The global water crises: a cross-national analysis of metabolic
rift theory

Andrew Hargrove?

Stony Brook University, USA

Abstract

Unchecked consumption, extraction, and growth have resulted in severe damage to ecological systems. Fresh
water issues constitute one of the great challenges for political ecologists. On the one hand, there is a human
health and development crisis and over 700 million people still lack access to clean, safe drinking water. On
the other hand, there is a growing environmental water crisis regarding water scarcity, water stress, and
freshwater resource depletion. This analysis utilizes metabolic rift theory to demonstrate the disruptive
consequences that human development and agriculture have on the water cycle. | use two-way fixed effects
longitudinal regression for 176 nations from 1970-2015 to test how agriculture, capital, international aid,
governance, and civil society are associated with two important water indicators: access to water and water
stress. | find that agriculture is associated with higher levels of water stress and higher levels of water access.
Higher GDP per capita and international aid increase water access but have no significant relationship with
water stress. Additionally, international non-governmental organizations and environmental treaty ratifications
are associated with decreased water stress, but also decreased water access. Therefore, | find that the disruptive
processes of capital and development have differential impacts on these two interrelated water outcomes. This
political ecological analysis suggests that simple solutions that address water access or water stress alone,
without considering the interrelated aspects of global water issues, may inadvertently influence other facets of
the world's growing water concerns. Furthermore, agriculture and development create an ever-growing
metabolic rift in the processes that allow fresh water to replenish itself, leading to future global issues of water
access and stress.
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Résumé

La consommation, Il'extraction et la croissance économique incontrdlées ont endommagé les systémes
écologiques. L'acces a I'eau douce est un défi majeur. Plus de 700 millions de personnes n'ont toujours pas
acces a une eau potable propre et salubre. 1l existe également une crise de pénurie d'eau, un stress hydrique et
un épuisement des ressources en eau douce. Cette analyse utilise la théorie du rift métabolique pour démontrer
les perturbations que le développement humain et I'agriculture provoquent pour le cycle de I'eau. Jutilise une
régression longitudinale a effets fixes bidirectionnelle pour 176 pays de 1970 a 2015 pour tester comment
I'agriculture, le capital, l'aide internationale, la gouvernance et la société civile sont associés a deux indicateurs
importants de I'eau : I'accés a I'eau et le stress hydrique. Je trouve que les sociétés agricoles sont associées a
des niveaux plus élevés de stress hydrique et & un meilleur accés a I'eau. Un PIB par habitant plus élevé et plus
d'aide internationale augmentent I'accés a I'eau, mais n'ont pas de relation significative avec le stress hydrique.
De plus, les ratifications des ONG internationales et des traités environnementaux sont associées a une
diminution du stress hydrique, mais également a une diminution de l'accés a I'eau. Par conséquent, je trouve
gu'un meilleur acceés au capital et plus de développement ont des impacts différentiels sur le stress hydrique et
I'acces. Cette analyse «political ecology» suggere que des solutions simples qui traitent uniquement de I'accés
a l'eau ou du stress hydrique peuvent aggraver par inadvertance les problémes d'eau. De plus, I'agriculture et le
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développement créent une faille métabolique de plus en plus grande dans les processus qui permettent a I'eau
douce de se reconstituer, entrainant de futures crises d'acces a I'eau et de stress hydrique.

Mots clés: rift métabolique, accés a I'eau, stress hydrique, aide internationale, agriculture, développement

Resumen

El consumo sin control, la extraccion y el desarrollo, han resultado en un grave dafio a los sistemas ecolégicos.
Los problemas relacionados con el agua dulce constituyen uno de los grandes retos de la ecologia politica. Por
un lado, existe una crisis de salud humana y de desarrollo en la que 700 millones de personas adn carecen de
acceso a agua limpia y potable. Por otro lado, hay una creciente crisis ambiental de agua relacionada con la
escasez y el agotamiento hidricos. Este andlisis utiliza la teoria de la brecha metabdlica para demostrar las
perturbadoras consecuencias que el desarrollo humano y la agricultura tienen sobre el ciclo del agua. Aqui
utilizo regresion longitudinal de dos vias con efectos fijos para 176 naciones, entre 1970 y 2015, para probar
coémo la agricultura, el capital, la asistencia internacional, la gobernanza y la sociedad civil, estan asociadas
con dos importantes indicadores del agua: acceso a esta y su escasez. Encuentro que la agricultura esté asociada
con mayores niveles de escasez y altos niveles de acceso al agua. El producto interno bruto per capita, asi como
el aumento de la asistencia internacional, incrementan el acceso al agua, pero no tienen una relacion
considerable con la escasez hidrica. Ademas, las organizaciones internacionales no gubernamentales y las
ratificaciones de tratados internacionales estan asociadas con la reduccion de la escasez del agua, pero también
con la reduccién en el acceso. Por tanto, encuentro que los procesos disruptivos del capital y el desarrollo,
tienen efectos diferenciados en estas dos consecuencias que se encuentran interrelacionadas en temas de agua.
Con base en perspectivas de ecologia politica, este analisis sugiere que soluciones simples que abordan acceso
al agua o su escasez solamente, sin considerar los aspectos interrelacionados de temas hidricos globales, pueden
causar dafio de manera inadvertida a otros aspectos de la creciente preocupacion mundial sobre el agua. Mas
aun, la agricultura y el desarrollo producen una creciente brecha metabdlica en el proceso que permite al agua
dulce reabastecerse, provocando futuros problemas mundiales de acceso y escasez.

Palabras clave: brecha metabdlica, acceso al agua, escasez de agua, asistencia internacional, agricultura,
desarrollo

1. Introduction

Water issues are some of the world's most pressing problems. The World Economic Forum has ranked
water issues among the top five global risks for the past nine years (World Economic Forum, 2020). Currently,
there are at least two separate, but concurrent water crises: a human health and development water crisis
concerning populations who lack access to clean, safe drinking water and an environmental water crisis
regarding freshwater scarcity, water stress, and freshwater resource depletion (Barlow, 2014; Hargrove, 2019;
Bernabé-Crespo et al., 2019). These complex large-scale events threaten the social, economic, and ecological
systems that underpin our species' existence (Galaz et al., 2011; Homer-Dixon et al., 2015). In the capitalist
economy over-withdrawal of water resources for agriculture (70% of global withdrawals) and manufacturing
(19% of global withdrawals) has disrupted the natural water cycle, creating water stress and less access to water
(Aquastat, 2020). At the global scale, we are currently extracting groundwater at rates far surpassing the speed
of replenishment, and over-withdrawing surface water to such a degree that many rivers and lakes are shrinking
or drying completely (Barlow, 2014; Black and King, 2009). These processes lead to increased water stress
and an unsustainable future. Over 700 million people lack access to an improved water source,
disproportionately affecting women and children in poor rural areas and crowded urban slums (WHO, 2016).
While development and capital flows have helped to increase levels of water access over the last three decades,
the disruption of the water cycle through over-withdrawal will make connecting the remaining populations to
water sources and maintaining current levels of access increasingly difficult (Mekonnen and Hoekstra, 2011).

Water access, water stress, and sustainability are overlapping issues, creating multifaceted problems for
nations, including widespread disease, drought, flood, famine, environmental damage, ecological disasters, and
political instability (Bryant and Bailey, 1997; Shiva, 2002; Taylor and Sonnenfeld, 2017; Trainer, 2019).
Current solutions to these water crises ranging from global governance initiatives (international environmental
treaties and the UN establishing water as a human right) and national policies (policies on privatization,
framework laws on water, and legislation to protect water resources for future generations) to international
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development (billions of dollars of aid to the water sector and research on water solutions) do not adequately
address the complex interrelated nature of water issues and make little effort to reduce the disruption that
agriculture and development cause in the water cycle (Ahlborg and Nightingale, 2018; Hargrove, 2019).
Drawing on human ecology perspectives, future solutions to these separate but connected problems of water
access and water stress must aim to reduce disruption to the water cycle to allow for a sustainable future for
both human society and the environment (Paulson and Gezon, 2005; Peet and Watts, 2004; Healy, 2019).

Following Metabolic Rift Theory, processes connected to economic and technological development
extract more from ecological resources than they return to the source. This disconnect between nature and
society creates a rift in the balance or metabolism of our world, resulting in a natural resource becoming more
and more degraded and depleted the longer these human processes continue (Foster, 1999). The High Plains
Aquifer in the midwestern United States is a clear example of this process, as ever greater withdrawals from
the aquifer to create the "breadbasket of the world" has led to depletion rates up to 24 times the annual recharge
rate (Sanderson and Frey, 2014). As we develop technology to improve water access and distribution, we often
withdraw more water than can be replaced through the hydrological cycle, creating a rift in the metabolism
between nature and society.

In this analysis, | extend Metabolic Rift Theory to the water cycle by focusing on two important global
water issues: access to water and water stress. Previous metabolic rift analyses utilize qualitative methods to
highlight how the drive for capital has led to metabolic rifts in various natural processes. However, very few
authors have used quantitative data, and none have taken a cross-national comparative approach. In addition,
only one analysis has demonstrated a metabolic rift in the freshwater cycle (Sanderson and Frey, 2014). The
water cycle, when unaffected by human intervention functions to completely recycle all water resources.
However, the mass withdrawal of water from surface water (lakes and rivers) and groundwater (aquifers) has
caused a rift whereby fresh water is becoming scarcer and water stress is a problem for 2.67 billion people for
at least one month a year (Hoekstra et al., 2012). | use Metabolic Rift Theory to frame the current water crises
in terms of a rift in the natural metabolism of the water cycle. | test the determinants of access to water and
water stress using two-way fixed effects longitudinal regression with robust standard errors for 176 nations
from 1970-2015. Specifically, | examine how agriculture, capital, international aid, governance, and civil
society are associated with access to water and water stress. The findings show that agriculture, processes
related to international development, and even past solutions to the water crises have differential impacts on
water access and water stress. This suggests that solutions to these two water issues, when not confronted
concomitantly, may unintentionally further extend the rift in the water cycle.

2. Two water crises

The global water crisis is a complex and multifaceted problem that impacts the entire global population.
While global water issues encompass far more than just two problems, | see two major themes in the narratives
surrounding the current water debate: a theme of human health and development and a theme of environmental
degradation and scarcity. The first theme stresses that nearly 10% of the global population still lacks access to
an improved water source, often walking long distances under dangerous circumstances to carry far too little
water to sustain their family to their homes every day. Lack of access to an improved water source leads to
millions of deaths per year, increased prevalence of water borne diseases, girls missing school daily to collect
water for their family, and an overall poor quality of life for entire communities (WHO, 2016; United Nations,
2010). While great strides in connecting populations to water sources were made over the past 30 years,
especially during the era of the Millennium Development Goals (MDGs), the remaining 10% of the population
will be the most difficult to connect. These populations reside in rural communities and urban slums in low-
and middle-income nations with less resources to pay for and construct the infrastructure needed for improved
access to water sources. Additionally, many of these populations live where fresh water is scarce, for example
in arid climates.

The theme of degradation and scarcity emerges from studies reporting on water stress from droughts,
floods, aquifer depletion, and accelerated desiccation of rivers and lakes. Global freshwater resources are being
taxed to their limit by agriculture (70% of all withdrawals) and manufacturing (19% of withdrawals) (Aquastat,
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2020). Agriculture utilizes over two-thirds of all water withdrawals globally, often using inefficient irrigation
techniques to attain the highest possible yield and profit (Postel, 2000). The international trade of goods and
services (vis-a-vis manufacturing) removes water that would be renewed through the hydrological cycle, and
the global shipment of water disturbs the ecological balance of watersheds, leading to desertification,
biodiversity loss, and desiccation of streams, rivers, and lakes (Barlow, 2014; Black and King, 2009). The
increasing demands being placed on freshwater resources threaten the supply of water for food production,
drinking, bathing, and other basic human needs (Pimentel et al., 2004; Pande and Pandit, 2018). Mekonnen
and Hoekstra (2011) estimate that two-thirds of the global population already lives with severe water scarcity
at least one month out of every year, and half a billion people experience it for over six months of the year.
These numbers will only increase as withdrawals continue to rise and desertification processes makes water
storage and replenishment increasingly difficult.

In efforts to address the many water related issues, the global community has spent billions of dollars in
water supply aid (AidData, 2017; Jorgenson, 2016). International water aid accelerated rapidly following the
MDGs and has invested in thousands of water initiatives globally (AidData, 2017). In addition, global
governance initiatives, through international treaties, have implemented water access and water conservation
policies. In 2010, the United Nations declared the right to water for basic needs a human right. These initiatives
should have a positive impact on the multifaceted water crisis, however, without evaluation of these solutions
it is impossible to assess whether they are extending or healing the metabolic rift in the water cycle.

3. The theory of metabolic rift

Metabolic Rift Theory stems from a Marxist understanding of the metabolic relationship between
society (through the drive for capital) and nature (Foster, 1999). In Metabolic Rift Theory, the human
environmental metabolism is a system of chemical and resource inputs and outputs. When the inputs and
outputs are balanced, the human environmental metabolism is functioning. However, when an imbalance
occurs through resource extraction without replenishment, a rift is created (Foster, 1999). Identifying these
unequal exchanges and rifts in resource metabolisms help unveil the power imbalances that underlie human
ecological interactions (Jorgenson, 2016; Hornborg and Martinez-Alier, 2016; Manzano et al., 2016). Foster
(1999) argues this theory of Metabolic Rift should be applied broadly, for example guiding work in human
ecology and environmental sociology.

Metabolic Rift Theory has been used to uncover and examine rifts in several human ecological
relationships. York, Rosa, and Dietz (2003) explore metabolic rift theory with greenhouse gas emissions,
finding that urbanization and industrialization increase emissions. Clark and York (2005) use it to examine the
rift in the carbon cycle, finding that technological improvements in efficiency increase the amount of resources
used, widening the rift instead of healing it. Clausen (2007) applies the theory to modern Cuban agricultural
reform as a possible solution to begin to heal the rift in soil degradation through crop diversification, rotation,
and community and urban farming. McMichael (2008) discusses agrofuels and biofuels, finding that replacing
fossil fuels will exacerbate, not solve, the metabolic rift because palm plantations replace rainforests, savannas,
and grass covered areas, leading to greater carbon dioxide emissions from the removal of these sinks while
decreasing food security. Further, Clark and Foster (2009) find that through ecologically unequal exchanges,
imperialist nations can maintain an ecological overdraft, furthering the metabolic rift and creating debt-laden
economies both economically and ecologically. These themes also emerge in Mayer and Haas (2016) and
Warlenius (2016). Additional analyses and refinements of the theory by McClintock (2010), Salleh (2010),
Schneider and McMichael (2010), and Moglia (2014) extend the rift analogy to agrarian resistance, labor
practices, and other agricultural issues.

4. Metabolic rift and water

Several researchers have applied the theory of metabolic rift to water. First, Clausen and Clark (2005)
studied the metabolic relationship between society and oceans via aquaculture and marine farming. They find
that the expansion of capitalist enterprise into oceans resulted in the depletion of fish stocks at multiple trophic
levels, and the unbalancing of the marine ecological cycle. Aquaculture has emerged as a capitalist solution
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but has failed to resolve the metabolic rift between society and the seas, actually accelerating marine life
extraction and utilizing more oil and gas resources (Clausen and Clark, 2005). Perdikaris and Paschos (2011)
support this analysis, showing how aquaculture and fisheries may present a metabolic rift that may not be
possible to repair.

Turning to fresh water, Sanderson and Frey (2014) focus more on the water cycle in the High Plains
Aquifer, finding that capitalist needs for production, economic value, and the drive to develop agriculture in
what was once a desert has created a rift in the water cycle. Though their analysis is a case study of one aquifer,
it points to some of the mechanisms that drive the ecological rift in the water cycle globally, including over-
withdrawal and industrial agriculture. In a further study, Hof and Blazquez-Salom (2015) perform several in-
depth analyses of water consumption and land use patterns for several urban-tourist forms in Mallorca. They
find that tourism development, driven by capital accumulation, has resulted in an unequal socio-spatial urban
landscape of water consumption. In these cases, tourism development has worsened constraints on water supply
and expanded the rift between continual economic growth and finite natural resources. Finally, McGee and
Alvarez (2016) use fixed effects panel regression to show the negative effects of organic agriculture on organic
water pollution. They find that US states that use organic farming may actually increase organic water pollution
when compared to non-organic farming practices. This is through certification and the use of natural fertilizers,
which further expand the rift they are intended to heal.

I build on this research by extending Metabolic Rift to the global freshwater crisis, in order to

1) understand how human interactions with fresh water sources generate change in water
access and water stress,

2) examine how solutions to the water crisis may have differing and unintended consequences
on related water issues, and

3) reveal the ecological consequences of ongoing capitalist and international development
processes in relation to our freshwater resources.

Controlling the flow and availability of water has been a preoccupation of society since the foundation
of our first civilizations. However, advances in technology and the drive for capital during and following the
Industrial Revolution gave humanity the ability to access much larger quantities of water at an accelerating
rate. Dams, boreholes, running tap water, municipal water systems, and new agricultural techniques have vastly
improved our quality of life. However, the growth, development, and drive for capital leading to our improved
quality of life has not considered the ecological costs of accelerating water withdrawals. This acceleration is
causing a growing rift in the water cycle.

Fresh water consumption through the drive for capital accumulation has also led to severe environmental
health issues. Several major rivers now run dry during all or part of the dry season including the Ganges, the
Nile, the Colorado, and the Yellow River (Postel, 2000). The Aral Sea, the once fourth largest lake has shrunk
to 10% of its previous size. Aquifers, many of which are non-renewable, are over-tapped and withdrawals far
exceed recharge rates. In addition, dams, river rerouting, and desertification has destroyed millions of acres of
ecosystems and threatened the existence of many species (Black and King, 2009). These processes demonstrate
a strain on the sustainability of the world's freshwater resources that indicate that the human-ecological
metabolism with the water system has a serious rift, whereby human actions are causing strain on the naturally
renewable water cycle. Furthermore, due to growing population pressures, increased water needs for
agriculture, and the drive for capital accumulation, domestic and industrial water withdrawals will rise rapidly
in the next 30 years. These increases will lead to ever more severe water stress and may result in international
conflict over scarce water (Shiva, 2002).

Agriculture accounts for over two-thirds of the global blue water footprint (Hoekstra et al., 2012).
Advances in agricultural technology and the drive to generate more profits have led to unsustainable farming
practices. The legacy of the Green Revolution, developed as a solution to global hunger problems in the 1950s
and 1960s, greatly increased the water needs necessary to germinate high-yield genetically modified seeds
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necessary to grow wheat and soybeans, among other crops (Black and King, 2009). Black and King assert that
a third of mature crops are wasted every year (Black and King, 2009). The abstraction of non-renewable
groundwater has enabled society to turn deserts into cropland, but at unsustainable rates (Sanderson and Frey,
2014). Water use is unavoidable, but food waste, water inefficient irrigation methods, and monocropping
exacerbate the strain on global water resources (Black and King, 2009; Hargrove, 2019). Due to these pressures,
I expect that greater levels of agriculture as a percentage of total land area in a nation should be associated with
increased water stress and lower levels of water access.

After agriculture, manufacturing is the second largest strain on global fresh water resources. The drive
to produce and consume goods, many of which are discretionary, leads to large-scale water extraction
(Aquastat, 2020). Heavy users of water for industry include paper, metal, and electronics manufacturing, all of
which require high quality treated water for their products. For example, the minimum amount of water
required to produce 1 kg of paper is 324 liters (Black and King, 2009). Another heavy user of water is the water
bottling industry, which extracts unsustainable amounts of water from rivers, lakes, and aquifers and shipping
some of it around the globe (Black and King, 2009; Pacheco-Vega, 2019). Manufacturing and the drive for
capital have led to the ever-increasing rift as withdrawals of water accelerate past replenishment rates.
Therefore, | expect manufacturing, GDP per capita, and international trade should increase water stress and
decrease water access.

Although industrialization and capital accumulation have created an ever-growing metabolic rift, there
have been efforts to solve, or at least mitigate, water access and water stress. One of these possible solutions is
international aid. Can international aid to the water sector decrease water stress and connect all populations to
a water source in a sustainable manner to begin healing the metabolic water rift? Hargrove (2019) finds in an
analysis of over 42,000 international water aid projects that aid has focused heavily on human development
goals like education, access, and health (98% of all water aid addresses these issues) and that far fewer aid
projects have an environmental or sustainability goal (29% of projects have an environmental component). The
analysis also finds that water aid's purpose may be more focused on international relations and posturing than
on solving water issues (Hargrove, 2019). Furthermore, water aid is fragmented and piecemeal, possibly
leading to inefficiency and ineffectiveness. Given the above, | expect that aid may be successful at connecting
populations to water sources, but it may not be addressing underlying sustainability issues. I hypothesize that
international aid will be associated with increased access to water, but not decreased water stress.

Global governance via international environmental treaties include many proposed, signed, and ratified
through the United Nations. Environmental treaties are non-binding contracts, but they are internationally
recognized signposts to the intentions of signatory nations (Hargrove et al., 2019). Environmental treaties are
associated with several important positive environmental outcomes in ratified nations including, but not limited
to, reductions in CO. emissions (Hargrove et al., 2019) and decreases in deforestation (Sommer, 2020). Many
environmental treaties focus on water access and water stress/scarcity. | hypothesize that nations who have
ratified more international environmental treaties should see an increase in water access and a decrease in water
stress.

My analysis quantitatively tests the relationship of agriculture as a percentage of total land area, capital,
international development aid, and global governance on water access and water stress. Water stress represents
the toll that economic and social processes have had on the water metabolism, and access to water provides for
human water needs within current available resources. Any processes that have contradictory effects on water
stress and water access (greater stress and more access, or less stress and less access) will continue to exacerbate
the ecological rift. These contradictory effects also demonstrate that current water solutions do not consider
water issues holistically, failing to consider the multifaceted nature of environmental and human water needs.
This analysis will shed light on the ecological rift in the water cycle and the processes that increase access and
decrease water stress.

The first goal of the analysis is to determine the extent of changes in water access and water stress based
on our human interactions by testing the impact of agriculture, economic development, manufacturing, and
population on access and stress. The second goal is to examine how these human interventions have differential
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impacts on our ability to access fresh water and the stress we put on the metabolism of the water cycle. Finally,
to reveal the ecological consequences of ongoing international development processes in relation to our
freshwater resources. Together, the longitudinal cross-national quantitative analysis will provide evidence for
some of the human processes that lead to detrimental environmental outcomes, vis-a-vis water stress.

5. Methods

Statistical models

I conduct cross-national time-series analyses using two-way fixed effects regression to assess the
determinants of improved water development for human health (access to improved water sources, Table 1)
and improved water development for environmental health (national levels of water stress). The access to
improved water sources models uses robust standard errors clustered by country for 172 countries from 1990-
2015. The water stress models use robust standard errors clustered by country for 159 countries from 1960-
2015. Robustness checks, utilizing identical samples for the two dependent variables, yield substantively
similar results. However full unbalanced models are reported here to allow for the inclusion of all relevant data.
I use two-way fixed effects regression following previous cross-national analyses. Two-way fixed effects
describes a stringent and statistically conservative longitudinal modeling technique that controls for both time-
invariant and unobserved factors. It allows for comparisons within countries over time, showing the direct
effect in changes in the independent variables on the outcomes of interest. In addition, fixed effects with robust
standard errors decreases the probability of committing a type | error, in which we erroneously find a
statistically significant result where none truly exist?.

To ensure the reliability and robustness of the models, | check for various regression assumptions. All
models present no potential issues with multicollinearity, influential cases, and outliers. A bivariate correlation
matrix and variance inflation factor scores for the models indicate that there are no issues with multicollinearity.
Standardized residuals indicate no potential issues with outliers. In addition, to ensure that there were no issues
with specification error or omitted variable bias, robustness checks were run with a range of model
specifications. Results for the main independent variables remained consistent regardless of various
specifications. Among other things, robustness checks included controls for total population, arable land,
several measures of GDP, and various measures of education. All models yield consistent results.

Dependent variables

Access to improved water source. Access to improved water source measures the percent of a nation's
population connected to an improved water source. Data are available from the Aquastat (2020) database for
years 1990-2015. Following the World Health Organization (2016), improved water sources are household
connections, boreholes, protected springs, public standpipes, protected dug wells, and rainwater collection.

Water stress. Water stress data are measured as total water withdrawals in a nation as a percent of total
renewable freshwater resources (Aquastat, 2020). This variable assesses the degree to which human
consumption taxes the environment and interferes with the efficiency of the natural water cycle. Water stress
is logged to deal with the skewed distribution.

2 Generalized least squares random effects regression was also considered for this analysis, but due to results from a
Hausman test and for the theoretical reasons discussed above, only fixed effects results are reported here. However, the
results from the generalized least squares random effects regression yield substantively similar results to those reported
here.
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Variables Description (Source) Mean (Std. Range
Dev.)
Dependent Variables
Water access Percent of total population with access to | 84.504 21.1-100
improved water source (Aquastat, 2020) (17.87)
Water stress (In) Total freshwater withdrawals as a percent of | 56.99 .01-2610
renewable freshwater resources (Aquastat, | (210.33)
2020)
Independent Variables
Water sector aid count Cumulative number of projects a nation | 42.32 0 - 1007
(stock) received in the water sector up to each specified | (115.17)
year (AidData, 2017; Hargrove, 2019)
Water sector aid in US$ Cumulative value in hundred millions USD in | 711.31 0 - 26400.7
(stock) aid received in the water sector up to each | (2188.22)
specified year (AidData, 2017; Hargrove,
2019)
Water sector aid human Cumulative number of projects a nation | 41.36 0-979
projects (stock) received in the water sector with a focus on | (112.91)
human needs up to each specified year
(AidData, 2017; Hargrove, 2019)
Water sector aid Cumulative number of projects a nation | 13.17 (33.75) | 0-430
environmental projects received in the water sector with a focus on
(stock) environmental needs up to each specified year
(AidData, 2017; Hargrove, 2019)
Gross domestic product The sum of gross value added by all resident | 7241.31 0-170453
per capita (natural log) producers in the economy plus any product | (14817.43)
taxes and minus any subsidies not included in
the value of the products (World Bank, 2019)
Secondary female Percentage of students enrolled in secondary | 45.25(8.38) | 0-70.45
education education who are female (World Bank, 2019)
Agriculture Land used for agriculture (% of total land area) | 17.74 (15.51) | .04 — 66.67
(World Bank, 2019)
INGOs Number of international non-governmental | 559.69 0-4339
organizations a nation has at least one citizen | (748.92)
member in (Smith and Wiest, 2005)
Environmental treaties Number of international environmental treaties | 38.02 (42.20) | 0 - 269
signed by a nation (Ecolex, 2019)
Population growth Annual growth of population (% of total | 1.81 (1.51) -4.65 —
population (World Bank, 2019) 16.17
Trade (% of GDP) Total value of traded goods (% of GDP) (World | 77.42 (48.35) | .02 —
Bank, 2019) 422.33
Debt service (% of GNI) | Total value of debt repayment to foreign | 4.46 (5.78) 0-107.47
entities (% of GNI) (World Bank, 2019)
Democracy Index measuring political rights and civil | 3.73 (2.04) 1-7

liberties (Freedom House, 2018)

Table 1: Descriptive statistics and definitions. Unlogged values for mean, standard deviation,
and range are given for all logged variables for ease of interpretation.
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Independent variables

Agriculture. Cultivated land as a percent of total land area represents the pressure that agriculture puts
on water resources within a nation. Since agriculture is the largest consumer of fresh water globally, it is
expected that nations with more cultivated land should be associated with higher levels of water stress.
However, less is known about the relationship between agriculture and water access. It is possible that more
farming may be related to higher water access as agriculture may be accompanied by irrigation systems, which
would make it easier to connect populations to improved water sources.

Gross domestic product per capita. Higher levels of wealth tend to bring higher standards of living,
which can improve access to basic needs such as water and sanitation as well as reduce water scarcity through
funding conservation programs (Anbarci et al., 2009; Bradshaw & Schafer, 2000; Heerink et al., 2001).
However, the drive for capital should also be associated with increased water stress as the rift increases. |
measure gross domestic product per capita in constant 2010 US dollars (World Bank, 2019). In addition, the
natural log is taken to control for the skewed distribution.

Trade. International trade is one proxy for the drive for capital. Higher levels of trade by a nation shows
its embeddedness in the capitalist system. According to Metabolic Rift Theory, this commitment to capital
should further exacerbate the metabolic rift, resulting in increased water stress and decreased water access.
Trade is measured as the total value of traded goods as a percentage of a nation's GDP (World Bank, 2019).

International aid to the water supply and sanitation sector. International water sector aid uses data
collected from AidData (2017). Using computational content analysis, these data are analyzed for human
development and environmental development themes (see Hargrove, 2019). The international water sector aid
data are measured in several ways. This analysis includes four measures of water sector aid. First, ‘water aid
count' measures the total number of aid projects ever received by a nation up to each given year. Second, 'water
aid US$' measures the total value of all water sector loans ever received by a nation up to each given year, in
constant US dollars. Third, 'water aid human projects' counts the total number of aid projects received by a
nation up to each given year that address human development needs such as access, health, education, and
community development programs. Finally, ‘water aid environmental projects' counts the total number of water
sector aid projects a nation received cumulatively up to each given year that address environmental
development needs such as climate change mitigation/adaptation, water scarcity, water stress, pollution, and
sustainability. For example, this measure for Australia in 2000 would tell us the total number of water aid
environmental projects that have been funded in Australia from 1950 to 2000. In addition, all of these variables
are measured as stocks, where the data represent the cumulative total aid received up to each country year.
Results for flows (total for each year individually) are substantively similar. If global water development is
adequately addressing both human and environmental water needs, international aid to the water supply and
sanitation sector should be associated with decreased levels of water stress and increased levels of water access.

INGOs. International non-governmental organizations (INGOs) are collected from the Yearbook of
International Organizations and range from 1965 to 2015. These data report the number of INGOs that a
country has at least one citizen member for (Smith and Wiest, 2005). INGOs represent the presence of civil
society and indicate pressure from the citizenry on the government. Some examples of INGOs include Doctors
Without Borders, Charity: Water, Save the Children, OXFAM, Amnesty International, and Greenpeace. Civil
society is related to many positive human development and environmental outcomes including greater access
to water and lower levels of water stress.

International environmental treaties. Data on international environmental treaties are measured as the
total number of international environmental treaties signed by a nation for each given country year from 1961
to 2015 (Ecolex, 2019). International environmental treaties should be associated with lower levels of water
stress, since signatory nations have an incentive to take measures to protect the sustainability of their water
consumption rates. In addition, treaties should be associated with increased water access as nations who sign
must ensure the health and access of their populations.

Population growth. Population growth is the annual net growth of the population as a percentage of total
population (World Bank, 2019). Population growth represents the pressures put on a nation's water resources
and existing infrastructure by an increasing population. It is often considered one of the primary drivers of
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water stress globally, along with agriculture. More people place increased pressure on existing water
infrastructure, possibly decreasing the level of water access in nations with high growth.

Debt service. Debt service is measured as the total value of all foreign debt payments made by the state
as a percentage of GDP (World Bank, 2019). The higher the burden of debt is in a nation, the less able they
will be at addressing water issues within their borders, since they will have less resources to spend on public
infrastructure and sustainability efforts. Debt service should be associated with greater water stress and less
water access.

Female secondary school enrollment. Female secondary school enroliment is the share of total students
enrolled in secondary education that are female. Female secondary school enroliment has been shown to have
a strong association with access to improved water facilities (Hargrove, 2019; WHO, 2016). Since women are
largely in charge of water collection in low- and middle-income nations, the assumption is that educated women
are much more likely to demand and work for improved water connections than their male counterparts
(Sommer and Fallon, 2020). Less research has been done on the relationship between female secondary school
enrollment and water stress.

Democracy. Democracy is measured as the average level of political rights and civil liberties within a
nation (Freedom House, 2018). Democratic nations are obligated to be accountable to the needs and demands
of their populations (Shandra, 2007). Populations without access to water and those that experience water stress
regularly will demand solutions from their governments. Higher levels of accountability represented by
political rights and civil liberties should result in nations with lower levels of water stress and higher levels of
water access.

6. Findings

Table 2 and Table 3 present two-way fixed effects estimates with robust standard errors of access to
water and water stress respectively. All model specifications are identical except water sector aid. Models 2.1
and 3.1 include a water sector aid project count, Models 2.2 and 3.2 include water sector aid in US$, Models
2.3 and 3.3 include water sector aid human development projects, and Models 2.4 and 3.4 include water sector
aid environmental projects. All water aid variables are controlled for in separate models due to possible issues
with multicollinearity. The first number for each variable is the unstandardized regression coefficient, the
second number is the standardized coefficient, and the third in parentheses is the robust standard error.

Water Access
Model 2.1 Model 2.2 Model 2.3 Model 2.4
Independent Variables
Agriculture 29473 .368*** .293%** 321 ***
.255 319 .254 .278
(.089) (.098) (.089) (.092)
Water Aid Count (stock) .013***
.086
(.003)
Water Aid US$ (stock) .263*
.032
(.155)
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Water Aid Human (stock) 014%***
.086
(.003)
Water Aid Environment (stock) 037%**
.070
(.008)
GDP per capita (natural log) 1.111 2.057** 1.117 1.218
.106 197 107 116
(.748) (.768) (.747) (.757)
Secondary Female Education A19%** 554%** 418%** A488***
.196 .260 .196 .229
(.099) (.111) (.099) (.103)
Environmental Treaty Ratification -.051** -.074%** -.051** -.059**
-121 174 -121 -.138
(.021) (.021) (.021) (.020)
Population Growth -.181 -.262 -.182 -.179
-.015 -.022 -.015 -.015
(.177) (.193) (.177) (.181)
Trade (% of GDP) -.003 .001 -.003 .001
-.007 .003 -.007 -.001
(.009) (.010) (.009) (.009)
Debt Service (% GNI) .013 .016 .013 .015
.008 .010 .008 .009
(.012) (.013) (.012) (.013)
Democracy .621* 104** .621* .631*
071 .080 071 072
(.273) (.274) (.273) (.269)
Constant 51.747*** 37.743*** 51.757*** 47.267***
Within R-Square .667 .628 .667 .654
Number of Observations 841 841 841 841
Number of Countries 176 176 176 176
Table 2: Two-Way Fixed Effects estimates for water access, 1990-2015. Notes: a) * indicates p
< .05, ** indicates p < .01, and *** indicates p < .001 for a one-tailed test. b) The first number
is the unstandardized coefficient, the second is the standardized beta, and the robust standard
error is in parentheses.
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Water Stress
Model 3.1 Model 3.2 Model 3.3 Model 3.4
Independent Variables
Agriculture .021* .022* .021* .021*
.163 173 163 .165
(.010) (.010) (.010) (.010)
Water Aid Count (stock) -.001
-.008
(.001)
Water Aid USD (stock) -.018*
-.020
(.010)
Water Aid Human (stock) -.001
-.008
(.001)
Water Aid Environment (stock) -.001
-.010
(.001)
GDP per capita (In) -.020 -.001 -.020 -.011
-.017 -.001 -.017 -.010
(.056) (.058) (.056) (.057)
Secondary Female Education 014 017* 014 014
.057 .070 .057 .060
(.009) (.009) (.009) (.002)
Environmental Treaty Ratification -.011%** 011*** -.011*** -.011***
-.233 -.236 -.233 -.236
(.002) (.002) (.002) (.002)
Population Growth .006 .004 .006 .005
.005 .003 .005 .004
(.022) (.022) (.022) (.022)
Trade (% of GDP) -.001 -.001 -.001 -.001
-.006 -.003 -.006 -.006
(.001) (.001) (.001) (.001)
Debt Service (% GNI) .002 .002 .002 .002
.013 .013 .013 .013
(.002) (.002) (.002) (.002)
Democracy -.024 -.027 -.024 -.025
-.025 -.028 -.025 -.025
(.028) (.028) (.028) (.028)
Constant .861 570 .863 767
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Within R-Square 373 378 373 374
Number of Observations 517 517 517 517
Number of Countries 165 165 165 165

Table 3: Two-way Fixed Effects estimates for water stress, 1970 - 2015. Notes: a) * indicates p
< .05, ** indicates p < .01, and *** indicates p < .001 for a one-tailed test. b) The first number
is the unstandardized coefficient, the second is the standardized beta, and the robust standard
error is in parentheses.

Table 2 shows the estimates for access to water and Table 3 displays the water stress models. Results
are consistent across model specifications, with the exceptions of GDP and female secondary education in
model 3.2. I will now discuss the findings. First, agriculture is significantly related to higher levels of access
to water. For every 1% increase in agriculture as a percentage of land area, there is a .29-.37% increase in water
access. This increase may be due to nations with agricultural land cover also having more irrigation
infrastructure, allowing easier connection to populations. On the other hand, agriculture is significantly
associated with higher levels of water stress. This is unsurprising as agriculture makes up 92% of the blue water
footprint (Hoekstra et al. 2012). Agriculture has a much larger effect on water stress than water access, with
each 1% increase in agriculture as a percentage of total land area associated with a ~2.1% increase in water
stress. The metabolic rift generated by large-scale agriculture as a percentage of total land area and the depletion
of water sources associated with it is leaving an indelible mark on the future of our water resources. Without a
change in the level of water usage currently utilized by agriculture (possibly through drip agriculture and less
water hungry crops), more and more nations will experience water stress more often.

Next, all measures of water aid reach levels of statistical significance in the water access models,
indicating that higher levels of water sector aid over time is related to increased levels of access to water. These
projects have a cumulative effect, whereby the more aid a nation has received over time the higher their level
of water access. This shows that water sector aid is actually helping nations connect their populations to
improved water sources, at least partially. However, the small coefficients may signal that aid has been
inefficient, with new projects only marginally increasing access. However, water sector aid fails to reach
significance in all the water stress models, except for model 3.2. The negative and statistically significant
coefficient of water aid US$ stocks in model 3.2 suggests that more money sent to the water sector decreases
water stress, while more projects do not have a significant impact. However, since the results are not consistent
across models, it is unclear what this relationship might look like. While theoretically, water sector aid should
be associated with decreased water stress, Hargrove (2019) finds that less than a third of water sector aid
projects address environmental issues and many of these do not consider the complex issues of water stress
and scarcity. Therefore, perhaps it is unsurprising that water sector aid has been ineffective at decreasing levels
of water stress globally. Based on these findings, | believe an evaluation of the effectiveness and outcomes of
past water sector projects is necessary to understand what types of projects are most successful in connecting
populations to water sources and combating water stress. This information will allow funders to invest in only
projects with proven effectiveness that may begin to heal the rift in the water cycle.

Secondary female education is a strong predictor of increased water access. This aligns with previous
research that states that female education is one of the most important determinants of water access in low- and
middle-income nations. In these models for each 1% increase in female enroliment, as a percentage of total
enrollment, there is a .42-.55% increase in access to water. GDP per capita fails to reach levels of significance
in any of the models with the exception of model 3.2. These results suggest that the effect of GDP found in
previous analyses may be explained by other factors in a nation such as female education or democracy. This
shows that water stress is an issue that effects all nations. Additionally, it may suggest that rich nations are not
utilizing their wealth effectively to combat the looming problem of increasing water stress. Furthermore, results
from model 3 indicate that female secondary education is associated with higher levels of water stress. This
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finding is not consistent across model specifications but may be due to education relieving women from being
the main collectors of water, who are thought to preserve water due to this proximity. However, it is more
likely the case that female education is a sign that the society is investing in welfare, thus creating more access
as observed in the access to water results in Table 2, creating a drain on water resources.

Moving on to the effect of global governance. Environmental treaty ratification is consistently
associated with decreased levels of access to water and decreased water stress. Each additional environmental
treaty a nation ratifies is associated with a decrease in water access by ~.05% and decreases water stress by
~1.1%. Additionally, environmental treaties have the largest unstandardized coefficients in the water stress
models, indicating that they have a very large effect on reducing water stress within nations. These findings
suggest that global governance does indeed influence these particular global ecological patterns. In addition to
the effect of global governance, | also controlled for the effect of civil society in supplemental models (not
included in the main findings due to high levels of multicollinearity with environmental treaty ratifications).
INGOs are significantly associated with slightly lower levels of water access. For each additional INGO with
at least one citizen member, a nation has .02% lower access to water. This is surprising as many INGOs have
environmental aims and human rights agendas. Furthermore, turning to the findings for water stress, | find that
the work of INGOs are related to significantly lower levels of water stress. Each additional INGO in a nation
is associated with a .03% decrease in water stress. These divergent results for both global governance and civil
society demonstrate that efforts around the world can have unintended negative consequences when issues are
not tackled holistically. These differential effects highlight a rift in the social-ecological metabolism in the
water cycle. Future work by INGOs and global governance should seek solutions that fight both stress and
access problems.

Contrary to expectations, population growth is not associated with water access or water stress. This
suggests that water access and water stress are social and political issues, not population capacity issues. It also
suggests that household consumption of water may not be an important driver of water stress. The increases in
water withdrawal from a growing population are nowhere near the levels of withdrawals for large scale
agriculture. Trade and debt service fail to reach levels of significance in any models. This is surprising as these
variables represent the role of capital and debt within a nation. Theoretically, we would expect that nations
with higher levels of trade would increase the metabolic rift in the water cycle. However, | find that other
factors are more important when predicting access and stress.

Finally, democracy is associated with higher levels of water access, but does not have a significant
association with water stress. For each 1-point increase in political and civil liberties there is an associated
.65% increase in access levels. These findings suggest that the responsibility to respond to the demands of
populations is associated with better water justice and possibly with better functioning of the human-water
cycle metabolism. However, there is a lack of influence of democratic political systems on water stress, and
there are still many democracies that face serious water stress issues which will only increase as the metabolic
rift persists.

7. Discussion

I began by discussing how the theory of metabolic rift argues that processes resulting from capitalism
often leads to the extraction of more resources from ecological sources than are returned. | aimed to extend the
theory of metabolic rift by focusing on three main goals. 1) to understand how human interactions with fresh
water sources generate change in water access and water stress, 2) to examine how solutions to the water crisis
may have differing and unintended consequences on related water issues, and 3) to reveal the ecological
consequences of ongoing capitalist and international development processes in relation to our freshwater
resources. From this study, there are several main findings that help extend metabolic rift theory.

First, | find that agriculture is the largest contributor to water stress, further expanding the rift in the
water cycle. However, it also seems as though agricultural production is related to higher levels of access to
water. This finding suggests that large scale agriculture, while able to contribute to human goals like feeding
the population and connecting them to water sources, still furthers the metabolic rift due to the over-withdrawal
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of water resources. It goes without saying that we cannot get rid of agriculture. However, it may be helpful to
reform water intensive agriculture practices and decrease the portion of food that is wasted annually.

Second, | find that water sector aid, which should be a solution to the growing rift in the water cycle,
has positive effects, though small, on access to water and a slight negative impact on water stress (only in terms
of value of water aid received by a nation, not in terms of number of projects). Thus, while the solution to the
rift in the water cycle through water sector aid may not be having negative consequences on water stress, it is
also not helping very much, without challenging other processes that may further increase the rift.

Why does water aid have such a small effect on access to water and water stress? Some possible
explanations may be the fragmented nature of water sector aid, debt recollection clauses contingent on the
receipt of water aid, the lack of assessment or evaluation of the effectiveness of these projects, and/or less than
a third of projects having any environmental component (Hargrove, 2019). However, over 90% of projects are
concerned with human access to safe drinking water and health. Given this high percentage, one would expect
that there would be much larger coefficients between water sector aid and water access. This small magnitude
appears to indicate that water sector aid is very inefficient at meeting its stated goals—perhaps because that is
not the ultimate purpose of this aid. Aid does bring people water access, but it also goes to large-scale dam
projects and other activities that accelerate capital accumulation. With loan repayments, loan conditions such
as the cutting of environmental spending, and profits gained from projects run by branches of corporations
originating in wealthier nations, it may be that a lot of water aid is not actually about helping people. That may
be a nice side effect of the perversion of the human development agenda into neoliberal business as usual.

Third, both environmental treaties and INGOs are related to slightly lower levels of access to water and
to much lower levels of water stress. There is a net positive relationship here. The effects of environmental
treaties, or state environmental policymaking, shows the importance of global governance in rectifying the rift
in the water cycle, especially because this is a global problem. The impacts of INGOs show the importance of
civil society in the water cycle because it allows local communities to voice the problems they are encountering.
Additionally, INGOs are often non-profit and focused on human needs and environmental protections. Going
forward, they may be increasingly important to repairing the rift. Organizations whose aim is sustainability
should naturally decrease the rift, as sustainability will be leveling our withdrawals and renewal.

Fourth, democratic states are associated with higher levels of water access and lower, but not
significant, levels of water stress. While these results are promising, further analyses are required to determine
the full extent of democracy's impact on water resources. Theoretically, these findings may demonstrate that a
nation's obligation to act on the demands of its citizens may be able to help heal the human ecological rift.
However, this can only be the case if populations within democracies demand action that leads to
environmental and human justice. Put differently, democracy may be a major challenger of the metabolic rift
concerning the water cycle.

8. Conclusion

There are several policy implications that emerge from these findings. We need to halve the amount of
water withdrawals used by agriculture (Postel, 2000). According to researchers, we may do so by switching to
drip irrigation and other water saving technologies and phase out high yield, water-hungry genetically modified
crops, by switching to drought resistant seeds with lower yield (Postel, 2000). Furthermore, we lose about 30%
of water withdrawals through leaky pipes. New flow monitoring technology can identify the locations where
pressure is decreased, indicating these leaks.

However, the root of the problem is excess withdrawals, which is the result of the valuing of short-term
gain over long term losses in the capitalist system. Sustainability requires that society regulates itself such that
the natural metabolism of human-nature interactions can remain viable for future generations without
degrading or depleting the natural resource (Weiss et al., 2017). Capitalist societies have rarely concerned
themselves with sustainability, and green-washing is also common (McMichael, 2004). Far from repairing the
rift, this may actually further it because it allows us to continue our consumptive lifestyle and capital gains
without addressing the underlying rift in the human-nature metabolism.
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Therefore, we may need to rely on multilateral environmental treaties, civil society, and democratic
institutions to shift our world to a more sustainable future. Civil society, through INGOs and local organizations
can put pressure on governments and corporations to adopt new technologies, policies, and practices that will
lead to a healing of the rift. To do this, these organizations need to foster cooperation between themselves and
within the multilevel governance structures (local, state, national, international). In addition, more research is
needed to understand the processes that will lead to a more sustainable water future. Multilateral environmental
treaties can also help to heal the rift. While often not enforceable, international treaties such as the United
Nations Framework Convention on Climate Change and Resolution 64/292, which guarantees all populations
the human right to water, exert strong pressure on nations to comply with the resolutions in the treaties. While
research on the impact of global governance through multilateral treaties on water is nascent, this analysis and
Hargrove et al. (2020) have found that these treaties have a positive impact on water stress and freshwater
resources.

Although this research uses the data available to its full extent, the findings are limited. Water access
and water stress have high levels of variability within nations, and should be analyzed using a multilevel or
subnational analysis. Unfortunately, subnational data on water stress currently only exists at the water basin
level, which presents two problems. First, water basins cross national borders and second, very few explanatory
variables exist at the water basin level. This makes it nearly impossible to perform a multilevel analysis
comparing the determinants of access and stress with current data. In addition, the processes that lead to access
and stress are complex. While the current analysis offers a good starting point for understanding the general
trends associated with access and stress, future work should utilize case studies, subnational analyses, and
theoretical interactions to improve our understanding of humanity's effect on the water cycle metabolism.
However, | believe that the current analysis will allow future researchers to frame water issues in terms of the
differential solutions needed to solve access and scarcity issues. It demonstrates the rift in the water cycle
generated by capital and large-scale agriculture.

In conclusion, development and human consumption is creating an ever-widening rift in the water cycle.
Solutions to the water crisis, which the World Economic Forum has listed in the top five global risks for the
past seven years, should start with the understanding that the global water crisis is multifaceted, interrelated,
and generated by human consumption. To begin to heal the metabolic rift in the water cycle, we must push for
cooperation, a more holistic understanding of the problem, and we must only fund solutions that will not widen
the rift. Without thorough evaluations and assessment of current and past solutions through policy and aid, it
will be impossible to achieve this. The future of our planet's freshwater resources depends on our actions now.
If we keep treating water as unlimited renewable resource, the metabolic rift will keep growing until we reach
a point where healing the rift becomes impossible.
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