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Abstract

We examine whether exchange rate pass-through (ERPT) estimates accu-
rately reflect the exchange rate’s role in domestic inflation. In small open
economies such as Costa Rica, only a small share of exchange rate fluctu-
ations is attributable to exogenous shocks. Most structural models used to
estimate the ERPT effect focus exclusively on these shocks, omitting system-
atic exchange rate movements that may have substantial effects on prices.
We estimate a structural VAR model that identifies inflation’s response to
all exchange rate variations. A 1 percentage point increase in the annual
exchange rate change raises inflation by 0.04 percentage points when driven
by an exchange rate shock, but by 0.25 percentage points when the change
is systematic. The large gap between these estimates reconciles the puzzle
of low ERPT coefficients with the widespread perception that exchange rate
movements strongly influence inflation. It also clarifies why the exchange rate,
despite its comovement with inflation, is an ineffective instrument for inflation
control.
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1 Introduction

Exchange rate pass-through (ERPT) measures how exchange rate fluctuations affect
domestic inflation. In Costa Rica, standard estimates suggest that a 1% depreciation
of the Costa Rican colén against the US dollar raises annual CPI inflation by only
0.04 percentage points. For a small open economy pursuing low and stable inflation,
such a low ERPT is desirable—but it seems insufficient to capture the prominent
role the exchange rate appears to play in the country’s price-setting process.

Using a monthly dataset from July 2006 to May 2025, we find that exchange rate
movements are closely interconnected with consumer prices at the micro level. In the
Costa Rican CPI basket, 135 of 289 goods and services increase their annual price
change by at least 0.32 percentage points on average following a 1% depreciation,
and the number of positively correlated items rises to 162 a few months following
the exchange rate variation. We refer to this phenomenon as price dollarization:
the tendency of domestic prices to track the US dollar exchange rate, even in a
low-dollarized economy (Drenik and Perez, 2020)). This raises a puzzle: why do
aggregate ERPT estimates remain so low?

A key reason lies in the conventional ERPT estimation strategy. Structural
models typically identify the causal effect of the exchange rate on inflation using
only exogenous exchange rate shocks. If the nominal exchange rate behaves like a
random walk, this approach captures most of its variability. But when, as in Costa
Rica, exogenous shocks explain only a fraction of exchange rate movements, such
estimates provide an incomplete picture of the inflation—exchange rate link.

Shambaugh! (2008a) and related work (Forbes et al., 2018} Ha et al., [2020; Garcia-
Cicco and Garcia-Schmidt], 2020) propose conditional ERPT measures—responses
of inflation to exchange rate changes triggered by specific shocks, such as monetary
policy or aggregate demand disturbances. While informative, these measures cannot
isolate the portion of inflation’s response attributable solely to the exchange rate.

Our approach departs from this literature by adapting methods from the mone-
tary policy identification literature (Leeper| (1997; Baumeister and Hamilton, 2018;
Arias et al., 2019). We estimate a structural VAR that explicitly models the infla-
tion “rule” and identifies the weight of exchange rate variations—both systematic
and shock-driven—in the process that determines inflation. This systematic ERPT
measure reflects the contribution of exchange rate movements to inflation under the
prevailing policy and economic environment.

We find a short-term unconditional pass-through semi-elasticity of about 4%,
rising to 9% at the five months horizon. Our measure of systematic ERPT sug-
gests that a 1% year-on-year depreciation produces a contemporaneous inflationary
impact of 0.25 percentage points—over six times larger than the unconditional esti-
mate.

This large gap reconciles the low ERPT coefficients found in conventional esti-
mates with the widespread perception that exchange rate movements strongly influ-
ence inflation. It also explains why, despite comoving with inflation, the exchange
rate is an ineffective instrument for controlling it.

The remainder of the paper is structured as follows. Section [2] describes the
structural model. Section |3| outlines the estimation strategy. Section {| presents
the results across different ERPT measures, and Section [5| concludes with policy
implications.



2 A Structural Model for Exchange Rate Pass-
Through

The structural model employed in this paper consists of a system of equations ex-
plicitly describing the interactions among key economic variables. Unlike traditional
reduced-form approaches, our structural framework allows for a clear interpreta-
tion of causal relationships and provides a robust foundation for policy analysis.
Specifically, the model characterizes how domestic inflation dynamically responds
to changes in the exchange rate, domestic monetary policy rates, and external eco-
nomic conditions, as represented by U.S. inflation and interest rates. Although
the model abstracts from some potentially influential factors, it offers an econom-
ically meaningful representation suitable for exploring exchange rate pass-through
(ERPT) dynamics.

The structural formulation leverages contemporaneous and lagged relationships
between variables to facilitate precise identification of economic shocks. This ap-
proach offers flexibility in imposing theory-driven identification restrictions, thereby
significantly enhancing the clarity and interpretability of the estimated structural
parameters.

The core variables of our analysis include Costa Rican CPI inflation (7;), the
monetary policy rate of Costa Rica (i;), the USD-CRC nominal exchange rate (),
as well as U.S. CPI inflation (7*) and the federal funds rate (iY>*). We employ
the notation f,(§;—1) to denote the dynamic dependence of any given variable z; on
the entire set of information available up to time ¢ — 1, represented as §;_1.

2.1 Model Equations

Below, we detail the structural equations underpinning the model, each guided by
economic theory and tailored specifically to reflect the context of the Costa Rican
economy.

Inflation Equation. The structural equation governing inflation (m;) explicitly
incorporates contemporaneous interactions with the U.S. monetary stance and in-
flation (i754, 7V54), the domestic exchange rate (z;), and Costa Rica’s monetary
policy rate (i;). The inflation equation takes the following form:

Ty = "+ ’r]il.ESA + nWWFSA + th + T+ fﬁ(gt—l) + UWEga (1)

Economic theory motivates the following sign restrictions on parameters in equa-
tion (|1):

e 7n%: No restriction imposed, as the net effect of U.S. interest rates on Costa
Rican inflation is theoretically ambiguous.

e n™: Positive, as higher U.S. inflation typically transmits inflationary pressures
through imported goods.

e [3: Positive, reflecting the conventional view that currency depreciations sys-
tematically elevate domestic prices.



e 7: Negative, consistent with standard monetary policy transmission mecha-
nisms where higher interest rates reduce inflation through diminished aggre-
gate demand.

Nominal Exchange Rate Equation. The nominal exchange rate equation cap-
tures how domestic and foreign economic conditions shape exchange rate dynamics:

Ty = + K4 + kT iy + amy + £ (Feny) + o€ (2)
Guided by economic intuition, we impose the following sign restrictions:

e k' Positive, as higher U.S. interest rates strengthen the dollar relative to the
colon.

e k™: Negative, given that rising U.S. inflation typically depreciates the dollar.

e ¢: Negative, since higher domestic interest rates attract capital flows, appre-
ciating the coldn.

e «: Positive, reflecting depreciation pressures from elevated domestic inflation.

The structural interpretation of shocks (e¢7) allows us to clearly differentiate
between systematic pass-through (captured by ) and traditional shock-based pass-
through.

The subsequent equations describing monetary policy and the U.S. sector are
similarly structured and will be presented in detail in the following subsections.

Monetary Policy in Costa Rica. The monetary policy equation captures the
systematic behavior of Costa Rica’s Central Bank in setting the monetary policy
rate (i;). This formulation reflects the central bank’s primary mandate to maintain
low and stable inflation, explicitly incorporating its responses to domestic inflation,
exchange rate movements, and external variables such as U.S. inflation and interest
rates. While the equation represents an approximation rather than a precise pol-
icy rule, it aligns well with theoretical expectations and practical considerations of
monetary policy decision-making:

i = ¢+ &4 1 €M 4 Sy Ay + [i(FE— 1) + o'l (3)

Each parameter in equation is subject to positive sign restrictions. Specifi-
cally, U.S. inflation and the nominal exchange rate affect the domestic policy rate
indirectly via their influence on inflation expectations. The positive relationship
with the U.S. interest rate also reflects coordinated responses to global financial
conditions and the aim to ensure stability in Costa Rican financial markets.

U.S. Sector Model. The model also incorporates U.S. monetary conditions, as-
suming exogeneity relative to Costa Rican variables. Specifically, we define the U.S.
monetary sector through the following equations:

Z-}JSA — CiUSA + 97 rUSAL 4 fZ-USA<st_1) + aiUSAeiUSA, (4)
ﬂ_tUSA — CWUSA + 9i;USAy + fﬂ_USA(gt_l) + UWUSAGZTUSA_ (5)



We impose standard economic theory-based sign restrictions (™ > 0 and ¢° < 0),
and assume no contemporaneous or lagged responses of U.S. variables to Costa Rican
economic developments, reflecting Costa Rica’s role as a small open economy and
price-taker internationally.

Table 1: Summary of Identification Restrictions

’ Parameter \ Effect of ... \ Sign ‘
n' U.S. interest rate on Costa Rican inflation. *
n" U.S. inflation on Costa Rican inflation. +
6] Exchange rate on Costa Rican inflation. +
T Costa Rican interest rate on inflation. -
K’ U.S. interest rate on exchange rate. +
KT U.S. inflation on exchange rate. -
o) Costa Rican interest rate on exchange rate. -
@ Costa Rican inflation on exchange rate. +
& U.S. interest rate on Costa Rican interest rate. | +
£ U.S. inflation on Costa Rican interest rate. +
) Exchange rate on Costa Rican interest rate. +
v Costa Rican inflation on interest rate. +
o U.S. inflation on U.S. interest rate. +
o' U.S. interest rate on U.S. inflation. -

Note: ”*” indicates a parameter with no sign restriction, ”+” indicates a positive restriction, and
7.7 indicates a negative restriction.

2.2 Structural Vector Autoregressive Model

By integrating equations —, a system is formed that can be expressed as a
Structural Vector Autoregressive (SVAR) model. This system is designed so that
the results do not depend on the ordering of the variables. However, to compare
this model with others in which the order of the variables is relevant, the equations
have been arranged so that the potentially ”most exogenous” variable appears first,
while the "most endogenous” one is placed last in the definition of the vector y;. In
matrix form, this model is written as followsﬂ:

1 = 0 0 07 [/isa A fivsa(Fo1) g e
9 1 0 0 0] [nUs o Frvsa (i) o e
—k —KT 1 —¢ —a Tt = c’ + | fe(@i1) + o%€ef
¢ =01y it ¢ fi(Si-1) o'el
- -t =5 -7 1 Tt " fr(St-1) oTel

The model identifies five structural shock{?} two originating from the U.S. econ-
. -USA . USA . .
omy, related to monetary policy (i ) and prices (¢f ); one associated with the
exchange rate (¢f); and two local shocks, corresponding to monetary policy (¢!) and
prices (€]).

!The detailed process for formulating the model in matrix form is found in Appendix @
2 . . jUsa usa o .
By introducing the parameters (o N ,0%, 0%, 07), these shocks are normalized.



The model variables define the vector y; as:

. . !

Y = (ZPSA WFSA Tt 1t 7Tt) .
To represent f,(§:—1), we simplify the presentation by considering the case in
which y, follows a first-order vector autoregressive process (p = 1)E| Under this

assumption, the model can be compactly expressed as:

Ay, = c+ Bytfl + Dl/zﬁt, (6)

where D is the diagonal matrix of structural shock variances. By construction, the
square root of this matrix, D'/2, corresponds to a diagonal matrix whose elements
are the standard deviations of the structural shocks.

The reduced fornﬁ of this model is obtained by multiplying both sides by the
inverse of A:

y, = A"'e + AT By, + A7 DY?e
y=c+ Py 1+ He
Y = ¢+ Pyr—1 + uy, (7)

where ¢ = A~l¢, ® = A'B, and H = A~1D/2,

Difference between specifications. The model described by equation[6] through
the matrix A, parameterizes the contemporaneous relationships between the endoge-
nous variables of the system. For example, this specification allows analyzing how
inflation (m;) responds to a variation in the exchange rate (x;) through the coeffi-
cient 5. This structural approach is useful for identifying causal relationships and
analyzing the impact of specific shocks, which requires explicit assumptions about
the contemporaneous restrictions among the variables.

On the other hand, equation [7] is expressed in reduced form. In this case, the
terms u; represent one-step-ahead forcast errors, which are linear combinations of the
structural shocks. While the reduced-form model focuses on the predictive capacity
of the variables, it does not directly provide information about contemporaneous
causality. This contrast with structural models reflects their emphasis on describing
the dynamic behavior of variables rather than explaining the underlying interactions
of the system.

A structural model characterizes either the matrix A or the matrix H. The
most common practice is to specify H, often as a triangular matrix (Cholesky).
The matrix A describes the contemporaneous relationships between the endogenous
variables of the system, while the matrix H characterizes how each variable responds
to each structural shock.

In practical terms, the matrix A measures, for example, the contemporaneous
response of inflation to a variation in the exchange rate (z;). In contrast, the matrix
H measures the response of inflation to an unexpected movement in the exchange
rate, that is, a shock (¢”) that cannot be predicted from other variables in the model.
In this sense, H captures how variables react to structural shocks.

31n practice, we use p = 12.
4The reduced form corresponds to the formulation of y; as a vector autoregressive (VAR) model.



2.3 Shock Identification Schemes

In the SVAR model literature, the identification problem arises because a VAR
model, estimated in its reduced form, only allows observing the covariance matrix
of the residuals, Q = HH', as indicated in equation [, A VAR model becomes
structural when the components of H are identified, either explicitly or implicitly
through the matrix A. Without identification assumptions, it is not possible to
determine the specific elements of either of these matrices.

Our model highlights the importance of adopting a structural approach. For
example, in the face of an unexpected increase in U.S. inflation (an international
price shock), the model predicts a depreciation of the dollar against the coldn, that is,
a decrease in (x;). At the same time, the increase in import prices generates a rise in
Costa Rican inflation (7;). Without a structural model capturing these relationships,
only a drop in the exchange rate and an increase in inflation would be observed,
which could lead to a misinterpretation of the pass-through effect as negative. The
inability to identify the different shocks influencing these variables would lead non-
structural models to estimate a downward-biased pass-through effect.

The model we present imposes few restrictions, which are justified by economic
theory. These restrictions are reflected in the matrix A, where the zeros in the first
two rows represent exclusion restrictions.

1 =60 0 0 O
-0 1 0O 0 O
A= |-k =k 1 —¢ —a
€ - =5 1 -y
-n' -t =5 -7 1
Next, we will discuss the implications that using the most common identifica-
tion strategy in the literature on the pass-through effect in Costa Rica—known as
recursive, triangular, or Cholesky identification—would have on our model.

Identification of Cholesky. The most commonly used identification assumption,
due to its simplicity, is the triangular or Cholesky assumption, which assumes that H
has a triangular structure. AnalyzingP| the matrix H, obtained by inverting matrix
A and multiplying it by the square root of matrix D, it is observed that for it to be
triangular, the following conditions must hold:

o+ar =0,
a+v¢ =0,
v+ ad =0,

where the parameters are the same as those forming matrix A. Since these
equations generate a system with three restrictions and five parameters, the solutions
are expressed in terms of ¢ and 7.

The first solution arises in the most general case, when § # 0 and v # 0:

—y 11
(OC,T, (b) = (T,y, 5,5) .

5 Appendix [B| details the explicit form of H in terms of the parameters of matrices A and D.

7



Since 0 and v must be positive, due to identifying restrictions, this solution
implies that the response of the nominal exchange rate to an increase in inflation
(c) is negative, meaning that inflation would appreciate the colén. Additionally, 7
would be positive, suggesting that inflation increases with the interest rate and that
the colén depreciates when it rises (¢ > 0). However, these restrictions are difficult
to justify from economic theory.

If v =0 but § # 0, we obtain:

(aa Y5 (b) = (07 0, 0)7

with 7 and 0 free. This implies that prices in Costa Rica do not affect the
nominal exchange rate (a = 0), that monetary policy does not respond to inflation
(v = 0), and that the interest rate does not influence the exchange rate (¢ = 0).
Again, these restrictions are not realistic in a macroeconomic model.

If 6 = 0, the solution is:

(CY, 7,9, ¢) = (07 0,0, 0)7

with 7 free. This would have implications similar to those mentioned in the
previous case, making it equally implausible.

Additionally, for H to be triangular, it is required that 6™ = 0, implying that
U.S. monetary policy does not respond to inflation. This assumption lacks economic
support.

In conclusion, the triangular (Cholesky) identification imposes, sometimes subtly,
a series of restrictions that are not defensible from economic theory. Although
these conclusions depend on the variables and the specific order used in our model,
we consider that these arguments justify a critical review of the conclusions and
estimates derived from models using this identification strategy in other contexts,
specifically in previous estimates of the pass-through effect in Costa Rica.

2.4 The Different Types of Pass-Through Effects

The model proposed in this study has been designed to explicitly examine the con-
ditional and unconditional pass-through effects, which have already been discussed
in the literature (Garcia-Cicco and Garcia-Schmidt, 2020; Shambaugh), 2008b; Ha
et al., 2020), as well as the systematic pass-through effect, introduced in this re-
search.

The Systematic Pass-Through Effect. It is the combination of price dollar-
ization and a certain degree of exchange rate predictability that underscores the
significance of the systematic exchange rate pass-through effect. In the following
section, we explore exchange rate predictability in small or shallow markets, specif-
ically focusing on the U.S. dollar market in Costa Rica.

Academic evidence suggests that in larger and more liquid foreign exchange mar-
kets, such as those for the U.S. dollar or the euro, exchange rates typically exhibit
behavior closely resembling a “random walk” (Meese and Rogoff, 1983; [Evans and
Lyons, 2002)). In contrast, smaller economies with less developed foreign exchange
markets often have concentrated market activity among a few significant players,
providing predictive opportunities due to reduced competition and the dispropor-
tionate impact of their trading operations (Lyons, 2001)). Additionally, studies by
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the Bank for International Settlements (BIS) (2022) highlight significant differences
in trading volume and liquidity across currencies, directly influencing how quickly
information is assimilated into market prices and thus affecting exchange rate pre-
dictability.

Moreover, the relative predictability of the U.S. dollar exchange rate, coupled
with a certain degree of local price dollarization, can systematically shape domestic
price formation in small open economies. This dynamic implies that fluctuations in
exchange rates rapidly affect domestic prices, particularly when inputs or consumer
goods are priced in dollars (Goldberg and Knetter, [1997)). Consequently, even minor
exchange rate movements can significantly impact local inflation, as economic agents
frequently adjust their price and wage expectations based on dollar behavior.

The systematic pass-through effect, as defined in this study, encapsulates this
channel through which exchange rates influence domestic prices. It is derived from
estimating the inflation determination equation (see equation . While economic
reasoning suggests that this parameter is unlikely to be constant throughout the
economy—given its potential variability depending on the direction and magnitude
of exchange rate shifts, product or service categories, or temporal factors—we cur-
rently represent it uniformly through the parameter E]

The Unconditional Pass-Through Effect. The expression for the uncondi-
tional exchange rate pass-through (PT)—that is, the impact response of inflation
(m) to an exchange rate shock (ef)—is particularly insightful, as it explicitly quan-
tifies the pass-through multiplier from exchange rate shocks to domestic prices.
Formally, based on the H matrix, it is given by:

B+ 0T
1—~7’

PTuncond. -

where [ captures the direct impact of exchange rate changes on inflation and is
assumed to be positive. The parameter 7 measures inflation’s responsiveness to
monetary policy actions, and is restricted to negative values. Additionally, ¢ repre-
sents the responsiveness of monetary policy to movements in the exchange rate, and
~ denotes how aggressively monetary policy reacts to inflationary pressures, both
assumed positive. The critical insight from this expression lies in its explanation of
how a relatively high direct exchange rate impact on inflation () can coexist with
a low observed pass-through. This apparent contradiction arises precisely because
of effective monetary policy interventions (6 and «y) that moderate inflationary ef-
fects through strong counteracting responses to both exchange rate fluctuations and
inflation itself. Consequently, the efficacy of monetary policy in stabilizing prices be-
comes the key factor mitigating the observed systematic exchange rate pass-through.

The Conditional Pass-Through Effect. The nominal exchange rate can vary
for various reasons, which is reflected in our model through equation [2 This equa-
tion shows that the exchange rate responds to variations in interest rates, prices, and
exchange rate-specific shocks. According to [Shambaugh| (2008b)), the pass-through
effect—that is, the response of prices to exchange rate variations—may differ de-
pending on the origin of the shock causing these fluctuations.

SFuture research could explore models relaxing this assumption.



In our model, there are four shocks in addition to the exchange rate-specific one,
one for each variable in the system. Therefore, we can calculate the conditional
pass-through effect for each of these four shocks. This is measured as follows:

h
Z resp (7, €)

PT,(h) = ZTLO , (8)
> resp(ziri, €)
i=0

where resp(z,4 1, €)) represents the response of variable z in period t+h to a shock €.
This response is calculated as the difference between the trajectory of z conditioned
on a shockﬂ w and its trajectory without that shock.

In expression [§ the factor causing the inflation variation is w, not necessarily
the exchange rate. For this reason, this measure has the limitation of not exclusively
capturing the effects of the nominal exchange rate on prices. Instead, the effects of
the exchange rate are combined with those of the corresponding shock (w).

The unconditional and conditional pass-through effects are comparable since
both are expressed in same units. However, to compare the systematic pass-through
effect with the first two, it is necessary to adjust its value using averages or the final
observations of the sample corresponding to the nominal exchange rate and the price
index.

Proposition 1 (Why shock-based ERPT understates total ERPT when ER shocks
explain little FX variance). Let the inflation determination equation include the
nominal exchange rate as

T = Bay + g(F1) + wy, (9)

where g(Fy_1) is any (possibly high-dimensional) function of information dated t—1,
and u; is an error term orthogonal to the structural shocks defined below. Assume
the nominal exchange rate admits the (one-period) structural representation

Ty = azg; + Zajé?{, (10)
J#T

where the shocks {€]}; are mutually orthogonal with Var(e]) = o} and Cov(el,ef) =0
for g #4.

Define the shock-based pass-through (as in conventional SVAR ERPT, identified
from the exchange-rate shock) as

Cov(m, 7))

PTshock =
Var(e?) '

and define the variance share of the exchange-rate shock in the nominal exchange

rate as 5 o
o, = Var(a,e¥) _ 4,0, e [0.1].
Var(z;) Var(z;)

Then:

"This could be any of those included in the model: eiUSA, erSA, €l or €7.
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(i) PT*"* = Ba,.
(ii) If Var(x,) is fived, |PT"%*| is proportional to \/wy:

Var(z;)

2 .
0%

IPTH = |5] /e

In particular, holding 3, Var(z;), and o2 fized, a small variance share w,
mechanically implies a small shock-based ERPT estimate.

Proof. Using @D and ,
Cov(m, ef) = Cov(Bry + g(Fr1) + ut, €F) = B Cov(xy, e7),

where the last equality uses Cov(g(Fi_1),e7) = 0 and Cov(u, ) = 0 by assumption.
From and shock orthogonality,

j 2
Cov(zy, ef) = Cov (azsf + g ajel, 5f> = a, Var(e}) = a,0;.
it
Therefore,

Cov(m,ef)  Bago;

PTshock — —
Var(ef) o2

= /Ba;m

which proves (i). For (ii), note that w, = a2¢?/ Var(x;) implies a, = /w,+/Var(z;) /o2
(taking absolute values if needed), hence |PT*%| = |3||a,| = |B|/wzr/Var(x;)/02.
[

3 Model Estimation

Estimating structural models, such as the one proposed here, requires sophisti-
cated techniques to unravel causal relationships in economic data. A commonly
used framework is Structural Vector Autoregressive Models (SVAR), which allow
researchers to estimate the dynamic effects of shocks on macroeconomic variables
while imposing minimal theoretical restrictions. This approach involves identifying
structural shocks by applying constraints, such as sign and zero restrictions on im-
pulse responses or structural relationships among endogenous variables, to ensure
that the estimated relationships are consistent with economic theory.

Baumeister and Hamilton| (2015) highlight the integration of Bayesian inference,
which incorporates prior beliefs and enables a systematic exploration of uncertainty
in model parameters. This methodology provides a flexible and robust framework
for assessing the effects of monetary policy shocks and other economic phenomena,
making it a fundamental pillar of contemporary econometric modeling. This section
describes the technical aspects of the model specification and estimation outlined in
the previous section. It is intended for readers interested in reviewing or replicat-
ing this methodology. Those primarily interested in the results are encouraged to
proceed to the next section.

11



3.1 Model Specification

The main specification of the model to be estimated is defined as:

Ay, = ¢+ By, + D", (©)
Ay, = Bxy_q + DY, (11)

where B = [B c} and x;_1 = [yt_l 1]. Here, we use a slight abuse of notation,
as x;, without emphasis, denotes the annual rate of change of the nominal exchange
rate. The matrices A and D are of dimensions n X n, where n represents the number
of variables in g;. It is important to note that D is a diagonal matrix. Meanwhile,
B has dimensions n x k, with & = mn + 1, where m corresponds to the number of
lags considered.

The estimation of this model is based on the Bayesian methodology developed
by |[Baumeister and Hamilton (2015) and Baumeister and Hamilton| (2018)). For
this approach we postulate a prior distribution for each element in A known as the
prior distribution. Conditional on A, the prior distribution of the elements of D
is specified, and, in turn, conditional on A and D, the prior distribution of B is
described.

In Proposition 1 of Baumeister and Hamilton| (2015), it is detailed how, through
integration, the marginal function of the posterior distributionﬁ can be obtained in
terms of the free elements of A. Using a Metropolis-Hastings algorithm], samples
of the model’s posterior distribution can be generated. This distribution reflects
a balance between how well the parameters conform to the prior distribution and
their ability to explain the observed data.

An important feature of the model is the ability to impose additional identifi-
cation restrictions on the components of matrix B. This allows consideration of
only parameters in which U.S. variables do not systematically respond to the lags of
fluctuations in Costa Rican variables, such as the exchange rate, interest rate, and
inflation. This restriction is reasonable for a small economy like Costa Rica.

In Baumeister and Hamilton| (2018]), the authors extend the model to allow
for restrictions on matrix H. This makes it possible, for example, to impose that
inflation in Costa Rica responds positively to exchange rate variations (5 > 0) and
to exchange rate shocks (€7). The latter restriction ensures a positive unconditional
pass-through effect.

The formulation of these distributions and restrictions closely follows the ap-
proach presented by Baumeister and Hamilton| (2015). Readers are encouraged to
consult their work directly for more detailed information on the specifications and
underlying theoretical foundations.

3.2 A Prior: Distributions

Distribution of Matrix A. For the parameters that make up matrix A, we pro-
pose a distribution from the ¢ family with three degrees of freedom, truncated pos-

8The posterior distribution incorporates information from observed data to update prior beliefs
or knowledge about the parameters of a model. This concept is based on Bayes’ theorem, which
combines prior information with the likelihood of the data to provide a more informed parameter
estimate.

9A description of the algorithm is included in Appendix
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itively or negatively as deemed appropriate based on the identification restrictions
(see Table [1]).

To refer to the set of parameters in matrix A, we define the vector ¢ as follows,
slightly abusing notation:

a=0" & & & a ¢ & & 5y g B 1)
Table 2| presents the a priori distributions of the coefficients in matrix A related

to U.S. interest rate and inflation variables. These parameters correspond to the
first two columns of matrix A.

Table 2: A Priori Distributions of Elasticities to U.S. Variables

’ Parameter H Distribution \ Mean \ Standard Deviation ‘

o™ 00 1.5 0.4
0 t1o0 -1 1

K ty 0.5 0.4
K™ ty -0.5 0.4
£ ty 0.5 0.1
£ ty 0.5 0.1
n" ty 0.5 0.1

Note: The subscript in the distribution represents the number of degrees of freedom, and the
superscript indicates whether the distribution is truncated positively (4) or negatively (-).

For the parameters describing the Costa Rican economy, the following set of a
priori distributions is considered:

e For parameter ¢, which represents the response of the nominal exchange rate
(NER) to an increase in the monetary policy rate (TPM), we propose a t
distribution with three degrees of freedom, a mean of -0.4, and truncated
negatively. This reflects the fact that TPM increases appreciate the Costa
Rican colén.

e For parameter «, which represents the response of the NER to an increase
in Costa Rican inflation, we propose a t distribution with three degrees of
freedom, a mean of 0.4, and truncated positively, indicating that Costa Rican
inflation depreciates the colon.

e For parameter §, which reflects the response of the TPM to an increase in
the NER, we propose a t distribution with three degrees of freedom, a mean
of 0.5, and truncated positively. This reflects that the TPM would respond
positively to a depreciation of the Costa Rican colén that increases inflation
expectations.

e For parameter v, which represents the response of the TPM to an increase
in Costa Rican inflation, we propose a t distribution with three degrees of
freedom, a mean of 1.5, and truncated positively. This indicates that an
increase in inflation is expected to be met with an increase in the interest rate
as part of monetary policy.
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e For parameter 3, which measures the systematic pass-through effect, we pro-
pose a t distribution with three degrees of freedom, a mean of .2, and truncated
positively, reflecting that increases in the NER put upward pressure on Costa
Rican inflation.

e For parameter 7, which represents the response of inflation to an increase in
the TPM, we propose a t distribution with three degrees of freedom, a mean of
-1, and truncated negatively, indicating that inflation decreases with interest
rate hikes.

The value of the a priori density function of matrix A is given by:
p(A) = p(0™)p(0")p(K")p(KT) - - - p(7).

Distribution of Matrix D. Following Baumeister and Hamilton (2015), we spec-
ify a prior distribution for the diagonal elements of matrix D. In particular, each
inverse diagonal element d;;" is assumed to follow an inverse gamma distribution:

T:i -1 Hifl . -1 . -1

otherwise,

where k; =2 and 7; = 2 - a,Sa;. Here, a) denotes the i-th row of the matrix A, and
S is a scaling matrix. Although not strictly necessary, including S aids in faster
convergence of the algorithm. The matrix S can be constructed in various ways,
such as the variance matrix of the reduced-form residuals of the model, or—as in
this case—the covariance matrix of residuals from AR(4) or AR(8) models estimated
individually for each variable.

Distribution of Matrix B. We place normal a priori distributions on the lagged
structural coefficients in matrix B. Assuming these coefficients are independent
across equations, each row vector b; follows a multivariate normal distribution:
N (m;, d;M;). This leads to a convenient factorization:

n

p(B | DJA):Hp(bi | D7A>7

i=1

1
(27T)k/2 |d“M1|1/2

p(b; | D, A) = exp [—l(bi — ;) (diM;) " (b; — my)

2

Here, bl denotes the i-th row of matrix B, representing the lagged coefficients
in the i-th structural equation. The vector m; is the prior mean, and d;M; is the
prior covariance. While both m; and M; may depend on A, they are assumed to be
independent of D.

The prior mean m;, as a function of A, is given by m;(a) = n'a;, where:

n=11Z, 0 --- 0 0],

with 7, denoting the identity matrix and the zeros representing n x n blocks, one
for each higher-order lag. Let ,/s; be the estimated standard deviation from an
eighth-order univariate autoregression for variable i. Define:
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vi = (1%,2%1,...,”1% V= (st s s

V3 = )\g |:V1§V21 .
3
We then define M; as a diagonal matrix with elements M, ,, = vs,. Following
Doan et al. (1984), we set the hyperparameters as follows: A; = 1, which controls
how fast the prior variances decline with lag length; A3 = 100, making the prior on
the intercept nearly non-informative; and Ay = 0.2, reflecting the overall tightness
of the prior.

3.3 Sampling the A Posteriori Distribution

Model estimation requires generating samples from the a posterior: distribution
p(A,D,B | Yr). This process utilizes a sampling scheme based on the Metropolis-
Hastings technique with a random walk step.

The procedure starts with an initial value for the parameter vector of matrix A:

aV) = a.
From this point, a new candidate is proposed using:
&tV = al + Py Vi,

where vy4 is a n, x 1 vector whose entries are independent standard normal vari-
ables. The parameter £ is an adjustment factor (e.g., £ = 1.3) designed to achieve
an acceptance rate close to 30%, a concept that will be discussed later. The matrix
P, can be defined in various ways. In this case, we use the Cholesky factor of the
inverse Hessian evaluated at the maximum of function ¢(«), described in equation
l An alternative is to use the identity matrix for P A, simplifying implementation
but leading to slower convergence.

The definition of () follows from Proposition 1 in Baumeister and Hamilton
(2015)), which is detailed in the appendix.

For each candidate &V we evaluate ¢(a) at the new point. If ¢(&
q(a9), the candidate is rejected with probability:

1 —explg(a“™) — g(a)].

Otherwise, the candidate is accepted, and we set a™) = &Y. After I = 106
initial burn-in iterations, the process is repeated until reaching 2/ iterations to
generate the samples.

E-l—l))
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To sample p(D | A,Y7), starting from ¢ = I + 1, values for each a'” are
generated according to:

T *(a®)
‘51‘(5) ~ T | ki + _7Ti(a(e)) + —@ (o) )
2 2
The variance of the structural shocks is calculated as dgf) =1/ 52.(5) fori=1,2,---,n,

which are the diagonal elements of D).
To sample the lagged structural coefficients p(B | A, D, Yr), values are drawn
from:

b ~ N(mj (), di M),
where: o o
m; (al) = (X{X,) " (X[ Yi(a?)),
and: o
M; = (XiX)™
Finally, matrix B is constructed using the rows b§‘> fore = 1,...,n. The

definitions of X; and Y; are based on Proposition 1 in Baumeister and Hamilton|

(2015)), described in the appendix.

3.4 Data

The two main variables related to the pass-through effect are the nominal exchange
rate (NER), represented by X;, and a price variable, denoted as P,. While the
consumer price index (CPI) is commonly used, it is relevant to consider alternative
measures, such as core inflation, price indices for specific product or service groups,
or even an individual index associated with a specific product or service.

Figure 1: Sample of Model Variables

Federal Fund Rate US CPI Inflation 20 Nominal Exchange Rate
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The analysis of exchange rate pass-through to prices is typically conducted using
annual, quarterly, or monthly frequency data. In this study, all variables have a
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Figure 2: Enter Caption

monthly frequency. We use the average of the last monthly observation of the
reference bid-ask nominal exchange rate reported by the Central Bank of Costa
Rica (X3).

The year-on-year variation of the NER is defined as:

z, =100 [ ——2) %, (13)

while the year-on-year variation of the price variable, m;, calculated analogously for
P,, is interpreted as the inflation rate. For Costa Rica’s interest rate (i;), we use the
last monthly observation of the monetary policy rate (TPM).

For the variables corresponding to the United Stateﬂ the federal funds rate of
the last day of the month (iU5*) and inflation (75*) are calculated based on the
year-on-year variation of the consumer price index, excluding energy and food.

The sample covers the period from March 2006 to August 2024, which includes
the beginning of the transition toward an inflation-targeting framework and a more
flexible exchange rate regime in Costa Rica.

4 Results

The results presented derive from the estimation of the model discussed in the pre-
vious section. The point estimates correspond to the median of the a posteriori
distributions of each parameter, including D and B. Likewise, through the relation-
ship between equations @ and @), estimates of the reduced model are obtained.
Credibility intervals for all parameters are calculated from these distributions using
percentiles.

0Data is obtained from the Federal Reserve Economic Data (https://fred.stlouisfed.org).
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The analysis focuses on the pass-through effect, the central theme of this study,
and provides relevant insights into the Costa Rican economy, including the interac-
tion between monetary policy, exchange rates, and inflation.

4.1 The Pass-Through Effect

Unconditional Pass-Through Effect Figure [7| shows the unconditional pass-
through effect, defined as the response of prices to an unanticipated variation in
the nominal exchange rate. This effect is measured as an elasticity, reflecting the
percentage change in prices (%) in response to a percentage change in the nominal
exchange rate.

Figure 7: Unconditional Pass-Through Effect
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In the graph, the horizontal axis represents time (in months), while the vertical
axis shows the estimated impact in percentage terms. The solid line corresponds to
the median of the estimated a posteriori distribution, and the shaded areas indicate
the 68% and 90% credibility intervals.

In the short term, the estimated effect is 4%, indicating a limited initial impact.
However, this accumulated effect gradually grows and reaches significant values in
the medium term, suggesting that an unanticipated depreciation of the nominal
exchange rate generates cumulative inflationary pressure. From the sixth month
onward, this impact becomes more evident but not significant at the 90% level.
The widening of credibility intervals towards 24 months reflects greater uncertainty
over longer horizons, although the general trend indicates a positive and increasing
pass-through effect.

A possible explanation for the increasing uncertainty at horizons close to two
years is the presence of asymmetric effects, meaning the existence of both a persistent
and a more transitory response of the pass-through effect to different types of shocks.
However, the estimation of an asymmetric pass-through effect is beyond the scope
of this study.
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Figure 8: Unconditional versus Systematic ERPT
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Systematic Pass-Through Effect The results for the systematic pass-through
effect are based on a structural equation describing the relationship between infla-
tion in Costa Rica (m;) and a set of explanatory variables, including the nominal
exchange rate (7,), interest rate, and U.S. inflation (i¥Y* and 7FU%), and the do-
mestic monetary policy rate (i;).

Figure |8 compares the posterior distributions of the unconditional exchange rate
pass-through (ERPT) and the systematic ERPT coefficient, 5. The unconditional
ERPT, shown in blue, is tightly centered around 0.04, indicating that a 1% depre-
ciation driven by an exchange rate shock raises inflation by roughly 0.04 percentage
points. In contrast, the posterior distribution of the systematic ERPT, shown in
orange, is centered near (.25, more than six times larger. This substantial gap high-
lights how conventional ERPT estimates—based solely on exogenous exchange rate
shocks—capture only a small part of the exchange rate’s influence on inflation. By
explicitly modeling the role of the exchange rate within the inflation determina-
tion process, the systematic ERPT measure incorporates the impact of both shock-
driven and endogenous exchange rate movements, revealing a much stronger link
between exchange rate dynamics and price changes. These results underscore the
importance of distinguishing between these concepts when assessing the inflationary
consequences of exchange rate movements.

4.2 Forecast Error Variance Decomposition

Figure presents the forecast error variance decomposition of the USD/CRC nom-
inal exchange rate over a five-year horizon. The decomposition attributes the share
of exchange rate forecast variance to six structural shocks: U.S. monetary policy,
U.S. prices, exchange rate (ER) shocks, Costa Rican monetary policy, Costa Ri-
can prices, and other domestic factors. The colour bands represent the cumulative
contribution of each shock over time, from the immediate impact to medium-term
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horizons. The results reveal that ER shocks themselves account for only a small frac-
tion of the exchange rate’s variability, particularly beyond the first year. Instead, a
substantial share is driven by foreign price shocks, domestic monetary policy, and
other macroeconomic disturbances. This finding is critical for the interpretation of
conventional exchange rate pass-through (ERPT) estimates. Standard approaches,
which identify ERPT solely from exogenous ER shocks, capture only the small por-
tion of exchange rate variation attributable to these shocks—potentially leading to
severe underestimation of the true influence of the exchange rate on domestic prices.
By showing that most exchange rate variability originates from systematic responses
to broader macroeconomic conditions, the FEVD underscores the need for an ERPT
framework that accounts for all sources of exchange rate movements.

4.3 Structural Equations

Estimating the model sheds light on the behavior of three key variables for the Costa
Rican economy: the nominal exchange rate, the monetary policy rate, and inflation.
Inflation has already been discussed in the context of the systematic exchange rate
pass-through effect.

Structural equation for the nominal exchange rate Estimating the struc-
tural equation for the nominal exchange rate offers detailed insights into the causal
relationships among the macroeconomic variables considered. The nominal exchange
rate (z;), measured as the year-over- year percentage change, is explained by the U.S.
interest rate (i7°), U.S. inflation (7V9), the domestic monetary policy rate (i;), and
domestic inflation (7;), along with lagged effects of these variables.

xy = 1.4309 4+ 0.7980i% — 0.309575 — 1.0538i, + 0.70497,

(0.3857) (0.3175) (0.2129) (0.4284) (0.1912)
—0.7867i5, + 0. 13517rE_S + 0 L9148,y + 0.7191i, 1 — 0.5320m, 1 + 1.9950¢]
(0.3233) (0.2246) 0.0257) (0.4302) (0.1946) (0.6708)
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The constant term of 1.4309 indicates an average depreciation trend of the nom-
inal exchange rate in the absence of changes in explanatory variables. This may
reflect structural long-term dynamics within the Costa Rican economy.

Regarding external variables, an increase in the U.S. monetary policy rate sig-
nificantly raises the nominal exchange rate. Specifically, a one percentage-point
increase in iV leads to a 0.798 percentage-point rise in the nominal exchange rate,
highlighting the influence of U.S. monetary policy on currency value and exchange
rates. Conversely, higher U.S. inflation (77°) reduces the nominal exchange rate by
0.31 percentage points, possibly reflecting improvements in the relative competitive-
ness of U.S. goods.

Domestic variables are also crucial determinants. An increase in the domestic
interest rate reduces the nominal exchange rate by 1.05 percentage points, suggest-
ing higher domestic rates attract foreign capital inflows, strengthening the local
currency. Conversely, higher domestic inflation leads to nominal exchange rate de-
preciation, increasing by 0.70 percentage points, reflecting the adverse impact of
inflation on purchasing power and currency competitiveness.

Lagged effects of these variables are also significant. The previous period’s U.S.
interest rate (i¥%) negatively influences the current exchange rate, whereas lagged
U.S. inflation (7V5) has a positive impact. For domestic variables, the previous
period’s interest rate (i;_1) significantly positively impacts the current exchange
rate, while lagged inflation (m;_1) negatively affects it, suggesting an adjustment
mechanism in exchange rate dynamics.

Finally, the lagged nominal exchange rate (z;_;) coefficient (0.9148) indicates
high persistence, meaning past exchange rate shocks significantly influence current
values, reflecting gradual adjustment dynamics.

Together, these results underscore the importance of considering both internal
and external factors in Costa Rica’s nominal exchange rate dynamics. The inter-
actions among interest rates, inflation, and lagged effects reveal complex causal
structures crucial for formulating monetary and exchange rate stability policies.

Structural equation for monetary policy Estimating the structural equation
for Costa Rica’s monetary policy rate (i;) provides comprehensive insights into de-
terminants affecting its dynamics within a framework prioritizing inflation control,
as established by the legal mandate. The results demonstrate significant influences
of other variables through inflation expectations and common factors between the
Costa Rican and U.S. economies. The estimated equation is:

iy = —0.1383 4 0.5986i° + 0.03927 5 + 0.06202, + 0.3840m,

(0.0997) (0.1606) (0.0370) (0.0223) (0.1701)
fommﬂsfom%#ﬁfom%@]+0%wu170%mmlfomm6
(0.1579) (0.0487) 0.0263) (0.0216) (0.1642) (0.2538)

Among external variables, the U.S. monetary policy rate (i) positively influ-
ences the domestic rate, with a 0.5986 coefficient, emphasizing economic interde-
pendence and global financial conditions’ impact on Costa Rican monetary policy.
Similarly, U.S. inflation (V) positively influences domestic inflation expectations,
albeit to a lesser extent (0.0392 coefficient).

Domestically, inflation (7;) significantly impacts the monetary policy rate (0.3840
coefficient), reinforcing Costa Rica’s primary focus on inflation control. Addition-
ally, the nominal exchange rate (x;) positively impacts monetary policy decisions
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(0.0620 coefficient), reflecting the relevance of inflation expectations linked to cur-
rency depreciation.

Lagged variables illustrate the persistent dynamics of monetary policy. The pre-
vious U.S. interest rate (i7) negatively affects the current domestic rate, offsetting
contemporaneous effects, highlighting rapid shock transmission. Similarly, contem-
poraneous effects from the exchange rate and domestic inflation are temporary.

Overall, these findings emphasize monetary policy complexity in Costa Rica,
highlighting inflation control as the primary objective while considering the signifi-
cant influence of exchange rates, external interest rates, and international inflation
conditions. This structural framework enhances the understanding of economic in-
teractions between Costa Rica and the U.S., underscoring expectations and common
factors within an increasingly interconnected economic environment.

Conditional Pass-Through Effect to a Monetary Policy Shock Figure [J]
illustrates the conditional pass-through effect in response to a monetary policy shock,
evaluating how a change in the monetary policy rate affects inflation through its
impact on the nominal exchange rate. This effect is measured in terms of elasticity,
so the shape of the impulse-response function is determined by the ratio between
the response of inflation to the monetary policy shock (numerator) and the response
of the exchange rate to the same shock (denominator).

Figure 9: Conditional Pass-Through Effect to a Monetary Policy Shock
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Initially, the effect is significant, with an elasticity close to 150%, indicating
a considerable immediate impact. As months pass, the effect gradually decreases
and stabilizes, with a slight upward trend in the long run. This analysis highlights
monetary policy as a key channel in the transmission of exchange rate fluctuations
to prices.
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5 Conclusions

This paper revisits the measurement of exchange rate pass-through (ERPT) in small
open economies, using Costa Rica as a case study. Standard approaches, which iden-
tify ERPT from exogenous exchange rate shocks, yield an unconditional short-term
semi-elasticity of about 4%, rising modestly over longer horizons. While desirable
from a price stability perspective, such estimates fail to capture the broader role of
the exchange rate in domestic inflation dynamics.

Our analysis shows that exchange rate shocks account for only a small fraction of
the USD/CRC exchange rate’s variance. Most fluctuations are systematically linked
to other macroeconomic forces, including monetary policy and domestic and foreign
price developments. By explicitly modelling the inflation determination process
within a structural VAR, we derive a measure of systematic ERPT that incorporates
the effects of all exchange rate movements, both shock-driven and endogenous. This
measure is over six times larger than the unconditional estimate, with a 1% year-
on-year depreciation associated with a 0.25 percentage point increase in inflation.

These results reconcile the apparent puzzle between low conventional ERPT co-
efficients and the widespread perception that exchange rate movements strongly
influence inflation. They also demonstrate that the exchange rate, despite its co-
movement with prices, is an ineffective instrument for direct inflation control. For
policymakers in small open economies, this implies that ERPT assessments must ac-
count for the underlying sources of exchange rate variation and the broader macroe-
conomic environment. Failing to do so risks understating the exchange rate’s rele-
vance for inflation dynamics and misjudging the transmission channels of monetary
policy.
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A Impulse Response Functions and the Series of
Shocks

This section analyzes the economic dynamics captured by the model through im-
pulse response functions and the estimation of structural shocks. The impulse re-
sponse functions allow us to evaluate the interaction between key macroeconomic
variables in response to different shocks, providing a detailed view of transmission
and adjustment mechanisms. Meanwhile, the estimation of structural shocks of-
fers a historical perspective on events that have affected the Costa Rican economy,
identifying specific patterns during periods of instability or significant changes in
external and internal conditions. Both analyses are fundamental to understanding
economic dynamics and the effectiveness of economic policy in a context of interna-
tional interdependence.

A.1 TImpulse Response Functions

This section summarizes the main results derived from the impulse response func-
tions estimated from the model. These functions analyze the adjustment dynamics
of key macroeconomic variables in response to different types of structural shocks,
also considering the 68% credibility intervals (darker shaded area) and the 90%
credibility intervals (lighter shaded area). The credibility intervals were calculated
using a random sample of 10,000 parameter sets from the a posteriori distribution,
ensuring robustness in the estimates.

Figure 10: Impulse Response Functions of the Model
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e Shocks to U.S. Monetary Policy: A positive shock to the U.S. monetary
policy rate generates an immediate and significant effect on the federal funds
rate, close to 20 basis points. This effect persists over several months, although
with decreasing magnitude. Regarding domestic prices and the nominal ex-
change rate, the response is more moderate and materializes with some lag,
reflecting the transmission of external monetary policy through financial and
expectations channels.

e Shocks to U.S. Prices: An increase in U.S. inflation has significant effects
on domestic inflation, though with an initial lag, reflecting Costa Rica’s sensi-
tivity to international price changes. Meanwhile, the impact on the domestic
monetary policy rate is positive but smaller in magnitude, highlighting how
external inflation expectations indirectly influence local monetary policy.

e Shocks to the Nominal Exchange Rate: A positive shock to the nominal
exchange rate generates an immediate response in domestic inflation, highlight-
ing the pass-through effect of exchange rate movements on domestic prices.
This impact gradually dissipates over time, with full adjustment occurring
within approximately 12 to 18 months. Additionally, the response of domestic
monetary policy is significant and positive, indicating the use of the inter-
est rate as a tool to mitigate inflationary effects resulting from exchange rate
depreciation.

e Shocks to Domestic Monetary Policy: An increase in the domestic mon-
etary policy rate has a contractionary effect on inflation, consistent with the
monetary policy focus on price control. Additionally, this shock leads to an
immediate appreciation of the nominal exchange rate, suggesting a stabilizing
effect on exchange rate expectations. The magnitude of these effects gradually
decreases, converging to equilibrium in the medium term.

e Shocks to Domestic Prices: An increase in domestic inflation triggers an
immediate response in the monetary policy rate, with a positive and significant
adjustment to contain inflationary pressures. This shock also impacts the
nominal exchange rate, causing an initial depreciation that gradually corrects,
demonstrating the transmission mechanisms between prices and the exchange
rate in the Costa Rican economy.

In summary, the impulse response functions highlight the interdependence be-
tween the Costa Rican and U.S. economies, as well as the effectiveness of domestic
monetary policy in stabilizing key macroeconomic variables in response to different
types of structural shocks. These results align with theoretical transmission chan-
nels and reinforce the importance of designing policies that consider both internal
and external factors.

A.2 Structural Shocks

Figure presents the time series of structural shocks estimated from the model.
These series reflect the dynamics of the five structural shocks considered: U.S. mon-
etary policy, U.S. prices, the nominal exchange rate, domestic monetary policy, and
domestic prices. The credibility intervals, represented by shaded areas, correspond
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Figure 11: Credibility Intervals of Observed Shocks
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to confidence levels of 68% (dark gray) and 90% (light gray), allowing for a robust
assessment of the uncertainty associated with these estimates.
Below, the main patterns observed in each series are described:

e U.S. Monetary Policy: Shocks associated with U.S. monetary policy show
greater volatility during the periods of the global financial crisis (2008-2009)
and the COVID-19 pandemic (2020-2021). These fluctuations reflect signifi-
cant adjustments made by the Federal Reserve in its interest rates in response
to exceptional economic conditions. In more recent periods, shocks tend to
stabilize, indicating a return to more predictable patterns.

e U.S. Prices: Shocks to U.S. prices remain relatively contained throughout the
sample, with observable peaks during periods of greater economic uncertainty,
such as in 2008 and during the pandemic. These shocks align with changes in
international prices and global inflationary conditions that indirectly impact
the Costa Rican economy.

e Nominal Exchange Rate: Structural shocks to the nominal exchange rate
are more pronounced during periods of macroeconomic instability, particu-
larly around 2008-2009 and 2014-2015. These events may be associated with
fluctuations in capital flows, external shocks, and exchange rate policy adjust-
ments. Credibility intervals are wider during these periods, reflecting greater
uncertainty in the estimates.

e Domestic Monetary Policy: Shocks associated with domestic monetary
policy show significant variability during periods of economic adjustment, es-
pecially in 2008 and 2020. This reflects monetary policy responses to external
and internal events that impacted Costa Rica’s economic conditions. Over
time, shocks tend to converge towards values closer to zero, suggesting a re-
turn to a more stable economic environment.
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e Domestic Prices: Structural shocks to domestic prices exhibit patterns con-
sistent with local inflation dynamics, showing greater volatility in 2008 and
a rebound during 2020-2021, coinciding with the pandemic’s impacts. These
shocks are key to understanding local inflationary pressures and their effects
on stabilization policies.

Overall, the estimated structural shocks reflect the interaction between exter-
nal and internal factors in the Costa Rican economy, with patterns consistent with

significant

global and domestic events throughout the analyzed period. The in-

clusion of credibility intervals allows for a more precise identification of periods of
higher uncertainty and highlights the robustness of the model estimates. These re-
sults complement the main analysis and provide a detailed view of the underlying
determinants of key macroeconomic variable dynamics.

B The Matrix H

The attached matrix corresponds to H, which is obtained by multiplying the inverse
of matrix A by the square root of D, that is:
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This matrix represents the impulse response functions of the model, allowing the
analysis of the dynamics of endogenous variables in response to structural shocks.
In the main text, H is mentioned as the central component for interpreting dy-
namic effects, as it encapsulates both the structural properties of the model and the
magnitude of the shocks. The detailed structure of H, as presented here, is key to
assessing how relationships between economic variables adjust over time.

C Proof That the Systematic Pass-Through Ef-
fect is Greater Than the Unconditional Pass-
Through Effect

Assuming that all parameters 6, 7, and 7 are nonzero, and considering that the
parameter [ is adjusted by a factor generally greater than 1, obtained as the ratio
between the nominal exchange rate and the consumer price index, it can be demon-
strated that the systematic pass-through effect is greater than the unconditional
pass-through effect.

Let us consider the expression for the conditional pass-through effect:

B+ 0T
1— 7’

ET: =

where it is assumed that v > 0 and 7 < 0. Since y7 < 0, then 1—~7 > 1. Therefore,
it follows that:
B+ ot

1 -7

< B+or <p.

Additionally, given that 6 > 0 and 7 < 0, it implies that d7 < 0, ensuring that
8 4+ 01 < B. Finally, since 3 is adjusted by a factor v > 1, this is used to make
B comparable to the unconditional pass-through effect. Thus, the conditional pass-
through effect turns out to be greater than the unconditional one, considering that:

B < pu.

In summary, incorporating the adjustments related to v, it is demonstrated that
the systematic pass-through effect exceeds the unconditional one under the given
conditions.

D How to Obtain the Matrix Form
We start from the five equations that define our model:
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We move all contemporary variables to the left-hand side:
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E Metropolis-Hastings Algorithm for Estimating
a Bayesian SVAR Model

In this appendix, we describe the use of the Metropolis-Hastings algorithm for esti-
mating a structural vector autoregression (SVAR) model under a Bayesian approach.
The Metropolis-Hastings algorithm is a Markov chain Monte Carlo sampling
method used to approximate complex probability distributions. In the context of a
Bayesian SVAR model, it is employed to obtain samples from the posterior distri-
bution of the model’s structural parameters.
Metropolis-Hastings Algorithm. The procedure can be described as follows:

Algorithm 1 Metropolis-Hastings Algorithm for a Bayesian SVAR Model

1: Initialize the parameters #(©) with an initial value.

2: for i =1 to N (number of iterations) do

3:  Propose a new value #* from a proposal distribution q(*|0¢~1).
4:  Compute the acceptance probability:

. p(y|6*)p(6*)q(6~]6*)
= 1 . - -
“ m( ' p(y[0ED)p(8G-D)q(6*]0G1) ) °

where p(y|0) is the likelihood and p(#) is the prior distribution.
5. Generate u ~ Uniform(0, 1).

6: 1if u < a then

7: Accept 6* and set ) = 9*.

8

9

else
Reject 0* and set 00 = g1,
10:  end if
11: end for
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The Metropolis-Hastings algorithm is a powerful tool for estimating SVAR mod-
els within a Bayesian framework, allowing inferences on structural parameters based
on complex posterior distributions.

F Proposition 1 from Baumeister and Hamilton
(2015)

The components of the Bayesian posterior distributions can be conveniently char-
acterized through regressions on augmented datasets defined as:

Yirimxy = | yiai - yra mQPi},,
X % xR
(T+k)xk]

where P; is the Cholesky factor of M; ! = P;P’. In Appendix A, we derive the
following:

Proposition: Let a; be the i-th row of A, ¢(x; p, ¥) the multivariate normal
density with mean p and variance ¥ evaluated at x, and v(x; k, 7) the gamma den-
sity with parameters x and 7 evaluated at x. If the likelihood and prior distributions
of A, D, and B are as described in the main text, then for Y; and X; defined above,
the posterior distribution can be written as:

p(ADB|Yr)=pA|Yr)p(D|AYr)p(B|A D, Yr)

with
p(D|AYr)= ﬁv (di'swi)
=1
and .
p(B|AD,Yr) =[] 6 (b;mj,dM;),
=1
where:
m; = (XX) 7 (X%),
. —1
M = <X2X1> ,
K =+ (1/2),
=7+ ((/2),
¢ = (V) - (vix) (xx) - (x).
kﬂxA)%kt<AQTA0]W27L M
p(A|Yy) = T (2 /T 1 { |Mi|1/2 T (r7) ( z)} ;

where QT is the covariance matrix of the reduced-form model and kr is the
constant ensuring that the density p (A | Yr) integrates to unity.
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G Literature on the Pass-Through Effect in Costa
Rica

This section analyzes previous estimates of the pass-through effect in Costa Rica,
several of which are summarized in Table [3] Previous studies have applied various
methodologies, covering different periods and considering specific characteristics de-
tailed below.

A note on the comparability of estimates. Before delving into the analysis
of previous estimates of the pass-through effect in Costa Rica, it is necessary to
point out that some of them are not directly comparable due to differences in the
transformation of the variables used and the data aggregation horizon.

To facilitate the comparison of the pass-through effect across different studies
and samples, it is essential that all measures be expressed in terms of elasticities.
However, the usual calculation of the pass-through effect is based on the relationship
between the accumulated response of the price variable to a shock in the nominal
exchange rate and the accumulated response of the nominal exchange rate to that
shock. This calculation can be interpreted as an elasticity only if the logarithmg']
of the price level and exchange rate have been used in the specifications, or if the
appropriate adjustment has been made to convert the coefficients into elasticities.

Even if an elasticity is obtained, it may represent different perspectives. For
example, the elasticity of the price level to variations in the nominal exchange rate
differs from the elasticity of inflation. The lack of methodological uniformity can
introduce biases in conclusions and make it difficult to interpret results in different
contexts.

In the specific case of the estimates mentioned in this section, all express price
and exchange rate variables in percentage changes or their equivalent; however, they
do so with different horizons (monthly, semi-annual, or annual).

Single-equation linear models. The first studies on the exchange rate pass-
through effect in Costa Rica focused on the analysis of a symmetric effect using
single-equation linear models estimated by Ordinary Least Squares (OLS). These
studies were conducted mainly during the period when the crawling peg exchange
rate regime was in place (Ledn et al., 2001} 2002; Calderon Moya, [2005; (Castrillo
and Laverde, |2008; [Rodriguez-Vargas|, 2009). The results of these works suggest
that the pass-through effect on overall inflation ranges between 5% and 16% in the
short term (see Figure and between 36% and 66% in the long term (see Figure
13).

One of the first studies estimates an inflation model for the period 1990-2001
(Ledn et all 2001), in which inflation is explained by variables such as nominal ex-
change rate depreciation, real exchange rate deviation, output gap, lagged inflation,
and trade openness. A limitation of these single-equation approaches is that they
ignore bidirectional relationships between variables, such as the interaction between
exchange rate depreciation and inflation. It would be expected that exchange rate

HTt is also possible to express the variables in first differences of the logarithm, which approx-
imates percentage changes. In either case, impulse-response functions must be accumulated to
express them in terms of elasticities.
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variations are also affected by inflation since higher domestic inflation tends to de-
preciate the local currency. This bidirectional relationship is particularly relevant
in a crawling peg regime, where exchange rate depreciations were guided by the
difference between domestic and international inflation rates (Delgadol, 2000).
Additionally, the model by |[Leon et al. (2001) omits monetary policy variables,
such as interest rates or monetary aggregates{T_Z]. The absence of these variables
could generate endogeneity since monetary factors can simultaneously affect prices
and the exchange rate, without price adjustments necessarily occurring through
exchange rate variations. This issue has been highlighted by [Shambaugh| (2008b).

Subsequent studies (Calderén Moya), |2005; |Castrillo and Laverde, 2008; Rodriguez

Vargas, 2009) have validated the model of|Leon et al.[(2001), obtaining similar results
in the short term and some variations in the long term. In particular, Calderéon Moya
(2005) finds a long-term pass-through effect of 66%, while (Castrillo and Laverde
(2008)) reports lower estimates, with a 6% effect in the short term and 33% in the
long term.

Linear equation system models. Another group of studies (Calderon Moyay
2005; |[Esquivel Monge and Gomez Rodriguez, 2010; Orane, 2016; BCCR) 2023},
Brenes-Soto et al., [2023) has analyzed the pass-through effect using linear equation
system models, such as Vector Autoregressions (VAR) and Seemingly Unrelated
Regressions (SUR).

VAR models are particularly useful when endogenous variables exist, meaning
variables that influence each other. In these models, each endogenous variable is
explained by its own lags and those of the other variables in the system, capturing
complex dynamics.

Most previous studies employ recursive Cholesky identification, which allows for
an orthogonal decomposition of shocks. However, this methodology has limitations,
as it imposes restrictions on variable relationships that may be difficult to justify,
and the variable ordering can significantly influence results (Shambaugh, 2008b)).

In this context, Orane| (2016 estimates a VAR with recursive identification for
the period 2000-2014, including variables such as the exchange rate, the Monthly
Economic Activity Index (IMAE), the Monetary Policy Rate (TPM), and a price
index. Their results indicate a cumulative effect of 21.9% at one year and 34.3% in
the long term. An update of these estimates, reported in [BCCR (2023), finds that
the general pass-through effect decreased to 12.3% during the flexible exchange rate
period (2006-2022).

Nonlinear models. Recent studies (Esquivel Monge and Gomez Rodriguez, [2010;
Brenes-Soto and Esquivel-Monge, 2018} |Brenes-Soto et al., 2023)) have explored non-
linear models to estimate the pass-through effect. Esquivel Monge and Gomez Ro-
driguez| (2010) apply an LSTVAR model, finding evidence of asymmetries related to
oil price variations. Likewise, Brenes-Soto and Esquivel-Monge| (2018) find that the
pass-through effect is greater in depreciations than in appreciations when shocks are
of medium or large magnitude.

Finally, Brenes-Soto et al.|(2023)) estimate a VAR with endogenous regime switch-
ing, differentiating between high and low exchange rate shocks. Their results suggest

12Tt should be noted that during that period and until 2006, under a fixed exchange rate regime
and free capital mobility, monetary policy had limited room for action.
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that the pass-through effect may be underestimated if the factors inducing exchange
rate shocks are not considered.

Figure 12: Previous Estimates of the Short-Term Pass-Through Effect by Model
and Author
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Note: The values are not directly comparable due to the use of different time horizons in measuring
the pass-through effect.

37



Figure 13: Previous Estimates of the Long-Term Pass-Through Effect by Model and
Author
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Note: The values are not directly comparable due to the use of different time horizons in measuring
the pass-through effect.

Table 3: Previous Estimates of Exchange Rate Pass-Through in Costa Rica

N | Author Period | Methodology | Breakdowns Short-Term Pass-Through | Long-Term Pass-Through
1 | Leén, Morera and Ramos (2001) 1991-2001 | OLS CPI 0,16 0,55
2 | Ledn, Laverde and Durdn (2002) 1991-2001 | OLS Tradable 0,13 0,68
2 | Ledn, Laverde and Durdn (2002) 1991-2001 | OLS Non-transable 0,10 0,52
3 | Calderén Moya (2005) 1991-2003 | OLS CPI 0,16 0,66
3 | Calderén Moya (2005) 1991-2003 | OLS Core Price Index 0,23 0,74
3 | Calderén Moya (2005) 1991-2003 | SUR CPI 0,05 -
3 | Calderén Moya (2005) 1991-2003 | SUR Core Price Index 0,10 -
4 | Castrillo and Laverde (2008) 1991-2007 | OLS CPI 0,06 0,33
5 | Rodriguez (2009) 1991-2009 | MCO CPI 0,05 0,36
6 | Esquivel and Gémez-Rodriguez (2010) | 1991-2009 | LSTVAR High regimen 0,24 0,47
6 | Esquivel and Gémez-Rodriguez (2010) | 1991-2009 | LSTVAR Low regimen 0,18 0,25
6 | Esquivel and Gémez-Rodriguez (2010) | 1991-2009 | VAR CPI 0,28 0,68
7 | Orane (2015) 2000-2014 | VAR CPI 0,22 0,34
7 | Orane (2015) 2006-2014 | VAR CP1 0,24 -
8 | Brenes and Esquivel (2017) 2006-2017 | SADLM Small depreciation - 0,22
8 | Brenes and Esquivel (2017) 2006-2017 | SADLM Large depreciation - 0,35
8 | Brenes and Esquivel (2017) 2006-2017 | SADLM Small apreciation - 0,00
8 | Brenes and Esquivel (2017) 2006-2017 | SADLM Large apreciation - 0,15
9 | Brenes, Esquivel and Gémez (2023) 2009-2021 | RS-VAR High regimen 0,60 -
9 | Brenes, Esquivel and Gémez (2023) 2009-2021 | RS-VAR Low regimen 0,05 -
9 | Brenes, Esquivel and Gémez (2023) 2009-2021 | VAR CPI 0,05 -
10 | Alfaro-Urenia et al. (IPM 01-2023) 2006-2015 | VAR CPI 0,29 -
10 | Alfaro-Urenia et al. (IPM 01-2023) 2015-2022 | VAR CPI 0,11 -
10 | Alfaro-Urena et al. (IPM 01-2023) 2015-2022 | VAR CPI 0,12 -
11 | Gémez-Rodriguez (2024) 2020-2023 | SVAR Undonditional 0,12 -
Note: SADLM: Structural Autoregressive Distributed Lag Model. RS-VAR: endogenous

regime-switching vector autoregression.
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