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1. Introduction

For several decades, the aluminium market has been affected by an increase in the degree of
competition internationally, i.e. a decline in industry concentration. While the six dominant
companies, Alcan (Canada), Alcoa (USA), Alusuisse (Switzerland), Kaiser (USA), Pechiney (France)
and Reynolds (USA), accounted for 86 per cent of world capacity in 1955, they accounted for 73 per
cent in 1971, 62 per cent in 1979, and 40 per cent in 1993." In the early post-war oligopoly setting,
prices were set to cover costs plus a margin (Renning et al., 1986). Over time the industry has
changed to be more competitive and less oligopolistic, cf. Reynolds (1986, p. 231) and Froeb and
Geweke (1987), and fringe plants have had a significant impact on price determination since the mid-
seventies. Today, the price of aluminium on the London Metal Exchange (LME), where aluminium
has been traded since 1978, is of major importance to most trade in aluminium. It is common for
producers and consumers to enter into long-term contracts specifying quantities, grades and shapes,

while the price is related to the LME-price, often at the time of delivery.

It is generally assumed that this change in market structure has put a downward pressure on the
margins in the aluminium industry. Margins are measured by the Lerner index (Lerner, 1934), i.e. as
price minus marginal cost divided by price. The Norwegian aluminium industry, which export most of
its production, has responded to the change in market structure in a number of ways. As a result of
plant closures and mergers, the Norwegian aluminium industry has been dominated by two companies
since the mid-eighties. These are Elkem Aluminium, which owns two aluminium plants, and Hydro
Aluminium, which owns four plants and is a major share-holder in a fifth. This consolidation on the
producer side has probably provided the basis for other important strategic actions; Over time, vertical
integration both upstream and downstream have become increasingly important. The access to
alumina, which is the major raw material in this industry, is secured by vertical integration and long-
term agreements. And, Elkem, which is strategically related to Alcoa, delivers a substantial part of its
production to Alcoa’s manufacturing plants, while Hydro has built up an extensive semi-
manufacturing system in Europe and North America. The aluminium is primarily sold using long-term
contracts. Furthermore, reading their annual reports, it is clear that both companies have adopted

strategies to specialise products and increase their productivity.

! Sources: Bresnahan and Suslow (1989, p. 280) and information provided by Hydro Aluminium, Oslo.



While some of the actions described above are likely to reduce production costs, others, such as the
effort to specialise products, may help Norwegian plants to sell at a price above the LME-price, that is
at a premium. To what degree these actions have neutralised the negative competition effect on the

margins is an empirical issue, which we will try to resolve in this paper.

Earlier studies of the aluminium industry have in general assumed fixed input coefficients and
constant returns to scale. (One exception is Reynolds (1986), who calibrates alternative variable cost
functions for the U.S. aluminium industry.) As a consequence, the standard approach when
calculating margins involves using a measure of average variable costs, see Froeb and Geweke

(1987), Domowitz et al. (1987) and Rosenbaum (1989) who all analyse the U.S. aluminium industry
using aggregate industry data, and Klette (1990) who uses plant-level panel data to analyse the
Norwegian aluminium industry. With the exception of Klette (1990), it is also generally assumed that
the aluminium industry produces a homogeneous product with a common price. If the constant returns
to scale or homogeneous product assumptions are not valid, the standard way of calculating margins is
not correct and may lead to invalid inference about the magnitude of the margins and their

development over time.

In this analysis, the cost structure of Norwegian aluminium plants is estimated using a flexible trans-
log cost function approach with no a priori restrictions on scale or substitution elasticities. Plant-level
panel data over 1972-1993 are applied. The importance of product specialisation for the development
in costs and producer prices is examined. Hence, important a priori assumptions on both the cost
structure and price in earlier work on the aluminium industry are tested. Plant specific margins are

calculated using observed producer prices and estimates of marginal costs.

Section two presents the estimated cost function, section three the analysis of the Norwegian producer
prices, while section four presents the margins measured by the Lerner index. The main findings are

summarised in the final section.

2. The estimated cost function

We model variable costs using the flexible translog cost function suggested by Christensen et al.
(1971, 1973), which can be interpreted as a quadratic approximation to a general continuous twice-
differentiable function. Labour, raw materials and electricity are treated as variable inputs, while

capital is assumed to be a quasi-fixed, or predetermined, factor, due to the long lead time needed to



build new capacity. We also treat output as a predetermined factor in our analysis, since Norwegian
aluminium plants in general enter into long-term contracts that specify quantities. The weak
exogeneity assumption of capital and output is tested, however. We use plant-level panel data, and
plant-specific dummy variables and a trend variable are included, so that the general cost function
captures permanent differences in technology or efficiency across plants (fixed effects) as well as
technical innovation over time. We test if the innovation process is plant or company specific rather

than being common to the industry.

In their analysis of the North American aluminium industry, Bresnahan and Suslow (1989) argue that
the industry short-run marginal cost curve is right angled at the capacity. In accordance with this, we
design our general model so that the curvature of the marginal cost curve may be very steep close to
the capacity. Because some plants have increased their capacity by re-smelting and upgrading of
second-grade aluminium in addition to an increase in the primary capacity, we test for heterogeneity
in the curvature of the marginal cost curve close to the capacity. Several plants in our sample report
production of first transformation and casting of aluminium in addition to primary aluminium, which
is the main output. Our general cost function therefore includes a variable that reflects the degree of
processing by each plant, and we expect to find a positive effect from an increase in the degree of
processing on variable costs if the product mix is important. Because the quality of the
disaggregated production data used to calculate the degree of processing variable varies across

plants, we formulate this effect to be heterogeneous across plants in the general case.

Although the Norwegian primary aluminium industry is dominated by two companies, we assume that
variable input decisions are taken at the plant level. Given the capacity and the level of output, each

plant is assumed to minimise variable costs. Our most general cost function is given in equation (2.1).

(2.1) InCy = yor + Zi ot InQi + 1/2 % By InQig InQj + yx InXg + 1/2 yxx (InXg)* +
% Yix InQig InXq + v InKg + 172 1 (InKg)® + i vic InQy InK gt yxic InXq InKg +
Yre INT1/2 yrr(InT)* + Z yir InQig InTy + yxer InXg InTy + yer InKg InT, +
Yeapt D InXg + 791, D91, InT, + yppr INXPy + 25 (€ig + i) InQyg + ug

ij=L, M, E, f=1,..N
Subscript t, f and i,j denote period, plant and input respectively, where i,j=L (labour), M (raw

materials), and E (electricity); Cr is total variable costs of plant f; Qs is the price of input i faced by



plant f; X; is the output of plant f measured in tonnes; K is the capital stock in plant f; T is a
deterministic time trend intended to proxy the level of technology; Dy is a dummy variable that is one
in periods where the primary capacity utilisation ratio is 0.97 or above and zero elsewhere; D91 is a
dummy variable that is zero up to 1990 and one from 1991. This variable captures the effects of
programs initiated in the second half of the eighties with the aim to increase the productivity; XP¢is a
variable that represents the degree of processing in plant f, and is measured as production of first
transformation and casting of aluminium relative to total output; u; are stochastic error terms; €; are
equilibrium errors of the cost-share equations (to be explained later); The a's, B's, y's and ‘s are

coefficients. We assume that

Q fort=sand f=e,
E[(ug)(ues)'] =

0 otherwise.

Our data-set includes seven Norwegian plants over 1972-1993 and an additional plant that was closed
down in 1981. The data and empirical variables are defined in the appendix. All regressions start in
1974. We use the full information maximum likelihood procedure (FIML) in TROLL, and a small

sample adjusted y’-form of the likelihood ratio test is applied in a general to specific search.”

The plants are assumed to be price-takers in variable input markets, and applying Shepard’s Lemma to
(2.1) gives the cost-share equation for each variable input. In Lindquist (1995), a multivariate error-
correction model of the cost shares of labour, raw materials and electricity was estimated.’ The long-
run coefficients in the cost-share equations, that is the aif’s, Bi’s, Yix’s, Yix’s and yir’s, are used as a
priori restrictions when estimating the cost function in (2.1). We also include the equilibrium errors
(eir) of the cost-share equations, i.e. the actual cost shares minus the predicted cost shares from the
long-run relationships. By definition, these equilibrium errors sum to zero, i.e. Xig;z=0. Due to a
normalisation of the explanatory variables in Lindquist (1995), which is not maintained when

estimating the cost function, we need to estimate corresponding coefficients to the af’s freely. We

2 Xz(j) =-2(0©-k;-1+4j/2)/® -[InLy - InL,], where ® denotes the number of observations, k; is the number of estimated
coefficients in the general hypothesis, j is the number of restrictions, and InL, and InL, are the values of the log-likelihood
function under the null and the general hypothesis, respectively, cf. Mizon (1977).

3 The key findings according to the preferred error-correction cost-share equation model in Lindquist (1995) were: The
conditional cost function is homogeneous of degree one in input prices (Zi3;=0), and cross-price effects are symmetric (3;=[;).
The production technology is homothetic (y;x=0), and the technical progress is Hicks-neutral (y;7=0). The input coefficient for
electricity is independent of the level of capital stock (Yex=0; Ymx=-Y1x)- In addition, the demand for variable inputs is inelastic
and all own-price elasticities are above minus one. The mean industry elasticities show that all variable inputs are substitutes, but
the cross-price elasticities between electricity and raw materials are approximately zero. Due to a normalisation of the explanatory
variables, the o¢’s were restricted to equal the plant specific cost shares in 1972.



denote these coefficients i, and because cost shares add to unity, we include the restriction that

ZiGie1.

Estimating the general cost function with all the restrictions from step one and the €;'s as
predetermined variables gives a standard error of regression of 17 per cent. If we exclude the g's, the
standard error decreases to 6 per cent, and this decline in the standard error is a robust result that
holds also in our preferred cost function. We therefore simplify the model and exclude the

predetermined equilibrium errors from the regressions.

The preferred cost function is shown in table 2.1. Table 2.1 includes the industry average cost shares
in 1972, o 1972, rather than all the plant specific cost shares. In addition to the conclusions from the
estimated cost-share equations, the cost function in table 2.1 implies increasing returns to scale with
respect to variable inputs. If variable inputs increase by one per cent, output increases by 1.25 per
cent. The elasticity of scale equals the inverse elasticity of costs with respect to output, which is 0.80.
The hypothesis of constant returns to scale up to the capacity constraint; yx=1, is clearly rejected by
the likelihood ratio test. The 7 -statistic equals 13.840, and the null (constant returns to scale)
hypothesis is rejected at a significance level close to zero. According to our results, using average
variable costs as a proxy for marginal cost involves a measurement error of around 20 per cent. The two

cost measures develop proportionally, and hence the measurement error increases with marginal cost.

The economies of scale property implies that production of aluminium is more efficient in large than
in small plants, as argued by the industry itself. For example the need for continuously control of the
smelting process is one source to economies of scale, because the number of workers needed for this
activity does not increase proportionally with the level of output. However, there may well be a
particular level of output, outside the observed range in our sample, above which the aluminium
plants would operate under decreasing returns to scale. In Sand et al. (1992) it is argued that the
optimal capacity of a new plant built in 1992 was 200000 tonnes aluminium per year. Our sample
includes very few observations with a capacity above this level, which may explain why we find such
strong evidence for increasing returns to scale. The exploitation of the scale economies has increased

over time, however, as a consequence of a positive trend in output levels.



The hypothesis that the curvature of the marginal cost curve is very steep close to the capacity constraint
is also rejected, and ycape f=1...,8 are restricted to zero. This conclusion is robust to alternative definitions
of a "high capacity utilisation ratio", that is, to limits above or below 0.97. This is not a rejection of a
right angled marginal cost curve at the capacity, however. Our results imply that it is possible to exploit
the economies of scale up to the capacity, and if the marginal cost curve is right angled or very steep in

this point, plants will not produce above this limit, and hence we are not able to identify this part of the

Table 2.1. The estimated cost function

Restrictions from the cost-share
Coefficient' Estimate Coefficient Estimate equations and industry average
cost shares in 1972

Yoi 3.43 (.59) Cui -0.28 (.13) ol 1972 0.22
Yo2 4.60 (.68) Cio -0.49 (.12) Olm,1972 0.60
Yo3 2.60 (.69) Cis -0.15 (.12) OlE, 1972 0.18
You 4.66 (.66) Cia -0.35 (.09) B 0.05
Yos 447 (.61) Cis -0.43 (.08) Bm -0.05
Yos 422 (.48) Cis -0.32 (.09) BLe 0
Yo7 420 (.57) Cio -0.50 (.11) Bumm 0.14
Yos 6.31(1.98) Cis -0.25 (42) Bume -0.09
Tx 0.80 (.05) Cai 0.41 (.10) Bee 0.09
Yxx 0* Cao 0.69 (.13) Yix 0
Yk *2 Ens 0.01 (.13) Tvix 0
YKk 0* Caa 0.56 (.08) Yex 0
Y 0* Cuis 0.53 (.09) Yik -0.18
Yre 0.16 (.03) Cms 0.48 (.12) VMK 0.18
Yrr 0* Cwr 0.60 (.10) Yex 0
YxT 0* Cnis 0.74 (.39) Yt 0
YT 0* Y™t 0
Ycap 0* YeT 0
Yoi -0.03 (.01)
Yop £ 0.18 (.05)
Yop s 0.45 (.14)

InL = -1744.79 R?=0.994 DW = 1.790

DF=11 SER =0.067 $’(34) = 40.987 (19%)

Estimation period: 1974-1993. Standard errors in parentheses. InL is the value of the log-likelihood
function. DF is the degrees of freedom. The multiple correlation coefficient (R”), the standard error
(SER) and the Durbin-Watson statistic (DW) are reported. The small sample-adjusted y°(j)-statistic that
tests the accepted cost function against the general is reported (cf. Mizon, 1977), j denotes the number of
restrictions, and the significance level where the null hypothesis is rejected is given in parentheses.

1) yr¢ is included in the cost function for two of the plants. ypp¢ is included for two other plants. For the
reason of anonymity, we can not specify which plants.

2) vi=-yxIn(Qra/Qmy), which implies that lnCg/0InK=0.

* Restrictions supported by the likelihood ratio test at the five per cent significance level.




marginal cost curve empirically.

The cost function in table 2.1 includes two effects of investments in increased capacity on variable
costs. By restriction the two effects cancel out, i.e. yx = -y1xIn(Qra/Qu), Which implies that
dInCy/0InK=0. When testing this zero capital-effect restriction we get %*(1)=4.176, and the
restriction is rejected at the 5 per cent significance level, but accepted at the 4 per cent level. Although
not supported very strongly statistically, we accept the zero capital-effect restriction, mainly because
the capital-effect on costs (calculated at the sample mean) is found to be positive when estimated
freely. A positive capital effect is in conflict with the regularity conditions on the cost function.
Capacity expansions affect the input mix, however, and the input of labour decreases while the input
of raw materials increases. (The constant returns to scale restriction is tested and rejected also when the

capital effect is not restricted to zero.)

We expected to find a negative trend effect if technological innovations have been important for the
development in variable costs. However, estimated trend effects should be interpreted with care.
Econometric models are in general simplifications of the reality, and a trend may pick up effects of
excluded variables and in that case represents the net effect of several factors. We find a negative
trend effect from 1991 on, which we interpret as a result of programs initiated by Hydro and Elkem in
the second half of the eighties with the aim to increase productivity. These programs are described in
their annual reports. Significant negative trend effects prior to 1991 is not found, which may be due to
cost increasing effects that have cancelled out technical change effects. First, costs have increased in
the Norwegian aluminium industry due to environmental expenditures to meet increasingly severe
pollution restrictions. And second, increased product differentiation not reflected by the degree of
processing variable may also have increased variable costs. It is difficult to identify empirical

measures for these effects, however, and they are therefore not explicitly included in the model.

For most plants the effect of the degree of processing variable on variable costs is positive, but the
estimated coefficient is significant for only two of them. We face a problem with the quality of the
disaggregated production data used to calculate the degree of processing variable, however, because
not all plants are consistent in how they classify their output mix over time. This inconsistency
problem may explain why we do not find a significant effect of this variable for more plants, and may
also explain why we find a positive trend effect for two plants. This positive trend effect may partly

reflect a change in the product mix that is not correctly reported by the plants. Furthermore, if product



differentiation is due to variation in quality, customer service or delivery conditions, this will in

general not be picked up by the degree of processing variable but rather by a trend.

In addition to being homogeneous of degree one in input prices and increasing in output, as already
shown, the cost function must be non-decreasing and concave in prices of variable inputs and non-
increasing and convex in capital to be well behaved, cf. Brown and Christensen (1981, p. 217-218)
and Jorgenson (1986, p. 1885). Lindquist (1995) concludes that most sample points support the "non-
decreasing and concave in prices" condition. The mean industry own-price elasticities are negative in
all years. The requirements with respect to capital are satisfied in all sample points by restriction. To
test the assumptions that output and capital are weakly exogenous in the cost function, we use the
Hausman-Wu test procedure, cf. Godfrey (1988). We get 3(1)=0.915 for output and *(1)=0.154 for
capital, and the null hypothesis is rejected at the 34 and 69 per cent significance level respectively.

We conclude that weak exogeneity is not rejected in this case.

3. Price determination

Gilbert (1995) argues that aluminium producers compete on quantity, grade and delivery conditions
but not on price. This is consistent with what Norwegian aluminium plants report; their prices are
closely tied to the LME-price, but due to product differentiation most plants sell at a premium. An
analysis of Norwegian producer prices can help us to understand the process between the LME-price
and the Norwegian producer prices and give important information about the strategies applied by
Norwegian plants to offset the increased competition effect. We are particularly interested in testing if
Norwegian producer prices follow the same trend as the LME-price. A comparison of Norwegian
producer prices and the price on deliveries in three months quoted on the LME of 99.7 per cent ingot
aluminium (3-month LME-price) reveals important price variation. This is true both across Nor-
wegian producer prices and|across the LME-price and Norwegian producer prices. Figure 3.1 shows
he output weighted average of Norwegian producer prices and the 3-month LME-price measured in

Norwegian kroner (NOK).*

* The 3-month price for the whole sample period was provided to us by Hydro Aluminium. We choose the 3-month rather
than the cash LME-price as a reference price, because Norwegian plants generally sell their output on long-term contracts.
These two LME-prices move very closely, however. Data prior to 1979 are based on quoted producer prices by leading plants.
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Figure 3.1. The output weighted average of Norwegian producer prices and the 3-month price of
primary aluminium quoted on the London Metal Exchange (LME), 1000 NOK/tonne

Average producer price
——— 3-month LME-price

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992

The variation in prices may reflect:

(i) Vertical (quality) differentiation, that is, variation in the purity of the aluminium.

(ii) Horizontal differentiation that may be due to different shapes, semi-manufactures, customer
tailored products, and variation in customer service or reliability of delivery.

(iii) Internal pricing strategies for vertically integrated plants.

(iv) The extensive use of long-term contracts made by Norwegian aluminium plants at different
points in time and with different price agreements. These contracts may involve fixed prices

or prices linked in various ways to the LME-price at the time of delivery.

While (i) and (ii) imply that Norwegian producer prices may permanently differ from the LME-price
with a premium, (iv) implies that Norwegian producer prices should equal the LME-price in the long-
run. They may lag behind though. The effect of (iii) depends on whether the companies use the LME-

price as a reference price in their internal pricing strategy or not.

We specify Norwegian producer prices as functions of the 3-month LME-price, a constant term, a

trend variable, the degree of processing in each plant and the prices of electricity and labour input.
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The constant term is assumed to represent a permanent premium in Norwegian producer prices, and
would imply a stable degree of product differentiation. If product differentiation or specialisation has
increased over time, we expect the premium to increase, and we should find a positive coefficient on
the degree of processing variable and/or a positive trend effect. The trend is included to pick up
changes in product differentiation that is not reflected in the degree of processing variable. Scale
economies and differentiated products imply imperfect competition, and it is of interest to test if
variation in domestically determined input prices is carried over to the producer prices. We therefore
include the prices of electricity and labour in the general price equations. The price of the international
traded raw material alumina, which is the most important raw material in the aluminium industry, is

highly correlated with the international aluminium price and not included in the general model.

Because it is important to allow for short-run discrepancies between the Norwegian producer prices and
the LME-price, we estimate an error-correction model. This specification is well suited to our purpose,
since it is simple to test restrictions on the long- and short-run separately. Our most general error-
correction model is given in equation (3.1), and the corresponding long-run relationship is given in
equation (3.2). The general model consists of eight plant specific price equations, i.e. there are no
restrictions on coefficients across the plants a priori. The motivation for this general framework is that
the price process may vary across the plants because long-term agreements may differ and because
products may be differentiated in various ways. Only restrictions that are accepted by the likelihood ratio
test are included in the final model. Lower case letters indicate that the variables are in logarithms, and

Aa; = In(A/A.) is the first difference of the logarithm of the variable A.

(3.1 Apg = Mo + Mg Aper + Nog ApWi + M3 ApWig + Mar AXp + Msp Ades + Ner AqLa

+ Upe (Pee1 - PWe1) T Mt XPeet T Mee Qeee1 T Mo Qreet + Hooe Ter + va

(3.2) (pe-pW) = Tor+ Txe Xps + Tee Qer + T Qe + Tre T + &
where Top = -Mog /Mpt , Txe = -Mxe /Mt » Tee = -Mee /Upe > Toe = - /Hpe » Tre = -Hre /Wpe 5 Py is the producer price
of plant f (excl. freight and forwarding costs); PW is the 3-month LME-price; T is a deterministic time

trend; v are individual random errors, which we assume are white noise; €; are equilibrium errors.
If aluminium is a homogeneous good, we expect Norwegian producer prices excl. freight and

forwarding costs to equal the LME-price in the long-run, i.e. a particular customer should pay the

same price independent of producer. In this case, no other variables than the LME-price should enter
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the price equations, neither should the constant term. Short-run discrepancies may prevail because of
the use of long-term contracts. A rejection of the long-run price equalisation hypothesis implies that
products are differentiated and that specialisation is important, or that the price on internal deliveries
are not tied to the LME-price. On the basis of discussions with representatives from the industry, we

rule out the latter as an important explanation.

The final results are presented in table 3.1. The estimated price equations are found to differ across
the plants, but for the reason of anonymity, we are not allowed to specify the plant specific price
equations in detail. Below each coefficient in the table, the number of price equations the coefficient

enters is given in square bracket parentheses.

We find long-run homogeneity between all Norwegian producer prices and the LME-price, i.e. a one
per cent increase in the LME-price gives a one per cent increase in Norwegian producer prices in the
long-run. To reject long-run homogeneity, one must accept a 33 per cent significance level. There are

important short-run discrepancies, however, and the impact effect on own-price of a one per cent

Table 3.1. The relationship between Norwegian producer prices and the 3-month LME-price

Apg= 0.13  +0.56 Apw, +028 Axpy - 0.53 (Pre1-pWet) - 0.73 (Prri-pWet) - 1.00 (Pi-pWeer)
(.02) [1] (.02) [8] (13) [1] (.06) [2] (.06) [4] (") 2]

+0.025T,  +0.019 T,
(.003) [3] (.004) [3]

Likelihood ratio tests:'

Against the most general model: %*(89) = 82.655 (67%)
Long-run price homogeneity: 1*(8) = 9.094 (33%)

No effects of labour costs: %*(8) = 5.300 (73%)

No effects of electricity prices: x*(8) = 9.314 (32%)

No trend effects: ¥*(2) = 59.513 (0%)

InL =-102.43 Estimation period: 1974-1993 SER =0.060
DF = 141 R*=0.84 DW = 2.040

Standard errors in parentheses. Estimated coefficients are found to differ across plants, and under each
coefficient the number of plants with that coefficient in its price equation is given in square bracket
parentheses. For the reason of anonymity, we can not specify which plants.

1) The small sample y(j)-statistic (cf. Mizon, 1977), j denotes the number of restrictions, and the
significance level where the null hypothesis is rejected is given in parentheses. The accepted price model
is the null hypothesis in the first four tests and the alternative hypothesis in the last test.

* Restriction supported by likelihood ratio test.
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increase in the LME-price is 0.6 per cent. The adjustment to changes in the LME-price is relatively
rapid for all plants, and the cumulative effect at t+1 shown by the standardised interim multiplicator is
as much as 0.8-1.0 per cent. These results support the hypothesis that much of the observed price
differences are due to long-term contracts with varying price conditions made by Norwegian plants

and that Norwegian producer prices are closely tied to the LME-price.

We find no significant effect of domestically determined prices of variable inputs, which means that
variation in labour costs and electricity prices is not carried over to the producer prices. However, the
results support the differentiated products hypothesis for all the seven plants that exist over the whole
sample period; For one plant we find a significant constant term, and for the other six plants we find
significant trend effects. l.e. for most plants the producer price has increased more rapidly than the
international reference price. Due to price homogeneity and zero effects of labour costs and electricity
prices, we conclude that products are relatively close substitutes. For a chosen product or quality, the
price is determined by the LME-price and a sustainable mark-up on this price, and variation in

domestically determined input prices is carried over to the margins and not to the producer prices.

4. The Lerner indices

When analysing the margins of the aluminium plants we use the Lerner index (Lerner, 1934); Lg = [Pg
- OCq(.)/0X]/Pg. This normalised measure of the price-cost margin is convenient for comparisons
particularly over time. The plant specific Lerner indices are calculated by using the estimated cost
functions in table 2.1, predicted variable costs and observed output and producer prices (excl. freight
and forwarding costs). The Lerner index is frequently used in the literature as a measure of market
power by a firm or industry. Standard assumptions imply that [Ps- 0CH.)/0X¢] > 0 and 0CH.)/0X¢ > 0,
hence 0 < Ly < 1. The larger is Ly, the larger is the market power, and if L¢= 0 (price equals marginal
cost) plant f has no market power. Table 4.1 gives the mean, maximum and minimum values over the

period 1972 to 1993 in addition to the standard deviation of the plant specific margins.
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Table 4.1. Calculated Lerner indices (L) over the period 1972-1993

Mean' Maximum' | Minimum' St.dev. Correl(Lg, | Unit-root tests®
IPDT)?

Plant 1 0.42(.03) | 0.55(.03) | 0.28(.04) 0.08 0.35 -3.05 DF *
Plant 2 0.28 (.04) | 0.47(.03) | 0.12(.05) 0.11 0.21 -2.77 ADF
Plant 3 0.39(.04) | 0.53(.03) | 0.24(.05) 0.08 0.33 -4.57 ADF **
Plant 4 0.42(.03) | 0.54(.03) | 0.30(.04) 0.06 0.31 -3.42 DF *
Plant 5 0.43(.03) | 0.56(.03) | 0.29 (.04) 0.07 0.36 -5.20 ADEF(T) **
Plant 6 0.48 (.03) | 0.57(.03) | 0.39(.04) 0.05 0.50 -3.54 ADF *
Plant 7 0.43(.03) | 0.52(.03) | 0.23 (.05) 0.08 0.37 -3.68 DF *
Plant 8 0.26 (.04) | 0.47(.04) | 0.04 (.06) 0.13 0.62 -1.90 DF
Industry” 0.42(.03) | 0.51(.03) | 0.31(.04) 0.06 0.43 -3.63 ADF *

1) The standard error of the Lerner indices in parentheses. When calculated, average variable costs and
prices are treated as deterministic variables. The standard error of the industry Lerner index is the mean
of the standard error in each sample point.

2) Correlation between the Lerner indices (L;) and the detrended industry production in OECD (IPDT).
The latter variable is a proxy for fluctuations in demand around a trend. IPDT is found by regressing the
original data on a linear trend and subtracting this trend effect from the original data.

3) * and ** denote that the hypothesis “non-stationary margins” is rejected at 5% and 1% respectively.
DF is the Dickey-Fuller test with a constant. ADF is the augmented Dickey-Fuller test with one lag and a
constant. ADF(T) includes in addition a deterministic trend. Critical values are for the DF test -3.01
(5%) and -3.79 (1%), for the ADF test -3.02 (5%) and -3.81 (1%), and for the ADF(T) test -3.66 (5%)
and -4.50 (1%). For plant 8 the critical value is -3.27 (5%).

4) The output weighted average of the Lerner indices of Norwegian plants.

The margins are significantly above zero in all sample points, and hence in both trough and peak
periods. The simple competitive model with price equal to marginal cost is rejected, as was expected
because of increasing returns to scale. The mean margin is above 0.4 for most plants. Heterogeneity in
both prices and marginal costs gives rise to intra-industry variation in the margins. The somewhat
lower margins of plant 2 and 8 in table 4.1 are largely due to a cost disadvantage, that is a high
marginal cost, which reflects that these plants are rather small. In addition, the average prices of these
plants are relatively low. (One of these plants was closed down in 1981.) The relatively high margin

of plant 6 is due to a high price.
In an attempt to reveal the importance of economies of scale, we compare the margins based on

marginal costs with margins based on average variable costs. The industry margin based on average

variable costs equals 0.27, which is 36 per cent below the industry margin based on marginal costs.
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Hence, economies of scale are important for explaining the positive margins in this industry. It is also
of interest to understand how the margins fluctuate over the business cycle, and table 4.1 includes the
correlation between the margins and the detrended industrial production in OECD (IPDT). The latter
variable is assumed to reflect deviation in demand from its trend path, i.e. to reflect the business

cycles. Support is found for a procyclical margin, and the industry margin is clearly procyclical.’

Our industry margin based on marginal cost is above the margin found in earlier analyses. Using data on
the U.S. aluminium industry over the period 1949-1981, Domowitz et al. (1987) find a margin equal to
0.32. Klette (1990) uses data on the Norwegian aluminium industry over the period 1972-1986 and finds

a margin equal to 0.22. Both analyses use margins based on average variable costs, however.

We now turn to the development in the margins over time. Due to the decline in industry
concentration internationally, one may expect the margins to follow a negative trend as new and
possibly more efficient plants enter the market. The large increase in exports from former Soviet
republics in later years has contributed to the downward pressure on the margins. Our impression
from figure 4.1, which shows the plant specific margins, is that most margins oscillate around
constant levels. In that case, the margins are stationary variables. If the margins follow a negative

trend they are non-stationary variables.

We test the hypothesis that the margins are non-stationary against the alternative hypothesis that the
margins are stationary, cf. Dickey and Fuller (1979) and Engle and Yoo (1987). We use PcGive 9.0
(see Hendry and Doornik, 1994), and start with a general augmented Dickey-Fuller (ADF) test with
two lags, a constant and a deterministic trend. The results are reported in the last column of table 4.1,
where a significant test supports the hypothesis that the margins are stationary. At the five per cent
significance level, the hypothesis of non-stationary margins is rejected for six plants and for the
industry average. The deterministic trend effect for plant 5 is positive.

Figure 4.1. The Lerner indices of Norwegian aluminium plants

5 This is consistent with Domowitz et al. (1986), who find procyclical margins in concentrated industries. Chirinko and
Fazzari (1994), who analyse a panel of firm-level data, conclude that "when market power varies temporally, it is usually
procyclical". On the other hand, analyses of U.S. data at both the aggregate and relatively disaggregate industry level have
found countercyclical markups and hence also price-cost margins, cf. Bils (1987) and Rotemberg and Woodford (1991). This
is true with respect to the Primary metals industry as well, as is reported by Rotemberg et al.
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Since the margins fluctuate around constant levels or a positive trend, we conclude that a downward
pressure on the margins from the increase in the degree of competition internationally has been
cancelled out by other effects of importance. We have identified three effects: First, in section 2 we
found that the plants have increased productivity and reduced costs during the nineties. Second,
Norwegian aluminium plants have in general increased their level of output over time, and due to the
presence of economies of scale, this has reduced marginal costs. And third, in section 3 we found that
the producer price of most plants has increased more rapidly than the LME-price. This is interpreted

as being due to an increase in the degree of product specialisation over time.

To understand the importance of the different effects for the margins, we calculate and compare the
margins under different assumptions. Figure 4.2 shows the development in the industry margin in the
various cases. Excluding the negative trend effect affects the average industry margin very little,
because it enters the cost functions only in the last three years. When excluding this effect, the
industry margin equals 0.415 which should be compared to 0.422. The trend effect is important for the
development in the nineties, however. The importance of growth in output in combination with
increasing returns to scale is analysed by keeping the output levels constant at the 1972-levels when
calculating the margins. In this case we get an industry margin equal to 0.39. If we use the 3-month
LME-price rather than the Norwegian producer prices, we get an industry margin equal to 0.38. In this
case the margins are more volatile, which shows that the strategies applied by Norwegian plants, and

their customers, involve more stable prices than the LME-price.
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Figure 4.2. The industry Lerner index under different assumptions. L: No restrictions; L7: No
negative trend effect; Ly: Output constant at the 1972-level; Lpy: Price equal to the 3-
month LME-price
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If we include all three restrictions simultaneously, we get an industry margin equal to 0.33, which is
24 per cent below the industry margin of 0.42. The better exploitation of the scale economies over
time and the increase in Norwegian producer prices relative to the LME-price are equally important

for the stability in the margins according to our results.

However, even though aluminium plants have managed to offset the negative effect on the level of the
margins from the increase in the degree of competition internationally, changing market structure may
have affected the margins in other important ways. Slade (1991) concludes that the change in price
determination from producer-based prices, where aluminium was sold at list prices announced by the
major producers, to a system where the LME-price is the reference price for most trade in aluminium,
has increased the price-instability. As a consequence, we expect the variability of Norwegian
producer prices to increase over time. The effect of this on the margins depends on the variability in
both prices and marginal costs. To examine how the variability in the margins develops over time, we
split our sample in three sub-periods and calculate the variance of the margins in each sub-period. The
results at the industry level are given in table 4.2, which also reports the variability in producer prices

and marginal costs at the industry level. Because of the non-stationary nature of these two latter
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Table 4.2. The variance in selected sub-periods of the industry Lerner index (L), percent changes
in the industry producer price (P) and marginal cost (MC)

var(L)-10 var[In(P/P.)]-10° var[In(MC/MCy,)]-10?

1972-79 | 1980-86 | 1987-93 | 1973-79 | 1980-86 | 1987-93 | 1973-79 | 1980-86 | 1987-93

Industry 2.6 4.0 4.4 0.9 1.5 29 1.5 3.6 4.8

variables, we use the variance of percent changes in prices and marginal costs as a measure of
instability. L.e., for each sub-period, we use the approximation var[In(Vy/V)] as a measure of

instability in prices and marginal costs.

Table 4.2 shows that the instability in the margins in general is higher in the eighties and beginning of
the nineties than in the seventies. Consistent with the conclusion in Slade (1991), the variance of
percent changes in the producer prices shows a clear positive trend over the three sub-periods. The
same is true also with respect to the variance of percent changes in marginal costs. There are

exceptions to this pattern at the plant level, however.

Our overall conclusion is that Norwegian aluminium plants have managed to neutralise the downward
pressure on the margins from changing market structure over the period 1972 to 1993. A higher
variance of the margins implies that plants face a higher risk of seeing years with very small profit

margins.

5. Final remarks

The paper analyses if changing market structure internationally has affected the margins of
Norwegian aluminium plants. Margins are measured by the Lerner index, i.e. as price minus marginal
cost divided by price, using estimated measures of marginal costs and observed producer prices. The

key findings are:

1. The margins of Norwegian plants oscillate around constant levels. Hence, the downward pressure on
the margins from increased degree of competition in the aluminium market has been offset. The paper
finds that this is very much due to a better exploitation of scale economies over time and that
Norwegian producer prices have grown more rapidly than the LME-price as a result of product
specialisation. In addition, the aluminium plants have increased their productivity during the nineties.

The variability of the margins has increased over time, however.
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2. The margins are significantly above zero in both trough and peak periods, a result that is incompatible
with the simple competitive hypothesis. The margins move procyclically over the business cycle, and
heterogeneity in both prices and marginal costs give rise to intra-industry variation in the margins.

Economies of scale are important for explaining the positive margins.

3. The observed deviation of Norwegian producer prices from the LME-price is partly due to the use of
long-term contracts by Norwegian plants. Long-run homogeneity between Norwegian producer prices
and the LME-price is supported by the data. l.e., a one per cent increase in the LME-price increases
Norwegian producer prices by one per cent. The adjustment process is relatively quick. The
hypothesis of differentiated products is accepted, however, because Norwegian producer prices in
general are found to grow more rapidly than the LME-price. Homogeneity between prices is assumed
to reflect that the products are relatively close substitutes, and for a chosen product or quality, the

price is determined by the LME-price and a sustainable mark-up on this price.

20



References
Bils, M. (1987): The Cyclical Behaviour of Marginal Cost and Price, American Economic Review 77,
838-857.

Bresnahan, T.F. and V.Y. Suslow (1989): Oligopoly Pricing with Capacity Constraints, Annales
d'Economie et de Statistique 15/16, 267-289.

Brown, R.S. and L.R. Christensen (1981): Estimating Elasticities of Substitution in a Model of Partial
Static Equilibrium: An Application to U.S. Agriculture, 1947 to 1974, in E.R. Berndt and B.C. Field
(eds.), Modelling and Measuring Natural Resource Substitution, Cambridge, Mass.: MIT Press, 209-
229.

Chirinko, R.S. and S.M. Fazzari (1994): Economic Fluctuations, Market Power, and Returns to Scale:

Evidence from Firm-level Data, Journal of Applied Econometrics 9, 47-69.

Christensen, L.R., D.W. Jorgenson and L. Lau (1971): Conjugate Duality and the Transcendental

Logarithmic Production Function, Econometrica 39, 255-256.

Christensen, L.R., D.W. Jorgenson and L. Lau (1973): Transcendental Logarithmic Production

Frontiers, Review of Economics and Statistics 55, 28-45.

Dickey, D.A. and W.A. Fuller (1979): Distribution of the Estimators for Autoregressive Time Series

with a Unit Root, Journal of the American Statistical Association 84, 427-431.

Domowitz, 1., R.G. Hubbard and B.C. Petersen (1986): Business Cycles and the Relationship between

Concentration and Price-Cost Margins, Rand Journal of Economics 17, 1-17.

Domowitz, I., R.G. Hubbard and B.C. Petersen (1987): Oligopoly Supergames: Some Empirical

Evidence on Prices and Margins, The Journal of Industrial Economics 35, 379-398.

Engle, R.F. and B.S. Yoo (1987): Forecasting and Testing in Co-Integrated Systems, Journal of
Econometrics 35, 143-159.

21



Froeb, L. and J. Geweke (1987): Long Run Competition in the U.S. Aluminum Industry, International
Journal of Industrial Organization 5, 67-78.

Gilbert, C.L. (1995): Modelling Market Fundamentals: A Model of the Aluminium Market, Journal of
Applied Econometrics 10, 385-410.

Godfrey, L.G. (1988): Misspecification tests in Econometrics, Cambridge University Press, 148-149.

Hendry, D.F. and J.A. Doornik (1994): PcGive 8.0. An Interactive Econometric Modelling System,

International Thomson Publishing, London.

Jorgenson, D.W. (1986): Econometric Methods for Modelling Producer Behaviour, in Z. Griliches
and M.D. Intriligator (eds), Handbook of Econometrics Volume III. Amsterdam: North-Holland, 1841-
1915.

Klette, T.J. (1990): The Norwegian Aluminium Industry, Electricity Prices and Welfare, @konomiske

Doktoravhandlinger 6. Department of Economics, University of Oslo.

Lerner, A. (1934): The Concept of Monopoly and the Measurement of Monopoly Power, Review of
Economic Studies 11, 157-175.

Lindquist, K.-G. (1995): The Existence of Factor Substitution in the Primary Aluminium Industry: A
Multivariate Error Correction Approach on Norwegian Panel Data, Empirical Economics 20, 361-

383.

Mizon, G. (1977): Inferential Procedures in Nonlinear Models: An Application in a UK Industrial
Cross Section Study of Factor Substitution and Returns to Scale, Econometrica 45, 1221-1242.
Reynolds, S.S. (1986): Strategic Capital Investment in the American Aluminum Industry, The Journal
of Industrial Economics 34, 225-245.

Rosenbaum, D.I. (1989): An Empirical test of the Effect of Excess Capacity in Price Setting,

Capacity-Constrained Supergames, International Journal of Industrial Organization 7, 231-241.

22



Rotemberg, J.J. and M. Woodford (1991): Markups and the Business Cycle, in NBER
Macroeconomics Annual 1991, Cambridge, Mass.: MIT Press, 63-129.

Renning, J.I., B. Svendsen and S. Utstumo (1986): Increased Degree of Processing of Aluminium in
Norway, Possibilities and Limitations, Rapport No. 65, Industriekonomisk Institutt, Bergen (in

Norwegian).

Sand, G., S. Steren and A. Moss (1992): The Aluminium Industry in Norway, Status and Future
Possibilities, Report from NTH, SINTEF and Hydro Aluminium (in Norwegian).

Sato, K. (1975): Production Functions and Aggregation, Contributions to economic analysis Vol. 90,

Amsterdam: North-Holland.

Slade, M.E. (1991): Market Structure, Marketing Method, and Price Instability, The quarterly Journal
of Economics CVI, 1309-1340.

23



Appendix A

The data and empirical variables

Primarily we use data from the manufacturing statistics data base at Statistics Norway, which follows the
Standard Industrial Classification (SIC) and gives annual data for firms at the 5-digit code. We use data
for industry 37201. NNA denotes the Norwegian National Accounts.

Cr Total variable costs of plant f, 1000 NOK.

Qir  Labour costs in NOK per man hour for plant f.

Qum  Price of raw materials to the Norwegian aluminium industry, 1989=1. NNA-data.

Qgr  Price of electricity measured in ere per kWh for plant f.

X Output of plant f, tonnes aluminium.

XPr  The degree of processing in plant f, measured as production of first transformation and casting
of aluminium relative to total output.

Ky Capital stock of plant f. Defined as the (primary) output capacity measured in tonnes
aluminium per year adjusted to include additional capacity due to re-smelting and up-grading
of imported second-grade aluminium. Data reported by the plants upon request.

Ps The producer price of plant f, calculated as the production value excl. freight and forwarding
costs divided by the production volume.

PW  The 3-month LME-price. Prior to 1979 this variable is based on producer prices quoted by
leading aluminium plants internationally. Data provided to us by Hydro Aluminium.

T A deterministic linear trend variable, 1972=1.

e The price of raw materials (Qy) is not available at the plant level for all years in our sample, and
we are therefore forced to use national account data at the industry level. If plants face different
prices of raw materials, we face a measurement error problem. Alumina, which is the major raw
material, is an internationally traded commodity, and it is reasonable to assume that plants face
similar prices of this raw material.

e The electricity prices (Qgs) are determined by favourable long-term electricity contracts with national
power plants, which include agreements on both quantity and price, in addition to electricity from
own power plants. Historically, the price agreements have involved fixed prices, and it is not
common in Norway to tie the electricity price to the price of aluminium. Trading in the spot market

are done to secure a low price at the margin also when all contracted electricity is used. Plants sell
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contracted electricity at the spot market during winter time when price is high, and buy at summer
time when price is low.

e The capital measure (Ky) reflects potential output, and may be interpreted as an efficiency-
corrected capital measure, cf. Sato (1975, pp. 6-7). Changes in K¢ may be due to (i) investments in
capital with «old» technology, (ii) investments in capital with «new» technology (embodied
technical change), or (iii) increased efficiency of existing capital (disembodied technical change).
This implies that the coefficient yxt, which is assumed to capture changes in capital efficiency over
time, should equal zero. Because capacity expansions are largely due to investment decisions and
installations in previous periods, we assume the weak exogeneity assumption to hold and do not

lag the capacity data when estimating.

A detailed discussion of the data is available from the author upon request.

25



Recent publications in the series Discussion Papers

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

T. Bye and T. A. Johnsen (1995): Prospects for a Com-
mon, Deregulated Nordic Electricity Market

B. Bye (1995): A Dynamic Equilibrium Analysis of a
Carbon Tax

T. O. Thoresen (1995): The Distributional Impact of the
Norwegian Tax Reform Measured by Disproportionality

E. Holmoy and T. Haegeland (1995): Effective Rates of
Assistance for Norwegian Industries

J. Aasness, T. Bye and H.T. Mysen (1995): Welfare
Effects of Emission Taxes in Norway

J. Aasness, E. Biorn and Terje Skjerpen (1995):
Distribution of Preferences and Measurement Errors in a
Disaggregated Expenditure System

E. Bowitz, T. Fehn, L. A. Griinfeld and K. Moum
(1995): Transitory Adjustment Costs and Long Term
Welfare Effects of an EU-membership — The Norwegian
Case

1. Svendsen (1995): Dynamic Modelling of Domestic
Prices with Time-varying Elasticities and Rational
Expectations

L. Svendsen (1995): Forward- and Backward Looking
Models for Norwegian Export Prices

A. Langorgen (1995): On the Simultaneous
Determination of Current Expenditure, Real Capital, Fee
Income, and Public Debt in Norwegian Local
Government

A. Katz and T. Bye(1995): Returns to Publicly Owned
Transport Infrastructure Investment. A Cost Function/
Cost Share Approach for Norway, 1971-1991

K.O. Aarbu (1995): Some Issues about the Norwegian
Capital Income Imputation Model

P. Boug, K. A. Mork and T. Tjemsland (1995): Financial
Deregulation and Consumer Behavior: the Norwegian
Experience

B.E. Naug and R. Nymoen (1995): Import Price
Formation and Pricing to Market: A Test on Norwegian
Data

R. Aaberge (1995): Choosing Measures of Inequality for
Empirical Applications

T.J. Klette and S.E. Forre (1995): Innovation and Job

Creation in a Small Open Economy: Evidence from
Norwegian Manufacturing Plants 1982-92

S. Holden, D. Kolsrud and B. Vikeren (1995): Noisy
Signals in Target Zone Regimes: Theory and Monte
Carlo Experiments

T. Hegeland (1996): Monopolistic Competition,
Resource Allocation and the Effects of Industrial Policy

S. Grepperud (1996): Poverty, Land Degradation and
Climatic Uncertainty

S. Grepperud (1996): Soil Conservation as an Investment
in Land

K.A. Brekke, V. Iversen and J. Aune (1996): Soil Wealth
in Tanzania

J.K. Dagsvik, D.G. Wetterwald and R. Aaberge (1996):
Potential Demand for Alternative Fuel Vehicles

J.K. Dagsvik (1996): Consumer Demand with
Unobservable Product Attributes. Part I: Theory

J.K. Dagsvik (1996): Consumer Demand with
Unobservable Product Attributes. Part II: Inference

28

168

169

170

171

172

173
174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

R. Aaberge, A. Bjorklund, M. Jéantti, M. Palme, P. J.

Pedersen, N. Smith and T. Wennemo (1996): Income
Inequality and Income Mobility in the Scandinavian

Countries Compared to the United States

K. Nyborg (1996): Some Norwegian Politicians' Use of
Cost-Benefit Analysis

E. Berg, S. Kverndokk and K. E. Rosendahl (1996):
Market Power, International CO, Taxation and
Petroleum Wealth

R. Aaberge, U. Colombino and S. Strom (1996): Welfare
Effects of Proportional Taxation: Empirical Evidence
from Italy, Norway and Sweden

J.K. Dagsvik (1996): Dynamic Choice, Multistate
Duration Models and Stochastic Structure

J.K. Dagsvik (1996): Aggregation in Matching Markets

H.C. Bjornland (1996): The Dynamic Effects of
Aggregate Demand, Supply and Oil Price Shocks

A. Bruvoll and K. Ibenholt (1996): Future Waste
Generation. Forecasts Based on a Macroeconomic
Model

T. Fehn and L. A. Griinfeld (1996) Recent Leaps
Towards Free Trade. The Impact on Norwegian Industry
and Trade Patterns

R. Barrell and K. A. Magnussen (1996): Counterfactual
Analyses of Oil price Shocks using a World Model

E. Bowitz and S. I. Hove (1996): Business cycles and
fiscal policy: Norway 1973-93

H.C. Bjornland (1996): Sources of Business Cycles in
Energy Producing Economies: The case of Norway and
United Kingdom

K. Nyborg (1996): The Political Man and Contingent
Valuation: Motives Do Count

E. Berg, S. Kverndokk and K.E. Rosendahl (1996):
Gains from Cartelisation in the Oil Market

R. Aaberge and 1. Aslaksen (1996): Decomposition of
the Gini Coefficient by Income Components: Various
Types of Applications and Interpretations

B. Bye (1996): Taxation, Unemployment and Growth:
Dynamic Welfare Effects of "Green" Policies

T.J. Klette and F. Johansen (1996): Accumulation of
R&D Capital and Dynamic Firm Performance: A Not-
so-fixed Effect Model

B. Bye (1996): Environmental Tax Reform and Producer
Foresight: An Intertemporal Computable General
Equilibrium Analysis

S. Grepperud (1997): Soil Depletion Choices under
Production and Price Uncertainty

N.M. Stelen and T. Avitsland (1997): Has Growth in
Supply of Educated Persons Been Important for the
Composition of Employment?

T.J. Klette and Z. Griliches (1997): Empirical Patterns of
Firm Growth and R&D Investment: A Quality Ladder
Model Interpretation

J. Aune, S. Glomsred, V. Iversen and H. Wiig (1997):
Structural Adjustment and Soil Degradation in Tanzania.
A CGE-model Approach with Endogenous Soil
Productivity

E. Biorn and T.J. Klette (1997): Panel Data with Errors-
in-Variables: A Note on Essential and Redundant
Orthogonality Conditions in GMM-estimation



191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

L. Belsby and B.K. Wold (1997): Primary Schooling in
Zambia Squeezed at Community and Household Level

E. Bowitz and A. Cappelen (1997): Incomes Policies and
the Norwegian Economy 1973-93

S. Glomsred, M.D Monge A. and H. Vennemo (1997):
Structural Adjustment and Deforestation in Nicaragua

F. Johansen and T.J. Klette (1997): Wage and
Employment Effects of Payroll Taxes and Investment
Subsidies

T. Feehn (1997): Non-Tarift Barriers - the Achilles' Heel
of Trade Policy Analysis

R. Aaberge and A. Langergen (1997): Fiscal and
Spending Behavior of Local Governments: An Empirical
Analysis Based on Norwegian Data

A.C. Hansen and H.K. Selte (1997): Air Pollution and
Sick-leaves - is there a Connection? A Case Study using
Air Pollution Data from Oslo

E. Holmoy and T. Hegeland (1997): Aggregate
Productivity Effects of Technology Shocks in a Model of
Heterogeneous Firms: The Importance of Equilibrium
Adjustments

E. Berg, P. Boug and S. Kverndokk (1997): Norwegian
Gas Sales and the Impacts on European CO, Emissions

H.C. Bjornland (1997): Estimating Core Inflation — The
Role of Oil Price Shocks and Imported Inflation

R. Aaberge, A. Bjorklund, M. Jantti, P.J. Pedersen, N.
Smith and T. Wennemo (1997): Unemployment Shocks
and Income Distribution. How Did the Nordic Countries
Fare During their Crises?

L. Brubakk (1997): Estimation of Price Elasticities from
Norwegian Household Survey Data

J. Aasness and L. Belsby (1997): Estimation of Time
Series of Latent Variables in an Accounting System:
Petrol Consumption of Norwegian Households 1973-
1995

A. Rygh Swensen (1997): Change in Regime and
Markov Models

K. Nyborg and 1. Spangen (1997): Cost-Benefit Analysis
and the Democratic Ideal

L. Belsby and J.F. Bjornstad (1997): Modelling and
Estimation Methods for Household Size in the Presence
of Nonresponse: Applied to The Norwegian Consumer
Expenditure Survey

K.O. Aarbu and T.O. Thoresen (1997): The Norwegian
Tax Reform; Distributional Effects and the High-Income
Response

T. Hageland and T.J. Klette (1997): Do Higher Wages
Reflect Higher Productivity? Education, Gender and
Experience Premiums in a Matched Plant-Worker Data
Set

J. Gjerde, S. Grepperud and S. Kverndokk (1998):
Optimate Climate Policy under the Possibility of a
Catastrophe

T. Eika and K.A. Magnussen (1998): Did Norway Gain
from the 1979-85 Oil Price Shock?

K.O. Aarbu and J.K. MacKie-Mason (1998): Why Some
Corporations Pay More Tax than Necessary

R. Aaberge (1998): UMP Unbiased Tests for
Multiparameter Testing Problems with Restricted
Alternatives

M. Seberg (1998): “EPA’s New Emissions Trading
Mechanism: A Laboratory Evaluation” — A Comment

29

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

K. Nyborg (1998): Non-Verifiable Emissions, Voluntary
Agreements, and Emission Taxes

H. C. Bjornland (1998): Economic Fluctuations in a
Small Open Economy - Real versus Nominal Stocks

L.C. Zhang (1998): Post-Stratification and Calibration —
A Synthesis

R. Aaberge and Y. Zhu: The Pattern of Household
Savings during a Hyperinflation. The Case of Urban
China in the Late 1980s

L.C. Zhang (1998): A Note on Post-stratification when
Analyzing Binary Survey Data Subject to Non-response

T.J. Klette and J. Moen (1998): From Growth Theory to
Technology Policy — Coordination Problems in Theory
and Practice

L.C. Zhang (1998): Synthetic Graphical Modelling of
Binary Panel Data Subject to Non-response. A Case
Study

J.K. Dagsvik (1998): Choice among Lotteries when
Preferences are Stochastic

J.K. Dagsvik (1998): Nonparametric Identification of
Discrete Choice Models

L. Brubakk and J.K. Dagsvik (1998): Consumer
Demand and Unobservable Product Attributes

E. Holmoy (1998): Potential Aggregate Gains from
Improved Sectoral Efficiency: General Equilibrium
Estimates for Norway

B.H. Vatne and J.K. Dagsvik (1998): Estimation of
Generalized Extreme Value Models by a Max-spectral
Representation

1. Svendsen (1998): Rational Expectations in Price
Setting — Tests Based on Norwegian Export Prices

K.A. Brekke and R.B. Howarth (1998): The Social
Contingency of Wants: Implications for Growth and the
Environment

K.A. Brekke and E. Moxnes (1998): Do Models Improve
Fishery Management? Empirical Evidence from a
Experimental Study

J.K. Dagsvik, Yu Zhu and R. Aaberge (1998): A
Framework for Empirical Modelling of Consumer
Demand with Latent Quality Attributes

R. Aaberge, U. Colombino and S. Strom (1998): Social
Evaluation of Individual Welfare Effects from Income
Taxation: Empirical Evidence Based on Italian Data for
Married Couples

R. Nesbakken (1998): Residential Energy Consumption
for Space Heating in Norwegian Households. A
Discrete-Continuous Choice Approach

R. Nesbakken (1998): Price Sensivety of Residential
Energy Consumption in Norway

M. Seberg (1998): Uncertainty and International
Negotiations on Tradable Quota Treaties

J.K. Dagsvik and L. Brubakk: Price Indexes for
Elementary Aggregates Derived from Behavioral
Assumptions

E. Biorn, K.-G. Lindquist and T. Skjerpen (1998):
Random Coeftficients and Unbalanced Panels: An
Application on Data from Norwegian Chemical Plants

K. Ibenholt (1998): Material Accounting in a Macro-
economic Framework. Forecast of waste generated in
manufacturing industries in Norway

K-G. Lindquist (1998): The Response by the Norwegian
Aluminium Industry to Changing Market Structure



