinple. One may have expected, however,
that the coefficient for the government-spendingakde would be smaller for Malta, since the
Maltese economy is more open than those other desntmaking it more likely that its
government spending would be less biased towamdgmadable goods and services.
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TABLE 5.1: ESTIMATED EXCHANGE RATE GAP : MALTA & INDUSTRIALIZED COUNTRIES

Explanatory Malta Maeso-Fernandez
variable 1970-2002 industrialized countries sample
1975-2002°
0.451 0.360
log (Y) (7.95) (10.6)
-0.191 -0.119
log (OPEN) (-3.33) (-2.8)
0.328 0.219
log (GOV) (2.07) (6.2)
constant ?8%112)3

Parentheses contain the t statistic.

Chart 5.5 shows the actual and fitted values ofttehange rate gap over the period 1970 to 2003.
Overall, Equation 5.1 captures the key movementlhaénexchange rate gap and indicates that the
fitted and actual values were essentially the samecent years. In 2003, the actual gap was
slightly smaller than the fitted gap by approxintate 5% %

5.3 Summary

The main strength of the Maeso-Fernandez appraatinat it incorporates explanatory variables
that are both theoretically important and empiljcalgnificant in determining real exchange rate
movements. In particular, it includes variablest trepresent the Balassa-Samuelson effect, the
effect of increased openness to trade and the ingbgmvernment spending.

One of the Maeso-Fernandgzecifications was estimated with Maltese dataHerperiod 1976
2002. On the basis of this test it was estimated itth 2003 the exchange rate deviated by +1%
from the ERER (Table 5.2).

8  Maeso-Fernandez, Table 6 on page 26.

8 This difference between the actual exchange aat the rate predicted by the short-term fundanemth the
equation is appropriate as a measure of over oerewaluation. A measure of the total gap would beful for
predicting future movements in exchange rates ftation rates as a country converges, its natipniae level rises
and its real exchange rate appreciates.

% A separate investigation was conducted in lind Waeso-Fernandez’s two-step procedure. It shoeltecalled that
in the first stage Maeso-Fernandez applied thrématon techniques to panel data on 25 indussealicountries for
the period 1975-2002. The techniques were:

. pooled group mean estimation (PGME);

. fully modified OLS (FMOLS); and

. dynamic OLS (DOLS).

In turn, Maeso-Fernandez applied each of the iasttechniques in two versions — one weighted amdather
unweighted - to correct for the small sample bias tb the assumption of fixed effects and the jpissiorrelation
of the country-specific constant term and the eteamn.

Consequently this investigation for Malta appliecbastant term of -0.0818, obtained from the findipgesented in
Section 5.2 above, in conjunction with the slopinesgtes from the first stage of Maeso-Fernandeblélr'é on page
26 of Maeso-Fernandez), to comparable Malteseidateder to generate second-stage estimates @xitieange rate
gap for the period 1995-2003. This sample period th@ longest span for which similar data for Maltal the
EU15 data are available from the AMECO databased(bgeMaeso-Fernandez in their study).

The shortcoming of this method is that the usehefdonstant term from the Maltese data sample ticomsistent
with the estimates of the slope coefficients tafkem the first stage of the Maeso-Fernandez pragedthis method
does not satisfy the property of least squaremasitin that requires the sum of residuals to egead. This casts a
serious doubt on the validity of both the method #me results, particularly since the results a$ thvestigation
depend critically on the choice of the constannteAs a consequence of this reservation, thisdfriaquiry was not

pursued further.
39



CHART 5.5: ACTUAL AND FITTED EXCHANGE RATE GAPS , IN NATURAL LOGS
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TABLE 5.2: ESTIMATED DEVIATION FROM ERER: MAESO-FERNANDEZ APPROACH

‘ Deviation in 2003

Coefficient-estimation period: 1970 - ZOT)Z +1.0%
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Chapter 6: Update

6.1 Introduction

The estimations of the ERER of the Maltese liraduarted in 2003 and early 2004, as presented in
Chapters 2 — 5, are updated and retested in thigtehin the light of the publication of new and
revised data.

Earlier in this study estimates were generated ftoensimple PPP method in Chapter 2, from a
modified-PPP approach along the lines of RogofB@)%nd Coudert and Couharde (2002, 2003)
in Chapter 3, from the BEER approach of Clark arat®onald (1998, 2000) in Chapter 4, and
from the Maeso-Fernandez al (2004) variant of BEER in Chapter 5. This chaptetests the
second (modified PPP) and last (Maeso-Fernaetled approaches using new and revised data
for Malta.

6.2 Update of the modified-PPP approach

On the lines of Rogoff (1996), Chapter 3 presetitedestimation of a cross-sectional relationship
from a sample of 103 countries between the relginee level and the relative level of economic
development. This approach recognized that intennalt differences in relative price levels may
occur not only because of possible exchange ratalimnments, but also because of differences in
the level of economic development.

The original estimation of Equation 3.1 in Cha@qroduced an of 2.30124, and A of 0.44904.
However, it was shown in Chapter 3 that when Mals removed from the sample of 103
countries, the coefficients remained unaffectedngequently, since this update and revision
concerns only Maltese data, it was not found necgde re-estimate the coefficients of Equation
3.1

The latest available data for Malta's price levet ger capita GDP at PPS, both measured
relatively to the EU, were then used to re-estintaéeERER. An issue arose concerning the choice
of the appropriate price variable, since the Haris®wnh Index of Consumer Prices (HICP) became
available from 2003, thus providing an alternativéhe GDP deflator.

It is recognised that in the estimates of the ERfBR,most appropriate price variable is the one
that covers the widest variety of goods and sesviged in addition reflects the prices of a

homogeneous basket of goods and services acrossuaitries under consideration. A reason for
retaining the GDP deflator, which fully and dirgcttovers exports, is its comprehensiveness.
Since intermediate products make up a large prigpodf Malta’'s exports, price developments in

the latter are captured in the GDP deflator, thonghin a consumer price index. The deflator’s
drawback, on the other hand, is its lack of inteomal comparability. Since Malta's economic

structure includes the relatively large electronimsd tourism sectors, factors determining
movements in Malta’s GDP deflator may differ frono$e affecting that of the EU. In contrast, the
HICP covers a comparable basket of goods and ssriic both Malta and the EU. However, the

advantage of the HICP in this regard is very lighit&ince HICP statistics for Malta were only

collected from 2003, the HICP index prior to 2083based on a backwards extrapolation using
rates of change in the RPI. This consideration mighies the international comparability of Malta’s

HICP time series and weakens the case for preteitiie HICP over the GDP deflator. This

notwithstanding, separate estimations were conductang both price indices.

Data for the EU as a whole were used, since theinett statistical information for the euro area
countries as a group was unavailable. Statistichdth relative price variables and relative GDP
per capita at PPS for Malta and the EU were obthirem the Eurostat database. This source has
the required data for both the EU15 and the EU2s€quently estimates of the ERER were
made on the basis of both EU15 and EU25 data tokchwbether the results were sensitive to the
choice between the two groupings. Since no suctsitbdty was observed, all subsequent
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estimations were based on data for the EU15. Thee gk used in this update is shown in Charts
6.1 and 6.2. The ERER was estimated for the ye399 4 2004*

CHART 6.1: MALTA'S HICP AND GDP DEFLATOR, RELATIVE TO EU15/25*
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* Data on the GDP deflator for EU25 were not avdéa

CHART 6.2: MALTA'S PER CAPITA GDP IN PPS RELATIVE TO EU 15 AND EU25
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1 Data pertaining to Malta's price level and GDRtiee to those of the EU15 were available as fi989. Relative

price variables for 2004 were estimated on thesbafstata for the first three quarters of the yieahe case of the
GDP deflator and for the first eleven months ofykar as regards the HICP. At the same time, datsldtta's GDP
relative to that of the EU15 up to 2004 were avdéddrom the Eurostat database.
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CHART 6.3: UPDATE OF THE MODIFIED-PPP METHOD: DEVIATION FROM ERER, USING HICP AND
DEFLATOR
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Chart 6.3 displays two estimates of the exchangedaviation from equilibrium, one on the basis
of the HICP and the other on the basis of the GBfRatbr. It shows that the two measures follow a
similar path. The margin of over-valuation as meadwn the basis of the HICP (under-valuation,
in the case of the deflator) increased (decredsetyeen 1999 and 2001. This trend was reversed
between 2001 and 2003, but in 2004 the degree@fwaluation on the basis of the HICP (under-
valuation on the basis of the deflator) rose (remaistable). The results show that in 2004 the
estimated deviation on the basis of the two praables ranged from around -2% to +6%.

6.3 Update of the Maeso-Fernandez approach

In view of the revisions relating to data on Mat&DP per capita at PPS and its price level
relative to that of the EU, as well as the avaligbiof HICP data, a re-estimation was also
undertaken on the basis of the Maeso-Fernande#ispgon discussed in Chapter 5.

The re-estimation was specified in the Dynamic Q&$n, and included the same variables with
one addition. A dummy variable, set at 1 from 2008vards, recognized a structural break in the
time series. As stated above, since HICP data beeeamailable only from 2003, data prior to 2003
were extrapolated by applying RPI inflation rateshte HICP level in 2003. The HICP is also used
in the computation of the consumption componenhefreal GDP.

As with the update of the modified-PPP method presk in Section 6.2 above, separate
estimations were made using relative prices bargti@HICP and the GDP deflator. The data sets
for the period 1970 through 2004 (annual frequeiacg)plotted in Charts 6.4, 6.5 and 8.6.

92 Since relative price and per capita GDP data R Rvere unavailable before 1999, data for 1970-1868
estimated by adjusting backwards the observatiod989 using the growth rates for the GDP deflatos, RPI and
real GDP for both Malta and the EU-15 countries.
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CHART 6.4: MALTA'S PRICE LEVEL RELATIVE TO EU 15
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CHART 6.5: MALTA'S OPENNESS RELATIVE TO EU15
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CHART 6.6: MALTA'S RATIO OF GOVERNMENT SPENDING TO GDP RELATIVE TO EU 15
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In Table 6.1, column 1 shows the results of the teat used the HICP as the relative price
variable, while those for the GDP deflator are @igpd in column 2. Column 3 reproduces the
results of the previous estimation for the 1970 002 period using the Maeso-Fernandez
specification with Maltese data (Section 5.2 aboVég original Maeso-Fernandez slope estimates
are shown in column 4.
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TABLE 6.1: UPDATED AND PREVIOUS PARAMETER ESTIMATES : MAESO-FERNANDEZ APPROACH *

Explanatory Malta: update Malta: estimates Industrialised
Variable (1970 — 2004) reported in Chapter 5 | countries: Maeso-
Using HICP  Using GDP (1970 — 2002) Fernandez
deflator using GDP deflator estimates
(1975 - 2002)
(1) 2) 3 4)
l0g (¥) 0.507 0.499 0.451 0.360
v (28.63) (30.25) (7.95) (10.60)
0.086 -0.186 -0.191 -0.119
log (OPEN (1.48) (-3.45) (-3.33) (-2.80)
0.432 0.435 0.328 0.219
log (GOV) (4.05) (4.38) (2.07) 6.2)
Break-in-series -0.085 -0.110
dummy (-3.14) (-4.36) N-A. N-A.
-0.151 0.032 -0.082
Constant term (-2.35) (0.53) (-0.71) N.A.

" Parentheses contain the t statistic.

The two updated estimations in columns 1 and 2 ssiowlar coefficients with respect to relative
per capita GDP at PP$)(and relative government expendituf@dV). By contrast, the relative
openness indicatotOPEN produced diverging results, although in the casehef estimation
based on HICP data the coefficient was not stediyi different from zero, even for shorter
sample periods. Meanwhile, the absolute value ettiefficient for the structural break in the data
series was slightly higher in the estimation basedhe GDP deflator. The latter estimation also
produced a constant term that was not statistidiffgrent from zero, while that based on the
HICP was statistically significant at almost the Exel.

Only the revised estimates based on the GDP defiatoolumn 2 are strictly comparable to the
earlier one for the 1970 - 2002 sample period ilmmoa 3. The results show that the coefficients
for relative per capita GDP at PP$ @nd relative opennes©PEN have remained broadly
unchanged, while that for relative government exjtene (GOV) increased slightly in the new
estimation. In neither test was the constant siganitly different from zero, even at the 10%
confidence level. When compared to the resultsiobtgaby Maeso-Fernandez, the relatively larger
coefficient for government expenditure indicatesattta bigger proportion of government
expenditure in Malta (compared with the EU15) maydirected towards the purchase of non-
tradable goods and services.

Separate estimates of the ERER were computed tissthghe HICP and then the GDP deflator.
Two estimates of the ERER were made for each skth&o price measures. These were based on

i. the updated coefficients from the 1970 - 20a@dhgle,
ii. the earlier results obtained from the 1922D02 sample (Chapter 5).

The two estimates of the HICP-based deviation fERER are shown in Chart 6.7, while the two
using the GDP deflator are shown in Chart 6.8.
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CHART 6.7: DEVIATION FROM ERER USING THE HICP
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The results showed minor differences between tluatgo estimation based on the 1970 - 2004
sample and the previous one based on the 19702 2@@ple. This was true both when the
estimations were based on the HICP and when they based on the GDP deflator.

The updated results showed that when the HICP wsed as the relative price variable, there was a
deviation from the ERER of +4.1% in 2004. On thieenthand, when the GDP deflator was used to
measure relative prices, the deviation from the ERE&s -0.49%>

% |n parallel with the investigation described in Foxte 91 above, this study also explored an alteranethod of

estimating the constant for the purposes of refitigahe Maeso-Fernandez two-step procedure.
First the Maeso-Fernandez slope estimates weréedptpl the Maltese data to obtafi’xt where ,é’ represents the

Maeso-Fernandez slope estimates aqd represents the regressors for Malta. A constanttivas constructed as
the average of the residuals obtained by subtlgiq%i)qt from Y; , the regressand for Malta.
Y = /’?Xt + Ut t=1,..T
T

a 21 2 Ut

Ti=1
Unlike what was proposed in Footnote 91, this magthenerates residuals that sum up to zero. Howewele it is
consistent with the least squares approach, thithadesuffers from the limitation that slope estiesatfor
industrialised countries are likely to be differénam those for developing countries, as in theea#dMalta, which is
still in the process of achieving real convergewdé the industrialized countries. In fact, as shaw Table 5.1, the
slope estimates for Malta differ substantially framose found by Maeso-Fernandez from their sample o
industrialised countries. This deficiency is espkgiproblematic for the purpose of measuring Mal@ivergence

from ERER in the short and medium terms. Becauskisfeservation, this line of inquiry was not gued further.
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6.4 Summary

In the light of a new source of price statisticd &llowing an update of Maltese data, this chapter
re-tested some of the relationships explored inipus chapters. The update covered two types of
tests: one using the modified-PPP method and ther atsing the Maeso-Fernandetzal (2004)
variant of BEER. The results depended on the choét&een the GDP deflator and the HICP as
the measure of prices. Tests using the former failnedexchange rate deviation from ERER
ranging between -2% and -0.4% in 2004, while tasisg the HICP estimated a deviation ranging
from +4.1% to +6.2% in the same year.

TABLE 6.2: ESTIMATED DEVIATION FROM EQUILIBRIUM : UPDATED MODIFIED-PPP AND MAESO-

FERNANDEZ APPROACHES
Deviation in 2004
Price measure: GDP deflator
Updated modified-PPP approach -2.0%
Updated Maeso-Fernandez approach -0.4%
Price measure: HICP
Updated modified-PPP approach +6.2%
Updated Maeso-Fernandez approach +4.1%
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Chapter 7: General conclusion

The review in Chapter 1 presented the theory atich@son methods relating to the ERER. The
subsequent chapters applied econometric technituestimate the level of the ERER and
possible deviations of the Maltese lira from thégetr The results of each methodology are
summarised below:

TABLE 7.1: SUMMARY OF FINDINGS

Chapter Method Finding Year
2 Basic PPP approach +2.6% to +3.1% 2002
3 Modified PPP approach -0.1% to +0.2% 2002
4 BEER -0.5% to +0.1% 2002
BEER (SF) +2.0% 2002
5 Maeso-Fernandez approach +1.0% 2003
6 Price measure: GDP deflator
Updated modified-PPP approach -2.0% 2004
Updated Maeso-Fernandez approach -0.4% 2004
Price measure: HICP
Updated modified-PPP approach +6.2% 2004
Updated Maeso-Fernandez approach +4.1% 2004

Most of these approaches suggested a minor defdeviation from ERER, ranging from an
undervaluation of -1% to an overvaluation of arou3&o.

A larger deviation, however, emerged from the updat Chapter 6, which pointed to an
overvaluation ranging from +4.1% to +6.2% whenRH€EP was used as the price measure. The
reliability of this result is diminished by the litations of the HICP as a price measure. These
shortcomings were discussed in Chapter 6.
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