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1. THE FORECASTING SYSTEM OF THE INSTITUTE

This seminar will briefly introduce the software tools which have been de-
veloped to help our forecasting activities. The presentation is based on
the corresponding work of Alho and Luukkonen (1986), which was also pre-
sented in Moscow. Many changes have occurred in ETLA's forecasting system
since 1986, and that is the main reason to carry out a work similar to the
previous one. The presentation has been expanded and updated to correspond

to the current forecasting tools and their use.

The Research Institute of the Finnish Economy (ETLA) is an independent
institute financed by the private sector in Finland. ETLA publishes three
times a year a short-term forecast covering the current year and the next.
A medium-term outlook covering the next five years is published once a
year. In the institute forecasts are made by a forecasting group which
consists of 11 members. In addition to the four books just mentioned, the
forecasting group draws up monthly reports in which forecasts are checked
and, if necessary, altered. The monthly reports also discuss economic
questions of current interest. The size of each edition of the "Suhdanne-

economic prospects" book, published four times a year, is about 3500.

Every forecast group member has his own area of responsibility. The mac-
roeconomic forecast is divided into several sectors, which consist of, for
example, international developments, investment, public finance and pro-
duction. The macroeconomic view of the economy is gathered together from
sectoral views with the assistance of an aggregative econometric model (a

printout of the model is presented in appendix 1). Short-term forecasts of



ETLA are the most detailed macroeconomic forecasts published in Finland.
The disaggregation level of the production forecasts is presented in table
2, and the corresponding level of demand disaggregation can be seen in

table 3.

Table 1: Decomposition of production in ETLA's economic prospects

Agriculture and forestry
- Agriculture
- Forestry
Industries
- Forest industries
-- Wood industry
-- Paper industry
- Metal and engineering industries
-- Basic metal industries
-- Manufacture of fabricated metal products
-- Machinery and equipment
- Chemical industries
- Food manufacturing industries
- Textile, wearing apparel and leather industries
- Other manufacturing
- Total manufacturing
- Mining and quarrying
- Electricity, gas and water
Construction
- Construction of buildings
- Other constructions
Service industries
- Trade, restaurants and hotels
-- Wholesale trade
-- Retail trade
-- Restaurants and hotels
Transport, storage and communication
- Transport and storage
- Communication
Finance
Letting and operating of dwelling and use of owner-occupied dwellings
Real estate and business services
Producers of government services

To ease the burdensome routine tasks of forecasting ETLA has developed a
large set of statistical models, calculating systems and other software

tools. These have been made to help the formation of an integrated view of



the current economic situation. The most important forecasting tools are
the annual macroeconomic model, quarterly macroeconomic model, input- out-
put model for production, statistical model for disaggregated private con-
sumption, flow-of-funds model, model for building construction and calcu-
lating systems for international developments, foreign trade and the pub-
lic economy. One of the main principles has been to develop tools which
can be used to help the forecasting group members to avoid time-consuming

routine calculations.

Diagram 1: The technical forecasting system of ETLA

Flow-of-funds

model
Public sector Consumption
model 2 . . model
Annual econometric macro-
economic model of ETLA Input-output
model
Building Indicator models Foreign trade
construction system
model
Quarterly time International
series model - economy
system




Table 2: Decomposition of total demand in ETLA's economic prospects
in Finland

Export
- Agriculture, forestry and mining
- Wood industry
- Paper industry
- Basic metals industry
- Metal product and machine industries
- Other manufacturing industries
-- Food industry
-- Textile, wearing apparel and leather industries
-- Chemical industries
- Export of services
Investment
- Private investment
-- Agriculture and forestry
-- Electricity, gas and water
-- Ownership of dwellings
-- Services
- Government gross fixed capital formation
Private consumption
- Food, beverages and tobacco
- Clothing and footwear
- Housing
- Furniture
- Medical care
- Transport and communication
- Recreation, culture and education
- Other goods and services
Government consumption
Change in stocks

2. SECTORAL MODELS AND CALCULATING SYSTEMS

2.1 THE ANNUAL ECONOMETRIC MODEL

The model is based on the doctoral thesis work of Pentti Vartia (1974). It
is an annual Keynesian aggregative macro model, where behavioural equa-
tions were updated in 1985 (Lassila, 1985). The main relationships of the

model are presented in appendix 2. The variables of the model are mainly



represented as differences (rates of change). All together the solution of
the model needs about 500 difference, level or result variables. There are
13 behavioural equations and 101 identities or technical relations in the
model (behavioural equations and variable symbols are presented in appen-
dix 3). The actual amount of variables needed is 167 (114 endogenous and
53 exogenous). The main exogenous variables are the economic developments
in the Western countries (prices and output), the trade between Finland
and the socialist countries and many policy parameters of the public sec-

tor, such as public consumption, transfers and taxation.

The model is used in forecasting as follows: the first thing is to accept
the previous final model solution as a new basic solution. If changes have
occurred in the historical data, calculations are made to see, how this
alters the previous forecasts. After all forecast group members have seen
the printout of the basic run and made their comments on it, every member
gives his or her new views of the exogenous variables they are responsible
for. After this the model is solved, and if the members of the group do
not agree with the solution, the model results can be manipulated. In the
model every behavioural equation can be exogenised in any value. Therefore
it is easy to produce any possible model solution which is consistent with
the model identities (for example demand has to equal supply). It is also
possible to release the fixed model without changing the solution. This is

done by changing the constant terms of the equations.

With the model program it is possible to calculate how much the fixed so-
lution differs from the solution of the unfixed or free model. This is or-

ganised simply by solving the model twice: first a fixed and then a relea-



sed version. After that it is possible to compare different solutions and
calculate the additional shifts needed to produce a released version of
the solution which exactly corresponds to the fixed solution. This is a
way to change the model solution without actually exogenising it. All this
is, of course, done automatically by the model program. The only thing the
model user has to do is to give the target value of the behavioural equa-
tion, and the program will alter the constant of the equation needed to
reach the fixed solution. This technical feature of ETLA's model program
is wvery wuseful in practice, because model solutions and group members'
views seldom match exactly. Therefore it is important to be able to mani-
pulate the released model solution so that dynamic and spill-over effects

of the group member views can be studied.

It is also possible to change the constant terms of the equations directly
without fixing the solution. This is,'of course, useful in some situa-
tions, but usually there are at least some behavioural solutions which
must be held unaltered. If the constant term of one equation is altered,
the simultaneous solution of the model will change almost all behavioural
solutions. In spite of this, the straight constant shift and the amount of
change in the equation solution are not equal, because the dynamic solu-
tion produces feed~ back effects which have an effect on the solution. Be-
cause of this it is often easier to fix the equation considered and then

{ , .
release it at the same value of the solution.

When a proper model solution is achieved, some of the central data are
transmitted to the sectoral forecasting systems which run on ETLA's cent-

ral computer. For example, the input-output model, financial model and



public sector system receive the main results from the core solution.

The present version of the annual macro model runs on a Hewlett Packard
9000 minicomputer. The solution, data manipulations and production of
printouts are based on many different software packages, which have all
been developed and coded in ETLA. The user of the model does not have to
know the detailed principles of the programs, because all central issues
and routines have been integrated into one menu-driven package. The model

program of ETLA is written in C language and uses a Yacc meta-compiler.

2.2 THE QUARTERLY TIME SERIES MODEL

The quarterly macro model has been built to supplement the annual model.
It has been developed by Juha Ahtola, and also Arto Elomaa has taken part
in the model construction. The model is able to benefit from quarterly da-
ta, and this kind of model reacts to changes in the economy faster than
the annual model. That is why its supplementary effect on the institute's
forecasting system is crucial. In the model there are 10 behavioural equa-
tions which are estimated:

- volume and price of Western export

- volume and price of private consumption

- volume and price of private investment

- wages

- import

- demand for labour input

- unemployment
The main exogenous factors in the model are:

- volume of export to the socialistic countries

- volume of government demand
- import prices



The equations of the model are currently specified so that there are no
lagged endogenous variables in the set of explanatory variables. This ma-
kes the model react faster to changes given to the model. This is a good
feature for a model specifically planned for forecasting purposes, even

though it may tend to make the simulation features of the model poorer.

2.3 THE INPUT-OUTPUT MODEL

The annual core model produces only the aggregative production forecasts.
If forecasts were based only on this view, the forecast for total produc-
tion would not take into consideration the supply side factors. In this
case the production forecast would be completely demand driven. Of course,
if demand factor forecasts are trustworthy or exact, also the production
forecast has to be dependable, because of the demand-supply identity. In
the real world, however, the uncertainty of demand forecasts is naturally
so remarkable that two different ways to approach the problem will improve
the quality of the forecasts. Another reason to make disaggregated produc-
tion forecasts is, of course, the need to have forecasts at the industry
level. It is important to have knowledge about industry level prospects,
because the production plans have to be made long before the actual time

of production.

Production forecasting proceeds as follows: firstly group members give
their detailed demand views to be fed into the input-output model. After
that the disaggregated production forecasts will be calculated for 24 in-

dustries. If the aggregative total production produced by the input-output



model differs from the total production forecast produced by the core mo-
del, both the macro model and the input-output model inputs can be altered
so that consistency between the production forecasts of both models can be

achieved.

In practice the idea of the input-output model is that after the sectoral
prospects for 26 demand and import factors have been given as differences
they will be changed to the levels. After that the converse matrix produ-
ced by The Central Statistical Office is used to calculate demand levels
for 24 industries. The base year of the matrix is 1985. Demand levels ge-
nerated by the conversion matrix will be multiplied with the inverse mat-
rix of the input-output matrix. This produces production forecasts for 24
industries. A simplified processing schedule is presented in diagram 2. In
the present version of the model the calculation process has been shorte-
ned, and in practice industry level demands are not created, because they
are not needed in forecasting. Demand components are actually integrated
straight into the industry level production forecasts. The technical ver-
sion of the input-output model is developed using a Mat matrix interpreter
created at ETLA, which runs on the HP90OO mini computer. The model is

planned by Pasi Ahde.
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Diagram 2: The calculation process of the input-output model

Demand changes by
commodity groups in
final demand
categories

Demand levels by
commodity groups in
final demand
categories

Conversion matrix

Demand levels of
34 industries

eI e Inverse matrix

Production levels
forecasted for
24 industries

Production changes of
24 industries

2.4 THE BUILDING CONSTRUCTION MODEL

The building construction model is created to forecast the quarterly volu-
me of building construction. There are two blocks in the model: one is ma-

de to estimate building starts, and another is developed to describe the
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interdependence between construction volume and building starts. The block
for starts is based only on disaggregated ARIMA-models. Both blocks inclu-
de 10 building classes which are grouped by the purpose of use. Because of
this disaggreagtion the model provides a very detailed tool for construc-
tion investment forecasting. The model has been developed and estimated by

Pekka Ilmakunnas and Jukka Lassila (1986).

2.5 THE MODEL FOR PRIVATE CONSUMPTION

The annual macro model doesn't deal with disaggregated private consump-
tion, but private consumption is represented in the core model only at the
aggregate level. Private consumption, though, plays a key role in the Fin-
nish economy (45 % of total demand in 1987), and because of that making a
good forecast presupposes disaggregated forecasts for private consumption.
At the institute the private consumption forecasting model is based on the
model developed by Markku Rahiala (1984), in which private consumption is

divided into 47 main commodity groups.

The main idea of private consumption forecasting is that first the group
member responsible for private consumption forms his or her preliminary
view of total private consumption. This estimate is then used as a budget

constraint for disaggregated consumption.

To make disaggregated consumption forecasts every commodity group needs a
relative price (price index of that commodity group related to the price
index of total private consumption), which is forecasted with a 1linear

regression equation. The starting point for the price forecasting is the
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semi-aggregated price forecasts, which are constructed for 8 main commodi-
ty groups. These price forecasts, made by the prices and costs person, are
then divided into 47 price forecasts with the assistance of linear equa-
tions. The explanatory variables in these equations are, for example, real

unit labour costs, real price of energy and households' disposable income.

Volume equations for every commodity group are expressed in logit form,
where the budget share is regressed by, for example, relative price and
current and lagged volume of total private consumption. The set of expla-
natory variables is not fixed, and in some commodity groups there are only
few explanatory variables and in some groups the number of regressors has
been increased (for example real savings, real disposable income and the
change in households' credit stock are used as regressors in some equa-

tions).

The coefficients of commodity group equations are always re-estimated when
the commodity group is forecasted. This is done to guarantee that the

coefficients of the equations are always calculated with the current data.
The basic models for every commodity group are of the form:

logit( wjt ) = log [ wjt /(1 -w )] =

Jjt

b + b log RRt + b
J

log RP
jo j1 j2 & J

t-q
+ bj3 log Qt + bjh log Qt_q

+ b logit(w, ) + e
4 i

Jj yt-q jt
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N RP. a /Q =3
the cdnsumption expenditure share of category j.

qjt consumption of category j in 1985 prices.
RPjt the relative price of category j.

Qt total private consumption in 1985 prices.
eJ_t residuals.

bjo...bj5 parameters to be estimated.

First the model calculates forecasts for values of private consumption,
and after that the values are converted to volumes with the assistance of
relative prices. If total private consumption aggregated from the 47 subg-
roups differs from the total private consumption fixed in the core model,
the difference is located to the group of other commodities and services.

These residual differences are usually not remarkably large.

The present version of private consumption model is carried out with a Mat
matrix interpreter, run on a HP900OO mini computer. The print out examples

produced by the model are represented in appendix 4.

2.6 THE FLOW-OF-FUNDS MODEL

The flow-of-funds model deals with financial flows of 8 sectors. This mo-
del is wused to draw up forecasts for different financial sectors and fi-
nancial assets. The model includes 22 of the most important financial as-
sets, whose annual flows are resolved in a chain with the aid of a large
exogenous input and with the flow budget constraints (column sums). Equi-
librium conditions for assets and liabilities are also constraining fac-

tors in the model (row sums); see Alho (1980). The model solution can be
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printed out both in flows and stocks: a sample printout is presented in

appendix 5.

2.7 THE PUBLIC SECTOR SYSTEM

Public sector forecasting and analysis demands manipulation of a large set
of data. In the forecasting system of the institute the most important
calculating routines concerning public sector economy are integrated into
one calculating system, where the public sector is divided into the cent-
ral government, the local government and the social security funds. In the
system the person responsible for this sector is required to handle about
100 variables concerning the public economy. When the forecasts or histo-
rical data are altered, the system can easily be modified to calculate a
consistent public sector forecast. The program is menu-driven and the user
can choose different alternatives concerning, for example, forecasts, up-
dating or automatic printout routines. The program also includes a block
which aggregates the data given by The Central Statistical Office to a
sensible level of forecasting. The program was planned by Esa-Jukka K&ar,

and the present version of it is run on ETLA's central computer.

2.8 THE FOREIGN TRADE SYSTEM

The foreign trade system is planned to make forecasts of Finland's exports
and imports. The forecasts are made at the industry level. In the system
there are about 280 variables concerning foreign trade of Finland. The

present version of the program, run on ETLA's HP9000O, is in practice out
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of date, but it is soon replaced by a newer version.

2.9 THE INTERNATIONAL DEVELOPEMENTS SYSTEM

The person responsible for international economic forecasts has to handle
data concerning 15 OECD-countries. This data is gathered to one calcula-
ting system. With an integrated system it is possible to reduce the routi-
nes of wupdating the data, because a great deal of the variables concer-
ning, for example, the balance of resources and expenditure can be calcu-
lated from other variables. The system also guarantees that the data is
always in a consistent form. Time-consuming checking routines are not nee-
ded. An example of a balance of resources and expenditure printout is pre-

sented in appendix 6.

With the program it is also possible to aggregate countries in many
various ways. The combination of countries to be aggregated can be chosen
freely. The present version of the program runs on ETLA's central compu-

ter.

2.10 THE INDICATOR MODELS

Many economic time series are published monthly or quarterly. When a fore-
cast concerning a whole year is made, the information given by semi-annual
variables has to be taken into consideration. For example, the volume of
industrial production is a variable which can be forecasted by so- called

leading indicators. They are variables which have preceded the volume of
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industrial production in the past. In the institute there are 5 indicator
models, which forecast, for example, the volume of industrial production
with both monthly and quarterly data and volume of metal and forestry in-
dustries (see Terdsvirta 1984, 1986). The models are transfer functions
models, where the equations are specified according to the relations bet-
ween indicator variables and the dependent volume variables. A few of the
explanatory variables are, for example:

- consumption of electricity

- index of advertisement in newspapers

- number of state railways freight cars

- number of vacancies

- number of unemployed

- volume of exports

The main idea of the indicator models is that variables which are availab-
le within a reasonably short time after the end of the month or a quarter
are used as leading indicators. If the forecast period is long (for examp-
le 6 months), input or indicator variables have to be forecasted forward

with the aid of ARIMA-models (graph concerning indicator models are pre-

sented in appendix 7).

3. THE ADP-SYSTEM OF ETLA

Most adp-routines used in ETLA are centered around ETLA's HP9000 mini com-
puter, which has two central processing units, 450 MB disk storage, 7 MB
RAM memory and about 50 terminals. The computing tools of the forecasting
group have been created with the aid of many different programs. For

example, the model is solved with ETLA's Mod-program, and some model data



_17_

manipulation routines are done with Mat matrix interpreter. Paper prin-
touts are generated with a Rep-reporting program. There are many technical
reasons why many different subprograms have been chosen instead of one in-
tegrated forecasting program. For example it is more efficient for the
whole system to divide the processing into several independent units.
Another reason is that program development has been much more flexible
since the different blocks have been made independently. Naturally, very
much attention has been paid to the communication between different prog-
rams, and it is easy to construct, if wanted, integrated systems with a
menu-program. The user doesn't have to know the details of the wvarious
programs, but every stable routine can be collected into one menu-driven

program, which can easily be developed with the tools already existing.

The Mat and Mod programs, the most important tools in the forecasting
software toolbox, are very much alike, but Mat is larger than Mod, because
it has a set of matrix manipulation commands. Mod is a little bit faster
than Mat, because Mod's data processing is concentrated in uniform memory
areas. With Mod it is also possible to estimate and solve linear rational
expectation models, where forward-looking expectation variables are solved

so that they are consistent with the forecasts produced by the model.

The input-output model and the model for the private consumption have been
built with the Mat matrix interpreter, because several independent matri-
ces are needed in the model solutions. When the processing of many inde-
pendent matrices is concerned, it is more sensible to use Mat, because in

Mod the set of basic commands is more restricted.
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At the Institute the most important economic time series have been collec-
ted for a large Mimer data base, which includes about 10000 time series at
the moment. The next aim in ETLA's technical forecasting system 1is to
build communication 1links between the data base and the forecasting and
reporting tools. Plans have also been made concerning a data bank for be-
havioural equations, which could be used to study, for example forecas-

ting, the ability of different equations.
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Appendix 2

BLOCK DIAGRAM OF THE MAIN INTERDEPENDENCIES
OF THE MODEL
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Appendix 3: The behavioural equations of the annual macro model

pxgD = 0.761%px'D + 0.239*px'D(-1) + 0.428*ULCer - 0.372

XgW = - 0.325%pxgD - 0.847 +1.817*mw + 0.325*px'D
0.568* (pxgD(-1) - px'D(~1))
0.382* (pxgD(-2) - px'D(-2))

N = tN/tDN*DN + 0.083*(y-yn(-2))
+ 0.056* (pmg-pmg(-1)) - 20.8%(tN(-1)/tDN(-1)) + 0.237
ng = 1.863%dn + 2.586*N + 0.247*(py-pmg)
- 0.245*(dn-dn(-1)) - 2.875
a = 0.367*y + 0.256%K - 1.898 + 0.435%y(-1)
DU = -0.379%a + 0.686%DTIK + 0.289*DFT2 + 0.539
w = 0.790*pcpr - 1.188*DU - 0.642*tU(-1) + 6.737
pcpr = 0.692%H + 0.159 + 0.195*pmg + 0.154*Ti'DN
pipr =  0.291*H + 2.078 + 0.371*pmg + 0.120%pipr(-1)
pcg = 0.742*H + 1.830 + 0.119*pmg + 0.028%*pcg(-1)
pig = 0.309*H + 1.687 + 0.365%pmg + 0.159*pig(-1)
cpr = 0.690* (WZD-pcpr) + 0.967*(100*(1-(tCpr(-1)/tWZD(-1))))
- 0.631*(DU-DU(t-1)) - 2.322*DC1974- 1.783
iasc = 0.256 * iasc(-1) + 1.728%y + 0.292*(Z(-1)-pipr(-1)) - 5.382

Variable symbols (mainly as differences)

pxgD Export to Western countries in foreign currency, price
px'D Price of competin export

ULCer Unit labour costs in foreign currency

XgW Export of goods to Western countries, volyme
mw Export demand

N Change in stocks

tN - ' - , level

DN Value of total demand minus value of stocks
tDN - 't - , taso

dn Volyme of total demand minus value of stocks
y Total production, volyme

yn Total production minu change in stocks, value
pmg Import of goods, price

mg Import of goods, volyme

Py Total production, price

a Labour input

K Enterprise earnings

DTIK Working age population

DFT2 ty6honosallistumisasteen trendipoikkeama

w Level of earnings

pcpr Private consumption, price

pipr Private investment, price

Ti'DN Indirect taxes minus subsidies

H Level of earnings exceeding productivity

pig Government investment, price

WZD Household's disposable income

DU Unemployment rate

iasc Private other than building construction investment, volyme

Z Other than labour income
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Appendix 6: 35

USA Fri Aug 12 12:42:01 1988

FORECAST
Y:1986 Y:1987 Y:1988 Y:1989 Y:1990 Y:1991
CP= 2744035 5.670 5.560 6.080 0.000 R
CG? 0.000 0.000 0.000 -100 0.000 0.000
I? 0.000 0.000 0.000 -100 0.000 0.000
DFD? 2744035 39 9% 9% W 4 0.000 -100 % ¥ 3 W ¥ * e KW R
IST? 0.000 0.000 0.000 -100 0.000 0.000
DSD? 5266622 X9 * W 0.000 ¥ 4% b X2 X ] ¥ XH*
DTD= 8010657 5.997 5.548 2.041 A NN
X= 289016 15.6 20.1 12.0 0.000 0.000
M= 425708 12.7 9.180 4.000 0.000 el
DB?  -136692 0.000 0.000 0.000 0.000 0.000
Q= 7873965 5.989 5.922 2.377 FAeRARR S
CPQ* 2094575 1.900 1.500 2.000 0.000 0.000
caQ* 584088 2.300 1.500 1.300 0.000 0.000
IQ* 668494 1.100 7.000 2.500 0.000 0.000
DFDQ= 3347157 1.810 2.591 1.982 0.000 0.000
ISTQc 303 0.800 -0.400 -0.250 0.000 0.000
DSDQc 3593 0.270 0.000 0.000 0.000 SESERDE
DTDQ= 3358143 2.799 2.185 1.730 0.000 el
XQ* 251290 12.8 16.6 12.0 0.000 0.000
MQ* 486741 7.300 6.000 4.000 0.000 0.000
DBQc  -235452 -0.108 0.489 0.530 0.000 0.000
QQ= 3122691 2.902 2.837 2.377 0.000 LA
PCP= 1.310 3.700 4,000 4.000 0.000 g
PDTD= 2.385 3,111 3.291 0.306 ol LAl A
PX* 1.150 2.500 3.000 0.000 0.000 0.000
PM* 0.875 5.000 3.000 0.000 0.000 bbbt
PQ¥* 2.522 3.000 3.000 0.000 el SRS
PCPI* 1.331 3,700 4,000 4. 000 0.000 RN
AHWRI* 131 0.000 0.000 -100 0.000 0.000
UM* 0.954 5.900 4,250 2.750 0.000 0.000
LE? 0.000 0.000 0.000 0.000 0.000 0.000
LF? 0.000 0.000 0.000 0.000 0.000 0.000
LUR* A 0.000 -100 0.000 0.000 0.000
Q2Th1* 1.151 3.800 5.750 4.750 0.000 0.000
ZULC? il 0.000 0.000 0.000 0.000 0.000
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