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Abstract 

The reliability of monetary policy as an economic stabilisation tool depends on the understanding of 

the empirical effects of policy intervention on macroeconomic aggregates. Since investigating the 

interdependencies between macroeconomic variables necessarily involves studying their 

interactions over time, time series analysis is an important tool. This thesis sets out to examine the 

presence and effects of nonstationarity in the form of a structural break in a basic VAR of four 

endogenous variables. Specifically, the transmission of a monetary policy shock on the 

macroeconomic aggregate of 11 Euro Area countries is estimated for the period 1999–2017, 

employing variables based on previous studies. A Quandt-Andrews breakpoint test is used to 

identify the break date, and a comparison is made between the periods. This study finds support for 

the presence of a break in the regression estimate from the breakpoint test, although the reults from 

the IRFs cannot be shown to be statistically significant, nor to be bias-free. 

 

Keywords: monetary policy; vector autoregression; SVAR; nonstationarity; structural break. 
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1. Introduction 

In order for any country to make informed decisions about the economic policies it wishes to 

pursue, an effective evaluation of the impact of those policies is necessary. This is no less true for 

the applications of monetary policy, and it is one of many important roles of empirical 

macroeconomics. Understanding the relationships and the interactions of macroeconomic variables 

over time is essential for analysing the effects of any economic policy application on the economy 

as a whole. Consequently, time series analysis is an indispensable part of empirical 

macroeconomics. Of the many methods that exist for evaluating dynamic relationships, each come 

with their own advantages and disadvantages, and as such, they are all generally of interest to study. 

One such approach developed for this purpose, is the use of vector autoregressions, first introduced 

by Christopher Sims in 1980. This framework provides a means to assess the dynamics in multiple 

time series, capturing comovements while also including useful tools for statistical inference, and it 

has become a widely employed tool for these reasons. This study will be evaluating the potential 

effects of nonstationarity in a vector autoregression model, but as many of the properties of this 

approach is shared with alternative time series analysis methods, the results hopefully also provide 

some more general conclusions for time series analysis of monetary policy transmission. 

In brief the VAR is a linear model with n-equations and n-variables, where each endogenous 

variable is explained by its own past values as well as the current and past values of any other 

endogenous variables included in the model. This provides a method for capturing the interactions 

of the variables over time and is useful for both forecasting models as well as for data description 

and economic policy evaluation. The model has been implemented extensively for these purposes 

since the time of its initial development. The method does not come completely free of problems, 

and some shortcomings of the model include sensitivity to omitted variable bias, highly persistent 

parameters as well as a sensitivity to drifts or breaks in times series variables. These cannot be said 

to be flaws unique only to VAR models however, but rather they are commonplace in time series 

regressions. A key distinguishing aspect of the VAR approach however, is that because the 

endogenous variables are treated symmetrically and their interdependencies can be captured, 

uncertainties about exogeneity is usually less of a problem when compared to alternative methods. 

(Stock & Watson, 2001) 

This study aims to investigate the potential presence and effects of a structural break in a time series 

regression model, estimating the monetary policy transmission of 11 eurozone countries during the 

years 1999–2017, see appendix (A) for details. This roughly approximates the period of the euro as 
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an accounting currency. The hypothesis is that applying the same VAR model to estimate the 

monetary policy transmission over the entire time period, including the recent years near the zero-

lower bound, will not result in a credible estimate. The primary motivation is that because the 

variation in the monetary policy related interest rate have been very small during the more recent 

years, in relation to the movements of other macroeconomic variables, it may not be enough to 

overcome the presence of white noise or other similar potential error sources in the regression. This 

have been argued to in itself constitute a problem for estimating the effects of monetary policy near 

the zero-lower bound. Furthermore, following the suggestions of many previous VAR models 

means only using the interest rate to represent the monetary policy, while omitting additional 

variables of unconventional monetary policy such as Quantitative Easing. As has been shown in the 

study by Wu & Xia (2016), this is likely to bias the estimate, since the model no longer captures all 

the available monetary policy tools, thus omitting potentially important information from the model. 

By using a model specification that is based on earlier empirical approaches, the aim of this study is 

to investigate whether these specifications are suitable for estimating the transmission of monetary 

policy near the zero-lower bound. Because of the use of the New Keynesian theoretical framework 

in a lot of the existing SVAR literature, a simplified Keynesian approach, where the IS–LM and the 

Phillips curve are used to portend the structural interdependencies, will be used in this study. The 

endogenous variables used are commodity prices, consumer prices, output, and the monetary policy 

related interest rate.  

The results of this study find support for the presence of structural breaks in the macroeconomic 

variables used in the model. This could suggest that using the same VAR regression model for the 

entire period would be unsuitable, and that a different regression specification in this case should be 

used whenever monetary policy transmission is estimated near the zero-lower bound. This is 

demonstrated further by the different responses to a monetary policy shock found in the impulse 

response functions estimated from the VAR. Due to the size of the standard errors in these estimates 

however, it should be noted that these differences cannot be shown to be statistically significant. 

The first part of the paper, section 2, provides an introduction to the VAR framework including the 

decomposition method for recovering the structural shocks that will be used later in the 

specification of our model. After the model has been presented, a background regarding previous 

studies with relevance to this study is presented in section 3, as well as their implications for the 

model specification of this study. This is followed by section 4, which presents an overview of the 

data that have been used. In order to identify the structural break, a Quandt-Andrews breakpoint test 

is performed using a linear ordinary least square estimate of the variables. This is then used together 
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with a test of stationarity for the full specification of the VAR model, including the identifying 

restrictions used. In section 5 the results are illustrated in the form of impulse responses to the 

identified monetary policy shock for the period as a whole, as well as for a comparison between the 

two periods preceding and following the identified break date. The results are then discussed and 

followed by a summary and conclusions in section 6. 

 

2. The VAR framework 

The univariate autoregression model is a linear regression model in which the current value of an 

output variable is dependent on its own previous values, denominated as its lags. Specified 

formally, the pth-order autoregressive model AR(p), where p is the lag length of the autoregression, 

can be written as: 

𝑦𝑡 =  𝑏0 + 𝛾1𝑦𝑡−1 + 𝛾2𝑦𝑡−2 + ⋯ + 𝛾𝑝𝑦𝑡−𝑝 + 𝑢𝑡 (1) 

where 𝑢𝑡 is the error term with an expected mean of zero. The vector autoregression extends this 

into a set of k time series regressions in which each variable is explained by its own lags as well as 

the lags of the remaining k-1 variables. Consider the following bivariate vector autoregression: 

𝑦𝑡 =  𝑏10 +  𝛾11𝑦𝑡−1 + 𝛾12𝑧𝑡−1 +  휀𝑦𝑡 (2)

𝑧𝑡 =  𝑏20 +  𝛾21𝑦𝑡−1 + 𝛾22𝑧𝑡−1 + 휀𝑧𝑡
 

This constitutes a first order VAR, since the longest lag length is unity. To simplify notation, we 

can collect the equations in a k*1 vector 𝒙𝒕 and specify the vector autoregression VAR(p) as: 

𝒙𝒕 = 𝒄 +  ∑ 𝐴𝑖𝒙𝒕−𝒊

𝑝

𝑖=1
 +  𝒖𝒕 (3) 

In this specification of k endogenous variables, 𝐴 are a set of k*k matrices of regression 

coefficients, 𝒖 constitutes the error term and 𝒄 is a vector of constants. All vectors are in bold for 

clarity. The model can be augmented with exogenous variables, in which case the notation, adding a 

q lag length for the exogenous regressor, is specified as a VAR(p, q) model (Mills, 2015). 

The VAR model can be useful in forecasting multiple variables that interact over time if we are 

interested in the vector as a whole. If we are specifically interested in one variable’s effect on 

another however, giving the model a structural interpretation, we encounter a problem with the 

VAR specification. The variables used in the model are often correlated with each other, which also 

means that the error terms are correlated. To see why this is a problem, consider a bivariate VAR in 
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which the variables are also contemporaneously correlated with each other. This VAR model can 

then be written on the following recursive form: 

𝑦𝑡 =  𝑏10 −  𝑏12𝑧𝑡 +  𝛾11𝑦𝑡−1 + 𝛾12𝑧𝑡−1 +  휀𝑦𝑡 (4)

𝑧𝑡 =  𝑏20 −  𝑏21𝑦𝑡 +  𝛾21𝑦𝑡−1 + 𝛾22𝑧𝑡−1 +  휀𝑧𝑡.
 

Let us further assume that the variables are stationary and that the error terms 휀𝑦𝑡 and 휀𝑧𝑡 are not 

correlated with each other, as well as the assumptions that 𝑦𝑡 and 𝑧𝑡 are stationary, that is their 

probability distribution does not change over time. In this specification the second terms 𝑏12 and 

𝑏21 captures any contemporaneous effects that the variables might have on each other. If these are 

not equal to zero it also means that the error terms will have a contemporaneous effect on 𝑦𝑡 and 𝑧𝑡. 

As such, if we are interested in the effect that 𝑧𝑡 have on 𝑦𝑡 or vice versa, an ordinary least squares 

estimation cannot be used as it would suffer from a simultaneous equation bias. This is because the 

estimates would not be centred on 𝛾12 and 𝛾21, but would instead be systematically erroneous since 

the regressors and the error terms would be correlated with each other (Enders, 2015). 

We can write the structuralized form of equation (4) in a more compact form using matrix algebra, 

and put the recursive VAR(1) as: 

[
1 𝑏12

𝑏21 1
] [

𝒚𝒕

𝒛𝒕
] =  [

𝑏10

𝑏20
] +  [

𝛾11 𝛾12

𝛾21 𝛾22
] [

𝑦𝑡−1

𝑧𝑡−1
] +  [

휀𝑦𝑡

휀𝑧𝑡
] (5) 

In this form, it is generally known as a structural VAR, whereas the first specification, equation (2), 

is known as a reduced form VAR. What separates the SVAR from the VAR model is that structural 

shocks are not correlated in the model. Using vector notation, equation (5) can be written as: 

𝛣0𝒙𝒕 = 𝒄 +  𝐵1𝒙𝒕−𝟏  +  𝝐𝒕 (6) 

Where 

𝛣0 =  [
1 𝑏12

𝑏21 1
] , 𝒙𝒕 =  [

𝒚𝒕

𝒛𝒕
] , 𝒄 =  [

𝑏10

𝑏20
]  (7)

𝐵1 =  [
𝛾11 𝛾12

𝛾21 𝛾22
] , 𝝐𝒕 =  [

휀𝑦𝑡

휀𝑧𝑡
] 

 

We can see that by multiplying both sides of the equation by 𝛣0
−1, we get the reduced form, where 

𝒖𝒕 =  𝛣0
−1𝝐𝒕. This is thus a vector of the two original regression residuals, 휀𝑦𝑡 and 휀𝑧𝑡, which 

constitute the “true” shocks. We can decompose the regression residuals into their respective parts: 

𝑢1𝑡 =
(휀𝑦𝑡 −  𝑏12휀𝑧𝑡)

(1 − 𝑏12𝑏21)
, 𝑢2𝑡 =

(휀𝑧𝑡  −  𝑏12휀𝑦𝑡)

(1 − 𝑏12𝑏21)
 (8) 
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What formally separates the structural VAR from the reduced VAR is the variance/covariance 

matrix of the regression residuals, commonly denoted as sigma, where the reduced form matrix is 

specified as: 

Σ =  [
𝑣𝑎𝑟(𝑢1𝑡) 𝑐𝑜𝑣(𝑢1𝑡, 𝑢2𝑡)

𝑐𝑜𝑣(𝑢1𝑡, 𝑢2𝑡) 𝑣𝑎𝑟(𝑢2𝑡)
] (9) 

While the structural matrix is specified as:  

Σ𝜀  =  [
𝑣𝑎𝑟(휀1) 0

0 𝑣𝑎𝑟(휀2)
] (10) 

As we can see, the structural form matrix has all diagonal elements of the error term covariance as 

zero, or in other words, structural shocks are not correlated in the model. This is the goal of the 

structuralisation of the reduced form in equation (2). In order to achieve this, the reduced form 

model can be fitted both with long-run and short-run restrictions, or by equation-specific 

restrictions. These are denoted as the identifying restrictions of the SVAR (Enders, 2015). 

From this model, impulse response functions can be estimated by measuring the regression 

residuals, or “true” shocks, that are not predicted by the model, as the impulse, after which the 

response can be measured across all variables within the sample period. In its structural form, the 

VAR model imposes identifying restrictions on the coefficients. The issue lies in identifying the 

correct restrictions to recover the true structural shocks, which can be justified either from 

economic theory or by empirical estimates of factual relationships. This is not always an easy task 

and can sometimes require deep institutional knowledge of the relationships to correctly determine 

the nature of the interdependencies and has been put forward as one of the primary weaknesses of 

the VAR approach. The primary advantage is that it treats all endogenous variables symmetrically, 

which helps significantly whenever cases of exogeneity is uncertain, and it still relies far less on 

complicated restrictions than most of the alternative approaches (Ramey, 2016). 

 

2.1 Cholesky decomposition 

If we want to recover the structural interpretation of the VAR from the model, we cannot estimate it 

directly. As this study is not intended to introduce brand new identifying restrictions to the 

structural VAR toolkit, it will instead rely on an already well-established approach. One often 

applied method is the use of the Cholesky decomposition, which was first introduced by Sims in 

1980. In this method recursive zero restrictions are applied on the coefficients in a lower triangular 
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matrix and its conjugate transpose. If we again consider our bivariate first-order VAR model, where 

we wish to recover the true shocks from the estimated residuals, the relationship between the 

residuals can be written as: 

𝑢1𝑡 =  휀𝑦𝑡 −  𝑏12휀𝑧𝑡 (11)

𝑢2𝑡 =  휀𝑧𝑡
 

 If we return to the matrix notation, we can multiply our recursive VAR expression (4) with 𝛣0
−1: 

 [
𝒚𝒕

𝒛𝒕
] =  [

1 −𝑏12

0 1
] [

𝑏10

𝑏20
] +  [

1 −𝑏12

0 1
] [

𝛾11 𝛾12

𝛾21 𝛾22
] [

𝑦𝑡−1

𝑧𝑡−1
] +  [

1 −𝑏12

0 1
] [

휀𝑦𝑡

휀𝑧𝑡
] (12) 

This system, unlike the reduced form, can be estimated using OLS, which gives: 

𝑦𝑡 =  𝑏10 − 𝑏12𝑏20 + (𝛾11 −  𝑏12𝑏21)𝑦𝑡−1 + (𝛾12 −  𝑏12𝑏22)𝑧𝑡−1 + 𝑢1𝑡  (13)

𝑧𝑡 =  𝑏20 +  𝛾21𝑦𝑡−1 + 𝛾21𝑦𝑡−1 +  𝛾22𝑧𝑡−1 + 𝑢2𝑡
 

This requires that a selected order is implemented instead of individual restrictions on allowed 

impulses, known as the Cholesky ordering. In the Cholesky ordering, the first ordered variable does 

not respond to the other endogenous variables in the model within the same period, while the last 

ordered variable can respond to all other endogenous variables within the same period. 

Furthermore, the first ordered variable can affect the other endogenous variables within the same 

period, while the last ordered variable does not affect the other endogenous variables within the 

same period, due to the identifying restrictions that are imposed on the model (Enders, 2015). 

 

3. Theoretical background 

After the macroeconomic chaos of the 1970s, macroeconomists began rejecting previously applied 

methods for describing, summarizing, and forecasting macroeconomic variables for policy 

evaluation in favour of what appeared to be more trustworthy approaches. In the wake of the 

introduction of VAR models, a number of studies used the approach to study many of the 

macroeconomic questions that warranted answers at the time. Prior to and following the 

introduction of the EMU in 1999, there was considerable debate, and correspondingly, a large 

number of studies made, over monetary policy transmissions and the implications of a common 

monetary policy. These coincided with the increased applications of the SVAR approach and 

yielded a multitude of studies within the area. Monticello and Tristani (1999) as well as Bruneau 

and De Bandt (2003) are both examples of these efforts. What they have in common is that their 
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approaches for assessing the interdependencies between the macroeconomic variables are based on 

the theories first proposed by John Maynard Keynes in 1936. 

Bruneau and De Bandt (2003) uses a simple IS–LM model to identify the structural shocks and 

impulse responses of GDP, inflation, the real interest rate, and the general government primary 

deficit in a comparison between the initial 11 Euro Area countries and another comparison between 

Germany and France individually. These are then denoted as a supply shock, a private demand 

shock, a money supply shock, and a fiscal policy shock, where the authors find convergence in the 

impulse responses to money supply shocks, while the differences were larger in the responses to the 

fiscal shocks. They also recommend that future studies in the area decompose the fiscal policy more 

precisely into government taxes and expenditure for that reason. 

Monticello and Tristani (1999), although an earlier study, use the Mundell-Fleming-Dornbusch 

model of an open economy, including the Phillips curve as well as 3 additional features, all 

consequences of assuming interest rate parity. The purpose of the study was to evaluate the future 

implications of the implementation of the single monetary policy in the Euro Area. The study 

encompassed 7 of the initial 11 Euro Area countries, that is Austria, Belgium, France, Germany, 

Italy, the Netherlands, and Spain in an aggregate concerning the interest rates, the prices, and the 

GDP, with somewhat more ambiguous conclusions than the Bruneau & De Brandt paper. They 

compare their results to equivalent studies of the US economy, and conclude that their results 

indicate a relatively more rigid European economy. 

 

3.1 The Phillips curve-augmented IS–LM framework 

As mentioned with any restrictions imposed on a VAR, they will have to be motivated and either 

grounded in economic theory or backed by empirical evidence. Consequently, this thesis consults 

economic theory, when determining the SVAR identifying restrictions and the corresponding 

Cholesky ordering. As this study concerns the macroeconomic variables of output, prices and the 

monetary policy related interest rate and their interactions, it is appropriate to consult the 

established fundamental theories regarding these relationships. We will use the investment–savings 

and liquidity preference–money supply model, or the IS–LM model for short, to assess the 

structural interdependencies between the macroeconomic variables concerned. The IS curve will be 

used to explain the relation between the interest rate and the production level in the short run. In 

general terms, the equation for the IS curve can thus be specified as: 
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𝑌 −  𝐶(𝑌, 𝑌𝑒 , 𝑟, 𝐴) =  𝐼(𝑟, 𝑌𝑒 , 𝐾) (14) 

where 𝑌 represents real GDP, 𝑟 is the interest rate 𝑌𝑒 is expected real GDP, 𝐴 is existing assets and 

𝐾 is the capital stock. This aggregate is made up of private consumption 𝐶 and private investment 𝐼. 

As we can see, the left hand of equation (14) constitutes the savings, which are necessarily equal to 

the investments in a closed economy. The curve shows the level of production for a given interest 

rate. The equation suggests that both consumption and investment would be negatively affected by 

an increased interest rate, causing the aggregated demand to decrease, meaning that the curve has a 

downward slope for a higher interest rate. (Gottfries, 2013) 

The LM curve is instead useful to explain why the demand for money depends on the production 

level and the effects of the money on the interest rates. As this study concerns an independent 

central bank it means that instead of changing the money supply, this is in practice indirectly 

controlled by setting the interest rate level, so we will omit a full specification for space 

considerations. The curve slopes upward, since a higher production increases the demand for 

money. The key importance is that an increased production, inflates the money supply for a given 

level, which in turn puts pressure on prices. Combining the two curves gives us the full model, in 

practice meaning that the Central Bank has the ability to cause a movement along the IS curve, by 

increasing or decreasing the monetary policy related interest rate. (Gottfries, 2013) 

The model is however not complete as we also need to determine the transition from the short run to 

the intermediate and the long run. This will be done through the by now well-established Phillips 

curve which offers some key insights into short- and long-term behaviour of inflation and 

unemployment in response to monetary policy. Key to this model is the concept of “sticky” prices, 

as originally introduced by John Maynard Keynes. This predicts a sluggish response of 

macroeconomic variables as wages and prices adjust only slowly over time, which is of particular 

importance in regards to monetary policy transmission. The unemployment level is here 

representative of the output variable, as it could be expected that employment comoves with the real 

GDP. To see why, let us start with a simplified production function which omits capital: 

𝑌 = 𝐸𝑁 (15) 

where 𝑁 is employment and 𝐸 is labour productivity. This production function is suitable for the 

short run where there is not sufficient time for the capital stock to change. If we consider that some 

structural unemployment will always be present in the economy, this will also mean that the stable 

production level will be lower than that of full employment. This is what is otherwise known as the 

natural production level. We can then define the output gap as any deviation from this natural level: 
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�̂� =  
𝑌 − 𝑌𝑛

𝑌𝑛
 (16) 

where 𝑌𝑛 is the natural level of production and �̂� is the output gap. Finally, we can define the short-

run Phillips curve as: 

𝜋 = 𝜋𝑒 + 𝛽�̂� + 𝑧 (17) 

where 𝜋 is the inflation rate, 𝜋𝑒  is the expected inflation rate, 𝛽 is a function of the firms’ wage and 

unemployment sensitivity and 𝑧 is a term to represent all other factors that can affect the inflation 

rate after the wages have been set. Of key interest here is the fact that a change in the inflation rate, 

𝜋, causes a movement along the curve which means a production gap in the economy. In the 

intermediate and long run we generally expect the expected inflation rate, 𝜋𝑒 , to change and 

account for this, moving the production level back to the long run stable natural level of production, 

𝑌𝑛. Conversely, we can see that a positive output gap is expected to increase the inflation level in 

the short run, while a negative output gap is expected to decrease inflation in the short run. An 

important difference between the Mundell-Fleming model mentioned above and the IS–LM model 

is that the latter is designed for a closed economy, and so will simplify the model and the 

assumptions made. In the Mundell-Fleming model the interest parity is also included to reflect the 

world market exchange rate effects on the interest rate and money supply. Since exchange rates are 

not part of this study, this is also omitted from the specification. (Gottfries, 2013) 

If we summarize the expected responses to all possible positive external shocks within this 

framework, we can see the results in table (1). An external consumer price inflation shock, επt, could 

be regarded either as an increase in the inflation expectations of firms and households or as a result 

of other external factors 𝑧. An output shock, εyt, in the short run, can be caused by either a positive 

external shock to consumption or to investment, such as aggregated demand through 𝑌𝑒, and a 

monetary policy shock, εrt, is assumed to be caused by an unexpected increase of the interest rate as 

an expected increase might already have an effect though changed inflation expectations 𝜋𝑒 . 

In the response of the monetary policy related interest rate, the policymaker, in our case the 

European Central Bank, is in this theoretical framework assumed to prioritize prize stability and so 

will increase the interest rate in response to an unexpected increase in consumer price inflation. This 

is motivated because the ECB have had a public price stability goal since 2003 (Statute of the 

ESCB and of the ECB). Using the framework to predict the impact of a monetary policy shock on 

the other macroeconomic variables, the expected inflation rate 𝜋𝑒  and the expected output, or 

aggregated demand, 𝑌𝑒, represent the “sticky” prices. 
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 επt εyt εrt 

πt + +* 0 

yt 0 + 0 

rt + + + 

πt+n* 0 0 - 

yt+n* - 0 - 

rt+n* 0 0 0 

*Intermediate responses 

 

Table 1. Expected responses: positive (+), negative (-), neutral or ambiguous (0); Response variables on vertical axis, 

shock variables on horizontal axis; primary responses and intermediate secondary responses for consumer price 

inflation, π, output, y, and monetary policy related interest rate, r. An intermediate response is here viewed as the 

response of the macroeconomic variable after the sticky prices have had sufficient time to adjust. 

 

In the intermediate run, the “sticky” prices are allowed to change, which allow for intermediate run 

responses. What changes the long run from the intermediate run is the fact that in the long run, the 

capital stock is also allowed to change, meaning that the production level should adjust to its natural 

level in the long run. The consequence of this is that the responses in prices and output to a 

monetary policy shock are assumed to delayed, while the responses in monetary policy are assumed 

to be immediate. This is of consequence to identify the “true” structural shock and needs to be 

accounted for when applying the identifying restrictions on the recursive VAR model as any such 

perceived contemporaneous response should not be allowed. 

Is this framework appropriate then to capture the “true” relationships of macroeconomic variables 

in our model? Although central banks do not directly apply the Phillips curve to estimate monetary 

policy transmission, revised and augmented versions of it are still used in a broader and descriptive 

sense to capture the intuition in a simplified form. Much of the SVAR literature do indeed 

implement some form of a framework that is based on a fundamentally Keynesian approach. At the 

time when the above-mentioned studies were conducted the approach of the New Keynesian 

framework had largely come to supplement that of the earlier Keynesian however, in a process that 

had been going on since the 70’s when it was first introduced. Clarida et al. (1999) provides a 

helpful summary of the theoretical situation and the implications for SVAR models. In Gali (1994), 

the author evaluates a simple IS–LM model of GNP, the yield on three-month US treasury bills, 

consumer prices as well as the money supply for the US post-war period in comparison with the 

New Keynesian approach. The study finds surprising similarities, with the simple IS–LM model 
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only performing slightly worse in comparison with the more advanced New Keynesian models. In 

light of this, and since the fundamentals of the Keynesian model have been present in the majority 

of studies conducted during this period, the IS–LM model augmented with the Phillips curve will 

constitute the basis for this study (Ramey, 2016). 

With the IS–LM model and the Phillips curve as the starting point of the economic theory, this 

study will be examining the interdependencies between the variables presented in the table above. 

While the framework provided in the Phillips curve-augmented IS–LM model suggests the use of 

inflation, in a VAR estimate, any drift in a variable as would be expressed by the trend in the price 

level should also be captured by the model, meaning the any movements in the price level variable 

that is not predicted by the model, should mean that the movement is also an unexpected movement 

in the inflation variable. This has been the conclusion of previous studies, and Christiano et al. 

(2005) provide further details as to why this should not constitute a major problem for vector 

autoregressions. We will also return to this issue in section 4 under the method and model 

specification, in a general discussion about trends and nonstationarity. As such, for the primary 

model specification the inflation variable will be supplemented by the price level. To verify that this 

result is not misleading however, a secondary model will be estimated where the price level as well 

as most of the remaining endogenous variables will be differenced in the order of one and presented 

in appendix (C). 

Therefore, the endogenous variables that will be used as provided by the framework are consumer 

price level, output, and the monetary policy related interest rate. A piece of information that is 

lacking, as was also suggested by Bruneau and De Bandt (2003), is the effect of a fiscal shock on 

the macroeconomy. Certainly, there are many alternative models of monetary policy transmission 

that can be modelled within this framework and we are omitting more than one imaginable 

macroeconomic variable from our estimate. Variables such as government output and government 

revenue, not to mention the role of the exchange rate in an open economy are all possible 

candidates. Many versions of these models have been built and estimated, but it is not the goal of 

this study to perfectly capture all aspects of this framework. As the primary objective is to study the 

presence of nonstationarity in the transmission of a monetary policy shock, it will suffice to have an 

adequate estimate of the main variables of interest, which is the relationship between the price level 

and the monetary policy related interest rate. In light of this we will also be omitting the responses 

to the shocks of the other endogenous variables from our main results in the study and rest of the 

shocks and responses will instead be presented in the appendix (C) as checks on the validity of our 

estimate. (Ramey, 2016) 
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3.2 Identification concerns 

A common issue that have often been plaguing VAR models that are used to study the effect of 

monetary policy transmission is that of the "prize puzzle", where a contractionary monetary policy 

might appear to in fact stimulate inflation, the opposite of its intended and perceived goal. The 

Lucas critique, that historical data cannot reliably be used to predict the effects of a change in 

economic policy due to possible changed behaviour, is also something that have been levied against 

the effectiveness of the model, although to a lesser extent than for many of the alternative 

approaches due to the data-driven approach of VAR models. This is of course one of the many 

reasons why all such empirical approaches used are in a constant state of innovation and 

improvement, which is no less true for VAR models (Furlong et al., 1996). 

A proposed solution to the “prize puzzle” has been the inclusion of different forecast variables to 

the interest rate as it has been proposed that it would not be reasonable to assume that the monetary 

policy is set by the policymaker, only with respect to historical data. One such variable, first 

discussed by Sims (1980) and later evaluated in more detail by Christiano et al. (1999), is the use of 

commodity prices as a forecast variable for the future inflation rate, which in turn would serve as a 

basis for the present nominal interest rate level as set by the central bank. The reason as to why this 

would work is connected to the efficient market hypothesis, wherein all available information about 

an asset is incorporated into the current market price. While consumer prices might be expected to 

process this information with some considerable imperfections, or at least with considerable delay, 

it has been argued and also demonstrated that commodity prices are much more responsive to 

information including expected future price changes (Furlong et al., 1996). 

The underlying concept is that commodity prices are set in a highly competitive environment, 

where forecasts about the expected future value of a commodity is a key factor in determining the 

commodity prices in the present. This environment is thus very sensitive and will respond quickly 

to changed expectations in comparison with the overall price level. If the commodities that drive the 

price changes are also important final goods or constitute important inputs for industrial products, 

they should therefore be expected to be positively correlated with, and also lead the future consumer 

prices. This effect would be most clearly observed in small economies that are net importers of 

commodities, while net exporters may also experience a positive correlation between the 

commodity prices and their income level (Christiano et al., 1999). 

In order to attempt to counteract the potential “price-puzzle” issues that have been shown to plague 

many VAR models, it has been suggested that adding the commodity price index either 
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endogenously or exogenously to the model, might help with improving the estimate. Although the 

original proposition by Sims (1980) concerns its use as an external forecast variable for the interest 

rate, Christiano et al. (1999) suggest that the commodity price level may in fact have predictive 

capabilities for more than just the interest rate, and that the commodity prices may affect all parts of 

the economy. As such, both uses of the commodity price variable have been considered in this 

study, but the one which showed most promise in removing the price-puzzle issues was the model 

incorporating the commodity price inflation as an endogenous variable, allowing it to affect all 

endogenous variables. 

 

3.3 Monetary policy at the zero-lower bound 

Finally, it is worth to comment on the analysis of monetary policy transmission at the zero-lower 

bound, that is when the interest rate is close to or even slightly below zero, which limits the options 

available to monetary policymakers. As this has been the case for the eurozone, almost continuously 

since the 2008 recession, it is an effect to consider when modelling macroeconomic variables over 

the period. It certainly constitutes a problematic situation as not much in terms of variation of the 

interest rate can be used to explain variations in macroeconomic aggregates. Furthermore, this 

means that alternative monetary policy tools are likely to be employed by the policymaker, since the 

interest rate can no longer be used effectively. Omitting this from a regression model is likely to 

constitute an omitted variable bias source. 

There have been some proposed solutions to this issue, such as in Wu and Xia (2016), who studied 

the US federal funds rate, using a Shadow Rate Term Structure Model. They concluded that the 

zero-lower bound constitutes an evident structural break that “prevents researchers from extracting 

meaningful information out of a VAR” when regression models are estimated over such a period. 

They demonstrate this with a statistically significant breakpoint test  They advocated the use of the 

shadow rate to estimate the monetary policy transmission. The advantages of the model in short is 

that it allows for the capture of the effect of unconventional monetary policy, such as the purchase 

of assets by the monetary policy maker, commonly denoted as quantitative easing. This effectively 

allows the shadow rate to enter negative territory, something the monetary policy related interest 

rate is generally not allowed to do, or at least not below a slightly negative value. The results of the 

Wu and Xia (2016) study, suggest that unconventional monetary policy does have a noticeable 

effect on macroeconomic aggregates. They suggest serious issues when estimating the monetary 

policy transmission for any such period, while omitting the effect of additional monetary policy 
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features. These are also the very same suspicions about the unsuitability of a single model that 

motivate this study and we will bear this in mind when we later interpret the results (Wu & Xia, 

2016). 

 

4. Data and model 

The data used for the model are quarterly data on the ECB interest rate, consumer prices of the Euro 

Area (11) countries as measured by consumer price indices from the International Monetary Fund, 

and the Euro Area (11) real gross domestic product from 1999 to 2017. In addition, the commodity 

price level has been calculated from monthly values to quarterly using mean averages, see appendix 

(A) for details. This is a useful period when studying the effects on the Euro Area aggregate, as it 

approximately covers the time the euro currency has been in use, although it would take until 2001 

for the introduction of the physical euro currency. Since the Euro Area have continuously changed 

in composition over the period, a simple study of the EMU Eurozone would have difficulties in the 

representativeness and interpretational value of the results. As such, an aggregate of the founding 11 

countries has been constructed, which have all continuously been Eurozone members throughout 

the period and can therefore be more easily studied, see appendix (A) for details. 

The data have been gathered primarily from Eurostat, with the consumer and commodity price 

indices gathered from the IMF, see appendix (A) for specific information. To construct the Euro 

Area (11) aggregate of the consumer price levels, the countries’ real GDPs have been used to 

construct country weight indices when aggregating the consumer prices for each quarter, such that 

the aggregated consumer price index for period 𝑡 can be defined as: 

�̅�𝑡 =  ∑ 𝑤𝑖𝑡𝑝𝑖𝑡

𝑛

𝑖=1
 (18) 

where 𝑝𝑖𝑡 constitute the individual country’s price level for period 𝑡. The weights add to 1 and they 

correspond to the individual country’s real GDP weight 𝑤𝑖𝑡 as a fraction of the total real GDP at 

period 𝑡 of the Euro Area (11). This gives a lot of weight to the price levels of countries such as 

Germany and France at the expense of smaller countries which also affects the generalizability of 

the estimates. There has been some debate over the problems of measuring an aggregate, such as the 

possible differences in the transmission mechanisms between countries, see Monticello & Tristani 

(1999). As this study primarily focuses on the differences over time however, even if the 

transmission mechanisms are different, as long as it can be assumed that they remain unchanged 
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over time it should not matter. In light of the dramatic events that have occurred during the period 

studied, it could be argued that this is an unreasonable assumption to make. In such a case we would 

not be able to rule out the fact that a change in the impulse responses to a shock in our results could 

be the result of changed monetary policy transmission mechanisms in parts of the aggregate. 

Monticello & Tristani argue that these problems are likely quite small, and Bruneau and De Bandt 

(2003) show convergence in the monetary policy transmission, and only some diversity in the fiscal 

policy transmission. Our main method of determining the plausibility of the responses is through 

our theoretical framework as established by our Phillips curve-augmented IS–LM model. We would 

not, however, be able to rule out the fact that a change in our responses could not at least partly be 

due to a change in the monetary policy transmission, as opposed to only a break due to the presence 

of additional monetary policy tools from this framework. 

As such, the appendix (C), includes the monetary policy impulse responses of consumer prices 

between the two time periods before and after the estimated break date on all the countries 

individually. This is done to evaluate whether or not this has had a large or possibly negligible 

effect on our results. Consequently, it is the hope that based on previous studies, suggesting 

convergence in monetary policy transmissions, measuring the countries as an aggregate do provide 

useful information to the existing literature within the Keynesian framework. 

 

4.1 Method and model specification 

Before estimating the model, a few preliminary checks are in order. It is useful to visually evaluate 

the underlying dataset before going about any model specification. A descriptive overview allows 

for an easy evaluation of non-stationarity or other problematic properties. In general, a helpful 

assumption to be able to make if you can, is that the present should be the same as the past, that is 

the variables have a stationary distribution and are not dependent on time, such as the case with 

trends or breaks. A brief glance at figure (1), clearly shows that the variables are indeed dependent 

on time, in that they exhibit clear trends. Furthermore, data have not been seasonally adjusted and, 

as is evident, our underlying data is subject to considerable seasonal variation. Seasonal dummies 

are therefore added for each quarter, with the exception of the last quarter to avoid multicollinearity 

(Stock & Watson 2015). 

The results of an augmented Dickey-Fuller unit root test of stationarity are shown in table (2), see 

appendix (B), and reveal that the variables specified above are generally iterated in the order of 1. 

The commodity prices are, however, stationary on level with a p-value of 0,05, while the interest 
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rate is stationary on level with a p-value of 0,1. Differentiating our model with the exception of the 

interest rate or the commodity prices might seem like a good approach to ensure that the variables 

are stationary. It has been demonstrated by Sims (1980) however, that the issue with nonstationarity 

in the form of trends in VAR models may not be as serious as it can be for many other regression 

models. The issue with trends present in time series regression variables is that they might cause 

what is known as a spurious regression. A spurious regression between two variables show both a 

high R2 and a high t-statistic and thus, appears to be statistically significant, while in reality there is 

no causal relationship between them. Consider two nonstationary random walk variables, that is 

their causal relationship is non-existent. It is not uncommon for both variables to appear to have a 

statistically significant correlation, which in reality is only caused by the “drift” that both variables 

are exhibiting through their respective random walks (Enders, 2015). 

Sims (1980) showed however, that the issue of spurious regressions is primarily an issue when it 

comes to formal statistical tests. As such, it is the data descriptions such as Granger causality tests 

and forecast error variance decompositions, that suffer mostly from the incorporation of spurious 

regressions and not, for example, derived impulse response functions. While moving averages used 

to estimate an impulse response function can suffer from spurious relationships that affect the 

regression residuals, it is not usually the largest source of errors for VAR forecasts and structural 

interpretations, compared to much larger potential problems such as incorrectly applied identifying 

restrictions. 

What is emphasised by Sims et al. (1990), is that information is lost, when differencing the 

variables, which may be of much greater concern, especially when estimating structural 

relationships and impulse response functions. Using additional lags in the model have also been 

proposed to potentially solve some of the problems, as this would ensure that the drift is 

incorporated in the moving average and not erroneously estimated as an external shock or cause a 

spurious regression. Enders (2015) points out that the issue is most problematic when all the 

regressors estimated are nonstationary. As we can show that both the commodity price level as well 

as, more importantly, the monetary policy related interest level can be shown to be stationary within 

10 % significance, it should be possible to successfully estimate the structural shocks in these 

variables with some confidence. This may not be the case of the price level and the output variables, 

but as this study is mainly concerned with the evaluation of the monetary policy transmission, 

successfully recovering the structural monetary policy shock should be sufficient.  
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Figure 1. Descriptive overview of Euro Area (11) aggregated variables, quarterly. 

 

 I(0) I(1) 

c 4 lags -3.52** -4.24*** 

p 4 lags -2.46 -4.63*** 

y 4 lags -2.67 -3.36* 

r 4 lags -3.24* -3.58** 

*** p<0.01, ** p<0.05, * p<0.1   

Table 2. Augmented Dickey-Fuller statistics, see appendix (B); I(0): variable is hypothesized to be stationary on level; 

I(1): variable is hypothesized to be iterated in the order of 1. 

 

 QLR 1 QLR 2 

c 2010Q1*** 2011Q2*** 

p 2011Q2*** 2010Q1* 

y 2012Q1*** 2008Q1 

r 2009Q1*** 2009Q2*** 

*** p<0.01, ** p<0.05, * p<0.1  

Table 3. Quandt-Andrews Breakpoint test statistics, see appendix (B), break test in levels: QLR 1, break test in 

first differences: QLR 2.  
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In order to satisfy both of the arguments for and against differencing the variables, one model has 

been estimated in levels, while another has been estimated in the first differences, with the 

exception of the interest rate variable. The VAR that has been differenced as if iterated in the first 

order, I(1), is shown in appendix (C) and is also discussed in the results. The model that will be 

presented as main results is the model estimated in levels. It may be worth pointing out that in line 

with the suggestions of the Sims (1980) study, the calculated standard errors for this model may 

suffer from this potential nonstationarity and, as such, comprise less credible confidence intervals. 

As part of the process, we estimate the appropriate lag length to use in our model specification. 

With the expected “sluggish” response of macroeconomic aggregates in mind, we use the Akaike 

information criterion, as opposed to the more conventional Bayesian information criterion. This is 

justified, in line with previous models, because economic theory suggests that prices, wages and 

thus unemployment should be “sticky”, that is, the effects of a monetary policy innovation should 

not have an immediate effect on real economic variables, but rather a delayed effect, arguably 

strongest after a few years. The Akaike information criterion, by design, gives a more generous 

estimate of the appropriate lag length as opposed to the more conservative Bayesian criterion, see 

appendix (B). The lag length suggested is 4, but we could justify the use of even more lags, since as 

mentioned above, it might be helpful with mitigating potential trend issues in our estimate. Literary 

suggestions however, advice caution when adding lags to the model as it might increase the 

estimation uncertainty. Furthermore, no significant difference was found when running the model 

with 5 lags. As such, we will be utilising the AIC suggested lag length of 4 (Stock & Watson, 

2015). 

If we again consider our initial descriptive graph figure (1), we can clearly observe that we have in 

fact large outliers in our variables over the years 2008–2011, known to constitute recession years. 

Such a thing on its own might not necessarily be the downfall of a time series regression model. 

However, if we again examine the first graph, we can see that the interest rate potentially exhibits 

more problematic properties, suggesting the presence of a break for the interest rate level at the end 

of 2008. To test this formally we conduct a Quandt-Andrews break test for the variables, using a 

linear ordinary least squares regression function, see appendix (B). The results are presented in table 

(3). 

The level estimations are the statistically more significant results with p-values all below 1 %. The 

results with the variables differenced, are still significant for the commodity prices as well as the 

interest rates, where the break in the consumer prices are only significant on 10 % and the output 

variable break cannot be shown to be significant. It can be shown that nailing down one specific 
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break date is arguably somewhat difficult. The problematic years of the recession appears, at least 

according to these statistics, to be a source of the problem. A simple and straightforward method is 

to calculate the average mean of the QLR breaks. The level estimation suggests that a break date of 

the third quarter of 2010 should be used, while the first iteration test supports the fourth quarter of 

2009. As this model will be using the level estimation, we will follow this suggestion, but on 

account of the break dates for the differentiated variables, we will make a downward adjustment 

one quarter to the second quarter of 2010 as the break date. Consequently, the time series is broken 

into two periods, one prior to an estimated break date and one following this date. The VAR model 

is estimated for the entire period, followed by both the period preceding and following the break 

date and the three periods are then compared with each other. 

 

Cholesky decomposition 

Although the argument could be made that since the commodity prices are set in competitive 

markets, they ought to respond first to changes in the other endogenous variables, since the 

commodity prices are set on global markets this may not necessarily be the case. As the commodity 

exports of the 11 Euro Area countries studied can be argued not to constitute a majority in world 

markets, the effects on commodity process to a change in the other endogenous variables, which 

concerns 11 of the Euro Area countries are arguably likely to be relatively small. As the commodity 

prices are assumed to affect all the other variables, while the other variables are not assumed to 

affect the commodity price level contemporaneously, this is ordered first in the Cholesky 

decomposition. The responses of the commodity prices are omitted from the main result since our 

theoretical framework does not offer an interpretation of the results. (Furlong & Ingenito, 1996) 

This is followed by the consumer price level which is ordered next, as a shock to the consumer 

price level will affect both the output as well as the interest rate level contemporaneously. Due to 

the sluggish response in prices, the output variable as well as the monetary policy related interest 

rate are not allowed to contemporaneously affect the consumer prices. Output is ordered second last 

and a shock in the output will affect the interest rate contemporaneously. 

Finally, since monetary policy is assumed to affect all the other endogenous variables with delay, it 

is ordered last. It will not affect any of the other variables contemporaneously, while the other 

variables are allowed to affect the interest rate contemporaneously. Clarida et al. (1999), shows that 

empirical findings have estimated the lag in the transmission of monetary policy to be 12 to 18 

months for the inflation level, while the lag for the output is about 6 to 9 months on average. 
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In the compact form, the vector of the macroeconomic variables, 𝒙𝒕, can be considered as: 

𝒙𝒕 =  [𝑐, 𝑝, 𝑦, 𝑟] (19) 

where 𝑐 is the commodity price index level, 𝑝 is the CPI price level, 𝑦 is the real GDP and 𝑟 is the 

interest rate. The time period “t” for a lag is constituted by quarterly measured data. If our model is 

given a causal interpretation rather than as a forecasting model, the central bank sets the interest rate 

by reviewing the current and previous quarterly data on the interest rate, inflation rate and output 

growth. 

We establish the structural relationship in the static setting as: 

𝑐𝑡 = 𝑏𝑐 −  𝑏𝑐𝑝𝑝𝑡 −  𝑏𝑐𝑦𝑦𝑡 −  𝑏𝑐𝑟𝑟𝑡 +  휀𝑐𝑡 (20)

𝑝𝑡 = 𝑏𝑝 −  𝑏𝑝𝑐𝑐𝑡 −  𝑏𝑝𝑦𝑦𝑡 −  𝑏𝑝𝑟𝑟𝑡 +  휀𝑝𝑡

𝑦𝑡 = 𝑏𝑦 −  𝑏𝑦𝑐𝑐𝑡 −  𝑏𝑦𝑝𝑝𝑡 −  𝑏𝑦𝑟𝑟𝑡 +  휀𝑦𝑡

𝑟𝑡 = 𝑏𝑟 −  𝑏𝑟𝑐𝑐𝑡 − 𝑏𝑟𝑝𝑝𝑡 −  𝑏𝑟𝑦𝑦𝑡 +  휀𝑟𝑡

 

The error terms here constitute the macroeconomic shocks that the model seeks to identify. We 

refrain from specifying the structural relationship in full recursive form because of space 

considerations, but keep in mind that just like in equation (4), the full specification includes lags of 

each of the four variables in each equation. The error term for the price level, 휀𝑝𝑡, constitutes a price 

shock, the error term for the output, 휀𝑦𝑡, constitutes an output shock and the error term for the 

interest rate, 휀𝑟𝑡, constitutes a monetary policy shock. These will comprise the model’s impulses 

with which the responses are to be measured in the impulse response functions. The logarithms of 

both the output and the inflation is used as this produces useful percentage approximations. All 

impulse responses are found in appendix (C). 

The reduced VAR has to be fitted with the identifying restrictions, allowing for a structural 

interpretation of the impulse responses. We can specify this in vector notation, including lags as: 

𝒙𝒕 = 𝒄 +  𝑎𝒙𝒕−𝟏 + 𝑏𝒙𝒕−𝟐  +  𝛾𝒙𝒕−𝟑 +  𝛿𝒙𝒕−𝟒  +  𝐶𝝐𝒕 (21) 

Here 𝒄 is a vector of four exogenously determined constant terms, 𝒙𝒕 is the vector of the four 

endogenous variables, the coefficients 𝑎, 𝑏, 𝛾, and 𝛿 are coefficients to be estimated, while 𝝐𝒕 is a 

vector of the reduced form residuals. 𝐶, represents the matrix, determining the contemporaneous 

impact on shocks on the other endogenous variables.  
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5. Results 

When we estimate our SVAR model over the entire period, see figure (2), we can see that the 

response of the consumer prices to an unexpected monetary policy shock is negative already after a 

period of four quarters, suggesting five in total if we consider our Cholesky decomposition. The 

response in the long run suggests a response of almost 0,1 percent. These results appear to be in line 

with what our framework would predict. The response of output is considerably more ambiguous 

however, and it takes until the ninth quarter until the response is negative. What is more, the initial 

reaction is a rise in the production level. This could suggest that the effects of contractionary 

monetary policy on production are either negative but not very pronounced, with noise or omitted 

variables causing the upward trend, or a positive effect, or that no effect can be established at all. 

Within our theoretical framework, this response is not what would be expected. We can note, 

considering the error bands of two standard deviations, that only the response of the output and the 

response of the interest rate is statistically significant from zero with a 95 % confidence interval, 

with the output response only briefly significantly positive during the pre-break period, see figures 

(2–3). 

If we examine the results of the impulse response functions for the two split periods, we can clearly 

see that the negative response of the consumer prices during the pre-break period is twice as large 

on average to a monetary policy shock, compared to the post-break period. It shows no signs at all 

of a price puzzle and the brief response period is quite fast, although this is still within the proposed 

framework, see figure (3). What is more, the average response of the output is quickly negative, far 

more in line with what our framework would suggest. Our framework would also suggest the output 

to increase again back to the long run natural production, once the price level has adjusted which 

does not appear to be the case. While it is possible that it does not show due to a slower response 

than our time horizon allows for, this would still be outside of the suggestions of our theoretical 

framework, as prices ought to have completely adjusted within a few years’ time. 

Looking at the responses in the post-break period from the second quarter of 2010 to the second 

quarter of 2017, gives a somewhat more puzzling picture of the consumer prices. This is in line with 

what we would expect if this period was problematic to estimate with our model. The response 

appears to be non-existent, with quite large error bands from the start, suggesting a diverse response 

during the period. Again, we should not be expecting positive responses for the price level to a 

contractionary monetary policy shock according to our theoretical framework. The output response 

is negative, but slightly weaker than for the previous period and with larger standard errors.  
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Figure 2. Complete period IRF: 1999q2 - 2017q2. 

 

Figure 3. Prior to break date IRF: 1999q2 - 2010q2. 

 

Figure 4. Following break date IRF: 2010q2 - 2017q2. 

Figures 2-4: Responses to Monetary Policy Shock in time periods, Cholesky One S.D. (d.f. adjusted) Shocks: consumer 

prices and output; 0.01 response corresponds to a 0.1 % response; interest rate response is shown in levels. Dotted lines 

show confidence bands of ± 2 S.E. 
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At least concerning the response of the consumer price level, this appears to be a more problematic 

period, while the output response seems to be most ambiguous for the complete sample period. For 

consumer prices and output, no statistically significant difference for the pre- and post-break 

periods can be demonstrated. It may be worth reiterating however, that due to the nonstationary 

nature of the variables used, the spread of the error bands may have been inflated. When examining 

the responses of the interest rate, it is for all periods initially statistically significant and positive, 

while the most prolonged response is for the entire sample period. How this response ought to look 

over time is not entirely clear from our predictions, as it would depend on the exact nature of the 

monetary policy goals, as well as the exact cause of the unexpected contractionary monetary policy 

shock. Our suggested theoretical framework provides little insight to answer this. 

When differencing the variables, see appendix (C), figure (C.1–C.2), the impulse response functions 

show a possible presence of a “price-puzzle”, although not enough to be statistically significant. 

Generally, as have been stated earlier, it can be said that a VAR model that demonstrates a price-

puzzle has a problem to overcome when it comes to its interpretational value, given the theoretical 

assumptions made about monetary policy transmission. Our results show however, that including 

the commodity price, combined with the contemporaneous restrictions of the Cholesky 

decomposition, appears to have had an effect in ridding the regression of these issues at least for the 

model that have been estimated in levels. 

 

5.1 Discussion 

It might be worthwhile to briefly examine the responses of all the variables to all shocks in the 

complete model, see appendix (C), figure (C.1). The error bands have been omitted from these 

responses for space consideration and intelligibility. Omitting the responses as well as the shocks of 

the commodity prices as they lay outside of our theoretical framework, we can see that the price 

responses behaves broadly as predicted by our theoretical framework. The responses of output show 

a negative response to a consumer price shock, which is to be expected as the secondary response 

with the assumption of an increased interest rate. This does appear to be the case, as the response of 

the interest rate to the price shock only initially appears to have a brief positive response, after 

which the response is negative, see appendix (C), figure (C.1). The interest rate however, appears to 

respond negatively to a consumer price shock, and only after four periods, which is not in line with 

our earlier predictions. Furthermore, the response of output to an interest rate shock shows a 

positive response. This adds further to the question of the validity of the theoretical framework. 
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If these issues were mainly caused by spurious regressions, they should be solved by deriving our 

model to ensure stationarity. This would reduce potential bias in the estimated confidence bands, 

since trends are no longer present and it does have the advantage of exhibiting less volatility over 

time at the cost of omitting long run interdependencies between the variables. As we can see the 

responses quickly converge towards zero in the impulse response functions, with the exception of 

the interest rate, which is measured in levels. As much of the transmission of monetary policy have 

been argued to be slow, with responses only after some periods, this is a potential issue when 

estimating the true effects of a monetary policy shock on the economy as a whole. Doing so does 

not appear to fundamentally change our conclusions, as the final period after the break date does 

appear to exhibit a potential prize puzzle problem, while the first period does not, see appendix (C), 

figures (C.3). While the output growth shock does appear to have the expected response in 

consumer price inflation and interest rate level, the response of output growth to a monetary policy 

shock does not appear to fit our assumptions. It might also be worth emphasizing that the responses 

are not statistically significant within a 95 % confidence interval for the impulse responses here 

either. 

Separately estimating the SVAR model before and after the suspected break period reduces the 

sample size and affect the precision of the model, but could potentially solve a break problem. Quite 

intuitively the post 2008-2009 recession period contains controversially low, and even negative 

interest rates, with all kinds of variations in the other macroeconomic variables. This variation of 

the macroeconomic variables combined with the possibility of omitted variable bias likely 

constitute large error sources, a hypothesis with literary support, see Wu & Xia (2016). The results 

are primarily backed up by the break tests conducted, which show a high statistical significance 

when compared to the significance of the impulse response functions. It would indeed appear from 

these results at least, that the initial suspicions can be confirmed and that at least the empirical 

estimates have indeed changed between the two periods. 

As has been discussed earlier we cannot know for sure that the theoretical assumptions made from 

our Phillips curve-augmented IS–LM framework, actually correspond to the true structural 

relationships in the Euro Area economy, nor can we be certain that the ECB acts only in the interest 

of price stability. Some responses do not appear to be in line with the predictions from the 

framework, however we cannot from our results determine whether they are caused by issues with 

the regression estimates or from incorrect theoretical assumptions. Relying on the Gali (1994) 

study, some support can be found that the variables studied are an appropriate selection, and that the 

fault does not perhaps altogether lie with the predictions offered by the Phillips curve-augmented 
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IS–LM theoretical framework. Ramey (2016), summarizes the different frameworks that have been 

used previously, which all provide slightly different expected impulse responses to external 

macroeconomic shocks. This is somewhat reassuring as the main focus of the study is after all the 

transmission over time of a monetary policy shock. At least this shock should not provide a positive 

response in the consumer price level or inflation if the model has been specified correctly. This does 

appear to be the case for our regression model when it is estimated in levels. It should also be 

reasonable to assume that price stability is at least one of the primary goals of the ECB monetary 

policy. (Ramey, 2016) 

A secondary issue that was brought up earlier in section 4, was the issue of possible asymmetrical 

changes in the transmission of monetary policy within the aggregated macroeconomic variables 

used in the VAR model. To investigate the possibility of asymmetrical monetary policy 

transmission changes, the consumer price responses to a monetary policy shock have been 

estimated for all countries individually in both the pre- and post-break periods, see appendix (C) 

figures (C.4.1–C.4.2). In the first period, there are two notable responses, whereof Ireland have a 

distinctly larger initial positive response compared to the rest, but settles along the rest of the 

responses during the beginning of the fifth quarter. Finland on the other hand appears to have a 

more pronounced negative response compared to the rest in the intermediate to the long run. 

Turning to the second period, there are observable differences between this and the first period, the 

most obvious of which is the fact that the responses generally have a larger spread in the second 

period. The response of the Spanish consumer prices appears to be particularly volatile, when 

compared to the others. It is important to remember however, that since the aggregate used for the 

VAR model is weighted according to real GDP, this does not give as much weight to Ireland and 

Finland as it does to Germany and France, see appendix (A) for details on country weights. In fact, 

the two former countries have about 2% weight each in the aggregate, meaning they influence the 

combined response very little. Meanwhile France and Germany have on average 29,4% and 21,7% 

in weight respectively. Spain does have a 10,9% weight in the index, but is only a little more 

pronounced as an initially positive, then fluctuating response compared to other countries of the 

aggregate. Italy appears to consistently have the weakest negative, in fact positive, responses of all 

the countries, and it has a weight of 17,6% in the index. The actual response of the Italian consumer 

prices however, does not appear to change all that much between the two periods. Measuring the 

spread between the responses of the countries with the heaviest weights should give a picture of 

what might cause the differences between the two periods in the aggregate, and we can see that the 

spread does increase overall in the post-break period including for France and Germany. 
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From this it would appear that asymmetrical changes do play a role in explaining some of the 

differences between the periods. The reason as to why the responses are different however, cannot 

be compellingly determined from this data alone. We also have to recognize the role that potential 

issues with the regression estimation play, when measuring these individual responses. It should 

also be noted that observed differences ought to be at least partly due to the omitted effects of 

unconventional monetary policy, as this have been demonstrated to have an effect. If we return to 

the Bruneau & De Bandt (2003) study as well as Ramey (2016), the empirical evidence would also 

suggest that the monetary policy transmission of the Euro Area converges over time. Our initial 

hypothesis was that the ambiguous result of the post-break period was to expected due to a 

combination of measurement errors, omitted variable bias and simply due to weak movements of 

the variables combined with white noise, and not due to fundamental changes in the transmission 

mechanism. We cannot, however, from the results of this study rule out the possibility of at least 

partial effects of a change in the fundamental transmission of monetary policy. 

With the support of the literary background however, the suggestion would be that primary issue is 

with the estimation method, and that augmenting the VAR model in accordance with the Wu and 

Xia (2016) Shadow Rate Term Structure Model, would solve a major cause of measured differences 

between the periods. To further support that these conclusions about the results are in fact 

reasonable, are the outcomes of the Wu and Xia (2016) investigation of the transmission of the US 

federal funds rate. They found that the zero-lower bound constituted an obvious break, that would 

prevent credible results from a VAR model studying monetary policy transmission over any such 

period. The interest rate no longer conveys any information with which to explain the movements of 

other variables in this state. To reiterate what is also mentioned earlier, the omittance of additional 

tools available to the monetary policy maker also leaves out important information about the 

transmission of the monetary policy throughout the economy, creating omitted variable bias in the 

regression that obstructs the “true” estimation of the transmission of monetary policy related 

interest rate shocks. Consequently, they point out that even if estimating the counterfactual 

situation, that is if no unconventional monetary policy had been adopted by the policymaker, were 

the goal of the model, estimating it using a traditional monetary policy framework would thus still 

bias the estimate. The result is not statistically significant both because of the lack of “surprise” 

movements as well as the bias from not measuring the “effective interest rate” that would include 

the effects of unconventional monetary policy (Wu & Xia, 2016). 

To summarize, the conclusions that can be drawn from the results in this study is supported in the 

existing literary framework, with the results of Wu & Xia (2016) in company with summarized 
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literature such as Ramey (2016), being a key motivation for the initial hypothesis of the presence of 

a structural break in the transmission of a monetary policy shock to the macroeconomy. Combined 

with the literary background to support the hypothesis, as well as the break tests conducted in this 

study there this is support for the presence of a structural break in the time series analysis of 

monetary policy transmission. While the presence of a structural break can be shown with statistical 

significance in the break test however, this study does not determine if such a break is mainly 

caused by asymmetrical changes in the transmission of monetary policy, or mainly caused by 

estimation issues due to omitted variables. In any case a potential structural break, by definition, 

constitutes a change in the population regression function over the course of the sample. Because of 

the weighted indices used to construct the aggregate however, the variation in the former 

explanation should not be enough to fully explain all the differences, as unconventional monetary 

policy has been demonstrated to have an effect (Wu & Xia, 2016). 

 

6. Conclusion 

This study set out to analyse the effects of monetary policy shocks to macroeconomic variables in a 

four variable VAR model for 11 countries of the Euro Area in recent years. Specifically, the study 

sought to investigate the presence and consequences of a structural break in the regression, making 

the time period less suitable for a single VAR model to be estimated. The question about the 

presence of breaks in the time series regression variables was investigated, using a Quandt-Andrews 

breakpoint test and the sample was split into a pre- and a post-break period for the VAR model to 

be estimated on. The initial hypothesis was that the regression ought to suffer from serious 

estimation problems, in that it was estimating monetary policy transmission near the zero-lower 

bound. That is, the interest rate is close to zero and can also assume a slightly negative value, see 

figure (1). In short, the empirical estimates could be expected to show ambiguous results and the 

standard errors would be larger for the period following the structural break. The theoretical 

framework used for portending the structural relationships between the macroeconomic variables 

have been a Phillips curve-augmented IS–LM model. Its basis in fundamental Keynesian economic 

theory makes it useful to also shed light on broader implications for time series analysis, not least 

within New Keynesian frameworks.  

The empirical results were found to be at least partly in line with what the basic Keynesian 

economic theory would suggest, as specified within the Phillips curve and the IS–LM framework, 

both for the VAR model of the sample period as a whole and for the model applied in the period 
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before the identified structural break date. It would also appear that the model specification did not 

suffer from common identifying errors such as the price puzzle, and that the addition of commodity 

prices, as such, appears to have had the intended effect. Some issues were found which could 

question the validity of the theoretical framework used, but whether this was due to incorrect 

theoretical assumptions, or due to estimation problems, could not be established. Many monetary 

policy models further augment the simple model utilised by adding government income and 

spending to the endogenous variables. We have not done so in this specification, which does also 

mean that we have to acknowledge the possibility of omitted variable bias in our estimates. This 

problem is combined with the fact that the European Central Bank, as the monetary policy maker of 

the eurozone, began its Quantitative Easing program starting in 2009, which is also not included in 

our model, and which constitute an important potential omitted variable bias source. 

It was also investigated whether a large share of the differences in the empirical results between the 

two periods could be ascribed to fundamental asymmetrical changes in the monetary policy 

transmission. The results would suggest that at least part of the differences between the two periods 

could be explained by country-specific differences in the responses to a monetary policy shock. 

How much of the differences between the individual countries’ monetary policy shock responses 

were due to measurement issues, and how much they were due to differences in the transmission 

mechanism could not be established however. Because of the GDP weighted indices used to 

construct the aggregate, the regression output is biased towards the data of Germany, France, and 

Italy, which should reduce the effect of asymmetrical differences from countries other than those 

with the highest weights, between the periods. 

The contribution with the highest statistical significance level of this study was the Quandt-

Andrews breakpoint test conducted on the variables, using a linear ordinary least squares estimate 

of the variables which could be shown to exhibit characteristics of a break in the time surrounding 

the years of the 2008 recession both with respect to their own lags as well as in relation to each 

other, suggesting both 2009, 2011 and 2012 as potential break dates. It was shown in a model 

estimating the macroeconomic variables in levels, that the variables all have a break on the 1 % 

significance level. The main contribution of this study to the existing literature is mainly that it 

contributes with support for the presence of a structural break in an OLS regression of monetary 

policy transmission, through the method of a break test, while also illustrating potential 

consequences of estimating a single VAR model specification over the entire period. These results 

are also found to be in line with the conclusions from earlier studies, as suggested by Wu and Xia 

(2016). 
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An implication of this would be that a different VAR regression model might be more suitable to 

analyse the monetary policy transmission mechanism when monetary policy is conducted near the 

zero-lower bound. This should at least be the case at least when applying a Keynesian framework to 

portend the structural relationships, but more generally an important circumstance to keep in mind 

for any time series analysis of monetary policy and its effect on the economy. An example of this, 

in line with earlier studies, would be the problem that there has been very little variation in the 

interest rate for the second period, following the 2008 recession. Furthermore, time series analysis 

used to capture the transmission of monetary policy in the presence of the zero-lower bound, could 

suffer problems if traditional monetary policy rules are applied without considering the 

consequences of potential nonstationarity. Existing proposed solutions in the literature would 

suggest either changing the model used altogether, or alternatively be prepared to incorporate 

additional features into an already established specification, such as when augmenting an existing 

model with the Wu and Xia (2016) Shadow Rate Term Structure Model. Finally, as encouraging 

words for estimating monetary policy transmission near the zero-lower bound, and as Wu and Xia 

(2016) point out, while some solutions have been suggested, no complete and coherent solution 

exist as yet and the area remains open to future work. 
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Appendix A: Data appendix 

Commodity Price Index 

The log of the index is used, where 2010=100. 

Source: IMF 

 

Consumer Price Index (CPI) 

The log of the index is used, where 2010=100. 

Source: IMF 

 

Monetary policy related interest rate 

The short-term nominal interest rate utilised by the ECB as a monetary policy intervention tool. 

Source: Eurostat 

 

Real Gross Domestic Product (RGDP) 

The nominal GDP divided by the deflator, the log of which is used to determine the output growth. 

Source: Eurostat 

 

Euro Area (11) 

Countries and average weights: Austria, 3.2%; Belgium, 3.9%; Finland, 2.1%; France, 21.7%; 

Germany, 29.4%; Ireland, 2.0%; Italy, 17.6%; Luxembourg, 0.4%; Netherlands, 6.8%; Portugal, 

1.9%; Spain, 10.9%.  
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Appendix B: Formulary 

 

Sum of squared residuals: 

𝑆𝑆𝑅 =  ∑ �̂�𝑖
2

𝑛

𝑖=1
 (1) 

 

Bayes information criterion,  𝑝 lags, 𝑇 sample time periods: 

𝐵𝐼𝐶(𝑝) = 𝑙𝑛 [
𝑆𝑆𝑅(𝑝)

𝑇
] +  (𝑝 + 1)

ln(𝑇)

𝑇
 (2) 

 

Akaike information criterion,  𝑝 lags, 𝑇 sample time periods: 

𝐴𝐼𝐶(𝑝) = 𝑙𝑛 [
𝑆𝑆𝑅(𝑝)

𝑇
] +  (𝑝 + 1)

2

𝑇
 (3) 

 

 

Augmented Dickey-Fuller test 

Consider the following regression, derived from the pth-order autoregressive model AR(p): 

𝑑𝑦𝑡 =  𝑏0 +  𝛿𝑦𝑡−1 + 𝛾1𝑑𝑦𝑡−1 + 𝛾1𝑑𝑦𝑡−2 + ⋯ +  𝛾𝑝𝑑𝑦𝑡−𝑝 + 𝑢𝑡  (4) 

In the augmented Dickey-Fuller (ADF) test for a unit autoregressive root, the null hypothesis 𝛿 = 0 

is tested against the one-sided hypothesis 𝛿 < 0 using an ordinary least squares t-statistic. Here, 𝑑𝑦𝑡 

is assumed to be stationary in the case of the null hypothesis, while the alternative hypothesis 

proposes that 𝑦𝑡 is stationary. The test is also used to examine whether 𝑦𝑡 is stationary around a 

linear time trend, in which case a “time-trend” term is added to the regression.  
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Chow test 

Suppose a known or suspected break date in a simple autoregressive model AR(1), using one lag of 

the variable 𝑦𝑡. Let 𝐷𝑡(𝜏) denote the binary variable of the hypothesized break date: 

𝑦𝑡 =  𝑏0 +  𝑏1𝑦𝑡−1 +  𝛾0𝐷𝑡(𝜏) +  𝛾1[𝐷𝑡(𝜏)  ×  𝑦𝑡−1] +  𝑢𝑡 (4) 

In case of no break present, the regression function will be the same for both periods, so that the 

binary variable 𝐷𝑡(𝜏) is equal to zero. This is tested in a hypothesis test using the F-statistic to 

acquire a p-value from the F-distribution. The null hypothesis of no break: 

𝛾0 = 𝛾1 = 0 (5) 

is tested against the hypothesis that at least one 𝛾 is nonzero. The test can be expanded to include 

additional regression coefficients as well as additional lags. 

 

 

Quandt likelihood ratio test 

By modifying the Chow test, it is possible to test for all possible break dates within a specified 

period. Suppose that an unknown break date is hypothesized to lie between the two dates 𝜏0 and 𝜏1. 

Let 𝐹(𝜏) denote the F-statistic that is used to test the hypothesized break in equation (4), with the 

null hypothesis in equation (5) against the hypothesis that at least one 𝛾 is nonzero. The Quandt-

Andews likelihood, or sup-Wald, statistic is the largest value in the range 𝜏0 ≤ 𝜏 < 𝜏1: 

𝑄𝐿𝑅 = 𝑚𝑎𝑥[𝐹(𝜏0), 𝐹(𝜏0 + 1), … , 𝐹(𝜏1)]. (6) 

The QLR-distribution is on the number of restrictions tested as well as the fraction of the total 

sample period that is being tested. 

 

 

Source: Stock & Watson (2015).  
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Appendix C: Impulse responses 

 

 

Figure C.1 Complete period IRF: 1999q2 – 2017q2; Responses to Cholesky One S.D. (d.f. adjusted) Shocks; 

commodity prices, c, inflation prices, p, and output, y: 0.01 corresponds to a 0.1 % response; interest rate, r, is shown in 

levels. 
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Figure C.2 Complete period IRF: 1999q2 – 2017q2; Responses to Cholesky One S.D. (d.f. adjusted) Shocks; 

commodity price inflation, dc, consumer price inflation, dp, and output growth, dy; 0.01 corresponds to a 0.1 % 

response; interest rate is shown in levels. 
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Figure C.3.1 Prior to break date IRF: 1999q2 – 2010q2. 

 

Figure C.3.2 Following break date IRF: 2010q2 – 2017q2. 

Figures C.3.1–C.3.2: Responses to Monetary Policy Shock, Cholesky One S.D. (d.f. adjusted) Shocks: inflation and 

output growth; 0.01 response corresponds to a 0.1 % response; interest rate response is shown in levels. Dotted lines 

show confidence bands of ± 2 S.E. 
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Figure C.4.1–C.4.2 

 

Figure C.4.1: Prior to break date IRF: 1999q2 – 2010q2; Country-specific responses of consumer prices to monetary 

policy shock; Cholesky One S.D. (d.f. adjusted); list of countries: see appendix (A). 

 

Figure C.4.2: Following break date IRF: 2010q2 – 2017q2; Country-specific responses of consumer prices to monetary 

policy shock; Cholesky One S.D. (d.f. adjusted); list of countries: see appendix (A). 

 


