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ABSTRACT: In this paper forecasting the production volume of the Finnish forest industries
one quarter ahead is discussed. We consider a practical way of making use of the predictive
information in the aggregated answers of the quarterly business survey. It is based on the
Kalman filter. However, a straightforward application of the idea is not possible, because
the relations needed in the Kalman filter are unstable over time. Solutions to that problem
are discussed. The results indicate that it is possible to increase the precision of one-quarter-
ahead forecasts using business survey information compared to that of forecasts from
autoprojective models. The improvement in prediction accuracy after taking account of
relevant business survey information is significant.
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1. INTRODUCTION

A typical business survey questionnaire contains a host of questions on the recent economic
performance of the firm. A few questions on its short-term plans/expectations are also
included. The answers are most often trichotomous. The results are generally reported by
tabulating the weighted relative shares of the alternative answers. More rarely, if ever, are
quantitative forecasts for the next quarter’s output, price level or employment enclosed in
the report. A natural question therefore is whether the predictive information (answers to
questions on plans or expectations of the firms) could be quantified in such a way that each
time the results are published, an output forecast for a number of branches and the
manufacturing in total based on them could be released as well. Theil (1952) already
considered this possibility.

Theil (1952) proposed quantifying the relative shares directly. Another possibility would be
to construct a model to link the relative shares to the output series and use that for forecasting.
For instance, Terésvirta (1985) chose this alternative and constructed simple regression
models for predicting the output of the Finnish forest industries (SNI code 33 and 34). He
reported improvements in prediction accuracy over autoprojective models, but the perform-
ance of the models based on very short time series has since been deteriorating over time.
Oller (1990), using longer series, concluded that the plan/expectation information in the
survey was useless in forecasting the output of Finnish forest industries one quarter ahead.

We shall return to this problem and do it by adopting a Kalman filter approach Rahiala and
Terdsvirta (1991) recently introduced. Its basic outline is as follows. First construct an
autoprojective model for the output changes and then introduce relevant information from
the business survey as "new" information aimed at improving the autoprojective forecast.
The Kalman filter with its prediction and updating steps provides a vehicle for incorporating
the business survey information in the past information on the output series. The filter can
be used to generate the desired output forecast for the next quarter each time a new business
survey is conducted and information becomes available. A complication in the present
application is that the linear relationships needed for the Kalman filter do not appear stable
over time. The problem and solutions to it based on some recent work are discussed in the

paper.

The performance of the Kalman filter obtained by model-building is checked by one-quar-
ter-ahead post-sample forecasting using the period 1988(1) to 1990(4). The results indicate
that information from the business survey does have a significant impact on the accuracy of
one-quarter-ahead output forecasts. This is in accord with the results in Rahiala and



Terédsvirta (1991). The plan of the paper is as follows. In section 2 we shall discuss the data
and in section 3 the Kalman filter. Sections 4 contains empirical results including those on
parameter instability, and section 5 concludes.

2. THE DATA

The Finnish business survey is conducted quarterly at the end of March, June, September
and December, respectively. The three alternative answers to a large majority of questions
are "greater than", "no change" and "less than". Appendix 1 contains a list of questions
considered in this paper. The answers of individual firms to each question are aggregated up
to weighted relative shares. The annual turnover figures of the firms are used as weights.
Untransformed time series of these shares are used as variables in our study.

Figure 1. First differences of the logarithm of the production volume index in the Finnish
forest industries, 1976(2)-1990(4)
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The number of firms participating in the survey is about 560. The largest firms participate
every quarter, the rest are selected by stratified sampling. The forest industries, SNI code 33
and 34, account for about one quarter of the total value added in manufacturing. This makes
it the second largest branch in Finnish manufacturing after the metal and engineering
industries (SNI code 37 and 38). Its share of the exports is the largest, however, about 38 %
of the total in manufacturing.

The variable to be predicted is the production volume index of the forest industries. Because
our explicit aim is to forecast next quarter’s figure, we use original, seasonally unadjusted
series. The quarterly data at our disposal extend from 1976(1) to 1990(4). As the questions
in the business survey concern realized or planned/expected changes during a quarter, it is
appropriate to use first differences of the logarithmed industrial production indices as
production volume data in the models. The time series of these differences is graphed in
Figure 1. It is seen to contain considerable seasonal variation in the beginning, but that dies
out or at least dampens down after 1981. It turns out to be difficult to describe that
development adequately by a linear autoprojective model with constant parameters.

3. THE MODEL

The forecasting framework we shall apply in this paper is based on the idea of improving
autoprojective predictions using information from the business survey. It is described in
detail in Rahiala and Terésvirta (1991). Another possibility would be to consider forecasting
based solely on business survey data but that is not discussed here. At time t-1 we want to
forecast y,, the logarithmic difference of the volume of industrial production of a branch.
Assume that we have information available about the output until t-1: the information set
Fi 1={¥t-1> Yt-2-- Yo} In addition we shall observe g, a vector which contains information
from the business survey. This vector has as its elements relative shares of "greater than"
and "less than" answers or functions of them. Our aim is to use the information in g, to
improve the forecast based solely on F,_;.

For this purpose we consider the state space model Rahiala and Terésvirta (1991) introduced.
(For a good exposition of the Kalman filter see Harvey (1981)). Let o, = (Yp, Yi-15e-Yt-ke 1>
1, dyy, dpy, d3y, dgy)’ be the state vector where dj;, j=1,...,4, are the four seasonal dummy
variables. The state vector contains the unobservable (at time t-1) y, we want to forecast as
its first element. The movements of the o, are governed by the transition equation



oy =Ty 1 + Ry, 3.1)

where the transition matrix T is independent of t and has the form

P1 P2 - P M O 8 83 0
It 0 0
1 0 0 0 O
T= 0 0 0 0 1
0 01 0 0 O
0 01 0 O
i 00010

Furthermore, R = (1,0,..,0)’, because only y; is not observed at t-1. The measurement equation

is
X = Zat + SVt (3.2)
where
= (-8
( Zy 01 0 0 0
Z H H
Zy | Z31 222 ...Zzpo
0
S= , d = dim(zp)
[ Iy
and
Uy
~ nid(0, diag(c? H)).
Vi

The measurement equation basically describes how the business survey answers depend on
the observed production values.

The forecasting is carried out as follows. At time t-1 the relevant information in F,_; appears



in a4, the estimate of a_;. In this case, a,_y is observed directly, i.e., o1 = a,_;. Thus P,_;
= cov(a,.q) = 0. From the transition equation (3.1) we obtain the forecast ay_y = Ta.;. The
covariance matrix of the prediction error e; = ay, 1 -0t ; is

cov(e) = Py|(. = 0°TP,(T" + 0’RR’= 'RR".

The autoprojective forecast ay.; is updated by incorporating the information in x;. The
updating equation for a is

8y = a1 + Py -1Z°F (x; - Zay|p.p)

where

F = ZP,(,1Z’ + SHS’ = o’ZRR’Z’ + SHS’ = diag (0,F)

and
F = diag (0,F, ).

In practice, Z, o, and H are replaced by their estimates. The correction to ay;. is a function
of the prediction error made in forecasting x; using the information in F,_;. The first element
'of a, is the forecast for y,.

Above we have at least implicitly assumed that g, is available and used in forecasting y,. As
noted above, the Finnish business survey is conducted just before the end of each quarter (t)
and the results made public right after the quarter is over. The above framework is therefore
suitable for obtaining the first estimate of y, at the end of t. To apply it to forecasting y, at
the end of quarter t-1 we have to construct a separate prediction equation for forecasting g;.
This can be done by taking the answers to some of the plan/expectation questions in the
business survey that become available at the end of quarter t-1. Their relative shares can be
used to predict the relative shares of the answers to realization or judgmental questions
appearing in x,. These predictions are used in x; in place of g when the autoprojective forecast
is updated; see Rahiala and Terdsvirta (1991).

4. FORECASTING THE OUTPUT OF FINNISH FOREST INDUSTRIES
4.1, Constructing the model

To build a state-space type forecasting framework for the quarterly output of the Finnish



forest industries the data is divided into two parts. The observations from 1970(1) until
1987(4) are used for estimating the parameters of our equations. The data from 1988(1) to
1990(4) are saved for post-sample forecasting. The steps in setting up the Kalman filter are
as follows. First, construct an autoprojective model for y,, i.e., define the state vector and the
transition matrix. Second, choose the survey variables for the measurement equation and
estimate the unknown parameters of that equation. Third, generate post-sample forecasts
with the filter and discard those survey variables which do not seem to contribute to the
precision of the forecast, i.e., reduce the dimension of the measurement equation.

We thus began by constructing an autoprojective model for y, which appears as the first row
of the transition equation (3.1). A model with the first and fourth lags of y,, the intercept and
the seasonal dummies seemed adequate. However, when we tested the constancy of para-
meters against parameterized structural change as Lin and Terésvirta (1991) advocated, the
stability was rejected by LM; and LM,, see Table 1. When the nature of the change was

Table 1. The results of the parameter constancy tests of Lin and Terdsvirta (1991) on the
autoprojective model estimated for the observations 1976(2)-1987(4)

Model Test Value p-value

“4.1) M1 F(6,35) =2.86 0.022
LM2 F(12,29) = 2.27 0.035
LM3 F(18,23) = 1,47 0.19
IM2]3 F(6,23) = 0.42 0.86
IM1)2 F(6,29) =128 0.30

tested using LM, the corresponding null hypothesis was not rejected. This suggested
monotonic change in parameters; see Lin and Terdsvirta (1991). When this alternative was
estimated, the parameter controlling the slope of the transition function became very large
and the algorithm did not converge. Fixing the parameter at a large value and estimating the
model conditionally on that value gave the following result:



yi = -032y,; - 028y, 4 + 0.14 - 0.022dy, - 0.16dy, - 0.26ds,
(0.13)  (0.11)  (0.023)(0.034)  (0.035)  (0.034)

+ (032y,; +0.28y,4- 0.13 + 0.021d,
(0.13)  (0.11)  (0.024) (0.037)

+ 013 dy +0.25d3)F(t') + 6y, t=1,..0; t" = 1/n,2/n,...,1 (4.1)
(0.037)  (0.037)

where

F() = (1+exp {-100s"(t - 0.37)})* . 4.2)
(0.016)

and

s = 0.0364, sz/sLZ = 0.57, where s is the residual standard deviation of the corresponding
linear model, s is the inverse of the "sample standard deviation of t"" used for standardizing
the scale parameter, LB(4) = 4.3, ML(2) = 0.67 (0.72), sk = 0.79, ek = 0.35, JB = 5.2 (0.080).
LB is the Ljung-Box test of no error autocorrelation, ML is the McLeod-Li test of no
autoregressive conditional heteroskedasticity, sk is'skewness, ek is excess kurtosis, and JB
is the Jarque-Bera test of normality of errors. The figures in parentheses after the test statistics
are p-values and those below the coefficient estimates are estimated standard deviations.

The residual variance of (4.1) is only 57 % of the residual variance of the corresponding
linear model. The restrictions on the coefficients of y,_; and y,_4 are supported by the data.
It is seen that we could easily place similar restrictions on the coefficients of the intercepts
and the dummy variables. The results suggest that in 1981, {y,} changes to being nearly
white noise with zero mean. If this is compared to Figure 1 it is seen that the structural change
occurs right after the large fluctuations in the graph of the series are over. The large (fixed)
value of the slope parameter indicates that the change is abrupt.

To proceed, an obvious possibility is to take the regime corresponding to F =1, the value of
the transition function at the end of the sample, and use that for forecasting. The regime is

¥ =- 0.01 + 0.0001 dj; + 0.03 dy, + 0.01 dj, + G, (4.3)

Another possibility is to discard the early part of the sample and begin by estimating an
autoprojective model for y, from the data 1981(1) to 1987(4). The estimated model is



yi = -0.019y,; -0.11y,, +0.017 +0.0001 d;,
(0.22) (0.21) (0.015) (0.020)

'0.032 d2t = 0.019 d3t + ﬁt (4,4)
(0.022)  (0.021)

s = 0.0375, LB(6-4) = 3.6 (0.17), ML(2) = 1.7 (0.42)
sk = 0.54, ek = 0.37, JB =1.5 (0.46).
As may be expected, (4.3) and (4.4) are rather similar.

Next we select the realization variables for the measurement equation and then estimate the
parameters of (3.2). The variables were chosen as in Rahiala and Terédsvirta (1991) by adding
a set of realization variables to the autoprojective equation (4.1) and retaining the ones that
seemed to have explanatory power. Two variables appeared to meet this criterion, pr*,, the
share of firms reporting increased output (question 1a), and no’,, the proportion of firms
observing a decrease in new orders (question 4a). However, the contribution of the latter
variable to the precision of forecasts in 1988-1990 turned out to be rather small. We can thus
simplify the exposition by concentrating the interest on the measurement equation in which
pr', is the only business survey variable. When the model for pr*, implied by the transition
equation (3.2) was estimated and the constancy of its parameter tested, the constancy
hypothesis was rejected (LM; = 3.6 (0.0047)). We therefore shortened the estimation period
to 1981(1)-1987(4) and re-estimated the model. The result is

priy =307y, + 109y, + 125y, +44y,3
(51) (51 (51) (52)

+27 -1.9dy + 7.2dy + 12d3, + ¥y 4.5
(36) 1) (53) 6.1

s = 8.92, LB(4) = 5.0 (0.29), ML(2) = 0.58 (0.75), sk = 0.17,
ek = -1.22, JB = 1.9 (0.39).

As discussed above, to generate a genuine one-quarter-ahead forecast for y, we also need a
model to obtain a forecast for g;. Our specification search showed that two plan/expectation
variables appeared to contribute to the explanation of pr*,. They were pre+[|t_1, the share of
firms planning an increase in output (question 2a), as might have been expected, and beyyi.1,
the proportion of firms expecting deteriorating business prospects in the future (question 15).



The latter variable seems to be a very useful one in forecasting industrial output in Finland;
see Rahiala and Terisvirta (1991) for results in metal and engineering industries. The
estimated model for pr*, is

(10) (0.27) 0.092) (5.0 @7 (47
s = 8.70, LB(4) = 6.6 (0.16), ML(2) = 1.4 (0.50), sk = 0.84,
¢k =0.24, JB = 3.4 (0.18).

Figure 2. The one-quarter-ahead forecasts for the first differences of the logarithm of the
production volume in the Finnish forest industries in 1988(1)-1990(4) from the autoprojec-
tive model and the Kalman filter for g, known and g, predicted, respectively, and the
corresponding observed values
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There is some evidence for seasonality in plans/expectations but it is not strong. The positive
skewness is largely due to two outliers in 1982(3) and 1986(2) when the firms planned a
lower production volume than that they finally achieved.

4.2. Forecasting with the model

The equations we just described are used for post-sample forecasting within the Kalman
filter framework. The forecasts are one-quarter-ahead forecasts that have been computed
without re-estimating the model and the prediction period is 1988(1) to 1990(4). The annual
growth rates of the period are positive at first but turn negative in 1989. The period may be
easy to forecast with autoprojective models because apart from this single drop in the growth
rate the output volume has not fluctuated very much.

The forecasts are graphed in Figure 2. A general impression is that the business survey
information has increased the precision of the forecasts compared to the autoprojective ones
from (4.4). The RMSE:s of the forecasts are in Table 2. The RMSE of the autoprojective
model (4.4) is about 4.2 % which may be compared to the residual standard error of (4.4),
about 3.8 %. The period 1988-1990 has thus been a rather "normal" one and therefore the
use of business survey information may not improve things much. It is seen that if we know
pr+t at the time of forecasting, the RMSE decreases to 3.0 %. Having to predict it using
equation (4.6) leads to a further decrease to 2.7 %. This is unexpected and reflects the

Table 2. Root mean square errors (RMSE) and medians of absolute errors (MAE) for the
forecasts of the output of Finnish forest industries in 1988(1)-1990(4) from the autoprjojec-
tive model (4.4) and the Kalman filter

Autoprojective Prediction method
model
AP KF: gt known gt predicted
RMSE:
“4.4) 0.0423 0.0300 0.0272
MAE:
0.0326 0.0156 0.0137
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difficulties in describing the process generating pr*, by y, and its lags. If structural change
in the autoprojective model is ignored despite the test results and the parameters of the models
estimated from the observations 1976(2)-1987(4), the RMSE of the autoprojective forecasts
is somewhat smaller than previously whereas the other two RMSEs are higher. These results
are not reported here. If we use the median absolute error as our measure of precision the
differences between (4.4) and the Kalman Filter appear larger than if we consider RMSE.
This reflects the fact (see also Figure 2) that while there are occasional large prediction errors
also when the Kalman filter is used, the business survey information is generally useful in
forecasting the production volume of the Finnish forest industries.

The interesting question is whether the observed differences in prediction performance
between the models are significant or not. We investigated that by testing the hypothesis that
the MSEs of the forecasts with and without business survey information are equal. The
alternative was that the forecasts obtained using business survey information have the lower
MSE of the two; for the test see Granger and Newbold (1986, pp. 278-279). The p-values
of the test statistic appear in Table 3. The business survey information does seem to increase
the accuracy of the forecasts. The evidence is more compelling when pr*, is predicted than
when it is known, which is surprising but obviously a consequence of (4.6) not being a very
accurate description of pr*,. '

Table 3. The p-values of the Granger and Newbold test for testing that the mean square error
(MSE) of forecasts from two models are equal against the alternative that MSE from the
Kalman filter is smaller of the two

Autoprojective Testing AP against KF:
(AP) model
gt known gt predicted
(4.9 0.079 0.015
5. CONCLUSIONS

The above results show that the information contained in the business survey is useful in
predicting the next quarter’s output in Finnish forest industries. In this respect they contradict
the conclusions in Oller (1990) but conform to the results in Rahiala and Terisvirta (1991).
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These authors found that the present Kalman filter approach improved the precision in
forecasting the output of Swedish and Finnish metal and engineering industries compared
to that of autoprojective models. Both that study and the present one have made use of
untransformed relative shares of alternative answers. An interesting question not discussed
so far is whether the precision of the forecasts could be further increased by an appropriate

transformation of these relative shares or not. We shall return to this issue in the near future.

In this paper we have assumed that the output figure for t-1 is available at the end of that
quarter and used in forecasting the production volume at time t. In practice, that is not the
case. A forecast for the output at t-1 can be obtained, however, by the Kalman filter using
the judgmental business survey information for quarter t-1 as discussed in the paper. That
forecast may then be used for obtaining a prediction for the output at quarter t. The
autoprojective counterpart of this forecast is a prediction two quarters ahead.
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Appendix 1. The questions of the Finnish business survey used in this paper

Note: The alternative answers are generally "greater than", "no change" and "less than". In
g yg 2

question 3b they are "yes" and "no", in question 5 "large", "normal" and "small" and in

question 15 "better", "the same" and "worse", respectively. The limits of the "no change"

category are = 2 %. The respondents are asked to give "seasonally adjusted" answers.

Question:

la  Production volume this quarter compared to previous quarter

1b  Production volume this quarter compared to the same quarter last year
2a  Production volume next quarter compared to this quarter

3b Idle production capacity six months from now

4a  Amount of new orders this quarter compared to previous quarter
4b  Amount of new orders next quarter compared to this quarter

5 Present order stock

7a  Number of employees now compared to three months ago

7c¢  Number of employees after next three months compared to now
8a  Exports volume this quarter compared to previous quarter

8c  Exports volume next quarter compared to this quarter

15  Business prospects in the near future






No 343

No 344

No 345

No 346

No 347

No 348

No 349

No 350

No 351

No 352

No 353

No 354

No 355

ELINKEINOELAMAN TUTKIMUSLAITOS (ETLA)
THE RESEARCH INSTITUTE OF THE FINNISH ECONOMY
LONNROTINKATU 4 B, SF-00120 HELSINKI

Puh./Tel. (90) 609 900 Telefax (90) 601 753
Int. 358-0-609 900 Int. 358-0-601 753

KESKUSTELUAIHEITA - DISCUSSION PAPERS ISSN 0781-6847

JUSSI RAUMOLIN, The Impact of Technological Change on Rural and Regional Forestry
in Finland. 22.11.1990. 84 p.

VEINO KAITALA - MATTI POHJOLA - OLLI TAHVONEN, Transboundary Air Pollution
and Soil Acidification: A Dynamic Analysis of an Acid Rain Game between Finland and the
USSR. 23.11.1990. 29 p.

ROBERT MICHAEL BERRY, Deep Waters Run Slowly. Elements of Continuity in
European Integration. 10.12.1990. 31 p.

ANTHONY J. VENABLES, New Developments in the Study of Economic Integration.
17.12.1990. 30 p.

JUSST RAUMOLIN, Euroopan Yhteison ympéristopolitiikka. 20.12.1990. 52 s.

VESA KANNIAINEN, Optimal Production of Innovations Under Uncertainty. 07.01.1991.
39p.

KARI ALHO, Bilateral Transfers and Lending in International Environmental Cooperation.
16.01.1991. 24 p.

VESA KANNIAINEN, Yritysten rahoituspolitiikka: selvitys Suomen porssiyhtidistd 1983-
87.24.01.1991. 19ss.

MARI HARNI - JUKKA LASSILA - HEIKKI VAJANNE, Transformation and Graphics
in ETLAs Economic Database System. 25.01.1991. 12 p.

JUHA KETTUNEN, Heterogeneity in Unemployment Duration Models. 31.01.1991. 22 p.

PENTTI VARTIA, Experiences from Growth and Transformation in the Post-war Period -
The Country Study for Finland. 12.02.1991. 20 p.

VEIIO KAITALA - MATTI POHJOLA - OLLI TAHVONEN, An Analysis of SO2
Negotiations between Finland and the Soviet Union. 18.02.1991. 17 p.

JUHA KETTUNEN, Transition Intensities from Unemployment. 27.02.1991. 24 p.



No 356

No 357

No 358

No 359

No 360

No 361

No 362

No 363

No 364

No 365

No 366

No 367

No 368

No 369

No 370

No 371

MARKKU KOTILAINEN, Exchange Rate Unions: A Comparison to Currency Basket and
Floating Rate Regimes. 15.03.1991. 54 p.

SYNNOVE VUORI, Returns to R&D in Nordic Manufacturing Industries, 1964 to 1983.
20.03.1991. 42 p.

VEIJO KAITALA - MATTI POHJOLA - OLLI TAHVONEN, A Finnish-Soviet Acid Rain
Game: "Club Solutions", Noncooperative Equilibria and Cost Efficiency. 22.03.1991. 18 p.

JUHA KETTUNEN, Occupational Mobility of Unemployed Workers. 25.03.1991. 29 p.
JUSSI RAUMOLIN, Logistiikan nikymié yhdentyvissa Euroopassa. 25.03.1991. 17 s.
MARKKU OLLIKAINEN, Kestivi kehitys - ongelmia ja tulkintoja. 08.04.1991. 24 s.

PEKKA ILMAKUNNAS, Working Time, Productivity and Labor Demand in Finnish
Manufacturing. 22.04.1991. 40 p.

JUHA KETTUNEN, Time-Dependent Effects of Unemployment Benefits. 24.04.1991.
29 p.

GEORGE F. RAY, Long-Term Propsects for Industrial Materials. 30.04.1991. 45 p.

ROBERT HAGFORS - TOIVO KUUS, The Structure and Distribution of Income in Estonia
and Finland. 07.05.1991. 30 p.

T.R.G. BINGHAM, The Foreign Exchange Market: Structure, Intervention and Liquidity.
10.05.1991. 29 p.

Elinkeinoelimin Tutkimuslaitoksen toiminta vuonna 1990. 24.05.1991. 30 s.

JUHA KETTUNEN, The Effects of Education on the Duration of Unemployment.
06.06.1991. 38 p.

ROBERT HAGFORS - ROLF MAURY, Suomalaisten kotitalouksien rakennekehityksen
arviointia vuosille 1960-1985. 18.06.1991. 47 s.

VESA KANNIAINEN - JAN SODERSTEN, Undervaluation of Corporate Shares Revisited:
A Note. 27.06.1991. 9 p.

MARKKU RAHIALA - TIMO TERASVIRTA, Forecasting the Output of Finnish Forest
Industries Using Business Survey Data. 29.07.1991. 13 p.

Elinkeinoeldmin Tutkimuslaitoksen julkaisemat "Keskusteluaiheet" ovat raportteja alusta-
vista tutkimustuloksista ja viliraportteja tekeilld olevista tutkimuksista. Téssd sarjassa jul-
kaistuja monisteita on rajoitetusti saatavissa ETLAn kirjastosta tai ao. tutkijalta.

Papers in this series are reports on preliminary research results and on studies in progress;
they can be obtained, on request, by the author’s permission.

E:\sekal\DPjulk.chp/29.07.1991



