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Abstract.

Decoupling environmental “bads” from economic “goods” is a key part of policies, such as 

green growth and circular economy, that see economic growth as desiderable or necessary, 

and also see that current use of natural resources and its environmental impacts are 

unsustainable. We estimate what a “successful decoupling” (2% annual GDP growth and a 

decline in resource use by 2050 to a level that could be sustainable and compatible with a 

maximum 2°C global warming) would mean in terms of its type, timeline and size. 

Compared to 2017, “successful” decoupling has to result in 2.6 times more GDP out of every 

ton of material use, including in-use material stocks. There are no realistic scenarios for such 

an increase in resource productivity. 
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1. Introduction

Decoupling the environmental impact and resource use of an economy from its size and 

growth has been a watchword for policy paradigms since the 1990s (e.g., Ekins 2000; OECD 

2001). The main motivation for the attention is easy to identify. Mainstream economic 

policies see economic growth a necessity for continued well-being, poverty reduction, 

upholding public funds and even for environmental improvements (UNEP 2011a, 2014). At 

the same time, the current environmental impact and resource use of many national 

economies and their global sum is unsustainable (IRP 2017, IGS 2019). Consequently, if the 

economy is to grow or even stay at the current level, it has to be decoupled from its 

environmental impact and fitted inside planetary boundaries of resource use, implying that 

economic paradigms that are explicitly pro-growth and pro-environment, such as “circular 

economy” (Murray, Skene & Haynes 2017) and “green growth” (UNEP 2011b), rely on the 

idea of decoupling.

The literature contains robust evidence for certain types of decoupling, such as decreased 

CO2 emissions combined with economic growth in certain OECD economies (UNEP 2011a, 

2014). However, it is not clear what the relevance of this kinds of evidence is in view of the 

radical changes needed for human economies to stay within a safe zone of multiple planetary 

boundaries (Rockström et al. 2009), including rate of biodiversity loss, ocean acidification, 

global freshwater use, change in land use and resource use (IPBES 2019, IRP 2017), out of 

which climate change is only one, albeit a pressing one (IPCC 2018). Our aim is to provide 
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clarifying context by estimating what kind of decoupling is needed. First, we discuss different

types of decoupling, and on that basis focus on current analyses of resource use. Second, we 

shortly review empirical evidence on decoupling. The review is not intended as a 

comprehensive presentation of the rapidly increasing literature; for our purposes it is enough 

to outline the observation that no evidence for the needed kind of decoupling exists, as of 

now. Third, based on existing research, we estimate what “successful” decoupling would 

imply in terms of size and timescale. The estimation is intended as a tool for assessing 

empirically motivated claims for or against decoupling in policy contexts. 

2. The Need for Decoupling

2.1 Definitions

“Decoupling” is used here to refer to the end of the connection between increased economic 

production and decreased environmental quality. Two forms of decoupling, relative (weak) 

and absolute (strong) are distinguished in the literature. Relative decoupling refers to a 

decline in ecological/resource intensity per unit of economic output. In relative decoupling, 

environmental impacts and/or resource use decline relative to the economic output, while 

both could still be rising. Absolute decoupling refers to a decline in impacts and/or resource 

use in absolute terms, while the economy grows (or stays stable).

When the concept is operationalised, different metrics are used to quantify both the economy 

and its environmental impact and/or resource use. On the side of socio-ecological 

measurements the metrics include, e.g., population growth, water use, energy use, resource 

use, and biodiversity, while economic output is more uniformly defined in terms of gross 
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domestic production (GDP). Decoupling with regard to the environmental “bads”, such as 

emissions and pollution, resulting from economic activity, is called impact decoupling, while 

decoupling economic activity from resource use is called resource decoupling.

2.2 Types of Decoupling

It is important to notice that the real world phenomena discussed in the literature under the 

abstract concept of decoupling are quite different. Decoupling can be discussed or observed 

with regard to a more or less bounded geographical or administrative area (city, municipality,

region, nation, the globe, etc.), a specific economic sector (agriculture, construction, etc.), 

across several sectors or the whole economy, and during a shorter or longer time interval (see

also Parrique et al 2019). There is a clear difference in how easy or how hard it is to achieve 

decoupling along these three axes. The bigger the economic area and the more 

comprehensive the view over the economy, the harder the task of decoupling becomes. 

Likewise, decoupling is easier to achieve over a limited time period than as a sustained and 

ongoing phenomenon.

Along these axes, one type of decoupling is not necessarily (logically) connected to other 

types of decoupling at all – meaning also that empirical evidence of one type of decoupling is

not, without further qualification, relevant for other types of decoupling. For instance, impact 

decoupling, in general, is not logically connected to resource decoupling: impact decoupling 

can co-exist with resource decoupling (e.g., when a harmful substance is eliminated from 

production completely) as well as increased resource use (e.g., when a harmful substance is 

replaced by another substance the production of which requires more material resources and/
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or energy). As an aggregate, resource use correlates with many environmental impacts, but 

different resource use indicators on, e.g., direct domestic use of material, embodied material 

use in supply chains and in-use stock of materials may give different answers to the question 

if decoupling is happening or not (Zhang et al 2018). Moreover, within the aggregate 

individual resource categories (such as sand, ocean fish, potable water, oil, etc.) have very 

different impact dynamics. Consequently, it is important to note that when resource use is 

expressed in quantitative terms such as domestic material consumption (DMC) or material 

footprint (MF), the numbers gloss over crucial qualitative aspects. In order to be ecologically 

sustainable, the total sum of resource use, whatever the exact number in tons, can not contain 

the unsustainable use of any subcomponent, i.e., any specific natural resource. In the 

following we are assuming, for the sake of the argument, that a quantitatively sustainable 

resource use is also qualitatively sustainable.

Likewise, the existence of decoupling in a bounded geographical area or economic sector 

does not, as such, mean that decoupling is happening in a wider context. Well-known and 

widely studied phenomena such as Jevons’ paradox (Alcott 2005), rebound, and outsourcing 

show that sectoral and local decoupling can co-exist with and even depend on increased 

environmental impact and increased resource use outside the analysed geographical or 

sectoral unit. 

The phenomenon where increased technological efficiency results in increased overall 

consumption is known as Jevons’ paradox. The rebound in consumption is seen to be caused 

by the reduced cost of the resource; a phenomenon often noticed with regard to energy 

(UKERC 2007, Sorrell 2009; Magee & Devezas 2017). Magee and Devezas (2017) go 
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through 57 cases of key materials or technological artefacts on a global level and show that, 

because of rebound, consistent dematerialization has not taken place despite high level of 

technological progress in some fields (e.g., a hard disk drive). However, “[a]n optimistic 

possibility yet remains: drastic substitution (on a functional and system basis) of more benign

technologies where such technologies result from continuing technological change.” (Magee 

& Devezas 2017) This means that functions such as travel or housing would be realized in 

radically different ways by changing the technological pathway – making rebound also an 

issue of policy (see also O’Neill et al. 2018). Also measures addressing consumption, such as 

taxation (Freire-Gonzales & Puig-Ventosa 2015), can counteract the tendency to rebound.

Similarly, local impacts of resource extraction are avoided by outsourcing, with low- and 

mid-income regions producing primary exports to high-income countries (IRP 2017).  When 

the indirect material flows that high-income countries receive in the products that they import

are taken into account, high-income countries such as the USA, UK, Japan, the OECD and 

EU-27 have not achieved decoupling (Wiedmann et al. 2015); on the contrary, in many cases 

re-coupling has occurred. 

Rebound and outsourcing show that in interpreting the global relevance of findings of 

geographically limited and sector-specific decoupling, one has to look beyond the specific 

sector or locality being studied. There are also other phenomena studied in the literature, such

as financialisation (Kovacic et al 2017), that indicate the need for a wider lense in the 

interpretation of empirical evidence. The crucial point is that sectorally and geographically 

limited decoupling is logically independent from larger scale decoupling, and can co-exist 

with (and even depend on) increased negative impacts or resource use outside the analysed 
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sector or area. This logical disconnect means that optimism about decoupling should not, 

without further argument, be carried over from the cases of sectoral and geographically 

limited impact decoupling to global absolute resource decoupling.

Sectorally and geographically specific and temporally limited impact decoupling is an easier 

target than economy-wide, global and ongoing resource decoupling, simply because the 

former types imply fewer changes in the overall metabolism of the economy. However, since 

the global level of resource use is unsustainable, the hardest kind of decoupling, absolute 

ongoing global resource decoupling is needed in addition to the easier types of 

geographically, sectorally and temporally limited decouplings. Moreover, in view of the fact 

that overstepping tipping points in planetary ecological boundaries may be irreversible 

(Lenton 2011, Lenton et al 2019), the absolute global resource decoupling has to be 

sufficiently fast. In sum, when evaluating decoupling as an overarching societal goal, it is 

important to keep track of the most ambitious goal, because it, too, along the other easier 

forms of decoupling, has to be achieved, and because it provides the best proxy for staying 

within planetary boundaries. 

2.3 Global Material Trends

Global use of material resources has increased tenfold from 1900 to present, from less than 

10 Gt/year to roughly 88.6 Gt in 2017 (Krausmann et al. 2009; Krausmann et al. 2017; IRP 

2017) as the physical economy grew faster than population (Krausmann et al 2009; 

Schaffartzik et al 2014). Importantly, the rate of growth has accelerated, as consumption 

more than tripled in the decades since 1970. The present consumption pattern is wasteful: 
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only 9-12 percent of materials are recycled (Krausmann et al. 2017; The Circularity Gap 

Report 2018). 

Of all resource use, about half is used to provide energy in a broad sense. The other half of is 

used to build up or renew in-use stocks, for example, buildings, transport infrastructure, 

machines, and consumer goods (Krausmann et al. 2017, Krausmann et al. 2020). From 1900 

to 2010, while global material extraction grew 10-fold, the share of extraction for stock-

building materials rose from 18 to 55 percent, so that global material stocks grew 23-fold. 

(Krausmann et al. 2017). Krausmann et al (2017, 5) emphasise that the “convergence of 

material stocks at the high level of industrial countries is not compatible with the global 

climate change mitigation target agreed in Paris in 2015.” 

Both population growth and increased affluence are driving higher material use, but in 

somewhat different ways around the globe, as observed by the International Resource Panel 

(2017, 40): “Population growth was the strongest driver in Africa and West Asia. In North 

America and Asia and the Pacific, growing affluence and consumption had a larger influence 

on expanding material footprints than population growth.” The difference is connected to the 

observed rise in inequality in consumption (IGS 2019). 

As one possible solution, Krausmann et al. (2017) and Kraussman et al. (2020) suggest that 

by 2050 the per capita stock level in industrial countries would be returned to what it was at 

around 1970, e.g., through diminishing the amount of infrastructure and buildings in need of 

upkeep and making the remaining stock much more efficient, while allowing the developing 

countries to enlarge their stocks to a moderate level (that would need to be extremely 

efficient, too).
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As a summary of the present global resource extraction rates and growth, the 2017 

International Resource Panel report (IRP 2017, 47) provides two insights:

1) Environmental impacts – including pollution and climate pressure – cannot be 

mitigated effectively without reducing raw material inputs into production and 

consumption, because their throughput determines the magnitude of final waste and 

emissions released to the environment. 2) Decoupling economic activity and human 

well-being from resource use – in the form of enhanced resource efficiency – is 

necessary to achieve the Sustainable Development Goals for all.

While relative decoupling may be regionally or sectorally desirable (and increased material 

use can be encouraged in developing economies and specific sectors), only absolute 

decoupling on the global scale, i.e., decreasing material use, is consistent with ecological 

sustainability and realising the SDGs without transgressing planetary boundaries. 

3. Decoupling: the Evidence

There is evidence for both relative impact and relative resource decoupling (e.g., UNEP 

2011a, 2014; Kovacic et al 2017; Kraussmann et al 2009). In general, relative decoupling of 

energy and material use and CO2 emissions from GDP has been observed as a trend for 

decades, due to improved efficiency. However, periods of absolute decoupling have been 

short and geographically and/or sectorally limited. Absolute decoupling has been observed 

only in some industrialized countries (such as the UK, Germany, Japan, etc., see Steinberger 
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et al. 2013, Giljum et al. 2014, Hickel & Kallis 2019), especially connected to periods of 

recession or low growth (Shao et al. 2017).

In the following we present results from a bibliometric review and more general observations 

on the empirical evidence. A bibliometric survey of the terms “decoupling”, “economic” and 

“environment” using Thomson Reuters’ Web of Science database was conducted (October 4.,

2018) for years 1990-2018. The survey returned 178 articles, where all of these terms appear 

in the title, abstract or keywords. Using search words “decoupling” and “economic” returned 

1244 articles, and using words “decoupling” and “environment” returned 1731 articles. This 

suggests that although decoupling as a term has been fairly thoroughly investigated, most of 

the research during the last 30 years has concentrated on a single subject field, from an 

environmental or an economic perspective. For all 178 articles the total citation count is 

1864. More than half of these citations are from the last three years (2016 = 215, 2017 = 398, 

2018 = 441). The numbers indicate that although the term has a long history, and is used 

frequently in policy discussions, the available published research is just emerging. In the set 

of 178 articles, 124 discuss the phenomenon of decoupling, but do not present new empirical 

data, and are therefore left out of the analysis. Out of the 54 papers with empirical data, 10 

studies present evidence of absolute decoupling. All but one of those 10 studies present 

results on a limited geographical area, and none of those 9 regionally limited studies takes 

into account the role of outsourcing and trade.

The only exception is Wood et al. (2018), who use EXIOBASE3, a global multiregional 

input-output (MRIO) model compiled explicitly to investigate the role of international trade 

in relation to resource efficiency. They calculate both production and consumption based 

indices for green house gas (GHG) emissions, energy use, material use, water consumption, 
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and land use for the period of 1995-2011. To quote from their conclusion:

On a global scale, achievements in resource efficiency, which are characterized by 

either absolute or strong relative decoupling from GDP, have been limited. [...] 

Material use has shown the strongest increase, from 8.3 to 11.3 tonnes/capita (+36%), 

outstripping growth in GDP. We also see an equal growth of GHG emissions to 

emissions-relevant energy use, [...]. Land and water re-sources, which are more 

directly subject to natural constraints, have increased the least, with blue water 

consumption rising from 190 to 200 cubic meters/capita, and the total surface area of 

land used for productive purposes showing a reduction of 0.3 hectares/capita [...] It is 

the only indicator that presented (small) absolute decoupling from GDP.

Combined with the discussion on types of decoupling, above, the review of empirical 

evidence can be summarised as follows. There is no evidence of ongoing, global absolute 

resource decoupling. On the contrary, global resource use is growing (IRP 2017, Wood et al 

2018). Cases where resource use diminishes while GDP grows can be found in a specific 

economic sector (such as agriculture) and a bounded geographical area. The review is 

supported by studies that explore the potential of aggressive policy measures and gains in 

technological efficiency, and find no evidence that absolute decoupling will result in the 

decades up to 2050 (Dittrich et al. 2012, Schadl et al. 2016).  Likewise, the most optimistic 

Climate Plus-scenario by the International Resource Panel (2017, 44) which includes 

aggressive climate mitigation plus maximal increase in efficiency of material use, projects 

that global material extraction would expand by around 75 per cent by 2050 – demonstrating 

the inertia of current systems of production, consumption and lock-ins from existing stocks 
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that result in long-lasting legacies for material requirements. 

The discrepancy between the optimism created by observations of relative decoupling and the

lack of evidence of absolute decoupling is largely explained by the role of trade and 

ourtsourcing in global economy. A large shift has occurred in material extraction from 

Europe and North America to Asia, the Pacific and West Asian regions (IRP 2017). Bithas & 

Kalimeris (2017) observe two trends: a consistent dematerialisation in Europe, a less robust 

dematerialisation in North America and Oceania, and an increased materialisation in Africa, 

Asia, Middle-East and Latin America. They (2017, 343-344) sum up: “Global materialization

is largely the result of the performance of the developing continents which must be seen in 

the light of the dematerialization of the developed continents.”

Another possible source of misleading results is financialisation, i.e., the growth of the 

financial sector relative to other economic sectors. The onset of financialisation in high-

income countries is traced back to 1980s, and the time after the financial crisis of 2008 is 

noteworthy as several economic actors, including the US, EU, Japan and China, have 

established extraordinary financial policies such as quantitative easing and near-zero central 

bank interest rates (van der Zwan 2014; van Treeck 2009). Financialisation can indirectly 

lead to increased GDP, and consequently to relative decoupling. In this kind of “financialised 

decoupling” the material footprint stays the same (or grows), but carries “on top” an (even 

faster) enlarged financial sector (Fletcher & Rammelt 2016; Kovacic et al. 2017). 

In a recent study Kovacic et al. (2017) look at EU14 countries between the years 1995-2013. 

During that time, the energy intensity of the economies fell ca. 20 percent, thus clearly 

indicating decoupling. However, at the same time, the financial intensity (defined as the sum 
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of financial assets divided by GDP) grew even faster, ca. 60 percent. The authors further 

analytically divide the economy into three parts, FINance, GOVernment and DE* (DE* 

including all the rest: agriculture, manufacturing, transport, building and so on, i.e., the 

majority of all physical activity of moving and transforming materials). During the period 

analysed, the energy intensity of DE* (defined as energy used divided by worked hours) has 

remained constant. The authors conclude that because the energy use of FIN and GOV is in 

any case relatively small (compared to DE*), the observed decrease of energy intensity is due

to the growth of financial assets which has ballooned the GDP. As the energy intensity of 

DE* has not declined, Kovacic et al (2017) deduce that “the decoupling between energy 

throughput and economic growth in the EU14 reflects a process of financialization, rather 

than a change in metabolic patterns or production processes.”  

4. Successful Decoupling – Timeline and Size

In order to concretize the discussion, we choose a rough quantitative timeline and size of 

needed absolute global resource decoupling, based on international agreements and recent 

research (Paris Agreement 2016; IPR 2017; Krausmann et al. 2009; Krausmann et al. 2017; 

Krausmann et al. 2020). As is well known, due to uncertainties in climate sensitivity and 

modeling, and the possibility of irreversible tipping-points, it is impossible to give a definite 

date before which specific climate mitigation efforts have to be implemented, and the effects 

of aggregated greenhouse gases (GHG) will continue after emission mitigation deadlines. 

Analogously, it is impossible to determine a definite date when current unsustainable 

resource use has to be made sustainable. However, on the basis of wide and detailed synthetic

summaries (e.g., IPCC 2018), climate research and policy have identified rough deadlines for
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the most important mitigation targets. These targets, as embedded in international 

agreements, give also a minimum goal for resource use: resource use should be at a level that,

at the very least, makes achievement of the climate mitigation targets possible.

An added complication is that a given quantitative aggregate level of resource use is not 

directly identical with a given level of GHG emissions: the emission level is crucially 

dependent on the qualities of resources within the aggregate. Consequently, in the following, 

we choose a level of resource use that, according to estimates in the literature, could be 

compatible with the climate targets. However, there is no guarantee that it will be. The time 

window for meaningful mitigation of the worst effects of climate change is from the present 

until 2050 (IPCC  2018; Rockström et al. 2017). We choose this timeline also for a successful

decoupling. 

For the sake of the argument, we define a “successful decoupling” conservatively as one that 

could be sustainable in material terms and could be compatible with stopping temperature 

rise to 2°C. We will take the data of IPR (2017) as a starting point for global resource use and

use 9.7 billion as the global population by 2050 (in the median range of UN World 

Population Prospects 2017, https://esa.un.org/unpd/wpp/). A level of sustainable use 

conceivably compatible (Krausmann et al 2017) with Paris Agreement goals would be around

68 billion tonnes (roughly the level of resource use in year 2000), entailing a per capita use of

ca. 7 tonnes in 2050 (compare Bringezu 2015; Tukker et al. 2016). Correspondingly, taking a

modest yearly growth rate of 2 %, the size of the economy in 2050 would be ca. 150 000 

billion USD (starting from the global GDP of 80 000 billion in 2017 reported by the IMF, 

http://www.imf.org/external/pubs/ft/weo/2017/02/weodata/index.aspx). 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



15

[Figure 1 near here]

Figure 1. GDP (USD) per tonnes of material. The figure shows GDP per tonnes of material 

use, i.e., it represents how much GDP the economy is able to generate from the materials 

used. The projection of global population is based on UN World Population Prospects, the 

projection of material use on IRP (2017) and the projection of GDP on IMF reports (see main

text for references). The black line depicts the observed rate 1980-2017.  Although it shows 

periods of decoupling, the observed decoupling is not “successful” in our definition, as it is 

not quantitatively sufficient and not fast enough. After 2017, the projections presuppose 2% 

growth in GDP. The grey line corresponds to material use staying at the level of 2015 and the 

red line corresponds to Business-as-Usual scenario (from IRP 2017). The green line depicts 

the scenario of material use of 7 tons per capita in 2050. The dotted green line presents a 

scenario where action is postponed until 2030 after which the reduction of material use is 

fast-tracked to reach 7 tons per capita in 2050. The (dotted) green line, then, in our estimation

depicts a “successful decoupling”, implying a modest GDP growth of 2% from 2017 to 2050, 

and a per capita use of materials of 7 tonnes in 2050 (for the sake of the argument, we neglect

the fact that in the meantime, before 2050, material use is higher, possibly entailing 

ecological unsustainability and serious tipping points even if the 2050 target is reached).

In the “successful decoupling” (Figure 1), world total GDP doubles compared to 2017 while 

global resource use per capita decreases by ca. 42%. More specifically, this means a halving 

of per capita resource use in Europe and a cut of ⅔ in per capita use in North America. 

Globally, the amount of GDP created by every billion tons of resource extraction in 2050 

would be ca. 2.4 billion USD compared to ca. 0.9 billion USD in 2017; a formidable task 
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given that half of all resource use goes towards the upkeep of existing stock and that the 

current trend is a decrease in the GDP productivity of material extraction (IPR 2017) and 

stock use (Krausmann et al 2017), resulting in declining global material efficiency (Schandl 

et al 2017).

On the impact side, a similar argument is presented by Antal & van den Bergh (2014; see also

Anderson & Bows 2011) who analyse the needed decoupling in terms of GHG emissions to 

stay under the limit of 2°C global warming. They find that given a moderate 1.5 percent 

annual per capita GDP growth, the needed annual reduction in GHG emissions per unit of 

GDP (emission intensity) is 4.4 percent, and 2.9 percent for 0 percent annual GDP growth. 

Even a 2.9 percent reduction is considerably larger than the historical average reduction of 

intensity at less than 1.5 percent over the period 1970 – 2013 (2014, 3). Antal & van den 

Bergh (2014, 7) conclude that “decoupling as a main or single strategy to combine economic 

and environmental aims should be judged as taking a very large risk with our common 

future.” Likewise, in their review of climate change mitigation scenarios (including the 

scnearios of the IPCC’s Fifth Assessment Report (AR5) consistent with Representative 

Concentration Pathway 2.6 (RCP2.6), Schandl et al. (2016), IRENA (2018) and Grubler et 

al. (2018)), Hickel and Kallis (2019) find that “The empirical data demonstrate that while 

absolute decoupling of GDP from emissions is possible and is already happening in some 

regions, it is unlikely to happen fast enough to respect the carbon budgets for 1.5°C and 2°C 

against a background of continued economic growth.” 

For absolute resource decoupling to make sense as a global goal, we would need a scenario 

where, in ca. 30 years, the economy produces 2.6. times more GDP out of every ton of 
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material used, under conditions where material use diminishes ca. 40 % globally. Currently 

no trends corresponding to this scenario are observable and, to our knowledge, no concrete 

proposals with such a level of decoupling have been presented.

5. Conclusion

While the perceived need for economic growth together with observations of increased 

economic productivity with respect to resource units and environmental impacts prompt a 

vision of decoupling, evidence of absolute decoupling is missing. The existing research 

contains evidence of impact decoupling, and sectoral and geographically limited resource 

decoupling. However, these types of decoupling are also logically compatible with increased 

global resource use, as phenomena such as rebound and outsourcing show. Therefore, the 

evidence, as it exists, does not without further detailed analysis point towards the ecologically

sufficient and necessary goal of absolute global resource decoupling.

The lack of evidence demonstrates the inertia of current systems of production and 

consumption and lock-in with regard to important infrastructure with long-lasting legacies for

material requirements. A global GDP growth of 2 % until 2050 would necessitate a 

“successful absolute resource decoupling” with 2.6 more GDP produced by every ton of 

material use, for which no realistic scenario exists. Existing evidence does not support the 

conclusion that the right type of decoupling would be happening fast enough, and even a 

crude estimate of the needed timescale suggests that expectation of success is unrealistic.

6. References

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



18

Alcott, B. 2005. Jevons' paradox. Ecological Economics 54 (1): 9–21. https://doi.org10.1016/

j.ecolecon.2005.03.020.

Anderson, K. and Bows, A. 2011. Beyond ‘Dangerous’ Climate Change: Emission Scenarios 

for a New World. Philosophical Transactions of the Royal Society of London A 369, no. 

1934: 20–44. http://doi.org/10.1098/rsta.2010.0290

Antal, M. and Van Den Bergh, J.C.J.M. 2014. Green growth and climate change: conceptual 

and empirical considerations. Climate Policy 16 (2), 165-177. 

http://doi.org/10.1080/14693062.2014.992003

Bithas, K. and Kalimeris, P. 2018. Unmasking Decoupling: Redefining the Resource 

Intensity of the Economy. Science of The Total Environment 619–620: 338–51 

https://doi.org/10.1016/j.scitotenv.2017.11.061

Bringezu, S. 2015. Possible Target Corridor for Sustainable Use of Global Material. 

Resources 4: 25–54. http://doi.org/10.3390/resources4010025

The Circularity Gap Report, 2018. M. de Wit, J. Hoogzaad, S. Ramkumar, H. Friedl, and A. 

Douma. Circle Economy, Shifting Pardigms. https://www.circularity-gap.world/

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



19

Dittrich, M., Giljum, S., Lutter, S. and Polzin, C. 2012. Green Economies around the World. 

Implications of Resource Use for Development and the Environment. SERI, Vienna.

Ekins, P. 2000. Economic Growth and Environmental Sustainability. Routledge, New York. 

392 pp.

Fletcher, R. and Rammelt, C. 2016. Decoupling: A Key Fantasy of the Post-2015 Sustainable

Development Agenda . Globalizations 14(3): 450-467. 

htttp://10.1080/14747731.2016.1263077

Freire-González, J., and Puig-Ventosa, I., 2015. Energy Efficiency Policies and the Jevons 

Paradox. International Journal of Energy Economics and Policy 5(1): 69-79.

Giljum, S., Dittrich, M., Lieber, M. and S. Lutter, S., 2014. Global Patterns of Material Flows

and their Socio-Economic and Environmental Implications: A MFA Study on All Countries 

World-Wide from 1980 to 2009. Resources 3: 319–339. 

https://doi.org/10.3390/resources3010319

Grubler, A., et al., 2018. A low energy demand scenario for meeting the 1.5C target and 

sustainable development goals without negative emissions technologies. Nature energy, 3, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



20

515–527.

GSDR 2019. Independent Group of Scientists appointed by the Secretary-General, Global 

Sustainable Development Report 2019: The Future is Now – Science for Achieving 

Sustainable Development. United Nations, New York. https://sustainabledevelopment.un.org/

gsdr2019

Hickel, J. & Kallis, G., 2019. Is Green Growth Possible? New Political Economy, 

https://doi.org/10.1080/13563467.2019.1598964

IPBES. 2019. S. Díaz, J. Settele, E. S. Brondizio E.S., H. T. Ngo, M. Guèze, J. Agard, A. 

Arneth, P. Balvanera, K. A. Brauman, S. H. M. Butchart, K. M. A. Chan, L. A. Garibaldi, K. 

Ichii, J. Liu, S. M. Subramanian, G. F. Midgley, P. Miloslavich, Z. Molnár, D. Obura, A. 

Pfaff, S. Polasky, A. Purvis, J. Razzaque, B. Reyers, R. Roy Chowdhury, Y. J. Shin, I. J. 

Visseren-Hamakers, K. J. Willis, and C. N. Zayas (eds.). Summary for policymakers of the 

global assessment report on biodiversity and ecosystem services of the Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES secretariat, Bonn, 

Germany.

https://www.ipbes.net/global-assessment-report-biodiversity-ecosystem-services

IGS 2019.  Independent Group of Scientists appointed by the Secretary-General. Global 

Sustainable Development Report 2019: The Future is Now – Science for Achieving 

Sustainable Development. United Nations, New York.

https://sustainabledevelopment.un.org/content/documents/24797GSDR_report_2019.pdf

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



21

IPCC. 2018. V. Masson-Delmotte, P. Zhai, H. O. Pörtner, D. Roberts, J. Skea, P. R. Shukla,

A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. Matthews, Y. Chen,

X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)

Summary for Policymakers. In: Global warming of 1.5°C. Geneva: World Meteorological 

Organization 2018. 

https://www.ipcc.ch/site/assets/uploads/sites/2/2018/07/SR15_SPM_High_Res.pdf

IRENA, 2018. Global energy transformation: a roadmap to 2050. Abu Dhabi: International 

Renewable Energy Agency.

IRP. 2017. S. Bringezu, A. Ramaswami, H. Schandl, M. O’Brien, R. Pelton, J. Acquatella, E. 

Ayuk, A. Chiu, R. Flanegin, J. Fry, S. Giljum, S. Hashimoto, S. Hellweg, K. Hosking, Y. Hu,

M. Lenzen, M. Lieber, S. Lutter, A. Miatto, A. Singh Nagpure, M. Obersteiner, L. van Oers, 

S. Pfister, P. Pichler, A. Russell, L. Spini, H. Tanikawa, E. van der Voet, H. Weisz, J. West, 

A. Wiijkman, B. Zhu, and R. Zivy. Assessing global resource use: A systems approach to 

resource efficiency and pollution reduction. Nairobi, Kenya: International Resource Panel, 

United Nations Environment Programme 2017

http://www.resourcepanel.org/reports/assessing-global-resource-use

Kovacic, Z., Spano, M., Lo Piano, S. and  Sorman, A.H. 2017. Finance, energy and the 

decoupling: an empirical study. Journal of Evolutionary Economics, 1-26. 

http://doi.org/10.1007/s00191-017-0514-8 

Krausmann, F., Wiedenhofer, D., & Haberl, H. 2020. Growing stocks of buildings, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



22

infrastructures and machinery as key challenge for compliance with climate targets. Global 

Environmental Change 61, 102034. doi:10.1016/j.gloenvcha.2020.102034 

Krausmann, F., Wiedenhofer, D., Lauk, C., Haas, W., Tanikawa, H., Fishman, T., Miatto, A.,

Schandl, H. and Haberl, H. 2017. Global in-use material stocks in the 20th century. 

Proceedings of the National Academy of Sciences 114 (8): 1880-1885. 

htttp://10.1073/pnas.1613773114

Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K.-H., Haberl, H. and Fischer-Kowalski, 

M. 2009. Growth in global materials use, GDP and population during the 20th century. 

Ecological Economics 68 (10). http://doi.org/10.1016/j.ecolecon.2009.05.007

Lenton, T. 2011. Early warning of climate tipping points. Nature Climate Change. 1: 201–

209. https://doi.org/10.1038/nclimate1143

Lenton, T., Rockström, J., Gaffney, O., Rahmstorf, S., Richardson, K., Steffen, W.,  

Schellnhuber, H., 2019. Climate tipping points — too risky to bet against. Nature 575:592-

595. https://doi.org/10.1038/d41586-019-03595-0

Murray, A., Skene, K., and Haynes K. 2017. The Circular Economy: An interdisciplinary

exploration of the concept and application in a global context. Journal of

Business Ethics 40 (3): 369–380.

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



23

https://doi.org/10.1007/s10551-015-2693-2

OECD. 2001. OECD Environmental Strategy for the First decade of the 21st Century. http://

www.oecd.org/environment/indicators-modelling-outlooks/1863539.pdf

 

O’Neill, D.W., Fanning, A.L., Lamb, W.F. and Steinberger, J.K. 2018. A good life for all 

within planetary boundaries. Nature Sustainability 1: 88–95. http://10.138/s41893-018-0021-

4

Paris Agreement. 2016. United Nations Treaty Collection. 4 November 2016. 

https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-

d&chapter=27&clang=_en

Parrique T., Barth J., Briens F., C. Kerschner, Kraus-Polk A., Kuokkanen A., Spangenberg 

J.H., 2019. Decoupling debunked: Evidence and arguments against green growth as a sole 

strategy for sustainability. European Environmental Bureau. 

https://eeb.org/library/decoupling-debunked/

Rockström, J., Gaffney, O., Rogelj, J., Meinshausen, M., Nakicenovic, N. and Schnellhuber, 

H.J., 2017. A roadmap for rapid decarbonization. Science 355 (6331): 1259–1271.

http://10.1126/science.aah3443

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E. F., Lenton, T. 

M., Scheffer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



24

der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., Falkenmark, 

M., Karlberg, L., Corell, R. W., Fabry, V. J., Hansen, J., Walker, B., Liverman, D., 

Richardson, K., Crutzen, P., and Foley, J. A. 2009. A safe operating space for humanity. 

Nature 461 (7263): 472–475. https://doi.org/10.1038/461472a

Schaffartzik, A., Mayer, A., Gingrich, S., Eisenmenger, N. and Krausmann, F. 2014. The 

global metabolic transition: Regional patterns and trends of global material flows, 1950–

2010. Global Environmental Change 26: 87-97. 

http://doi.org/10.1016/j.gloenvcha.2014.03.013

Schandl, H., Hatfield-Dodd, S., Wiedmann, T., Geschke, A., Cai, Y., West, J., Newth, D., 

Baynes, T., Lenzen, M. and Owen, A. 2016. Decoupling Global Environmental Pressure and 

Economic Growth. Journal of Cleaner Production 132: 45–56.. 

http://doi.org/10.1016/j.jclepro.2015.06.100

Shao, Q., Schaffartzik, A. Mayer, A. and Krausmann, F. 2017. The high ‘price’ of 

dematerialization: A dynamic panel data analysis of material use and economic recession. 

Journal of Cleaner Production 167: 120–132. http://doi.org/10.1016/j.jclepro.2017.08.158

Steinberger, J.K., Krausmann, F., and Eisenmenger, N., 2010. Global patterns of materials 

use: A socioeconomic and geophysical analysis. Ecological Economics 69: 1148-1158.

Tukker, A., Bulavskayaa, T., Giljum, S., de Koning, A., Lutter, S., Simas, M., Stadler, K., 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



25

and Wood, R. 2016. Environmental and resource footprints in a global context: Europe’s 

structural deficit in resource endowments. Global Environmental Change 40: 171–181.

UNEP. 2011a. M. Fischer-Kowalski, M. Swilling, E.U. von Weizsäcker, Y. Ren, Y. 

Moriguchi, W. Crane, F. Krausmann, N. Eisenmenger, S. Giljum, P. Hennicke, P. Romero 

Lankao, A. Siriban Manalang, and S. Sewerin. Decoupling natural resource use and 

environmental impacts from economic growth. A Report of the Working Group on 

Decoupling to the International Resource Panel. United Nations Environment Programme. 

http://resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-

economic-growth

UNEP. 2011b. Towards a green economy: pathways to sustainable development

and poverty eradication – a synthesis for policy makers. Nairobi: UNEP.  

UNEP. 2014. von Weizsäcker, E.U., de Larderel, J., Hargroves, K., Hudson, C., Smith, M. 

and Rodrigues, M., Decoupling 2: technologies, opportunities and policy options. A Report 

of the Working Group on Decoupling to the International Resource Panel. United Nations 

Environment Programme. http://resourcepanel.org/reports/decoupling-2

UNEP. 2017. Ekins P. and Hughes. N. Resource efficiency: potential and economic 

implications. A report of the International Resource Panel. United Nations Environment 

Programme. http://www.resourcepanel.org/reports/resource-efficiency

van der Zwan, N. 2014. Making sense of financialization. Socio-Economic Review 12 (1), 

99–129. http://doi.org/10.1093/ser/mwt020

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



26

van Treeck, T. 2009. The political economy debate on “financialization” - a macroeconomic 

perspective. Review of International Political Economy 16: 907–944. 

http://doi.org/10.1080/09692290802492158

Wiedmann, T.O., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J., and Kanemoto, K. 

2015. The material footprint of nations. Proceedings of the National Academy of Sciences 

112 (20): 6271–6276. http://doi.org/10.1073/pnas.1220362110

Wood, R., Stadler, K., Simas M., Bulavskaya, T., Giljum, S., Lutter, S., and Tukker, A. 2018.

Growth in Environmental Footprints and Environmental Impacts Embodied in Trade. 

Resource Efficiency Indicators from EXIOBASE3. Journal of Industrial Ecology. 

http://dx.doi.org/10.1111/jiec.12735

Zhang, C., Chen, W.-Q., & Ruth, M. 2018. Measuring material efficiency: A review of the 

historical evolution of indicators, methodologies and findings. Resources, Conservation and 

Recycling 132: 79–92. doi:10.1016/j.resconrec.2018.01.028

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Fi
gX
Ue


