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Abstract. 

Firms in the (Swedish) Micro-to-Macro Model MOSES learn about their 
environment through internai adaptive expectations and through short -ron 
externai forecasts produced by Statistical Bureaus. The statistical Bureaus 
apply different macroeconomic modeis, that theyestimate on data generated 
by MOSES. Firms are learning about their degree of trust in the forecasts of 
both Statistical Bureaus using Bayesian rules. In our experiments with learning 
through external forecasts firms are either forced to use only one source of 
macroeconomic information or allowed to choose between them. With these 
experiments we can simulate a more or less centrally controlled economy. 
Experiments demonstrate that the more of variety of sources of information 
allowed the better macroeconomic performance. 





Introduction 

The standard learning literature focuses on the justification of the 

rationai expectations hypothesis [Bray (1982); Bray-Savin (1986); Bray

Kreps (1986); Cyert-DeGroot (1974); Fourgeaud-Gourieroux-Pradel 

(1986); Frydman (1982),(1987); Townsend (1978); see Lindh (1993) for a 

survey] and uses extremely simple macroeconomic models with linear 

stroctures. Rationai agents are unfamiliar with some parameters of their 

environment and learn about them through applying simple statistical 

roles. For purposes of the following exposition we observe that rational 

expectations learning is a special case of adaptive learning [Day (1963), 

Lindh (1993)]. Under certain restrictive assumptions about economic 

fundamentals statistical learning moves the economy towards a rationai 

expectations equilibrium. Stationarity is present in practically all standard 

learning modeis. 

This paper examines learning processes within an Experimentally 

Organized Economy (EOE) [Eliasson (1987), (1990), (1991), (1992)]. The 

EOE is represented by the Swedish micro-macro simulation model 

MOSES based on individual firms and characterized by a diversly 

stroctured non-linear, non-stationary framework. The model rests on more 

realistic assumptions about firms and markets than the simple analytical 

models of the learning literature. It comprises explicit procedures of short

ron (quarterly) adaptive learning and decision-making by boundedly 

rational firms, interacting in markets through various adjustment processes. 

The model is applied for long-ron simulation experiments, that in 

particular show the macroeconomic growth consequences of different 

behavioral regimes. The MOSES model, described in detail in [Eliasson 

(1978), (1985), (1991), (1992); Albrecht (1989)], exhibits path-dependent, 

non-stationary dynamics with typical phases of non-predictable erratic 

behavior. Therefore it is not learnable by standard statistical methods 

[Eliasson (1987), (1990), (1991)]. Since the reference economic 

environment is sufficiently large and heterogeneous to force strong 
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bounded rationality on each individual firm, large parts of the 

experimentally organized economic environment are unknown to them. 

Hence, learning in the EOE has to be defined more generally, than in 

rationai expectations literature. An experimentally organized leaming 

process is characterized by an explicit determination of the bounds for 

explorative and informational capabilities of firms, on the one hand, and 

by the application of both statistical and non-statistical learning 

procedures. The latter are represented, for example, by valuation and 

selection between different sources of information. 

The purpose of this paper is to examine an experimentally organized 

leaming process within the framework of MO SES based on exterr..al 

informational capabilities. A firm in MOSES is limited by its internal 

competence to form rationai expectations or even to learn to be more 

rationaI. It does not apply any particular theoretical model of the economy 

to make inferences ab out the future, as is the case in rationai expectations 

learning models. However it can use external sources of information, like 

macroeconomic forecasts. 

To set up our learning experiments a number of modifications of 

MOSES have been made, that we detail below. The basic (current) version 

of the MO SES modelon which these modifications have been done is 

described in [Albrecht et al.(1989), (1992), Eliasson (1991), (1992), Taymaz 

(1991)]. Two sources of macroeconomic forecasting have been installed 

into MOSES. They are based on macromodels reflecting different 

theoretical views. We caU these sources Statistical Bureaus, although orre 

can have in mind research institutes or even (macro-) economie schools 

making predictions in one way or another about macroeconomic 

performance. 

Statiatical Bureaus produce only short-term (quarterly) forecasts, which 

are endogeneous in the sense, that they both accumulate and use quarterly 

data generated by MOSES. Although theoretical macromodels applied by 

Statistical Bureaus, due to their simplificaitions are more or less 

inconsistent with MOSES, they are self-Ieaming (about parameters) and 

adapting to some extent to MOSES during simulation runs. 



3 

Finns use macroeconomic forecasts to improve micro-based internal 

expectations. They accept external expectations of Statistical Bureaus in 

different, experimentally organized regimes. In one case they are obliged 

to use only one externaI source of information. In the other case firms can 

select between the sources subject to the a posteriori relative accuracy of 

forecasts. This freedom to make choices provides a firm with an additionai 

competence to exploit the complex environment of the MOSES model and 

to attain high er levels of performaneel. 

We are interested in two questions; tirst, how firms accept external 

forecasts in different regimes and, in particular, to what extent they in fact 

believe in them? Second, how experimentally organized learning influences 

the (simulated) economie growth of the model economy. 

The next two sections show, how expectations of MOSES firms are 

formed in the basic version and how they are modified in our experiments. 

Section 4 describes the macromodels, section 5 demonstrates the 

experimental results. The Appendix explains, how the data base for 

macromodels is organized and how quarterly forecasts are computed for 

both macromodels. 

2. Expectations of firms in the basic version of MOSES2
• 

Firms in the micro-macro model have expectations about prices, 

nominal wages and sales. They are calculated in each quarter as convex 

combinations of internaI and external expectations: 

XC
t = RX't+(1-R)X" t (1) 

where XC
t is the expectation of some economie variable (price, wage, sales) 

for the quarter t; X" t and X' t are externaI and internal expectations for 

l We fmd it particularly important to study the efficiency characteristics of learning mechanisms 
in such an economic environment, considering the problems facing the formerly planned 
economies [see Eliasson (1993)]. One of our experiments with restricted access to external 
information comes fairly close to what could be called a centrally plarmed policy regime, while 
another experiment resembles the pluralistic information sourcing of a market economy. 

2. This section summarises certain specifications of the MOSES model (see [Eliasson (1978), 
(1985),(1991)], [Albrecht (1989)] needed to c1arify the particular learning mechanisms modified 
in this paper. 
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the same quarter. The coefficient of this combination R is an exogenous 

parameter that can be said to reflect the degree of trust in external 

expectations. In the current version of MOSES it is fixed, identical for all 

firms and equal to 1/2 (firms are assumed to believe equally in their own 

experience and in the externai information). We will endogenize R in the 

next section. 

External expectations are given exogeneously; they grow at a constant 

rate.Internal expectations are adaptive. They combine the actual tendency 

of growth of a variable under consideration with the tendency of its 

deviations from expected values. 

All exogenous parameters used in the expectations block of the model 

are identical for all firms. They believe in the same exogenous growth rate 

of external expectations and have identical parameters of internal 

expectations. The diversity of internai expectations among firms is caused 

by their heterogeneity and, in particular, by the diversity of actual 

realizations for each firm (actual wages, sales and prices differ among 

firms). 

Although internai expectations of firms are adaptive, firms do not learn 

about the parameters of their expectations functions. Experiments with the 

basic version showed, that individual expectations do not generally 

converge neither to actual values nor to average expectations. This fact 

gives hope that different modifications of learning mechanisms in MOSES 

can reveal ability (or disability) of firms to move the economy towards a 

rationai expectations equilibrium. It then has to be understood, how the 

unchanged learning behavior of MOSES agents (firms) influences the 

equilibrium characteristics of the entire economy. It becomes an open 

question, whether a standard type equilibrium at all exists in the Micro-to

Macro model [see Eliasson (1984), (1985, Cnapter VII), (1991)]. 

3. Leaming about externat expectations. 

In our modification MOSES firms are learning individually about the 

degree of trust (= R) they can have in external expectations, that are in 

turn endogenized. 
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Suppose that firms look at the parameter R as a stochastic variable, 

normally distributed with mean R I and variance (1. Firms do not know the 

mean, but are informed somehow about the variance. Each quarter a 

realization of R updates their prior estimate of the mean R t in aBayesian 

fashion. The realization of the degree of trust is: 

xa - X" t t 

X' - X" t t 

where Xa
t is an actual value of the expectational variable in the quarter t. 

The poste rior mean estimate Rt+1 is a convex combination of the prior R t 

and the realization R(t) : 

(1 

---R(t) + 

where ht is the prior variance of the beliefs updated as: 

(1 

This is an application of the theorem on conjugate normal distributions 

[De Groot(1970), p.167]. 

The posterior estimate Rt+1 is obtained by firms af ter data from quarter 

t have been observed, when both internal and external expectations are 

already known. At the end of this quarter a firm forms expectations for the 

next quarter with the updated degree of trust in the external forecast: 

(5) 

The iterative process (3)-(4) does not guarantee that the degree of trust 

in the external expectations Rt always belongs to the unit interval [0,1]. For 

example it can be negative, when the degree of trust realization R(t) is 

negative and has a large weight in Bayesian updating rule (3), because of 

the relatively large variance of beliefs ht. N ote that the realization R(t) is 

negative if and only if an externai forecast turn out to be less accurate, 

than the internal expectation Le. if one of the two conditions is fulfilled : 

(2) 

(3) 

(4) 
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-"t-l < X" t-l < Xl t-l or Xl t-l < X" t-l < Xt_l. 

In this case a firm decreases its posterior degree of trust. 

The conditionai variance of firm's beliefs ~ can be high only at the 

begining of iterations and is monotonously declining to zero, as it is seen 

from (4). So the "implausible" estimates for R which are beyond the unit 

interval can occur only at the outset of experiments, when the precision of 

firms' knowledge about this parameter is not high. 

The only exogenous parameter in the described iterative procedure is 

a - the variance of the degree of trust. It was estimated from the basic 

reference experiment of MO SES and was made identical for all firms. It 

is approximately equal to 0.3 (we used a sample of 50 randomly chosen 

firms and analysed the data for 10 quarters). 

This estimate of a is of cours e very rough, but small variations of this 

parameter do not have much influence on our experiments. Note, that it 

would be more realistic to consider the variance a together with the mean 

R
I 

as the learning parameter. However we follow in this paper the 

procedure commonly used in the learning literature and restrict ourself to 

this most simple case. 

4. The Macroeconomic Forecasts of the Statistical Bureaus. 

Endogenized externai expectations of firms is the other feature added 

to the MOSES expectations block. Statistical Bureaus (SB) or forecasting 

institutes gather and process statistical data generated in MOSES 

simulations and compute short-run (quarterly) macroeconomic forecasts 

based (for each SB) on a macroeconomic model, reflecting some 

theoretical view about the economy. We sh all consider only two Statistical 

Bureaus, that work independently of each other and update parameters of 

their models each quarter on the basis of new macroeconomic data 

generated by MO SES, applying simple econometric techniques (OLS). It 

means that the SBs are also learning, but in contrast to firms they do not 

use micro-Ievel information directly. Both of them apply information about 

exogenous variables and parameters, including those concerning 
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Government policy and foreign trade from the MOSES data base and 

simulated time series. 

Statistical Bureaus are making quarterly macroeconomic forecasts about 

the variables, which are of interest for firms: prices, wages and sales. The 

forecasted growth rates of sales and of output are supposed to be equal, 

because, by assumption, both SB ignore changes in firms' inventories. 

Forecasts of Statistical Bureaus are used by firms instead of exogenous 

external expectations. Firms are learning about the degree of trust to 

macroeconomic forecasts, following the Bayesian rule (3)-(4? 

We assume, that the SBs differ in their theoretical views about the 

economy. Both of them recognize market disequilibrium in the short-nm. 

But one believes that only the labor market is imperfect, while another 

assumes that both labor and product prices are rigid and do not clear the 

markets. The first macromodel (of SB 1) is a standard textbook 

neoclassical-neokeynesian system. In the second model (of SB2) some 

behavioral assumptions of textbook models have been modified to be more 

consistent with the MOSES approach. 

4.1 Macromodel of Statistical Bureau 1. 

The theoretical assumptions of SBl about the economy are: 

- output prices are market-clearing; 

- firms are profit-maximizers; 

- adjustments of wages depend on the unemployment level via the 

Phillips curve and on nominal money growth. 

SBl works out the t th quarter forecast at the end of quarter t-l, when 

it receives from MOSES all the macroeconomic information, concerning 

the last period. The forecast is based, in particular, on the information 

about new capital equipment, created in the quarter t-l. A total volume 

3 One can imagine, that the Bureaus forecast som e other economic indicators (e.g. 
unemployment, investment, the interest rate) for the Government, which applies them in policy 
making and influences the development of the (MOSES) economy. However we do not 
consider here this aspect of macroeconomic learning and deal only with the 
learning of firms. 
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of real capital is the only macroeconomic aggregate, which is updated by 

SB a priori, Le. before the simulation mn with the model. 

The model of SB 1 contains three balance equations, two behavioural 

equations and seven macroeconomic functions. 

Balance equations : 

Yt = Ct + It + Gt + St 

~ = (1-O')~_1 + I t_l 

Mt/pt = L(rt ) 

Behavioural equations : 

U)et = aF(~'4)/a4 

wt = Wt_l(1+Jl.t+ft(Ut/un» 

The following notation of variables and parameters is used : 

(6) 

(7) 

(8) 

(9) 

(10) 

Yt - output (GNP); Ct - consumption of households; It - real gross 

investment; Gt - governement expenditures; St - foreign trade balance; ~ -

real volume of capital; Lt - labor input; Pt - price index; Mt - nominal 

supply of money; rt - real interest rate; U)ev U)t - expected and actual real 

wages; wt - nominal wages; Jl. t = (M t - Mt_l ) !Mt_1 - growth rate of money 

supply; Ut, Un 
- rate of unemployment, actual and "normal"; O' - rate of 

capital depreciation. 

All the quantative variables of the model except for the money supply 

Mt are "real": they are deflated to 1982 prices (base year in all MOSES 

experiments ). 

Equation (6) is the market-clearing condition for final output; (7) is the 

capital accumulation equation; (8) is the supply-demand balance for real 

money, L(r) describes money demand as a function of the real interest 

rate, L' (r) < O. 

Equation (9) is the first order condition for short-mn profit 

maximization, F(~,Lt) - macroeconomic production function; (10) is the 

wage adjustment equation, which says, that the nominal wage growth rate 

is equal to the nominal money growth rate plus a term depending via the 

Phillips curve on the relative unemployment level Ut/uno 

Macroeconomic functions. 
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Producdon function: 

(11) 

where Qt = a ~ is the capacity level, a - capital efficiency parameter; y -

parameter of the labor productivity for the best technology. 

Consumpion function: 

Ct =c D t , (12) 

where Dt =(U>tLt + rt~ + dtlpt)(l - Th) is the real disposable income of 

households, c - parameter; dt - nominal divident payments, dt = 11't - f t' 

11't - total firms' net profit af ter taxation: 11't = (PtYt - wtL. - (rt + 6)~t)(1 

- Te), Te - corporate tax rate, lOt - net investment, defined below; Th -

personal income tax rate. 

lnvestment function: 

lt = l°t/pt + 6~, (13) 

where lOt = i11't is net investment as a share of net profit, i -parameter. 

Foreign trade balance: 

St = St_l[l + S(pft - pt(1-Tf»/pt(1-Tf)], 

where pft - foreign price index, Tf - rate of trade tariff, s - parameter. 

Phillips curve : 

f(Ut/Un
) = - a ln(UtlUn

), a - parameter. 

Demand for money : 

L(rt) = bOrbt , bO, b - parameters. 

Real wage expectations function : 

(14) 

where al' a2 - parameters. This is the "model" of firms' expectation about 

real wages, applied by SBL It is in some sense similar to the actual models 

of expectations, used by firms in our modification (2). The bureau 

understands, that firms do not trust its forecasts completely. Therefore the 

SBl expects a firm's expectation to be a linear combination of 

macroeconomic forecast U>t and internai expectations. The latter can be 

represented as a linear combination of past real wages. However SBl 

simplifies this "actual" model, taking into account only the observation of 

the past quarter. The bureau therefore expects, that firms will expect the 
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real wage we
t +l to be a linear combination of forecast W t and the past 

quarter value w t_l . 

The exogenous variables of the SB 1 macromodel are: Mt , Gv pft. The 

exogenous fixed parameters are: o, T(V Te' Tf and uno Exogenous variables 

are calculated by SB 1 before each quarter simulation ron with its model 

on the basis of the past quarter MOSES output macro data. Exogenous 

parameters are taken from the MOSES data base. 

The parameters of macroeconomic functions c, i, a, b, bo, a, al' a2, 1 

are endogenous. They are estimated each quarter by SBl using 

accumulated time series and simple linear regressions for (11)-(14). 'Ve 

did not apply a standard simultaneous estimation technique, since 

macroeconomic functions are highly non-linear with respect to 

endogeneous parameters and we had to avoid overloading the PC memory. 

The estimates of the endogenous parameters are in fact quickly stabilizing 

in the learning process. 

4.2. Macromodel of Statistical Bureau 2. 

SB2 differs from SBl in its view on product prices and the behaviour 

of firmsJn the spirit of MOSES, it assumes that: 

- output prices are not flexible enough and the market is cleared by 

quantative adjustments of supply and demand; 

- firms do not maximize profits, rather they are satisfied with 

"admissible" production plans, guaranteeing an expected profit-margin; 

- wage adjustment depends on the growth of money supply and on the 

increase of employment. 

In other respects the macromodel of SB2 is similar to the model of 

SBL It contains the same balance equations: 

Yt = Ct + It + Gt + St, 

~ = (1-0)~_1 + I t- l , 

Mt/pt = L(rt), 

but another set of behavioral relationships: 

Yt ~ (w t/(l-he
t»Lt 

wt = wt- l (1 + J-t t + ,8max(O, (Lt-Lt_l)/Lt_l» 

(15) 

(16) 

(17) 

(18) 

(19) 
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Pt = Pt-l(1 + ÅZ\_l(Kt)/Y\l(Kt» (20) 

A new variable here is het in (18) - the expected profit-margin target (see 

MOSES literature, e.g.[Albrecht (1989), Eliasson (1978),(1991)]). 

Inequality (18) determines a satisfactory zone in the plane of labor-output 

productian plans. Tagether with the productian function (11) it forms a 

feasible set of plans as it is the case in the basic version of MO SES. 

Equation (19) is a wage adjustment role, similar to (10). But instead of 

the Phillips curve it involves the growth rate of employment, ~ - is an 

adjustment parameter. According to (19) more employment increases the 

nominal wage, while additional unemployment does not influence it. This 

hypothesis reflects the process of labour search and competetive biddings 

in the labour market, explicitly occurring in MO SES simulation rons. 

Equation (20) describes quarterly adjustment of prices, Å is a 

parameter. Z*t_l(~) denotes an excess aggregate demand of quarter t-l as 

a function of capital ~ invested up to the quarter t. Similary Y*t-l(~) 

denotes an output which could be realized in a previous quarter with the 

same capital ~ and the same other variables. 

Adjustment of price (20) is assumed by SB2 to be pdor to the market

clearing quantative interactions of firms, but postedor to the creation of 

new capital, disturbing the equilibrium, reached in the past quarter. Such 

disturbance of the past quarter equilibrium is expressed by the right-hand 

side of (20). Variables Kt and Pt are predetermined in quarterly 

compytations according to equations (16) and (20). 

Macroeconomic functions, applied in the model of SB2 are the same, 

as in the model of SB 1, except for: 

The profit-margin expectations function: 

(21) 

Ål' Å2 are parameters. 

The profit-margin target is assumed to be determined by the current 

interest rate: 

(22) 

This means that the targeted profit-margin is equal to the ratio between 

real charges on capital account and output. 
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All exogenous variables and parameters in this model are identical to 

those explained above. Endogenous parameters are also the same with the 

exception of {3 and Å from the wage and price adjustment equations (19), 

(20) and parameters Ål' Å2 in the expectations function (21). Thus, 

although both Statistical Bureaus use basically the same set of parameters 

with identical estimates, they apply different theoretical assumptions and 

modeis, and therefore produce different forecasts. 

5. Experiments and experimental results. 

Both SB use synthetic macro-data from the MOSES data base (see 

Appendix 1). At the beginning of a quarter the bureaus receive 

information about related variables from the macro-data base and simulate 

(in a sense) the quarterly iteration of MOSES. They compute a set of 

macroeconomic aggregates and give quarterly macro forecasts for macro 

output prices, wages and sales. 

The macromodel of SB 1 is reduced to a two-dimensional system of 

equations for nominal and real wages, given the amount of capital created 

in the (MOSES) economy up to the current quarter. The macromodel of 

SB2 is solved with respect to output and the nominal wage, given the same 

macro-data on capital and the current price computed according to the 

adjustment equation (20). Iterative procedures of equilibrium search for 

macromodels are explained in Appendixes 2-3. 

Both macromodels are quick in finding equilibrium points by these 

iterative procedures. On the average it takes only ten iterations for both 

models to reach an equilibrium with an error 1.5%. We computed it with 

the error smaller than 10-5, which required 40 iterations on the average. 

The results of our 120 - quarter simulation runs are shown graphically 

in Figures 1 - 10. In the first series of experiments firms do not use 

macroeconomic forecasts. Both macromodels were tested for their 

predictive ability. From our view both macromodels satisfactorily predicted 

growth rates of macroeconomic aggregates. One can compare MOSES 

generated and forecasted trajectories for GNP growth rates in Figures 1 

(for SBl) and 2 (for SB2). The average deviation of GNP growth rates is 
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2.3% to GNP for the model of SBl and 1.6% to GNP for the model of 

SB2. 

The trajectories in Figures 1 - 2 reveal the particular pattern of 

forecasting, adopted by each bureau. One can see, that SB 1 is in some 

sense smoothing the actual dynamics, while SB2 tries to imitate it with 

one-quarter delays. This fact in particular explains the larger deviation for 

SB 1 than for SB2. 

In the second series of experiments firms use the forecast of one of the 

SBs. They apply the Bayesian rule (3)-(4) to determine the degrees of trust 

in it. Experiments in this regime give the opportuhity to study the accuracy 

of the SB forecasts once more (learning of firms changes the accuracy of 

forecasts) and to examine the impact of learning on the dynamics of the 

economy when firms have only one external source of macroeconomic 

information - SB 1 or SB2. 

The accuracy of GNP forecasting of both SBs improves when firms are 

learning of and using the information produced by the Bureaus in their 

decisions). When each of them is the only externai source of 

macroeconomic forecasts, the average error in forecasted GNP growth 

rates is 1.6% for SB 1 and 1.4% for SB2. This means that the Bureaus 

influence the dynamics of MOSES, making firms to adapt to their 

forecasts. 

Figures 3 - 5 expose the dynamics of the (arithmetical) average degree 

of trust in the macroeconomic forecasts for both SE. They are increasing 

in time for all expectational variables except for the case of sales, when the 

average degree of trust in SB 1 forecasts is somewhat decreasing at the end 

of the simulation period. The time paths of average degrees of trust are 

similar and close to each other for both SB (especially for the case of 

prices and wages). It means that firms, being restricted artificially to use 

only one source of externai information, on average adapt to it and utilise 

macroeconomic forecasts in increasing extent. 

Learning of firms in such an experimental regime, however, negatively 

influences macro economic growth. Figure 6 shows GNP growth slowing 

down compared with the basic (without learning) simulation path. This 
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decline is especially notable towards the end of the simulation. This effect 

should be explained in the following way. In the basic version of MOSES 

external expectations of firms are growing exponentiallyand the degree of 

trust in them is fixed and equal to 1/2 (see Section 2). This means that all 

firrns partially believe in a macromodel of stationary growth. These 

optimistic beliefes are partially self-fulfilling, since firms are adjusting to 

them in short-run planning iterations. Meanwhile the forecasts of both 

Statistical Bureaus are non-exponential and do not give sufficiently strong 

signals to firms toincrease output plans. 

In the third series of experiments firms were allowed to select between 

the two sources of externai macroeconomic information. We used a very 

simple selection rule. Suppose a firm can a postenon compare the relative 

accuracy for forecasts of both SB in quarter t and choose which forecast 

is better to apply in the quarter t + 1. For each expectational variable the 

firm selects the SB with high er aposteriori degree of trust R t +1 and uses 

only its forecast in the quarter t + 1. This selective rule means, that the firm 

singles out a forecast of one bureau, which it currently trusts more, and 

ignores the forecast of the other, keeping the latter in memory until the 

next updating of degrees of trust and selection of forecasts. The forecast 

chosen in the quarter t is weighted by the firm's degree of trust in it (Rt +1) 

and provides (in combination with an internai expectation) a next quarter 

expectation (5). 

The experiments with this selection rule showed, that the average 

degrees of trust in macroeconomic forecasts typically are not monotonausly 

increasing time paths (see Figures (7)-(9) and campare them to (3)-(5». 

This is especially notable for the case of sales (Figure (9». Firms, that are 

learning simultaneously from both SB and selecting between forecasts, do 

not adapt to them to such an extent, as is the case, when only one source 

of externai information is allowed. In that case forecasts of one SB or the 

other could mor e easily be self-fulfilling, since firms did not change the 

source of externai information in the course of simulation runs. 

Experiments displayed the macro economic effects of diversity of 

information and the information-selection mechanism on macroeconomic 
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performance. Compared to the case, when firms are allowed to use only 

one SB as information source, economic growth accelerates in the long-ron 

when forecasts of both Statistical Bureaus can be used as information 

sources (to see this compare Figures 10 and 6); GNP growth in the case 

of information-se1ection is in fact even higher than in the basic version of 

MO SES, where all firms "believed" in their own adaptive forecasting 

formula and an exogeneus trend belief corresponding to a"theory" of 

stationary growth. The intuitive explanation to this result is as follows. 

When there are twoor moresources of externai information, firms are not 

tied too much to some particular pattern of forecasting, when forming 

expectations and choosing production plans. Thus even the simple selection 

role applied in our experiments allows firms "to create" in a sense their 

own, macro-based synthetic models of economic development and to 

increase the long-ron efficiency. 

Concluding remarks. 

We examined the learning behavior of boundedly rationai firms via 

their internaI experience and macroeconomic forecasting of boundedly 

rationaI Statistical Bureaus. Our simulations can be considered as an 

experimental study of different learning regimes with the help of a micro

macro model. 

In particular we were interested in the roIe of the diversity of macro

based external information used by firms in expectations formation. 

Macroeconomic performance is demonstrated in simulation experiments 

to be sensitive with respect to choice of learning regime. If all firms have 

no choice between externaI forecasts, or their beliefes about the 

macroeconomic development are homogeneous (as it is the case in the 

basic version of MOSES), then economic growth can be seen to slow 

down. But even the simple selection rule between two sources of macro

based forecasts improves economic growth in the long-rune In this case 

firms, that are initially do not know any theoretical model of the economy, 

are able to "create" implicitIy synthetic macromodels, based on the 

accumulated selected knowledge. 
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Appendix 1. Data base for macromodels. 

Since both Statistical Bureaus are using macrodata, generated by the 

micro-macro model, they are, first, accumulating time series of 

observations to update in each quarter parameters of macroeconomic 

functions. Second, they utilize the data necessary for quarterly updating of 

exogenous and predetermined variables. Some of these variables are taken 

directly from the MOSES data-base [Albrecht (1989), (1992)] and some -

are estimated indirectly. Table 1 contains the list of exogeneous and 

predetermined variables and fixed (non-updated in simulation) parameters. 

Exogenous variables: money supply Mt and government expenditures Gt 

are extrapolated by both SB with the help of simple autoregressions Mt 

= (1 + Jl.)Mt_1, Gt = (1 + g)Gt_1; Jl., g - parameters of growth rates, updated 

each quarter. Both SB are using the estimates for money supply gro\\th 

rate Jl. t as the parameter in the wage adjustment equations (2.5) and (2.23). 

Table 1. 

Macro- Symbol Symbol Method of 
variables and in our in MOSES calculation 
parameters models code 

[13] 

Output (GNP) Yt QGNPFIX Summing up for 
ten sectors 

Consumption Ct QSP Summing up for 
ten sectors 
and deflating with 
endogenously 
determined 
price index 

Investment I t QINV Summing QINV for 
QINVIN manufacturing 
QINVG sectors with QINVG 
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Macro- Symbol Symbol Method of 
variables and in our in MOSES calculation 
parameters models code 

QINVBLD QINVIN and QINVBLD 

Price index Pt QGNPCUR The ratio of GNP in 
QGNPFIX current prices to 

GNP in 1982 prices 
QGNPCUR/QGNPFIX 

Nominal wage wt QW Average nominal wage 
weighted by the 
share of employees 

Foreign trade St QEXPORT SUbtracting of the 
balance QIMPORT total import (for 

ten sectors) from 
the total export 
(for the same 
sectors) 

Foreign price p\ QPFOR Weighted (by the 
index QDPFOR share of export) 

average foreign 
price for four 
sectors divided by 
the foreign price 
of 1982*> 

Money supply Mt MONEY Taken without any 
change 

Government Gt QPURCHG Summing up the 
Expenditures QWSG government wage sum 

QWSG with government 
purchases for ten 
sectors 

Interest rate r t RI Taken without any 
change 

Unemployment Ut RU 11_11_11_11_11_11_11_11_11_11 

"NormalII level Un Taken equal to the 
of unemployment level 

unemployment of the base year 



Macro
variables and 
parameters 

Depreciation 
rate 

corporate 
tax rate 

Personal 
income-tax 
rate 

Value-added 
tax rate 

Symbol 
in our 
models 
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Symbol 
in MOSES 
code 

RHO 

TXC 

TXC 

TXC 

Method of 
calculation 

Taken without any 
change 

11_11_11_11_11_11_11_11_11_11 

11_11_11_11_11_11_11_11_11_11 

11_11_11_11_11_11_11_11_11_11 

*) An absolute value of the foreign price for 1982 is 
computed in a following way. First, the average yearly 
growth rate of the foreign price of is found. Then an 
absolute value of this price for 1990 that is known 
from the MOSES data-base, is divided by (1+o f )8. 

Appendix 2. Quarterly computations for the macromodel of SBl. 

First of all an amount of capital for quarter t is calculated according to 

(7) and from MOSES data, related to quarter t-l. 

The macromodel, described in the subsection 4.1, is reduced to a two

dimensional system for nominal and real wages: W t and Wt given a new 

amount of capital ~ as the parameter. The first-order condition (9) for the 

production function (11) is: 

we
t = yexp(-y~/Qt), 

that determines short-run employment and output: 

Lt = - ln( wetly )Qt/y 

Yt = Qt(1-<a>etly) 

(A. 1) 

(A.2) 

(A3) 

From (8) the real equilibrium inte rest rate is a function of the real 

money supply: 

r t = L-1(Mtlpt) (A4) 
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Inserting (A2)-(A4) in the macroeconomic functions (12) - (13) and 

taking into account the expectations function (14) and the identity: <a>t = 

wt/Pt, we get the balance equation (6) of the form 

Zt( <a>t,Wt) = O (AS) 

where Zt( <a>t,Wt) = Ct + It + Gt + St - Yt is excess demand as a function of 

real and nominal wages. Similary, the wage adjustment equation (10) is 

transformed into : 

(A6) 

where ht( <a> t) is unemplyment as a function of the real wage (from (14) and 

(A.2». 

So (A.5) - (A.6) is a two-dimensional system, which is to be solved with 

respect to real and nominal wages. An iterative procedure given the initial 

point <a>°t = <a>t_b WOt = Wt_1 rons as follows. 

,.~i _ ,.~i-l P Z (,.,i-l .. .i-l) 
""t- "" t- lt t"" t,W t' (A7) 

wit = wt_l(l+J.Lt+f(hl<a>it)/un», (AS) 

where i is a number of iterations, i = L.i*, PIl is the damping parameter, 

which is decreasing when <a>/ begins to fluctuate. Iterations (A 7) - (A.S) 

are repeated i* times, until <a>/* becomes sufficiently close to <ut!: 

I <a>i - <a>i-l I/<a>i-l < € 
t t t , 

where € is the error of search. 

Then the procedure is stopped and the solution of (A.S) - (A6) is 

accepted as <a>t = <a>ti*, wt = w/,-

Finally SBl computes the price Pt simply as Pt = wtf <a> f' the expected 

real wage <a> et according to (14) and output from (A.3). The tripiet of 

growth rates for the variables (Pt, wt, Yt) forms the macroeconomic forecast 

of SB 1 for the quarter t. 

Appendix 3. Quarterly computations for the model of SB2. 

Capita! is reestimated according to (16) and data from MOSES. The 

price is then ad juste d for the disturbance of market equilibrium, induced 

by investment in quarter t-l (20). Thus capital ~ and price Pt are 

predetermined at the beginning of the iterative search for an equilibrium. 
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The model is now solved with respect to two variables: output Yt and the 

nominal wage wt by reducing to a two-dimensional system of equations. 

Let us suppose at the beginning that inequality (18) is not binding in 

equilibrium (see Figure Al). Employment can then be expressed as a 

function of output (and the capital Kt as a parameter) from the production 

function (11): 

~ = - Qt1n(1 - Yt/Qth (A9) 

and is inserted via consumption and investment functions (12) - (13) into 

demand side of the balanceequation (15), which takes the form: 

(A. lO) 

where Zt(Yt,wt) expresses an aggregate excess demand as a function of 

output and the nominal wage. Together with the wage adjustment equation 

(19), which is slightly transformed: 

wt = wt-1[1 + J..I.t + ,8max(O, Ht(Yt»], (All) 

[Ht(Yt) - growth rate of employment as a function of output (from (A9»], 

equation (A10) forms a system to be solved by the following iterative 

algorithm. 

The initial point for it is yOt = Yt-! WOt = wt_1. An iterative procedure is 

similar to (A.7) - (A.8): 

Y
i = yi-1 _p Z (yi-1 Wi-1) t t 2t t V t 

~t = wt_1[1 + J..I.t + ,8max(O, Ht(yit»], 

(A 12) 

(A. 13) 

where i is the number of iteration, P2t - is a damping parameter decreasing 

with fluctuations of yit. 

Iterations (A.12) -(A.13) are stopped, when yit is sufficiently close to 
,)-1 . 
] t· 

Iy\ -yi-\ I /yi-\ < € 

and the solution for (AlO) - (A.l1) is taken as Yt = yr, Wt = w/*, where 

i* is the stopping number. 

To deal with the profit-margin target inequality (18) the minimum 

condition for the employment is used: 

Lt = min [-Qt1n(1 - ytlQth, Ct(Yt>wt)] 

where Ct(yl'wt) is the solution for the equation : 

«(,)t/(l-he
t»Lt = Qt[1- exp(-yLtlQt)] 
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These equations cannot be solved analytically, so the value of L"t(Yt) is 

computed numerically in each step, when Lt = LOlYt) in equilibrium. 



22 

References. 

Albrecht, J. et al., 1989, MOSES code, IUI Research Report no. 36 (Industrial 
Institute for Economie and Sodal Research, Stockholm). 

Albrecht, J. et al., 1992, MO SES data base, IUI Research Report no. 40, Stockholm. 

Bray, M., 1982, Learning, estimation and the stability of rationai expectations, Journal 
of Economie Theory,26, 318-339 

Bray, M., Savin, N., 1986, Rational expectations equilibria, learning and model 
specification, Econometrica, 54, 1126-1160. 

Bray, M., Kreps, D., 1986, Rationai learning and rational expectations, in: Essays in 
Honour of K.J. Arrow, Cambridge Univ. Press, Cambridge. 

Cyert, R., DeGroot, Mo, 1974, Rationai expectations and bayesian analysis, Journal of 
Political Economy, 82, 521-536. 

Day, Ro, 1967, Profits, learning and the convergence of satisficing to marginalism, 
Quarterly Journal of Economics, 81, No. 2, 302-311. 

Day, Ro, Eliasson, Go, Wihlborg, C. eds., The market for innovations, ownership and 
capital, forthcoming, North Holland. 

De Groot, M., 1970, Optimal statistical decisions, 
McGrow - Hill, New-York. 

Eliasson, Go, 1978, A micro-to-macro model of the Swedish economy, IUI Conference 
Reports, Stockholm. 

Eliasson, G., 1984, Micro heterogeneity of firms and the stability of industrial growth, 
Journal of Economic Behavior and Organization, 5, No. 3-4, Sept.-Dec. 

Eliasson, Go, 1985, The firm and financial markets in the Swedish micro-to-macro 
model, IUI, Stockholm. 

Eliasson, G., 1987, Technological competition and trade in the experimentally 
organized economy, IUI Research Report, No. 32, Stockholm. 

Eliasson, G., 1990, Business competence, organizationallearning and economie growth, 
IUI Working Paper N 264, Stockholm. 

Eliasson, G., 1991, Modelling the experimentally organized economy, Journal of 
Economic Bewhavior and Organization, 16, 163-182. 

Eliasson, Go, 1992, The MOSES model - database and application, in: Albrecht J. et 
al.(1992),5-1350 



23 

Eliasson, G., 1993, The institution that makes all the difference for innovation, 
learning and economic growth - how we can learn from east european privatization 
and what they can learn from western contract technology, in: Day - Eliasson -
Wihlborg eds.(1993). 

Fourgeaud, C., Gourieroux, c., Pradel, J. 1986, Learning procedures and convergence 
to rationality, Econometrica, 54, 845-868. 

Frydman, R., 1982, Towards an understanding of market processes: individual 
expectations, le aning and convergence to rationai expectations equilibrium", 
American Economic Review, 72,652-668. 

Frydman, R., 1987,Diversityof information,least squares learning roles and market 
behavior", Working Paper, New-York Univ., New-York. 

Lindh, Th., 1993, Lessons from learning about Rationai Expectations, in: Day -
Eliasson - Wihlborg eds (1993). 

Taymaz, E., 1991, MO SES on PC, IUI Research Report No. 39, Stockholm. 

Townsend, R., 1978, Market anticipations, rational expectations and bayesian analysis, 
International Economic Review, 19,481-494. 



GNP growth rates from MOSES and SB1 

1.1.4 

1..1.2 

1.1. 

1. 138 

1. 136 

1. 134 

1. 132 

1. 

13.98 

0.96 

0.94 

e.92+-----.-----.-----.-----.-----.-----.-----.-----.-----.-----.-----~----~ 

e 1.e 2e 3e 413 

Figure l. 

5e 

SBl 

MOSES 

,e 8e 913 1.1.e 



1. 1.4 

1. 1.2 

1.1 

1. 138 

1. 136 

1. 04 

0.98 

13.96 

13.94 

GNP growth rates from MOSES and SB2 

. ; ~ : 

); ~ i lj ~ 
.. 

: :. : : :: ~ : : : : 

, i ,n •. 1.'\1, ,', I "PAn' 

G. 92 +----.---.---.----,----,-----,---,----,.-------,---,-------,--------, 
G 1.13 213 313 40 50 60 70 8e ge lee 1.1.13 120 

- SB2 

MOSES 

Figure 2. 



Average degree af trust [pricesJ 

13.4 

e.35 

0.3 

13.25 ~. --. 

e.2 

e.15 

e.l 

e.05 

-0.05 

-13.1 

-13.15 

-O.2~~----------,-----------" ----------~I,---------~I----------~I----------_, 

e 213 40 60 80 lee 120 

SBl 

--- SB2 

Figure 3. 



Average degree of trust [wages] 

0.38 .--' 
0.36 

0.34 

0.32 

0.3 

0.28 

0.26 

0.24 

0.22 

0.2 

0.18 

e.16 

0.14 

0.12 

e.l. 

0.08 

0.e6 

0.e4+------------.-----------.------------.-----------.-----------~-----------. 

o 20 40 60 8e 100 120 

--- SBl 

--- - SB2 

Figure ':L. 



0.85 

0.8 

0.75 

0.7 

0.65 

0.6 

0.55 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 
" ,,~ 

0.2 

0.15 

0.1 
o 

Average degree of trust [sales] 

, 

20 

/ 

/ 

, 

".-*1 

40 

/" 
J 

60 

SBl 

SB2 

80 100 

Figure [;. 

I 

120 



GNP far basic uers~an and madificatians 

1.6E12 

1.5E12 

1.4E12 

1. 3El2 

l.2El2 

1. lEl2 

lE12 

SEll 

8Ell 

7Ell 

6Ell+---------.--------.---------r--------,---------.--------.---------,--------~ 

o Hl 20 30 

Figure 6. 

40 

S81 

SB2 

MOSES 

50 60 70 

The origin corresponds to the 50 quarter of simulation runs. 

80 



e.4 

e.3S 

e.3 

0.25 

0.2 

e.1S 

e.l 

0.05 

Average degree oT trust [pricesJ 

. ' 
" ' ° 0

0 

e+---~~----------------------------------------------------------------

-0.es 

e 20 4e 60 ee leJ 0 120 

SBl 

SB2 

Figure 1-. 



Average degree OT trust [wages] 

0.75 

0.7 
' , , 

" \ -. " 

" 
" 

0.65 : 
, 
, 

0.6 ; 
; 

" - - -- -- , 

, '- /- ..... - --~ - -.. 
0.55 . 
0.6 

: 
: 

0.46 : 

; 
0.4 

: 

0.35 : 
: 
, 

0.3 

0.25 

0.2 

0.15 

0.1 
o 20 40 6e se 10e 120 

SBl 

SB2 

Figure :g. 



13.85 

13.8 

13.75 

13.7 

13.65 

13.6 

13.55 

13.5 

13.45 

e.4 

Average degree oT trust [sales] 

, " 
.' 'l t' 
,~' • , t' 

'.' ~ : '- .. : '~-
" 

" . ," 

, 
.' . , -. 

.. 
, " 

.. ' 

' .. 

13.35+-----------,-----------,-----------,-----------.-----------,-----------, 
e 213 413 613 813 

-- SBl 

-- SB2 

Figure [). 



GNP ror basic version and modirication 

l..'El.2 

1.. 6El.2 

L5El.2 

L4El.2 

L 3El.2 

l..2El.2 

Ll.El.2 

l.El.2 

9El.l 

8Ell. 

.Ell 

6Ell 

5Ell+---------,-----------r--------,--------.--------,--
o 1 G 20 313 413 60 713 813 

L-________ "_"""""_"""""""_"_ -"--"----""---"------------

-Mi 

- - M2 

Figure 1. o. Ml - basic version of MOSES; 

M2 - version with both SBs. 

The origin corresponds to the 50 quarter of simulation rune 



Yt 

Qt 

Y\ 

I 

I 

O· LlIf 
1;; 

Figure A.l. Quantative adjustment in the SB2 model: 

Y*t, L*t - output and employment in equilibrium; 

OH - profit-margin target line. 


