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Jan Alsterlind, Alek Markowski och Kristian Nilsson

Abstract: The purpose of this paper is to estimate a rudimentary model of the “rest of the world”,
which may serve as the foreign sector in a model of the Swedish economy. The “rest of the
world” is here represented by the US and the euro zone which together cover some two thirds of
the Swedish foreign trade. The underlying theoretical model is the so-called Svensson model as
of Svensson (1997). This model has the advantage that it is small and simple, but still allows for
both supply and demand shocks with realistic responses. The Svensson model is estimated
(OLS) for the US and the euro zone separately using quarterly data. Furthermore, following
Smeets and Peersman (1999), alternative models with the outputgap treated as an unobserved
component are estimated as well. Impulse response analyses indicate that all individual models
react reasonably well to both supply and demand shocks. The models for the US and the euro
zone are aggregated temporally to annual data (since the model of the Swedish economy uses
annual data) and are subsequently aggregated into one model of the foreign sector.

1. INTRODUCTION
National Institute of Economic Research (NIER) is currently working on an aggregate simulation
model of the Swedish economy. This paper is a contribution to this ongoing modelling effort.
We estimate a rudimentary model of the “rest of the world”, which can form the basis for the
foreign sector of the model of Sweden, or at least serve as a benchmark for its consistent
calibration.
Our model is confined to four variables: the foreign demand (GDP) growth rate, the foreign
inflation rate, the foreign interest rate and the exchange rate. As implied by the variables of
interest, the foreign sector model should – at least implicitly – include a real demand equation, a
price equation (preferably a Philips curve) and monetary policy determination (possibly a
reaction function of a “World Central Bank”). Since this is to be a satellite model, it should be
small and as simple as possible. At the same time, it should exhibit a fair amount of data
coherence in order to give realistic reactions to the shocks.
The world economy is here represented by the US and the euro zone. Together, they cover
almost two thirds of the Swedish foreign trade and give a representative picture of that part of the
world that has most importance for the Swedish economy. The US and the euro zone are
modelled separately and subsequently aggregated into one “world model”.
While long time-series data for the US are generally available, the corresponding time series for
the euro zone cover only three years, the time that has passed since the third phase of the EMU
has started. We have followed many other researchers and used aggregates of national statistics
for the period preceding 1999. This means that data with differing definitions and describing
different exchange rate and monetary policy regimes were aggregated together. Needless to say,
it is uncertain to which extent the results based on these data are relevant as a description of the
unified euro zone.
The choice of model variables was determined by the variables routinely forecasted at the NIER.
The two sub-models were estimated on quarterly data and then transformed into annual
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equations. The two reaction functions were not estimated, rather their coefficients were
calibrated.
The outline of the paper is as follows. Sections 2 and 3 describe two theoretical models to be
estimated. Section 4 gives data definitions. Sections 5 and 6 describe the quarterly estimation
results and the quarterly reaction functions, respectively. The impulse responses of the quarterly
models are studied in Section 7. The annual models are described in section 8. The last two
sections deal with the aggregate annual model.

2. THE BASIC MODEL
The basic model is the so-called Svensson model, a small closed-economy model developed in
Svensson (1997) for the purposes of monetary policy analysis and estimated by Rudebusch and
Svensson (1999a and 1999b):
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− yt* = a0 + ∑ ai yt −i − yt*−i − ak +1 (rt −1 − π t −1 ) + ε 1t

(1)

i =1

π t = π te + bh+1 ( yt − yt* ) + ε 2t

(2)

h

π te = b0 + ∑ biπ t −i

(3)

i =1

(

)

(

rt* = (a0 + b0 ) + c1 π t − π t* + c2 yt − yt*

)

(4)

rt = d1rt* + (1 − d1 )rt −1

(5)

where yt is the logarithm of GDP, yt* is the logarithm of the potential GDP (both multiplied by

(

)

100), yt − yt* is the output gap i.e. approximately the percentage deviation of the actual GDP
from the potential one, π t is the inflation rate, π te is the expected – or equilibrium – inflation
rate, rt is the central bank intervention rate, rt* is the central bank target rate, π t* is the central
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bank inflation target, ε 1t and ε 2t are demand1 and supply shocks, respectively, and ai , bi , ci ,
and d i are fixed coefficients.
The model consists of an aggregate demand equation, an aggregate supply equation (Philips
curve) and a central-bank reaction function. The output gap is affected by its own past values,
the (ex-post) short real rate of interest and demand shocks. The ratio a0 ak +1 equals the

(

)

equilibrium (or steady-state) real interest rate, since the output gap yt − yt* equals zero in
equilibrium. (In practice, this requires that the output gap variable employed in estimation should
have zero mean.)
The inflation rate is determined by expected inflation, the output gap and supply shocks. The
expectations formation mechanism is backward-looking and uses adaptive expectations. If the
sum of the lagged inflation coefficients in equation (3) is smaller than 1, inflation expectations
are stationary and converge to b0 (1 − b1 − b2 − ... − bh ) . The central bank enjoys in this case full
credibility provided that π t* = b0 (1 − b1 − b2 − ... − bh ) . If the lagged inflation coefficients in
equation (3) sum to 1, the Philips curve has the accelerationist form and inflation expectations
are unbounded. The central bank’s ability to control inflation is in this case not credible.
Rudebusch and Svensson (1999a) cannot reject the hypothesis that the lagged inflation
coefficients sum to 1 in their model estimated on US data.
The central bank applies a Taylor rule with interest rate smoothing. This means that the target
rate is determined in equation (4) on the basis of the output gap and the inflation rate’s deviation
from the bank’s inflation target. The target rate is imposed gradually, in accordance with
equation (5), in order to smooth out interest rate variation.
Despite its highly simplified form, the model has a number of properties that makes it realistic.
The central bank controls the short interest rate but not inflation, which it only can affect through

1

This interpretation assumes that potential output is given.
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the output gap. Monetary policy affects the economy with a lag: the output gap reacts first and
the inflation rate reacts subsequently with a longer lag.
After substitution of equation (3) into (2) and equation (4) into (5), the model is reduced to three
equations. Below, the aggregate supply and aggregate demand equations are estimated, while the
reaction function coefficients are set in accordance with the standard results for a Taylor rule.
The intercepts in the first two equations can be eliminated by expressing all the variables as
deviations from their respective means. This gives the model a true linear form in that all the
variables can assume both negative and positive values.

3. THE ALTERNATIVE MODEL

Estimation of the basic model depends on the availability of a time series for the output gap,
which is not directly observable. Potential GDP, yt* , – which is the unobserved component of the
output gap – is exogenous to the model and can be defined in a variety of ways. In the estimation
of the basic model we have tested output gap series published by other institutions as well as our
own computations, where potential GDP was defined as the actual GDP smoothed using the so
called Hodrick-Prescott filter.
An alternative way is to estimate the output gap simultaneously with the model coefficients,
using the method of unobserved components, or UC, (cf Harvey 1990 and Kuttner 1994).
Following Smeets and Peersman (1999), the following alternative model was estimated:

π t = b0 + ∑ biπ t −i + bh+1 ( yt − yt* ) + ε 2t

(2’)
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(1)

h

i =1

t

)

k

(

)

− yt* = a0 + ∑ ai yt −i − yt*−i − ak +1 (rt −1 − π t −1 ) + ε 1t
i =1

yt* = e0 + yt*−1 + ε 3t

(6)

yt = yt* + ( yt − yt* )

(7)

where ε 3t is a random shock.
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As in the case of the basic model, equations (4) and (5) were not estimated. Equation (2’) was
obtained upon substitution of equation (3) into (2). The main difference between the two models

(

)

is that in the alternative model the log of potential GDP, yt* , and the output gap, yt − yt* , are
considered as unobserved and the time series for these variables are obtained from the estimation
process. As a result, the assumptions about those variables are imposed on the time series
obtained. Thus, yt* by definition is a random walk with drift (cf equation (6)) and the output gap
is related to the inflation rate and the real rate of interest in accordance with equations (2’) and
(1).

4. THE DATA

Quarterly data for the US for the period 1956 – 2001 were obtained from the Federal Reserve
System’s data base, FRED. Price inflation, π t , is defined as 100 times the quarter-on-quarter
change in the log of the seasonally adjusted consumer price index, the interest rate (rt ) – as the
federal funds rate per annum divided by 4, thus giving the ex-post real interest rate (rt − π t ) on a
quarterly basis. Potential GDP is defined as the trend component of the Hodrick-Prescott
decomposition applied – using λ = 1600 – to the log of the real seasonally adjusted GDP. The
CBO output gap is also used (cf Congressional Budget Office 1995).
Quarterly data for the euro zone for the period 1970 – 2001 were obtained from the data bank of
the European Central Bank’s Area-Wide Model (cf. Fagan, Henry, Mestre 2001). Price inflation,

π t , is defined as 100 times the quarter-on-quarter change in the log of the seasonally adjusted
harmonised consumer price index, the interest rate (rt ) – as the three-month rate per annum
divided by 4, thus giving the ex-post real interest rate (rt − π t ) on a quarterly basis. Potential
GDP is defined as for the US.
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5. ESTIMATION RESULTS

The lag lengths and the exact form of the estimated equations were determined on the basis of
the residual tests and the significance of the individual terms. The estimation results are
compared in Table 1.
The individual coefficients in the autoregressive lag polynomials are sensitive to the number of
terms in the polynomial. Insignificant terms within the autoregressive lag polynomials are
therefore reported to facilitate comparison. In OLS estimation, the real

9

Table 1. Estimation results for the basic (OLS) and alternative (UC) model,
p-values in parentheses.
Variable

US
OLS estimates

Euro zone
UC estimates

(

OLS estimates

Aggregate demand equation, dependent variable: yt − yt*

(rt −1 − π t −1 )
(rt −2 − π t −2 )

(y
(y
(y

)
)
)

)

-0.1732 (0.01)
-0.1862 (0.06)

UC estimates

-0.0863 (0.02)
-0.1486 (0.03)

1.0430 (0.00)

1.2671 (0.00)

0.9457 (0.00)

1.2458 (0.00)

− yt*−2

-0.0951 (0.37)

-0.1110 (0.31)

0.0607 (0.62)

-0.0275 (0.44)

− yt*−3

-0.1925 (0.01)

-0.2691 (0.01)

-0.2912 (0.00)

-0.2984 (0.00)

0.0929 (0.23)

0.26461

0.0742 (0.26)

0.62132

1982:1-2001:41

1990:1-1991:4

1990:1-2001:42

t −1

− yt*−1

t −2
t −3

Intercept
Dummies = 1 for
R2

0.76

Estimation period 1955:4-2001:4

0.78
1965:1-2001:4

1971:1-2001:4

1970:1-2001:4

Philips curve, dependent variable: π t

(y

)

0.0982 (0.00)

0.1105 (0.00)

0.1490 (0.00)

0.1494 (0.00)

π t −1

0.5255 (0.00)

0.5151 (0.00)

0.3862 (0.00)

0.2820 (0.00)

π t −2

-0.0512 (0.52)

-0.1875 (0.00)

-0.0019 (0.98)

-0.0414 (0.26)

π t −3

0.4124 (0.00)

0.4878 (0.00)

0.1763 (0.07)

0.1274 (0.02)

-0.0991 (0.05)

0.2836 (0.00)

0.2341 (0.00)

1.16893

0.2762 (0.02)

1.74344

t −1

− yt*−1

π t −4
Intercept

0.1145

Dummies = 1 for
R2

1997:1 – 2001:4 1990:1-2001:4
0.79

Estimation period 1956:1-2001:4

1990:1-2001:42

0.84
1965:1-2001:4

1

1971:2-2001:4

1970:1-2001:4

This is the mean of (rt – πt) for 1965:1-1981:4. The variables were de-meaned in estimation and the real rate was
de-meaned separately for 1965:1-1981:4 and 1982:1-2001:4.
2
This is the mean of (rt – πt) for 1970:1-1989:4. The inflation variable was de-meaned for two periods separately,
namely 1970:1-1989:4 and 1990:1-2001:4. This has affected the real rate of interest accordingly.
3
This is the mean of πt. The variables were de-meaned in estimation.
4
This is the mean of πt for 1970:1-1989:4 (cf footnote 2). The variables were de-meaned in estimation.
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rate of interest lagged by one quarter was deleted, since its coefficients were close to zero and
insignificant.
The OLS estimates are not fully satisfactory. Residual tests indicate non-normality and
heteroskedasticity. Residuals in the Philips curve for the euro zone also exhibit some signs of
serial correlation, which, however, disappears when seasonal dummies are included. We found
this strange, as the data are supposed to be seasonally adjusted, and decided against the inclusion
of seasonal dummies.
The shift dummies included in the Philips curve represent shifts in inflationary expectations. The
hypothesis that the lagged inflation coefficients in the Philips curve sum to unity was rejected for
both the US and the euro zone in OLS estimation. Thus, the shifts refer to the expected long-term
inflation level. The dummy for 1990:1-2001:4, included in the OLS Philips curve for the euro
zone, represents the change in expectations connected with the preparations for and the
introduction of the common currency. The shift dummies in the aggregate demand equations
affect the equilibrium real rate of interest. The dummy for 1990-91, included in the OLS demand
equation for the euro zone, represents the high interest rates (possibly the risk premium) after the
unification of Germany.
The output gap estimated for the US using the unobserved components method is – with the
exception of the second half of the 1970-ies – comes close to the one obtained from the HP filter
(cf. Diagram 1). The gap published by the Congressional Budget Office (CBO) has the same
shape but larger amplitude of variation. Apparently, the HP-decomposition gives a potential
GDP that co-varies more with the actual GDP than the potential output as defined by the CBO.
The output gaps estimated for the euro zone with the UC and HP methods are almost identical
for the 1990-ies and the first two years of the current century. This period, which includes
monetary convergence and introduction of common currency, is of most importance for the
analysis. Even in this case, the estimated output gaps appear to have the
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Diagram 1. Alternative output gaps for the USA and the euro zone.
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same shape as the gap employed in the Area-Wide Model of the ECB (the latter being available
only through the first quarter of 1998).

6. THE REACTION FUNCTIONS

The reaction functions of the Fed and ECB have the form of a Taylor rule with interest rate
smoothing. Substituting equation (4) into (5) we get:

[ (

)

(

]

)

rt = (1 − d1 )rt −1 + d1 c1 π t − π t* + c2 yt − yt* + (a0 + b0 )

(5’)

Starting with the coefficient values often employed in the literature2, the coefficients were
subsequently arbitrarily adjusted to secure the resemblance of the interest rate path implied by
the rule during the 1990-ies to the actual path observed in that period. The following reaction
functions are postulated:
US:

rt = 0.2rt −1 + 1.5(π to − 3.0 / 4 ) + 0.5 / 4( yt − yt* ) + (1 − 0.2)(0.6 + 3.0 / 4 )

(7)

Euro zone:

rt = 0.3rt −1 + 1.2(π to − 1.7 / 4) + 0.4 / 4( yt − yt* ) + (1 − 0.3 )(0.6 + 1.7 / 4)

(8)

where

π to = (π t + π t −1 + π t −2 + π t −3 ) 4 .
The inflation rate is smoothed to avoid reactions to the quasi-seasonal pattern of the inflation
rate. The last term in equations (7) and (8) corresponds to the quarterly equilibrium rate of
interest. The last parenthesis includes the sum of the equilibrium real rate of interest and the
equilibrium rate of inflation. This parenthesis is premultiplied by d1 in accordance with equation
(5’). The equilibrium real rate of interest is in both equations postulated to be 0.6 % per quarter

2

The standard values for c1 and c2 are 1.5 and 0.5, respectively. Here, however, c2 should be divided by four, to
allow for the fact that the interest rate and the inflation rate are expressed as quarterly rather than annual rates.
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or ca 2.4 % per annum. The target inflation rate is postulated to be 3.0 % per annum in the US
and 1.7 % per annum in the euro zone. The interest rate paths implied by the rules are depicted
together with the actual interest rates in Diagram 2.

7. IMPULSE RESPONSES

The impulse responses for the two models are shown below. Diagram 3 shows the responses of
the basic model, which was estimated with OLS, while Diagram 4 shows the corresponding
responses of the alternative model, estimated with the UC method. In each simulation, a one-off
shock of 1 percentage point was introduced in one equation in the first quarter of the first year
(note that the time axes are scaled in years). The charts show the deviations of the endogenous
variables from their equilibrium paths, due to this temporary shock. As can be seen, the reaction
patterns are similar for the two models and also for the two geographical zones within each
model.
In the case of the supply shock, the central bank reacts with a lag and the real rate of interest
increases (in relation to the baseline) in the first quarter, giving rise to an increase in the output
gap. Furthermore, the interest rate and the inflation rate move in opposite directions in the first
few quarters. This is a result of the choice of the reaction function, where the central bank is
assumed to react to the average inflation rate over the previous four quarters rather than to the
current quarterly inflation rate. The approach can be interpreted as representing the central
bank’s forecasting procedure. A reaction function including only the current inflation rate (rather
than a moving average) would give an immediate increase of the real rate of interest after the
supply shock but also a considerably more variable (less smooth) rate of interest.
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Diagram 2 Interest rate paths implied by the Taylor rules and the actual interest rates
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Diagram 4 Simulation results for the basic model
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Diagram 4 Simulation results for the alternative mode
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8. Aggregation into annual relations
General formulae for temporal aggregation using different operators were derived by
Ruist (1996) for aggregation over 2 and 6 subperiods (i.e. quarterly and monthly equations
into semi-annual ones). Since we here are interested in aggregation over 4 subperiods
(quarterly equations into annual ones) we will use the slightly simplified method employed
in Markowski (1995).
In order to obtain an annual expression, the quarterly equation is summed over four
consecutive quarters. In other words, the equation is written down as it is and then lagged
by one, two and three quarters and the four versions are then summed together. For the
Philips curve, equation (2’), we then get (assuming only one autoregressive term):
3

4

i =0

i =1



4

4



i =1



∑ π t −i = 4b0 + b1 ∑ π t −i + b2  ∑ yt −i − ∑ yt*−i 
 i =1
(9)

Since π t = ln Pt − ln Pt −1 , where Pt is the price level in quarter t, the left-hand side variable
in equation (9) equals ln Pt − ln Pt −1 + ln Pt −1 − ln Pt −2 + ... + ln Pt −3 − ln Pt −4 = ln Pt − ln Pt −4 ,
which is the year-on-year quarterly inflation rate. This variable can be approximated by the
annual inflation rate. By the same token, the second term on the right-hand side of equation
(9) can be approximated by the annual inflation rate lagged by ¼ of the year, that is – using
linear approximation – a weighted average of the current and lagged annual inflation rates
with the weights 0.75 and 0.25, respectively. The last term in parenthesis in the equation is
the sum of (logarithmic) output gaps for four consecutive quarters and can be
approximated by four times the annual output gap, lagged as above. Using capital letters
for annual data (in logs, where appropriate) we get the following annual approximation of
equation (9):

(

Π t = 4b0 + b1Π t −0.25 + 4b2 Yt −0.25 − Yt*−0.25

)

(10)

where X t −0.25 = 0.75 X t + 0.25 X t −1
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The four-quarter sums for equations (1) and (5’) are (assuming only one autoregressive
term and one quarter’s lag on the real rate in (1) ):
3
4
4


 4

 4
 3
 ∑ yt −i − ∑ yt*−i  = 4a0 + a1  ∑ yt −i − ∑ yt*−i  − a2  ∑ rt −i − ∑ π t −i 
i =0
i =1
i =1


 i =1

 i =1
 i =0

(11)

4
3
 3 o

 3

r
=
k
r
+
k
π
−
4
k
+
k
y
−
yt*−i  + 4k5



∑
∑
1 ∑ t −i
2 ∑ t −i
3
4 ∑ t −i
t −i
i =0
i =1
i =0
 i =0

 i =0


(12)

3

where k 3 is the constant inflation target, k1 , k 2 , k 4 and k5 correspond to the fixed
coefficients in equation (5’); and in (12)
3

∑π
i =0

= (ln Pt − ln Pt −4 + ln Pt −1 − ln Pt −5 + ln Pt −2 − ln Pt −6 + ln Pt −3 − ln Pt −7 ) 4

o
t −1

3
 3

=  ∑ ln Pt −i − ∑ ln Pt −4−i  4
i =0
 i =0


is the annual inflation rate measured using the average annual price levels.
Following the approach outlined above, we get the following annual equations:

(Y − Y ) = a
*

t

t

0

(

)

+ a1 Yt −0.25 − Yt *−0.25 − (a2 4 )(Rt −0.25 − Π t −0.25 )

(

)

Rt = k1 Rt −0.25 + k 2 (Π t − 4k 3 ) + 4k 4 Yt − Yt * + 4k5

(13)
(14)

where the last term in (13) is the annual real rate of interest (lagged by 0.25 year).
The annual models for the USA and the euro zone thus comprise equations (10), (13) and
(14).
We will use the OLS estimates to construct the annual models. This estimation method is
technically less complicated than the UC method and treats the output gap series as given,
which makes the future use of the model much easier. At the same time, the output gaps
estimated with the UC method appear to be very similar to those estimated using the HP
filter (cf. Diagram 1). Coefficient estimates are also rather similar.
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The two annual regional models are as follows:
US:
Π t = 3.0(1 − 0.5255 + 0.0512 − 0.4124 ) + 0.5255Π t −0.25 − 0.0512Π t −0.5

(

+ 0.4124Π t −0.75 + 4 ⋅ 0.0982 Yt −0.25 − Yt*−0.25

(Y − Y ) = 1.0430(Y
*

t

t

t −0.25

(

)

(

− Yt *−0.25 − 0.0951 Yt −0.5 − Yt *−0.5

− 0.1925 Yt −0.75 − Y

*
t −0.75

(

) − (0.1862 / 4)(R

)

)

t −0.5

(15)

− Π t −0.5 − 2.4 )

)

Rt = 0.2 Rt −0.25 + 1.5(Π t − 3.0) + 0.5 Yt − Yt * + (1 − 0.2 )(2.4 + 3.0)

(16)
(17)

Euro zone:
Π t = 1.7(1 − 0.3862 + 0.0019 − 0.1763 − 0.2836) + 0.3862Π t −0.25 − 0.0019Π t −0.5

(

+ 0.1763Π t −0.75 + 0.2836Π t −1 + 4 ⋅ 0.1490 Yt −0.25 − Yt *−0.25

(Y − Y ) = 0.9457(Y
*

t

t

t −0.25

(

)

(

− Yt *−0.25 + 0.0607 Yt −0.5 − Yt*−0.5

− 0.2912 Yt −0.75 − Y

*
t −0.75

(

) − (0.1486 / 4)(R

)

t −0.5

)

)

− Π t −0.5 − 2.4)

Rt = 0.3Rt −0.25 + 1.2(Π t − 1.7 ) + 0.4 Yt − Yt * + (1 − 0.3)(2.4 + 1.7 )

(18)

(19)
(20)

The long-run solutions to the demand and supply relations were adjusted in accordance
with the respective reaction functions. The long-run inflation rate is 3.0 % per annum in
the USA and 1.7 % per annum in the euro zone. The intercepts in the Philips curves equal

π t* (1 − b1 − b2 − ... − bh ) , giving the long-run inflation rate, π t* , as the long-run solution (cf.
Section 2 on the basic model).
The long-run real interest rate is 2.4 % per annum in both regions. The intercepts in the
demand equations are (a0 ak +1 ) ak +1 , where the term in parenthesis is the equilibrium real
rate (cf. Section 2). For clarity of exposition the equations are written in a slightly
transformed form, the equilibrium real rate being subtracted from the lagged actual real
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rate in the last term of the demand relation. The intercept is obtained when the equilibrium
real rate is written as a separate term.

9. AGGREGATION INTO ONE FOREIGN SECTOR

If aggregated results for an area comprising both the US and the euro zone are requested,
the correct way is to use each regional model separately and then to aggregate the results.
This procedure requires exact definitions of aggregate output gap, inflation and interest
rate in terms of the corresponding series for both regions.
A simpler approach can be suggested if these aggregate series are taken as given. An
approximate model can then be constructed consisting of equations (10), (13) and (14) with
coefficients computed as weighted averages of the corresponding coefficients in the two
regional models. If the aggregated variables are defined as arithmetic averages with the
same weights as those employed in model aggregation, the approximation errors are zero
when the two regional models have identical coefficients. Approximation errors depend
otherwise on the differences between the corresponding coefficients in the regional models
and on the differences between the weights.

10. THE FOREIGN SECTOR MODEL

The approximate, aggregate, annual model is constructed using the weights 58% for the
US and 42% for the euro zone. These weights are derived from the International Monetary
Fund’s GDP weights for 2001. Alternatively, Swedish trade weights could also be
employed, to allow for the effects of the two regions on Swedish trade.

21

Aggregate model
Π t = 2.4540 ⋅ 0.1312 + 0.4670Π t −0.25 − 0.0305Π t −0.5 + 0.3132Π t −0.75

(

+ 0.1191Π t −1 + 0.4781 Yt −0.25 − Yt*−0.25

(Y − Y ) = 1.0021(Y
*

t

t

t −0.25

(

)

)

(

(21)

− Yt*−0.25 + 0.0055 Yt −0.5 − Yt *−0.5

)

)

− 0.2340 Yt −0.75 − Yt *−0.75 − 0.0426(Rt −0.5 − Π t −0.5 − 2.4)

(

(22)

)

Rt = 0.2420 Rt −0.25 + 1.3740(Π t − 2.4540) + 0.4580 Yt − Yt *
+ 0.7543(2.4 + 2.4540 )

(23)

ln Pt = ln Pt −1 + Π t 100

(24)

Yt* = Yt *−1 + g

(25)

where g is the exogenous potential growth rate, defined as the sum of the labour
productivity growth rate and the growth rate of the labour force. The labour productivity
growth rate can in turn be distributed into the total factor productivity growth and the
effect of productive capital growth on output.
Using the definition of a fractional lag, given after equation (10) above, and solving for the
non-lagged left-hand side variables, equations (21) – (23) become:
Π t = 2.4540(1 − 0.7765) + 0.7765Π t −1

[ (

)

(

+ 0.8149 0.75 Yt − Yt * − 0.25 Yt −1 − Yt *−1

(Y − Y ) = 0.2557(Y
*

t

t

t −1

)]

)

− Yt *−1 − 0.1400[0.5(Rt + Rt −1 ) − 0.5(Π t + Π t −1 ) − 2.4]

(21’)
(22’)

Rt = 0.0739 Rt −1 + 1.6787(Π t − 2.4540)

(

)

+ 0.5596 Yt − Yt* + (1 − 0.0739 )(2.4 + 2.4540 )

(23’)

The target inflation rate and the equilibrium real rate of interest, assumed to equal 2.4540
and 2.4 respectively, are written explicitly in the model equations above, to show how the
model depends on these equilibrium values. The model is complemented with equations
(24) and (25), determining the (log of the) price level and the (log of the) level of the
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potential output. Thus, a time path for the price level, the GDP and the potential GDP can
be determined from model simulations, given initial conditions for those three variables.
Diagram 5 shows the impulse responses obtained from simulations with the aggregate,
annual model. As in Section 7, a one-off shock of 1 percentage point was introduced in one
equation in year one. The unit of time is here one year, rather than one quarter as in the
simulations above (the time axis is scaled in years both in Diagram 5 and in Diagrams 3
and 4).
As can be seen in the diagram, the short-term dynamics of the annual model differ from
those of the quarterly models, since temporal aggregation has increased the degree of
simultaneity of the annual model as compared to the quarterly ones. This is also the reason
why the variables shocked do not increase by a full percentage point the first year. The
initial interest rate reaction is much stronger. As a result, the interest rate varies more than
in the quarterly simulations, while the output gap varies significantly less. The inflation
path is also smoother.
The annual model regains equilibrium approximately nine years after the shock, similarly
to the quarterly models. This indicates that temporal aggregation has preserved the models’
dynamics in the medium term.
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Diagram 5 Simulation results for the aggregate, annual model
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