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I. Introduction
Like it or not, the theory of optimum currency areas remains the workhorse for analyses of
European monetary unification. Indeed, many economists do not like it very much. OCA theory,
with its focus on asymmetric shocks, labor mobility and the transactions value of a single
currency, subsumes but a subset of considerations relevant to the decision of whether to fix the
exchange rate or form a monetary union. The theory has advanced only minimally since the
seminal contributions of Mundell (1961), McKinnon (1963) and Kenen (1969). It remains
difficult to move from theory to empirical work and policy analysis. A popular device is to
conclude a review of the theoretical literatures by stating that "Europe is not an optimal currency
area" without providing much analysis of how this situation is changing or of the comparative
prospects of different countries.
In this paper we develop a procedure for applying the core implications of the theory of
optimum currency areas to cross-country data. We demonstrate that these implications find
strong empirical support. The relationship between the characteristics of countries to which OCA
theory points and the observed behavior of exchange rates seems sufficiently stable and robust to
support simple forecasting. Extrapolating the independent variables, we therefore use our
exchange rate equations to predict which countries will be best able to support stable exchange
rates in the future -- equivalently, which are likely to be best prepared to be among the founding
members of Europe's monetary union.
II. Operationalizing the Theory of Optimum Currency Areas
The key to our approach to operationalizing the theory of optimum currency areas is to
analyze the determinants of nominal exchange rate variability. By contrast, most earlier analysis
of the choice of exchange rate regime has used relatively judgmental categorizations of exchange

rate arrangements.2 The variability of real and nominal exchange rates is itself the outcome of the
choice of exchange rate regime and as such should contain information about the decision of what
arrangement to adopt. Actual exchange rate behavior may in fact convey more information about
underlying economic determinants than the putative exchange rate regime. Countries not only
have to adopt an exchange rate arrangement, in other words; they also have to maintain it. Thus,
the limited-dependent variable on which most previous investigators focus does not make use of
all the information available in the variability of the exchange rate. Throughout, we analyze
annual data on bilateral exchange rates for 21 industrial countries.3
OCA theory focuses on characteristics which make stable exchange rates and monetary
unification more or less desirable. The most important of these are asymmetric disturbances to
output, trade linkages, the usefulness of money for transactions, the mobility of labor, and the
extent of automatic stabilizers. While the last two characteristics are clearly important for
behavior across regions within a country, they have not played a significant role in responding to
shocks that are felt asymmetrically across countries, at least over our sample period.
Consequently, our empirical work focuses on capturing the first three factors.4
We measure output disturbances as the standard deviation of the change in the log of
relative output in the two countries. Thus, for countries in which business cycles are symmetric
and national outputs move together, the value of this measure will be small.5 We add the
dissimilarity of the commodity composition of the exports of the two countries as a second proxy
for the asymmetry of shocks on the grounds that industry-specific shocks will be more symmetric
when two countries have a revealed comparative advantage in the same export sectors.6
We measure the importance trade linkages using data on bilateral trade. computing the
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average value of exports to the partner country, scaled by GDP, for the two countries concerned.
The costs of a common currency, in terms of macroeconomic policy independence foregone,
should be balanced against the benefits, which will be greatest for small economies where there is
least scope for utilizing a separate national currency in transactions. That is, small countries
should benefit the most from the unit of account, means of payment, and store of value services
provided by a common currency. We measure the benefits from a more stable currency by
including the arithmetic average of (the log of) real GDP in U.S. dollars of the two countries as a
measure of country size.7
The estimating equation is therefore:
SD(eij ) = a + ß1 SD(? yi -? yj ) + ß2 DISSIMij + ß3 TRADEij + ß4 SIZEij ,
where SD(eij ) is the standard deviation of the change in the logarithm of the end-year bilateral
exchange rate between countries i and j, SD(? yi -? yj ) is the standard deviation of the difference in
the logarithm of real output between i and j, DISSIMij is the sum of the absolute differences in the
shares of agricultural, mineral, and manufacturing trade in total merchandize trade, TRADEij is
the mean of the ratio of bilateral exports to domestic GDP for the two countries, and SIZEij is the
mean of the logarithm of the two GDPs measured in U.S. dollars.8 In each case, the independent
variables are measured as averages over the sample period. We focus on the variability of
nominal rather than their real counterparts because nominal rates provide an easier benchmark for
comparison to a single currency--with a single currency the variability of the nominal exhcange
rate is zero. In related work (Bayoumi and Eichengreen, 1996) we have found that equations of
the type reported in the text generated similar results for both nominal and real exchange rates.
For 1983-92, estimation yielded the following (with standard errors in parentheses):
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SD(eij ) = -0.09 + 1.46 SD(? yi -? yj ) + 0.022 DISSIMij - 0.054 TRADEij
(0.02) (0.21)
(0.006)
(0.006)
+ 0.012 SIZEij ,
(0.001)

n = 210

R2 = 0.51 S.E.=0.027

Thus, all four variables have the anticipated signs and coefficients that differ from zero at
the one percent confidence level. We take this as strong support of the empirical implications of
the theory of optimum currency areas.
III. Prediction and Forecasting
Out-of-sample forecasting is problematic if the relationship of structural characteristics to
exchange rate behavior is not stable over time. We therefore ran the above regression for
successive moving averages of ten year periods: 1973-82, 1975-84, 1977-86, 1979-88, 1981-90
and 1983-92. The coefficients on the two trade-related variables (the similarity of exports and the
importance of bilateral trade) prove quite stable. In contrast, the two output-related variables
(economic size and relative output variable) tend to increase after 1975-84. This may reflect the
ERM, through whose operation European countries were increasingly able to stabilize their
exchange rates in the face of structural differences and cyclical disturbances. The estimated
equation for the most recent period is broadly consistent with those for earlier years, supporting
its use for forecasting purposes.
To forecast the dependent variable, it is necessary to construct projections of the
independent variables. To project asymmetric shocks, we calculated SD(? yi -? yj ) over a ten-year
period centered on the current year. This variable was then regressed on a constant term and a
time trend for the period 1971-87, and the results were used to project for the period 1988-95.
The coefficient on the trend was negative, suggesting that asymmetric shocks have been
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diminishing; hence, this is our implicit assumption about the effect of continued European
integration.9 To project the similarity of export structures, we extrapolated the change over the
two most recent three-year periods. For economic size and the export ratio, we used actual data.
Table 1 shows forecasts of the dependent variable, which we refer to as the OCA index,
vis-a-vis Germany in 1987, 1991 and 1995.10 (See also Figure 1.) 1987 is the last year with full
data on all variables (for subsequent years it is necessary to base our measure of asymmetric
shocks on projections). 1995 reflects the current state of affairs, while 1991 gives some sense of
trends over time. The countries divide into three groups: prime candidates for EMU, those which
are converging to EMU, and those for which the index shows little convergence. More work will,
of course, be needed to test the robustness of our results to alternative empirical approaches.
In the first group are Austria, Belgium, and the Netherlands, joined recently by Ireland and
Switzerland. All these countries have indices in 1995 under 0.025 (less than one standard error
for the regression as a whole).11 There is striking conformance between the make-up of this
group and press commentary, circa mid-1996, on the leading candidates for Stage III, except for
the presence of Switzerland, which is not an EU member, and the absence of France, whose
participation is widely regarded as essential to the political viability of the enterprise. Austria and
the Benelux countries have been closely linked to the German economy for many years. The
result for Ireland is interesting, since our index of its convergence in economic structure and
cyclical position corresponds to the convergence observed under the Maastricht criteria.12 For the
sample as a whole, however, there is strikingly little correlation between the deficit ratio and our
OCA index (see Figure 2).
The second group, countries for which there is little convergence, includes the United
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Kingdom, Denmark, Finland, Norway and France. In all cases, the forecast standard deviation of
the exchange rate in 1995 using the OCA index equation is large (greater than 0.07, over 2 1/2
times the standard error of the regression) and shows little tendency to decline over time. These
results suggest structural reasons for the decisions of the U.K. and Denmark to demand opt-out
clauses from EMU and for Norway's decision to opt out of EMU by opting out of the EU. While
the Maastricht criteria show Finland converging over time, this is not evident in our OCA index.
The most striking result is that our analysis places France in the group of countries for whom
there is little evidence of convergence, despite its recent history of low exchange rate variability
vis-a-vis Germany.
The final group, countries that are gradually converging toward EMU, includes Sweden
and the EU's southern tier: Italy, Greece, Portugal and Spain. In all cases these countries' OCA
indices are declining over time. They average 0.06 for 1995. Spain's is the largest, at 0.072, not
dissimilar from that of some of the non-convergers. Assuming for sake of argument that their
OCA indices continue to trend downward at the same rate through 1999, they will remain around
0.05 in most cases, still relatively large by the standards of the first group.
Cross-country differences in the average level of the OCA index are driven mainly by
relative size (which does not vary over time) and the importance of bilateral trade. Thus, the poor
average OCA index for France reflects the fact that it is large and relatively closed (by European
standards), so that while it trades a lot with its EU partners, bilateral trade as a share of GDP is
rarely very high. Changes over time in the index are dominated by changes in the intensity of
bilateral trade and asymmetric output movements. The first of these findings suggests that an
important factor driving convergence is the role of the EU in promoting intra-European trade.
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Insofar as European integration has worked to encourage trade among EU members, there may
have been a tendency to encourage monetary integration.13 This supports the argument of the EU
Commission that perfecting the Single Market, which can be expected to promote trade, is
essential for a successful transition to EMU.
While we have focused on structural relationships vis-a-vis Germany, the same approach
can be used to analyze other bilateral relationships and shed light on other issues. In Table 2 we
show our OCA index for some other bilateral exchange rates. These suggest that Italy and
Spain's enthusiasm for EMU may hinge on France's participation, while that of some smaller
countries will depend on the participation of larger neighbors; they suggest, for example, that
Finland's interest in EMU may hinge on Swedish participation.14 Similar considerations are
evident in the cases of Portugal and Spain and of Greece and Italy. These results suggest
significant interdependencies when the time comes to constitute and enlarge the monetary union.15
IV. Conclusion
Our goal in this paper has been to operationalize the theory of optimum currency areas by
constructing an OCA index based on a particular empirical specification that summarizes
countries' readiness for EMU, as predicted by the core implications of that theory. The results
show European countries dividing into three groups: those exhibiting a high level of readiness,
those with a tendency to converge, and those in which little or no convergence is evident. The
make-up of the groups tends to coincide with popular handicapping of the Maastricht stakes with
one notable exception: France. Our estimates of France's OCA index does not indicate that the
country's structural characteristics and cyclical performance are consistent with a high level of
bilateral exchange rate stability vis-a-vis Germany or an easy transition to monetary union. This
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finding supports the view that the desire for monetary unification in France is driven by political
rather than economic considerations.
A further finding is the symbiotic relationship between economic integration and monetary
integration. Countries among whom the completion of the Single Market has led to the greatest
increase in bilateral trade have experienced the greatest increase in their readiness for monetary
integration according to our OCA index. Economic integration has thus increased countries'
readiness for monetary integration. Conversely, insofar as stable exchange rates encourage trade,
monetary integration in the form of the EMS has also helped to advance economic integration.
Together, these findings support the notion that EMU and the Single Market can constitute a
virtuous, self-reinforcing circle.
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Table 1. OCA Indexes Versus Germany, 1987-95

1987
France
Italy
U.K.
Austria
Belgium
Denmark
Finland
Greece
Ireland
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland

1991

1995

0.068
0.070
0.099
0.008
0.003
0.063
0.098
0.053
0.043
0.003
0.078
0.068
0.088
0.068
0.038

0.067
0.065
0.094
-0.004
-0.008
0.060
0.095
0.054
0.036
-0.008
0.078
0.066
0.082
0.063
0.030

0.074
0.059
0.089
0.008
0.013
0.074
0.087
0.054
0.021
0.007
0.077
0.062
0.073
0.056
0.023

Notes: For details on the construction of the "OCA indexes" see the text.

Table 2. OCA Indexes for Specific Relationships, 1987-95

1987

1991

1995

France - Italy
France - Spain
France - Portugal

0.060
0.064
0.053

0.059
0.060
0.055

0.052
0.048
0.053

Sweden - Finland
Sweden - Norway

0.032
0.039

0.035
0.043

0.027
0.046

Italy - Greece

0.057

0.043

0.027

Spain - Portugal

0.037

0.024

0.013
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Notes: For details on the construction of the "OCA indexes" see the text.
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1. Interna tiona l M oneta ry Fu nd a nd CEPR; University of Ca lifornia , Berk eley, NBER a nd CEPR. W e tha nk A ndrew
Hu g hes- H a llett a nd others a t the Eu ropea n Econom ic A ssocia tion in Ista nbu l, A u g u st 22-24th, 1996 for u sefu l com m ents
a nd su g g estions. None of the view s express a re necessa rily the positions of the Interna tiona l M oneta ry Fu nd.

2. These previou s stu d ies follow the IM F'
s Excha ng e a nd Tra d e Restrictions volu m es in cha ra cterizing excha ng e ra tes
a s peg g ed or flexible, or a s peg g ed, displa ying lim ited flexibility a nd displa ying g rea ter flexibility. See Sa vvides ( 1993)
for a review of the litera tu re.

3. These a re the principa l Eu ropea n econom ies plu s the U.S., Ca na d a , Ja pa n, A u stra lia a nd New Zea la nd. This focu s
on ind u stria l cou ntries disting u ishes ou r w ork from previou s stu d ies of the determ ina nts of excha ng e- ra te va ria bility.
W hile w e focu s here on nom ina l excha ng e ra tes, resu lts for rea l excha ng e ra tes w ere qu ite sim ila r.

4. In rela ted w ork ( Ba you m i a nd Eicheng reen, 1996) w e look a t a sonew ha t m ore g enera l specifica tion, inclu d ing nonOCA va ria bles su ch a s the depth of fina ncia l system s. The resu lts a re sim ila r to those reported here.

5. It w ou ld be prefera ble to decom pose rela tive ou tpu t m ovem ents into rela tive su pply shock s, rela tive dem a nd shock s,
a nd the respective econom ies'response to ea ch. Elsew here ( Ba you m i a nd Eicheng reen, 1993) w e ha ve a pplied a
m ethodolog y for disting u ishing su pply a nd dem a nd shock s, bu t this is infea sible to im plem ent w ith the rela tively short
tim e series u tilized here.

6. To constru ct this va ria ble w e collected d a ta on the sha res of m a nu fa ctu red g oods, food a nd m inera ls in tota l
m ercha ndise tra d e for ea ch cou ntry. M a nu fa ctu red g oods a re defined a s the tota l of ba sic m a nu fa ctu res, chem ica ls,
m a chines a nd tra nsport equ ipm ent, m iscella neou s m a nu fa ctu red g oods, a nd other g oods. Food is the su m of food a nd live
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a nim a ls, bevera g es a nd toba cco, a nd a nim a l, veg eta ble oils a nd fa ts. M inera ls a m a lg a m a te d a ta on cru d e m a teria ls
exclu ding fu el w ith m inera l fu els, etc. The dissim ila rity of the com m odity com position of tw o cou ntries'exports w a s then
defined a s the su m of the a bsolu te va lu es of the differences in ea ch sha re ( w ith hig her va lu es indica ting less sim ila rity
in the com position of com m odity exports betw een the tw o cou ntries).
7. A n a lterna tive, su g g ested by M cK innon, is to u se openness to interna tiona l tra d e a s a m ea su re of the benefits from
sta bilizing the excha ng e ra te. How ever, econom ic size w ou ld appea r to be a better m ea su re of the benefits from a sta ble
cu rrency, a s a com pa rison betw een the benefits of provided by the na tiona l cu rrencies of Germ a ny ( a la rg e a nd rela tively
open econom y) a nd Spa in ( a sm a ller a nd m ore closed econom y) shou ld m a k e clea r.

8. A potentia l technica l concern w ith this specifica tion is tha t not a ll of the entries for the dependent va ria ble a re
independent of ea ch other. How ever, w hile it is tru e tha t cha ng es in bila tera l ra tes a re not independent ( the cha ng e in
the bila tera l ra te betw een the dolla r a nd the yen is equ a l to the cha ng e betw een the dolla r a nd the deu tsche m a rk a nd
betw een the deu tsche m a rk a nd the yen), the sta nd a rd devia tions of these ra tes a re independent a s the cova ria nces ca n
differ a cross pa irs of cou ntries.

9. Bini- Sm a g hi a nd V ori ( 1993) a nd Fra nk el a nd Rose ( 1996) sim ila rly a rg u e tha t Eu ropea n integ ra tion shou ld
increa se the sym m etry of shock s.

10 . W e consider indices for bila tera l ra tes a g a inst Germ a ny beca u se tha t cou ntry is w idely view ed a s the core m em ber
of EM U to w hich other potentia l pa rticipa nts need to converg e. The va lu e for Fra nce in 1994 of 0 .0 74 is the sta nd a rd
devia tion of the log a rithm of the nom ina l bila tera l excha ng e ra te predicted by the equ a tion. Since the d a ta a re in log s,
this is a pproxim a tely 7 1/ 2 per cent per a nnu m .
11. By w a y of contra st, the OCA indexes betw een the three la rg est ind u stria l cou ntries, the United Sta tes, Germ a ny a nd
Ja pa n, va ry betw een 0 .0 9 a nd 0 .15.
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12. The rela tionship betw een stru ctu ra l cha ra cteristics of cou ntries, a s su g g ested by OCA theory, a nd the converg ence
criteria of the trea ty is the su bject of D e Gra u w e ( 1996). Irela nds'OCA index w ith the UK , a cou ntry w ith w hich it
ha s tra d itiona lly ha d close m oneta ry ties bu t w ith w hom these ties ha ve been w a ning , rem a ins below tha t of Germ a ny.

13.

This finding cou ld sim ply reflect the existence of the ERM , bu t the rolling reg ressions tend to refu te this

interpreta tion.

14. In contra st, Norw a y'
s OCA index vis- a - vis Sw eden is rising over tim e, indica ting a d im inishing pu ll to EM U, which
pla u sibly reflects in the im pa ct on its externa l econom ic rela tions of the decision to sta y ou t of the EU.

15. For a theoretica l discu ssion of these interdependencies, see Ba you m i ( 1994).
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