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A B S T R A C T

This contribution shows that a relevant curtailment of carbon emissions results from productivity-led working time
reduction, i.e. increases in labour productivity converted into less working time. However, the interaction be-
tween working time reduction and GDP can constrain the achievement of emission reductions. To explore these
interactions, we apply Eurogreen, a dynamic macro-simulation model, to France and compare three different
scenarios: i. Working Time Reduction converts increases in labour productivity into more time affluence; ii.
Global Working Time Reduction explores the effects on exports when working time reduction occurs also abroad;
iii. Constrained Working Time Reduction additionally examines the impact of a binding fiscal rule. We find that
the greater the performance in terms of emission reduction, the smaller the improvement in employment.
Moreover, under working time reduction, changes in the sensitivity of wage to productivity growth affect the
relationship between distribution and emission. The benefits in emissions reduction are still significant while the
labour share increases with respect to the baseline.

1. Introduction

The promise that geoengineering and negative-emission technolo-
gies will soon be available feeds the optimism of those who believe that
growth in consumption could be sustained despite the current climate
and environmental crisis. The green growth paradigm that inspires
most of the policy interventions worldwide is based on the same tech-
nological confidence. Incentives and investments will trigger the in-
novations that will eventually decouple economic growth from carbon
emissions via increasing efficiency and renewable energy (Jänicke,
2012; Hallegatte et al., 2012). This emphasis on techno-economic so-
lutions has drawn attention away from the harmful social effects of
green growth (D'Alessandro et al., 2020) and from the benefits of social
innovations (Antal, 2018).

The confutation of innovation-driven decoupling between growth
and emissions (Wiedmann et al., 2015; Heun and Brockway, 2019) has
led an increasing number of researchers to consider the curtailment of
energy demand and production downscale as the cornerstone of a fast
low-carbon transition (Alier, 2009; Kallis, 2011). Recent studies ana-
lysing the social effects of environmental policies highlight that, not
only are social policies needed to compensate for the detrimental effects
of green growth incentives on inequality, but they are also necessary to

jointly meet social and environmental goals (Baland et al., 2018; Schor
and Jorgenson, 2019).

In this paper, we investigate to what extent a social innovation
process such as working time reduction may curtail emissions, in the
absence of any new environmental policy. To this purpose, we apply a
macrosimulation analysis to France and study whether different forms
of working time may succeed in meeting environmental targets while
improving employment and distribution. The French case is of parti-
cular interest for at least two reasons. First, a working time reduction
policy was introduced by law at the turn of the year 2000, but with no
substantial impact on working time, since the reduction of hours in
contracts (35 h) has been mostly compensated by the increase in
overtime (Askenazy, 2013). Secondly, despite the policies introduced to
decouple green gas emissions from energy use, the measures adopted
seems not sufficient to comply with the environmental commitment
made in the Paris agreement.1

Working time reduction is primarily advanced in the public debate
for its potential beneficial effects for employment and work conditions
(De Spiegelaere and Piasna, 2017; Messenger, 2018). Indeed, working
less has the potential to reduce occupational health problems and to
favour a better balance in the allocation between work and free time, so
contributing to life satisfaction and happiness of employed (Sparks
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et al., 2001; Hamermesh et al., 2017). For the unemployed and un-
deremployed, working time reduction could represent the opportunity
to access a level of income and benefit coverage higher than those
provided by present forms of flexible part-time or “marginal” part-time
employment (Fagan et al., 2014). Consequently, working time reduc-
tion would possibly counteract the increasing inequality in the dis-
tribution of work hours (Messenger et al., 2007). Fig. 1 presents a
graphical representation of workers willingness to redistribute work
hours in France. The scatter plot shows a negative correlation between
the actual weekly working hours (in the x-axis) and the difference be-
tween desired and actual hours worked (in the y-axis). On average,
those working longer hours would like to reduce their work weeks and
those working shorter hours would like to increase them.

Recent academic contributions have placed the reduction of
working hours on the forefront among the policies considered capable
to reduce environmental pressure whilst improving workers conditions
and employment (Fagan et al., 2014; Zwickl et al., 2016; King and van
den Bergh, 2017). However, the assessment of the potential impact of
working time reduction on emissions mitigation requires a compre-
hensive understanding of its interactions with other macroeconomic
variables. Previous studies argue that this effect depends on a relative
decrease in GDP growth resulting from a substitution of private con-
sumption with more free time. (Spangenberg et al., 2002; Schor, 2005;
Hayden and Shandra, 2009; Knight et al., 2013; Pullinger, 2014;
Fitzgerald et al., 2018). We show that if the increase in labour pro-
ductivity is converted into more time affluence, keeping constant the
annual product per worker, the wage bill declines, thus reducing con-
sumption and income relative to the baseline projection. We term this
process productivity-led working time reduction.

Nonetheless, such a process would entail further macroeconomic
effects that are worth scrutinizing. A wide-scale productivity-led
working time reduction would affect employment and prices which, in
turn, could lead to non-trivial effects on GDP and production. We first
present a theoretical analysis of the impact of working time reduction
on labour income under different wage growth assumptions. Secondly,
since there is no historical basis to analyze such phenomenon empiri-
cally, we adapt Eurogreen, a dynamic macrosimulation model devel-
oped in (D'Alessandro et al. (2020), to simulate a productivity-led
working time reduction over the period 2014–2050 and to identify

feedback loops that mediate the relation between working time and
GHG emissions.

Three alternative scenarios are compared to a baseline case to assess
the impacts of productivity-led working time reduction under different
conditions. The first scenario, Working Time Reduction (WTR), con-
siders a single modification to the baseline: labour productivity in-
creases are converted into a proportional change in working time. The
second scenario, Global Working Time Reduction (GWTR) adds a
contraction in exports to mirror a situation in which a similar strategy is
adopted by other countries. Lastly, the third scenario, Constrained
Working Time Reduction (CWTR), adds to the second the automatic
adherence to the current European Fiscal Stability Pact by cutting
government expenditure whenever the deficit-to-GDP ratio exceeds 3%.

The results show that working time reduction curtails emissions
while improving employment conditions. Nonetheless, this environ-
mental benefit is partially offset by an increase in exports due to lower
domestic prices, which at the same time strengthen job creation. By
contrast, the fall in exports added in the second scenario further reduces
environmental impacts, but results in an increasing government deficit-
to-GDP ratio. The introduction of a binding fiscal rule improves gov-
ernment balance, but rolls back most of the employment gains of
working time reduction.

Our analysis suggests an apparent conflict between socio-economic
and environmental goals. However, once distribution consequences are
taken into account, this conflict turns out to be less stringent. To clarify
these consequences, we add a further working time reduction scenario
that keeps hourly wage growth as in the baseline. The increase in labour
income fosters economic growth and employment without compro-
mising environmental benefits, and it results in a notable improvement
in the labour share with respect to the other scenarios.

The following Section outlines the recent literature on the relation
between working time reduction and environmental impact. In Section
3, we present the theoretical backgrounds of the model and define the
scenarios. Section 4 presents the simulation results for the relationship
between employment and environmental benefits. Section 5 focuses on
the distributional impact of working time reduction. Section 6 discusses
the main barriers to the joint achievement of social and environmental
goals via working time reduction, and concludes.

2. Working time reduction and environmental impacts

Empirical studies over the last two decades have found substantial
evidence of a positive correlation between working time and multiple
measures of environmental degradation. These studies suggest that re-
ductions in worked hours are related to lower carbon dioxide emissions,
energy consumption and ecological footprint in OECD countries and
among U.S. states. (Schor, 2005; Rosnick and Weisbrot, 2007; Hayden
and Shandra, 2009; Knight et al., 2013; Nässén and Larsson, 2015;
Fitzgerald et al., 2018). Two mechanisms have been proposed to ex-
plain this evidence: 1) a composition effect that refers to a shift in con-
sumption patterns towards less energy-intensive goods and services
following greater time availability; 2) a scale effect due to the decline in
the rate of growth of income and consumption that drives a reduction in
resource use and environmental pressure.

Studies investigating the composition effect have provided mixed
evidence. Even though consumers might reduce demand for speed and
convenience – for instance substituting public for individual transpor-
tation – they could also increase their expenditure on tourism and air
travels, as suggested by Schor (2005). Another possible drawback of an
increased time affluence is identified by Jalas (2002) who notes that at
least some activities that are substituted after working time reduction
could be less eco-efficient (e.g., preparing meals at home vs eating in
restaurants).

The explanation of the positive environmental impact of working
time reduction based on the scale effect achieved a larger scientific
consensus (Pullinger, 2014). Knight et al. (2013) find evidence of a

Fig. 1. Willingness to reduce working time. Source: French data from the
European Social Survey using waves 2 (2004) and 5 (2010). The x-axis plots the
reported total hours normally worked per week, including overtime, from
employed individuals working between 20 and 60 h per week. The difference
(y-axis) is calculated using the declared number of hours individuals would like
to work subtracted from the same variable used in the x-axis. The dashed blue
horizontal line at 39.5 represents the actual average hours worked per week
including overtime in 2004 and the red one at 39.1 those in 2010. (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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scale, but not of a composition effect, using data for emissions and
ecological footprints in OECD coutries. However, Shao and Rodríguez-
Labajos (2016) find that the correlation between worked hours and CO2
emissions turned from positive to negative after the year 2000, and find
no significant correlations for developing countries. Furthermore, Shao
and Shen (2017) find a negative correlation between working hours and
carbon emissions among high-level working time observations, and a
positive one in low- and mid-level working time observations by using
panel threshold regressions.2

None of these empirical studies estimate causal relation from
working time reduction to consumption or GDP. The observed reduc-
tion in working hours might be interpreted as a cause or as a con-
sequence of stagnant GDP. On the other hand, theoretical contributions
do not settle the matter concerning the direction of causality between
working time reduction and degrowth. Most authors seem to agree that
a fall in working hours – and the reduction in income and consumption
that would follow – might be a possible cause of degrowth (Hayden and
Shandra, 2009; Jackson and Victor, 2011; Knight et al., 2013). How-
ever, working time reduction is also advanced as a strategy to cope with
unemployment in a post-growth society (Jackson and Victor, 2011,
p.101). In this study, we contribute to this literature investigating the
causal link between working time reduction and GHG emissions by
clarifying the feedback loops that condition the effectiveness of working
time reduction.

3. Methods

The Eurogreen model describes a dynamic demand-led economy
that follows the approach of ecological macroeconomics based on a
combination of post-Keynesian theory and ecological economics (see,
e.g., Victor and Jackson, 2015; Rezai and Stagl, 2016; Hardt and
O'Neill, 2017). The Eurogreen model provides a detailed representation
of the welfare system and of the dynamics of income sources allocated
to distinct groups of agents depending on their skill, age and working
status. The full documentation of the model is available in the Sup-
plementary Information of (D'Alessandro et al., 2020).

The model is composed of thirteen groups of agents and ten in-
dustries. Households are grouped into three skill levels – low, middle
and high – and among four occupational status (employed, un-
employed, inactive and retired) plus capitalists (0.1% of the popula-
tion) that receive only financial income. The ten industries demand
domestic and foreign intermediate goods, and hire workers to meet
their final demand. Inter-industry relations are represented by the
input-output matrix.3

The model assumes that technical progress increases labour pro-
ductivity and/or energy efficiency. In each industry, the availability of
labour-saving (energy-saving) technologies positively depends on the
difference between the growth rates of labour and energy (energy and
labour) costs.4 Moreover, energy-saving innovations affect the technical
coefficients of the two energy supplying industries: fossil fuel and
electricity & gas. These coefficients decrease whenever any industry
implement new energy-saving technologies.

Before introducing the scenarios, it is worth presenting a simplified
version of the labour market modelled in Eurogreen that clarifies the
main forces at work that mediate the impact of productivity-led
working time reduction.5 For the sake of the argument, let us assume

that there is only one type of worker and a single industry. The gross
wage bill (B) is given by

= =B whL wH, (1)

where w is the hourly wage, h are the total annual hours per worker, L is
the employment, and H is the total amount of working hours. Since we
want to explore the change in time of B to evaluate the presence of a
scale effect, it is convenient to rewrite this equation in terms of growth
rates gi for i = B, w, h, L, H. Thus,

= + + = +g g g g g g .B w h L w H (2)

Labour demand is given by

=L y
h

, (3)

where y is the output and λ the labour productivity. We can rewrite this
equation in terms of growth rates, that is

= = + =g g g g g g g g g .L y h H L h y (4)

Eq. (4) captures the well known relationship between employment
(expressed in total hours H), GDP and labour productivity. A reduction
in working hours makes employment more sensitive to economic
growth. If working hours are fixed, as in the baseline scenario below,
the growth rate of employment is given by the difference between the
growth rates of GDP and labour productivity. By contrast, if λh is
constant, as in the three alternative scenarios, the growth rate of em-
ployment equals the growth rate of GDP.

The growth rate of wages depends on the growth rate of labour
productivity gλ and employment (gL), that is

= +g g g ,w L L (5)

where ωλ ∈ [0,1) and ωL ∈ [0,1) reflect the sensitivity of hourly wage
to productivity and employment growth, respectively.

From Eqs. (4) and (5), it holds that,

= + +g g g g(1 ) (1 ) .B L y L L h (6)

From Eq. (6), it is straightforward to highlight the impact of WTR on
the gross wage bill. If working time does not change, the last term of Eq.
(6) is zero. Otherwise, productivity-led working time reduction means
that gh = − gλ. Thus it holds that,

= + +g g g(1 ) (1 ) ,B
BASE

L y L (7)

= +g g g(1 ) (1 ) .B
WTR

L y (8)

Table 1 compares the resulting growth rates of the gross wage bill in
the Baseline (BASE) and in the productivity-led working time reduction
(WTR) according to a number of assumption on the sensitivity of hourly
wages to labour productivity and employment. Although, in Eurogreen,
GDP growth is endogenous, we present the results assuming that gy= 0
(left-hand side of the Table) and that gy = gλ > 0 (right-hand side).

Note that productivity-led working time reduction does not directly
increase employment, but would only prevent its reduction due to la-
bour productivity increases. When gy = 0, any increase in productivity
generates a reduction in working hours that keeps unchanged the level
of employment. Thus, the annual product per worker is constant (i.e.
gh + gλ = 0). Without economic growth, any increase in labour pro-
ductivity brings about a reduction of the gross wage bill, inducing a
reduction in disposable income and private consumption (i.e. scale ef-
fect). However, the size of this change depends on the sensitivity of
wage to labour productivity. Interestingly, the reduction of the gross
wage bill in the Baseline is greater or equal to that in WTR. This is due
to the fact that the decrease in employment tends to lower hourly wage,
while this effect is absent in WTR.

2 However, it is unclear if these results can be interpreted as a scale effect
since the regressions in Shao and Rodríguez-Labajos (2016, p.232) control for
time period dummies and the panel threshold regressions in Shao and Shen
(2017, p.326) control for GDP per capita.
3 The ten aggregated industries considered in the input-output matrix of

Eurogreen are: agriculture, mining, manufacturing, fossil fuels, electricity &
gas, construction, services, finance, public, and other.
4 This incentive affects the threshold of a random process at the basis of

availability of different technologies.

5 For a full documentation of the labour market module see Supplementary
Information in D'Alessandro et al. (2020) pp. 22–25.
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When gy= gλ > 0, employment is constant in the Baseline while it
increases in WTR. Thus, on the one hand, the gross wage bill increases
in the Baseline only if the positive effects of productivity growth on
wage is considered (ωλ > 0). On the other hand, working time re-
duction allows for the increase in employment that, in turn, can further
increase hourly wages.

The growth rate of the gross wage bill is also tied to a change in
distribution and in particular in the labour share. In this simplified
version of the model, the labour share (LS) can be defined as the ratio
between the gross wage bill and the GDP, i.e. LS = B/y and
gLS = gB − gy). Indeed, if gy = 0 the growth rate of the labour share is
equal to the growth rates presented in the left/hand side of Table 1. In
other words, it is negative in all cases, but WTR can mitigate this effect.
Instead, if gy= gλ, given that ωλ ∈ [0,1), the labour share declines in all
cases but the last one with WTR. If (ωL+ ωλ) > 1 the effect on hourly
wages from productivity increase and employment can more than
compensate the direct effect of labour productivity.

This argument is a logical exercise that assumes exogenous GDP
growth. However, in the Eurogreen model and in the scenarios here
considered, GDP endogenously depends on the wage bill, through its
impact on private consumption, but also on the other components of the
final demand: government expenditure, investments and net exports.
Thus, variations in prices, profits, the number of pensioners, un-
employed and inactive individuals receiving public benefits also affect
GDP. Our scenario analysis attempts to grasp the overall impact of these
interactions and feedback loops on GDP, unemployment, emissions and
public balance and income distribution.

3.1. Scenarios

To highlight the social and environmental effects of productivity-led
working time reduction, we compare the baseline with three alternative
scenarios. Our simulations encompass the period 2014–2050 and sce-
narios differ from the baseline after 2020.

In the Baseline scenario, working hours are fixed by industry and
hourly wages increase with labour productivity, (i.e. 0<ωλ < 1).
Hence, the annual product per worker (λh) increases at the same rate of
labour productivity.

In the Working Time Reduction (WTR) scenario, labour productivity
gains do not increase hourly wages (i.e. ωλ = 0) and, instead, they are
converted into less working hours per employee. This reduction is
proportional to the variation of industry-specific labour productivity.
However, hourly wages are not constant since they remain an in-
creasing function of employment (ωL > 0).

The Global Working Time Reduction (GWTR) scenario adds to WTR
an exogenous export reduction that mimics the introduction of working
time in other countries, by assuming that export growth equals the
lagged growth rates of domestic imports, in each industry. The under-
lying assumption in GWTR is that France's trade partners implement an
identical reduction in working time and, thus, cut their imports from
France at the same rate of French imports, thus resulting in a reduction
of French export. This scenario allows us to assess to what extent the
effectiveness of working time reduction depends on the trade balance.
By introducing this scenario, we are able to assess how much of the
difference in GHG emissions between WTR and GWTR is explained by

the increase in exports that follows the change in working time.
The Constrained Working Time Reduction (CWTR) scenario considers

a binding deficit rule. Given the current architecture of the budgetary
limits for EU member states (European Commission, 2017), upper
bounds to governments' deficit-to-GDP ratios would be particularly
stringent in the absence of growth. Under this condition, the fiscal rule
can produce an additional reduction of public expenditures that fosters
a reduction of GDP growth and employment. As a results, the capacity
of job creation of working time reduction could be very limited. This
scenario cuts government's final consumption by 1% if the simulated
deficit-to-GDP ratio on the previous year exceeded 3% and maintains a
0.5% yearly increase otherwise.

In these three alternative scenarios we assume that ωλ = 0. That is,
workers accept to trade all the increase in potential income from pro-
ductivity for free time, keeping the annual product per worker constant
(Fitzgerald et al., 2018). Although this case represents an extreme im-
plementation of working time reduction, the literature already clarifies
that this should lead to a high scale effect (Spangenberg et al., 2002;
Pullinger, 2014). Note that, according to Table 1, both in the case of
zero economic growth or when gy= gλ the effect on gross wage bill and
on the labour share is not worst than that in the Baseline. However,
given the several feedback loops considered in Eurogreen, in Section 5,
we explore the distributive impact of productivity-led working time
reduction comparing the WTR scenario with an additional scenario
where ωλ > 0 and equal to the value of the Baseline, i.e. the Working
Time Reduction + wage (WTR + wage) scenario.

4. Scale effect assessment

The main simulation results are presented in Fig. 2. It plots the
dynamics of the French economy under the baseline and the three al-
ternative scenarios from 2014 to 2050. The graphs report the means
and 95% confidence intervals of 200 simulations for each scenario. We
perform multiple simulations to account for variations in endogenous
technical progress which depends on the availability of randomly ex-
tracted technologies at each simulated period.

The economy average reduction in weekly hours is approximately
the same in the three alternative scenarios and fall from about 32 in
2014 to about 23 hours in 2050.6 The fall in hours worked is very si-
milar in our three alternative scenarios because total labour costs do not
diverge enough across them to bias technological progress towards
more labour-saving innovations. Nevertheless, the scenarios show dif-
ferent patterns in terms of environmental and economic performances.

Panel 2a summarizes the impact of working time reduction on un-
employment. The WTR scenario shows a significant reduction of un-
employment rates which drastically drop from about 10% in 2020 to
about 4% in 2050. The GWTR scenario results in higher unemployment
rates with respect to WTR, albeit still well below the Baseline projec-
tions (around 6.5% against 12% in 2050, respectively). Furthermore,
CWTR undermines the employment improvements generated by pro-
ductivity-led working time reduction, leading to an unemployment rate
(~10%) slightly below that of the Baseline.

The comparison between Panels 2a and 2b shows that the Baseline
results in the highest GDP growth and the highest unemployment rate.7

The remarkable decrease in unemployment rate, in WTR, is due to the
combination of reduced work hours with increasing aggregate demand
and output. Indeed, it is the higher GDP growth in theWTR, relative to

Table 1
Taxonomy of resulting changes in the gross wage bill growth rate (gB).

Condition gy = 0 gy = gλ

BASE WTR BASE WTR

ωλ = 0 ωL = 0 −gλ −gλ 0 0
ωλ = 0 ωL > 0 −(1 + ωL)gλ −gλ 0 ωLgλ
ωλ > 0 ωL = 0 −(1 − ωλ)gλ −(1 − ωλ)gλ ωλgλ ωλgλ
ωλ > 0 ωL > 0 −(1 + ωL − ωλ)gλ −(1 − ωλ)gλ ωλgλ (ωL + ωλ)gλ

6 The initial value of 32 hours seems low. This is due to the fact that our
model does not distinguish between full and part-time work. Therefore, hours
worked per week are actually an average across all workers in the economy,
including those in part-time jobs.
7 In the baseline, the annual GDP grows at fairly constant rates of about 1%,

in line with the forecasts of the E.U. Reference Scenario 2016 (Capros et al.,
2016).
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GWTR and CWTR, that ensures the best performance in terms of un-
employment. In other words, the success of working time reduction in
curbing unemployment does depend on GDP growth. Nonetheless,
Panel 2b confirms the presence of a scale effect since the fall in the gross
wage bill induces a lower GDP growth in all the alternative scenarios
with respect to the baseline.

The reductions in total greenhouse gas emissions, measured in Mtoe
of CO2 equivalents and plotted as a percentage of their level in 1990,
are shown in Panel 2c. The projected trends of efficiency gains from
new technologies and expansion in renewable energy in the baseline
scenario account for most of the GHG reductions, reaching on average
about 70% and 44% of the 1990 level in 2030 and 2050, respectively.
Yet, these numbers are above the 60% target of the EU climate action
2030 and remarkably far from the recently announced net zero-emis-
sion target in 2050 (European Commission, 2018). The reductions in
emissions in the remaining three scenarios closely reflect their re-
spective GDP patterns. By 2050 the reduction in emissions with respect
to the Baseline is of about 4%, 16% and 22% in WTR, GWTR and
CWTR, respectively. As a term of comparison, consider that the base-
line scenario of the National Low Carbon Strategy Project of the French
Government projects 15 MtCO2 of negative emissions per year from
carbon capture and storage technologies (Ministere de la Transition
Ecologique et Solidaire, 2020). The reductions in our scenarios results
in almost 0.6 (WTR), 2.5 (GWTR) and 3.5 times (CWTR) this magni-
tude.

The path of deficit-to-GDP ratio is presented in Panel 2d. The
baseline trend declines from an initial 4% to less than 1% at the end of
the simulation period. The picture drastically changes in the alternative
scenarios. Public deficit trend downwards under WTR, reaching less
than −2% in 2050. Under GWTR, instead, it grows above the initial
4%, reaching about the 5% in 2050. Since the reduction in exports does
not affect public expenditure, this divergence with respect toWTRmust
be attributed to the fall in GDP and to the contraction of government
tax revenues. In CWTR, adding the binding fiscal rule to GWTR
maintains the deficit-to-GDP ratio close to 3%.

4.1. Gross wage bill

Fig. 3 shows the variations of the labour income in terms of gross
wage bill. The left Panel (3a) compares the Baseline (blue line) with
WTR. The latter is split between the labour income that corresponds to
the number of employed workers when WTR is introduced in 2020
(dark green) and that of employees hired successively (light green).
Overall, WTR does decrease total labour income, yet the consequent
consumption reduction is partially offset by the increase in employed
individuals.

Panel (3b) shows the comparison betweenWTR (green line) and the
decomposition of labour income of the GWTR (red and light red). The
export contraction further reduces both the total gross wage bill and the
job creation potential of productivity-led working time reduction. The

Fig. 2. Main results. Each graph plots the means (solid lines) and 95% confidence intervals (dotted lines) of 200 simulations for each scenario.
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total labour income and the creation of new jobs fall even further once
the binding fiscal rule is introduced (see right panel, 3c).

Overall, all three scenarios that consider a reduction in working
time present lower unemployment rates and GHG emissions with re-
spect to the Baseline. Nonetheless, our results highlight a trade-off be-
tween the scale of the improvements in employment and emissions. The
contraction of consumption, production and emissions that follow
lower yearly wages of employed workers is partially offset by the in-
creased disposable income of formerly unemployed and inactive in-
dividuals hired thanks to the working time reduction process. The scale
of this compensation effect depends mainly on two factors: i. the con-
traction in gross labour income promoted by working time reduction,
and ii. the increase in the number of employees that depends on the
pace of economic growth. Even though GDP growth rates are lower in
WTR than in the baseline, they remain positive until the end of the
simulation period. When GDP growth becomes negative, as in GWTR
and CWTR, the portion of the wage bill from employment growth falls.
Still, the additional reductions of growth and production in the last two
scenarios also lead to larger emissions reductions.

4.2. GDP composition

Fig. 4 plots the evolution of aggregate demand components as a
percentage of their baseline values. The main distinctive behaviour
observed in WTR is the expansion of net exports. In GWTR, the cur-
tailment of exports induces a stronger reduction in private consumption
and investments. In the CWTR scenario, the combination of a binding
fiscal rule with decreasing GDP brings about a sharp contraction in
public expenditure. Thus, the expected emissions reduction due to the
scale effect of WTR might be offset by an expansion in exports due to
the relative decline in domestic demand and prices.

4.3. Public budget balance

Fig. 5 shows the scatter-plot of public revenues (x-axis) against ex-
penditures (y-axis). Values above the 45∘ line represent a deficit. Under
the baseline, we observe a continued increase in both revenue and
expenditure associated to a low but positive deficit until 2050. Under
WTR and GWTR, the public expenditure stagnates until 2030 and it
slightly declines afterwards. However, revenues follow diverging paths,
with an expansion in WTR and a contraction in GWTR. The divergent
paths in the deficit-to-GDP ratio (see 2d) is determined by the variations

in revenue and GDP, instead of expenditure.
The projected behaviour of the government's budget radically

changes in CWTR. To match the fall in revenue and maintain the def-
icit-to-GDP ratio below 3%, government's expenditure falls in nominal
terms reverting back to their initial values by the end of the simulation
period. Such a strong contraction of public expenditure, also seen in
Fig. 4, explains why the GDP growth rate turns negative in CWTR be-
fore 2030 whereas in GWTR they remain positive at least until 2040.
This result makes it clear that rigid fiscal rules may cancel out the
employment gains from working time reduction, particularly if GDP is
decreasing. In that case, additional sources of public revenue such as
wealth and carbon taxes might be necessary to maintain the welfare
system while respecting current deficit rules.

5. Distributional impacts

This section takes a closer look into income distribution. It compares
the Baseline withWTR and a further WTR scenario (WTR + wages) in
which hourly wages positively respond to increases in labour pro-
ductivity.8

The two top-row panels in Fig. 6 plot two different indicators of
income distribution: the labour share (6a) and the Gini coefficient
(6b).9 The labour share, in Panel 6a, follows a decreasing trend in the
Baseline and falls even further in WTR. This difference is due to the
reduction of the gross wage bill, as seen in Fig. 3, and subsequent
sluggish GDP growth. As argued in Table 1, this circumstance is ex-
plained by the fact that in the absence of GDP growth labour income
would increase more in WTR than in the Baseline
(−gλ > − (1 + ωL− ωλ)gλ10). In other words, the difference in GDP
growth rates explains the relative low decline of labour share in the
Baseline.11 The combination of increasing employment and hourly

Fig. 3. Gross labour income decomposition. Each of the three graphs compares the gross wage bill of two scenarios. The labour income of the compared scenario is
further split between the total wages of the number of workers employed in year 2020 (dark green, dark red and dark gray) and those of workers hired after the
introduction of reduced working time (light green, light red, light gray). (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

8 In terms of the formalization developed in the Methods Section, ωλ takes the
same value than that of the Baseline.
9 The Gini coefficient is calculated based on the income of the 13 different

groups of individuals modelled in Eurogreen. The first 12 groups are low,
middle and high-skill workers that are either employed, unemployed, inactive
(out of the labour force) and retired. The final group is reserved to capitalists or
rentiers, a fixed 0.1% of the population, whose income depends exclusively on
dividends and financial assets.
10 Assuming that ωλ > ωL as in our simulations
11 For the same reason, the level of profits between WTR and Baseline does
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wages, which results in slightly increasing annual wages, in
WTR + wages is able to revert the deterioration of the labour share
observed in the Baseline.

The Gini coefficient (6b) shows a different picture. Income dis-
tribution improves the most in WTR + wages and worsens in the
Baseline, but it significantly improves also in WTR. This is explained
by the notable increase in the number of individuals employed in WTR

(6d). Thus, despite the loss of labour income inWTR, the absorption of
individuals previously unemployed and inactive is still able to improve
the overall income distribution. This is evident in panel 6d. It shows
how the reduction in working hours results in a qualitative change in
employment dynamics with sizable expansion in the number of em-
ployed individuals. The role of working time reduction is further
highlighted by the similar employment numbers in WTR and
WTR + wages.12 The additional labour demand in the latter corre-
sponds to the indirect effects of a higher aggregate demand from in-
creasing wages.

The bottom-left panel plots greenhouse gas emissions (6c
1990 = 100). Perhaps surprisingly the reduction in emissions observed
in WTR + wages is almost exactly the same achieved in WTR at the
end of the simulation. To better interpret this result we resort, once
again, to the behaviour of the different components of aggregate de-
mand.

Fig. 7 plots the aggregate demand components of the new
WTR + wages scenario as a percentage of those in the Baseline (left)
and in WTR (Right).13 First, the variation of all GDP components with
respect to the baseline is much milder in WTR + wages than in the
other three scenarios. The reduction in greenhouse gas emissions from
Fig. 6c is due to the contractions in private consumption and invest-
ments which more than compensate for the modest expansion in net
exports and government expenditure, both smaller in scale than con-
sumption and investments.

The right panel of Fig. 7 shows the effects of growing hourly wages.
Its combination with higher employment boosts private consumption
and aggregate demand, with respect toWTR. The increase in aggregate
demand in turn accelerates investments and allows government ex-
penditure to grow. However, higher prices follow the increasing unit
labour costs, curbing exports.

Fig. 4. GDP composition. Comparison between the evolution of private consumption, investments, government expenditures and net exports, in WTR, GWTR and
CWTR, as a percetage of the baseline value of these components.

Fig. 5. Government's revenue and expenditure. Simulated government's rev-
enue and expenditure are plotted in the x and y-axis, respectively. Values above
(below) the black 45∘ line indicate a deficit (surplus).

(footnote continued)
not change significantly. Even though, the profit share is higher in WTR, with
respect to the Baseline, total GDP is lower. Hence, total profits are roughly the
same in these two scenarios. Moreover, the increase in profits mainly tends to
reduce firm's debt, and the increase in consumption out of wealth, especially for
capitalists, does not affect the macro-dynamics.

12 Total reduction in working hours are comparable. By 2050, the economy
average of weekly working hours (labour productivity) are marginally lower
(higher) in WTR + wage (22.61) than in WTR (22.97), GWTR (23.14) and
CWTR (23.42).
13 Note that the left panel is directly comparable with the graphs in Fig. 4

while the right panel enables us to isolate the effects of increasing hourly wages
with working time reduction.
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Still, these variations do not fully explain how emissions in
WTR + wages match those of WTR. The contraction in exports is not
enough to compensate for the expansion of the other components of
aggregate demand. Hence, GDP and production levels are higher with
wage growth. Thus, it follows that the industry composition of the
output is less carbon intensive in WTR + wages than in WTR. This is
not surprising since internal demand favours growth in less energy-in-
tensive industries such as private and public services instead carbon
intensive manufacturing of tradable goods.

6. Concluding remarks

The pursuit of a techno-economic solutions is currently mono-
polizing the scientific debate on climate change as evidenced by the
allocation of funds which are overwhelmingly directed to natural and
technical sciences (Foulds and Christensen, 2016; Overland and
Sovacool, 2020). On the contrary, a deeper understanding of societal
factors would provide adaptation sciences with more reliable analytical
tools for assessing the actual feasibility of environmental policies and to
design new and more effective ones (Sovacool et al., 2015; Keskitalo
and Preston, 2019). In this vein, we have investigated the macro-
economic and environmental implications of a reduction in working
time that maintains constant the output per worker. Increases in labour
productivity are converted in proportional reductions of working time

that result in a scale effect that slows down GDP growth, promotes
significant reductions in unemployment rates and greenhouse gas
emissions. This is a case to show that social innovations can be as ef-
fective as technical solutions towards a low-carbon transition.

We show, through a simple analytical illustration, how working
time reduction affects the dynamics of labour income. For a given GDP
growth and any sensitivity of wages to employment and productivity,
the growth rate of labour income is always higher with working time
reduction. This also means that a reduction in working time should shift
functional income distribution in favour of workers. Nevertheless GDP
is not exogenous and depends dynamically on aggregate demand and
employment which interact with prices and wages. We assess this
complex picture through scenario analysis by applying Eurogreen, a
dynamic macro-simulation model calibrated for France for the period
2014–2050.

Our analysis highlights the emergence of barriers that limit the joint
achievement of socio-economic and environmental goals. In the WTR
scenario, the increase in exports due to a reduction in prices acts as the
barrier to the reduction of emissions. In the GWTR scenario, the first
barrier is overcome by introducing a shrinking of exports that results
from a lowering of the relative competitive advantage of the economy.
As a consequence, a fiscal barrier consisting in a curtailment of public
revenues emerges and negatively affects the employment outcomes. In
the CWTR, the introduction of a binding fiscal rule addresses the public

Fig. 6. Income distribution in WTR with and without wage growth. Each graph plots the means (solid lines) and 95% confidence intervals (dotted lines) of 200
simulations for each scenario.
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deficit barrier and produces the best environmental performance at the
cost of the lowest employment outcome. Thus, although productivity-
led working time reduction generates a double dividend advantage in
all the scenarios, a substantial cut in CO2 emissions would conflict with
the objective of sustaining employment. In this sense, we observe that
there is a trade-off between the size of employment and environmental
benefits even though all working time reduction scenarios achieve an
improvement in the two indicators with respect to the baseline.
Accordingly, our simulations point out environmental results that are
less optimistic – albeit still positive – than other simulation models
(Jackson and Victor, 2011).

However, a further social benefit emerge when we add to the pic-
ture the circumstance that hourly wages could positively respond to
increases in labour productivity. The degree of acceptance of working
time reduction by workers is usually tied to the prospect of a constant
annual pay, therefore higher hourly wages. Without entering into the
merits of the conflict of interests between workers and employees, we
limit our analysis to the interactions between income distribution and
greenhouse gas emissions under working time reduction. Our results
show that it is possible to curb emissions while increasing hourly wages
and employment. Nonetheless, in this case it is the expansion of the
internal demand that limits GHG emission reductions instead of ex-
ports. More interestingly, although the result in term of emission is
indistinguishable, the positive response of wage to labour productivity
is able to halt the decreasing trend in labour share observed in the
baseline and the WTR scenarios.

Further research should consider whether working time reduction
could improve income distribution when individuals in higher-wage
occupations reduce their work hours by more than low-wage ones.
However, this could be perceived as unfair by low-wage workers. Schor
(2005) argues that egalitarian reductions in hours are more likely to be
widely accepted since they avoid creating large disparities between
groups of workers. Moreover, if employers prefer longer hours, as
suggested by Oh et al. (2012), a working time reduction could also
accelerate offshoring in tradeable industries.

Since working time reduction reduces imports and might increase
exports, it has distributional effects across countries. A GDP contraction

in wealthier countries entails a decrease in foreign demand for the poor
and could harm employment and inequality in those countries. Such an
effect is similar to the sufficiency rebound identified by Alcott (2008) in
which a reduction of prices in northern countries that adopt working
time reduction results in a increase of exports to the global south.

This study does not explore the interactions between productivity-
led working time reduction and standard environmental policies, such
as carbon tax, subsidies to energy efficiency and renewable energy.
Although this can be seen as a shortcoming, it allows us to isolate the
effect of a social innovation on emissions. When working time reduc-
tion is introduced as a policy (e.g., a contractual change from 35 to 30
hourly week) together with environmental policies, the simulation re-
sults show significant complementarities (Cieplinski et al., 2020).
However, when working time reduction is tied to labour-productivity
growth, the results might change. Indeed, at first, environmental po-
licies should induce a faster implementation of energy-saving tech-
nology which could lead to a slowdown in labour-productivity growth
and, thus, to a slower decline in working time. This delay would reduce
the amplitude of the scale effect and make the achievement of emission
targets more dependent on techno-economic solutions. These issues are
worth investigating but we leave them for future research.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

Alcott, B., 2008. The sufficiency strategy: would rich-world frugality lower environmental
impact? Ecol. Econ. 64 (4), 770–786.

Alier, J.M., 2009. Socially sustainable economic de-growth. Dev. Chang. 40 (6),
1099–1119.

Antal, M., 2018. Post-growth strategies can be more feasible than techno-fixes: focus on
working time. Anthrop. Rev. 5 (3), 230–236.

Askenazy, P., 2013. Working time regulation in France from 1996 to 2012. Camb. J. Econ.
37 (2), 323–347.

Baland, J.-M., Bardhan, P., Bowles, S., 2018. Inequality, Cooperation, and Environmental

Fig. 7. GDP composition in WTR with wage growth. Comparison between the evolution of private consumption, investments, government expenditures and net
exports, in WTR + wages as a percentage of the baseline (left) and WTR (right) values of these components.

A. Cieplinski, et al. Ecological Economics 179 (2021) 106822

9

http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0005
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0005
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0010
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0010
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0015
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0015
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0020
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0020
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0025


Sustainability. Princeton University Press.
Capros, P., De Vita, A., Tasios, N., Siskos, P., Kannavou, M., Petropoulos, A.,

Evangelopoulou, S., Zampara, M., Papadopoulos, D., Nakos, C., et al., 2016. EU
Reference Scenario 2016-Energy, Transport and GHG Emissions Trends to 2050.
Technical Report, European Commission Directorate-General for Energy, Directorate-
General for Climate Action and Directorate-General for Mobility and Transport.

Cieplinski, A., D’Alessandro, S., Distefano, T., Guarnieri, P., 2020. Coupling
Environmental Transition and Social Prosperity: A Scenario-Analysis of the Italian
Case. University of Pisa, Discussion paper n, pp. 256.

D’Alessandro, S., Cieplinski, A., Distefano, T., Dittmer, K., 2020. Feasible alternatives to
green growth. Nat. Sustain. 3 (4), 329–335.

De Spiegelaere, S., Piasna, A., 2017. The why and how of Working Time Reduction.
European Trade Union Institute.

European Commission, 2018. A Clean Planet for all: A European Strategic Long-Term
Vision for a Prosperous, Modern, Competitive and Climate Neutral Economy.

European Commission, D. E.-F, 2017. Vade Mecum on the Stability and Growth Pact:
2017 Edition.

Eurostat, 2020a. Greenhouse Gas Emissions Per Capita. https://ec.europa.eu/
eurostat/web/products-datasets/-/T2020_RD300.

Eurostat, 2020b. Share of Renewable Energy in Gross Final Energy Consumption.
https://ec.europa.eu/eurostat/databrowser/view/t2020_31/
default/table?lang=en.

Fagan, C., Norman, H., Smith, M., González Menéndez, M., 2014. In Search of Good
Quality Part-Time Employment. Conditions of Work and Employment Series No. 43.
International Labour Organization, Geneva.

Fitzgerald, J.B., Schor, J.B., Jorgenson, A.K., 2018. Working hours and carbon dioxide
emissions in the United States, 2007–2013. Soc. Forces 96 (4), 1851–1874.

Foulds, C., Christensen, T.H., 2016. Funding pathways to a low-carbon transition. Nat.
Energy 1 (7), 1–4.

Hallegatte, S., Heal, G., Fay, M., Treguer, D., 2012. From growth to green growth-a fra-
mework. In: Technical Report, National Bureau of Economic Research.

Hamermesh, D.S., Kawaguchi, D., Lee, J., 2017. Does labor legislation benefit workers?
Well-being after an hours reduction. J. Japan. Int. Econ. 44, 1–12.

Hardt, L., O’Neill, D.W., 2017. Ecological macroeconomic models: assessing current de-
velopments. Ecol. Econ. 134, 198–211.

Hayden, A., Shandra, J.M., 2009. Hours of work and the ecological footprint of nations:
an exploratory analysis. Local Environ. 14 (6), 575–600.

Heun, M.K., Brockway, P.E., 2019. Meeting 2030 primary energy and economic growth
goals: Mission impossible? Appl. Energy 251, 112697.

Jackson, T., Victor, P., 2011. Productivity and work in the ‘green economy’: some theo-
retical reflections and empirical tests. Enviro. Innovat. Soc. Trans. 1 (1), 101–108.

Jalas, M., 2002. A time use perspective on the materials intensity of consumption. Ecol.
Econ. 41 (1), 109–123.

Jänicke, M., 2012. “Green growth”: from a growing eco-industry to economic sustain-
ability. Energy Policy 48, 13–21.

Kallis, G., 2011. In defence of degrowth. Ecol. Econ. 70 (5), 873–880.
Keskitalo, E.C.H., Preston, B.L., 2019. Research Handbook on Climate Change Adaptation

Policy. Edward Elgar Publishing.
King, L.C., van den Bergh, J.C., 2017. Worktime reduction as a solution to climate change:

five scenarios compared for the Uk. Ecol. Econ. 132, 124–134.
Knight, K.W., Rosa, E.A., Schor, J.B., 2013. Could working less reduce pressures on the

environment? A cross-national panel analysis of oecd countries, 1970–2007. Glob.
Environ. Chang. 23 (4), 691–700.

Messenger, J.C., 2018. Working time and the future of work. Future Work Res. Paper
Series 6.

Messenger, J.C., Lee, S., McCann, D., 2007. Working Time around the World: Trends in
Working Hours, Laws, and Policies in a Global Comparative Perspective. Routledge.

Ministere de la Transition Ecologique et Solidaire, 2020. National Low Carbon Strategy
Project: The Ecological and Inclusive Transition towards Carbon Neutrality. https://
www.ecologique-solidaire.gouv.fr/sites/default/files/Projet%20SNBC%20EN.pdf.

Nässén, J., Larsson, J., 2015. Would shorter working time reduce greenhouse gas emis-
sions? An analysis of time use and consumption in swedish households. Environ.
Plan. C. 33 (4), 726–745.

Oh, S.-Y., Park, Y., Bowles, S., et al., 2012. Veblen effects, political representation, and the
reduction in working time over the 20th century. J. Econ. Behav. Organ. 83 (2), 218.

Overland, I., Sovacool, B.K., 2020. The misallocation of climate research funding. Energy
Res. Soc. Sci. 62, 101349.

Pullinger, M., 2014. Working time reduction policy in a sustainable economy: Criteria and
options for its design. Ecol. Econ. 103, 11–19.

Rezai, A., Stagl, S., 2016. Ecological macroeconomics: introduction and review. Ecol.
Econ. 121, 181–185.

Rosnick, D., Weisbrot, M., 2007. Are shorter work hours good for the environment? A
comparison of us and european energy consumption. Int. J. Health Serv. 37 (3),
405–417.

Schor, J.B., 2005. Sustainable consumption and worktime reduction. J. Ind. Ecol. 9 (1–2),
37–50.

Schor, J.B., Jorgenson, A.K., 2019. Response to bob pollin. Rev. Rad. Politic. Econ.
51, 1–3.

Shao, Q.-l., Rodríguez-Labajos, B., 2016. Does decreasing working time reduce environ-
mental pressures? New evidence based on dynamic panel approach. J. Clean. Prod.
125, 227–235.

Shao, Q., Shen, S., 2017. When reduced working time harms the environment: a panel
threshold analysis for eu-15, 1970–2010. J. Clean. Prod. 147, 319–329.

Sovacool, B.K., Ryan, S.E., Stern, P.C., Janda, K., Rochlin, G., Spreng, D., Pasqualetti,
M.J., Wilhite, H., Lutzenhiser, L., 2015. Integrating social science in energy research.
Energy Res. Soc. Sci. 6, 95–99.

Spangenberg, J.H., Omann, I., Hinterberger, F., 2002. Sustainable growth criteria:
minimum benchmarks and scenarios for employment and the environment. Ecol.
Econ. 42 (3), 429–443.

Sparks, K., Faragher, B., Cooper, C.L., 2001. Well-being and occupational health in the
21st century workplace. J. Occup. Organ. Psychol. 74 (4), 489–509.

Victor, P., Jackson, T., 2015. Towards an ecological macroeconomics. In: Brown, P.G.,
Timmerman, P. (Eds.), Ecological Economics for the Anthropocene: An Emerging
Paradigm. Columbia University Press, pp. 237–259 Chapter 8.

Wiedmann, T.O., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J., Kanemoto, K.,
2015. The material footprint of nations. Proc. Natl. Acad. Sci. 112 (20), 6271–6276.

Zwickl, K., Disslbacher, F., Stagl, S., 2016. Work-sharing for a sustainable economy. Ecol.
Econ. 121, 246–253.

A. Cieplinski, et al. Ecological Economics 179 (2021) 106822

10

http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0025
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0030
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0030
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0030
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0030
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0030
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0035
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0035
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0035
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0040
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0040
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0045
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0045
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0050
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0050
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0055
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0055
https://ec.europa.eu/eurostat/web/products-datasets/-/T2020_RD300
https://ec.europa.eu/eurostat/web/products-datasets/-/T2020_RD300
https://ec.europa.eu/eurostat/databrowser/view/t2020_31/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/t2020_31/default/table?lang=en
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0070
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0070
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0070
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0075
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0075
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0080
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0080
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0085
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0085
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0090
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0090
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0095
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0095
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0100
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0100
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0105
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0105
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0110
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0110
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0115
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0115
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0120
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0120
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0125
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0130
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0130
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0135
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0135
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0140
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0140
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0140
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0145
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0145
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0150
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0150
https://www.ecologique-solidaire.gouv.fr/sites/default/files/Projet%20SNBC%20EN.pdf
https://www.ecologique-solidaire.gouv.fr/sites/default/files/Projet%20SNBC%20EN.pdf
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0160
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0160
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0160
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0165
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0165
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0170
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0170
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0175
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0175
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0180
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0180
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0185
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0185
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0185
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0190
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0190
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0195
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0195
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0200
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0200
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0200
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0205
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0205
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0210
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0210
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0210
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0215
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0215
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0215
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0220
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0220
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0225
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0225
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0225
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0230
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0230
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0235
http://refhub.elsevier.com/S0921-8009(20)30444-4/rf0235

	Environmental impacts of productivity-led working time reduction
	1 Introduction
	2 Working time reduction and environmental impacts
	3 Methods
	3.1 Scenarios

	4 Scale effect assessment
	4.1 Gross wage bill
	4.2 GDP composition
	4.3 Public budget balance

	5 Distributional impacts
	6 Concluding remarks
	Declaration of Competing Interest
	References




