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Abstract
Is reducing paid working time (WT) a potential win-win climate change mitigation strategy, which
may simultaneously serve environmental sustainability and human well-being? While some
researchers and commentators frequently refer to such ‘double-dividends’, most climate and
environmental discussions ignore this topic. The societal relevance of paid WT and the potential
role of its reduction as a demand-side measure for mitigating the climate- and ecological crisis calls
for a critical review of the evidence. Here we systematically review the empirical, quantitative
literature on the relationships between paid WT and a number of environmental indicators:
resource use (incl. energy), greenhouse gas emissions and the ecological footprint. We applied two
comprehensive search queries in two scientific databases; screened∼2500 articles published until
December 2019, and used citation snowballing to identify relevant research. However, we only
found 15 fully relevant studies, as well as a number of partially relevant ones. This literature
employs substantially different scopes, indicators and statistical methods, each with important
caveats, which inhibits a formal quantitative evidence synthesis but usefully informs a critical
discussion of the research frontier. Most studies conclude that reductions in paid WT reduce
environmental pressures, primarily by decreasing incomes and consumption expenditures.
However, existing research does not provide reliable guidance beyond the established link between
expenditures and environmental impacts. Quantifying the effects of time use changes and
macro-economic feedbacks through productivity, employment, and the complementarity or
substitution between human labour and natural resources in production processes has proven to
be difficult. To better understand the environmental impacts of specific types of WT reductions,
new forms of data collection as well as studies at different scales and scopes are required. The
critical discussion of the existing literature helps to conceptually map the pathways investigated so
far and to identify crucial next steps towards more robust insights.

1. Introduction

Supply-side technological measures alone are
insufficient to safely avoid catastrophic climate
change, making complementary demand-side meas-
ures increasingly necessary (Anderson and Peters
2016, Creutzig et al 2016, 2018). These measures
promise to curb societal resource use (energy,

materials and land) and the resulting emissions,
which are key drivers of environmental unsustain-
ability (Krausmann et al 2018, UNEP-IRP 2019,
Marques et al 2019). In the case of climate change,
the global community committed itself to ambi-
tious and rapid action to achieve net-zero green-
house gas (GHG) emissions over the next few decades
(UNFCCC 2015).
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A growing number of public intellectuals argue
that working time reduction (WTR) could be an
environmentally beneficial demand-side strategy
for reducing resource use and GHG emissions
(Schor 2010, Kopatz 2012, Raworth 2017, Suzuki
2017, Bregman 2018, Frey 2019). This, and WTR
more generally, attracts substantial media attention
(Hierländer 2018, Harper 2019, Taylor 2019, Semdley
2019, Kahn 2020, Spicer 2020). Some even believe that
WTR is inevitable because automation and artificial
intelligence will soon outperform humans in many
jobs (Frey and Osborne 2017). Others see WTR as
beneficial to substantially increase labour productiv-
ity (Kleinman 2019). Especially in the affluent Global
North, WTR could (again) become a politically more
relevant strategy, as the successes of unions fighting
for it already show (Reiter et al 2018). Because decent
work is such a central societal issue, it is also directly
included in the Sustainable Development Goal Nr. 8
‘economic growth and decent work’ (United Nations
2019). Post-growth visions also emphasize the rela-
tion of work and well-being and explicitly mention
WTR (The Guardian 2018).

Nevertheless, the topic of WTR is almost com-
pletely absent from most IPCC documents, climate
strategies at the international, national and subna-
tional levels, and high-level climate policy discussions
(Antal 2018). Both this neglect, which may be due to
the dearth of information on effects of WTR, and the
enthusiasm of its proponents call for a deeper under-
standing of the climate and environmental impacts of
this strategy. In other words, whether and how WTR
schemes should be considered in climate discourse
and policy is a controversial and open question.

Previous research, at least since Schor (1992)
wrote about the ‘work-spend’ cycle in ‘The Over-
worked American’, has tried to highlight the neces-
sity, display the variety, and study the role of WTR
as a strategy to reduce resource use and emissions
(e.g. Jackson and Victor 2011, Pullinger 2014, Antal
2014, Wiedenhofer et al 2018). In its simplest form,
the idea is that people who already have enough could
work less, therefore earn and consume less, which
could increase well-being and reduce environmental
impacts without harming employment. Of course,
there are many complexities not captured by this
first simple picture. For example, consumption pat-
ternsmay shift towardsmore resource- and emission-
intensive activities such as travel (Hanbury et al 2019).
WTR may also trigger production-side changes over
time, whose consequences for resource use and emis-
sions depend on the substitutability or complement-
arity of labour, capital and resources across differ-
ent sectors (e.g. Apostolakis 1990). Reflecting this
complexity, interest in exploring the environmental
impacts of WTR from various perspectives seems
to be on the rise (Hanbury et al 2019, Schumacher
et al 2019, Csala 2020, Lindsay et al 2020, Cieplinski
et al 2021).

However, in terms of empirical evidence on the
quantitative relationship between paid working time
(WT) and the environment (ENV), the existing lit-
erature is scattered across different approaches and
methods, making them hard to compare and syn-
thesize. For WT, different measures, definitions and
databases are used. The environmental indicators
range from production-based energy and emission
accounts to consumption-based carbon-, material-
and ecological footprints. While all these indicators
have climate-relevance because they include energy or
emissions, their differences and underlying assump-
tions complicate comparisons. While many existing
papers have short discussions and selective summar-
ies of previous work, there is no comprehensive and
critical review of the literature.

Here we conduct a systematic review of the
empirical evidence on the environmental impacts
of WTR, aiming for a critical understanding of the
knowledge base and necessary next steps to assess
WTR as a demand-side mitigation strategy. For
this purpose, we employ a reproducible, systematic
method to identify the relevant scientific literature
on the quantitative relationship between paid WT
and resource use, GHG emissions and the ecolo-
gical footprint (section 2). We summarize the liter-
ature (section 3) and critically discuss its strengths
and weaknesses (section 4). Then we draw together
theoretical arguments and perspectives from the lit-
erature and explore promising directions for future
research (section 5). Finally, we draw conclusions
regardingWTR as a demand-sidemitigationmeasure
(section 6).

2. Systematic reviewmethod and criteria

To uncover all the relevant literature, a systematic
search process has been conducted (figure 1).

In step 1, two search queries were developed and
used to find relevant documents in Scopus and the
Web of Science Core Collections, covering all entries
until 2 December 2019. The search was limited
to English-language titles, keywords and abstracts,
yielding 2494 records.

In step 2, titles and abstracts of each record
were screened for relevance by the first author, leav-
ing 66 studies. Between reviewer-consistency was
tested by assigning 100 records to the second author,
with 100% inclusion/exclusion agreement. Studies
were deemed fully relevant if they investigated the
relationship between paid working time and an envir-
onmental indicator (such as energy use, materials use,
emissions and the ecological footprint), both indicat-
ors were quantitative, referred to the same system (e.g.
a household, a state or a country), and the relationship
was studied on the basis of measured values. A number
of studieswere partially relevant, as they dealt with the
same relationship but did not satisfy all conditions.
These were moved to step 6.
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Figure 1. Process overview for the systematic review.

In step 3, full texts were screened, leaving ten ref-
erences as fully relevant.

In step 4, reference lists of all relevant papers were
checked (‘citation snowballing’), yielding another ten
potentially relevant papers. Some of these were not
included in the two scientific databases we used. No
further studies were identified as potentially relev-
ant from their reference lists (2nd level snowballing).
After a full-text screening, five studies were included
as fully relevant.

In step 5, the 15 full-texts were coded based on the
pre-developed criteria, critically appraised, and syn-
thesized (see table 1). Additionally, the first author
corresponded with some of the first authors of the
assessed literature (Jared Fitzgerald, Qing-long Shao,
Anders Fremstad, Jonas Nässén).

In step6, the partially relevant studieswere collec-
ted and utilized for contextualization and discussion
of the evidence, as well as to inform next steps. These
studies are, for example: macro-economic scenario
modelling exercises; models of GHG emissions in
which time use had an important role; articles in
which environmental behaviour was linked to time
use but not WT specifically; research on the environ-
mental intensity of time-uses; and a number of the-
oretical and qualitative papers.

An important limitation of our approach is that
it does not necessarily find broader descriptions of
WTR schemeswhere ENV impacts are not specifically

highlighted. Such papers may still be relevant if they
discuss selected environmentally important lifestyle
changes or strategies of stakeholders that matter for
income, expenditures or environmental behaviour5.
However, these papers do not provide comparable
quantitative environmental indicators and would
therefore require a completely different reviewdesign.

3. The empirical literature onWT,
resource use and emissions

The 15 research articles identified as fully relevant
are summarized in table 2 (and the supplement-
ary information, tables S1 and S2, which is available
online at stacks.iop.org/ERL/16/013002/mmedia).

Country-level studies investigate the relation-
ship between aggregate WT and ENV indicators
using econometric approaches. Besides simple regres-
sion models that try to connect the average WT
of employed workers with an ENV indicator using
a cross-sectional sample of countries, most papers
use panel data and build on the STIRPAT approach
(‘stochastic impacts by regression on population,
affluence and technology’). This is a multivariate
non-linear model extending the classical IPAT model

5 One example pointed out by a reviewer is the description of
experiences with the four-day week at the Volkswagen Company
(Promberger et al 1999).
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Table 1. Criteria for the systematic comparative assessment for the full-text critical appraisal.

Study scope Country/region, time period and level of analysis (country, state and households)

Sample selection Rich countries/different country groups; all households/only above a threshold of
annual hours, other selection criteria

Work time indicator Weekly/annual working hours of workers of the country/household
Environmental indicators Territorial (production-based)/consumption-based: energy use, materials, emis-

sions and ecological footprint
Methodological approach Relationship studied, statistical methods used and control variables
Acknowledgement of limit-
ations

Robustness checks and information on explanatory power of the type of statistical
analysis acknowledged by the authors

Main results and
conclusions

Key quantitative WT–ENV result and headline conclusions drawn by authors

(York et al 2003), in which environmental impacts
(I) were conceptualized as the product of population
size (P), affluence (A: per capita GDP), and techno-
logy (T: environmental impacts per unit of GDP).
STIRPATcanbewritten as Ii = aPb

i A
c
iT

d
i eiwhere a is a

scaling constant, while exponents b, c,d and the error
term e describe the relationship for unit i (e.g. a coun-
try in a year). WT enters these models in two ways:
through the scale effect (Schor 1992) and the compos-
ition effect (Nässén et al 2009).

The scale effect means that higher work hours
yield a higher level of economic output, i.e. refers to
the contribution of WT to GDP. Most studies in our
sample test for the scale effect by disaggregating per
capita GDP into three parts—the employed popula-
tion ratio, the average WT of employees, and labour
productivity (GDP per hour)—and isolate WT as the
variable of interest while using the other two as con-
trol variables in the econometricmodel. The compos-
ition effect is the impact of WT apart from its con-
tribution to GDP, which stems from household-level
consumption decisions influenced by the availability
and uses of non-work time and household incomes6.
In econometric analyses, it is isolated net ofGDP (WT
is the variable of interest and GDP per capita is a con-
trol variable). Additional control variables (urban-
ization, manufacturing/service ratio of GDP, energy
production, etc.) are also included.

Household-level studies investigate theWT–ENV
relationship using econometric methods, but with
WT and ENV indicators referring to individual
households, not entire economies. Two main meth-
ods have been used so far. The less comprehensive
option is to define WT brackets (e.g. low, medium,
high) and use logit regressions to analyse the pre-
valence of selected environmentally relevant types
of consumption in each (Devetter and Rousseau
2011). The other, more common approach is to study
the relationship between total household WT and
a consumption-based energy/CO2/material footprint
indicator, which is calculated from all expenditures of

6 This is a consumption-side perspective put forward in the
reviewed papers. For a discussion of production-side impacts and
how they interact with consumption, see section 5.

the household (Nässén and Larsson 2015, Buhl and
Acosta 2016, Fremstad et al 2019). In both cases, a
number of control variables can be used (e.g. house-
hold characteristics).

Figure 2 gives a summary of the main channels
through which WT and ENV indicators have been
connected in the literature.

4. Critical appraisal of the empirical
literature

We address four groups of questions to discuss
the challenges and limitations of understanding the
∆WT–∆ENV relationship:7 (a) Which system is
studied? (b) How is WT measured? (c) How is WT
measured? (d) How are conclusions drawn? Fig-
ure 3 gives an overview of the relevant methodolo-
gical choices and the associated concerns, which are
covered in the following subsections.

4.1. Which system is studied?
The∆WT–∆ENV relationship cannot be analysed at
the global level because WT is not measured consist-
ently. By focusing at lower levels, some impacts of
∆WT will not be captured. One potentially import-
ant effect is the sufficiency rebound (Alcott 2008),
i.e. that lower demand by those who implement
a sufficiency strategy—e.g. by reducing WT and
consumption—may reduce prices and increase con-
sumption by others. If consumption grows in units
excluded from the analysis, then the ENV impacts
of WTR may be overestimated8. More generally, the
smaller the studied system, the more impacts will
occur beyond its boundaries. This is an important
limitation for all household-level studies.

On the other hand, the larger the studied system,
themore impacts not related to∆WTcan be expected
to influence the ENV indicator. A key question is how
important WT (or ∆WT) is compared to drivers of
ENV (or∆ENV) that are excluded from the analysis.

7 ∆ refers to changes of variables. Many studies talk about both a
static WT–ENV and a dynamic∆WT–∆ENV relationship.
8 The price interactions will be stronger if the entities whose ENV
indicator changes aremore strongly connected throughmarkets, so
it might be a more serious limitation for household level studies.
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Table 2. Summary of the empirical literature on WT versus resource use and emissions. For a more detailed table see the supplementary
information. If not stated otherwise, total CO2 emissions include emissions from fossil fuel use and industrial processes.

Authors Level of 
analysis

Countries 
investigated

Working time 
indicator Environmental Indicator Key conclusions

Fitzgerald 
et al. 2018

C
ou

nt
ry

/s
ta

te
 le

ve
l

USA Average weekly 
working hours

Pr
od

uc
tio

n-
ba

se
d/

te
rr

ito
ria

l p
er

sp
ec

tiv
e

CO2 emissions from 
fossil fuels

US states with higher WT tend to have 
higher CO2 emissions (2007-2013)

Shao & 
Shen 2017 EU-15 Average annual 

working hours

Total CO2 emissions 
and primary energy 
consumption

Different effects at different WT levels on
CO2

Shao & 
Rodríguez-
Labajos 
2016

Mix of 
countries

Average annual 
working hours

Total CO2 emissions 
per capita

Higher WT was associated with higher
emissions in rich countries (1980-2000),
but relationship turned negative
(2000-2010)

Shao 2015 EU-15 Average annual 
working hours

Total CO2 emissions 
and primary energy 
consumption

Higher WT mostly associated with higher
energy and CO2, but large regional 
differences (1970-2010)

Fitzgerald 
et al. 2015

Mix of 
countries

Average annual 
working hours

Primary energy 
consumption

WT effect on energy use was negative in 
the past (1990), positive later (2008), 
strengthened over time

Knight et 
al. 2013 OECD Average annual 

working hours Total CO2 emissions Positive relationship between WT and 
CO2 (1970-2007)

Rosnick & 
Weisbrot 
2007

EU-15 & 
USA

Total national 
working hours

Primary energy 
consumption

Positive relationship between WT and 
energy use, especially in high-income 
countries (2003)

Knight et 
al. 2013 OECD Average annual 

working hours

C
on

su
m

pt
io

n-
ba

se
d/

fo
ot

pr
in

t p
er

sp
ec

tiv
e

Ecological footprint Positive relationship between WT and
ecological footprints (1970-2007)

Hayden et 
al. 2009

Mix of 
countries

Average annual 
working hours Ecological footprint Positive relationship between WT and

ecological footprints (2000)

Schor 2005 OECD

Annual working 
hours per 
employee and 
per working-age 
person

Ecological footprint Significant positive correlation between 
WT and ecological footprints

Fremstad 
et al. 2019

H
ou

se
ho

ld
 le

ve
l

USA
Annual 
household 
working hours

Total CO2 footprint Positive (but not very strong) relationship
between WT and CO2

Buhl & 
Acosta 
2016

Germany Weekly working 
hours Material footprint Positive income and negative time use 

effect on material use

Nässén & 
Larsson 
2015

Sweden Paid working 
time in minutes

GHG footprint (excl. 
land use change),
primary energy 
footprint

WT increases energy use and GHG, 
income effect larger than time use

Devetter & 
Rousseau 
2011

France
Work hours per 
week per 
household

Environmentally
harmful types of 
consumption

WT increases likelihood of 
environmentally intensive consumption

Nässén et 
al. 2009 Sweden

Work and non-
work time use in 
minutes

GHG footprint (excl. 
land use change),
primary energy 
footprint

WT increases energy use and GHG, 
positive income and slightly negative time
use effect
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Figure 2.WT–ENV pathways at the macro-economic and micro-economic levels. Dashed arrows denote weaker relationships.
Blue boxes matter for scale, yellow boxes for composition.

Figure 3.Methodological choices and associated concerns and limitations of WT–ENV studies and implications for WTR. Grey
refers to a study that did not attempt to comprehensively estimate ENV impacts.
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In the reviewed country-level studies, the answer is
not encouraging: the importance of unobserved vari-
ables seems to be enormous. Changes in resource use
and emissions are strongly driven by technical and
structural changes in sectors like electricity, trans-
port, buildings, and business/industry (Jackson et al
2019). We tested how changes in the electricity mix
affect the results of Fitzgerald et al (2018) and found
a very substantial influence9. All other reviewed stud-
ies may be similarly affected as none of them control
for changes in the efficiency of power plants or the
changing fuel mix. Similar issues will arise for trans-
port, buildings and industrial production. Because
WT usually changes by less than 2% per year (and
often <1%), changes due to unobserved variables are
likely to have substantially larger effects than ∆WT.
Therefore, there is a great risk of finding spurious
relationships.

Regarding the temporal dimensions of the system
under study, how much of ∆ENV appears immedi-
ately matters. If there are substantial lagged effects,
e.g. because everyday practices slowly adapt to lower
WT and incomes, or because of macro-economic
feedbacks, then studies assuming a contemporaneous
relationship give an incomplete or inaccurate picture.
This problem is generally ignored in the empirical lit-
erature (table 2).

4.2. How isWTmeasured?
Country-level studies usually use average annual
hours per employed worker obtained from datasets
based on national accounts (table 2). Calculation
methods of these WT values are not internationally
standardized, so they are only suitable for compar-
isons of trends over time and not between countries
for a given year (de Vries and Erumban 2017, OECD
2020). WT data from labour force surveys differ from
these values by up to 10%–20%, with large variations
between countries (Bick et al 2019b). Unfortunately,
none of the reviewed studies have used adjusted, con-
sistent WT values, which have only become available
recently for a subset of countries (Wingender 2018).
In some of the reviewed papers, data availability was
also a reason to use WT indicators that excluded cer-
tain groups of workers10.

9 They study territorial CO2 emissions from fossil fuels for US
states. The data they used (EPA 2017) is broken down by main
sectors, showing that in 31 out of the 50 states CO2 emissions
were mainly driven by changes in the electricity sector. Taking total
power generation values from the EIA (2020) reveals that in 23 of
these states, the main reason was the change of the fuel mix, not
the change of total power generation. (An additional remark is that
North Dakota, one of their outliers, had 10%, not 20% increase in
overall emissions.)
10 For example, Fitzgerald et al (2018) exclude public and farm
employees, i.e. 15%–20% of the total labour force from their ana-
lysis of US states. Whether this makes a significant difference is
unknown, but the study period is 2007–2013 when the economic
turmoil may have had different effects in different sectors. Further-
more, some of their outlier states had radical changes in the private

The reliability of WT values is a further question.
To test this, we compared average annual WT from
the databases of The Conference Board (TCB) and
the OECD, both of which are widely used in country-
level studies (supplementary information, table S1).
The results11 show that annual changes in the dif-
ferences between the datasets are sometimes larger
than changes of the WT values themselves, poten-
tially undermining statistical analyses (supplement-
ary information, figure S1). Similarly, trends in the
differences between databases are concerning as the
strength of any effect of∆WT on∆ENV will appear
to be different depending on the database. In addi-
tion, Bick et al (2019a) report substantial revisions of
WT data in the OECD and TCB databases: e.g. the
difference between US and EU values has changed by
40% between the 2003 and 2016 releases of the same
database.

Obtaining appropriate WT data at the household
level is also difficult. Using WT data of individuals
is inadequate because changes of individuals’ WT in
a household are often strongly coupled, e.g. through
the unpaidwork of other householdmembers (Jacobs
and Gerson 2001, Lewis et al 2008, Wielers et al 2014,
Spiegelaere and Piasna 2017). Total household WT
depends on the number of household members who
work as well as the working hours of each. As ENV
maydepend onhow totalWT is shared, the ideal data-
set contains information on the number of individu-
als as well as their WT values, as in Fremstad et al
(2019).Without such data, the other reviewed studies
analyse the effects of hypothetical WTR schemes that
are assumed to affect WT, incomes or expenditures in
specific ways (e.g. proportionally reduce all three).

At the household level, the source of WT data
matters for reliability. When WT values are self-
reported, which is usually the case when no diary-
based time use dataset is applied, then its known
biases should be kept in mind. For instance, long
hours are usually overreported while short hours are
underreported (Frazis and Stewart 2014), increasing
thewidth ofmeasuredWTdistributions. Besides,WT
estimates are less reliable if many workers are self-
employed or have irregular schedules (Niemi 1993,
Robinson and Bostrom 1994, Bonke 2005, Walthery
and Gershuny 2019), which makes statistical estim-
ates more noisy.

4.3. How is ENVmeasured?
Most country-level studies use territorial/production-
based ENV indicators (table 2). Total primary energy

sector (a fracking boom) whichmay not have affected the excluded
sectors.
11 The values for many European countries are exactly the same.
However, for other countries, such as the USA, Mexico, Japan or
Korea (randomly chosen non-EU countries), which are all included
in several WT–ENV studies (Rosnick and Weisbrot 2007, Hayden
and Shandra 2009, Fitzgerald et al 2015), there are significant dif-
ferences.

7
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supply (TPES) denotes the total amount of primary
energy that a country has at their disposal12. It
includes domestic energy production and energy
imports and excludes energy exports and fuels used
for international shipping and aviation13. Territorial
indicators for CO2 emissions represent either only
the domestic combustion of fossil fuels, or in some
reviewed studies also industrial processes such as
cement and steel production. None of the studies
use complete emissions accounts from agriculture,
forestry and other land uses, as well as land use
changes (AFOLU emissions) (Smith et al 2014).

From a WT–ENV perspective, these production-
based indicators have important weaknesses. Exclud-
ing emissions from international flights and shipping
can cause an error of 10% or more, especially for
small and affluent countries (e.g. the Netherlands),
with substantial trends over time (vanGoeverden et al
2016, Eurostat 2020). If industrial emissions from
cement production are excluded (as in Fitzgerald et al
2018), then changes in the building sector may be
lost. Excluding emissions from land use change and
forestry underestimates impacts of food and other
biomass products (Houghton 2020), which are cru-
cial for tropical countries14 and for certain impacts
through lifestyle changes (e.g. diet shifts and the use
of biofuels). Not accounting for other GHGs means
that potentially relevant emissions (e.g. methane
from food production) are not considered. Evenmore
critical is that none of these production-based ENV
indicators reflect the resource/energy/carbon impacts
of imports and exports, which make up 10%–30%
of emissions attributable to consumption (Wiebe et
al 2012), or even more (∼50%) for small and open
economies like US states (Erickson et al 2012) or
European countries (Tukker et al 2016). Trends of ter-
ritorial ENV indicators have been strongly influenced
by changes in energy/emissions embodied in trade,
which grew very significantly in the early 2000s and
flattened out around 2010 after the global financial
crisis (Pan et al 2017, Wood et al 2019a).

In addition, even for the ENV indicators forwhich
official reporting is most accurate, data reliability
remains a concern. To show this, we compared ter-
ritorial CO2 emissions from fossil fuels per capita
from the databases of the Global Carbon Project
and the World Bank (supplementary information,
figure S2)15. The analysis shows that differences in
reported emissions can be substantial, up to 20% in

12 It measures energy contents before transformation to other end-
use fuels, e.g. the energy content of coal or gas used in a power plant,
not the electricity.
13 Changes of fuel stocks are also included, but these are usually
small.
14 E.g. Brazil or Colombia, which are included in Fitzgerald et al
(2015) and Shao and Rodríguez-Labajos (2016).
15We chose four European countries (France, Denmark, Germany
and the Netherlands), for which Shao and Shen (2017) suggest a
negative WT–ENV relationship, i.e. increasing ENV as a result of
decreasing WT.

the chosen case. These differences can have structural
breaks (1989–1990 in figure S2). Moreover, changes
of the difference between the databases is very often
comparable, and often larger, than the change of the
values themselves (supplementary information, table
S3). In addition, sometimes there are substantial revi-
sions of ENV values, especially for countries with
weaker institutions or lower commitment to trans-
parency (e.g. Liu et al 2015).

More comprehensive ENV indicators are even
less reliable, e.g. because of the uncertainties of
AFOLU emissions (Petrescu et al 2020) or non-CO2

GHG emissions (IPCC 2014). Further complexities
and uncertainties characterize consumption-based
footprint indicators that attribute all resources/en-
ergy/emissions occurring along international sup-
ply chains to final consumption. The ecological
footprint is conceptually the most comprehensive
consumption-based ENV indicator, which provides
a measure of global environmental pressures due
to food consumption, housing, transportation, con-
sumer goods, and services16. This indicator, used in
several reviewed papers (table 2), has been heavily cri-
ticized, not least because of the arbitrary weighting
of the various environmental problems (e.g. van den
Bergh and Verbruggen 1999, Ayres 2000, Wiedmann
and Barrett 2010, van den Bergh and Grazi 2014).
Besides the complicated interpretation, inaccuracies
in the data used to calculate the ecological footprint
and its carbon component may also make its statist-
ical use misleading (Jóhannesson et al 2020).

At the household level, ENV indicators are not
measured directly. Two main types of indicators have
been used so far. Devetter and Rousseau (2011)
considered selected types of consumption as binary
ENV indicators, e.g. ‘electricity bills belonging to the
highest quartile’ or ‘having a large house (more than 6
rooms)’. The justification for this approach is that cer-
tain types of consumption have substantially higher
resource/emission intensities than others (Jalas 2002),
and are easier to measure. However, picking con-
sumption categories may bias evaluations towards
directly accessible information and risks ignoring
other effects.

The more comprehensive, but also more diffi-
cult, approach is to account for the environmental
impacts of all types of consumption corresponding
to the lifestyle(s) of household members using foot-
print estimation methods (Nässén and Larsson 2015,

16 Environmental pressures from these are converted into a com-
mon metric: global hectares, representing the amount of product-
ive land and water areas at average world productivity required
to continuously produce the resources and assimilate the wastes
associated with consumption (Wackernagel and Beyers 2016). A
large fraction of it is due to the theoretical land area required
to hypothetically sequester annual emissions. International trade
flows are simplified into ‘national yield factors’. The National Foot-
print Accounts are the most widely used EF dataset, providing data
for most countries and the world for 1961–2014, based primarily
on publicly available UN datasets (Lin et al 2018).
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Buhl and Acosta 2016, Fremstad et al 2019). Foot-
print indicators are usually derived from expenditure
survey data using input-output (IO) analysis, which
maps the structure of economies by quantifying sup-
ply chain interactions17.

A number of limitations follow. First, household
expenditure surveys do not capture all consump-
tion. For instance, some employers provide direct
assistance for transport or housing. More import-
antly, government consumption and investments are
not attributed to households, so—amongmany other
effects—emissions linked to large construction pro-
jects are not visible in household-level footprints
(Chen et al 2018).

Second, IO modelling assumes homogenous
prices for each product group (Miller and Blair 2009).
This may cause problems, e.g. for energy in coun-
tries with liberalized energy retail markets (all case
studies reviewed here). In Germany, price differ-
ences are up to 20%–30% (Gugler et al 2018) and
household energy use is responsible for 25%–30% of
CO2 footprints (Gill and Möller 2018), resulting in
5%–10% uncertainty of household level emissions.
Sufficient sectoral/product-detail is thus crucial: IO
analysts usually suggest differentiating at least 30–50
expenditure categories. Studies with substantially
fewer categories, such as the reviewed paper by Buhl
and Acosta (2016), are therefore limited.

Third, it attributes resource use/emissions pro-
portional to monetary flows (Weisz and Duchin
2006). This likely overestimates ENV impacts at high
levels of expenditure in consumption categories like
housing (or cars) where costs are driven by location
(or brand names) without proportionally changing
the resource use/emissions associated with their pro-
duction. Conversely, at low levels of expenditure ENV
impacts may be underestimated (Girod and De Haan
2010).

Fourth, results are sensitive to the allocation of
resources and emissions to economic sectors and to
errors in trade data (Owen et al 2017)18. Studies
using national IOmodels, such asNässén and Larsson
(2015) and Fremstad et al (2019) may also be prob-
lematic if imports are substantially cleaner/dirtier
than domestic products (e.g. for small, open econom-
ies with clean electricity like Sweden) (Lenzen et al
2004). This is especially important if the composition
of household consumption is systematically related
to WT.

17 Officially reported data from national accounts, trade statistics,
energy, materials and emissions reporting and official surveys are
combined into a consistent modelling framework (Miller and Blair
2009).
18 For comparisons across studies, another complicating factor is
that different IO-models exist and the underlying datasets for emis-
sions and resource use (Owen et al 2014, Wood et al 2019b) as well
as expenditure surveys, national accounts and multi-regional IO
tables (Min and Rao 2018) can all differ slightly, affecting footprint
estimates.

4.4. How are conclusions drawn?
Before discussing how conclusions are drawn at dif-
ferent levels, a general comment is relevant for all
reviewed studies. Changes of WT can take place in
various ways (Pullinger 2014, De Spiegelaere and
Piasna 2017) with potentially divergent effects onWT
and ENV indicators, as well as their relationship.
Table 3 lists important differences between ∆WTs
and refers to their implications regarding the studied
relationship.

If different types of ∆WTs simultaneously affect
the indicators, then their effects will be confounded
in the analysis, preventing conclusions regarding spe-
cific types of ∆WTs. This limitation is crucial for
country/state-level studies using aggregateWT indic-
ators, and likely relevant for household level studies
based on nationally representative surveys.

4.4.1. Country-level studies
WTR is usually discussed as an option for high-
income countries to translate productivity growth
into lower WT instead of higher consumption (Jack-
son and Victor 2011, Knight et al 2013, Antal and
van den Bergh 2016). Including low- and middle-
income countries in cross-country comparisons as
several reviewed studies do (table 2) is questionable
because not only the drivers of WT and ENV, but also
their definitions can be completely different (e.g. in
countries with prevalent subsistence agriculture and
informal work relations)19.

Several studies use country groups to reduce het-
erogeneity. However, it is unclear whether grouping
is enough to avoid all problematic types of hetero-
geneity. For instance, if WT increases in some coun-
tries and decreases in others within a group20, then a
potentially asymmetrical ∆WT–∆ENV relationship
may confuse results (Sorrell et al 2020). Furthermore,
in some studies, country groups change over time.
If countries jump from one group to another, then
specific trends affecting WT or ENV in a country
can distort the results or some groups may have too
few countries for statistical analysis (as in Shao and
Shen 2017).

With a relatively limited set of countries, the next
question is how long the time period should be. There
are cross-sectional studies that refer to a single year
(Schor 2005, Rosnick andWeisbrot 2007, Hayden and
Shandra 2009). This is inadequate because neither
WT values nor ENV values are comparable21. For
longitudinal studies, the goal is to identify a time
period with enough data points and a stable ∆WT–
∆ENV relationship. The relationshipmay change due

19 From this perspective, a state-level analysis of the US (Fitzgerald
et al 2018) is better because of the uniform definitions and meth-
odology.
20 E.g. in the USA vs. continental Europe since the 1980s.
21 At least no feasible method has been shown so far to control for
all country-specific drivers of ENV.
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Table 3. Types of∆WT and their implications for ENV impacts.

Factor Types of∆WT Selected implications

Participation • Collective in a country
• Collective at an organization
• Individual opt-in scheme

Influences the need for wage compensation (neces-
sary at lower wages in collective schemes), and the
likelihood of∆WT of non-participants (workers in
individual WTR schemes may be replaced, spouses of
WTR participants may increase their WT if their share
of unpaid work decreases)

Timing Changes in
• Daily WT
• Weekly WT
• Annual WT
• Lifetime WT

Influences lifestyles and associated ENV impacts:
10%–20% difference between ENV indicators pos-
sible due to different timing (King and van den Bergh
2017), e.g. less commuting with more days off than
with shorter workdays (Schumacher et al 2019, Per-
coco 2018), changes in heating and cooling, required
building floor space, leisure travel, etc.

Financial
impacts

How total income is affected & how
monetary costs (if any) are shared by
employees, employers and governments

Matters for competitiveness, employment and spend-
ing power, thereby influencing WT and production
beyond the direct impacts (e.g. Hunt 1999, Marimon
and Zilibotti 2000, Chemin and Wasmer 2009)

Length Temporary (e.g. for a year) or permanent
∆WT

Matters for individual aspirations and associated fin-
ancial and lifestyle strategies (e.g. savings, investments,
moving homes, etc.)

Speed Abrupt or step by step∆WT Influences perceptions of impacts and associated WT
preferences

Starting
point

Changes from any given initial level of
WT

Influences effects on the intensity and productivity of
work (reductions from 55 h per week likely increase
productivity more than reductions from 15 h per
week) as well as changes in patterns of consumption
(forced reductions of part-time work differ from vol-
untary reductions of overtime)

to cultural transitions, demographic changes influ-
encing the number of people in different life-stages,
or technological innovations that affect both the
ENV intensity of given time uses and the lifestyle
choices reflected in time use patterns (Jalas and Jun-
tunen 2015)22. Therefore, it seems necessary to avoid
structural breaks when WT or ENV change abruptly
for external reasons; e.g. 1990 for ex-socialist coun-
tries23, the great recession around 2009 for most
countries, and the fracking boom around 2010 in
the USA24.

22 However, splitting up the time period in non-arbitrary ways is
very difficult because of the various factors that may influence the
strength of the∆WT–∆ENV relationship and the very noisy data
that makes statistical methods used for this separation question-
able.
231990 is in the middle of the first study period for Shao
and Rodríguez-Labajos (2016) who include Bulgaria, the Czech
Republic, Estonia, Germany, Hungary, Latvia, Lithuania, Poland,
Romania, Russia, Slovakia, and Slovenia, as well as the study period
of Knight et al (2013) who include the Czech Republic, Estonia,
Germany, Hungary, Slovakia, and Slovenia.
24 Without the fracking boom, there would be no apparent rela-
tionship on the ∆WT-∆ENV figure in Fitzgerald et al (2018).
Model runs without these states are said to be ‘substantively sim-
ilar’ to the findings including them, but it would have been useful to
numerically report these findings to illustrate the (in)significance
of this methodological decision. The results of this study are also
very questionable because the study period 2007–2013 includes the
financial crisis and the great recession, which drastically changed

While a full assessment of the statistical methods
of each study is beyond the scope of this paper, we
make a few observations about questionable statist-
ical methods and results that are very difficult to
reconcile with theory or common sense. First, as
changes of WT can affect both productivity (Golden
2012) and the employed population ratio (Zwickl et al
2016, De Spiegelaere and Piasna 2017), it is surprising
that not all country-level studies check multicollin-
earity between the three factors that make up GDP
per capita. Second, some studies use methods that
look inadequate, e.g. Fitzgerald et al (2015) apply the
Prais–Winsten method even though the number of
countries exceeds the number of time periods and
the time period is short25. Third, many papers get
very strange results, which should serve as (further)
cautionary signs. Shao and Shen (2017) find signi-
ficantly negative effects of population size and GDP
per capita on carbon emissions26. For population,
Shao (2015) and Knight et al (2013) get suspiciously
low and high values, respectively (less than 0.3 vs.

the US economy, affecting CO2 emissions in various ways in the
different states.
25 This was pointed out by one of the reviewers.
26 In both cases they refer to unobserved variables to suggest poten-
tial explanations. However, the same unobserved variables may
have affected their findings regarding the WT–ENV relationship,
potentially invalidating their headline findings.
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more than 2). Both studies get very different results
for closely related ENV indicators (TPES & territ-
orial CO2, and carbon footprint & territorial CO2).
Fitzgerald et al (2015) find negative effects of the
employed population ratio on TPES, whereas Fitzger-
ald et al (2018) find no significant effect of GDP per
hour and GDP per capita on territorial CO2 emis-
sions. Despite all uncertainties, Shao and Rodríguez-
Labajos (2016) draw counterintuitive conclusions
regarding the∆WT–∆ENV relationship on the basis
of weak statistical results, without sufficient sensitiv-
ity analysis.

A summary of the main concerns for each
country-level study is given below (table 4).

4.4.2. Household-level studies
Not all household level studies try to draw conclu-
sions regarding the ENV impacts of the same type of
WTR. To illustrate the differences, we go through the
chain of impacts from∆WT to∆ENV.

Each step in the ∆WT–∆(income)–∆
(expenditure)–∆ENV causal chain is complex.
First, the statistical relationship between ∆WT and
∆(income) tends to be weak because of large dif-
ferences between hourly wages27. Second, annual
income and expenditure indicators can be quite
different, e.g. because of changes in net savings,
income that is not (properly) measured (e.g. capital
income28), and transfers between households. Third,
the relationship between total expenditures and ENV
may depend on personal values and choices regarding
the composition of consumption.

Which of these indicators is supposed to change
due to WTR has important implications for the
∆WT–∆ENV relationship. Some articles (Nässén
and Larsson 2015, Buhl and Acosta 2016) assume
that WTR changes WT and expenditures simultan-
eously and proportionately (for a discussion of rep-
resenting the financial impacts of WTR as a change
of expenditures vs. a change of incomes, see the sup-
plementary information). The aim of these studies is
to calculate two separate effects: an ‘income effect’,
which stems from the financial impacts of WTR, and
a ‘time use effect’, which stems from the changes in
time use patterns (figure 2). Separating these would
ideally require detailed longitudinal information on
both the expenditures of a large sample of households
and the time uses of household members. Then the
consequences of changes in either just expenditures or
time use could be studied using subsamples in which
the other variable is unchanged.

However, such data is generally not available.
In both studies using this approach, WT and

27 There may be orders of magnitudes between the incomes of
households working the same number of hours, see e.g. data from
Fremstad et al (2019).
28 Which can be particularly important in the group that is most
likely to prefer WTR.

expenditure data come from different datasets. The
problem is that WT and income are correlated
(Devetter and Rousseau 2011), so time use sur-
veys contain some income effects (e.g. people with
higher WT are more likely to have higher incomes
and more expensive time uses) and expenditure sur-
veys include some time use effects (e.g. people with
higher expenditures likely have higher WT and some
expenditures resulting from a time squeeze). It is
not enough to consider only one of these effects
because the WT–income relationship that is implicit
in time use and expenditure surveys is almost cer-
tainly different from the WT–income relationship
that characterises the studied type of WTR (e.g. a
linear relationship)29. On the other hand, adding the
two effects together without double counting is com-
plicated. Nässén and Larsson (2015) recognized this30

and attempted to calculate a pure time use effect by
not only allocating different types of expenditures to
time uses, but also adjusting some of the expendit-
ure intensities to keep total expenditures constant in
this part of the calculation. As the original match-
ing between time uses and expenditures is already
somewhat arbitrary (Schipper et al 1989, Jalas 2002,
2008, Druckman et al 2012), the adjusted version is
bound to be very uncertain. What’s more, calculat-
ing an income effect that does not include any time
use effects has not been attempted, which draws into
question the usefulness of efforts based on separate
datasets.

Perhaps the best available data source, which con-
tains both WT and expenditures for the same house-
holds, is used by Fremstad et al (2019). As detailed
time use data is not included in this dataset, time
use information cannot be used to better under-
stand the pathways of ENV impacts (i.e. why certain
expenditures change), but a straightforward WT–
ENV regression is possible. By doing this, Fremstad
et al (2019)make no assumptions about how incomes
or expenditures change. (They separately calculate
income and expenditure elasticities of ENV, which
would correspond to assumptions of WTR changing
these instead of WT. A discussion of these is included
in the supplementary information.) However, they
use a cross-sectional WT–ENV relationship to draw
conclusions regarding the longitudinal effects of a
WTR scheme, which is very questionable. The rela-
tionship between WT and ENV is so indirect that
it would be very difficult to theoretically justify this
approach. In the case of expenditure elasticities, one
could argue that longitudinal changes of ENVmay be
approximated using cross-sectional data because the
expenditure–ENV relationship is ‘tight’ (at any level
of total expenditure the variation of ENV is not very

29 The same limitation is true even if expenditure or time use data
is longitudinal because it is unlikely that past changes have occurred
under the conditions that characterize any given WTR scheme.
30 Buhl and Acosta (2016) did not.
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Table 4. Summary of specific concerns about country level studies, excluding general concerns.

Study Main concerns Further comment

Schor (2005) Cross-sectional, no control variables,
small sample, etc.

Self-describes as thought provoking,
not as serious analysis, no conclusions
possible

Rosnick and Weisbrot (2007) Cross-sectional No conclusions possible
Hayden and Shandra (2009) Cross-sectional No conclusions possible
Knight et al (2013) Structural break in the middle of

the period for 6 out of 29 countries.
Model results suspicious: impact of
population is very large

Suspicious that elasticity is 1.3 for the
carbon footprint and 0.5 for territorial
CO2

Fitzgerald et al (2015) Model results suspicious: impact of
employed population ratio on TPES is
negative. Statistical method problem-
atic

Very large fluctuations in the WT–
ENV relationship do not seem very
likely

Shao (2015) Model results suspicious: impact of
population is very small. Most results
on the role of WT are not statistically
significant

Very large differences between EU
regions and time periods in terms of
WT–ENV

Shao and Rodríguez-Labajos (2016) Structural break in first study period
(collapse of socialism). Few explanat-
ory variables or sensitivity analyses

Effect size small, interpretation not
cautious enough

Shao and Shen (2017) Inappropriate grouping of countries.
Model results extremely questionable:
impact of population on TPES and
territorial CO2 is negative

Data discrepancies for the countries in
the headline results highlighted

Fitzgerald et al (2018) Territorial emissions problematic for
small, open economies. Main driver of
emissions (change of electricity mix)
not included in the model. Struc-
tural break in the middle of the study
period

Results without outliers not shown

wide) and because characteristic expenditure patterns
are followed by specific groups of people. In contrast,
the WT–ENV relationship is ‘weak’ (at any level of
WT the variation of ENV is wide) and there are no
characteristic lifestyles according toWT31. The cross-
sectionalWT–income andWT–expenditure relation-
ships in the sample used by Fremstad et al (2019)
are very different from those in the collective WTR
assumed by Nässén and Larsson (2015), in which
hourly wages are kept constant. It is also incorrect to
draw conclusions about the role of WT in explain-
ing differences in ENV at the country level, not only

31 Fremstad et al (2019) tried to reduce heterogeneity by analysing
subsamples and using a number of control variables, but the pro-
portion of the variance in the dependent variable that is predict-
able from the independent variables is still quite low in all of their
models (R2 < 0.5). Controlling for all potentially relevant factors
that influence how expenditures would change as a result of WTR
looks very difficult (Hanbury et al 2019). If there are systematic
differences between unobserved drivers of ENV according to WT,
which is fully possible, then longitudinal changes can be expec-
ted to differ from the cross-sectional correlation. Path-dependence
(e.g. rigidities of consumption patterns) can also invalidate cross-
sectional results. A further comment is that preferences to change
WTunder given conditionsmay differ substantially between differ-
ent groups in the same sample, so conclusions regarding concrete
WTR schemes (collective or individual, compensated or uncom-
pensated, weekly or annual, etc.) may be different even if the same
dataset is used.

because the cross-sectional assumption would imply
a very specific—and not necessarily realistic—type of
WTR, but also because effects at the macro level are
neglected.

This makes it unclear whether taking annual WT
and expenditure data from the same dataset is bet-
ter than relying on expenditures alone to predict the
impacts of a WTR scheme. It is likely that approx-
imating income by expenditures leads to an overes-
timation of the ENV impacts of WTR while using
annual WT or income data leads to underestimation
(for the explanation see the supplementary inform-
ation). Using both approaches is useful for a sens-
itivity analysis. Differences will depend on the data-
sets applied, the methods used and the type of WTR
regarding which conclusions are sought.

A summary of the main concerns for each
household-level study is given below (table 5).

5. Towards a robust understanding ofWT
(reductions) and the potential effects on
resource use and emissions

In section 3, figure 2 gave a technical overview of
selected variables connecting ∆WT and ∆ENV, but
did not account for all important causal mechanisms.
To propose directions for further research, deeper
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Table 5. Summary of specific concerns about household level studies, excluding general concerns.

Study Main concerns Further comment

Devetter and Rousseau (2011) WT indicator very crude, ENV indic-
ator not comprehensive.

Only qualitative conclusions possible
regarding the WT–ENV relationship.

Nässén and Larsson (2015) Two non-independent effects added
together—part of the problem is not
recognized.

No conclusions beyond the
expenditure–ENV relationship
possible.

Buhl and Acosta (2016) Two non-independent effects added
together—the problem is not recog-
nized. ENV indicator based on too few
expenditure categories.

Unclear reporting of results. No
conclusions possible.

Fremstad et al (2019) Cross-sectional WT–ENV analysis not
informative about ENV impacts of
WTR in general and about country
differences.

Conclusions beyond the expenditure–
ENV relationship very questionable.

theoretical understanding is helpful. We start from
economic changes associated with WTR and proceed
towards the social structures that shape the economic
system and its dynamics, drive WT related decisions,
and influence the impacts of given WTR schemes.
Finally, we discuss potentials and limitations of vari-
ous research directions.

5.1. Economic pathways between∆WT and∆ENV
Any type of WTR has two immediate impacts: some
labour input (working hours) and some labour out-
put (e.g. products or services) disappear from the eco-
nomic system. A number of indirect impacts can be
expected both on the production and the consump-
tion side.

When labour input is reduced, production-side
impacts may occur through labour productivity, pro-
duction processes, and labour markets. Impacts on
labour productivity are due to individual level changes
such as less fatigue and organizational effects like the
changing effectiveness of work groups (Golden 2012,
Collewet and Sauermann 2017). The magnitude of
these effects depends on the types of jobs as well as the
type and participants of WTR. Production processes
change because different factors of production—
labour, capital, energy, and resources—can substi-
tute or complement each other (Berndt and Wood
1979). Even if the direct labour–energy relationship is
close to neutral (Cox et al 2014), longer term effects
through substitution or complementarity with capital
can be relevant (Fallon and Layard 1975, Apostolakis
1990, Frey and Osborne 2017). These relationships
depend on production processes and characterist-
ics of producers like skill levels. Effects through
labour marketsmay include a variety of changes. Total
employment may change, e.g. if new workers are
hired to keep up production despite WTR, thereby
reducing un(der)employment. The strength of this
effect depends on broader economic conditions like
the level of un(der)employment among workers suit-
able for the jobs. Besides, sectoral shifts may occur
if the organizations where WTR takes place attract

labour from other organizations. To what extent and
on what time scale this happens depends on the rel-
ative positions of employers in the labour market and
the availability of skilled labour.

Moreover, the previous three effects interact, e.g.
changes in productivity and substitution by capital
may influence how much labour is sought in the
labourmarket. In addition to production-side effects,
the time use of all impacted producers will change,
with effects on the consumption side. The impacts of
changing production on revenues/incomes at indir-
ectly affected organizations should also not be forgot-
ten.

Effects due to the loss of labour output on
the production-side may propagate through supply
chains and markets. If some organizations produce
less, others may have to scale back too (e.g. buyers) or
may see new opportunities for growth (e.g. compet-
itors). On the consumption side, the total exchange
value of labour is lost, which includes the compensa-
tion of workers as well as the net profits of the organ-
izations32. As discussed earlier, income reductions
have complex effects on consumption.

Finally, production-side and consumption-side
impacts interact. Which effects dominate depends on
the markets through which they are connected. Elast-
icities of supply and demand play important roles
here. Supply-side and demand-side economists will
likely see the overall impacts differently. Given that
impacts have different time scales and no equilib-
rium is guaranteed, the least one can say is that overall
impacts are very complex (figure 4).

5.2. Societal structuring of work, time uses and
environmental effects
Before turning to the question of what this complex-
ity means for future research, we look at the larger
societal structures in which these economic pathways
are embedded. We begin with broader theoretical

32 Plus there is a shift of taxes and contributions between the state
and the organization.

13



Environ. Res. Lett. 16 (2021) 013002 M Antal et al

Figure 4. Economic pathways through which working time reductions influence environmental impacts.

perspectives, then mention theories that are relevant
for specific causal effects in figure 4. Given the large
amount of literature on the sociology of time use, we
only select a few strands that are particularly focused
on how people view time and how this is changing.

One broad narrative that focuses on our changing
relationshipwith time is that ofHartmut Rosa (2013).
He identifies three types of acceleration. Technical
acceleration is about the increasing speed of goal-
directed processes, following the economic idea that
‘time is money’. Social acceleration means that social
beliefs and actions have shorter periods of validity
and are co-existingwith often radically different other
beliefs and actions. The acceleration of the pace of
life is a response of modernity to cope with the ulti-
mate limitedness of the human lifetime, which drives
people to exhaust as many options as possible. These
trends influence production processes, people’s aspir-
ations, and time uses. However, such general philo-
sophical approaches have to be further specified to
reach quantitative conclusions regarding the ENV
impacts of WTR.

A somewhat more concrete strand in the literat-
ure talks about treadmill effects (Binswanger 2006).
The ‘positional treadmill’ refers to the constant strive
for social status relative to others (Frank 1985),
the ‘hedonic treadmill’ describes the adaptation to
higher levels of income and consumption (Stutzer
2004), and the ‘time-saving treadmill’ means that
time-saving innovations tend to have large rebound
effects and do not mitigate time pressure. A concrete

example for the latter is that faster travel tends to res-
ult in longer distances covered instead of travel-time
savings. Between 1965 and 2000, average travel-time
budgets in affluent countries were invariant with both
income and other time uses, including WT (Schäfer
et al 2009). If travel-time budgets are still stable, then
travel emissions are more strongly influenced by the
costs of different modes of transportation than WT,
so this theoretical prediction is informative for the
ENV impacts of WTR.

However, not all time use categories and envir-
onmentally relevant behaviours show consistent pat-
terns, so building up a general theory regarding the
ENV impacts of various types of WTRs currently
seems unfeasible even at the level of households.
Working hours structure everyday lives and strongly
influence income, so they likely shape the nature
of non-work activities and associated environmental
impacts, which occur within specific material set-
tings and social obligations (e.g. Wiedenhofer et al
2018). Yet these behaviours can be expected to be
dependent on the context, including family circum-
stances, worldviews, money matters, living environ-
ments, etc. (Hanbury et al 2019, Lindsay et al 2020).
The diversity of these influences may be a reason
why so little empirical evidence has been found so
far for direct impacts of work-life balance on envir-
onmental behaviour (Kennedy et al 2013, Melo et
al 2018). We also note that a number of environ-
mentally important decisions, e.g. on larger invest-
ments, have not been investigated as a function of
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WT so far. In addition, various rebound effects may
cancel out significant parts of initial environmental
benefits (Sorrell et al 2020). At the systemic level,
effects are even more diverse. Seemingly beneficial
lifestyles like telework have ambiguous ENV effects
(Hook et al 2020) and WTR schemes may substan-
tially differ from each other (King and van den Bergh
2017). Therefore, instead of general theories we sug-
gest a series of context-specific investigations.

5.3. Implications for further empirical research
Considering the limitations of the approaches used
so far, we suggest several research strategies that may
help to better understand the environmental and cli-
mate change mitigation potentials of WTRs.

At the level of countries, the most important step
forward is the assessment of the reliability of stat-
istical approaches using aggregate data. One main
problem is that many types of ∆WTs occur simul-
taneously, and only the cumulative effects of these
changes appear in aggregate data. Therefore, both the
patterns of∆WT (whose WT changes and how) and
the extent to which these ∆WTs differ from each
other in terms of ENV impacts must be understood
better. The former could be achieved through labour
market investigations focusing on the types and con-
ditions of ∆WT, while the latter requires smaller-
scale case studies (see below). Another main prob-
lem is that current statistical studies do not control
for key drivers of ENV indicators. To assess how this
affects reliability, the role of∆WT in∆ENV could be
studied in individual countries. Substantial changes
in WT over relatively short periods could be ana-
lysed first, considering the various sectoral drivers of
∆ENV and assessing the role of ∆WT in the over-
all change. Natural experiments in which different
regions of a country have different regulations could
also be useful to study if appropriate disaggregated
data is available (Chemin and Wasmer 2009).

One possible outcome is that case studies find
mechanisms that completely invalidate country-level
statistical approaches. For example, simultaneous
∆WTswith opposite ENV effects wouldmake aggreg-
ate indicators useless. Country-level statistical com-
parisons are also inadequate if uncertainties in sec-
toral drivers of ∆ENV turn out to be substantially
larger than the contribution of∆WT. The other pos-
sible outcome is that no such prohibitive difficulties
are identified. Then the limitations discussed in sec-
tion 4 should be addressed asmuch as possible. A lon-
gitudinal approach is necessary and structural breaks
should be avoided. Countries should be sufficiently
similar in terms of ∆WT and ∆ENV in the sample:
checking and arguing these will be easier after the case
studies. Internationally comparable datasets should
be used for WT (Bick et al 2018, Fuchs-Schündeln
2019), and various ENV indicators should be tested
in the same study. Changes of public and private debt
should be monitored.

At the household level, a main reason for the
lack of reliable studies is the limited availability
of consistent data. Too often, expenditure surveys
and time-use surveys are conducted separately and
matching these requires many uncertain assump-
tions. Therefore, collecting and using data on the
same households forWT and expenditures is strongly
preferable. Such data must be longitudinal to be
informative regarding impacts of WTR. In particu-
lar, a series of ‘before-after’ case studies from different
contexts would be extremely useful. Building on early
efforts (Promberger et al 1999), information should
be collected on expenditures and time uses simul-
taneously, considering savings and loans, as well as
changes of aspirations. Using relatively small samples,
it might be possible to explore the WT–income–
expenditure–ENVchain in detail. Like in the country-
level case, this would also help to estimate the reliabil-
ity of results based on larger samples but less detailed
information.One could assess the importance of vari-
ous neglected factors like capital incomes, a safety net
through inter-household relations, etc.

In these suggested case studies, key behaviours
and associated expenditure categories—such as
travel, which may have become an important leisure
activity, attracting a disproportionate share of dis-
cretionary income (Oswald et al 2020)—need special
attention. Better understanding these categories and
their ENV impacts using both monetary and physical
terms may worth separate studies. Similarly, using
physical terms for household energy consumption
is advisory. These could then feed into more com-
prehensive assessments using a sufficient number of
consumption categories.

Another useful direction is to study cases where
WT is reduced while incomes are preserved, like in
a Swedish trial a few years ago (Oltermann 2017).
These may reveal a pure time use effect. If income
is registered in time use diaries, that may also help
modelling the effect. For a first step towards estim-
ating a pure income effect, it could be useful to
use a combined WT and expenditure dataset (e.g.
from the USA) and compare the income–expenditure
relationship at given WTs (this is feasible because
there are many households at standard levels of
WT) with the income-expenditure relationship of
the whole sample. To collect longitudinal data, case
studies of WT-neutral salary increases and decreases
could be beneficial. Whether pure time use and
income effects can be combined to understand over-
all effects at households is a further topic to be
explored.

Before jumping to conclusions, household level
studies must be complemented by estimates of
impacts at the company and macro-economic levels.
Whether WTR changes productivity in given sectors
is one question. Combining quantitative productivity
indicators with qualitative data looks suitable to
explore this. Another question is about indirect
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impacts on other workers’ WT (including over-
time hours) and employment, which could help
to understand how different WTR schemes change
WT at the aggregate level. Recent modelling efforts
represent a useful step towards understanding this
(Cieplinski et al 2021). Analysing the substitution
or complementarity of labour, capital and resources
in various production processes is not only use-
ful to develop such models, but also to investigate
production-side effects of WTR. In each of these
cases, specifying the types ofWTRunder studywill be
important.

6. Conclusions

Current research on the potentials of WTR as
a demand-side climate change mitigation measure
remains inconclusive. While the positive relationship
between income/expenditure on the one hand and
resource use/emissions on the other is established
(e.g. Hubacek et al 2017, Oswald et al 2020), the com-
plexity of the∆WT–∆ENV relationship and the lack
of sufficiently detailed data on both time use effects
and systemic feedbacks (including production-side
effects) precludes strong conclusions. This review
summarized the existing literature, uncovered a num-
ber of methodological limitations, and suggested
ways forward.

In the case of all reviewed country-level stud-
ies, fundamental questions were raised about the
validity of conclusions. Some studies used cross-
sectional samples with severe comparability issues,
which makes them inadequate. Longitudinal studies
based their results on very noisy data without con-
trolling for the main confounding drivers of environ-
mental indicators, also potentially confusing different
types of∆WTswhose ENV impactsmay differ. To test
the usefulness of country-level statistical approaches,
we proposed country-level case studies focusing on
individual countries.

The reviewed household-level articles that aimed
to comprehensively assess ENV impacts are also ques-
tionable. They either calculated total ENV impacts as
a sum of two non-independent effects (the income
effect and the time use effect), or used a cross-
sectional WT–ENV relationship to draw conclusions
regarding longitudinal effects of WTR, even though
the respective WT–income–expenditure–ENV rela-
tionships are likely to be different. The most import-
ant step towards rectifying these problems would be
the simultaneous, longitudinal collection of time use
(or WT) and expenditure data. With this approach, a
series of context-specific investigations could provide
very valuable insights. Studies on particularly import-
ant behaviours and impacts, like those related to
mobility, could help to make assessments more reli-
able, especially if they also collect physical, not just
monetary, data. In addition, separate investigations of

production-side effects on productivity, the substitu-
tion or complementarity between factors of produc-
tion, and labour market impacts, as well as investig-
ations of macro-level feedbacks should complement
these analyses. Taken together, these suggestions rep-
resent a significant shift of research directions in this
field.

One should keep inmind that understanding cur-
rent WT–ENV relationships is not all that is needed
to estimate the potential environmental impacts of
WTRs. At least at the household level, environment-
ally beneficial WTR looks possible (Hanbury et al
2019), so the other main question regards the condi-
tions under which such benefits are achievable. ENV
impacts of WTR schemes depend on various factors
that may be changed, such as social norms and urban
structures (Kennedy et al 2013, Kallis et al 2013).
Research on these drivers is as important as research
on the past or current relationship itself.

Due to the Covid-19 pandemic, both working
lives and environmentally relevant behaviours are
changing. Exploring how, under these new circum-
stances, different types of WTRs may affect envir-
onmental and climate-relevant indicators is a very
important task for the future. Unlike currently dom-
inant supply-side and technological solutions to
environmental problems, WTR may provide a new
vision of more socially and environmentally sustain-
able societies.
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and Giulio Mattioli for useful discussions. Funding
to Miklós Antal was provided through the Lendület
grant (95245) of the Hungarian Academy of Sciences.
This publication is part of the project ‘28h per week:
the mobility and energy implications of working time
reduction in Germany’, which is funded and scien-
tifically supervised by theMobile Lives Forum, as part
of its research program on the mobility transition.
The Mobile Lives Forum is a research and prospect-
ive institute created by SNCF. Open access funding
has been provided by the BOKU Vienna Open Access
Publishing Fund.

Author contributions

MA designed the research, searched the literature,
participated in coding & led the analysis and paper
writing. BP led coding, participated in analysis and

16



Environ. Res. Lett. 16 (2021) 013002 M Antal et al

paper writing. JM participated in coding and statist-
ical discussions, provided technical help. DW parti-
cipated in research design, analysis and paper writing.

ORCID iDs

Miklós Antal https://orcid.org/0000-0003-3426-
9916
Barbara Plank https://orcid.org/0000-0002-0306-
3715
Dominik Wiedenhofer https://orcid.org/0000-
0001-7418-3477

References

Alcott B 2008 The sufficiency strategy: would rich-world frugality
lower environmental impact? Ecol. Econ. 64 770–86

Anderson K and Peters G 2016 The trouble with negative
emissions Science 354 182–3

Antal M 2014 Green goals and full employment: are they
compatible? Ecol. Econ. 107 276–86

Antal M 2018 Post-growth strategies can be more feasible than
techno-fixes: focus on working time Anthropol. Rev. 5 230–6

Antal M and van den Bergh J C J M 2016 Green growth and
climate change: conceptual and empirical considerations
Clim. Policy 16 165–77

Apostolakis B E 1990 Energy—capital substitutability/
complementarity: the dichotomy Energy Econ. 12 48–58

Ayres R U 2000 Commentary on the utility of the ecological
footprint concept Ecol. Econ. 32 347-349

Berndt E R and Wood D O 1979 Engineering and econometric
interpretations of energy-capital complementarity Am.
Econ. Rev. 69 342–54

Bick A, Brüggemann B and Fuchs-Schündeln N 2019a Data
revisions of aggregate hours worked: implications for the
Europe-U.S. hours gap Federal Reserve Bank of St. Louis
Review 101 45-56

Bick A, Brüggemann B and Fuchs-Schündeln N 2019b Hours
worked in Europe and the United States: new data, new
answers Scand. J. Econ. 121 1381–416

Bick A, Fuchs-Schündeln N and Lagakos D 2018 How do hours
worked vary with income? Cross-country evidence and
implications Am. Econ. Rev. 108 170–99

Binswanger M 2006 Why does income growth fail to make us
happier? J. Socio-Econ. 35 366–81

Bonke J 2005 Paid work and unpaid work: diary information
versus questionnaire information Soc. Indic. Res. 70 349–68

Bosch G and Lehndorff S 2001 Working-time reduction and
employment: experiences in Europe and economic policy
recommendations Cambridge J. Econ. 25 209–43

Bregman R 2018 Is there anything that working less does not
solve? (http://evonomics.com/anything-
working-less-not-solve/)

Buhl J and Acosta J 2016 Work less, do less?: working time
reductions and rebound effects Sustain. Sci. 11 261–76

Chemin M and Wasmer E 2009 Using Alsace-Moselle local laws to
build a difference-in-differences estimation strategy of the
employment effects of the 35-hour workweek regulation in
France J. Labor Econ. 27 487–524

Chen Z-M et al 2018 Consumption-based greenhouse gas
emissions accounting with capital stock change highlights
dynamics of fast-developing countries Nat. Commun. 9 3581

Cieplinski A, D’Alessandro S and Guarnieri P 2021
Environmental impacts of productivity-led working time
reduction Ecol. Econ. 179 106822

Collewet M and Sauermann J 2017 Working hours and
productivity Labour Econ. 47 96–106

Cox M, Peichl A, Pestel N and Siegloch S 2014 Labor demand
effects of rising electricity prices: evidence for Germany
Energy Policy 75 266–77

Creutzig F et al 2018 Towards demand-side solutions for
mitigating climate change Nat. Clim. Change
8 260–3

Creutzig F, Fernandez B, Haberl H, Khosla R, Mulugetta Y and
Seto K C 2016 Beyond technology: demand-side solutions
for climate change mitigation Annu. Rev. Environ. Resour.
41 173–98

Csala D 2020 Sparking Change: Electricity Consumption, Carbon
Emissions and Working Time (Cranbourne, UK: Autonomy)

De Spiegelaere S and Piasna A 2017. (Brussels: European Trade
Union Institute) The Why and How of Working Time
Reduction

de Vries K and Erumban A A 2017 Total economy database: a
detailed guide to its sources and methods (available at:
www.conference-board.org/data/economydatabase/
index.cfm?id=27770)

Devetter F-X and Rousseau S 2011 Working hours and sustainable
development Rev. Soc. Econ. 69 333–55

Druckman A, Buck I, Hayward B and Jackson T 2012 Time,
gender and carbon: a study of the carbon implications of
British adults’ use of time Ecol. Econ. 84 153–63

EIA 2020. Electricity: detailed State Data (available at:
www.eia.gov/electricity/data/state/)

EPA 2017. State CO2 emissions from fossil fuel combustion US
EPA (available at: www.epa.gov/statelocalenergy/state-co2-
emissions-fossil-fuel-combustion)

Erickson P, Allaway D, Lazarus M and Stanton E A 2012 A
consumption-based GHG inventory for the U.S. State of
Oregon Environ. Sci. Technol. 46 3679–86

Eurostat 2020. Greenhouse gas emissions by source sector (source:
EEA) Eurostat—Data Explor (available at: https://appsso.
eurostat.ec.europa.eu/nui/show.do?dataset=env_air_
gge&lang=en)

Fallon P R and Layard P R G 1975 Capital-skill complementarity,
income distribution, and output accounting J. Polit. Econ.
83 279–302

Fitzgerald J B, Jorgenson A K and Clark B 2015 Energy
consumption and working hours: a longitudinal study of
developed and developing nations, 1990–2008 Environ.
Sociol. 1 213–23

Fitzgerald J B, Schor J B and Jorgenson A K 2018 Working hours
and carbon dioxide emissions in the United States,
2007–2013 Soc. Forces 96 1851–74

Frank R H 1985 Choosing the Right Pond: Human Behavior and the
Quest for Status (Oxford : Oxford University Press)

Frazis H and Stewart J C 2014 Is the workweek really
overestimated?Mon. Labour Rev. 2014 1–13

Fremstad A, Paul M and Underwood A 2019 Work hours and CO2

emissions: evidence from U.S. Households Rev. Polit. Econ.
31 42–59

Frey C B and Osborne M A 2017 The future of employment: how
susceptible are jobs to computerisation? Technol. Forecasting
Soc. Change 114 254–80

Frey P 2019 The Ecological Limits of Work: On Carbon Emissions,
Carbon Budget and Working Time (Hampshire: Autonomy
Research Ltd)

Fuchs-Schündeln N 2019 Hours worked across the world: facts
and driving forces Natl Inst. Econ. Rev. 247 R3–9

Gill B and Möller S 2018 GHG emissions and the rural-urban
divide. A carbon footprint analysis based on the German
official income and expenditure survey Ecol. Econ.
145 160–9

Girod B and De Haan P 2010 More or better? A model for changes
in household greenhouse gas emissions due to higher
income J. Ind. Ecol. 14 31–49

Golden L 2012. The effects of working time on productivity and
firm performance, research synthesis paper (International
Labor Organization (ILO), Conditions of Work and
Employment Branch) (available at: https://ssrn.com/
abstract=2149325)

Gugler K, Heim S, Janssen M CW and Liebensteiner M 2018
Market Liberalization: Price Dispersion, Price
Discrimination and Consumer Search in the German

17

https://orcid.org/0000-0003-3426-9916
https://orcid.org/0000-0003-3426-9916
https://orcid.org/0000-0003-3426-9916
https://orcid.org/0000-0002-0306-3715
https://orcid.org/0000-0002-0306-3715
https://orcid.org/0000-0002-0306-3715
https://orcid.org/0000-0001-7418-3477
https://orcid.org/0000-0001-7418-3477
https://orcid.org/0000-0001-7418-3477
https://doi.org/10.1016/j.ecolecon.2007.04.015
https://doi.org/10.1016/j.ecolecon.2007.04.015
https://doi.org/10.1126/science.aah4567
https://doi.org/10.1126/science.aah4567
https://doi.org/10.1016/j.ecolecon.2014.08.014
https://doi.org/10.1016/j.ecolecon.2014.08.014
https://doi.org/10.1177/2053019618794212
https://doi.org/10.1177/2053019618794212
https://doi.org/10.1080/14693062.2014.992003
https://doi.org/10.1080/14693062.2014.992003
https://doi.org/10.1016/0140-9883(90)90007-3
https://doi.org/10.1016/0140-9883(90)90007-3
https://doi.org/10.1016/S0921-8009(99)00151-2
https://doi.org/10.1016/S0921-8009(99)00151-2
https://doi.org/10.20955/r.101.45-56
https://doi.org/10.20955/r.101.45-56
https://doi.org/10.1111/sjoe.12344
https://doi.org/10.1111/sjoe.12344
https://doi.org/10.1257/aer.20151720
https://doi.org/10.1257/aer.20151720
https://doi.org/10.1016/j.socec.2005.11.040
https://doi.org/10.1016/j.socec.2005.11.040
https://doi.org/10.1007/s11205-004-1547-6
https://doi.org/10.1007/s11205-004-1547-6
https://doi.org/10.1093/cje/25.2.209
https://doi.org/10.1093/cje/25.2.209
http://evonomics.com/anything-working-less-not-solve/
http://evonomics.com/anything-working-less-not-solve/
https://doi.org/10.1007/s11625-015-0322-8
https://doi.org/10.1007/s11625-015-0322-8
https://doi.org/10.1086/605426
https://doi.org/10.1086/605426
https://doi.org/10.1038/s41467-018-05905-y
https://doi.org/10.1038/s41467-018-05905-y
https://doi.org/10.1016/j.ecolecon.2020.106822
https://doi.org/10.1016/j.ecolecon.2020.106822
https://doi.org/10.1016/j.labeco.2017.03.006
https://doi.org/10.1016/j.labeco.2017.03.006
https://doi.org/10.1016/j.enpol.2014.10.021
https://doi.org/10.1016/j.enpol.2014.10.021
https://doi.org/10.1038/s41558-018-0121-1
https://doi.org/10.1038/s41558-018-0121-1
https://doi.org/10.1146/annurev-environ-110615-085428
https://doi.org/10.1146/annurev-environ-110615-085428
http://www.conference-board.org/data/economydatabase/index.cfm?id=27770
http://www.conference-board.org/data/economydatabase/index.cfm?id=27770
https://doi.org/10.1080/00346764.2011.563507
https://doi.org/10.1080/00346764.2011.563507
https://doi.org/10.1016/j.ecolecon.2012.09.008
https://doi.org/10.1016/j.ecolecon.2012.09.008
http://www.eia.gov/electricity/data/state/
http://www.epa.gov/statelocalenergy/state-co2-emissions-fossil-fuel-combustion
http://www.epa.gov/statelocalenergy/state-co2-emissions-fossil-fuel-combustion
https://doi.org/10.1021/es203731e
https://doi.org/10.1021/es203731e
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_air_gge&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_air_gge&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_air_gge&lang=en
https://doi.org/10.1086/260323
https://doi.org/10.1086/260323
https://doi.org/10.1080/23251042.2015.1046584
https://doi.org/10.1080/23251042.2015.1046584
https://doi.org/10.1093/sf/soy014
https://doi.org/10.1093/sf/soy014
https://doi.org/10.21916/mlr.2014.21
https://doi.org/10.21916/mlr.2014.21
https://doi.org/10.1080/09538259.2019.1592950
https://doi.org/10.1080/09538259.2019.1592950
https://doi.org/10.1016/j.techfore.2016.08.019
https://doi.org/10.1016/j.techfore.2016.08.019
https://doi.org/10.1177/002795011924700110
https://doi.org/10.1177/002795011924700110
https://doi.org/10.1016/j.ecolecon.2017.09.004
https://doi.org/10.1016/j.ecolecon.2017.09.004
https://doi.org/10.1111/j.1530-9290.2009.00202.x
https://doi.org/10.1111/j.1530-9290.2009.00202.x
https://ssrn.com/abstract=2149325
https://ssrn.com/abstract=2149325


Environ. Res. Lett. 16 (2021) 013002 M Antal et al

Electricity Markets ZEW Discussion Paper Centre for
European Economic Research Paper No. 18–042

Hanbury H, Bader C and Moser S 2019 Reducing working hours
as a means to foster low(er)-carbon lifestyles? An
exploratory study on Swiss employees Sustainability
11 2024

Harper A 2019 Why the Green New Deal should include a four
day week www.citymetric.com/horizons/why-green-new-
deal-should-include-four-day-week–4586

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

Hierländer J 2018. Weniger arbeiten, um die Umwelt zu schützen?
Die Presse (https://www.diepresse.com/5528722/weniger-
arbeiten-um-die-umwelt-zu-schutzen)

Hook A, Court V, Sovacool B K and Sorrell S 2020 A systematic
review of the energy and climate impacts of teleworking
Environ. Res. Lett. 15 093003

Houghton R A 2020 Terrestrial fluxes of carbon in GCP carbon
budgets Glob. Change Biol. 26 3006–14

Hubacek K, Baiocchi G, Feng K, Muñoz Castillo R, Sun L and
Xue J 2017 Global carbon inequality Energy Ecol. Environ.
2 361–9

Hunt J 1999 Has work-sharing worked in Germany? Q. J. Econ.
114 117–48

IPCC 2014 Climate Change 2014: Synthesis Report (Geneva,
Switzerland: IPCC)

Jackson R, Le Quéŕe C, Andrew R, Canadell J, Korsbakken J I,
Liu Z, Peters G, Zheng B and Fridlingstein P 2019 Global
Energy Growth Is Outpacing Decarbonization (Canberra,
Australia: Global Carbon Project)

Jackson T and Victor P 2011 Productivity and work in the ‘green
economy’ Environ. Innov. Societal Transit. 1 101–8

Jacobs J A and Gerson K 2001 Overworked individuals or
overworked families? Explaining trends in work, leisure, and
family timeWork Occup. 28 40–63

Jalas M 2002 A time use perspective on the materials intensity of
consumption Ecol. Econ. 41 109–23

Jalas M 2008 The everyday life context of increasing energy
demands: time use survey data in a decomposition analysis
J. Ind. Ecol. 9 129–45

Jalas M and Juntunen J K 2015 Energy intensive lifestyles: time
use, the activity patterns of consumers, and related energy
demands in Finland Ecol. Econ. 113 51–59
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Näsśen J, Larsson J and Holmberg J 2009 The effect of work hours
on energy use—A micro-analysis of time and income effects
ECEEE 2009 (Sweden)

Niemi I 1993 Systematic error in behavioural measurement:
comparing results from interview and time budget studies
Soc. Indic. Res. 30 229–44

OECD 2020. Hours worked OECD Data (available at:
http://data.oecd.org/emp/hours-worked.htm)

Oltermann P 2017. Sweden sees benefits of six-hour working day
in trial for care workers The Guardian (available at:
www.theguardian.com/world/2017/jan/04/sweden-sees-
benefits-six-hour-working-day-trial-care-workers)

Oswald Y, Owen A and Steinberger J K 2020 Large inequality in
international and intranational energy footprints between
income groups and across consumption categories Nat.
Energy 5 231–9

Owen A, Brockway P, Brand-Correa L, Bunse L, Sakai M and
Barrett J 2017 Energy consumption-based accounts: a
comparison of results using different energy extension
vectors Appl. Energy 190 464–73

Owen A, Steen-Olsen K, Barrett J, Wiedmann T and Lenzen M
2014 A structural decomposition approach to comparing
MRIO databases Econ. Syst. Res. 26 262–83

Pan C, Peters G P, Andrew R M, Korsbakken J I, Li S, Zhou D and
Zhou P 2017 Emissions embodied in global trade have
plateaued due to structural changes in China Earth’s Future
5 934–46

Percoco M 2018 The impact of working time on fuel
consumption and CO2 emissions of public fleets: evidence
from a policy experiment Transp. Policy 71 126–9

Petrescu A M R et al 2020 European anthropogenic AFOLU
greenhouse gas emissions: a review and benchmark data
Earth Syst. Sci. Data 12 961-1001

18

https://doi.org/10.2139/ssrn.3267839
https://doi.org/10.3390/su11072024
https://doi.org/10.3390/su11072024
http://www.citymetric.com/horizons/why-green-new-deal-should-include-four-day-week–4586
http://www.citymetric.com/horizons/why-green-new-deal-should-include-four-day-week–4586
https://doi.org/10.1080/13549830902904185
https://doi.org/10.1080/13549830902904185
https://www.diepresse.com/5528722/weniger-arbeiten-um-die-umwelt-zu-schutzen
https://www.diepresse.com/5528722/weniger-arbeiten-um-die-umwelt-zu-schutzen
https://doi.org/10.1088/1748-9326/ab8a84
https://doi.org/10.1088/1748-9326/ab8a84
https://doi.org/10.1111/gcb.15050
https://doi.org/10.1111/gcb.15050
https://doi.org/10.1007/s40974-017-0072-9
https://doi.org/10.1007/s40974-017-0072-9
https://doi.org/10.1162/003355399555963
https://doi.org/10.1162/003355399555963
https://doi.org/10.1016/j.eist.2011.04.005
https://doi.org/10.1016/j.eist.2011.04.005
https://doi.org/10.1177/0730888401028001004
https://doi.org/10.1177/0730888401028001004
https://doi.org/10.1016/S0921-8009(02)00018-6
https://doi.org/10.1016/S0921-8009(02)00018-6
https://doi.org/10.1162/1088198054084644
https://doi.org/10.1162/1088198054084644
https://doi.org/10.1016/j.ecolecon.2015.02.016
https://doi.org/10.1016/j.ecolecon.2015.02.016
https://doi.org/10.1016/j.ecolind.2019.105983
https://doi.org/10.1016/j.ecolind.2019.105983
https://earther.gizmodo.com/the-climate-case-for-the-four-day-work-week–1843612429
https://earther.gizmodo.com/the-climate-case-for-the-four-day-work-week–1843612429
https://doi.org/10.3390/su5041545
https://doi.org/10.3390/su5041545
https://doi.org/10.1111/socf.12057
https://doi.org/10.1111/socf.12057
https://doi.org/10.1016/j.ecolecon.2016.10.011
https://doi.org/10.1016/j.ecolecon.2016.10.011
http://www.bbc.com/news/technology–50287391
http://www.bbc.com/news/technology–50287391
https://doi.org/10.1016/j.gloenvcha.2013.02.017
https://doi.org/10.1016/j.gloenvcha.2013.02.017
https://epub.wupperinst.org/frontdoor/deliver/index/docId/4181/file/ImpW3.pdf
https://epub.wupperinst.org/frontdoor/deliver/index/docId/4181/file/ImpW3.pdf
https://doi.org/10.1016/j.gloenvcha.2018.07.003
https://doi.org/10.1016/j.gloenvcha.2018.07.003
https://doi.org/10.1080/0953531042000304272
https://doi.org/10.1080/0953531042000304272
https://doi.org/10.1177/0958928707084450
https://doi.org/10.1177/0958928707084450
https://doi.org/10.3390/resources7030058
https://doi.org/10.3390/resources7030058
https://doi.org/10.1111/1745-5871.12396
https://doi.org/10.1111/1745-5871.12396
https://doi.org/10.1038/nature14677
https://doi.org/10.1038/nature14677
https://doi.org/10.1016/S0014-2921(00)00032-5
https://doi.org/10.1016/S0014-2921(00)00032-5
https://doi.org/10.1038/s41559-019-0824-3
https://doi.org/10.1038/s41559-019-0824-3
https://doi.org/10.1016/j.ecolecon.2017.09.006
https://doi.org/10.1016/j.ecolecon.2017.09.006
https://doi.org/10.1111/jiec.12670
https://doi.org/10.1111/jiec.12670
https://doi.org/10.1068/c12239
https://doi.org/10.1068/c12239
https://doi.org/10.1007/BF01078729
https://doi.org/10.1007/BF01078729
http://data.oecd.org/emp/hours-worked.htm
http://www.theguardian.com/world/2017/jan/04/sweden-sees-benefits-six-hour-working-day-trial-care-workers
http://www.theguardian.com/world/2017/jan/04/sweden-sees-benefits-six-hour-working-day-trial-care-workers
https://doi.org/10.1038/s41560-020-0579-8
https://doi.org/10.1038/s41560-020-0579-8
https://doi.org/10.1016/j.apenergy.2016.12.089
https://doi.org/10.1016/j.apenergy.2016.12.089
https://doi.org/10.1080/09535314.2014.935299
https://doi.org/10.1080/09535314.2014.935299
https://doi.org/10.1002/2017EF000625
https://doi.org/10.1002/2017EF000625
https://doi.org/10.1016/j.tranpol.2018.08.003
https://doi.org/10.1016/j.tranpol.2018.08.003
https://doi.org/10.5194/essd-12-961-2020
https://doi.org/10.5194/essd-12-961-2020


Environ. Res. Lett. 16 (2021) 013002 M Antal et al

Promberger M, Seifert H and Trinczek R 1999 Experiences with
the four-day week at the Volkswagen company J. Hum.
Resour. Costing Account. 4 27–43

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

Raworth K 2017 Doughnut Economics: Seven Ways to Think like a
21st-century Economist (London: Random House Business
Books)

Reiter C, Look C and Rauwald C 2018. Money isn’t everything for
German workers Bloomberg.com (available at: www.
bloomberg.com/news/articles/2018-01-11/german-push-
for-work-life-balance-shows-ecb-pay-isn-t-everything)

Robinson J P and Bostrom A 1994 The overestimated workweek?
What time diary measures suggestMon. Labour Rev.
117 11–23

Rosa H 2013 Social Acceleration: A New Theory of Modernity (New
York: Columbia University Press)

Rosnick D and Weisbrot M 2007 Are shorter work hours
good for the environment? a comparison of U.S.
and European energy consumption Int. J. Health Serv.
37 405–17

Schäfer A, Heywood J B, Jacoby H D and Waitz I A 2009
Transportation in a Climate-Constrained World (Cambridge,
MA: The MIT Press)

Schipper L, Bartlett S, Hawk D and Vine E 1989 Linking life-styles
and energy use: a matter of time? Annu. Rev. Energy
14 273–320

Schor J B 1992 The Overworked American: The Unexpected Decline
of Leisure (New York: Basic Books)

Schor J B 2005 Sustainable consumption and worktime reduction
J. Ind. Ecol. 9 37–50

Schor J B 2010 Plenitude: The New Economics of True Wealth (New
York: Penguin Press)

Schumacher K, Wolff F, Cludius J, Fries T, Hünecke K,
Postpischil R and Steiner V 2019. Arbeitszeitverkürzung—gut
fürs Klima? (Dessau-Roßlau, Germany: umweltbundesamt)
(available at: www.umweltbundesamt.de/sites/default/
files/medien/1410/publikationen/2019-09-05_texte_105-
2019_energieverbrauchsreduktion_ap1_
erwerbszeitreduzierung_final.pdf)

Semdley T 2019. How shorter workweeks could save Earth BBC
(available at: www.bbc.com/worklife/article/20190802-how-
shorter-workweeks-could-save-earth)

Shao Q 2015 Effect of working time on environmental pressures:
empirical evidence from EU-15, 1970–2010 Chin. J. Popul.
Resour. Environ. 13 231–9

Shao Q and Rodríguez-Labajos B 2016 Does decreasing working
time reduce environmental pressures? New evidence based
on dynamic panel approach J. Cleaner Prod. 125 227–35

Shao Q and Shen S 2017 When reduced working time harms the
environment: A panel threshold analysis for EU-15,
1970–2010 J. Cleaner Prod. 147 319–29

Smith P et al 2014 Agriculture, forestry and other land use
(AFOLU) Climate Change 2014: Contributions of Working
Group III to the 5th Assessment Report of the IPCC, ed O
Edenhofer, R Pichs-Madruga and Y Soukuba (Cambridge,
UK: Intergovernmental Panel on Climate Change,
Cambridge University Press) pp 811–922

Sorrell S, Gatersleben B and Druckman A 2020 The limits of
energy sufficiency: a review of the evidence for rebound
effects and negative spillovers from behavioural change
Energy Res. Soc. Sci. 64 101439

Spicer A 2020. Will Finland introduce a four-day week? Is it the
secret of happiness? The Guardian (available at: www.
theguardian.com/money/shortcuts/2020/jan/06/
finland-is-planning-a-four-day-week-is-this-the-secret-of-
happiness)

Stutzer A 2004 The role of income aspirations in individual
happiness J. Econ. Behav. Organ 54 89–109

Suzuki D 2017 Long work hours don’t work for people or the
planet David Suzuki Found. One Nat (available at:

https://davidsuzuki.org/story/long-work-hours-dont-work-
for-people-or-the-planet/)

Taylor M 2019. Much shorter working weeks needed to tackle
climate crisis—study The Guardian (available at:
www.theguardian.com/environment/2019/may/22/working-
fewer-hours-could-help-tackle-climate-crisis-study)

The Guardian 2018 The EU needs a stability and wellbeing pact,
not more growth (available at: www.theguardian.com/
politics/2018/sep/16/the-eu-needs-a-stability-and-
wellbeing-pact-not-more-growth)

Tukker A, Bulavskaya T, Giljum S, de Koning A, Lutter S, Simas M,
Stadler K and Wood R 2016 Environmental and resource
footprints in a global context: europe’s structural deficit in
resource endowments Glob. Environ. Change 40 171–81

UNEP-IRP 2019. Global resources outlook 2019. Natural resources
for the future we want (Nairobi, Kenya: United Nations
Environment Programme) (available at: www.
resourcepanel.org/reports/global-resources-outlook)

UNFCCC 2015 Paris Agreement (https://unfccc.int/process-and-
meetings/the-paris-agreement/the-paris-agreement)

United Nations 2019 Sustainable development goal 8: promote
sustained, inclusive and sustainable economic growth, full
and productive employment and decent work for all
(https://sustainabledevelopment.un.org/sdg8)

van den Bergh J C J M and Verbruggen H 1999 Spatial
sustainability, trade and indicators: an evaluation of the
‘ecological footprint’ Ecol. Econ. 29 61–72

van den Bergh J C, van den J M and Grazi F 2014 Ecological
footprint policy? land use as an environmental indicator J.
Ind. Ecol. 18 10–19

van Goeverden K, van Arem B and van Nes R 2016 Volume and
GHG emissions of long-distance travelling by Western
Europeans Transp. Res. D 45 28–47

Wackernagel M and Beyers B 2016 Footprint: Die Welt Neu
Vermessen (Hamburg: CEP Europäische Verlagsanstalt)

Walthery P and Gershuny J 2019 Improving stylised working time
estimates with time diary data: a multi study assessment for
the UK Soc. Indic. Res. 144 1303–21

Weisz H and Duchin F 2006 Physical and monetary input–
output analysis: what makes the difference? Ecol. Econ.
57 534–41

Wiebe K S, Bruckner M, Giljum S and Lutz C 2012 Calculating
energy-related Co2 emissions embodied in international
trade using a global input–output model Econ. Syst. Res.
24 113–39

Wiedenhofer D, Smetschka B, Akenji L, Jalas M and Haberl H
2018 Household time use, carbon footprints, and urban
form: a review of the potential contributions of everyday
living to the 1.5 ◦C climate target Curr. Opin. Environ.
Sustain. 30 7–17

Wiedmann T and Barrett J 2010 A review of the ecological
footprint indicator—perceptions and methods
Sustainability 2 1645–93

Wielers R, Münderlein M and Koster F 2014 Part-time work and
work hour preferences. an international comparison Eur.
Sociol. Rev. 30 76–89

Wingender A M 2018 A consistent measure of hours worked for
international productivity comparisons Econ. Lett.
166 14–17

Wood R, Grubb M, Anger-Kraavi A, Pollitt H, Rizzo B,
Alexandri E, Stadler K, Moran D, Hertwich E and Tukker A
2019a Beyond peak emission transfers: historical impacts of
globalization and future impacts of climate policies on
international emission transfers Clim. Policy 20 S14-S27

Wood R, Moran D D, Rodrigues J F D and Stadler K 2019b
Variation in trends of consumption based carbon accounts
Sci. Data 6 1–9

York R, Rosa E A and Dietz T 2003 STIRPAT, IPAT and ImPACT:
analytic tools for unpacking the driving forces of
environmental impacts Ecol. Econ. 46 351–65

Zwickl K, Disslbacher F and Stagl S 2016 Work-sharing for a
sustainable economy Ecol. Econ. 121 246–53

19

https://doi.org/10.1108/eb029056
https://doi.org/10.1108/eb029056
https://doi.org/10.1016/j.ecolecon.2014.04.009
https://doi.org/10.1016/j.ecolecon.2014.04.009
http://www.bloomberg.com/news/articles/2018-01-11/german-push-for-work-life-balance-shows-ecb-pay-isn-t-everything
http://www.bloomberg.com/news/articles/2018-01-11/german-push-for-work-life-balance-shows-ecb-pay-isn-t-everything
http://www.bloomberg.com/news/articles/2018-01-11/german-push-for-work-life-balance-shows-ecb-pay-isn-t-everything
https://doi.org/10.2190/D842-1505-1K86-9882
https://doi.org/10.2190/D842-1505-1K86-9882
https://doi.org/10.1146/annurev.eg.14.110189.001421
https://doi.org/10.1146/annurev.eg.14.110189.001421
https://doi.org/10.1162/1088198054084581
https://doi.org/10.1162/1088198054084581
http://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-09-05_texte_105-2019_energieverbrauchsreduktion_ap1_erwerbszeitreduzierung_final.pdf
http://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-09-05_texte_105-2019_energieverbrauchsreduktion_ap1_erwerbszeitreduzierung_final.pdf
http://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-09-05_texte_105-2019_energieverbrauchsreduktion_ap1_erwerbszeitreduzierung_final.pdf
http://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2019-09-05_texte_105-2019_energieverbrauchsreduktion_ap1_erwerbszeitreduzierung_final.pdf
http://www.bbc.com/worklife/article/20190802-how-shorter-workweeks-could-save-earth
http://www.bbc.com/worklife/article/20190802-how-shorter-workweeks-could-save-earth
https://doi.org/10.1080/10042857.2015.1033803
https://doi.org/10.1080/10042857.2015.1033803
https://doi.org/10.1016/j.jclepro.2016.03.037
https://doi.org/10.1016/j.jclepro.2016.03.037
https://doi.org/10.1016/j.jclepro.2017.01.115
https://doi.org/10.1016/j.jclepro.2017.01.115
https://doi.org/10.1016/j.erss.2020.101439
https://doi.org/10.1016/j.erss.2020.101439
http://www.theguardian.com/money/shortcuts/2020/jan/06/finland-is-planning-a-four-day-week-is-this-the-secret-of-happiness
http://www.theguardian.com/money/shortcuts/2020/jan/06/finland-is-planning-a-four-day-week-is-this-the-secret-of-happiness
http://www.theguardian.com/money/shortcuts/2020/jan/06/finland-is-planning-a-four-day-week-is-this-the-secret-of-happiness
http://www.theguardian.com/money/shortcuts/2020/jan/06/finland-is-planning-a-four-day-week-is-this-the-secret-of-happiness
https://doi.org/10.1016/j.jebo.2003.04.003
https://doi.org/10.1016/j.jebo.2003.04.003
https://davidsuzuki.org/story/long-work-hours-dont-work-for-people-or-the-planet/
https://davidsuzuki.org/story/long-work-hours-dont-work-for-people-or-the-planet/
http://www.theguardian.com/environment/2019/may/22/working-fewer-hours-could-help-tackle-climate-crisis-study
http://www.theguardian.com/environment/2019/may/22/working-fewer-hours-could-help-tackle-climate-crisis-study
http://www.theguardian.com/politics/2018/sep/16/the-eu-needs-a-stability-and-wellbeing-pact-not-more-growth
http://www.theguardian.com/politics/2018/sep/16/the-eu-needs-a-stability-and-wellbeing-pact-not-more-growth
http://www.theguardian.com/politics/2018/sep/16/the-eu-needs-a-stability-and-wellbeing-pact-not-more-growth
https://doi.org/10.1016/j.gloenvcha.2016.07.002
https://doi.org/10.1016/j.gloenvcha.2016.07.002
http://www.resourcepanel.org/reports/global-resources-outlook
http://www.resourcepanel.org/reports/global-resources-outlook
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://sustainabledevelopment.un.org/sdg8
https://doi.org/10.1016/S0921-8009(99)00032-4
https://doi.org/10.1016/S0921-8009(99)00032-4
https://doi.org/10.1111/jiec.12045
https://doi.org/10.1111/jiec.12045
https://doi.org/10.1016/j.trd.2015.08.009
https://doi.org/10.1016/j.trd.2015.08.009
https://doi.org/10.1007/s11205-019-02074-3
https://doi.org/10.1007/s11205-019-02074-3
https://doi.org/10.1016/j.ecolecon.2005.05.011
https://doi.org/10.1016/j.ecolecon.2005.05.011
https://doi.org/10.1080/09535314.2011.643293
https://doi.org/10.1080/09535314.2011.643293
https://doi.org/10.1016/j.cosust.2018.02.007
https://doi.org/10.1016/j.cosust.2018.02.007
https://doi.org/10.3390/su2061645
https://doi.org/10.3390/su2061645
https://doi.org/10.1093/esr/jct023
https://doi.org/10.1093/esr/jct023
https://doi.org/10.1016/j.econlet.2018.02.009
https://doi.org/10.1016/j.econlet.2018.02.009
https://doi.org/10.1080/14693062.2019.1619507
https://doi.org/10.1080/14693062.2019.1619507
https://doi.org/10.1038/s41597-019-0102-x
https://doi.org/10.1038/s41597-019-0102-x
https://doi.org/10.1016/S0921-8009(03)00188-5
https://doi.org/10.1016/S0921-8009(03)00188-5
https://doi.org/10.1016/j.ecolecon.2015.06.009
https://doi.org/10.1016/j.ecolecon.2015.06.009

	Is working less really good for the environment? A systematic review of the empirical evidence for resource use, greenhouse gas emissions and the ecological footprint
	1. Introduction
	2. Systematic review method and criteria
	3. The empirical literature on WT, resource use and emissions
	4. Critical appraisal of the empirical literature
	4.1. Which system is studied?
	4.2. How is WT measured?
	4.3. How is ENV measured?
	4.4. How are conclusions drawn?
	4.4.1. Country-level studies
	4.4.2. Household-level studies


	5. Towards a robust understanding of WT (reductions) and the potential effects on resource use and emissions
	5.1. Economic pathways between WT and ENV
	5.2. Societal structuring of work, time uses and environmental effects
	5.3. Implications for further empirical research

	6. Conclusions
	Acknowledgments
	References


