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I. Zntroduction 

FIRST ARTICULATED by scholars of the 
Salamanca school in sixteenth cen-

tury Spain,l purchasing power parity 
(PPP) is the disarmingly simple empiri- 
cal proposition that, once converted to a 
common currency, national price levels 
should be equal. The basic idea is that if 
goods market arbitrage enforces broad 
parity in prices across a sufficient range 
of individual goods (the law of one 
price), then there should also be a high 
correlation in aggregate price levels. 
While few empirically literate econo-
mists take PPP seriously as a short-term 
proposition, most instinctively believe in 
some variant of purchasing power parity 
as an anchor for long-run real exchange 
rates. Warm, fuzzy feelings about PPP 
are not, of course, a substitute for hard 
evidence. 

There is today an enormous and ever- 
growing empirical literature on PPP, one 
that has arrived at a surprising degree of 
consensus on a couple of basic facts. 
First, at long last, a number of recent 
studies have weighed in with fairly per- 
suasive evidence that real exchange rates 

See Lawrence H. Officer (1982, ch. 3) for an 
extensive discussion of the origins of PPP theory; 
see also Dornbusch (1987). 

(nominal exchange rates adjusted for dif- 
ferences in national price levels) tend to- 
ward purchasing power parity in the very 
long run. Consensus estimates suggest, 
however, that the speed of convergence 
to PPP is extremely slow; deviations ap- 
pear to damp out at a rate of roughly 15 
percent per year. Second, short-run de- 
viations from PPP are large and volatile. 
Indeed, the one-month conditional vola- 
tility of real exchange rates (the volatility 
of deviations from PPP) is of t h e  same 
order of magnitude as the conditional 
volatility of nominal exchange rates. 
Price differential volatility is surprisingly 
large even when one confines attention 
to relatively homogenous classes of 
highly traded goods. 

The purchasing power parity puzzle 
then is this: How can one reconcile the 
enormous short-term volatility of real ex- 
change rates with the extremely slow 
rate at which shocks appear to damp 
out? Most explanations of short-term ex- 
change rate volatility point to financial 
factors such as changes in portfolio pref- 
erences, short-term asset price bubbles, 
and monetary shocks (see, for example, 
Maurice Obstfeld and Rogoff forthcom- 
ing). Such shocks can have substantial ef- 
fects on the real economy in the pres- 
ence of sticky nominal wages and prices. 
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Consensus estimates for the rate at 
which PPP deviations damp, however, 
suggest a half-life of three to five years, 
seemingly far too long to be explained by 
nominal rigidities. It is not difficult to 
rationalize slow adjustment if real 
shocks-shocks to tastes and technol-
ogy-are predominant. But existing 
models based on real shocks cannot ac- 
count for short-term exchange rate vola- 
tility. 

Section 2 gives a brief account of the 
purchasing power parity doctrine's em-
pirical origins. In Section 3, I consider 
some of the various ways in which PPP 
can be construed; the alternative ap-
proaches to defining PPP bring out many 
of the main issues and problems underly- 
ing testing and implementation. Section 
4 looks at the startling empirical failure 
of the law of one price, a central building 
block of PPP that posits that similar 
goods should sell for similar prices across 
countries. Most economists recognize 
that there are frequent violations of the 
law of one price, but those not familiar 
with recent research will probably be 
stunned by the pervasiveness of the dis- 
parities. Indeed, some recent studies 
have shown that price differentials across 
countries for very similar consumer 
goods are typically more volatile than 
price differentials within a country for 
very dissimilar goods. 

Section 5 looks at a spate of recent 
studies that have finally relieved re-
searchers of the embarrassment of not 
being able to reject the random walk 
model for real exchange rates. Section 6 
looks at some modifications to purchas- 
ing power parity that are often used in 
practice and asks under what circum-
stances they provide a better model of 
the long-run real exchange rate. This 
section includes evidence on Bela 
Balassa's (1964) and Paul Samuelson's 
(1964) hypothesis that prices for non-
traded goods tend to be high in rich 

countries relative to poor ones. I also 
consider differentials in government 
spending and current account imbal-
ances as variables that affect medium- to 
long-term deviations from PPP. Section 
7 discusses some recent vector autore- 
gression work that aims to decompose 
the shocks underlying real exchange rate 
changes. 

In the final, concluding, section, I ar- 
gue that it is difficult to explain the vola- 
tility and persistence of PPP deviations 
without recognizing that international 
goods markets are not yet nearly as 
highly integrated as domestic goods mar- 
kets. 

2. 	Gustav Cassel and the Birth of PPP 
as an Empirical Tool 

The modern origins of purchasing 
power parity trace to the debate on how 
to restore the world financial system af- 
ter its collapse during World War I. 
Prior to war, most countries adhered to 
the gold standard, in which their curren- 
cies were convertible to gold at fixed 
parities. The exchange rate between two 
currencies then simply reflected their 
relative gold values. After the outbreak 
of World War I ,  however, maintaining 
the gold standard became impossible as 
speculators became justifiably concerned 
that countries would devalue their cur-
rencies in an effort to gain seignorage 
revenues; the gold standard was quickly 
abandoned. When the war ended, coun- 
tries faced the very real problem of de- 
ciding how to reset exchange rates with 
minimal disruption to prices and govern- 
ment finances. Simply returning to pre- 
war exchange rates made no sense be- 
cause the various belligerents had such 
vastly differing inflation experiences dur- 
ing the war. 

In a series of influential articles, the 
Swedish economist Gustav Cassel (1921, 
1922) promoted the use of PPP as a 
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means for setting relative gold parities. 
Basically, he proposed calculating cumu- 
lative CPI inflation rates from the begin- 
ning of 1914 and using these inflation 
differentials to calculate the exchange 
rate changes needed to maintain PPP. 
Though purchasing power parity had 
been discussed previously by classical 
economists such as John Stuart Mill, Vis- 
count Goschen, Alfred Marshall, and 
Ludwig von Mises, Cassel was really the 
first to treat PPP as a practical empirical 
theory. Cassel's writings were quite in- 
fluential and PPP calculations played an 
important role in the debate over Brit-
ain's much-criticized decision to try to 
restore its prewar mint parity with the 
dollar in 1925; see John Maynard Keynes 
(1932) and Officer (1976a). 

Today, various versions of purchasing 
power parity are used in a wide range 
of applications: from choosing the right 
initial exchange rate for a newly in-
dependent country, to forecasting 
medium- and long-term real exchange 
rates, to trying to adjust for price differ- 
entials in international comparisons of 
income. 

3. Variants of PPP 

Before proceeding any further, it is 
useful to review some of the alternative 
variations of PPP that are used in prac- 
tice. Though the technical minutiae of 
PPP definitions may seem mundane, 
they in fact are central to many of the 
practical questions surrounding imple- 
mentation of purchasing power parity. 
Ultimately, there is no "right" PPP mea- 
sure; the appropriate variation of PPP 
depends on the application. 

A. The Law of One Price 

The basic building block for any vari- 
ation of purchasing power parity is the 
so-called "law of one price" (LOP). The 

law of one price states that for any 
good i: 

where Pi is the domestic-currency price 
of good i ,  P? is the foreign currency 
price, and E is the exchange rate, de- 
fined as the home-currency price of for- 
eign currency. Simply put, LOP states 
that once prices are converted to a com- 
mon currency, the same good should sell 
for the same price in different countries. 
Needless to say, the law of one price 
holds mainly in the breach. Tariffs, 
transportation costs, and nontariff barri- 
ers drive a wedge between prices in dif- 
ferent countries with the size of the 
wedge depending on the tradability of 
the good. 

Consider, for example, McDonald's 
"Big Mac" Hamburgers, which clearly do 
not transport very well in their final 
form. True, some components of Big 
Macs, such as the frozen beef patty and 
special sauce ingredients, are highly 
traded. On the other hand, restaurant 
space and local labor inputs needed to 
cook and serve the burgers are essen-
tially nontraded. As Table 1 illustrates, 
Big Mac prices are widely disparate 

TABLE 1 
RELATIVE OF BIG MACS PRICES 
ACROSSSELECTEDCOUNTRIES 

Country Price of Big Mac (in Dollars) 

Switzerland 5.20 
Denmark 4.92 
Japan 4.65 
Belgium 3.84 
Germany 3.48 
United States 2.32 
Canada 1.99 
Russia 1.62 
Hong Kong 1.23 
China 1.05 

Source: The Economist, Apr. 15,1995 
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TABLE 2 

THELAW OF ONE PRICE FOR GOLD 


Dollar Price 
Country of One Troy Ounce 

Hong Kong (late) 379.35 
London (late) 379.25 
Paris (afternoon) 378.81 
Frankfurt (fixing) 378.87 
Zurich (late afternoon) 379.10 
New York 379.10 

Source: The New York Times, Feb. 24,1995 

across countries, with prices ranging 
from $5.20 in Switzerland at the high 
end to $1.05 in China at the low end. 

There are, of course, a number of 
other reasons for Big Mac price differen- 
tials besides nontradable inputs. Some 
countries' prices include value-added 
taxes, whereas others do not. Profit mar- 
gins may differ across locations depend- 
ing on competition. Finally, cognoscenti 
will know that there are subtle interna- 
tional differences in how Big Macs are 
bundled. In the United States and Can- 
ada, ketchup for the hamburger is free, 
but in Italy and Holland, it costs roughly 
fifty cents extra; the choice of milk shake 
flavors to accompany the meal also dif- 
fers regionally. 

For some highly traded commodities, 
the law of one price does hold very well, 
as Table 2 illustrates for the case of gold. 
As we shall see later, however, commodi- 
ties where the deviations from the law of 
one price damp out very quickly are the 
exception rather than the rule. 

B. 	Absolute and Relative Purchasing 
Power Parity 

Big Mac price deviations and gold 
price arbitrage are interesting and enter- 
taining. Policy makers and practitioners 
typically, however, require a broader 

measure of international price differen- 
tials; purchasing power parity measures 
are designed to provide this. Absolute 
(CPI) purchasing power parity requires: 

where the sums are taken over a con-
sumer price index. An obvious question 
is which consumer price index: home or 
foreign? Purchasing power parity com-
parisons raise all the usual kinds of index 
number problems one faces when mak- 
ing comparisons across different coun-
tries. With time series data, the prob- 
lems are exacerbated as one must worry 
about how to handle the introduction of 
new goods, shifting consumption weights 
within a country, etc. 

The biggest problem with trying to im- 
plement absolute purchasing power par- 
ity, however, is that very little data is 
available for measuring it. First, govern- 
ments do not construct indices for an in- 
ternationally standardized basket of 
goods. Although the U.S. and German 
consumer price index and producer price 
index are conceptually quite similar, they 
are still constructed somewhat differ-
ently and the basket weights are not the 
same in any event. Second, government 
price data comes in the form of indices 
relative to a base year, say 1990 equals 
100. Because the indices give no indica- 
tion of how large absolute PPP devia- 
tions were for the base year, one must 
either assume that absolute PPP held on 
average over some base period (as 
Cassel, 1921, recommended), or else 
limit attention to relative (CPI) PPP, 
which requires that: 

where t subscripts denote time. Relative 
PPP requires only that the rate of growth 
in the exchange rate offset the differen- 
tial between the rate of growth in home 
and foreign price indices. Interpreting 
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Figure 1. Mexican Peso/CT.S.$ CPI real exchange rate, Jan. 1984May 1995 

Source:International Financial Statistics 

deviations of relative PPP can be very 
difficult. For example, during the early 
1990s, Mexico's real exchange rate ap-
preciated sharply, as illustrated in Figure 
1. Should investors and policy makers 
have concluded already by the early 
1990s that the peso was overvalued and 
thus anticipated its end-1994 collapse? 
Not necessarily. During the debt crisis of 
the mid-1980s, the real value of the peso 
had plummeted. As one can see from the 
diagram, with only relative PPP mea-
sures, one's assessment of the overvalu- 
ation of the peso is very sensitive to the 
base year chosen for comparison. 

C. Indices for Measuring Absolute PPP 

Economists have long recognized the 
problems with government price indices 
in making purchasing power parity com- 
parisons, and since the early 1950s, there 
have been a number of attempts to con- 
struct measures of absolute PPP. Milton 

Gilbert and Irving Kravis (1954), for ex- 
ample, developed price level measures 
for common baskets of goods across the 
U.S., U.K., France, Germany, and Italy; 
see also Gilbert and Associates (1958). 
In recent years, the endeavor to develop 
absolute PPP measures has culminated 
in the influential research of Robert 
Summers and Alan Heston (1991), who 
together with colleagues have con-
structed estimates covering a much 
broader range of years and countries. We 
will present some results from their "In- 
ternational Comparison Programme" 
(ICP) data set later on. Unfortunately, 
available absolute PPP measures such as 
the ICP data set still have a number of 
limitations that make it impossible for 
them to fully supplant standard govern- 
ment indices in empirical and policy re- 
search. The main problem is that ICP 
data are gathered infrequently (bench- 
mark surveys are available only at five- 
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year intervals beginning in 1970) and 
country coverage is limited (the number 
of benchmark countries rose from 16 in 
1970 to 56 in 1985.) For non-benchmark 
years and countries, data is filled in 
largely by extrapolation. There is also a 
long lag between the time the data is 
gathered and the time it can be made 
widely available. Monthly government 
price indices are, of course, generally 
available on a much more timely basis.2 

4. Empirical Evidence on the Law of 
One Price 

Study after study has found that devia- 
tions from the law of one price are re- 
markably volatile across a surprisingly 
broad range of goods. Generally speak- 
ing, relative nominal prices are far less 
volatile than exchange rates. Among the 
early studies to document the size and 
volatility of LOP deviations across seem- 
ingly highly traded goods were Peter Is- 
ard (1977) and J. David Richardson 
(1978). Isard examined disaggregated 
data (including transactions price data) 
on U.S., German, Canadian, and Japa- 
nese exports for a range of highly traded 
goods, such as apparel, industrial chemi- 
cals, paper, and glass products. He found 
that deviations from the law of one price 
are large, persistent, and to a significant 
extent simply reflect nominal exchange 
rate movements. Richardson, looking at 
4- and 7-digit SIC (standard industrial 
classification) categories finds some evi- 
dence of commodity price arbitrage be- 
tween the United States and Canada, but 
the arbitrage is far from perfect. Using 
an even more disaggregated data set on 
transactions prices for the United States 
and Japan, Alberto Giovannini (1988) 
finds sharp price differentials not only in 

2 In principle, it should be possible to combine 
the use of absolute and relative PPP measures to 
obtain more up-to-date measures of absolute PPP 
deviations but this issue has not yet been exam-
ined systematically. 

relatively sophisticated manufacturing 
goods, but even in "commodity manufac- 
tures" such as screws, nuts, and bolts. 
Corroborating Isard's and Richardson's 
results, he finds that LOP deviations are 
highly correlated with exchange rate 
movements. 

Perhaps the most convincing evidence 
of this type is provided by Michael M. 
Knetter (1989, 1993), who looks at 7-
digit export unit values from a single 
source to multiple destinations. He 
finds, for example, large volatile differ- 
entials in the price of German beer 
shipped to the United States as opposed 
to the United Kingdom. 

A. 	International versus Intra-national 
Price Volatility 

A skeptic might point out that one can 
find price differentials for basic goods at 
neighboring supermarkets, or even at 
different stalls in the same market place. 
Maybe the large and volatile price differ- 
entials one observes across countries are 
no different than one would observe 
across cities within the same country. A 
recent study by Charles Engel and Ro- 
gers (1995), however, shows convincingly 
that this is not the case.3 They examine 
data on 14 categories of disaggregated 
consumer price indices for 23 cities in 
the United States and Canada. Within a 
country, the relative price of the same 
good across two cities does appear to be 
a function of the distance between them. 
But even after controlling for distance, 
there remains a dramatic difference in 
relative price volatility when one com-
pares two cities on opposite sides of the 
border versus two cities on the same side 
of the border. The "border" effect on 
relative price volatility is equivalent to 
adding anywhere between 2,500 to 
23,006 miles between cities, depending 

3 For earlier work on comparisons of price dif- 
ferentials across cities and countries, see Commis- 
sion of the European Communities (1990). 
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on the specification. Rogers and Michael 
A. Jenkins (1995) find that not only are 
relative price differentials for similar 
goods more volatile across borders, they 
are also more persistent. 

Just how volatile are deviations from 
the law of one price compared to the 
general variability of relative prices 
within the economy? Engel (1993) offers 
a dramatic comparison. Looking at data 
for the U.S. and Canada, Engel con-
structs one-month conditional variances 
for relative prices of a large number of 
similar goods (such as apples, men's 
clothing, fuel) across borders, and com- 
pares them with the volatility of relative 
prices of dissimilar goods within a coun- 
try's border. (He separates anticipated 
from unanticipated price movements us- 
ing simple autoregressions to proxy price 
expectations.) Strikingly, Engel finds 
that with few exceptions in over 2,000 
painvise comparisons, the relative prices 
of very similar goods across the U.S. and 
Canada are much more volatile than the 
relative prices of very different goods 
within either country. 

B .  	The Volatility of Law of One Price 
Deviations i n  the 20th Century 
Versus Earlier Ones 

A historical perspective on the volatil- 
ity of international price deviations is of- 
fered by Kenneth A. Froot, Michael 
Kim, and Rogoff (1995), who look at an- 
nual data on prices for grains and dairy 
products in Holland and England over a 
period spanning the fourteenth through 
the twentieth centuries. We find that 
the volatility of deviations from the law 
of one price, even among highly traded 
goods such as grains, has been remark- 
ably stable over the centuries. This re-
sult appears to be quite robust to the 
choice of detrending methods and to 
how one controls for the effects of 
plagues and wars. It would thus appear 
that any explanation of the PPP puzzle 

must not rely too heavily on institutional 
factors peculiar to the twentieth cen-
tury 

C. 	Possible Frictions: Transportation 

Costs, Tariffs, Nontariff Barriers, 

Pricing t o  Market 


How is it possible that goods market 
arbitrage does not force closer conver-
gence of international prices? One small 
part of the answer, of course, is that 
transportation costs permit some wedge 
between domestic and foreign prices.4 
A crude estimate of international ship- 
ping costs can be obtained by comparing 
the value of world exports exclusive of 
transportation and insurance costs (the 
"fob" value) with the value of world im- 
ports inclusive of transportation and in- 
surance (the "cif' value). In the Interna- 
tional Monetary Fund's Direction of 
Trade Statistics (Dec. 1994), this differ- 
ence is estimated to be approximately 10 
percent with of, course, large variations 
across countries. A second factor is that 
many goods thought of as being highly 
traded in fact contain significant non-
traded components. This is true particu- 
larly at the consumer price level. Ba- 
nanas in the supermarket embody not 
only traded bananas, but also imputed 
rent (on the building), local shipping 
costs, labor in the supermarket, taxes, 
and insurance. Even at the wholesale 
level, bananas delivered on the dock may 
contain a large labor and insurance com- 
ponent. 

Obviously, tariffs can create deviations 
from PPP, though world tariff levels 
have been falling steadily over the last 
several decades. In addition to tariff 
wedges, one must also consider nontariff 
barriers. For example, some countries 
impose strict inspection requirements on 

"or a discussion of the effects of transporta- 
tion costs on trade, see Jeffrey A. Frankel, Ernesto 
Stern, and Shang-Jin Wei (1995). 
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food imports. These requirements can 
add large spoilage costs to fruit and 
vegetable shippers when they are forced 
to spend days waiting for their goods to 
be inspected. Knetter (1994) has argued 
that nontariff barriers are quite impor- 
tant empirically in explaining deviations 
from PPP. He presents evidence that 
German exporters charge higher prices 
to Japan across a broad range of goods, 
and argues that this is evidence that high 
retail prices in Japan are due to high 
nontariff barriers rather than an ineffi-
cient distribution system. With nontariff 
barriers, exporters will charge higher 
prices on sales to Japan in order to cover 
costs of surmounting the barriers, and to 
gain some of the rents associated with 
limited supply. 

There are also some classes of goods, 
such as automobiles and many types of 
electronics, where international arbi-
trage is difficult or impossible. This may 
be due to differing national standards 
(e.g., 220 volt lamps are not popular 
items in the U.S., and left-hand-side 
drive cars are not popular in Japan.) 
Also, monopolistic firms can sometimes 
limit international arbitrage of prices by 
refusing to provide warranty service in 
one country for goods purchased in an- 
other. To the extent that prices cannot 
be arbitraged, then of course producers 
can price discriminate across the differ- 
ent international markets. Paul Krugman 
(1987) refers to such price discrimina- 
tion as "pricing to market." Knetter 
(1989, 1993), using German export data, 
finds that pricing to market is important 
across a surprisingly large range of 
goods; see also Kenneth Kasa (1992). 
For surveys of the pricing to market lit- 
erature, see Robert P. Feenstra (1995) 
and Froot and Rogoff (1995). 

Overall, it is hard to read the empirical 
evidence without concluding that outside 
a fairly small range of various homoge- 
nous goods, short-run international arbi- 

trage has only a limited effect on equat- 
ing international goods market prices. 

5. Long-run Convergence to PPP 

Given the abject failure of the law of 
one price in microeconomic data, it is lit- 
tle wonder that tests based on aggregate 
price indices overwhelmingly reject pur- 
chasing power parity as a short-run rela- 
tionship. Jacob A. Frenkel (1978) does 
find some support for PPP on hyperinfla- 
tion data, which is not surprising given 
the overwhelming predominance of 
monetary shocks in such environments. 
But test after test has rejected purchas- 
ing power parity for more stable mone- 
tary environments; see, for example 
Frenkel (1981) or Krugman (1978). 

Figure 2, which presents monthly 
movements in the relative (log) CPI lev- 
els of the U.S. and Germany together 
with the (log) DM/dollar exchange rate, 
shows why. As the figure illustrates, the 
variance of floating nominal exchange 
rates is an order of magnitude greater 
than the variance of relative price indi- 
ces. (Very similar results obtain for pro- 
ducer price indices.) Short-term nominal 
exchange rate movements are, of course, 
notoriously difficult to explain even ex 
post; see for example, Richard Meese 
and Rogoff (1983), and Frankel and An- 
drew Rose (1995a). 

The failure of short-run PPP can be 
attributed in part to stickiness in nomi- 
nal prices; as financial and monetary 
shocks buffet the nominal exchange rate, 
the real exchange rate also changes in 
the short run. This is the essence of 
Dornbush's (1976) overshooting model 
of nominal and real exchange rate vola- 
tility. If this were the entire story, how- 
ever, one would expect substantial con- 
vergence to PPP over one to two years, 
as wages and prices adjust to a shock. As 
we shall see, the evidence suggests this is 
not the case. 
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Figure 2. DM/U.S.$ exchange rate and ratio of German to U.S. CPIs, Jan. 1972-May 1995 

Source: International Financial Statistics 

A. 	The  Embarrassing Resiliency 
o f  the  Random W a l k  Model 

~ n d e e ~ ,  many researchersfor years 
found it difficult to reject the hypothesis 
that niajor-country real exchange rates 
follow a random walk under floating ex- 
change rate regimes. That is, they found 
it difficult to prove that there was any  
convergence toward PPP in the long 
run.5 Early tests include Richard Roll 
(1979), Michael Darby (1983), Michael 
Adler and Bruce Lehmann (1983), and 
Edison (1985). Later papers incorporat- 
ing now standard unit root tests include 
John Huizinga (1987), and Meese and 
Rogoff (1988). Tests using cointegration 
methods on modern floating rate data 
have also typically failed tou reject the 
random 
methods relax the assumption of long- 

5 For a technical discussion of the literature on 
testing long-run PPP, see Froot and Rogoff 
(1995). 

run homogeneity between relative prices 
and exchange rates; see Janice Boucher 
Rreuer 1994.) 

The difficulties researchers had in re- 
jecting a random walk model for PPP de- 
viations on modern floating rate data was 
something of an embarrassment. Every 
reasonable theoretical model suggests 
that there should be at least some tem- 
porary component to PPP deviations. 
Even if there are short-term rigidities in 
domestic nominal prices, for example, 
long-term monetary neutrality implies 
that any effects of money shocks on the 
real exchange rate (the nominal ex-
change rate adjusted for price differen- 
tials) should die out in the long run.6 

6Obstfeld and Rogoff (1995b) show that if 
monetary shocks have short-run real effects due to 
sticky prices, they may also lead to temporary cur- 
rent account imbalances that have long-run effects 
on the real exchange rate. The long-run effects 
should, however, be smaller in magnitude than the 
short-run effects. 
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B .  	Tests Based on Long-horizon 

Data Sets 


Frankel (1986, 1990) argued that the 
reason for failure to reject the random 
walk model of real exchange rates was a 
lack of power. He pointed out that if 
purchasing power parity deviations damp 
sufficiently slowly, then it may require 
many decades of data for one to be able 
to reliably reject the existence of a unit 
root (a random walk component) in real 
exchange rates. Therefore, Frankel con- 
cluded, one must look at longer data 
sets. Employing annual data for the dol- 
larlpound exchange rate for the period 
1869-1984, Frankel was able to reject 
the random walk hypothesis with stan-
dard Dickey-Fuller tests (see David 
Dickey and Wayne Fuller 1979). His 
point estimates yielded an estimated rate 
of decay for real exchange rate devia-
tions of 14 percent per year. implying a 
half-life for PPP deviations of 4.6 years.' 
(That is, the expected number of years 
for a PPP deviation to decay by 50 per- 
cent is 4.6 years.) Edison (1987) looked 
at dollarlpound data for the years 1890- 
1978 using an error-correction approach 
and obtained slightly weaker rejections, 
possibly because her sample was slightly 
shorter. Edison's and Frankel's papers, 
which mixed fixed and floating rate data, 
corroborated earlier results on fixed rate 
data given by Henry J .  Galliot (1970), 
Moon H. Lee (1976), and Milton Fried- 
man (1980). Galliot, for example, found 
evidence of convergence to PPP using 
data from eight countries across the 
years 1900-1967. These earlier papers, 
admittedly, did not incorporate modern 
unit root and error-correction methods 
for testing for random walks. 

During the 1990s, several more stud- 
ies of long-horizon PPP data sets have 

'Frankel runs regressions of the form yt = p 
qt-1 + ~t where q is defined as the real exchange 
rate. Thus his point estimate of annual data is .86. 

appeared, using a variety of different 
approaches (including variance ratios, 
fractional integration, cointegration and 
error-correction models). These long-
horizon data studies almost invariably 
tend to find evidence of mean reversion 
in real exchange rates. Niso Abuaf and 
Phillipe Jorion (1990), for example, used 
1901-1972 data for eight currencies, and 
found strong rejections of the random 
walk model. Their estimates suggest a 
half-life for PPP deviations of 3.3 years. 
Jack D. Glen (1992) finds similar results 
for nine bilateral rates over the years 
1900-1987. Further rejections of the 
random walk model include Francis X. 
Diebold, Steve Husted, and Mark Rush 
(1991), who looked at data from the gold 
standard period, with data samples rang- 
ing from 74 to 123 years. For exchange 
rates across the six countries in their 
sample, their findings suggest an average 
half-life of 2.8 years. James R. Lothian 
and Mark P. Taylor tested the random 
walk hypothesis on two centuries of data 
for the dollar-pound (1791-1990) and 
the franc-pound (1803-1990) exchange 
rates. They find strong evidence of mean 
reversion in both rates with an estimated 
half-life (for their full sample) of 4.7 
years for the dollar-pound and 2.5 years 
for the franc-pound rate. Another long- 
horizon study is Yin-Wong Cheung and 
Kon Lai (1994), who find evidence of 
mean reversion for real (WPI) rates 
across several countries for the period 
1900-1992. 

The consensus among these studies on 
the half-life of PPP deviations is remark- 
able (three to five years). Still, an obvi- 
ous caveat to the above results is that 
they blend fixed and floating rate data. 
As Michael Mussa (1986) forcefully dem- 
onstrated, real exchange rates tend to be 
more volatile under floating than under 
fixed exchange rates, and the econo-
metric implications of mixing data from 
the two regimes is unclear. One interest- 
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ing response to this criticism is offered 
by Lothian and Taylor (forthcoming). 
They show that if one uses a simple 
Chow test on a first-order autoregressive 
specification, one cannot reject the hy- 
pothesis that rate of convergence to PPP 
is the same before and after floating be- 
gan in 1973. Still, this is not ultimately as 
convincing as evidence from the floating 
rate period itself.8 

C. 	Tests of Convergence to  PPP based 
on Cross-Country Data Sets 

Aside from expanding the range of 
years covered, the other way to enhance 
the power of unit root tests is to expand 
the range of countries being considered. 
An early example is Craig Hakkio (1984), 
who jointly tests for a random walk in 
four industrialized-country exchange 
rates against the dollar. Despite the en- 
hanced power, Hakkio's test still failed 
to reject the random walk model. A spate 
of recent work, however, has had more 
success in finding mean reversion on 
cross-section floating-rate data. Frankel 
and Rose (1995b) examine a panel data 
set including annual data for the years 
1948-1992 for 150 countries. They are 
able to reject the random walk model 
handily even using only post-1973 float- 
ing data, provided a sufficiently broad 
cross-section of the countries is in-
cluded. Interestingly, their results 
strongly suggest an estimated half-life 
for purchasing power parity deviations of 

"root and Rogoff (1995) raise the further ca- 
veat that all the exchange rates used in the litera- 
ture are across pairs of countries which have had 
high incomes (relative to the rest of the world) 
throughout the sample period. This raises the 
question of whether PPP will hold across two 
countries with sharply differing growth experi- 
ences; see the discussion of the Balassa-Samuelson 
effect in Section 6 below. The present evidence 
that the Argentine 
terms against both t Keso has fasen shar ly in real 

e dollar and poundlsince the 
beginning of the twentieth centu 
one cannot reliably reject the ran 7om walk model 

, and find that 

even over more than 70 years of data. 

about four years, which is very much in 
line with estimates obtained in the long- 
horizon data. Other recent studies that 
obtain similar estimates of convergence 
include Robert P. Flood and Taylor 
(forthcoming) and Lothian (1994). 

One possible criticism of these results 
is that the findings of mean reversion 
tend to be much stronger when high in- 
flation countries are included. Given the 
predominance of monetary shocks in 
high inflation countries, the results may 
exaggerate the extent of convergence to 
PPP. 

Wei and avid C. Parsley (1995) ad- 
dress this problem by looking at post- 
1973 annual data for 14 OECD coun-
tries. They focus, however, only on 
"tradables." Following Jose De Gregorio, 
Giovannini, and Holger Wolf (1994), 
they define a good as tradable if the ratio 
of its exports to production, averaged 
over all 14 countries, is at least 10 per- 
cent. Wei and Parsely estimate half-lives 
for deviations from PPP in the range of 
4.75 years for non-European Monetary 
System countries and 4.25 years for real 
exchange rates across EMS countries. In 
addition, they find evidence of non-
linearity in mean reversion: the rate of 
convergence to PPP is faster when initial 
deviations are large. 

Another potentially important problem 
with existing cross-sectional tests has 
been raised by P. G. 07Conne11 (1996). 
O'Connell points out that the standard 
practice of calculating all real rates 
relative to the dollar can lead to cross- 
sectional dependence in time series 
panel data. Adjusting for this problem 
appears to make it more difficult to re- 
ject the random walk null. 

Overall, while there are some limita- 
tions to both the long-horizon and cross- 
section results on long-run convergence 
to PPP, the recent literature has reached 
a surprising degree of consensus: PPP 
deviations tend to damp out, but only at 
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the slow rate of roughly 15 percent per 
annum.9 In the next section, we try to 
reconcile this slow rate of convergence 
with some alternative theories of the fac- 
tors driving exchange rate movements 
and governing long-run real exchange 
rates. 

6. Modifications to PPP 

It is clear from Figure 1above that in 
the short run, nominal exchange rate 
movements lead to real exchange rate 
movements due to short-term nominal 
price rigidities. Over the longer term, 
however, deviations from purchasing 
power parity must be accounted for by 
real factors. In this section, I consider 
three modifications to long-run PPP 
that have been advanced in the litera- 
ture. 

A. The Balassa-Samuelson Hypothesis 

The first and most important model of 
long-run deviations from PPP was ad-
vanced more than 30 years ago by 
Balassa (1964) and Samuelson (1964). 
They argued that empirically, when all 
countries' price levels are translated to 
dollars at prevailing nominal exchange 
rates, rich countries tend to have higher 
price levels than poor countries. The rea- 
son for this phenomenon, they conjec- 
tured, is not simply that rich countries 
have higher absolute productivity levels 

9 In an entertaining paper, Robert Cumby 
(1993) tests for PPP convergence using 1987-1993 
data on up to 25 countries for the Economist 
magazine's "Big Mac" index (therefore he is able 
to test for convergence to absolute PPP and not 
just relative PPP). Cumby not on1 rejects the 

resence of unit roots, but he f i n 2  remarkably 
ettle persistence in the data, with only 30 percent 
of hamburger price deviations rrs is t ing from one 
year to the next. One possi le factor is that 
Cumby's data includes some hyperinflation coun-
tries (where PPP works best) and another is that 
"peso" problems (infrequent discrete devalu-
ations) may lead to understated standard errors 
iven the relatively short time span of the data set ?see Karen Lewis 1995). 

than poor countries, but because rich 
countries are relatively more productive 
in the traded goods sector. Nontraded 
goods tend to be more service intensive 
and there is thus less room for estab- 
lishing technological superiority. Cer-
tainly, if one looks at historical data 
across most industrialized countries, 
technological progress in service-inten- 
sive goods (education, health, insurance, 
etc.) has been slower than for manufac- 
tures, which tend to be more traded; see, 
for example, William Baumol and Wil- 
liam Bowen (1966). 

Consider how a rise in traded goods 
productivity affects a small country's 
overall consumer price level. For the 
moment it is simplest to think of the case 
where the nominal exchange rate is 
fixed. The rise in productivity will have 
no effect on prices in the (assumed com- 
petitive) traded goods sector, because 
the domestic price level is tied down by 
the world price level and the exchange 
rate. Therefore, wages in the traded 
goods sector must rise. But if there has 
been no corresponding increase in pro- 
ductivity in the nontraded sector then, 
to be able to match higher wages in 
the production of tradables, nontraded 
goods producers must raise their prices. 
With one component of the CPI con-
stant and the other higher, the country's 
overall price level must rise.10 Note that 
if the country were to experience an 
equal rise in both traded and nontraded 
goods productivity, its wage rate would 
also rise but there would be no relative 
price effect. Therefore, there would 
be no effect on the real exchange rate. 
The reader can easily check that the 
same basic argument holds, for real vari- 
ables, under flexible as well as fixed 
rates. 

10 See Rogoff (1992) for a theoretical exposition 
of the Balassa-Samuelson effect within the context 
of a dynamic model; see also Obstfeld and Rogoff 
(forthcoming, ch. 4). 
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TABLE 3 
ICP MEASURES OF ABSOLUTEPURCHASING PARITYPOWER VERSUS 

PER CAPITA GDP 

Per Capita GDP Relative Price Level Relative 
Country to the United States to the United States 

United States 
Canada 
Germany 
Japan
France 
United Kingdom 
Italy 
Spain 
Taiwan 
Venezuala 
Mexico 
Brazil 
Poland 
Turkey 
Thailand 
Argentina 
Columbia 
South Africa 
Algeria 
China 
Peru 
Morocco 
Indonesia 
Philippines 
E a P t  
Pakistan 
Bangladesh 
India 
Sudan 
Kenya 
Nigeria 

Source: Penn World Tables, Mark 5.6; see Summers and Heston (1991) for a de- 
scription of the data. 

A related theory that also predicts that a higher capital-labor ratio, rich coun-
rich countries will have higher exchange- tries will have higher wage rates, pro- 
rate adjusted price levels than poor vided initial endowment disparities are 
countries is due to Kravis and Robert sufficiently large that factor price equal- 
Lipsey (1983), and Jagdish Bhagwati ization does not obtain. Assuming then 
(1984). Their theory depends on the as- that labor is relatively cheap in poor 
sumption that capital-labor ratios are countries and that nontradables are labor 
higher in rich countries (because of im- intensive, we again arrive at the result 
perfect capital mobility) rather than the that when measured in a common cur-
assumption that rich countries are rela- rency, price levels will be higher in 
tively more productive in tradables. With richer countries. 
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Figure 3. Price Level versus G D P  per  capita (U.S. = 1) 1990 log(Pj/Pu.,,) = 0.035 i- 0.366 log(Yj/Yu,,,) 
(0.090) (0.042) 

Source: The  Penn World Table, Aug. 1994 

B. The Mixed Evidence where Pi/Pu,s,is the price level of coun-
on the Balassa-Samuelson Effect try j relative to the United States, and 

Yj /Yu ,s , is country j's relative income 
How does the Balassa-Samuelson level; standard errors are in parentheses. 

lnodel e m ~ i r i c a l l ~ ?In 3, Inspection of the figure also indicates 
we list real incomes and price levels for that whereas the relationship between 
selected countries from the ICP data set, income and prices is quite striking over 
discussed in Section 3 above. Figure 3 the full data set, it is far less impressive
draws on the same data set. Each point when one looks either at the rich (in-
in the figure represents an individual dustrialized) countries as a group, or at 
countr~ ' s  GDP and price level developing countries as a group, Regres-
relative to the United States for the year sion evidence confirms this observa-
1990. It is clear from the figure that tion.ll 
there is a positive relationship between A related prediction of the Balassa-
'OuntrY income and prices. A Samuelson model is that fast-growing
logarithmic regression over the 100 ob- countries will tend to see their real 
servations yields exchange rates appreciate and vice 

versa for slow-growing countries. Again,
log Pj /Pu,s,  = 0.035 the logic is based on the assumption

(0.090) 
11For a more detailed test of the  Balassa-Sa-

+ 0'366 logYjNu,s. + uj, R" 00.42 muelson model on the  ICP  data set, see Heston,
(0.042) Daniel A. Nuxoll, and Summers (1994). 
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Figure 4. Yen/U.S.$ CPI and WPI based real exchange rates: Jan. 1960-Apr. 1995 
Source:International Financial Statistics 

that, empirically, the traded goods sec- 
tor is the main locus for productivity 
improvements in fast-growing coun-
tries.12 

The canonical time series example of 
the Balassa-Samuelson effect is Japan, 
which has ex~erienced the fastest overall 
per capita income growth of any major 
country since World War 11. Figure 4 
documents the sustained appreciation in 
Japan's real exchange rate against the 
dollar, which holds whether one uses 
CPIs or WPIs. (For the U.S., the closely 
related PPI is used in place of the WPI, 

12 Officer (1976b) questions the basic em irical 
premise that fast-growing countries ex-
perience extra-rapid productivity growth in the 
traded-goods sector. One might also ask whether 
the effect, even if it has existed in the past, might 
be mitigated during the coming centua, as tech- 
nological advances sharply improve pro uctivity in 
many service sectors such as banking and insur- 
ance. 

and both CPIs exclude food costs.) Two 
further pieces of evidence support the 
view that the appreciation of the real yen 
is due to an exceptionally large differen- 
tial between productivity growth in the 
traded and nontraded goods sectors. One 
is the divergence between the real CPI 
yen-dollar rate and the real WPI yen- 
dollar rate. Ronald I. McKinnon (1970) 
argued that because WPIs contain a 
much higher proportion of traded goods 
than CPIs (as also noted by Keynes 
1932), one would expect the Balassa- 
Samuelson effect to be much more no- 
ticeable when real exchange rates are 
measured by CPIs rather than WPIs. As 
Figure 4 illustrates, this is indeed the 
case. Even more direct evidence is pro- 
vided by Richard C. Marston (1987), 
who calibrates a model of the real yen- 
dollar rate using disaggregated OECD 
data. He finds that sectoral productivity 
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differentials can quantitatively explain 
the trend rise in the yen. 

Unfortunately, whereas the Balassa-
Samuelson effect seems to work quite 
well for the yen-dollar rate, it does not 
appear to work as convincingly for other 
industrialized-country exchange rates.13 
Froot and Rogoff (1991), for example, do 
not find any significant effect for traded 
growth differentials across EMS coun-
tries for the years 1979-1990. Similar 
findings are obtained by Patrick Asea 
and Enrique Mendoza (1994), who apply 
a general equilibrium model to disaggre- 
gated sectoral data for 14 OECD coun- 
tries over the years 1975-1990. Their 
model incorporates adjustment costs to 
moving factors across sectors. They find 
that the sectoral differences in produc- 
tivity growth help explain the trend rise 
in service prices within OECD countries, 
but have much less power in explaining 
the relative price of nontraded (versus 
traded) goods across countries. 

However, in an interesting recent pa- 
per based on the same disaggregated 
OECD data, De Gregorio, Giovannini, 
and Wolf (1994) obtain results more sup- 
portive of the Balassa-Samuelson effect 
(see also De Gregorio, Giovannini, and 
Thomas Krueger 1994). They regress the 
real exchange rate on productivity differ- 
entials across the traded and nontraded 
goods sectors, using a specification care- 
fully derived from a small-country model 
with open capital markets and perfect 
factor mobility. Their model allows for 

13 David Hsieh (1982) does find some evidence 
in favor of the Balassa-Samuelson model using 
time series data for both Germany and Japan, as 
does Obstfeld (1993). Hsieh's results may be 
somewhat sensitive to his inclusion of the real 
wage differential, which is closely correlated with 
the real exchange rate, as a right-hand-side vari- 
able. For Norway and the United Kingdom, 
Edison and Jan T. Klovland (1987) look at data for 
the years 1874 to 1971 and find that output growth 
rates and terms of trade shocks (which they treat 
as shocks to traded-goods roductivity) are signifi- 
cant factors in explaining &viations from PPP. 

disequilibrium dynamics but does not ex- 
plicitly incorporate adjustment costs. Re- 
solving the differences across these vari- 
ous recent studies will require further 
research. 

Finally, De Gregorio and Wolf (1994) 
attempt to decompose short-term real 
exchange rate movements into the com- 
ponent caused by changes in the relative 
price of nontraded goods (the Balassa- 
Samuelson effect), and changes in the 
relative price of traded goods (changes 
in the terms of trade). They find that 
terms of trade shifts account for a very 
substantial component of real exchange 
rate movements, suggesting that if the 
Balassa-Samuelson effect is important, it 
is only over longer-term horizons. 

Overall, there is substantial empirical 
support for the Balassa-Samuelson hy-
pothesis, especially in comparisons be- 
tween very poor and very rich countries, 
and in time series data for a select num- 
ber of countries, including especially Ja-
pan.14 Whether traded goods product- 
ivity bias is of broader importance in 
explaining real exchange rates across in- 
dustrialized countries remains a matter 
of some debate. We have already seen 
that a substantial body of evidence sug- 
gests that across industrialized countries 
there is long-run convergence to PPP, 
the Balassa-Samuelson effect notwith-
standing. Perhaps this is because over 
long enough horizons technology dif-
fuses across borders. 

C. 	Cumulated Current Account Deficits 
and Long-run Real Exchange Rate 
Depreciation 

Another popular empirical theory of 
the real exchange rate holds that sus-

14 Ad'usting for the Balassa-Samuelson effect 
can lead to dramatic changes in real income rank- 
i n g ~amon countries, especially when one is com- 
paring higg per capita and low per capita income 
countries. See Summers and Heston (1991), for 
example. 
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tained current account deficits are asso- 
ciated with long-run real exchange rate 
depreciation. Empirically, there does ap- 
pear to be some correlation between 
these two endogenous variables over five 
to ten year horizons.15 Obstfeld and 
Rogoff (1995a), for example, show that 
the simple correlation between trade-
weighted real exchange rate changes and 
changes in net foreign asset positions 
(including imputed capital gains and 
losses) is quite large and significant 
across 15 OECD countries for the years 
1981-1990. Obviously, correlation does 
not imply causation. Using simulations of 
the IMF's multi-country model ("MUL- 
TIMOD"), Tamim Bayoumi et al. (1994), 
find that the real exchange ratelcurrent 
account correlation can be quite sensi- 
tive to whether the driving factor is a fis- 
cal or monetary policy change. 

Indeed, from a theoretical perspec-
tive, virtually any correlation between 
the current account and the real ex-
change rate can be easily rationalized. 
For example, a temporary productivity 
shock can easily improve a country's cur- 
rent account (saving rises as current in- 
come exceeds permanent income) while 
causing a deterioration in a country's 
terms of trade (by raising current supply 
of the home good). Moreover, there are 
many forces driving current account 
deficits besides real exchange rate 
changes; theoretically, it is possible to 
have significant borrowing and lending 
across countries even in a one-good 
world. 

Recognizing this ambiguity, Krugman 
(1990) nevertheless argues that current 
accounts are likely to induce significant 
real exchange rate changes because 
they lead to transfers of wealth across 
countries, and home and foreign resi-

15An early example is Peter Hooper and John 
Morton (1982), who posit that countries with sus- 
tained current account deficits will see their ex-
change rates depreciate. 

dents are likely to exhibit very differ- 
ent spending patterns. Ultimately, the 
correlation between the current ac-
count and exchange rate is an empirical 
matter, one that remains a subject of 
debate. 

D. 	Government  Spending and 
t h e  Real Exchange Rate 

A third consideration that is some-
times emphasized in making adjustments 
to purchasing power parity is the level of 
government spending. Froot and Rogoff 
(1991) find that among EMS countries, 
government spending is a significant de- 
terminant of the real exchange rate; De 
Gregorio, Giovannini, and Wolf (1994) 
find similar results. Froot and Rogoff 
reason that this effect is observed be- 
cause relative to private spending, gov- 
ernment spending tends to fall more 
heavily on nontraded goods. Therefore a 
rise in government spending leads to an 
increase in the real exchange rate. As 
Rogoff (1992) emphasizes, however, any 
such effect must be transitory because 
demand shocks can affect the real ex-
change rate in a small country only to 
the extent that capital and labor are not 
perfectly mobile across sectors. Over the 
long run, with complete factor mobility 
across sectors and with open capital 
markets, the real exchange rate is tied 
down by productivity and other supply 
factors. Demand matters only for the 
quantities of goods produced. Alberto 
Alesina and Roberto Perotti (1995) ob- 
serve, however, that it is possible for fis- 
cal policy to have long-run real effects in 
a model where distortionary taxes are 
used to finance government spending 
programs. 

Overall, the three modifications to 
PPP discussed thus far in this section are 
useful in some circumstances but are not 
nearly robust or universal enough to fully 
supplant purchasing power parity as a 
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theory of the long-run real exchange 
rate.16 

7. Estimates of Convergence Based on  
Multivariate Vector Autoregression 

Models 

We have seen that PPP does not hold 
in the short run and that convergence to 
PPP is extremely slow. This raises a puz- 
zle as to the nature of the shocks driving 
real exchange rate changes. Most expla- 
nations of short-term exchange rate vola- 
tility (e.g., the literature following Dorn- 
busch 1976) suggest a large role for 
monetary and financial shocks. Real 
shocks to productivity and preferences, 
the conventional thinking goes, cannot 
possibly be volatile enough to explain the 
immense short-term volatility of ex-
change rates. But if a significant fraction 
of total exchange rate volatility is caused 
by monetary and financial shocks, then 
one would expect deviations to PPP to 
die out at a rate faster than 15 percent 
per year, because monetary shocks can 
only have first-order real effects over a 
time frame in which nominal wages and 
prices are sticky. One approach to try to 
addressing this puzzle (the PPP puzzle) 
is to examine the results of multivariate 
models containing the real exchange rate 
and other macro variables. Richard 
Clarida and Jordi Gali (1994), and Rog- 
ers (1995), both attempt to put bounds 
on the fraction of total real exchange 
rate volatility that can be accounted for 
monetary shocks. The key identifying as- 
sumption is that any effects monetary 
variables may have on real exchange 
rates must be purely temporary. Clarida 
and Gali find that monetary shocks alone 

16Feenstra and Jon P. Kendall (1994) argue 
that pricing to market factors may also be impor-
tant in governing long-run deviations from PPP. 
Because pricing to market is ossible only when 
oods market arbitrage is blocied, it seems more 

&ely to be an important factor in the short-to-me- 
dium run than in the long run. 

account for roughly 45 percent of the 
forecast error variance for the dollar-DM 
real rate over the modern floating rate 
era, and 34 percent for the yen-dollar 
rate. Rogers, using 130 years of data 
from the U.S. and the U.K., finds that 
real shocks account for roughly half the 
one-year forecast error in real rates. 

This research is promising but still 
at an early stage. Clarida and Gali's 
finding of a unit root in the real ex-
change rate is not inconsistent with uni- 
variate studies that look at post-1973 
data for only one country. It is not clear 
that one would find unit roots using simi- 
lar methods on longer-term data. Also, it 
is difficult to justify identifying as a de- 
mand shift any shock with only a transi- 
tory effect on the real exchange rate, 
especially if the effect is highly persis- 
tent. Finally, both studies are based on 
the somewhat anachronistic Mundell-
Fleming-Dornbucsh IS-LM framework, 
rather than a modern sticky-price in-
tertemporal model. 

8. Conclusions 

One can restate the purchasing power 
parity puzzle as follows: How is it possi- 
ble to reconcile the extremely high 
short-term volatility of real exchange 
rates with the glacial rate (15 percent 
per year) at which deviations from PPP 
seem to die out? It would seem hard to 
explain the short-term volatility without 
a dominant role for shocks to money and 
financial markets. But given that such 
shocks should be largely neutral in the 
medium run, it is hard to see how this 
explanation is consistent with a half-life 
for PPP deviations of three to five years. 
It is possible that a different picture of 
the persistence of PPP deviations will 
emerge from multivariate VAR models, 
but thus far such models also suggest 
very slow convergence. 

One is left with a conclusion that 
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