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The neo-Goodwinian model reconsidered

Michael Cauvel*
Assistant Professor of Economics, University of Southern Maine, Portland, ME, USA

This paper examines the relationship between aggregate demand and the wage share in the US using
a vector autoregression methodology. It finds evidence of Goodwin-cycle effects – that is, profit-led
demand and a profit-squeeze effect – in baseline estimates using assumptions traditionally used in
the aggregative literature. However, estimates that examine the relationship between demand and
the two components of the wage share (the real wage rate and labor productivity) indicate that
these results are highly sensitive to ordering restrictions relating demand and labor productivity
and that different types of shocks to the wage share may have differing effects on demand. The results
suggest two possible interpretations of the initial Goodwin-cycle finding, depending on the assump-
tions used to identify the demand–productivity relationship. One suggests that the initial estimates
reflect a causal relationship in which the effects are driven by a positive effect of productivity on
demand and a negative effect of demand on productivity. The other suggests that the initial Good-
win-cycle finding may be spurious, as it interprets contemporaneous pro-cyclical variation in labor
productivity as a profit-led demand effect, thereby obscuring an underlying wage-led relationship.

Keywords: functional distribution of income, neo-Kaleckian model, wage-led and profit-led
demand regimes

JEL codes: E25, E11, E12, E32

1 INTRODUCTION

A vast empirical literature exists examining the relationship between demand and the
functional distribution of income – that is, the share of total income going to wage earners
vs the share that is earned as profits. Previous studies have generally fallen into two broad
groups: ‘aggregative’ studies that examine the bi-directional relationship between the wage
share and a single measure of aggregate demand and ‘structural’ studies that treat the wage
share as exogenous and separately estimate its relationship with the individual components
of aggregate demand.1 There is a clear pattern in the results found using these two differ-
ent methodologies. Studies in the latter group typically find evidence of wage-led demand
(with a higher wage share increasing demand), except in cases of small, open economies,
whereas the former generally find evidence of a cyclical relationship, often called a

* Email: michael.cauvel@maine.edu. The author would like to thank Robert A. Blecker, Gabriel
Mathy, Yun Kim, Tara M. Sinclair, anonymous referees, and participants at the Eastern Economic
Association conference (New York, February 2019) for providing helpful feedback, as well as Laura
Carvalho and David Kiefer for answering questions about their research.
1. Although the empirical measure of the wage share often includes multiple forms of labor com-
pensation, including bonus pay and benefits – and not just wages – the term ‘wage share’ will be
used in order to maintain consistency with the theoretical literature.
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‘Goodwin cycle,’ of profit-led demand and a profit squeeze (with a higher profit share
increasing demand and higher demand reducing the profit share) (Blecker 2016).2

This paper focuses on the aggregative approach, investigating a critique of this meth-
odology that has been highlighted by Lavoie (2017). Lavoie’s critique centers on the treat-
ment of cyclical variation in labor productivity, which is of particular importance given
that it is one of the components of the wage share (ψ), as shown in equation (1).

ψ ¼ l abour compensation
output

¼ l abour compensation=hours
output=hours

¼ real hourl y wage rate
labour productivity

(1)

He argues that labor productivity is likely to vary pro-cyclically with the business cycle,
and that if the model is not correctly identified, these positive effects of demand on pro-
ductivity may be mistakenly interpreted as positive effects of productivity on demand –
that is, a profit-led demand effect. Therefore, previous aggregative studies may be biased
towards profit-led findings if they do not properly account for these pro-cyclical produc-
tivity effects.

This paper explores this issue empirically in the context of the US economy by estimat-
ing various vector autogressions (VARs) including demand and the two components of the
wage share – the real wage rate and labor productivity – to test the extent to which esti-
mates are sensitive to identifying assumptions relating demand and productivity. The
results suggest that estimates of this relationship are highly sensitive to the assumptions
that are used. Models maintaining the common assumption in the aggregative literature
that demand has only a lagged effect on productivity find evidence of Goodwin-cycle
effects. However, the results suggest that the source of the distributional shock matters,
as productivity shocks are profit-led and wage shocks are wage-led, albeit relatively smaller.
Moreover, when demand is allowed to affect productivity contemporaneously estimates
are suggestive of wage-led demand effects and an initial wage squeeze that results from
contemporaneous pro-cyclical variation in productivity. To the extent that the assumption
of productivity responding quickly to changes in demand is accurate, these results suggest
that estimates maintaining the traditional assumptions will be biased, as some of the esti-
mated Goodwin-cycle effects will be spurious.

It should be noted that all of the results in this paper are limited to the short run, or at
most the medium run. The use of quarterly data, data differencing for many variables, and
a VAR model make it likely that the estimates pertain only to business-cycle fluctuations.
Furthermore, the estimates only capture the relationship between demand and the func-
tional distribution of income in the US economy. Results may differ for other countries.

The rest of the paper proceeds as follows. Section 2 presents the general theoretical
foundations and provides a brief overview of the literature. Section 3 discusses the empiri-
cal strategy, while Section 4 discusses the results. Section 5 provides some concluding
thoughts.

2. Stockhammer (2017) calls those who follow the aggregative approach ‘neo-Goodwinian’
because the cyclical relationship between demand and distribution in these models is different
from the theoretical relationship between the wage share and the employment rate originally
found in Goodwin’s (1967) model. Stockhammer calls those who follow the structural approach
‘neo-Kaleckians’ because they examine the relationship between distribution and the individual
components of aggregate demand and treat the wage share as exogenous, as some neo-Kaleckian the-
oretical models do.
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2 THEORETICAL FRAMEWORK AND LITERATURE REVIEW

2.1 Theoretical framework

Empirical literature exploring the relationship between demand and the functional distri-
bution of income is primarily inspired by neo-Kaleckian models of distribution and
growth, sometimes referred to as ‘structuralist’ or ‘post-Keynesian’ models, which link
the functional distribution of income to the components of aggregate demand. These
models stem from the work of Kalecki (1954) and Steindl (1952), and have been built
upon by many others (for example, Rowthorn 1982; Taylor 1983; 1985; Dutt 1984;
1987; Blecker 1989; 2002; Bhaduri/Marglin 1990; Marglin/Bhaduri 1990).

A basic version of the neo-Kaleckian model is presented below.3

Y ¼ AD ¼ C þ I þ G þ NX (2)

Equation (2) represents the accounting identity that aggregate demand (AD) is equal to
the sum of consumption ðCÞ , investment ðI Þ , government spending ðGÞ , and net
exports ðNX Þ , which are defined as exports ðX Þ minus imports ðM Þ . In equilibrium,
aggregate demand is also equal to total output ðY Þ . The various components of aggregate
demand can be specified in general terms as:

C ¼ CðY ;ψ;Z cÞ (3)

I ¼ I ðY ;ψ;ZI Þ (4)

NX ¼ NX ðY ; P;ZX ;ZM Þ; P ¼ Pðψ;ZPÞ: (5)

Each of these components, with the exception of government spending, is a function of Y,
ψ, and a vector of exogenous control variables, denoted Z j , where j ¼ C ; I ;X ;M ; P
indexes the component that the control variables determine. The wage share affects net
exports indirectly through the domestic price level ðPÞ, which is itself a function of the
wage share and a vector of control variables affecting the domestic price level, such as
import prices. Government spending is assumed to be exogenous, as it is not clear a priori
how output or the wage share would affect it. The resulting equation is thus:

Y ¼ AD ¼ CðY ;ψ;ZC Þ þ I ðY ;ψ;Z I Þ þ G þ NX ðY ; P;ZX ;ZM Þ: (6)

In the neo-Kaleckian literature (for example, Stockhammer et al. 2009; 2011; Onaran et
al. 2011; Stockhammer/Wildauer 2016), it is typically assumed that the partial derivatives
of the components of aggregate demand have the following signs: CY > 0, Cψ > 0, I Y > 0,
Iψ < 0, NXY < 0, Pψ > 0, NX P < 0.4 The effect of a change in the wage share on aggre-
gate demand and output is found by taking the derivative of Y with respect to ψ.

3. This discussion is primarily based on Blecker (2016), which introduces a simplified version of
the model from Stockhammer et al. (2011) and explains how the aggregative and structural meth-
odological approaches relate to the theoretical model. The model and Blecker’s explanation are sum-
marized here, and this discussion is not intended to be presented as the author’s independent work.
4. In some cases, it is noted that Iψ may be positive or negative because the wage share is likely to
have a positive effect on residential investment, even though it is expected to impact non-residential
investment negatively (Stockhammer/Wildauer 2016; Stockhammer et al. 2021; Blecker et al.
2022). The sign of Pψ may also be theoretically ambiguous, as different types of distributional
shocks may have different effects on prices. As Blecker et al. (2022) argue, increases in unit labor
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∂Y
∂ψ

¼ ∂AD=∂ψ
1−∂AD=∂Y

(7)

Due to varying effects of distribution on consumption, investment, and net exports, the
sign of the relationship between distribution and demand in these models depends upon
assumptions made regarding exogenous model parameters and functional forms. Note
that assuming stability in the goods market requires condition (8) to be satisfied:

∂AD
∂Y

¼ ∂AD
∂C

þ ∂AD
∂I

þ ∂AD
∂NX

< 1: (8)

Therefore, in a stable system, the denominator of equation (7) must be positive. As a
result, the sign of ∂Y =∂ψ depends upon the sign of ∂AD=∂ψ . Researchers following the
structural approach exploit this fact to sign ∂Y =∂ψ . They seek to calculate ∂AD=∂ψ by
separately estimating and then adding the partial derivatives of consumption, investment,
and net exports with respect to the wage share (with the wage share affecting net exports
through the price level). Blecker (2016) and Stockhammer (2017) note that studies fol-
lowing this approach usually find evidence that ∂AD=∂ψ> 0 , that is, demand is wage-
led (see, for example, Onaran et al. 2011; Stockhammer et al. 2011; Onaran/Galanis
2012; Onaran/Obst 2016; Stockhammer/Wildauer 2016).

On the other hand, those following the aggregative approach seek to estimate ∂Y =∂ψ
directly. By estimating the relationship between the wage share and a single measure of
output, they arrive at a solution like the following:

Y ¼ Y ðψ;ZC ;Z I ;ZX ;ZM ;ZPÞ: (9)

Aggregative models typically combine this with an equation for the wage share, like
equation (10), to make distribution endogenous.

ψ ¼ ψðY ;ZψÞ (10)

Those following the aggregative approach typically try to estimate difference equation ver-
sions of equations (11) and (12) in discrete time as a system, where output is measured by
the utilization rate ðuÞ , or the ratio of output or the output gap to potential output.

_u ¼ f ðu;ψÞ (11)

_ψ ¼ gðψ; uÞ (12)

This specification is similar to Goodwin’s (1967) theoretical model, which illustrates the rela-
tionship between the wage share and the employment rate as a system of two differential
equations. While Goodwin’s measure of economic activity was the rate of employment,
most studies following Barbosa-Filho/Taylor (2006) have used the utilization rate (see Niki-
foros/Foley 2012; Kiefer/Rada 2015; Carvalho/Rezai 2016; Barrales/von Arnim 2017).5

costs and reductions in firms’ monopoly power will both increase the wage share, but the former will
raise the price level and the latter will lower it. However, most studies in the literature have focused
only on the unit labor cost channel.
5. Goodwin’s (1967) model did not examine demand at all, as he followed a Marxian approach
in which employment was determined by capital accumulation. There is also a related literature that
estimates models that are closer to Goodwin’s original model (see, for example, Desai 1984; Harvie
2000; Grasselli/Maheshwari 2017).
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These studies mainly use lags of u and ψ as right-hand-side variables and often include few
or no control variables.

Estimating discrete-time versions of equations (10) and (11) yields estimates of the
slopes of the nullclines, alternatively called the ‘effective demand’ (for _u ¼ 0 ) and ‘distri-
butive’ (for _ψ ¼ 0 ) schedules (see Barbosa-Filho/Taylor 2006). The slopes of the null-
clines, −f u=f ψ for the effective demand schedule and −gψ=gu for the distributive
schedule, dictate the dynamics of the model. While there are numerous possible combina-
tions, some stable and some unstable, aggregative studies typically indicate a downward-
sloping effective demand schedule and an upward-sloping distributive schedule. In other
words, demand is profit-led, such that demand rises as the profit share (1−ψ ) rises, but
there is also a profit squeeze, wherein the profit share falls as demand (u ) rises. This case is
illustrated in Figure 1, which is based on a similar illustration in Barbosa-Filho/Taylor
(2006). Here, these dynamics are driven by a negative derivative of u with respect to ψ
and a positive derivative of ψ with respect to u . The presence of cyclical dynamics
depends on the functional form used by Barbosa-Filho/Taylor (2006).

There are a few important caveats. First, it is possible that counter-clockwise cycles like
those shown in Figure 1 may exist even in the absence of profit-led demand and profit-
squeeze effects. For example, Stockhammer/Michell (2017) argue that there is a possibility
of a ‘pseudo-Goodwin cycle’ in which counter-clockwise cycles occur due to entirely dif-
ferent dynamics related to Minskyan fragility, and that these pseudo-Goodwin dynamics
could be consistent with wage-led demand. Therefore, although this paper estimates the
slopes of the nullclines, these slopes may not entirely dictate the direction of the dynamics
in u;ψ space. Furthermore, this two-dimensional representation of the dynamics may be
an oversimplification of the underlying relationships. For example, it would not be able to
capture differing responses of the utilization rate to changes in the wage share depending
on which component of the wage share is driving the changes.

2.2 Literature review

Following these theoretical models, many empirical studies have sought to characterize
demand regimes as either wage-led or profit-led. However, despite much empirical
work in this area, considerable debate remains because results vary drastically. Although
the idiosyncrasies of individual studies contribute to the disagreement among results,

Utilization rate (u)

W
ag

e 
sh

ar
e 

(Ψ
)

Ψ = 0

 0

u = 0

Figure 1 System with profit-led demand and profit-squeeze effects adapted from Barbosa-
Filho/Taylor (2006)
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Blecker (2016) notes in a survey of the wide literature that results tend to depend on
whether researchers follow the aggregative or structural approach.

Aggregative studies typically find evidence of Goodwin-cycle effects. For example,
Barbosa-Filho/Taylor (2006) find this pattern when estimating a difference equation version
of the system in equations (11) and (12) for the US from 1948 to 2002 using a reduced
form VAR with two lags.6 Using data for 1967–2010 and a threshold vector autoregression
model in which the sample is broken up into different regimes based on the value of the
Gini coefficient, Carvalho/Rezai (2016) find that both profit-led demand and profit-squeeze
effects have become stronger in the regime of higher personal inequality, beginning around
1980.7 Araujo et al. (2019) find a profit-squeeze effect but no significant effect of the wage
share on the utilization rate.8 This difference in their findings relative to other studies could
stem from the use of an alternate ordering restriction in which the wage share is assumed to
have no contemporaneous effect on demand, whereas others like Carvalho/Rezai (2016)
instead assume no contemporaneous effect of demand on the wage share. Basu/Gautham
(2019) estimate a baseline VAR with the same ordering restriction used by Carvalho/
Rezai (2016) – albeit with the real exchange rate added as an additional variable9 – and simi-
larly find profit-led demand and profit-squeeze effects. They also estimate an expanded VAR
with three additional variables (the rate of capital accumulation, the unemployment rate, and
the rate of productivity growth),10 maintaining the same ordering restriction relating the
wage share and utilization rate. Their identification strategy does not allow them to examine
the effects of demand on the wage share, but they find evidence of profit-led demand in this
expanded model. They use an identification strategy, developed by Christiano et al. (1999)
(hereafter referred to as CEE identification) that requires that each variable only be ordered
relative to a key variable of interest – the wage share in this case. However, it is only able to
illustrate the effects of shocks to the key variable of interest; it does not capture how the
variable of interest changes in response to shocks to the other variables.

Other aggregative studies have found evidence of Goodwin-cycle dynamics using dif-
ferent techniques or country samples.11 Kiefer/Rada (2015) estimate a system of equa-
tions for the wage share and utilization rate for a panel of 13 OECD countries using

6. The model that they estimate is not a standard VAR, because they estimate the equations for
the utilization rate and the wage share separately, using data in levels for one and data in log levels for
the other. Stockhammer/Stehrer (2011) argue that these results are biased due to autocorrelation
problems, and likely sensitive to lag length.
7. Silva de Jesus et al. (2018) also find profit-led demand effects in the impulse response func-
tions from their VAR for Brazil. However, their Granger causality tests suggest that causality does
not run from the profit share to utilization or economic growth.
8. They also use the VAR methodology to examine the relationship between the wage share and
the employment rate, and estimate an autoregressive distributive lag model with equations for these
two variables and the utilization rate.
9. They find no significant relationship between the real exchange rate and either of the other two
variables.
10. Although labor productivity growth is included in the model, the authors do not address the
inherent link between productivity and the wage share. Although they assume that labor productiv-
ity growth has only a lagged effect on the wage share, shocks to labor productivity growth are likely
to lead to simultaneous changes in the wage share unless they are fully offset by changes in the real
wage rate within the same period.
11. An early study by Stockhammer/Onaran (2004) is an outlier. Estimating a larger model in
which the profit share and the utilization rate are only two of several variables included, they
find wage-squeeze effects and no significant effect of distribution on demand. It is possible that
these findings are the result of accounting for cyclical productivity effects, as they include produc-
tivity in the model and find a positive effect of demand on productivity. While controlling for

188 European Journal of Economics and Economic Policies: Intervention, Vol. 20 No. 2

© 2023 The Author Journal compilation © 2023 Edward Elgar Publishing Ltd



generalized least squares. Their results indicate Goodwin-cycle effects in the short run,
although they also find evidence that the equilibrium is shifting in the direction of a lower
wage share and lower utilization in the long run. Diallo et al. (2011) estimate a system of
equations using an instrumental variable approach with the generalized method of
moments and US data from 1973 to 2008, and find evidence of both profit-led demand
and a profit squeeze. Barrales/von Arnim (2017) use a wavelet decomposition to esti-
mate cyclical dynamics of the US economy at different periodicities. They find evidence
of Goodwin-cycle dynamics for all periodicities, although they do not find a clear cycli-
cal pattern in the medium run after 1980. Using longer data series and similar wavelet
analysis, along with regression analysis including control variables from the endogenous
growth literature, Charpe et al. (2019) examine the relationship between the wage share
and growth for the US, UK, and France. They find evidence of profit-led growth in the
short run and wage-led growth in the longer run, with stronger correlations in the long
run. Further complicating matters, Nikiforos/Foley (2012) find evidence that the distri-
butive schedule is non-linear, suggesting the existence of multiple equilibria. Their
model is estimated for different sub-samples using two-stage least squares applied to
US data. However, their full sample estimates are indicative of Goodwin-cycle effects.

The US case provides a striking illustration of the differing conclusions of aggregative
and structural studies. Although most aggregative studies find evidence of profit-led
demand, recent structural estimates of this relationship for the US are usually indicative
of wage-led demand (see, for example, Onaran et al. 2011; Stockhammer et al. 2011;
Onaran/Galanis 2012; Onaran/Obst 2016; Stockhammer/Wildauer 2016). These dif-
ferences suggest that the disagreement between the results of these two approaches can-
not be explained by differing objects of analysis, and must be the results of
methodological differences. Proponents of the aggregative approach argue that metho-
dological issues with the structural approach likely explain the generally differing results
of the two types of studies (see, for example, Kiefer/Rada 2015; Barrales/von Arnim
2017).

Critics have pointed out several methodological flaws with the structural approach. For
example, this methodology has been strongly criticized for not considering the effects of
demand on distribution. This methodological decision could lead to simultaneity bias, as
Stockhammer/Stehrer (2011) and Barrales/von Arnim (2017) find evidence suggesting
that various measures of aggregate demand or its components Granger-cause the wage
share. Others argue that simply adding up the coefficients from independently estimated
equations will not fully capture the systemic dimensions of the relationships (see, for
example, Blecker 2016), and that these estimates should not be interpreted as an aggregate
demand equation (Kiefer/Rada 2015).

Although the aggregative approach does not suffer from the same shortcomings as the
structural approach, previous aggregative studies have been criticized for other reasons. In
particular, Lavoie (2017) argues that models that do not properly account for potential
pro-cyclical variation in productivity may bias estimates towards findings of greater
profit-led demand.12 Lavoie (2014: 323–325) shows that the presence of overhead or
managerial labor can theoretically cause labor productivity to vary pro-cyclically with

productivity will eliminate any bias caused by the cyclical effects of demand on productivity, this
approach will lead to productivity shocks being counted twice, as they will affect both productivity
itself and the profit share.
12. It is possible that these issues also affect structural studies, which typically do not consider
them either.
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the utilization rate.13 Because the wage share is equal to the hourly wage divided by labor
productivity,14 as shown above in equation (1), pro-cyclical labor productivity effects
would make the wage share counter-cyclical (all else being equal), as an increase in the
utilization rate would lead to a decrease in the wage share, via an increase in labor produc-
tivity. Therefore, empirical estimates may incorrectly capture the increase in utilization as
the effect of the decrease in the wage share, when in reality the wage share is decreasing as
a result of increased utilization, through these pro-cyclical effects on productivity. As
Lavoie (2017: 212) explains:

[I]n an economy with overhead labour, all else being equal, that is, with no change whatsoever in
the mark-up over unit direct labour costs, an increase in the rate of utilization leads to an increase
in the share of profits. Thus, unless the measures of the profit share are corrected for this effect,
statistical enquiries will be biased towards finding that aggregate demand is profit-led.

Although Lavoie’s model suggests that the presence of managerial labor makes productiv-
ity pro-cyclical, this is not the only theory suggesting that productivity will vary cyclically.
These explanations, which are not mutually exclusive, include variable effort and capital
utilization over the course of the business cycle, labor hoarding, cyclical changes in tech-
nology, and cyclical resource reallocations (Basu/Fernald 2001; Gordon/Solow 2003;
Lewis/Van Dijcke 2019). However, not all theory suggests that productivity will be
pro-cyclical. For example, pro-cyclical effort consistent with labor hoarding would
make productivity pro-cyclical, but productivity may be counter-cyclical if effort increases
when unemployment is high (Lewis/Van Dijcke 2019). This labor discipline channel sug-
gests that worker effort is likely to fall when demand is high and rise during recessions,
when workers face both higher costs associated with unemployment and a greater prob-
ability of being fired or laid off (see, for example, Pacitti 2011).

Empirically, the pro-cyclicality of productivity was long considered to be a ‘stylized
fact’ and ‘an essential feature of business cycles’ (Basu/Fernald 2001: 225), with data sup-
porting this conclusion (for example, Stock/Watson 1999). However, more recent evi-
dence seems to suggest that this relationship has changed in the US, with productivity
becoming a counter-cyclical variable (see, for example, Burda 2018; Brault/Khan
2019). Burda (2018) suggests that this may be the result of increased exit of inefficient
firms during downturns (as the result of globalization) and the erosion of labor market
protections, which may have reduced labor hoarding and incentivized greater effort
from workers during downturns. Similarly, Fernald/Wang (2016) argue that effort has

13. In his model, the quantity of production workers employed is variable and depends on the
level of output, while the quantity of overhead managerial labor employed depends on the full capa-
city level of output, and therefore does not vary cyclically. As capacity utilization increases, the ratio
of production workers to total workers increases, causing total labor productivity to increase. Lavoie
(2017) notes that the argument that overhead labor will cause productivity and therefore the profit
share to vary pro-cyclically had previously been made by others, such as Hahnel/Sherman (1982)
and Sherman/Evans (1984) in their critiques of Weisskopf (1979). Giovannoni (2010) makes a
similar point, arguing that counter-cyclical variation in the labor share can be explained by a com-
bination of pro-cyclical productivity and sticky wages. Although they focus on the long run rather
than the business cycle, Böckerman/Maliranta (2012) similarly argue that the behavior of the labor
share can be explained by greater responsiveness of productivity than wages (in this case in response
to globalization).
14. If the wage rate and labor productivity are deflated using the same price index, these two vari-
ables are the two components of the wage share. However, if the wage rate and labor productivity are
deflated using different price indexes, then the wage share has three components: the real wage rate,
real labor productivity, and the ratio of the price indexes used to deflate the two other components.
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become less pro-cyclical and suggest changes in labor markets as one contributing factor,
along with changes in the composition of shocks affecting the economy.

Although this literature can offer important insights about the overall relationship
between productivity and the business cycle, the salient question for the purposes of
this study is a slightly narrower one: how to interpret the contemporaneous correlation
between productivity and demand. This question matters a great deal in this context
because researchers using a VAR methodology with short-run restrictions must make
assumptions about contemporaneous effects in order to identify models, as discussed in
more detail below. Following Lavoie’s (2017) argument, results would be biased towards
more profit-led findings if there are contemporaneous pro-cyclical productivity effects and
empirical models interpret them as an effect of the labor share on demand. On the other
hand, it is also possible that estimates could be biased in the other direction – underesti-
mating profit-led demand effects – if there are contemporaneous counter-cyclical produc-
tivity effects that models interpret as a positive effect of a higher wage share on demand.

Most previous studies following the aggregative approach have not controlled for potential
cyclical variation in labor productivity when estimating the relationship between the utilization
rate and the wage share. One notable exception is the concurrent work of Mendieta-Muñoz
et al. (2020). They estimate a structural VAR including the two components of the wage
share, real GDP, and the unemployment rate. They find significant Goodwin-cycle effects
even though they allow for a bi-directional contemporaneous relationship between demand
and productivity (by including additional restrictions relating the unemployment rate to
other variables). Whereas they explore the relationships between demand, distribution, and
unemployment, the model in this paper is designed to maximize comparability with the bulk
of the aggregative literature that focuses exclusively on the demand–distribution relationship
in order to test the importance of accounting for contemporaneous effects of productivity on
demand. Nevertheless, their estimates represent an interesting point of comparison with those
presented below. Although a full exploration of the sources of similarities and differences
between these two sets of estimates is beyond the scope of this paper, Section 4.2 briefly dis-
cusses the results in relation to those in Mendieta-Muñoz et al. (2020).

3 EMPIRICAL STRATEGY

3.1 Methodology

To examine how productivity effects impact the relationship between demand and distribu-
tion, a baseline set of estimates, found using a model including only the wage share and utiliza-
tion rate, is compared to estimates that replace the wage share with its two components to allow
for more precise ordering restrictions. The VAR methodology is used for comparability with
many previous aggregative studies that have used this estimation method. The baseline model
is a VAR that combines elements of the models used by Barbosa-Filho/Taylor (2006) and
Carvalho/Rezai (2016). Barbosa-Filho/Taylor (2006) estimated a VAR of the following form:

yt ¼ μþ ∑
L

j¼1
F jyt−j þ et ; (13)

where t is the time period, yt is a vector of dependent variables, and F j represents the
coefficient matrices to be estimated, μ is the constant, et is the error term, j ¼ 1, … ,
L indexes time period, and L is the number of lags.

This model is very similar to the one used by Carvalho/Rezai (2016). However,
whereas their model computes separate estimates for different regimes, depending on
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the value of the Gini coefficient, this model does not feature any regime-switching ele-
ments. Furthermore, whereas they measure both the wage share and utilization in natural
logarithm transformed levels, the baseline model includes the log level of the utilization
rate and the log difference of the wage share. The logged wage share is differenced in
this case because unit-root tests, which will be discussed in more detail below, suggest
that it is non-stationary. In this way, the baseline model also diverges from the methodol-
ogy of Barbosa-Filho/Taylor (2006), who estimate one model with the dependent vari-
ables in levels and another with the variables in natural logarithms to facilitate the
decomposition of each variable into its component parts. As this paper will not conduct
such a variable decomposition, it will simply use the log transformation.15 Another differ-
ence from the Barbosa-Filho/Taylor (2006) model is that they include an exogenous
trend. No trend is included in the baseline model here because neither the log utilization
rate nor the first difference of the log wage share exhibits a trend.

Following this estimation, modified versions of the model are estimated and com-
pared to the results of the baseline model. These additional specifications are used to
examine how ordering restrictions impact the results. In all specifications, the lag length
is determined by using the Hannan–Quinn information criterion (HQIC) – the recom-
mended information criterion when using quarterly data and a sample size above 120
(see Ivanov/Kilian 2005) – as a starting point. Models are then tested for serial correla-
tion using the Breusch–Godfrey test. Additional lags are added one at a time if any of
the following null hypotheses are rejected at the 10 percent level: no serial correlation at
lag 1, lag 2, lag 3, or lag 4. The White test (with no cross terms included) is used to test
each model for heteroskedasticity.16 In some cases where evidence of heteroskedasticity
is found, an additional lag is added to the model if doing so leads to a failure to reject the
null hypothesis of homoskedastic errors at the 10 percent level.17

As in Carvalho/Rezai (2016), Cholesky decomposition is used to obtain error terms
that are not correlated across equations, as reduced form errors will be correlated with
one another if the variables in the VAR are correlated. This is a necessary step if impulse
response functions (IRFs) are to be used for causal interpretation, because IRFs require
keeping all errors but one constant, and this is not possible if the errors are correlated
(Stock/Watson 2001). This technique also allows for some contemporaneous effects
between variables. Following this method, the order of the VAR imposes the restriction
that variables have no contemporaneous effect on those that come before them in the
ordering. However, variables do have contemporaneous effects on those that come after
them in the order. As Barbosa-Filho/Taylor (2006) do not use Cholesky decomposition,
the ordering used in Carvalho/Rezai (2016) and Basu/Gautham (2019) is used for the
baseline model:18

15. The components of the wage share, which are used in other specifications, are logged as well.
16. Unless otherwise noted, there is no evidence of serial correlation in any of the models discussed
in this paper. Serial correlation test results are available from the author upon request. Heteroske-
dasticity test results are presented along with the results of each model. Heteroskedasticity does
appear to be an issue for some models. Hypothesis tests are unreliable in the presence of heteroske-
dasticity, although it does not impact the estimation of the impulse response functions themselves.
The significance tests of the results of these models should therefore be viewed with caution.
17. The inverse roots of the characteristic autoregressive polynomial are also examined for each
model. For every model discussed in this paper, the modulus for each root falls within the unit circle,
suggesting that each model is dynamically stable.
18. In a study of the Brazilian economy Silva de Jesus et al. (2018) use a VAR model with generalized
impulse response functions (GIRFs). GIRFs are insensitive to variable ordering, but only because they
impose assumptions of their own, rather than leaving this task to researchers. GIRFs essentially
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yt ¼ ½Δ ln wage sharet ; ln util izationt �: (14)

This ordering imposes the restriction that the log utilization rate does not affect the first
difference of the log wage share contemporaneously. Models with this ordering use a less
restrictive version of the assumption in structural studies that demand has no effect on the
wage share at all. Although this assumption is commonly used in the literature, it is not
necessarily accurate. If productivity varies contemporaneously with demand, this assump-
tion will bias estimates of the effect of the wage share on demand. Following Lavoie’s
(2017) argument, positive contemporaneous effects of demand on productivity would
improperly be interpreted as profit-led demand effects. Therefore, although this restriction
is used in the baseline model, other specifications are also used to test the sensitivity of the
results to this assumption. In order to differentiate between changes in the real wage rate
and labor productivity, and to allow for more precise ordering assumptions, another ver-
sion of the model includes these two components of the wage share in a VAR with the
utilization rate.19 Different variable orderings are used to test the sensitivity of the results
to the assumptions regarding productivity and demand.20

combine IRFs from various orderings – taking responses for each type of shock from a specification
where the variable being shocked comes first in the ordering. As such, the ordering restrictions used for
GIRFs are neither theoretically motivated, nor internally consistent. As Kim (2013) notes, GIRFs can
be misleading because they impose assumptions that are more extreme than those used in Cholesky
decomposition, and these assumptions can be contradictory. Although this paper presents results
found using Cholesky decomposition with various orderings in order to emphasize the assumptions
influencing the results, a complete set of GIRFs can be constructed from various results that are pre-
sented in Appendix 2 (available online at https://doi.org/10.4337/ejeep.2022.0085). Those for the
model including the wage share and the utilization rate would combine the first column of IRFs
from Figure A1 (the responses to a wage share shock in the specification where the wage share
comes first in the ordering) and the second column of Figure A9 (the responses to a utilization
shock in the specification where the utilization rate comes first). Similarly, those for the three-variable
model would combine the first column from either Figure A14 or A15, the second column from either
Figure A12 or A13, and the third column from either A10 or A11.
19. The CEE identification strategy used by Basu/Gautham (2019) does not offer a way to side-
step the issue of variable ordering, as it would still require the wage share and demand to be ordered
in relation to one another, as is the case using Cholesky decomposition. In the model with the real
wage rate and labor productivity, CEE identification could eliminate the need for one ordering
restriction (for example, between productivity and demand, if the wage rate were treated as the
key variable of interest). However, this would only show the effects of wage-rate shocks on the
other two variables. Because it would not allow for a full examination of all the relationships of inter-
est, this method is not used.
20. While Mendieta-Muñoz et al. (2020) simultaneously allow for contemporaneous effects of
productivity and demand on one another by including additional restrictions on the relationship
between unemployment and the other variables, that approach is not possible in this case because
no other variables are included. Including other variables is not desirable in this case because doing
so would reduce comparability with most previous aggregative models, which include only the wage
share and demand. Moreover, this methodology requires additional ordering assumptions that
would increase the complexity of the model, making it more difficult to isolate the effect of changing
the restrictions relating productivity and demand. Furthermore, it could potentially introduce other
avenues for bias if these additional assumptions are not accurate. In other words, this method does
not eliminate the need to examine the sensitivity of results to ordering restrictions; it only adds more
assumptions to which the results could be sensitive.

The neo-Goodwinian model reconsidered 193

© 2023 The Author Journal compilation © 2023 Edward Elgar Publishing Ltd

https://doi.org/10.4337/ejeep.2022.0085


3.2 Data

All models are estimated using quarterly US data from 1947 to 2016.21 For comparison to
the previous literature, the baseline measure of demand that is used is constructed using
the same techniques as Barbosa-Filho/Taylor (2006) and Carvalho/Rezai (2016). Follow-
ing their methodology, the utilization rate is measured as the ratio of output to potential
output, where the potential output series is constructed by taking the trend component of
output obtained by applying a Hodrick–Prescott (1997) (HP) filter to the output series.22

The output series is the Bureau of Labor Statistics (BLS) index of real business-sector out-
put. The resulting series is multiplied by 100.

There are reasons to question whether this is an accurate measure of capacity utiliza-
tion, due to several well-documented issues with the HP filter. Cogley/Nason (1995)
show that the application of an HP filter to persistent time series can generate cyclical var-
iation that is not present in the original data. Gordon/Krenn (2010) argue that filtering
techniques lead to implausible estimates of trend capacity. Barrales/von Arnim (2017)
note two additional problems: the filter generally puts too much of a bend in the trend
near the end of the sample, and filtering removes any medium-term trends, allowing
only examinations of short-run effects. Blecker (2016) argues that measuring demand
in this way may make studies more likely to find profit-led demand, as demand is
more likely to be profit-led in the short run. Expanding on previous criticisms of the
HP filter, Hamilton (2018: 831) argues that the HP filter should not be used:

… (a) HP introduces spurious dynamic relations that have no basis in the underlying data-generating
process. (b) Filtered values at the end of the sample are very different from those in the middle, and
are also characterized by spurious dynamics. (c) A statistical formalization of the problem typically
produces values for the smoothing parameter vastly at odds with common practice.23

This may not be a sensible way to measure demand, even if potential output were not
calculated using an HP filter. Cerra/Saxena (2017) argue that measures of the deviation
between output and potential output, such as the output gap and the utilization rate,
will be difficult to accurately measure and to interpret. These variables are difficult to
accurately measure because estimates of potential output, either obtained using a filter
or estimated with a production function, will change when new data is included in the
sample (Borio et al. 2013; Cerra/Saxena 2017). Moreover, it is not clear how these mea-
sures should be interpreted. As Cerra/Saxena (2017) argue, the view of the output gap
(and by implication the utilization rate) as the temporary deviations of output from an
exogenously given trend is flawed, because changes in output can lead to permanent
changes in potential output. For this reason, the utilization rate may not be an appropriate
measure of demand, even if the methods used to construct it do not introduce any bias.

Therefore, this measure of the utilization rate could generate bias. For this reason, other
measures of demand are used as sensitivity tests. One of these measures is a utilization rate con-
structed by applyingHamilton’s filtering technique to the BLS output index.Hamilton (2018)
argues that this technique accomplishes the same goal as an HP filter – that is, separating a
stationary cyclical component from a non-stationary series – without many of the drawbacks.
Following his methodology, the cyclical component of the output series is found by simply

21. However, data transformations and lags lead to shorter sample periods.
22. The standard value of the smoothing parameter for quarterly data, 1600, is used for filtering.
23. Franke/Kukacka (2020) argue that the criticism regarding spurious dynamics is overstated and
note that it relies on the assumption that trends follow a random walk.
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taking the residuals of an ordinary least squares regression of equation (15), while the pre-
dicted values from this regression represent the trend component.

ln output t ¼ αþ ∑
11

i¼8
βi l n outputt−i þ εt (15)

The Hamilton utilization rate is therefore measured as the cyclical component of the out-
put series, that is, the estimated residuals from this regression: ôt . In other words, it is
calculated as the deviation of output from the trend of output, where this trend is
found by taking the two-years-ahead forecast based on observations for the preceding
year, as Hamilton (2018) recommends for analysis of business-cycle effects. Because the
cycle and trend components are calculated using only past data, this technique is not sub-
ject to Cerra/Saxena’s (2017) criticism for measures calculated using an HP filter or a pro-
duction function approach that estimates of potential output based on future information
not available at time t. Araujo et al. (2019) previously examined differences between the
Hamilton and HP techniques in the context of an aggregative model. However, they only
used these filters to detrend the wage share, the Federal Reserve utilization rate, and the
employment share; they did not use the Hamilton technique to construct a separate mea-
sure of the utilization rate.

Figure 2 compares utilization-rate measures constructed using the HP and Hamilton
techniques. The two series described above are not directly comparable because the
Hamilton utilization rate captures the cyclical component of the ln output series, whereas
the log-transformed HP utilization rate consistent with the methodology of Barbosa-
Filho/Taylor (2006) and Carvalho/Rezai (2016) measures the natural log of the cyclical
component of the output series. In other words, they differ in whether the series is log-
transformed before or after the filter is applied. Therefore, a third series – the HP cyclical
component of ln output – is included in Figure 2 to illustrate the degree to which the dif-
ferences between the other two series can be explained by the differences in the filtering
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technique alone.24 As Figure 2 shows, the resulting series can differ substantially when a
different filtering technique is used.

When using the Hamilton technique, the estimated potential output series tends to vary
cyclically, lagging behind the cyclical changes in output. This is a desirable feature of a potential
output series, based on Cerra/Saxena’s (2017) argument that persistent changes in actual out-
put lead to permanent changes in its trend. However, the timing of the changes in potential
output may not be plausible. By construction, changes in output generate changes in poten-
tial output beginning two years later. As a result, potential output often continues rising dur-
ing contractions, and drops two years later, often when the economy has begun expanding.
Because of this, the resulting utilization-rate series would indicate recoveries beginning (or
contractions occurring) two years after a recession (expansion) begins, even if output did
not change. Consequently, the initial size and speed of recoveries and contractions may be
overestimated. Moreover, Franke/Kukacka (2020) argue that the Hamilton filter is actually
not appropriate if trends are deterministic and highlight other flaws with this procedure as
well. Therefore, the Hamilton utilization rate is not an ideal measure, although results
found using this measure can still represent an interesting sensitivity test.

Given these potential shortcomings of the HP and Hamilton utilization rates, other mea-
sures of output are used as sensitivity tests as well. These include the growth rate of the Bureau
of Economic Analysis’s (BEA) real GDP series, and two alternativemeasures of utilization that
are not constructed with filters. Both of these measures – the Federal Reserve’s (Fed) capacity
utilization index and a measure of the output gap – were previously used by Barrales/von
Arnim (2017). The output gap measure is the ratio of the real GDP series to the US Con-
gressional Budget Office’s (CBO) estimate of potential output, which is estimated within a
growth accounting framework. Although this measure does not rely on filtering techniques,
it is still subject to the critique of Cerra/Saxena (2017) that the utilization rate (or output
gap) is not well conceived, because the business cycle is not simply a temporary deviation of
output from a steady trend. The Fed index estimates capacity based upon plant-level survey
data. However, it covers only industrial production, and not the entire economy. The
growth rate of real GDP covers the entire economy and does not depend on the same con-
ception of the business cycle as the HP utilization rate and the CBO output gap. The down-
side of using this series is that it is less comparable to the previous aggregative literature,
although it is used by Charpe et al. (2019). Figure 3 provides a graph of the three alternative
measures of demand used as sensitivity tests.

The wage share is measured using the BLS business-sector labor share index. This is an
index of the ratio of total labor compensation paid to total output with 2012 as the base
year (Bureau of Labor Statistics 2008). Total labor compensation includes all forms of pay
and benefits, as explained in Bureau of Labor Statistics (2017). For consistency with the out-
put and utilization measures, the business-sector series is also used for the wage share.25 Other
specifications replace the wage share with its two components: labor productivity and the real

24. Although the HP cyclical component of ln output is more comparable with the Hamilton uti-
lization rate, the natural log of the HP cyclical component of the output series is more consistent
with the methodology used by Barbosa-Filho/Taylor (2006) and Carvalho/Rezai (2016). Because
the HP utilization rate is primarily used for the purpose of comparison to the previous literature,
the latter measure is preferred. Differences stemming from the decision to log-transform the series
before the filter is applied, rather than after, are negligible, as these two series have a correlation coef-
ficient of 0.998.
25. It should be noted that this wage-share measure is slightly different from the one used by
Barbosa-Filho/Taylor (2006), who construct their wage-share series by dividing the BEA measure
of labor compensation by the BEA measure of national income. However, the BLS measure has
been used in more recent work that has built on Barbosa-Filho/Taylor (see Carvalho/Rezai 2016).
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wage rate. Productivity is measured as the BLS index of business-sector labor productivity,
calculated as output divided by hours. The real wage rate is measured as the BLS index of
nominal hourly compensation for the business sector deflated by the BLS implicit price defla-
tor for business-sector output. Because the real wage rate is measured in this way, labor pro-
ductivity and the real wage rate contain all of the information in the wage-share series.26

Variable measurement and data sources are summarized in Table A1 in Appendix 1.
In order for the empirical models to have valid results, the data series used to estimate them

must be stationary. Three unit-root tests are used to test for stationarity: the augmented
Dickey–Fuller (ADF) test with lag length selected using the modified Akaike information cri-
terion (see Ng/Perron 2001), the Phillips–Perron (PP) test, and the Kwiatkowski–Phillips–
Schmidt–Shin (KPSS) test. Unit-root tests are conducted over the largest sample possible for
each variable given the available data. The first difference of each variable is taken unless two
of the following three criteria are met for the given sample period: the ADF test rejects the
null hypothesis of a unit root at the 5 percent level, the PP test rejects the null hypothesis of
a unit root at the 5 percent level, and the KPSS test fails to reject the null hypothesis of
stationarity at the 5 percent level. Using this decision rule, only the utilization-rate measures
were found to be stationary, while the first difference of all other variables – with the excep-
tion of the CPI-deflated real wage series used as a sensitivity test – were found to be
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Figure 3 Alternative measures of demand, 1947–2016

26. The real wage-rate index for the business sector constructed by the BLS, which is deflated
using the consumer price index (CPI) and the BLS Consumer Price Index research series, is used
as a sensitivity test. However, when using this measure the real wage and productivity series do
not contain all of the information in the wage share, because a relative price ratio (of the price
index used to deflate the real wage series to the output price deflator used in deflating real output
in the productivity calculations) is not included.
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stationary.27 Selected unit-root test results are shown in Table A2 in Appendix 2 (available
online at https://doi.org/10.4337/ejeep.2022.0085). Models were estimated using the log
levels of stationary variables and the log difference of variables with unit roots.28

4 ECONOMETRIC RESULTS

4.1 Baseline estimates

The baseline model maintains the assumptions traditionally used in the previous aggrega-
tive literature, and therefore uses the variable ordering shown in equation (14), in which
the log-differenced wage share is placed before the log of the HP utilization rate. This
model is estimated for the sample period of 1948Q1–2016Q4 and includes a constant
term and 3 lags.29 Selected IRFs for this specification are shown in Figure 4.30 These
represent accumulated responses to a one standard deviation positive shock, along with
confidence bands of ± two standard errors that correspond roughly to a 5 percent signif-
icance level.

The accumulated response of utilization to a positive wage-share shock, shown in panel
(a) of Figure 4, is significantly negative in the first seven quarters and insignificantly nega-
tive afterwards. The negative sign here is indicative of profit-led demand. The accumu-
lated response of the wage share to a utilization shock, shown in panel (b), is positive
and statistically significant, suggesting a profit-squeeze effect. These results match the
Goodwin-cycle dynamics that have been found in many aggregative studies.

These effects are found to be economically meaningful. A one standard deviation shock
to Δ ln wage share (an increase of 0.94 percentage points in the growth rate of the wage
share) leads to a decrease of 0.0395 in the HP utilization rate (roughly 1.96 standard
deviations). Similarly, a one standard deviation shock to the HP utilization rate (an
increase of 0.0202) leads to an increase of 0.0063 in Δ ln wage share (approximately
67 percent of a standard deviation).31 Unreported results show that the qualitative find-
ings of the baseline model are not driven by the decision to difference the wage share and
leave the utilization rate in levels.32

27. The choice of whether to take the second difference of the CPI-deflated real wage series
depends on the significance threshold that is used, as the ADF test rejects the null hypothesis of
a unit root at the 10 percent significance level. Although the decision rule used here suggests that
the second difference should be taken, preliminary estimates of models using a twice-differenced ser-
ies are found to have persistent issues with serial correlation. Therefore, the first-differenced series is
used.
28. Note that no models were estimated as vector error correction models because there was no
evidence of cointegration between the wage share and real GDP – the only non-stationary measure
of demand used in this analysis.
29. Although the HQIC suggests a lag length of 2, some evidence of serial correlation is found
using only 2 lags. There is no evidence of serial correlation when the lag length is 3. Unreported
results show that the results do not qualitatively differ when using 2 lags instead of 3.
30. The heteroskedasticity test results reported in the caption of this figure and the others below
and in Appendix 2 (available online at https://doi.org/10.4337/ejeep.2022.0085) represent the chi-
squared statistic for a White heteroskedasticity test with no cross terms included. The null hypoth-
esis is that errors are homoskedastic.
31. These descriptions are based on the cumulative effects over ten periods.
32. Results for specifications with both variables in either differences or levels are available from
the author upon request. Although the IRFs differ somewhat in these specifications, both generally
show significant profit-led demand and profit-squeeze effects. However, because the White tests
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Although there was concern that the use of the HP filter could bias the estimates, sen-
sitivity tests show that the results are qualitatively robust to using several other measures of
demand. The same general Goodwin-cycle pattern is found using the Hamilton utilization
rate,33 the Federal Reserve utilization rate, the CBO output gap, or the growth rate of real
GDP in place of the HP utilization rate. While some caution should be applied in inter-
preting the significance of the effects in the case of the CBO output gap and GDP growth
rate models, given that there is evidence of heteroskedasticity for those specifications, both
the profit-led demand and profit-squeeze effects appear to be significant in all four of these
specifications. IRFs for these specifications can be found in Figures A2–A5 in Appendix 2
(available online at https://doi.org/10.4337/ejeep.2022.0085).

Unreported results also show that the results found using the HP utilization rate are
qualitatively robust to changes in the sample period. Although a full exploration of
how and why the relationship between the wage share and demand may have changed
over time is beyond the scope of this paper, the model is estimated for different sub-
samples in order to check whether the relationship is stable over time. For these estimates,
the sample period is divided into three roughly equal sub-periods: 1947Q1–1970Q4,
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Notes: Sample period: 1948Q1–2016Q4.
Model specification: 3 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 41.38 (0.247).
Complete results shown in Figure A1 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085).

Figure 4 Selected IRFs for the baseline model with HP utilization rate

suggest that there is heteroskedasticity in both of these models, the significance levels should be
viewed with a grain of salt. Other unreported results show that the findings are similarly robust
to using data series without log transformation, and to including an exogenous trend. Heteroskedas-
ticity also appears to be an issue in the latter specification.
33. The number of lags used for the Hamilton utilization rate model – 13 – is high in comparison
to specifications using other measures of demand and relative to many previous aggregative studies.
The HQIC suggested a lag length of 9, but evidence of serial correlation was found when using 9,
10, 11, or 12 lags. It is possible that the large number of lags suggested by the HQIC and required to
eliminate serial correlation stems from the construction of the Hamilton utilization rate, wherein
observations will be correlated with those 8 to 11 quarters in the past. Another possibility, given
the large estimation period, is that there is some underlying parameter instability. However, the
results do not appear to be very sensitive to lag selection, as qualitatively similar results are found
using either 2 lags or 9 lags.
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1971Q1–1993Q4, and 1994Q1–2016Q4. Although the IRFs differ slightly from period
to period, the results for each sub-period are qualitatively similar to those for the whole
sample period. Significant profit-led demand and profit-squeeze effects are found in all
periods. These results are presented in Figures A6–A8 in Appendix 2 (available online
at https://doi.org/10.4337/ejeep.2022.0085).

4.2 Alternative ordering restrictions

The specifications discussed above have maintained the restriction that the utilization rate
does not have a contemporaneous effect on the wage share. Although the ordering
assumptions used in the baseline model, and shown in equation (14), are consistent
with the existing empirical literature, they may not be accurate. Evidence from Granger
causality tests, presented by Barrales/von Arnim (2017), suggest that both the utilization
rate and the wage share affect one another – at least in the case of the US. However, the
timing of these effects is not fully clear. If output has a contemporaneous effect (that is,
within a quarter) on productivity, it would not be appropriate to assume that the wage
share is only affected by changes in the utilization rate after a lag of at least one quarter.
In cases where productivity changes cyclically and reacts quickly to changes in demand,
imposing the restriction that the utilization rate has no contemporaneous effect on the
wage share will bias estimates. In these cases, changes in the utilization rate will appear
to be the result of cyclical changes in the wage share that are driven by those very changes
in the utilization rate (through its effects on labor productivity).

The results of the model are highly sensitive to the ordering that is used. Figure A9 in
Appendix 2 (available online at https://doi.org/10.4337/ejeep.2022.0085) shows the
results of specifications that reverse the ordering assumption in the model using the
HP utilization rate. This model imposes the restriction that the wage share does not
have a contemporaneous effect on the utilization rate, but allows the wage share to
vary contemporaneously with demand. This ordering was previously used by Araujo
et al. (2019). The results still ultimately show a profit-squeeze effect, but only with a
lag following an initial negative effect of distribution on demand. There is no longer evi-
dence of profit-led demand effects, and in fact there is a positive and significant effect of
the wage share on demand.

Although these specifications illustrate the importance of the variable ordering, the
assumptions that they impose are too restrictive. Although it would be appropriate to
allow demand to impact productivity contemporaneously if there are contemporaneous
effects of demand on productivity, there is not a strong theoretical reason for imposing
the restriction that the real wage rate responds quickly to demand but has only a lagged
effect on the utilization rate. On the contrary, the theory of sticky wages suggests that
wages are likely to adjust slowly in response to changes in demand.34 On the other
hand, demand should adjust quickly to changes in wages because wage increases

34. This theory is supported by some empirical evidence. For example, Barattieri et al. (2014)
find, using US microdata, that the probability of a nominal wage change within a quarter for a
given worker is 21.1–26.6 percent, with higher probabilities for those who change jobs and lower
probabilities for those who do not. Moreover, their estimates suggest that nominal wages are typi-
cally unchanged for a period of 3.8–4.7 quarters, on average. To the extent that nominal wage
changes do occur in a given quarter, it is unlikely that they reflect contemporaneous changes in
aggregate demand given lags in measurement and recognition. Even if nominal wages change infre-
quently, changes in demand could still impact real wages if they lead to changes in the price level.
However, there are likely to be some lags in the adjustment of the price level as well.
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immediately give workers more income, which they can spend. Therefore, theory suggests
that the real wage rate should come before demand in the variable ordering.

This illustrates a shortcoming of a two-dimensional model including the wage share and
a measure of demand: it requires that the same restrictions regarding the timing of effects
with demand be imposed on both the wage rate and productivity. Models that replace the
wage share with its two components – the real wage rate and labor productivity – can be
used to impose more precise ordering restrictions and further test Lavoie’s (2017)
hypothesis.

The six possible orderings of this three-variable VAR are shown in Table 1. Four of
these orderings align with different orderings of the two variable models, because the
restrictions related to the utilization rate are the same for both of the main components
of the wage share. However, the other two orderings present new cases, in which the two
components of the wage share have different orderings relative to the utilization rate.

Orders 3, 5, and 6 are theoretically implausible, as they assume that the wages respond
contemporaneously to demand, while demand is only affected by wages with a lag. Similarly,
Order 4 does not present a theoretically appealing set of assumptions, because the same factors
that make wages slow to adjust to changes in demand are also likely to make them slow to
adjust to changes in productivity. Conversely, efficiency wage effects provide a channel
through which the wage rate may have an immediate effect on productivity.35 That leaves
two variable orderings that are of particular interest: Orders 1 and 2. Order 1 reflects the
same assumptions used in the baseline model – as both components of the wage share
are affected by demand only with a lag – without maintaining the implausible assumptions
relating productivity and the wage rate found in Order 4. Order 2 similarly assumes that
wages will react the least quickly to changes in the other two variables, but allows labor pro-
ductivity to vary contemporaneously with the business cycle.

Figures 5 and 6 show selected IRFs – which capture both direct and indirect effects of the
shock on the response variable – for Orders 1 and 2 using the HP utilization rate. The

Table 1 Possible orderings in wage-share decomposition model

Order number Variable order Corresponding order in two variable
model

Order 1 Wage rate, productivity,
utilization

Wage share, utilization

Order 2 Wage rate, utilization,
productivity

n.a.

Order 3 Productivity, utilization,
wage rate

n.a.

Order 4 Productivity, wage rate,
utilization

Wage share, utilization

Order 5 Utilization, productivity, wage
rate

Utilization, wage share

Order 6 Utilization, wage rate,
productivity

Utilization, wage share

Note: n.a. ¼ not applicable.

35. This theory suggests that higher wages will improve productivity, as workers will work harder
and provide higher-quality work because they have more to lose if they get fired (see, for example,
Pacitti 2011).
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significance levels for these results should be viewed with caution because there is some evi-
dence of heteroskedasticity in this specification: the null hypothesis of homoskedasticity is
rejected at the 10 percent level.36 Because this heteroskedasticity may reflect changing rela-
tionships over the course of the long estimation period, sub-sample estimation is conducted
as a sensitivity test. These results are discussed following those for the full sample period.

Order 1 maintains the assumptions that are implicit in the baseline model – that is,
that demand has no contemporaneous effect on either component of the wage share. It
also assumes that productivity has no contemporaneous effect on the real wage rate. Exam-
ining the response of demand to wage and productivity shocks can provide new insights
into the finding of profit-led demand in the baseline model. Each type of shock can be
wage-led (if a shock that increases the wage share leads to an increase in demand) or
profit-led (if a shock that increases the wage share leads to a decrease in demand).37
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Notes: Sample period: 1947Q4–2016Q4.
Model specification: 2 lags and constant term.
Variable ordering: Δ ln real wage rate, Δ ln productivity, ln HP utilization.
White heteroskedasticity test statistic (p-value): 91.80 (0.058).
Complete results shown in Figure A10 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085).

Figure 5 Selected IRFs for Order 1 with HP utilization

36. Using 3 lags instead of 2, the null hypothesis of heteroskedasticity cannot be rejected. How-
ever, there is some evidence of serial correlation in the specification with 3 lags. For this reason, the
model with 2 lags is used. Most results are qualitatively robust to the use of 3 lags instead of 2. The
exceptions are noted in footnotes below. These results are available from the author upon request.
37. Interpreting whether a wage-rate or productivity shock increases or decreases Δ ln wage share is
not completely straightforward, because a shock to one component could be offset by its effects on
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The results found using Order 1 indicate that the source of the shock matters for
whether a demand regime is wage-led or profit-led. As panels (a) and (b) in Figure 5
show, both components of the wage share have a positive effect on demand (though
they have different effects on the wage share). Increases in the wage rate increase both
the wage share and demand (a wage-led demand effect), while increases in productivity
decrease the wage share and increase demand (a profit-led demand effect). Both of
these effects are found to be statistically significant, although the need for caution in inter-
preting significance remains given the evidence of heteroskedasticity. Shocks to the wage
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Model specification: 2 lags and constant term.
Variable ordering: Δ ln real wage rate, ln HP utilization, Δ ln productivity.
White heteroskedasticity test statistic (p-value): 91.80 (0.058).
Complete results shown in Figure A11 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085).

Figure 6 Selected IRFs for Order 2 with HP utilization

the other. For example, an increase in Δ ln wage rate could potentially decrease Δ ln wage share if the
wage-rate shock led to a sufficiently large increase in Δ ln productivity. However, in all reported spe-
cifications such secondary effects are smaller than the direct effects. As such, all positive wage-rate
shocks can be interpreted as increasing Δ ln wage share and all positive productivity shocks can
be interpreted as decreasing Δ ln wage share. In two cases – the specifications using Orders 3 and
4 with the HP utilization rate – the cumulative response through 10 quarters of a productivity shock
on Δ ln wage share nearly equals the response of Δ ln productivity to its own shock. In these two
cases, Δ ln wage share would return close to its initial level after initially decreasing. In all other
cases, the cumulative response of one component to its own shock are sizable relative to the indirect
effects on the other component, allowing for straightforward interpretation.
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rate are found to be wage-led because a shock that increases the wage share – that is, an
increase in the wage rate – has a positive effect on demand. On the other hand, shocks to
productivity are found to be profit-led because a shock that increases the wage share – that
is, a negative productivity shock – leads to a reduction in demand (due to the positive
relationship between productivity and demand). Although these two types of shocks
that would increase the wage share have opposite effects on demand, the response of
demand to productivity shocks is larger in magnitude than the response of demand to
wage shocks. Therefore, the average shock to the wage share will have a profit-led effect,
as long as shocks to wages and productivity occur with similar frequency. This likely
explains the finding of profit-led demand in the two-variable model.

The response of productivity and the wage rate to demand shocks can be seen in panels
(c) and (d) in Figure 5. They indicate that an increase in demand leads to a decrease in
productivity but has no significant effect on wages.38 The negative response of productiv-
ity to an increase in demand suggests that productivity is counter-cyclical, rather than pro-
cyclical as Lavoie (2014: 323–325) argues. This could reflect the labor discipline effect of
the business cycle on worker effort. However, these estimates may be missing important
effects because they are based on the assumption that demand has no contemporaneous
effect on productivity. The effects that Lavoie (2014: 323–325) discusses are likely to
materialize quickly, as changes in utilization will necessarily affect productivity as soon
as firms change production workers’ hours or employment. As such, the model with
this variable ordering may be unlikely to capture them. These effects of demand on pro-
ductivity drive the overall profit-squeeze effect found in the baseline model, as a decrease
in productivity resulting from an increase in demand would lead to an increase in the wage
share. The negative effect of demand on the wage rate would be indicative of a wage
squeeze, rather than a profit squeeze, but these effects are insignificant and small in com-
parison to the effects on productivity.39

Order 2 maintains the same ordering restrictions relating demand and wages, as well as
those relating productivity and wages, that were used in Order 1. However, it reverses the
order of productivity and demand. Therefore, this specification allows productivity to vary
contemporaneously with demand, but assumes that productivity has only a lagged effect
on demand. The IRFs relating the wage rate and demand (shown in panels (b) and (d) in
Figure 6) are qualitatively similar to those found using Order 1, in that they show a posi-
tive and significant effect of wages on demand and no significant effect of demand on
wages.40 However, there are important differences relative to Order 1 in the IRFs relating
productivity and demand, shown in panels (a) and (c) in Figure 6. Whereas no evidence of
pro-cyclical variation in labor productivity was found in Order 1, here an increase in
demand initially leads to an increase in productivity. The positive contemporaneous effect
of demand on productivity found in these estimates matches the theoretical expectation of

38. The other off-diagonal IRFs show positive effects in both directions of the wage–productivity
relationship. However, the effects of productivity on wages are not found to be significant. These
results can be seen in Figure A10 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085).
39. These negative effects of demand on the wage rate are found to be statistically significant in the
model using 3 lags instead of 2. The only other qualitative difference in that specification using
Order 1 is that the positive effect of productivity on the wage rate becomes significant when adding
a third lag.
40. The relationship between wages and productivity is also similar, as it shows positive effects in
both directions. The only qualitative difference from Order 1 concerning this relationship is that the
effect of productivity on wages is found to be significant.
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pro-cyclical productivity based on the model in Lavoie (2014: 323–325). These initial
positive effects are followed by larger negative lagged effects that ultimately make the
cumulative effect negative. This pattern likely reflects a longer adjustment time for coun-
ter-cyclical productivity effects, such as reduced effort from workers when they recognize
that the probability and cost of job loss has fallen, than for the pro-cyclical effects, which
are likely to be realized only once when the share of production-worker hours to total
hours changes along with utilization. Although the cumulative effect is ultimately negative,
the contemporaneous pro-cyclical productivity effects support Lavoie’s (2017) argument.
Using the ordering assumptions of the baseline model, these effects would be interpreted
as a profit-led demand effect. These estimated effects of demand on productivity largely
determine the response of the wage share to a positive demand shock, given the very small
and insignificant response of the wage rate to demand. The overall relationship shows a
delayed profit-squeeze effect following an initial increase in the wage share.

The response of demand to a productivity shock is also sensitive to changing the order
of productivity and demand. In contrast to Order 1, wherein productivity has a positive
and significant effect on demand, the results for Order 2 show a negative and significant
effect. In other words, positive productivity shocks are found to increase demand when it
is assumed that demand has only a lagged effect on productivity, but the same shock is
found to decrease demand when productivity is allowed to vary contemporaneously
with demand.41 Whereas wage-rate shocks were wage-led and productivity shocks were
profit-led using Order 1, both types of shocks to the wage share produce wage-led demand
effects using Order 2.

The estimated effect of productivity on demand has a dramatic impact on the interpre-
tation of the overall relationship between the wage share and demand. Whereas the results
for Order 1 reflect profit-led demand (assuming a similar frequency of productivity and
wage shocks) because the profit-led productivity shocks are larger in magnitude than
the wage-led wage-rate shocks, all of the estimated effects found using Order 2 are
wage-led. When productivity is allowed to vary contemporaneously with demand, either
type of shock that increases the wage share (that is, an increase in the wage rate or a
decrease in productivity) is found to have a positive and statistically significant effect
on demand.42

41. Given that the methodology used to arrive at these estimates is likely to capture only short-run
relationships, the finding of a negative effect of productivity on demand is not necessarily surprising.
Although a positive effect of productivity on output is expected in the long run, there are multiple
plausible theoretical explanations for a negative effect of productivity on the utilization rate in the
short run. For example, Walsh (2004) argues that productivity growth increases potential output,
which improves growth in the long run but can create a negative output gap (or in this case a
lower utilization rate) in the short run if output rises by less than potential output. Moreover, as
Basu et al. (2006) explain, business-cycle models with sticky prices or imperfect information suggest
that improvements in technology – which would increase labor productivity – may lead to lower
output in the short run as firms reduce investment and input use. Although they find little initial
effect of a positive technology shock on output, their estimates indicate that such a shock initially has
a negative effect on utilization, total inputs, and non-residential investment. A related explanation is
that lower demand in the short run results from increased unemployment as firms initially reduce
labor demand. Empirical studies suggest that productivity growth tends to reduce unemployment in
the long run but increase it in the short and medium run (see, for example, Chen et al. 2008;
Gallegati et al. 2015). Further exploration of the short-run relationship between demand and pro-
ductivity in this context remains an important area for future research.
42. All of the results found using Order 2 are qualitatively similar in the specification using 3 lags
instead of 2.
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Most results found with the HP utilization rate are also qualitatively similar when using
the Hamilton utilization rate, CBO output gap, the growth rate of GDP, or the Fed uti-
lization rate as the measure of demand. There are three exceptions: for Order 2 using the
Hamilton utilization rate, CBO output gap, or the growth rate of GDP the lagged nega-
tive cumulative effect of demand on productivity is insignificant (though the cumulative
IRF maintains a similar shape), for Order 2 using the CBO output gap or growth rate of
GDP there is a positive and significant effect of demand on wages, using the Hamilton
utilization rate the effect of productivity on demand is positive, but small and insignificant
in Order 2, and using the Fed utilization rate the positive effect of wages on demand is
insignificant for both Order 1 and Order 2.43 However, it should also be noted that there
is evidence of heteroskedasticity in the specifications using the Hamilton utilization rate,
the growth rate of GDP, and the Fed utilization rate. Results for these specifications are
shown in Figures A16–A23 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085).44

Most results found using the HP utilization rate with Order 1 or Order 2 are also qualita-
tively robust to using the CPI-deflated real wage rate in place of the wage rate deflated with the
output price deflator. There is one exception: for Order 1 using the HP utilization rate, the
negative effect of demand on wages becomes significant. However, heteroskedasticity remains
a potential issue in this specification. These results are shown in Figures A24–A25 in
Appendix 2 (available online at https://doi.org/10.4337/ejeep.2022.0085).

Results found using the HP utilization rate with Orders 1 and 2 are somewhat sensitive
to changes in the ordering of the real wage rate relative to the other two variables.45 How-
ever, results relating productivity and demand in Orders 5 and 6 follow the same pattern
as those found using Order 2 (which maintains the same ordering of productivity relative
to demand), while those for Orders 3 and 4 are qualitatively similar to those found using
Order 1. While these results highlight the importance of the ordering assumptions relating
productivity and demand, there is not a clear theoretical justification for using any of these
orderings in which the wage rate responds more quickly than productivity or demand.
Results for these specifications can be found in Figures A12–A15 in Appendix 2 (available
online at https://doi.org/10.4337/ejeep.2022.0085).

Given the large sample period for the estimation of these models, it is possible that the
heteroskedasticity found in many specifications reflects changes in the underlying relation-
ships over time. For this reason, the models using the HP utilization rate with Orders 1
and 2 are estimated for the same sub-periods used to analyse the stability of the

43. Although a positive wage shock is found to have a positive and significant effect on demand for
Orders 1 and 2 using the Hamilton utilization rate, this finding is sensitive to lag length. For exam-
ple, it remains significant using a lag length of 4, but not a lag length of 2. No other relationships
have a change in sign or significance when using a lag length of 2 instead of 9.
44. There is also some evidence of mild serial correlation in the case of the Hamilton utilization
rate, as the null hypothesis of no serial correlation of the residuals at the fourth lag is rejected at the
10 percent level (the null hypothesis cannot be rejected for lags 1 through 3). However, the speci-
fication with 9 lags, as suggested by the HQIC, is used because adding a few more lags did not
improve the results of the serial correlation or heteroskedasticity tests. Unreported results show
that all of the estimated relationships are qualitatively robust to a model specification with 17
lags, for which there is no evidence of serial correlation or heteroskedasticity.
45. Some of the results relating demand and the real wage rate differ. There is a positive and sig-
nificant effect of demand on wages in Orders 5 and 6, and the positive effect of wages on demand
becomes insignificant in Order 6. Using Order 3, there is a negative and significant effect of demand
on wages, and Order 4 shows a negative and significant effect of wages on demand. There is also a
positive and significant effect of productivity on wages in Orders 3 and 4.
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relationship in the baseline model. No evidence of heteroskedasticity is found for any of
these specifications. Although there are some differences in significance in various sub-per-
iods, the directions of the relationships appear to remain stable.46 These results, shown in
Figures A26–A31 in Appendix 2 (available online at https://doi.org/10.4337/
ejeep.2022.0085), indicate that the key results in the full-sample estimates are largely con-
firmed by the sub-sample specifications that do not suffer from heteroskedasticity.

Overall, these results clearly indicate that the interpretation of the relationship between
the wage share and demand is highly dependent on the model’s assumptions about the
timing of the effects relating demand and productivity. In other words, the way that
the model assigns causality to the contemporaneous correlation between demand and pro-
ductivity largely dictates whether the estimates ultimately suggest wage-led or profit-led
demand, as well as the response of distribution to demand shocks. Observed profit-led
demand and profit-squeeze effects will be much larger when imposing ordering restric-
tions that assume that utilization has only a lagged effect on productivity. When this
assumption is maintained, the contemporaneous correlation between utilization and pro-
ductivity – which may reflect cyclical variation in productivity – is viewed as an effect of
productivity on utilization. As a result, the estimated response of utilization to a produc-
tivity shock will be more positive, and the estimated response of productivity to a utiliza-
tion shock will be less positive. Because there is an inverse relationship between
productivity and the wage share by definition, this will lead to estimates that suggest a
more negative response of utilization to an increase in the wage share (that is, more
profit-led demand) and a more positive response of the wage share to an increase in uti-
lization (that is, more of a profit squeeze). In other words, observed Goodwin-cycle effects
will be larger when it is implicitly assumed that productivity drives utilization contempor-
aneously; when the model treats the contemporaneous causality between the two as an
effect of demand on productivity, estimates will be less likely to indicate profit-led demand
and profit-squeeze effects. Although some specific results (for example, the significance of
some individual IRFs) are sensitive to measurement, the chosen sample period, and other
methodological choices, this pattern is generally consistent across all specifications.

The results presented here suggest that there are (at least) two possible interpretations of
the Goodwin-cycle relationship found by the baseline model. One possible interpretation,
following the findings of models using Order 1, suggests that demand is profit-led because
productivity shocks that increase the wage share and decrease demand have a bigger impact
on demand than wage shocks, which increase demand (and the wage share). In other words,
demand is primarily driven by large productivity shocks that have an immediate impact
(that is, within a quarter). Following this interpretation, there is a profit-squeeze effect
because productivity decreases as demand increases (that is, there are counter-cyclical pro-
ductivity effects). This interpretation relies on the assumption that demand has no contem-
poraneous effect on productivity.

46. The only qualitative change regarding the relationship between productivity and demand is
that the lagged negative cumulative effects of demand on productivity are insignificant for the sec-
ond and third sub-periods when using Order 2 (though they still show the same general pattern of
positive effects followed by negative lagged effects). For both Orders 1 and 2, the effect of wages on
demand becomes insignificant in the second and third sub-periods. There is also a positive and sig-
nificant effect of demand on wages in the third sub-period using Order 2. Some specifications also
show changes in the significance of the effect of productivity on wages. It should be noted that some
differences between these estimates and those using the entire sample period could reflect differences
in lag length, as 3 lags were used for the first two sub-periods and 6 lags were used for the last sub-
period, in contrast to 2 lags for the full sample estimates.
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An alternate interpretation, following the findings of models using Order 2, suggests
that the Goodwin cycle found in the baseline model is driven by the model’s misinterpre-
tation of productivity effects. In this narrative, demand has a strong and positive contem-
poraneous effect on productivity. However, the baseline model captures this positive
effect of demand on productivity as a negative effect of the wage share on demand
because it assumes that any contemporaneous correlation between productivity and
demand represents an effect of productivity on demand, rather than the reverse. Accord-
ing to this interpretation, contemporaneous pro-cyclical variation in productivity fol-
lowed by a negative lagged effect of demand on productivity (that makes the
cumulative effect significantly negative in some cases, but not in others) generates an
initial wage-squeeze effect (that may or may not be followed by a delayed profit
squeeze).47 Following this narrative, the baseline model’s misinterpretation of contem-
poraneous pro-cyclical productivity effects obscures an underlying relationship of wage-
led demand. This is driven by a positive effect of wages on demand, a negative effect of
productivity on demand, or both (depending on the exact specification). Although some
of these findings are sensitive to various aspects of variable measurement and model spe-
cification, no evidence of significant profit-led demand effects are found using a variable
ordering in which demand has a contemporaneous effect on productivity (an assump-
tion that this interpretation depends on).

If there are, in fact, pro-cyclical productivity effects, as Lavoie (2017) suggests – and
particularly if demand affects productivity contemporaneously – then the latter interpre-
tation may be more accurate and Order 2 would be the appropriate way to model this
relationship. However, one shortcoming of the methodological approach of using VARs
with Cholesky decomposition to identify IRFs is that all of the contemporaneous correla-
tion between two variables must be interpreted as the effect of one variable on the other.
Therefore, if both productivity and demand affect one another contemporaneously,
neither set of results would be a fully accurate interpretation of the underlying data. In
such a case, the true relationships would likely fall somewhere between the results
found for Order 1 and Order 2. Therefore, in order to fully understand the relationship
between the wage share and demand, further investigation of the timing of the underlying
effects is needed – especially for the productivity-demand dynamics. Future studies should
give careful consideration to these dynamics.

It is interesting to compare these results to those of Mendieta-Muñoz et al. (2020),
who find evidence of a Goodwin cycle even when allowing demand to affect productivity
contemporaneously. Although fully reconciling these two sets of results is beyond the
scope of this paper and any explanation of their differences remains speculative, it
seems likely that estimates of the relationship between demand and the wage share are sen-
sitive to other identifying assumptions in addition to those concerning whether demand
impacts productivity contemporaneously or only with a lag. For example, the results may
differ because the model in Mendieta-Muñoz et al. (2020) allows productivity to affect
demand contemporaneously, while this isn’t possible in the model presented above
using Order 2. Another possibility is that the results are sensitive to the treatment of
unemployment. Estimates that do not include unemployment could potentially suffer
from omitted variable bias, whereas estimates that do include unemployment could be

47. It is not immediately clear how to interpret these cyclical dynamics in the context of the effec-
tive demand and distributive nullclines. While wage-led demand and wage-squeeze effects would
typically be viewed as evidence of a clockwise cycle, this is complicated by the finding of a delayed
profit-squeeze effect in some specifications. Further exploration is needed in future research to
unpack the cyclical dynamics of productivity, the wage rate, and demand.
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sensitive to assumptions relating it to the other variables. Further untangling these issues
remains an important area for future research.

5 CONCLUDING REMARKS

Aggregative estimates of the relationship between demand and the functional distribution
of income have typically found evidence of Goodwin-cycle effects, wherein demand is
profit-led and the wage share varies pro-cyclically with utilization. However, Lavoie
(2017) argues that these findings could be driven in part by bias that results from models
capturing pro-cyclical variation in labor productivity – one of the components of the wage
share – as a negative effect of the wage share on demand.

Like most previous aggregative estimates, the baseline model in this paper finds evidence of
profit-led demand and profit-squeeze effects. However, these estimates, found using model spe-
cifications that follow assumptions traditionally used in the literature, may not properly account
for cyclical productivity effects. Other specifications replace the wage share with its two com-
ponents – the real wage rate and labor productivity – in order to observe the underlying
dynamics and allow for more precise ordering restrictions. The results suggest that the effect
of the wage share on demand may differ for wage shocks and productivity shocks. They also
indicate that stronger Goodwin-cyle effects will likely be found when assuming that demand
has only a lagged effect on productivity, offering support for Lavoie’s (2017) hypothesis.
When maintaining this assumption, which is implicit in the baseline model, Goodwin-
cycle effects are still found. However, when productivity is allowed to vary contemporaneously
with demand, the evidence is indicative of wage-led demand and an initial wage squeeze.

These findings provide two very different interpretations of observed Goodwin cycles.
One interpretation, reflected in results based on the assumption that demand affects pro-
ductivity only with a lag, suggest that the Goodwin cycle represents a causal relationship
that is primarily driven by the relationship between productivity and demand. In this case,
the profit squeeze reflects counter-cyclical variation in productivity, while demand is
profit-led on average because positive productivity shocks (that decrease the wage share)
lead to immediate increases in demand. These effects of productivity on demand outweigh
the positive effects of real-wage-rate increases on demand.

Results found using the alternate assumption that productivity varies contemporaneously
with demand, but has only a lagged effect on demand, suggest a very different interpretation.
Following this interpretation, the observed Goodwin-cycle effects are spurious, reflecting the
model’s misinterpretation of contemporaneous pro-cyclical variation in productivity as a
negative effect of the wage share on demand. There is an initial wage squeeze driven by a posi-
tive contemporaneous response of productivity to increases in demand, although there may be
some delayed profit-squeeze effects. In the other direction, results indicate that demand is
wage-led, as shocks to either productivity or the wage rate that increase the wage share lead
to increases in demand – although the significance of some of these wage-led demand effects
is somewhat sensitive to various aspects of model specification. These results suggest that the
relationship between the wage share and demand over the course of the business cycle may be
better characterized as one of initially pro-cyclical productivity effects and wage-led demand.

Future research examining the relationship between the wage share and demand should
pay careful consideration to the underlying dynamics in the components of the wage share.
Although Lavoie’s (2017) argument regarding pro-cyclical variation in labor productivity
suggests that the latter interpretation is more accurate (especially if these effects occur
quickly), further work examining the timing of effects between productivity and demand
is needed to arrive at a more definitive understanding of the relationship of interest.
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Moreover, further exploration of the differing results in this paper and those in Mendieta-
Muñoz et al. (2020) is needed to move the debate forward. Additional theoretical research
exploring the three-dimensional dynamics implied by the findings of this paper would also
be a valuable contribution to the literature.
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APPENDIX 1

Table A1 Variable definitions and data sources

Variable Definition Units Source

Wage share Wage-share index for the business
sector

Index, 2012 = 100 BLS

HP utilization
rate

100 * output / HP filtered trend
in output for the business sector

Percentage *100 BLS, author’s
calculations

Federal Reserve
utilization
rate

Capacity utilization, total index Percentage *100 Federal
Reservea

Real GDP Real gross domestic product,
seasonally adjusted

Billions of chained
2009 dollars

BEAa

Business-sector
output

Business-sector current dollar
output index

Index, 2012 = 100 BLS

CBO potential
output

Real potential gross domestic
product

Billions of chained
2009 dollars

CBOa

CBO output
gap

100 * real GDP / CBO potential
output

Percentage *100 Author’s
calculations

Nominal GDP Nominal gross domestic product Billions of dollars BEAa

Labor
productivity

Business-sector labor productivity
index, output per hour

Index, 2012 = 100 BLS

Real hourly
wage rate

100 * BLS business-sector nominal
hour compensation index / BLS
business-sector implicit price
deflator index

Index, 2012 = 100 BLS,
Author’s
calculations

CPI-deflated
real hourly
wage rate

Ratio of labor compensation to
hours worked for the business
sector, adjusted for inflation
using the CPI and the BLS
Consumer Price Index research
series

Index, 2012 = 100 BLS

Note: a. Indicates series downloaded from the Federal Reserve Bank of St. Louis FRED Database.
Details regarding construction of the Hamilton utilization rate are discussed in Section 3.2.
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Notes: Sample period: 1948 Q1–2016 Q4.
Model specification: 3 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 41.38 (0.247).

Figure A1 Complete IRFs for the Baseline Model with HP Utilization Rate
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Notes: Sample period: 1953 Q1–2016 Q4.
Model specification: 13 lags and constant term.
Variable ordering: Δ ln wage share, Hamilton utilization.
White heteroskedasticity test statistic (p-value): 161.40 (0.367).

Figure A2 Complete IRFs for Baseline Model with Hamilton Utilization Rate
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Notes: Sample period: 1948 Q3–2016 Q4.
Model specification: 5 lags and constant term.
Variable ordering: Δ ln wage share, L ln real GDP.
White heteroskedasticity test statistic (p-value): 92.33 (0.005).

Figure A3 Complete IRFs for Baseline Model with Real GDP
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Notes: Sample period: 1968 Q2–2016 Q4.
Model specification: 5 lags and constant term.
Variable ordering: Δ ln wage share, ln Fed utilization.
White heteroskedasticity test statistic (p-value): 70.86 (0.159).

Figure A4 Complete IRFs for Baseline Model with Federal Reserve Utilization Rate
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Notes: Sample period: 1949 Q3–2016 Q4.
Model specification: 2 lags and constant term.
Variable ordering: Δ ln wage share, ln CBO output gap.
White heteroskedasticity test statistic (p-value): 38.83 (0.028).

Figure A5 Complete IRFs for Baseline Model with CBO Output Gap
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Notes: Sample period: 1948 Q1–1970 Q4.
Model specification: 3 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 23.17 (0.952).

Figure A6 Complete IRFs for the Baseline Model in Period 1
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Notes: Sample period: 1971 Q1–1993 Q4.
Model specification: 6 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 61.64 (0.803).

Figure A7 Complete IRFs for the Baseline Model in Period 2

222 European Journal of Economics and Economic Policies: Intervention, Vol. 20 No. 2

© 2023 The Author Journal compilation © 2023 Edward Elgar Publishing Ltd



Notes: Sample period: 1994 Q1–2016 Q4.
Model specification: 2 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 28.26 (0.249).

Figure A8 Complete IRFs for the Baseline Model in Period 3
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Notes: Sample period: 1948 Q1–2016 Q4.
Model specification: 3 lags and constant term.
Variable ordering: Δ ln wage share, ln HP utilization.
White heteroskedasticity test statistic (p-value): 41.38 (0.247).

Figure A9 Complete IRFs for Reverse Ordering Model with HP Utilization
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