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Hintamarginaalit Suomessa staattisten ja dynaamisten mallien valossa

Tutkimuksessa tarkastellaan hintojen ja rajakustannusten valistd suhdetta Suomen teollisuudes-
sa. Tarkastelu perustuu sekd staattisiin ettd dynaamisiin mallitasmennyksiin. Edellisessi padio-
makanta oletetaan kiintedksi tuotannontekijaksi, jota lyhyelld aikavililli el voi muuttaa.
Jalkimmaisessa mallissa pddomakannan muuttamiseen ajatellaan liittyvin sopeuttamiskustan-
nuksia, jotka estivit pddomakannan nopean sopeuttamisen halutulle tasolle. Molemmat mallit
perustuvat oletukseen yritysten optimointikayttaytymisesti. Staattinen malli olettaa kustannus-
ten minimoinnin ja dynaaminen malli voiton maksimoinnin. Niméa kaksi lihestymistapaa ovat
tiettyjen ehtojen vallitessa identtisid ns. duaalisuuden perusteella.

Perinteisen talousteorian mukaan yritysten on optimaalista asettaa hinnat yhtasuuriksi rajakus-
tannusten kanssa. Rajakustannukset kertovat, kuinka paljon yrityksen kustannukset kasvavat,
kun tuotantoa lisitdén yhdella yksikolla. Perusteorian mukaan tdydellisen kilpailun vallitessa
yrityksen kannattaa lisdtd tuotantoaan niin kauan kun tuotteen hinta on rajakustannuksia
suurempi. Rajakustannukset oletetaan kasvaviksi, joten tuotannon miaria ei kannata kasvattaa
rajatta.

Kiytdnnossd tdydellisen kilpailun mukainen hinnoittelu ei liheskaan aina ole voimassa, vaan
usein yritykset voivat vaikuttaa hinnanmuodostukseen. Tilldin yritykset eivdt ota hintoja
anneftuing, vaan heilld on vapautta paattad tuotteidensa hinnoista. Aiemmin Suomessa ei juuri
ole tutkittu, kuinka paljon hinnanasetanta poikkeaa perusteorian esittimistd ideaalihinnasta,
jonka mukaan rajakustannukset ja tuotteen hinta ovat yhtasuuria. Usein tutkimusten lahtokoh-
daksi on otettu taydelliseen kilpailuun ja tehokkaaseen hinnanasetantaan perustuva talous,
vaikka tdmai lahtokohta on tdman tutkimuksen mukaan epirealistinen.

Tutkimusasetelman tekee hankalaksi se, eita rajakustannukset eivit ole suoraan havaittavissa,
vaan ne on estimoitava empiiristd aineistoa kdyttien. Rajakustannusten tarkasteleminen edel-
lyttad niin ik4dn myos tuotantorakenteen perusriippuvuuksien tdsmentamisti tuotantoteoreet-
tisten ldhtokohtien avulla. Tassa tutkimuksessa kdytetddin tuotantoteoriaan perustuvaa mallia,
joiden avulla johdetaan epilineaariset yhtilét hintamarginaalien estimoimiseksi. Aineistona
kdytetddn Suomen teollisuutta koskevaa neljannesvuosiaineistoa vuodesta 1976 vuoteen 1991.

Tulosten mukaan hintojen ja rajakustannusten vilinen marginaali on tilastollisesti merkitsevi,
ja erl malleilla saadut arviot vaihtelivat koko aineistolla estimoituina noin 30-40 prosentin
valilla. Kun mallia lisaksi laajennettiin siten, ettd hinnoittelukdytdnnon sallittiin poikkeavan
vienti- ja kotimarkkinoiden vililld, todettiin, ettd kotimarkkinoilla hintamarginaalit olivat
suurempia kuin vientimarkkinoilla. Estimointitulosten mukaan voitiin lisaksi paatells, etti
todellinen pdaomakanta Suomen teollisuudessa on suurempi kuin mallien avulla laskettu opti-
maalinen pddomakanta. Edelleen pidomakannan jousto hintansa suhteen havaittiin pieneksi.
Télid wloksella on merkitystd arvioitaessa, kuinka paljon investointeja voidaan lisitd esimer-
kiksi verohelpotuksilla. Tulosten mukaan elvytyksen vaikutukset jaisivat sangen vihaisiksi.
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1 Introduction

An nmportant measure of the efficiency and the competiveness of an economy or an
industry is the degree by which firms’ price setting exceeds their marginal costs. The
Finnish economy is going through a remarkable change in its structure. For example,
Furopean integration, the recession especially in the sheltered sector, the enormous
foreign debt and the cut in exports to the former Soviet Union area are once again
emphasizing the importance of a competitive industrial production structure for the
economy. A price-cost margin can be used to measure the underlying inefficiencies in
the production market, and the adjustment pressure of the Finnish industry in the near
future can be anticipated.

In this paper a model based on production theory is used to measure firms’ oligopoly
power in the Finnish industry. The model is formulated for both one-output and two-
output cases using cost and profit functions. Four inputs are used: labour, capital,
mmport goods and intermediate goods. Capital is treated as a quasi-fixed factor, and
intermediate goods are connected to variable factors of production - labour and import
goods - in fixed proportion. A translog functional form is chosen for both the cost
function and the profit function. This function allows for flexible interactions between
various inputs and outputs. The first model is based on a hypothesis of a partial static
equilibrium, and dynamic aspects of the firm behaviour and the specification of the
dynamic adjustment of a capital stock are not taken into consideration. The basic stafic
model js similar to that of Bernstein and Mohnen (1991). In the static case estimations
are carried out with both one-output and two-output cases. In the two-output case the

industrial production is split into foreign and domestic markets.

The second model incorporates a dynamic capital adjustment behaviour, which is speci-
fied by defining the corresponding Euler equations and estimating them directly, as sug-
gested by Bernstein (1992)'. The actual adjustment paths for capital are not derived,
although the dynamic behaviour is taken into consideration. In the dynamic model the
assumption of rational expectations is maintained, and the present value maximization
problem is solved. The stochastic Euler equations for this optimization problem are then
estimated together with the two-output profit function and the short-run equilibrium

conditions. The model allows for comparing the differences in the markups between

'See also e.g. Pindyck and Rotemberg (1983) and Papagni (1990).
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the open and sheltered sectors. Inefficiencies in input markets are also studied, and

oligopsony power in the labour market is tested.

The model gives an empirical characterization of the production technology, and the
estimates are consistent with the assumption of rational expectations. The firms are ex-
pected to utilize the solution to the stochastic control or dynamic optimization problem.
The model is, however, restricted to the solution of the first-order conditions, and the
optimal trajectories for capital cannot be solved. In spite of this the model characterizes

the equilibrium condition imposed by the stochastic control problem.

The data is from the period 1976/1 to 1991/4, although the shorter time span from
1982/1 to 1991/4 was found to be much more stable than that of the whole data period.
The estimation of the models is carried out using quarterly manufacturing data for

Finland.

The results show that there are significant signs of pricing over marginal costs in the
Finnish industry: the aggregate estimates vary between 30 and 40 per cent. The hy-
pothesis of a partial static equilibrium of capital is tested with the static model, and it is
sirongly rejected. This implies that capital can not be treated as an input factor, which
faces a traditional static optimization behaviour. The results also give an indication of
over-investment in Finland. The own price elasticity of capital was found to be low. This
result is in line with the earlier studies, and this issue is of particular significance, when

the effects of an economic policy operating through the cost of capital are evaluated.

The paper is organized as follows: first the basic setup for markup-studies is introduced,
and different approaches in this research area are discussed. In the next section a static
non-competitive model is derived, and in the following section the characterization of the
corresponding dynamic model is introduced. After that the data is introduced followed
by the sections describing the estimation resuits. At the end of the paper inter-study

comparisons are made and some basic conclusions are drawn.

2 Empirical studies with oligopoly power

The problem of markup-pricing is that of detecting the difference between the com-

petitive and actual prices. The neoclassical basic assumption for the firm behaviour is
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that of profit maximization. If the assumption of an aggregate firm is maintained, the
problem of profit maximization can be written as

max Il = py — C, (1)
Y

where Il is the profit, p is the output price, y is the output quantity and ¢ is the
cost function. The first order conditions describe the equilibrium condition between the
marginal revenue and the marginal cost: p + (Op/dy)y = AC/8y. If the pricing rule
of the firm is consistent with the competitive pricing condition, the term (dp/dy)y is
zero and the marginal revenue (the product price) equals the marginal cost 8C/dy. On
the other hand, if the term (Op/dy)y significantly deviates from zero, the first order
condition can be written in the form p(1 + (9p/dy)y/p) = 9C/y, where (3p/dy)y/p is
the markup-coeflicient, designated by #. The coeflicient @ for the firm j can be split into
the effects of the conjectural elasticity 0% and the inverse market demand elasticity ¢,
such that 8; = 07¢ by definition®. The degree of oligopoly power of the whole industry
can be achieved by aggregation: 8§ = 5 [(p — MC;)/pl{y;/y) = 2208 yi/y), where
M is the marginal cost of the jth firm. In the case of Cournot- bcha,woul Oyl dy; = 1
and 67 is the output share of the jth firm. Naturally, on the aggregate level 6* = 1 in

this case. Alternatively, under perfect competition #* is 0.

If the competitive pricing assumption is not correct, it is important to have a framework
within the non-competitive behaviour which can be analyzed and modelled.. There is a
Jarge body of literature on testing and modelling the price-taking behaviour, although in
Finland these studies are quite rare. The markup-studies have mostly rejected the hy-
pothesis of competitive price-taking behaviour. For example, Appelhaum (1979) rejected
price-taking for the U.5. petroleum and natural gas industry, Sumner et al. (1981} for
the cigarette industry, Iwata (1974) for the Japanese flat glass industry, Cubbin (1975)
for the United Kingdom automobile industry, Appelbaum (1982) for the U.S. electri-
cal machinery and tobacco industries, Hall (1988) for the U.S. industries, Bernstein and
Mohnen {1991) for the Canadian industries, Bernstein (1992} for the Canadian pulp and
paper industries, Papagni (1990) for the Italian manufacturing, and Morrison {1992) for
the U.5. and Japanese industries”. In Finland markup-pricing has been studied by, for
example, Alho (1992).

“The term 07 = (0y/0y;)(w;/v) is the conjectural elasticity of total industry output with re-
spect to the output of the jth firm. The term £ is the inverse of the price elasticity of demand

= —(0p/3y)/(p/v).
See also the surveys by Bresnahan {1989) and Geroski (1988).
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The intrinsic problem in markup-studies is that although the prices can be observed the
corresponding marginal costs cannot. The pioneering work in price-margin studies by
Bain (1951) and the studies following this tradition assumed that economic price margins
could be directly observed in the firm level accounting data. This structure-conduct-
performance paradigm (SCPP) approach was applied to estimating the reduced-form
equations describing the industry structure, and the relationship between the empirical
equations and the behavioural relations were in many cases left unclear (Bresnahan,

1089).

In the middie of the 1970°s a new paradigm to markup-research raised its head. It
was called the 'new empirical industrial organization’ - NEIO (Bresnahan, 1989). The
central idea in this new approach was that economic marginal costs were not directly
observable, which led to more advanced model specification and estimation of the unob-
served parameters. In addition, the inference of the existence of the market power was
made explicit by constructing tests for a perfectly competitive hypothesis. The main
topics covered by this approach were the formation of collusions, the nature of oligopoly

interactions and the determinants and size of market power in different industries.

There are several ways to identify market power in empirical research. They can be
grouped into comparative stalics in demand, comparative statics in cost, supply shocks
and econometric estimation of marginal costs and price-cost margins, which is applied in
this study. Comparative statics in demand approach consists of specifying the demand
and supply relationships and estimating them. With these empirical relationships one
can approximate the response in the marginal revenue when the elasticity of demand
is changed by changing an exogenous variable in the demand relation. If an eX0genous
variable in the demand relationship is shifted, this will rotate the demand curve. In
the competitive equilibrium this will have no effect on the equilibrium, because the
location of the intersection of the supply and demand curves does not alter. In the
non-competitive case the corresponding exogenous shift the marginal revenue, and the

equilibrium will change. This approach has been discussed by Bresnahan (1982).

The second approach - that of comparative statics in cost - can be applied by estimating
the revenue function directly by conditioning the observed revenue on all observable
shifters of supply and demand. With this empirical revenue function one can calculate
the Hg statistic, which gives the change in equilibrium revenues when all of the firm’s
factor prices are increased. When a monopoly is considered, it is known that the optimal

revenue will fall when costs rise. So, if Hp is negative, an indication of the monopoly



case is detected (Bresnahan, 1989).

The approach of supply shocks is based on a switching conduct assumption. Under this
assumption there are two kinds of conduct periods: price wars and collusions. When
there is a price war, the pricing rule is closer to the competitive solution than in the
collusion regime. If one can specify the constant probability of these two regimes, the
market structure can be described. If the two-regime assumption is valid, empirical
bimodal distribution techniques, such as switching regression modelling, can be used to
specify the equations. The approach is not very robust, because the inference is based
on identifying the certain component in the error term, and existence of non-switching

errors can easily confuse the analysis,

When direct estimation of marginal costs is carried out, one usually applies flexible func-
tional forms to characterize the cost technology of a firm or an industry. The approach
is directly based on neoclassical economic theory and the basic results of production
theory. In the pioneering works by Gollop and Roberts (1979) and Appelbaum (1979,
1982) the cost function and the factor demand functions are specified together with
the price setting relationship. The key point in this approach is that from the firm’s
cost technology it is possible to derive the factor demand and the price equations. All
these equations can then be estimated together as a system and the accuracy of the
estimation can be increased. Furthermore, in many cases the cross-equation restrictions
guarantee the proper identification of the nonlinear markup-relationships. This group of
models has a large amount of variations. For example, Hall (1988) measured marginal
costs by inspecting the increase in the costs when output was raised. By comparing the
changes in inputs with movements in output it was possible to approximate the progress
in marginal costs. In other words, Hall used data to reveal the incremental costs, which

are not directly observable.

The direct estimation approach has also been used by Borooah and van der Ploeg (1986)
with a generalized Leontief cost function applied to British industry. Bernstein and
Mohnen (1991) used this approach to study the difference of the oligopoly power between
the foreign and domestic sectors in the Canadian industries. Later Bernstein (1992) used
the profit function and the dynamic specification to describe and test the competitive
position of the Canadian paper and pulp industries. In this paper the Fuler equations
were estimated directly, but no explicit adjustment paths for the dynamic problem were
obtained. Morrison {1992) applied a generalized Leontief function to 1.5, and Japanese

mdustrial data. In her approach the cyclical movement or the non-constancy of the
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markup-coeflicients was taken into consideration, and the variation of these coefficients

was found to be significant.

3 The static model

The static model in this study is based on a cost function approach. The variable
cost function of an aggregate firm can be defined as a solution to a restricted cost

minimization problem

c(w,y, K) = I‘I?;ié][w v v € L{y, X)), (2)

where ¢” 1s the variable cost, y is output, w is a vector of variable factor prices and »
is a vector of variable inputs. L is a restricted input requirement set and K is a quasi-
fixed factor of production - capital. The usual assumptions of the cost function are
made: 1t is twice differentiable, concave, non-negative when factor prices are positive
and non-decreasing in variable factor prices and output when output is positive. Also
a homogeneity assumption of degree one in variable factor prices has been made. It is
assumed that the whole industry can be described by an aggregate cost function. This
assumption is valid if the distribution of firm specific variables can be taken as fixed.
This allows for the use of an industry-level variable cost function that depends only on
industry variables (Diewert, 1877},

When a logarithmic function is used, factor demand equations specified in cost shares

can be derived by Shephard’s Lemma from the cost function.

dlnC? .
5= dlnw;’ 3)

where s; = w;v;/C”, and v; is the quantity of the input i. Product market equilibrium

can be determined from & profit maximization problem

mazy, Di(y:, 2y — C¥(y,w, K), i=1,2, (4)
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where p; = D(y;, %}, pi is the output price on market ¢ and 2z is a vector of factors
having an effect on output demand on market i. The term D); denotes the inverse
product demand function on market 7. It is assumed to be twice differentiable, non-
negative and non-increasing in output quantity. It is assumed that the production can
be allocated using optimal price discrimination to two separate markets - to the domestic

markets or to the foreign markets.

The equilibrium condition for the price setting and the markup equation can be de-
rived by taking partial derivative of the (logarithmic) cost function with respect to the

{logarithmic) output quantity (Bernstein and Mohnen, 1991);

alnC .
wll 409 = 5, 5)

where sy is the ratio of revenue to variable cost on market 7 and 6; is the markup
parameter on market :*. The degree of oligopoly power is given by the parameters 8,
and 84 for foreign and domestic markets. If the hypothesis of perfect competition is

maintained, 1t is set to zero. It is assumed that 0 < —8, < 1.

The equations (3} and (5) define the shori-run equilibrium of the aggregate firm. The
lorig-run equilibrium is achieved when the quasi-fixed input - capital - is on its optimal
level. The model is static and it is not possible to calculate the adjustment speed
of the quasi-fixed input. This can be calculated if a model based on explicit dynamic
optimization is used (Berndt, Fuss and Waverman, 1980: Ilmakunnas and Torma, 1991).
Because the key point in this study is the measurement of the oligopoly power and not
the investment behaviour, the lack of optimal trajectories for capital is not a crucial
shortcoming. Furthermore, even the static model can be used to describe the validity of

the pricing rules and the long-run equilibrium conditions of the quasi-fixed factors.

When the long-run equilibrium is reached, the marginal reduction in the variable cost
due to a unit’s increase in the quasi-fixed input must be equal to minus the ratio of

capital cost per unit to variable cost, see equation (6) (Bernstein and Mohnen 1991;

“When the cutput markets are separated, the revenue-cost ratio of one market is naturally smaller
than that of the aggregate market. The partial market revenue-cost ratio has to be corrected upwards to
be on par with the aggregate cost. For example, for the export market z the one market short-run profit
(Il = pzys —C) maximization can be written as 811/8y, = pp+ply,~C' = 0, and Pe(V+phus/pe) = C7)
where C' is the marginal cost function. If the latter condition is multiplied by the ratio 3/, which is the
inverse of the average cost, the right-hand side part of the equilibrium condition becomes SInCfdiny,
which is the equation (5). In other words, the revenue cost ratio must be corrected by the ratio ¥/ Yy
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Schankerman and Nadiri, 1986)°. The long-run equilibrium is a special case of the
short-run (partial) equilibriums. In other words, the long-run equilibrium is nested by
short-run equilibriums, and equation (6) can also be called as an envelope condition,

because it defines the lower envelope for the short-run equilibriums.

SlnCv

Ty (6)

The long-run equilibrium is described by the short-run factor demand equations (3), the
pricing equation (5) and the equilibrium condition (6) for capital. Equation (6) gives

the shadow price of capital.

Before the model can be estimated, a functional form must be specified. In this study a

translog functional form (6) is used,

In{c/wm) = Bo+ Byln y + Boln w + Beln K + At (7)
+0.5[Byy (Iny)? + Buu(Inw)? + Bu(inK)? + Bit?)
+Byplnw Iny + Bylny InK + Balny t + Bulnw InkK
+Bulnw t + Brlnk t.

In the translog cost function (7) homogeneity in variable factor prices is achieved by
using the relative price w = w)/w,,, where w; is the price of labour and w,, is the price

of import goods. The variable cost ¢¥ is in turn divided by the numeraire price w,,.

There are two variable factors in the model: labour and import goods. Capital is
assumed to be a quasi-fixed input and intermediate goods are assumed to be applied
in a fixed proportion to the variable costs. This simplification is made because it is
empirically almost impossible to distinguish between an intermediate goods price and a
gross output price. On the other hand, because the different cost components must sum
up to the total costs - the value of gross output - all components must be taken into

consideration. Otherwise the parameter describing the oligopoly power might be biased.

The inverse of the demand function is an additional part of the model,

5By definition —g{ﬁ% = ;g%% and in equilibrium w»g"% must be equal to the user cost of capital UCC,

1
Thie i1 lies 1hat 200G . _UCCK _
Ihis implies that §ip = roml T




Inp; = a + &lny + Ving;. (8)

The term &; is the inverse price elasticity on market 7, ¥ is a parameter vector and z is
a collection of variables that describes important demand and additional supply factors

on market :°.

I'or example, if the assumption of perfect collusion is maintained, the parameter & of
the output variable is exactly the same as the parameter in the supply-driven pricing
7

equation . Demand equations (8} describe the effects reflecting the behaviour of the

purchasers.

The demand equation is not derived from the firms’ behaviour while the transiog based
equations reflect the firms’ supply decisions. The translog-based labour demand equation

(9), solved from minimizing of {7), produces the following cost share equation.

sp = By + ﬁvuhlw -+ ﬁyulny + ﬂuklnh’ + ﬁvti (9)

Because the cost shares always sum up to a unity, only one of the variable factor equations
need to he estimated. The other - that of import goods - can be calculated as a residual

as sy = 1 — sy, where s is the labour input’s cost share.

Respectively, the translog-based price setting equation can be written in the form

syill + 85) = Ay + By iny + Byulnw + Bypindl + Fi, (10)

The coeflicient # can be identified by using the inverse demand equations (8) and the cost
function {7). Equations (10) are non-linear in parameters, and a non-linear estimation
method must be used to calculate the parameters of the model. Finally, the correspond-
ing capital demand equation describing the long-run equilibrium of the capital stock can

be written as

SE.g. import prices for the domestic markets and foreign competitors prices for the export markets.

"The measure of the oligopoly power is the conjectural elasticity of the product multiplied by the
inverse price elasticity: &; = §7¢;. Under perfect collusion the conjectural elasticity 87 is one, and the
oligopoly power can be described by the inverse price elasticity. Respectively, if a unity assumption of
the price elasticity Is maintained, the oligopoly power can be described by the estimate of the conjectural
elasticity.
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sp = =B Budn K + Byrlny + Buplnw + Biet], (11)

where s is the ratio of capital costs to variable costs. The model to be estimated consists
of equations (7),(8),(9),(10) and (11). An error term is added to all equations. They
describe e.g. aggregate level measurement errors and random optimization errors of the

firms.

If the assumption of the long-run equilibrium is valid, the optimal capital stock does not,
deviate significantly from the observed capital stock. If this is not the case, the firms
adjust their capital stock towards the optimal level of capital. The model! does not tell
anything about the adjustment path to the optimal level of the quasi-fixed factor, but
1ts target level can still be calculated. The static equilibrium test formed by Kulatilaka
(1985) ts based on the deviation between the optimal and the observed capital. If the
deviation is significant, the null hypothesis of the static equilibrium is rejected, and
the partial equilibrium approach is suggested. Another approach, used in this study, is
based on the modification of & Hausman (1978) specification test. The test is based on
the change in the parameters when the envelope condition for capital is added to the
estimation (Schankerman and Nadiri, 1986). In this test the model is estimated twice,
once with the envelope condition {11} excluded and once included. Because the number
of parameters and the dimension of the parameter space in these two modifications is

the same, the test statistic T may be written

T = (e~ B) V7 (Be - ), (12)

where [, is the parameter vector when the envelope condition is excluded from the
estimation and f; is respectively the parameter vector when this condition is included
in the estimation. The term V is the difference hetween the covariance matrices in the
two estimations. The test statistic is asymptotically ¥? distributed with q degrees of
{reedom, where q is the number of restrictions being tested. In our case five parameter
restrictions are imposed, which equals the number of parameters in the demand for

capital equation,
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4 The dynamic model with capital adjustment

In the previous section the inference of markup pricing behaviour was based on a static
model which does not allow for possible adjustment costs when the optimal capital stock
changes. 1t is, however, possible to make misleading inferences on the market power if
adjustment costs exist and they are not taken into consideration. If adjustment costs
exist, this may cause short-run marginal costs to exceed long-run marginal costs. If
conclusions are drawn on the basis of the long-run equilibrinm condition, an indication

of excessive markup pricing may be drawn.

[f firmes have significant adjustment costs in their capital accumulation process and if the
capital stock deviates from the optimal level of capital, the process of capital adjustment
increases firms’ marginal costs. The adjustment path to the global optimum goes through
successive short-run equilibria. Adjustment costs are a part of firms’ technology. They
may affect, for example, scale economies and technical progress, so it is important to

have an opinion of their role in the pricing behaviour, technology and factor demand.

In this section a model incorporating non-competitive behaviour both in product and
factor markets is derived. The model is based on a translog profit function, and it
allows for capital adjustment costs. Non-competitive behaviour is allowed also in input
markets, and the measure of oligopsony power can be attained. Because adjustment
costs are involved, a dynamic model must be constructed to describe firms® optimal

behaviour. The model is similar to that of Bernstein (1992).

The technology of an industry can be represented with a profit function I1, which js
the solution to an economic agent’s profit maximization problem. The aggregate level

short-run variable profit function can be writéen as

M (p,v, K 4, 1,T) = 111>a,g<[p’y - c(v,y, Ko, 1,T)] (13)
¥z2

where y is a vector of outputs, K describes capital, p is an output price vector and v
is a vector of variable input prices. It is assumed that the new capital can be utilized
only in the next period. The term / denotes gross investment and 7" is an indicator of
the level of technology. The term ¢ designates the cost function. The usual assumptions
of the function ITY are made: it is positive, nondecreasing in p, nonincreasing in v

and continuous and convex in (p,v). The adjustment costs are associated with the
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gross investment /, and they are internal to the production process. This means that

adjustment of the capital stock temporarily decreases the efficiency of capital®,

In this study the output markets are divided into domestic and export markets. This
division is quite natural, because in a smal! open economy like Finland the competitive
position of the open or the tradeable-goods sector plays a key role, when the Jong-run
success of an economy is considered. In addition, the institutional structures and earlier
studies support the view that the domestic and especially the open sector may suffer
from: medium-term over-pricing both in product and input markets, which has led to a
repeated devaluation cycle. The approach in this study allows for comparing different
product markets in a framework in which both output and input decisions are modelled
simultaneously. This makes it possible to allow for interactions between non-competitive

behaviour in product markets and input markets.

The accumulation of the capital stock occurs via net investment, which is defined as a

gross investment minus a constant rate of depreciation,

Ky = ]g -} (] — 6)]{1_]. (14)

The term & is the constant rate of depreciation. The actual production and input
decisions are based on a dynamic maximization problem, where the present value of
current and future revenues is maximized by choosing the optimal capital stock, the
optimal output and the optimal level of the variable factors. The present value can be

writlen as

Jo=3" B[ Ply, = Wiv, — Q,1,), (15)
s={

where £, designates expectations at time ¢, P is the vector of outputl prices, W is the
vector of variable input prices, ) is the purchase price of capital - price of investment,
and « is the discount factor. In other words, the decisions of the firm can be divided
into two stages. In the first stage the short-run equilibrium is considered, which refers
to the selection of the output quantities and the variable factor demand. A restriction

8This may oceur when, for exampie, the installation of new machinery prohibits the efficient use of
existing machinery or when investment planning prohibits the proper functioning of the organization.
See Lucas (19672,18687b) or Treadway (1971,1974).
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in this short-run optimization is the level of the capital stock, which - by definition -

cannot be changed rapidly. The short-run profit or variable profit can be denoted as

"= Py — W, (16)

When assumptions of efficient pricing rules are relaxed, the prices are endogenized. This
pertains to the output prices and the input prices. One way to allow for price-setiing
behaviour and deviations between the prices and the marginal rules is to mtroduce the
concept of a shadow price, which characterizes the possible over-pricing compared to the
marginal rule pricing. These shadow prices can be written for output and input prices

as Tollows:

Ps = PI+T)
(17)
We = W(I + 0),

where [ 1s an identity matrix, I' < 0 is a diagonal matrix of price marginals for output
prices and © > 0 1s a respective matrix for input prices. The elements of these matrices
depend on product demand, input demand and nterdependencies among the suppliers.
For example, the elements of the matrix " can be separated into two cormponents:
the price elasticities of product demand and the conjectural elasticities, which describe
the interdependence between the suppliers in the product markets. Alternatively, the
elements of O describe the price elasticities in the factor supply and interdependencies
with respect to variable factor demand in the form of conjectural elasticities. If " and
© are functions of exogenous variables, a monopolist or a monopsonist can be viewed
as making decisions parallel to profit maximization (Diewert, 1982 and Roberts, 1984).
{f the variable profit is evaluated with the shadow prices defined above, a concept of a

shadow variable profit function is achieved, denoted as

¢ = T15(PS, W*, K, 1,T). (18)

By applying Hotelling’s Lemma with respect to these shadow prices, short-run supply

and variable demand functions can be derived.
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y = AP W* K, 1,T)
(19)
v AT (P W K1, T)

The second stage in the firm decision making is the determination of the capital stock.
Because capital faces to the convex adjustment costs, it is not be optimal to adjust
it instantenously to the optimal level of capital. The second stage of decision making
can be characterized by maximizing the shadow present value function by selecting the
optimal path for the capital stock X' ¥, The dynamic maximization problem i discrete

time leads to the dynamic first order conditions, the Euler equation'®:

E(s)[AIT(s + 1) = (1 = )AL s+ 1) + als, s 4+ 1) ATE(s) = Wi(s)] = 0. (20)

where Wi(s) = als,s + 1)77Q{s) — (1 = 6} E(s)Q(s + 1) is the rental rate of capital, a
measure of the user cost of capital. The first order condition states that the marginal
return on capital must equal the marginal cost of capital, which is the user cost of
capital plus the marginal cost of adjustment. Furthermore, the marginal profit term can
be divided to two components: the marginal profit and the reduction in the marginal
adjustment cost. The latter term consists of the reduction in marginal adjustment cost
when the capital stock is brought over to the next period unchanged. In other words,
the long-run equilibrium condition - the Euler equation - states that the benefit of an
additional unit of capital must be equal to the shadow rates defined earlier. The key
issue Lo be pointed out is that any deviation between the shadow rental rate and market
rate of interest is equal to the marginal adjustment cost. 1f shadow rental rates and
market rental rates are equal, the expected marginal profitability and market rental
rate are equal. In this case the long-run equilibrium is achieved. There is a crucial

difference between the shadow rale of capital and variable factors, on the one hand,

9The present value function discussed earlier, in which the variable factor prices are replaced with
their shadow prices and the short-run optimal level for the variable factor prices and the product supply,
is solved.

1The Euler equation is formed by simply caleulating the first order conditions —g}? for every s =
t,...,00. Because the partial derivatives are zero after two periods, the Euler equation collapses ta a

group of a few terms.
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and output price shadow rental rates, on the other, While the former arises from the
production technology, the latter terms describing the short-run optimum derive from
the non-competitive behaviour on the market. The existence of the adjustment costs
of capital may easily imply that prices exceed the long-run marginal costs. Still, there
may not be pure over-pricing, but rather a deviation between the short-run and long-run

marginal costs.

In order to estimate the dynamic mode! described earlier, one must choose a functional
form to apply it with empirical data. When the model is parametrized and estimated, it
i possible to investigate the pricing and production structure of the aggregate technology

and test hypotheses concerning the non-competitive behaviour.

In this study a translog profit function is chosen:

Inll* = By + 300, BlnPi(1 + 70) + Beln K + BinT
+0.5[3 1 Z_::‘;1 Bistn PLY + v )In Py (14 ;) + BucInK)? + A4{inT)?) (21)
+ 30, Buln P14+ vk + 03 BulnPi(1 4 ~:)inT
+0kdnPi(1 + ) InT

The term P designates the vector of input and output prices. It is assumed that the
cross effects are equal, f;; = fJ;. The homogeneity in prices is imposed by normalizing
the variable factor prices’ by the import price. Because there are only two variable
mputs - labour and import goods' - the normalization reduces the number of variable
factors to one. Because the function is defined for the shadow variable profit, which
includes v unkrnown parameters, the profit function needs some extra parameters. In
other words, because the shadow variable profit and the variable profit are related as
follows - TI¥(1 + }:?ﬂ yi8;) = I1° - and the empirical implementation has been carried
out using the II°, the variable profit function (or its logarithm) can be used as a Jeft-
hand side variable, if the term in(1 + 37 | yis;) is added to the right-hand side of the
function. The term s; denotes the revenue and input costs related to the variable profit.
The problem raises from the fact that the function now includes both the logarithm of

swns and sums of logarithms. This may be a complicated setup for estimation, and

Y Also the profit I1* is normalized in the same way.
"The intermediate goods are in a fixed proportion to the gross output: see the data section for more
details.
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the function might be simplified by, for example, omitting the term In(l 4+ Zi:] vis;)
from the estimation. This means that the setup is not quite correct compared to the

theoretical starting point, but in many cases simplifications have to be made.

The possible price-discrimination between the domestic market and the export market is
allowed. The interesting question is to compare pricing behaviour in these two markets
while simultaneously allowing for oligopsony power and slow adjustment in the input
markets. The parameters vq and -, for the markup pricing are expected to be negative,

while the respective parameter in the labour market 4 is expected to be positive.,

The adjustment costs must also be specified. Because the actual profit function is already
quite multi-parametric, it is reasonable to keep the adjustment cost behaviour as simple
as possible. Anyway, the adjustment cost function must share certain features: it has

to be convex, zero when the gross investment is zero. For example, the specification

o = 0.50:(AK)* (22)

shares these features. In the empirical implementation the adjustment cost function can
be added to the profit function, but one should bear in mind that while the cost function
15 defined in absolute terms, the profit function is defined in logarithms. On the other
hand, because the adjustment costs are included in the empirical specification for the
Iuler equation, one possibility is to have them only there, and simplify the actual profit

function and exclude adjustment costs from it (Bernstein, 1992).

When the short-run equilibrium conditions are derived from the profit function by

Hotelling’s Lemnimna, the following nonlinear equations can be achieved:

. .
st= (L7 B+ > Biln Py(1 4 ) + BudnK + fyinT), (23)

i=1
where s = Py /TI° for export and domestic markets, and s = — P /II° for labour

mput. The model is closed by constructing the translog based Fuler equation, which is
consistent with the rational expectations hypothesis, if it is conditioned on a proper set

of information:
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E(s)[Br + BuxlnK{s + 1) + Z?m Baxln Pi(s + 1)1 + %) + BrelnT(s + 1)) (24)
HS(S -+ 1)/]((8 4 1) - E(G)ﬁuﬂf{(ﬁ -+ ]) — (1 + T(S))ﬁMAK'(S) e VV}C(S) = (),

where afs,s + 1)7" = (1 4 r{s)), and r is the discount rate. The parameter f; > (
describes the short-run technology based deviation between the shadow and market
rental rates for capital. Because the Euler equation includes leads to the next period,
direct estimation by using the observed values for the expectations variables causes bias.
This raises the demand for an instrumental estimation, in which lagged values are used
as instruments for the future variables. In the empirical specification an error term js
added to the equations to be estimated. They describe, for example, measurement and

optimzization errors.

5 The data

The empirical data consists of a set of quarterly time series running from 1976/1 to
1991/4. The total number of observations is 64. The data is constructed for the whole
Finnish industry including the manufacturing, mining and electricity-gas-water indus-
tries. The reason for using the whole industry instead of the often used manufacturing

was the availability of quarterly data.

The import factor consists of imports by Finnish industry. Import prices are measured
with a unit value index, and import values are constructed by multiplying the volumes

and the prices.

The labour input is measured by total working hours in the industry. The wage sum
15 not directly available as quarterly data, but the series is constructed by splitting the
annual observations with a quarterly level-of-earnings index and with a labour input
index. Because changes in the wage sum can in principle be divided into changes in
the earnings and changes in the labour input, the approximation can be expected to be
accurate. The quarterly social security contributions of employers are constructed by
adjusting the annual observations by the changes of the quarterly wage sum. The total
labour cost is the wage sum plus the social security contributions. The approximation
method guarantees that there is no possibility for a systematic deviation between the

approximated and the real data points.
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The capital cost is constructed by multiplying the fixed price net capital stock with
an user cost of capital. The quarterly capital stock is constructed by interpolating the
changes in the annual capital stocks. Quarterly information about the private investment
Is also used in the approximation, and a constant rate of depreciation is assumed. The
dynamics in the capital accumulation is formed by using the quarterly privase investment
data. Because a change in the capital stock is new gross investment minus the constant
depreciation, the investment behaviour accurately describes the evolution of the capital
stock. Both nominal and real measures of the user cost of capital have been used in the

estimation }

. In the user cost calculations an approximation of five per cent constant
annuaj depreciation was maintained. The tax effects suggested by Jorgenson {1963) were
not taken into consideration, because the contributions of these effects were deemed to
be of minor importance compared with the price and the interest rate effects. The

interest rate used was the banks’ new-credit average rate 4.

Because the total costs can be thought to sum up to the value of gross output, the
value of gross output minus capital, import and labour costs was considered as an
intermediate input. It was connected to other variable inputs in constant share. The
share of this residual input related to other variable costs is stationary, and & multipljer
of 1.55 was used to calculate the costs of the intermediate goods: 1=1.55(M+L}, where
I1s the cost of intermediate goods, M is the cost of import and L is the labour cost!®.
The intermediate goods factor can be thought to be a scale factor, which corrects the
relation between revenues and variable costs. The quarterly gross output series were
constructed adjusting the annual observations in accordance with guarterly value added

production information.

The gross output was split into export and domestic market production by using quar-
terly data on the exports of Finnish industry. The unit value index of the corresponding
export was used as an export price variable. The domestic market production was ob-

tained by subtracting exports from the gross output. The implicit price deflator for

"PE.g. Morrison (1992) and Bernstein-Mohner (1891) used the nominal measure of the user cost of
capital UCC=q(r+d}, and the real measure of the user cost of capital UCC=g(r-p+d) has been used
by e.g. Torsti (1992a). The q is a price index of investment goods, r is a nominal rate of interest, d is
a constant depreciation rate and p is an inflation rate of investment goods.

"Before 1986/1 the average lending rate was used because of the availability of statistics produced
in Finland.

!%In principle better approximation for the intermediate goods would have been the use of period-wise
calculations, but then the relation between revenues and total costs had collapsed to one in empirical
data. In addition to that it is empirically difficult to distinguish between output price and intermediate
goods price. The value of the constant multiplier was the average ratio between the intermediate
component and the sum of the import and labour factors in the data.
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domestic market prices was obtained by dividing the value of the gross output by ihe
volume of the gross output. The variable profit data was constructed by subtracting

labour costs, intermediate costs and import costs from the gross output.

6 Estimation results - the static model

Because of the non-linearity in the parameters, the non-linear least squares method was
used in the estimation. Several variants were estimated: one with the nominal user cost
of capital (two estimations using different {ime spans) and one with the real user cost of
capital. Also an estimation without the envelope condition was carried out. The short

time span and the nominal user cost variable were used in this estimation.

Severe difficulties were encountered in the estimation of the inverse demand function, and
the inverse price elasticity parameter was found to be strongly positive. In aggregate time
series data the proper identification of inverse price elasticity was found to be impossible
with an aggregate inverse demand function, and equation (7) was first dropped out of
the estimations. The proper identification of the non-linear markup parameter was still
guaranteed through the cost function (6), but the division of the markup parameter into

the conjectural elasticity and the demand elasticity was not possible.

In the second stage the output market was split into the exports and the domestic
production. Because the empirical specification of the inverse price elasticities of demand
was found to be difficult, a priori information was used to characterize these elasticities.
For the export market the inverse price elasticity of -0.8 was used, and for the domestic
markel, the respective elasticity of ~1.4 was used (see Torsti, 1992a and Torsti, 1992h
for the details). Naturally the choice of the numerical values of the constant elasticities
did not have any effect on the markup results, but these numerical values reflect the
former empirical research in this field. The elasticities fixed ex ante do not alter the
overall markup-coefficients, but only the split between the inverse price elasticities and

the conjectural elasticities.

Because of the strong collinearity between the variables, the parameters Bp, B and f,

were restricted to zero in the estimation. All variables including the time trend '¢ were

18This pertains to the time trend, the square of the time trend and the cross eflects with the time
trend.
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static model

Variable Nom.UCC, Nom.UCC, Nom.UCC, Real UCC, Nom. UCC,
82-91, nec 82-91 77-91 77-91 82-91, exp
and domest,
Bo 11460 (0.6) 1.45 (0.2) 1876 (4.7) 19.17 (3.7)  -70.88 (0.4)
B, 1639 (2.7) -3.75 (10.1) -2.94 (6.8} -2.58 (5.6) 17.18 (2.7)
Ao 1.92(3.1) 041 (1.9) 091 (80) 0.56 (3.6)  4.00(7.2)
B -34.17 {1.1) 3.86 (3.2)  0.10(0.1) -0.11 (0.1) 6.28 (0.2)
By 0.29 {8.0) 0.28 (8.6) 0.25(7.9) 019 (4.9) 0.22 (5.6)
Bunw 0.08 {6.7) 0.05 (7.8) 0.06 (14.4) 0.05 (10.6) 0.13(11.9)
Bk 4.36 (2.7) -0.44 (4.4) -0.08 (1.1) -0.08 {0.8) 2.29 (0.9)
By 6.01 (0.5) 0.03 (1.7)  -0.00 (0.2) -0.02 {2.6)
B -1.58 (3.1} 0.12 {6.8)  0.07 {3.6) 0.0 {4.5)  -1.59 (2.9)
By 0.0 (2.9) 0.00 {2.5) -0.00 (1.1)  0.00 {1.4) 0.00 (3.0)
Bur 015 (2.6)  -0.04 (3.3)  -0.06 (6.4) -0.01 (0.9) -0.31 (6.8)
B -0.01(2.9)  0.00(2.2)  0.00(03) 0.00(1.4)  -0.01 {3.4)
g -0.29 (3.3) 0.28 (3.8} -0.37 (4.2) -0.32 (4.0)
In{C" ) -1 0.28 (5.1) 0.28 (6.6} 0.40{10.6)  0.26 {4.7)
Sk,-1 0.46 (7.2) 0.66 {11.5) 0.85 (13.7)
dl 0.02 (8.5) 0.02 (7.7  0.02(9.9)  0.02 (9.3) 0.02 (6.8}
a2 0.02 (6.3) 0.01 (5.6)  0.02 (85) 6.02 (8.7) 0.01 (6.6}
43 0.01(2.9) .01 (1.8)  0.01 (44) 0.01 (4.6}  0.01 (3.2)
% 0.25 (4.7}
0 0.47 (5.2)

highly correlated with each other, and these three restrictions were needed to guarantee

a proper estimation.

The seasonal dummies were added to the labour share equation, and the lagged endoge-
nous variables were added to the cost function and the capital share equation. The
estimation results are presented m the table 1. The t-statistics are in the parenthesis.

The first column results are calculated without the envelope condition®”.

The choice of the user cost of capital measure had an effect on the estimation results,
but the differences in the key parameters were not crucial. The short- and long-run
substitution and price elasticities were calculated from the first and the second estimation

results'® as suggested by Brown and Christensen {1981). The optimal level of the capital

'"No envelope condition {nec)
¥ The estimation with the span from 1982 to 1991 and with the nominal user cost of capital was used.
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Table 2: R*’s of the static equations and the values of the like-
lihood functions

Equation  Nom . UCC, Nom.UCC, Nom.UCC, Real UCC, Nom. UCC,

§2-91, nec 82-91 77-91 77-91 82-91, exp
and domest
In{C" /wpy,) (.94 0.94 0.90 0.91 .94
8y 0.81 0.80 0.76 0.76 0.78
Sy 0.53 0.46 0.54 0.55
S 0.94 0.87 0.92
Sym 0.60
Syd 0.39
Log-likelih. 340.9 492.0 669.8 634.9 406.0

stock was calculated from the envelope condition by an iterative solution technique'®,
The first estimation without the envelope condition was used in these calculations. The
calculations suggested that the size of the capital stock was suboptimal. The capital
stock was found to be on average about 20 per cent larger than the optimal one when the
marginal pricing rule was used. This may imply that producers in the Finnish industry
do not make their investment and capital accumnulation decisions in the manner suggested

by the primary marginal pricing rule,

If the full model had been used in the optimal capital calculations, the capital share
equation or the envelope condition would have forced the optimality condition for the
capital to apply on average. The key question is, however, does the three equation
model satisfy the optimality condition without forcing it. This was also the basic setup
for testing the existence of the full static equilibrium. The formal test was done by using
the approach suggested by Schankerman and Nadiri (1986). The null hypothesis of the
full static equilibrium was strongiy rejected, and the value of the x? distributed test
statistic was found to be 23.1 with 5 degrees of freedom, while for example the 5 per
cent critical levelis 11.1. The result suggests that capital should not be treated as a static
equilibrium factor of production. Previously in the Finnish factor demand research the

full static nature of capital has been accepted too easily (e.g Torma, 1987 and Torsti,

The elasticities of both the three and the four equation systems were calculated, which allows for the
mspection of the distortion in the parameters when the optimality condition for the capital is added to
the system.

**Because the envelope condition does not have a closed form solntion for capital, the optimal capital
was solved by iterating the cost function and the envelope condition until the solution was found, see
e.g. Dargay (1988).
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Table 3: Price and substitution elasticities

Nom.UCC, 82-81, Nom. UCC,

no env. cond. 82-91
Own price elasticity of labour, short-run -0.41 -0.55
Own price elasticity of labour, long-run -0.47 -0.62
Own price elasticity of imports, short-run -1.28 -1.11
Own price elasticity of imports, long-run -1.45 -1.20
Own price elasticity of capital, long-run -0.03 0.28
Allen partial elasticity of -0.57 -0.05

substitution between labour

and capital, short-run
Allen partial elasticity of 0.15 -0.10

substitution between labour
and capital, long-run

1992a), This may point out the crucial role of expectation formation in investment
decisions instead of marginal pricing rules. Furthermore, this leads to the implication
of & small increase in investment when the marginal price of capital is decreased, for
example with a tax policy. Also the problems of possibly integrated or co-integrated

time series data may have an effect on the estimation results?.

The long-run own price elasticity of capital was found to be slightly positive when the
envelope condition was used in the estimation. This is an indication of a violation
of the basic properties of the cost function®. In the three equation estimation the
own price elasticity of capital was slightly negative, which did not violate the ex ante
assumptions. The peculiar own price elasticity of capital in the extended estimation

gives further support to the rejection of the null hypothesis of the full static equilibrium,

*OThe existence of the unit roots in the variables were tested, and in most cases the null hypothesis
of non-stationarity was maintained. This gives support to the approach of co-integration. Although
the cross-equation restrictions in the system may cause some severe difficulties, the approach could be
a promising one

“TWhen the parameter fBi is negative, the own price elasticity of this guasi-fixed factor is always
positive. See appendix A for the detailed explanation.
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The envelope condition forces artificial restrictions to the model, which also distorts the
parameter estimates. Although the fit of the capital share equation is reasonable, the
estimates of the elasticities and the specification tests give parallel information of the

distortion forced by the long-run envelope condition.

The short-run own price elasticity of labour was found to be negative, about -0.5. The
substitution elasticity between capital and labour was noticed to be zero in the four
equation estimation, both in the short- and long-run. In the three equation estimation
capital and labour were even found to be complements. The results confirm the earlier
results obtained in the measurement of the substitution possibilities between labour and
capital in Finland (e.g. Torsti, 1992a and Tarkka, 1984).

The markup-coeflicient indicated that pricing over marginal costs amounted to about
30 per cent mn the Finnish mdustry. Although the markup-parameter varied a litile in
the different estimations, the parameters were found to be guite stable. In the earlier
studies the empirical results cover quite a wide range of different approaches and data.
This complicates the comparison of different studies, and the implications of relative
inefliciencies can not necessarily be made. On the other hand, there seems to be clear

evidence of significant markup-pricing in Finland.

‘The §; parameters were also estimated separately for the domestic and the export maz-
kets. The lagged endogenous variables were not included in the estimation, and the
model was estimated without the envelope condition. Conjectural elasticity estimates of
0.25 and 0.47 were obtained for (he domestic market and the export market, respectively.
These estimates correspond, when multiplied by the a priori inverse price elasticity es-
timates -1.4 and -0.8, to the markup-coeflicients 0.35 and 0.38. In the static estimation
the wedge between the markups in the two markets was not large. The statistical sig-
nificance of the difference between the markups was tested with a likelihood ratio test,
and the x? test statistic obtained the value of 34.4 with one degree of freedom. The null
hypothesis of the same markup-coeflicient in the two sectors was then strongly rejected.
One feature of the estimation that was a little confusing was that the markup-coefficient
was larger in the export sector than in the domestic sector. This result is in conflict with
a prior] expectations, and the odd finding sheds a light of suspiciousness to the reliability
of this static model. One should also point out that the markup-coeficients achieved

with the separate market estimation were larger than in the one market estimation.
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7 Estimation results - the dynamic model

The dynamic model was estimated by using a nonlinear least squares method. Be-
cause the model includes expectations variables, a nonlinear three stage least squares
method should have been used (Hansen and Singletor, 1982). The estimation problem
was, however, simplified, and two approaches in the estimation were used®. First, the
model was estimated without instruments by using observed values, and in the other
approach the expectations variables were instrumented by constructing the instruments
separately. These instruments were then used in the nonlinear system estimation. The
variable factor prices and the output prices were normalized by the import price®® and
the intermediate goods were assumed to be applied in a fixed proportion to the gross
output?,

The adjustment cost relation was left out from the actual profit function, but it was
inciuded in the Euler equation. Because the Euler equation is an equilibrium condition
and not a causal relation, it was actually estimated as an implicit equation, in which an
arbitrary variable was chosen to be the left-hand side variable. In the estimation the user
cost of capital Wy(s) was chosen to be the lefi-hand side variable. Because the static
model estimations in the previous section indicated non-constancy of the parameters in
the whole time span estimation, only a subset from 1982 to 1991 was chosen as a time
span in the estimation. The parameters i, Few, Sun and Fiy were restricted to zero,

because they were statistically zero in all the estimations.

The results indicate - along the lines in the static estimation - that there is clear evidence
for oligopoly power 1n the pricing behaviour of the Finnish industry. If the estimation

1*5 are compared to the results obtaired with the non-

results of the competitive mode
competitive model®®, the differences are found to be significant. It seems to be clear
that the profit function model with the competitive market assumption does not fit very

well with the data used in this study. The resulis also reveal how crucial the pricing

“*Three stage nonlinear least squares was not available in the Gaussx 2.2 package.

#The omission of the import factor did not do any harm to the estimmation, because the import cost
component can be calculated by the summability condition Z?zi si{l 47} =1 — 83 (1 + var), where
83 1s the import cost to shadow variable profit component.

24This assumption is quite reasonable, because in the 1980’ the intermediate goods share of the gross
output in the Finnish industry varied oniy between 50 and 53.5 per cent.

%1n the competitive model parameters 1, and s are set to zero.

**The model with a possibility for markup-pricing in output markets, but a possibility for oligopsony
power in labour markets was not allowed.



Table 4: Estimation results - the dynamic model

Variable No No Instrument Instrument
instruments, Instruments, estimation, estimation,
competitive oligopoly competitive oligopoly

model power model POWEr

Ho -2.42 (0.6) -4.43 (1.4) 2.74 (0.8)  -4.94 {1.4)
B 4.54 (1.8} 13.43 (7.4) 2.24 (0.9) 1277 (1.3)
B 5.13 (4.6) 7.64 (6.2) 3.22 (2.7)  8.49 (6.3)
P -3.53 (3.5) -8.61 (6.3) 1.36 (1.4) -9.55 (6.9)
i 0.02 {4.5) 0.02 (4.5) -0.01 (1.0} -0.00 (0.0)
Jef 6.30 (2.7) 5.96 {3.6) 3.64 (2.0)  6.16 (3.3)
B -2.11 (4.8) 200 {5.1)  -1.26 {2.8) -3.06 (5.4)
Bek -0.00 (4.5) -0.00 {4.5) 0.60 (1.1)  0.00 (0.0}
Bhe  -11.71(10.9) 5.74 (4.8) -12.77(11.8)  -4.09 (3.9)
Bhuw 1.97 (4.4) 3.10 (4.6)  1.68 (3.5)  3.45 (5.8)
B 3.43 (7.9 2.26 (5.0) 319 (7.0)  1.85 (4.1)
Bk -0.00 (8.3} -0.00 (7.0) (.00 (7.1) -0.00 {(5.1)
Bk ¢.00 (7.9) 0.00 (7.9) 0.00 (3.1)  0.00 {3.4)
B 0.67 (1.0)  -2.60 (4.7)  1.32 (1.9) -2.77 (6.4)
Bee  -0.60 {1.9) 1.60 (4.8)  -0.07 (0.2) -2.02 (4.8)
Bt 0.45 (1.6) 1.90 (4.9) 0.15 (0.5)  2.17 (5.6)
B 2.08 (1.4) 2.83 (2.0} 1.48 (0.9)  -1.93 (1.1)
o -1.80 (2.9) -1.28 (2.9) 0 -1.09 (2.2)  -1.29 (2.7)
Vd -0.38 (7.0} -0.57 (8.0)
o -0.33 (4.4) 0.20 (2.8)

hehaviour assumptions may be. If the simplified marginal pricing rules are accepted as
a starting point, the results may be quite misleading. The same implication applies for

both non-instrument and instrument estimations.

The instrumentation of the expectation variables had a significant impact on the markup
coeflicients vy and ~,. The no-instrument estimation indicated that there was no large
difference between the price-margins of the export and domestic sectors, while the dif-
ference in the markups between the two sectors was about 40 percentage points in the
instrument estimation. The markup-pricing was estimated to be 38 per cent in the do-
mestic sector and 33 per cent in the export sector, when the no-instrument method was

used. Respectively, in the instrument estimation the markup-coefficient was found to be
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Table 5: R?’s of the dynamic equations and the values of the
likelihood functions

Equation No No Instrument Instrument
instruments, instruments, estimation, estimation,

competitive oligopoly  competitive oligopoly

model power mode] power

I .382 0.785 0.356 0.754

Sdomest 0.279 0.467 0.199 0.411
Sexport 0.267 0.411 0.120 0.320
Stabour 0.166 0.379 0.000 0.338
Fuler 0.711 0.706 (.665 0.700
Log-likelih, 140.9 179.1 140.4 176.5

57 per cent in the closed and 20 per cent in the open sector. It should also he pointed
out that the weighted average of the markup-coefficients was larger in the instrument

estimation than in the non-instrument estimation.

The oligopsony power test was conducted by estimating the model with all the 7 param-
eters released. The «; parameter for the labour input was found to be negative, although
a priori assumptions suggested a positive sign for this parameter. The significance of
this additional v; parameter was tested with a likelihood ratio test, and the value of the
x* test statistics was 3.4, while the 5 per cent critical value with one degree of freedom
was 3.8, The results indicate that the null hypothesis of no oligopsony power could
not be rejected when the no-instrument estimation results were considered. When the
instrument estimation results were considered, the corresponding null hypothesis was
rejected, but also in this estimation the sign of the +; parameter was against a priori
assumptions. The overall conclusion of the oligopsony power in the labour market could

not be drawn.

The parameter estimate f; allowed for investigating the deviation between the shadow
and market rental rates. The wedge between these two was calculated as Bu DKW,
If this measure is greater than zero, it is an indication of short-run marginal profit
exceeding the short-run market rental rate. The results suggested an average of a 16 per
cent gap between the marginal profit and the market rental rate. The standard deviation
for this gap was about 10 per cent. These calculations were based on the non-instrument
estimation with no oligopsony power. In the instrument estimation the parameter 3

was negative, but the zero null hypothesis of this parameter could not be rejected,
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8 Inter-study comparison of markup parameters

The markup-estimates reported by Hall (1988) indicated that pricing exeeded marginal
costs in U.5. manufacturing by over 60 percent on average. Respectively, Bernstein and
Mohnen (1991) reported about 50 per cent markups in the non-electrical machinery in-
dustry in Canada. On the other hand, the results of Morrison {1992) suggested markups
between 11 per cent and 22 per cent in the U.S. industry, while in the Japanese industry
the range of markups varied between 7 per cent and 48 per cent. Morrison’s approach
allowed for time-varying markup determination, and the variations were found to be
large. This may indicate the interrelation between changes in capacity utilization and
markup-pricing. If the capacity utilization is low, the fixed costs of unused capital must
be passed on into prices, if possible. So the conclusion of large over-pricing cannot he
necessarily made, because the excess profitability of the markups may be counteracted
by excess capacity or returns of scale (Hall, 1988). Also cyclical variations in markups
should be taken into consideration (Rotemberg and Saloner, 1986). Despite the different

industries vsed in different studies, indication of remarkable markups is clear.

A common feature in many markup-studies is that the hypothesis of competitive pricing
has been rejected. On the other hand, also opposite findings has been found. For
example, Ilmakunnas (1983) did not reject the competitive hypothesis for the West
German road vehicles and paper and pulp industries, and Bernstein (1992 ) maintained
the competitive hypothesis with Canadian pulp and paper industries. 1t seems, however,
that the frequent rejection of the competitive pricing rule leaves no alternative for serious
study of the competitive position when empirical modelling concerning price-setting is

done.

9 Conclusions

The paper studies markup-pricing in Finland. The research area is an important one,
because it is clearly connected to the base questions of competitiveness, market structure
and structural adjustment in Finland. Earlier there has been little discussion about
supply-driven factors having a effect on the pricing rules in Finland, and the role of the

non-competitive behaviour has not been clearly addressed.

The static model results of this study are twofold. First, there seems to be remarkable

markup-pricing in Finland. However, the results must be conditioned on the approach
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Table 6: Oligopoly power estimates in different studies

When Author Markup estim.
1993 Manufacturing/Finland Torsti G.28-0.37
1993 Exports/Finland Torsti 0.20-0.38
1993 Domestic manuf/Finland Torsti 0.38-0.57
1992 Export/Finland Alho 0.16
1992 Manuf {no exp.)/Finland Alho 0.90
1992 Sheltered/Finland Alho 0.27
1992 Manufacturing/USA Morrison 0.11-0.22
1992 Manufaciuring/Japan Morrison 0.07-6.48
1991 Non-electrical machinery, Bernstein-Mohnen 0.46
domestic sector, Canada

1991 Non-electrical machinery, Bernstein-Mohnen (.83
foreign sector, Canada

1991 Flectrical machinery, Bernstein-Mohnen 0.32
domestic sector, Canada

1691 Electrical machinery, Bernsiein-Mohnen 0.32
foreign sector, Canada

1991 Chemical industry, Bernstein-Mohnen 0.17
domestic sector, Canada

1991 Chemical industiry, Bernstein-Mohnen 0.00
foreign sector, Canada

1968 Construction/ USA Hall 0.55

1988 Durable goods/ USA Hall 0.53

1988  Nondurable goods/ USA Hall 0.68

1988 [inance, insur. etc / USA Hall 0.70

1988 Services / USA Hall 0.46

1986 Food industry / UK Borocah and Ploeg 0.45

1986 Mechan. engineering/ UK Borooah and Ploeg 0.32

1986 Electr. engineering/ UK Boreoah and Ploeg 0.53

1986 Textiles / UK Borooah and Ploeg 0.23

1982 U.S. rubber industry Appelbaum 0.06

1982 U.S. textile industry Appelbaum 0.07

1982 U.S. electrical machinery Appelbaum 0.20

1982 U.S. tobacco industry Appeibaum 0.65

1979 U.S. crude petr. industry Appelbaum 0.06
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and the model used. The markups estimated in earlier studies cover a wide range
of pricing power estimates, and partly the differences in the estimates are due to the

different choices in the model selection.

Secondly, the hypothesis of a partial static equilibrium was strongly rejected. This im-
plies that the simple pricing rule plays no key role in the capital formation and the
mvestment behaviour. This leads to crucial conclusions that with an expansionary eco-
nomic policy recovery effects of only minor importance can be achieved if the fulure
expectations remain unchanged. The price elasticity estimates in this study support
this view. The absence of the pricing rule has led to over-investment in Finland. The
estimation span used in this study goes back to the time of the credit-rationing regime.
This may partly explain the over-investment behaviour in Finland, On the other hand,
if the restricied capital movements and credit-rationing have led to suboptimal accu-
mulation of the capital stock, the liberalization of the capital markets should now lead
to a permanent decrease in the investment ratio in Finland. This would slow down the
short-run recovery possibilities in Finland, which is now suffering from a severe period

of recession.

The dynamic model estimations give an extended view to the pricing behaviour in the
Finnish industry. The estimation results without the instrumentation for the endoge-
nous variables are approximately in line with the static model estimations. On the other
hand, when auxiliary estimations were used to construct instruments for the expecta-
tions variables, the difference between the markups in the domestic and foreign sectors
enlarged significantly. In the dynamic model the relationship between the domestic and
foreign market markup-estimates were similar to ex ante expectations: the oligopoly

power was found to be larger in the domestic market compared to the export market,

No clear sign for the oligopsony power in the labour market was found in the dynamic
estimations. In the no-instrument case the null hypothesis of no oligopsony power
was maintained. The dynamic model aliowed for inspecting the difference between the

shadow and market rental rates for capital.

The estimation results in this study give clear evidence for markup-pricing in Fin-
land.  Although the estimates between the different estimations gave somewhat dif-
ferent markup-estimates, there were significant signs of non-competitive behaviour in

the Finnish industry.
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A Short- and long-run elasticities

Because the model is written in a cost share form, the elasticities of substitution and the
price elasticities can not be ohserved directly. The appendix describes the key elasticities
used in this study **. The index symbols i and j stand for variable inputs®®. The index

symbol K stands for capital input.

Short-run Allen partial elasticity of substitution between the variable factors

o5 = (v + 51550/ (5:5;)
and (1)
o = (i -+ 57 S}/ 52
Short-run price elasticity of demand between the variable factors
Cig = SJ‘O}‘]‘ (’3)

Long-run substitution elasticities for the variable factors

L (::_'4' B £S| St )2
5l o et - Y3
H o2 W [ it ('y_;‘-]\' 4 .5?\. -"-.5.1\').5' ]

—

and (3

oL - "QI[O“?- . (5|S,w-!-’7.1\’)(335}\'"1"*]1(]
Cy 7y (YR K+SE=5KISS,

Long-run substitution elasticities between capital and the variable factors

“"See e.g. Brown-Christensen (1981).
“*In this study labour is the only variable input, because the import factor can be calculated as o
residual.
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Long-run price elasticity between the factors #°
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—

o T L
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The ST designates the input shares at the long-run total costs.

2 Applies also (o capital
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B Unit root tests

Tests of the unit root hypothesis are of interest when time series data is used, because
the nature of nonstationarity in macroeconomic data can be evaluated with them. The
unit roots in the data, if present, imply a stochastic nonstationarity. This means that
the random shocks have a permanent effect on the future values of a variable, while in
deterministic nonstationarity cases the effects of the shocks are of a vanishing nature.
If a time series has a unit root, it is said to be integrated of degree one. The variable is

then a I(1) variable.

If a regression model includes I(1) variables, the basic assumptions of a classical regres-
sion model do not apply, except in particular cases. For example the t-statistics may
be biased. Although the distribution of the estimates is not known exactly, the classical
inference is still often used. One reason for this simplification might be that the small
sample properties of the more sophisticated co-integrating methods are subject to some
suspicion. By definition the study of long run properties demands long-run data, and in
most cases it 1s not available. In addition, for example, in cases where regression resid-
uals are auntocorrelated, the normal t-statistics should not be used, but a usual choice
is to use them anyway. There is still a need to examine the properties of the empirical
data, which helps to make the overall judgement of empirical results. This rajses the

demand for the unit root tests.

Three different unit root tests have been used: the Augmented Dickey Fuller test {Said
and Dickey, 1984) and the Z, and Z; tests by Phillips (1987). In all these test the I,
is that there is a unil root in a time series. So, if the Hy is rejected, an indication of a
stationary time series is given. In general, the power of ADF, 7, and Z, tests is quite
low, which limits their range of applicalion. Especially, when values of o are less than,

but close to, unity, the test power can be expected to be extremely low.

In the augmented Augmented Dickey Fuller test (ADF) one takes account of any serial
correlation present by entering enough lagged values of the dependent variables in the

regression:

Dry=p+ i+ (a—1)e g+ Z ViAo + g (1

1o
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Table 1. Unit root tests, no time trend

Variable ADF Lo Z

=

5% ervalue 294 1388 2.04

Gross output 2,07 1.67  1.48

Total costs  0.95 1.0 1.00

Relative price w;/w,, 0.22 0.76  0.58
' Capital stock  0.52 0.49  1.23
Labour cost share 1.25 976 2.32
Price-cost share  0.96 *16.04 *3.13
Capital cost share  1.04 2.89 2186

N is chosen to ensure that the residuals are white noise. The t-statistics on (o — 1} is
used, but Dickey-Fuller (1979, 1981) critical values are used instead of normal { reference

distribution. The term At captures the possible deterministic time trend.

The Phillips (1987)% test procedure includes a nonparametric approach in order to take
account of the serial correlation in unit root testing. This test statistic is referred Lo
as the Z-statistic. The asymptotic critical values of these tests are the same as the

asymptotic critical values produced by Dickey and Fuller.

All tests were executed by using seasonally adjusted data. In the estimations the unad-
justed data was used, but because the standard tests of unit roots can not be applied
under seasonal movement, a moving average method was used to to adjust the seasonal
variation. All tests were carried out twice, with and without a deterministic trend. All

variables are in logarithms.

All series except the price-cost variable seemed to be nonstationary. In most cases
the null hypothesis was not rejected. The ADF-test did not reject the null hypothesis
with the price-cost variable, either. With the Z-tests, however, the null hypothesis of

nonstationarity was rejected at the 5 per cent level.

#0See also Perron {1988}
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Table 2: Unit root tests, time trend of first degree
Variable ADF Zin Zy
5 % crvalue  3.46 20.48 3.46

Gross output  0.22 7.53 1.45

Total costs 2,20 10.94 2.47

Relative price wi/w,,  2.19 4,28 2.04
Capital stock 2,94 12.52 2.54
Labour cost share  2.07 13.64 3.11
Price-cost share  2.72  **55.49 **7.31
Capital cost share  0.77 1.07 0.53



-39 -

C Auxiliary estimations for the expectation vari-
ables

In order to construct instruments for the expectations variables Ff (relative price of
labour), AK* (change in the capital stock), K* (the capital stock), P {relative export
price) and P {relative domestic market price), the ordinary least squares method was
used and the fitted values of the auxiliary estimations were used as instruments. The
lagged values of the other variables in this group, the logarithmic time trend InT and

lagged values of the user cost of capital W, were used as instruments.

Table 1: Auxiliary estimations for the expectation variables

Variable Pf AR K¢ P4 2L
constant  -6.27 (0.8) -0.12 (0.2) 11.69 (103) 10.82 (1.7}  7.36 (1.1}
Py, 0.04 (1.6)  0.20 (2.3)  0.67 (3.0)  0.40 (1.9)
AR -1.47 (0.5) 113 (1.6)  1.57 {0.7)  0.68 {0.3)
K 041(0.6) 0.01(0.2) 0.91 (1.6) -0.62 (1.0)
Py 037 (24) 0.03(15) -0.05(0.6) 0.07 (0.3)
Py 0.83(29) 0.04(1.6) -0.19(1.8) -0.09 (0.3)
Wi 040 (1.4) -0.04 (14)  0.04 (0.5) -0.43 (2.2) -0.10 {0.4)
I 035 (2.4) 001 (1L.0)  0.12(3.7)  0.08 (0.7)  0.07 (0.5)
Durbin-Watson 2.02 1.33 0.33 1.62 1.63

R? 0.98 0.48 0.98 0.95 0.90






No 409

No 410

No 41l

No 412

No 413

No 414

No 415

No 416

No 417

No 418

No 419

No 420

No 421

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

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

KESKUSTELUAIHEITA - DISCUSSION PAPERS ISSN (781-6847

RISTO MURTO - TEEMU VAANANEN, Lincar and Nonlinear Dependence in the Finnish
Forward Rate Agreement Markets. 03.08.1992. 29 p.

MARKKU LAMMI, An Imperfect Competition Model in an Industry with Differentiated
Domestic and Foreign Products. 24.08.1992. 11 p.

RISTO MURTO, Korkorakennemallien kiyttd korkoriskin arvioinnissa ja hallinnassa.
28.08.1992. 41 s.

MIKA MALIRANTA, Paperiteollisuuden palkat ja tehdasteollisunden palkkarakenne,
28.08.1992. 37 5.

SYNNOVE VUOR! - PEKKA YLA-ANTTILA, Industrial Transformation in Finland -
From Factor Driven to Technology-Based Growth. 15.09.1992., 37 p.

RITA ASPLUND, Occupational Earnings Differentials in Finland - Empirical Evidence
from a Cross Section of Individuals. 16.09.1992. 51 p.

JUHA KETTUNEN, Increasing Incentives for Reemployment. 16.09.1992, 30 p.

TIMO MYLLYNTAUS, Technology Transfer and the Contextual Filter in the Finnish
Setting. Transfer Channels and Mechanisms in an Historical Perspective. 18.09.1992. 52 p.

RITA ASPLUND (£d.), Human Capital Creation in an Economic Perspective. 12.10,1992.
V. BUSHENKOV - V. KAITALA - A. LOTOV - M. POHIOLA, Decision and Negotiation
Support for Transboundary Air Pollution Control between Finland, Russia and Estonia,

15.10.1992. 25 p.

HARRI LUUKKANEN, Heisingin palvelualan yritykset: Suljettu sekiori murroksessa:
esitutkimus. 07.10.1992. 93 5.

JUHA JUNTTILA, Kotitalouksien pankkitalletusten kysynti Suomen vapautuncilla rahol-
tusmarkkinoilla. 10.11.1992 93 g,

PETER SIOBLOM, ETLAs databastjinst och dess marknad. 01.12.1992. 97 s.



No 422

No 423

No 424

No 425

No 426

No 427

No 428

No 429

No 430

No 43]

No 432

No 433

No 434

No 435

No 436

PASI AHDE - TEET RAJASALU (eds.), On the Economic Structure of Estonia and Finland
before the 1990°s. 01.12.1992, 101 s.

PER HEUM - PEKKA YLA-ANTTILA, Firm Dynamics in a Nordic Perspective - Large
Corporations and Industrial Transformation. 15.12.1992. 81 p.

MARKKU RAHIALA - TAPANI KOVALAINEN, Wage Formation in Finland in the
1980’s; An Econometric Study, 17.12.1992. 41 p.

JUHA KETTUNEN - RENO MARJANEN, Suomen tydnantajain keskusliiton palkkatilas-
{ot: Syntyhistoria, sisdlto ja kidyttotarkoitus, 17.12.1992, 42 s.

PETRIROUVINEN, Data-guide to OECD Exports. 15.01.1993. 75 p.

RITA ASPLUND, Private- and Public-Sector Earnings Structures in Finland. 25.01.1993.
72 .

RITA ASPLUND, Human Capital and Industry Wage Differentials in Finland. 25.01.1993.
94 o

KAR] ALHQ, Growth, the Eavironment and Environmental Aid in the International
Economy. 26.01.1993. 36 p.

OLAVILEHTORANTA, Technology Diffusion and Lifetimes of Paper Machines, Posing
the Question and Description of the Data. 10.02.1993. 30 p.

JUHA KETTUNEN - JUHANA VARTIAINEN, Suomen teollisunden tydatekijiden palk-
karakenne. 15.02.1993. 355,

KARI ALHO, Terms-of-Trade Booms, Sectoral Adjustment and Fiscal Policy in a Small
Open Economy. 18.02.1993, 27 p.

MIKA WIDGREN, Voting Power in Trade Policy and Social Regulation of an Expanded
EC: A Partial Homogencity Approach. (04.03.1993, 21 p.

THOMAS ARONSSON - KARL-GUSTAF LOFGREN, Human Capital, Exiernalities,
Growth and Welfare Measurement. 16.04,1993. 15 p.

KARIALHO, An Evaluation of the Reasons for High Nordic Price Levels. 19.04.1993.
20 p.

ESKO TORSTI, Price-Cost Margins in Finland: Static and Dynamic Approaches,
20.04.1993. 39 p.

Elinkeinoeldmin Tutkimuslaitoksen julkaisemat "Keskusteluaiheet” ovat raporticia alusta-
vista tutkimustuloksista ja viliraporticja tekeilld olevista tutkimuksista. Téssi 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 oblained, on request, by the author’s permission.

EisekahDPjulk.chp/20.04.1993



