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Abstract

We analyse the role of the wage scope defined by the manufacturing sector in the
history of wage coordination in Norway. Using econometric methods, we docu-
ment a long-term empirical equation that link the national annual wage to the
manufacturing-sector wage scope, defined as the value of labour productivity, and
which is known as the 'main-course’. Tests of exogeneity support the interpretation
of the main-course as a long-run driver of the national annul wage. Contributing to
the literature on the wage—productivity nexus, we show that the productivity com-
ponent of the main-course has been the dominant determinant of the secular growth
in the purchasing power of annual wages. Changes in the relative price of manufac-
turing value added and consumer goods have played a subsidiary role, together with
unemployment and reductions in annual working time. Identified structural breaks
cluster in the 1920s and 1930s, reflecting economic crises and institutional change,
while the estimated relationship remains consistent with Norway’s contemporary
pattern wage bargaining system.

Keywords: Pattern wage bargaining; Wage-price nexus; Main-course model; Wage
coordination; Long-run relationship; Cointegration; Economic history.

1 Introduction

Labour market institutions are comparatively strong in Norway and collective bargaining
continues to be important in the wage formation processes. International comparisons
place Norwegian together with countries that have “organised decentralised and coordi-
nated bargaining systems”, OECD (2019a, p. 74).

*Anders Harildstad, Ragnar Nymoen and Olav Slettebg contribute equally to this paper and should
be treated as co-first authors.
fCorresponding author. E-mail: ragnar.nymoen@econ.uio.no



The current system in Norway operates through pattern wage bargaining, which as-
signs special importance to the manufacturing sector, Calmfors (2025). The peak organ-
isations in this sector use profitability benchmarks to negotiate a wage growth target for
the entire economy. A hallmark of pattern wage bargaining is the clear sequencing of
decisions each year. The frontrunner is the agreement in the manufacturing industry.!
After the frontrunner, sectoral agreements are negotiated in the wage following sectors
of the economy.?

However, the sequencing of decisions in wage setting is not a new invention. It is more
structural trait that links the modern pattern bargaining to earlier systems, in which the
wage scope defined by the “tradable” (manufacturing) sector served as both an anchor
and a driver of the general wage level. Another structural feature that connects the past
with the wage formation of today is the institutions of resolution in the case of conflict
about pay and working conditions, which can be traced back to the mid-1930s.

The institutionalisation of collective bargaining was vital for the labour movement
during Norway’s industrialisation. It was a barrier against unregulated competition,
sometimes referred to as “Manchester liberalism”, Frisch (1945). After a period marked
by industrial unrest and class conflicts, it was also politically recognized as a tool for
achieving relative peace between workers and employers. Labour market regulation had to
be compatible with private ownership and competitive product markets. This balancing
act, between liberalized product markets and labour markets protected just enough to
sustain collective bargaining, shaped wage setting in Norway. It became a defining feature
of labour market development in the Western economies during the 20th century.

Because economies and labour markets are evolving, the balancing act continues.
From the perspective of the builder of empirical models of national wage formation, a
key implication of the duality between institutional forces and market dynamics is that
both have shaped the data over a long historical period. Consequently, despite high
year-to-year variability, and secular changes in industry structure and labour market
participation, there may be an element of continuity in the data-generating process,
justifying econometric treatment to wage formation over a long time span.

This paper focuses on the degree of continuity, stability, and invariance in one par-
ticular institutional dimension of collective wage formation: the role and influence of the
main-course variable, which originates in the manufacturing sector, in determining the
trend of the national wage level.

The theoretical framework of wage setting with a clearly defined main-course variable
dates back to the 1960s, see Bardsen et al. (2005, Chapter 3) for a brief account. At
that time, the manufacturing sector was about to reach its peak, in terms of employment
share and as share of total value added in Norway. Given that leading role, it was perhaps
only natural that collective agreements in manufacturing strongly influenced wage setting
in other sectors. However, it is also plausible that the concept of the main-course was
theoretical formalization of a practical wage-setting system with a longer history.

'Head agreements (hovedoppgjor) on wages and broader issues last two years. The frontrunner is
then the agreement between the Federation of Norwegian Industries (Norsk Industri) and two unions
(Fellesforbundet and Parat). In the intermediate settlement (mellomoppgjor)—which covers only wage
adjustments—the frontrunner is the agreement between peak organisations (NHO and LO, and NHO
and YS).

2Sectoral agreements leave room for workplace-level agreements to finalize the wage contract, and the
challenge is then to obtain sufficient coherence between the frontrunner wage target and the national wage
increase generated by the two-tiered process. This trait is shared with other countries with decentralized
coordination, Denmark, Finland, the Netherlands and Sweden, OECD (2019a, Chapter 2.7).



While it goes beyond this paper to discuss how to place the main-course theory’s
in the history of economics ideas, it is not too much of a speculation to claim that is
was inspired by a certain exogeneity proposition about the wage level, Forder (2014,
Ch. 1), that was found on in macroeconomic thinking and teaching in the first post
Word War II decades. It was not that the wage level was seen as unconditionally fixed
or determined from outside. It was more the point that the wage level was recognized
theoretically to be only loosely attached to the level of unemployment. Hence the meaning
of exogeneity of nominal wages and prices was with respect to the level of unemployment
(and other measures of supply-demand imbalance, like output-gap). In these models,
it was seen as possible that wage and price growth could be stabilized at a given rate
of (full) unemployment, which in turn may be seen a continuation of the discussion in
(Keynes, 1936, Chapter 19).

Also mentioning is the conceptual closeness to the ability-to-pay hypothesis that
gained some popularity in the 1950s and 1960s. As pointed out in Carruth and Os-
wald (1989, Chapter 1), research findings by leading economists in the 1950s and 1960s,
had strongly indicated that compensation and pay levels depended on factors which were
determinants of profits.> Moreover, that form of division of value added between the
worker and firms side was regularly and broadly taking place. As we review below, the
same idea is found in the work of Scandinavian economists of the same era, The term
main-course (of the wage level) was coined by Aukrust (1977). Conceptually the main-
course corresponds to long-term ability-to-pay.

In this paper, we make use of new historical time series of prices, productivity and
wages from the early 1900s to 2025, Harildstad (2026). This allows us to define a long
time series for the main-course variable, and to empirically assess its force. We concep-
tualize force along three dimensions. First, we investigate the existence of a relationship
between the main-course and the national wage, using graphical analysis and econometric
methods. Second, we examine the stability of the equilibrium correction wage equation
implied by a long-run relationship. Third, we address the empirical question of causality:
Has the main-course acted as a driver of the national wage, or are there signs of reverse
causality?

We contribute to the literature that give econometric treatment to aggregate wage
formation in Norway by using cointegration methods and equilibrium correction models,
see Nymoen (1989a,1989b), Johansen (1997), Bardsen et al. (2005) among others. Our
finding that the productivity component of the main-course has been the main factor
behind secular growth in the purchasing power of annual wages, contributes to the lit-
erature of wage-productivity nexus, widely defined, see Castle and Hendry (2009), Dosi
et al. (2020), Schwellnus et al. (2024) among others. The constancy of the relationship,
over the long-term, indicates that the Decoupling Phenomenon (the Productivity-Pay
Gap) has not yet manifested itself macroeconomic data set that we analyse.

A paper thematically close to ours is Gjelsvik et al. (2020) who presented a model of
pattern wage and price setting in Norway with quarterly data, but over a much shorter
historical period than we span with our data set. Dalnoki (2020), estimated an econo-
metric model with a wage-leading and a wage-following sector, using annual data from
1970 to 2018.

The rest of the paper is organised as follows: Section 2 gives a brief account of
how the system of coordination has developed historically. We give attention to the
adaption to changes in market conditions, industrial structure, economic policies, and

3Carruth and Oswald mention Slichter (1950) and Lester (1952) among others.



in the the relative power of labour market organisations. Section 3 introduces a simple
theoretical framework with wage and price equations that imply logically a long-run
relationship between the main-course variable and the national wage. Section 4 contains
the econometric analysis of that hypothesized relationship. The final section summarizes
the main findings and discusses their relevance for current debate about the robustness
and functionality of Norway’s pattern wage bargaining system in our modern economy.

2 Lineages of wage coordination in Norway

In Norway, as elsewhere, labour market organisation is a phenomenon associated with
industrialization, which happened late in Norway. The economy was little affected by the
first industrial revolution. However, by 1900, demand for labour in shipbuilding, mining
and factories powered by the country’s many waterfalls, had led to concentrations of wage
earners in the bigger cities and in mining towns.

2.1 Organisation building

Industrial disputes (strikes and lockouts) about wage compensation, length of the working
day and working conditions, had not been unknown during the second half of the 19th
century. But in this era, the rule was that workers’ action had little basis in organisation.
There were important initiatives and “movements”, but they were usually short-lived. For
example, the Thrane movement was nation wide, and reached high member numbers in
middle of the 1800s, but it was short-lived. Fragmentation, weak solidarity and downright
rivalisation between workers’ organisations was also common, Bals (2022, Chapter 2 and
3).

Gradually, the ability to organise and to generate solidarity between worker’s became
stronger. The Norwegian trade union confederation (LO) dates back to 1899. It was
formed by trade unions that became central in the evolution of labour market reforms in
Norway in the 20th century. Organisation of firms and capital owners developed as if in
tandem. The peak organisation on the firm side was formed in 1900.4

Still, the organisation percentage for workers (union density) may have been below 10
percent in 1900, Olstad (2009). But it increased year by year, and reached 50 percent at
the end of the 1930s. The number and coverage of collective agreements also increased
both before World War I, and in the interwar years, Olstad (2009, p. 436-437).

Using data from the the 1930s in Norway, Béardsen et al. (2010) presented evidence
of a functional relationship between the manufacturing wage and factors that determine
profitability and ability to pay.® Theoretically interpreted, such a relationship is consis-
tent with collective wage bargaining playing a major role in the wage setting process,
Forslund et al. (2008).

2.2 Industrial strife and The Great Reconciliation

The growth of trade unions and the acceptance of collective bargaining did not happen
without conflict. Strife was the normal situation. In particular, 1921, 1924 and 1931
were years with serious conflicts. According to historians, this was a dangerous period

4NAF, which is NHO nowadays.
5The data used by Bardsen and Klovland was a panel data set of individual manufacturing firms.



for Norwegian society. Conflicts were so many, and fought so hard, that they became a
real threat to political democracy.

1934 became a year of decision — about having a common destiny or not. It must
have been surprising at the time that the parties chose reconciliation rather than mutual
destruction, Olstad (2019). Then, in 1935, came the Master agreement between the two
peak organisations LO and NAF. It has been regarded as the foundation of modern labour
market regulation in Norway. Leiserson (1959) is an early example of an “onlooker’s”
impression of the Master agreement in 1935 as a turning point: away from strife and
towards a joint capacity for coordinated, concerted adjustments in several key areas.b

The development of public sector wage setting institutions followed its own path.
Right until 1940, public sector wage setting was highly decentralised, Falch (2001). For
example, teachers had no formal collective bargaining rights before the first agreement
between the national teacher union and the (central) government was established in 1948,
Falch and Strem (2025) Nevertheless, the teacher wage relative to the manufacturing
wage was almost the same in 1939 as in 1905, a reminder that medium term relative
wage stability in itself is not evidence of (or depends on) formal centralization of wage
formation.

2.3 Consolidation of collective wage setting and development of
main-course theory

As the postwar period unfolded, with de facto full employment, and with a government
committed to support free collective bargaining, the management of the economy in Nor-
way became focused on the trade balance, exchange rate policies and international wage
cost competitiveness. In Norway, as in many other countries, inflation became a problem
for reaching important goals. It was not seen as an instrument towards attainment of
those goals.”

Inflation was considered an integral part of the processes that governed the interna-
tional cost competitiveness of Norway’s export and import competing industries. The
role of wage formation in these processes was clearest conceptualized in a government
commissioned report written by a group of experts in 1967. It soon became known as
the Main-course model.

A premise of the model was that the value added created in productive processes
represented a rent that would be divided between capital owners and workers. Another
was that the distribution of value added per hour occurs across both the internation-
ally competitive sectors (henceforth, the tradables sector) and the sectors sheltered from
international competition (the non-tradables sector). However, the strategic position of

6Reiersen (2024) is an interesting analysis of the mental re-orientation during the 1920s and 1930,
which probably was needed on both sides in order to break the deadlock marked by strife and industrial
unrest. Reiersen’s view is that the main step was to move from a situation of distrust, and hence conflict
as the main strategy on both sides, to a situation with sufficient trust so that the mutual strategy became
one of compromise and cooperation.

"Contrary to the ‘Phillips curve myth’ that formed between 1975 and 1977, there are almost no
evidence of Phillips curve inflationism in Britain, as Forder (2014) shows convincingly. One can say the
same about Norway, where inflation was unpopular among union leaders and members, Bergh (2009, p
118).

8Re-labelled as ‘A Norwegian Model of Inflation’ by Aukrust (1977), perhaps in an attempt by
Aukrust, who had headed the 1967-group, to coin something different than the term ‘Scandinavian
model’ after Edgren et al. (1969).



firms differs significantly between the two. In the non-tradables sector, firm owners can
protect their share of value added by adjusting product prices after wage levels have
been set. Firms in the tradables industries do not have this option, at least not to the
same extent. As a simplifying assumption, firms in the tradables sector can only make
contingent plans, based on given output prices.

This analysis identified a structural wage coordination problem. For example, in
situations with practically full employment, firms in the non-tradables sector might be
tempted to “bid up” wages to attract workers, which would erode the international cost-
competitiveness and profitability of the tradables sector, which was seen as problematic
in an era where the economy needed to export to pay for imports and to attract foreign
capital. A coordination mechanism that became associated with the Main-course model
was to implement a special form of norm based wage setting in the sectors of the economy.
The theoretical wage norm was defined by the required rate of return needed to attract
capital to the tradables industry. In that way, the wage level could be made to hang
together with the evolution of the main-course, as a tendency and over the longer term.
The insight was that the wage level would in some periods drift above the main-course
norm, in other periods it would sink below.

To illustrate his idea, Aukrust (1977) included a picture showing a line graph labelled
“Main course”, increasing as a function of time, inside “The Wage Corridor’ indicated by
dashed lines labelled “Upper boundary” and “Lower boundary”. As an operational defini-
tion of the main-course, the kroner value of average labour productivity was suggested,
as long-term stability of the functional income distribution in manufacturing would then
follow. While the wage scope was a central concept in the model, the rate of unemploy-
ment as not seen as an wage determining factor of any particular importance. Hence,
the main-course model can be seen as an example of the ‘wage-exogeneity’ theories of the
1960s that we mentioned in the Introduction.’

The model formulated by Aukrust and his colleagues was however a conceptual frame-
work, a theory. It was not a protocol about how to fix the real world wage levels and wage
relativities. The actual wage setting process in Norway continued to be based on volun-
tarism, and on a gradual modernization of the wage negotiation order that the Master
agreement of 1935 first had first set in place.

2.4 New challenges for wage-fixing

The organisational landscape was relatively easy to oversee in the first post-war decades.
There was only two peak organisations to reckon with, and the union density hovered
around 55 %, Stokke (2000). Since then, the union density has decreased moderately, and
is 50 percent at the time of writing. Interestingly, there has been an opposite development
among employers. The degree of organisation increased from 50 percent in 1965, to 70
percent in 2022, Nymoen and Svarstad (2025, Ch.3).

One consequence of the development is that the number of national organisations
increased. Since the mid 1980s, it is custom to reckon with four main peak organisations
on the worker side, LO is still the largest, but it is no longer unchallenged by the other
peak organisation, in particular when it comes to wage policies and priorities before and
during the annual wage settlements, see Nymoen and Svarstad (2025, Ch.5).

9Years later, the main-course theory was formulated as an hypothesis about cointegration between
the log of the wage level and the log of the main-course variable. Early studies for Norway includes
Nymoen (1989,1991), Rgdseth and Holden (1990) and Johansen (1995a) among others.



Moreover, if we only consider organisational percentages, we may underestimate the
wider set of challenges that economic development and societal changes presented to wage
coordination by voluntary collective action. Already in the 1970s, and increasingly in the
1980s and 1990s, the economy became more complex and the labour market organisations
more fragmented. These developments, and the challenges they represented for rational
wage-fixing — to borrow a term from the Meade’s book volume from 1982 — presented
themselves in all Western economies. In addition, Norwegian industrialists, politicians
and trade union leaders also soon faced the problem of how the super-profitable petroleum
producing sector could be taken on board, without breaking down wage norms and formal
institutions of wage formation.

It is not too far fetched to say that wage coordination came close to becoming defunct
on more than one occasion during the second half of the 20th century. According to histo-
rians Thomassen and Qksendal (2017), free collective wage formation became disliked by
economists inside and close to the central government administration during the 1970s,
who concluded that it had become impossible to use wage setting as an instrument for
the policy targets of the era, (Thomassen and Oksendal, 2017, p. 33-35).

In 1973, an initiative to replace annual free collective wage bargaining with a norm
decided by a central commission was almost made government policy, but was eventually
withdrawn. The 1980s came with wider frustration, which included the organisations,
indicating that the peak level oriented system had run its course because wage drift at
lower levels undermined wage moderation, e.g., Ibsen et al. (2024).

However, the inherited system continued, aided by intermittent checks. For example
in both 1978-79 and 1988-89, normal wage formation was replaced by wage laws, Bowitz
and Cappelen (2001). Then, a change occurred after the Norwegian banking crisis. The
‘Solidarity alternative’ of 1992 represented a social pact that revitalized collective bar-
gaining with a pledge to retrain total wage growth, (Thomassen and ksendal, 2017,
Chapter 7.8), Bergh (2009, Chapter 11). It is believable that the success of the ‘Solidar-
ity alternative’ was important for the emergence of the current system of coordination
through pattern wage bargaining.

2.5 Pattern wage bargaining

Eventually, the modernization of the economy and of working life did not mean the
end of coordination in wage setting. Instead, it has adapted and now operates through
pattern wage bargaining, PWB, where manufacturing, as a representative of the tradables
sector, concludes the first agreement in the annual rounds of wage adjustments. This
determines a norm for wage increases for other sectors to follow.! Hence it appears that
the manufacturing sector still plays a special role in the data generation process of the
national wage level.!!

This system of coordination has been favorably assessed in international policy eval-
uations. In 2019, OECD noted that “the system of collective bargaining based on coordi-
nated annual wage increases works well, providing top-level guidance on wage increases
that is anchored in macroeconomic realities” (OECD, 2019b, p.37).

0Calmfors (2025) provides insightful discussion of pattern wage bargaining in Denmark, Finland,
Norway and Sweden.

1Tt goes beyond the scope of this paper, but a similar characterization may apply to more countries
than often thought, cf. Miiller et al. (2018).



A significant development of the system has been that following the frontrunner agree-
ment, NHO, “in common understanding with” LO, determines the wage scope (rammen)
for overall wage growth in manufacturing. This practice stems from the 2013 white pa-
per NOU (2013), in which all members of a broadly representative commission agreed
that the scope should be credible and serve as a norm for subsequent settlements. It is
therefore reasonable to think of the ramme as an intermediate target for national wage
growth.

3 A simple formal framework

Based on the above, we investigate the hypothesis that the manufacturing sector’s prof-
itability and ability to pay, the main-course variable, has been the most important trend
determining factor of the national wage level over a sample that starts early in the 20th
century and ends in 2024.

The framework used for the empirical investigation needs to be allow for the facts that
secular changes in preferences, institutions and market have influenced how the wage level
has developed over time. In a long historical perspective, reduction of the length of the
working day has also been a goal for trade unions.

We begin with the following equation, meant to represent a long-run relationship of
hourly wage compensation in the manufacturing sector, w™:

w™ = ayme+ ash +x, a1 >0, ag > 0,. (1)

Since the equation is linear in parameters, we think of w™ as measured in logarithms.
On the right hand side, mc is the main-course variable defined as:

me = p" + 2", (2)

where p™ is the product price on manufactured goods (in practice the deflator of value
added at basic values), z™ is value added per hour worked, i.e., the operational definition
of labour productivity in manufacturing.

The second explanatory variable, A", is normal hours worked per year (in logs), mean-
ing that in the data it will capture not only the development of the normal length of the
working day, but also longer holidays and the change from a six to five day working week.

The last variable in (1), x, represents labour market tightness, but also a constant
and other deterministic terms.

In the empirical modelling below, we work with a time series for wage compensation
per year. Instead of (1) we therefore continue with:

w*™ = armec+ ash +h™ +x, 00 >0, a0 >0 (3)

where w®” is the wage per year in the manufacturing sector, and h™ represents actual
hours worked per year in that industry.

We next introduce a second hypothesis: If pattern-wage bargaining has been a feature
of the wage setting system, we expect to see stability in relative wages. In the simplest

form:
waf — ,wam7 (4)

where w® is the log of the wage level in wage-following sectors, which we for simplicity
think of as the rest of the economy.
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Figure 1: Time plots of the national wage and the main-course 1900-2025. The line
graphs have been matched by means of the series.

We can therefore define the log of the national wage level, denoted by w, as:
w=yw + (1 —y)w™™, 0 <~y < 1. (5)
Insertion of the previous equations give:
w = aymc + ash™ + h™ 4+ asz. (6)

Finally, and again with the reference to the long time perspective, we assume that the
number of hours worked per year is proportional to normal hours, denoted by A".

™ =1h", 0 < <1. (7)
The above formulations imply the following equation for the national annual wage level:
w=aymc+ (ag+)h" + (8)

Below, we use econometric methods to investigate the hypothesis that (8) represents a
valid long-term relationship. However, as a background, Figure 1 highlights the trend
properties of the yearly wage in Norway and the main-course time series in the data set.!?

The line graph labeled w; shows the natural logarithm of the national annual wage in
Norway 1900-2025. The dashed line labeled mc¢; shows the logarithm of the main-course
variable defined by the manufacturing sector. For better visualization of the degrees of
correlation, the line graphs have been matched by sample means.

The figure indicates a common trend in the w; data and the main-course time series
mc;. Moreover, they are also correlated in the sub-sample marked by nominal wage
reduction in the 1920s, the period of “hard parity-policy” by Norges Bank.

12The data set is included in the appendix.
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Figure 2: The wage inflation rate, Aw,, plotted together with the rates of change in the
main-course variable, Amc; and in normal working hours, Ah}

A rough and ready way to take the secular reduction in normal hours into account, is
to subtract A" from w, which gives the dotted lie graph labelled (w; — h}). Clearly also
this adjusted wage series is strongly associated with the main-course variable.

It might be noted that using (w; —h}) as the wage variable to analyse can be rational-
ized in two ways. First, judging from previous econometric modelling of manufacturing
sector wage formation in times of working time reforms, unions have struggled to main-
tain the compensation of the hourly wage in the long term, see Nymoen (1989b). The
translates to setting as ~ 0. Perhaps less debatable, in the long time perspective, is to
set ¢+ = 1; the actual working time is proportional to normal working time in the long
run.

Second, it is also true that, when the annual wage is adjusted for normal working time
as suggested, we obtain a proxy for a national wage per hour. The improved fit with mc,
also a per hour variable, is therefore not very surprising.

Below, we will integrate formal analysis of a (potential) long-run relationship with a
model of annual change in the national compensation, denoted Aw,;. As a background,
Figure 2 plots Aw, together with Amc; and Ah}.

The graphs suggest that there may be a short-run relationship between the national
wage and the manufacturing main-course. However, since the volatility is visibly larger
for the Amc, series than for Aw;, we can imagine that a (short-term) regression coefficient
for wage growth conditional on the change in the main-course will be less than one. The
dotted line graph shows the rate of change in the length of the working day and shows
that reductions were most frequent in the first part of the sample. The normal working
time, which was 3000 hours per year in 1900, had been reduced to below 2400 hours in
1920.

The secular reduction in working time was very modest over the next four decades.

10



In 1958, the length of the normal working day was 2272 hours per year. But then a
new period of significant hours reduction started, which is also visible in the graph. The
development brought normal hours down to 1729 in 1987. In 2024 the number of normal
working hours was 1676, meaning that the pace of hours reduction slowed down after
1987.

4 Results of econometric modelling and testing

The graphical analysis in Figure 1 supported the hypothesis about a long-run relationship
between the main-course variable of the manufacturing sector and the national wage level.
However, care must be taken, since relationships between trending economic time series
may appear to exists, even when the series are in fact independent, which has been known
since the seminal paper by Granger and Newbold (1974), which it its turn resounded
Yule’s 1926 warning about “nonsense correlations” between time series..

Cointegration analysis gives a feasible way to correct testing of hypotheses about long-
run relationships. One important premise is that the focused time series variables are
dominated by a low frequency unit-root. In that case they can be treated as integrated
variables, denoted I(1) in the case where the zero-frequency unit-root is not present in
the differenced series.

The statistical tests in Appendix A.1 support that, for the prupose of modelling, the
time series wy, pi* and 2™ can be regarded as I(1)-variables. The main-course variable
mey is defined as the sum of p}* and 2;". Therefore, mc; is taken to be I(1) without further
assumptions.

4.1 Empirical long-run relationship

To prepare the ground for the analysis we re-express (8) with time subscripts for the
variables, and with an explicit error-term ¢; as part of the model equation:

wy = fime, + Pohy + Bsuy + ¢+ € (9)

In line with the discussion above, the main hypothesis to test is §; = 0, against the
alternative that ; is positive, and quite close to one. However, given that institutional
and other changes noted above, there is reason to expect that the estimation and test
results can depend on which sub-sample the model is estimated for.

In (9), z in (8) has been replaced by the rate of unemployment u;.'* It is meant to
capture both changes in labour market tightness, as well as being a indicator of historical
variations in the balance of power between the worker and capital owner side. c¢ is the
constant term.

As noted immediately above, it can be a reasonable simplification to set 85 = 1, and
therefore to model the approximated wage per hour variable:

Hence, we investigate whether

why = Bime; + Baug + ¢+ & (11)

13In logarithmic scale.
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is defendable as a cointegration relationship so that ¢; ~ [(0) in contrast to the I(1)-ness
of the wage and the main-course specifically. It can be noted if we take as a premise that
that nominal homogeneity, a; = 1, holds in the equation for manufacturing wages setting
(1), and wage formation elsewhere hangs close enough together with manufacturing, we
expect also (31 to be close to +1.

Appendix A.2 contains formal test results, indicating that

why = 0.97me; — 0.15u, — 7.13 (12)

is a valid long-run equation.

The estimated [; is 0.97, close to the homogeneity mentioned above. Since u; is
the log of the rate of unemployment, the negative coefficient is the correct sign for that
variable.

As a check of robustness, we repeated the estimation, with the annual wage wy, cf.
Appendix A.2 Again, the null hypothesis of no cointegration could be rejected at the 5
% level. The estimated coefficient of mc; was 0.9, a little lower than in (12), which can
be said to be consistent with the impression given by the plots in Figure 1.

As discussed in the appendix, diagnostic testing show departures from the normal
distribution which gives the statistical foundation of the cointegration test used. To work

around this issue, it is more practicable to use a conditional modelling framework instead
of the closed VAR.

4.2 Conditional equilibrium correction wage dynamics

It is well known that cointegration implies equilibrium correction dynamics, and vice
versa, finding significant equilibrium correction implies rejection of the null-hypothesis of
no relationship. Direct testing and estimation of a cointegration in a well specified condi-
tional wage equation also gives a robustness test of the cointegration results immediately
above.

Equation (13) shows an empirical wage equation of the equilibrium correction type,
ECM hereafter, with Awh; = wh; — wh;_; as the dependent variable.

The adjustment coefficient of the lagged wage, wh;_1, is —0.18, consistent with coin-
tegration. The t-value (below the coefficient estimate) is —7.8, which is significant as
a formal test of the null-hypothesis of no cointegration judged by the critical values in
Ericsson and MacKinnon (2002).'

Azﬁlt —0 180wh,—1 + O 177mct 1+ 0.269Amc; — 0.633AR — 0.019u;—4

—7.82) (8.03) (—4.83) (—5.12)

- (0716581191675 + (% 1455[1920t + (% 0565119214 — (0 078[1922t — (0 9‘219)]192% (13)

— 8.10 51193515 + 0.077]1945,5 + 0.039511992,5 — 1.30
(0.010) (3.55) (4.3) (=7.49)

Estimation method: OLS. Sample: 1904-2025 (T=122)

0100 = 2.1 Oawl00 = 6.7 mean Aw = 6.1
F,-(2,106) = 3.8 [0.03] Foren(1,120) = 4.35 [0.04]  x2(2) = 4.7 {0.09]
Fhete-(13,103) = 2.0915 [0.0180]  Fitorm(2,106) = 2.46 [0.09]

14VWith good margin, as the 1 % critical value is —3.8.
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Conditional on cointegration, the implied long-run coefficient estimate for the main-course
variable is 0.98, which is practically identical to the estimated j; reported in equation
(12) above. The coefficient of Amc; is lower, but 0.27, with t-value 8, is still evidence of
a short-run relationship, as expected from the discussion of the graphs in Figure 2.

The next variable in the first line of the equation is the relative change in the number
of normal working hours, Ah}. The estimated coefficient is —0.63 which implies that
historical reduction in working time have tended to be partially compensated by higher
hourly wages. This applies to the short-term analysis. In the long-term perspective,the
cointegration results are consistent with the interpretation that hourly wage compensation
is unconnected with the length of normal working hours, cf. Nymoen (1989b)

The last variable in the first line of the equation is the lagged unemployment rate. The
t-value of the estimated (short-run) coefficient is —5.1. The implied long-run elasticity
is —0.11, which is comparable to the u-coefficient in the long-run equation (12) based on
the VAR, showing that the estimated relationship is robust with respect to the method
used to analyse cointegration.

Following Johansen and Nielsen (2009), these results can be interpreted as robust
OLS estimates. Robustness here refers to the model’s ability to handle location shifts in
the conditional mean, without allowing them to distort estimation or inference. If such
shifts are ignored, standard OLS or IV estimation can produce misleading results due to
non-normal residuals and the presence of outliers.

Equation (13) includes two types of indicators to account for structural shifts:

e Impulse indicators (Iyeart), which capture single-year shocks;

e Step indicators (SIyeart), which model persistent shifts in the level of a variable from
a specific year onward.

In order to aid interpretation, we note that a step-dummy is set to +1 up to and including
the year in the subscript, zero thereafter. Hence, the negative coefficient of the first break
indicator, STig14, implies a positive “wage-shock” that lasts until 1922 when it has been
counteracted by two negative shocks, i.e., after both Sligo1; and STig99; have switched
from +1 to 0. Historically, these sequence of breaks correspond well with the very high
wage inflation during WW-I1, and the deflationary consequence of the parity policy of the
1920s noted above. As (13) shows, the method picks up three other negative impulses
from this period, 1922 and 1927.

The last indicator from the interwar period is the step dummy of 1935, which im-
plies a positive shift to the wage level and which it is reasonable to associate with the
Great Reconciliation mentioned above. From the year of Nazi-occupation, the method we
applied only picked up a single impulse, for 1945. Interestingly, there is only one break-
indicator from the the post WW-II era: the step indicator for 1992 which implies lower
annual wage increases after 1992. A not too far-fetched interpretation is that it captures
the more lasting effects of the centralized wage settlements of the early 1990s, which were
seen at the time as instrumental for restoration of international wage competitiveness, cf.
Nymoen and Rgdseth (2003), Calmfors (2025) among others.

The inclusion of the indicators was determined using the Autometrics algorithm in
PcGive, an automatic model selection tool that applies indicator saturation methods to
robustify estimation—see Doornik (2009).

In brief, Impulse Indicator Saturation (IIS) works by creating a full set of time-specific
impulse dummies, one for each year in the sample (i.e., 7" dummies for T" observations, in
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Figure 3: Recursive estimation results: equation (13).

our case 121). This leads to an over-parameterized, or “saturated” model, which cannot
be estimated directly due to too many regressors.

To resolve this, a feasible split-sample selection algorithm—developed in Hendry et al.
(2008) and Johansen and Nielsen (2009)—is used to reduce the model in a statistically
valid way. The goal is to retain only those indicators that capture genuine structural
breaks, while discarding spurious ones.

When persistent breaks are expected, Step Indicator Saturation (SIS) is more ap-
propriate. In this case, both IIS and SIS were applied simultaneously. This dual ap-
plication helps capture both sharp one-off shocks and longer-term regime shifts in the
data-generating process.

To focus on identifying only the most large and consequential breaks, we used a
stringent target significance level of 0.001. This low threshold reduces the probability of
Type-I errors (false positives), effectively prioritizing the detection of large, consequential
breaks, even at the cost of potentially missing smaller ones.

Finally, standard residual diagnostic tests—reported below equation (13) show that,
considering the long sample period and the volatility of the data, the resulting model has
acceptable residual diagnostics.!®

Returning to the economic explanatory variables in equation (13), Figure 3 shows
recursive coefficient estimates. The line graphs start in 1924, reflecting that the initial
estimation sample is 1904-1923. The panels in the first row illustrate that as the end-
of-sample is increased towards 2025, the recursively estimated coefficients of wh;_; and

I5Residual mis-specification tests:
For:residual autocorrelation, Godfrey (1978); Fy,.cp:autoregressive conditional heteroscedastictiy, Engle (1982)
X2 (2)mmon-normality,Doornik and Hansen (2008);F}..:heteroscedasticity, White (1980)
F_form:functional form, Ramsey (1969)
Test statistic values are reported with p-values in hard brackets.
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mc;_1 in particular stabilize around their full-sample values. The same can be said about
about the coefficients of Amc; and AR} in the second row.

The coefficient of the unemployment rate (third row) seems to require the longest
estimation samples before it stabilizes. The sign of the estimated coefficient is consistently
negative though. Finally, the last graph shows shows the sequence of break-point Chow-
tests (scaled on the 1 % critical values of the F-distribution). Hence, conditional on the
eight indicators discussed above (the last one for 1993). the degree of recursive stability
can be noted as sign of relative structure.

As noted, the estimated cointegration relationship implied by (13) is:

why = ¢+ mep — 0.11uy, (14)

where the “target” variable wh; is defined by the linear combination of variables that is
cointegrated with wh,.

In passing, it is interesting to note that the elasticity with respect to unemployment
of —0.11 is close to earlier “wage curve” estimates that used time series that started in
the mid 1960s.1°

Consistent with cointegration, we can define the equilibrium correction mechanism:
eCMy: = why — mey + 0.11uy, (15)

and use it as an explanatory variable in the equilibrium correction equation for Awh;.
The full sample estimation result for this variant of equation (13) gives:

1904—2025.

Awh; = —0.17 ecmuy i1 + 0.26Amc, — 0.61ARY — 1.23 (16)
(—8.5) (8.0) (4.69) (—8.25)
where we have omitted the break indicators to save notation.!'” Another check of the
stability of the coefficients of the economic variables, is to split the sample in a pre World
War-1I sample and a post-war sample. The two equations are shown in equation and (17)
and equation (18):

1904—1939.

Awhy = — 0.20 ecmuy_1 + 0.32Ame; — 0.48ARY — 1.43 (17)
(=5.52) (5.35) (—2.4) (—5.36)

1946—2024 :

Awh; = — 0.14 ecmy_1 + 0.22Ame; — 0.81 AR — 1.02 (18)
(—5.41) (5.17) (—4.14) (—5.24)

The two sub-sample equations have common features: Significant adjustment of the
national wage with the respect to deviations from the secular value of productivity trend
defined by the main-course variable. At the same time, the short-run elasticities of the
main-course are significantly less than one. The implication is that medium-term wage

6Nymoen and Rgdseth (2003): —0.18, and Forslund et al. (2008): —0.10, sample 1965-1997.
ITFor completeness, the indicator part of the equation is:

— 0.17S11916¢ + 0.16511920; + 0.05511921+ — 0.0811999¢
— 0.0511927: — 0.07511935¢ + 0.08511945: + 0.085 119924,
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departure from the productivity trend have been a 'normal’ phenomenon, and without
any permanent de-coupling of wages from productivity.

Figure 4 shows dynamic simulation of model equation (16) over the period 1904-2025.
The simulation is conditional on the actual values of the main-course, the unemployment
rate and normal hours, as well as the break-indicator (hence, technically they are dynamic
ex-post forecasts).

_ —— Aw, —— Simulated
0.00f A
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1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
—— ecm,, —— Simulated

P O S S U RS RE U R
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

7.5 )
| —w, — Simulated
5.0
2.5

0.0

S S S S S S S RS B S N R
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Figure 4: Dynamic simulation of (15)-(16) 1904-2025, conditional on actual values of
the explanatory variables (main-course, rate of unemployment, working tme and break-
inidcators).

The line graph in Panel 1 shows actual wage inflation Aw;, and the dashed line shows
the simulated change in the national wage. Panel 2 shows simulated and actual values of
the disequilibrium variable ecm,;. The simulated fit is good for both variables, notably
also in the relatively long periods where there no are break-indicators included in the
estimated wage equation 13.

For completeness, Panel 3 shows the simulated (log) of the national wage level.
(Clearly, the simulation fits the secular trend in the Norwegian wage level very well, and
in the model the variable with enough force to explain the fit is the main-course variable,
cf. Figure 1.

16



4.3 The main-course and purchasing power

Using the results obtained so far, we can define a relationship for the target consumer
real wage, rwy:
rw; = ¢+ 2"+ (p™ — cpi)e + by — 0.11wy, (19)

where cpi; denotes the log of the consumer price index and hence rw; = w; — cpiy;.

Panel 1 in Figure 5 plots the actual consumer real wage, rw = w — cpi, together with
the target real wage rw;. The graphs show that the two series hang together credibly
in the long term. Panel 2, 3 and 4 plot rw* together with 2}, the productivity part of
the main-course variable, and each of the remaining explanatory variables in (19): the
relative price (p™ — ¢pi), the unemployment rate, u and normal hours.

The overall picture is clear enough: It is the productivity variable 2" that explains
the secular rise in the purchasing power of the national annual wage. Each of the other
variables can be seen as “modifiers” of the z"-graph — they do not represent new or
separate trends in the purchasing power of the national wage.

[ —rw L — a0

1 rw t—20 )
1L —— Z"+(p™ —cpi)
0 0
-1+ 1
| . | . | . L . | . |
1900 1950 2000 1900 1950 2000
I [
L —m [ —27
1k —Z"-011u 1L —— 2
07 0
-F ab
. | . . L . | .
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Figure 5: The purchasing power of the annual national wage, rw (actual) and fitted
trend rw*, and the explanatory factors in equation (19). The graphs show demeaned
data (deviations from sample averages).

If we supplement the framework in Section 3 with an equation that represents normal
mark-up pricing in the wage following sector, and define cpi as as weighted average of
the two product prices, the secular growth in (p™ — ¢pi) should depend on the difference
between the two industries’ productivities. On the face of it, that difference has not been
large enough in the data to create a widening gap between manufacturing productivity
and the purchasing power of the annual wage. However, understanding the long-term data
generating process of the general price level needs more modelling. It is an interesting
challenge for further work.
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Table 1: Exogeneity tests.
A. Weak exogeneity tests
t-values of ecmy, -1
in wh-equation: (16), in mc-equation: (22), in u-equation: (23)
—8.5% 0.14 0.63

B. Invariance tests
Wage equation exclusion tests

mec-breaks: F(7,103) = 1.94 [0.07]

u-breaks: F(11,99) = 1.17 [0.33]
Note: A: ** = significant at 1 %. B: p-values in brackets

4.4 Exogeneity and invariance

As usual in econometrics, the interpretation of the estimated model becomes more precise
if we investigate empirically the exogeneity status of the explanatory variables. The issue
is of particular importance for the analysis immediately above, about manufacturing
productivity as the main driver of the trend in purchasing power. If there is evidence of
reverse causality, meaning that wages drive productivity, the interpretation of the above
results must be reconsidered.

There are several dimensions of exogenity to investigate, Engle et al. (1983), Hendry
(1995, Ch. 5). The first is weak exogeneity, which is the condition for valid and efficient
estimation,

In a model where I(1) variables are combined to give a linear combination which is
1(0), the issue is whether lack of exogeneity of mc; and u; implies inefficient estimation
of the cointegration parameters (for example 5, in (9) above).

We have established, in (13) and (16), that ecm,_, is significant in the conditional
wage equation.

A feasible test of the weak exogeneity of mc; and u; with respect to the estimation
of the long-run relationship, is to test whether ecm,; 1 is a significant variable in one
or both of the marginal model equations. In Appendix B, the two marginal equations
are reported, as obtained by the same method we used to specify the econometric wage
equation.

Part A of Table 1 summarizes the results, showing that ecm,,;_ 1 is insignificant in the
marginal equations (22) and (23). Hence, both me; and u; are interpreted as weakly ex-
ogenous with respect to the long-term relationship. The result for mec may be interpreted
as an indication of absence of (strong) efficiency wage effects in our data set.

The two marginal equations in appendix, (22) and (23), also give a basis for testing
super exogeneity of mc, and/or u, with respect to the parameters of (13). Super exogene-
ity is the joint property of weak exogeneity and invariance of parameters with respect to
interventions (structural breaks) elsewhere in the system of variables (their shared data
generating process), Engle and Hendry (1993).

A necessary condition for having a test of absence of super exogeneity with statistical
power is that there are structural breaks in the marginal model equations, and that the
indicator variables that represent the breaks that are unique (not the same as the ones
already included in (16)). As documented in Appendix B, this condition is fulfilled in
our case.

Part B of Table 1 summarizes the results of the invariance tests, which is reported in
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more details in the appendix There are seven unique break-indicators in the mc-equations.
Jointly, they are insignificant at the 5 % level when tested for exclusion from the wage
equation. Regarding, the breaks in the u-equation there are 11 in in total, and as the
table shows they are jointly insignificant in the wage equation.

4.5 Robustness checks

So far, the results have supported the existence of a long-term relationship between
the main-course and the national wage level, and that the relationship has been upheld
by adjustments of wages and not in a significant way by adjustments of the rate of
unemployment or of the main-course variable itself. Moreover, the dynamic wage equation
has parameters with a surprisingly high degree of constancy with respect to the detectable
breaks in the equations for the two explanatory variables. Another term that describes
these results is that the relationship is robust.

In this sub-section, we briefly investigate robustness in a few other directions. In
Table 2, the results in the column labelled MO is the baseline model, i.e., equation (16)
with ecmy,;—1 defined in equation (15). In order to save space the results for the indicator
variables are not reported in the table (their role was discussed above).

Comparison of the results for MO with the results for M1 in the table shows that
coefficient estimates of ecm,,;—1 and Amc; are robust with respect to estimation method:
OLS in the MO-column and Instrumental Variable (IV) estimation in the M1-column.
Concretely, in M1 Amc; is treated as an endogenous explanatory variable, with Amc;_;
and the indicator variables in equation (22) as instrumental variables. This means that
there are 4 over-identifying instrumental variables. The validity of the over identifying
instruments, can therefore be tested by the specification test of Sargan (1958,1964), which
is reported in the M1-column and is insignificant at the 5 % level.

It is of interest to test robustness with respect explanatory variables that are frequently
used in wage modelling. Cost-of-living is arguably first among such variables.

Table 2: Robustness check of the dynamic equation between the national wage and the
main-course. Sample 1904-2024.

Model: MO M1 M2

Baseline, (16) IV estimation Cost-of-living
€CTy 1 017 —0.18* —0.14*
Amey 0.26* 0.34** 0.26*
Ah} —0.62* —0.55™ —0.52*
Acpiy_q 0.15**
Sargan-test 17(0.02]

** — significant at 1 %. For Sargan-test, p-value in brackets.

Column M2 in the table extends the baseline model with the lagged inflation rate
Acpi;_1. As the result show, the cost-of-living variable is significant and the two incum-
bent explanatory variables retain their significance, even if the estimates are somewhat
reduced compared to the baseline model (MO).
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5 Summary and discussion

In this paper, we have investigated the relationship between the Norwegian version of the
wage-scope variable—the main-course—and the national wage level over a long histori-
cal period. Using impulse and step indicator saturation, we obtained robust coefficient
estimates and tested their constancy in light of potential structural breaks, particularly
those affecting the main-course variable.

Given the profound changes in economic structure, technology, and labour market
participation over time, it would be naive to expect a fully stable model equation. Our ap-
proach instead began with a general model, saturated with indicators capturing structural
breaks. Using the machine learning algorithm Autometrics, we identified and retained
only the most significant breaks in the empirical relationship between the main-course
and the national wage.

Interestingly, relatively few break indicators were retained by the estimation method.
Those that were can be interpreted as capturing the volatility evident during the first
World War, when the Norwegian economy boomed, and during the extended period of
stagnation and crises throughout the 1920s and 1930s. This era also marked the formation
of the institutional framework for collective bargaining in Norway—based on voluntarism
and free negotiation.

From the period of institutionalized collective wage bargaining onward, only two
break-indicators were retained. One is an impulse dummy that pick up the effect of
a wage ‘freeze” in 1979. The other is a step-dummy which captures the more persistent
effects of the centralized wage settlements of the early 1990s.

Conditioned on the break indicators, the results document a relatively high degree of
constancy in the parameters of the relationship. Since the early 1980s, employment in the
manufacturing sector—which defines the main-course both in our model and in actual
wage formation—has declined significantly. Today, the sector accounts for less than 10
percent of total hours worked in Mainland Norway. It would not be surprising if such a
secular shift weakened the legitimacy of the main-course as an anchor for wage growth
in the broader economy. However, if such erosion had progressed far, we would expect to
observe a breakdown in the empirical relationship—yet we do not.

In terms of econometrics, our findings support the interpretation of the main-course
as a super exogenous variable in the wage equation, exhibiting a degree of invariance to
structural breaks over the period studied. This implies that the main-course has been
a powerful driver of wage levels, extending well beyond the boundaries of the manufac-
turing sector. This is consistent with the current institutional reality: in the 2020s, the
manufacturing sector’s collective agreement continues to serve as the “front-runner” in
Norway’s system of pattern wage bargaining.

The robustness of this empirical relationship may reflect the robustness of Norwegian
labour market institutions. But institutional robustness is not about rigidity; it is about
adaptability to economic, political, and societal changes. So far, institutional adaptation
appears to have reinforced, rather than undermined, the leading role of the main-course
in national wage formation.

The empirical wage equation we estimate has implications for the development of
the purchasing power of the annual national wage. Concretely, the results imply that
the singular long-term driver of purchasing power has been average labour productivity
per hour in the manufacturing sector. According to our results, three other variables
have held force in the shorter term perspective: Reforms in normal hours, the rate of
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unemployment, and the relativity between the price of manufacturing products and the
consumer price index.

The results obtained in the paper may rekindle discussions about the institutional
dependency of the empirical relationship between trend productivity and the secular rise
in real wages. Our results are influenced by data from periods with different collective
strength (on both sides of the labour market), which suggests that the dependency is a
matter of degree, rather than of full dependency or nothing.

In 1980, during an era of industrial unrest in the UK, and based on earlier ground-
breaking research in historical economic statistics, and work for the Donovan commission
in 1966,'® Henry Phelps Brown thought that a good question was:

[..] how much had the unions brought their members that productivity would
not have brought them in any case?!?

A similar reflection is relevant after our analysis, since we tend to interpret the results as
being in agreement with the belief that without collective action, the outcome would have
been different. One reconciliation of views may build on the observation that it is not only
the existence of a relationship between wage and productivity that is of importance, and
which may depend on institutions: It is also the strength. In the long-term perspective,
it does matter for the functional income distribution whether the wage elasticity with
respect to productivity is 0.5 or 0.75, or indeed unity, as we found as a data acceptable
restriction on the relationship.

Our empirical results also lead to new research questions. For example, the roles
played by productivity per hour and the length of the normal working year in the de-
composition of annual wage should be researched in more detail. In the recent research
literature of long historical trends in real income, more attention has been given to work-
ing time. Taking working time into account has led to drastic revisions of economic
historians’ conceptions of real wages during the Industrial Revolution, cf. Humphries
and Weisdorf (2019) and the references therein.

To further analyse wage dynamics over the long term, future research will also need
to move beyond the reduced-form approach taken here and towards multiple equation
modelling. Such an approach may also give better insight into the mechanism that
underlie the robustness of the wage-productivity nexus documented by analysis of the
aggregated time series.

A Integration and cointegration analysis

A.1 Unit-root tests

Table 3 contains results for Augmented Dickley Fuller (ADF) tests of unit-roots in the
key time series, hence the null hypothesis of the tests is that the data generating processes
contain the low-frequency unit-root.

The reliability of the ADF-test depends on the correct specification of the determinis-
tic part of the underlying regression model. In Table 3, the regressions used for the three
level series: wy, pj* and 2" include both a constant term and a deterministic trend, in-
dicated by Constant-+Trend. This secures that the regression models are congruent with

18Phelps Brown (2012a)
19Phelps Brown (2012b)
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Table 3: t-ADF test statistics. Sample 1903-2025

Constant+Trend Constant
wy A Awy Ap" Az
—-24 | =21| —14 3.8 | —T7.1** —9.5**
Memo:

** indicates significance at 1 % critical level.

D-lag = 0: Ap*, Az{"; D-lag = 1: pi*,2{"; D-lag = 2: Awyj™;
D-lag = 3: wi™.

the trending behaviour of the series, both under the null hypothesis and the alternative
hypothesis (no unit-root). In the regressions used for the tests of Aw;, Ap;® and Az},
only a constant term is required, since these differenced series do not contain clear trends.

A second issue is the degree of stochastic augmentation used in the unit-root tests,
which refers to the number of lags of the differenced series (D-lag) included in the regres-
sions. If D-lag is set too small, the ADF-test is invalidated by residual autocorrelation. If
it is set higher than needed to achieve approximately white-noise residuals, the ADF-test
may become inefficient in the finite sample we in practice use (hence inflate Type-2 error
probabilities). The chosedn of D-lags are reported in the Memo-part of the table. They
were based on the significance of the t-values of the lagged differences.

A.2 Cointegration tests

To test and estimate the hypothetical long-run relationship (11), we used the vector
autoregressive (VAR) cointegration method of S.Johansen (1995), as implemented in the
software package OzMetrics, see Doornik and Juselius (2018).

Table 4 shows results for the Trace-test of reduced rank of the long-run matrix of two
models, VAR(1) and VAR(2). The number of lags for the endogenous variables is two in
VAR(2), and one in VAR(1). Both tests are based on an assumption of weak-exogeneity
of u; with respect to the cointegration parameters.

With two endogenous I(1) variables, the rank can be wither zero (no cointegration)
or 1. The table shows that rank = 0 can be rejected at a significance level close to 5 %
when VAR

Table 4: Cointegration tests based on VARs with wh; and mc; as endogenous, u; as
weakly exogenous and unrestricted constant. VAR(2): Two lags of the endogenous, one
lag of u;.VAR(1): One lag of the endogenous, one lag of weakly exogenous wu;.

VAR(1) VAR(2)

1904 - 2025 1904 - 2025
rank Trace |[p-value| | Trace stat [p-value]
0 93.23 [0.00] |30.47 10.056]

1 1089 [0.219] | 7.34 10.539]

Trace and p-value incorporate the Bartlett
small sample correction, Johansen (2002)
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Figure 6: Plots of the residuals defined by the two long-run relationships in (20).

Conditional on rank = 1, the cointegrating relationships of the two models become:

CI-VAR(1) : why = 0.961mc; — 0.31uy — 7.10 + &
(116.0) (10.4)

CI-VAR(2) : why = 0.969mc; — 0.153u; — 7.25 + € (20)
(114.9) (4.2)
with t-values in brackets below the estimates.?’ The coefficients of mc, are nearly identical
and close to long-run homogeneity (+1). There is a more notable difference between
the two estimated elasticities with respect to the unemployment rate. However, since
the sample variance of u; is much lower than of mc;, that difference does not impact
qualitatively on the properties of the relationship, see Figure 6.

As noted in the main text, we do not get clear empirical guidance about the treatment
of normal working time per year, hn. The main result about cointegration between wage
and main-course is however robust. When the analysis is done with w; instead of why,
the tests give rank=1. The estimated cointegration relationships become:

CI-VAR(1) : wy = 0.895mc; — 0.267Tuy + ¢ + €
(136.3) (15.8)

CI-VAR(Q) LWy = 0901mct — 0141’&75 + ¢ + ét
(141.8) (5.2)

(21)

The results are similar to (20), but with somewhat more notable departures from nominal
homogeneity.

Although the results of the cointegration analysis are economically meaningful, and
robust in the directions that we have investigated, diagnostic tests of the residuals show
departures from gaussian properties. Non-normality of VAR-residuals is a contradiction
of the assumptions of the statistical framework of the cointegration test.

20The two constant terms are without t-values as they are sample means of the long-run relationships.
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A plausible explanation for the diagnostic problem is that there are structural breaks
in the sample period that needs to be taken into account. To do this by inclusion of
break-indicators in the VAR used to test rank-reduction has implications for the critical
values, and is left as a task for further work. Instead, we have used the approach that we
document in the main text and make use of a conditional model which has well behaved
diagnostics after objective selection of break indicators has been applied.

B Testing exogeneity

To implement the exogenity tests, marginal model equations were specified for mc and
u. For the mc-equation, the 0.1 % target significance level was used.

In (22), the t-value of ecm,, is —0.4, which does not reject the hypothesis that the
main-course variable is weakly exogenous with respect to the parameters of the long-run
relationship.

Ame; = 0.0lecmy,—1 + 0.37Ame, + 0.08 + 8 impulse indicators (22)
(0.14) (5.51) (0.25)

Estimation method: OLS. Sample: 1904-2025 (T=122)

0100 = 4.85 OAmel00 =75 mean Amc100 = 6.4
Fop(2,109) = 1.72 [0.18] Foren(1,120) = 0.95 [0.33]  v2(2) = 3.11 [0.21]
Fheter (4,109) = 0.83937 [0.5031]  Fiomm2,109) = 3.17 [0.05]

That it is admissible to restrict the coefficient of ecm,, ;1 to zero in (22) is also important
for the interpretation of the simulated fit in Figure 4: It represents formal support for the
theory that it is the main-course that is driving wages, and not the other way around.

There are eight significant break-indicators in (22), for which the detailed estimation
results have been omitted to save space.

The invariance of the wage equation with respect to the breaks can be tested by a stan-
dard omitted variable test in the wage equation. The test of joint insignificance of seven
unique break indicators from the mc-equation (Ii915, I191s, T1924, L1926, L1932, L1946, T1951)
gave as result F(7,103) = 1.94[0.07].%!

When we undertook the same type of modelling exercise for the (log of) the rate of
unemployment we obtained equation (23):

Ay = —0.12ecmyyi—1 + 0.35Au;_1 — 0.39u;_1 + 1.26
(0.63) (5.81) (7.96)

(0.86) (23)
+ 4 impulse indicators + 9 step indicators
Estimation method: OLS. Sample: 1905-2025 (T=121)
0100 = 17.6 0,100 = 72.3 mean v = 0.93
F.-(2,102) = 1.0 0.36] Furen(13,101) = 1.43 [0.16  x2(2) = 1.0 0.61]

Fhetos(13,101) =1.43 [0.16]  Fiorm(2,102) = 3.44 [0.04]

210ne of the six indicators in (22) is 1921, which is perfectly collinear with STjga0 the STige; in the
wage equation, this means that the number of unique mc-break indicators are seven.

22With target level 0.1 % Autometrics selected very few break indicators, and none after 1920. To
obtain the reported marginal equation, target level 1 % was used
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The statistical insignificance of ecm,,;_; is in support of the hypothesis that wu; is weakly
exogenous with the respect to the parameters of the long-run relationship for the wage-
level. As noted in (23), the marginal model of Au contains 13 indicator variables (4
impulses and 9 step-indicators). Years with break indicators are from different parts of
the sample, for example 1910, 1947, 1949 1957, 1979 — and from both 2020 and 2022.
The result of the exclusion test of eleven unique u-break indicators from the wage
equation gave F'(11,99) = 1.17[0.33].2> Hence, u; can be regarded as super exogenous
with respect of the parameters of the relationship between the wage and the main-course.

C Data

Table 5 displays variable definition and sources. The data series of the variables W,
PM, ZM and HN were obtained from a historical time series project commissioned by
Statistics Norway which will be published as Harildstad (2026).

Table 5: Variable definitions and sources.

Variable Unit Source

W Wage per year. 1000 kroner | Harildstad (2026)
PM Price deflator of manufacturing value added, | 2015=1 Harildstad (2026)

basic value.
ZM Average labour productivity, manufacturing | Kroner, Harildstad (2026)
2015 prices

HN Normal working hours Hours Harildstad (2026)

U Unemployment rate Percent Nymoen (2017), Nav
CPI Consumer price index 2005=1 Nymoen (2017), SSB

SSB: Statistisk sentralbyra (Statistics Norway)
Nav: Norwegian Labour and Welfare Administration

The historical time series of the unemployment rate, U, and of the consumer price index,
CPI, are extensions of the series documented in Nymoen (2017), which had 2015 as end
of sample.

Unemployment rate.

NAV has published a historical data for registered unemployed in percent of the
labour force is available since 1948.24 It represents the longest consistent time series for
the Norwegian unemployment rate. We use this series for the period 1948 to 2024.

For the period with 1940-45 (Nazi occupation) and 1946-47, the interpolation method
described in Nymoen (2017, Data definitions and sources) has been used. For the interwar
period 1920-1939 we use the series from Grytten (2008, Table 3). For 1903-1919 we used a
scale adjusted version of the the time series of unemployment rate of trade union members
in percent of union membership.?

Consumer price index.

23u-break indicators I1go1 and STjgys were perfectly collinear.

2https: //www.nav.no/no/nav-og-samfunn /statistikk /arbeidssokere-og-stillinger-statistikk /historisk-
statistikk

Z5The data are taken from SSB (1948, Table 187 ) and SSB (1958, Table 162 ).

25



The series documented in Nymoen (2017, Data definitions and sources) has been
extended to 2024 by the use of the yearly figures of the official consumer price index?®.

Data availability The time series of the varibles in Table 5 are available in xslx-file format
upon request.

Definition of the log-transformed variables used in the analysis:

w = In(W), p™ = In(PM), 2™ = In(ZM), mc = p™ + 2™, h" = In(HN)
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