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Abstract 

The aim of this research is to check whether the Taylor rule in its simple linear form can 

be viewed as an appropriate description of the monetary policy pursued by Norway’s 

central bank – Norges Bank, and whether this rule can be used for forecasting purposes. 

Not only does this research focus on the original Taylor rule, but it also deals with its 

extended version designed for small open economies such as Norway. A conclusion 

about whether regressions can produce reliable coefficient estimates is drawn on the 

basis of time series’ properties tests and cointegration tests. The performance of the 

simple-form Taylor equation is compared to its alternative forms through forecasting 

exercises.  

The study has shown that the extended version of the Taylor rule with interest rate 

smoothing and augmented with the real exchange rate, the policy rate of the EU and oil 

prices can be viewed as a close approximation of Norges Bank’s monetary policy and 

can be used for forecasting purposes. 
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I.INTRODUCTION  

The problem of inflation targeting and the monetary policy function closely related to it 

have provoked numerous macroeconomic discussions in the scientific world in the past 

two decades. The great interest to the subject is accounted for the significance of the 

monetary policy effects on the population’s everyday life and on entire national 

economies. Inflation targeting, first adopted in New Zealand in 1990, and then in 

Canada, the UK, Sweden and other countries, implies adjusting the central bank’s 

interest rate when inflation deviates from its target. However, an interest rate as the 

main monetary policy instrument is set not solely in line with inflation movements. The 

simplest rule was formulated by John Taylor in 1993 as a linear dependence of the 

central bank’s interest rate on the output gap and the deviation of the current inflation 

from its target level. From then on, the rule gained high popularity with economists who 

studied monetary policy. This can be explained by a high degree of accuracy with which 

Taylor described the US monetary policy. However, a research conducted by Österholm 

(2005) showed that the federal funds rate prescribed by the Taylor rule tracked the 

actual rate quite well only during the period of 1960-1979. Österholm (2005) also points 

out some serious problems with the rule’s relevance for the next two decades in the US, 

as well as for the other countries under consideration, Australia and Sweden. 

The question of why we find little evidence for the Taylor rule’s relevance today has 

been studied by a number of economists in their theoretical and empirical papers. They 

find a few reasons for that. 

The first and foremost problem researched in the present paper is time series properties 

of variables used in monetary policy analysis. The notion that time series properties 

should not be neglected is stipulated by, for instance, Phillips (1986, 1988) and Enders 

et al. (2007). These variables are most often non-stationary and constitute processes 

integrated of order one. For this reason, regressions run on such variables may be 

spurious and produce inconsistent coefficient estimates, unless cointegration is found 

between the integrated variables. An empirical study by Österholm (2005) conducted on 

the US, Australia and Sweden shows that inflation and interest rate are most often 

integrated I(1), whereas the output gap series is likely to be stationary. He does not find 

enough evidence for cointegration between these three series in any of the three 

countries, except for the period of 1960-1979 in the US. It is the only period for which 
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the Taylor rule describes the US monetary policy fairly well and produces relatively 

reliable forecasts for the next three years. 

A conclusion about whether regressions can produce reliable coefficient estimates will 

be drawn on the basis of time series’ properties tests (Augmented Dickey-Fuller (ADF) 

and Kwiatkowsky, Phillips, Schmidt and Shin (KPSS) tests) and cointegration tests 

(Johansen trace test (1991) and maximum eigenvalue (1988) tests). Unlike the tests 

conducted by Österholm (2005) for the US and for neighbouring Sweden, the tests in 

this paper demonstrate that it is the key rate of Norges Bank that is a stationary time 

series for the period 2002-2010, whereas the results for the underlying measure of 

inflation are mixed. The proxy for inflation is either stationary or integrated of order 

one. Luckily for the Taylor rule, cointegration between the variables has been found, 

which constitutes a necessary prerequisite for the Taylor rule’s relevance.  

A second problem pointed out by a number of scientists (Cukierman et al. (2008)) is a 

possible asymmetry in a central bank’s preferences, which implies a log-linear, rather 

than linear, dependence between variables in the equation. Furthermore, the Taylor rule 

can be viewed as a theoretically misspecified model for a monetary policy. Most likely, 

the inflation and output are not the only variables which determine the monetary policy, 

and in this case the model may suffer from omitted variable bias. According to 

Svensson (2003), such variables as the real exchange rate, the foreign interest rate and 

foreign output might play an important role in conducting the monetary policy, 

especially in small open economies like, for instance, Norway or Sweden. 

The aim of this paper is to check whether the Taylor rule in its simple linear form can 

withstand the criticism of Cukierman et al. (2008)) and whether it can be viewed as an 

appropriate description of the monetary policy of Norway’s central bank – Norges 

Bank, and also whether the rule can be used for forecasting purposes. Not only does this 

research focus on the original Taylor rule, but it also addresses the problem described 

by Svensson (2003) by examining an extended version of the rule designed for small 

open economies. Unlike the US with its 19,3% share in the world’s GDP, Norway is a 

small economy with a share of only 0,56%. Since Norway is a member of the EEA, its 

economy is highly integrated into the European market. It is also reasonable to 

conjecture that the monetary policy of the ECB has certain effects on Norges Bank’s 

decision making. For these reasons, it is appropriate to introduce the real exchange rate 
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of Norway into an open-economy model, as well as the policy rate of the ECB as a 

foreign interest rate. Another important and specific feature of the Norwegian economy 

is that it is a large oil producer and takes the fifth position among the world’s largest 

exporters of oil.  The importance of oil price fluctuations for the Norwegian economy is 

the reason why the oil price is included into the extended model in this paper. 

The paper is organized in the following way. Section 2 is devoted to a few most wide-

spread specifications of the Taylor model. Section 3 constitutes the empirical study. 

First it describes the data, then explains the necessity of time series properties tests and 

finally describes how these tests are performed. The econometric properties of the 

variables are further tested. Afterwards, the section presents regression results for the 

original Taylor rule and its alternative specifications.  The final sub-section tests the 

forecasting abilities of the above-mentioned models and compares them. Section 4 

summarizes and concludes the present research. 

II.TAYLOR RULE SPECIFICATIONS 

Originally, Taylor (1993) formulated his rule as in equation (1), implying that the 

central bank should raise its interest rate when inflation exceeds its target level and 

when the output deviates from its stochastic productivity trend: 

�� � �� ����	
� ��
� � ����                                                                                      (1) 

where � � �� � 
� with �� and 
� representing the real rate of interest and the inflation 

target level, respectively. The central bank interest rate is denoted by ��; 
� represents 

the inflation rate calculated over twelve months, and ���is the output gap. 

This equation implies that the nominal interest rate of the central bank is not simply set 

at the level of the equilibrium real interest rate plus the inflation target (the intercept), 

but it also takes into account output gap deviations from zero and inflation deviations 

from its target due to a certain degree of inflation aversion. 

When performing econometric analysis, it is better to use levels of inflation, rather than 

their deviations from the target level. Thus, this paper will estimate equation (2) which 

is a modification of equation (1):  

�� � � � ��
� � ���� � ��                                                                                             (2) 
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Here the intercept includes the inflation target: � � �� � 	�� � �
�. This form of the 

Taylor rule will be used for analysis in the present paper. There are certain binding 

requirements for coefficients in the equation. The inflation and output coefficients 

should be positive and significantly different from zero, implying contractionary 

measures when inflation exceeds its target level and when output grows over its 

potential level and vice versa. Apart from that, the condition that the inflation 

coefficient be larger than one is crucial from a macroeconomic stabilisation point of 

view. If the condition of ��� � � is fulfilled, it enables a lower real interest rate to 

stimulate the economy in the event of a negative demand shock. Otherwise the shock 

would be accommodated and further aggravated (Clarida et al. (2000)). In the event of a 

positive demand shock, overcoming a new surge in inflation requires the policy rate to 

increase by more than the current rise in the inflation; in other words, “the interest rate 

should rise more than one-for-one” (Clarida et al. (1999)). 

A lot of economists suggest capturing the forward-looking behaviour of the central bank 

in question instead of working with current levels of inflation and output. A new form 

of the Taylor interest rate rule suggested by Clarida et al. (1999) implies that the central 

bank foresees what the inflation is going to be in the next period and changes its interest 

rate accordingly as early as today. Virtually, the rule can be presented as a slight 

modification of equation (2): 

�� � �� ����	��	
��� ��
� � ����                                                                           (3) 

Equation (3) can be generalised to a form where output expectations are taken into 

account. Apart from that, it is not always the case that the lag between the interest rate 

and inflation is 1 year, as equation (3) suggests. First, it takes time for the interest rate to 

affect the output gap (as the IS-curve suggests) through changing the aggregate demand 

and investments. Then the output changes and related changes in employment affect the 

inflation, which is usually explained with the help of a Phillips curve. The whole 

process may take from 1,5 to 2 years. This can be displayed in the following version of 

the Taylor rule with different lags in output and inflation. 

�� � �� ����	��	
��� ��
� � ����	����                                                               (4) 

To address the problem of a possible theoretical misspecification, the Taylor rule could 

be augmented with additional variables. Since Norway is a small open economy, the 
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real exchange rate �� and the key interest rate ���� of the EU  as Norway’s major 

economic partner may influence Norges Bank’s key rate decisions. The effect of the real 

exchange rate movements on the policy rate has been studied by a number of 

economists, such as Svensson (2003), Taylor (2001), Österholm (2005), Batini et al. 

(2000). Oil prices are also taken into account in the analysis of this paper, since oil 

plays an important role in the Norwegian economy. The following equation represents 

the new version of the Taylor rule for an open economy: 

�� � � � ��
� � ���� � ���� � �� !��
�� � �"#$%&�

'�( � ��                                            (5) 

The variable �� in equation (5) is the real exchange rate. An increase in �� means that 

the exchange rate depreciates. A positive interaction between the key rate �� and the real 

exchange rate �� (�� ) *) can be explained by the fact that depreciation of the exchange 

rate leads to higher import prices. It also increases its inflationary pressure through 

indirect effects such as higher wage claims and foreign demand.  The Norwegian key 

interest rate changes in compliance with the policy rate movements of Norway’s 

primary economic partner, the EU, so the expected coefficient sign at the foreign 

interest rate ���� is positive: �� ! ) *. Since oil is Norway’s major export commodity, 

its price growth leads to the national currency appreciation. To sustain the real exchange 

rate at a competitive level, the national bank resorts to monetary easing. This translates 

into a negative dependence between the key rate and oil price: �"#$% � *. 

Since a national monetary policy is intended to maintain stability in the country, sharp 

and unexpected changes in the interest rate should be avoided. In other words, central 

banks tend to smooth their interest rates. This view is supported by Levin et al. (1999) 

and by Clarida et al. (1998, 1999, and 2000). Therefore equations (2) and (5), 

respectively, can be modified by introducing a lagged interest rate: 

�� �� 	� � +,� � ��
� � ����- � +��.�                                                                       (6) 

and 

�� �� 	� � +,� ����
� � ���� � ���� � �� !��
�� � �"#$%&�

'�(- � +��.� � ��             (7) 

where + / 0*1 2�2 is a smoothing parameter. According to Clarida et al. (1999), this 

parameter is usually between 0,8 and 0,9 for quarterly data suggesting a very  slow  

adjustment of the interest rate. This may be accounted for the parameter uncertainty 
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which policy-makers face in reality due to the fact that they cannot perfectly know how 

the world works. Thus, following simple policy rules may create additional disturbances 

in the economy. 

It is clear that neither Norges Bank, not any other central bank conducts its monetary 

policy in line with a simple linear rule. As has already been mentioned, a certain degree 

of asymmetry may be present in a central bank’s preferences, implying a log-linear, 

rather than linear, dependence between the variables. A number of scientists 

(Cukierman et al. (2008)) claim that the degree of inflation aversion grows as the 

inflation itself increases. That is because it is more difficult to handle a high inflation 

rather than a low one. Enders et al. (2007) argue that, since increasing the inflation is 

usually much easier than decreasing it, the coefficient for the interest rate response to 

inflation should be larger for positive values of inflation deviations from its target rather 

than for negative ones. These kinds of asymmetry make it impossible for a linear Taylor 

equation to describe the path of a policy rate.  

In fact, Norges Bank’s main forecasting tool is not a linear rule similar to the Taylor 

rule, but the NEMO (Norwegian Economy Model) which is a small open-economy 

model developed from DSGE (dynamic stochastic general equilibrium) models1. 

However, this complex model is quite new and is currently under development. The 

main aim of this paper is to check if a simple Taylor rule can serve as a good 

approximation of Norges Bank’s monetary policy. For that to be the case, it is important 

that the variables get meaningful coefficient estimates. However, getting meaningful 

coefficient estimates does not always mean that the model is a valid description of a 

national monetary policy. The regression might be spurious, but this suspicion will be 

checked and analysed in the next section. 

III. EMPIRICAL STUDY 

The empirical part will focus on equations (2) and (5). Equation (2) is the simplest form 

of the Taylor rule and also the most discussed one in economic literature. Since Norway 

is a small open economy, it is appropriate to check whether introducing additional 

variables to the basic model would provide more support for the Taylor rule. In case the 

Taylor rule in its traditional form or in its open-economy form fails to describe Norges 

                                                           
1 For more about the NEMO, see Norges Bank Monetary Policy Staff Memo No. 8/2010 by 
Bache et al. (2010). 
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Bank’s behaviour, it is worth checking whether introducing an autoregressive term 

(equations (6) and (7)) could give better results. A wavelike character of the key rate 

trajectory with gradual increases and decreases (Figure 2) makes it highly probable that 

the Norwegian central bank follows a gradualist approach. It would certainly be unwise 

to immediately adjust the key rate in line with a simple algebraic rule. Abrupt changes 

in the policy rate would bring about destabilisation to the economy. This idea is 

substantiated in many contemporary empirical research papers. Apart from that, Taylor 

(1993) stated himself that in the real complex world, policymakers should not follow 

such simple rules as his. His intention was only to investigate how “rule-like” behaviour 

could improve the performance of monetary policy. 

Section III is organised in the following way. Sub-section III.1 describes the data 

involved in the analysis; sub-section III.2 provides a detailed instruction as to how the 

time series are tested for the order of integration and for cointegration; unit root tests 

and cointegration tests are performed in sub-sections III.3 and III.4 respectively2; sub-

section III.5 contains regression outputs and comments on obtained regression results; 

the four above-mentioned models are compared in terms of their forecasting ability and 

accuracy in  sub-section III.6. 

III.1. Data description 

Equation (2) used for empirical analysis in this paper requires data on the central bank’s 

interest rate, the inflation or its underlying measure, and the output gap. 

Norges Bank uses the so called key rate as its main monetary policy instrument. The 

key rate is a sight-deposit rate.  Unlike in other countries where the policy rate is an 

interest rate at which the central bank finances commercial banks, the key rate in 

Norway is an interest rate used for commercial banks’ deposits placed in Norges Bank. 

It happened to be so because from autumn 1993 the banking system had an excess 

liquidity and thus had to place its overnight deposits in the central bank. Before that, 

Norwegian banks had been in a borrowing position, so Norges Bank’s policy instrument 

was an interest rate on overnight loans. Today the sight-deposit rate is also a floor for 

                                                           
2 All the empirical study is performed using Eviews econometrics package. 
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rates in the short-term money market. Since March 2007, it has been different from the 

overnight lending rate by one percentage point.3 

The inflation target in Norway is a 2,5% annual change in the consumer price index. 

However, it is not the consumer price index (the CPI) that Norges Bank targets. As 

many other central banks, it disregards effects on the CPI caused by taxes, changes in 

interest rates, and temporary price disturbances. For instance, a rise in the key rate 

makes commercial banks raise their interest rates on mortgages. This makes shelter 

more expensive for consumers. Norges Bank avoids the direct effects of interest rate 

changes on the CPI and includes only house rent changes into its underlying measure of 

inflation as indirect effects of interest rates.4 

In Norway, changes in energy prices cause considerable fluctuations in the CPI. 

Consequently, in August 2008, Norges Bank implemented a new underlying measure of 

inflation called CPIXE, which stands for “CPI adjusted for tax changes and excluding 

temporary changes in energy prices” (Norges Bank). However, since it is only fairly 

recently that the CPIXE was introduced, it is not posible to use this measure of inflation 

for the purposes of this research.   

There is another indicator of underlying inflation that is close to the CPIXE. It has been 

calculated in Norway since January 2002 and is called CPI-ATE. Norges Bank defines 

it as “CPI adjusted for tax changes and excluding energy products”. Figure 1 illustrates 

how close the CPI-ATE is to the CPIXE. From November 2008 through February 2010, 

the values of both indeces nearly coincided. The difference was noticeable only from 

March through September 2010 and remained between 0,2 and 0,4 percentage points. 

This makes me assume that the CPI-ATE can be used as a good proxy for inflation in 

the analysis. 

Output gap is the third essential varible for monetary policy rules. It is reffered to as the 

gap between the actual and potential output. The latter is associated with stable 

inflation. Norges Bank defines its output gap as “the percentage deviation between 

mainland GDP and projected potential mainland GDP”.5 

                                                           
3 Norges Bank. http://www.norges-bank.no/templates/article____51655.aspx 
4 Norges Bank. http://www.norges-bank.no/upload/import/front/pakke/en/foredrag/2005/2005-
06-07/charts/chart6.png 
5Monetary Policy Report, 3/2010  

http://www.norges-bank.no/upload/import/front/pakke/en/foredrag/2005/2005-06-07/charts/chart6.png
http://www.norges-bank.no/upload/import/front/pakke/en/foredrag/2005/2005-06-07/charts/chart6.png
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Unfortunately, Norges Bank’s Monetary Policy Report 3/10 provides the output data 

only starting from the first quarter of 2008.6  The data from 2002:1 to 2007:4 are 

available from the OECD dataset.7  The data for the period 2002:1 - 2004:4 constitute 

absolute revisions of quarterly output estimates. However, the subsequent set of data for 

the period 2005:1-2007:4 was not revised and therefore provides latest estimates 

without absolute revisions. The dynamics of the above-mentioned variables is shown in 

Figure 2. 

FIGURE 1. Consumer prices in Norway. 12-month change. Per cent. 

January 2002 – September 2010 

 

1) CPI adjusted for tax changes and excluding energy products 

2) CPI adjusted for tax changes and excluding temporary changes in energy prices 

3) CPI adjusted for frequencies of price changes 

4) Model-based indicator of underlying inflation 

Sources: Statistics Norway and Norges Bank 

 

Some other important variables will also be used in the analysis. These are the real 

effective exchange rate, the official deposit rates of the ECB serving as the foreign key 

rate, and finally the oil price. The monthly real (CPI-based) effective exchange rates are 

                                                           
6 Monetary Policy Report 3/10, Chart 1.19b Output gap. Per cent. 2008 Q1 – 2016 Q4 
7 Revisions EO-ADB dataset (OECD) 
http://www.oecd.org/document/1/0,3746,en_2825_495684_41054465_1_1_1_1,00.html 
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provided by the Bank for International Settlements8 as broad indeces comprising 58 

economies. The quarterly data were calculated as the geometric mean of the monthly 

data. The quaterly oil prices are calculated as geometric means of weekly Europe 

(Ekofisk, Norway) blend spot prices9  in  dollars per barrel. The official deposit rates of 

the Euroarea are provided by Eurostat on a quarterly basis. 

FIGURE 2. Key policy rate, CPI-ATE and output gap for Norway, 2002:1 to 2010:2 

 

III.2. Time series properties tests: why and how they are done 

In order to check if the Taylor rule can produce reliable coefficient estimates, it is 

necessary to investigate the time series characteristics of individual variables. It is 

unlikely that all the variables constitute stationary processeses. They are often 

integrated, which means that taking differences of their levels may produce a stationary 

process. The order of integration is denoted by I(p), whereas the order of a stationary 

time series is I(0). Regressions run on non-stationary time series are often spurious and 

may produce unreliable coefficients. In this situation, checking for cointegration 

between individual non-stationary (integrated) time-series is necessary to conclude if 

the Taylor rule has empirical relevance. Cointegration means that, although certain 

individual time series are integrated, they may compose a linear combination which is 

stationary (or at least of a lower order of integration). 

                                                           
8 Bank for International Settlements. http://www.bis.org/statistics/eer/index.htm 
9 Independent Statistics and Analysis. US Energy Information Administration. 
http://www.eia.doe.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=WEPCNOEKO&f=W 

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Key rate CPI-ATE Output gap



15 
 

The suspicions that time series are non-stationary, i.e. that they have a unit root, can be 

addressed by conducting the Augmented Dickey-Fuller (ADF) and Kwiatkowski, 

Phillips, Schmidt and Shin (KPSS) unit root tests. The ADF test (Dickey and Fuller 

(1979)) was initially developed for autoregressive processes, but later it allowed for 

moving-average parameters in autoregressive processes (Said and Dickey (1984, 

1985)). For the purposes of this research, it was necessary, first af all, to make sure that 

the key rate, CPI-ATE and the output gap were not pure moving-average processes (by 

verifying that their autocorrelation function did not cut-off after the first lag). According 

to a study by Schwert (1989), the ADF test is less sensitive to model misspecifications. 

Österholm (2005) also points out that many studies confirm the appropriate power and 

size properties of this test. For this reason, this test was chosen for the purpose of 

checking for unit roots in the characteristic equations of the time series. The ADF test 

has the non-stationarity of a time series as its null hypothesis. The test will be carried 

out using two information criteria – as suggested by Akaike (AIC) and by Schwarz 

(SBIC) – because in several cases the results produced by the Akaike criterion alone did 

not turn out to be persuasive. 

To further substantiate my conclusions, I am going to use the KPSS test (Kwiatkowski 

et al. (1992)) which treats stationarity as its null hypothesis. The bandwidth parameters 

are set according to the Newey-West method using the Bartlett kernel (Newey, West 

(1994)).  

The two above-mentioned tests complement each other in the following way. If we test 

a non-stationary time series, the test-statistic value of the ADF test must be 

insignificant. In other words, it must be less than its critical value. In this way, the null 

of a unit root presence (implying non-stationarity) cannot be rejected. The KPSS test 

statistic, in turn, must be significant to reject the null of stationarity. Unfortunately, it is 

not always the case that one of the tests rejects its null and the other does not. The 

results are often mixed when neither of the tests rejects its own null. In this case, it is 

not possible to draw a definite conclusion with a high degree of certainty. 

However, once not all of the time series are found to be stationary, one cannot run a 

regression in the hope of getting reliable coefficients. What has to be done first is 

conducting some cointegration tests. Even if the time series are integrated, they might 

follow a common trend, i.e. be cointegrated. If the cointegration requirements are met, it 
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is possible to work even with non-stationary processes. In our case, it means that 

finding coitegration between the key rate, inflation and the output gap series would 

make the Taylor rule feasible. 

I check for cointegration in the following ways: 

1) performing residual-based tests, and 

2) applying the Johansen procedure.  

Residual-based tests are easy to perform but they do not give a precise answer as to 

whether the variables are cointegrated or not. However, they will be carried out to see if 

cointegration test results are robust. Engle and Granger (1987) introduced the following 

simple method of testing for cointegration: 

- run a regression of the form (2) or (5); 

- save its residuals; 

- test whether the residuals are stationary or constitute a unit-root process. The 

procedure is done with the help of the ADF and KPSS tests described in this 

sub-section. If the tests demonstrate stationarity in the residuals, it means 

that the three varibles are cointegrated. 

This procedure can be explained in the folowing way. Residuals are linear functions of 

the three variables: 

�3� �� �� � �� � ���
� � �����                                                                                       (8) 

According to the definition of cointegrated variables, the stationarity of a linear function 

(8) implies that the variables are cointegrated. 

Estimation of a cointegration vector and applying it to a vector-error correction model 

(VECM) is a well-known procedure in the Johansen test. A VECM is obtained by 

adding an error correction term to a vector autoregression model (VAR).  The following 

system of equations is estimated: 

4�� � 5�6 � +�73�.� � 8 ��
"
�9� 4��.� � 8 ��

"
�9� 4
�.� � 8 :�

"
�9� 4��.� � ;��    (9) 

4
� � 5�6 � +�73�.� � 8 <�
"
�9� 4��.� � 8 =�

"
�9� 4
�.� �

8 >�
"
�9� 4��.� � ;��                         (10) 
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4�� � 5�6 � +�73�.� � 8 ?�
"
�9� 4��.� �8 @�

"
�9� 4
�.� � 8 A�

"
�9� 4��.� � ;��(11) 

where ;�� 1 ;��� and ;�� are a multivariate white noise. If the three variables are 

cointegrated,  the VECM residuals are normally distributed and are not serially 

correlated. The Granger Representation Theorem states that an error correction model 

(ECM) representation exists for cointegrated time series, i.e. that the exictance of an 

ECM is a necessary condition for cointegration and vice versa. This implies that in case 

it is not possible to obtain at least one +B� C * (where k stands for ��1� 
�, ��), there 

exists no ECM for the three time series, which means that they are not integrated and 

that the regression is expected to be spurious. 

The number of lags, or an order of a VAR, is determined by minimizing the loss of 

information, using the Akaike information criterion. Then certain cointegration tests are 

performed: the Johansen (1991) trace test and the Johansen (1988) maximum-

eigenvalue test. The tests give evidence to the presence or absence of cointegration by 

detecting cointegration equations (CE), i.e. vectors of coefficients in linear 

combinations of the variables. Both tests set their null-hypothesis several times: first 

there exists no CE, then there exists one CE at the most, then two CEs at the most and 

so on. If the test-statistic value in the first case is significant, i.e. the null of no CE is 

rejected, and if at the same time the second hypothesis of at most one CE cannot be 

rejected, it means that there exists a single cointegration equation. One must take both 

trace statistic and maximum-eigenvalue statistic into account because they might 

produce different results. The tests use the MacKinnon/Eagle-Granger critical values 

that are different from the normal distribution critical values (compare D	E � �F1FG �

HI�JK�D	E � ��1LH � HI�MN�JOP�NKQRST�UMVJQMWXJMKN). The two-tests approach in the 

Johansen procedure might be ambiguous if the number of cointegration equations found 

by the trace test differs from the one found by the maximum eigenvalue test. However, 

it is essential to find at least one cointegrating equation in order to prove the relevance 

of the Taylor rule. 

III.3. Unit root tests  

This section deals with time series properties of the key rate, CPI-ATE and output gap,  

as well as with the real effective exchange rate, foreign interest rate and oil price.  
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The test results are presented in Table 1. The tests were performed for the period 2002:1 

– 2010:2. The 1st quarter of 2002 is the time when Norges Bank started calculating the 

CPI-ATE index  

TABLE 1 

Augmented Dickey-Fuller (ADF) and Kwiatkowsky, Phillips, Schmidt and Shin (KPSS) 

unit root tests on individual series for Norway, 2002:1 to 2010:2 

Variables 

ADF (null: unit root) 

KPSS (null: stationary) Akaike 
information 

criterion 

Schwarz 
Bayesian 

information 
criterion 

�� -3,176* -3,104* 0,180 

4�� -2,981* -2,981* 0,123 


� -2,612 -1,283 0,274 

4
� -3,453* -3,453* 0,158 

�� -2,107 -2,107 0,160 

4�� -2,041 -3,509* 0,231 

��YZ -1,643 -3,248* 0,106 

4��YZ -1,435 -3,868† 0,346 

�� -4,952† -2,718 0,133 

4�� -5,277† -5,277† 0,055 

���� -2,725 -2,085 0,105 

4���� -3,272* -3,110* 0,148 

&�'�( -1,543 -2,165 0,634* 

4&�'�( -5,183† -5,183† 0,221 

*Significant at the 5% level.  †Significant at the 1% level. 
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Testing the time series properties of the key rate enables the reader to arrive at the 

conclusion that the rate is stationary: the ADF-test rejects its null of a unit root in the 

key rate levels, and the KPSS-test cannot reject its null of stationarity. It is difficult to 

draw an inference about the behavior of the CPI-ATE based on the KPSS-test. But 

applying the ADF-test procedure (both the AIC and SBIS) brings us to the result that it 

is rather the first difference of the inflation that is stationary, meaning that the CPI-ATE 

is I(1) integrated. 

The evidence for the output gap is mixed according to the KPSS and ADF (AIC) tests, 

but applying the Schwarz Bayesian information criterion to the ADF test gives an 

impression that the output gap is integrated of order one. However, economic theory 

suggests that output gap is stationary in the long-run. Therefore, the analysis in this 

paper is based not only on the OECD dataset for the output, but also on a dataset 

constructed by an author from Norway’s quarterly GDP10 with the help of Hodrick-

Prescott11 (HP) filter (Hodrick and  Prescott (1981)). The new variable for the output 

gap is named [\]^. Its dynamics is shown in Figure 3 together with the output gap from 

the OECD data.Table 1 shows that the newly-constructed output gap has proved to be 

stationary. 

FIGURE 3. Output gap of Norway from the OECD dataset and constructed with the 

help of HP-filter , 2002:1 to 2010:2 

 

                                                           
10 Eurostat. http://appsso.eurostat.ec.europa.eu/nui/setupModifyTableLayout.do 
11 For quarterly data, the optimal level of λ is 1600, according to Hodrick and  Prescott (1981) 
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The lower panel of Table 1 presents the integration test results for the three additional 

variables employed in the extended Taylor model (5). 

The ADF and KPSS tests fail to identify whether the real exchange rate is stationary or 

integrated of order one. The key rate of the ECB and the oil price are estimated by both 

tests as I(1) processes. 

III.4 Cointegration tests 

Since the unit root tests have found that some of the time series are integrated of order 

one whereas the others are stationary, it is necessary to check for cointegration between 

all these variables. The absence of cointegration would indicate that regression is going 

to be spurious.  

My first step is doing the simple residual-based tests described in section III.2. The 

results presented in Table 2 show that the residuals of regression (2) are not stationary: 

the ADF test cannot reject the presence of a unit root, while the KPSS test rejects 

stationarity. This arouses the suspicion that the key rate, CPI-ATE and output gap are 

not cointegrated. 

The next step is to follow the Johansen’s procedure using a VECM approach. The 

conducted cointegration tests are the Johansen (1991) trace test and the Johansen (1988) 

maximum-eigenvalue test. The results are presented in Tables 2 and 3, but before 

commenting on them, it is worth discussing the underlying VECM whose estimates are 

presented in Table 2. Both the Akaike information criterion (AIC) and the Schwarz 

Bayesian information criterion (SBIC) are used for determining the optimal number of 

lags in the VARs. In the case of the basic Taylor rule specification, the optimal lag 

length is six according to both of the criteria. It is crucial for the cointegration between 

the variables that at least one cointegrating equation coefficient +B� should be different 

from zero. Table 2 shows that the +B�6 coefficient is of high significance, which provides 

support for cointegration between the three variables. Apart from that, the residuals of 

the corresponding VAR are found to be stationary and not serially correlated, but the 

assumption of residual multivariate normality necessary for the Johansen tests is 

violated due to excessive kurtosis. However, the study by Cheung and Lai (1993) states 

that the Johansen maximum eigenvalue test is robust to an excess of kurtosis and that 
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the trace test can produce reliable results even if both skewness and kurtosis deviate 

from normality. 

Now we can consider the Johansen trace test and maximum eigenvalue test. It should be 

noted that if more than two variables are present in the analysis, the trace test approach 

is preferred. These tests were designed for large samples and produce asymptotic 

critical values. Cheung and Lai (1993) who studied the performance of the Johansen 

tests for finite-samples found that these asymptotic critical values cannot serve as good 

approximations for medium and small samples, especially if the number of lags 

employed in the VAR is large. Our sample is medium-sized, and the lag length is 

considerably large (27 observations after adjustments, six lags in the VAR). This 

requires a correction of the test-statistic according to Reinsel and Ahn (1988). 

Multiplication of the test-statistic by (T-np)/T allows of comparing it against the critical 

values given in Table 4. T stands for the number of observations in the sample, n for the 

number of endogenous variables (the VAR dimension) and p is the VAR lag length. 

This method is also used by Österholm (2005) in his analysis of the US, Sweden and 

Australia. 

The lower part of Table 2 shows the trace test and maximum eigenvalue test results. 

Both tests provide support for cointegration at a 5% significance level. Table 3 

constitutes a detailed description of the Johansen tests that check for more than two 

cointegration equations. However, after the Reinsel and Ahn (1988) correction, only the 

first hypothesis test-statistic exceeds the 5% critical value in both tests implying that not 

more than one cointegrating equation has been found.  

The cointegrating vector estimates are presented in Table 2. The cointegration “vector” 

usually looks as follows: 0� � �� � ��� � ���_. In Table 2, the cointegration vector 

coefficients appear with inverted signs, making it easier for the reader to understand the 

information. The coefficient estimates of the cointegrating vector look quite reliable: 

they are all significant, and although the inflation coefficient is excessively large 

compared to that in the US in the Volcker and Greenspan era, it may just be a sign of a 

stronger reaction of Norges Bank to inflation. 

Results of the analysis carried out for the HP-constructed output gap are presented in 

Appendix 1. They do not differ much from those presented above. The residual-based 

tests, Johanson trace and maximum eigenvalue tests produce evidence for cointegration 
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between the three variables. However, the cointegrating vector does not exhibit a 

reliable inflation coefficient. 

TABLE 2 

Cointegrating vector estimates and the main VECM estimates for the basic version of 

the Taylor rule 

 2002:1 to 2010:2 

Residual-based tests: 
ADF (Akaike IC) 
KPSS 

 
-2,137 
0,516* 

 AIC and SBIC (6 lags) 
Johansen procedure 
à 

 
-2,493† 

��bac 
 

2,850† 
(0,170) 

[16,790] 

��bad 
0,778† 
(0,069) 

[11,273] 

Coefficients at the 
cointegrating vector 

eBf 
-0,110 
(0,250) 
[-0,438] 

eBc 
-0,004 
(0,261) 
[-0,015] 

eBd 
1,587* 
(0,479) 
[ 3,314] 

VEC Residual Serial Correlation LM Tests The null of no serial correlation cannot be 
rejected for 9 lags 

Skewness (joint) 0,111 (p-value 0,991) 
Kurtosis (joint) 26,363†  (p-value 0,000) 
Jarque-Bera Test (joint) 26,473†  (p-value 0,000) 

Johansen’s Trace Test  
(null: no CE) 

Trace Statistic 124,347 
Reinsel and Ahn 
corrected trace statistic 

31,449* 
[35,193] 

Johansen’s maximum 
eigenvalue test 
(null: no CE) 

Maximum eigenvalue 
statistic 69,697 

Reinsel and Ahn 
corrected maximum 
eigenvalue statistic  

23,232* 
[22,300] 

Standard errors in ( ) and 5% critical values in [ ]; *Significant at the 5% level. †Significant at 
the 1% level. 

Now, when cointegration between Norges Bank’s key rate, the CPI-ATE and output gap 

has been found, providing support for the Taylor rule in its original form, it is necessary 
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to check whether all the variables in the open-economy Taylor rule version (5) are 

cointegrated. 

TABLE 3 

Results of the Johansen Cointegration Tests for the key rate,  

CPI-ATE and the output gap from 2002:1 until 2010:2 

Hypothesis
ed number 
of CE 

Trace 
Statistic 

Corrected 
trace 

statistic 

5% 
critical 
value 

Hypothesis
ed number 

of CE 
Max Correcte

d Max 

5% 
critical 
value 

None *  124,347 41,449*  35,193 None *  69,697 23,232*  22,300 
At most 1  54,650 18,215  20,262 At most 1  43,619 14,540  15,892 
At most 2  11,031 3,677  9,165 At most 2   11,031 3,677  9,165 

CE: cointegrating equation 

* denotes rejection of the hypothesis at the 0,05 level 

Max: maximum eigenvalues 

 

Table 4 contains the cointegrating vector for all the six variables, as well as + - 

coefficients standing at the cointegrating vector in the VECMs, and the residual 

normality test results. The optimal number of lags is found to be equal to two according 

to the AIC and the SBIC. 

The first step in cointegration analysis – the Engle-Granger procedure – makes it clear 

that the residuals from the first-stage regression are stationary: the ADF test rejects the 

presence of a unit root, whereas the KPSS test cannot reject the null of stationarity. 

In the Johansen procedure, four +-coefficients are found to be significant. The residuals 

are not serially correlated, but the their multivariate normality is violated due to an 

exess of kurtosis. All the coefficients are highly significant,. Although the coefficients 

for the real exchange rate and the foreign interest rate ����are positive, as they are 

expected to be, the inflation, output and oil price coefficients have just the opposite sign 

to what is implied by the theory. The negative and excessively large intercepts create 

doubts too. Despite all these arguments, the Johansen tests support the extended form of 

the Taylor rule: the trace test finds four cointegrating equations, whereas the maximum 

eigenvalue test finds two (Table 5). 

The cointegration test results for the dataset which contains the HP-constructed output 

gap are supportive of the extended form of the Taylor rule (Appendix 2). 
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TABLE 4 

Cointegrating vector estimates and the main VECM estimates for an open economy 

version of the Taylor rule 

 2002:1 to 2010:2 

Residual-based tests: 
ADF (Akaike IC) 
KPSS 

 
-4,181† 
0,094 

Johansen procedure 
à 

 
-35,861† 

bac 
 

-0,670† 
(0,115) 
[-5,838] 

bad 
-0,980† 
(0,069) 

[-14,286] 

bag 
0,355† 
(0,019) 

[18,731] 

ba fhi 
3,428† 
(0,122) 

[28,039] 

bajklm  
0,018† 
(0,004) 
[4,243] 

Coefficients at the 
cointegrating vector 

eBf 
0,403† 
(0,099) 
[ 4,083] 

eBc 
0,044 

(0,114) 
[ 0,383] 

eBd 
0,395 

(0,279) 
[ 1,415] 

eBg 
4,530† 
(0,721) 
[ 6,288] 

eBfhi 
0,257* 
(0,099) 
[ 2,607] 

eBjklm  
15,117† 
(3,770) 
[ 4,010] 

VEC Residual Serial Correlation LM Tests The null of no serial correlation cannot be 
rejected for 12 lags 

Skewness (joint) 1,066 (p-value 0,983) 
Kurtosis (joint) 38,076 (p-value 0,000) 
Jarque-Bera Test (joint) 39,142 (p-value 0,000) 
Standard errors in ( ) and 5% critical values in [ ]; *Significant at the 5% level. †Significant at 

the 1% level. 
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TABLE 5 

Results of the Johansen Cointegration Tests for the key rate,  

CPI-ATE, output gap, real exchange rate, foreign interest rate and oil price  

from 2002:1 until 2010:2 

Hypothesised
number of 
CE 

Trace 
Statistic 

Corrected 
trace 
statistic 

5% 
critical 
value 

Hypothesis
ed number 
of CE 

Max Correcte
d Max 

5% 
critical 
value 

None * 249,641 153,006* 103,847 None * 81,410 49,896* 40,957 
At most 1* 168,231 103,109* 76,973 At most 1* 71,372 43,744* 34,806 
At most 2* 96,859 59,365* 54,079 At most 2 36,199 22,186 28,588 
At most 3*  60,660 37,179* 35,193 At most 3  30,407 18,637 22,300 
At most 4  30,253 18,542 20,262 At most 4  19,519 11,963 15,892 
At most 5  10,734 6,579 9,165 At most 5  10,734 6,579 9,165 

 

III.5. Regression results 

The tests carried out in the previous sub-section show prerequisits for the possible 

relevance of the Taylor rule. Cointegration was found between the time-series in both 

the original and extended specifications of the Taylor rule. However, the scale and signs 

of most cointegrating vector coefficients are unsatisfactory in the latter Taylor rule 

specification. Now a regression analysis will be carried out to check for additional 

support or its absence for the Taylor rule. The regression outputs presented in Table 6 

come from estimating Taylor equations (2) and (5).  

I first start with the basic specification of the Taylor rule given in equation (2). The 

results indicate that the inflation coefficient is larger than one at a high significance 

level. The output gap coefficient is also positive and highly significant. However, the 

fact that the R-square exceeds the Durbin-Watson statistic, which is the sign of a 

spurious regression, casts doubts on the relevance of the Taylor rule. The Durbin-

Watson statistic itself rejects the null hypothesis of no first-order autocorrelation. 

Although the Jarque–Bera test statistic is not significant, meaning that the null 

hypothesis of residual normality cannot be rejected, other residual tests do not add any 

positive features to the regression: the ARCH-LM and BG-LM tests indicate the 

presence of autoregressive conditional heteroscedasticity and serial correlation, 

respectively, at a high confidence level. The Chow test confirms the suspicion of a 

structural break in 2007-2008 which is due to the late-2000s financial crisis. 
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TABLE 6 

Estimation of the Taylor rule for Norway, 2002:1 to 2010:2 

OLS Basic specification 
Open economy 
specification 

��� 1,088 
(0,650) 

-15,272† 
(2,587) 

���� 1,235† 
(0,328) 

0,782† 
(0,148) 

���� 0,357* 
(0,142) 

-0,244* 
(0,095) 

���� - 0,169† 
(0,026) 

��� ! � - 1,833† 
(0,172) 

��"#$%� - -0,032† 
(0,004) 

no 0,348 0,935 

Adj.no 0,306 0,923 

pq 0,154† 1,459 

rBs 1,537 0,512 

tu 1,253 4,331 

ARCH-LM (1 lag) 21,237† 0,088 

BG- LM (2 lags) 27,076† 3,459 

Chow 21,833† [2007:4] 
27,219†[2008:3] 

3,625*[2007:4] 
0,901 [2008:3] 

pq: test statistic from the Durbin-Watson test for first order 
autocorrelation. 

rBs: standard error of the regression. 

tu: the Jarque–Bera test statistic for normality. 

ARCH-LM: vo-statistic from the Lagrange multiplier (LM) test, Null: no 
autoregressive conditional heteroscedasticity. 

BG-LM: vo-statistic from the Breusch-Godfrey Serial Correlation LM Test, 
Null: no serial correlation. 

Chow:  F-test statistic of structural change, Null: no structural change 
(breakpoints in square brackets [ ]). 

*Significant at the 5% level. †Significant at the 1% level. 

 

http://en.wikipedia.org/w/index.php?title=Lagrange_multiplier_test&action=edit&redlink=1
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FIGURE 4. Key policy rate of Norges Bank: actual and fitted values, residuals,  

2002:1 to 2010:2

Fig. 4a: Basic specification of the 
Taylor rule     

Fig. 4b: Extended specification of the 
Taylor rule 

 

I now turn to the extended version of the Taylor rule given in equation (5). All the 

coefficients here are highly significant and have the appropriate signs, except the output 

coefficient which has a negative sign and is significant only at the 5% level. The 

inflation coefficient is significantly different from unity, according to the Wald 

coefficient test. The oil price coefficient is significant and negative, as the theory 

implies, in contrast to the findings of the cointegration tests conducted in the previous 

sub-section. However, the intercept is excessively large with a negative sign. 

The R-square of an open economy specification indicates a much better fit compared to 

that of the basic Taylor rule specification. It is also important to note that, unlike in the 

latter specification, the R-square does not exceed the Durbin-Watson statistic. A 

residual analysis is supportive of the extended form of the Taylor rule. The Jarque–Bera 

test statistic indicates normality in the residuals; the Durbin-Watson test produces 

inconclusive evidence about first-order autocorrelation. The ARCH-LM and BG-LM 

tests do not detect the presence of either autoregressive conditional heteroscedasticity or 

serial correlation. The Chow test indicates a structural break only in the fourth quarter 

of 2007.  
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Figures 4a and 4b provide a visual comparison between the two versions of the Taylor 

rule. The extended model clearly exhibits a better fit and stationarity in the residuals in 

contrast to the non-stationary behavior of the residuals in the basic Taylor model. 

Regression results turn out to be very similar if we consider the HP-constructed output 

gap: the extended model outperforms the basic model (Appendix 3). The extended 

model performs even better if the HP-constructed output gap is employed: all the 

variable coefficient estimates are in line with economic theory, and all the requirements 

for residual normality, autocorrelation and heteroscedasticity are satisfied. 

Table 7 presents the estimation output of the basic and extended versions of the Taylor 

rule with interest rate smoothing (equation (6) and equation (7), respectively). If a 

model with interest rate smoothing is estimated, the raw coefficients produced by 

econometric packages constitute a product of 	� � eB and the response coefficient of 

each of the independent variables, because of the following: 

+B��.� � 	� � +B,�� � ���
� � �����- � +B��.� � ��	� � +B � ���	� � +B
� � ���	� � +B�� 

For this reason, the variable response coefficients (à 1 ��� and the others) are presented in 

braces. 

Model (6) does not perform well: the inflation coefficient is not significant, the output 

coefficient is excesively large, and the residuals are found to be autocorrelated and not 

normally distributed. Structural breaks are found in 2007:4 and 2008:3. The interest rate 

ruling in this specification implies a very high degree of the interest rate smoothing, 

which is in line with the findings of Clarida et al. (1999). 

The coefficient estimates in the extended model are highly significant and have 

expected signs, except for the output gap coefficient that is negative. The inflation 

coefficient is significantly less than unity, but that can be explained by the fact that the 

policy rate also reacts to the ECB interest rate movements: the value of the foreign 

interest rate is higly significant and close to unity. The Jarque-Bera test cannot reject the 

hypothesis that the residuals are normal, but problems of autoregressive conditional 

heteroscedasticity and serial correlation are present in the regression.  
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TABLE 7 

Estimation of the Taylor rule with interest rate smoothing for Norway, 2002:1 to 2010:2 

OLS Basic specification 
Open economy 
specification 

+B 0,858† 
(0,061) 

0,521† 
(0,049) 

��	� � +B;�{à}� -0,149;{-1,049} 
(0,245) 

-11,061†;{-23,092} 
(1,259) 

���	� � +B;�{bac}� 0,146; {1,028} 
(0,137) 

0,219*;{0,457} 
(0,085) 

���	� � +B;�{bad}� 0,193†;{1,359} 
(0,052) 

-0,119*;{-0,248} 
(0,045) 

���	� � +B;�{bag}� - 0,115†;{0,240} 
(0,013) 

��� !	� � +B;�{ba fhi}� - 0,970†;{2,025} 
(0,114) 

��"#$%	� � +B;{bajklm}� - -0,009†;{-0,019} 
(0,003) 

no 0,918 0,987 

Adj.no 0,909 0,983 

rBs 0,540 0,231 

tu 9,987† 0,485 

ARCH-LM (1 lag) 1,248 5,006* 

BG- LM (2 lags) 15,093† 7,531* 

Chow 3,961*[2007:4] 
11,291†[2008:3] 

1,091 [2007:4] 
1,371 [2008:3] 

Notes: 

pq: test statistic from the Durbin-Watson test for first order autocorrelation. 

rBs: standard error of the regression. 

tu: the Jarque–Bera test statistic for normality. 

ARCH-LM: vo-statistic from the Lagrange multiplier (LM) test, Null: no autoregressive 
conditional heteroscedasticity. 

BG-LM: vo-statistic from the Breusch-Godfrey Serial Correlation LM Test, Null: no serial 
correlation. 

Chow:  F-test statistic of structural change, Null: no structural change (breakpoints in square 
brackets [ ]). 

*Significant at the 5% level. 

†Significant at the 1% level. 

http://en.wikipedia.org/w/index.php?title=Lagrange_multiplier_test&action=edit&redlink=1
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Figures 5a and 5b provide a graphical illustration of a goodness of fit of the above-

mentioned models, as well as their residuals. One can see that the extended model 

exhibitis a better fit than the basic one. However, it is not yet possible to judge which 

model is the best without assessing their forecasting abilities. 

FIGURE 5. Key policy rate of Norges Bank obtained from the Taylor rule with interest 

rate smoothing: actual and fitted values, and residuals

Fig. 5a: Basic specification of the 

Taylor rule, 2002:1 to 2010:2    

Fig. 5b: Extended specification of the 

Taylor rule, 2002:1 to 2010:2    

 

Appendix 4 contains regression results for the dataset which contains the HP-

constructed output gap. The results are very similar. The extended model with interest 

rate smoothing is superior to the basic one when it comes to the goodness of fit, residual 

normality, autocorrelation and autoregressive conditional heteroscedasticity. 

The time series property tests and regressions were also carried out, but not presented in 

this paper, for a sub-sample (2002:1 – 2007:4). Cointegration was not found between 

the variables, and the inflation and output coefficients as well as residual test results 

denoted that the regression was spurious. This corroborates the idea that the presence of 

cointegration between variables is a necessary prerequisite for regression results to have 

economic sense.  

III.6 Forecasts 

Each of the models estimated in section III.5 has its own shortcomings. However, it 

does not mean that they cannot be used for forecasting purposes. Out-of-sample 
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forecasts in this section are carried out to assess whether the models are able to 

outperform naїve forecasts, as well as to determine which of the following Taylor 

models produces the best forecasts: 

- the basic specification of the Taylor rule (equation (2), Table 8)); 

- the basic specification of the Taylor rule with interest rate smoothing 

(equation (6), Table 9); 

- the extended specification of the Taylor rule (equation (5), Table 10)); 

- the extended specification of the Taylor rule with interest rate smoothing 

(equation (7), Table 11)). 

My intention is to obtain forecasts up to the three-year horizon using the actual values 

of the input variables. This means that the central bank perfectly foresees the right hand 

side values of the variables, which is not the case in real life. Taking this into 

consideration, one should seriously question the relevance of the Taylor rule in case it 

cannot significantly outperform naïve forecasts, i.e. forecasts that take the last observed 

value of the variable. Since the actual values are available up to the second quarter of 

2010, the equations will be assessed using the data from 2002:1 to 2007:2. Having 

obtained the coefficient estimates, I perform the key rate forecasts up to the 12-quarter 

(three-year) horizon. Afterwards I extend the sample by one quarter, re-estimate the 

equation and calculate new forecasts for the consecutive eleven quarters. This procedure 

is repeated up to the one-quarter horizon.  

The procedure described above is carried out for all the four Taylor rule specifications. 

The degree by which each of the models outperforms naïve forecasts is measured by the 

Theil’s inequality coefficient that is often called Theil’s U (Theil (1958, pp. 31-42)). If 

Theil’s U is equal to unity, it means that the model’s forecast is as good as a naïve 

forecast.  

Other measures are also employed in the comparative analysis of the models. They are 

the mean error (ME), the root mean square error (RMSE), the mean absolute error 

(MAE) and the mean absolute percent error (MAPE). 

The basic model has the largest errors in terms of the above-mentioned measures. It 

systematically over-predicts the key rate, and the overshooting is enormous at the more 

than one-year horizon (Figure 6). Taking into account the fact that the basic model 



32 
 

outperforms its naïve forecasts less than all the other models, one can infer that the 

Taylor rule in its original specification would not get much empirical support in the case 

of Norway. 

All of the evaluation measures show that the quality of the models’ forecasting abilities 

increases as we move from Table 8 to Table 11. However, the basic model with interest 

rate smoothing still cannot produce valuable forecasts anyway. Similarly to the basic 

model, over-predictions are extremely large at the two- and three-year horizons, but the 

one-year horizon forecasts are substantially lower than the actual key rate values (Figure 

7). The extended model produces fairly good forecasts up to the two-year horizon, with 

the three-year horizon forecasts being systematically lower than the actual values 

(Figure 8). Figure 9 demonstrates the forecasting power of an open-economy model 

with interest rate smoothing. The forecasts are quite close to what happened in reality, 

with slight over-predictions at the two- and three-year horizons and under-predictions at 

the one-year and one-quarter horizons. 

Thus, the extended model with an autoregressive term produces the best forecasts 

(Table 11), though each of the four models significantly outperforms naïve forecasts of 

the key interest rate. This fact is in line with the findings of the cointegration tests. This 

reconfirms that checking the time series properties of non-stationary variables is of great 

importance for conducting an analysis.  

Appendix 5 contains four analogous figures describing the key rate forecasts for the 

Taylor rule obtained from the dataset which contains the output gap constructed with 

the help of the HP-filter. The results are the same: the forecasting power of the Taylor 

rule improves as we move from the basic specification to the extended model with 

interest rate smoothing. There are, however, minor differences between the results from 

the two datasets. The extended model in Appendix 5 performs somewhat better at a 

three-year horizon in that its forecasts never reach negative values as compared with the 

case in this section. In the extended model with interest rate smoothing, the proximity of 

the forecasts to the actual values of the key rate is slightly reduced as compared with the 

case described in the present section. Despite minor differences between the forecasting 

powers of the four models based on the OECD data for the output gap, on the one hand, 

and the four models based on the HP-constructed output gap, on the other hand, it can 
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be concluded that the extended model with the autoregressive term is superior to the 

other three models and can be used for forecasting purposes. 

TABLE 8 

Out-of-sample Forecasts for the Basic Specification of the Taylor Rule, 

2002:1 – 2007:2/2010:2 

Forecasting 
Horizon in 

quarters 

Theil’s 
Inequality 
coefficient 

ME RMSE MAE MAPE 

12 0,263 0,978 2,352 1,554 74,564 
11 0,261 0,949 2,337 1,541 74,114 
10 0,260 0,936 2,328 1,532 73,847 
9 0,258 0,920 2,301 1,516 73,057 
8 0,253 0,922 2,238 1,477 71,186 
7 0,243 0,973 2,101 1,400 67,054 
6 0,228 1,059 1,927 1,327 62,187 
5 0,209 1,284 1,704 1,225 55,041 
4 0,196 1,501 1,547 1,153 48,680 
3 0,192 1,592 1,492 1,133 45,185 
2 0,192 1,629 1,472 1,127 43,066 
1 0,193 1,626 1,468 1,123 41,945 

 

FIGURE 6. Key Rate Forecasts for the Basic Specification of the Taylor Rule, 

2002:1 – 2007:2/2010:2
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TABLE 9 

Out-of-sample Forecasts for the Basic Specification of the Taylor Rule 

 with Interest Rate Smoothing, 2002:1 – 2007:2/2010:2 

Forecasting 
Horizon in 

quarters 

Theil’s 
Inequality 
coefficient 

ME RMSE MAE MAPE 

12 0,245 0,591 2,115 1,220 62,945 
11 0,245 0,565 2,112 1,220 63,005 
10 0,245 0,548 2,112 1,220 62,987 
9 0,241 0,538 2,061 1,193 61,587 
8 0,232 0,538 1,965 1,151 58,987 
7 0,217 0,554 1,805 1,077 54,486 
6 0,174 0,704 1,385 0,863 41,344 
5 0,121 1,231 0,885 0,673 24,850 
4 0,138 1,414 0,972 0,800 27,934 
3 0,127 1,289 0,906 0,723 25,628 
2 0,118 1,144 0,867 0,620 22,639 
1 0,118 1,080 0,879 0,582 21,923 

 

 

FIGURE 7. Key Rate Forecasts for the Basic Specification of the Taylor Rule with 

Interest Rate Smoothing, 2002:1 – 2007:2/2010:2 
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TABLE 10 

Out-of-sample Forecasts for the Extended Specification of the Taylor Rule, 

2002:1 – 2007:2/2010:2 

Forecasting 
Horizon in 

quarters 

Theil’s 
Inequality 
coefficient 

ME RMSE MAE MAPE 

12 0,181 0,669 1,335 0,886 31,537 
11 0,186 0,641 1,376 0,909 32,645 
10 0,154 0,710 1,149 0,795 28,440 
9 0,073 0,685 0,567 0,450 14,444 
8 0,065 0,677 0,514 0,423 17,153 
7 0,065 0,644 0,510 0,420 16,931 
6 0,071 0,605 0,562 0,449 18,967 
5 0,064 0,579 0,507 0,420 16,809 
4 0,060 0,581 0,469 0,388 14,320 
3 0,059 0,569 0,466 0,380 13,673 
2 0,059 0,564 0,467 0,372 12,783 
1 0,060 0,551 0,468 0,371 12,705 

 

 

FIGURE 8. Key Rate Forecasts for the Extended Specification of the Taylor Rule, 

2002:1 – 2007:2/2010:2 
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TABLE 11 

Out-of-sample Forecasts for the Extended Specification of the Taylor Rule with Interest 

Rate Smoothing, 2002:1 – 2007:2/2010:2 

Forecasting 
Horizon in 

quarters 

Theil’s 
Inequality 
coefficient 

ME RMSE MAE MAPE 

12 0,048 0,547 0,376 0,248 11,110 
11 0,043 0,528 0,332 0,218 9,756 
10 0,059 0,494 0,466 0,300 13,107 
9 0,033 0,380 0,255 0,185 7,456 
8 0,040 0,349 0,305 0,199 8,863 
7 0,036 0,330 0,277 0,184 8,080 
6 0,034 0,302 0,265 0,178 7,773 
5 0,035 0,316 0,269 0,193 8,140 
4 0,035 0,303 0,267 0,193 8,104 
3 0,030 0,296 0,227 0,169 6,744 
2 0,027 0,289 0,204 0,153 5,800 
1 0,025 0,285 0,189 0,146 5,331 

 

 

FIGURE 9. Key Rate Forecasts for the Extended Specification of the Taylor Rule with 

Interest Rate Smoothing, 2002:1 – 2007:2/2010:2 
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IV. CONCLUSIONS 

Hitherto, a lot of empirical research on the Taylor rule relevance has been conducted in 

the economic literature. However, outcomes of a sizeable part of empirical papers on 

this subject have not been favourable to the Taylor rule. The present paper can be 

viewed as an attempt to establish whether the Taylor rule is relevant for such an open 

economy like Norway. For this purpose, the time series properties of the variables were 

investigated, whereupon the variable coefficients from the regressions were scrutinized 

from the point of view of theoretical compatibility. Luckily for the Taylor rule, 

cointegration has been found between the variables in both the basic and extended 

specifications of the rule in the studied period 2002:1 – 2010:2.  

The requirements to the intercept, inflation and output coefficients are met in the basic 

model. Yet a problem with a goodness of fit together with autocorrelation and 

autoregressive heteroscedasticity problems are present in the model. However, the basic 

version of the Taylor rule outperforms naїve forecasts of the key interest rate at all 

forecasting horizons, although to the least extent than all the other models investigated 

in the paper. The main shortcoming of the model concerned is that it systematically 

over-predicts the key rate. Taking into account that the forecasts have been made for the 

period of the late 2000 financial crisis, an important implication can be drawn: Norges 

Bank does not mechanically follow such a simple rule as the Taylor rule of its original 

form, but instead takes other factors into consideration. 

The forecasting abilities, a goodness of fit and residual properties are significantly 

improved as we move both from the basic to an open-economy version of the model and 

from the basic model to the model with interest rate smoothing. Although the inflation 

coefficients are not larger than one in the extended models with and without an interest 

rate smoothing term, it does not necessarily mean that macroeconomic stability 

requirement is violated. The large coefficient estimates of the foreign interest rate imply 

that Norges Bank largely reacts to the policy rate of the ECB. Considering territorial 

and economic proximity between Norway and the EU, it is natural to expect a high 

degree if interrelation between their policy rates. It allows the foreign interest rate to 

capture lion’s share of unobserved factors, which mitigates the problem of 

misspecification discussed by Svensson (2003). Presumably, it is largely for this reason 

that the extended specification of the Taylor rule with and without an autoregressive 
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term has a high explanatory and forecasting power and thus can serve as a fairly good 

approximation of the Norwegian monetary policy. These results are also valid in case 

where the output gap is constructed with the help of the HP-filter. 

To sum up, the Taylor rule with an autoregressive term augmented with the real 

exchange rate, the policy rate of the EU and oil prices can be viewed as a close 

approximation of the monetary policy of Norges Bank and can be used for forecasting 

purposes. 
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Appendix 1 

Cointegrating vector estimates and the main VECM estimates for the basic version of 

the Taylor rule (using HP-constructed output gap) 

 2002:1to 2010:2 

Residual-based tests: 
ADF (Akaike IC) 
KPSS 

 
-4,588† 
0,417 

 AIC and SBIC (6 lags) 
Johansen procedure 
à 

 
3,563† 

��bac 
 

-0,420 
(0,184) 
[-2,281] 

��bad 
0,748† 
(0,057) 

[13,087] 

Coefficients at the 
cointegrating vector 

eBf 
-0,181 
(0,202) 
[-0,897] 

eBc 
0,088 

(0,203) 
[ 0,432] 

eBd 
5,168† 
(1,319) 
[ 3,917] 

VEC Residual Serial Correlation LM Tests The null of no serial correlation 
cannot be rejected for 5 lags 

Skewness (joint) 0,019 
Kurtosis (joint) 27,033† 
Jarque-Bera Test (joint) 27,052† 
Johansen’s Trace 
Test  
(null: no CE) 

Trace Statistic 144,957 
Reinsel and Ahn corrected 
trace statistic 

48,319* 
[35,193] 

Johansen’s 
maximum 
eigenvalue test 
(null: no CE) 

Maximum eigenvalue 
statistic 

91,324 

Reinsel and Ahn corrected 
maximum eigenvalue 
statistic  

30,441*  
[22,300] 

Standard errors in ( ) and 5% critical values in [ ];  

*Significant at the 5% level,  

†Significant at the 1% level. 
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Appendix 2 

Cointegrating vector estimates and the main VECM estimates for the extended version 

of the Taylor rule (using HP-constructed output gap) 

 2002:1 to 2010:2 

Residual-based tests: 
ADF (Akaike IC) 
KPSS 

 
-2,688 
0,126 

Johansen procedure 
à 

 
70,904† 

bac 
 

2,593† 
 (0,523) 
[4,962] 

bad 
0,329* 
 (0,136) 
[2,416] 

bag 
-0,657† 
(0,126) 

[ -5,209] 

ba fhi 
0,908 

 (0,534) 
[1,701] 

bajklm  
 -0,127† 
 (0,019) 
[ -6,693] 

Coefficients at the 
cointegrating vector 

eBf 
-0,077† 
 (0,024) 
[-3,218] 

eBc 
-0,025 
(0,021) 
[-1,212] 

eBd 
 0,121 
(0,334) 
[ 0,363] 

eBg 
-0,976† 
 (0,150) 
[-6,495] 

eB fhi 
-0,037 

 (0,024) 
[-1,514] 

eBjklm  
-1,973 

 (0,979) 
[-2,015] 

VEC Residual Serial Correlation LM Tests 

Skewness (joint) 1,228 
Kurtosis (joint) 15,246* 
Jarque-Bera Test (joint) 16,473 
Johansen’s Trace 
Test (null: no CE) 

Trace Statistic 134,373 
Reinsel and Ahn 109,178* 
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corrected trace 
statistic 

[103,847] 

Johansen’s 
maximum 
eigenvalue test 
(null: no CE) 

Maximum eigenvalue 
statistic 

41,717 

Reinsel and Ahn 
corrected maximum 
eigenvalue statistic  

33,895 
[40,957] 

Standard errors in ( ) and 5% critical values in [ ]; *Significant at the 5% level. 
†Significant at the 1% level. 

 

Appendix 3 

Estimation of the Taylor rule for Norway (using HP-constructed output gap),  

2002:1 to 2010:2 

OLS Basic specification 
Open economy 
specification 

��� 2,335† 
(0,549) 

-15,140† 
(2,911) 

���� 0,768* 
(0,318) 

1,031† 
(0,124) 

���� 0,181† 
(0,062) 

0,008 
(0,031) 

���� - 0,169† 
(0,029) 

��� ! � - 1,452† 
(0,140) 

��"#$%� - -0,037† 
(0,004) 

no 0,384 0,919 

Adj.no 0,344 0,905 

pq 0,367† 1,186 

rBs 1,494 0,569 

tu 1,664 2,431 

ARCH-LM (1 lag) 7,445† 0,165 

BG- LM (2 lags) 22,241† 8,074* 

Chow 23,295† [2007:4] 
23,329† [2008:3] 

5,169† [2007:4] 
 1,313 [2008:3] 

Standard errors in ( ) and 5% critical values in [ ]; *Significant at the 5% level. 
†Significant at the 1% level. 
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Appendix 4 

Estimation of the Taylor rule with interest rate smoothing for Norway (using HP-
constructed output gap), 2002:1 to 2010:2 

OLS Basic specification 
Open economy 
specification 

+B 0,861† 
(0,069) 

0,554† 
(0,054) 

��	� � +B;�{à}� 0,450 {3,237} 
(0,268) 

-10,889†{-24,415} 
(1,432) 

���	� � +B;�{bac}� -0,065 {-0,474} 
(0,142) 

0,295† {0,661} 
(0,091) 

���	� � +B;�{bad}� 0,072* {0,491} 
(0,026) 

-0,001 {-0,002} 
(0,014) 

���	� � +B;�{bag}� - 0,113† {0,253} 
(0,015) 

��� !	� � +B;�{ba fhi}� - 0,749† {1,679} 
(0,093) 

��"#$%	� � +B;{bajklm}� - -0,010† {-0,022} 
(0,003) 

no 0,903 0,983 

Adj.no 0,893 0,979 

rBs 0,586 0,260 

tu 4,609* 0,713 

ARCH-LM (1 lag) 0,951 2,400 

BG- LM (2 lags) 9,843† 1,636 

Chow 4,728† [2007:4] 
5,273† [2008:3] 

1,359 [2007:4] 
1,488 [2008:3] 

pq: test statistic from the Durbin-Watson test for first order autocorrelation. 

rBs: standard error of the regression. 

 tu: the Jarque–Bera test statistic for normality. 

ARCH-LM: vo-statistic from the Lagrange multiplier (LM) test; Null: no 
autoregressive conditional heteroscedasticity. 

BG-LM: vo-statistic from the Breusch-Godfrey Serial Correlation LM Test; 
Null: no serial correlation. 

Chow:  F-test statistic of structural change, Null: no structural change 
(breakpoints in square brackets [ ]). 

*Significant at the 5% level. †Significant at the 1% level. 

  

http://en.wikipedia.org/w/index.php?title=Lagrange_multiplier_test&action=edit&redlink=1
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Appendix 5 

Key Rate Forecasts for the Taylor Rule obtained from the dataset which contains 

the output gap constructed with the help of the HP-filter 

 

FIGURE 1. Key Rate Forecasts for the Basic Specification of the Taylor Rule,  

2002:1 – 2007:2/2010:2 

 

 

FIGURE 2. Key Rate Forecasts for the Basic Specification of the Taylor Rule with 

Interest Rate Smoothing, 2002:1 – 2007:2/2010:2 
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FIGURE 3. Key Rate Forecasts for the Extended Specification of the Taylor Rule, 

2002:1 – 2007:2/2010:2 

 

 

FIGURE 4. Key Rate Forecasts for the Extended Specification of the Taylor Rule with 

Interest Rate Smoothing, 2002:1 – 2007:2/2010:2 
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