
Virén, Matti

Working Paper

An analysis of advance effects of anticipated policy
actions: Recent results with the Finnish MICRO-
QMED model

Bank of Finland Discussion Papers, No. 15/1990

Provided in Cooperation with:
Bank of Finland, Helsinki

Suggested Citation: Virén, Matti (1990) : An analysis of advance effects of anticipated policy
actions: Recent results with the Finnish MICRO-QMED model, Bank of Finland Discussion
Papers, No. 15/1990, ISBN 951-686-255-1, Bank of Finland, Helsinki,
https://nbn-resolving.de/urn:nbn:fi:bof-201807311800

This Version is available at:
https://hdl.handle.net/10419/211590

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:fi:bof-201807311800%0A
https://hdl.handle.net/10419/211590
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Matti Viren* 
Bank of Finland Research Department 

10.7.1990 15/90 

AN ANALYSIS OF ADVANCE EFFECTS OF ANTICIPATED POLICY ACTIONS: 

RECENT RESULTS WITH THE FINNISH MICRO-QMED MODEL 

For presentation at the Economic Modelling Symposium, 
in Urbino, July 23 ~ 25, 1990 

* 1 am indebted to Anneli Majava and Johanna Pohjola for 
research assistance and to the Yrjö Jahnsson Foundation 
for financial support. 



Suomen Pankin monistuskeskus 
Helsinki 1990 
ISBN 951-686-255-1 
ISSN 0785-3572 



ABSTRACT 

This p~per reports some policy simulations carried out with the 
Finnish MICRO-QMED model. This rational expectations model built at 
the Economics Department of Bank of Finland is used to evaluate the 
short-run effects of some anticipated policy actions. The role of 
alternative (income) policy rules is also assessed.All these 
experiments demonstr-ate the importance of advance effects. In 
addition, they underline the importance of knowing the nature of the 
policy actions and the expectations horizon of economic agents. The 
paper also contains a short desc~iption of the MICRO-QMED model and 
its computational properties. 
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1 INTRODUCTION 

This paper reports some basic results obtained with the Finnish 
MICRO-QMED model developed at the Economics Department of the Bank 
of Finland, where it is mainly used in short-term forecasting. In 
addition, some advice is provided on the practical use of the model;· 
as the name of the model already suggests, this version of the model 
is used in a microcomputer (PC) environmento This application has 
been rendered possible by the new MIKRO-TEKO programme developed at 
the Bank of Finland. 1 

The MICRO-QMED is to a large extent similar to earlier versions of 
the QMED models (which,however, have been used with a mainframe 
computer only; see Lahti and Viren (1989) and Lahti (1989) for 
deta.ils). The main difference is that the MICRO-QMED model is 
somewh~t smaller: altogether there are 18 stochastic equations, 14 
identities and 60 variables (excluaing the residuals) in the modelo 
The second difference with respect to the earlier versions of the 
model is that the estimation period is now 1976.1 - 1988040 The 
exclusion of the early 1970s is motivated by the fact that the 
current institutional framework (particularly in terms of the 
capital market) is very much different from that period (not to 
mention the 1950s and 1960s). Thirdly, but no less importantly, the 
structure of the model has been changed. Now, rational expectations 
also affect business investment (and thus not only consumption 
demand and wage formation). In addition, the (endogenous) capacity 
variable has been changed so that it now corresponds to the actual 
capacity utilization rate obtained from the Bank of Finland 
i nvestment i nqui ry. Otherwi se the mode 1 structure i s fai rly 
standard. Aggregate demand determines output (although it is also 
affected by endogenous capacity), wages - or more precisely wage 
drift - is determined by a Phillips curve and prices are determined 
according to a mark-up modelo Export prices are linked to foreign 
prices via an error correction specification. In the short run, 
export prices are also affected by wages but the main effect of 
wages i s .revea 1 ed i n the functi ona 1 di stri buti on of i ncome and, 
consequently, in consumption and investment demand. 
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We do not intend to go through the details of the model. A short 
summary of the main benavioural equations of the models is, however, 
presented in Appendix 1. The estimates are OLS estimates. The model 
is also estimated by Hatanaka's (1978) two-step estimation 
procedure, in which the instruments are derived from the model 
solution. This is done although the relatively small number of 
observations makes this alternative estimation procedure somewhat 
questionable. 1n order to save space, the Hatanaka two-step 
estimates are not reported here. We may, however, note that they 
differ very li·ttle from the OLS estimates. 2 1n addition, Appendix 1 

contains some (altogether 11) diagnostic statistics for these 
equations. As can be seen, these test statistics do not indicate 
serious shortcomings, although some alarming signs can also be 
detected. In particular, this is true in terms of the 
Plosser-Schwert-White differencing test, which may reflect some 
problems with the dynamic specification. 

1n this paper we concentrate on examining the simulation properties 
of the made1- This is done in two different ways •. Firstly, we 
scrutinize the dynamic and static simulation paths for the 
estimation period (see section 2.2) and, secondly, we compute a set 
of policy multipliers in terms of the key exogenous variables of the' 
model (see, e.g., Fair (1989) for a recent defence of this kind of 
exercise in analyzing policy alternatives; see also section 2.3). 
Finally, the effects of ?ome alternative (incomes) policy rules are 
assessed (section 2.4). This is done both to examine the basic 
properties of the model and to find out the nature of the shocks 

-which have hit the Finnish economy in the recent past. The növeii:y 
of the latter results lies in the fact that it is assumed that the 
changes in these exogenous variables are already known in advanceo 



9 

2 SIMULATION RESULTS 

2.1 Some Computational Properties of the MICRO-TEKO Model 

As mentioned above, the ration~l expeetations version of the model 
is solved using the MICRO-TEKO program, and more preeisely the 
Fair-Taylor (1983) algorithm. Beeause the model is relatively small 
and the number of leads is one or two, only a few eomputational 
problems are typieally eneountered - this is also true when working 
with a PC (ef. Sulamaa and Viren (1989) for further details). This 
does not mean, however, that the model simulations are similar to 
those obtained with standard baekward-looking expeetations models. 
The simulated values for the sample period depend on the post-sample 
period values. Thus, if a foreeast is eomputed for, say, the period 
1990 - 1992 the values of the exogenous variables both for this 
period and for some subsequent periods are needed (depending on the 
foreeast horizon and on the number of periods with whieh the 
soluti,on path is extended in type III iterations (ef. Fair and 
Taylor (1983)). Thus, when rational expeetations models areused in 
foreeasting one eannot simply leave the post-foreeasting period 
values of the exogenous variables unspeeified or simply extrapolate 
them meehanieally. In partieuiar, if the foreeasting (dynamie 
simulation) period is short and these future values are merely 
assumed to be eonstant, the simulation results are markedly 
different from the ease where the future values are based on all 
available information.3 

2.2 Statie and Dynamie Ex-Post Simulations 

To give some flavour of the traeking performanee of QMED model we 
first report some summary statisties from the ex post simulations 
performed for the estimation period 1976.1 - 1988.4. Both Mean 
Absolute Pereent Errors (MAPE) and Mean Pereent Errors (the 
differenee between the simulated and aetual values, abbreviated as 
MPE) are shown in Table 1. In addition, graphs for the simulated and 
aetual values of GDP and the price deflator of private consumption 
are presented (see Figure 1; the eontraet wage, the diseount rate 
and the exehange rate variables ar~ exogenous in both simulations}.4 
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TABLE 1 

-MAPE and MPE values for the estimation period 1976.1 - 1988.4 

Dynami c Dynami c Static 
simulation 1 simulation 2 simulation 

MAPE MPE MAPE MPE MAPE MPE 

Gross Domestic 
Product 1.17 -0.32 1.16 -0.25 1.16 -0045 

Imports 3.90 2.59 3.63 1.38 2.36 -0.29 
Exports 2.-98 0.04 3.02 0.01 2.68 0.03 
Pri vate 

consumption 1.45 0.81 1.11 0.33 0.71 0003 
Investment 3.64 -0.06 3.71 -0.08 2.92 -2.18 
Employment 1.39 -0.03 1.39 -0.03 1.16 0.01 
Capacity 

utilization 
rate 1.64 -0000 1.64 -0.01 0.45 -0008 

Consumption 
pri ces 1.20 -0.79 1.29 -0.83 0.35 -0.04 

Export prices 2.08 0.07 2.22 0.10 1.45 0.01 
Wage rate 0.59 0.10 1.25 -0.57 0.17 -0.00 
Current 

account/GDP 1.41 -0.87 . 1.28 -0.52 1.12 0007, 
1 nterest rate 0.56 -0.01 0.53 -0.00 0.51 -0.00 

The contr~ct wage rate is exogenous (endogenous) in dynamic 
simulation 1 (2) and in the static simulation. All aggregate demand 
components are volumes, prices are implicit price deflators. 
Employment is expressed in working hours and the capacity 
utilization rate, the turrent account in relation to GDP and the 
interest rate in percentage termso In these cases, the MPE values 
are computed simply as MPE(Y) = Mean(Y(simulated)-Y(actual»). 

Generally speaking, the tracking performance of the model is good 
(irrespective of.the way the contract wage variable is treated). It 
may be noted t~at-the time series of the selected end0genous 
variables are rather volatile, as can be seen from the standard 
errors computed for the deviations between the actual (109) values 
and the linear time trend (denoted by SD(y)5). Alternatively, one 
can compare the MAPE values with those obtained from a larger 
quarterly model of the Finnish economY (Tarkka et al. (1990». Only 
imports, investment and exports create some minor problems in a 
dynamic simulation over the 52-quarter sample period. If static 

100 * 
SD{Y) 

1.64 
6.77 
7.28 

2.10 
5016 
1.75 

3.67 

4080 
7.00 
2.80 

1.84 
1.29 
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simulation is carried out, fairly similar results emerge. The static 
simulation errors are genera11y smaller than those with dynamic 
simulation, which is obviously also due to the irnportance of lagged 
dependent variables in the model. 

All in all, the difference between dynamic and static simulation 
results is strikingly small and the simulation errors follow a 
similar pattern. Although the static simulation errors are smaller 
they are not trivial (i .e. they are not just zeroes). This suggests 
that i t may we 11 be unnecessary to carry out both simul ati ons to 
assess the performance of the model. 6 

2.3 Measuring the Effect of Anticipated Policy Changes 

Now, let us turn to the effects of some policy actions. The relevant 
simulation results are reported in Table 2. All results correspond 
to permanent, once-for-all ceteris paribus changes in the exogenous 
variables mentioned in the table. (See e.g. Bree.don et al. (1990) 

.'.(~ 

for a simillr exercise with the Bank of England mod~l.) In all " 
cases, it is also assumed that the·changes are known for 8 months in 
advance. This, in turn, makes" it possible to examine the dynamic 
adjustment path of the endogenous variables of the model both before 
and after the policy actiono Although we speak about IIpolicy 
actions ll

, some changes in exogenous variables are literally speaking 
not IIpolicy actions ll but merely changes in the overall policy 
envi ronment. 

Because price and wage adjustment is of crucial importance in the 
case of a small open economy (such as Finland), we also present 

;j 

results with a model version which includes a wage equation for 
contract wages. Most of the forecasting is carried out treating 
contract wages as exogenous, which can be justified"given the highly 
unionized and centralized wage settlement system in Finland. 
However, with policy simulations, this assumption is obviously much 
too restrictive, particularly in the case of large changes in 
exogenous variables. 7 
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TABLE 2 

Policy simulation resul ts 

~7.4 78.1 79.4 82.4 

Effects on GDP 

contract wage rate -0.14 -0.28 -0.35 0.29 
( - ) ( - ) ( - ) ( - ) 

public consumption 0.00 2.29 2.22 2.28 
(0.00) (2.28) (2.19) (2.31) 

forei gn demand -0.00 0.56 1.21 1.29 
(0.00) (0.56) (1.21) (1.32) 

working-age population 0.05 0.08 0.32 0.02 
(0.06) (0.10) (0.38) (-0.06) 

bilatera1 exports -0.00 0.35 0.32 0.47 
(-0.00) (0.35) (0.31) (0.48) 

social security contributions 0.01 0.01 0.00 0.01 
(0.00) (0.00) (-0.04) (0.03) 

oi1 prices -0.02 -0.10 -0.16 -0.23 
(-0.03) (-0.11) (-0.19) (-0.77) 

di scount rate 0.00 -0.12 -0.58 -0.77 
(0.00) (-0.12) (-0.57) (-0.78) 

i ncome tax ra te -0.09 -0.18 -0.47 -0.59 
(-0.09) (-0.18) (-0.46) (-0.59) 

foreign prices (pf,pme.pmo) -0.12 1.44 0.65 0.76 
(-0.17) (1.35) (0.48) (0.85) 

Effects on consumetion erices 

contract wage rate -0.02 2.11 6.65 6.75 
( - ) ( - ) ( - ) ( - ) 

pUb1ic consumption 0.00 0.01 0.03 0.01 
(0.00) (0.02) (0.30) (0.18) 

foreign demand 0.00 0.01 0.04 -0.01 
(0.00) (0.02) (0.18) (0.11) 

working-age popu1ation 0.00 0.00 -0.07 -0.06 
(0.00) (-0.01) (-0.81) (-1.04) 

bilatera1 exports -0.00 0.01 0.01 -0.00 
(0.00) (0.01 ) (0.06) (0.04) 

soci al secur.ity contributi ons 0.00 0.18 0.54 0.54 
(0.00) (0.18) (0.90) (1.12) 

oi1 prices -0.00 0.15 0.52 0.53 
(-0.00) (0.15) (0.76) (1.04) 

discount rate 0.00 -0.00 -0.02 -0.00 
(-0.00) (-0.00) (-0.07) (-0.07) 

income tax rate -0.00 -0.01 -0.02 -0.07 
(-0.00) (-0.01) (-0.07) (-0.05) 

forei gn prices (pf,pme.pmo) -0.00 0.97 2.65 2.68 
(0.00) (0.97) (4.51) (5.48) 

Effects on current account/gde 

contract wage rate -0.00 0.76 -1.36 -1.40 
( - ) ( - ) ( - ) ( - ) 

pub1ic consumption -0.00 -0.17 -0.38 -0.03 
(0.00) (-0.16) (-0.41) (-0.09) 

forei gn demand 0.00 0.48 1.04 1.19 
(0.00) (0.49) (1.05) (1.19) 

working-age popu1ation -0.03 -0.05 0.79 -0.20 
(-0.04) (-0.07) 0.84 0.04 

bi1atera1 exports 0.00 0.29 0.26 0.42 
(0.00) (0.30) (0.26) (0.42) 

social security contributions -0.01 -0.05 -0.07 -0.07 
(0.00) (-0.04) (-0.10) (-0.18) 

oil pri ces 0.01 -0.47 -0.73 -0.74 
(0.02) (-0.47) (-0.76) (-0.87) 

discount rate -0.00 0.08 0.46 0.42 
(0.00) (0.08) (0.46) (0.42) 

i ncome tax ra te 0.07 0.11 0.35 0.48 
(0.07) (0.11) (0.35) (0.35) 

foreign prices (pf.pme,pmo) 0.09 1.49 1.07 1.55 
(0.12) (1.57) (0.91) (1.10) 

Effects are given as cumulative percentage differences between the 
base (control solution) and the variant. The numbers in parentheses 
are results obtained with a model version with endogenous contract 
wages. All changes io exogenous variab1es are permanent and they take 
place at the beginning of the first quarter of 1978. The variables are 
then increased by 10 per cent. 1n the case of the wOrking-age 
population the increase iso however. 1 per cent and in the case of the 
employers' social security contributions rate. the disceunt rate ånd 
the inceme tax rate 1· percentage peint. The simulation period is 
1976.1 - 1988.4. Hence. these changes are already known 8 quarters in 
advance. Accordingly. the first quarter represents the 
one-quarter-ahead anticipated effect of the respective policy actiens. 
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The po1icy mu1tip1iers c1ear1y indicate that the advance effects are 
not simp1y zero. In fact, the effects are more important and diverse 
than can be conc1uded on the basis of Tab1e 2. For instance, in the 
case of an increase in contract ~ages there is a positive and 

, 
anticipated income effect in terms of private consumption and a 
negative and anticipated income effect on private investment, in 
addition to a negative simu1taneous or 1agged competitiveness effect 
on exports and imports. The net effect in terms of GDP can, however 9 

be a1most neg1igib1e. In the same way as GDP, private consumption is 
a1so affected by two future effects - in addition to the income 
effect - with opposite signs, which a1most offset each other: a 
positive rea1 interest rate effect and a negative direct inflation 
effect (for further detai1s, see Appendix 1)a 

In eva1uating the simu1ation results one should bear in mind that 
technically the expectations horizon, Leo th.e number of leads, in 
the equations is on1y one or two. Clearly, the true horizon is much 
10nger and, thus, the advance effectsgenerated by expected po1icy 
changes are even more important. This obvious fact can be 
demonstrated by extending the expectations horizon. Such an 
experiment is i11ustrated in Figure 2 where the contract wage 
equation is changed so that the number of 1eads with respect to the 
capacity uti1ization rate in the contract wage equation is extencted 
to four quarters ahead. Now, assume that the income tax rate is 
increased by 1 per cent and oi1 prices by 10 per cent at the 
beginning.of 1978 and that these actions are a1ready known at the 
beginning of 1976. In these cases advance effects can already be 
discerned twoyears ear1ier a1though they do not become economica11y 
important unti1 one or two quarters before the changes in taxes or 

. oi1 prices, actually take place. 

These examp1es c1ear1y indicate that even minor changes in mode1 

specification may crucia11y affect the short-run dynamics. In' 
particuiar, the assumption that some effect is a result,of 
forward-100king behaviour rather than backward-looking behaviour 
definite1y has a nontrivial effect on short-term resu1ts. One shou1d 
therefore treat the corresponding resu1ts from 1 01d-fashioned" macro 

mode1s with at 1east some caution. 
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2.4 Evaluating Alternative Income Policy Rules 

Finally, we turn to an experiment in which we analyze alternative 
policy rules. Although this is something that is not really 
justified given Lucas's critique, it may help us to get some idea of 
both the model and the shocks which have hit the Finnish economYe 
Here, we only consider income policy ruleso In practice, this is 
done by comparing the dyn~mic simulation paths of GDP and 
consumption prices with different specifications for the contract 
wage equation. Thus, the model is solved with (1) an exogenous 
contract wage variable which is set equal to the actual value of wc, 
with (2) an exogenous constant contract wage variable such that this 
constant nominal value (more precisely, growth rate) corr~sponds to 
the sample average of ~wc, with (3) a constant exogenous real wage, 
which, in turn, i5 set equal to the sample average of å(WC-pC}, and 
(4) with an endogenous contract wage (see fno 7). The corresponding 
sample averages (ll) an~ standard errors (s) for the simulated values 
of blogGDP and 610gPC are reported in Table 3. The same statistics 
are also reported for the actual values of these two variables. 

TABLE 3 

Effects of alternative contract wage rules 

Specification of wc 

wc exogenous 
bwc constant 
b(WC-pC) constant 
åWC endogenous, fn. 7 
actual data for GDP and PC 

II 

.00897 

.00904 

.00871 

.00897 

.00874 

GDP 

s 

.02261 

.02309 

.02251 

.02292 

.01291 

Consumption prices 

II s 

.01857 .00773 

.01905 .00521 

.01693 .01057 

.01870 .00701 

.01871 .00776 

One can see that a policy based on constant contract wages would 
indeed lower the variability of inflation but would, in turn, 
increase the variabili~y of output growth. By contrast, if the 
growth rate of real wages were held constant over time; this would 
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not lead to any decrease in the' variability of output growth. In 
fact, this would also lead to considerably higher inflation rate 
variability. If contract wages fol10wed the behavioural equation 
with expected inflation, the past real wage gap and the capacity 
utilization rate as the right-hand-side variables (see footnote 7), 
inflation would be relatively stable but the variability of output 
growth would not differfrom the general patterno 8 These results 
give some support to the idea that most of the shocks which_have hit 

, the Finnish economy'are real (demand and supply) shocks {like oil 
shocks, {bilateral} export demand shocks, demographic shocks and so 
on}. Given this, fixing nominal wages or indexing real wages would 
not represent an optimal policy rule (cf. Blanchard and Fischer 

(1989) for the basic results of the theory). 

3 A CONCLUDING REMARK 

This model is far fro~ complete. Even though some novel features; 
such as rational expectations, are inc'orporated in the model a lot 

more needs to be done. In particular, an attempt should be made to 
find out what is the overall role of expectations in the context of 
separate behavioural equations, what is the "h6rizon of 
expectations ll

, how expectations should be treated in terms of policy 
rules and so on. If light ca~not be shed on such issues, or if they 
are simply ignored, the usefulness of macromodels can be seriously 

questioned. 
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FOOTNOTES 

1 Unfortunately, there is currently no proper document of the 
programme available. Those interested in the programme may, 
however, contact Jukka Syrjänen at the Bank of Finland. 

2 Moreover, the model was also estimated by Huber's {1981} robust 
M-estimatoro This exercise showed ~ in accordance with the 
outlier tests = that the coefficient estimates are not sensitive 
with respect to any outlier observations. Thus, for instance, 
the Mean Absolute Percent Errors value for the robust estimation 
version of the ~odel (for the 1976Q1 - 1988Q4 period; endogenous 
capacity and contract wage variables) turned out to be 1.44 
while the corresponding figure for the OLS version was 1.16. 

3 An unpublished note describing these experiments is available 
upon request from the author. Note that due to purely 
computational rea~ons,-forecasts for a short period and for an 
overlapping long period do not necassarily coincide although the 
difference is typically extremely small. 

4 The use of static simulation (and conventional single-equation 
diagnostic testing (cf. Appendix 1}) is motivated by the 
arguments presented in Pagan (1989) and Fisher and Wallis 
(1990). Pagan, as well as Fisher and Wallis, takes a rather 
critical attitude towards using dynamic simulation in the 
statistical evaluation of econometric models. For instance, 
Pagan argues that "it is therefore very hard to utilize tracking 
performance for the purpose of model evaluation: a good record 
may be comforting, but nothing substantial can really be 
concluded from it about any misspecification". 

5 1n the case of the capaci ty util i zati on .rate, the current 
account/GDP ratio and the interest rate, the sample standard 
deviations are computed. 

6 We also carried out a dynamic "ex ante" simulation for a 
pre-estimation period 1971.1 - 1975.4 (which also includes the 
first "oil crisis"). The r:esults were relatively good given the 
very volatile data. Thus, the following values were obtained for 
GDP and consumption prices: MAPE(y) = 2.43, MPE(y} = -0.77, 
MAPE(pc) = 1.78 and MPE(pc} = -1.78. Finally, we compared the 
tracking performance of the model with the accuracy of forecasts 
made at the Bank of Finland (by.the forecasting team). This was 
done by computing the difference between the forecast and actual 
rates of change of GDP, consumption prices and the current 
account (current account relative to GDP). The forecasts were 
made late in January and they applied to the same year. The 
corresponding average (absolute) percentage values are denoted 
here as MPEF (MAPEF). They are compared with the model 
simulation errors computed from dynamic simulatiqns covering 
four consequentive quarters in each year. This exercise produced 
the following results: 



Gross Domestic Product 
Consumption prices 
Current account/GDP 
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MAPEF MPF 

1.32 
0.40 
1.08 

-0.22 
~0.18 
0.10 

MAPE MPE 

-0.22 
-0.12 
0.15 

Obviously, the comparison is not completely fair because, for 
instance, the model here uses correct values for exogenous and 
lagged variables. (In fact, some forecasts are also available 
for the exogenous variables. If these values are used in 
simulation the tracking performance of the model somewhat 
deteriorates. For instance, the MAPE value of GDP increases to 
1.19). Even so, the numbers suggest that the forecasting errors 
are generally of the same magnitude although the annual 
forecasting errors produced by these two alternative systems are 
only weakly correlated. 

7 The contract wage equation applied here is of the following 
form: 

awc = .61S.bpC(-1} = .038-(wc(-4)/pc(-4» + o049·cap(+1) 
(3.55) (2.02) (2.60) 

R2 = .221 D~W = 2.112 SE = .0086, 

where the symbols are the same as in Appendi~ 1. 

8 Notice that all these experiments are carried out assuming that 
the variability of inflation or output (income) growth does not 
affect the growth of output and income. This is a very strong 
assumption. One would prefer to assume that increased 
variability has a negative effect on growth. 
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APPENDIX 1 

OLS Estimates of the Main Behavioural Equations of the QMED Model 

(1) x* = 0.792-1og(x*(-1)} + O.483-f* ~ Oo286-f*(-1) 
(14.48) (1g98) (1~05) 

- O.300-(pxf}(~3) ~ O.048od1 + O.05a-d2 + 1.063 
(2.16) (1.62) (1.83) (4.18) 

R2 = 0.979 D-W = 2.186 SE = 0.0288 

(2) ~m = -.678-~m(-1) - .219o~m(-2) + 3.833o~z 
(6.82) (2.18) (5.03) 

- .580-~pmz- .196opmz(-1) + 2.154·~cap - .145-dl 
(2.16) (2.10) (3.14) (3023) 

R2 = .723 D-W = 10825 SE = .0425 

(3) c = O.827 o c(-1J + 0.170-yhr(+1) - 0.323-(r-(400-~pc(+1)}} 
(14.67) (2.75) (2.33) 

- 1.473-~pc(+1) + 0.831 
(2.67) (3.16) 

R2 = 0.995 D-W = 2.357 SE = 0.0090 

(4) ih = 0.317-ih(-1} + 0.231.bp(-1) + 0.101~bp(-3) 
(2.74) (3.43) (1.31) 

- 0.186-(r(-4)-(400-bpih(-3») + O.156-(yh-pih}(-4} 
( 2.86) ( 1 • 56 ) . 

- Oo140-d3 + 4.371 
(3.45) (4.53) 

R2 = 0.720 D-W = 2.045 SE = 0.037p 

(5) Aif = - 0.674-(if-y)(-1) + 0.535-(if-y}(~2) + 1.028oAy 
(5.98) (4.54) (1.99) 

+ 0.549·cap - 0.066-A(r(-4)-400-Api(-3» 
(3.07) (0.92) 

- 0.876-A(W-pq)(+2) + O.074·d4 - 0.728 
(1.83) (2.24)' (4.40) 

R2 = 0.614 D-W = 2.203 SE = 0.0398 

(6) lw-'n = 0.476- (lw-n)(-l) + O.123-cap - '0.886 
(3.93) (2.12) (4.42) 

R2 = 0.356 D-W = 1.813 SE = 0.0148 
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(7) ~w = 1.031'~wc + 0.017.~4pc*(+1) + Oo004'cap 
(26.85) (1.47) (3.69) 

R2 = 0.943 D-W = 2.136 ~ SE::: 0.0025 

(8) ~pc ::: 0.243·bwn + 0.161'~wn(-1) + 0.210.~wn{-2) 
(4.98) (3.37) (4.36) 

+ 0.057·~pm + 0.087·~pm(-1) - 0.044.pcx(-1) 
(1.80) (2.43) (2.87) 

D-W = 1.389 SE = 0.0046 

(9) ~pi .= 0.427.~2pi(-1) + 0.426·~2wn + 0.128'~2pm 
(4.04) (5.37) (1.41) 

R2 = 0.522 D-W = 1.938 SE :: 0.0111 

(10) ~pg = .147·~pg(-1) + 0.664·~wn + 0.133·~pm 
(3.39) (10.64) (1.89) 

R2 = 0.608 D-W = 2.050 SE ::: 0.0071 

(11) ~pfx ::: - 0.239·pxf(-1) + 0.395·~w + 0.013·d5 ~ 0.017 
(2.77) (1.51) (2.24) (2030) 

R2 = 0.195 D-W :: 2.004 SE :: 0.0182 

(12) r = 16.024·~4pc(+1) + 0.859·rd + 4.883·~(nd-pc)(-1) + 1.191 
(4.17) (6.92) (2.22) (l.3I) 

R2 = 0.799 D-W = 0.561 SE ::: 0.603 

(13) cap = 1.640·cap(-1) - 0.704·cap(-2) + 0.176.~y - 1.786Q~n(-1) 
(19.12) (8.03) (2.88) (1.74) 

- 0.006·if(-1) - 0.006.A(pmo-pq)(-4) + 0.107 
(0.82) (0.79) (1.87) 

R2 = 0.981 D-W = 1.634 SE = 0.0054 

A11 variables, except r, are expressed in 10gs, and all expenditures 
are defined in rea1 terms. Variab1es marked with an asterisk are two 
period averages so that x* = (x+x(-l))/2. Thenumber of 1ags is shown 
in parentheses after each 1agged variable. The numbers in parentheses 
be10w the parameter estimates are unadjusted t-ratios. E.g. (-1) 
refers to period t-1. ~ denotes the first backwards differencing 
opera tor and ~4 denotes the fourth and A2 the second backwards 
differencing operator. R2 = coefficient of determination, D-W = 
Durbin - Watson statistic and·SE = standard errar af estimate. 
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Appendix 1 continue~ 

LIST OF VARIABLES (exogenous variables are underlined) 

b 
c 
ca 
cap 
d1-d5 
f 

~ 
19 
Tf 
ih 
lw 
m 
n 
nd 
pc 
pcx 
pf 
pg 
pi 
pih 
pm 
pme 
pmo 
pmz 
pq 
px 
pxf 

. pz 
'r 
rd 
s 
t 
w 
wc 
wn 
wr 
x 
xe 
y 
yh 
yhr 
z 

buil~ing permits for residential construction 
private consumption 
current account 
capacity utilization rate in manufacturing 
dummy va ri ab 1 es 
foreign import demand 
public consumption 
public investment 
manufacturing-investment 
housing investment 
wage-earners l employment 
imports (excluding oi1) 
working-age population 
central governmentis long-term domestic debt 
private consumption prices 
pc - px 
foreign producer prices 
public consumption prices 
investment prices 
dwelling prices 
import prices 
import prices (excluding oi1) 
import prices of oil 
pme - pz 
GDP deflator 
export prices of goods (excluding bilateral exports) 
px -pf 
private demand prices 
interest rate (government bond yield) 
di scount rate 
employers ' social security contributions rate 
linear time trend 
wage rate 
contract wage rate (cfo fn. 5) 
w· (l+s) 
w·(l+s) - pq 
exports of .goods (excluding bilateral exports) 
bilateral exports 
gross domestic product at constant 1985 purchasers ' prices 
households ' disposable income 
yh - pc " 
private demand (lagged four-quarter average) 

Data source: Bank of Finland's data bank (TAKO). The data are 
seasonally adjusted. The definiti"ons of the variables and printouts 
of the data" (also a printout of the complete model file) are avaiable . 
upon request from Anneli Majava at the Economics Department of Bank of 
Finland. 
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Appendix 1 continued 

Diagnostic Test Statistics 

Equa-
tion DW LM1 BP JB CHOW RESET RBOW DIF IMT ARCH OL 

x* 57.38 19.19 19.56 30.58 32.99 0.07 73.28 3.00 
Ärn 12.16 23.95 38.51 62.95 24.86 0.00 .. 72.40 
C 78.16 4.84 28.05 59.67 9.68 4.71 13.50 0.00 8.21 1.70 2.84 
ih 41.41 35.90 49.11 45.99 8.79 0.15 42.14 2.25 
Äif 76.33 6.02 11-.54 37.69 35.67 0.00 94.88 2.65 
lw 62.82 33.21 1.25 12.24 14.68 34.39 99.38 0.03 2.39 62.82 2.75 
ÄW 63.11 0.30 13.29 11.82 0.41 0.08 10.83 8.88 6.54 3.17 
II pc 1.04 0.92 10.48 69.21 40.57 3.02 77.71 1.87 91.83 59.46 2.64 
Äpi 35.27 42.98 48.54 94.60 49.11 48.71 75.70 0.08 53.25 2.78 2.99 
Äpg 56.17 33.36 0.01 5.31.49.70 44.69 89.46 0.95 62.71 4.41 3.41 
Äpfx 39.75 46.49 5.93 74.59 .. 58.76 7.79 0.00 77.69 3.05 
r 0.00 13.14 61.45 52.42 6.61 42.11 18.87 10.29 0.20 2.10 
cap 3.68 8.21 33.7,6 75.75 28.93 22.52 9.54 0.00 65.32 13.15 2.55 
ÄWC 56.20 28.30 0.4'3 14.46 84.99 20.85 74.07 11.51 0.48 2.62 

DLS estimates of these equations are r'eported in Table 1 and in fno 
7. The following test statistics have been computed: DW = the exact 
Durbin-Watson test statistic for first-order autocorrelatiQn, LM1 = 
Godfrey's test statistic for first-order·auto~orrelation in the case 
of lagged dependent .variables, BP = the Breusch-Pagan test statistic 
for residual heteroskedasticity (computed in terms of y), JB = the 
Jarque-Bera test statistic for normality of residuals, CHDW = Chow's 
stability test statistic with respect to the period 1983Q2, RESET = 
the Ramsey-Schmidt test statistic for functional misspecification 
(with respect to the powers 2 and 3 of the estimated endogenous 
variable), RBDW = Utts misspecification test statistic, DIF = the 
Plosser-Schwert-White differencing test statistic, IMT = White's 
information matrix test statistic, ARCH = Engle's test statistic for 
autoregressive conditional residual heteroskedasticity (computed for 
4 lags) and DL = the Cook-Weisberg test statistic for mean-shift 
outliers. The ,numbers are marginal significance levels. In the case 
of the DL test, th~ original values af the test statistic are 
reported. The corresponding approximate 1 % and 5 % marginal 
significance levels are 3.53 and 4006. ( •• ) indicates that the test 
statistic could not be computed, and (-) that the test is not 
appropriate. In the case af the Durbin-Watson-test one should, 
however, remember that it is biased when the lagged dependent variable 
is included in the set af explanatory variables. Far further details, 
see Krämer and Sannberger (1986) • 

. ' 
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FIGURE 1 

COMPARISO~l OF A.CTUAL ANO FORE;CAST VALUES OF GOP 
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FIGURE 2 

POLICY SIMULATION RESULTS WITH FOUR LEADS IN THE CONTRACT WAGE 
EQUATION1) 
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