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March 30, 2001

The Equilibrium Value
of the Euro/$US Exchange Rate: An Evaluation of Research

Jerome L. Sent

1.1 Why it isimportant to know the equilibrium value of the exchange rate

There have been severd notable studies concerning the equilibrium red vaue of the Euro. The
fird st was ddivered a a joint European Centra Bank[ECB]/Deutsche Bundesbank
conference in March 2000, a second set conssts of two studies by the staff of the European
Central Bank, athird set was presented at a conference at La Banque de France in June 2000,
afourth study was done a the Ministry of Finance of France, and afifth set conssted of papers
written a academic inditutions the Sorbonne -Université Paris |, CEFl: Universté de la
Méditerranée, CIDEI: La Sgpienza, University of Rome and & EHSAL in Brussdls. The am of
this article is to synthesizelevduate ther results’ to answer the question: what have been the
determinants of the equilibrium red vaue of a synthetic Euro.

In all cases, the researchers congtructed a synthetic Euro exchange rate. The hypothesisis that a
vaid theory concerning the actua red vaue euro, whose birth was only afew years ago, should
be able to explain the real vaue of the synthetic euro based upon many years of data The
advent of the ECB can be expected to change monetary policy and reative prices, but
monetary policy should not affect the determination of the longer-run equilibrium red vaue of
the euro.

The equilibrium vaue of the real exchange rate is a sustainable rate that satisfies severd criteria
Firg; it isconggent with internd baance. Thisis a Stuation where the rate of capacity utilization
iséat itslonger run gationary meary. Second, it is consstent with externa baance. The latter isa
Stuaion where, a the given exchange rate, investors are indifferent between holding domestic
or foreign assets. At the equilibrium rea exchange rate, there is no reason for the exchange rate

! Division of Applied Mathematics, Box F, Brown University, Providence RI 02912, FAX (401) 863-1355, e-
mail Jerome_Stein@Brown.edu

2 Other pertinent studies are cited in the references contained in the papers eval uated here.
® Thisisamore precise concept than isthe NAIRU.
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to appreciate or depreciate. Hence, portfolio baance or external baance implies that rea
interest rates between the two countries should converge to a stationary mean. As long as there
are current account deficits, the foreign debt and associated interest paymentsrise. If the current
account deficit/foreign debt exceeds the growth rate of red GDP, then the ratio of the
debt/GDP and the burden of the debt - net interest payments/GDP - will rise. When the debt
burden is sufficiently high, devaluation will be required to earn enough foreign exchange through
the trade baance to meet the interest payments. The condition for externd equilibrium in the
longer run isthat the ratio of the foreign debt/GDP stabilizes at atolerable levd.

Define “misdignment” as the deviation of the actud red exchange rate R(t) from its equilibrium
vaue. Any derived equilibrium red exchange rate must be an attractor: the actud red exchange
rate converges to the equilibrium rate’. The convergence can be produced either by changesin
the nomina exchange rate or by changesin reldive prices.

The return of the UK to the gold standard in 1925, the exchange rates established at the Bretton
Woods conference, the exchange rate of 1 Ost- mark for 1 D-Mark with German unification
are examples where the pegged exchange rates were not consstent with interna balance. These
exchange rates were not sustainable: they were overvalued, and the tradable sectors lost their
competitivity. Governments may try to achieve internd balance a an overvalued exchange rate
by trying to lower interest rates, and stimulate domestic demand to offset the decline in the trade
balance. In that case, externd baance/portfolio balance condition would be violated. Investors
would try to exchange domestic assets for foreign assets yieding a higher return. The exchange
rate would then tend to depreciate. Hence, the initia exchange rate would not be sustainable.

There are severd reasons why the ECB's monetary policy, which ams to "gabilize" the price
level, must be conditioned upon a concept of the equilibrium red exchange rate® First: if the
nomina exchange rae is depreciating the ECB should like to know the reason why. If the
equilibrium real rate has not changed then a depreciation of the nomina rate can be expected to
lead to more inflation. In that case, the monetary policy should be reexamined. If the nomind
depreciation was produced by a depreciation of the equilibrium real rate, one should not
necessarily expect more inflation. Monetary policy need not necessarily be tightened. Second:
The question then becomes: what has produced the decline in the equilibrium red rate? the ECB
should know if there can there be interna balance at the given red exchange rate, when the
interest rates in the Euro area are equd to those in the US? The answer to this question is
important in the formulation of interest rate policy thet is consgstent with a "satisfactory” rate of

capadity utilization.

* The equilibrium rate may be a distribution, as occursin stochastic control models.
> Stein and Paladino (1999) explain the currency crisesin thisway.
® See Issing (2000) for an extremely thoughtful discussion of the viability of the monetary union.
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Third: The EC is in the process of expanding its membership. An important question is. what
will be the effect upon the equilibrium red vaue of the Euro by adding members to the monetary
union? Norms of fiscal policy - the ratio of budget deficits GDP - have been promulgated both
for current and for new members of the EU. One should know what are the effects of different

fiscd policies upon the equilibrium exchange rate of the Euro. The conventiona Munddl-

Fleming theory clams that an expansonary fiscd policy, especidly if it is associated with a
contractionary monetary policy, leads to exchange rate appreciation. The NATREX modd

discussed below claims that the Mundel-Heming hypothesis is correct in the medium run, but it

is more than reversed in the longer run. The equilibrium real exchange rate will depreciate in the
longer run below its initid vaue. Consequently, the ECB should have both a theory and

evidence concerning the mechanism linking fiscd policy to the exchange rate in the medium to
the longer run.

1.2. Organization

In dl the studies evauated here, the researchers congtructed a synthetic Euro exchange rate.
The hypothessis that avdid theory concerning the actud red vaue euro, whose birth was only
afew years ago, should be able to explain thereal vaue of the synthetic euro based upon many
years of data The nomina exchange rateis N(t) = dollars’Euro, where arise is an gppreciation
of the Euro. The real exchange rate R(t) of the Euro, where arise is an appreciation of the red
synthetic Euro relative to the $US, can be defined in severd ways. Generdly, the researchers
use equation (1), where the ratio p(t)/p* (t) is the Euro/foreign GDP price deflators’. The period
covered iseither 1973:1 - 2000:1 or 1948:1 - 2000:1.

(1) R(®) = N(©Op(t)/p* (1)

The ECB researchers divided the world into two blocs, the US, UK, Japan and Switzerland
and the Euro bloc consiging of a weighted average of the eleven countries tha currently
comprise the Euro area. Liliane Crouhy-Veyrac consdered the US vis-avis a weighted
average of the Euro-11. Johan Verrue consdered two areas. the US and a weighted average of
the four largest countries of the EU - Germany, France, Italy and Spain. Roman Duvd and
Laurent Maurin related the US to a weighted average of the Euro-3: France, Germany and
Itay. Clostermann and Schnatz caculated a geometrically weighted average of the dollar
exchange rates of the individua EMU countries, where the weights are derived from the BIS.
Since we have Crouhy-Veyrac' s data, we shal use them as a basis for our presentatior?.

" Some researchers use labor costs instead of broad based indexes. There are advantages and
disadvantages to each measure. See, for example, Clostermann and Friedmann (1998). Crouhy-V eyrac shows
that the two measures of the real value of the euro relative to the $US, based upon GDP deflators or wage
deflators, have been amost identical since 1980.

8 France, Germany and Italy account for over 70% of the synthetic Euro, so Verrue' s synthetic Euro should
be close to that estimated by the others. In fact, Clostermann and Schnatz showed that the real value of the
synthetic Euro and the real value of the DM moved very closely together.
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Figure 1 graphs the two exchange rates. the nominal N(t), and the red R(t) vaue of the euro as
four quarter moving average (MA). A rise is an gppreciation of the Euro. Since 1985, the two
measures of the red and nomina synthetic euro are dmost identical. From 1978 - 85, their
trends were amilar though their "levels' were different. We can see that the large variations in
the nomina rate were not the result of a relaively condant red rate and large variations in
relative prices.

Figure 1. Real R(t) = EUUSREDPMA, Nominal N(t) = EUUSNERMA
4Q moving averages. Rise is an appreciation of euro.
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Figure 1. The red vdue of the euro rdaive to the $US. R() = N(t)p{t)/p*(t) =
EUUSREDPMA, and nomina vdue of the euro rdative to the $US. N(t) = SUSEuro=
EUUSNERMA. A riseis an appreciation of the euro. MA= 4Q moving average

The researchers carefully examined the literature concerning the determination of exchange
rates, in order to evauate the explanatory powers of the various techniques, modds and
hypotheses. They discarded those models that were: (&) non-operationa, in the sense that the
crucia variables were not objectively measurable, or (b) whose structura equations have been
shown to be inconggtent with the evidence. They ended up by going in two directions. In one
direction, they took an empirical/econometric approach that is not mode specific. In the other
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direction they used a theoreticd mode that implies econometric equations. The former may be
grouped under the heading BEER, behavioral equilibrium red exchange rate’, and the latter
takes as a point of departure the NATREX model. Makrydakis, de Lima, Claessens and
Kramer [ECB: M] describe the alternative approaches as follows.

“The BEER, unlike the ...NATREX gpproaches that rely on a structural equilibrium concept, is

based upon a gatigical notion of equilibrium...[BEER] attempts to explain the actua behaviour
of the red exchange rate in terms of a set of relevant explanatory variables, the so cdled
‘fundamentas. The fundamenta exchange rate determinants are selected according to what
economic theory prescribes as variables that have a role to play over the medium to short-
term....[In BEER]... the underlying theoreticd modd does not have to be specified. The
exchange rate equilibrium path is then estimated by quantifying the impact of the ‘fundamentas
on the exchange rate through econometric estimation of the resultant reduced form.”

Both approaches are poditive, and not normative, economics. There is no welfare significance,
or vaue judgments, implicit in the derived equilibrium red exchange rate. There is no implication
that exchange rates should be managed. The principa difference between the BEER and the
NATREX, is that the NATREX takes as its point of departure a specific theoretica dynamic
stock-flow model to arrive a a reduced form where the equilibrium rea exchange rate depends
upon reldive thrift and relative productivity differences. The papers by [ECBM] and
Clostermann and Schnatz [C-§] take the BEER approach with the Euro. The D-Mark generdly
has aweight of 37% in the synthetic euro. Clostermann and Schnatz show that the red values of
the synthetic euro and the D-Mark move very closely together during the period 1975-99, with
a correlation coefficient of 0.98. | therefore aso include the papers by Clostermann and
Friedmann® (1998) and by Clark and MacDonald (1999) who use a BEER approach for the
D-Mark.

In part 2 the BEER results are evaluated, and are compared in summary table 1. The papers by
Detken, Dieppe, Henry, Marin and Smets [ECB: D], Crouhy-Veyrac, Duvd, Ministry of
Finance of France, Maurin, Gandolfo and Feettigh and by Verrue use the NATREX
gpproach to estimate the “equilibrium” red vaue of the Euro. Part 3 is a brief expogtion of the
NATREX modd that is used by these authors, and discusses the empirica results of [ECB:D]
who examine the structurd equations. In part 4, we compare the papers that examine the
implied reduced form equations. The results are summarized in table 2. In part 5, we examine
the implications for the equilibrium nominal vaue of the euro.

2. The Behavioral Equilibrium Exchange Rate (BEER)

° The BEER approach is based upon Clark and MacDonald (1999).

9 They are with the Bundesbank and have written a series of papers on the real value of the DMark.

1 See Gandolfo's forthcoming book on international finance for amasterful evaluation of the subject. Here,
we omit adiscussion of Gandolfo and Felittigh study of the euro due to its econometric complexity.
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The"B" for "behaviord" in BEER means that there is no explicit underlying structurd modd. It is
exclugvely aquest for acointegrating equation for the real exchange rate. There are differences
in the gpproaches and results in the various papers, but | shdl try to present them in terms of
thelr common characterigtics.

The authors generdly have in mind the requirements of internd/externa balance. The internd
balance requirement is equation (2). Evaluated at capacity output: investment | less saving S plus
the current account CA must be zero. Let u(t) denote the ouput gap, or the deviation of the
actud rate of cgpacity utilization from its dationary mean.
(2) I(t) - S(t) + CA(t) =0, u(t) = 0.

The equilibrium red exchange rate affects the current account and investment. A sustaingble rate
must be consistent with equation (2). The variables, vector Z(t), that determine the components
of these functions are referred to as the real fundamentas. Denote the equilibrium redl exchange
rate R[Z(t)] to indicate that it depends upon the rea fundamentas Z(t). All of the researchers
reject the hypothes's that the real equilibrium exchange rate is a congtant, as is clamed by the
theory of Purchasing Power Parity (PPP). Seefigure 1 above. Moreover, the researchers reject
the monetary models with PPP, which have been very popular from the 1970s to the mid
1990s™. The quest is for a cointegrating equation for the red fundamentals Z(t), thet explain in
an econometric sense the long-run value of the red exchange rate.

The externd baance/portfolio balance requirement varies among the studies. Most of the
empirical/econometric studies use equation (3), the uncovered interest rate parity over a long
horizon. The expectation of the gppreciation of the red exchange rate over a medium run
horizon, is proportiond to the foreign r*(t) less the domestic r(t) red long-term interest rate. The
longer period is used because it is wel known that the uncovered interest rate parity
theory/rationa expectations are rejected when short period rates are used. The error term ()
reflects the difference between the mathematica expectation of the equilibrium exchange rate
and its actud vaue.

The equilibrium red rate R[Z(t)] is obtained from a solution of equation (2). The empiricd
equation for the red exchange rate R(t) is equation (3).

(3) R(t) = RIZ(t)] + h[r(®) - (] + €(t), h>0

This equation links the longer run R[Z(t)] and the “shorter” run h[r(t) - r*(t)] to the actud readl
exchange rate R(t). The researchers generdly use a VEC to dlow for alagged adjustment of the
actud rate to the equilibrium rate. This may be due adow convergence of u(t) to zero.

12 See the volume edited by MacDonald and Stein (1999) for a discussion of what we know and what we do
not know about equilibrium exchange rates, and Stein and Paladino (1997) for an evaluation of alternative
theoretical approaches.
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We may summarize the empirical/econometric BEER studies concerning the equilibrium vaue of
the synthetic Euro as the search for cointegrating equation R(t) = BZ(t), where Z(t) are longer
run red fundamentas, and g(t) is Sationary with a zero mean. One clamsthat R(t) converges to
the equilibrium BZ(t). The techniques involve VEC andyss, the examination of whether the
coefficients have the hypothesized signs and if the only varigble that is weekly exogenous is the
real exchange rate™. The sudies differ in what are the elements in vector Z(t) of the exogenous
fundamentals.

2.1 Empirical/Econometric. The Behavioral Equilibrium Exchange Rate

Table 1 compares four studies that use the BEER approach in terms of their common
characterigtics. All the dudies agree that there are red variables that can produce a
cointegration equation with the real exchange rate. Each cointegrating equation passes the usud
econometric tests and does track the red vaue of the synthetic Euro and the red vaue of the
DMark. Clostermann and Schnatz [C-S] show that their equation for R[Z(t)] outperforms a
random wak and the superiority improves as the horizon increases. The red vaue of the
Euro/$US is not a stationary, constant mean reverting, varigble. Thisis another demonstration
of the economic limitations of the PPP hypothesis.

Six varigbles, the rows in table 1, are consdered as possble fundamentas Z(t) in these four
dudies. Each succeeds in finding a cointegrating equation. However, the studies arive a
contradictory results. Consider each of the variables across the four studies.

The first row consders the Balassa-Samuelson (B-S) effect, represented by variable R(NT) the
ratio of non-traded/traded goods in the two aress. This is generally measured as the relative
CPI/WPI. From equation (4), (4a),(4b), the Badasssa-Samueson hypothesis is that the redl
exchange rate R(t)= R(CPI) based upon broad based price indexes such as the CHl is the
product of the congtant "externd"” price ratio R(T) of traded goods in the two countries and an
"internd" price ratio R(NT). . The "law of one price’ for traded goods isthat R(T) = C a
congtant. Theratio R(NT) of nontraded/traded goods in the two countriesis cdled the "internd™
price ratio. The weight of non-traded goods in the CPI is fraction w. The B-S hypothesisis that
vaiations in the red exchange rate R(t) derive from variaions inn R(NT). That is R(T) is
proportiona to R(NT).

(4) R(CPI) = N()p()/p*(t) = R(T)R(NT)
(49) R(T) = [N@®)p(T;t)/p*(T;1)] p(T;t) = price of traded (T) goods &t timert.
(4b) R(NT) = [p(N;t)/p(T:01"/ [p* (N;t)/p* (T:)]"

p(N;t) = price of non-traded (N) goods at timet.

3 For adiscussion of theseissues for example, see MacDonald (1999) and (2000).
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Row 1 in table 1 presents the results of the studies concerning the Balassa-Samuelson R(NT)
effect. The [ECB:M] study, column 1, found that the R(NT) effect was Satidticdly inggnificant.
The study by Clostermann and Friedmann [C-F:1998] in column 3 arrived a a smilar result for
the DM. Fgure 2, derived from [C-F] is a convincing demondration that the Balassa
Samud son effect R(NT) has atrivid effect upon the red exchange rate. The curve R(CP1) isthe
rea exchange rate of the DM based upon the CPl. The curve R(T) is the ratio of the prices of
traded goods. The curve R(NT) is the Baassa-Samuelson variable. Figure 2 shows that the regl
exchange rate R(CPI) for the DM is dmost identical to the ratio R(T) of traded goods. Both
experienced sgnificant variations. By contradt, the internd price ratio R(NT) was practically
congtant™. Duva (2001:346) presents a Smilar graph for the Euro. The curve describing the real
exchange rate based upon broad based indexes R(t) is dmogt identicd to the externd price
ratio R(T); hence the internd price ratio R(NT) has atrivia effect upon the rea exchange rate.

The papers by Clostermann-Schnatz for the Euro (column 2), and Clark-MacDonad [C-M]
for the DM (column 4) arrive at a different conclusion than do [ECB:M] and [C-F] concerning
the Balassa-Samuelson R(NT) effect in row 1. Clostermann and Schnatz find thet the rdaive
CPI/WPI measure of R(NT) appreciates the synthetic euro, and that the red vaue of the
gynthetic Euro and DM were practicaly identicd. On the other hand, Clogermann and
Friedmann found that the Baassa-Samuelson R(NT) effect was trivid for the DM. Clark and
MacDondd, unlike [C-F], find that the R(NT) effect was significant for the DM.

Figure 2. Alternative measures of the red exchangerate.

R(CPI) = N(®)p(t)/p* (t) = R(T)R(NT)
R(T) = [N({)p(T;t)/p*(T;1)] p(T;t) = price of traded (T) goods &t timet.

R(NT) = [p(N;t)/p(T;0)]" [p* (N;t)/p* (T;)]"

! Clostermann and Friedman (1998:213-214) write: "[The figure] shows Germany'srelative internal priceratio
compared with atrade-weighted average of this group of 10 countries...It isremarkably constant, and -
accordingly - thereal effective exchange rate on the basis of the overall CPI...seemsto be nearly identical
with the real exchange rate based upon pricesforv tradables...On balance so far, not much evidencein
favour of a" Balassa-Samuelson effect” in broadly defined real effective D-Mark exchange rates seemsto
exist in the data under consideration".
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Figure 2. Germany, R(CPI)=R(T)R(NT)
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How should the contradictions in row 1 be reconciled? One matter is whether variable R(NT)
has a getidicaly sgnificant t-value in a regresson with other variables. Another more important
matter is whether variable R(NT) is important in explaining variation in R(CP). The graphs
(figure 2) redating the red exchange rae R(CPl) to R(NT) and R(T), presented by
Clogtermann-Friedman for the DM, and by Duvd for the euro are compelling. They show the
unimportance of R(NT). It would have been useful if the studies by [C-S] and [C-M] presented
smilar graphs. One would expect that al would obtain smilar graphs.

The second variable is rdlative productivity in row 2. Column 1 contains the results of [ECB:M].
Since the Balasssa- Samuelson  proxy performed poorly as a determinant of long-run exchange
rate movement during estimation, as seen in row 1 column 1, the [ECB:M] congdered the
l[abour productivity differentid between home and aoroad. Following Clogtermann and
Friedmann (1998) labour productivity is defined as the ratio of the red GDP to totd
employment fy(t) - y*(t)]. The [ECB:M] found that relative productivity is dgnificant and
appreciates the red vaue of the Euro. This result is consgtent with that obtained by
Clogtermann-Friedmann (column 3), and Clark-MacDonad (column 4) for the DM. Reative
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productivity appreciates the red exchange rate, in the three studies summarized in row 2
columns (1)(3)(4).

By contrast, Clostermann-Schnatz column 2 did not find relative productivity to be sgnificant.
They are disturbed by the difference between their study of the synthetic euro and the study by
Clogermann-Friedmann for the DM. [C-S. p.9] write: "...the evidence of a more direct
productivity variable - gpproximated, for instance, by the ratio of GDP to the number of
employed persons - has dso been examined. Although this variable was found to be important
inthe estimates by Clostermann and Friedmann (1998) for the D-Mark, it has been consistently
inggnificant in the present estimates for the euro area.”

The third and fourth lines concern import prices and/or the terms of trade. Again there are
different results in the various studies. [C-S, cal. 2] find that the red price of oil depreciates the
rea exchange rate of the euro. However Clark and MacDonald (col. 4) did not find that the
terms of trade affect the red vaue of the D-Mark.

Only the [C-§ dudy consdered the role of fiscd policy, the ratio of government
expendituresGDP in Europe/lUS. They found that a rise in fiscal policy depreciates the red
vaue of the currency. This empirica result is quite contrary to the implications of the Munddl-
Fleming modd. The BEER gpproach does not am to explain this gpparent contradiction.
However, the papers that take the NATREX approach, discussed later, resolve this apparent
contradiction.

Net foreign assets, the negative of the net foreign debt, are consdered in three of the studies.
This varidble features in many models of the exchange rate, where arise in net foreign assetsis
expected to gppreciate the rea exchange rate. For example in equation (1) arise in net foreign
assets increases the current account, which tends to appreciate the exchange rate. [ECB:M] find
that net foreign assats are not a sgnificant economic varigble for the red vaue of the synthetic
euro. Thisis confirmed by [C-F] who do not find net foreign assets to be sgnificant for the redl
vaue of the D-Mark. However Clark-MacDonald obtain a contradictory result. Net foreign
assets appreciate the rea value of the D-Mark.

The lagt variadle is the red long-term interest rate differentid [r(t) - r*(t)]. The results are
contradictory. The [ECB:M, col. 1] study of the red vaue of the synthetic euro found that the
long-term redl interest rate differentia is non-gationary and was included in vector Z(t). The
authors are puzzled by the non-stationarity and write: “...the sgnificance of the interest rate
differentid as a long-term determinant of exchange rate movements seems a bit a odds with
economic theory which asserts that red interest rates tend to equalize across countries in the
long run. Consequently, the red interest rate differentid should not be construed as a long run
determinant of exchange rate movements...” Nevertheless, the authors use the interest rate
differentid to account for medium to longer term movements in the red exchange rate. The
sudy by [C-F, col. 3] of the red vaue of the D-Mark arrived at the same conclusion. They



J. L. Sen: An evduation of the Euro 11

conclude that arise in the red interest rate differential sgnificantly gppreciates the long run red
exchange rate.

On the other, the study of the redl value of the synthetic euro by [C-S, col. 2 ] reached a
different concluson. The redl long-term interest rete is a Sationary variable. It does not affect
the long run red exchange rate, but affects the red exchange rate only in the short run.

How can we resolve the question: is the red long-term interest rate differential Sationary/mean
reverting or not? In their study of the red vaue of the D-Mark, Stein and Sauernheimer show
(1997:pp. 18-19) that the red long term differentia between the German and US red interest
rates differs in the periods before and after 1980. After 1980, the differentid is Stationary and
the two redl long-term interest rates converge. Prior to 1980, there is not a convergence. Hence
the sample period used is important. Using a sample period starting with 1980, the red long-
term interest rate differentid is1(0), and is only a determinant of the short-term, but not the long-
term equilibrium, red exchange rate.

What can we conclude from these five studies? These negative results are confusing. The four
BEER sudies in table 1 yielded different and often contradictory results, even though each
obtained a cointegrating equation with sgnificant vaues for different vectors of "fundamentas’
Z(t). The variables in the cointegrating equations are mixtures of endogenous, control and
exogenous variables. Without an explicit theoretica tructure it is difficult to know how to
interpret the econometric results for the formulation of ECB policy discussed in part 1.
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Table 1. Comparison of BEER Studies

12

Real [ECB:M, Clostermann- Clogermann- | Clark-
Fundamentals 2000] Schnatz(2000): | Friedmann MacDonad
Z(t) Euro Euro [1998]: DM (1999): DM
R(NT) = Redative | Indgnificant | gppreciate Inggnificant appreciate
(CPI/PPI)

(y - y*),Redive | appreciate Inggnificant Appreciate appreciate
productivity

Red priceall depreciate

Terms of trade Inggnificant
Rdative fiscal** Depreciate

Net foreign assets | Inggnificant inggnificant appreciate
Reative red LT | Appreciate appreciate

interest, (1)

SHORTER-

TERM

Redive red LT Appreciate

interest, 1(0)

3. Structural Equations determining the Equilibrium Real Exchange Rate: NATREX

In view of the unpromising results above, the [ECB:D] authors went further than the BEER
approach, and proceeded to look for Structura equations within a coherent theoretical modd.

“A further step towards increasing the structure underlying the estimated model is to estimate a

number of behaviourd relations as commonly found in sandard structura  macroeconometric
models. To begin with, we consder a smal-scale model based upon the NATREX agpproach
(NATurd Red Exchange rate)....This gpproach tries to link the real exchange rate to a set of
fundamentd variables explaining savings, investment and the current account. Natrex is based
upon a rigorous stock-flow interaction in a macroeconomic growth [modd]. A distinction is
made between a medium run equilibrium where externd and internd equilibrium prevails
(equivdent to the macroeconomic baance gpproach) and the long-run equilibrium where the
budget constraint on net foreign debt is met and the capital stock has reached its Steady sate
level”.

[ECB:D] described the NATREX mode and estimated severa key structurd equations. From
these equations, they inferred the equilibrium red exchange rate and compared the inferred
equilibrium rate with the actua synthetic rea Euro. Part 3.1 very tersdy describes the crucid
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Sructura equations of the NATREX mode and the implications for econometric testing. Part
3.2 explains the transmisson mechaniam linking the endogenous red equilibrium exchange rate
to the exogenous and control variables. This is the dructure tha is ignored in the
empirical/econometric studies above. Part 3.3 compares the econometric results of [ECB:D]
with the analysis in parts 3.1 and 3.2. Part 4 compares the papers by Duval, Crouhy-Veyrac,
Maurin and by Verrue who aso use NATREX. The results are summarized in table 2. The two
st of studies focus upon different aspects of the mode. Whereas the set summarized in table 2
esimate a dynamic reduced form equation for the red exchange rate, the [ECB:D] etimates
dructural equations but not the reduced form equation for the exchange rate®. The two sets of
studies basaed upon the NATREX are mutually congstent.

3.1 The Crucial Equations of the NATREX mode*®

The NATREX isthe equilibrium red exchange rate as defined in part 1 above. The NATREX is
not a point, but is a trgjectory associated with both interna and external balance. Equation (2)
for macroeconomic baance, or internd equilibrium, is equation (5): Saving less investment is
equal to the current account, evaluated at capacity output. Except for the exchange rate and red
long-term interest rate, measure each variable as a ratio to capacity output. Socid (private plus
public) consumption c(t) depends positively upon net worth equa to capital less net foreign debt
F(t), and upon fiscd policy which is government consumption g(t), and the vector of tax rates
t (t). Socid saving s =1 - ¢ depends postively upon net foreign debt (F), and upon fiscd policy
(9t). Writesavingass=1- ¢ = §(c(g,t), F). The postive rdation between socid saving, by
the sum of firms, households and government, and net foreign debt is a Sability condition for
“intertempord optimization”.

Investment depends basically upon the Keynes-Tobin g-ratio: the present vaue of expected
profits, divided by the supply price of investment goods. The g-ratio depends upon foreign
demand and the marginal costs of production. The view taken here is that the firms sl in a
world market, where the negatively doped demand curve is exogenous to the country. Foreign
demand is reflected in foreign'” socid consumption ¢* and by the terms of trade T. Margind
costs of production depends positively upon the red exchange rate R(t), and negatively upon
the leve of productivity y(t). The red exchange rate R(t) negatively affects expected profits
because arise in R raises domestic prices and costs® relative to world demand. Margina costs

> Verrue(1998) estimated both structural equations aswell as the reduced form equation for the Belgian
franc. Gandolfo and Fel ettigh estimate a system of simultaneous nonlinear dynamic equations using the
FIML techniquefor the Italian Lira. They write that: "Our estimates confirm the validity of the NATREX
theory for the Italian economy. In particular, our in-sample simulations for the long-run equilibrium real
exchange rate confirm the analysis of the real misalignment of the lira made by the Bank of Italy."

'8 The reader is directed to the following references for afull exposition: Stein, Allen et a (1997 ed), Stein
(1994), Stein (1999), Stein and Paladino (1999). | use Stein (1999) as the latest thinking on the subject.

" Foreign variables are denoted by an asterisk.

'8 Stein (1999) measures the real exchange rate R(t)=N(t)w(t)/w* (t), where w is unit labor costs. Then the
exchange rate appreciation clearly raises marginal costs and discourages investment.
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rise, profits decline, the g-ratio is reduced and investment is discouraged. Investment is I(t) =
I(R(t) y(t), T(t),c*(t),r(t)), wherer isthe red rate of interest.

The current account CA is the trade balance B(t) less net "interest payments’ r(t)F(t), where
F(t) is net foreign "delt”, or net ligbilities to foreigners in the form of debt plus equity. The
"interest rate’ r(t) should aso represent the dividend rate, so that r(t)F(t) is net income
transferred abroad. The trade balance is negatively related to the real exchange rate for the
usua reasons. Productivity y (t) increases the trade baance because it lowers the margind cost
and increases the supply curve of tradable. Margina cost is equa to world demand at a larger
output of tradable. Foreign demand c* generates world demand for the exports of the Euro
area. The current account function is CA=C(R,c, y,F,r;c*), where the derivatives of ¢ and c*
reflect the margina propengty to import associated with arise in the consumption ratio. Interna
balance at capacity output (u = 0) is equation (5).

(5) S(c(),F®) - 1(R(®).y(0),r(t), T(®) = CAR(®).c(t).y(®),F(O).r(t);c* (1)) [u=0.

Portfolio balance a the longer run equilibrium redl exchange rate implies that domestic and
foreign red long-term interest rates are equd, or differ by a congant. This is one externd
equilibrium condition.

®)r=r~.

Solving (5) and (6) for the medium run equilibrium exchange rate implies equetion (7). This is
the same equation that is used in the macroeconomic baance gpproach.

The NATREX mode is a generdization of the macroeconomic baance modd, insofar that we
link the medium run and the trgectory to the longer run equilibrium. Exogenous and control
variables Z(t) = [c(t),c*(t),y(®), T(t),r* (t)] have different effects in the longer run than they do in
the medium run macroeconomic balance equation. In particular, the Mundell-Fleming analysis
of the effects of fiscal policy is only valid in the medium run, and the conclusions are
reversed in sign for the longer run.

The linkage of the medium to the longer run arises from two dynamic equations concerning the
net foreign debt plus net equity, which we cal "debt”, Ft) and the level of productivity y(t),
equations (8) and (9). These two equations, when added to the equation (7), represent the
NATREX modd. The current account CA(t) is the rate of change of the net clams on
foreigners in the form of foreign debt plus equity, equation (8). The growth of productivity
dy(t)/dt isdirectly related to the rate of investment, equation (9).

BASIC EQUATIONS OF THE NATREX MODEL

(7) R(®) = R(c(t), c* (1), y(©), (), r* (1), T(D).
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(8) dF(t)/dt = I(R(B),y(0).r* (1), T(1)) - S(F(t).y(1);c()) = - CA(R(®).y.(1).F(O).r(t);c(t).c* (1)
(9) dy(®)/dt = VII(R(®).y(t).r*(©),T(®)], V' > 0.

(-F(t)) = net claims on foreigners in the form of debt plus equity; R(t) = red exchange rate; y(t)
= productivity; c(t) = socid consumption/GDP, T(t) = terms of trade; r*(t) = red long-term rate
of interest (dividend rate).

Equations (7),(8) and (9) condtitute the core of the NATREX modd. The exogenous variables:
foreign “time preference c*(t), foreign red long term rate of interest r*(t), terms of trade T(t).
The control varidbles are ¢(t) domestic socid consumption (often referred to as "time
preference’). Fiscal policy [g(t), t(t)] and [g*(t), t*(t)] are important determinants of time
preference: the ratio of private plus public consumption to GDP. Thrift is 1-c. We write c(t) =
c(g(b), t(t) and c*(t) = c*(g*(t),t*(t). In the theoreticd NATREX mode, the endogenous
variables are: the red exchange rate R(t), "debt" F(t) and capital or productivity y(t). In the
econometric andyses, differentid "productivity” [y(t) - y*(t)] is treated as exogenous.

In order to evaduate and interpret the econometric results of dl of the papers, summarized in
tables 1 and 2, it is necessary to explan the economic and econometric implications of
equations (7),(8) and (9). Thisisthe subject of section (3.2).

3.2 Transmisson Mechanism: How changes in thrift/time preferenceffiscal policy at
home and abroad affect the NATREX

Figure 3 is a ample® grgphic expodtion of the transmisson mechanism in the modd, and
permits us to understand the distinction between exogenous, control and endogenous variables.
The curve Sl relates saving less investment to the red exchange rate, and curve CA rdates the
current account to the real exchange rate. They are evaluated when red interest rates have
converged, equation (6).Ther intersection gives us the medium run equilibrium exchange rate,
equation (7).

19 See Stein (1997, ch.2) for the full analysis where both F(t) and capital k(t) or productivity y(t), are both
endogenous dynamic variables.
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R(1)

SI(1) S10) Figure 3
R(l) —— é S10)
RO)
/ SR(2)
. CA(D)
CA(2)
C B o S(H-I(t), CA(t) = -dF (t)/dt

Rize in zocial consumption c.

Long run: R(0)-R(2), cointegrating eqn.; Medium run R(1)-R(2), error correction;
impact R{0)-R(1)

The negatively doped CA curve describes how an gppreciation of the red exchange rate
decreases the trade balance and current account. The positively doped S curve describes how
an gppreciation of the real exchange rate raises domestic costs and prices relative to world
demand and reduces the present value of expected profits. The Keynes-Tobin g-ratio declines,
and investment then declinesrelative to saving. That iswhy S+ rises with the redl exchange rate.

Initidly, saving less investment is described by curve SI(0), and the current account by curve
CA(0). Red exchange rate R(0) produces interna baance, when there is portfolio balance r(t)
=r*(t).

The difference between the Munde l-Feming (M-F) macroeconomic balance gpproach and the
NATREX modd is seen clearly by consdering the effects of an expansionary fisca policy upon
the red exchange rate. Wheress the M-F modd clams that the redl exchange rate will
appreciae, the NATREX modd clams that the medium run appreciation will be more than
offset in the longer run. An expangonary fiscal policy will depreciate the longer run exchange
rate.

Let control variable fisca policy/time preference c(t) rise. Socia consumption rises, and socia
saving declines redive to investment. The S curve shifts from SI(0) to SI(1). If al of the
increased demand were directed to home goods, then the CA curve is unaffected®. At

® The marginal propensity to import isasmall fraction. This meansthat the CA curve shiftsto the left by
lessthan the Sl curve.
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exchange rate R(0), the ex-ante current account CA(0) now exceeds ex-ante saving less
invesment SI(1) by OC. Investment less saving is the desired capitd inflow.

Severd things happen. The excess demand raises the domedtic interest rates. Domestic
firms/government borrow abroad what they cannot borrow a home. The desired capita inflow
OC tends to appreciate the exchange rate to R(1) > R(0), to restore internd and external
baance. This is a movement to the medium run equilibrium, evauaed a the given levd of net
foreign assets F(t) and productivity y(t). So far, this is the same as the M-F macroeconomic
bal ance approach.

The trangtion to the longer run resulting from a decrease in socid saving by quantity OC results
from two crowding out effects”. The first is thet the appreciated exchange rate R(1) is
associated with a current account deficit OB. The foreign debt F(t) rises to F(t) + (0B)dt,
equation (8). The second crowding out effect results from the effect of the appreciated
exchange rate R(1) upon the rate of investment. The latter is crowded out by (CB)dt. The
decline in the rate of investment adversdly affects the growth of productivity, equation (9). The
adverse effectis D[dy(t)] = V'Ir DR < 0.

The growth of the foreign debt increases interest payments and depresses the CA curve
towards CA(2). At the existing real exchange rate, the current account declines. The steady
decline in the CA function, arisng from the growing debt F(t) depreciates the exchange rate.
The red exchange rate depreciates steadily asthe CA curve declinesdong the Sl curve.

The decline in the growth of productivity, resulting from the crowding out of investment,
adversdly affects the current account function. Given the growth of the red wage, a generd
decline in the growth of productivity raises margind cogtsin dl of the sectors. Given the growth
in world demand, the rise in margina cogts, due to the decline in the growth in productivity,
shifts the current account function to the | eft.

Combining the two crowding out effects, an expansonary fiscd policy leading to arise in socid
consumption c(t) shifts the CA function from CA(0) to the left and down, in figure 3. If the SI
function did not shift to the right, the exchange rate would continue to depreciate and the foreign
debt would explode. A necessary condition for intertempord Sability is that the rise in the
foreign debt decreases net worth, which decreases socia consumption and increases socia
saving, by the sum of firms, households and government. In a dynamicaly steble sysem the
growth of the debt must lead to a rise in saving which shifts the S curve to the right in the
direction of S(2). The longer run equilibrium occurs where saving less investment SI(2)
intersects current account CA(2). Thereisahigher steedy state debt and lower level of relative

! The two crowding out effects are stressed in Stein (1999), but only one was discussed in the earlier
NATREX papers.
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productivity in the new longer run equilibrium. The series of medium run equilibria produces
trgectory R(0)-R(1)-R(2) of the exchange rate to the longer run equilibrium.

The effect of an "exogenous' rise in productivity is more complex and ambiguous. It has been
discussed elsewhere” in detall. Initidly, investment rises rddive to saving: the S curves shifts to
the left. The red exchange rate appreciates and the capital inflow or trade deficit finances
investment. Eventudly, the economy is more productive/competitive and the current account
function shifts to the right. Insofar as the higher levd of productivity eventudly shifts the current
account CA function to the right by more than it shifts the saving less investment, the long run
real exchange rate appreciates.

3.3[ECB:D] Empirical Results® based upon structural equations

The ECB:D estimated VEC models for the variables entering the investment, consumption and
trade balance equations. The object was to examine the structura equations (10)-(12) and from
them estimate the equilibrium red exchange rate.

Their consumption equation is (10), and the implied saving function is S(t)/Q(t) = 1 - C(t)/Q(t).
The ratio of consumption to output C(t)/Q(t) depends pogitively upon net worth; capitd less
debt. Hence C(t)/Q(t) depends negatively upon the foreign debt/output F(t)/Q(t). Insofar as the
current account deficits are financed through debt rather than equity, the effect of cumulative
current account deficits is built in. The gability of the system depends crucidly upon the sign of
the debt varigble: socid saving (consumption) must rise (fal) with the debt. The authors aso
assume that C(t)/Q(t) depends positively upon the growth of total factor productivity* a*,
negetively upon the red rate of interest r(t), and positively upon the nomind interest rete i(t),
which represents the business cycle.

Ther investment function equation (11) reflects a declining margind product of capitd and an
edimate of the gratio. Investment/output 1(t)/Q(t) is negatively related to the capitd
stock/output K (t)/Q(t) and to the red rate of interest r(t), and is postively related to &, the
growth of tota factor productivity. Investment is negatively related to the red exchange rate.
Thisis the investment crowding out effect, which produces a postively doped S curvein figure
3 above.

The trade balance equation (12) states that the trade balance TB(t)/Q(t) is negatively related to
the real exchange rate R(t), domestic socia consumption ratio C(t)/Q(t) given in (10), and

2 Stein, Allen et al, pp.24-26, table 2.1 p.46, pp.66-67 table 2.3; MacDonald and Stein, p.16.

#| am using the authors' notation, except for the growth in total factor productivity. | am not specifying
when they use the long-term or the short-term interest rates.

% The production function is: Y (t) = A(Y)K (1)L (t)’ . The growth of total factor productivity isa* =
[dA(R)/dt]/A(L).
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pogitively related to foreign socia consumption ratio C*(t)/Q*(t) and to the growth of tota
factor productivity.

Three equations are used, but not estimated directly. One is the uncovered red interest parity
equation. In addition, there are two dynamic equations. One is the growth of the debt/GDP ratio
F(t)/Q(t) and the second is the growth of capital/GDP ratio K(t)/Q(t).

[ECB: D] Structural Equations Estimated

(10) CH/Q() = 1 - S(1)/Q(t) = & + & a* - ag F(t-2)/Q(t-2) -a r(t) + @i (t-2)

(11) 1()/Q(t) = & + & a* - &K (1)/Q(t) - aur(t) - a R(t-3)

(12) TB/Q() = & - awR(t) - @z (1) - 2w i(t)+ as FE/Q() + aus r(t-2)

+ay C* (t-4)/Q* (t-4)

Hypothesized vaues of regresson coefficients are postive. C/Q = socid consumption/GDP,
1/Q = gross socid investment/GDP, TB/Q = trade balance/ GDP

The [ECB-2] authors estimated separate VEC modds for the variables involved in equations
(10)-(12) over the period 1972:1 - 1997:4. The empiricd results were as follows. The variables
are of order 1(1) except for the productivity growth rate. There is one cointegrating equation for
each behaviord equation. There are certain crucid requirements for the validity of the structurdl
agpects of the NATREX model, and others are not crucia. All of the crucia coefficients have
the hypothesized sign and are significant. Results (a) - (d) below show that the crucia structura
equations are cons stent with the evidence.

(@ The rate of invesment is negatively related to the red exchange rate. Exchange rate
appreciation crowds out domestic capital formation in the estimate of equation (11). This is
consgtent with the postively doped S curvein figure 3.

(b) The trade balance is negatively related to the real exchange rate in the estimate of trade
balance equation (12). Exchange rate appreciation crowds out the trade balance and tends to
raise the debt. Thisis congstent with the negatively doped CA function in figure 3.

(c) The gability of the system requires that the foreign debt reduce wedth, which reduces socid
consumption by the sum of households, firms and government. The debt sgnificantly reduces
sociad consumption in the estimate of socia consumption equation (10). This is consstent with
the dynamics R(1)-R(2) in figure 3.

(d) A rise in the capitd/output ratio reduces the rate of capitd formation, in the etimate of
investment equation (11).
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The medium run equilibrium real exchange rate can be derived from a solution of S(t) - I(t) =
CA(t), usng the estimates from (10)-(12) above, evauated with the current debt F(t)/Q(t) and
capital K(t)/Q(t). The [ECB:D] derives the longer run equilibrium rea exchange rate by adding
the conditions that: the current account deficit/debt be a congtant, and that the ratio of
investment to capitd be a constant. The modd is then smulated to compare the actua with the
smulated estimates outside the sample period. The [ECB:D] smulaion results and concdlusions
are asfollows.

"Ovedl, the variahility of the estimated equilibrium rates is surprisngly high. On the positive
Sde, this could be used to refute the claim that exchange rate models based upon fundamentals
are dways a aloss in explaining actud changes because fundamentds are not volatile enough.
The equilibrium estimates at the end of 1999 of our four NATREX smulations diverge by +/-
4%. Still, the basic pattern of the synthetic euro exchange rate has nevertheless been traced. It
remains to be seen if the increasing undervauation since 1997 for the medium run equilibria is
due to an out-of-sample breakdown of the model."

There are severd questions that should be posed concerning the method of solving the

edimated sructurd equations to derive an estimated equilibrium exchange rate. Firs and

foremost is the correspondence between theoretical and empirical variables. In the modd, the

debt F(t) is an integra of current account deficits, adjusting for the interest rates. Some of the

deficit will be financed by debt and some by equity. Hence F(t) is not the gross foreign debt, but

is net clams on foreigners in any form. Second, capitd is very difficult to measure. The authors
use measures of depreciation, but obsolescence is much more important, as any owner of a
computer knows. Vintage models of capitd attempt to circumvent this problem. In the vintage

modds, capitd is not the integra of investment adjusted for depreciation. Third, there isarange

for estimates of the coefficients, depending upon the method of estimation used. This point will

be stressed in our discussion underlying the estimates from reduced form models. Consequently,

the solution of the estimated modd, involves the multiplication of lots of uncertan estimates.

That is, the process of inverting the matrix tends to produce great ingtabilities of results. Fourth,

there are some puzzling results. For example, the rate of growth of tota factor productivity is

not sgnificant in the estimated investment equation. My concluson is that [ECB:D] has shown

that: () the crucid transmisson mechanisms of the NATREX modd are consstent with the

evidence, but (ii) one should be hesitant in accepting the quantitative results from the smulation
as precise estimates.

4. Reduced Form Dynamic Equation for NATREX
4.1. Thereation between VEC econometricsand NATREX theory

The studies by Duvad, Crouhy-Veyrac, Maurin and Verrue use the NATREX modd to obtain
edimates of the reduced form dynamic equation for the equilibrium red exchange rate. The
NATREX modd is a sock-flow dynamic modd, where a digtinction is made between the
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medium term and the longer- term trgectory of the exchange rate. In the medium term, the
stock of debt and leve of productivity are given, but they are endogenous in the longer run. A
clear didinction is made between endogenous variables, exogenous variables and control
variables, in establishing the trgectory of the exchange rate. The BEER agpproach does not do
this. Findly, the NATREX approach is eadly related to the VEC techniques in econometrics.

Equation (3) for the "equilibrium™ exchange rate R(t) can be generdized to equation (13). The
term BZ(t) is the longer run equilibrium associated with the "fundamentds' Z(t). Insofar as R(t)
and vector Z(t) are integrated 1(1), BZ(t) is the cointegrating equation. The second term gR(t-
1) - BZ(t-1)] is the error correction (EC) term. The third term represents short-term shocks
from varidbles that are Sationary, transtory variables [(0) and have zero expectations.

(13) R(t) = BZ(t) + a[R(t-1) - BZ(t-1)] + Sb()DZ(t-i) + e(t)

In the NATREX mode graphed in figure 2, the cointegrating equation R(t) = BZ(t) reflects the
long run movement from R(0) to R(2), resulting from a rise in time preference. The EC term
represents the movement from R(1) to R(2), resulting from endogenous variations in socks. The
third term represents the movement from R(0) to R(1).

There are severa ways that vector B has been estimated. One way isto use aNL S method due
to Phillips-Loretan to esimate B directly from (13). Another way is directly with the
Johansen/VEC method equation (13a), which can be derived from (13). The tests involve the
following questions. (a) Are R(t) and vector Z(t) integrated 1(1)? (b) Isthere just 1 cointegrating
equation? (c) Are the Z's weskly exogenous?

(138) DR() = a[R(t-1) - BZ(t-1)] + Sb()DZ(t-i) + e(t)

A third method is the Engle-Granger 2-stage least squares. After establishing that [R(t),Z(t)]
are 1(1) and cointegrated, an OLS estimate of B is done directly. Then the resdud [R(t-1) -
BZ(t-1)] is used asthe second term in (13).

4.2 M easurement of the Variables®

A difficult problem, handled differently by the various authors, is how to measure the variables.
Figure 4 displays the basic (1) variables, primarily as four quarter moving averages (MA).
These variables are the red exchange rate R(t), relative prices p(t)/p* (t) and the disturbances to
productivity and thrift that produce the change in the red exchange rate from R(0) to R(2).

Figure 4. Variables that are 1(1), that do not revert to a constant mean. MA = 4Q moving
average. R= red exchange rate= Np/p* =EUUSREDPMA; N = nomind exchange rate
$USsynthetic Euro = EUUSNERMA; c/c* = Euro/US ratio socid consumption/GDP =

% | am using the data provided by Liliane Crouhy-Veyrac.
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EUUSCRATMA,; yly* = Euro/US labor productivity = GDP/employment; p/p* = Euro/US
GDP deflators = EUUSPDMA; ¢g/gt = Euro/lUS government consumption/GDP =
EUUSGOVRATMA

Figure 4. Variables 1(1)
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(@ The red exchange rate R(t) can be measured in terms of GDP deflators or relative wages,
above. Since 1973 the two measures are very similar for the synthetic Euro-$US, but they are
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quite different earlier. (b) There are dternative measures of socid "time preference’.
Theoreticdly, the measure should be the ratio c(t) of private plus public consumption to GDP. A
question is raised whether this variable is truly exogenous. We wrote that c(t) = c(g(t), t (1)),
where g(t) is government consumption/GDP and t (t) is a vector of tax rates. Some authors use
g(t) as their measure of time preference, since it is more exogenous than c(t). Figure 4 shows
that the ratio EUUSCRATMA = c(t)/c*(t) of EU to US socid consumption/GDP is quite
different from the ratio EUUSGOVRATMA = g(t)/g* (t) of government consumption/GDP. The
ratio g(t)/g* (t) misses the effects of changesin tax policy upon socia consumption.

(c) The measurement of the productivity disturbance is difficult. Theoretically, we want to find a
measure for a factor that: initidly raises the productivity of capitd, induces investment that
eventually raises output and lowers the margina costs of tradable goods. We seek a relaively
exogenous factor that ultimady shifts the CA function to the right by more than it shifts the S
curve in figure 3. Some authors use the productivity of labor y(t) = GDP/employment. Others
use total factor productivity q(t), the Solow residud. It is theoreticaly gppeding to use the
differentid rate of return on investment, but thisis a Sationary variable both in Europe and in the
US. In pat 5 below, we congder this variable among the 1(0) disturbances that produce the
change from R(0) to R(1).

(d)The NATREX model per seignores the shorter-term trandtory 1(0) effects that converge to
zero. The shorter run disturbances involve changes in the fundamentas and the leves of
disequilibrium terms contained in the vector DZ(t) mentioned above. The net effect of changes
in the disequilibrium terms DZ(t) is to change: interest rates, the rate of cgpacity utilizetion or the
return on investment.

Different sudies use different variables for the 1(0) effects, graphed in figure 5. Some use the
red long-term interest rate differentid [r(t) - r*(t)], asin equation (3) above. It is generaly found
that this differentia is stationary and converges to zero. Some use the nomind long-term interest
rate differentia [i(t) - i*(t)], as a control variable. We use the differentia rate of return on
invesment b(t)- b*(t) = EUUSRETURN as an important 1(0) variable. Another candidate for a
disequilibrium variable isthe deviation u(t) of the rate of capacity utilization from its longer term
Sationary mean.

Figure 5. Stationary, mean reverting 1(0) variabless EUUSRETURN = b(t) - b*(t) = growth
ratefinvestment ratio in Europe less US, EUUSOUTGAP = u(t)-u*t) = output gap,
actud/potentiad GDP, in Europe less US; EUUSLINT = long term nomind interest rate in
Europe lessUS = i(t) - i*(t); EUUSGROW = Europe less US growth rate of GDP.

% See the discussion in Stein (1999) relating the K eynesian approach with the NATREX.
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Figure 5. Variables 1(0)
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4.3. Summary of the Studiesfor the Real Exchange Rate

Table 2 columns (1)-(4) summarize in a comparable way the results of the four studies cited
above. The explanatory power of the mode for the nomind rate is discussed in section 5. In all
of the studies, the relations among variables R(t) and Z(t) pass the econometric tests mentioned
above. The quditative sgnificant Sgn results are amilar, but the vaues differ according to the
econometric method used.

All find thet the ratio c(t)/c*(t) of Euro/US socid consumption/GDP depreciates the longer run
vaue of the Euro. This corresponds to the movement from R(0) to R(2) in figure 2. Crouhy-
Veyrac and Maurin consdered the ratio g(t)/g*(t) of government consumption/GDP as an
exogenous component of socid consumption.” It is aways true that arisein g(t), the European
government consumption/GDP, depreciates the longer run vaue of the Euro. In the Crouhy-

%7 Crouhy-Veyrac used many different measures, and | am only citing one part of her results. Maurin used
relative government deficits.
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Veyrac dudy, a rise in US government consumptio/GDP  g*(t) appreciates the euro
sgnificantly when the Engle-Granger method is used, but not when the VEC method is used.

In the Crouhy-Veyrac study (column 2), the relative productivity variable measured as relative
GDP/employee = y(t)/y* (t) in Europe/lUS appreciates the long run vaue of the euro, but it is not
sgnificant in Verrue's study (column 3) and in one of Maurin's sudies. Duva and Maurin use
relative Europe/US total factor productivity (Solow residua) denoted q(t)/g* (t). They find that
reldive total factor productivity appreciates the long run equilibrium vaue of the Euro.

The lower part of table 3 concerns the transitory and disequilibrium varigbles DZ(t) in equation
(13). Duva and Maurin find a strong confirmation of the trgectory R(0)-R(1)-R(2) in figure 2,
resulting from a rise in socid consumption. As mentioned above a rise in c(t)/c*(t), reative
Europe/US time preference, depreciates the long run red vaue of the euro: trgectory R(0)-
R(2). However, the medium run effect of D(c(t)/c* (t)) appreciates the euro: trgectory R(0)-
R(1).

Duva and Maurin aso find that the medium run productivity effect D(q(t)/g* (t)) appreciates the
Euro. The NATREX interpretation isthat arise in reative productivity raises the Keynes-Tobin
g-raio, gimulates investment relive to saving and shiftsthe S curve in figure 2 to the left. The
real exchange rate appreciates and leads to a trade deficit to finance the excess investment over
saving. The longer run effect® is that the rise in productivity shifts the CA function to the right by
more than it shiftsthe S function, in figure 2 above”™.

Thetrangtory disequilbrium effects are captured by the interest rate differential term in equation
(3). Duvd and Verrue use the red long-term interest differentia [r(t)-r*(t)], which is I(0) and
converges to zero. In al cases, arise in the euro-US red long-term appreciates the euro, This
effect is temporary, snce dl four authors find that the differentia converges to zero. Crouhy-
Veyrac uses the long-term nomind interest rate differentid [i(t) - i*(t)]. There can be severd
judtifications for this. First: the nomind interest rate is more of a control variable than is the red
rate. Second, prices change dowly. She finds that the long-term nomind interest rate differentia
appreciates the euro.

These dudies confirm the implication of the NATREX modd as opposed to the Munddl-
Fleming modd. The M-F modd claims that an expansionary fiscd policy that leads to arise in
socia consumption appreciates the redl exchange rate. The NATREX modd clams that such a

% See MacDonald and Stein (1999) p. 16, and Stein and Allen (1997), pp. 24-26, p.67 table 2.3 and the
discussion in that section, concerning the effect of arisein productivity.

* Some authors, particularly Duva, make a distinction between the tradable and non-tradable
sectors and add the Baassa-Samuel son effect as a determinant of the long-term equilibrium real
exchange rate. We showed in figure 2 above that the ratio of non-traded/traded goods prices
has negligible explanatory power.
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policy appreciates the redl exchange rate in the medium run. In the longer run, the red exchange
rate depreciates below itsinitid levd.

Table2

Comparisor/Summary of Reduced Form Dynamic Equations for red R(t) exchange rate of
Euro, riseis an gppreciation of Euro

(1) 2

Fundamentd variable:

Z(1); 1(2)
Long runred Natrex

Time preferences Socid
consumption/GDP
c(t)/cx(t); Government
consumption/GDP
(/g (1)

theory: depreciate

|abor
factor

Productivity;
y®N*(t); totd
productivity o/g*
theory: appreciate
Domedtic/foreign
index p(t)/p* (t)
PPP, depreciate

price

Change dZ(t), Trandtory
[(0) varidbles

d(time
d(c/c*)
theory: appreciate

preference) =

d(productivity) =
d(y/y*);d(o/q*)

©)

Duva:1970-
1999

c/c* depreciate

/g
appreciate

d(c/c*)
appreciate

d(o/q)
appreciate

(4)

Crouhy-Veyrac:

1973:

1-2000:2

VEC:

g
(g*?)
E-G:

depreciates;
deprec;

g depreciates; g
appreciates

yly* appreciate

Verrue
1977:1-1998:3

c/c*
depreciates

Maurin
1975:1-
1997:2

c/c*
depreciate

(a-9%)
depreciate

oqr
apprec

d(c/c*)
appreciate

d(9-9*)
appreciate

d(o/q)
appreciate
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theory: appreciate

(domegtic -  foreign)
interest rate: nomina ((t)- (r-r*) (i-1*) (r-r*)
i*(t); redl (r-r*) appreciate appreciate appreciate

theory: appreciate

5. The Nominal Value of the Euro

The ultimate object of research concerning the Euro is to answer the following questions. (#1)
What is the equilibrium trgjectory of the nomina euro, measured as dollars/euro? (#2) To what
extent has the equilibrium nominal euro been determined by relative prices (PPP), and to what
extent has it been determined by the rel NATREX? (#3) How important have been the
trangtory factors in affecting the vaue of the euro? (#4) Is the euro currently undervalued, and
by what criteria? Our answers are the subject of this part.

The nomina vaue of the euro N(t) is defined by equation (14). It isthe red vaue R(t) times the
ratio p*(t)/p(t) of foreign to euro prices. The medium run NATREX real exchange rate is
Rn(Z(1),) in equation (15). The first part isthe longer run equilibrium BZ(t), alinear combination
of the fundamentals Z(t) = [c(t)/c*(t), y(t)/ly*(t)] discussed above. The second term, the
trgectory, corresponds to the seridly correlated error correction (EC) evauated "h" periods
ealier: term [R(t-h) - BZ(t-h)].

RESEARCH DESIGN FOR THE NATREX NOMINAL EXCHANGE RATE
(14) N(t) = RO[p* (©)/p(t)]

(15) Ru(Z(1),0) = BZ(t) + By [R(t-h) - BZ(t-h)]

(16) log N*(t) = log Rn(Z(t).1) - log [p(t)/p* (V)]

(17) log N(t) =log Rn(Z(®).1) - log [p(t)/p* ()] + &[b(t) - b*(0)] + et)

N(t) = nomina exchange rate $USeuro; R(t) = red vaue euro = Np/p*; Euro/lUS GDP
deflators = p(t)/p*(t); BZ(t) = longer run red NATREX; Ry(Z(t)t) = medium run red
NATREX; N*(t) = Nominad NATREX; Differentid rates of return on investment = [b(t) -
b* ()]

Combining equations (14)-(15), the nominal NATREX exchange rate N*(t) can be expressed
as equation (16). Thefirst term Ry (Z(t),1) is the red medium run NATREX in (16). The second
term p(t)/p* () is relative price term: the PPP. The actud nominal exchange rate N(t) is equation
(17), which combines N*(t) the medium run NATREX with a generdization of the "interest rate
parity" theory. The third term reflects the 1(0) differentid rates of return on invesment. For
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example, they may be the effects of perturbations to productivity and thrift that generate rates of
return differentials and produce the movement R(0)-R(1). Based upon the estimates of equation
(17), we propose an answer to questions #1 - #4 above.

Outline and conclusions

The following conclusions are derived in the sections below. Firgt: In tables 3,4 we etimate the
longer-run red NATREX. We use variables that are objectively measurable and easy to
cdculate. The longer run red NATREX rate depends upon the fundamentds Z(t) of
productivity and relative socia consumption. The quditative, sgnificant sign, results are robust
to the econometric method used, but the quantitative results are sendtive to the method of
estimation. The OLS method (table 4) produces a better fit than does the VEC-Johansen
method (table 3).

Second: In table 5 we estimate Ry[Z(t).t] the medium run NATREX in equation (15). This
vaue is determined by the long run NATREX and by the error correction.

Third: In table 6 we esimate the nominal exchange rate equation (17). The logarithm of the
nomind rate N(t) is equd to the logarithm red medium run NATREX minus the logarithm of
relative prices plus the shorter run 1(0) disturbances to productivity and thrift. Since these 1(0)
disturbances are corrdated we subsume dl of the economicaly pertinent 1(0) perturbations
under the differentia of rates of return on investment, denoted [b(t) - b*(t)]. Table 6 is an
encouraging confirmation of the nomind NATREX theory.

Fourth: There is structura stability. The recurdve estimates of the coefficients of the medium run
nominal NATREX equation (17), estimated over the entire period 1971:1 - 2000:1, are stable
from1985:01-2000:01. The nomind exchange rate converges to the medium run nomind
NATREX. (iii)The deviatiion can be cdled "misdignment”. The misdignment of the current euro
islessthan 1 standard deviation of the vaue of the error over the entire period.

5.1 TheNATREX Valueof the Real Euro

The object of this section isto derive the long and medium run values of thereal NATREX. We
show to what extent the econometric results are robust to different measures of the variables
and egtimation techniques. Our information set to explain N(t) or R(t) consists of abjective and
eadly caculable measures of the red fundamentas, which are known & time t. The redl
exchange rate R(t) is based upon the GDP deflators, the broadest measure of prices. No
digtinction is made between traded and non-traded goods, for the reasons cited in the criticism
of the Badassa-Samuedson hypothesis. For "time preference’ we use the ratio of socid
consumption/GDP in Europe relaive to the US, denoted c(t)/c* (t). The productivity varigble is
measured directly and smply as GDP to employment y(t)/y* (t), rather than as the ratio of total
factor productivity q(t)/g* (). The latter is an indirect measure based upon the sum of the Solow
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resduas from a Cobb-Douglas production function of "capita” and labor. The rationde for
usng totd factor productivity, the sum of Solow resduds, is sensble. There are some
difficulties. The measure of capitd is arbitrary, in view of the intractable problems of accounting
for obsolescence and depreciation. Moreover, one never knows what is the correct aggregate
production function. For example, a vintage model makes more sense than one with "capita”
that is the sum of past investment.

Tables 3 and 4 present two estimates® of the longer run real NATREX, denoted BZ(t), where
Z(t) isthe vector of theratios of productivity and thrift in the two areas. Table 3 is based upon a
VEC-Johansen method of estimation. The three variables R(t)= EUUSREDPMA, [c(t)/c* ()] =
EUUSCRATMA and [y(t)/y*(t)] = EUUSPRODMA are cointegrated, and there is only one
cointegrating equation™. On the basis of the VEC-Johansen method in table 3, the estimate of
the redl long run NATREX is NATRJ. Table 4, is based upon a direct OLS method of
estimation, since we know that the three variables are cointegrated. The OLS edimate of the
regl long term NATREX is denoted NATROLS.

Table 3 VEC Edimates of longer run resll NATREX

Sample: 1971:1 2000:3; Included observations: 117

Test assumption: Linear determinigtic trend in the data

Series EUUSREDPMA EUUSCRATMA EUUSPRODMA
Lagsinterva: 1t0 4

Likelihood 5 Percent 1 Percent Hypothesi zed
Eigenvdue Retio Criticd Vdue Criticd Vdue No. of CE(9)
0.423891 71.18299 29.68 35.65 None**
0.044501 6.662322 1541 20.04 Atmost1
0.011357 1.336327 376 6.65 Atmost2

*(**) denotes rgjection of the hypothesis at 5%(1%) sgnificance leve
L.R. test indicates 1 cointegrating equation(s) & 5% sgnificance leve

Normdized Cointegrating Coefficients: 1 Cointegrating Equation(s)

% The NL S estimates do not make much sense.
* The same results are obtained if the logarithms of the variables are used.
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EUUSREDPMA EUUSCRATMA
1.000000 4.324569

(0.93104)

Log likeihood 1094.665

EUUSPRODMA C

-5.630790

(0.59107)

-0.948782
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Table 4 OLS edtimates on longer run NATREX

LS // Dependent Variableis EUUSREDPMA

Sample: 1971:1 2000:1; Included observations: 117 after adjusting endpoints
Vaiadle Codfficient Std. Error T-Stetigtic Prob.
EUUSCRATMA -1.128995 0.549874  -2.053188 0.0423

EUUSPRODMA 1.745565 0.222161 7.857218 0.0000

C 0.815713 0.489005 1.668105 0.0980
R-squared 0.351661 Mean dependent var 1.044891
Adjusted R-squared ~ 0.340287 S.D. dependent var 0.170864
S.E. of regression 0.138780 Akakeinfo criterion -3.924417

Sum squared resd 2.195642 Schwartz criterion -3.853592
Log likelihood 66.56261 F-gatistic 30.91702
DurbinrWatsonstat ~ 0.039476 Prob(F-gtatistic) 0.000000

Condlusions. Firdt: each method yields the same qualitative/sign results. A risein relative socid
consumption sgnificantly depreciates the longer run red exchange rate, and a rise in rdative
productivity sgnificantly appreciates the red exchange rate, as clamed by the NATREX modd.
Second: the quantitative vaues of the coefficients are quite different. Third: Figure 6 shows
that the OL S estimate produces a significantly better fit than does the VEC-Johansen estimate.
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Figure 6. Actual real euro EUUSREDPMA
OLS estimate NATROLS; VEC estimate NATRJ
4Q moving averages
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Figure 6.Estimates of the longer-run red NATREX.

R(t) = EUUSREDPMA = actud vauered euro ; NATROLS = OLS estimate; NATRI=VEC
estimate

The medium run real NATREX, varidble NATMROLS, in table 5 is based upon eguation (16).
It isthe sum of BZ(t), the longer run NATREX from table 4, and the error correction [R(t-h) -
BZ(t-h)]. Since our variables are 4Q moving averages, we use h = 4 in the lag in the error
correction. The predicted value of the medium run rell NATREX, based upon table 5, is
denoted NATMROLS, to indicate that it is red medium run RM and based upon OLS. The
vaues of the coefficients are sgnificant and sengble. The coefficient of the longer run red
NATREX is 0.89 with a standard error of 0.09. It is not sgnificantly different from unity. The
coefficient of the error correction is 0.74, which indicates gtability, and a rdatively rapid
convergence. The congtant is not sgnificant.
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Table5: NATMROLS, MediumRun NATREX
LS // Dependent Variableis EUUSREDPMA
Date: 02/21/01 Time: 10:00
Sample: 1972:1 2000:1
Included observations: 113 after adjusting endpoints
Vaidde Coefficient Std. Error T-Satistic Prob.
NATROLS  0.894115 0.091436 9.778635 0.0000

ECROLS(-4) 0.746247 0.062952 11.85417 0.0000

C 0.112140 0.096919 1.157050 0.2498
R-squared 0.685340 Mean dependent var 1.055858
Adjusted R-squared  0.679619 S.D. dependent var 0.163356
S.E. of regression 0.092463 Akakeinfo criterion -4.735700

Sum squared resid 0.940438 Schwartz criterion -4.663291
Log likdihood 110.2270 F-datistic 119.7916
Durbin-Watson stat 0.11867/8 Prob(F-gatistic) 0.000000

5.2 The nominal value of theeuro: NATREX and PPP

The logarithm of the nomina vaue of the euro in equation (17), isthe sum of three dements The
logarithm medium run real NATREX minus the logarithm of relative prices in the PPP theory®,
and trangtory 1(0) differentid rates of return on assets.

The trangtory factors that are included in the NATREX theory are those that raise aggregate
demand: investment less saving or shift the CA function. The Sl curve in figure 3 shiftsto the left
and gppreciates the exchange rate from R(0) to R(1). | measure the 1(0) factors that shift the S

¥ See MacDonald and Stein (1999) figure 1, page 4 for adescription of the interaction of the real (NATREX)
and PPP effects.
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curve by differentia rates of return on investment. The rate of return on invesment b(t) is the
inverse margind capital-output ratio. It is b(t) = dY (t)/1(t) = [dY ®)/Y OV[I®)/Y ©)]= nE)/j(t),
where n(t) is the growth rate of GDP and j(t) is the ratio of investment to GDP. Both b(t) in
Europe and b*(t) in the US, and b(t)- b*(t) are 1(0) stationary. The differentia rate of return
EUUSRETURN = [b(t) - b*(t)] is graphed in figure 5.

The estimates of thisequation areintable6.  The coefficients have the hypotheszed sgns
and are highly sgnificant. A rise in the medium run red NATREX by 1% appreciaes the
nomina vaue of the euro by 1%. A rise in relative EU/US price deflator by 1% unit depreciates
the euro by 1%. A risein the relative rate of return on invesiment in Europe relative to the US
by 100 basis points gppreciates the euro by 28 basis points.

Table 6 The logarithm of the Nomind Vaue of the Euro ($US/synthetic euro)

Log N(t) = a Log Ra[Z(t),t] + & log [p(t)/p* (1)] + as [b(t)- b* (V)]

LOGN = C(1)* LOGNATMR + C(2)*LOGPPP + C(3)* EUUSRETURN4 + C
The hypothesisisthatay = 1, & =-1, & > 0.

LS // Dependent Variable is LOGN = |logarithm of EUUSNERMA,;

Sample: 1971:4 2000:1;Included observations. 114 after adjusting endpoints

Varide Coefficient Std. Error T-Satigic Prob.
C(1) LOGNATMR 0.964985 0.173830 5.551324 0.0000
C(2) LOGPPP -1.023130 0.124057 -8.247273 0.0000

C(3) EUUSRETURN4 0.278595 0.116698 2.387310 0.0187

C(4) 0.009489 0.028273 0.335612 0.7378
R-squared 0.494611 Mean dependent var 0.189247
Adjusted R-squared  0.480827 S.D. dependent var 0.169007
S.E. of regression 0.121776 Akake info criterion -4.176690
Sum squared resd 1.631227 Schwartz criterion -4.080683

Log likelihood 80.31236 F-datistic 35.88466
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DurbinrWatson stat~ 0.201099 Prob(F-tatistic) 0.000000

Figure 7 compares the ACTUAL logarithm of the nomind exchange rate with the FHITTED
value of the nomina exchange rate from table 6. The variables are normalized, so that they are
in units of standard deviations. Except for the period of the mid 1980s, the residud islessthan 1
standard deviation.

Figure 8 displays the recurdve estimates of the coefficients in table 6.The estimated equation is
sructuraly stable from 1985 - 2000. We obtain the same estimates of the coefficients if the
sample period is: 1971:4 - 1994:2 or 1971:4 - 1996:4, as we did for a sample period of
1971:4 - 2000:1. That implies that: if we estimated the system during the period 1971:4 -
1994:2 and used these estimates to predict "out-of-sample” 1994:3 - 2000:1, we obtain the
same predictions as are described by figure 7.

Figure 7. ACTUAL Logarithm of Nomind NATREX, $USEuro
FITTED = Estimate of equation (17),based upon table 6.
log N(t) = C(1)*log Rm(Z(1).t) + C(2)*log [ p(t)/p*(B)] + C(3)[b(t) - b* ()] + C(4);

RESIDUAL = ACTUAL - FITTED. Normdized variables, 4Q MA...
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Figure 7.Log nominal exchange rate (ACTUAL),
estimated table 6 (FITTED), residual
4Q moving average

4
A
\
/\I 2
> | A
R AN
I ‘,( J"\J \k.,TA'/ / / \\ I\\ A
X NN A FNAA] e 0
2L N v \ //' \—'1 L 7 [\ J/\\ A
\ ~ | 1y ~7 2] N
“\//\\ II ,f'/ v v \ \’N\\ o
[V \b/ TN A
\ |/
TS v RN
O T 1 ,\\\’Abﬂ A II\ AW e \f\\
i i Y oy Yl -4
4 \/I \\ \//
2 \/V\\/
-3 LI L L L L N L L LN LD LN D RO LRLU DU BEE N hmmnnEnEnEE LN

72 74 76 78 80 82 84 86 88 90 92 94 96 98

— Residual - - Actual -——- Fitted

36



J. L. Sen: An evduation of the Euro 37

Figure 8. Recursive estimates of coefficients C(1) - C(4) in table 6.

Figure 8. Recursive estimates of coefficients table 6
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5.3 Thecurrent value of the Euro

An important question is whether the euro is currently overvalued or undervaued. Our data are
4Q moving averages. Figure 7 shows that the actua nomina exchange rate converges to the
nomind NATREX and that, except for the period of the US bubble in the mid-1980s, the
deviation has been less than a standard deviation.

We have dressed that the studies of the reduced form NATREX yield the same qualitetive
results concerning the signs of the coefficients of our Z(t) fundamentas. The studies obtain
different quantitative estimates according to the method of estimation. Therefore, one should not
have too much confidence in a number per se, but should associate each number with a range of
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uncertainty. In our estimate of the nomind NATREX®, denoted N* (t), the standard error of the
regresson is $0.12. Therefore al concepts of "misdignment” should have a range of doubt of

1.5 standard errors or $0.18.

Table 7 presents the actud nomina vaue $USeuro, the estimated nomina NATREX N*(t), the
actud red vadue R(t), the medium run red NATREX R [Z(t)], and the differentid return on
investment [b(t) - b*(t)] for the period 1998:1 - 2000:1. The synthetic nomina euro was
overvalued 1995-98. However, by the inception of the Monetary Union 1999:1, the nomina
exchange rate was undervaued by $0.04. Our last observation 2000:1 indicates that the actual
value of the euro N = $1.03 was undervaued by $0.14 from the estimated value N* = $1.17.

Table 7. 1999:1 - 2001:1. 4Q moving averages
N(t) = ACTUAL $USeuro

N*(t) = 1 Rn[Z(1)] - 1.4[p(t)/p* ()] + 0.34[b(t)- b*(t)] + 1.4

N() N* () R(0) RalZ(1)] b(t) - b* (1)

1998:1 1.084042 1100578 1094195  1.039460
1.058397 1107334 1082823 1075784

1045453  1.096821 1090243  1.053949

1.050972 1100217 1085213  1.048599

1999:1 1.064213 1103436 1097787  1.100458
1.071049 1122098  1.090115  1.095234

1.072262 1133443 1075924  1.117903

1.066357  1.159154  1.063452  1.167701

2000:1 1.031501 1.170497 1.029596 1.153445

-0.101309

-0.079231

-0.063839

-0.066665

-0.069837

-0.084981

-0.100581

-0.091184

-0.073578

R(t) = red vaue euro; Ry[Z(t)] = medium run real NATREX; N*(t) = nomind NATREX;

[b(t)- b*(t)] = differentid return on investment. All coefficients, except the condant, are

significant a the 1% level. Standard error of regression: $0.12, adj R-squared 0.48.

® Thisisthe same as table 6, but not in logarithms.
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There are severd possible reasons for the possible "misdignment”. First: The $0.14 is less than
our range of doubt. Second: The longer-run redl NATREX (NATROLS in figure 6) has been
gable since 1990, and the actud red euro has fluctuated around it. The longer run equilibrium
R* (t) = BZ(t)has been stable. The main reason for the recent undervaluation of the nomind rate
isthat thereal value R (2000:1) = $1.03 is undervaued by $0.12 relative to the estimated real
medium run NATREX R.,[2000:1] = $1.15. The transitory perturbations, the 1(0) factors
graphed in figure 5, favored the US. Since 1996, the "new economy" produced a differential
rate of return on investment [b(t) - b*(t)] in favor of the US. This factor produces shorter-run
depreciation effects. As figure 5 shows, the differentid has been dationary around a zero
mean™. If this differentia should lead to a permanent change in relaive productivity, then the
longer run vaue of the euro would depreciate. Based upon the information available and the
edimation methods, there is no reason to believe tha the equilibrium value of the euro has
depreciated, and the "undervauation” iswithin the range of doubt.
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