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In our European Economic Review (2002) paper, we used pre-1998 data on countries
participating in and leaving currency unions to estimate the effect of currency unions on
trade using (then-) conventional gravity models. In this paper, we use a variety of
empirical gravity models to estimate the currency union effect on trade and exports, using
recent data which includes the European Economic and Monetary Union (EMU). We have
three findings. First, our assumption of symmetry between the effects of entering and
leaving a currency union seems reasonable in the data. Second, our preferred metho-
dology indicates that EMU has boosted exports by around 50%. While other estimation
techniques yield different results, a panel approach with both time-varying country and
dyadic fixed effects on a large span of data (across both countries and time) seems to
deliver insensitive and reliable results. Third, different currency unions have different
trade effects.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

In this paper we estimate the effect of currency unions on trade. More specifically, we estimate this effect using a variety
of models and a panel of annual data that covers more than 200 countries between 1948 and 2013. We do so to check the
results of our European Economic Review (Glick and Rose, 2002) paper as well the rich empirical literature on the trade
effects of currency unions that followed.3 Our 2002 paper used a panel approach to investigate the effect of currency unions
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on trade using data through 1997. That work involved an assumption, a caveat, and some analysis. In this paper, we
examine each.

1.1. Motivation: an assumption, a caveat, and a finding

In this paper, we use a data set that includes fifteen years of data for the Economic and Monetary Union in Europe,
hereafter “EMU”. We take advantage of this to ask three questions. First, we test whether our earlier assumption of sym-
metry between currency union entry and exit is justified in the data. The data set of our EER (Glick and Rose, 2002) paper
included only 16 switches into but 130 switches out of currency unions before 1998. Given the paucity of data on entries
into currency union, we explicitly assumed symmetry between entries and exits.4 We can now check this assumption, since
the many entries into EMU give us a non-trivial number of observations of currency union entries.

Our second question is related: do all currency unions have similar trade effects? While we examine a large number of
currency unions, we are most interested in whether EMU has a trade effect similar to that of other currency unions; EMU is
the largest and most important monetary union. Our EER paper included no data on EMU, so we were cautious about the
relevance for EMU:
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“Caveats. There are issues associated with the applicability of our results. Since our sample ends before EMU, most of
the currency unions involved countries that were either small, poor, or both; our results may therefore be inapplicable
to EMU.”
The relevance of our original estimate for EMU has been questioned on the grounds that it largely reflects the experi-
ences of small dependent economies in currency unions with large anchor countries. It is unclear how much the experience
of the Bahamas, which adopted the dollar as its currency in 1966, applies to the experience of industrial countries such as
France and Germany, which jointly adopted the euro. In fact, influential recent papers estimating the trade effects of EMU
have generally found smaller effects than our previous estimate of the effect of currency unions.5 However, most of these
studies work with relatively small samples of industrial, mainly European, countries. Further, since many were done shortly
after the establishment of the euro, most have relatively short time series.6 Only a few papers distinguish between the
effects of EMUs and other currency unions with a large sample of countries over a long time period, including Frankel (2010)
and Eicher and Henn (2011).

Finally, we ask whether the (many) advances in empirical modeling of trade flows since our EER (Glick and Rose, 2002)
paper are materially relevant to estimating the currency union effect on trade. We worked hard in our earlier work to ensure
that our results did not depend strongly on our precise methodology. For instance we wrote (italics added):
“To summarize: a number of different panel estimators all deliver the conclusion that currency union has a strong
positive effect on trade. … Our fixed effects estimates indicate that entry into/departure from a currency union leads
bilateral trade to approximately double/halve, holding a host of other features constant. This result is not only eco-
nomically and statistically significant, but seems relatively robust…”

“This result is economically large, statistically significant, and seems insensitive to a number of perturbations in our
methodology.”
The last dozen years has seen considerable methodological work in the area, perhaps most importantly the contributions
of Anderson and Van Wincoop (2003). The literature has been ably surveyed recently by Head and Mayer (2014); see also
Baldwin and Taglioni (2007). We take advantage of this progress by estimating the effect of currency union on trade using
newer techniques. We pay particular attention to the effects of selective sampling across time and countries.

To preview our conclusions, we find that: (a) symmetry looks OK; (b) EMU is way different from other currency unions;
and (c) while different methodologies deliver different results, there is reasonable evidence that EMU has a strong positive
effect in stimulating trade. Our preferred methodology – a panel approach with both dyadic and time-varying exporter and
importer fixed effects on a long broad data set – seems defensible and leads us to conclude that EMU has had a substantive
effect in expanding European trade.
te continued)
of the literature finds that the number of papers reporting panel estimates with gravity models of the trade effects of currency unions has since
to over 100.
deed, our abstract includes this assumption as well as our chief finding (italics added):
ring this sample a large number of countries left currency unions; they experienced economically and statistically significant declines in bilateral
de, after accounting for other factors. Assuming symmetry, we estimate that a pair of countries that starts to use a common currency experiences a
r doubling in bilateral trade.”
he assumption of symmetry was later repeated in the paper, twice.
y our count, there are now over 50 papers that estimate EMU effects in panel gravity models of trade.
or example, the samples in Bun and Klaassen (2002), Micco et al. (2003), Barr et al. (2003), Faruqee (2004), Clark et al (2004), Baldwin et al. (2005),
dis and Vicarelli (2003a, 2003b)– among the most heavily cited papers on the effects of the EMU – all end in 2002 or earlier. Later EMU studies, e.g.,
dis et al. (2008a, 2008b), Flam and Nordstrom (2006a), Gomes et al. (2006), Serlenga and Shin (2007), Baldwin and Taglioni (2007), Brouwer et al.
, Berger and Nitsch (2008), Baldwin et al. (2008), Santos Silva and Tenreyro (2010), and De Sousa (2012), added a few more years, but usually not
ountries.
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2. Initial methodology and data set

We are interested in estimating the effect of currency unions on aggregated international trade. In our EER paper, we
estimated a gravity model of international trade which was conventional for the time:

ln Tijt
� �¼ γCUijtþβZijtþ δtf gþϵijt ð1Þ

where i and j denote countries, t denotes time, and

� Tijt denotes the average nominal value of bilateral trade between i and j at time t,
� CU is unity if i and j use the same currency at time t and 0 otherwise,
� β is a vector of nuisance coefficients,
� Z is a vector of controls,
� {δ} is a mutually exclusive and jointly exhaustive set of year-specific effects,
� ϵijt represents the myriad other influences, assumed to be well behaved.

As (Z) controls, we use a standard collection of (13) determinants from the gravity literature: the products of national real
GDP and real GDP per capita, the distance between the countries, the product of national land masses, dummy variables for
the number of landlocked and island countries in the dyad, and dummy variables if the countries share a common language,
land border, regional trade agreement (RTA), and (variants of) colonial heritage.

The coefficient of interest is γ, which represents the partial trade impact of currency union. This effect ignores at least
four related phenomena which may affect the impact of currency union on trade: (a) omitted variables, (b) effects of
currency union between i and j on other countries through so-called “multilateral resistance” effects; (c) general equilibrium
effects on spending and output for all countries; and (d) the homogeneity implicit in treating all currency unions alike. The
omitted variable problem is particularly relevant in light of the inherent challenge of including all relevant determinants of
bilateral trading relationships. As emphasized by Baldwin (2006a, 2006b) and as we show later, controlling for unobserved
factors by the inclusion of country-pair fixed effects has a significant effect on results. Anderson and Van Wincoop (2003),
Baier and Bergstrand (2009), and Head and Mayer (2014) analyze multilateral resistance and general equilibrium effects;
below, we ascertain the results of controlling for these factors as well. Eicher and Henn (2011) have brought the homo-
geneity issue to the attention of the field; we also take this issue into account in the analysis that follows.

A large data set provides many degrees of freedom which is useful in a variety of contexts. For instance, fixed effects can
be included to control for unobservables; we explore this issue more below. A large data set also allows direct comparison of
the effects of individual currency unions, such as the EMU, with others. In order to compare our results with those of the
literature, we handle the currency union dummy variable (CU) in three ways. First, we treat all currency unions as identical,
combining all together into a single variable. Next, we separate EMU from all other currency unions; the coefficients allow
us to test if the trade effects of EMU differ from those of a combination of other unions. Of course, this “catch-all” way of
characterizing other currency unions may miss the differences that might exist between the effects for, say members of the
African CFA, the East Caribbean Currency Union (ECCU), bilateral currency unions with Australia, France, the UK, etc. Hence,
we also report results that break out the effects of non-EMU currency unions separately. In order to do this, we unpack our
single non-EMU CU dummy variable into a number of separate currency unions. More particularly, we separate pairs of
countries in two multilateral currency unions: (a) the CFA franc zone; and (b) the East Caribbean Currency Union. We also
split off dyads in which both countries use: (a) the Australian $; (b) the British pound; (c) the French Franc (before the Euro
was created); (d) the Indian rupee; and (e) the US $.7 Each of those currency unions accounts for more than 1000 obser-
vations in our sample; we aggregate the remaining (much smaller) currency unions into a single category “others”.

We begin by estimating (1) on a data set that includes observations through 2013 for a broad set of countries. We estimate this
with ordinary least squares, using standard errors robust to clustering (since dyads [country-pairs] are dependent across years).8,9

2.1. The data set

We rely on the Direction of Trade data set assembled by the International Monetary Fund (IMF). The data set covers
bilateral trade between over 200 IMF country codes between 1948 and 2013 (with gaps). Not all of the areas covered are
countries in the conventional sense of the word; colonies (e.g., Gibraltar), territories (e.g., Guam), overseas departments
(e.g., Guadeloupe), countries that gained their independence during the sample (e.g., Guinea-Bissau), and so forth are all
7 As we describe later, our currency union variable does not include bilaterally fixed exchange rates, such as those between the CFA franc and either the
French franc or Euro, only those where literally the same currency is used or else currencies are interchangeable between two countries at a 1:1 par for an
extended period of time.

8 This set-up has been strongly criticized by Baldwin and Taglioni (2007), justifiably so in our opinion (with the benefit of 20:10 hindsight). Below, we
fix each of the problems noted by Baldwin and Taglioni.

9 Our fixed-effects standard errors are also robust. We do not claim that currency unions are formed exogenously, nor do we attempt to find
instrumental variables to handle any potential endogeneity problem. For the same reason we do not consider matching estimation further, particularly
given the sui generis nature of EMU.



Table 1
Pooled panel least squares gravity estimates for bilateral trade.

EER 2002 New Disaggregate EMU Disaggregated CUs

All Currency Unions 1.30 (.13) .92 (.09)
All Non-EMU Currency Unions 1.12 (.11)
EMU .02 (.08) .03 (.08)
CFA Franc 1.14 (.17)
ECCU 1.92 (.26)
Aussie $ 3.31 (.23)
British d .66 (.15)
French Franc .53 (.13)
Indian Rupee .21 (.51)
US $ .58 (.21)
Other CUs 2.06 (.43)
Observations 219,558 426,953 426,953 426,953
R2 .64 .67 .67 .67
RMSE 2.02 2.03 2.03 2.03
Years 1948–1997 1948–2013 1948–2013 1948–2013

Regressand: log of bilateral trade. Regressors included but not reported: log distance; log product real GDP; log product real GDP per capita; common
language; common land border; regional FTA membership, # landlocked; # islands; log product area; common colonizer; current colony/colonizer; ever
colony/colonizer; common country. Intercept and year controls not reported. Standard errors robust to dyadic clustering recorded in parentheses. Annual
data for 4200 countries.
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included; we use the term “country” simply for convenience.10 Bilateral trade on FOB exports and CIF imports is recorded in
U.S. dollars. We create an average value of the nominal value of bilateral trade between a pair of countries by averaging all of
the four possible measures potentially available.

To this data set, we add a number of other variables that are necessary to estimate the gravity model. We add population
and real GDP (in constant dollars) from World Development Indicators, supplemented where necessary by the Penn World
Table Mark 7.1, and the IMF’s International Financial Statistics. We exploit the CIA’s World Factbook for a number of country-
specific variables such as latitude and longitude, land area, landlocked and island status, physically contiguous neighbors,
language, colonizers, and dates of independence. The World Trade Organization’s website provides data on regional trade
agreements.

Finally, we add information on whether the pair of countries was involved in a currency union. By “currency union” we
mean essentially that money was interchangeable between the two countries at a 1:1 par for an extended period of time, so
that there was no need to convert prices when trading between a pair of countries; EMU is by far the most important
contemporary example. Hard fixes (such as those of Hong Kong or Denmark) do not qualify as currency unions under our
definition. We take our data from our earlier paper, which relied on the IMF’s Schedule of Par Values and issues of the IMF’s
Annual Report on Exchange Rate Arrangements and Exchange Restrictions, supplemented with information from of The Sta-
tesman’s Yearbook, and extended through 2013 so that EMU is included. Our definition of currency union is transitive; if
dyads x–y, and x–z are in currency unions, then y–z is a currency union. In our sample, less than 2% of the observations
involve dyads in a currency union. At the outset, we combine all currency unions together and estimate a single effect on
trade; we return to this issue at length below.11
3. Results with older (trade) models

We present estimates for (1) in Table 1. For convenience and to provide a basis of comparison, we tabulate the estimates
from our EER (Glick and Rose, 2002) paper in the extreme left column. In our original paper, we estimated the key coefficient
γ at 1.30, with a robust standard error of .13, implying that a pair of countries joined by a common currency trade over three
times as much with each other (e1.3E3.7), holding other things constant. As shown in the next column to the right, our new
data set – extended through 2013 with more than 200,000 extra observations – provides a point estimate of .92 with a
(robust) standard error of .09. While this is smaller, it is still statistically and economically substantive (e.92E2.51, with a t-
ratio exceeding 9).

By far the biggest recent event in monetary unions has been the establishment of the EMU. In the second column from
the right of Table 1, we separate the EMU effect from the combined effects of all other currency unions, to dramatic effect.12

The currency union effect rises somewhat to 1.12, but the more interesting point estimate is that of EMU; the net effect of
10 The (211) countries are listed in Appendix A available online.
11 We also took the opportunity to correct an error in the data set of our EER (Glick and Rose, 2002) paper having to do with the transitivity of currency

unions.
12 More precisely, the dummy variable EMUijt equals one if both i and j use the Euro at time t, and zero otherwise. We construct this variable similarly

to that of our currency union variable but restrict it to countries that use the Euro, including EMU member countries as well as miscellaneous parts of



Table 2
Dyadic fixed effects gravity estimates for bilateral trade.

EER 2002 New Disaggregate EMU Disaggregated CUs

All Currency Unions .65 (.05) .63 (.07)
All Non-EMU Currency Unions .75 (.10)
EMU .41 (.05) .41 (.05)
CFA Franc Zone .72 (.29)
East Caribbean Currency Union � .24 (.29)
Aussie $ .81 (.37)
British d .93 (.12)
French Franc 1.00 (.15)
Indian Rupee 1.70 (.55)
US $ .09 (.21)
Other CUs 1.15 (.35)
R2: Within .12 .20 .20 .20
Years 1948–1997 1948–2013 1948–2013 1948–2013
Observations 219,558 426,953 426,953 426,953
Country-Pair Fixed Effects 11,178 14,801 14,801 14,801

Regressand: log of bilateral trade. Regressors included but not reported: log product real GDP; log product real GDP per capita; RTA membership, current
colony. Fixed dyadic (pair-specific) effects and year effects included but not reported. Robust standard errors in parentheses. Annual data for 4200
countries.
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EMU membership is essentially nil in both economic and statistical terms. This is the first indication that EMU has a
substantively different effect on trade than other monetary unions. The column on the extreme right of Table 1 shows that
this result is not affected if we disentangle the non-EMU currency unions; it also shows dramatically different estimates for
different currency unions.13

The essence of our 2002 paper was to take maximal advantage of currency union status using a panel estimator with
fixed dyadic (country-pair) effects, rather than relying simply on the least squares results of Table 1. The motivation for this
was stated explicitly in our EER 2002 paper and remains relevant:
(footno
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“Above and beyond econometric robustness, the fixed effect estimator has one enormous advantage. Since the within
estimator exploits variation over time, it answers the policy question of interest, namely the (time series) question
‘What is the trade effect of a country joining (or leaving) a currency union?’”
Another advantage is handling the potential endogeneity of currency unions; Head and Mayer (2014) write “Lacking
plausible IVs, the most promising approach is to include country-pair fixed effects …”. For both reasons, we are uncom-
fortable with estimates that do not include dyadic fixed effects.

Accordingly, we add (more than 14,000) dyadic fixed effects and re-estimate (1); our (within) results are presented in
Table 2. These estimates rely only on time-series variation around dyadic means, and thus account for all country-pair
effects, whether observable or not. Since such dyadic effects are plausibly significant in both statistical and economic terms,
we consider the within estimates of Table 2 to be much more believable than those of Table 1. As in Table 1, we tabulate
results from our earlier paper at the extreme left.

The estimates in Table 2 indicate that the within estimate of γ has changed little with data revisions and extensions, from
.65 to .63.14 However, when we split off the EMU effect, the effect for non-EMU currency unions rises to .75, while the EMU
effect is estimated to be large and positive; the point estimate is .41 with a standard error of .05, implying that EMU entry
expands trade by (e.41�1E) 51%. Thus, making the model more plausible by only using variation around country-pair
averages has raised the estimated impact of EMU on trade! Dis-aggregating the non-EMU currency unions does not affect
this conclusion, as reported in the column at the extreme right; the evidence continues to indicate considerable hetero-
geneity across currency unions.

How do our results compare with the literature? The cottage industry has produced estimates of the trade effects of the
Euro which are typically smaller.15 For example, among papers which use dyadic effects and trade as the dependent variable,
the estimated γ for EMU is -.001 in Berger and Nitsch (2008), .03 in Baldwin et al. (2004) and Bun and Klassen (2007), .08 in
Faruqee (2004), .11 in Micco et. al. (2003), .22 in Serlenga and Shin (2007), and .25 in Barr et al. (2003).16 However, as
mentioned earlier, these studies invariably focus on the effects of the EMU, excluding other currency unions, and use
te continued)
(Guadeloupe, French Guiana, Martinique, St. Pierre & Miquelon, Reunion), Montenegro and Kosovo. Clearly this dummy variable overlaps with our
y union variable.
Understanding the estimates across different currency unions is an interesting topic for future research, but beyond the scope of this paper.
If we restrict our new data set to the same sample period as our original paper, the point estimates remain similar, as the results in the far right
of Table 2 indicate.

Head and Mayer (2014) and Baldwin (2006a, 2006b) provide summaries; see also Baldwin et al. (2008) and Havranek (2010).
Barr et al. (2003) report a similar magnitude coefficient of .21 with IV estimation.



Table 3
Chow tests for bilateral trade.

Least squares Dyadic FE

Post-1997 versus all 89. (.00) 134. (.00)
EMU versus all 27. (.00) 10. (.00)

F-tests (P-values reported parenthetically) for hypothesis of identical slopes, using regression model (1) with combined currency union variable.
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samples that are smaller and shorter than ours, an issue that we will demonstrate below is significant.17 Moreover, almost
all of these papers include time trends for European Union pairs to control for ongoing economic integration among these
countries. Including such trends significantly masks the possible euro effect on trade, both before and during the actual
implementation of EMU; without trends, the estimated magnitude of the EMU effect rises to .41 in Bun and Klaassen (2007)
and .34 in Berger and Nitsch (2008). We attempt to handle this issue below with a more flexible specification.

Limiting the sample to European and industrial countries precludes any direct comparison of the effects of EMU and
other currency unions. Accordingly, Frankel (2010) uses a broad sample of countries over the period of 1992–2006, com-
parable to the time period used by most euro-focused papers. He gets a low EMU estimate of .06 along with a more
substantial non-EMU estimate of .58. However, upon extending his sample back to 1948, the estimated effects rise dra-
matically: to .75 for non-EMU currency unions (hereafter CUs), similar to what we find, and an even higher figure for EMU of
.93.18 Clearly the span of the data set over both time and countries matters, when estimating the trade effects of currency
unions; we return to this issue below.19

The impression of a post-1997 break in the trade effect is reinforced by the Chow tests tabulated in Table 3. The top row
tests the hypothesis of model constancy – identical slopes of γ and {β} – when one compares the post-1997 period with the
entire sample. The null hypothesis of model constancy is grossly inconsistent with the results of both the least squares
estimator of Table 1 and the fixed effects estimator of Table 2. The bottom row of Table 3 also finds non-constancy for a
narrower hypothesis; EMU observations need to be modeled differently from other currency union observations.

3.1. Symmetry

The results in Tables 1 and 2 are attempts to estimate the steady state effect of currency union on trade, ceteris paribus. A
related question is whether the effects of currency union entry and effect are symmetric. In our earlier paper, we had a large
number of observations on exits from currency unions but only a small number of entries into currency unions; hence we
were forced to assume symmetry between the dynamic trade effects of currency union exit and entry. Since EMU began in
1999, we now have fifteen years of EMU data and can use this to test our assumption of symmetric dynamics. We begin with
graphs.

We replace our simple currency union dummy in (1) with lags after both currency union exits and entries and re-
estimate our equation; we then use these results to test the hypothesis of equality between the dynamic trade effects after
currency union exit with the (opposite signed) effects after entry. We use fourteen lags for obvious reasons, and add a
comparable number of leads (before both currency union exit and entry) so as to be able to test for symmetry in the run-up
to monetary union exit/entry. That is, we estimate:

ln Tijt
� �¼ ΣkθkCUENTRYijt�kþΣkφkCUEXITijt�kþβZijtþ δtf gþϵijt ð1’Þ

where: CUENTRYijt–k is 1 if countries i and j entered a currency union at time t–k and 0 otherwise; CUEXIT is defined
analogously for exits from current union; and we let k run from �14 to 14.

The point estimates of {φ}, estimated with dyadic fixed effects, are portrayed in the upper-left graph of Fig. 1, along with
a þ/� two standard error band; the lower-left graph presents estimates of {θ}. We are interested in checking the com-
parability between EMU and other currency unions. Accordingly, we divide the CUENTRY dummies into two mutually and
jointly exhaustive sets of dummies and graph the coefficients on the right side of the figure.

Most of the results in Fig. 1 seem intuitive. The effect of currency union on trade is substantial, in both economic and
statistical terms, before currency union exit. Upon exit, the effect starts to shrink in both economic and statistical terms,
though it lingers on even fourteen years after exit. The effect after currency union entry is also striking; there seems to be a
positive effect before entry, suggesting that the event is anticipated or perhaps endogenous. The statistical effect of currency
union entry on trade seems substantial, even long after entry.
17 Most studies of EMU impact have focused on aggregate trade data. Baldwin, Skudelny, and Taglioni (2003), Flam and Nordstrom (2006b), Baldwin
(2006b), Baldwin and di Nino (2006), and Berthou and Fontagne (2008) estimate gravity models using sectoral data, but only for the effects of the euro.

18 Frankel (2010) includes a EU time trend in his regressions.
19 In Frankel’s (2010) words:
“There appears to be much useful information from including all 60 years of available data in addition to including developing countries in the entire
sample, rather than restricting ourselves to post-1992 observations of European or rich countries. … Only by using the entire sample can we uncover
large short-term effects, over 100% when using fixed effects estimation. Second, the trade effects in the year before a monetary union formally goes into
operation are even larger, and apply equally to EMU as to other monetary unions.”
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Estimates of (10) allow us to test for symmetry rigorously. We are particularly interested in symmetry between the
(dynamic) effects of entry into and exit from currency union. We ask “Does the additional boost to trade after currency
union entry k years ago equal the reduction in trade after currency union exit k years ago?”20 Since we estimate both leads
and lags before entry/exit, we can test for symmetry both before and after currency entry/exit, as well as both before and
after simultaneously. Our F-tests are tabulated in Table 4; the different columns present results from our least squares and
fixed effects estimators.
Table 4
Symmetry tests for bilateral trade.

Fixed Effects: Time Dyadic, Time

After any CU Entry¼�After any CU Exit? 2.8 (.00) 1.4 (.15)
Before any CU Entry¼�Before any CU Exit? 1.4 (.13) 1.8 (.04)
Both 2.6 (.00) 1.8 (.01)

After non-EMU CU Entry¼After EMU Entry? 1.6 (.09) .8 (.73)
Before non-EMU CU Entry¼Before EMU Entry? 1.1 (.39) 1.3 (.17)
Both 1.4 (.07) 1.4 (.07)

After non-EMU CU Exit¼�After EMU Entry? 2.1 (.01) 1.1 (.36)

F-tests with P-values reported parenthetically, calculated from regressions of log of bilateral trade. Regressors included: 14 leads, 14 lags and con-
temporaneous values of both (combined) currency union entry and currency union exit; log distance; log product real GDP; log product real GDP per
capita; common language; common land border; regional FTA membership, # landlocked; # islands; log product area; common colonizer; current colony/
colonizer; ever colony/colonizer; common country. Intercept and year controls not reported. Annual data for 4200 countries, 1948–2013.
The hypothesis of symmetric trade effects of currency union entry/exit works reasonably well for the fixed effect esti-
mator, as indicated by the low F-tests. We also present results which compare EMU with other currency unions. EMU
20 Technically speaking, our joint null is hypothesis is H0:{[(θ1�θ0)¼�(φ1�φ0)], [(θ2�θ0)¼�(φ2�φ0)], …, [(θ14�θ0)¼�(φ14�φ0)]}.
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observations seem to have trade effects which are similar to other currency unions, especially after entry. It is especially
striking to us that the fixed effect (FE) estimates are consistent with the hypothesis that the trade effect after EMU entry is
symmetric to that after exit from other currency unions; this seems close to validating our original assumption of symmetry.
With new data and old methodology, the essence of our earlier work still looks reasonable; the question is whether it stands
up to greater econometric scrutiny. We now turn to that question.
4. Results with newer (export) models

We now pursue “theory-consistent estimation” of the gravity equation, closely following the suggestions in the recent
survey by Head and Mayer (2014); this technique allows us to address concerns about multilateral resistance and other
general equilibrium effects. We rely on the “LSDV” (Least Squares with time-varying country Dummy Variables) technique,
which they show works well in many situations. In particular, we estimate:

ln Xijt
� �¼ γCUijtþβZijtþ λitf gþ ψ jt

� �þϵijt ð2Þ

where:

� Xijt denotes the nominal value of bilateral exports from i to j at time t,
� {λit} is a complete set of time-varying exporter dummy variables, and
� {ψjt} is a complete set of time-varying importer dummy variables.

This equation is related to (1), with two substantive differences. First, the equation estimates the effect of currency union
on (log) exports rather than trade. Second, it holds constant all country-specific “monadic” phenomena rather than time-
invariant dyadic phenomena.21 Consistently, (2) can only estimate the effect of pair-specific phenomena, like the currency
union effect on exports.

The estimate of γ presented at the extreme left column of Table 5 is economically and statistically significant. Roughly
comparable to the .63 point trade effect of Table 2, the point estimate of the currency union effect on exports is .51. This is a
large effect in economic (e.51–1E67%) and statistical terms (the t-ratio exceeds 20). Point estimates for the other bilateral
estimates also seem intuitive in sign and size.22
Table 5
Panel LS gravity estimates for bilateral exports.

Fixed Effects: Exporter� year, Importer� year Exporter�year, Importer� year, dyadic

All CUs Disagg. EMU Disagg. CUs All CUs Disagg. EMU Disagg. CUs

All Currency Unions .51 (.02) .34 (.02)
All Non-EMU Currency Unions .76 (.02) .30 (.03)
EMU � .65 (.03) � .64 (.03) .43 (.02) .43 (.02)
CFA Franc Zone .74 (.03) .58 (.10)
East Caribbean Currency Union 1.83 (.06) �1.64 (.11)
Aussie $ 1.27 (.10) .39 (.20)
British d .26 (.03) .55 (.03)
French Franc 1.84 (.08) .87 (.08)
Indian Rupee .03 (.10) .52 (.11)
US $ .02 (.05) � .05 (.06)
Other CUs 1.37 (.06) � .10 (.06)
Country∙Time Fixed Effects 22,438 22,438 22,438 22,438 22,438 22,438
Dyadic Fixed Effects n/a n/a n/a 33,886 33,886 33,886
R2 .72 .72 .72 .86 .86 .86
RMSE 1.93 1.93 1.93 1.42 1.42 1.42

Regressand: log of bilateral exports. Regressors included but not reported: log distance; common language; common land border; regional FTA mem-
bership, common colonizer; current colony/colonizer; ever colony/colonizer; common country. Exporter-year and importer-year controls included not
reported. Robust standard errors recorded in parentheses. 879,794 annual observations for 4200 countries, 1948–2013.
The analysis presented above suggests that EMU may have a different trade effect than other currency unions. We split
off the effects of EMU in our export model of (2); the estimates are presented immediately to the right in Table 5. Consistent
with our earlier results but even more dramatically, the export-stimulating effect of EMU is lower than other currency
21 These monadic phenomena may be time-invariant (such as land area), or time-varying (such as GDP, or “multilateral resistance” to trade introduced
by Anderson and van Wincoop (2003)).

22 We note in passing that even stronger results characterize the sample restricted to data before 1998, as shown in versions available online.
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unions. While other currency unions now seem to raise exports significantly (e.76�1 E 114%, with a t-ratio of 38), the net
effect of EMU on exports is negative; the point estimate is � .65 with a standard error of .03. This seems scarcely believable,
and dis-aggregating the currency union effects has little consequence.

Baldwin and Taglioni (2007) recommend adding dyadic fixed effects to (2), precisely in the context of estimating the
currency union effect on exports.23 Their reasoning is the same as ours above; dyadic fixed effects are plausibly important,
and turn out to be critical empirically. Accordingly, we follow their suggestion on the right-hand side of Table 5. Adding
country-pair fixed effects (to the time-varying exporter/importer effects) reduces the combined currency union effect
somewhat, though it remains positive and significant. However, the EMU effect is now positive; EMU is now estimated to
raise exports by an economically significant (e.43–1E) 54%, independent of whether one disaggregates currency unions or
not. This effect is not only large but significantly different from zero at any confidence level (the t-ratio exceeds 20). Thus,
the dyadic effects add considerable explanatory power to the exports equation while reversing the negative EMU effect.
Indeed, the point estimate of the EMU effect on exports (with dyadic fixed effects) from Table 5 is .43, remarkably similar to
the trade effect from Table 2 of .41. Succinctly, making the export model more believable by exploiting only variation around
dyadic averages substantially raises the estimate of the EMU effect, just as it did with the older trade models.

Our results in Table 5 with dyadic fixed effects deliver an EMU effect which is significantly positive in both the economic
and statistical senses. They stand in contrast with the small and insignificant effects estimated by Baldwin and Taglioni
(2007) and Baldwin et al. (2008), who use a similar specification with country-year dummies and dyadic fixed effects.24 We
think the main reason is the span of the data set across both countries and time. Baldwin and co-authors work with a small
sample of industrial countries which is conventional for the EMU-focused literature; moreover, the twenty-five year span of
time is less than half of ours. Table 5 of Baldwin and Taglioni (2007) indicates a total of only 4837 observations, while
Baldwin et al. (2008) use even less. Our estimates rely on 879,794 observations over the period 1948–2013; this is consistent
with the strong results of Frankel (2010) who uses a broad sample. We will show below that employing a full set of countries
consistently delivers a positive and significant EMU result.

Our idea is bolstered by Gil-Pareja et al. (2008), who also employ country-year dummies and dyadic fixed effects, extend
the usual sample of industrial countries back to 1950, and find a much higher EMU effect of .57. Eicher and Henn (2011)
work with a large sample of countries at five-year intervals over 1950–2000, and emphasize the importance of
disaggregating individual currency unions; they break out the effects of the EMU as well as the CFA, ECCU, Pound, Dollar,
and other CUs. Eicher and Henn find with this specification that the EMU effect is .54, though it falls to .34 if further controls
for European integration are included.25 Both of these papers support our view that the span of the data across both time
and country matter.26

In working paper versions of this paper (available online), we also pursue Poisson pseudomaximum likelihood esti-
mation of these models.27 We take these estimates less seriously, primarily because we have been unable to estimate an
appropriate model for a reasonably large panel for purely computational reasons. To us, a plausible methodology to estimate
the currency union effect on trade involves panel estimation with dyadic fixed effects. We are reassured by the fact that the
old-fashioned trade model and more modern LSDV export model deliver similar results when dyadic fixed effects are
included, and await computational advances to be able to estimate the Poisson analogs.28

4.1. Symmetry

As with our estimation of old-style gravity models, we are interested in whether the effects of currency union exit are
symmetric with those of currency union entry; we are also interested in whether currency unions are all alike, or whether
EMU is different. Much as we did above in (10), we re-estimate our model after adding dynamic currency union entry and
23 This prevents one from estimating the effects of time-invariant bilateral phenomena (such as distance or language), but does not preclude esti-
mating the effect of currency unions, and is also valuable as a robustness check to control for time-varying omitted dyadic variables.

24 A number of other EMU-focused and less methodologically pure papers use dyadic fixed effects and (log) exports or imports as the dependent
variable, but without country-year effects, for samples of industrial countries over periods extending from the early 1980s to the mid-2000s. Like the papers
mentioned in the text, their estimated EMU effects are small though positive, ranging from .06 to .14 in Bun and Klaassen (2002), De Nardis and Vicarelli
(2003a, 2003b), Brouwer et al., (2008), and Flam and Nordstrom (2006b) to .22 to .33 in Bun and Klaassen (2002), Flam and Nordstrom (2006a), and Flam
and Nordstrom (2007).

25 They also find heterogeneity in the effects of other individual currency unions; more on this in the next section.
26 We also note our estimates are only half the mean and median of the (37) structural gravity estimates for the common currency effect collected in

Table 4 of Head and Mayer (2014), as well as the partial trade impact (PTI) effects that they tabulate in their Table 6.
27 Santos Silva and Tenreyro (2006) argue that least squares estimates of (1) and (2) may be give biased estimates of true gravity effects because of

heteroskedasticity and/or the presence of numerous discarded observations of zero trade. They recommend use of a Poisson pseudo maximum likelihood
estimator in these circumstances. Santos Silva and Tenreyro (2010) apply this methodology to a small sample of industrial countries with 6930 obser-
vations and find that EMU has a negligible effect on trade.

28 A recent paper by Mika and Zymek (2016) uses a Poisson pseudo maximum likelihood variant to estimate the effects of EMU and non-EMU currency
unions for a full country sample including zero-valued trade observations with both country-year and pair effects over the period 1992–2002. They get
estimates of .02 for the EMU and .15 for other currency unions. Their estimates are even lower, -.02 and .02, respectively, if they extend their sample
forward to 2013. Since they do not extend their sample backwards in time, their sample period is much shorter than ours. In addition, they include an EU
trend in their specification, which we have argued dampens the estimated effect of EMU. More problematic perhaps is that they do not use one-way trade
flows as their dependent variable, since they “artificially balance trade flows” by defining their dependent variable as the geometric average of imports and
exports and “dropping duplicate observations.”
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exit effects to our panel regression for exports. Our results are tabulated in Table 6 and indicate that symmetry works
quite well.

Fig. 2 is analogous to Fig. 1, but portrays least squares point estimates of {φ} (in the top-left) and {θ} (in the lower-left) for
exports whenwe include dyadic fixed effects, along with corresponding þ/� two standard error bands. As before, we also divide
the CUENTRY dummies into EMU and non-EMU dummies, and graph the resulting coefficients on the right side of the figure. The
results are intuitive and echo those of Fig. 1; exit from a currency union seems to make exports fall after a lag. More importantly,
currency union entry – especially into EMU – leads exports to rise significantly over time. Since country-pair fixed effects may
control for important unobserved factors affecting bilateral trade, these results cannot be dismissed lightly.

To summarize, our least squares panel results with time-varying country and dyadic fixed effects, which we consider to
be our most plausible econometric model, deliver large positive effects for both the currency union effect on exports and its
EMU counterpart. We now ask the question: are all currency union effects on trade alike?

4.2. Disaggregating currency union effects on exports

We now focus on the question “Are the trade effects of all currency unions alike?” Table 7 provides estimates of
disaggregated currency union effects on exports, using (2) supplemented with dyadic fixed effects. The top row is repeated
Table 6
Symmetry tests for bilateral exports.

Fixed effects: Exporter� year, Importer� year Dyadic, Exporter� year, Importer�year

After any CU Entry¼�After any CU Exit? 1.4 (.15) .8 (.71)
Before any CU Entry¼�Before any CU Exit? .4 (.98) .8 (.68)
Both 1.0 (.41) 1.0 (.49)
After non-EMU CU Entry¼After EMU Entry? 1.8 (.04) 1.3 (.17)
Before non-EMU CU Entry¼Before EMU Entry? .6 (.89) 1.4 (.16)
Both 1.2 (.27) 2.8 (.00)
After non-EMU CU Exit¼�After EMU Entry? 5.4 (.00) .9 (.51)

F-tests with P-values reported parenthetically, calculated from regressions of log of bilateral exports. Regressors included: 14 leads, 14 lags and con-
temporaneous values of both (combined) currency union entry and currency union exit; log distance; common language; common land border; regional
FTA membership, common colonizer; current colony/colonizer; ever colony/colonizer; common country. Intercept and year controls not recorded. Annual
data for 4200 countries.
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Fig. 2. Effects of currency union transitions on log exports.



Table 7
The Currency Union effect on exports: sensitivity analysis.

EMU € CFA Franc ECCU $ Aussie $ Brit. d French Franc Indian Rupee US $ Other CUs Equal? (P-val)

Default (Table 5) .43** (.02) .58** (.10) �1.64** (.11) .39 (.20) .55** (.03) .87** (.08) .52** (.11) � .05 (.06) � .10 (.06) .00
Data at Five-Year Intervals .51** (.05) 1.03** (.23) �1.69** (.20) .25 (.48) .56** (.08) .95** (.20) .65** (.25) � .01 (.14) � .11 (.14) .00
No Industrial Countries 1.17** (.14) .39** (.11) �1.53** (.14) .05 (.86) .36** (.09) .54 (.18) .36** (.12) � .17 (.09) � .48** (.08) .00
Larger Countries (GDP4$1 bn) .42** (.02) .48** (.11) �1.88** (.12) n/a .55** (.04) .86** (.08) .54** (.12) � .06 (.06) � .16* (.07) .00
No Poor Countries (GDP p/c o$1,000) .45** (.02) .29 (.18) �1.51** (.10) .41* (.20) .51** (.04) .99** (.10) 1.19** (.28) � .12 (.06) � .25** (.09) .00
Similarly-sized Countries .42** (.03) .35 (.18) �1.08** (.25) n/a .55** (.07) n/a �1.23 (.69) .36** (.12) .72** (.18) .00
Drop pre-1960 .45** (.02) .56** (.10) �1.46** (.11) .39* (.20) .60** (.05) .63** (.14) .17 (.16) � .07 (.07) .01 (.07) .00
Drop pre-1980 .47** (.02) .36 (.22) n/a 1.40** (.21) n/a .00 (.25) n/a .08 (.09) � .78* (.32) .00
Drop post-1997 n/a .62** (.11) �1.34** (.10) � .09 (.20) .44** (.04) 1.03** (.09) .48** (.12) � .38** (.09) � .01 (.06) .00
Drop post-2006 .19** (.03) .56** (.10) �1.45** (.10) .29 (.20) .51** (.03) .96** (.08) .50** (.12) � .23** (.07) � .06 (.06) .00
Drop 4 |2σ| Residuals .47** (.02) .69** (.08) �1.29** (.09) .55** (.17) .55** (.03) .98** (.07) .72** (.08) � .05 (.05) � .00 (.05) .00
2004 Cross-Section � .48** (.12) 2.57** (.24) 5.24** (.28) 2.06* (.99) 1.13 (.86) n/a 3.17** (.68) 2.00** (.36) 5.36** (.67) .00
2012 Cross-Section .79** (.13) 3.06** (.24) 7.52** (.32) 3.23** (.84) 1.18 (1.01) n/a 3.45** (.95) 1.45** (.40) 4.31** (.96) .00
Drop Dyadic Fixed Effects .15** (.03) 2.90** (.03) 4.78** (.06) 3.07** (.12) .87** (.03) 2.89** (.11) 2.32** (.10) 1.24** (.06) 3.67** (.06) .00

Coefficients on currency union dummy variables; robust standard errors recorded in parentheses. One (two) asterisk(s) indicate hypothesis of no effect can be rejected at the .05 (.01) significance level. Least
squares estimation; regressand is log bilateral exports. Regressors included but not recorded: regional FTA membership; current colony/colonizer; fixed effects for (a) exporter-year, (b) importer-year, and (c)
country-pair. Equality test in right-hand column tests hypothesis of equality for all (nine) currency unions. Annual data for 4200 countries, 1948–2013 unless otherwise marked. Other currency unions include
those around: Belgian Franc; Portugese Escudo; Pakistan rupee; Jamaican dollar; Mauritius rupee; New Zealand dollar; UAE dirham; Spanish peseta; Denmark krone; Italian lira; South African rand; West African
pound; East African shilling; Malaya ringgit; Palestinian pound; and Dutch guilder.
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from Table 5; it shows clearly that when the eight major currency unions are split off the aggregate currency union dummy
and included separately, results vary widely. Some currency unions have large positive effects (the CFA Franc zone, the
British pound zone, and the Indian rupee zone), while many have a small effect, and the ECCU effect is negative. The
hypothesis of equal CU effects is strongly rejected, as is apparent with the tabulated P-value at the right of the table.

Our results are consistent with those of Eicher and Henn (2011), who stress the importance of breaking out the effects of
individual currency unions rather than relying on a single “catch-all” currency union variable. They also find that effects vary
greatly across currency union, ranging (in their preferred specification) from as high as .68 for the CFA to .34 for the euro to
as low as � .15 for the US dollar zone and � .71 for the ECCU. These relative rankings are comparable to the results we report
in Table 7.29

Table 7 also provides sensitivity analysis, showing γ estimates for thirteen different perturbations of the basic metho-
dology. In particular, we (a) sample data at five-year intervals instead of annually; (b) drop all industrial countries; (c) drop
all small countries (those with GDP less than $1 billion); (d) drop all poor countries (those with GDP per capita less than
$1,000); (e) retain only similarly-sized country-pairs (those where national GDP varies by less than a factor of five); (f) drop
pre-1960 data; (g) drop pre-1980 data; (h) drop post-1997 data; (i) drop post-2006 data; (j) drop all observations where the
residual lies more than two standard deviations from zero; (k,l) provide cross-sectional estimates from 2004 and 2012
(dropping the dyadic fixed effects); and (m) drop the dyadic fixed effects. Despite the nature of this sensitivity analysis, our
results are, broadly speaking, quite robust. It is particularly reassuring to us that the EMU coefficients remains significantly
positive in both economic and statistical terms with size that varies little from our default estimate of .43, and that the
hypothesis of equal currency union effects is consistently rejected. The three final rows are the outliers, demonstrating the
importance of using both a panel approach and dyadic fixed effects.

4.3. The span of the data

We have repeatedly pointed out that the span of the data set, across both country and time, seems to affect the estimated
effect of currency union on trade. We make this issue more concrete in Table 8, which shows how our most important
estimate – the effect of EMU on exports, ceteris paribus – varies with the sample. Our default is to estimate Eq. (2) with both
exporter/importer-time and dyadic fixed effects, conventional regressors, and disaggregated currency unions (though we
only record the estimate for EMU). The top-left cell in Table 8 corresponds precisely to that taken from the extreme-right
column of Table 5; the full sample of 879,794 observations delivers an estimate of the effect of EMU on exports of
(expe.43�1E) 54%, a large effect that is highly statistically significant (with a robust t-ratio exceeding 20). The columns
immediately to the right show that beginning the sample later, in either 1985 or 1995, has little effect on this estimate
despite the loss of observations. However, the three columns at the right hand of the top row show that ending the sample
in 2005 has a substantive effect, reducing the estimate by more than half.
Table 8
Making it vanish: robustness of EMU effect on exports.

1948–2013 1985–2013 1995–2013 1948–2005 1985–2005 1995–2005

All countries .43** (.02)
[879,794]

.44** (.02)
[575,373]

.47** (.03)
[424,230]

.18** (.03)
[691,074]

.18** (.03)
[386,653]

.18** (.04)
[235,510]

Industrial countries plus
present/future EU

� .01 (.02)
[73,253]

-.05* (.02)
[38,884]

.04 (.02)
[26,763]

� .09** (.03)
[61,939]

� .16** (.03)
[27,570]

� .07 (.04)
[15,449]

Upper Income (GDP p/c Z
$12,736)

.11** (.03)
[75,468]

.14** (.03)
[59,230]

.16** (.03)
[45,401]

� .02 (.04)
[52,103]

� .01 (.04)
[35,865]

� .09* (.04)
[22,036]

Rich Big (GDPZ$10bn, GDP
p/c Z$10k)

.11** (.02)
[79,240]

.10** (.02)
[62,099]

.10** (.03)
[50,367]

.05 (.03)
[50,200]

.02 (.03)
[33,059]

� .07* (.03)
[21,327]

OECD � .03 (.02)
[25,000]

� .03 (.02)
[16,682]

� .03 (.02)
[12,842]

� .06* (.03)
[18,920]

� .08** (.02)
[10,602]

� .08** (.02)
[6,762]

Present/future EU � .27** (.02)
[30,731]

� .22** (.02)
[17,846]

� .04 (.02)
[13,337]

� .31** (.04)
[25,115]

� .29** (.03)
[12,230]

� .10** (.03)
[7,721]

Coefficient on EMU dummy variable; robust standard errors recorded in parentheses; sample size in brackets. One (two) asterisk(s) indicate hypothesis of
no effect can be rejected at the .05 (.01) significance level. Least squares estimation; regressand is log bilateral exports. Regressors included but not
recorded: regional FTA membership; current colony/colonizer; fixed effects for (a) exporter-year, (b) importer-year, (c) country-pair; and separate dummy
variables for currency unions for CFA Franc zone, ECCU, Australian dollar, British pound, French franc, Indian rupee, US dollar, and others (Belgian franc;
Portugese escudo; Pakistan rupee; Jamaican dollar; Mauritius rupee; New Zealand dollar; UAE dirham; Spanish peseta; Denmark krone; Italian lira; South
African rand; West African pound; East African shilling; Malaya ringgit; Palestinian pound; and Dutch guilder). Annual data for up to 4200 countries,
1948–2013 with restricted samples marked.

29 Several papers examine the trade effects of a specific currency union, such as the Ireland-UK pound link (e.g. Thom and Walsh, 2002), the CFA (e.g.,
Levi Yeyati, 2003; De Sousa and Lochard (2005); Tsangarides et al., 2009), the ECCU (e.g. Honohan, 2001; Levy Yeyati, 2003), or the dollar zone (e.g. Klein
2005). Nitsch (2002) also reports results for individual currency unions together, but only in 5-year interval cross sections, not in a pooled panel.
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While the effect of later observations on the EMU effect seems large, it is dwarfed by the effects of extra countries. In
successive rows, we report the EMU effect for the same (six) periods of time, but reducing the cross-country span in a
number of different ways. We consider five different samples of countries: (a) retaining only industrial countries (those with
IFS country codes below 200) as well as all present and future EU countries (so that, e.g., Croatia is included even before
2013); (b) retaining only upper income countries (defined, á la World Bank, as those with GDP per capita of at least $12,736);
(c) retaining only big rich countries (defined as those with GDP per capita of at least $10,000 and total GDP of at least $10
billion); (d) retaining only OECD members; and (e) retaining only present and future EU countries. Reducing the cross-
country span of the data leaves what appear to be substantial degrees of freedom, but reduces the estimate of EMU on
exports very significantly. Indeed, of the 30 estimates we tabulate which do not use the full set of countries, 21 are negative,
13 of those significantly so! This stands in sharp contrast to the fact that employing a full set of countries always delivers a
positive and significant estimate.

We tentatively conclude that a complete set of data, spanning a large number of countries and years, is critical when
estimating the effect of currency unions on trade. The results of Table 8 indicate that selective sampling by either country or
time seems systematically to reduce or eliminate the otherwise robust effect of EMU on exports, despite the robustness we
see in Table 7. Table 8 allows us to reconcile our results with those of the literature, and provide an encompassing expla-
nation of why our stronger, more positive results, are the most plausible.
5. Summary and conclusion

In our EER (Glick and Rose, 2002) paper, we concluded that “a pair of countries which joined/left a currency union
experienced a near-doubling/halving of bilateral trade.” This conclusion was based on (a) an assumption of symmetry
between the consequences of currency union exits and entries; (b) a caveat that EMUmight be different from other currency
unions; and (c) evidence that our results were insensitive to the precise econometric methodology. In this paper, we re-
estimate this effect using a variety of models and a panel of annual data that covers more than 200 countries between 1948
and 2013, including fifteen years of EMU. As it turns out, the assumption of symmetry between entry and exit seems
reasonable. The fear that prompted our caveat was warranted; EMU seems to be different from other currency unions, and
indeed different currency unions have different effects on trade. While different econometric methodologies deliver dif-
ferent results, our preferred methodology (a panel approach which includes country-pair fixed effects on the largest pos-
sible span of data across countries and time) leads to the conclusion that EMU has thus far boosted bilateral trade by
around 50%.
Appendix A. Supplementary material

Supplementary data associated with this article can be found in the online version at http://dx.doi.org/10.1016/j.euro
ecorev.2016.03.010.
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