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The exponential increase in water demand has been a focus since the 1970s in the well-known report
on the “Limits to growth” [1,2]. Today, freshwater availability is considered one of the nine planetary
boundaries, along with biosphere integrity, climate change and ocean acidification, among others [3].
Water is essential not only to sustain life on Earth, but also for the provision of energy and food [4],
in a context where four billion people are currently facing severe water stress for at least one month a
year [5]. A guaranteed supply could be undermined due to the increasing population, shifting lifestyles
towards more intensive water use and climate change [6].

Even though freshwater is seen as a local resource and its scarcity as a local concern, it is
increasingly becoming a global resource, driven by the growing international trade in water-intensive
commodities: around one fifth of the direct and indirect global water use is linked to production for
export [7]. As a result, the use of water resources has become spatially disconnected from water users.
For instance, for goods that will likely be consumed far from the origin of production, it is estimated
that one kilogram of beef requires more than 15,000 L of water, while one kg of sugar requires 1700 L,
one kg of bread 1600 L and one bottle of red wine 660 L [8].

Therefore, the idea of considering water use along supply chains has gained interest after the
introduction of the ‘water footprint’ concept by Hoekstra [9]. The concept of a water footprint has
been coined to address the interconnections between the direct and indirect use of freshwater by
a specific consumer or producer. Indirect uses might include the quantity of water that has been
used to produce goods and services, as well as the quantity of water that will be used to manage
waste. In other words, the water footprint can be seen as a global indicator of the appropriation of
freshwater resources, extending the traditional and restricted concept of water extraction. However,
as a drawback, water footprint is not a good measurement of the severity of the local environmental
impacts associated to water consumption and pollution.

The links between indefinite economic growth and natural resource overexploitation have recently
been highlighted. Since Malthus in 1798, we have been facing a debate about sustainability and
the finite nature of natural resources. The debate about environmental limits developed into two
schools of thought. Giampietro et al. [10] describe this on-going debate as a confrontation between
the “Cornucopians” and the “Prophets of Doom”. According to the Prophets of Doom, resource
scarcity and biophysical limits will eventually put an end to economic growth. On the other hand,
the Cornucopians argued that environmental constraints could be overcome through technological
progress and human ingenuity. Economic growth means that the economic system transitioned from
existing in an empty world to a full world [11]. Daly [11] argues, as well as other authors [12–14],
for the need to reach a steady-state economy, which should maintain its size and not exceed the carrying
capacity of the Earth. In the recent literature, degrowth has been proposed as another alternative to the
current mainstream economics posed by the “Cornucopians” [15–17].
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For example, recently, 11,000 scientists have signed a communication letter in which the following
statement can be read: “excessive extraction of materials and overexploitation of ecosystems, driven by
economic growth, must be quickly curtailed to maintain long-term sustainability of the biosphere” [18].
In the same direction, a review paper highlighted that economic growth and biodiversity loss are closely
linked as a consequence of increasing resource use [19]. In the case of water, the European Environment
Agency projected that continued economic growth in Europe might increase the level of public water
use [20], whereas other studies have considered endless economic growth as incompatible with the
provision of clean, fresh water at the global scale [21]. In fact, looking at the global scale, the mentioned
patterns are found for economic growth and water use indicators. For example, Duarte et al. [22]
analysed the implications of Gross Domestic Product (GDP) per capita in water withdrawal at the
global scale, from 1900 to 2000. Miglietta et al. [23] assessed the impacts of Gross National Income (GNI)
on the water footprint for 94 countries, from 1996 to 2005, and Sebri [24] investigated the association
between the water footprint and GDP per capita over the period 1996–2005. All of them stressed the
strong relationships between indicators of water use with indicators of economic activity.

Here, we have put together GDP in PPP and total water footprint for all countries of the world
and we came across with the results plotted in Figure 1. As clearly shown in the left panel of Figure 1,
the water footprint linearly expands with GDP (Pearson correlation coefficient, r = 0.71). Indeed,
when using absolute numbers, no country has a large GDP and low water footprint. In fact, the largest
economies in the world, the United States, China and India, present massive water footprints (the three
points in the upper corner), while also being the major gross exporters and importers of virtual
water [7]. The results given in per capita terms (right-hand side of Figure 1) provide, instead, a less
clear correlation (but a correlation nonetheless) between GDP and water footprint (r = 0.41).
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Figure 1. Absolute (left panel) and per capita (right panel) Total Water Footprint (Mm3/year) vs. Gross
Domestic Product (GDP, normalised by Purchasing Power Parity (PPP), in current international USD,
for 2000); Total Water Footprint refers to the average amount of water for the period 1996–2006; we have
adopted the year 2000 as the median value. Both scatterplots are presented following a logarithmic
scale for clarity. Only the nations with missing data were excluded. Data sources: Mekonnen and
Hoekstra (2011) and World Bank (https://data.worldbank.org/).

In view of the presented evidence, it is apparent that a larger GDP implies a higher water footprint.
One of the explanations found in the literature highlights the increasing consumption of water-intensive
goods, such as meat, resulting in a significant increase in water withdrawal [22]. Urbanisation has
also been reported to have a negative effect on water resources since urban areas exert pressure on
water resources, and turn farming areas into degraded ones [24,25]. Population and economic growth,
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as well as the intensification of agriculture, which is one of the main causes of land degradation [26],
have been identified as some of the main drivers for this growing trend [22].

What are the strategies proposed to manage the coupling between GDP growth and the increasing
use of natural resources? At least two main approaches have emerged to focus on how to break up
this correlation [27]. The first approach is represented by the green growers’ community and the
second is formed by the non-green growers (the latter is, however, formed by three currents of thought:
(1) eco-socialists who support degrowth from a top-down perspective, i.e., the state; (2) eco-anarchists who
support degrowth from a bottom-up perspective instead, i.e., conscious citizens; (3) reformists (formed by
two other groups, one is closer to green growers and the other is closer to eco-socialists and eco-anarchists).
In-depth similarities and differences among non-green growers can be consulted here [27].

Over the past decade, green growth clearly dominated policy agendas on the assumption
that decoupling environmental pressures from GDP could allow economic growth without end.
The concept of decoupling is usually related to sustainable growth by environmental economics.
Growth can be sustainable, that is, environmentally sustainable, when a sufficient decoupling takes
place: “Green growth means that environmental and economic objectives can be combined by
decoupling environmental pressures from aggregate output at a sufficiently rapid pace” [28]. Thus,
green growers’ theses highlight that GDP growth can be decoupled from environmental impacts and
natural resource use by means of technology and the reinforcement of capitalism [29]. Their main goal
is to pursue high economic growth while decreasing environmental impacts, with resource efficiency
and renewable energies being the engines of change. Green growers state that governments, financial
institutions, voters and scientists are the actors who will lead the required actions. Green growers are,
therefore, aligned with mainstream economics. In summary, the idea behind this current of thought is
that a sufficient increase in the prices of natural resources would lead to the substitution of natural
resources by other production factors, meaning a substitution through physical capital [30].

Non-green growers criticize green growth for having wobbly scientific evidence [29,31–36].
Several mechanisms counteract the substitution of natural resources by physical capital. In this
direction, Daly and Farley [37] state something obvious but forgotten in the previous discourse,
that natural resources are used in the production process of physical capital [37]. This implies that
the increase in the amount of physical capital is intimately linked to the increase in the use of natural
resources. They say that “substitutability is trivial compared to the overwhelming complementarity
that must necessarily exist between that being transformed (resource) and the agent of transformation
(capital)” [38]. Following this idea, some researchers [23,24] point out that there is no evidence for
an inverted U trend, as suggested by the Environmental Kuznets Curve theory. The explanation is
that enhancing GDP growth and consumerism tend to offset technology efficiency gains [18,32,39].
As a consequence of this evidence, Hickel and Kallis [29] stated that “the empirical data suggest that
absolute decoupling of GDP from resource use (a) may be possible in the short term in some rich
nations with strong abatement policy, but only assuming theoretical efficiency gains that may be
impossible to achieve in reality; (b) is not feasible on a global scale, even under best-case scenario
policy conditions; and (c) is physically impossible to maintain in the long term”. Thus, insisting on
decoupling economic growth from natural resource use—defying thermodynamics laws—apart from
being a “legend”, is “simply” a consequence of the “ignorance of the knowledge generated” so far [34].
Other authors have pointed out that even if absolute decoupling is produced, it would not guarantee
sustainability whatsoever [36]. Hence, indefinite economic growth has been said to be environmentally
inconvenient and unfeasible in the long term [31,40]. In fact, the water footprint “will continue to rise
indefinitely as countries pursue economic growth policies and once the higher income levels ( . . . ) are
reached” [24].

Non-green growers, as also revealed in [27], state that the absolute decoupling of environmental
impacts (and natural resource overexploitation) from GDP is rather unlikely, whereas the necessary
changes cannot be achieved within a capitalist system. The pursued goal of non-green growers is
therefore to decouple wellbeing from GDP and reduce the environmentally associated impacts, even
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if GDP decreases. Non-green growers point out that the main drivers of change are civil society,
grassroots initiatives and scientists, who would be in charge of changing lifestyles, cultures and
consciousnesses by means of grassroots action. Hence, their alignment with mainstream economics is
out of the question.

Non-green growers, especially those supporting degrowth [27], propose to carry out what they call
the eight Rs (reassess, reconceptualise, restructure, redistribute, relocate, reduce, reuse and recycle) [41].
Thus, the main goal is to degrow the amount of material and energy used by economies, whereas
technological investments are meant to liberate time for people to enjoy immaterial leisure [19].
The education and health sectors are reoriented and focused on how to degrow the population,
as well as to substitute GDP as an indicator of social success for a sort of dashboard of indicators
to measure wellbeing and environmental sustainability [31,40]. Wealth redistribution, basic income
schemes, a cut in working hours, environmental and consumption taxes, income caps, ethical banking,
and increasing control on advertising are some of the top-down policy directions suggested [13,14].
Support for bottom-up initiatives are also on the table, such as consumer–producer cooperatives, urban
(food) gardens, markets of exchange, time banks, co-housing, shared cars, community spaces, tool
sharing, cooperative property and cooperative firms [14]. To summarize, non-green growth implies
a simplification of life by means of low-tech use, e.g., changing cars for bicycles (when possible),
dryers for clotheslines, heaters for warm clothing, or TVs for a social life [42]. However, degrowth
does not necessarily mean that many other sectors must not grow (to a certain limit), such as cycling,
renewable energies, sport and health, etc.; therefore, the term “post-growth” is even more accurate
for this debate. We therefore add our voices to those of non-green growers (or post-growers) and
scientific colleagues when arguing that developing a new paradigm is critical so that human societies
can live within ecological limits [3]. The global policy agendas should modify the established economic
system so that humans’ wellbeing becomes the centre of our actions, while, at the same time, global
energy and material flows, including water use, are adjusted to the planetary boundaries [18,32,39].
Due to the fact that GDP growth is a “questionable societal goal” [31,40], “an organised material
de-growth in the North followed by a steady state shows up as a valid framework to achieve global
future human welfare and sustainability” [40]. In summary, “green growth is likely to be a misguided”
goal requiring new “alternative strategies” [29]. These alternative strategies would require profound
systemic changes [33,40].
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