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Abstract

The Mussa (1986) puzzle — a sharp and simultaneous increase in the volatility of both nominal
and real exchange rates after the end of the Bretton Woods System of pegged exchange rates in early
1970s — is commonly viewed as a central piece of evidence in favor of monetary non-neutrality.
Indeed, a change in the monetary regime has caused a dramatic change in the equilibrium behavior
of a real variable — the real exchange rate. The Mussa fact is further interpreted as direct evidence
in favor of models with nominal rigidities in price setting (sticky prices). We show that this last
conclusion is not supported by the data, as there was no simultaneous change in the properties of
the other macro variables — neither nominal like inflation, nor real like consumption, output or
net exports. We show that the extended set of Mussa facts equally falsifies both flexible-price RBC
models and sticky-price New Keynesian models. We present a resolution to this broader puzzle
based on a model of segmented financial market — a particular type of financial friction by which
the bulk of the nominal exchange rate risk is held by a small group of financial intermediaries
and not shared smoothly throughout the economy. We argue that rather than discriminating be-
tween models with sticky versus flexible prices, or monetary versus productivity shocks, the Mussa
puzzle provides sharp evidence in favor of models with monetary non-neutrality arising due to
financial market segmentation. Sticky prices are neither necessary, nor sufficient for the qualitative

success of the model.
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comments, and Gordon Ji for outstanding research assistance.
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1 Introduction

The Mussa (1986) puzzle is the fact that the end of the Bretton Woods System and the change in the
monetary policy regime in the early 1970s away from pegged towards floating exchange rates had
naturally increased the volatility of the nominal exchange rates (by an order of magnitude), but had
also instantaneously increased the volatility of the real exchange rate almost by the same proportion
(see Figure 1). This fact is commonly viewed by economists as a central piece of evidence in favor of
monetary non-neutrality, since a change in the monetary regime has caused a dramatic change in the
equilibrium behavior of a real variable — the real exchange rate.! Indeed, in models with complete
monetary neutrality, the property of the real exchange rate should not be affected by the change in the
monetary rule, absent other contemporaneous changes.? However, the Mussa fact is further interpreted
as the direct evidence in favor of models with nominal rigidities in price setting (sticky prices). We

show that this last conclusion is not supported by the data and provide an alternative explanation to

the puzzle.
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Figure 1: Nominal and real exchange rates, log changes

Note: US vs the rest of the world (defined as G7 countries except Canada plus Spain), monthly data from IFM IFS database.

See Appendix Figure A1 for the comparison of volatilities and the correlation of the two exchange rate series over time.

We start by documenting empirically that while there was a change in the properties of the real
exchange rate, there was no change in the properties of other macro variables — neither nominal like
inflation, nor real like consumption, output or net exports (see Figure 2, which exhibits no evident

structural break). One could interpret this as an extreme form of neutrality, where a major shift in the

"When Nakamura and Steinsson (2018, pp.69-70) surveyed “prominent macroeconomists [on what is the most convincing
evidence for monetary nonneutrality], the three most common answers have been: the evidence presented in Friedman and
Schwartz (1963) regarding the role of monetary policy in the severity of the Great Depression; the Volcker disinflation of the
early 1980s and accompanying twin recession; and the sharp break in the volatility of the US real exchange rate accompanying
the breakdown of the Bretton Woods System of fixed exchange rates in 1973 See also a textbook treatment of the Mussa
puzzle in Uribe and Schmitt-Grohé (2017, Chapter 9.12) from the perspective of discriminating between flexible-price and
sticky-price models.

The argument here relies on the timing and the sharp discontinuity in the behavior of the exchange rates (see Figure 1),
absent other immediate major changes in the environment.


https://en.wikipedia.org/wiki/Bretton_Woods_system

(a) Inflation rate, m; (b) Consumption growth, Ac;
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Figure 2: Inflation and consumption growth

Note: average inflation rates (monthly) and consumption growth rates (quarterly) for G7 countries except Canada plus Spain.

monetary regime, which increased the volatility of the nominal exchange rate by an order of magnitude,
fails to affect the equilibrium properties of any macro variables, apart from the real exchange rate. In
fact, this is a considerably more puzzling part of the larger set of “Mussa facts”: while the lack of change
in the volatility of nominal variables, like inflation, is inconsistent with models of monetary neutrality,
the lack of change in the volatility of real variables, like consumption and output, is inconsistent with
sticky-price models. Therefore, if we take the combined evidence, it does not seem to favor one type
of models over the other, but rather rejects both types.

To provide immediate intuition for this logic, consider two equilibrium conditions. The first is

simply the definition of the real exchange rate (in logs):

g = et +Dp; — by, (1)

where p; and p; are consumer price levels at home and abroad, and e; and ¢; are the nominal and real
exchange rates respectively. In models with monetary neutrality (e.g., international RBC), a change to
the monetary policy rule should not affect the process for ¢;, and therefore (1) necessary implies that
the volatility of my — 7} = Ap; — Ap] must change along with the volatility of Ae;. In the data, the
volatility of Ag; and Ae; increased simultaneously, while the volatility of m; — 7/ remained stable and
low (see Figure 3 and Table 1). This pattern can, however, be consistent with the conventional sticky-
price models (see e.g. Monacelli 2004). This observation is at the core of the traditional interpretation of
the Mussa puzzle, suggesting that sticky price models (NKOE) beat RBC models, and monetary policy
must have real effects due to nominal rigidities.

This interpretation, however, misses the second half of the picture. Equilibrium dynamics in a
general class of models satisfies the following equilibrium cointegration relationship between relative

consumption (with the rest of the world) and real exchange rate:

olee —¢;) =a+ G, (2)



(a) Nominal exchange rate, Ae; (b) Relative inflation, 7, — 7}
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Figure 3: Volatility of macroeconomic variables over time

Note: All panels plot annualized standard deviations (of the log changes), estimated as triangular moving averages with
a window over 18 months (or 10 quarters for quarterly data) before and after, treating 1973:01 as the end point for the two
regimes; the dashed lines correspond to standard deviations measured over the entire subsamples (before and after 1973). US
vs the rest of the world (as in Figure 1); monthly data from IFM IFS for panels a, b and e, and quarterly data from OECD in

panels ¢, d and f. Appendix Figure A2 zooms in on the range of variation in panels b, d, e and f; Table 1 provides further details.

3



where 0 > 0 and (; can be interpreted as the equilibrium departure from the optimal international
risk sharing.® Indeed, equation (2) with (; = 0 corresponds to the classic Backus and Smith (1993)
condition under separable utility with constant relative risk aversion 0. We show that equation (2) is
considerably more general and emerges as an equilibrium cointegration relationship independently of
asset market completeness and other features of the model. Furthermore, we show that in a large class of
conventional models — including both IRBC and NKOE — the structural residual ¢; is independent of the
monetary policy regime. Therefore, a shift in the monetary policy regime, which changes dramatically
the volatility of Ag;, should necessarily change the volatility of Ac; — Acj. In the data, however, the
volatility of relative consumption growth, just like that of inflation, remained both stable and small
(see Figure 3).

To summarize, the models of monetary neutrality are consistent with the observed lack of change
in the volatility of consumption, but for the wrong reason — as they fail to predict the change in the
volatility of the real exchange rate. In contrast, models with nominal rigidities can explain the changing
behavior of the real exchange rate, but have the counterfactual implications for the missing change in
the volatility of the real variables. Therefore, the extended Mussa facts falsify the conventional RBC
and New Keynesian models alike.

We then present a new resolution to the Mussa puzzle, which is simultaneously consistent with
all the empirical facts. In particular, we show that in a model with segmented financial markets and
limits to arbitrage developed in Itskhoki and Mukhin (2019), shifts in monetary policy regime affect the
volatility of both nominal and real exchange rates, even when prices are fully flexible. Intuitively, the
unpredictable movements in nominal exchange rate are the main source of uncertainty for financial
intermediaries, who as a result are less aggressive under free floating exchange rates in taking large
currency positions to ensure that uncovered interest parity (UIP) holds. By consequence, the equilib-
rium UIP violations are larger under the floating exchange rate regime, consistent with the data (see
Kollmann 2005). A pegged exchange rate, in contrast, decreases uncertainty and stimulates arbitrageurs
to take larger positions. As a result, the real exchange rate is less sensitive to shocks in the financial
market and has lower volatility. At the same time, the financial shocks do not constitute the main
source of volatility in the other macro variables under either monetary regime, and thus the model is
consistent with nearly no change in the macroeconomic volatility, apart from the exchange rates.*

This logic is summarized in the modified UIP condition, which holds in equilibrium of our economy

with a segmented financial market:

’it - Z;f - EtAet+1

o =t — biy1. ®3)

*Note the parallel between (; and g:, which can be viewed as defined by identifies (2) and (1) respectively: just like g: is
the departure from parity in the goods market (namely, the purchasing power parity), (; can be viewed as the departure from
“parity” in the financial market (namely, the optimal risk sharing).

*This additionally requires that economies are sufficiently closed to international trade — an important feature of the
world as argued by Obstfeld and Rogoff (2001) — so that real exchange rate volatility does not translate into a large volatility
increase in the price level, production and consumption. This is consistent with the exchange rate disconnect mechanism
under the floating (Taylor rule) regime developed in Itskhoki and Mukhin (2019).
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The left-hand side is the expected carry trade return scaled by the price of risk, where o2 = vary(Ae;y1)
is the quantity of risk and w is the risk-aversion of the financiers intermediating the currency de-
mand in the economy. The right hand side of (3) is the demand for foreign currency (bonds), with
net foreign assets by 1 representing the 'fundamental’ demand due to international merchandise trade
and v, denoting the ‘liquidity’ (or noise-trader) demand. The departures from the UIP are necessary
for the financiers to be willing to intermediate the currency demand in the market, and crucially the
equilibrium extent of these departures is simultaneously determined with the volatility of the nominal
exchange rate.

Equation (3) is the only unconventional equilibrium condition in an otherwise standard interna-

tional DSGE model. A change in the monetary regime has a direct effect on the equilibrium in the

2

2 in (3) — and this is what allows the model to be consistent with the umbrella

financial market — via o
of Mussa facts, independently of the presence of nominal rigidities and the source of the other shocks,
as long as )y is an important contributor to the exchange rate volatility under a floating regime.> Intu-
itively, as the government pledges to stabilize the volatility of the nominal exchange rate, this changes
the incentives in the financial sector by encouraging risk-averse intermediaries to take on large cur-
rency exposure without requiring large UIP deviations.

We conclude that rather than discriminating between models with sticky versus flexible prices,
and monetary versus productivity shocks, the Mussa puzzle provides a strong evidence in favor of
models with monetary non-neutrality arising due to financial market segmentation — a particular type
of financial friction by which the bulk of the nominal exchange rate risk is held by a small group of
financial intermediaries and not shared smoothly throughout the economy. Sticky prices are neither
necessary, nor sufficient ingredient for the qualitative success of this model. Nonetheless, realistic price
and wage stickiness can improve the model’s quantitative fit. Our analysis emphasizes that monetary
non-neutrality is not exclusive to nominal rigidities in price setting, as changes in equilibrium properties
of the nominal variables — such as the nominal exchange rate — can change the degree of financial

market (in)completeness, and hence have real consequences for the real equilibrium outcomes.
Overidentifying moments Backus-Smith correlation, Fama regression coefficient, Balassa-Samuelson...

Related literature Stockman (1988), Baxter and Stockman (1989), Flood and Rose (1995), Jeanne and
Rose (2002), Kollmann (2005), Alvarez, Atkeson, and Kehoe (2007), Colacito and Croce (2013), Berka,
Devereux, and Engel (2012), Devereux and Hnatkovska (2014), Kollmann, Frenkel-Levich...

*Itskhoki and Mukhin (2017) show that financial shocks 1; are essential for a successful model of exchange rate disconnect
under a Taylor rule regime, and resolve a variety of exchange rate puzzles, including Meese-Rogoff, PPP, Backus-Smith and UIP
puzzles. As we show below, their presence per se is not sufficient to resolve the Mussa puzzle. We further show the relationship
between (2) and (3), and in particular how (3) implies the endogeneity of (; to the exchange rate regime. Importantly, (3) does
not rely on the assumption that an Euler equation holds for a representative consumer, or that there is any direct asset trades
between home and foreign households.



2 Empirical Facts

Data We start by briefly describing the construction of our dataset, and provide further details in
Appendix A.2. All monthly data (for nominal exchange rate, consumer prices and production index)
come from the IFM IFS database, while all quarterly data (for GDP, consumption, imports and exports)
are from the OECD database. All quantity variables (GDP, consumption, imports and exports) are real
and seasonally-adjusted. Production index is also seasonally-adjusted, while nominal exchange rates
and consumer price indexes are not. The net export variable is defined as the ratio of exports minus
imports to the sum of exports and imports, in order to counter a mechanical increase in the volatility of
net exports to GDP due to higher openness of the economies in later periods. All data are annualized
to make volatilities (standard deviations) comparable across series.

There is ambiguity associated with identifying the exact end of the Bretton Woods System. In par-
ticular, during the Bretton Woods period, there are already large devaluations in the UK. and Spain
in November 1967, a devaluation in France and an appreciation in Germany in August—October 1969.
While all countries officially allowed their exchange rates to float in February 1973, most of them were
already adjusting their exchange rates since the “Nixon shock” in August 1971, which limited the direct
convertibility of dollar to gold. Therefore, we label the period from 1960:01-1971:07 as “peg” and the
period from 1973:01-1989:12 as “float”, as used in tables and scatter plots below (which exclude the inter-
mediate period 1971:08-1972:12).° The “regression discontinuity” graphs are done for two alternative
break points — 1973:01 in the main figures and 1971:08 in the robustness figures in the appendix.

The rest of the world for the U.S. is constructed as a weighted average of percent changes in series
across France, Germany, Italy, Japan, Spain and the UK. (G7 countries except Canada plus Spain).

Average GDP shares during the sample period are used to construct country weights.

Macroeconomic volatility Figure 3 displays the main empirical results of the paper. In the spirit
of the regression discontinuity design (RDD), we estimate standard deviations of the variables using a
rolling window that starts at 1973:01 and goes either forward or backward. In line with the seminal
Mussa (1986) paper, the end of the Bretton Woods System is associated with a dramatic change in the
volatility of both nominal and real exchange rates, from around 2% to 10% (more precisely, in units of
annualized standard deviations of log changes). What makes this fact much more puzzling, however,
is the absence of any comparable change in the volatility of the other variables — either nominal like
inflation, or real like production and consumption.” Thus, while under the peg regime, the volatility
of the real exchange rate is of the same order of magnitude as for the other macroeconomics variables,
there is a clear “disconnect” between the real exchange rate and macroeconomic fundamentals in the
floating regime. We emphasize the relative magnitudes of volatilities across different variables and

regimes by keeping the same scale for standard deviations of all variables in Figure 3, while Appendix

SIn Canada, the two exchange rate regimes occurred over different periods with free floating before 1962:06 and after
1970:05, and a peg in between. This is why we exclude Canada from the construction of the “rest of the world” in the figures.

"Figure 3 presents the relative volatilities of macroeconomic variables between the US and the rest of the world, as these
are the relevant objects emphasized by the theory in Section 3. Table 1 also present the results for individual country variables
across a range of countries, which exhibit similar patterns as the relative variables for the US vs the ROW.


https://www.imf.org/en/Data
https://data.oecd.org/
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Figure 4: Macroeconomic volatility over time: country-level variables

Note: Trianglular moving averages of the standard deviations of macro variables, treating 1973:01 as the break point; average
across countries (G7 except Canada plus Spain).

Figure A2 zooms in on the range of variation of individual macroeconomic variables to see (the lack of)
the discontinuity in the behavior of inflation, consumption and output.?

The rest of the pictures and tables expend on this finding and provide some additional details. Fig-
ure A3 provides a robustness check using 1971:08 as the alternative break point. There is no evidence of
changing volatility for macroeconomic variables in this case either. The missing change in the volatil-
ity is true not only for the cross-country differences of variables, but also for the fundamentals at the
country level. In particular, from Figure 4, there is almost no differences in the volatilities of macro
variables.

We now unpack the rest of the world (RoW) into separate countries and show that the main results

®Note a slight increase in the volatility of consumer price inflation in the brief period after the break up of the Bretton
Woods System, which quickly comes back down so that the average relative inflation volatility before and after 1973 is about
the same. This increase in the volatility of inflation in the second half of 1970s is likely a response to the two large oil price
shocks. There is also a slight increase in the volatility of consumption briefly after 1973, due to the 1974 recession in Japan.



Table 1: Empirical moments: standard deviations

Aey Agy T — T} Act — Ac
peg float ratio peg float ratio peg float ratio peg float ratio
Canada 0.8 4.4 5.7¢ 1.5 4.7 3.0% 1.3 1.4 1.1 0.8 1.1 0.9
France 34 118 3.5% 3.7 11.8 3.2% 1.3 1.3 1.0 1.2 0.9 0.7*
Germany 24 123 5.0% 2.7 12.5 4.7* 1.4 1.3 0.9 1.3 1.2 0.9
Italy 0.5 104 188" 1.5 10.4 6.9* 1.4 1.9 1.3% 1.0 1.1 1.0
Japan 0.8 11.7 13.8* 2.7 11.9 44" 2.7 2.8 1.0 1.1 1.3 1.2
Spain 44 10.8 2.5% 4.7 10.8 2.3" 2.7 2.6 0.9 1.2 1.0 0.8
UK. 41 115 2.8 4.4 12.0 2.7* 1.7 2.5 1.5% 1.4 1.5 1.1
RoW 1.2 9.8 8.0% 1.8 9.9 5.6" 1.3 1.4 1.1 0.9 0.9 1.0
Agdpy — Agdp; Ay, — Ay; Ana, o(Ac—Acy)—Ag
peg float ratio peg float ratio peg float ratio peg float ratio
Canada 1.0 1.0 1.0 3.8 49 1.3 1.7 1.6 0.9 2.4 4.5 1.9*
France 1.2 1.0 0.8 5.3 5.6 1.1 1.5 14 0.9 4.4 12.2 2.7*
Germany 1.8 1.2 0.7* 6.7 6.0 0.9 1.8 1.7 0.9 3.9 13.7 3.5%
Italy 1.5 1.3 0.8 8.1 9.7 1.2 2.5 2.2 0.9 2.8 11.4 4.1%
Japan 1.5 1.3 0.8 5.5 5.0 0.9 2.4 2.2 0.9 2.8 13.1 4.7*
Spain 1.6 1.2 0.7* 10.1 10.4 1.0 5.4 2.1 04" 5.8 11.4 2.0%
UK. 1.4 1.4 0.9 3.9 6.0 1.5% 2.2 1.9 0.9 5.2 11.8 2.2%
RoW 1.1 1.0 0.8 3.9 3.5 0.9 1.1 1.0 0.9 2.5 10.7 43"
Tt Acy Agdpy Ay,
peg float ratio peg float ratio peg float ratio peg float ratio
Canada 1.3 1.4 1.1 0.8 0.9 1.1 0.9 0.9 1.0 4.1 5.1 1.2
France 1.1 1.3 1.2* 0.9 0.8 0.9 0.9 0.6 0.6" 4.2 5.4 1.3*
Germany 1.2 1.1 0.9 1.0 1.0 1.0 1.5 1.0 0.7 6.2 5.7 0.9
Italy 1.0 2.1 2.0* 0.7 0.8 1.2 1.3 1.0 0.8 7.5 9.5 1.3*
Japan 2.6 2.9 1.1 1.0 1.3 1.3 1.1 1.1 0.9 4.6 4.9 1.1
Spain 2.5 2.5 1.0 1.0 0.7 0.7 1.4 0.7 0.5* 10.1 10.1 1.0
UK. 1.6 2.6 1.6* 1.2 1.4 1.2 1.0 1.3 1.2 3.5 5.9 1.7¢
usS. 0.9 1.3 1.5% 0.7 0.8 1.1 0.9 1.0 1.1 2.9 2.9 1.0

Average

Note: “peg” corresponds to the period from 1960:01-1971:07 (except for Canada where it is from 1962:04-1970:01); “float” is
from 1973:08-1989:12. The RoW corresponds to France, Germany, Italy, Japan, Spain, and the UK., aggregated using 2010
GDP as weights. nx; is the ratio of export minus imports to the sum of imports and exports. We use 0 = 2 in panel eight.
* indicates significance of the difference between peg and float at the 5% level (robvar test in Stata).
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Figure 5: Volatility ratio float/peg, across variables and countries

Note: plots show the ratios of standard deviations under floating and peg regimes across individual countries with 90%
confidence intervals estimated using Newey-West (HAC) standard errors. y-axis has the same scale for all plots except Aey.
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Figure 6: Correlations of exchange rates over time

Note: Triangular moving average correlations, treating 1973:01 as the end point for the two regimes.

hold in the panel as well. Table 1 summarizes the standard deviation of various variables for each coun-
try in our sample across the two monetary regimes, as well as provides a formal test of the equality
of the variances of variables under the two regimes. We confirm that the change in the volatility of
the exchange rates was large and highly significant in every country, while changes in the volatility
of the other variables were small and generally insignificant. Note that rather than emphasizing the
lack of any change in other variables, we emphasize the difference in the order of magnitude. Table 1
shows that while nominal and real exchange rate volatility increased on average by about 8 and 6
times respectively, the volatility of the other variables changed in different direction across countries
and by an order of magnitude of about 10% — a stark difference. We further illustrate this point in
Figure 5 which plots the ratio of the volatilities under the two regimes for each variable and coun-
try, on a common scale for comparability, with a Newey-West (HAC) robust 90% confidence interval
(see also Appendix Figures A5 and A6).

Perhaps most surprisingly, there is no increase in the volatility of net exports, despite a large in-
crease in the volatility of the real exchange rate (see Figures A2(e) and 5(1) and Table 1). Systematic data
on terms of trade is not available for this period, however, in the FRED data we see that the volatility of
the US terms of trade increased only twofold, while the volatility of the US real exchange rate increased
six times. Therefore, we conjecture that the lack of the increased volatility in net exports is in part due
to a much muted response of the behavior of the terms of trade and in part due to muted response of

net exports themselves to international relative prices.

Correlations Figure 6 plots the correlations between the nominal and real exchange rates, as well
as their correlations with macro variables — relative inflation and relative consumption growth — over
time, calculated as triangular moving average with a break point at 1973:01. The first two panels identify
two clear shifts with the break of the fixed exchange rate regime. In particular, the correlation between
nominal and real exchange rates is positive but not very strong during the peg, where nominal exchange
rates barely moved before 1967, and it becomes virtually perfect (0.98) after the early 1970s. The latter
correlation is around 0.7 and does not change significantly with the end of the Bretton Woods System.
In contrast, the real exchange rate is tightly correlated with the relative inflation during the peg, yet it

quickly becomes nearly orthogonal with relative inflation as soon as nominal exchange rates begin to
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Table 2: Empirical moments: correlations

Agy, Aey Agr, Acy—Acf  Agq,Anzy  Agdpy, Agdp;  Acy, Acy Acy, Agdpy
peg float peg float peg float peg float peg float peg float

Canada 0.77 092 0.03 —0.07 0.01 0.05 0.31 047 0.40 0.25 0.28 0.57
France 0.96 0.99 0.05 —0.08 0.23 0.12 0.09 0.30 —0.24 0.29 0.51 0.48
Germany 0.87 0.99 0.04 —0.19 —0.06 0.00 —0.01 0.28 —0.11 0.11 0.57 0.58

Italy 0.54 097 0.07 —0.13 0.02 —0.01 0.04 0.17 —0.18 0.13 0.64 045
Japan 0.76  0.98 0.21 —0.00 0.03 0.21 —0.08 0.24 0.11  0.23 0.70 0.71
Spain 083 09 —0.09 —0.18 —0.06 0.16 0.05 0.09 —0.06 0.05 0.56 0.63
UK. 094 0.96 0.09 -0.10 -039 -—-0.16 —0.11 030 —0.02 0.22 0.59 0.71
RoW 0.80 0.98 0.05 —-0.19 —-020 021 —0.03 039 -—0.11 031 0.68 0.72

Note: see notes to Table 1. Cross-country correlation are with the U.S. as the foreign counterpart indicated with a star.

float. At the same time, the nominal exchange rate is orthogonal with the relative inflation both before
and after the 1973. While the pattern of correlation during the peg is mechanical — since Ae; ~ 0 and
thus Ag; ~ —(m — 7} ) — the comovement of variables during the float is rather puzzling, as nominal
depreciations if anything are negatively correlated with relative domestic inflation.

The last panel of Figure 6 shows that the correlation between real exchange rate and relative con-
sumption growth, while somewhat positive under the peg, has become noticeably negative under the
float, suggesting that the Backus-Smith puzzle became more pronounced with floating exchange rates.’
While the correlations are not very large, this pattern is observed robustly across the countries, as we
document in Table 2.

Table 2 reports correlations between various variables under the two exchange rate regimes, while
Appendix Figure A4 plots the evolution of these correlation over time. Table 2 identifies another robust
correlation pattern — between consumption and GDP growth, which is stable around 0.7 and does not
change at all with the end of the Bretton Woods System. The other correlations, including that between
RER and net exports, as well as for GDP (consumption) growth between countries, are generally not
very strong and not particularly stable over time, suggesting only weak patterns of change across the
two monetary regimes. The correlation between the real exchange rate and net exports switches from
negative under the peg to positive under the float, but in both cases it is close to zero for most countries
in our sample.

Finally, both GDP growth and consumption growth are uncorrelated or mildly negatively correlated
across countries (with the exception of Canada) before 1970s and since then become sizably positively
correlated, especially the GDP growth rates — a surprising pattern emphasized by Kollmann (2005).
Figure A4 reveals that this is, however, largely driven by the high correlation of growth rates across

countries in the late 1970s, a period of large global oil price shocks.

°This observation is consistent with the findings in Colacito and Croce (2013) that both Backus-Smith and UIP conditions
held better under the pegged exchange rates, as well as in Devereux and Hnatkovska (2014) that the Backus-Smith condition
holds better across regions within countries, in contrast with its cross-country violations. Another pattern emphasized by
Berka, Devereux, and Engel (2012) is a substantially greater role of the non-tradable (Balassa-Samuelson) component in the
RER variation under a nominal peg.

11



3 Conventional Models

Conventional models are defined by the following property: if prices are flexible, a switch in the mon-
etary regime does not affect the behavior of real variables, including the real exchange rate ¢, con-
sumption ¢; and output y;. Therefore, we only consider the case of sticky prices in this section, as
flexible-price version of these models is falsified by the changing property of the real exchange rate
(Figure 1). We first describe the model setup and then prove a negative result that even the sticky-price

version of these models is falsified by the extended set of Mussa facts documented above.

3.1 Model setup

We build on a standard New Keynesian open-economy model (NKOE) with productivity shocks, PCP
Calvo price stickiness, flexible wages and no capital. In our quantitative exploration in Section 5, we
generalize this environment by introducing intermediate goods, capital, sticky wages and considering
alternative variants of price stickiness including LCP and DCP, as well as monetary shocks. The model
features home bias in consumption and exogeneous shocks to international risk sharing. We allow
for various degrees of financial market (in)completeness, including complete markets, bonds-only and
financial autarky.

There are two mostly symmetric countries — home (Europe) and foreign (US, denoted with a x).
Each country has its nominal unit of account in which the local prices are quoted: for example, the
home wage rate is W; euros and the foreign wage rate is W;* dollars. The nominal exchange rate &
is the price of dollars in terms of euros, hence an increase in &; signifies a nominal devaluation of the
euro (the home currency).

The monetary policy is conducted according to a conventional Taylor rule targeting inflation or
nominal exchange rate — depending on the monetary regime. In particular, the foreign country (US)
always targets inflation, while the home country (Europe) switches from an exchange rate peg ('peg’)
to an inflation targeting (‘float’). We consider the limiting case where the monetary authorities have

the ability to fully stabilize prices or the exchange rate, depending on the regime.

Households A representative home household maximizes the discounted expected utility over con-

sumption and labor:

> 1 N 1
MZ&( Ci 70— ——1L, W), @)
—~ 1—0 1+¢

where o is the relative risk aversion parameter and ¢ is the inverse Frisch elasticity of labor supply.

The flow budget constraint is given by:

PC+ Y OBl <WIL+ Y DB/ +1,+T, )
JjeJt je€Jt—1

where P; is the consumer price index and W} is the nominal wage rate, Il; are profits of home firms, 7}

are lump-sum transfers from the government, and Bg 1 is quantity of asset j € J; purchased at time ¢
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at price @g and paying out a state-contingent dividend Dg 41 att + 1 taxed at rate Ct] (which we think
of as Chari, Kehoe, and McGrattan 2007 Wedges).10

Household optimization results in standard optimality conditions for labor supply:

1%
CYLY = ?: (©)
Euler equations for state-contingent bonds:
b Ci1\ 7 P —¢ J ;
@ == BEt C’t ?—He t+1Dt+1 for a].]. j S Jt (7)

The foreign households are symmetric, having access to a set J; of state contingent assets with
dividends taxed at country-specific tax rate (*. The assets j € J;N.J; can be purchased by households

of both countries at a common price ©7 in units of home currency.!!

Expenditure and demand The domestic households allocate their within-period consumption ex-
penditure between home and foreign varieties of the goods, P,C; = fol [PHt(i)CHt () +Pre(1)Cre(i) | di

to maximize the CES consumption aggregator:

1 =
C=| [ ([0=2e%)Cn)F + et %) Pen@' )] @

with parameter v € [0,1/2) capturing the level of the home bias, which can be due to a combination
of home bias in preferences, trade costs and non-tradable goods (see Obstfeld and Rogoff 2001) and
& denoting the relative demand shock for the foreign good or other sources of time-varying home bias
(see Pavlova and Rigobon 2007).1> The solution to the optimal expenditure allocation results in the

conventional constant-elasticity demand schedules:

AN\ —0 N4
Crra(i) = (1 —7)e & (PHM)> Ci and  Cpy(j) = el <PFt(j)> Cr, (9)

P

where the price index is given by P, = Uol ((1 — 7)e" Y Py ()10 4 ye(l-1& th(Z')l—@) di

*When set J; contains a home-currency risk-free bond B{ 1, its price is one over gross nominal interest rate ol =1 /Ry
and it pays out one unit of home currency in every state of the world next period, th 11 = 1; when it contains a foreign-
currency risk-free bond B/}, its price is & /R; and its dividend is D}, = &41.

"From the point of view of foreign households, the foreign currency price of asset j is ©7 /&; in units of foreign currency,
and the Euler equation is correspondingly %ﬁ = E, (Cg?l) 7 %G—Cf’,il %} forj € J;.

“The particular way in which we introduce the foreign-good demand shock &; in (8) ensures that changes in &; shift
the relative demand between home and foreign goods without having a first-order effect on the price level. The aggregate
implications of the model do not dependent on whether the home bias emerges on the extensive margin due to non-tradable
goods or on the intensive margin due to trade costs and preferences, and therefore we do not explicitly introduce the non-
tradables.
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The expenditure allocation of the foreign households is symmetrically given by:

Cinti) = (F0) "o ana gt = - (ZE) e o
B B
where & is the foreign demand shock for home goods, P}, (i) and P}, (j) are the foreign-currency
prices of the home and foreign goods in the foreign market, and P;" is the foreign price level. The real
exchange rate is the relative consumer price level in the two countries:

_ P&
Qt — Pt )

(11)

with an increase in Q, corresponding to a real depreciation, that is a decrease in the relative price of

the home consumption basket (note that (1) is the log version of (11)).

Production and price setting Home output is produced by a given pool of symmetric firms accord-
ing to a linear technology in labor:

Yi(i) = e La(4), (12)
where a; is the aggregate productivity shock, which implies that the marginal cost of production is:
MCt =e ¥ Wt, (13)

identical for all firms.

The firms adjust prices infrequently a la Calvo with a constant per-period hazard rate A of price
nonadjustment, that is Py(i) = Py —1(i) with probability A and with complementary probability
(1 — ) the firm resets its price to P;(i). For concreteness, we assume producer-currency pricing

(PCP), which implies that the law of one price holds:
Pr(3)" = Pry(i) /& (14)
The per-period profit of the firm is given by
I1(i) = (Pmi(i) — MCy) (Cre(i) + Chpy (i) (15)

where consumer demand Cp (i) and C7;,(7) satisfies (9) and (10). The aggregate profits of the domestic
firms, IT;, = fol I1;(4)ds, are distributed to the domestic households.

The firms set prices Ppy;(i) as the solution of the following optimization problem:

_ o0 C 7 P .
Py (i) = arg max E, Zkzo(ﬂ/\)k ( g;k) Ptj—k k(i) (16)

where future profits are discounted using the SDF of the households and the probability of the reset
price Pp(i) staying in effect k periods after it has been set. Since firms are symmetric (conditional on

the last date they adjusted prices), they all set the price at the same reset level, Py (i) = Py, for all i.
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Government The fiscal authority collects taxes on financial dividends and returns them lump-sum
to the households:

T, = Z]EJH (1-e<)DiB]. (17)

The monetary policy is implemented by means of a Taylor rule:
1y = pmit—l + (1 - pm) [Qﬁﬂﬂ't + ¢e(€t - é)] + O'mgzna (18)

where i; = log R; is the log nominal interest rate, 7y = A log P, is the inflation rate, €]" ~ iid(0, 1) is
the monetary policy shock with volatility parameter o, > 0, and the parameter p,, characterizes the
persistence of the monetary policy rule. The coefficients ¢, > 1 and ¢, are the Taylor rule parameters
which weight the two nominal objectives of the monetary policy — inflation and exchange rate stabi-
lization. We assume that the monetary authority can fully achieve the chosen goal (by increasing ¢ or
¢e unboundedly) — that is, either m; = 0 or e; = €, depending on the regime. We further assume that
the foreign country (the US) only has the inflation objective, so that ¢} = 0, and 7} = 0. We study the

differential behavior of the macro variables across the two monetary regimes of the home country.

Equilibrium conditions The labor market clearing requires that the labor supplied by households
according to (6) equals the aggregate labor demand of the home firm, L; = e~% fol Y;(i)di, where
we used the production function (12). The goods market clearing for each firm i requires Y;(i) =
Cu(i) + Cjfp,(4), defined in (9)—(10), and given prices Pp(i). Symmetric market clearing conditions
hold in the foreign country. All assets Bg 41 are in zero net supply, and for j € J; N J;°, we have
Bg 1t Bf_tl — 0 given a common home-currency price ©7.

We focus here on two equilibrium conditions — the country budget constraint and the equilibrium in

the financial market. The latter set of conditions can be written using (7) and their foreign counterparts

Cii1 > - < 1 > Q@ - x
— ——e>ttl =0, Vie N Jy, 19
( Ct C;g Qt+1 J t t ( )

where by convention we denote (} 1= d b1 Ctj_T_l the relative wedge across countries. This condition

as follows:

simply states that home and foreign households agree on the price @{ of all assets j that they can
mutually trade. This allows the household to equalize the stochastic discount factors across the two
countries in the best possible way given the available set of internationally-traded assets.

The country budget constraint derives from substituting firm profits (15) and government trans-
fers (17) into the household budget constraint (5):

Biy1 — RiBBy = NXy, (20)

where the right-hand side is net exports N.X; = fol P () Chp, (4)di — & fol Pr,(i)Cry(i)di and the

left hand-side is the evolution of net foreign assets B;11 = > @{ Bz 1 with the cumulative realized

j€Jt
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Sjes_, DIB
Yjes, , OBl
the demand schedules (9)-(10) into the expression for net exports and combining prices into CES price

return R; = The foreign budget constraint is redundant by Walras Law. Substituting

indexes of exports Py and imports P, we can rewrite the country budget constraint (20) as:

*
0 Ci

Biy1 — Ry = vel 08 (g, P ) 0Pl C, [e—ﬂ—ﬂftsflgt o 1], (21)

- : Pr, . o
where again & = & — &, O, is the real exchange rate, and S; = &PiHFtt is the terms of trade, which in

light of PCP Calvo price setting and the implied law of one price (14) satisfies:

* _ * B . B 1_6
g = EPi _ o [y 4 qeltis (0

PHt (1 — fy)e—”/ft + ’)’6(1_7)&8]}_0

_1
1-6 1
1-2
= St =~ Qt ’Y,

(22)

where the approximation is a log-linearization around symmetric equilibrium with Q; = §; = 1 and
& = & = 0. Conditions (19) and (21) allow to study a variety of cases with different degree of financial

openness of the economies.

3.2 Cointegration relationship between consumption and exchange rate

We now show that under a variety of circumstances, there exists a constant ¢ such that the equilibrium
process for ¢(Ac; — Acf) — Ag, is independent of the monetary regime. In other words, a change in
the statistical process for the real exchange rate Ag; should result in a change in the statistical process

for the relative consumption growth Ac; — Acj.

3.2.1 Limiting cases: financial autarky and complete markets

We start with the two extreme cases of international financial integration — financial autarky and
complete markets. We show that our main result obtains immediately in these two cases, independently

of the structure of the rest of the model. We then proceed with the more interesting intermediate case.

Financial autarky Consider first the special case when J; N J;* = () at all ¢, so that net foreign assets
By = 0, and therefore NX; = 0 in every state and period. Equation (21) then implies,
C/Cf = 6_(1_7)&8?71 QY and using (22), we have:

~ 0—1
—c=—(1- 0 : 23
o ===+ |0+ {5 | @)
If the process for taste shocks (home bias) for goods & is independent from the monetary regime, it
must be that the process for ¢(Ac; — Acf) — Ag with ¢ = % is also independent from the

monetary regime. Note that for # > 1, ¢ < 1 and is independent from relative risk aversion o.

Complete markets Now consider a situation where there exists a j € J; N J; for every state of the

world (Arrow securities), so that (19) holds as equality not just in expectation, but also state-by-state,
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Coii\C_ (CE\"C : P ) o .
(%ﬁl) = ( ctftrl) %ﬁlec“ﬂ, where (;1 is the state-specific realization of the relative wedge, or
equivalently:

o(Aci — Act) = Ag + G (24)

This corresponds to the first difference of (2) in the introduction. Assuming that wedges ¢; do not
change with the monetary regime, it must be that o(Ac; — Acy) — Agy does not change as well. Of

course, this nests the case of perfect international risk-sharing with ¢; = 0.

Cole and Obstfeld (1991) case This is a special case with ¢ = 6 = 1, which is commonly used in
the literature, as in this case the equilibrium allocation does not depend on the degree of asset market
completeness. Assume additionally that 5{ = & = 0. Under these circumstances, balanced trade
NX; = 0 implies Cy/C} = Q;, which ensures financial market equilibrium (19) independently of
what assets j are in the set J; N J;. Therefore, this case is equivalent to the two cases considered above,

but the logic of the Cole-Obstfeld case is more general, as we show below.

3.2.2 General asset market structure

Consider a case where J; N J;° contains at least one asset, namely the foreign-currency (US dollar)

risk-free bond. Considering the risk-sharing condition (19) for this bond:

Cin > Q1 ¢ < t*+1>a
E (2L —0, 25
t{( C, o) € Cr (25)

where we made use of the assumption that foreign monetary policy ensures 7}, ; = 0, and we addi-

tionally assumed for concreteness ¢/, ; = 0, that is foreigners do not face a wedge when trading the
foreign-currency bond.

To make further progress, we rely on a log-linear solution to the equilibrium system. We do it
primarily for tractability reasons, but this is also justified on the following grounds: (a) the log-linear
solution concept is typical in the literature, including the conventional RBC and New Keynesian models;
(b) even when higher order terms are included in the numerical solutions of these models, the results
barely change, as the aggregate macro variables are not volatile (see Figure 3) and therefore the omitted
risk premia terms are small. While doing so, we nonetheless allow for risk-sharing wedges ¢, which
may proxy for risk premia shocks. In particular, note that ¢); = —E;(; 41 represent a UIP shock. Indeed,
assume that home households can additionally trade a home-currency bond with each other (without
facing a wedge), then we can derive the UIP condition from combining the home Euler equations for

home- and foreign-currency risk-free bonds (see footnote 10):

Ci1\ 7 P ¢ Eiv1
E _ Ct4+1 * _
t{< Ct ) Piiq [Rt ‘ & & 0
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which upon log-linearization yeilds:
it — Z: — EtAeH_l = ’(/Jt. (26)

In our earlier work (Itskhoki and Mukhin 2019), we have argued that such UIP shocks 1, are essential
to explain the exchange rate disconnect behavior under the floating regime. Here, however, we show
that they are not enough on their own to also explain the broad set of Mussa facts, which involves a
change in the exchange rate regime.

For concreteness, we focus on two types of shocks — a relative productivity shock a; = a; —af and
a risk-sharing wedge vy = _Et§t+1 — which we assume both follow independent exogenous AR(1)
processes with common persistence parameter p € (0, 1) and innovations o,ef and oye; respectively.
Our results generalize to the case with additional shocks, including monetary shocks and foreign-good
demand shocks &;, and we incorporate them in our quantitative analysis in Section 5.

The log-linear approximation to (25) is given by:

E{o(Acers — Acjy) = Agepr ) = ¢r. (27)
Any solution to (27) can be written in the following form:

olcr— ) — o = —ﬂjﬁmt, (28)
where m; is a martingale, that is myy; = m; + w1 with Equpyy = 0. Any fundamental solution
to (27) in addition has w41 equal some linear combination of the innovations of the exogenous shock
processes, 0,4, 1 and oy&;11. In what follows, we solve for u; 1 and prove that under various circum-
stances it is independent of the monetary policy regime, and thus so is o(¢; — ¢f) — q;.

The fundamental solution for w;;; must satisfy the intertemporal budget constraint. We log-

linearize the flow budget constraint (21), using the definition of terms of trade (22), to obtain:

2(1 =)0 —1
Bbip1 — by =7 [(1)2% +of — Ct] ; (29)
— &
where b; = % is the deviation of net foreign assets from zero (symmetric steady state NFA) in

units of home nominal GDP. Solve forward, imposing the NPGC, to arrive at the intertemporal budget

constraint:

> 21— )0 —1 .
be + Z Bk [(1_7)27%% — (ctan — Ct+k)] =0. (30)
k=0

Generalized Cole-Obstfeld case Consider the case with the following parameter restriction:

1—2v

2(1 =)0 —1° G

g =

3 As we show in Section 4, explaining the Mussa puzzle requires a refinement of the theory of 9; shocks.
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This nests the Cole-Obstfeld case above as o = 6 = 1 is a special case of (31).

When (31) is satisfied, we can use (28) and (30) to solve for the equilibrium martingale innovation:*

1_/8 T,)E
(1—p)(1—Bp) "

which does not depend on the monetary policy rule. Substituting into the first difference of (28), we

Amt = Ut =

obtain:
o(Acit1 — Aciyq) — Ay = Y —

] _/Bﬁpmp&fﬂ, (32)

confirming that the statistical process for o(Acgy1 — Acy, ;) — Ags41 does not depend on the monetary
regime. In particular, o (Aci 11— Acf, ;) — Aqi 41 does not respond to productivity shocks under either
regime and responds to the risk-premium/risk-sharing shock v; in the same way independently of the

monetary regime.

3.2.3 Equilibrium price dynamics

Outside the generalized Cole-Obstfeld case, the solution cannot be obtained independent of the equilib-
rium price dynamics, which is clearly sensitive to changes in monetary policy, and therefore constitutes
our key focus of interest. To characterize the equilibrium dynamics in this case, we derive the final dy-
namic equation of the model, namely the Phillips curve for prices.

In Appendix A.3.2, we log-linearize the price setting equation (16) and combine it with labor and

product market clearing conditions, to arrive at the following open-economy Phillips curve:
(1 — BL_I) [7['15 -7y - 2’yAet] = n[(ct — )+ YRqqt — Iiadt], (33)

where L is the lag operator and L™'z; = Eiz41, and & = (1 — 2y) [0 + (1 — 27)¢] w is

20(1—y)p+l 2 Lt% _ The term in the
©»

o+(1-27)p 1-2v o+(1-27)

square brackets in (33) is the result of the goods market clearing condition under flexible prices, which

the slope coefficient of the Phillips curve, x, = and K, =
may be violated when prices are sticky. In addition to the risk-sharing condition (27) and the budget
constraint (29), the Phillips curve (33) provides the third equilibrium condition in the goods market,
which ties together the equilibrium behavior of (¢; — ¢f) and g;.

Our assumption on the conduct of monetary policy allows us to convert (33) into a sharp tool for

characterizing the equilibrium behavior of the real exchange rate. We define:

K/, R = peg,
kr =
k/(2y0), R = float,

*Using (28), the net present value of the innovation to the budget constraint (30) at time ¢, which must be zero, is given by

lookpkgt_:|_l|: £t Cow ]
szzoﬁ L*p “ e liopa=pn 18] "

This yields the solution in the text.
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where under the ‘float’ the monetary authorities ensure 7, = 7} =0, while under the ‘peg’ Ae; =7} =0.

We then combine (33) with the definition of a real depreciation, Ag; = Ae; + mf — m, to obtain:

Lemma 1 The equilibrium dynamics of the real exchange rate satisfies:
Agr = BEAg1 — okr (et — ¢f) + YEq@ — Kalt), (34)

under both monetary regimes, R € {float, peg}.

Equation (34) is a dynamic error correction model, where an overvalued real exchange rate from the
point of view of flexible-price market clearing leads to a real depreciation, and vice versa. This general
error correction structure is independent from the monetary regime, however, the speed of correction
does depend on it — with a faster correction under the float, since kgoar > Kpeg asy < 1/2. Furthermore,
a change from a peg to a float is equivalent to an increase in the slope of the Phillips curve &, e.g. due
to the increased flexibility of prices (lower \) (cf Engel 2018). Therefore, in general, the change in
the monetary policy regime can affect the equilibrium comovement between consumption and the real
exchange rate.'

To solve for the equilibrium cointegration between consumption and real exchange rate and alter-

native monetary regimes, we substitute (28) into (34) to obtain a second-order difference equation in ¢;:

1+ 8+ (1+~vyokg)kr] @t — @t—1 — BEqi+1 = kr2t, (35)

where z; = 17%) + 0kqat — my. The unique non-explosive solution consistent with (35) is given by:

(1= 0rL)g: = kndr Y (B0R) Eezii, (36)

where 6 € (0,1) is the only such root of Sz — [1++(1+~v0ke)kr|2+1 = 0, and is decreasing in k.
Using the fact that ¢y and a; are AR(1) and m; is random walk, we evaluate the right-hand side of (46),

and then use the intertemporal budget constraint (30) to solve for the equilibrium innovation to m;:'®

kJR5R 17/) k‘RéR 1*;)
Ay = wy — 1-p 1 +X1*5P5R 1—Bp% Tt XT=Bpér 1—Bp> Ok g 59 (37)
t_t_l—ﬂp 1+ kROR 1=p 1 —p ' 14y krdp 1op "4
XT1-Bor T-Pp X1-Bor T-Fp
2(1—v)0—1

where y = o — 1, which is equal to zero under the generalized Cole-Obstfeld parameter

1-2~

The two limiting cases of fully rigid or fully flexible prices are trivial exceptions, since in these cases kg = co or kg = 0
respectively.
'6Substituting (28) into (30) and imposing a zero innovation to budget constraint, implies:

T € w 00 & _
aaasEy s XY, BUIRF{ =0,

where I RF}! is the impulse response function of the equilibrium RER process (46), which we use to solve for u; in (37). The
solution for g: is given by (for further derivation see Appendix A.3.3):

OKqlt me :|

— bt
9¢ = ORGr—1 + kROR [(1—p>(11ﬁp5R> T 1Bpsn T T-som

20



Figure 7: Ratio of std ({t) after/during the Bretton Woods System, where {t =0Aé — Ags

Note: std (U(Act — Acf) — Aqt) is computed for 1960-72 and 1973-89 for the RoW vs the U.S. for different value of 0. The
dashed red line at 1 illustrates the prediction of Proposition 1 for the ratio of the standard deviation across the regimes. The
red asterisk (and the simulated 90% blue confidence interval) correspond to the calibrated quantitative model, which is not
nested as a special case of Proposition 1.

restriction (31). Note that, in general, u; depends on the monetary regime via kr and §g terms in (37),
however, it is not the case under any of the following circumstances: (a) x = 0; (b) kr = 0 or 6 = 0;

(c) 8 — 1;0r (d) p — 1, as we summarize in Proposition 1 below.

3.3 Empirical Falsification

The general characterization above suggests that the cointegration relationship (28) between consump-
tion and the real exchange rate is in general endogenous to the monetary regime, as is evident from the
presence of kr and Jpr terms in (37). Nonetheless, the result below emphasizes a number of limiting

cases when it does not depend on the monetary regime:

Proposition 1 The cointegration relationship between relative consumption c; — c; and the real exchange

rate q; does not depend on the exchange rate regime (peg vs float) under any of the following circumstances:

1. international financial autarky;

complete international asset markets (with or without international risk-sharing wedges);
generalized Cole-Obstfeld case, o0 = ﬁ, with or without risk-sharing wedges;

in the limit of both fully fixed and fully flexible prices;
in the limit of perfect patience, 3 — 1, independently of the persistence of shocks p < 1;

A N

6. in the limit of persistent shocks, p — 1, independently of the discount factor 8 < 1.

In all these case, the process for o (c; — ¢} ) — q; is independent of the exchange rate regime, and in particular

var (U(Act — Acf) — Aqt) remains unchanged as the economy switches between a peg and a float.

The first three cases are clear from the discussion above, while the remaining two cases require an

additional explanation. The case of 3 — 1 is intuitive, as prices become flexible in the medium run,
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and hence the slope of the Phillips curve is becoming inessential from the point of view of a perfectly
patient economy. As p — 1, the v; shock starts to dominate the volatility of the real exchange rate...
Proposition 1 is clearly falsified by the data, as we illustrate in Figure 7, as well as in Figure 5c¢
and Table 1. While Proposition 1 suggests that the relationship between relative consumption and real
exchange rate should not be affected by monetary policy, the data suggests a dramatic change in the
volatility of o(Ac; — Acf) — Ag, falsifying the models nested by the proposition. Such models are of
course special limiting cases, however, quantitatively the prediction of Proposition 1 is accurate even

outside these special cases — as we illustrate in Figure 5 and discuss further in the quantitative Section 5.

4 An Alternative Model of Non-neutrality

We now present an alternative explanation to the broad set of Mussa facts documented in Section 2.
Specifically, we propose a model with monetary non-neutrality emerging due to financial market seg-
mentation, rather than as a result of goods-market price stickiness. We build on the modeling environ-
ment of Section 3, but to emphasize the point assume away price stickiness (set A = 0). The only other

change to the environment is the modeling of the international financial market, as we describe next.

4.1 Segmented Financial Market

There are three types of agents participating in the financial market: households, noise traders and
professional intermediaries. The home and foreign households trade local currency bonds only. In par-
ticular, the home households demand at time ¢ a quantity By, of the home-currency bonds. Similarly,
foreign households demand a quantity B, of the foreign-currency bonds. Both By, and B, can
take positive or negative values, depending on whether the households save or borrow respectively.
Je| = |Jf| = 1and J, N Jf = 0.

The trades of the households are intermediated by risk-averse intermediaries, or market makers.

Therefore, in the notation of Section 3,

There are m symmetric intermediaries, who adopt a zero-capital carry trade strategy, that is take a long
position in the foreign-currency bonds and a short position of equal value in the home-currency bonds,
or vice versa. The return on this carry trade is therefore:

~ &

Ry =R} — Rz (38)

Ett1

per one dollar invested in the foreign-currency bond and &; euros sold of home-currency bonds at time ¢.
We denote the size of their position by d;, ;, which may take positive or negative values depending on
whether they are long or short in the foreign-currency bond, and assume that intermediaries maximize

the CARA utility of the real return on their investment in units of the foreign consumption good:

1 Ri,y
max E; ¢ ——exp | —w——"=d; , (39)
iy { W < Py s
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. . . . C . Dy
where w > 0 is the risk aversion parameter.'” In aggregate, all m intermediaries invest -5+ = md}, |
t

dollars in foreign-currency bonds, as one dollar at time ¢ affords a quantity R; of dollar bonds Dy, {,

Diy1 Dy
R: =&

each paying out one dollar at +1. The intermediaries also take an offsetting position of
euros in home-currency bonds, resulting in a zero-value portfolio at time ¢.

Finally, there are n symmetric noise (or liquidity) traders, who have an exogenously-evolving de-
mand for the foreign currency.!® Like intermediaries, noise traders take a zero-capital position long in
the foreign currency and short equal value in the home currency, or vice versa if they have an excess

demand for the home currency. The overall position of the noise traders is

Nt*+1
—n (et — )
=nle 1 40
Ry ( (40)
N*
in foreign-currency bonds and respectively Ngl = —&—f++ in home-currency bonds. We refer to the
t

noise trader shock 1, as the financial shock, and assume it follows an AR(1) process:
Y = pr_1 + oyét, &y ~ 1id(0,1), (41)

where p € [0, 1] is the persistence of the financial shock and ¢,;, > 0 is its volatility. The incomes (and

losses) of both intermediaries and noise traders are returned in the end of each trading period to the

foreign households as lump sum payments together with the dividends of the foreign firms, IT;, ;."’
Both currency bonds are in zero net supply, and therefore financial market clearing requires that

the positions of the households, intermediaries and the noise traders balance out:
Biy1+ Nyy1+ Dy =0 and By, + Ny, +Dj 1 =0. (42)

As both noise traders and intermediaries hold zero-capital positions, financial market clearing (42)

Ry
other words, the financial market merely intermediates the intertemporal borrowing between home

implies a balanced position for the home and foreign households combined, B 4 g Bl%l = 0. In

and foreign households.

In equilibrium, the intermediaries absorb the demand for home and foreign currency of both house-
holds and noise traders. If intermediaries were risk neutral, w = 0, they would be happy to do so with-
out risk premia, resulting in the uncovered interest parity (UIP), or equivalently a zero expected return

Rr ) ) : . e
on the carry trade, E; Pi“ = 0. However, under risk aversion, w > 0, the intermediaries are not willing
t+1

17 A property of the portfolio choice under CARA utility is that the solution does not depend on the level of wealth of the
intermediaries, thus avoiding the need to carry it as an additional state variable, which would be the case under CRRA utility.

!¥The noise traders demand a certain position in home and foreign currency independently of the expected return on this
portfolio, E; R}, 1, and of the other macroeconomic fundamentals reflected in the state variables of the home and foreign
economies. Their demand for currency can be motivated as a liquidity demand, or alternatively as emerging from biased
expectations about the exchange rate, Ei'€¢41 # E:£41, as in Jeanne and Rose (2002).

This generates an additional income of %éﬁl dollars for the foreign households. As a result of this transfer,
the foreign country budget constraint becomes thte same as the home country budget constraint (20), despite that foreign
households face a generally different rate of return R} # R;. See Appendix ?? for details, where we also show that this

transfer is second order and hence does not affect the first order dynamics of the equilibrium system.
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to take a risky carry trade position without an appropriate compensation, resulting in equilibrium risk

premia and deviations from the UIP. We characterize the equilibrium in the financial market in:

Lemma 2 The equilibrium condition in the financial market, log-linearized around a symmetric steady

state with B = B* = 0, R = R* = 1/ and assuming that wo? is asymptotically finite and non-zero, is:
it — if — ErAerrn = X1t — X2beqa, (43)

where iy = log Ry, iy = log R}, byy1 = PH%BtH = Bf, 1, the coefficients x1 = %wag and
= 7’”’11 e

_ £
PyY

X2 Bwo?, and 0? = vary(Aeyy 1) is the conditional volatility of the nominal exchange rate.

The equilibrium condition (3) is the modified UIP in our model with imperfect financial intermedi-
ation, where the right hand side corresponds to the departures from the UIP. Condition (3) arises from
the combination of the financial market clearing (42) with the solution to the portfolio choice problem
of the intermediaries (39), as we formally show in Appendix A.3.4. Intuitively, the optimal portfolio of
the intermediaries dy, | is proportional to the expected log return on the carry trade, i; —if —E;Aeyq1,
scaled by the risk absorption capacity of the intermediaries, wo?, i.e. the product of their risk aversion
and the volatility of the carry trade return (namely, the exchange rate risk). As wo? — 0, the risk
absorption capacity of the intermediaries increases, and the UIP deviations disappear in the limit as
X1, X2 — 0. With wa? > 0, the UIP deviations remain first order and hence affect the first-order equi-
librium dynamics. The noise-trader shocks 1, create exogenous UIP deviations, while all other shocks
result in endogenous UIP deviations by means of their effect on the external imbalances b1, which
need to be intermediated by the financial sector. Note that both vy > 0 and b;4; < 0 correspond to
the excess demand for the foreign-currency bond — by the noise traders and households, respectively

— and hence result in a negative expected return on the foreign currency bond.?’

4.2 Mussa puzzle: limiting resolution

As in the baseline model from Section 3, dynamics of the real exchange rate is determined by three
equilibrium conditions: the country’s budget constraint (29), the modified risk-sharing condition (43),
and the goods market clearing condition (33) in the limit of flexible prices kK — o0o. The latter can be
used together with the household Euler equations for local bonds to substitute out interest rates from
the modified UIP condition:

Ct — €] = Kqlp — YKqGt, (44)

T — 7’: = UﬁaEtACNLt+1 - ’quEtAqt+1, (45)

where r, = iy —Eym 11 = 0EAcyyq is the real interest rate. The general solution for the real exchange

rate is then given by (see the proof in Appendix A.3.5):

OImperfect risk absorption capacity of the intermediaries results in the expected deviations from the UIP and thus expected
profits in the financial market, which are returned lump sum to the foreign households. While the resulting UIP wedge is
first order, the expected profits from the carry trade are second order (as the optimal portfolio is proportional to the expected
UIP deviation), and hence it is negligible from the point of view of the linearized budget constraint of the foreign country.
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Lemma 3 The equilibrium always exists under both floating and peg regimes and the real exchange rate
follows ARMA(2,1) process:

1 86

1—060L0)q =
( e 1+vorg 1= Bpd

[(1 — B L)x1¢ (46)

+ (ésufé«iq“ —poL) + (1 —p)(1 - ﬁ‘lL)> (maat] :

where (i) 0 € (0, 1) under float with var;(Ae;+1) > 0, and (ii) 6 = 1 under peg with var;(Ae;1) = 0.

In line with the empirical evidence, the real exchange rate exhibits near-random-walk properties
under the float when 8p ~ 1: the autocorrelation of changes in exchange rate, corr(Ae;, Aey_1),
is arbitrary close to zero and the contribution of the predictable component E;Ae; ; to the variance
of Ae;4; is negligible. Intuitively, persistent shocks with p ~ 1 generate prolonged depreciation or
appreciation in the future, which under incomplete asset markets, have to be compensated by a jump
in exchange rate on impact to ensure that the country’s budget constraint holds. These unexpected
initial jumps dominate in exchange rate dynamics in the limit 5p — 1 (see Itskhoki and Mukhin 2017).

While the ARMA process (46) nests both monetary regimes, there is an important difference be-
tween the two. Under the peg, the monetary policy fully eliminates exchange rate risk associated with
the carry trade, allowing arbitrageurs to take large positions that fully offset the demand of the noise
traders, i.e. x; = 0 and shocks 9, have no effect on the real exchange rate. In contrast, under floating
regime, x1 > 0, arbitrageurs are reluctant to take large gross positions and noise-trader shocks 1;
result in UIP deviations. Thus, given that shocks 1, matter under the float, but not under the peg, the
model can generate arbitrary large differences in the volatility of the real exchange rate across two
regimes. In addition, because the nominal exchange rate is by assumption fully stable under the peg
and mirrors dynamics of the real exchange rate under the float, the model also predicts a discontinuous
change in the volatility of the nominal exchange rate. Notice, however, that the real exchange rate
responds to productivity shocks under both regimes, consistent with the non-negligible volatility of ¢;
(relative to that of e;) under the peg (see Figure Al). In the limiting case of p = 1, the volatility of
the real exchange rate that is due to productivity shocks is independent from monetary policy and we

obtain the following result:

Proposition 2 A change in the monetary policy rule from peg to float results in a sharp increase in the
volatility of both nominal and real exchange rates — arbitrary large when p ~ 1 — with the change in the

behavior of the other real macro variables vanishingly small when v = 0.

The first part of the proposition rationalizes the classical Mussa fact about the discontinuity in
the volatility of exchange rates across float and peg regimes, while the second part shows that the
model is also consistent with the additional facts about no change in the volatility of other macro
aggregates. The intuition for the latter can be clearly seen from the market clearing condition (44),
which characterizes the equilibrium relationship between relative consumption, real exchange rate

and relative productivity in the two countries. With flexible prices, the only channel through which
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monetary policy affects relative consumption is through the volatility of the real exchange rate. This
effect is, however, proportional to the openness of the economy — in the autarky limit with v ~ 0
movements in relative prices across countries are irrelevant for allocation as domestic consumption
are determined solely by local productivity shocks. The same logic applies to output and all other real
outcomes. As a result, large changes in the volatility of the real exchange rate are consistent with only
minor changes in the volatility of the real macro variables, if the equilibrium behavior of the latter is
mostly driven by the productivity shocks, even in the presence of substantial exchange rate volatility.
In particular, this is the case when countries are sufficiently home biased in the goods market.

The case of the nominal macro variables is somewhat more involved. Consider the consumer price
inflation, ;. The volatility of prices changes from zero under the float to a positive number which is

proportional to the volatility of the productivity shock. Under the peg, when p — 1, the volatility of

inflation (and hence the real exchange rate, since Agq; = —) is given by:
std(m) = std(Ag) = —— "% std(Ady)
t) = Qt_1+70%q+x t)

Therefore, std(m;) is arbitrary smaller than std(Ag;) under the float, and it is equal to std(Ag;) under
the peg, consistent with empirical patterns in Figure 3. The next section relaxes the extreme assump-
tion of full price/nominal exchange rate stabilization under the two regimes, and shows that under

conventional Taylor rule the volatility of inflation changes little across the two regimes.

4.3 Additional evidence

So far, our analysis has focused mostly on the volatilities of exchange rates and macro variables across
the two monetary regimes. This choice of moments is driven mostly by robust discontinuities, or the
lack thereof, around the end of the Bretton Woods in the data. As Table 2 makes clear, the patterns are
less obvious for other second moments, namely the correlations. Nevertheless, the change in the empir-
ical correlations is an important overidentification test of the theoretical mechanism and is consistent
with the predictions of the model with segmented financial market.

In particular, the key prediction of our model is that financial shocks are central to the exchange
rate dynamics under the floating regime, and become significantly less important under the peg. It
follows that the main drivers of the real exchange rate under the peg are ‘fundamental’ shocks, such as
productivity shocks. Given a conventional transmission of these shocks, the model predicts that most
exchange rate puzzles that emerge under a floating regime should disappear under a peg. This is true
in particular for the forward premium puzzle (Fama 1984), the Backus-Smith puzzle (Backus and Smith
1993, Kollmann 1995), and the Balassa-Samuelson effect (Balassa 1964, Samuelson 1964).%!

Proposition 3 A change in the monetary policy rule from peg to float results in the emergence of (a) the

forward premium puzzle, (b) the Backus-Smith puzzle, and (c) a weaker Balassa-Samuelson effect.

*'Note that the Meese and Rogoff (1983) puzzle trivially disappears under the peg given that nominal exchange rate becomes
perfectly predictable. The case of the PPP puzzle — the surprising combination of high volatility and high persistence of the
real exchange rate (Rogoff 1996) — is more involved: in line with the empirical evidence, while the peg decreases the volatility
of the real exchange rate, it does not necessarily change its persistence (see Lemma 3).
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Consider first the forward premium puzzle. Clearly, this anomaly cannot emerge when risk pre-
mium is zero and therefore, one would expect smaller deviations from the UIP under the peg. The
empirical evidence is largely consistent with this prediction of the model: using historical data for the
UK and the U.S., Colacito and Croce (2013) show that the estimated UIP coefficient was close to one
during most of the Bretton-Woods periods and became negative afterwards. Note also that the model
is consistent with the CIP holding well in the data both before and after the end of the Bretton Woods,
as documented in Frenkel and Levich (1975).

Similarly, the model predicts that the Backus-Smith condition should hold — at least conditionally
in expected terms — in the absence of risk-premium shocks in the financial markets. Table 2 shows that
the correlation between the real exchange rate and the relative consumption is indeed higher under the
peg than under the float for every single country in our sample, and flips the sign to negative under the
float in all cases but one. This is also consistent with the findings of Colacito and Croce (2013) based on
longer historical series for the U.S. and the UK. In addition, Devereux and Hnatkovska (2014) provide
empirical evidence using the alternative quasi-experiment, namely the formation of the Eurozone. In
particular, they show that the Backus-Smith risk-sharing condition holds much better for members of
the currency union than for both the same countries before the formation of the Eurozone and between
the countries with different currencies.

Finally, in a straightforward extension of the baseline model with two sectors, the real exchange
rates should appreciate according to the Balassa-Samuelson effect when country’s productivity in the
tradable sector goes up relative to the productivity in the non-tradable sector. While true under either
monetary regime, this correlation is harder to identify under the floating regime because of the rela-
tively small overall contribution of productivity shocks in the exchange rate dynamics. Again, we find
empirical evidence in line with the model’s predictions: while the Balassa-Samuelson effect has almost
no explanatory power under the float (Engel 1999), the recent literature has shown that the effect holds
surprisingly well for the Eurozone countries with a fixed exchange rate (Berka, Devereux, and Engel
2012, 2018).

5 Quantitative Exploration

This section shows that both negative results from Propositions 1 and positive results from Proposi-
tion 2 and 3 remain robust in a quantitative version of the model. We compare three classes of models
- without UIP shocks, with exogenous UIP shocks, and finally with UIP shocks endogenous to the
monetary policy regime, consistent with the model of the segmented financial market in Section 4. We
show that only the latter class of models is consistent with the umbrella of Mussa facts documented in
Section 2, while nominal rigidities are neither necessary, nor sufficient to explain the puzzle.

The quantitative version of the model is from Itskhoki and Mukhin (2019) and is described in Ap-
pendix. In particular, we augment the baseline model from Section 2 with capital investment with ad-
justment costs, pricing-to-market, intermediate goods, Calvo sticky wages and LCP sticky prices, and a
conventional Taylor rule with a weight on the nominal exchange rate. The regime change corresponds

to the change in this weight that the monetary authority puts on the nominal exchange rate.
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5.1 Calibration

For most parameters we use standard values from the literature (see Appendix Tables A1-A2). In
particular, we calibrate the openness of the economy to v = 0.035 to match the average import-to-
GDP ratio of 0.07 for the U.S. for the periode from 1960-1990. Following a common practice in the
literature (see Schmitt-Grohé and Uribe 2003), and consistent with our own model of the financial
sector, we make sure that the model is stationary by assuming a coefficient x2 = 0.001 in front of b
in the UIP condition (43) under a floating regime, allowing it to change with the monetary policy in
the model with endogenous risk premium. We consider three versions of each model: a flexible-price
model with productivity shocks (IRBC), a sticky-price model with productivity shocks (NKOE-1), and a
sticky-price model with monetary shocks (NKOE-2). In all specifications, we also allow for the financial
shock 1y and taste shocks & between foreign and home goods. The baseline specifications with sticky
prices assume local currency pricing (LCP), but results are also similar under the dominant currency
pricing (DCP).

In all specifications of the model, the correlation of productivity (monetary) shocks across coun-
tries is calibrated to match corr(Agdp;, Agdp;) = 0.3 under the floating regime (see Table A2). We
target the volatility of the nominal exchange rate std(Ae;) under the float to calibrate the volatility of
the shocks. The relative volatility of productivity (monetary) and trade shocks is calibrated to match
respectively corr(Ag;, Ac; — Ac;) = —0.4 under floating regime and corr(Ag:, Anx;) = —0.1 under
std(221) 9 5 under the float-

std(Agdp:)
ing regime, where 2; is real investment expenditure. The weight of NER in the Taylor rule of Foreign

the peg.?? The costs of capital adjustment are calibrated to match

country is always zero, while the weight for Home country is zero under the floating regime and is
calibrated under the peg to match an eight-fold decrease in std(Ae;). We keep all other coefficients

constant across regimes. In the model with the endogenous UIP shocks, we change the coefficients x1

2 23
e

and Y2 in the UIP condition (43) in proportion with the change in o across the two monetary regimes.

5.2 Results

Table 3 reports the volatilities of exchange rates and macro variables under the two monetary regimes
for the alternative versions of the model. Consider first the three models (IRBC, NKOE-1 and 2) without
the UIP shock ;. Calibrated to match the volatility of nominal exchange rates, all three specifications
also feature a high volatility in the real exchange rate. This, however, comes at a cost: in the absence
of financial shocks, the models require large productivity or monetary shocks to generate volatile ex-
change rates, which in turn results in counterfactually volatile macro variables. Indeed, the volatility
of consumption and GDP is 5-10 times higher than in the data and is of the same order of magnitude
as of the exchange rates. Thus, consistent with the findings in Itskhoki and Mukhin (2019), the models

without financial shocks are inconsistent with the exchange rate disconnect under the floating regime.

In the version of the model with exogenous risk-premium shocks, we use the same calibration as the one with endogenous
financial shocks.

» All moments are calculated by simulating the model for 7' = 100, 000 quarters — all standard errors are below 0.01 in
this case. The results remain almost the same if one uses medians from several simulations of 7" = 120 quarters except for
the autocorrelations and the UIP coefficient, which are severely biased downwards in small samples.
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Table 3: Quantitative models

Panel A: standard deviations

Aet A(]t Tt A(ﬁt Agdpt
peg float ratio peg float ratio peg float ratio peg float ratio peg float ratio
Models w/o UIP shock:

IRBC 1.5 12.0 8.0 154 154 1.0 12.7 3.2 0.2 9.1 9.1 1.0 15.0 15.0 1.0

NKOE-1 1.5 12.0 8.0 42 128 3.0 3.1 1.8 0.6 7.1 6.8 1.0 17.7 117 0.7

NKOE-2 15 120 8.0 1.5 115 7.4 1.3 1.3 1.0 5.0 5.2 1.0 8.1 8.4 1.0
Models w/ exogenous UIP shock:

IRBC 1.5 12.0 8.0 11.0 11.0 1.0 102 0.9 0.1 1.8 1.8 1.0 2.5 2.5 1.0

NKOE-1 1.5 12.0 8.0 22 119 5.3 1.4 0.4 0.3 5.8 1.3 0.2 145 21 0.1

NKOE-2 15 120 8.0 21 118 5.7 1.3 0.3 0.2 5.8 1.1 0.2 8.6 1.8 0.2
Models w/ endogenous UIP shock:

IRBC 1.5 120 8.0 3.0 11.0 3.6 1.4 0.9 0.7 1.6 1.8 1.1 2.5 2.5 1.0

NKOE-1 1.5 12.0 8.0 1.7 119 69 0.4 0.4 1.0 1.1 1.3 1.1 1.9 2.1 1.1

NKOE-2 15 12.0 8.0 14 118 8.2 0.2 0.3 1.5 0.9 1.1 1.2 1.5 1.8 1.2

Panel B: correlations

Aqy, Aey Age, Acy—Act Aqy, Anzy Agdp, Agdp; Acy, Acf Acy, Agdpy puLr
peg float peg float peg float peg float peg float peg float peg float

Models w/o UIP shock:

IRBC 0.86  0.99 0.91 0.91 —0.10 —0.10 0.30 0.30 0.34 034 0.99 0.99 0.8 0.9

NKOE-1 0.67 0.99 0.28 0.70 —0.10 —0.49 0.38 0.31 0.65 041 091 0.97 0.3 1.0

NKOE-2 0.96 0.99 0.49 0.99 —0.10  0.05 0.95 0.30 0.97 033 1.00 1.00 1.0 1.0
Models w/ exogenous UIP shock:

IRBC 0.86 0.99 —0.40 —0.40 0.93 0.93 0.30 0.30 0.15 0.15 0.88 0.88 0.0 —13

NKOE-1 0.81 1.00 —0.88 —0.40 0.89 0.93 0.60 0.30 —0.06 0.32 0.99 0.84 —0.1 -—1.6

NKOE-2 0.82 1.00 —0.89 —0.40 0.92 0.97 0.51 0.30 —0.10 0.26 1.00 0.79 —0.1 —2.2
Models w/ endogenous UIP shock:

IRBC 0.98 1.00 0.92 —0.40 —0.10 0.93 0.30 0.30 0.39 0.16 0.99 0.88 1.0 —14

NKOE-1 0.98 1.00 0.84 —0.40 —0.10 0.93 0.44 0.30 0.54 0.32 0.96 0.84 1.0 -—1.6

NKOE-2 1.00 1.00 0.94 —0.40 —0.10 0.97 0.66 0.30 0.70  0.26 0.99 0.79 1.0 —-23

Note: see the text and notes to Appendix Table A2.

The next three specifications of the model allow for the exogenous UIP shocks with the same volatil-
ity under the two monetary regimes. All three specifications are now much more successful in address-
ing the disconnect puzzle — under the floating regime, the volatility of exchange rates is an order of
magnitude higher than the volatility of consumption, GDP and inflation. At the same time, the models
struggle to match the Mussa facts. Expectedly, the flexible-price IRBC model produces no change in
the behaviour of real variables across monetary regimes and is inconsistent with the original Mussa
puzzle about structural break in the dynamics of the real exchange rate in 1973. The specifications with
nominal rigidities, on the other hand, perform much better in terms of the exchange rate moments
— the sluggish adjustment of prices ensures that the real exchange rate follows closely the nominal
one and is about 5 times more volatile under the float relative to the peg. The sticky-price models,
however, have counterfactual predictions for other macro variables. In contrast to almost no differ-
ences in the volatilities of inflation, consumption and GDP across two monetary regimes in the data,

the models feature a 5-10 times increase in standard deviations of macro variables. This generalizes
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Table 4: Variance decomposition

peg float
P & aorm P & aorm

Real exchange rate, var(Ag;)

IRBC 1 23 76 92 3

NKOE-1 1 22 77 97

NKOE-2 1 4 95 97 1
Consumption, var(Ac;)

IRBC 0 1 99 15 1 84

NKOE-1 0 1 99 10 0 90

NKOE-2 0 1 99 13 0 87

Note: variance decomposition of RER and consumption in model specifications with the endogenous UIP shock.

the insight from Proposition 1 by showing that models with exogenous UIP shocks are inconsistent
with the broader set of Mussa puzzles not only in the special limiting cases, but also in a realistically
calibrated quantitative models.

Finally, the last three rows of Table 3 allow for an endogenous UIP shock, as in the model of the
segmented financial market in Section 4. Under the float, the model specifications are naturally iso-
morphic to the ones with the exogenous UIP shocks, and produce a high volatility in exchange rates
relative to the other macro variables, consistent with exchange rate disconnect. In contrast to the pre-
vious three specifications, however, the models also match well the data under the peg — the volatility
of the real exchange rate is 4-to-8 times lower than under the float and the volatility of other macro
variables changes only modestly by about 10%, as is the case in the data. Importantly, the results are
similar across specifications and do not depend strongly on the type of shocks (productivity vs mone-
tary) or the presence of nominal rigidities. In this sense, nominal rigidities are neither necessary, nor
sufficient to match the Mussa puzzle. On the margin, however, sticky prices do slightly improve the fit
of the model.

To see the intuition behind these results, consider the variance decomposition in the last set of
model specifications with endogenous UIP shocks. From Table 4, more than 90% of real exchange rate
volatility is driven by financial shocks. A switch in monetary policy to the peg eliminates most of
the carry trade risk and almost fully eliminates financial shocks, which results in a drastic fall in the
volatility of the real exchange rate. At the same time, the dynamics of other variables does not change
much for two reasons. On the one hand, because of low openness of the economies, financial shocks
account only for a modest share of volatility in macro variables even under the float (namely, 10-15%
of consumption volatility). As a result, the decreasing importance of the UIP shocks under the peg
has only minor implications for macro aggregates. Nonetheless, a change in the monetary policy per
se could significantly change the behavior of inflation (under flexible prices) and real variables (under
sticky prices). This does not happen, however, due to small changes in the equilibrium monetary policy.

Indeed, with financial shocks gone, the policy does not need to change much to ensure a stable nominal
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exchange rate. In other words, the government commitment to peg already goes a long way towards
stabilizing exchange rates and does not require large interventions on the equilibrium path.

Lastly, the lower panel of Table 3 complements the analysis with several correlations. Consis-
tent with Proposition 3 and the empirical evidence from Section 2, it shows that the UIP puzzle and
the Backus-Smith puzzle are much more pronounced under the floating regime, while the moments
are closer to the predictions of standard IRBC and NKOE models under the peg regime. Indeed, both
anomalies are due to financial shocks and disappear when monetary policy eliminates risk premium in
the international financial markets. At the same time, most other business cycle correlations — e.g. be-
tween consumption and output within countries and between home and foreign GDP across countries

— do not change much, which is in line with empirical evidence in Section 2.

6 Conclusion
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A Appendix

A.1 Additional Tables and Figures

Table A1: Calibrated parametrers

153 discount factor 0.99
o inverse of the IES 2
v openness of economy 0.035
@ inverse of Frisch elasticity 1
1) intermediate share in production 0.5
9 capital share 0.3
) capital depreciation rate 0.02
0 elasticity of substitution between H and F goods 1.5
€ elasticity of substitution between different types of labor 4
Aw  Calvo parameter for wages 0.85
Ap  Calvo parameter for prices 0.75
P autocorrelation of shocks 0.97
pr  Taylor rule: persistence of interest rates 0.95
¢  Taylor rule: reaction to inflation 2.15
Table A2: Estimated parameters
0y ¢ Oq Om  Pa,a* K De
Models w/o UIP shock:
IRBC 0.00 138 8.1 - 0.28 11 13.0
NKOE-1 0.00 5.71 10.6 - 0.30 7 1.8
NKOE-2 0.00 4.38 - 0.77  0.30 22 5.3
Models w/ exogenous UIP shock:
IRBC 0.61 337 141 - 0.30 15 145
NKOE-1 059 280 1.01 - 035 7.5 3.7
NKOE-2 0.59 1.23 - 0.15 042 20 3.6
Models w/ endogenous UIP shock:
IRBC 0.61 337 141 - 0.30 15  0.25
NKOE-1 0.59 280 1.01 - 035 7.5 0.03
NKOE-2 0.59 1.23 - 0.15 0.42 20 0.08
Note: in all calibrations, shocks are normalized to obtain std(Ae:) = 12%. Parameter ¢ in the Taylor rule is cali-

brated to generate eightfold reduction in std(Ae;) from float to peg. Relative volatilities of shocks are calibrated to match
corr(Agqi, Acy — Aci) = —0.4 under the float and corr(Agq;, Anz;) = —0.1 under the peg. The cross-country correlation
of productivity/monetary shocks matches corr(Agdp:, Agdp; ) = 0.3 under the float. Capital adjustment parameter ensures
= 2.5 under the float. The moments are calculated by simulating the model for 7" = 100, 000 quarters.

std(Az¢)

that std(Agdpy)
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(a) std(Ae;) and std(Aqy) (b) corr(Aqy, Aey)
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Figure A1l: Volatility and correlation of nominal and real exchange rates over time

Note: The left panel plots standard deviations and the right panel plots correlation of Ae; and Ag; over time. Series from
Figure 1; triangular moving averages with a window over 18 months before and after the date, treating 1973:01 as the end
point for the two regimes (see Figure 3 and Appendix Figure A4 for other variables).

A.2 Data

Additional details for Section 2:

1. CPI data for Canada in 1960 is from OECD, but is downloaded from FRED and made consistent

with the rest of the series.
2. Outliers:
(a) civil unrests in France in May—June 1968 led to a more than 20% fall in production; France

also had abnormally volatile production index during the whole 1960s;

(b) earthquake and tsunami in Japan in March-April 2011 led to 17% fall in production. Since
these observations are required for aggregation across non-U.S. countries, I replaced them

with extrapolations using the values before and after the episodes.

(c) The same applies to Germany production index in 1984:06, which constitutes a clear mea-

surement error, and Spain production index in 1960, which is missing.
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(a) Relative inflation, 7, — 7}

(b) Relative consumption, Ac; — Acj
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Figure A2: Volatility of macroeconomic variables over time

1980

1985

1990

Note: The top four panels zoom in on the panels b, d, e and f in Figure 3. The bottom panel plots the standard deviations

of nz; defined as the ratio of export minus imports to the sum of exports and imports, for the US against the rest of the world.
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(a) Real exchange rate, Ag; (b) Relative inflation, 7, — 7}
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(c) Relative production index, Ay — Ay; (d) Relative GDP, Agdp; — Agdp;
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Figure A3: Volatility over time: alternative break at 1971:08
Note: Like Appendix Figure A2, but with an alternative break date in 1971:08 (1971:Q3). DIFFERENT DEFINITION
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(a) corr(s, Ay — Amy) for Ae; and Agy
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Figure A4: Correlations over time

1985 1990

Note: the pictures shows the correlations for the RoW estimated separately before and after January 1973. The rolling window
is up to 5 years for quarterly series — shorter at the corners — with linearly decreasing weights.



Figure A5: Scatter plots: volatility before and after the end of the Bretton-Woods System

(a) RER (b) inflation
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Note: the plot shows standard deviations of different variables for 1960-71:07 vs. 1973-1989 across individual countries.
Canada is the outlier in terms of float-RER volatility and Spain is the outlier in terms of peg-NX volatility.
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Figure A6: Scatter plots: country-level instead of cross-differences
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Note: the plot shows standard deviations of different variables for 1960-71:07 vs. 1973-1989 across individual countries.
Canada is the outlier in terms of float-RER volatility and Spain is the outlier in terms of peg-NX volatility.

The scatter plots from Figures A5 show that the volatility of the RER is higher under the float than under the
peg for every single country in our sample. Interestingly, the floating regime results in almost equal volatility
of exchange rates across countries except for Canada, which retained partial peg to the dollar during 1970-80s.
At the same time, the countries concentrate tightly along the 45-degree line for other macroeconomic variables
indicating small changes in their volatilities across the regimes.(The only exception is Spain with an abnormally
high volatility of net exports in 1960s.) Interestingly, there is more variation for country-level series instead of the
cross-country differences (see Figure A6), but again we find no systematic differences for fundamentals between
two regimes.
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A.3 Derivations
A.3.1 Equilibrium system, steady state, log-linearization

A.3.2 Phillips curve
The log-linearized price setting equation (16) is given by:
o0
Pt = (1—BA) Zkzo(ﬁ)\)kEt{thrk — Qpik},

that is a discounted weighted average of future marginal costs (13) conditional on the price staying in

effect. We rewrite this condition as:
pHt —pi—1 = (1 = BA) ZZO:O(ﬂ)\)kEt{thrk — Qutk — Pk} + Z:O:O(ﬁ/\)kEtﬂtJrk
or equivalently
(1 - 5/\L71)(13Ht _pH,tfl) = (1 - 5>\)(wt — at —PHt) + Tyt (A1)
Next, due to the Calvo pricing structure, the evolution of the home-good inflation is then given by:
Tae = (1= A\ (PHe — prt-1), (A2)

and thus we can combine the previous two equation to obtain the Phillips curve for 7p;:

(1-N(1 - BN
A

. (A3)

Tt = BEemH 111 + R(we — ar — pHe), K
Using the price index and the law of one price (14), we have:

pe = (L —¥)pme +v(0F: + €1),

or equivalently:

Pt —PHt = VSt = qt-

1—2v
Substituting this into (A3):

N Y
T — AQtZ/BEt{WHl— AQt+1}+/€<UCt+80yt—(1+80)at+ 1_27%) ;

g g
1—2y 1—2y

where we have used (6) and (12) to establish that:
wy —pr —ag =0c + ol —ag = oc + oy — (1 + ¢) ar.
Next, taking the difference between m; and the equivalent Phillips curve for 7}, we arrive at:

2 = BBz + R(1 — 27) x4,
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where

1 2y «
z = -2, T — T —1_27Aqt =7 —m — 27 Aey,

* * ~ 2
vr=0(ce—c;)+oyr —yr) — 1+ ) ar + 1 _VQ’th.
The last step is to solve out y; — y; using the market clearing condition:

ye = (L =) — 0(pae — pe) + i) + v[—0(pre — e — pf) + ¢

=(1=7)e+ e + 2971( — 2V)Q
so that
ye—yr = (1= 2y)(ct — ) + 49u(1
1— 2y
and we can rewrite:
. 2 20(1 — +1 1+ N
Ty = [U +(1- 27)@] (et — )+ v ( V)¢ g — i ay

1-2y 04+ (1—2v)¢ o+ (1—2y)¢
Note that x; = 0 is goods market clearing under flexible prices (Backus-Smith resolution in disconnect).

A.3.3 Cointegration

See footnote 16. The impulse response of (1 — drL)q; is given by:

— kR5R pk OyEt - Ut
IRF(l drL)q: — a | _
k 1+~0kg |1 —Bpdr 1—p+0ﬁa0a€t 1—(B0gr

And therefore the impulse response of ¢; is:

k . —
IRF{' =3 pFIIRE!

We calculate:

[e.9]

k‘RdR pk OE U
E Bkl R qt E E gk,‘ k— Pet ~a t
k 1+’Y(J/€q |:1_/BP6R <1—p : t> 1- ﬁéR:|

k=0

krdg 1 <a¢€t ~a> N L=kt kl—
= + OKqO4E
1+’yaliq[1—ﬁp5}g 1-p t kzo(ﬁp) 1—p 1—5532/8

:717;7 :7171)
(1-Bp)(1—Bp?) (1-B)(1-Bp?)

Substituting this back into the first expression in footnote 16 results in the solution (37) in the text.

Limiting case p — 1
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Ay oyer (P = D—1 + oy

Amt_l—p_l—p 1_p :l/)tfl
O'(ACt - AC:) - Aqt = wt,1
krd 1
(1 - 5RL)Aqt = mon Pr_1.

1 — BOr 1+ yorg
A.3.4 Segmented financial market
Lemma A4 The solution to the portfolio choice problem (39) when the time periods are short is given by:

. . 1
i — iy — EiAepp1 + 503 + Oenx

2
wog

d;‘,k+1 = - ) (A4)

wherei; = log Ry, if = log R}, 02 = vary(Aesr1) and oers = covy(Aegyq, Apfiq).

Proof: See Campbell and Viceira (2002, Chapter 3 and Appendix 2.1.1). W

Note the extra terms in the numerator of (A4), which correspond to the Jensen inequality corrections

to the expected log return on the carry trade.

Proof of Lemma 2 Consider the market clearing for the foreign-currency bond in (42) and substitute

in (40) and (A4) to obtain after a few algebraical manipulations:

it — ’l? — EtA€t+1 + %O'g + Oer*

2
wog

41 Y1)
R —}—n(et 1) m

The market clearing conditions in (42) together with the fact that both intermediaries and noise traders
Diy1+Ney1 _£ DY +N{
Ry - t R}

between home and foreign household asset positions:

take zero capital positions, that is , results in the equilibrium balance

By £ 1
=& )
R, R;

Therefore, we rewrite the equilibrium condition in the financial market as:

’it — ’LI — EtA€t+1 + %O’g + Oen* . bt 1 Bt+1
m 3 = 7’L(€ — ) — Eth .

wo?

Next we log-linearize this condition around a symmetric equilibrium with R = R* = 1/ and B =

B* = 0. Furthermore, we assume that shocks are small, resulting in ag and 0.+ being second order,

2

however we adopt the asymptotics in which as o2 shrinks w increases proportionally leaving wo?

constant, finite and nonzero. This results in the following log linearization:
PyY

m
——b
ER Th

—— (i —if — E;Ae = ny —
wo’g(t ¢ t t+1) Py
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where by 1 = 5+ Bi41, or equivalently

PyY
=X1 E,\XQ
—N— =
i — EyAersy = o apy — PEHY o2
¢ 1t t et+1—mwae ¢t WO "O¢41.

This completes the proof of the lemma. W
DISCUSS FINITE wo? AND CONSTANT o2... Cite Hansen and Sargent (2011)

Profits and losses in the financial market Consider the profit and losses of the non-households par-

ticipants in the financial market — the intermediaries and the noise traders:

Df ,+ N}, ~ o,
t+1R2< t+1 R;fk—f—l _ (mdfﬂ + n(ew _ 1)) [1 _ elt—lt—A6t+l:| R:,

where we used the definition of }NR;“ 1 in (38). Using Lemma A4, the lower-order terms of these prof-

its are:
it — i — EtAetJrl . . = n 1
— (—m ¢ B} + mpt (Zt - Z;k - A€t+1)R* = — > Tt+1 —fEt$t+1 + 1/1t
wog p X1
nxz2 = 5
= = Typ1biy1 = PrY - bip1xi4a,
Bx1
where x¢11 = i — if — Ae¢41, and Lemma 2 implies E;zry1 = X190+ — X2ber1, where x1 = %wag.

Therefore, while the UIP deviations (realized x4 and expected E;x; 1) are first order, the profits and
losses in the financial markets are also first order, since B;1 = PyY - bt is first order around B=0.
Intuitively, the profits and losses in the financial market are equal to the realized UIP deviation times
the gross portfolio position of the households; while both are first order, their product is second order,

and hence negligible from the point of view of the country budget constraint.

Covered interest parity Consider the extension of the portfolio choice problem (39) of the intermedi-

aries with the additional option to invest in the CIP deviations:
max B, § ——exp | —w L R s R 2 1V ,
d;{»l thjl w

t+1 Ptﬁ-l t+1
where the return on one dollar invested in the CIP deviation (long home-currency bond plus a forward

and short foreign currency bond) is:

R = f_-tth - Ry,
since 1 dollar at ¢ buys & R; units of home-currency bonds, and dﬁfl 2 0 is the period-t dollar size
of this position. Note that we also allowed for non-zero wealth W} of the intermediaries, which is by
default invested into the ‘riskless’ foreign-currency bond. Both CIP investment and wealth investment
are subject to the foreign inflation risk only, but no risk of nominal return, unlike the carry trade d}, ;.

Note that the CIP investment, just like the carry trade, requires no capital at time ¢.
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The first order optimality condition with respect to the CIP investment is:

1
RF* . E, —exp [ —w
: {Pt+1

However, since the expectation term is strictly positive for any dfjl € (—00, 00), this condition can be

* Fx
t+1 Ry

R R}
x d* 1 4 TdF*l 4 *t W* — 0
Pt+1 " Pt+1 " Pt+1 !

satisfied only if RI™ = 0. If RF"* > 0, then the intermediaries will take an unbounded position in the

CIP trade, dﬂfl = 00, and vice versa.

A.3.5 Real exchange rate

Proof of Lemma 3

Equations (43) and (29) form a system of dynamic equations:

—(1 +vokq)EtAqey1 = x1¥¢ — x2bet1,
21-v)f-1

11—y & + VKqQt — Kalt

Bbiy1 — by =7y
where we used the fact that m; = 77 = 0 under the floating regime and also that

* .
Ct — Cp = RqQt — YRqqt,

it — iy = Ei{o(Acir1 — Aciyq) + (me — 1)} = okaEtAdr 11 — yorgEiAgeya,

where the first equation is the result of market clearing (see derivations in Appendix A.3.2) and the

latter equation is the manipulation of the household Euler equations for local bonds (see footnote 10).
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