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Abstract

In this paper, we study how three different sources of exchange rate shocks affect pass-
through into U.S. import prices. First, we examine how global movements of the USD, as
separate from trade-partner specific movements relative to the rest of the world, affect U.S.
import prices. We find that pass-through of global USD movements is always larger than trade-
partner pass-through and almost four times as large at long horizons. We also find substantial
heterogeneity in the geographic origin of pass-through of trade-partner movements. Second,
we show that risk-induced movements in the exchange rate can have substantially larger pass-
through than non-risk-induced movements in the short run while they have similar magnitudes
of pass-through in the long run. Safe-haven currencies such as the Swiss Franc show almost full
pass-through of the risk-induced exchange rate component after only 4 to 5 months. Third, we
show that pass-through appears to be absent when changes in unit labor cost imply exchange
rate movements. Our findings have important policy implications such as for estimating how
shifts in risk perception create imported inflationary pressure, and can guide us how to model
pass-through, for example with respect to assumptions about local versus global “toughness” of
competition.
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1 Introduction

Recent advances in the empirical estimation of exchange rate pass-through at the goods level have
yielded important insights for how firms price to market, and how and when they react to exchange
rate shocks.! At the same time, a separate literature has focused on examining and decomposing the
determinants of the exchange rate, which is both an asset as well as the key variable to counteract
trade and current account imbalances.

In this paper, we analyze how different sources of the exchange rate movement affect pass-
through into import prices. Our motivation is that pass-through should be very different depending
on the nature of the underlying shock. For example, one could arguably expect pass-through to
differ if the exchange rate moves due to productivity shocks rather than due to changing risk
perceptions of investors. We are looking both for quantitative and qualitative differences, for
example in the pattern of dynamics. Both types of differences can provide important guidance to
quantifying DSGE models and ultimately, to the policy-maker.

To study how different sources of exchange rate shocks affect pass-through, we examine the rate
of pass-through following three different kinds of exchange rate movements. In the first part of
the analysis, we investigate whether pass-through is different when the USD appreciates vis-a-vis
the entire world as opposed to when only one trade partner depreciates against the USD. To this
purpose, we split up the bilateral US/Trade Partner exchange rate movement into USD movements
and trade-partner specific currency movements against the rest of the world.

In the second part, we evaluate movements of the exchange rate that are induced by investors
perception of risk and return. Starting with Dornbusch (1980), there is increasing notion that the
exchange rate is an asset and that it therefore moves because of investors’ perceptions. A recent
literature, for example Lustig et al. (2008) and Hau and Rey (2004), has emphasized the role of risk

characteristics for exchange rate movements. We use the impact of changing global risk to identify

"While some of these studies focus on structural analysis of exchange rate pass through in single industries (see
Knetter (1989) and Knetter (1992) and Goldberg and Verboven (2001) and Goldberg and Verboven (2005) for the
car industry, Hellerstein (2008) for the beer industry and Nakamura and Zerom (2010) for the case of the co ee
industry), our approach is related to the more reduced form analysis of pass through rates in datasets spanning many
industries (see Gopinath and Rigobon (2008), Gopinath and Itskhoki (2010), Gopinath et al. (2010)), and Nakamura
and Steinsson (2008).



that part of exchange rate movements that is driven by the asset nature of the exchange rate. We
then examine the rate at which import prices react to these risk-induced exchange rate changes.

In the third part, we focus on exchange rate movements that are driven by changes in unit labor
costs. For example, if European firms become more productive compared to US firms, the euro
appreciates against the dollar. In equilibrium, European firms do not necessarily face higher costs,
since the euro appreciation would not necessarily fully offset the productivity increase. Accordingly,
the pass through response could then be low, or even negative.

From a policy maker’s view, the contribution of our paper is clear-cut: we document that
to understand the extent to which exchange rates pass through into import prices and create
inflationary pressure, it is expedient to first understand both the geographic origin and the intrinsic
cause of the exchange rate shock.

First, regarding the geographic origin, we document that pass-through is very different if the
USD appreciates relative to the rest of the world, or when only a trade partner currency moves.
This is empirically relevant since it implies that pass-through is substantial exactly when the US
appreciates against many currencies. This gives rise to a much larger role of the exchange rate as
a determinant of inflationary pressure than in the existing literature.

Second, regarding the origin of the shock, we document that risk-induced exchange rate swings
pass through into prices at a much higher rate than residual exchange rate swings. Moreover,
the long run rate of pass-through seems to be somewhat higher following risk-induced movements
than following other movements. From a policy-maker’s point of view, this implies that changes in
risk perception and asset market considerations are associated with substantial pass-through into
import prices.

Third, again from a perspective of the cause of the shock, we document that pass through is
actually absent when changes in unit labor cost imply exchange rate movement. This highlights
that many long term trends of exchange rates do not affect prices at all since the exchange rate
movement simply compensates the change in unit labor costs.

Since many of our estimations are based on data that is also available in real time, all these

findings are directly useful in refining existing models that quantify the effect of exchange rate



movements on import prices, trade balances, and imported inflationary pressure.

Our results also have implications for understanding the nature of incomplete pass-through.
The first finding that home country appreciation versus highlights in particular the importance of
market environment and the local “toughness” of competition for pricing, for example such as in
the models of Gust et al. (2010), Atkeson and Burstein (2008), or Chen et al. (2009). For example,
the finding that USD movements are associated with very high pass through rates emphasizes the
importance of the market environment and the toughness of competition for firms’ optimal pricing
decisions. Our results indicate that both the size of the pricing response as well as its timing are

quite dependent on the source of the exchange rate shocks.

2 Data description

We use a wealth of financial data from Thomason Reuters/Datastream, exchange rate data from
the IMF IFS, unit labor cost estimates from the OECD, monthly US import data from the
USITC/Census, and, most importantly, import prices at the goods level from the BLS that have
been the topic of intense study since the original analysis of this dataset by Gopinath and Rigobon
(2008). We refer the reader to Gopinath and Rigobon (2008) for details of the US import price micro
data. In this paper, we have extended the data range to span the years from 1994 through 2007.
We apply our analysis to the following countries: Australia, Austria, Canada, Denmark, Czech
Republic, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Mexico, Netherlands,
New Zealand, Norway, Portugal, Singapore, South Korea, Spain, Sweden, Switzerland, Taiwan,

United Kingdom.

3 Exercise I: PT Following USD and Trade-Partner Currency
Movements
We start our analysis with a very simple decomposition of the exchange rate and relating its

components to US import prices. We investigate whether pass-through is different if the USD

moves against all of its trade partners or rather, if the change in the bilateral nominal exchange



rate is caused by a trade partner movement against the rest of the world.

This exercise is motivated by theoretical considerations relating pass through to how the market
environment changes with the exchange rate. For example, if we think along the lines of Atkeson
and Burstein (2008), where market power determines pass-through, pass-through should be very
different if all foreign firms face the same cost shock as opposed to when only a small set of firms
from a country such as Switzerland faces a cost shock. Also theoretical models that highlight price
complementarities (see Chen et al. (2010) or Gust et al. (2009)) would predict that if the USD
appreciates against all sectors, pass-through should be much higher since all exporter experience
the same cost shock. In contrast, if only the trade partner currency moves, pass through should be
much smaller since only a small set of consumers moves.

To cleanly identify USD movements and trade partner currency movements, we do the following.
For each trade partner we define the USD/ROW Exchange Rate Change as the trade-weighted
average change of the log USD exchange rate against all countries other than the trade partner in
question. That is, if TP indexes the trade partner, the change of the ROW Exchange Rate Change

for trade partner TP equals

AUSDrow-1pt = Z wWet AUS D, 4 (1)
cETP

where country c¢’s weight is its shares of US imports excluding country TP. To make sure that the
weights are not contemporaneously related to current exchange rate movements, we take last year’s
import share as current weights:
IMYS
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It is important to note that the USD/ROW Exchange Rate Change differs for each trade partner.

(2)

Finally, we define the “TP/ROW exchange rate movement” as the difference between the bilateral
exchange rate change and the USD/ROW exchange rate change.

We measure pass-through by estimating a stacked regression where we regress monthly import



price changes on monthly lags of the respective measure of the exchange rate:

n
Apict=ac+ Y Bilecs ji1+t+ €icy (3)
j=1

where ¢ denotes a good, a. is a country fixed effect, ¢ a linear time trend, n varies from 1 to 25,
and e. ;1 is one the three exchange rate measures. To obtain the n-month pass-through, we sum

the coefficients up to the respective horizon.
To test the robustness of our results and to further break down the sources of pass-through
of the different exchange rates, we estimate pass-through of our three exchange rate measures by

country of origin and for the different three-digit NAICS sectors in the data.

3.1 Results: Trade-Partner and USD Exchange Rate Movements

When we estimate pass-through of our three exchange rate measures, we find the striking result that
aggregate pass-through of global USD movements is up to four times as large trade-partner pass-
through, with an estimate of 0.88 at the 24-month horizon. Second, our results show geographic
heterogeneity in the rate of pass-through of trade-partner movements. Finally, our results are
robust to estimation at the three-digit industry level.

First, our estimates of pass-through of the three measures of the exchange imply that pass-
through of global USD movements into U.S. imports prices is substantially larger than pass-through
of nominal or trade-partner exchange rate movements. Figure 1 summarizes this finding, based on
separate pass-through estimations. It shows the pass-through estimates that can be attributed to
a movement of the USD against all partner currencies, a movement of the trade partner currency
against the rest of the world or simply a nominal exchange rate movement. While USD pass-through
is larger at all monthly horizons, it is at approximately 0.75 at the 24-month horizon. Trade-partner
pass-through at that horizon is at 0.21 and nominal exchange rate pass-through at 0.3. Our results
also show that nominal exchange rate pass-through is always higher than trade-partner specific
pass-through, but economically only by a small magnitude.

When we jointly estimate pass-through of our two components of the nominal exchange rate,



of global USD and trade-partner specific movements, we find an even stronger impact of global
USD movements on U.S. import prices. Now, the long-horizon estimate of USD pass-through is
0.88, while the estimate of trade-partner pass-through is 0.2. Figure 2 summarizes the result and
additionally shows 95% confidence bands. USD pass-through is statistically significantly higher at
all monthly horizons.

Second, we present estimates of USD and trade-partner pass-through by country of origin in
Table 2. Is the trade-partner response heterogenous across the different trade partners? The
table shows substantial heterogeneity across trade partners. At the same time, pass-through of
USD movements continues to be generally larger than trade-partner movements. Given the recent
debate about the valuation of the Chinese Yuan, it is remarkable to see that movements in the
trade-partner specific exchange rate of China are passed through into U.S. import prices at a rate
of 0.81 at the 6-month and at a full rate at the 12-month horizon. These results confirm the findings
in Auer (2011).

Finally, when we control for sectoral heterogeneity of pass-through, we find robustness of our
results: pass-through of global USD movements is larger than trade-partner or nominal exchange
rate pass-through when controlling for sectoral effects at the three-digit NAICS level. Figures 3
to 13 show our estimates. Figure 3 gives an example for pass-through of USD and trade-partner
movements for two particular industries at all horizons, namely for food manufacturing (NAICS
311) and nonmetallic mineral product manufacturing (NAICS 327). In both cases, global USD
movements are passed through into U.S. import prices at a substantially higher rate than trade-
partner movements.

Figure 4 to 13 show estimates of pass-through at various horizons in different 3-digit NAICS
industries relative to nominal exchange rate pass-through. Here, our results also indicate that trade-
partner movements get passed through into U.S. prices much less than do general USD movements
while USD movements continue to have higher rates of pass-through than nominal exchange rate
movements. The figures also indicate that there is sectoral heterogeneity of USD and trade-partner

pass-through.



4 Exercise II: The Pass Through of Risk Induced Exchange Rate

Changes

A recent literature demonstrates that changes in investor risk perceptions can explain a substantial
part of exchange rate movements.? We analyze to what extent such risk-driven exchange rate
movements pass through into import prices, asking three questions about risk and prices: First, do
changes in risk get passed through directly into import prices? Second, does risk get passed through
when the nominal exchange rate is very volatile and risk is “on”?3 Third, to which exchange rate
movements do price-setters most closely pay attention in volatile environments: nominal, USD or
TP movements?

At the current juncture, our findings are only very preliminary, but the seem encouraging.
First, we find evidence that actually a considerable part of exchange rate swings can be attributed
to fluctuations in global risk and also, that these fluctuations are persistent so that firms should
plausibly adjust their prices to these shocks. Second, regarding the pass through, we find that risk
pass-through is generally higher than pass-through attributed to residual exchange rate fluctuations.
Third, we find that over longer horizons (say after 15 months) the difference between risk induced
and "normal” pass through rates tends to decrease.

In order to study the link between risk and pass-through, we take the following two steps.
First, we isolate the component of nominal exchange rate movements that can be explained by
changes in various measures of perceived risk. The motivation for this step is the recent strand of
research documenting that the exchange rates of safe-haven currencies are subject to severe jumps

when global risk aversion changes.? Second, we project the response of import prices on these risk

2Hau and Rey (2004) and subsequent papers examine exchange rate movements due to portfolio ows. There is also
a renewed literature on explaining Uncovered interest rate parity (UIP)-deviations based on shocks to consumption
growth in a consumption CAPM setting, following works of Lustig et al. (2008) and Lustig and Verdelhan (2007).
There are also several important recent papers on carry trades and UIP deviations, like Burnside et al. (2008), as well
as Brunnermeier and Pedersen (2009). A more nance oriented literature on the same subject is also developing, like
Plantin et al. (2005) on UIP and liquidity constraints, or Jurek (2009) or Farhi et al. (2009) on market expectations
and exchange rate movements. Other papers focuse more on market- microstructure and information frictions to
explain exchange rate movements on the basis of investor ows (e.g. Bacchetta and vanWincoop, 2007).

3Foreign-exchange trading strategies in some hedge funds are based on whether \risk is on™ or not to to decide
how to invest in the currency markets.

“In particular see Farhi and Gabaix (2008), Campbell et al. (2009), Ranaldo and Soderlind (2010), and Farhi et al.
(2009)). In addition, other shocks drive portfolio re-allocations and exchange rate movements, for example shocks to



aversion-induced exchange rate swings, resulting in a quantification of how risk-driven exchange
rate movements affect inflationary pressure. Third, we identify volatile exchange rate environments
as months when the absolute nominal log exchange rate changes are larger than the mean absolute
nominal log exchange rate changes plus one standard deviation therein.

Out first set of measures of risk-induced movements of the nominal exchange rate is based on the
aforementioned studies relating bilateral exchange rates to standard risk measures. For example,
if AVIX denotes the log change in the Chicago Board Options Exchange Market Volatility Index,
a measure of the implied volatility of the S&P 500 option, then the we estimate the following
specification:

AeUS,c,t = ac+ BAVIX; + EUS,e)t (4)

where Aeprg,.c: is the monthly change in the log nominal exchange rate of the US with country ¢
and a, is a country fixed effect. It is important to note that the coefficients in the above estimation
are always country-specific. Indeed, our prior is that beta can take either positive or negative
values. For example, given that Switzerland is a safe haven currency, increases in global risk will
lead to an appreciation of the Swiss Franc vis a vis the USD. The same specification estimated for
the Hungarian Forint, however, would probably yield a negative coefficient, since the USD is the
relatively safer haven.

Out second set of measures of risk-induced movements of the nominal exchange rate is based
on models that take into account the recent findings of the “carry trade factor” as in Lustig et al.
(2008). This branch of research argues that currencies differ in their risk profiles and that this risk
profile is related to the forward premium between the country in question and the USD, or the
interest rate differential between the US and the trade partner. Thus, we estimate the following

specification:

Aeyset = e+ BeAfuset + €us,en (5)

where fys.+ denotes the USD forward premium of the country in question.

investor information, interest rates shocks, consumption growth in the consumption-CAPM literature. It may even
be movements in the spot rate itself that drive portfolio reallocations and thus further movements in the currency
rate, like in the reversal of carry-trade positions when a funding currency appreciates.



Given these two sets of coefficients a. and ., we identify the risk-induced component of the
nominal exchange rate as the part of the nominal exchange rate predicted by the right-hand side
risk measures:

Aéﬁ?fé,t = a¢ + BAXys,et (6)
where X5, is one of the respective observed measures of risk: VIX;, fys.:, etc. Additionally,
we define the residual, non-risk component in the following way:

~Residual __ ~Risk
AeUS,c,t‘ - A6U5707t - A'eUS,c,t (7)

We then estimate the same stacked pass-through regressions as in equation 3 but substituting the
lags of the risk and non-risk component for the nominal exchange rate on the right-hand side of the
equation. Again, we add up the jointly estimated risk, and non-risk coefficients to obtain measures

of pass-through at the various monthly horizons.

4.1 How much can be explained?

We next investigate the economic and statistical importance of these asset considerations for the
exchange rate and we also discuss how we isolate the risk induced component of exchange rate
movements for the pass through analysis in the following subsection. In columns 1 to 3 of Table 3,
we first exemplify some of the relations that have been pointed out by the above-cited literature for
case of the Swiss Franc. In these specifications, the dependent variable is the day to day percentage
change in the bilateral exchange rate in terms of USD per CHF.

The CHF is a typical safe haven currency that tends to appreciate when global risk aversion
rises. As is standard in the finance literature, we use the Chicago Board Options Exchange Market
Volatility Index (VIX) as gauge of global risk perceptions and global risk aversion. The VIX
measures the implied volatility of S&P 500 index options and represents the market’s expectation
of stock market volatility over the next 30 day period. We find that if the VIX rises by 10 percent,
the CHF appreciates on average by about 0.155%.

It might be true that exchange rates react to changes in global risk only with a lag and it might

10



also be true that exchange rates are themselves mean-reverting. The Vector Auto Regression (VAR)
model of column 2 thus adds the first two and the 20th lag of the exchange rate and the first two
lags of the VIX change. There is no evidence that lagged changes in the VIX have any impact
on the exchange rate; the exchange rate seems to slightly mean revert slightly, although the mean
reversion (the first lag) is only significant at the 5% significance level. We have confirmed the finding
that from past history of all variables only the first lag of the exchange rate has any predictive
power in various specifications; we thus keep including the first lag of the exchange rate change as
independent variable in all the remaining VAR specifications of Table 3.

Column 3 adds a second country risk measure, which is based on the carry trade factor of Lustig
et al. (2010). We add the change of the 3-months forward premium, equal to the difference in the
spot exchange rate and the 3-months forward rate. As Lustig et al. point out, countries with a
high interest rate load more on global risk than do low interest rate currencies. Consequently, to
compensate for the increased risk exposure when holding high forward premium currencies, investors
demand a higher expected returns, i.e. high forward premium currencies tend to appreciate on
average. We use the forward premium instead of the interest rate differential, since covered interest
rate parity typically holds, so that the forward discount equals the interest difference. Indeed, in
column 3, the coefficient is estimated positive, i.e. if the USD/CHF forward rate is high compared to
the USD/CHF spot rate, the CHF tends to appreciate in the future (this specification is estimated
for expositional purposes only, we allow for the effect of the carry trade factor to vary throughout
time when constructing our risk-induced exchange rate components).

In columns 4 to 6, we reproduce the specification of column 3 for the case of the Australian
Dollar (AUD), the Japanese Yen (YEN), and the Euro (EUR). This serves to further explain the
economic meaning of the two included risk factors. Consider first the coefficient for the forward
rate, which is estimated positive for all currencies since the forward premium is itself time varying
and country specific. In contrast, the VIX coefficient differs across the countries because the VIX
measure is global and coefficient thus measures the factor loading on the VIX.

The VIX coefficient reflects the average riskiness of each specific currency compared to the USD.

For example, the negative coefficient -0.0292 for the AUD implies that on average, the USD is the
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comparatively safer country. If global risk increases, the AUD depreciates. In contrast, the positive
coefficient of 0.019 for the YEN implies that Japan is relatively safer than the US. Last, the small
and insignificant coefficient of the Euro implies that USD and Euro are on average perceived as
equally risky throughout our sample.

While the Euro does seem to be about as risky as the USD during 1999 to 2010 on average,
this masks considerable differences in perceived relative riskiness throughout time (for example:
compare September 11 2001 to mid 2010). Ranaldo and Séderlind (2010) document that in general
the perceived riskiness of various currencies is highly volatile and also Lustig et al. (2010) document
that their approach of grouping countries into risk portfolios requires frequents regrouping. The
risk profile of each country is constantly evolving; to address this behavior, we next go to a rolling
window time series estimation approach that allows for each countries factor loading on various
measures to be time-dependent. The resulting models are then predicted. Columns 7 and 8 of
Table compare these predictions to the actual data.

For the prediction presented in column 7, the sample includes 40 countries and the estimated
model allows for time-varying and country-specific factor loadings for the VIX, the US Federal
Funds Rate, the US Interbank Market Spread (which we include based on Adrian, Etula, and Groen
(2010)), and the performance of the global stock market (MSCI in local currency). Unsurprisingly,
the coefficient for the predicted value is close to 1 (it is not exactly equal to one owing to the rolling
window framework: with window length n, the first n observation are used for the estimation but
are not predicted). Quite surprising, however, is the fact that the prediction from this model results
in an associated R-square of 12%, that is 12% of all day to day fluctuations in exchange rates can
be explained by asset based considerations.

The model in column 8 includes in addition information on the 3-months and 12-months forward
premia. In the sample of 14 currencies where we do have enough information on forward rates to
estimate this model, the R-squared associated with the prediction is even 28%. This is important,
since we do have forward rates for the currencies of the US major trading partners. Since nearly
all import price observations in the BLS price dataset originate from these major trading partners,

the risk induced component is likely to be sizeable.
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We next document directly that these isolated exchange rate components are sizeable enough
so that we can use them for meaningful pass through estimations. A key worry is that despite their
high statistical significance and good fit in the daily dataset, these risk-induced movements are
short-lived and cannot explain any large exchange rate movements that would plausibly lead firms
to adjust their prices. We next show that this concern does not apply and that on the contrary,
our measures do pick up substantial and persistent exchange rate swings.

In the Figures 14-18, we present line plots that compare the realized cumulated change in
the exchange rate to the predicted cumulated change constructed from our estimations. The first
plot presents the correlation for the CHF. Panel 1 compares the evolution of the risk-induced
cumulative change in the USD/CHF exchange rate (blue dotted line) to the actual cumulated
percentage change (red solid line). These cumulated changes are calculated as changes in the
natural logarithm from the start of 1990 onwards. Indeed, Figure 14 documents that a significant
part of USD/CHF exchange rate swings observed since 1990 can be traced back to risk-related
considerations: throughout most of the sample period, the actual path of the exchange rate and
the risk-induced component move parallel. Most importantly, Figure 14 documents that risk factors
cause both large and non-transitory exchange rate swings. For example, the CHF is predicted to
first gradually depreciate by around 23% in the period from 1997 to 2001 and to then appreciate
by around 20% in the two year thereafter. Given that pass through happens over the time period
of less than 24 months (see Gopinath et al. (2010)), these risk-induced USD/CHF swings seem
relevant to examine pass through.

In Figure 15, we compare the same cumulative changes for the case of the USD/ YEN exchange
rate change. The actual and the risk-induced exchange rate change again commove, albeit somewhat
less closely than for the case of the CHF exchange rate. Again, we find that there are substantial
swings (in the order of magnitude of 0.1-0.2 natural log points, or 10,5 to 22.1 percent) that are
quite persistent.

In Figures 16 and 17, we next turn to the USD/German Mark (DM) exchange rate for the
period leading up to 1999 and to the USD/Euro exchange rate in the period thereafter. Given that

also the DM enjoyed a substantial save haven status, it is unsurprising that the major underlying
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trends of this exchange rate can be attributed to global risk and investor climate perceptions. Also
for the Euro, a substantial part of the exchange rate can be explained by risk considerations.

Last in Figure 18, we turn to the USD/AUD exchange rate. Also the latter currency became
increasingly involved in the global carry trade, albeit in a different direction. Much of the funds
that were borrowed in YEN or CHF were invested in Australia. Plot 5 documents this increasing
importance of the carry trade for Australia: while risk has hardly any effect on the currency in the
period leading up to 2005, almost all of the sharp depreciation of the AUD vis--vis the USD that
happened in the aftermath of the Lehman Brothers collapse (and also the subsequent reversal) can
be explained by the risk profile of the AUD.?

Overall, these five plots lead us to conclude that changes in global risk and the subsequent asset
considerations implied exchange rate fluctuations are substantial and persistent enough so that it

makes sense to examine the rate of pass through following these shocks.

4.2 Results: Risk and Exchange Rate Pass-Through

Figures 19 to 28 document our results regarding the pass through rate following risk-induced shocks.
Throughout this section, we present the pass through rates for various measures of risk induced
exchange rate swings. For each risk measure, we run a joint pass through estimation that relates
changes in the risk-induced component of the exchange rate to pass through rates and that also
include the cumulative pass through response of US prices to residual exchange rate movements.
Residual exchange rate movements refers to the component of exchange rate movements that cannot
be explained by the respective risk measure.

For example, consider the risk-related exchange rate movement risk1. We measure pass-through
by estimating a stacked regression where we regress monthly import price changes on monthly lags

of the respective measure of the risk component of the exchange rate as well as to the residual:

n n
isk1 isk1 iduall iduall
Apiae=ac+ DB A 0 + ) B AT 1ot + oo ®
j=1 j=1

®It is noteworthy that the BLS import price data ends before the recent economic crisis, so that our pass through
results will not include any risk-induced changed observed during the crisis.
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riskl

where Ae 1 is the projection obtained from a model similar to the ones presented in Table 3,

C,t—j+
and Aerﬁ?qﬁ” is the residual defined as
residuall __ ) riskl
AerFMT = Decr—jr1 — Degim iy

The main reason for estimating equation (8) jointly is that due to data availability and the rolling
window approach, our sample fluctuates, so that the rate of pass through could vary simply due
to the changed sample composition. Thus also always including the residual PT rate is helpful to
demonstrate whether risk-induced exchange rate movements are truly different from other exchange
rate movements.

In the four graphs in Figures 19 to 22, we estimate this specification over various horizons and
for four different measures of the risk-induced component of exchange rate movements. In Figure
19, the risk measure is constructed in a specification that restricts the coefficients for the measures
of global risk to be constant throughout the sample. Thus, this measure assumes that currencies
have a risk profile that is either always more risky or always more safe than the USD. The four
included measures are the (change in) the VIX, the MSCI World Index in Local Currencies, the US
Federal Funds Rate, and the US spread between the 3 months and the overnight interbank rates.

The main finding emerging from 19 is that risk-induced exchange rate swings pass through into
prices at a much faster rate and that do residual exchange rate swings. Moreover, also the rate of
pass through seems to be somewhat higher following risk induced movements than following other
movements. For example, the rate of pass through following risk induced exchange rate movements
(from now on "risk PT”) is estimated at over 0.45 at the 4-months horizon, while it is estimated
at only 0.2 for the residual exchange rate movements. At longer horizons, this difference is not as
marked, but still sizeable: for most of the horizons over 12 months, the risk PT rate is estimated
above 0.45, while the residual PT rate hovers below 0.3.

We confirm this finding in the next Figures using three alternative specifications of risk induced
exchange rate movements. Figure 20 uses "risk measures 2”, which is constructed from a specifi-
cation including the same four risk variables as in the construction of risk measure 1, but allowing

the coefficient of these variables to vary over time (we adopt a 90 trading day moving window
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estimation). Figure 21 extends the model used for the construction of ”risk measures 2” by the
presence of autoregressive terms for both exchange rate changes and by adding lags of the inde-
pendent variables. Finally, Figure 22 uses a model that also includes information on the currencies
forward premium vis-a-vis the USD (again in a rolling window approach). This risk measure is
available for only 14 countries due to the lack of forward rate data.

Regarding these four measures of risk-induced exchange rate movements, it is noteworthy that
during certain periods of time, risk is a more powerful predictor than at other times. For example,
most of the recent weakness of the Euro can be attributed to the financial turmoils and fears of
future default, rather than to developments in the export sector. Such periods are often called
"Risk on” periods in the financial world (see Ranaldo und Sderlind). Figure 23 examines the risk
and residual pass through during such risk on periods. We define a month to be high risk if the
change in the risk induced component of the exchange rate is larger than 2 standard deviations
from the mean. Also during these times, the risk pass through (risk measure 1) takes place much
faster than nominal pass through. During these risk on periods, it is also true that the long run
risk PT is about 1.

We next turn to a reduced currency sample: it is probably the case that risk PT is only
substantially for countries such as Switzerland, Japan, or Australia where risk considerations are
responsible for a substantial part of the fluctuations of exchange rates. We thus present the PT
following risk induced exchange rate movements for each country separately. Figure 27 documents
the risk-PT rate for Swiss, Japanese, Australian, and German (GER/EUR) firms. The used risk
measure is measure 3 that uses a rolling window approach and that also allows for the presence
of autoregressive terms when constructing the risk measure. For Switzerland and Japan, we also

present the residual PT rate in Figure 28.

We next turn to a reduced sample: it is probably the case that risk PT is only substantially
for those countries such as Switzlerand, Japan, or New Zealand where Risk considerations are
responsible for a substantial part of the fluctuations of exchange rates. We thus present the PT
following risk induced exchange rate movements for each country separately.

Pass-Through of risk by country: Figure 27 and Figure 28
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We find that there is substantial pass-through of risk for Switzerland. [ . . . |

4.3 Price-Setting Behavior When There are Large Risk Swings

When we examine key statistics of price-setting behavior under large exchange rate changes, we find
that pricing behavior strongly depends on the nature of the exchange rate shock, as we did in the
case of pass-through. We consider pricing under large exchange rate changes because this allows
us to most clearly identify differences in the nature of price-setting in response to the different
measures of the exchange rate. We find evidence that risk impacts price-setting in a different way
which can guide macro-economic modeling of price-setting and country risk, and possibly in making
assumptions about variable markups.

First, we show that under high nominal, USD and trade-partner exchange rate vo vsOity



Instead of a higher fraction of price changes, we observe a substantially lower monthly fraction of
prices changes of around 6% to 8% for our first three risk measures. In addition, we observe an
even more pronounced effect on the size of price changes, compared to the case of high nominal,
USD and trade-partner exchange rate volatility. Now, downwards price changes for risk measures
1 to 3 are consistently more negative with values of -8% to -9%. Upwards price changes are less
positive with values of 6% to 6.7%. The fraction of adjustment changing in a different direction, the
more pronounced downwards price changes and the meanwhile higher pass-through of risk under
high volatility, as Figures 24 and 25 summarize, suggest that a different modeling mechanism than
variable markups may be needed to relate risk to pass-through.

Finally, we examine the fraction of small price changes. This is a relevant statistic of price-
setting because it is essential in generating large real effects of monetary shocks in state-dependent
DSGE models like Midrigan (2010). We find no statistically significant trend for this distributional

statistic under our various measures of the exchange rate and high volatility.

5 Exercise III: PT following Unit Labor Costs Induced Exchange

Rate Movements

Exchange rate fluctuations are the fundamental channel via which the balance of trade flows is
achieved. This implies that if a country faces a real shock, such as productivity growth, or a demand
shock for the country’s goods, this also moves the real exchange rate. For example, Peltonen and
Sager (2009) find evidence of significant correlation between real exchange rates and productivity

differentials in both sectors.

5.1 How much can be explained?

We next turn to our third exercise, in which we examine whether productivity growth induces
movements in the exchange rate and whether these movements pass through into domestic prices.
We have no prior on whether pass through should be lower than when the exchange rate fluctuates

for other reasons.
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Our analysis uses the OCED System of Unit Labor Cost (ULC) Database (see OECD (2007)
for a description, which provides quarterly estimates of unit labor costs for currently 33 countries
and dating back to the early 1980s). We focus on their Manufacturing sector ULC estimates, which
provides the cost of labor per unit of real output in the manufacturing sector in domestic currency.

Table 4 documents if, to what extent, and over what time horizon the exchange rate reacts to
unit labor cost developments. For this analysis, we merge the ULC data with our other data and
collapse it to the quarterly frequency. This yields an unbalanced panel spanning 33 countries (the
current OECD members, as well as Bulgaria, Latvia, Lithuania, and Romania) and 82 quarters
(Q1 1990 to Q2 2010).

In column 1, we present a baseline random effect panel estimation including the quarterly
change of the exchange rate as dependent variable and the quarterly change in the countrys ULC
as dependent variable. The coefficient is highly significant and estimated at 0.449. This implies
that a 1% cost increase is associated with an appreciation of the home currency of 0.44 percentage
points. The fact that increases in unit labor costs are associated with exchange rate appreciations
is surprising and probably implies that most of the fluctuations in unit labor costs are driven by
booms and bust that move both wages and the exchange rate.

It might be the case that changes in unit labor costs on trickle through the real economy slowly
over time and that they therefore move the exchange rate only after a lag. We address this issue in
Columns 2 and 3, where we first add the quarterly ULC changes over the last year (i.e. the current
quarter and three lags) and then the quarterly ULC changes over two years. Doing so substantially
improves the fit of the model and shows that indeed, the ULCs affect the exchange rate only over
time. However, the main striking fact, that increases in costs are associated with an appreciation of
the exchange rate, is still confirmed. The estimation of column 3 suggest that after two years, a 1%
increase in ULC is associated with a 0.78% higher exchange rate. This finding is roughly confirmed
in the estimation of column 4 also allowing for exchange rate changes to be autoregressive.

A worry with the results presented in Table 4 is that of the 33 countries, 15 are Euro zone
member countries that all share the same exchange rate. Given that each member state makes up

only a fraction of the Euro Zone economy, changes in its ULC will move the Euro only by little. We
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thus re-run the baseline estimation separately for the euro zone members in column 5 and the rest
of the sample in column 6. Indeed, the impact of ULC changes on the exchange rate is much more
marked in the non-Euro zone group (coefficient equal to 0.557) and the Euro zone group (coefficient
equal to 0.142).

We next turn to our main prediction for the ULC-cost induced part of the exchange rate. Given
the above findings we run two separate estimations for the all countries together and for the non-
Furo zone group separately, see columns 7 and 8. In each prediction, we account for the long run
impact of ULC on the exchange rate and include the quarterly changes up to a horizon of two years

ago.

5.2 Pass-Through of Productivity Shocks into US Import Prices

Figure 29. [ Add here. |

6 Conclusion

In this paper, we study how three different sources of exchange rate shocks affect pass-through into
U.S. import prices.
First, we examine how global movements of the USD, as separate from trade-partner specific

movements relative to the rest of the world, affect U.S. import prices. We find that pass-through



with a substantial impact on domestic prices.

Third, we show that pass-through appears to be absent when changes in unit labor cost imply
exchange rate movements.

Our findings thus have important policy implications such as for estimating how shifts in risk
perception create imported inflationary pressure. Moreover, they can guide us how to model pass-
through, for example with respect to assumptions about local versus global “toughness” of compe-

tition.
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Table 2: Trade-Partner and USD Exchange Rate Pass-Through by Country

Trade-Partner USD Trade-Partner USD
Country/Horizon 6 months 12 months
Canada 0.53 1.36 0.31 1.06
Mexico 0.01 0.48 0 0.46
Sweden 0.57 -0.63 0.96 1.1
Norway 0.15 0.34 0.09 0.74
Finland 0.23 0.45 0.51 1.06
Denmark 0 0.07 -0.05 0.28
UK 0.23 0.24 0.31 0.2
Ireland 0.29 0.47 0.42 -0.11
Netherlands 0.29 0.79 0.26 0.73
France 0.07 0.26 0.04 0.44
Germany 0.47 0.22 0.54 0.61
Austria 0.36 0.33 0.36 0.22
Czech Republic 0.07 0.2 -0.07 -0.52
Hungary -0.13 0.6 -0.7 1.57
Switzerland 0.5 0.15 0.61 -0.17
China 0.81 -0.31 1 0.32
Portugal 0.37 0.43 0.21 0.12
Italy 0.26 0.25 0.21 -0.07
Greece 0.09 0.45 0.53 0.96
Singapore -0.59 0.68 0.22 0.23
South Korea 0.1 0.32 0.14 0.55
Japan 0.32 0.24 0.37 0.8
Australia 0.44 0.88 0.8 1.18
New Zealand 0.21 0.55 0.1 0.53
Mean 0.24 0.37 0.30 0.51
Median 0.25 0.34 0.29 0.50
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Table 5: Monthly Fractions of Price Changes under High Volatility

‘ Fraction All Fraction Up Fraction Down Fraction Small

Baseline 15.75% 7.98% 7.78% 28.52%
(0.05%) (0.04%) (0.03%) (1.01%)
High Nominal Volatility 20.90% 10.65% 10.25% 31.55%
(0.17%) (0.13%) (0.13%) (2.56%)
High USD Volatility 21.36% 11.05% 10.31% 32.12%
(0.16%) (0.13%) (0.12%) (2.64%)
High Trade-Partner Volatility 21.84% 11.37% 10.47% 31.80%
(0.17%) (0.13%) (0.13%) (2.47%)
High Risk 1 Volatility 6.28% 3.17% 3.11% 35.82%
(0.05%) (0.04%) (0.04%) (2.88%)
High Risk 2 Volatility 6.28% 2.98% 3.30% 31.67%
(0.05%) (0.04%) (0.04%) (2.96%)
High Risk 3 Volatility 8.45% 4.53% 3.93% 30.10%
(0.06%) (0.04%) (0.04%) (2.82%)
High Risk 4 Volatility 15.54% 7.86% 7.69% 33.13%
(0.09%) (0.06%) (0.06%) (2.30%)

Table 6: Size of Price Changes

‘ Ap |Apl Ap>0 Ap<0

Baseline 0.02% 7.37% 7.29%  -7.44%
(0.08%) (0.07%) (0.10%) (0.11%)

High Nominal Volatility -0.25% 7.41% 7.02% -7.80%
(0.19%) (0.18%) (0.25%) (0.25%)

High USD Volatility -0.67% 7.88% 6.97% -8.86%

(0.19%) (0.17%) (0.21%)  (0.28%)
High Trade-Partner Volatility | 0.01% 717%  6.89%  -7.47%
(0.18%) (0.16%) (0.21%) (0.26%)

High Risk 1 Volatility 20.98% 7.711%  6.66% -8.78%
(0.20%) (0.19%) (0.25%) (0.27%)
High Risk 2 Volatility 1.62%  7.80%  6.53%  -8.96%
(0.18%) (0.16%) (0.19%) (0.26%)
High Risk 3 Volatility 0.45%  6.96%  6.08%  -7.98%
(0.12%) (0.11%) (0.13%) (0.20%)
High Risk 4 Volatility 0.09%  6.48%  6.32%  -6.64%

(0.12%) (0.11%) (0.15%) (0.16%)
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Graphs

Pass-Through into US Import Prices Following Nominal,
USD, and Trade Partner Exchange Rate Changes
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Figure 1: Pass-Through of Different Exchange Measures into US Import Prices
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Pass-Through under Joint Estimation (With 95% C.I.)

14

1.2 A

Estimated Pass-Through
o
(o)}

Horizon in Months

==Trade-Partner Pass-Through =~ ===USD Pass-Through

Figure 2: Jointly Estimated Pass-Through of USD and Trade-Partner Exchange Rate Changes into
US Import Prices
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Pass-Through for TP and USD Movements for Two
Selected Industries
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Figure 3: Pass-Through for TP and USD Movements for NAICS Industries 311 and 327
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Trade-Partner versus Nominal Sectoral Pass-Through
All Horizons Pooled
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Figure 6: Trade-Partner and Nominal Exchange Rate Pass-Through into US Import Prices
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Trade—Partner versus Nominal Sectoral Pass-Through
Manufacturing, All Horizons Pooled
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Figure 7: Trade-Partner and Nominal Exchange Rate Pass-Through into US Import Prices, Man-
ufacturing
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USD versus Nominal Sectoral Pass—Through
Horizons < 10 Months, Pooled
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Figure 8: USD and Nominal Exchange Rate Pass-Through into US Import Prices, 0-10 Months
Horizon
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Figure 9: USD and Nominal Exchange Rate Pass-Through into US Import Prices, 11-20 Months
Horizon
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USD versus Nominal Sectoral Pass—Through
Horizons 21-24 Months, Pooled
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Figure 10: USD and Nominal Exchange Rate Pass-Through into US Import Prices, 21-25 Months

Horizon
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Figure 11: Trade-Partner and Nominal Exchange Rate Pass-Through into US Import Prices, 0-10
Months Horizon
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Trade—Partner versus Nominal Sectoral Pass-Through
Horizons 11-20 Months, Pooled
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Figure 12: Trade-Partner and Nominal Exchange Rate Pass-Through into US Import Prices, 11-20
Months Horizon
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Figure 13: Trade-Partner and Nominal Exchange Rate Pass-Through into US Import Prices, 21-25
Months Horizon
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Figure 15:
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Figure 16:
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Figure 17:
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Figure 18:

47



Estimated Pass-Through
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Figure 19: Pass-Through of Exchange Rate Risk Measure 1 into US Import Prices
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Pass-Through of Exchange Rate Risk Measure 2 and Residual
Exchange Rate Movements
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Figure 20: Pass-Through of Exchange Rate Risk Measure 2 into US Import Prices
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Estimated Pass-Through

Pass-Through of Exchange Rate Risk Measure 3 and
Residual Exchange Rate Movements
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Figure 21: Pass-Through of Exchange Rate Risk Measure 3 into US Import Prices
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Estimated Pass-Through
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Figure 22: Pass-Through of Exchange Rate Risk Measure 4 into US Import Prices
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Figure 23: Pass-Through of Exchange Rate Risk Measure 1 into US Import Prices, High Volatility
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Figure 24: Pass-Through of TP Exchange Rate into US Import Prices, High Volatility

53



Estimated Pass-Through
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Figure 25: Pass-Through of USD Exchange Rate into US Import Prices, High Volatility
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Nominal Exchange Rate Pass-Through
for High Exchange Rate Volatility
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Figure 26: Pass-Through of Nominal Exchange Rate into US Import Prices, High Volatility
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Estimated Pass-Through

Pass-Through by Country After Risk-Induced Movements

16 (Risk Measure 3; from Joint Estimation)
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Figure 27: Pass-Through by Country of Risk-Induced Exchange Rate Movements

56



Estimated Pass-Through
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Figure 28: CHF and YEN - Risk Induced vs Residual PT
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Estimated Pass-Through

Cost Changes, Exchange Rate Response and Pass-Through
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Figure 29: Cost Changes, Exchange Rate Response and Pass-Through



