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h i g h l i g h t s

• The price puzzle is examined using a macro model with expectations formed rationally.
• We show that presence of a cost channel is necessary for the price puzzle to occur.
• The price puzzle occurs in a closed economy even if the cost channel is not strong.
• Our model shows that exchange rate pass-through can resolve the price puzzle.
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a b s t r a c t

The anomalous behavior of inflation in response to contractionary monetary policy is known as the price
puzzle. Using a simple open-economy macroeconomic model, with expectations formed rationally, we
show that exchange rate pass-through can help in resolving the price puzzle.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Since the work of Sims (1992), a number of studies have
attempted to explain why the price puzzle occurs. It is generally
believed that the price puzzle (which refers to an increase in the
inflation rate when the interest rate increases) occurs when there
is a cost channel in the monetary policy transmission mechanism,
or when the model is misspecified and/or incorrectly estimated
(for a discussion, see Castelnuovo, 2012). Castelnuovo and Surico
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(2010) found evidence of the price puzzle in US data from 1966 to
1979 but not from 1979 to 2002. They argue that, until 1979, US
monetary policy was not tight enough to control inflation. Kapinos
(2011) showed that ignoring the effect of anticipated shocks to
inflation and the forward-looking behavior of the central bank, in a
macroeconomic model, can give rise to the price puzzle. However,
no previous study has considered the role of exchange rate pass-
through. This paper contributes to the literature by showing that
exchange rate pass-through can influence the sign of the response
of inflation to a monetary policy shock.

2. The model

In order to examine the role of exchange rate pass-through, we
use a relatively simplemodel, inwhich there are two types of firms
(domestic and foreign) and agents form expectations rationally.
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θ − µ (1 − µ)−1

− σ−1 (1 − µ)−1 (2 + εBΘ)
 . (2.8)

Box I.

Since it is always costly for firms to change commodity prices,
firms adjust prices only sluggishly over time. We also assume that
domestic firms borrow money to finance expenses at the market
rate of interest and foreign firmsmeasure cost and revenue in units
of foreign currency. These two assumptions give rise to both the
cost channel of monetary policy as well as exchange rate pass-
through. As the domestic currency depreciates, in order to remain
competitive, foreign firms selling in the domestic market tend not
to increase their prices. But, as the domestic currency appreciates,
foreign firms are more likely to reduce their prices.

Our macroeconomic model consists of the following equations,
where all variables (except for the interest rate) are expressed in
natural logarithms.

πh
t = βEtπh

t+1 + α1xt + α2st + α3it + u1t (2.1)

xt = Etxt+1 −


1
σ

 
it − Etπh

t+1 − ρt


−


εBΘ

σ


[Etst+1 − st ] + u2t (2.2)

it = if + Etst+1 − st + Etπh
t+1 + u3t (2.3)

ρt = st − u3t (2.4)

it = φππh
t + φxxt + u4t (2.5)

where

α1 = Ω−1 [1 + ε (ν − 1)]−1
≥ 0

α2 = Ω−1µ [1 + ε(ν − 1)]−1
≥ 0

α3 = Ω−1θ [1 + ε(ν − 1)]−1
≥ 0

Θ = σεF + (1 − εB) (σεH − 1) − 1
πh
t = domestic inflation; xt= real domestic output; st = real

exchange rate; it = short-term interest rat; if = foreign rate of
interest;
σ = inverse of interest elasticity of demand for goods;
εB = degree of openness (closer is to 1 implies a more open
economy);
εF = elasticity of substitution between importing countries;
εH = elasticity of substitution in consumption between the
domestic and foreign goods;
Ω = cost of price adjustments;
v > 1 is the cost function parameter; ε > 1 is the price
elasticity of demand;
θ ≥ 0 captures the strength of the monetary policy cost
channel;
Et = expectations operator conditional upon period t informa-
tion.

Eq. (2.1) is the Phillips curve (see the Appendix for a detailed
derivation). The rest of the model consists of typical demand
side equations.2 Eq. (2.2) is the IS curve. Domestic demand is
negatively related to the real rate of interest


it − Etπh

t − ρt

and

the depreciation rate of the domestic currency (Etst+1 − st). Eq.
(2.3) is the log-linear version of uncovered interest rate parity.
Eq. (2.4) determines the discount rate (ρt) endogenously. Eq. (2.5)
is a standard Taylor rule; the central bank alters the short-term
interest rate (it) in response to domestic inflation and output.
u1t , u2t , u3t , and u4t are the usual stochastic terms that capture

2 See Gali (2008, Chapter 7), for more details.

random shocks to the economy. In order to derive clear analytic
results, we do not consider factors such as habit persistence on the
part of consumers.

The parameter α3 = θ Ω−1 (1 − µ) [1 + ε (ν − 1)]−1, which
measures the strength of the cost channel, plays an important
role in our model. If θ = 0 then the interest rate has no
bearing on inflation through the supply side. While examining
the strength of the cost channel of monetary policy, Ravenna
and Walsh (2006) estimated various values of θ , which were
as low as 1.239 and as high as 11.831. The parameter α2 =

µ Ω−1 [1 + ε (ν − 1)]−1, where 0 < µ ≤ 1, measures the impact
of the exchange rate pass-through, which occurs due to the
presence of foreign firms. If µ = 0 then there is no exchange rate
pass-through as all firms are domestic. Domestic firms do not
adjust their prices in response to exchange rate fluctuations. From
α3 = θ Ω−1 (1 − µ) [1 + ε (ν − 1)]−1, it is clear that the strength
of the cost channel also depends on the degree of exchange
rate pass-through. If all firms are foreign (i.e., µ = 1), the cost
channel would be ineffective (i.e., α3 = 0). Using panel data from
14 OECD countries over 1980:Q1–1998:Q4 and 1990:Q1–2007:Q2,
Takhtamanova (2010) estimated the average value of α2 as 0.92
and 0.19, respectively. She argued that the latter value was low
because of low inflation during that period.

Our focus is on the response of inflation to monetary
contraction; therefore, to simplify our calculations, we set all
shocks equal to zero, except for u4t . In order to solve the model
analytically, we start with the following trial solution.

yt = au4t , st = bu4t , and πh
t = cu4t . (2.6)

The final solution is derived by substituting the trial solution in Eqs.
(2.1)–(2.5) and using themethod of undetermined coefficients. The
following set of restrictions on parameters a, b, and c were derived.

σa − (2 + εBΘ) b = 0
α1a + (α2 − α3) b − c = 0
φxa + b + φπ c = −1.

(2.7)

The above system of equations yields the values of a, b, and c
and, hence, the final solution. The solution for inflation is used to
derive Eq. (2.8), which leads to four propositions is given in Box I.

Proposition 1. The Price puzzle occurs only when the cost channel of
monetary policy is present.

Proposition 1 is derived by substituting Θ = σεF + (1 − εB)
(σεH − 1) − 1 in Eq. (2.8). It can be confirmed that a necessary
condition for the price puzzle to occur is the presence of a cost
channel (i.e., θ > 0) and the effect of the cost channel must be
sufficiently strong, which implies that the following conditions
must hold.

θ >
µ

1 − µ
+


ν − 1

σ (1 − µ)


× [2 − εB + εBσεF + εB (1 − εB) (σεH − 1)]
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θ ∈


0, θ̄
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µ

1 − µ
+

(ν − 1) (2 + εBΘ)
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+
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. (2.9)
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