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Abstract Forecasting nominal exchange rates remains a remarkably difficult task,

despite the proliferation of new floating currencies, the maturation of the floating

rate period, the deepening of financial markets, and the development of more

sophisticated econometric tests that make use of today’s more powerful computing

possibilities. Despite these advances, the basic results of Meese and Rogoff in the

1980s stand up remarkably well—it is still extremely difficult to forecast exchange

rates. To the extent that there is any forecasting power, the most promising models

are those based on purchasing power parity or the current account, although it must

be noted that these mainly predict the real exchange rate, rather than the nominal

exchange rate. Thus, some of the adjustment takes place in prices. Finally, it should

be noted that panel methods help in exchange rate forecasting, albeit mainly by

allowing better estimation of nonstructural factors such as shift parameters.
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1 Introduction

One of the most stunning empirical puzzles in international macroeconomics is the

incredible difficulty economists have in explaining exchange rate movements in the
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modern floating era. As Richard Meese and I first showed in a series of papers in the

1980s (Meese and Rogoff 1983a, b, 1988), macroeconomic fundamentals are

curiously incapable of explaining major currency exchange rate fluctuations much

less predicting them. Remarkably, this result has held up for two and a half decades

despite hundreds of published academic studies. The problem is not simply one of

explaining currency rates against the dollar, but applies to cross-currency rates for

any two countries with relatively low inflation rates, relatively open capital markets,

and where policymakers do not narrowly target the exchange rate.

Indeed, if anything, the puzzle has broadened over the years to include more

countries and exchange rates. At one time, emerging markets and developing

countries had significantly higher inflation rates than did developed countries. The

inflation gaps were typically so large that over sufficiently long periods they were

reasonably reliable predictors of the direction of change of the exchange rate, if not

necessarily the magnitude. (High-inflation currencies tend to depreciate, that is,

become less valuable, as their purchasing power diminishes.) Today, with so many

countries having achieved relatively low inflation rates, exchange rates for some

emerging market currencies have become almost as difficult to explain as the major

currency exchange rates.

The familiar example of the US dollar exchange rate against the euro is

emblematic of the problems. The euro began life at $1.18 in January of 1999,

reached a low of $.83 in February 2002, and then reached a high of $1.60 in July

2008. Very recently, the euro has fallen somewhat despite the fact that the United

States has been experiencing what appears to be its worst financial crisis since

World War II. Although the two regions have had somewhat different economic

cycles over the euro era, per capita income growth has by and large been fairly

similar (1.7% for the euro area, versus 1.5% for the United States), while both

regions have had low and stable inflation.

2 Purchasing power parity

Probably the most solid ‘‘fact’’ in the empirical exchange rate literature is that over

sufficiently long periods, exchange rates do tend to move in the direction predicted

by ‘‘purchasing power parity’’. First articulated by the monks of Spain’s Salamanca

School in the sixteenth century, and popularized by the Swedish economist Gustav

Cassel after World War I, the theory of purchasing power parity is predicated on the

assumption that, over long periods, similar baskets of goods should tend towards the

same price in different countries, when converted to a common currency.

Purchasing power parity has extremely little power in explaining short-term

movements across exchange rates of countries with low inflation rates and relatively

open capital markets, mainly because the exchange rate volatility far exceeds price

volatility. Over longer periods of 3–5 years and up, however, purchasing power

parity stands as perhaps the most robust relationship in empirical exchange rate

economics. Not only is there a strong tendency for shocks to purchasing power

parity to die out over time, even the expected rate of convergence is surprisingly

similar across currencies and time periods. In hundreds of studies on a vast variety
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of countries and time periods, and employing a dizzying variety of econometric

techniques, economists generally find that deviations to purchasing power parity

tend to damp out with a half-life of 2–5 years. That is, if there is a shock to the real

exchange rate, the expectation is that it will dissipate by 50% after 2–5 years. The

simplest canonical regression in the literature is given by

qt ¼ qqt�1 þ et;

where q is the real exchange rate (nominal exchange rate adjusted for CPI

differences), q is the speed of convergence, and e is an error term. (There are far

more sophisticated renditions of this relationship, but the basic parameter is the

speed at which the system tends to equilibrium over the long run.)

Rogoff (1996) showed that in the literature up to that point, the general finding

was that the parameter q was very large but less than one. In monthly data, a typical

estimate of q is 0.98, implying that the real exchange rate converges about half the

way to its long-run equilibrium value after 35 months, or 3 years. Rogoff (1996)

views the slow convergence as a puzzle (‘‘the purchasing power parity puzzle’’). If

the real exchange rate fluctuations are dominated by real shocks to tastes,

technology, etc., it is perfectly plausible that they might take many years to unwind.

However, it is extremely difficult to reconcile the volatility of the real exchange rate

(as exemplified by the dollar–euro rate) with a world in which monetary and

financial shocks play only a small role. But in theory, money and financial shocks

should have only transitory effects on the exchange, arising mainly due to price

rigidities. As prices adjust over time (generally 1–2 years) the impact on the real

exchange rate ought to disappear if caused by money or financial shocks. It is

possible to come up with theories where the overall adjustment in the economy is

longer, if prices for competing goods are not set at the same time, so no firm

changing prices is willing to make too large an adjustment. However, in general,

introducing such dynamics can only yield sufficiently long adjustment under fairly

special assumptions (see, for example, Bergin and Feenstra 2001).

Recently, there has been a renewed debate about whether the speed of

convergence is actually faster, and closer to one year, roughly the frequency of

price changes. Imbs et al. (2005) argue that aggregation bias can lead to

underestimating the speed of convergence. Roughly speaking, the idea is that

when one aggregates various individual product categories, the slowly converging

categories dominate the estimate of overall convergence. So estimates that cover the

entire consumer price index (CPI) lead to a false impression of slow convergence in

individual goods. Reidel and Szilagyi (2005), however, have challenged the

empirical evidence presented by Imbs et al. (2005), arguing that while aggregation

bias is possible in theory, it is relatively unimportant in practice and dominated by

other factors. Indeed, for the twenty- and thirty-year time series common in the

literature, there is a good case to be made that small-sample bias—which tends to

bias estimated convergence coefficients downwards—dominates. At this juncture,

the debate remains open.

Another rationale for slow convergence of real exchange rates is provided by

Taylor (2001) who argues that exchange rate convergence is highly nonlinear,

with relatively rapid convergence when the real exchange rate is far out of line,
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but relatively slow convergence when real exchange rate deviations are more

modest. The underlying logic, suggested by Rogoff (1996), is that there may be

fixed costs to adjusting, leading to a ‘‘no-adjustment band’’. Although the authors do

find some evidence of nonlinear convergence, their results are quite sensitive to

specification.

It must be noted that there are significant data barriers to testing for purchasing

power parity. One is that consumption baskets differ across countries, and there is

no reason why, in principle, there cannot be long-term trend changes in relative

prices that drive the baskets apart. Such differences, however, cannot explain the

volatility of real exchange rate changes, which seem far too large to be consistent

with long-term relative price changes. A second, even larger problem, is that the

data produced by national statistical agencies almost invariably expresses price

relative to base year rather than in absolute terms. (For example, if 2005 is the base

year, the index for that year will be 100, and the index for 2008 will be, say, 112.)

So normal CPI data can only be used to gauge how the real exchange rate between

two countries has changed, not necessarily how far it is from long-run parity at a

point in time. Empirical researchers typically deal with the problem by assuming

(implicitly or explicitly) that the real exchange rate between two countries is on

average in parity when averaged over long periods.

There does exist some data that allow absolute price comparisons. Most famous

is The Economist’s Big Mac index. Of course, much of the cost of delivering a Big

Mac to the consumer is effectively nontraded (the rent, labor, local transport costs,

etc.). Most importantly, the index is only available at annual (or sometimes

semiannual) intervals. There are broader indices, especially the price indices that

serve as inputs to the Penn World Tables for comparing GNP across countries.

These indices are based on relatively broad surveys, but they are available at even

lower frequencies than the Big Mac index, with full benchmarking performed only

once every 5–6 years.

Recently, Broda and Weinstein (2008) have used high-frequency scanner data

that encompasses a wide range of goods in Canada and the United States. However,

their data is only available for a fairly limited time period (2002–2005), a period

during which there was relatively little fluctuation in the Canadian dollar/US dollar

exchange rate. Broda and Weinstein do present some evidence suggesting that

nonlinearities in convergence may be quite important, although limitations of their

data set prevent one from reaching any strong conclusions based on their results.

Finally, Steinsson (2008) argues that real exchange rate convergence is not

necessarily monotonic, and develops a simple framework in which there can be a

hump-shaped response trajectory for the real exchange rate in response to shocks.

For example, a positive shock to the real exchange rate may actually be reinforced

in early periods, with the real exchange rate rising even further before it finally

begins converging back to equilibrium.

Purchasing power parity, of course, is a theory of real exchange rates.

Convergence can take place either through differential inflation or exchange rates.

If the main channel is through differential inflation, then of course purchasing power

parity is not useful for predicting nominal exchange rates no matter how fast

convergence takes place. Rogoff and Stavrakeva (2008) test purchasing power
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parity as a predictor of the nominal exchange rate and find that while it outperforms

other simple macroeconomic models, its power remains quite limited.

Another important possible explanation of real exchange rate movements is the

Harrod–Balassa–Samuelson (HBS) model. HBS predicts that fast-growing countries

will experience appreciating real exchange rates. The logic is predicated on the

assumption that, as an empirical rule of thumb, fast-growing countries tend to have

especially high productivity growth in the traded-goods sector. This high-

productivity growth bids up wages throughout the economy, including in sectors

whose output is relatively nontraded. Since, by assumption, the prices of traded

goods are pinned down by world markets, the price of nontraded goods must rise

due to higher wage costs. The HBS model works quite well in explaining

differentials across countries with vastly different incomes. The model has much

less power in explaining real exchange rates within major income groups. So the

HBS theory is of relatively little help in predicting exchange rates across rich

countries.

3 Trade balance and the current account

Other than deviations from purchasing power parity, the next best variable for

predicting and explaining real exchange rate movements appears to be the current

account. An influential early paper emphasizing the cumulated current account as a

determinant of exchange rate movements is Hooper and Morton (1982), who

introduce the current account as an extension of the Dornbusch (1976) overshooting

model of exchange rates. See also Krugman (2007 and references from 1980s

literature). All of these papers basically take the current account exchange rate

relationship as an empirical regularity that presumably derives from trade

elasticities, but there is no explicit general equilibrium model. Obstfeld and Rogoff

(1996) introduce a model that simultaneously determines the current account and

the exchange rate, as do Ferrero et al. (2008), who supply a dynamic general

equilibrium version of the model developed in Obstfeld and Rogoff (2001). Most

recently, Gourinchas and Rey (2007) argue that a simple function of cumulated

current account variables has out-of-sample predictive power for the US dollar

trade-weighted exchange rate.

Although there is a broad consensus on the link between the current account and

real exchange rate, the empirical analysis is far less unified than is work on the real

exchange rate. The relationship is very model-dependent, and also quite dependent

on the kinds of shocks buffeting the real economy. Current account deficits and

surpluses can, of course, take place in a one-good world, so certainly it is possible to

have large surpluses and deficits without large exchange rate movements.

Nevertheless, Obstfeld and Rogoff make the case that for reasonable elasticities,

and assuming factors are not instantly mobile across sectors, current account

adjustment may often involve large exchange rate changes.

Since their model is illustrative, we repeat the version from Obstfeld and Rogoff

(2007) here. The model assumes two countries, and that output is determined by

endowment. The latter assumption is critical. In the classic Balassa–Samuelson
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model, it is assumed (quite unrealistically) that capital and labor can freely and

instantaneously flow between sectors, while here, the short-run real exchange rate

response depends on how consumers respond to changing endowments. The model

assumes that Home and Foreign produce differentiated tradable goods and each

country also produces a nontradable good. Nominal prices are completely flexible.

The Home consumption index depends on Home and Foreign tradables, as well as

domestic nontradables, and is of the form

C ¼ c
1
hC

h�1
h

T þ ð1� cÞ1
hC

h�1
h

N

h i h
h�1

;

where CN is nontradables consumption. CT is given by

CT ¼ a
1
gC

g�1
g

H þ ð1� aÞ1
gC

g�1
g

F

h i g
g�1

:

Above, CH is the Home consumption of Home-produced tradables, and CF is Home

consumption of Foreign-produced tradables. The Foreign country has a similar

consumption index except that a[ 1
2
, i.e., it prefers consumption of its own export

good. The parameter h is the constant elasticity of substitution between tradable and

nontradable goods, while g is the elasticity of substitution between domestically

produced and imported tradables.

In this endowment model, the real exchange rate is very sensitive to these key

elasticity parameters. Because production cannot respond quickly to shocks, the

entire burden of adjustment is borne by prices (and the exchange rate). The lower

these key parameters, the less demand responds to real exchange rate changes, and,

in general, the larger the real exchange rate changes needed to clear the market after

a shock.

The Home CPI is given by

P ¼ cP1�h
T þ ð1� cÞP1�h

N

� � 1
1�h;

where PN is the Home-currency price of nontradables, and PT, the price index for

tradables, depends on the local prices of Home- and Foreign-produced tradables, PH

and PF:

PT ¼ aP1�g
H þ ð1� aÞP1�g

F

h i 1
1�g

:

Foreign has an isomorphic nominal CPI and the Foreign index of tradable prices

can be represented similarly:

q ¼ eP�T
PT
�

cþ ð1� cÞðP�N=P�TÞ
1�h

h i 1
1�h

cþ ð1� cÞðPN=PTÞ1�h
h i 1

1�h

:

They go on to examine a number of different possible shocks to the model,

including global shifts in consumption (a change in the current account), technology

shocks to Home and Foreign production, as well as the effects of a rise in

government consumption (say, due to conducting a war). Obsteld and Rogoff

(2007), following their earlier work, show that for realistic parameters and plausible
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shocks, a significant shrinking of the outsized US current account (which has

hovered around 5–6% of GDP during the current decade) will lead to a sharp fall in

the real exchange rate. Although their model is not explicitly dynamic, they

simulate the effects of slower adjustment in the current account by considering

higher consumption elasticity parameters. If the adjustment in the current account is

slow enough (say, taking 15 years), then presumably capital and labor become

substitutable across sectors and the exchange rate effect is much weaker.

Although designed as a simulation model, the fit to the data of this simple model

is surprisingly good (Obstfeld and Rogoff 2007). The correlation, of course, in many

ways reflects the same well-known correlation between the current account and the

exchange rate that earlier empirical modelers such as Hooper and Morton (1982)

and Krugman (1985) had found.

An important recent paper on the relationship between the current account and

the real exchange rate is by Gourinchas and Rey (2007). They use a simple

accounting framework to develop a measure of the cumulated current account

normalized by income. Gourinchas and Rey argue that their model can even be used

to predict one quarter ahead changes in the trade-weighted and FDI-weighted

nominal exchange rates out-of-sample. In IMF (2006), the authors find that the

Gourinchas–Rey approach also has some power for other countries, but notably

less.1 Of course, given the dramatic 2008 rise in the dollar despite the US current

account deficit, it will be interesting to see how well this model continues to work in

the future.

In sum, the empirical exchange rate literature finds two variables that seem to

have the strongest and most robust relationship with the real exchange rate. The

most reliable, despite a number of caveats, particularly in its construction, is the

purchasing power parity relationship. Measures of the current account and

cumulated current account also have power, though it is far more model- and

country-specific. We now turn to nominal exchange rate forecasting.

4 Forecasting nominal exchange rates and the Meese–Rogoff (1983) result:
what is new?

Before turning to the more recent literature, we review Meese and Rogoff (1983a, b)

who first demonstrated the difficulty of using structural exchange rate models for

forecasting purposes. Meese and Rogoff’s paper, of course, drew on a fairly limited

data set, since the modern floating exchange period started only in the early 1970s.

Prior to that, the Bretton Woods system of fixed exchange rates prevailed across

Europe and Japan while Canada adopted a floating rate over much of this period.

(See Reinhart and Rogoff (2004) for a more careful description of exchange rate

regimes.)

The first tests of structural models during the floating-rate period, following

influential theoretical work by Dornbusch, Mussa and Frenkel, generally conclude

1 Gourinchas and Rey actually apply their forecasting model to the nominal exchange rate, but

forecasting the real exchange rate at very short horizons is essentially the same exercise.
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that structural models did a fairly credible job of explaining exchange rates in-

sample. The canonical model included variables such as long- and short-term

interest rates, outputs, money supplies, inflation rates and trade balances (and

perhaps other real shocks). Typically, the models were parsimoniously specified as

the difference between the home and foreign variables. Meese and Rogoff (1983a,

b) and most subsequent researchers have found that relaxing this constraint does not

make a large difference, although the results are not unanimous.

The standard empirical equation in the literature of the 1970s through early 1980s

generally took the semi-reduced form:

s ¼ a0 þ a1ðm� m�Þ � a2ðy� y�Þ þ a3ðis � i�s Þ þ a4ðpe � p�eÞ
þ a5

X
ðTB� TB�Þ þ u;

where ‘‘*’’ denotes the foreign country; s, m and y are the (log) exchange rate,

money supply and output; i is the short-term nominal interest rate; p is the expected

inflation rate; TB is the trade balance (or sometimes cumulated trade balance); and u
is a (possibly serially correlated) error term. Among the most influential and

important empirical papers were Frankel (1979), Hooper and Morton (1982), and

Frenkel (1976).

Meese and Rogoff (1983a) argued that it was important to test models not only

in-sample, but also out-of-sample, because—particularly with exchange rate

models—in-sample tests may obscure problems such as parameter instability and

model misspecification. Meese and Rogoff employed a host of alternative

estimation methodologies. These included OLS rolling regressions and instrumental

variable rolling regressions.2 In Meese and Rogoff (1983b), we experimented with

imposing a grid of parameter restrictions on the models instead of estimating them.

The parameters were largely drawn from simple theoretical and empirical money

demand specifications (which form the key ingredients of many of the models).

For the rolling regressions (actually, technically, these were recursive regres-

sions), the procedure involved estimating the model parameters using data available

up to the initial forecast period. The forecasts themselves, then, were generated

using actual realized values of the explanatory variables. Thus, the resulting

‘‘forecasts’’ are not true forecasts but measures of out-of-sample fit.

Remarkably, the models failed to outperform the random walk model, despite the

apparent advantage of using expost information (the realized values of the

explanatory variables). Meese and Rogoff (1983b) found this result to be true across

a wide grid of imposed parameters in which model predictions were constrained to

conform with theoretically imposed signs. There are, of course, a number of

alternative specifications of forecast quality, as we shall emphasize later below.

Meese and Rogoff considered both mean square forecast error as well as mean

absolute forecast error (the latter being a more robust measure in cases of time series

with ‘‘fat tails’’). Meese and Rogoff experimented with a variety of approaches for

dealing with parameter instability, ranging from employing more sophisticated time

series methods to trying to find ways to isolate out instability arising from the

2 Note that what Meese and Rogoff refer to as rolling regressions the literature now describes as

recursive; rolling would keep the sample size constant. This semantic distinction is not important here.
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underlying money demand specifications (which of course were quite unstable due

to financial deregulation and innovation).

Importantly Meese and Rogoff (1983a, b) also considered mechanisms for

incorporating lagged adjustment as well as serially correlated error terms. Thus, for

example, the one-year-ahead exchange rate forecast was allowed to reflect not only

actual realized ex-post values of the explanatory variables (the ‘‘fundamentals’’),

but also projected changes in u, the serially correlated error. Remarkably, the

models still did not outperform the random walk model.

In addition to structural models, Meese and Rogoff (1983a) also explored a broad

range of time series models. These included vector autoregressions as well as a

random walk with drift. None of these various time series models outperform the

random walk model. Meese and Rogoff also found that the random walk model

outperformed the forward rate (a version of what later became known as ‘‘the

forward premium’’ puzzle), but this result is not central to the main point, which is

the poor performance of structural models out-of-sample.

One important limitation of Meese and Rogoff’s (1983a) early analysis is that

they did not employ a statistical test of the difference in forecasting power between

the random walk model and the structural model. Thus they could not claim that the

random walk model was a better forecaster of exchange rates, only that it was not

worse; the RMSE for the random walk model were almost never larger across the

many experiments. (Meese and Rogoff (1988) do develop a formal test for

comparing model forecasts out-of-sample, although their assumptions are far more

restrictive than is required in more modern tests based on bootstrapping approaches,

see Rogoff and Stavrakeva (2008)). Meese and Rogoff (1983b) did find one

important positive result, namely that the models appeared to perform better than

the random walk at very long time horizons (over 2 years). This result was later

demonstrated much more carefully and convincingly by Mark (1995).

Until recently, the Meese and Rogoff results have remained surprisingly robust,

even after hundreds of further studies, 25 years more data, and the development of

far more sophisticated econometric techniques (Frankel and Rose 1995). Even the

post-1984 ‘‘Great Moderation’’, which has also led to slightly less volatile exchange

rates, does not appear to have made them all that much easier to explain (Cheung

et al. 2003).

Very recently, there has developed a literature claiming somewhat more positive

results, notably in Engel and West (2005, 2006), Engel et al. (2007), Molodtsova

and Papell (2008), and Gourinchas and Rey (2007). These and a number of other

papers are critically surveyed in Rogoff and Stavrakeva (2008). Rogoff and

Stavrakeva find that the new more positive results have some important caveats.

First, they show that a unifying feature of the new papers is that they rely on new

statistical tests that, in fact, implicitly are asking a slightly different question than in

the original Meese and Rogoff model. A good example is the important test due to

Clark and West (2006). The Clark–West test essentially argues that in comparing

the forecast error of a random walk model with that of a structural model, one must

take into account sampling variance in estimating the parameters of the structural

model. Their test thus makes an adjustment in favor of the structural model; indeed,

it is even possible (and sometimes the case in practice) that the random walk model
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has lower unadjusted mean square forecast error than the structural model, yet the

structural model is found to be a statistically significantly better forecast model.

Rogoff and Stavrakeva note that this statistical test assumes that the random walk

model is nested in the structural model. So the question being asked, essentially, is

this: Assuming the true model is a random walk model, can the null hypothesis be

rejected with the estimated structural model?

However, most practitioners and policymakers do not believe that the random

walk model is the true model. The model is simply used as a dummy for a frame of

reference to measure the forecast accuracy of the structural model. The question of

interest is, in fact, which approach gives a lower forecast error. If this is the question

being asked, then, as Rogoff and Stavrakeva (2008) show, the structural model’s

performance becomes much less impressive.

Rogoff and Stavrakeva duplicate the main results in the literature including a

number of new specifications of their own. In addition to the above-mentioned

statistical issue, they also find that claims of superior forecasting models are very

sensitive to the time period being examined. They develop a simple diagrammatic

approach to testing forecasting sensitivity to small perturbations in the sample (see

also Rossi 2006). Of all the models tested, the only one that appears robust to the

forecast sample is the current account model of Gourinchas and Rey (2007) (albeit,

as already noted, it remains to be seen how well the model works after the dramatic

late-2008 rise in the dollar). Although only one of the two weighted nominal

exchange rate models performs reasonably well over all sample periods, both the

trade- and FDI-weighted specifications outperform the driftless random walk over

part of the past two decades. Rogoff and Stavrakeva note that the Gourinchas–Rey

model applies to the trade-weighted exchange rate, which is far less volatile than the

bilateral exchange rates considered in most of the other literature. Thus, it is perhaps

not surprising that forecast relationships are somewhat more stable out-of-sample.

Nevertheless, it is impressive. Aside from the Gourinchas–Rey model, Rogoff and

Stavrakeva find that the purchasing power parity model outperforms more

sophisticated structural exchange rate models. They find considerably stronger

results when using panel methods that use multiple currencies simultaneously. This

is particularly the case after introducing a moving-average time dummy forecast

instead of a cumulative one as used in the earlier literature. Nevertheless, the results

are often sensitive to sample perturbations.

5 Summary

Forecasting nominal exchange rates remains a remarkably difficult task, despite the

proliferation of new floating currencies, the maturation of the floating rate period,

the deepening of financial markets, and the development of more sophisticated

econometric tests that make use of today’s more powerful computing possibilities.

Despite these advances, the basic results of Meese and Rogoff (1983a, b) stand up

remarkably well—it is still extremely difficult to forecast exchange rates. To the

extent that there is any forecasting power, the most promising models are those

based on purchasing power parity or the current account, although it must be noted
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that these mainly predict the real exchange rate, rather than the nominal exchange

rate. Thus, some of the adjustment takes place in prices. Finally, it should be noted

that panel methods help in exchange rate forecasting, albeit mainly by allowing

better estimation of nonstructural factors such as shift parameters.
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