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Chapter 2: The Evolution of Monetary Policy Trans-

mission in the Czech Republic

In this essay, we investigate the evolution of monetary policy transmission mech-

anism in the Czech Republic over 1993:1 - 2009:9 period by employing time vary-

ing parameters Bayesian vector autoregression model with stochastic volatility.

We document relative stability of monetary policy transmission mechanism over

time. However, there is some evidence that the transmission to prices was weak-

ened temporarily during the climax of the financial crisis, but appear to be back

to its pre-crisis strength already in the second half of 2009. Further, we augment

the estimated system with a financial variable to investigate the significance of

financial shocks for the transmission. The results suggest that financial shocks

indeed play relatively important role in explaining the fluctuations of the output

and prices.

JEL Classification C42, E52, E44

Keywords Monetary policy transmission, Time varying pa-

rameters, VAR, Financial Crisis

Kapitola 2: Evoluce měnového transmisniho mecha-

nismu v České republice

V této eseji se zabýváme vývojem transmisńıho mechanismu měnové politiky

v České republice za obdob́ı 1993:1 – 2009:9. Použ́ıvame Bayesovský vektorový

autoregresńı model se stochastickou volatilitou a s parametry měńıćımi se v čase.

Výsledky naznačuj́ı, že transmisńı mechanismus měnové politiky byl stabilńı po

dobu většiny sledovaného obdob́ı. Výjimku tvoř́ı obdob́ı krize, které se vyznačuje

oslabeńım transmise do cen. Nicméně daľśı výsledky ukazuj́ı, že transmise do

cen se vrátila zpět do své předkrizové śıly již ve druhé polovině roku 2009. Dále

rozšǐrujeme odhadovaný model o finančńı proměnné, abychom mohli kvantifiko-

vat d̊uležitost finančńıch šok̊u pro měnovou transmisi. Výsledky naznačuj́ı, že

finančńı šoky skutečně hraj́ı nemalou roli ve vysvětlováńı fluktuaćı výstup̊u a

cen.

Klasifikace JEL C42, E52, E44

Kĺıčová slova transmise měnové politiky, odhady měńıćı

se v čase, VAR, finančńı krize
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Chapter 3: How to Solve the Price Puzzle? A Meta-

Analysis

The essay presents a meta-analysis of the effects of a monetary policy shock on

prices. First, we present some summary statistics that document the pervasive-

ness of the price puzzle, which denotes an increase in the price level following a

contractionary monetary policy shock, in the results of empirical studies. Next,

using meta-regression methods such as funnel asymmetry test, we find the evi-

dence of publication selection bias that increases with the horizon studied. Fi-

nally, we use explanatory meta-regression to model the heterogeneity among the

results of empirical studies. Our results indicate that structural characteristics

matter for the long run horizons, while the study design and estimation charac-

teristics are more important for the estimates of short run responses, suggesting

that the model misspecification is responsible for the price puzzle.

JEL Classification C42, E52, E58

Keywords Monetary policy transmission, Price puzzle,

Meta-analysis, Publication selection bias

Kapitola 3: Jak vy̌rešit cenovou hádanku? Meta-

analýza

Tato esej představuje meta-analýzu efekt̊u šok̊u měnové politiky na cenovou

hladinu. Nejdř́ıve představujeme souhrnné statistiky, které poukazuj́ı na všudy-

př́ıtomnost cenové hádanky, kterou je označován nár̊ust cenové hladiny zp̊usobený

restriktivńım šokem měnové politiky, ve výsledćıch empirických studíı. Dále,

užit́ım meta-analytických metod, konkrétně testu asymetrie trychtýřového grafu,

ukazujeme, že publikačńı zaujatost nar̊ustá s časovým horizontem. Nakonec

odhadujeme vysvětluj́ıćı meta-regresi. Výsledky naznačuj́ı, že strukturálńı charak-

teristiky hraj́ı roli pro dlouhodobé horizonty. Použité metodologie a specifikace

odhadovaných model̊u jsou naopak v́ıce d̊uležité pro odhady reakćı v krátkodobých

horizontech.

Klasifikace JEL C42, E52, E58

Kĺıčová slova transmise měnové politiky, cenová

hádanka, meta-analýza, publikačńı za-

ujatost
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Chapter 1

Introduction

This thesis is a collection of two essays. Although the essays are independent of

each other, they are linked by the main theme of the modeling of the monetary

policy transmission mechanism within vector autoregression models. Special

focus is given to the investigation of the effects of monetary policy shocks on

prices. First essay applies state-of-art technique of time varying parameters

estimation to study the changes in the monetary transmission over time. Second

essay, conducts a meta-analysis on a sample of 65 primary studies to understand

the causes of the price puzzle, which denotes the counterintuitive finding that

the price level increases following a contractionary monetary policy shock.

Chapter 2 investigates the changes in the monetary policy transmission mech-

anism in Czech Republic during 1993:1 - 2009:9 period. We employ Bayesian time

varying parameters vector autoregression with stochastic volatility. We estimate

the model by Bayesian methods in order to address the over-parametrization of

VAR models, the problem that is even more pronounced in time varying setting.

To obtain posterior distributions of parameters, Gibbs sampler will be used. Fur-

ther, the coefficients and (log) volatilities that are modeled as random walks are

estimated employing standard Kalman filter.

Our findings suggest that the monetary policy transmission mechanism was

relatively stable over time. This seems not to be true for the periods of crisis.

In particular, during 1997 exchange rate crisis the transmission breaks down

completely. Further, there is some evidence that the transmission to prices was

weakened temporarily during the climax of the financial crisis, but appear to be

back to its pre-crisis strength already in second half of 2009. Further, we augment

the estimated system with a financial variable to investigate the significance of

financial shocks for the transmission. The results suggest that financial shocks
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indeed play relatively important role in explaining fluctuations in the output and

prices.

Chapter 3 presents a meta-analysis of the effects of a monetary policy shock

on prices. We focus on the price puzzle, which denotes an increase in the price

level following a contractionary monetary policy shock. We gather more than

1000 estimates of impulse responses for 5 horizons from 65 empirical studies.

In total, we synthesize the empirical evidence for 36 countries produced by 92

researchers.

We start by presenting some summary statistics that document the perva-

siveness of the price puzzle in the results of empirical studies. Next, using meta-

regression methods such as funnel asymmetry test, we find the evidence of publi-

cation selection bias that increases with the horizon studied. Finally, the results

of explanatory meta-regression indicate that structural characteristics matter

for the long run horizons, while study design and estimation characteristics are

more important for the estimates of short run responses. In order to account

for dependency across estimates coming from the same study, multi-level mixed

effects estimation is employed, but the results are robust to using the OLS with

clustered standard errors.

As a requirement for the rigorous thesis, the comments made by the referees

of the master thesis are supposed to be incorporated. Here is the excerpt from the

referee report by Mgr. Svatopluk Svoboda: I can with clear conscience pinpoint

only few details that may be addressed by Mr. Marek Rusnák during his defense.

� In the work there is given large number of graphs, and author may have

paid closer attention to labeling each graph and axis in more clear way,

their content is sometimes not straightforward.

� In the paper/chapter on price-puzzle author employed, according to his

words, ”method-of-best-practice”. Although some remarks as to what he

considers to be ”the best practice” are suggested throughout the paper, he

may be called to explain it in more detail, as ”best-practice-method” chosen

by him constitutes the basis he himself compares results from other papers

to. In this sense the direct (and clear) exposition of reasons why just this

method he considers to be the ”best-practice” should not be missed out.

� Author also may have ”linked” his results a bit more to the existing theory

of specific transmission channels of monetary policy. In the discussion of

results of the chapter on price-puzzle, there are suggestions made as to
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functioning of which specific channel is suggested by which result, but in

my view classification of results from this perspective would deserve better

recognition, maybe even in the form of additional table.

The comments were incorporated as follows:

� Relative to the master thesis, the labeling and description of the graphs

were improved and all the graphs in Chapter 3 were replaced by the new

ones.

� Indisputably, defining the best practice is subjective. Nevertheless, the

rationale for the best practice was provided already in Section 3.3, where

the misspecifications that were recognized by the literature are reviewed.

Relative to the master thesis, corresponding paragraphs were rewritten to

improve the interpretation of the best practice. Moreover, the discussion

of other possible definitions of best practice is added and the robustness of

the results is assessed.

� As for the additional table, it is not added since the strutural variables are

already in the separate table (see Table 3.5).



Chapter 2

The Evolution of Monetary Policy

Transmission in the Czech Republic

2.1 Introduction

This essay investigates how the monetary policy transmission mechanism in the

Czech Republic may have changed over time. The structural changes in the Czech

economy such as transition to market based economy, the deepening of the trade

spurred by integration into the European Union and recent global financial crises

have had an important effects on the functioning of the economy. This together

with the changes in the conduct of monetary policy most likely caused the change

in the monetary policy transmission mechanism as well. Therefore, by applying

time varying parameters Bayesian vector autoregression model (TVP BVAR) we

assess the nature and the extent of the changes in the effects of monetary policy

shocks on the economy over time, with a focus on recent developments.

We innovate upon the existing empirical literature on the monetary trans-

mission in the Czech economy in two important ways. First, relative to Darvas

(2009) we estimate time varying parameter model with stochastic volatility rather

than constant volatility. We use stochastic volatility for three reasons. It allows

us to assess not only changes in the way the macroeconomic variables respond to

shocks (transmission mechanism), but also how the volatility of shocks hitting

the economy has evolved over time. Next, as Cogley & Sargent (2005) point

out, assuming constant volatility might generate spurious dynamics in random

coefficients. Finally, homoscedastic case implies time invariant contemporaneous

impact of shocks on endogenous variables which is naturally not the appropriate

assumption if our objective is to model the changes in the transmission mecha-
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nism. Second, global financial crisis has clearly shown that the linkages between

financial sector and macroeconomy are becoming crucial for the developments of

real economy. Therefore, we augment the standard set of variables employed in

small VARs by including a financial variable to the system in order to explore the

importance of macro-financial linkages in explaining the fluctuations of economic

activity.

The rest of this essay is structured as follows: Section 2.2 discusses the liter-

ature related to (time varying parameters) VAR modeling, Section 2.3 presents

time varying parameters model with stochastic volatility. Section 2.4 describes

the data used in estimation and reports the results. Finally, Section 2.5 con-

cludes.

2.2 Related (Time Varying) VAR Literature

Ever since the seminal contribution by Sims (1980), vector autoregression model

has become the major tool to investigate the monetary policy transmission mech-

anism. The stylized facts about the monetary transmission mechanism for US

economy are summarized in an authoritative survey by Christiano et al. (1999).

They conclude that following contractionary monetary policy shock economic

activity declines quickly in a hump shaped manner, while the negative reac-

tion of price level is more delayed and persistent. Similarly, Peersman & Smets

(2001) provide the evidence for the euro area as a whole, while Mojon & Peers-

man (2001) investigate the effects of monetary policy shocks in the individual

countries of the euro area.

Early results, however, were plagued by a counterintuitive finding that the

price level increases following the monetary policy tightening. This observation

was first noted by Sims (1992) and named price puzzle by Eichenbaum (1992).

Typical solution to alleviate the price puzzle is to add commodity prices into

the system (Sims, 1992; Christiano et al., 1999). On the other hand, Giordani

(2004) stresses the importance of including a measure of potential output into

the VAR. Different approach is pursued by Bernanke et al. (2005), who point

out that central banks look at practically hundreds of time series and there-

fore, in order to avoid omitted variables bias and ensure correct identification

of monetary policy shocks, an econometrician should use a richer datasets as

well. Because the inclusion of other variables into VAR is limited due to de-

grees of freedom considerations, they make use of factor analysis and augment

the standard VAR with factors approximated by principal components. Other
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solutions, especially in open economy framework, make use of alternative iden-

tification strategies such as non-recursive identification (Kim & Roubini, 2000;

Sims & Zha, 2006a) or identification by sign restrictions (Canova & Nicolo, 2002;

Uhlig, 2005). Finally, some studies put forth that the price puzzle is limited to

studies that does not estimate the transmission mechanism over single monetary

policy regime (Castelnuovo & Surico, 2006; Elbourne & de Haan, 2006; Borys

et al., 2009).

Unfortunately, the consensus about the identification assumptions has not

emerged yet and modeling is often done in an ad hoc manner. Therefore, the

issue of how to correctly identify monetary policy shocks and what their gen-

uine empirical effects on prices are is addressed in Chapter 3 by performing

meta-analysis on the sample of 65 primary studies that investigate the effects of

monetary policy by using VAR models.

As far as the modeling of the transmission in the Czech economy is concerned,

Arnostova & Hurnik (2005) estimate VAR using quarterly data on a sample that

spans from 1994 to 2004 and find the evidence for the price puzzle. The puz-

zle disappears when they conduct subsample analysis covering 1998-2004 period.

Gavin & Kemme (2009) attempt to use the extraneous information from OECD

countries in order to make the impulse responses for the transition countries more

precise. Nevertheless, they observe the price puzzle for the Czech republic. Next,

Anzuini & Levy (2007) use non-recursive identification and find no evidence of

the price puzzle despite using the sample that encompasses different monetary

policy regimes. Elbourne & de Haan (2009) focus on a sample spanning a single

monetary policy regime and compare the identification strategies. They find the

evidence of the price puzzle when recursive approach is used, while in case of non-

recursive identification, the responses are in line with standard macroeconomic

theory, economic activity and prices decline, while exchange rate appreciates.

Finally, Borys et al. (2009) use a battery of models and identification strategies

to show that the monetary transmission mechanism works relatively well when

estimated on a single monetary policy regime.1 After performing numerous sen-

sitivity checks they find that following a tightening monetary policy shock output

and prices decline, reaching a bottom after a year.

It has been long recognized that the structure and the functioning of the

economy is changing over time, and therefore there is a need to account for that

evolution in the estimation procedure as well. Two main approaches to modeling

1Prices decline even without using non-recursive identification. However, in contrast to
Elbourne & de Haan (2009) the output gap is used as a measure of economic activity.
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changes in the transmission mechanism have appeared in the applied work. First,

the sample can be split and the model is estimated over subsamples. Second,

we can directly model the change of coefficients within the system (e.g. by

structural break or random walk assumption). For example, the former approach

of splitting the sample into subsamples to investigate the changes in the monetary

policy rule was employed by Clarida et al. (2000). However, it is usually not clear

at which date the sample should be split and this is usually done in an ad hoc

manner. Moreover, it is more likely that the economy is changing gradually as

opposed to sudden changes (Koop et al., 2009). As a result, the second vein of

literature estimates the time varying coefficients models by employing Kalman

smoother and thus using all the information in the sample, as opposed to filtered

estimates that use only the information contained in the relevant subsample.

Further, even within direct modeling of the evolution of parameters over

time, there exist several different approaches to do so. For example, Stock &

Watson (1996) estimate model with small number of structural breaks, alterna-

tively Markov switching VAR model as employed by Sims & Zha (2006b) might

be considered. However, time varying parameters VAR models are by far the

most popular modeling strategy.

The modeling of time variation using random walk assumption in multivari-

ate models, goes back to Canova (1993). More recently, Cogley & Sargent (2001)

estimate the time varying parameters vector autoregressions (TVP VAR) with

constant volatility of shocks to contribute to bad policy vs. bad luck literature

originated by Clarida et al. (2000).2 One serious drawback of Cogley and Sargent

model was constant volatility assumption, which neglects possible heteroscedas-

ticity of the shocks and any nonlinearities in the relations among the variables

of the model. Cosequently, Cogley & Sargent (2005) allow for the time varying

variance, however, the simultaneous relations among variables (covariances) are

still modeled as time invariant. As was later pointed out by Primiceri (2005),

this limits their analysis to reduced for models (usable for data description and

forecasting), but prevents from any structural interpretation. To reconcile this

issue, Primiceri (2005) stresses the importance of allowing for time variation in

the variance-covariance matrix of innovations and estimates the TVP VAR model

with stochastic volatility.

2Bad policy view studies (Cogley & Sargent, 2005; Boivin & Giannoni, 2006) stress the fact
that it was the passive monetary policy that was primarily responsible for high inflation in
1970s, while bad luck view studies (Bernanke & Mihov, 1998; Primiceri, 2005; Hanson, 2006;
Sims & Zha, 2006c) point out that the bad macroeconomic performance was due to the adverse
shocks that were hitting economy.
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The studies by Stock & Watson (2003), Primiceri (2005), Sims & Zha (2006b)

and Gambetti et al. (2008) has established two stylized facts for the changes in

the monetary transmission mechanism in the US. First, the differences between

impulse responses over time are statistically insignificant suggesting the stability

of monetary transmission. Second, the variance of VAR residuals decreased over

time, which is interpreted as reduction in volatility of structural shocks.

Darvas (2009) is the first to estimate the Czech monetary transmission in

time varying framework. He finds that the transmission is not becoming stronger

or weaker over time (although the response was stronger in 2008 than in 1996).

However his model does not account for the changes in the variance of the shocks

(such as those in 1997 period). To account for this, we estimate Bayesian time-

varying parameter model with stochastic volatility.

2.3 Time Varying Parameters Bayesian Vector Au-

toregression Model with Stochastic Volatility

2.3.1 The Model

Following Primiceri (2005), we set up the model

yt = ct +B1,tyt−1 + . . .+Bp,tyt−p + ut, (2.1)

where yt is an n × 1 vector of endogenous variables which are observable, ct is

an n× 1 vector of time varying intercepts, Bi,t, i = 1, . . . , p, are n× n matrices

of time varying VAR coefficients, ut are unobservable shocks with time varying

variance-covariance matrix Ωt for t = 1, . . . , T .

Since it has been recognized recently that it is of paramount importance to

allow not only coefficients but also for both the error variances and covariances

to vary over time, we will use a triangular reduction of Ωt, such that

AtΩtA
′
t = ΣtΣ

′
t (2.2)

or

Ωt = A−1
t ΣtΣ

′
t(A
−1
t )′, (2.3)

where At is the lower triangular matrix:
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At =


1 0 . . . 0

α21,t 1
. . .

...
...

. . . . . . 0

an1,t . . . an(n−1),t 1

 (2.4)

and Σt is the diagonal matrix

Σt =


σ1,t 0 . . . 0

0 σ2,t
. . .

...
...

. . . . . . 0

0 . . . 0 σn,t

 . (2.5)

Thus we have

yt = ct +B1,tyt−1 + . . .+Bp,tyt−p + A−1
t Σtεt, (2.6)

where εt are independent identically distributed errors with var(εt) = In.

We rewrite (2.6), by stacking in a vector Bt all the right hand side coefficients,

to obtain

yt = X ′Bt + A′tΣtεt, (2.7)

where X ′ = In ⊗ [1, y′t−1, . . . , y
′
t−p].

3

Next, we need to specify the law of motion for the parameters of the model.

The VAR coefficients Bt and the elements of At are assumed to follow the ran-

dom walk, while for the variance of shocks Σt we will use stochastic volatility

framework. Formally, the dynamics of the parameters is specified as follows:

Bt = Bt−1 + νt (2.8)

αt = αt−1 + ζt (2.9)

log σt = log σt−1 + ηt (2.10)

Note that, our model is, in fact, state space model with equation (2.7) as

measurement equation and state equations defined by (2.8), (2.9), and (2.10).

The innovations (εt, νt, ζt, ηt) are assumed to be jointly normal with the

3Symbol ⊗ denotes Kronecker product.
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variance covariance matrix

V = var



εt

νt

ζt

ηt


 =


In 0 0 0

0 Q 0 0

0 0 S 0

0 0 0 W

 , (2.11)

where In is an n-dimensional identity matrix, Q, S and W are positive definite

matrices.

2.3.2 A digression to the Basics of Bayesian Inference

One serious issue of VAR modeling is the over-parametrization. Because VARs

are not parsimonious models i.e. they contain many parameters, it is often

hard to obtain precise estimates of the coefficients and impulse responses. This

problem is even more acute in the time varying parameters framework, since we

estimate a set of parameters for each period. Nevertheless, Bayesian inference ap-

plied to VAR models (proposed by Doan et al. (1984)) provides an elegant and

natural solution and has become quite a standard in the VAR modeling (see,

among many others, recent work by Primiceri (2005) or Canova & Gambetti

(2009) for structural inference and Banbura et al. (2010) for forecasting pur-

poses). Bayesian methodology breaks the original estimation problem into the

smaller ones and thus is able to deal efficiently with high dimensional parameter

space and the nonlinearities of the model.

In this section, we briefly review the basic concepts of Bayesian inference.4

The Bayesian inference is build on few laws of probability and the Bayes’ law.

The major difference to classical inference is that a Bayesian approach treats

unknown quantities (parameters of the model, the truth of the hypothesis) as

random variables and conditions on known, observed quantities (e.g. data), while

the classical econometric approach treats the data as random and the parameters

and the status of hypotheses as non-random (Koop (1994)).

Assume a model depends on a vector of parameters θ and let y be the data.

We are interested in the posterior distribution p(θ|y) i.e. given the data, what

we know about θ. The posterior is computed by employing Bayes’ law,

p(θ|y) =
p(y|θ)p(θ)
p(y)

. (2.12)

4For an excellent introduction into the Bayesian econometrics, see textbook by Koop (2003).
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For estimation, we can ignore the term p(y) because it does not contain θ and

thus we obtain

p(θ|y) ∝ p(y|θ)p(θ), (2.13)

where p(θ|y) is posterior distribution, p(y|θ) is the likelihood function and p(θ)

is the prior density. The last equation can be read as ”posterior is proportional

to the likelihood times the prior”. Note that the prior p(θ) does not depend on

data.

Once we know the posterior distribution, we can obtain estimates comparable

to those of classical inference e.g. the point estimate of OLS is comparable to

the mean of the posterior distribution.

However, the posterior distribution does not usually have an analytical form,

therefore numerical integration method based on Monte Carlo simulation algo-

rithms is needed. One popular method is the Gibbs sampler, which only requires

the knowledge of the full conditional posterior distribution of the parameters of

interest. It sequentially draws from the full conditional posterior distributions.

To show it formally, assume that the parameter space can be partitioned into B

blocks θ(1), θ(2),...,θ(B).
5 Then, the Gibbs sampler involves following steps:

Step 0: Choose a starting value, θ(0).

For s = 1, ..., S:

Step 1: Take a random draw, θ
(s)
(1) from p(θ(1)|y, θ(s−1)

(2) , θ
(s−1)
(3) , ..., θ

(s−1)
(B) ).

Step 2: Take a random draw, θ
(s)
(2) from p(θ(2)|y, θ(s)

(1), θ
(s−1)
(3) , ..., θ

(s−1)
(B) ).

Step 3: Take a random draw, θ
(s)
(3) from p(θ(3)|y, θ(s)

(1), θ
(s)
(2), ..., θ

(s−1)
(B) ).

...

Step B: Take a random draw, θ
(s)
(B) from p(θ(B)|y, θ(s)

(1), θ
(s)
(2), ..., θ

(s)
(B−1)).

This procedure will yield a set of S draws, θ(s) for s = 1, ..., S. To make sure

the choice of θ(0) is not affecting the results, we drop first S0 draws. Note, that

the sequence of draws is not i.i.d. Therefore, to account for this, we also keep

only every n − th observation. The remaining draws can be averaged to create

5We will use the following notational convention: superscripts will indicate draws, while
subscripts will indicate blocks.
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estimates of posterior features of interest, i.e. the weak law of large numbers is

employed.

2.3.3 Priors

In this section, we specify the prior distributions for the parameters of the model.

In eliciting priors we follow Primiceri (2005) who chooses the key prior hyperpa-

rameters by estimating the time invariant VAR on a training sample i.e. small

initial subsample of the dataset. The mean and the variance of B0 are chosen

to be the OLS point estimates and four times its variance from time invariant

VAR:

B0 ∼ N(B̂OLS, 4 · var(B̂OLS)).

Similarly, the prior for A0 is obtained:

A0 ∼ N(ÂOLS, 4 · var(ÂOLS)).

Next, for log σ0 the mean of the prior distribution is set to be the logarithm of

OLS estimate of the standard errors from the same time invariant VAR, and the

variance-covariance matrix is arbitrarily chosen to be the identity matrix:

log σ0 ∼ N(log σ̂OLS, In).

Finally, the priors for hyperparameters are set as follows:

Q ∼ IW (k2
Q · τ · var(B̂OLS), τ),

W ∼ IW (k2
W · (1 + dim(W )) · In, (1 + dim(W ))),

S1 ∼ IW (k2
S · (1 + dim(S1)) · var(Â1,OLS), (1 + dim(S1)),

S2 ∼ IW (k3
S · (1 + dim(S2)) · var(Â2,OLS), (1 + dim(S2)),

where τ is the size of the training sample, S1 and S2 denote the two blocks of S,

while Â1,OLS and Â2,OLS stand for the two corresponding blocks of ÂOLS. The

degrees of freedom of scale matrices for the inverse-Wishart prior distribution of

the hyperparameters are set to be one plus dimension of each matrix. Moreover,

following the literature (Cogley & Sargent (2001)) the scale matrices are chosen

to be constant fractions of the variances of the corresponding OLS estimates on
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the training sample multiplied by degrees of freedom.6

2.3.4 Simulation Method

Our Gibbs sampler takes the form:

1. Initialize AT , ΣT , sT and V .7

2. Sample BT from p(BT |yT , AT ,ΣT , V ).

3. Sample AT from p(AT |yT , AT , BT , sT , V ).

4. Sample ΣT from p(ΣT |yT , AT , BT , sT , V ).

5. Sample sT from p(sT |yT , AT ,ΣT , V ).

6. Sample V , by sampling Q, W and S from p(Q,W, S|yT , BT , AT ,ΣT ) =

p(Q|yT , BT , AT ,ΣT ) · p(W |yT , BT , AT ,ΣT ) ·
p(S1|yT , BT , AT ,ΣT ) · . . . · p(Sn−1|yT , BT , AT ,ΣT ).

7. Go back to 1.

Next, we describe the Gibbs sampling for state space models. Consider a

measurement equation:

yt = Htβt + ξt (2.14)

and a transition equation

βt = Fβt−1 + ut, (2.15)

where [
ξt

ut

]
∼ i.i.d. N

([
0

0

]
,

[
Rt 0

0 Q

])
.

Let

βt|s = E(βt|Y S, HS, RS, Q), (2.16)

Vt|s = var(βt|Y S, HS, RS, Q). (2.17)

6Because in the inverse-Wishart distribution, the scale matrix has interpretation of sum of
squared residuals.

7Drawing the elements of ΣT is not straightforward, however the method of Kim et al.
(1998) allows us to transform a nonlinear and non-normal state space form in a linear (by
taking squares and logarithms) and approximate normal form. Therefore, sT = [s1, · · · , sT ] is
defined to be the matrix of indicator variables that selects at every point in time the members
of the mixture of the normal approximation, which consequently allows for using standard
simulation smoothers for drawing the elements of ΣT . For further technical details and the
exact description of each step of the Gibbs sampler, see the appendix in Primiceri (2005).
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Assuming β0|0 and V0|0 are given, Kalman filter works as follows:

βt|t−1 = Fβt−1|t−1, (2.18)

Vt|t−1 = FVt−1|t−1F
′ +Q, (2.19)

Kt = Vt|t−1H
′(HtVt|t−1H

′
t +Rt)

−1, (2.20)

βt|t = βt|t−1 +Kt(yt −Htβt|t−1), (2.21)

Vt|t = Vt|t−1 −KtHtVt|t−1. (2.22)

The terminal elements of the Kalman filter, βT |T and VT |T , are subsequently

used as the mean and the variance of the normal distribution that is used to

make a draw for βT . The draw of βT and the output of the filter are then used

for the first step of the backward recursion, which delivers βT−1|T and VT−1|T ,

used to make draw of βT−1 and analogically the backward recursion continues

until T = 0. The updating formulas of the backward recursion are:

βt|t+1 = βt|t + Vt|tF
′V −1

t+1|t(βt+1 − Fβt|t), (2.23)

Vt|t+1 = Vt|t − Vt|tF ′V −1
t+1|tFVt|t. (2.24)

2.3.5 Identification and Structural Interpretation

We identify monetary policy shock in an equation of the form:

rt = ft(Ht) + σrε
r
t , (2.25)

where rt is the instrument of the monetary authority (nominal interest rate), and

ft(·) is a linear function that relates rt to the information set Ht. The random

variable σrε
r
t is a monetary policy shock, where we normalize εrt to have unit

variance and σr is the standard deviation of the monetary policy shock. We

interpret ft(·) as the monetary authority feedback rule.

Next, we assume that the relationship between the VAR residuals and the

structural shocks is given by

D0ut = εt (2.26)

We will identify the monetary policy shock by employing a recursiveness

assumption as in Christiano et al. (1999). In order to see how the recursiveness
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assumption works, we partition yt into three blocks:

yt =

 y1t

rt

y2t

 ,

where y1t, whose contemporaneous values appear in Ht consists of n1 and y2t,

which only appear in Ht with a lag consists of the n2 variables. Thus we have

n = n1 + n2 + 1.

The recursiveness assumption can be expressed as follows:

D0 =


d11

(n1×n1)
0

(n1×1)
0

(n1×n2)

d21
(1×n1)

d22
(1×1)

0
(1×n2)

d31
(n2×n1)

d32
(n2×1)

d33
(n2×n2)

 . (2.27)

The two zero blocks in the first row represent the assumption that the vari-

ables in y1t do not react contemporaneously to monetary policy shock, and that

monetary policy affect those variable only with a lag. The assumption that the

policy maker does not see y2t when he sets the interest rate rt is imposed by ze-

ros in the second row. This assumption is standard in the literature (Christiano

et al., 1999), moreover, since we are using monthly data it is not so restrictive.8

2.4 The Empirical model of the Czech Economy

2.4.1 Data

We now use time varying parameters Bayesian vector autoregression model (TVP

BVAR) model with stochastic volatility to estimate the evolution of monetary

policy transmission mechanism in the Czech Republic. In our empirical exercise

we use monthly data for 1993:1 - 2009:9 period. Industrial production (seasonally

adjusted), money market rate (3 month), and nominal effective exchange rate are

obtained from IMF International Financial Statistics database (IFS).9 Although

the official instrument of monetary policy is 2W REPO rate, it is censored and

not continuous, therefore money market rate is typically used as a proxy in this

8Other identification strategies include non-recursive identification and identification with
sign restrictions.

9Nominal effective exchange rate is defined in such way that a decrease means depreciation.
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type of exercises. The correlation between the two rates is 0.96 in the whole

sample, and remained strong even in the periods of the recent crisis.10 As a

measure of prices we use the net price index which excludes regulated prices

available internally from Czech National Bank (CNB). Variable total credits to

residents and nonresidents is obtained from CNB’s public database ARAD. Stock

prices index was downloaded from Prague Stock Exchange website. Figure 2.5

(in Appendix) plots the data used in our estimation and the exact description of

the dataset can be found in the table Table 2.3 (in Appendix).

2.4.2 The Results

Following Sims et al. (1990), we estimated the model in levels. This approach

avoids inconsistency that might occur if we incorrectly impose cointegration re-

strictions. Further, in a Bayesian framework the nonstationarity is not an issue,

since the presence of unit roots in the data does not affect the likelihood function

(Sims et al., 1990).

For our baseline model we set up a first non-policy block as y1t = [ipt, cpit],

where ipt denotes log of industrial production and cpit is log of net CPI. As a

monetary policy instrument rt we use 3 month money market rate (PRIBOR).

Next, second non-policy block is y2t = [neert], where neert is log of nominal

effective exchange rate. Later, we extend block y2t by a financial variable.

One lag is used for estimation.11 The first four years (1993:1 - 1996:12,

48 observations) are used to elicit the priors. The presented results are based

on 10 000 iterations of Gibbs sampler, discarding first 5 000 draws to ensure

convergence and minimize the effect of initial assumptions. Next, we keep every

5th draw from the remaining 5 000 draws in order to reduce autocorrelation

across draws.12 Convergence checks using Raftery & Lewis (1992) diagnostic

show that recommended number of runs is substantially below the number of

runs in our simulation, i.e., 10 000 iterations are enough to converge to the

ergodic distribution. These results are available upon request.

We start by presenting evidence about the changes in the magnitude of shocks

hitting economy. Figure 2.1 illustrates that the volatility of shocks is not con-

stant over time, especially when investigating the typical size of monetary policy

10Correlation for 2008:9 - 2009:9 period is 0.95.
11Estimation with two lags produce largely similar results, while adding more lags results in

convergence problems as number of parameters increase significantly.
12Different starting points of the sampler (randomly selected) yield same results. Moreover,

the simulation based on 20 000 iterations, produces similar results, but it requires so much
memory that it is not possible to present results for all time periods.

http://www.cnb.cz/docs/ARADY/HTML/index_en.htm
http://www.pse.cz/
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shock over time as measured by the means of standard deviation of residuals in

interest rate equation. The period around 1997 exhibits significantly higher vari-

ance than the subsequent periods. Moreover, there is some evidence that shocks

have become higher after 2008. The high variance in the 1997 period might be

explained by the fact that monetary policy prior 1998 was targeting exchange

rate and in 1997 the exchange rate crisis struck the economy. Remarkably, since

the introduction of inflation targeting in 1998, the volatility of shocks decreased

considerably and remained low until recently. The increased volatility of post

2008 period is most likely the result of the current crisis, where monetary au-

thority seems to be reacting also to variables other than output and price level.

(a) Industrial Production equation
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(b) Prices equation
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(d) Exchange Rate equation
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Figure 2.1: Posterior means of the standard deviation of residuals in
the respective equations

Next, we investigate the changes in the effects of non-systematic monetary

policy by inspecting impulse responses to a monetary policy shock in different

periods. To enable comparison across periods we normalize the monetary policy

shock to a 100 basis points increase in the interest rate. The choice of the dates

is to a large extent arbitrary, and is aimed to capture interesting episodes in

the evolution of the Czech economy. Therefore, we choose 1997:6 to provide the

evidence about the exchange rate crisis, while 2007:3, 2008:10, and 2009:9 are

selected to shed more light on transmission before, during and after the financial

crisis. Although the choice of the specific periods is arbitrary, to a large extent,
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in an Appendix 2.A.2 we present the impulse responses to all periods, to show

that it makes little difference to choose specific month from a given year.13

(a) Impulse responses of industrial production
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(b) Impulse responses of prices
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(c) Impulse responses of interest rate
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(d) Impulse responses of exchange rate
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Figure 2.2: Impulse responses to a 100 basis points monetary policy
shock in 1997:6, 2007:3, 2008:10 and 2009:9

The results shown in Figure 2.2 suggest that indeed in 1997 the transmission

mechanism was not working as documented by the fact that monetary policy

shock is followed by positive response of prices (the price puzzle) and persistent

and increasing response of interest rates. Since the introduction of inflation tar-

geting in 1998 the monetary transmission mechanism functions relatively well.

Further, the periods before and after the 2008 crisis deliver remarkably simi-

13However, we limit ourselves to post 1997 period, since including extremely volatile 1997
hinders overall exposition.
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lar impulse responses, reaching a bottom between 12 and 18 months, which is

exactly targeting horizon of the Czech National Bank. The effect of monetary

policy shock on prices is substantially weaker with prices reacting slower and lags

becoming longer in 2008:10 period. This evidence suggest that monetary policy

needed to react more stronger during the climax of the crisis in order to stabilize

the macroeconomic environment. This is also documented by higher variance

of monetary policy shocks in the end of 2008 (see Figure 2.1). The results are

similar to Cihák et al. (2009), who calibrate the DSGE model for the Euro Area

and find that overall working of the Euro Area transmission mechanism have

slowed down during the crisis.

Next, the exchange rate depreciates already on impact. This so called ex-

change rate puzzle might be a consequence of the fact that we assume that cen-

tral bank ignores contemporaneous movements in exchange rate, which might be

an unrealistic assumption for a small open economy. This is supported by the

evidence of Calvo & Reinhart (2002), who find that even though many countries

officially say that they let their exchange rates float, in reality they are reluctant

to allow large changes in exchange rates and frequently intervene to stabilize the

exchange rate. Thus allowing for contemporaneous response of monetary policy

might be crucial. However, in our case this might not be so restrictive as we

are using monthly data. On the other hand, Taylor (2001) argues that even

if exchange rate is not present in reaction function it has an indirect effect on

interest rate through output and price level. Moreover, it might not always be

appropriate for the central bank to react to all exchange rate movements, espe-

cially when changes in interest rates might have adverse effects on output and

prices compared to effects of exchange rate shocks (e.g. positive productivity

shock). Anyhow, it is left for future research to allow for contemporaneous reac-

tions between interest rate and exchange rate similar to Kim & Roubini (2000)

or Bjornland (2009) and examine if it alleviates the exchange rate puzzle.

On the whole, as can be seen from the time-varying impulse responses in

Appendix 2.A.2, apart from 1997-1998 and 2008-2009 periods the transmission

mechanism is found to be relatively stable over time. This is in line with existing

literature that models time variation of transmission mechanism focusing on the

Great Moderation.14 Two stylized facts emerging from this literature are stability

of impulse responses and decline in variance of shocks hitting the economy.

14The decrease in volatilities of macroeconomic aggregates in post 1980 period.
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2.4.3 Including financial variable

In this section, we present the results from an extension of the baseline model

by a financial variable, in order to shed more light on possible macro-financial

linkages. Specifically, we add total credits to a model so that y2t = [neert, crt],

where crt denotes log of total credits.

(a) Industrial Production equation
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Figure 2.3: Posterior means of the standard deviation of in the re-
spective equations (model extended with credits)

Looking at the changes in the variance of VAR residuals, the results from the

baseline specification are confirmed. The changes are most pronounced in the

variance of monetary policy shocks. Residuals from credit equation are relatively

stable with minor increase in the end of the sample.
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(a) Impulse responses of industrial production

0 6 12 18 24 30 36
−0.025

−0.02

−0.015

−0.01

−0.005

0

 

 

1997:6
2007:3
2008:10
2009:9

(b) Impulse responses of prices
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(c) Impulse responses of interest rate
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(d) Impulse responses of exchange rate
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(e) Impulse responses of credits
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Figure 2.4: Impulse responses to a 100 basis points monetary policy
shock in 1997:6, 2007:3, 2008:10 and 2009:9 (model ex-
tended with credits)
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Next, the results from impulse responses also deliver very similar results as

in the baseline model. The reaction of industrial production is more pronounced

in the period of 2008 crisis, while prices react more slowly. As for the reaction

of credits, we observe initial rise in the amount of credits following a monetary

policy shock. Eventually, credits decline after two years. This result is in line

with findings of Bernanke & Gertler (1995), who argue that following a monetary

tightening firms may want to finance an inventory buildup and consequently

increase their borrowing in the beginning of the cycle, despite the external finance

premium is rising. Also the consumers may wish to borrow to compensate for

shortfalls in income. Thus the aggregate credit may rise early after monetary

tightening. Alternatively, interest rate increase may cause higher demand for

external funds because firms might not be able to reduce their costs quickly

enough.

Further, we investigated the relative importance of monetary policy shock,

exchange rate shock and financial shock.15 Since the Czech republic is a small

open economy, the exchange rate shocks might play an important role for the

developments in domestic aggregates, while the study of financial shocks is mo-

tivated by the recent financial crisis.

The variance decompositions of these shocks for industrial production and

prices are in Table 2.1 and Table 2.2, respectively. The results are in line with

other studies that find that the monetary policy shock explains a relatively small

fraction of the forecast error of real activity measures or inflation (e.g. Bernanke

et al., 2005). The results suggest that monetary policy shocks account for only

small portion of variation in industrial production and in prices, although the

role of monetary policy shocks is marginally larger in the 2008:10 period sug-

gesting the greater role for monetary policy in the times of crisis. The role of

exchange rate and financial shocks is relatively stable over time, with exchange

rates explaining at roughly 2% in of fluctuations in industrial production the

long run, while financial shocks can account for up 8% of variation in industrial

production. As for the fluctuations in prices, the results suggest no role for ex-

change rate shocks, while interestingly financial shocks can explain up to 15-20%

in the long run.

As a sensitivity check, we also estimated the model with y2t = [neert, spt],

15While the monetary policy shock is sufficiently identified by assuming that central bank
follows a Taylor rule (reacts to output and prices), exchange rate and financial shocks are
defined as movements in exchange rates (or credits) that are not explained by the changes in
fundamental macro aggregates (output, price level, interest rate) and thus should be interpreted
with bearing this definition in mind.
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Table 2.1: Variance decomposition for industrial production

Monetary Policy shock Exchange Rate shock Financial shock

Horizon 2007:3 2008:10 2009:9 2007:3 2008:10 2009:9 2007:3 2008:10 2009:9

6 1.8×10−5 2.0×10−5 1.4×10−5 0.006 0.006 0.006 0.000 0.000 0.000
12 3.7×10−5 5.2×10−5 2.9×10−5 0.024 0.022 0.023 0.005 0.004 0.005
24 6.2×10−5 8.4×10−5 4.2×10−5 0.038 0.032 0.028 0.013 0.013 0.011
36 4.1×10−5 5.3×10−5 2.4×10−5 0.026 0.021 0.016 0.085 0.063 0.052

Table 2.2: Variance decomposition for price level

Monetary Policy shock Exchange Rate shock Financial shock

Horizon 2007:3 2008:10 2009:9 2007:3 2008:10 2009:9 2007:3 2008:10 2009:9

6 0.6×10−5 0.2×10−5 0.7×10−5 0.040 0.040 0.036 0.001 0.001 0.001
12 3.7×10−5 3.0×10−5 3.6×10−5 0.062 0.059 0.051 0.011 0.010 0.009
18 8.9×10−5 9.9×10−5 6.1×10−5 0.026 0.027 0.019 0.057 0.054 0.040
36 1.8×10−5 3.8×10−5 1.3×10−5 0.000 0.000 0.000 0.206 0.186 0.154

where spt stands for log of stock price index. This extension yields very similar

results, which are presented in Appendix 2.A.3

2.5 Concluding Remarks

In this essay, we studied the evolution of monetary policy transmission mech-

anism in the Czech Republic over 1993:1 - 2009:9 period by employing time

varying parameters Bayesian vector autoregression model (TVP BVAR) with

stochastic volatility. We estimated the system using standard macroeconomic

aggregates (specifically, industrial production, consumer price index, short term

interest rate and the exchange rate).

The results suggest that the monetary policy transmission mechanism was

relatively stable over time. The impulse responses are in line with standard the-

ory, following the contractionary monetary policy shock economic activity and

prices decline. This seems not to be true for the periods of crisis. In particu-

lar, during 1997 exchange rate crisis the transmission breaks down completely.

Moreover, there is some evidence that the transmission to prices was weakened

temporarily during the climax of the financial crisis, but appear to be back to

its pre-crisis strength already in second half of 2009.

Further, we augmented the estimated system with a financial variable to

investigate the significance of financial shocks for the transmission. To the extent

that we can approximate the importance of financial linkages by adding credits

or alternatively stock prices to the system, we find an important role for the

financial shocks in explaining the fluctutations in macroeconomic aggregates.
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In 36 months horizon, financial shocks can explain up to 8% of fluctuations in

industrial production and at roughly 15-20% of fluctuations in the price level

depending on the period. On the other hand, since the Czech Republic is a small

open economy, increasingly engaging in the international trade, the exchange

rate channel may have gained importance over time, in a sense that movements

in exchange rate might have larger effects on aggregate demand. Nevertheless,

the exchange rate shocks are found to play only a limited role in explaining the

fluctuations in the economy.
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2.A Supplementary figures

2.A.1 Data

Table 2.3: Data used in estimation

Variable Time span Source

industrial production s.a. 1993:1 - 2009:9 IFS 93566..CZF...
consumer price index net 1993:1 - 2009:9 CNB
money market rate (3 month (PRIBOR)) 1993:1 - 2009:9 IFS 93560B..ZF...
nominal effective exchange rate 1993:1 - 2009:9 IFS 935..NECZF...
total credits 1993:1 - 2009:9 CNB ARAD
stock prices (PX index) 1993:9 - 2009:9 Prague Stock Exchange
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Figure 2.5: Data used in estimation. All variables, except for interest
rate are in logarithms.

http://www.cnb.cz/docs/ARADY/HTML/index_en.htm
http://www.pse.cz/
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2.A.2 Time varying impulse responses

(a) Industrial production (b) Prices

(c) Interest Rate (d) Exchange Rate

Figure 2.6: Time varying impulse responses to a 100 basis points mon-
etary policy shock
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(a) Industrial Production (b) Prices

(c) Interest Rate (d) Exchange Rate

(e) Credits

Figure 2.7: Time varying impulse responses to a 100 basis points mon-
etary policy shock (model extended with credits)
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2.A.3 Model with stock prices

(a) Industrial Production equation
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(d) Exchange Rate equation
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(e) Share Prices equation
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Figure 2.8: Posterior means of the standard deviation of in the re-
spective equations (model extended with stock prices)
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(a) Impulse responses of industrial production
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(b) Impulse responses of prices
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(c) Impulse responses of interest rate
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(d) Impulse responses of exchange rate
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(e) Impulse responses of share prices
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Figure 2.9: Impulse responses to a 100 basis points monetary policy
shock in 1997:10, 2007:3, 2008:10 and 2009:9 (model ex-
tended with stock prices)
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(a) Industrial Production (b) Prices

(c) Interest Rate (d) Exchange Rate

(e) Stock Prices

Figure 2.10: Time varying impulse responses to a 100 basis points
monetary policy shock (model extended with stock
prices)



Chapter 3

How to Solve the Price Puzzle? A

Meta-Analysis

3.1 Introduction

How does monetary policy affect the prices? It is one of the fundamental ques-

tions of monetary economics, yet still among the most controversial ones when

it comes to the existing empirical evidence. Although both the intuition and the

stylized macro models predict that the price level should decrease following a

surprise increase in interest rates, the empirical evidence challenges the theory.

The effects of monetary policy on prices were studied already by Hume (1752),

who first noticed that changes in monetary policy are followed by the immediate

reaction of output, while it takes longer for prices to adjust. Moreover, not only

have the prices longer lags, but almost half of the modern empirical studies us-

ing vector autoregressions to investigate the effects of contractionary monetary

policy shocks on prices have found that prices actually increase. This finding

was first encountered by Sims (1992) and was named price puzzle by Eichen-

baum (1992). Since then, many different explanations and solutions to alleviate

price puzzle were put forward, ranging from model misspecification issues to the

theoretical models justifying the increase in prices by the existence of the cost

channel.

Specifically, the explanations pointing out to the misspecification of the esti-

mated model attribute the puzzle to omitted variable bias (Sims, 1992; Giordani,

2004; Bernanke et al., 2005), while others blame improper identification of the

monetary policy shocks to be responsible for this counterintuitive finding (Kim

& Roubini, 2000). In these cases, the estimated monetary policy shocks might be
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the combinations of both the endogenous policy responses and the true monetary

policy shocks, and consequently yield invalid results.

Further, some suggest that the price puzzle is only historically limited to

the periods of passive monetary policy (Castelnuovo & Surico, 2009; Benati,

2008) or that it emerges only when the data that encompass different monetary

regimes are used (Elbourne & de Haan, 2006; Borys et al., 2009). For example,

if researchers assume that the central bank is using the interest rate as its main

instrument, although for some part of the sample, the monetary or exchange

rate targeting might have been in place, the monetary policy shocks will not be

correctly identified. Therefore, the monetary transmission should be investigated

over the sample of a single monetary policy regime. Alternatively, one might use

time-varying parameter models that has recently become increasingly popular

in VAR modeling (see studies by Primiceri, 2005; Koop et al., 2009, or the first

essay of this thesis for further details).

Finally, theoretical models justifying the increase in aggregate prices were

developed, thus suggesting that the price puzzle might not be a puzzle at all.

Barth & Ramey (2002) put forward that the cost channel operating alongside

the standard aggregate demand channel might explain the increase in prices.

Because firms depend on credit to finance production, their marginal costs rise

following the increase in interest rate, they in turn increase their prices, and as

a result, aggregate price level might rise. We elaborate more on the particular

explanations and solutions of the price puzzle in Section 3.3.

The price puzzle casts serious doubts on the ability of VAR models to cor-

rectly identify the monetary policy shocks. At the same time it challenges the

existing theory. Furthermore, if some results are more likely to get published

than others, or if researchers themselves have the preference for the results that

are statistically significant and consistent with theory, the simple average over

the estimates from published studies will be biased relative to the genuine em-

pirical effect. This so called publication selection bias has been long recognized

in the literature (De Long & Lang, 1992; Ashenfelter & Greenstone, 2004). To

reconcile all of these issues, we apply meta-analytical methods in an attempt to

uncover the genuine empirical effect of monetary policy shock on prices.

Further, to account for differences in estimates coming from structural char-

acteristics of a given country and possible dependencies on study design and

quality, we estimate an explanatory meta-regression. We attempt to collect all

estimates from the population of empirical studies that can be utilized in meta-

analysis. That means we gather all estimates that are comparable or can be



3. How to Solve the Price Puzzle? A Meta-Analysis 37

transformed to a common measure and for which, at the same time, a measure

of precision is available. In total, we gathered almost 1000 estimates from 65

studies, yielding the average of 200 per each of the 5 horizons we study.

The rest of the essay is structured as follows: in Section 3.2, we describe

the basic properties of the sample of the primary studies used for meta-analysis.

Section 3.3 reviews proposed explanations and solutions to the price puzzle. In

Section 3.4, we attempt to correct for publication selection bias and present the

unconditional genuine empirical effect of monetary policy shock on prices. Sec-

tion 3.5 models the observable heterogeneity among the estimates by conducting

explanatory meta-regression analysis. Section 3.6 concludes.

3.2 The data set

Studies examining monetary transmission mechanism typically estimate the VAR

system and examine the impulse responses to a monetary policy shock. The

literature usually assumes that the economy can be described by the following

dynamic model:

AYt = B(L)Yt−1 + εt, (3.1)

where Yt is the vector of endogenous variables typically containing a measure of

output, prices, interest rates, and exchange rate in case of open economy. Matrix

A describes contemporaneous relationships between endogenous variables, while

B(L) is a matrix lag polynomial, and εt is the vector of structural shocks, with

variance-covariance matrix E(εtε
′
t) = I. The system in (3.1) is called structural-

form VAR. In order to estimate the system, we rewrite (3.1) to its reduced form

as

Yt = C(L)Yt−1 + ut, (3.2)

where the elements of the matrices C are convolutions of the elements in matri-

ces A and B, and ut are reduced form shocks with variance-covariance matrix

E(utu
′
t) = Σ. The relationship between structural shocks and reduced form

residuals is

εt = Aut. (3.3)

In order to identify structural shocks, n(n−1)/2 restrictions need to be imposed

on the matrix A. The dynamic responses of the endogenous variables to shocks

can be studied, by so called impulse responses.

To provide better understanding what the impulse response is, consider the
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following two-step procedure to identify the effects of the monetary policy shock.

First, regress the interest rate on the output and prices. Second, estimate the

dynamic response of a variable of interest (output, prices) to a monetary policy

shock by regressing the variable on the current and lagged values of the shocks

approximated by fitted residuals from the first step regression. This procedure is

equivalent to the VAR estimation. Note, however, that in practice, the estimation

of VAR is preferred, as in the two step procedure we lose a number of initial data

points that is equal to the number of dynamic responses that we wish to estimate,

plus the number of lags included, while in VAR we lose observations only due to

lags included (Christiano et al., 1999).

Figure 3.1 shows two stylized types of the price level’s responses to contrac-

tionary monetary policy shock. The impulse response on the left demonstrates

the price puzzle: prices increase significantly in the short run, while the im-

pulse response on the right corresponds with mainstream theoretical predictions:

prices decline soon after monetary tightening.

Figure 3.1: Stylized impulse responses
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We proceed now with the description of the primary studies that we will use

in our meta-analysis. We employed the following strategy of literature search.

First, we examined the references of the relevant literature surveys (e.g. Stock &

Watson, 2001; Coricelli et al., 2006) and set up a search query.1 We searched both

the EconLit and RePEc databases focusing on the articles published in journals

or handbooks. Further, we checked the citations of the most cited study in VAR

literature, Christiano et al. (1999). After going through the abstracts of the

search results, 208 articles were selected that might have the impulse responses

of the prices to a monetary policy shock.

1The exact search query in EconLit was (VAR or “vector autoregression”) and (monetary
or “monetary policy”) and (transmission or shock)).
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In order to make full use of meta-analytical methods, we dropped the studies

that did not contain any measure of precision e.g. the impulse responses without

confidence bands (including some seminal studies such as Sims (1992) or recent

studies that estimate time-varying parameter VARs). Further, we focused only

on studies where the monetary policy shock is defined as the interest rate shock.

There is a number of studies that define the monetary policy shock as the shock

to the money base; however, most of these studies are rather old. Moreover,

since Sims (1992), most of the empirical literature investigates the interest rate

shocks, acknowledging the fact that nowadays most of the central banks use

the interest rate as their main policy instrument. Next, most of the studies

investigate the effects on prices, while only smaller fraction present the responses

of inflation.2 Consequently, we focus on the response of the price level only,

leaving the investigation of responses of inflation for future research that will

serve as a robustness check.

Considering the richness of the empirical evidence on monetary policy shocks

and the fact that the evidence on the effects of monetary policy shock on prices

is mixed, it is rather striking that there has been no quantitative synthesis of this

literature. We attribute this to the fact that the results are typically presented

in the form of impulse response graphs rather than in form of numerical values.

Furthermore, there is an estimate of response for every period. Typically, 36

or 48 months horizon is investigated when using monthly data, and up to 20

quarters when using quarterly data. This means that it is rather unclear which

horizon should a researcher choose to represent the effect. These features of

the VAR literature have probably discouraged the researchers from conducting

a meta-analysis based on the impulse responses.3

Nevertheless, we attempted to tackle these issues as follows. To measure

the short run response, we extracted the responses at 3 months and 6 months

horizons. Next, the 12 and 18 months horizons were chosen to capture the

medium term responses. Finally, to capture long run effects, 36 months horizon

was selected. To collect the estimates, we enlarged the impulse responses graphs,

imported them into the graphical software and by using the pixel coordinates we

2Note that once the VAR is estimated with inflation it is straightforward to calculate the
response of the price level as it is simply the accumulated response of inflation, unfortunately
most of the studies report just the inflation response, and thus we cannot use them in the
analysis.

3Working paper by Grauwe & Storti (2004) seems to be the only exception. However, no
measure of uncertainty surrounding the estimates is used, thus their study cannot make full use
of modern meta-analytical methods, e.g., estimates cannot be corrected for possible publication
selection bias.
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were able to measure the numerical value of the impulse responses and their

confidence bands with high precision. The graphs of all responses taken from

primart studies as well as their extracted values are available upon request.

The impulse responses and their standard errors were transformed to common

metric in order to ensure that the estimates are comparable.4 Therefore, the

impulse responses were standardized to represent the effect of 100 basis points

monetary policy shock. This was achieved by dividing the responses by the

magnitude of the monetary policy shock, usually standard deviation of estimated

monetary policy shocks. We recover the standard error of the estimate as a

distance from the response to that side of the confidence interval which is closer

to zero.5 If the confidence interval is presented in standard deviation units (e.g.

+/- 2 s.d.) we are able to obtain the standard error directly. Otherwise, we have

to normalize these measures to get estimates of standard errors by assuming

that the estimates are normally distributed, so that for example, would 68%

confidence interval would represent one standard error interval.

In total, 65 studies are used in the meta-analysis. The full list of studies

used can be found in Section 3.A. Following Doucouliagos & Stanley (2009),

we included all reported estimates in the meta-analysis. Selecting arbitrarily the

’best’ estimate or using the average reported estimate discards useful information

about the different methodologies or the data used. Consequently, total number

of impulse responses gathered is over 200 for each selected horizon.6 The meta-

sample of primary studies covers the evidence for 36 countries produced by 116

researchers.

3.3 Explaining the puzzle

The increase in price level following a contractionary monetary policy shock was

first encountered by Sims (1992) and dubbed as the price puzzle by Eichen-

4In case of FAVAR studies, where the responses are usually in standard deviation units, we
had to normalize these responses by dividing them by the standard deviation of a time series
that was used by the respective study.

5That means, lower confidence interval for positive responses and upper confidence interval
for negative one. Note that, in case of symmetric confidence bands it makes no difference
which confidence interval we choose, while in asymmetric case, we think that this measure
reasonably captures the measure of precision for impulse responses. Since the impulse responses
are interpreted as significant if the confidence bands does not cover the zero line, it seem
reasonable to use the distance of the band closer to zero as a measure of precision, since this
distance is usually of major concern.

6Specifically, 202 estimates for 3 months horizon, 206 for 6 and 12 months horizons, 205 for
18 months horizon and 194 for 36 months horizon.
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baum (1992). This result was replicated by numerous studies that used different

methodologies and covered different countries. Over time, different explanations

and solutions to this counterintuitive results were proposed. In this section, we

describe each of them successively.

The prevalence of the price puzzle can be seen in the Table 3.1. The table

shows that from 202 estimates for the 3 months horizon that we were able to

gather, almost half of them encounters the price level, while in almost 20%

of cases the puzzle is even statistically significant. The table also summarizes

the use of differrent approaches to alleviate the price puzzle and the number of

occasions where the puzzle is still present despite the use of a particular approach.

This piece of evidence shows that neither of the solutions has been fully succesful

in alleviating the puzzle.

Table 3.1: Price puzzle and the different approaches to resolve it

Price puzzle

All Commodity Trend/Gap Single FAVAR SVAR Sign

Responses estimated 202 127 33 62 11 57 31
The puzzle present 94 55 8 22 8 15 3
The puzzle significant 43 22 3 12 5 4 0

Note: Commodity = Commodity prices are included in VAR, Trend/Gap = trend or output gap is included
in VAR, Single = VAR is estimated on the sample spanning the single monetary policy regime, FAVAR
= Factor Augmented VAR is estimated, SVAR = non-recursive identification is used, Sign = shocks are
identified by imposing sign restrictions (not necessarily on prices).

3.3.1 Omitted variables

Commodity Prices Sims (1992) attributed the puzzling response of prices to

the fact that central bank is forward looking and it is reacting to anticipated fu-

ture movements of inflation by rising the interest rate. If VAR system does not

include the variable capturing the future inflation, the monetary policy shocks

are combinations of true monetary policy shocks and endogenous reactions to

expected inflation. In case that the policy does not fully accommodate expected

inflation, the data might show that the increase in interest rate, mistakenly recog-

nized as monetary policy shock, is followed by the increase of inflation. Therefore,

Sims (1992) includes commodity prices as an indicator of future inflation and as

a result, the price puzzle is alleviated. However, as can be seen from Table 3.1

inclusion of commodity prices does not automatically guarantee that the price

puzzle will not occur.
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Output gap Giordani (2004) also points out that it is the omitted variable

that accounts for the price puzzle. He argues that it is the use of output without

controlling for the potential output that can bias the estimates and lead to the

price puzzle. Further, he argues that the commodity price index, traditionally

included in VARs to solve the price puzzle, alleviates the puzzle mostly because

it contains useful information about the output gap, not because it is a good

predictor of future inflation (which it really is). Further, Hanson (2004) examine

a battery of other indicator variables and finds little correlation between the

ability to alleviate price puzzle and the ability to forecast inflation. Note, however

that the main limitation of including the output gap to the system is the fact

that, since it is not observable, it is not clear how the output gap should be

computed. Therefore, only the trend is usually included to approximate the

potential product. Although some studies attempt to estimate the output gap by

Hodrick Prescott filter, the approach seems not to be accepted in the literature.

Nevertheless, only about 16% of studies addressed this issue in estimation, yet

the price puzzle was still encountered in some cases.

Factor Augmented VAR (FAVAR) Next, the factor augmented approach was

introduced by Bernanke et al. (2005) to address some major shortcomings of

standard small scale VARs. They point out that policy makers look at practically

the hundreds of time series when deciding about the stance of monetary policy.

Therefore including only three to six variables, as it is usual practice in the VAR

modeling, might cause omitted variables bias.7 FAVAR approach approximates

the factors by extracting principal components from the data. Thus it attempts

to take all available information into account and, in principle, the dynamics of

all variables can be investigated (without the degrees of freedom considerations).

Next, the issue of measurement error in observed variables might be another

important drawback of small scale VARs. Theoretical concepts such as output

or price level might correspond more closely to a latent measure of economic

activity rather than some particular time series. Moreover, if it really is the case

that the important information is omitted from the model, it implies that the

responses of all variables are biased, not just that of the price level. Further,

Bernanke et al. (2005) point out that fixes of the puzzles are largely ad hoc,

e.g. adding commodity prices to the system. However, the results of Bernanke

7An important exception is recent contribution by Banbura et al. (2010), who applied
Bayesian shrinkage prior to include 131 variables into their VAR model.
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et al. (2005) suggest that this approach only mitigates the observed puzzle, and

is unable to resolve it fully.

3.3.2 Identification issues

While some researchers stressed the role of omitted variables problem, others

pointed out that the puzzle might be caused by implausible identification scheme.

For example, a recursive identification that assumes that the monetary policy

affects output and prices only with a lag is not implied by New-Keynesian class

of models.

Non-recursive identification Therefore, a non-recursive way of identification

of the shocks has been proposed and applied by Kim (1999) and Kim & Roubini

(2000).8 The main idea is that the matrix linking contemporaneously the re-

duced form and the structural shocks is no more lower triangular, but has a

general form. Still, n(n − 1)/2 restrictions need to be imposed, but the partic-

ular rows of the matrix can now be given structural interpretation. Specifically,

the restrictions in Kim & Roubini (2000) are elicited from structural stochastic

equilibrium model developed by Sims & Zha (1998).

Consider the VAR system with the following endogenous variables: Yt =

(xt, pt,mt, rt, ert)
′
, where xt is a measure of economic activity, pt is a measure

of price level, mt is a monetary aggregate, rt is a short term interest rate and

ert stands for exchange rate. Recall that the structural shocks and reduced form

residual are linked as follows:

εt = Aut. (3.4)

In case of recursive (Cholesky) identification the matrix A has the following

form: 
εx

εp

εm

εr

εer

 =


1 0 0 0 0

a21 1 0 0 0

a31 a32 1 0 0

a41 a42 a43 1 0

a51 a52 a53 a54 1




ux

up

um

ur

uer

 (3.5)

Recursive identification scheme (3.5) assumes that the monetary authority set

interest rate by looking at the current level of economic activity and prices . On

the other hand, consistent with the existence of nominal rigidities, it is assumed

that the economic activity and prices do not react contemporaneously but only

8The idea goes back to Blanchard & Watson (1986), Bernanke (1986).
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with a lag. Note that, the recursive identification implies that the monetary

authority does not take into account the movements in the exchange rate when

deciding about the interest rates. Therefore the recursive scheme might not be

a proper way of identification of shocks in case of small open economies, where

the exchange rate movements may play a crucial role in the interest rate setting

decisions. 
εx

εp

εm

εr

εer

 =


1 0 0 0 0

a21 1 0 0 0

a31 a32 1 a34 0

0 0 a43 1 a45

a51 a52 a53 a54 1




ux

up

um

ur

uer

 (3.6)

In case of non-recursive identification (3.6), each row has its own interpretation.

First two rows capture the equilibrium on domestic goods market while assuming

price stickiness and adjustment costs. Third row is standard money demand

equation. Interest rate equation assumes that there are information delays, and

as a result monetary authority do not see the current value of economic activity

and prices when setting the interest rate. On the other hand, the monetary

authority is assumed to take into account the exchange rate movements.

Alternatively, long run restriction might be imposed in order to identify the

shocks. These approach is pursuit by Blanchard & Quah (1989) and Clarida &

Gali (1994), who allow only for technological shocks to have a permanent effect

on economic activity. Recently, Bjornland & Leitemo (2009) combine short-run

and long-run restrictions.

Although, the non-recursive identification is appealling one, the price puzzle

is still present in almost 25% of responses.

Sign Restrictions Canova & Nicolo (2002) come up with novel identification

approach that assign a structural interpretation to orthogonal innovations by

using the signs of the cross-correlation function of responses to shocks. Similar

approach is applied by Uhlig (2005). This approach is an appealing one, since

the sign restriction can be derived from canonical dynamic stochastic general

equilibrium (DSGE) model. Fry & Pagan (2007), however, criticize this approach

for the fact that the impulse responses do not come from a common model

and therefore the shocks are not orthogonal. They also point out that there

is no reason to suppose that sign restrictions will generate better quantitative

estimates of the effects of shocks compared to recursive methods.
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3.3.3 Monetary policy regime

Although omitted variables and identification issues might seem as plausible

explanations for the puzzle, another stream of explanations suggests that the

price puzzle is only historically limited to the periods of passive monetary policy9

(Castelnuovo & Surico, 2009; Benati, 2008) or that it emerges only when the data

that encompass different monetary regimes are used (Elbourne & de Haan, 2006;

Borys et al., 2009). For example, if researcher assume that the central bank is

using the interest rate as its main instrument, although for some part of the

sample, the monetary or exchange rate targeting might have been in place, the

monetary policy shocks might not be correctly identified.

Indeed, Hanson (2004) shows that for the 1959-1979 period neither commod-

ity prices nor other indicators are able to resolve the price puzzle, suggesting

that puzzle is associated with the given period only. Similar results are reported

by Castelnuovo & Surico (2006), who find the evidence of price puzzle in the

pre-1979 sample and this result is independent of using the output gap or real

GDP. This empirical regularity is found mainly for the US, but Benati (2008)

reports similar evidence for the UK.

Castelnuovo & Surico (2009) show that under passive monetary policy, the

transmission of a structural shock is changed and the additional latent variable

emerges under indeterminacy which is not present in the unique rational expec-

tations equilibrium. In case that the estimation does not account for this, the

identified monetary policy shocks are the convolutions of the genuine monetary

policy shocks and a specification error. Consequently, monetary policy shock has

a flavour of an adverse supply shock, that means the inflation and output are

moving in opposite directions. Thus the price puzzle can actually be a spurious

correlation induced by the omission in the VAR of a variable capturing the persis-

tence of expected inflation, which is significantly higher under the passive regime.

Thus accounting for the inflation expectations is key to correctly identifying a

monetary policy shock during a passive regime. Expected inflation is not impor-

tant just because of the ability of VARs to predict future inflation, but also for

their ability to mimic the latent variable that emerges only under indeterminacy.

Castelnuovo & Surico (2009) also show that in periods when monetary policy

is active, e.g. like in 1979-2006 sample, adding inflation expectations produces

virtually identical impulse responses. This evidence suggests that arguments

9The monetary policy is passive when it violates so called Taylor principle. The Taylor
principle requires a central bank to increase interest rates sufficiently after the positive shock
to inflation expectations, so that the real interest rates also increase (Clarida et al., 2000).
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in Sims (1992) are supported in the context of a structural model only when

monetary policy is passive.

3.3.4 Cost Channel

The decrease in the price level following a contractionary monetary policy shock is

predicted by stylized theoretical models that stress the importance of a standard

aggregate demand channel of transmission. However, Barth & Ramey (2002)

present an evidence for the cost channel of the monetary transmission mechanism.

They suggest that if the working capital is important part of the production,

contractionary policy shock might cause the prices to rise if the cost effects

dominate the demand effects of the transmission. Suggesting that the increase in

the prices following a contractionary monetary policy shock might not be a puzzle

at all. Thus, the price puzzle might not be a consequence of methodological

issues, but the genuine effect following the increase in interest rates. Christiano

et al. (2005) build a DSGE model of US economy incorporating a cost channel,

but finds only a minor role for the cost channel. While his model is capable

of explaining the price inertia, it is not capable of explaining the price puzzle.

In a similar spirit, the results of Rabanal (2007) suggest that the estimated

demand side effects of monetary policy dominate the supply side effects, thus

the credit channel is relatively unimportant, and consequently the price puzzle

cannot be supported theoretically. In contrast, although Henzel et al. (2009)

come to similar conclusions for Euro Area in their baseline model, they show that

small deviations from the estimated parameters (e.g. higher degree of nominal

wage rigidity and/or a lower degree of price stickiness) are capable of creating

the price puzzle. They attribute this finding to the fact that financial system in

Europe is more bank-based relative to the US, thus the credit channel might be

more powerful in Europe. Note that, our results based on the explanatory meta-

regression that we estimate in Section 3.5, suggest that the model mispecification

is causing the price puzzle. Thus our results provide no support for the view that

the cost channel of the monetary transmission is stronger than demand channel.
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3.4 Publication selection bias and the genuine em-

pirical effect

The meta-analysis was originally employed in medicine and epidemiology, to

address the issue of small number of observations, for example, in cases where

the experiments were too expensive. There are two basic contributions of meta-

analysis. First, it can differentiate genuine empirical effect from publication

selection bias. Second, it can analyze to what extent the variation in estimates is

systematically related to the different estimation techniques and specifications,

different datasets used or even to characteristics of particular study or authors.

Stanley et al. (2008), among others, point out that the publication selection

is a major concern for empirical research. If the statistical results are treated

more favourably by researchers, referees and editors, they tend to get published

more often. On the other hand, the results with small or insignificant effects are

thought to say little about the effect in question, and consequently, are less likely

to get published. Such practice leads to distortion of average empirical effects,

which thus appear larger than they really are.

Without publication selection and misspecification biases, the reported esti-

mates should be dispersed randomly around the genuine empirical effect. Because

standard errors are larger in small samples, authors might tend to conduct the

specification search in order to find larger estimates. In contrast, in large samples

even small estimated effects might be significant due to small standard errors,

and thus there is no incentive for authors to conduct specification search. Also,

as the sample size increases, the standard errors diminish and the estimated ef-

fect approaches the true effect. Therefore, if publication selection is plaguing

the empirical research on a given phenomenon, there should be a relationship

between an estimate of the given effect and its standard error.

One way of detecting the presence of publication selection bias is the informal

examination of the so called funnel plot. Funnel plot depicts the estimated effect

on the horizontal axis against its precision (defined as the inverse of standard

error) on the vertical axis. If there is no tendency to publication selection, the

funnel is symmetric.10 Asymmetry of the funnel plot suggests the existence of

the publication selection bias. However, funnel plot is only subjective informal

tool, therefore a formal test of publication bias is usually employed.

Specifically, we can test for publication selection bias by the following regres-

10Note that the symmetry is possible even when all estimates are negative or positive.
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sion (Ashenfelter et al., 1999; Card & Krueger, 1995):

β̂j = β + β0SEj + ej, ej|SEj ∼ N(0, δ2
j ) (3.7)

where β̂j is the estimate of the true effect, which is reported in the j-th study,

j = 1, · · · , L, in a literature comprised of L studies, β is the genuine empirical

effect, SEj is the standard error of the estimate β̂j and ej is the meta-regression

disturbance term with zero mean and variance equal to δ2
j .

In practice, (3.7) is not estimated as it suffers from heteroscedasticity (ex-

planatory variable is a sample estimate of the standard deviation of the response

variable) , i.e., δ2
j is not constant across estimates. Instead, the weighted least

squares (WLS) technique is used to ensure efficiency, which simple requires that

we divide the (3.7) by SEj to obtain:

β̂j
SEj

= tj = β0 + β(
1

SEj

) + ξj, ξj|SEj ∼ N(0, σ2) (3.8)

where tj denotes t-statistic of the estimate, and the new disturbance term ξj is

now homoscedastic with constant variance σ2, thus allows for efficient estimation.

Note that the intercept and slope are now reversed. The precision, defined as

the inverse of the standard error, is now the explanatory variable. Testing the

significance of the intercept β0 constitutes the funnel asymmetry test (FAT)

for publication selection bias. Analogically, to test for genuine empirical effect,

corrected for publication selection, we can employ precision effect test (PET) by

conducting t-test on the coefficient β.

Because we make use of all reported estimates, we need to take into account

possible dependence of estimates coming from one study (Disdier & Head (2008)).

In such case, (3.8) is misspecified. Therefore, the mixed-effects multilevel model,

which allows for between-study heterogeneity is usually employed (Doucouliagos

& Stanley (2009)). We follow here the notion of Rabe-Hesketh & Skrondal (2008):

tij = β0+β(
1

SEij

)+αj+εij, αj|SEij ∼ N(0, ψ), εij|SEij, αj ∼ N(0, θ), (3.9)

where i and j denote estimate and study subscripts. The overall error term con-

sists of study-level random effects and estimate-level disturbances (ξij = αj+εij),

and its variance is additive since both components are assumed to be indepen-

dent: Var(ξij) = ψ + θ, where ψ denotes within-study variance and θ between-

study variance. If ψ is close to zero, the benefit of using the mixed-effect multi-
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level estimator instead of simple ordinary least squares (OLS) is negligible. To

put the magnitude of these variance terms into perspective, the within-study

correlation is useful: ρ ≡ Cor(ξij, ξi′j) = ψ/(ψ+θ), which expresses the degree of

dependence between estimates reported in the same study, or equivalently, the

degree of between-study heterogeneity.

Although the mixed-effects multilevel model is analogical to the random-

effects model commonly used in panel-data econometrics, we follow the termi-

nology from hierarchical data modeling, and the model is called “mixed-effects”

since it contains a fixed (β) as well as a random part (αj). In the context of meta-

analysis, the multilevel framework is more suitable because it takes into account

the unbalancedness of the data (the restricted maximum likelihood estimator is

used instead of generalized least squares) and allows for nesting multiple random

effects (author-, study-, or country-level), and is thus more flexible (Nelson &

Kennedy (2009)).

We start the presentation of our results with an informal investigation of the

funnel plots depicted in Figure 3.2.11 Although the asymmetry of all plots is not

particularly strong, the left tails are clearly heavier suggesting the presence of

the publication selection bias. Further, it is worth noting that the asymmetry

seems to increase with the horizon studied.

11A few estimates are trimmed from the funnel graph to ensure that the pattern is seen.
However, all estimates are included in our meta-regressions.
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We formally test the asymmetry of the funnel plot by estimating the equation

(3.8) with mixed effects multilevel technique that accounts for the dependencies

between the estimates coming from the same study. The results are presented

in Table 3.2. Except for the 3 months horizon, the publication selection bias is

negative, which implies that there is a tendency to prefer negative results for

publication (provided that the true empirical effect is negative). Remarkably, we

confirm that the publication selection bias increases with the horizon.

This is in line with the findings of Doucouliagos & Stanley (2008), who sug-

gest that for the areas of research with less theory competition, the publication

selection bias will likely be stronger. In monetary economics, there is less con-

sensus about the effects of monetary policy on prices in the short term due to

uncertainty caused by the transmission lags, while, on the other hand, there is

less disagreement about the effects in the long run. It is generally accepted that

prices decrease in the long run. In addition to mixed effects estimation, the

results are also confirmed by employing OLS estimation with standard errors

clustered at study level. These results are presented in Table 3.9.

As for the precision effect test, true genuine effect is estimated to be positive

in 3 and 6 months horizons, while it becomes negative for 12, 18 and 36 months.

The results are depicted in Figure 3.3.

Table 3.2: Test of publication bias and true effect, Mixed-effects

Mixed-effects multilevel

Horizon 3 months 6 months 12 months 18 months 36 months

Intercept (bias) 0.060 -0.108 -0.211 -0.360∗∗∗ -0.825∗∗∗

(0.173) (0.168) (0.144) (0.127) (0.122)
1/SE (effect) 0.010 0.003 -0.017 -0.020∗ -0.009

(0.009) (0.011) (0.013) (0.012) (0.009)

Intraclass correlation 0.43 0.58 0.47 0.42 0.12
Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors in parentheses. The estimated effect is in %. Response variable: t-statistic of the
estimate of the impulse response.
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.

The presence of the publication selection bias causes causes the average effect

to predict stronger effect on prices than what is found by the FAT-PET test to

be genuine empirical effect. This can be also seen in Table 3.3, which compares

uncorrected average effect with the effect that was corrected for the publication

selection bias.

All in all, when we use all available studies and account for publication bias
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Figure 3.3: The average (unconditional) impulse response from the
whole literature corrected for publication selection bias
and within study dependence.

Table 3.3: Average vs. genuine empirical effect

Mixed-effects multilevel

Horizon 3 months 6 months 12 months 18 months 36 months

Uncorrected average -0.036 -0.077 -0.151 -0.238 -0.584
Precision effect (ME) 0.010 0.003 -0.017 -0.021∗ -0.009

Note: The estimated effect is in %.
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.
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and unobservable heterogeneity, the effect is only significant for the 18 months

horizon. Since these effects are unconditional averages across all countries and

methods, we might need to relax assumption that all heterogeneity is unob-

servable and use observable heterogenity to explain vast differences in reported

estimates.

3.5 Explanatory Meta-Regression

Although the analysis presented in the previous section is an appealing one and

straightforward to use, one drawback is that it does not take into account ob-

servable heterogeneity of estimates caused by the fact that studies estimate the

effect for different countries or for different periods. What is more, the results

might possibly systematically depend on the study design, the quality of a study

or even on some social and other attributes of the authors. Hence the results

from previous section should be interpreted as an unconditional estimates that

does not take into account observable heterogeneity.

As an example, consider Figure 3.4, where the country aspect of heterogenity

can be seen. The impulse responses are based on the results of separate meta-

analyses for individual countries conducted by running simple random effects

meta-analysis. The results are quite different across countries. We observe the

evidence of price puzzle for US, UK and Japan, while for other countries the

transmission to prices works well and prices decline following the contractionary

monetary policy shock. Note, however that the random effect meta-analysis is

ultimately only the weighted average of the estimates, and it does not correct

for publication bias nor it takes into account different quality of studies.12

Therefore, in order to study possible dependencies of a study on its design,

data used, specification chosen and even the characteristics of the authors, we

can extend (3.9) by including additional explanatory variables:

tij = β0 +
β

SEij

+
K∑
k=1

γkZjk

SEij

+ αj + εij εij|SE(ij), αj ∼ N(0, θ), (3.10)

where Zjk are variables affecting the estimates of β̂ij.

Table 3.4 presents descriptions and summary statistics of the explanatory

12The procedure weighs every estimate by its precision and adds a random effect to account
for the within-study heterogeneity. Specifically, a weight of the ith estimate from the jth study
thus equals 1

SEij
+ τ̂j , where βij ∼ N(βi0, τj).
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Figure 3.4: Meta-responses for individual countries.
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variables. The variables can be divided according to five main themes: real

determinants of the effects of monetary policy shock on prices are captured by

variables explaining structural heterogeneity, the differences in the data used are

captured by the data characteristics, specification characteristics are meant to

control for differences in the basic design of estimated models, estimation char-

acteristics capture the econometrics aspects of the estimation, while differences

in quality are meant to be captured by publication characteristics.

Table 3.4: Description and summary statistics of regression variables

Variable Description Mean SD

t-statistic The t-statistic of the estimate of response for
relevant horizon (response variable).

-0.417 1.328

1/SE The precision of the estimate of impulse re-
sponse.

683.4 786.8

Structural heterogeneity

GDP per capita Log of country’s Real GDP per capita. 2.288 0.044
GDP growth The average growth rate of country’s Real GDP

per capita.
2.691 1.063

Inflation Average inflation of the country. 8.053 14.82
Inflation volatility Standard deviation of the country’s HP filtered

inflation.
6.753 35.28

Financial devel. Financial development of the country measured
by (domestic credits to private sector)/GDP.

0.821 0.419

Openness Trade openness of the country measured by (ex-
ports + imports)/Real GDP.

0.470 0.405

CB Independence A measure of Central Bank Independence
(Arnone et al. (2009)).

0.776 0.145

Data characteristics

Monthly =1 if monthly data are used. 0.612 0.488
Time span The number of years of the data used in the

estimation.
18.13 10.05

Observations The logarithm of total number of observations
used.

4.835 0.644

Average year The average year of the data used (2000 as a
base).

-8.512 7.716

Specification characteristics

GDP deflator =1 if GDP deflator is used instead of CPI as a
measure of prices.

0.184 0.388

Single =1 if the VAR is estimated over a period of a
single monetary policy regime.

0.301 0.459

Lags Number of lags used in estimation normalized
by frequency: lags/frequency

0.592 0.338

Commodity =1 if commodity price index is included. 0.616 0.492
Money =1 if a monetary aggregate is included. 0.524 0.499

Continued on next page
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Table 3.4: Description and summary statistics of regression variables
(continued)

Variable Description Mean SD

Foreign =1 if at least one foreign variable is included. 0.131 0.338
Time trend =1 if time trend is included. 0.131 0.338
Seasonal =1 if seasonal dummies are included. 0.155 0.362
Variables The logarithm of the number of endogenous

variables included in VAR.
1.737 0.374

Industrial prod. =1 if industrial production is used as a measure
of economic activity.

0.437 0.496

Output gap =1 if output gap is measure of economic activ-
ity.

0.029 0.168

Other =1 if other measure of economic activity is used
(employment, expenditures).

0.126 0.332

Estimation characteristics

BVAR =1 if Bayesian VAR is estimated. 0.116 0.321
FAVAR =1 if factor augmented VAR is estimated. 0.053 0.225
SVAR =1 if a non-recursive identification is employed. 0.277 0.448
Sign restrictions =1 if sign restrictions facilitate identification. 0.150 0.357

Publication characteristics

Study citations The logarithm of [(Google Scholar citations of
the study)/(age of the study) + 1]. Collected
in May 2010.

1.829 1.252

Impact The recursive RePEc impact factor of the out-
let. Collected in May 2010.

0.869 2.369

Central banker =1 if at least one co-author is affiliated with
central bank.

0.442 0.497

Policymaker =1 if at least one co-author is at Ministry of
Finance, IMF, OECD, BIS.

0.058 0.234

Native =1 if at least one co-author is native to the
investigated country.

0.427 0.495

Publication year The year of publication (2000 as a base). 5.136 3.768

Note: SD = standard deviation.

Structural heterogeneity For variables capturing structural heterogeneity we

use average values that are relevant to the sample which was used by the study

from which the estimate come from.13 Note that we opted for computing sample

specific average for each of the estimate, rather than simply referring to average

sample of all studies so that we are able to capture not only heterogeneity in the

cross sectional dimension, but also time variation to account for possible changes

in the macroeconomic environment and functioning of the economy over time.

13For example, if the impulse response come from the VAR estimated for say US using 1980:1
- 2004:4 sample, we used US data for 1980:1 - 2004:4 to compute the average, while if the other
estimate was for UK and came from 1990:1 - 2000:4, we used only UK values that are relevant
to that sample.
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Our main aim in including these variables is to explain the real features that

might affect the differences in the transmission mechanism between countries

and over time. Variable Real GDP per capita is meant to reflect possible im-

portance of the relative size of the economy. To investigate if the the strength

of transmission depends on the state of the economy, we include the variable

Real GDP growth. One reason why the strength might be different is the exis-

tence of credit market imperfections, which might amplify the effects of shocks

in the periods of lower growth (Bernanke & Gertler, 1989). We also investigate

variables that are suggested by the various channels of monetary transmission

mechanism. Therefore, trade openness of the economy is meant not only to

capture the importance of foreign developments for the economy that might ul-

timately affect the transmission of domestic interest rates, but also the exchange

rate channel of the transmission mechanism.14 Next, a measure of financial de-

velopment, proxied by the domestic credits to GDP ratio, is meant to capture

the strength of banking/credit channel of monetary transmission. The measures

of average inflation and inflation volatility are included to assess their possible

influence on the inflation expectations formation, and thus on the strength of the

transmission as well. Finally, the inclusion of Central Bank independence index

is motivated by Alesina & Summers (1993), who find negative relation between

the level of central bank independence and inflation. Consequently, we want to

test whether the central bank independence has also the effect on the strength

of the transmission.

Variables Real GDP per capita, Real GDP growth and the openness were

extracted from Penn World Tables database, while CPI inflation series, used

to compute average inflation and inflation volatility (the standard deviation of

the HP filtered inflation), is obtained from International Financial Statistics

database. The domestic credits to GDP ratio was downloaded from the World

Bank, and finally, the index of central bank independence was extracted from

Arnone et al. (2009).

Data characteristics We include a dummy for the case when the study uses

monthly data in order to control for different frequency used in estimation. To

control for possible structural changes in the transmission not explained by the

structural heterogeneity characteristics (e.g. globalization, financial innovations,

14Following a contractionary monetary policy shock, real exchange rate appreciates through
uncovered interest parity condition. As a result, the imported goods become less expensive,
amplifying the drop in the aggregate price level caused by the monetary tightening.
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Boivin & Giannoni, 2006) we include the average year of the sample used for a

particular estimate. Finally, we include total number of observations, to assess

whether smaller studies report systematically different estimates.

Specification characteristics To account for different measure of the price

level, we include a dummy for the case when GDP deflator is used instead of

consumer price index. Next, to capture any systematic differences in estimates

that might be a consequence of different specifications used we include several

variables. First, we include a dummy for the case when the VAR is estimated

over a period of a single monetary policy regime (Castelnuovo & Surico, 2009;

Borys et al., 2009).15 Next, the lag order of vector autoregression normalized by

frequency is included. To account for different variables that might be included in

addition to standard variables (economic activity measure, prices, interest rates,

exchange rate) we add a dummies for the case when commodity prices, money

aggregate, foreign variables, time trend, seasonal dummies are used, respectively.

We also control for the number of endogenous variables included in VAR. Finally,

the results might differ substantially depending on a measure of economic activ-

ity used. Therefore, we throw in dummies for cases when industrial production,

output gap or some other measure (unemployment, expenditures) is used instead

of GDP.

Estimation characteristics While most of the studies estimate VAR using stan-

dard methods (OLS or Maximum Likelihood), we control for studies that use

Bayesian methods to address the overparametrization issue. Likewise, we in-

clude dummies for studies that use factor augmented approach to address the

omitted variables problem. As far as identification strategies are considered,

most of the studies use recursive identification. Therefore, we include dummy

for the case when non-recursive identification is employed. Similarly, dummy for

identification using sign restrictions is included.

Publication characteristics To control for different quality of studies, the re-

cursive RePEc impact factor of the outlet and the number of Google Scholar

citations of a study normalized by its age are included. Further, to control for

15One additional explanatory variable capturing the exchange rate regime, could in principle
be considered. However, note that the exchange rate regimes are changing over time and
more importantly, the evidence by Calvo & Reinhart (2002) suggest that the actual policy
implemented might be far from officially stated exchange rate regime.
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possible differences between researchers that are affiliated with academic insti-

tutions and the authors that work for more policy oriented institutions, we add

a dummy for the case when author is at central bank, and the case that author

works for other institution such as Ministry of Finance, International Monetary

Fund or Bank for International Settlements. We also include a dummy variable

for studies where at least one co-author is native to the country under investiga-

tion to capture any differences results resulting from their better knowledge of

country specific information. Finally, we include a publication year to capture

publication trend or possibly the improvements in estimation methods that are

difficult to code in any other way.

The variables from Table 3.4 were selected ex ante and general model con-

taining all of the variables was estimated. We experimented with dropping the

insignificant variables from the model in arriving to the specific model that we

present. Note that we tested the specification using F-test and the variables that

were dropped proved to be jointly insignificant for every horizon and in both OLS

and mixed effects estimation. Specifically, GDP per capita, money, the number

of lags used, and most of the publication characteristics variables were among

the dropped variables.

We now present the results of the estimated explanatory regression. Table 3.5

presents some evidence how can differences in estimates be attributed to the

structural heterogeneity. One result worth noting is that the structural indicators

such as average GDP growth, the average level and the volatility of inflation as

well as openness of the economy under study and the independence of the central

bank seem to systematically affect the estimate of the response in medium to long

run. The signs are in line with theoretical predictions. The response of prices

seem to be weaker in the periods of higher average GDP growth. This result

might be explained by the theory postulated by Bernanke & Gertler (1995), who

argue that because of the presence of asymmetric information and other credit

market frictions, the effects of monetary policy might be amplified through so

called financial accelerator effect. For example, in periods with lower growth the

dependence of firms on external finance is increasing, and thus the interest rate

movements are more important. Expectation channel of monetary transmission,

might explain why in periods of higher inflation, the effect of monetary policy on

prices is lower, e.g. high inflation might weaken the credibility of central bank,

thus the impact on the prices is smaller. Next, in case of higher volatility of

inflation, the effect on prices seem to be stronger as well, possibly because higher

volatility makes the central bank to be more aggressive. Further, the effects of
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monetary policy shocks are stronger in case of more open economies, where the

effect on prices might be amplified through the exchange rate channel. Finally

as expected, the monetary policy of central bank with more independence seem

to be more powerful, confirming thus the results of Alesina & Summers (1993).

In contrast, the structural variables are not as important for the short run

horizons, with the exception of financial development indicator. The results

suggest that in case the availability of alternative means of finance is higher, the

short run effects of of changes in monetary conditions on prices are lower. This

evidence is similar to Cecchetti (1999), who finds that the effects of monetary

policy are more important in countries with less healthy banking systems, many

small banks, and less developed capital markets. Similar evidence is provided by

Jarocinski (2009), who show that the responses in countries with less developed

financial markets are more lagged, but ultimately more powerful, relative to

economies with developed financial markets.

Table 3.5: Structural heterogeneity, ME

Mixed-effects multilevel

Horizon 3 months 6 months 12 months 18 months 36 months

Intercept -0.099 -0.168 -0.224
∗

-0.212
∗

-0.569
∗∗∗

(0.135) (0.139) (0.131) (0.122) (0.135)

1/SE -0.087 -0.112 -0.282 -0.295
∗

-0.169
(0.119) (0.149) (0.178) (0.167) (0.190)

GDP growth -0.0066 0.0074 0.0231
∗∗

0.0233
∗∗

0.0004
∗∗∗

(0.0078) (0.0103) (0.0112) (0.0113) (0.0113)

Inflation 0.0004 -0.0007 0.0029 0.0049
∗

0.0091
∗∗∗

(0.0028) (0.0033) (0.0034) (0.0028) (0.0028)

Inflation volatility -0.0004 0.0003 -0.0011 -0.0021
∗

-0.0043
∗∗∗

(0.0011) (0.0013) (0.0014) (0.0012) (0.0012)

Financial dev. 0.101
∗∗∗

0.084
∗

0.144
∗∗

0.089 -0.022
(0.036) (0.047) (0.062) (0.061) (0.066)

Openness -0.027 -0.046 -0.064 -0.082
∗

-0.281
∗∗∗

(0.039) (0.048) (0.055) (0.048) (0.040)

CB Independence 0.077 -0.020 -0.019 -0.145
∗

-0.293
∗∗∗

(0.072) (0.091) (0.095) (0.083) (0.074)

Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors in parentheses. To facilitate the exposition, all estimates except intercept are multiplied
by 100. Response variable: t-statistic of the estimate of the impulse response.
All explanatory variables are divided by the standard error of the estimate of the impulse response at corre-
sponding horizon. Variables controlling for methodology, data, and quality are included in all specifications
(these results are reported in Table 3.6).
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.

Further, the results suggest that the number of observations matters. Specif-

ically, with more information the responses are estimated to be weaker for 18

and 36 months horizons. Average year also matters for 18 and 36 horizons, and
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the responses seem to get weaker over time. This piece of evidence is similar to

Boivin & Giannoni (2006).

Specification characteristics seem to matter as well. The responses of price

level when GDP deflator seem to differ significantly for medium to long run

horizons. GDP deflator reacts less to the monetary policy shock relative to

consumer price index. Commodity prices are significant for all horizons, and

make the estimated effect more pronounced. Surprisingly, the importance of

the estimating the VAR over the period of single monetary policy regime is not

confirmed by the results. The single monetary policy regime is only significant

for 36 months horizon. Interestingly, if the industrial production is used as a

measure of economic activity, the response of prices is estimated to be weaker,

while in case of output gap it suggests that the prices react more strongly.

Next, Table 3.6 suggests that estimation method seems to matter for the

short run response while it is not significant for longer horizons. Specifically, for

3 and 6 months horizons, Bayesian VAR estimation appears to produce smaller

effect on prices (in absolute value), while Factor Augmented VAR responses are

larger, relative to standard VAR estimation method. Note, that the effect of

estimating the VAR model over the period of single monetary policy regime,

seems to be surprisingly unimportant, with the exception of 36 months horizon.

Other than that, the results are surprisingly robust and consistent to a large

extent across different horizons. Interestingly, the identification method matter

for all horizons.

Our results also suggest that authors coming from central banks seem to

produce results in which the effect is smaller systematically, relative to academi-

cians. This result might be surprising. However, as noted by Stanley et al. (2008)

researchers seem to systematically adopt a scientific perspective even when it is

not in line with their own self-interest (e.g. female researchers seem to report

significantly smaller evidence of gender wage discrimination, Jarrell & Stanley,

2004). In our case, the fact that a researcher is affilited with central bank, does

not mean that he exaggerates the effect the monetary policy might have on the

prices, rather the opposite might be the case.
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Table 3.6: Control variables, ME

Mixed-effects multilevel

Horizon 3 months 6 months 12 months 18 months 36 months

Data characteristics

Observations 0.018 0.026 0.039 0.075
∗∗∗

0.152
∗∗∗

(0.019) (0.025) (0.029) (0.029) (0.031)

Average year 0.0022 -0.0001 0.0025 0.0055
∗∗

0.0139
∗∗∗

(0.0021) (0.0026) (0.0029) (0.0028) (0.0033)

Specification characteristics

GDP deflator 0.019 0.041 0.134
∗∗∗

0.178
∗∗∗

0.218
∗∗

(0.025) (0.034) (0.047) (0.060) (0.109)

Single 0.029 0.030 0.021 0.011 0.082
∗∗

(0.020) (0.026) (0.033) (0.034) (0.035)

Commodity -0.045
∗∗∗

-0.058
∗∗∗

-0.122
∗∗∗

-0.150
∗∗∗

-0.216
∗∗∗

(0.016) (0.021) (0.029) (0.031) (0.031)

Foreign 0.014 0.031 0.063
∗∗

0.078
∗∗

0.136
∗∗∗

(0.017) (0.023) (0.031) (0.034) (0.043)

Variables -0.021 -0.027
∗

-0.025 -0.044
∗

-0.183
∗∗∗

(0.014) (0.015) (0.022) (0.026) (0.046)

Industrial prod. 0.024 0.058
∗∗

0.075
∗∗

0.083
∗∗

-0.008
(0.024) (0.029) (0.035) (0.038) (0.036)

Output gap -0.256 -0.304
∗∗

-0.210
∗∗

-0.125
∗

0.0121
(0.164) (0.136) (0.082) (0.067) (0.004)

Other -0.074
∗∗

-0.047 -0.015 0.002 -0.010
(0.030) (0.043) (0.056) (0.063) (0.085)

Estimation characteristics

BVAR 0.112
∗∗∗

0.100
∗∗

0.044 0.045 0.054
(0.034) (0.046) (0.063) (0.080) (0.133)

FAVAR -0.134
∗∗∗

-0.185
∗∗∗

-0.116 0.016 0.295
∗∗∗

(0.037) (0.059) (0.080) (0.083) (0.114)

SVAR -0.064
∗∗∗

-0.094
∗∗∗

-0.121
∗∗∗

-0.141
∗∗∗

-0.064
∗∗∗

(0.017) (0.019) (0.023) (0.022) (0.024)

Sign restrictions -0.302
∗∗∗

-0.294
∗∗∗

-0.284
∗∗∗

-0.293
∗∗∗

-0.236
∗

(0.037) (0.055) (0.072) (0.088) (0.143)

Publication characteristics

Central banker 0.037
∗

0.060
∗∗

0.067
∗∗

0.073
∗∗

0.129
∗∗∗

(0.022) (0.028) (0.032) (0.033) (0.035)

Policymaker -0.058
∗

-0.041 0.056 0.096
∗∗∗

0.166
∗∗∗

(0.035) (0.044) (0.040) (0.037) (0.042)

Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors in parentheses. To facilitate the exposition, all estimates except intercept are multiplied
by 100. Response variable: t-statistic of the estimate of the impulse response.
All explanatory variables are divided by the standard error of the estimate of the impulse response at corre-
sponding horizon. Variables capturing structural heterogeneity are included in all specifications (these results
are reported in Table 3.5).
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.
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Further, the results from FAT-PET tests employed in the previous section are

confirmed. The intercept, as a measure of publication selection bias, is significant

horizons of 12 to 36 months. Note, that in the explanatory meta-regression the

genuine empirical effect is not just the coefficient on 1/SE term but it is also

captured by the combination of other explanatory variables. In order to estimate

the genuine effect we need to choose the preferred values of explanatory variables,

thus defining some sort of best practice. Suitably defined best practice estimation

can filter out misspecification bias from the literature, although the approach is

subjective as different researchers may have different opinions on what constitutes

best practice.

We define best practice by selecting methodology characteristics based on the

discussion in Section 3.3 we prefer output gap over GDP as a measure of eco-

nomic activity, non-recursive identification over the recursive VAR, data covering

a single monetary policy regime over mixing more regimes, and the inclusion of

commodity prices and foreign variables over omitting them. In addition, we pre-

fer Bayesian estimation since over-parametrization can be a problem even for

systems of modest size (Banbura et al., 2010). We plug in sample maximums for

the number of observations, the year of the data, and the number of endogenous

variables. Binary variables for central bankers and policy makers and variables

explaining structural heterogeneity are set to their sample means. The estimated

impulse response implied by best practice is depicted in Figure 3.5: after con-

trolling for both publication and misspecification bias, the puzzle disappears and

prices bottom out six months after a one-percentage-point hike in the interest

rate; the maximum decrease in the price level reaches 0.3%.

The dissolution of the price puzzle is robust both individually and cumula-

tively to other possible definitions of best practice: selecting the FAVAR ap-

proach instead of the Bayesian approach, selecting sign restrictions instead of

non-recursive identification, or selecting the sample mean of the number of en-

dogenous variables in the VAR system instead of the sample maximum. The

price puzzle is not present even if we set the level of financial development to

the sample maximum, suggesting that the puzzle is unlikely to be caused by cost

channel.
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Figure 3.5: Impulse response for the genuine empirical effect condi-
tional on the best practice.
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To illustrate the consequences of misspecifications on the reported impulse

responses, Table 3.7 and Figure 3.6 investigate the cases when some aspects of

methodology deviate from best practice. When the model does not control for

the potential of the economy, the price puzzle occurs, but prices at least decline

in the medium and long run. When the model combines the omission of output

gap with the use of recursive identification, the puzzle gets stronger and prices

decline below the initial level only after 18 months. Moreover, when the model

omits a measure of commodity prices, the price level is does not decline below

the initial level during the 3-year horizon after monetary tightening. Hence

the VAR literature combined suggests that the price puzzle arises largely from

misspecifications of the estimated model.
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Figure 3.6: Impulse response for the genuine empirical effect condi-
tional on the best practice and the consequences of devi-
ating from it.

The results are confirmed by estimating the same explanatory meta-regression

by OLS with clustered standard errors and these results are presented in Ap-

pendix in Table 3.10 and Table 3.11.
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Table 3.7: Deviations from the best practice.

The genuine empirical effect conditional on the best practice

Horizon 3 months 6 months 12 months 18 months 36 months

Best practice -0.153 -0.301
∗∗

-0.287
∗∗

-0.247
∗∗

-0.210
Output gap 0.103 0.003 -0.077 -0.122 -0.222

Gap and SVAR 0.167
∗∗

0.097 0.044 0.018 -0.158

Gap, SVAR and com. prices 0.213
∗∗

0.156 0.166 0.169 0.058

Note: The estimated effect is in %. Estimates are conditional on the best practice.

Output gap = Best practice without including output gap, Gap and SVAR = Best practice without output
gap and non-recursive identification. Gap, SVAR and com. prices = Best practice without output gap,
non-recursive identification and commodity prices.
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.
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3.6 Concluding Remarks

In this essay, we focused on the effects of monetary policy shocks on the price

level, by conducting the meta-analysis on the sample of 65 primary studies.

Almost 1000 estimates of price level responses to monetary policy shock, 200 on

average, for each of the horizon studied were collected. These estimates provide

evidence for 36 countries that was produced by 92 researchers. We make use

of modern meta-analytical methods, such as FAT-PET test, to investigate the

extent of the publication selection bias.

We find the evidence of publication selection bias that increases with the

horizon studied. In monetary economics, there is less consensus about the exact

effects of monetary policy on prices in the short term due to uncertainty caused

by the transmission lags. On the other hand, there is less disagreement about

the effects in the long run, since it is generally accepted that prices decrease in

the long run. Therefore, our results are in line with Doucouliagos & Stanley

(2008), who suggest that for the areas of research with less theory competition,

the publication selection bias will likely be stronger.

Next, the results of explanatory meta-regression suggest that structural het-

erogeneity matters for the long run horizons, while the study design and estima-

tion characteristics are more important for the estimates of short run responses.

Structural characteristics such as GDP growth, average inflation and openness

as well as institutional characteristics such as financial development and central

bank independence matter for the strength of the transmission in medium to

long run. Next, our best practice estimate of genuine impulse response show no

signs of price puzzle, and confirms that the puzzle is caused mainly by the model

misspecification.

In order to account for possible dependencies across estimates coming from

the same study we employed multi-level mixed effects estimation. Nevertheless,

the results are robust to using OLS with clustered standard errors clustered at

study level.
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3.B Supplementary Results

3.B.1 Meta-analyses for individual countries

Table 3.8: Simple random-effects meta-analyses

The genuine empirical effect

Horizon 3 months 6 months 12 months 18 months 36 months N

Czech Republic 0.024 -0.129 -0.320
∗∗

-0.307
∗∗∗

-0.122
∗∗∗

15
(0.092) (0.059) (0.136) (0.097) (0.073)

Euro Area -0.060 -0.133
∗∗

-0.121
∗∗

-0.160
∗∗

-0.288
∗∗

16
(0.047) (0.065) (0.058) (0.064) (0.075)

France -0.081 -0.173
∗∗

-0.166
∗∗∗

-0.162
∗∗

-0.284
∗∗

7
(0.078) (0.087) (0.064) (0.073) (0.086)

Germany -0.107
∗

-0.114
∗

-0.139
∗∗

-0.195
∗∗∗

-0.294
∗∗∗

12
(0.064) (0.064) (0.063) (0.060) (0.064)

Hungary -0.050 -0.185
∗∗

-0.218
∗∗∗

-0.205
∗∗∗

-0.126
∗∗∗

10
(0.068) (0.074) (0.063) (0.054) (0.055)

Italy -0.020 -0.035 -0.053 -0.062 -0.084 8
(0.039) (0.034) (0.045) (0.048) (0.065)

Japan 0.046
∗∗∗

0.096
∗∗∗

0.127
∗∗∗

0.076
∗∗∗

-0.088 10
(0.013) (0.022) (0.036) (0.047) (0.048)

Poland 0.003 -0.009 -0.136
∗∗

-0.151
∗∗∗

-0.070
∗∗∗

11
(0.015) (0.022) (0.060) (0.055) (0.021)

Slovakia -0.150 -0.156 -0.059 0.001 0.003 8
(0.110) (0.132) (0.083) (0.054) (0.050)

Slovenia -0.027 -0.061
∗

-0.115
∗

-0.119
∗

-0.097
∗

6
(0.021) (0.037) (0.061) (0.066) (0.056)

UK 0.114 0.037 0.027 0.068 -0.021 7
(0.076) (0.076) (0.057) (0.065) (0.074)

US 0.085
∗∗∗

0.047
∗∗

-0.021 -0.100
∗∗∗

-0.028
∗∗∗

59
(0.014) (0.024) (0.032) (0.037) (0.066)

Note: Responses are in %. Standard errors in parentheses. N = number of estimates for the country. The
effects are estimated by simple random-effects meta-analysis run separately for each country. Meta-analyses
for countries for which less than 5 estimates are available are not reported but available on request.
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.
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3.B.2 OLS estimation with clustered standard errors

Table 3.9: Test of publication bias and true effect, OLS

OLS with clustered standard errors

Horizon 3 months 6 months 12 months 18 months 36 months

Intercept (bias) -0.297 -0.453∗∗ -0.393∗∗ -0.440∗∗∗ -0.821∗∗∗

(0.181) (0.188) (0.154) (0.140) (0.114)
1/SE (effect) 0.033∗∗ 0.033 -0.0071 -0.027∗∗ -0.016∗∗

(0.014) (0.022) (0.016) (0.013) (0.007)

Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors (clustered at study level) in parentheses. The estimated effect is in %. Response
variable: t-statistic of the estimate of the impulse response.
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.

Table 3.10: Structural heterogeneity, OLS

OLS with clustered standard errors

Horizon 3 months 6 months 12 months 18 months 36 months

Intercept -0.119 -0.167 -0.268
∗∗

-0.259
∗∗

-0.556
∗∗∗

(0.155) (0.139) (0.131) (0.121) (0.127)
1/SE -0.061 -0.086 -0.247 -0.247 -0.057

(0.068) (0.115) (0.171) (0.167) (0.218)

GDP growth -0.009 0.008 0.024
∗

0.027
∗

0.035
(0.008) (0.011) (0.014) (0.015) (0.024)

Inflation -0.0002 -0.0027 0.0033 0.0054
∗∗

0.0079
∗∗∗

(0.0035) (0.0043) (0.0033) (0.0022) (0.0016)

Inflation volatility -0.0001 0.0012 -0.0012 -0.0021
∗∗

-0.0036
∗∗∗

(0.0014) (0.0017) (0.0013) (0.0009) (0.0009)

Financial dev. 0.092
∗∗∗

0.085 0.167
∗∗

0.124
∗

-0.046
(0.029) (0.055) (0.074) (0.066) (0.062)

Openness -0.026 -0.050 -0.086
∗

-0.119
∗∗

-0.261
∗∗

(0.031) (0.049) (0.049) (0.051) (0.120)

CB Independence 0.025 -0.160 -0.095 -0.200 -0.336
∗∗∗

(0.069) (0.112) (0.129) (0.122) (0.058)

Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors (clustered at study level) in parentheses. To facilitate the exposition, all estimates
except intercept are multiplied by 100. Response variable: t-statistic of the estimate of the impulse response.
All explanatory variables are divided by the standard error of the estimate at the corresponding horizon.
Variables controlling for methodology, data, and quality are included in all specifications (these results are
reported in Table 3.11).
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.
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Table 3.11: Control variables, OLS

OLS with clustered standard errors

Horizon 3 months 6 months 12 months 18 months 36 months

Data characteristics

Observations 0.025
∗

0.042
∗

0.043
∗

0.069
∗∗

0.133
∗∗∗

(0.013) (0.024) (0.025) (0.028) (0.046)

Average year 0.0011 -0.00033 0.0032 0.0063
∗∗

0.0135
∗∗∗

(0.0013) (0.0023) (0.0024) (0.0026) (0.0030)

Specification characteristics

GDP deflator -0.0005 0.021 0.123
∗∗∗

0.156
∗∗∗

0.165
∗∗

(0.0151) (0.026) (0.046) (0.058) (0.071)

Single 0.039
∗∗

0.030 0.012 0.004 0.093
∗

(0.015) (0.022) (0.026) (0.029) (0.053)

Commodity -0.047
∗∗∗

-0.062
∗∗∗

-0.135
∗∗∗

-0.164
∗∗∗

-0.208
∗∗∗

(0.008) (0.017) (0.022) (0.028) (0.060)

Foreign 0.011 0.039
∗∗

0.071
∗∗

0.087
∗∗

0.099
∗

(0.016) (0.016) (0.032) (0.038) (0.057)

Variables -0.026
∗

-0.026
∗∗

-0.025 -0.042 -0.159
∗∗∗

(0.014) (0.010) (0.019) (0.026) (0.039)

Industrial prod. 0.021 0.061
∗∗∗

0.081
∗∗

0.094
∗∗

-0.016
(0.016) (0.020) (0.032) (0.037) (0.039)

Output gap -0.267
∗∗∗

-0.327
∗∗∗

-0.216
∗∗∗

-0.123
∗∗∗

0.013
(0.091) (0.103) (0.055) (0.035) (0.032)

Other -0.098
∗∗∗

-0.081
∗∗

-0.017 0.014 0.035
(0.023) (0.036) (0.058) (0.069) (0.069)

Estimation characteristics

BVAR 0.138
∗∗∗

0.115
∗∗∗

0.043 0.027 0.015
(0.027) (0.033) (0.050) (0.072) (0.131)

FAVAR -0.082
∗∗∗

-0.116
∗∗∗

-0.081 0.0092 0.271
∗∗∗

(0.026) (0.040) (0.051) (0.059) (0.071)

SVAR -0.086
∗∗∗

-0.128
∗∗∗

-0.144
∗∗∗

-0.156
∗∗∗

-0.048
(0.019) (0.028) (0.030) (0.028) (0.033)

Sign restrictions -0.305
∗∗∗

-0.310
∗∗∗

-0.298
∗∗∗

-0.305
∗∗∗

-0.174
(0.031) (0.041) (0.058) (0.088) (0.141)

Publication characteristics

Central banker 0.026
∗

0.066
∗∗

0.079
∗∗

0.095
∗∗

0.128
∗∗∗

(0.014) (0.026) (0.033) (0.038) (0.035)

Policymaker -0.052
∗∗

-0.014 0.077
∗∗

0.099
∗∗∗

0.119
∗∗∗

(0.024) (0.023) (0.033) (0.033) (0.033)

Observations 202 206 206 205 194
Studies 65 65 65 65 58

Note: Standard errors (clustered at study level) in parentheses. To facilitate the exposition, all estimates
except intercept are multiplied by 100. Response variable: t-statistic of the estimate of the impulse response.
All explanatory variables are divided by the standard error of the estimate of the impulse response at corre-
sponding horizon. Variables capturing structural heterogeneity are included in all specifications (these results
are reported in Table 3.10).
∗∗∗

,
∗∗

, and
∗

denote significance at the 1%, 5%, and 10% levels.



Appendix A

Content of Enclosed CD

There is a CD enclosed to this thesis which contains empirical data and MatLab

and Stata source codes.

� Folder 1: Source codes

� Folder 2: Empirical data
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