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THE BANK OF FINLAND QUARTERLY ECO NOMETR IC MODEL AND ITS 

USE FOR SHORT AND MED IU M- TERN ECO ~OM IC FORECASTIN G 

Monograph t ransmi tted b y the Governmen t of Finland 

( Prepared by Antero Arimo and Juhani Hirvonen , 
Bank of Finland , Economics De partment , Helsinki) 

This monograph consists of four p ar ts . First , the model 
wil l be described briefly . In the second pa rt , the data 
u se d and the estimation of the model will be examined , the 
ADP system will also be describ ed in this cont ext . The 
third part d ea ls with the use of the model in short-term 
simulation and forec as ting. Finally a tentative exper iment 
with the us e of the model in medium-t erm (1974 - 1980) 
for ecasting and fiscal policy simulation will be reported . 
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1 . The model 

The Bank of Finland quart erly econometric mod e l 1 is a medium-

sized , short-term macro-mode l of the Finnish economy . The 

mode l is primarily designed to supplement the more traditio-

nal short-term fo recast ing nethods used in the Bank of Finland . 

It is also intended for short and medium-t erm simulation of 

the effects of mon e tary, fiscal and incomes p o licies. 

The pre sent vers ion of th e mo del is made up of about a hundred 

stochastic e quations and a hundred definitional relations . 

It includes about 330 variables, of whi ch about 130 are 

exogenous. 

The model is linear in its parameters , but non-linear in its 

variables ; logarithmic trans formations and ratios of var ia-

bles are the main types of non-linearities . These non-linear-

ities are partly the r esult of the fact that economic hypo-

theses are usually framed in volume terms , whereas the nation-

al account ing identities are mainly in value terms . Furthermore 

the hyp otheses or empirical experiments with the data may 

suggest non-l inear equations . This non-linearity affects the 

1. The constructi on of the mo del was begun in 1970 under the 
directi on o f Dr . Pertti Kukkonen . An average of six research 
fell ows have parti cipated in the model project team . The 
sol ution for the fi r st version of the whole model was found 
in 1973 , but the work is still in progress on developing the-
model for practical forecasting and simulation purposes . 
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forecasting and sinulation techniques, and numerical algorithms 

have been used to find solutions for the model. 

As a whole, the mod e l is strongly simultaneous, i . e ., it con-

tains interrelationships bet~een endogenous variables which 

are based on observations from the same period. This is due 

to the existence of lags in the causal relationships which 

are much shorter than the observations period. On the other 

hand , distributed lag functions are used extensively in the mod-

el : Almon lags are employed in the investment functions; the 

consumption functions use four quarter moving averages of real 

disposable income and Koyck type lags are included in the 

labour demand equations . 

Like most other short-run macroe conomic models, the Bank of 

Finland mode l is a demand-orient~d model constructed within 

the ·framewor k of balance identities of national accounting and 

the bank ing system . It was not possible to place the ~odel on 

a uniform theoretical foundation and thus the specification 

has dep ended on diverse theoretical considerations,the availa-

bility of suitable data and special features of the Finnish 

economy . To a large extent , the model is based on the business 

cycl e forecasting system d e veloped at the Bank of Finland in 

the 1960s. 

The structure of the model is only outlined in this mono-
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graph . 1 Chart (1) shows th e s tructure of the model in a concis 

Chart ( 1) : OUTLINES OF THE STRUCTURE OF THE MODEL 
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1. A more d e tailed , but slightly out-of-date picture of the 
t otal model is given in A Quarte r ly Model of the Finnish 
Economy , Bank of Finland Institute for Economic Research 
Publications , Series D: 29 , 1972 . In addition , various blocks 
and their theoretical underpinnings have been dealt with , e . g . 
in the foll owing publicati ons : KOS KENK YLX , H., On Problems 
o f the Theoret ical and Empirical Analysis of Investment . A 
Study o f Manufacturing Invest .ent in Finland in 1948 - 1970 , 
Same series D: 28 , 1972 (in Finnish) . HALTTUNEN , H., Production , 
Prices and Incomes in the Quarterly Model of the Finnish 
Economy , Sar.e series D: 30 , 1972 (in Finnish) . LAHTINEN , S ., 
Demand for Labour in the Quarterly Model of the Fir.nish Economy , 
Bank of Finland Publications , Se ries D: 31 , 1973 (in Finnish ). 
AURIKY.O , E ., Foreign Trade in the Quarterly Model of the 
Finnish Ec oncmy , Same series D: 33 , 1973 (in Finnish) . POH-
J OLA , I ., An Economet r ic Study of the Finnish Mo n ey Market , 
Same serie s D: 35 , 1974 ~in Finnish) . ARIMO , A., Personal In-
come Taxa tion and the Distribution of Income , Yearbook of the 
Finnish Society for Economic Rese arch , 1972 , KUKKONEN , P ., 
Features of the Finnish Mo netary Relationships , Ekonomiska 
Samfundets Tidskrift , 1973 : 2 . 
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form. In this chart the directions of relationships between 

the blocks of the model are marked with arrows . A single 

arrow presents a causal relati onship and a double arrow a 

definitional relationship . The circles refers to economic 

policy variables and parameters . 

The total model consists of ten blocks r epresenting various 

sub-sectors of the economy : consumption , investment , balance 

of payments, production , prices , wage incomes, non-wage incomes 

employment , the money market and public finances . 

In the model , private consumption depends mainly on real dis-

posable income and the unemployment rate, the latter being 

us ed as a proxy for prevailing cyc li cal expectations . Different 

equations are specifi ed for different consumption categories . 

The fl exib l e acceleration principle has been us ed in the 

productive investment function , and a polynomially distributed 

( Almon) lag has been employed . Beside production and the stock 

of capital , the availability of credit is included as a 

explanatory variabl e . Housing investment depends ma inly on 

real dispos ab l e income and the availability of credit . Inventor~ 

investment ( plus the statistical error) is accounted fo r by a 

flexibl e accelerator mode l including only lagge d values of 

production. 

The balance of payment s block includes explanatory equations 

for the volume of commodity i mports anc e x~orts by cate gory , 

export prices , trade in servic es and mos t of th e capital account 
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items. The import demand equations are based on traditional 

foreign trade theory, where the ma in explanatory variables 

are domestic activity variables , such as production, invest-

ment and income formation , and the ratio between domestic and 

foreign prices . A market share approach has be e n used in the 

export demand equations . Thus exports depend mainly on the 

activity variables of Finland ' s rrost important trade partners 

and again on the ratio between domestic and foreign prices . 

In the export price equations , the explanation is based on 

domestic cost factors and foreign demand conditions . The 

equations for capital movements are all in stock form and 

mostly specified in net te rms . The demand for assets in these 

models r ests on portfo lio theory suitably modified to take 

account of the special institutional features of Finland 's 

financial markets . The supply side is taken into account by 

the domes tic credit rationing variable and the proxy variables 

for the Ban~ of Finland ' s restrictions on capital movements . 

Production, domestic prices and non-wage income make up a 

separate block system in the model and are bas ed on the input-

output framework . The economy has been divided into two 

shelterec sectors : agriculture and other non-compe titive 

p roduct ion ( mainly services and residential construction) and 

two exposed sectors: forestry and other competitive production 

( mainly manufacturing) . This sectoral breakdown affects the 

determination of prices in the model . While prices of agri- -

culture and forestry are exogenous, prices in other non-com-
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petitive production are determined on the basis of domestic 

cost developments, whereas prices in other compet itive produc-

tion are also affected by foreign price developments . The 

volume of production by sector is obta ined from the demand 

for final products in accordance with the input- output frame-

work. This framework also shows the development of incomes 

by sector, since prices and the sectoral volume of production 

are g iven . 

In the model sectoral wages and salaries depend on general pric , 

developments, sectoral productivity and demand co~~itions in 

the labour market . In addit ion to wages and salaries paid, the 

model presents average negotiated wages a nd salaries for 

the total economy as a function of general price development 

and the development of productivity . Wage drift is the dif-

fer ence between p a id and negotiated wages and salaries . 

The labour demand equations are based on production theory, 

supplement ed by a dynamic adjustment mechanism . Employment 

by sector is thus determined by the volume of production , 

real wages and salaries , the rate of capacity utilization , 

and previous employment development s . The unemployment rate , 

rather than being determined by the difference betw~en the 

s upply of and the demand for labour , is related directly to the 

gross dorrestic product with a distributed lag (Almon ). _ 

The monetary block is linked to the real side of the model 

primarily by inves tme nt equations , where and indicator of th~ 

availability of credit i s an important explanatory variable . 
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This indicator has been const-ructed by comparing bank lending 

to the central bank debt of the banks and allowing for the 

terms of this central bank credit. On the other hand, the real 

side affects the development of bank deposits through income 

variables. In addition, the self-financing of firms, the 

availability of financing from other sources and the value of 

investment determine the demand for bank credit . Bank lending 

plays such a central role in the model because the Finnish 

money market is dominated by banks and other financial insti-

tutions , the security market being of only slight importance. 

As no~inal interest rates have been kept almost constant in 

Finland, the instrurrents of monetary policy are taken into 

-account in the model main ly by considering the terms of central 

ban k credit. 

The public finance block includes both central and local govern-

ment. On th e who le expenditure items are exogenous . By changing 

public consumptio n and investment expenditure it is possible 

to affect production and employment in the model and thereb y 

t otal domestic activity . Income transfers influence other 

blocks of the model through disposable in come . Public revenue 

is largely endogenous in the model , and tax revenue is mainly 

explained by the relevant income or other tax base var i ables 

and tax parameters , the latter representing fiscal policy 

i nstruments . 

Finally , it is worth noting that the model is connected with 

the international LI NK project established in 1968. The aim of 
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this project is to link indi~idual models of different countri e: 

or country groupings into a model for the world economy . Beside 

most Western European countries, the United States , Canada , 

Japan and Australia participate in the project. Furthermore, 

the project has constructed highly aggregated models for 

certain groupings of other countries . At present the project 

produces regular short-term f~ra~asts for its participants. 

International trade flows and the most important macro-

variables of participating countries are estimated in this 

process. The participants can also receive assistance and 

advice on building and using models in project meetings and 

through the circulation of research papers. 1 

2 . Data, estimation and the ADP system 

Seasonally adjusted 2 quarterly data are us ed in the model . 

In Finland , however , there are still many deficiences in th e 

quart erly statistics . In these cases a special method has been 

u sed to construct the miss ing quarterly series from annual 

data and related quart erly reference series . 

1 . For a more detailed description of the LINK project see , 
e . g ., BALL , R . J . ( Editor) , The International Linkage of 
National Economic Models , London 1973 . 
2. The seasonal adjustment method , which uses iterat ed weighted 
moving averages ,has been developed and extensively tested in 
t he Bank of Finland by Pertti Kukkonen . See KUKKONEl 1 , P ., 
Analysis of Seasonal and Other Short-term Variations with 
Applications to Finnish Economic Time Series , Bank of Finland 
Institute for Economic Research Publications , Series B: 28 , 1968 



- 10 -

One special data problem has.been encountered in joining 

the model to the LINK system . The ICR classification has been 

used in building Finnish foreign trade equations . The LINK 

trade models are , however, based on the SITC classification. 

Thus transformation matrices from ICR to SITC classification 

have been estimated to allow the linkage of the Bank of 

Finland model to the LINK world trade model . 

The estimation period covers the years 1958 - 1971. Because 

of lags , this has required information on so• e variables as 

f ar back as 1955 , For earlier years , the quarterly data have 

been inadequate . hork is in progress to re - estimate the ~odel 

for the period from 1958 to 1973 , 

The model has been estimated equation by equation with the 

ordinary l east squares method (OLS) . Because of the simulta-

neity of the model , the t wo stage least squares method 

with principal components of the predetermined variables 

( TSLSPC ) has also b een tri ed . 1 

In the esti• ation experiment , the individual TSLSPC estimates 

did n ot , in general , deviate much fro~ the corresponding OLS 

es timates , but in the ex post multi -period simulat ions of 

the total model th ese slight differences cumulated and in-

1. The TSLSPC method ~as applied in two different versi ons , 
both with a lternative numbers of principal components . This 
experiment is reported in HIRVONEJ , J ., On the Use of Two 
St age Least Squares with Principal Components , An Experiment 
with a Quarterly rodel , Forthcoming i n the Bank of Finland 
Publicati ons Series D. 
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dicated the superiority of the TSLSPC results. In short-run 

forecasts, however, these differences are of little signifi-

. cance. The superiority of TSLSPC method fer medium-term policy 

simulations also remains questionable because the OLS 

estimates of individual parameters might not be as sensitive 

to specification errors as the TSLSPC estimates. 

The TSLS?C results were quite sensitive to the number of prin-

cipal components used. The predictive performance of the model 

seemed to suggest that a small rather than a large number of 

principal components is most app~opriate . This propert~ makes 

one assume that the results may also be sensitive to the set 

of variables from which the principal components are calculated, 

even if the importance of an individual variable among the 

predetermined variables is minor . It may thus be troublesome 

to keep the TSLSPC estimates up-to-date if the specification 

of the model is still being modified . 

For these reasons, the OLS estimates are at pre sen t con sidered 

to be adequate for practical forecasting and simulation 

exercises . 

The ADP system employed in mode l work at the Bank of Finland 

rests on the econometric program system SIMULATOR developed 

at the Bank of Can ada . 1 In broad lines , SIMULATOR c onsists 

1 . This is an example of the assistance received in the LI K 
project . For a detailed description of the SIMULATOR system , 
see : Simulator , A Systems Manual ~or Manageme~t 
and Simulation Econometric todels , Bank of Canada , 1972 . 
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of three main parts for the three key stages of model work , 

i . e ., DATABANK for data accumalati on , MASSAGER for estimation 

and SIMULATE for Jodel solution and simulat ion . In addition , 

some supporting p~ograms constructed at the Bank of Fin land 

have been linked to this basic system. Chart (2) shows the 

main characteristics of this econometri c ADP system . 

Chart (2) : SCHEMATIC DIAGRAM OF THE ECONOMETRIC ADP SYSTEM 
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DATABAJK is a program utilized to build and maintain magnetic 

data tapes . Th e program allows for the addition , delet ion 

and editing of any series . The dat a can also be listed , in-

dexed and copi ed onto other tapes . Each series on the tapes 

is stored with records describing its title and source , toget her 

with any special note s that may b e required . 
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MASSAGER is a comprehensive program package of statistical 

data manipulation routines . It accepts inputs from the DATA-

BANK tape or from cards, and performs user specified data 

manipulations. These manipulations include simple operations 

on a single series such as square roots, logarithms etc ., and 

more co mp lex operations on several variables such as mu~tipl e 

regressions, plots, etc. 

SIMULATE is a self-contained and independent operating sub-

system for solving, analyzing and simulating large simultaneous 

equation systems. It takes the data fr om a particular data tape 

that can be produced by DATABANK. The other inputs necessary 

for simulation , i . e. , the lab e ls of the variables, the esti-

mated coefficients and the convergence criteria , are entered 

into SIMULATE from a separate coefficient tape. Because of non-

linearities typical of econometric models , the program employs 

the Gauss-Seidel algorithm to find the model solutions . 

The main supporting programs added at the Bank of Finland to 

MASSAGER are : TISECO for construction of quarterly time serie s 

from annual data and appropriate quarterly reference series , 

SEASADJ for seasonal adjustment and TSLSPC for two stage least 

squares estimation with principal components . In addition , the 

sub-routine SUMREP for summary output reporting (cf . chart ( 3) 

in the following section) has been linked with the SIMULATE 

program . 

A UNIVAC 1108 computer has been used for the Bank of Finland 
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model corputations . The programs in question are written 

in FORTRAN . 

3 . The use of the • odel 

Until the spring of 1974 model work at the Bank of Finland was 

handled by a particular model project team . The work centred 

on building and developing the model. Dynamic properties and 

estimation alternatives were also studied . At present the 

stress is placed on testing the model for practical forecasting 

and simulation . Even if the model functions well in a techni-

cal sense, it cannot be used as such for a day-to-day fore-

casting. Continuous adjustment of the model is needed for 

changes in economic policy , and the relevant qualitative in-

formation should be included in the mode l or be taken into 

account when interpreting the results . For these reasons, 

the model work is now mainly perfor.ed in the Economics 

Department which is responsible for short . and medium-term 

for e casts in the Bank of Finland . 

The use of the mode l has required extra effort compared with 

traditional forecasting work . The model calculations and the 

traditional forecasts have been carried out simultaneously . 

Only in this way can experience on the workability of the 

model be obtained . It also makes it possible to see how the 

model, th e data and the ADP system need to be developed . On 

the other hand , t he results of the • odel calculations have 
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provided additional information for the department ' s forecast. 

Experiments vith the model also provide information on how it 

can be used to re lace manual calculations . 

From a technical point of view, the structure of the model has 

been emplored either as a whole or partially. In both cases, 

it has been usually necessary to take into account of informa-

tion outside the model by changing some of the parameters or 

equatio:12 . In addition > outside information has also been 

considered through exogenizing individual equations or whole 

blocks of the model . These ways to take into account outside 

information are technically simple . Parameter changes or 

block exogenization require only one instruction card per 

change, whereas the change or the exogenization of an equation 

requires reprogram.ing . 

At present, forecasting (or policy simulation) ¼ith the model 

starts with the formulation of basic assumptions underlying 

th e forecast . These assumptions are then quantified and fed 

into the mode l through exogenous or exogenized variables and 

ch anges in the structure of the nodel . For the exogenous 

variables, annual changes have to be fixed for the for ecasting 

period. The quarterly values are then produced with the above 

mentioned TISECO program , if no other information is available 

or needs to be considered . 

In the next phase , the results of the model solution are judg -

ed on the ground of the results of the traditional forecasting . 
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The evaluation may lead to further adjustments of the model 

structure and also to the reappraisal of the exogenous data . 

This iterative procedure is carried on until the results are 

reasonabl e . 

The results of the model calculations are only used in the 

department. The reporting of the results takes place in the 

form of various summary tables and graphs , which are received 

fron the above mentioned SUMREP program and fro • the standard 

output of the SIMULATE program . Chart (3) describes the main 

characteristics of recent input requirements and the output 

possibil it ies of the model . 

Chart (3): INPUT AND OUTPUT CHARACTERISTICS OF THE MODEL 
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The preli inary use of the model for practical purposes has 

shown some of its shortcomings . First, the most serious fault 

from an econo~ic point of view is the demand-orientated 

structure of the model in conditions,where various supply 

considerations are becoming more and more important constraints 

on economic growth . Sepond, the number of exogenous variables 

is quite great , which is a hindrance for the flexible use of 

the model in an iterative forecasting process . Third, the ADP 

routine has not yet been developed to a point where its 

potential can be fully utilized . 

At present a team of three economists fro m the Economics De -

partment who are assisted by one ADP programmer and ti~o 

research secretaries from the ADP department are working on 

the model . In addition , other economists have participated 

in the development and analysis of the model . In the first 

place the model team is responsible for practical for ecasting 

and simulation as well as the maintenance and development of 

the model . The model for ecasts , however , are based on assumptio 

made and exogenous variables prepared by the who le depart~ent . 

The whole depart ment participates in the evaluat ion of the 

results . 

4. An Experiment 

In thi s experiment a medium- term fo rec ast was made with the -

model at the same time as a for ecast was prepared with more 

· qual itative methods . The t~o forecasts cover the years 1974 -
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1980 . In addition , a simple fiscal policy simulat ion has be en 

carried out . 

The version of the model used in the experiment is older and 

smaller than the one described above, because the updating 

of the data as well as the testing of the present version are 

still under way . In the balance of p a yments block , only the 

volume of commodity imports by categories is treated as 

endogenous . Further, the indicator for the availability of 

credit is taken as exogenous , which means that the monetary 

sector of the mod e l is also mainly exogenous . 

The basic economic assumptions used in this exerc ise are large: 

the same as for the traditional for ecast . Export-led growth 

will be le ss important than earlier as a consequence of supply 

constraints . It is also assumed that demand will be sufficient 

for all that can be produced . In the model , an attempt has 

bein made to deal with these supply constraints by exogenizing 

the variable for the unemployment rate , which is used as a 

proxy for capacity utili zation in various equations . 

The most important assumption concerning economic policy meas-

ures is that th e progressive income tax rates will be lowered 

fro m the beginning o f 1976 . This is because the rate of infl a -

ti on is expected to be marked ly higher than i t was earlier and 

would raise state tax revenue excessively in comparison with 

the growth of th e disposable inco~e of households . In addition , 

it has been assumed i n this experiment that the state will 
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lower income taxes by 10 per -cent for the last three quarters 

of 1975 in connection with the comprehensive incomes policy 

negotiation s to b e carried out early in 1975. The first fiscal 

policy assumption affects the basic forecast with the model, 

i . e . the control solution , and the second one is the only 

additional assumption for the shocked so lution. 

Most of the other assumptions made for the experiment have been 

quantified and introduced into the model through exogenous 

variables. In addition , some events which have already occurr ed 

and affect the forecast period have caused some changes in the 

estimated structure of the model . The import equations for 

.fuels and lubricants , have been corrected because of the 

noticeable increase in oil prices . The incomes policy negotia-

tions of the beginning of 1974 have also been taken into accouni 

in the equations for sectoral wages and state tax revenue. 

The main results of the experirt1ent are presented in the appen -

dix. The control solution is shown in the summary tables and 

th e figu res for annua l cha~ges in selected variables. The 

fi gur~s for the rrultiplier effects of the extra 10 per cent 

r educti on in inco~e tax show the difference between the control 

and the shocked solution . 

The t ables and the figures in the appendix are self-explanato-

ry , and detailed discussion of the results may n o t be n eeded -

in th is context given the nature of the experiment . However , ther 
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is reason to note that in general the results are not un-

reasonable in light of those obtained with the conventional 

methods. In fact the explosive growth of the trade deficit 

is the only clearly unrealistic result . The trade balance , 

hoKever, is very · sensitive to small changes in exogenous 

import prices or the coefficients in import equations . The 

multiplier effects of the tax reduction also seem mostly to 

be in accordance with expectations . On the whole , the experi -

ment shows that the quarterly model may be us eful in practi -

cal medium-term forecasting and simulation work . 
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