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When we look back at the traces our Blue
Planet has left behind over billions of
years, the human related impacts on the
ecosystem are largely concentrated in the
last century. Indeed, some scientists call it
a new era in the Earth’s history; i.e. Age of
Humans or the Anthropocene.

For development economists like our-
selves, working under the banner of “leav-
ing no one behind”, the Age of Humans
means the Age of Responsibility. We have
to embrace the consequences of our
actions and strive to eliminate the nega-
tive impacts associated with our actions,
while also striving to deliver good for the
society.

From this perspective, there is undoubt-
edly a long list of items to mention but
“the water issue” is one of the most press-
ing, as water stands at the heart of eco-
nomic and social development (World
Bank Group, 2022) . Quoting Adam
Smith's Water-Diamond Paradox, we see
a paradox in the valuation of water, de-
spite its importance, where we believe
water is no less worthy than diamonds
and definitely vital for life, unlike dia-
monds. The first think we need to do

to correct this paradox is to correct our
understanding of water. Numbers might
help:

Access to clean water is a human right.
However, 2 billion people lack access to
safely managed drinking water and 3.6
billion people lack access to sanitation.

Meanwhile according to figures pub-
lished by the World Bank Group, 9 out of
10 natural disasters are water-related and
difficulties accessing water may trigger
economic losses which could reach 6% of
GDP in some parts of the world by 2050.

On the other hand, there is more to the
subject than access and sanitation. Eco-
nomic and social development, health,
water quality, agriculture, energy, biodi-
versity, ecosystems, the right of girls with
restricted economic means to education
are all related to this topic. The multidi-
mensional nature of water issue requires
active planning and management from

a development perspective. While major
consumers such as agricultural producers
and big industrials are rightly under the
radar, the responsibility of individuals is
no less significant. In the Age of Humans,
it is us, that is to say the households, who
will change the trajectory for good. Our
saving and spending behavior in daily life,
though small in size, will be instrumen-
tal. Therefore, just like we believe in the
“power of one” in the Age of Humans, we
also believe in the “power of one drop”
that is to be saved. Every drop counts, but
what counts most is the responsibility we
take for a better future!

Burcu Uniivar Immerkjaer, PhD

Director — Chief Economist



Water is the lifeblood of our planet, sus-
taining ecosystems, communities, and
individual lives. Yet, this vital resource
faces increasing pressure from a multi-
tude of factors, including climate change,
population growth, increasing demand,

and unsustainable consumption patterns.

The United States, despite its wealth and
resources, is not immune to these chal-
lenges.

This report delves into the critical state of
water resources and services in the US,
painting a picture of the complex issues
we face. It examines the contrasts and
commonalities between water-abundant
and water-stressed regions, highlights
issues such as overallocation, groundwa-
ter depletion, pollution, and aging infra-
structure, and explores the complexities
of balancing competing water demands
under increasing variability in the supply.
It aims to raise awareness about the im-
pact of our lifestyles and actions on this
vital resource.

The report reveals that the world lags far
behind the targets outlined in the United
Nations' Sustainable Development Goal
(SDQG) for “Water and Sanitation for All.”
This collective commitment by govern-
ments around the world aims to ensure
universal and equitable access to safe
and affordable drinking water, adequate
and equitable sanitation and hygiene,

improved water quality, increased water
efficiency, integrated water resources
management, and protection of water-re-
lated ecosystems. Unfortunately, progress
across these critical areas remains insuf-
ficient, highlighting the urgent need for
global cooperation and action.

While the United States stands out from
the global picture by performing better
than many countries in water-related
issues like management, drinking water,
sanitation, and hygiene, it is not immune
to water vulnerabilities. Overallocation,
increasing demand, and water scarcity
mark the landscape in the Southwest but
regions with seemingly abundant wa-
ter resources are not exempt from diffi-
culties. Groundwater depletion, caused
by excessive withdrawals compromises
long-term sustainability and causes land
subsidence in some areas. Pollution from
agricultural runoff, industrial waste, and
other sources jeopardize water quality
and aging infrastructure poses a major
threat on both water quality and quantity.
Balancing the competing demands from
various water users, such as agriculture,
industry, and households, and address-
ing environment’s needs is becoming
increasingly difficult. These complexities
highlight the need for comprehensive
water management strategies and ho-
listic approaches, even in regions that
appear to have sufficient water resources.



The water footprint of an average individ-
ual in the US is near the top of the list of
nations, more than twice the world aver-
age and far ahead of those in the same
income category as the US. This empha-
sizes the need for individual efforts to
reduce water consumption, particularly
considering that a major portion of the
US water footprint stems from indirect
water use, the water embedded in the
goods and services we consume and the
food we eat. The excessive amount of
food waste in the US further contributes
to this high water footprint.

The report also emphasizes the crucial
role individuals can play in creating a
sustainable water future and serves as a
call to action. It is a call to acknowledge
the interconnectedness of our actions
and water resources, and to recognize the
power we hold to become agents of pos-
itive change. By making simple changes
in our daily lives, such as reducing water
use at home, making water-conscious
food choices, supporting organizations
advocating for water conservation and
minimizing our negative impacts, we can
work together to ensure a water-secure
future for all.

Olcay Unver, Ph.D.

Arizona State University
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as the “djjémma of water We are dependent

. iT - on water but mﬁost of us are unaware of what water
3 dep;rfds on. Why do we value"dlamonds for instance,
a commodlty that is not key to life on earth so much
- more than water? Or vuhat is the relatlonshlp of water
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state of water in the world and in the United States
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- S 4 - personal water use and its impact on water? Is the
quality of water as im-portant as its quantity? If water
is getting short in supply, then what can we do as
individuals to save water, not only for ourselves but also

a for future generations?

This report looks into the answers of these questions
and beyond with an aim to raise the awareness
= ; -of water among American society as a whole, but
espécially among individual consumers. It outlines the
] Sentral role of water in every aspect of our lives and
“draws important lessons with regard to our relationship
. -_-:Nith water. In doing so, the report is structured as

follows:




The Diamond-
Water Paradox &
The Value of Water
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& Water is an essential and precious
resource Which is vital for life. The threat
of increasing water scarcity in both
developing and developed countries
underscores the need for a change in the
way water is valued. Besides its economic
value, water has social, cultural, spiritual,
and ecological values. As of 2010 water has
been recognized as a human right following
a vote at the United Nations General
Assembly. Thus, UN members argue that
water should be managed as a common
good ensuring no one, particularly those
who cannot afford the market prices, are
left behind. Managing water as a common
good, in fact, is what many indigenous and
native groups in the U.S. and around the
world have been doing for thousands of

years.

n



Water: A Major
Building Block of
Each and Every SDG

Water is intrinsically linked with all 17 Sustainable Development Goals (SDGs) adopted
unanimously by UN members to end poverty and inequality, protect the planet and
ensure that everybody benefits from health, justice and prosperity. The SDGs aim to
transform the world collectively by 2030 by specifically addressing the most pressing
issues of our time. As a central issue for our ecosystems, society, and economy, water is
inevitably linked with all SDGs. The U.S. is currently ranked 39th among 166 countries
in terms of its overall progress towards achieving the SDGs . A closer look at the
progress taken towards achieving SDG 6 reveals that while the U.S. performs better
than Europe and Northern America and the world on a number of water related issues
(management, sanitation, hygiene) both water stress and water quality are two areas

where the U.S. is lagging behind.

SUSTAINABLE
DEVELOPMENT

GOALS

12



Drivers of Change
for Water

‘ Even though nearly three quarters of
our planet is covered with water, only a
fraction of it (<1%) is fit for human use.
The quality and quantity of that tiny
portion however, are vulnerable mainly
due to human activities while population
growth, economic development, and
urbanization act as the main drivers of
change. The increasing needs for food,
agricultural and industrial production,

as well as energy generation fueled by
population and income growth are the
main accelerators of water demand.
Climate change also acts as an additional
stressor.

As the largest user of water globally,
agriculture has a crucial position in its
future. In 2020, agriculture accounted for
39.7% of freshwater withdrawals in the
U.S., compared to 75.7% in Mexico, 10.7%
in Canada, and 71.6% in the world. Even

though the share of agriculture in the U.S.

does not appear high, the sector is using
water as if it's in abundance. For example,
groundwater in Central Valley, California -
the nation’s agricultural power house - is
being depleted at an alarming rate due
to heavy agricultural pumping, pointing
at a trajectory of complete depletion.
Additionally, rainfed agriculture which
accounts for around %60 of global food
production, is being threatened by the
variability in rainfall, droughts and floods.

The share of industry in total water
withdrawals is relatively high in the U.S.
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In 2020, for instance, though most of
the water used in industry is returned to
the system, industrial water withdrawals
comprised around &7.2% of total
freshwater withdrawals compared to
9.6% in Mexico, 75.9% in Canada, and
15.1% in the world.

When it comes to water use in industry,
manufacturing, mining, oil and gas,
energy generation, engineering, and
construction are among the biggest
users of water, where water is used
principally in fabricating, processing,
washing, cooling, diluting, transportation,
and sanitation.

Diminishing availability of water
negatively impacts energy production,
especially in hydroelectric power plants
where lower water levels in reservoirs lead
to reduced power generation. Reservoirs
all around the U.S. have been negatively
affected by droughts. Examples include
reservoirs from the Rocky Mountains to
the Californian coast which are among
the main sources of electricity for

several states. Water levels in reservoirs,
including Lake Mead and Lake Powell,
have repeatedly neared dead-pool levels
due to drought, risking brownouts across
multiple states. This necessitates greater
fossil fuel use for power generation,
creating a vicious cycle for the climate
crisis. The effects of climate change could
exacerbate water shortages through
extreme events. Another example was
the Winter Storm Uri in 2021 in Texas,



when cold temperatures froze water

in oil and natural gas wells. The freeze
precipitated a &5% fall in natural gas
production in Texas and eventually 38
natural gas plants were shut down or
forced to reduce the amount of electricity
generation.

Water, sanitation, and hygiene (WASH) is
central to health and prosperity for all, yet
globally 2.4 billion people live without
access to basic sanitation services and
4.5 billion people lack access to safely
managed sanitation. In the U.S., 98.2%

of the rural population and 99.4% of the
urban population had access to safe
drinking water in 2020 and 2.2 million
Americans lacked access to running
water or a flushing toilet at home.
However, about 7.2 million Americans, or
one in every 44, suffer from waterborne
diseases each year.

Ecosystems are the backbones of the
health of our planet as they regulate
and maintain the delicate balance of
life on Earth. Water has a symbiotic
relationship with terrestrial, marine, and
freshwater ecosystems, which are among
the most fragile on our planet, with

the most devastating source of stress
on river basins and groundwater being
freshwater withdrawals and pollution
from agriculture compromising the
health of downstream wetlands.

Water is at the heart of the climate crisis
and besides its quantity, the quality of
water is also adversely affected by the
changing climate. This is due to rising
sediment, nutrient, and pollutant loading
in surface and groundwater because of
extreme weather events such as heavy
rainfall, reduced dilution of pollutants
during droughts, and risks to treatment
facilities during floods. Some of the
major implications of the water - climate
nexus in the U.S. are largely observed in
the form of extreme droughts mostly in
the western states, floods in the central
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U.S., and storms mainly in the central
and eastern states. One example is the
Southwest megadrought that has been
ongoing since 2000.

Biodiversity refers to all forms of

life on Earth from bacteria to whole
ecosystems - marine, terrestrial, or
freshwater - including forests, oceans,
wetlands, and all other living species
which depend on water. Biodiversity
is also an essential part of the water
cycle. Soil, for instance, absorbs and
cleans water through its organic
substances, while plants return water
into the atmosphere with their leaf
canopies, supporting precipitation and
increasing the availability of water for
all species.



The State of Water
in the World

The world is lagging behind in achieving
the SDG 6? targets for water quality,
guantity, and management. Despite
being ahead of most countries, the U.S. is
not immune to water problems. The SDG
indicator for water stress finds the U.S.

is at a “low stress” level as a whole, but
certain this figure can hide the regional
variation. The issues related to water vary
among countries. In the summer of 2022
while Pakistan was facing a devastating
flood, the European continent was
struggling against drought conditions.

Water is becoming increasingly scarce
all throughout the world. Regional and
seasonal differences exist in terms of
water availability. While the availability
of water mainly refers to the amount
of water which is fit for consumption,
regarding both quantity and quality, in
areas such as agriculture, industry, or
domestic use, water scarcity principally
refers to the availability of water falling
short of certain thresholds. For instance,
FAO states that 1.8 billion people could
be living under “absolute” water
scarcity by 2025.

Within the scope of water scarcity, the
quality of water plays as big a role as

its quantity. The latest data available
indicates that water quality in the world
was “medium” with only 60% of its water
bodies offering good ambient quality in
2020. Seven countries were classified as
having “low” or “very low” water quality.
The U.S., with a good ambient water

quality proportion of 33.7%, is among
them. Contamination and pollution of
water resources is a growing concern
throughout the world and it affects

our ecosystems as well as our health.
According to the UN, approximately

2.2 billion people - 27% of world’s
population - lacked safely managed
drinking water services in 2022.

Poor water quality can result in health
problems, destabilized ecosystems, and
higher costs for businesses. Among
other factors such as human activities
and climate change, both surface

water and groundwater quality have

also been diminishing through natural
processes such as evapotranspiration, the
weathering of rocks, and depositions due
to wind.

Good water quality is an indicator of
healthier living, social and economic
development, and an enriched
ecosystem. According to the World
Bank, the problem of water salinity at
the global level is leading to losses of
food production which would have been
sufficient to feed 170 million people per
year.

Untreated wastewater is a global
problem. While resource recovery from
the hazardous waste in wastewater
remains a developing field, treating
municipal and industrial wastewater
whenever we can is essential for
sustainable water management.

2Sustainable Development Goal 6: Ensure availability and sustainable management of water and sanitation for

all (UN, n.d.)



The State of Water
in the U.S.

Overall, the U.S. has enjoyed high living
standards and adequate water resources
but, the averages mask important
variations within the country. While the
most water stressed regions in the U.S.
are located in the western part of the
country, this should not be interpreted as
an indicator that the rest of the country is
free from water-related problems. Aging
and inadequate water infrastructure,

for instance, leads to serious health
problems as witnessed in Flint, Ml in
2014. Extreme weather events, on the
other hand, like Hurricanes Nicole, lan,
and Fiona that hit the southeastern
coast in 2022, or Kentucky and Missouri
flooding between July 26th and 28th the
same year had consequences on water
supply in these regions which were hard
to recover from. The Maui fires in 2023,
the most devastating wildfire of the last
100 years, led to alarming increases in
concentrations of chemicals such as
asbestos and lead in the region’s water
reservoirs.

Despite the diverging levels of water
related risks among states and regions,
water scarcity and quality are two
growing concerns throughout the
country. In fact, it is predicted that
nearly half of the freshwater basins
may be unable to meet demand by
2071. According to the Organisation

for Economic Co-operation and
Development (OECD) assessment,
while freshwater withdrawals have been
decreasing since 2010, the U.S. needs to
do more to achieve good water quality.
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Moreover in 2012, 28% of the population
was connected to a wastewater
treatment plant and 41% had access to
advanced treatment. However, 20% of
homes did not have access to wastewater
treatment and relied on other facilities
(such as private facilities). These are not
as effective in ensuring individuals and
the environment are kept safe from
contaminants. Additionally, the report
finds that around 3% of the facilities with
permits exceeded them and discharged
illegally in 2018.

Differences in water use patterns and
climate conditions are assumed to be
the main drivers of the discrepancies
among states and regions. According

to a 2020 World Wildlife Fund (WWF)
study, the U.S. overall is classified as
being “low risk” with respect to water
quantity (WWF, 2020). However, six
states out of the 50 are categorized as
having a “high risk”. These states are
New Mexico, Arizona, Nevada, California,
Utah and Colorado. In the Midwest rivers
currently provide sufficient water supply
whereas in the west and southwest water
scarcity is a growing concern since the
irrigation demand exceeds available
water resources. In the East, the biggest
pressure on freshwater resources is put
on by thermal power plants.

In terms of quality, on the other hand,
the data place the U.S. in the "medium
risk” grouping with 11 states in the “high
risk” grouping and 5 (Indiana, lllinois,
Arizona, Texas, and Ohio) in the “very
high risk” grouping. It is crucial for states



with high scarcity and quality risk scores

such as Arizona, New Mexico, Colorado,
and California to impose more stringent

» The high water footprint of an
average American consumer (see
Section 7),

water management policies. Despite the R
regional differences regarding the state
of the water in the U.S., nationwide risks
render the following issues important to
watch:

High levels of domestic direct wa-
ter use (e.g. Arizona and Wyoming
- see Section 6).

Faced with these issues, resolving the
water problems of the U.S. requires
action from not only the government
and the policymakers, but instead,

the responsibility of ensuring the
sustainability of our water resources falls
on each and every one of us.

» Climate change (and its effects on
extreme weather disasters such
as storms and floods - see Section
4.2),

» Competing sectoral demands over
available water sources (e.g. Phoe-
hix, Arizona - see Section 6),

» Degradation of water quality (both
drinking water and water resourc-
es) (e.g. Jackson, Mississippi - see
Section 5.2.1),

» Complexity of water governance in
the U.S. including variations within
and between states, and between
Federal and State Governments.

» Aging infrastructure (e.g. Flint,
Michigan - see Focus #3),

» Overallocation of water resources
(e.g. Colorado River Basin - see
Section 5.1),

» Demand pressures due to popula-
tion increase, domestic migration,
and concentration in and around
urban centers (e.g. Nevada and
Arizona - see Focus #2),

TSKB Economic Research
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Upscaleable Actions of
Individuals for Water

When we think of water we usually think
about its uses for drinking, cleaning,
irrigation, and perhaps, to a lesser extent,
its other overlooked uses such as in
energy and industry. And yet, we use
water in many other ways as well, such
as in our food or even our clothes, which
means an increase in our consumption

would be reflected on our water footprint.

The total annual per capita water
footprint in the U.S. has been calculated
as 2,200 gallons per day, placing the
country near the top of the list of nations
on the basis of their individual water
footprints (Water Footprint Calculator,
2017). In order to decrease our water
footprint, taking a critical look at our
consumption patterns would be a good
start, ensuring we are mindful of how
water-intensive our lifestyle preferences
are and that we do not waste this vital
resource. It is critical that we limit our
consumption, especially regarding our
dietary habits, to what we need and
ensure we don't waste resources.

Regarding indoor water use a couple of
basic behavioral changes such as fixing
leakages or saving the water needed

for personal care and household chores

é Every Drop Counts
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can go a long way towards reducing

our water footprint. Outdoor water use

of households totals around 8 billion
gallons per day in the U.S. — more than
the amount of water used for showering
and laundry combined. We can do our
part, for example, by changing the way
we water our lawns, using pool covers,
and increasing water efficiency in car
washing. Limiting waste through our
lifestyle choices and dietary patterns we
can further reduce our water footprints.
Individual efforts to save water can
extend beyond the home and take on

a collective form by joining awareness
campaigns or supporting water
conservation efforts. The list of actions
also goes beyond the individual level and
can include efforts to utilize nature-based
solutions, increase river basin connectivity
to support biodiversity or improve water
infrastructure, water treatment, and
reuse as depicted in the relevant sections
of this report. Among several others, a
major takeaway of this report is that every
one of us can make a big difference for
our collective future with simple efforts to
save water.






“Our quest on Mars has been to
‘follow the water¢’ in our search
for life in the universe, and now
we have convincing science
that validates what we’ve long

suspected,”

John Grunsfeld

(Astronaut, Associate administrator of

NASA's Science Mission Directorate in Washington)

Water, the most abundant treasure on
Earth, is an essential and precious re-
source. As a source of life, livelihood and
prosperity, water flows between oceans,
the atmosphere, and the land within the
water cycle. Without it, life ceases to exist.
Thus, the worsening water scarcity in
both developed and developing countries
is an alarming problem. Water is a finite
resource and demand for it continues

to grow (UN Water, n.d.). According to
the UN, 2.3 billion people are currently
living in water-stressed countries, 733
million of which live in highly and criti-
cally water-stressed regions (UN Water,
2021).

If water is fundamental to life, and grow-
ing increasingly rare, why are diamonds
worth more than water? To depict this
guestion, the economist Adam Smith first
proposed the diamond-water paradox
more than two centuries ago. According
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to Smith, the word “value” has two differ-
ent meanings; one expressing the utility
of a particular object (value in use) and
the other expressing the power of pur-
chasing other goods whose possession
conveys value (value in exchange). The
objects with high value in use frequently
have little or no value in exchange; and
on the contrary, the objects with high
value in exchange have little or no value
in use (Smith, 1776). Water, in this context,
is the most useful resource with a very
low value in exchange. Conversely, dia-
monds, with their high value in exchange,
have a very low value in use. This para-
dox leads to Smith's conclusion that “the
real price of everything, what everything
really costs to the person who seeks to
acquire it, is the toil and trouble of ac-
quiring it.” Since our existence depends
on the availability of water, the scarcer
the water becomes, the higher the threat
to life on Earth. Hence, based on Smith's



reasoning, we should start considering
the question of what should be done to
prevent water becoming diamond.

The danger of water being scarcer under-
scores the need for a change in how wa-
ter is valued. The real worth of water has
consistently been overlooked resulting in
its misuse, misappropriation, pollution,
and waste. According to the UN, the term
“value” is mainly explained in three ways;
exchange value (price), utility, and impor-
tance (UNESCO World Water Assessment
Programme, 2021). Therefore, to under-
stand the importance of water, the real
value of water should be properly identi-
fied. Indeed water, which was introduced
as an economic good in the Dublin State-
ment in 1992, has both direct and indirect
economic value with respect to agricul-
ture, industry, business, and energy (UN,
2009). Thus, the exchange value of water,
which is crystalized as the price of water,
may not be entirely reflective of its inher-
ent value. Even though the price of water
can be easily quantified, the unquanti-
fied parts of the “real” worth of water is
irrefutable. Considering the price as the
only part of the “real” value of water leads
to undervaluation of it (UNESCO World
Water Assessment Programme, 2021). The
value of water as a percentage of GDP
globally, on the other hand, is calculated
at 60% by WWF (WWF, 2023).

Besides its economic value, water has
social, cultural, spiritual, and ecological
values. The social value of water has been
driven fromm human water use. In this
case, people value water for their health,
sanitation, and hygiene needs, improving
the quality of life and achieving personal
recreation. Additionally, the vital ecologi-
cal services which water provides, such as
turning plants into natural filters, purify-
ing air, storing carbon, reducing soil ero-
sion, nurturing biodiversity, and offering
protection from storms and droughts are
examples of its ecological value (IUCN,
2021). In particular, rivers play an import-
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ant role when valuing water due to their
ability to support irrigation and hydro-
electric power, allowing sediment deliv-
ery, reducing flood-risk and supporting
ecosystems through freshwater fisheries
(Opperman, et al.,, 2018).

The value of water should be determined
not only for us as humans but also for
those who share the world with us. Addi-
tional values of water, therefore -such as
its social and ecological value- should be
important components of decision-mak-
ing processes regarding water (UN, 2023).

Besides its being an economic good, the
member states of the UN have recog-
nized water as a human right in 2010, en-
titling every human, without any discrim-
ination, to have access to safe, affordable,
and physically accessible water (UN-Wa-
ter, n.d.). Since water is recognized as a
human right, the member states of the
UN argue that it should be managed as a
common good ensuring no one, particu-
larly those who cannot afford the market
prices, are left behind. Managing water
as a common good, in fact, is what many
indigenous and native groups in the U.S.
and around the world have been doing
for thousands of years. Their way of man-
aging water as a good that “belongs to
everyone and should remain available to
all” can serve as an example for our ap-
proach to water (UN OHCHR, 2022).

Since our food, industry, business, ener-
gy, and biodiversity owe their existence
to water, increasing water scarcity and
deteriorating water quality pose existen-
tial threats to all building blocks of life

on earth. Hence, preventing water from
becoming “diamond” requires acting on
each and every aspect of our relationship
with it, and starting to value water at the
level it deserves.

TSKB Economic Research
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Our bodies are 70% made up of water. We

can live for weeks without food, but only a fraction of that
period without water. We are even looking for traces of
water as an indicator of life beyond our planet. Hence,
such a vital resource is naturally interlinked with all SDGs,
even standing at the heart of a number of them. SDGs,
which were unanimously adopted by all member states
of the UN, consist of 17 goals in order to end poverty and
inequality, protect the planet, and ensure that all people
enjoy health, justice and prosperity (WHO, n.d.). SDGs aim
to transform the world by 2030, and are therefore for both
developed and developing countries.

Goal #
1 No Poverty
2 Zero Hunger
Z Good Health and Well-Being
4 Quality Education
5 Gender Equality
6 Clean Water and Sanitation
7 Affordable and Clean Energy
8 Decent Work and Economic Growth
9 Industry, Innovation and Infrastructure
10 Reduced Inequalities
1 Sustainable Cities and Communities
12 Responsible Consumption and Production
13 Climate Action
14 Life Below Water
15 Life on Land
16 Peace, Justice and Strong Institutions
17 Partnerships for the Goals

Table 1. List of Sustainable Development Goals




SDG 6, aiming to ensure availability and
sustainable management of water and
sanitation for all, is the main driver of
global action on water with six specific
targets and eleven clearly defined indica-
tors to achieve them (UN, 2022). Beyond
SDG 6, water's relationship with other
SDGs can also be grouped under three
main headings. The first one, biosphere -
which refers to the parts of earth where
life exists — overlaps with lithosphere (the
solid surface layer of earth), atmosphere
(air stretching above the lithosphere), and
hydrosphere (water on the surface, in the
ground and air). Since water is the main
building block of life, SDGs directly relat-
ing to biosphere such as life on land (SDG
15) or life in water (SDG 14) are intrinsically
water related as well. Other SDGs with
specific focus on economy - such as de-
cent work and economic growth (SDG 8)
or industry, innovation, and infrastructure
(SDG9) - or society (such as SDG 1on no
poverty or SDG 4 on quality education)
also require specific actions about water.

SDGs related to biosphere are the most
directly relevant ones for water action.
The relationship between climate change
and water are deeply interlinked. A sig-
nificant portion of the effects of climate
change, such as extreme weather events
or disruptions to the water cycle are felt
through water (UN, n.d.). Investing in
healthy water related ecosystems such

as mangroves, seagrasses, marshes, and
swamps could help reduce greenhouse
gas (GHG) emissions and help slow cli-
mate change due to their roles in absorb-
ing and storing carbon dioxide. Hence,
water stands as a centerpiece of “climate
action” (SDG 13) (UN, n.d.).

Water is essential for the health of eco-
systems, and the conservation and sus-
tainable use of water resources can help
promote biodiversity and ecosystem
services. “Life below water” (SDG 14) is
directly linked to changes in both marine
and freshwater quality; however, the UN
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warns that only 60% of the world's moni-
tored water bodies offered good ambient
water quality as of 2020 (UN Water, n.d.).
Similarly, “life on land” (SDG 15) depends
on water which is the main component
of healthy ecosystems that supply, pu-
rify and protect freshwater resources
(UN-WaterUN-Water, n.d.). For instance
the world’s wetlands, are not only home
to 40% of all plant and animal species but
also around one in eight people across
the world depend on them for their liveli-
hoods (UN, 2022).

SDGs directly related to society also have
both direct and indirect water compo-
nents. The availability of clean water, for
example, is directly related to diseases
which disproportionately impact low-in-
come households, and is hence is linked
to “eliminating poverty” (SDG 1) and
“good health and well-being” (SDG 3).
Additionally, the gendered outcomes of
making clean water, improved sanita-
tion, hygiene and hand washing facilities
accessible to all (SDG 6) means that water
is central to “Gender Equality” (SDG 5).
As agriculture is responsible for 70% of
overall water withdrawals, any decrease
in the availability or deterioration of the
quality of water directly impacts food se-
curity and hence threatens SDG 2, which
sets out the aim of “zero hunger”. The
fact that agriculture is also the dominant
source of water pollution also demon-
strates the cyclical relationship between
agriculture and water (FAO, 2022). The
benefits which access to clean water and
sanitation bring to quality education

and gender equality (SDGs 4 and 5) are
also huge. Improved access to WASH in
schools, for instance, can enhance stu-
dent and teacher health and support
school attendance and welfare, especially
for girls in terms of menstrual hygiene
management (UN Water, 2018). The rela-
tionship between water and education
is also a symbiotic one, as an increased
level of education in turn may increase
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the efficient use of water resources (Pie-
dra-Munoz, Godoy-Duran, & Giagnocavo,
2017). The gender impact of the availabil-
ity of clean water and sanitation for all

is particularly important in regions with
limited access to water, where the re-
sponsibility of collecting water falls dis-
proportionately on women and girls.

Transitioning to “affordable and clean
energy” (SDG 7) is perhaps the most im-
portant component of the global effort
to tackle the climate crisis, and water also
lies at the heart of this endeavor. The U.S.
Department of Energy states that hydro-
electric power, “fueled by water” is both
renewable and clean (Water Power Tech-
nologies Office, n.d.). EMBER, an indepen-
dent energy think tank, indicates that
hydroelectric power stands as the largest
clean energy resource, constituting 15%
of total electricity generation from clean
resources (Wiatros-Motyka, et al., 2023).

In the U.S. hydroelectric power is the
second largest renewable energy source
(U.S. Energy Information Administration,
n.d.) Even though hydroelectric power
plants are essential for energy generation
and storage, they need to be planned and
operated very thoroughly to minimize
their adverse environmental and social
impacts such as displacement or loss of
livelihoods. While reducing emissions rel-
ative to energy generation by fossil fuels,
a number of studies have found evidence
that hydroelectric power has negative
impact on freshwater ecosystems. Mean-
while, the Intergovernmental Panel on
Climate Change (IPCC) finds that an
increase of up to 10% in the efficiency of
hydroelectric power plants could offset
the impacts of diminishing availability of
water by 2050.

Water demand in cities on the other
hand, is expected to increase by 80% by
2050, indicating a massive challenge to
the transition to “sustainable cities and
communities” (SDG 11) (UNESCO World
Water Assessment Programme, 2023).
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Water is central to “peace, justice, and
strong institutions” (SDG 16) as well.
According to the UN, 153 countries and
areas share transboundary rivers, lakes,
and aquifers that are vital for many com-
munities. Thus, avoiding potential con-
flict arising from diminishing availability
of water requires transboundary water
cooperation.

Water plays a major role in the fulfillment
of the SDGs related to the economy. It

is at the core of SDG 8 on “decent work
and economic growth”. According to the
UN, three in four jobs in the global work-
force depend on water and almost half

of all the global workforce is employed in
water-related sectors (UNEP, 2016). SDG

9, which aims to build resilient infrastruc-
ture, promote sustainable industrializa-
tion and foster innovation also depends
on the availability of freshwater as indus-
try accounts for around 20% of total water
withdrawals globally and four in every five
companies rely on freshwater for their
operations (UN Water, 2018).

There is often an uneven distribution of
access to water and sanitation services,
posing a threat to the goal of reducing
inequalities both among and within
countries (SDG 10). Data suggests that
despite the advances made over the
years, 1.5 billion people still lacked access
to basic sanitation services as of 2022
(UN-Water, 2023). Establishing “respon-
sible consumption and production”
patterns (SDG 12) lies at the heart of our
relationship with water as it is estimated
that 2.4 billion people already live in areas
of water stress (UN-Water, 2023) (for more
on water stress see Section 5.1.1). Hence,
managing water more sensibly and prior-
itizing not only the quantity but also the
quality of water through both supply and
demand side policies is key to avoiding a
devastating future.

All in all, the climate crisis is a water crisis
and water interacts with each and every



SDG (UN-Water, n.d.). Hence, preserving and sus-
tainably managing water will obviously go a long
way towards addressing the climate crisis. Even
though collective action is an important compo-
nent in tackling this crisis, it is important to bear
in mMind that collective actions start at the individ-
ual level.

é Focus #1: The SDG
Performance of US

In the most recent assessment regard-
ing the SDGs, the U.S. is currently ranked
39th out of 166 countries in terms of its
progress on achieving the SDGs (Sustain-
able Development Report, n.d.). While
46.5% of the SDG targets have been
achieved or are on track, there has been
limited progress on 21.1% of the targets
while the performance on 32.4% of the
targets has worsened. Both SDG 6: Clean
Water and Sanitation and SDG 14: Life
Below Water have exhibited a moder-
ate improvement, but the assessment
finds that challenges remain for both
SDGs. The U.S. is found to perform better
than Europe and Northern Americaon a
number of SDG indicators, such as those
concerning drinking water, sanitation
and hygiene(UN-Water, n.d.). The U.S. ap-
pears to be lagging behind in areas such
as water quality and water stress, where
the problems in the U.S. appear to be
much more pressing than in Europe and
Northern America. A similar conclusion
can also be drawn from a global com-
parison where the U.S. demonstrates a
much higher performance in areas such
as water management and efficiency,
although stress and quality issues are
more pronounced in the U.S. than they
are on a global scale.
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Even though three quarters of our planet is covered
by water, only a fraction of it - less than 1% to be precise

- is fit for human use and that fraction is continuing to
decrease in quantity and deteriorate in quality, mainly
due to human activity (EPA, n.d.). As much as 85% of the
world’s wetlands have been lost (UN, 2022) in the last 300
years and the availability of groundwater - the largest
usable water source - is also in decline (Richter & Ho,
Sustainable Groundwater Management for Agriculture,
1986). The main drivers of this change are population
growth, economic activities such as industrial and agri-
cultural production, urbanization and economic devel-
opment, which changes our lifestyles and consumption
patterns. Climate change acts on all as an additional
stress factor.

Simultaneously, the climate crisis and biodiversity loss

are also adversely contributing to the changing avail-
ability of water. Water plays a central role in food and
energy production, but climate change is disrupting the
water cycle, in turn hurting economies, societies, liveli-
hoods, and cultures. (For the number of casualties and
the CPl-adjusted costs of the deadliest (more than 100
causalities) disasters in the U.S. since 2000, see Table 2.)
By 2050, according to the World Bank Group, around

216 million people could face the risk of forced migra-
tion internally due to climate risks (World Bank Group,
2021). The Hurricane Katrina disaster in New Orleans in
i 2005 (Plyer, 2016) and Hurricane Sandy in 2010 (Federal
Emergency Management Agency, 2012), which displaced
more than 1 million people in 24 states demonstrate that
the U.S. is not immune to this threat either.




Disaster Name

Start Date

End Date

Number of

Casualities

CPI-Adjusted
Cost Billions
of Dollars)

Hurricane Maria 19.09.2017 21.09.2017 2981 m.e
Hurricane Katrina 25.08.2005 30.08.2005 1833 195
Southeast/Ohio Valley/ 25.04.2011 28.04.2011 321 14

Midwest Tornadoes

Northwest Central Eastern 10.02.2021 19.02.2021 262 26.5
Winter Storm and Cold Wave

Southern/Midwestern 1.04.2023 30.09.2023 247 14.5
Drought and Heatwave

Western Drought and Heat 1.01.2021 31.12.2021 229 9.9

Wave

Midwest/Southeast 22.05.2011 27.05.201 177 12.4
Tornadoes

Hurricane Sandy 30.10.2012 31.10.2012 159 86.5
Hurricane lan 28.09.2022 30.09.2022 152 116.3
Western/Central/Southeast 1.03.2000 30.11.2000 140 9l

Drought/Heat Wave

Western/Central Drought and 1.01.2022 31.12.2022 136 229
Heat Wave

U.S. Drought/Heat Wave 1.01.2012 31.12.2012 123 40.5
Hurricane Rita 20.09.2005 24.09.2005 19 285
Hurricane lke 12.09.2008 14.09.2008 n2 42

Western Wildfires California 1.06.2018 3112.2018 106 293
Firestorm

Hawaii Firestorm 8.08.2023 8.08.2023 100 56

Source: National Oceanic and Atmospheric Administration, TSKB Economic Research

Table 2. Disasters in the U.S. (2000-2023)

Within this perspective, the main points to be discussed in this section are growing wa-

ter demand and use, the ongoing climate crisis and biodiversity loss.

4.1. Growing Water

Demand and Use

Demand for and the use of water are accelerating at an unprecedented rate. Globally,
water use has in fact grown at more than double the rate of growth of the population,
which itself more than tripled between 1950 and 2021. A larger population naturally
raises the need for more water. According to the Food and Agriculture Organization of




the UN (FAO), around 10% of the global
population live in countries with high
(70%) and critical (100%) water stress?
(FAO, 2022), (to learn more about how to
measure water stress see Section 5.1.1).
Furthermore, between 4.8 and 5.7 billion
people are projected to live in areas with
absolute water scarcity by 2050 (UNESCO
World Water Assessment Programme,
2023).

The water problem, however, is not only
an outcome of mere population increase;
the acceleration in demand and use for
water which is disproportionate to the in-
crease in population also calls for a deep-
er look into other factors. Even though
water withdrawals in the U.S. decreased
in all sectors since 2010, per capita total
withdrawals of the country remain one of
the highest among OECD countries.

é Focus #2:
Population and
Water in the U.S.

The additional pressure put on
existing water resources due to
growth in population and demand
is also an issue in the U.S., where
the problem has worsened in ar-
eas both undergoing rapid growth
in population, such as Las Vegas,
Nevada and Phoenix, Arizona and
dry spells. In Phoenix the situation
has worsened to such a degree that
Governor Katie Hobbs announced
a halt in new housing development
to “protect groundwater reserves”

(Webuild, 2023). Phoenix experi-
enced a surge in population in the
late 2010s, ranking as the fastest
growing city in the U.S. for five
years in a row (City of Phoenix,
2021). The population is expected
to rise further, piling pressure on
the city’s scarce water resources. In
fact, studies highlight that “future
outflows of groundwater are pro-
jected to exceed inflows by a factor
of 1.4” in Phoenix over the next 100
years(Partlow, Wingett Sanchez, &
Stanley-Becker, 2023).

In addition to its 2.3 million pop-
ulation, 40 million tourists flock
to Las Vegas every year, further
exacerbating the pressure on the
city’s water supply (Elton & Ad-
hem, 2023). Legal measures, cou-
pled with financial incentives and
education efforts appear to have
nudged Las Vegas in the right
direction. In Southern Nevada,
despite an increase of more than
750,000 in population, water use
per person has declined by 48%
since 2002 (City of Las Vegas, 2022).
Other states may need to follow
suit as their population increases.

Although the population projec-
tions set out by the U.S. Census
Bureau show that the growth rate
is expected to decrease, the U.S.
population is expected to be 21%
higher than its 2022 level by 2060,
at 404.5 million. The increasing
population is expected to lead to
increased demand for water (Na-
ter, 2022).

3SDG indicator 6.4.2 measures the level of water stress and is defined as the ratio of total freshwater withdrawn
by all major sectors (agricultural, industrial and municipal) to total renewable freshwater resources, after consid-
ering environmental flow requirements. The ratio between 0 and 25 percent indicates no stress; 25-50 percent
indicates low stress; 50-75 percent indicates medium stress; 75-100 percent indicates high stress; and more than
100 percent indicates critical stress. (UN-Water, n.d.)
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Economic development, for instance, increases water withdrawal. High-income coun-
tries, accounting for just over 15% of the world's population, account for around 40%

of total water withdrawals. In the U.S,, for instance, daily freshwater withdrawals were
estimated to stand at around 320.8 billion gallons per day in 2020, equating to around
968.0 gallons of freshwater* withdrawals per person for that year, one of the largest in
the world. For a comparison, daily per capita freshwater withdrawals in the world stood
at around 359 gallons per person in the same year, whereas the same value for OECD
member countries corresponds to 531.0 gallons per person per day on average (World

Bank Group, n.d.).

Freshwater Withdrawals per Capita (gallons/day)
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Figure 1. Freshwater Withdrawals per Capita Comparison

The sectoral breakdown of annual freshwater withdrawals in the world shows that ag-
ricultural withdrawals outweigh other sectors with a share of 71.3%. Agricultural with-
drawals are followed by the industrial sector with 15.1% and withdrawals for domestic
use with 13.1%. The situation is a little different in the U.S. The share of industrial fresh-
water withdrawals outweighs other sectors with 47.2%. The share of agricultural with-
drawals is recorded as 39.7% whereas the share of domestic withdrawals is 13.1%.

Domestic;
13,1%

Source: World Bank Group, TSKB Economic Research
Industry;
47,2% .

Figure 2. Sectoral Breakdown of

Annual Freshwater Withdrawals in the U.S.

Agriculture;
39,7%

“Daily freshwater withdrawals include water from desalination plants in countries where they are a significant
source of water.
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On the other hand, urbanization not only
increases water demand but also ad-
versely affects water quality due to the
elevated levels of wastewater produced
in cities. This is despite the fact that the
qguality of drinking water, measured on
the basis of the levels of chemical and
microbial contaminants in the water, is
regarded as good throughout the U.S.
The World Health Organization (WHO)
estimating that 97% of U.S. population
uses safely managed water supplies but
the last mile is always the hardest. In
fact, the share of water meeting the EPA
standards for safe drinking water in 2019
was 92%. While this number may appear
high, when considered in context 8% of
water that does not meet the standards
amounts to 2.3 billion gallons or 209 mil-
lion glasses of subpar water (Rose, 2019).
A high compliance rate does not neces-
sarily mean the risks are non-existent. The
Flint, Ml water contamination disaster
(see Focus #3), which was also related to
undermaintained water infrastructure, is
a perfect illustration of this (NRDC, 2018).

It is also important to note that the drink-
ing water of more than 43 million people
(around 15% of the U.S. population) is
sourced from private wells that do not fall
under EPA's regulations for safe drinking
(Water Resources Mission Area, 2019).
These wells are faced with a number of
risks, ranging from agricultural inputs

to heavy metals. These risks have been
documented by a USGS survey which
found that one in five of around 2,100
private wells that were examined had
been contaminated with chemicals such
as metals, nitrate, pesticides or solvents
(DeSimone, Hamilton, & Gilliom, 2009).

All in all, the increasing demand for food
and agricultural production, industry, and
energy generation fueled with population
and income growth can be tracked as the
main accelerators of demand for water.
Hence, this section will refer to the details
of these topics before setting out specif-
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ic reference to water for “ecosystems” as
well, to highlight the importance of water
for life beyond our species on our planet.

é Focus #3: The
Flint Water Crisis

The Flint Water Crisis (April 2014

- June 2016) was a public health
crisis where the exposure of water
resources to lead poisoning and the
Legionella bacteria in Flint resulted
in 12 fatalities (Ray, 2023). Dozens
more fell ill and an estimated 6,000-
12,000 children were exposed to
high levels of lead (Aiken, 2022).

In an effort to decrease costs, in
2014 Flint officials decided to switch
the City’s water provider from the
Detroit Water and Sewerage De-
partment (DWSD) to the Karegnon-
di Water Authority (KWA) (Kennedy,
2016). However, Flint lacked the
necessary infrastructure connecting
its water system to the KWA. During
the construction of the infrastruc-
ture, the Flint River was chosen

as an interim water source. Even
though the authorities claimed that
the water was “perfectly good”,

they did not ensure that the water
was not causing corrosion. Soon
enough, citizens started raising con-
cerns about the smell and the color
of the water. In the coming months,
tests revealed traces of bacteria and
disinfectant byproducts in Flint’s
water. Virginia Tech researchers
found that lead concentrations of
13,200 ppb (parts per billion) in the
tap water (Lovell, 2016). This not only
exceeded the level where water is
classified as hazardous waste (5,000




ppb) (Mantha & Roy, 2015) but also
the maximum contaminant level of
lead in drinking water set out by the
EPA (which is zero due to the as-
sociated health risks) (EPA, n.d.). In
late 2015, the City switched back to
the DWSD as its water provider.

The Federal Government declared a
state of emergency in 2016 and au-
thorized USD 5 million worth of aid
to the City. In the following years,
lawsuits were filed against officials,
government employees, the EPA,
two companies, state workers and
school districts. In 2020 the state
of Michigan and other defendants
reached a settlement of USD 600
million to be paid to residents of
Flint whose health had been affect-
ed by the crisis (Associated Press,
2020).

In the nine years since, although ef-
forts have been made to ensure the
safety of water, the residents of Flint
and especially those exposed to
contaminated water at a young age
still grapple with the effects of the
crisis (Lee, Negussie, & Zaru, 2023).

4.1.1. Water for Food
and Agriculture

Agriculture has a key position in the
future of water, as it accounts for 71.3% of
freshwater withdrawals globally, placing
it as the prime driver of demand for water
(FAQO, 2022). In the meantime, in 2020 the
share of agriculture in freshwater with-
drawals was 39.7% in the U.S. In the same
year agriculture’s share in Mexico was re-
corded as 75.7% whereas in Canada it was
10.7%. The water supplied by the aquifers
play a crucial role in agriculture. They
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account for 90% of the nation’s water
systems, allowing the U.S. soil to turn into
“some of the world’s bountiful farmland”
(Rojanasakul, Flavelle, Migliozzi, & Murray,
2023). However, they currently face the
risk of depletion owing to, among others,
demand-side pressures. Rainfed agricul-
ture faces the highest level of risk due to
loss of water used for irrigation purposes.
Globally rainfed agriculture covers 80%
of the cropland and is responsible for the
production of more than 60% of global
cereal production (Molden, et al., 2011).
However, variations in rainfall, drought
and flood patterns exacerbated by the
climate crisis pose a threat to the reli-
ability of rainfed agriculture, increasingly
rendering it to be a high-risk endeavor
(USAID, n.d.).

The need for agricultural production is
directly linked to population growth. For
example, the FAO projects that by 2050
food demand from agriculture would
increase by 50% over the 2012 levels, and
global agricultural freshwater withdraw-
als could need to increase by some 30%
under a ‘business as usual’ scenario and
with climate change factored in. How-
ever, water availability is diminishing as
droughts become more prolonged, rain-
fall more volatile, and other impacts of
climate change more severe. Between
2000 and 2017, per capita water availabili-
ty in Sub-Saharan Africa, which has re-
corded the fastest demographic growth,
decreased by 40%. As a key input in the
agricultural production process the avail-
ability of water is an important determi-
nant of both availability and the accessi-
bility of food (See 4 for more information).
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Figure 3. Annual Freshwater Withdrawals, Agriculture

Despite this, large quantities of water are
still being used in agricultural production
in the U.S. Furthermore, the water with-
drawn for use in irrigation is heavily con-
centrated in certain areas. According to
data provided by the United States Geo-
logical Survey (USGS), the total agricultur-
al withdrawals in water stressed regions
such as California, Arizona, and Texas ac-
counted for 24.5% of the total agricultural
withdrawals in the U.S., with California
being the biggest consumer of agricul-
tural water with 16.1% share in the total.
This concentration is further highlighted
by the fact that only five states (California,
Idaho, Arkansas, Montana, and Colora-
do) accounted for 54% of U.S. irrigation
withdrawals. For example, groundwater
in Central Valley, California, — the nation’s
agricultural power house —is being de-
pleted at an alarming rate due to heavy
agricultural pumping (James, 2022). In
Central Valley, at least two thirds of ir-
rigation water during droughts comes
from groundwater which, since 2019, has
depleted (Liu, et al,, 2022) at a rate about
31% faster than the last two drought pe-
riods (2006-2011 and 2011-2017), pointing
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at a trajectory of complete depletion. An
additional problem faced by the Central
Valley's water resources is salination. A
significant increase in the salt concentra-
tion of groundwater and surface water, as
well as soils, is partly driven by increased
agricultural activity (Cozad, Miller, Meyer-
hoff, & Grovhoug, 2024). The salination of
water and soil can in turn affect the eco-
logical functions, lead to a deterioration of
water quality, and inhibit the production
of crops.

Depletion of groundwater aquifers

leads to deeper pumping to reach lower
aquifers, depriving local people of their
much-needed water and even result-
ing in instances of land subsidence and
billions of dollars in damage to infrastruc-
ture (Waldman, Rangarajan, & Chediak,
2023). The USGS, for instance, states that
extensive groundwater withdrawal from
the San Joaquin Valley has caused areas
of the ground to sink by as much as 10
feet (USGS, 2018).

Despite the requirements of California’s
Sustainable Groundwater Management
Act to balance the depletion and re-



charge of the state’s aquifers by 2040,

it was noted that in 2014, a three year
drought had thrown the progress off
track (Summer, 2014). Recently, state
water regulators have also been coming
up with innovative plans to replenish
depleted groundwater supplies, such as
diverting recent floodwaters from the San
Joaquin River into areas with dried up or
low groundwater reservoirs (Chiu, 2023).
Nevertheless, individual actions would
also help prevent a deepening of the
water crisis in California. For example, in
California landscape irrigation amounts
to 9% of the statewide total developed
water use. Lawns make up 40-60% of

the total landscape irrigation (Pittenger
& Hodel, 2015). In though green vege-
tation can help prevent wildfires from
spreading, the type of vegetation should
be chosen carefully as to avoid excessive
water use while still reaping the benefits
of fire control. Hence, urban water con-
servation strategies, such as reducing the
area of irrigated landscaping, switching
to less water-intensive vegetation, captur-
ing and reusing rainwater, or turf removal
could help preserve and perhaps restore
this indispensable resource.

é Focus #4:
Overusing
Groundwater
Resources

May Hurt Food
Production in
the U.S.
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Overusing groundwater resourc-

es in the U.S. has been damaging
aquifers. In the last ten years, wa-
ter levels in aquifers have declined
dramatically threatening the econ-
omy and society. According to an
article published at the New York
Times, due to groundwater loss

in aquifers in the U.S. 2.6 million
acres of land can no longer support
industrial-scale agriculture (Flavelle
& Rojanasakul, 2023). In New York
State, drinking water wells have
been threatened due to over pump-
ing of the groundwater resources,
while in Maryland, water levels in
three out of four of monitoring wells
have dropped in the last 40 years.
Meanwhile, the groundwater loss in
the aquifers in Phoenix, Arizona has
been limiting the construction of
new housing.

Climate change has been escalat-
ing the groundwater problems in
the U.S. Rising temperatures cause
rivers to shrink, plants to require
more water, and therefore farmers
to use more groundwater for their
crop production. According to the
article, irrigation in Kansas can
more than double the amount of
corn grown per acre, however, the
overuse of groundwater resources
has decreased the corn gain per
acre. As a result, in 2022 the corn
yield in Wichita County stood at
70.6 bushels per acre - the lowest
level in more than 60 years. But this
problem is not exclusive to the U.S.
Research shows that the decline
of groundwater has been acceler-
ating across the world for the past
40 years. Increased withdrawal of
groundwater for irrigation, espe-
cially in dry climates, has been the




main driver of the phenomenon
(Jasechko, et al., 2024).

A WWEF report on sustainable
groundwater management for
agriculture highlights that a drop
in the groundwater levels requires
more energy to extract it (Richter &
Ho, 2022). This makes the process,
and hence the food items that rely
on said groundwater for irrigation
costlier. (For more on water and
food prices, see Focus 5) According
to the report %40 of food grown in
the U.S. depends on unsustainable
groundwater use. This can potential-
ly threaten food security.

In Arkansas, one of the biggest us-
ers of groundwater in the U.S,, the
volume of water pumped from the
main agricultural aquifer has been
doubled. According to the Arkansas
Department of State, the capacity of

some aquifers has fallen to less than
10% (Arkansas Department of Agri-
culture, 2022).

California experienced an unexpect-
ed wet season last year. However,
due to the overuse of groundwater
resources in the state, aquifers lost
their ability to hold water in turn,
hurting the ability of aquifers to
replenish their water levels. In the
meantime, the problem of salinity
in California has expanded to the
northeast, Florida, the Gulf Coast,
and the mid-Atlantic states.

In short, water levels in the aquifers
of the U.S. have decreased due to
the overuse of the groundwater re-
sources. This impact has been esca-
lated by climate change, which has
ended up stifling crop production in
the US.
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Water demand in agriculture goes hand
in hand with a country's economic
growth and urbanization rate (FAQ, 2022).
As countries grow richer and more urban-
ized the demands for water and energy
intensive goods such as meat and dairy
products increase. Moreover, urbaniza-
tion occurs at the expense of agriculture
by decreasing the amount of land avail-
able for agricultural production. This in
turn, increases the amount of wastewater
discharge into local streams, and reduc-
es the available area of soil which would
absorb freshwater to recharge aquifers.
Cities also consume 70% of global food
supply and uncontrolled urban expansion
poses a twin risk to both the supply and
demand sides of food production (FAQ,
n.d.). Hence, diminishing water availability
has direct impacts on consumers, espe-
cially through food security, crop diversi-
fication, malnutrition, and food inflation.
Globally, as many as 258 million people
were estimated to face acute food inse-
curity in 2022 (FSIN and Global Network
Against Food Crises, 2023). Developed
countries are by no means unaffected. In
the U.S,, for instance, 26.4 million people
faced moderate or severe food insecurity
in 2020-2022, amounting to 7.8% of total
population, while the prevalence of se-
vere food insecurity was 0.7% (2.3 million
people) in the same year. Food inflation
in the U.S,, as an important threat to food
security in terms of affordability, has also
been trending above its historical average
in 2023 and is expected to reach 6.5% for
the whole year (USDA, 2023).

As one of the largest consumers of water,
agriculture has a key bearing in its future.
Reduced water availability may lead to
lower harvests, putting pressure on food
prices and threatening food security.
Agriculture is just one of the competing
consumers of scarce water resources. The
others are explored in the remainder of
Section 4.1.



é Focus #5:
Water and Food
Prices

As an important component

of agricultural production, the
availability of water, has a significant
influence on harvests and in turn
product prices. Low availability of
water may constrain agricultural
output and put upward pressure
on prices. One such example

can be observed in rice prices in
Indonesia, which have risen by
25% over the recommended price
by the government in the latter
half of 2023 (Barends, 2024). The
conditions caused by El Nifo in

Indonesia, in the form of dried up
water bodies and wildfires, has
been behind this spike in prices. The
resulting decline in crop yields has
led to a surge in prices.

Another example of this was in
2023 in Spain, where a surge in
temperatures and lack of rainfall
led to an unusually dry period for
the world'’s top olive oil producer
(Steer & Jopson, 2023). Accordingly,
olive production was hit and olive
oil prices surged across Europe as
stocks continued to be depleted.
The price of 1 kg (2.205 Ibs) of extra
virgin olive oil, just over EUR 4 in
September 2022, had risen to EUR 7
by July 2023.

Water scarcity, therefore, along

with the impacts of the climate
crisis, can render food prices
increasingly volatile. This poses

an inflationary risk, especially in
vulnerable countries and lower
income households where food
items comprise a larger share of

the consumer basket. Such price
surges in household necessities like
food items are also likely to have

a negative impact on disposable
income. A study by the IMF found
that water shortages can indeed
impact prices; a drought shock, for
example, referring to an extended
period of low precipitation and water
shortage, was found to cause an
immediate and long-lasting increase
in headline inflation amounting

to 1.5 percentage points (Cevik

& Jalles, 2023). Similar problems
could be observed to play out in the
U.S. in the summer of 2022, where
drought conditions wreaked havoc
on a number of American crops.
This decline in agricultural output
(which experts warn that can be
here to stay with the climate crisis)
contributed to an increase in food
prices. Additionally, given the degree
of how interconnected our food
systems are, the U.S. is not immune
to adverse effects of water shortages
on food production elsewhere.
Between 1993 and 2016, the share

of imports in food and beverage
purchases (including inputs used

in domestic production) rose from
10.6% to 17.4% (USDA, 2018).




4.1.2. Water for
Industry

Economic development is a thirsty busi-
ness since water is a central factor of
production (World Bank Group, 2016).
The manufacturing, mining, oil and gas,
energy generation, engineering, and
construction industries are among the
biggest consumers of water for industry,
where water is used for many purposes
such as fabricating, processing, washing,
cooling, diluting, transporting, or sanita-
tion. In terms of water dependency ap-
parel, food, and beverage sectors top the
list (UNESCO World Water Assessment
Programme, 2022).

Even though industry and energy ac-

count for around a quarter of global
freshwater withdrawals, this share varies
significantly between regions and coun-
tries (IEA, 2023). According to Aquastat
data, by comparison, in 2020 industrial
water withdrawal comprised around
47.2% of total freshwater withdrawals in
the U.S. - one of the biggest withdrawers
of water - comparing with a mere 2.5% in
low income countries, and 9.6% in Mexico
the same year, while lower than 75.9% in
Canada (FAO, n.d.). The latest available
data at the state level from the USGS
indicates that Indiana, Louisiana, Texas,
Tennessee, and Pennsylvania top the list
in terms of industrial water withdrawals
as a percentage of total (USGS, 2019). Sur-
face water was the primary source of total
industrial water withdrawals in the U.S,,
accounting for 82% of total.

Annual Freshwater Withdrawals, Industry (2020, % of Total)
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Figure 4. Annual Freshwater Withdrawals, Industry

Although the quantity of water needed
for different industries varies, the amount
of water used for a final product can
sometimes be astonishing considering
the size of the final output. For example,
the wet processing of 1 kilogram (2.205
lbs) of cotton fabric requires 66 to 92.5

39

gallons of water; the tanning industry
uses 44.9 to 145.3 gallons per hide; and
the wool processing industry in the U.S.
has a median water use of around 74
gallons per kilogram (163.14 gallons per
pound) (Coates & Grekin). Hence, “effi-
ciency” turns out to be the key term in



outlining the relationship between water
and industry.

Efforts at the industry level to increase
efficiency in water use should also be
ramped up. These efforts include but are
not limited to water recycling, groundwa-
ter remediation and utilizing new water
treatment technologies. Desalination, for
example, stands as a promising technolo-
gy, but not for lower value-added uses of
water. The World Bank Group estimates
that desalinated water can carry a cost al-
most 5 times higher than treated surface
water (World Bank Group, 2016). In Phoe-
nix, Arizona for instance, the total annu-
alized cost of desalinated water bought
from Mexico’s Sea of Cortez was estimat-
ed at $0.56 per gallon, whereas surface
water from the nearby Colorado River
can be diverted at just $0.12 - $0.25 per
gallon. However, for higher value-added
use of water in industries such as min-
eral extraction and power generation,
desalination can provide huge efficiency
gains - particularly given that the waters
of the Colorado basin are already over
allocated (UNESCO World Water Assess-
ment Programme, 2021). As mentioned in
earlier sections, California also struggles
with a salination problem as seen in the
Central Valley. In 2022 the state approved
a 140-million-dollar plant that would be
able to desalinate 5 million gallons of sea-
water per day (Newburger, 2022).

Moreover, industrial water use is not only
about the quantity of water; the quality
aspect also plays a significant role as it
affects the overall availability of water.
Water contamination occurs when partic-
ulates emitted during industrial produc-
tion fall to the ground and are absorbed
by surface water and the soil, reaching
groundwater. A threat to water quality,
among others factors such as sewage,

51 cubic meter equals 264.172 gallons

contamination from agricultural run-off,
or wildfire ashes (see Section 5.2), is posed
by untreated or partly treated wastewa-
ter discharged from industrial sites to
surface and groundwater. In tackling this
problem, wastewater treatment plays an
important role in preserving the quality
and, accordingly, increasing the availabil-
ity of freshwater. In the U.S,, for instance,
11.97 trillion gallons of municipal waste-
water was treated in 2020, out of the 15.96
trillion gallons produced, according to
Aquastat data® (FAO, n.d.). In terms of
regulations, the U.S. Environmental Pro-
tection Agency (EPA) is introducing pro-
posals to impose more stringent limits on
water pollution through the Clean Water
Act to preserve and enhance the quality
of water (EPA, 2023).

At the sectoral level, while several indus-
tries may appear to have small water
footprints compared to others, a holistic
approach, which includes the footprints®
in all layers of supply chains, would offer
a bigger picture. For instance, the water
footprint of the bottling industry may be
small compared to the mining industry.
But since the beverage sector requires
water for the product itself the upstream
footprint of the sector can be larger.
Therefore, determining the water foot-
print of any industry requires an overall
evaluation which takes account of every
step of the supply chain.

Last, but not least, industries’ depen-
dence on water brings important impli-
cations for the wellbeing of communities
and individuals in the form of jobs. Areas
with scarce water resources suffer from

a lower return on investment due to the
higher cost of production, which in turn
impact the geographical location of in-
vestment decisions and hence the avail-
ability of new jobs (UNESCO World Water

¢ Water footprint refers to the amount of freshwater consumed or polluted during the production of a given good
or service. Source: https.//www.waterfootprint.org/water-footprint-2/what-is-a-water-footprint/



Assessment Programme, 2016). On the
contrary, if not planned and implemented
with a holistic approach, incentives pro-
vided for the industry can further deplete
scarce water resources to the detriment
of the local communities. For example,
while providing economic benefits to the
region, the chip manufacturing industry
in Arizona is putting additional pressures
on the community’s water resources
(Brunswick, 2023).

Overall, water is a critical component

of industrial production and economic
growth. Hence, the water-industry nexus
also stands at the core of our relation-
ship with water. Much needed economic
growth requires increased industrial pro-
duction; however, efficient use of water is
crucial for sustainable industrialization.

4.1.3. Water for
Energy

Water is essential for all phases of elec-
tricity generation and primary energy
production. Simultaneously, energy is
used for the extraction, treatment, dis-
tribution, and purification of water. The
need for energy is fundamental for all,
mainly due to population growth, eco-
nomic development, and an accelerating
pace of urbanization. For similar reasons,
demand for water is on the rise. This
interdependent relationship is called

the “Water-Energy Nexus”, referring to
potentially significant implications for
both energy and water security in the
upcoming years. As the world changes,
the nexus between water and energy is
becoming more important. In the U.S,, for
example, the energy sector, which is the
fastest-growing user of water, is expected
to be responsible for the 85% growth in
domestic water consumption between
2005 and 2030 (Carter, 2010).

According to the International Energy
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Agency (IEA), around 70% of the water
use in the energy sector is allocated for
primary energy production, mainly in fos-
sil fuels (oil, natural gas, and coal), hydro-
gen and biofuels (crop). Electricity gener-
ation is another main driver of water use
in the energy sector with a share of 30%.
Therefore, the need for water should be a
major point of consideration when plan-
ning the path of energy transformation.

Declining water availability negatively im-
pacts electricity generation especially in
hydroelectric power plants as lower water
levels in reservoirs can reduce or even
halt electricity generation. For example,
reservoirs from the Rocky Mountains to
the California coast, which provide elec-
tricity to several states, have been nega-
tively affected by droughts in the Western
U.S. Water levels at reservoirs, including
America's two largest reservoirs, Lake
Mead and Lake Powell, have repeatedly
neared dead-pool levels due to droughts
and the accompanying failure to reduce
water use through demand manage-
ment, raising the possibility of brownouts
across multiple states, leading to great-
er fossil fuel use for power generation,
hence creating a vicious cycle on climate
crisis (Baker, Chediak, & Malik, 2022).

Meanwhile, water is required for primary
energy production and is a critical input
for crops used for biofuels. The process
of extracting and producing fossil fu-

els, such as drilling, hydraulic fracturing,
transportation and equipment cleaning
consume significant volumes of water.
According to a study conducted by Duke
University researchers, rising demand for
oil and natural gas will also increase the
demand for water, mainly due to high
water footprint of hydraulic fracturing as
an important fossil fuel production pro-
cess (Kondash, Lauer, & Vengosh, 2018).
This will subsequently have negative
impacts on the environment. One strik-
ing example is the Permian Basin, one of
the largest oil and natural gas production



regions in the world, located in South-
eastern New Mexico and Western Texas.
According to the same study, water use
per well increased by an astonishing nine
times in this region in the space of just
five years, from 4,900 m3 in 2011 to 42,500
m3 in 2016. Therefore, coupled with wa-
ter scarcity due to climate change and
drought conditions, the expected rise in
oil and natural gas production will in-
crease water use and start to threaten the
water resources in the Permian Basin.

On the other side of the coin, water ex-
traction (both surface water and ground-
water), transportation, distribution, de-
salination, purification, and treatment are
also energy dependent. According to the
IEA, electricity consumption in the water
sector, which accounted for 4% of global
electricity consumption in 2014, is expect-
ed to more than double by 2040 (IEA,
2016). Globally, water extraction activities
account for the largest use of electricity in
the water sector with a 40% share in the
total. In the case of the U.S,, the country
consumes more electricity in the water
sector than any other region or country,
with around 40% of electricity consumed

by wastewater treatment activities (Kon-
dash, Lauer, & Vengosh, 2018).

Meanwhile, the effects of climate change
could exacerbate water shortages
through extreme events such as winter
storms, floods, or droughts. The increas-
ing incidence of water shortages could
cause declines in electricity generation
and/or primary energy production, or
even halts. In February 2021, for example,
the Winter Storm Uri hit Texas, including
Houston, and the cold temperature froze
water in oil and natural gas wells. The
freeze precipitated a 45% fall in natural
gas production in Texas and eventually
38 natural gas plants were shut down or
forced to reduce the amount of electrici-
ty generation (Global Warning Solutions,
2022).

In a nutshell, the interdependent re-
lationship between water and energy
makes “Water-Energy Nexus” one of the
most important issues of our time. The
importance of this relationship can never
be overstated, since water stands at the
heart of energy security as well as eco-
nomic growth, and hence the sustainabil-
ity of our lives.

“Amongst the many things

| learnt, as a president of our
country, was the centrality of
water in the social, political &
economic affairs of the country,
continent & indeed the world.”

Nelson Mandela



é Focus #6:
Water, Energy,
Food, and
Ecosystem
(WEFE) Nexus

The water, energy, food, and ecosys-
tem (WEFE) nexus, within this frame-
work, refers to the interconnected
relationship between these factors
(UNECE, 2023). With a growing global
population, alongside changing social
and economic dynamics, demand for
food - and hence, demand for water

- are expected to increase. However,
water is not solely needed for agricul-
tural production, which is the largest
consumer of water, but is a critical
component of energy production as
well. These competing demands over
the same scarce resource threaten the
well-being of the ecosystems that rely
on water for their basic functioning.

The existence of the WEFE nexus,
therefore, means that decisions re-
garding these factors cannot be made
independently. On the contrary, poli-
cy choices regarding each and every
aspect of the nexus should always be
based on the potential overarching
implications of the other aspects to
ensure the sustainability of all these
factors.

disinfectant byproducts in Flint's
water. Virginia Tech researchers found
that lead concentrations of 13,200
ppb (parts per billion) in the tap water
(Lovell, 2016). This not only exceeded
the level where water is classified as
hazardous waste (5,000
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4.1.4. Safe Drinking
Water, Sanitation
and Hygiene

WASH is central to health and prosperity
for all, yet globally 2.4 billion people live
without access to basic sanitation services
and 4.5 billion people lack access to safely
managed sanitation (World Bank Group,
2020). The lack of safely managed WASH
services results in poor health, impedes
childhood development leading to cog-
nitive dysfunction, educational under-
performance, and a loss of future income
at the individual level. Furthermore, total
economic costs of poor sanitation were
estimated to be around $260 billion an-
nually (Chase & Damania, 2017), and as

of 2016 it was estimated that more than
$1.7 trillion of investment in water supply
and sanitation alone would be needed by
2030 (Leigland, Tremolet, & Ikeda, 2016),
requiring a quadrupling in investments to
meet the SDGs.

There are also wide discrepancies be-
tween the quality of safe drinking WASH
facilities for those who are poor and the
relatively well-off, rural and urban areas,
large and small cities as well as across
and within different regions of the same
country (World Bank Group, 2017). Such
discrepancies have a disproportionate
gender dimension as well; the education
of girls is affected negatively since more
often than not the responsibility of col-
lecting water falls on them (World Bank
Group, 2022). Girls also face the danger of
attack while looking for water outside of
home. In fact, the annual amount of time
spent collecting water instead of working
or being in education for girls and wom-
en is calculated to be around 152 million
hours (WaterAid America, 2017). A lack of
adeqguate sanitation facilities in schools,
for example, increases absenteeism,
particularly among girls who need clean



water and sanitation services more than
boys, especially during menstruation.
Higher rates of infection during birth as
well as high maternal mortality rates are
other gender related ramifications of poor
WASH services (WaterAid, 2015).

Waterborne diseases such as cholera,
typhoid, and diarrhea are mainly spread
due to a lack of access to safe water and
sanitation facilities (WHQO, 2019) and ac-
count for an estimated 3.4 million deaths
annually, or over 9,300 deaths daily (WHO,
2022). As populations grow and urban-
ization expands, the demand for WASH
services also increase, adding pressure

to existing infrastructure. However, the
World Bank notes that many countries
are struggling to just maintain existing in-
frastructure, let alone respond to growing
demand (World Bank Group, 2017). When
it comes to the discrepancy between

rural and urban areas, the WHO finds that
whereas 71% of the global population had
access to safely managed drinking water
services in 2019 (WHO, 2019). In the mean-
time eight out of 10 people lacking basic
drinking water services lived in rural areas
(UN, 2022). It was also found that while
83% of the urban population had access
to safely managed sanitation services in
the same year, this ratio falls to a mere
34% for the rural population.

The U.S,, on the other hand, is among the
leading countries when it comes to the
proportion of its population who enjoy
access to safe drinking water, with 98.2%
of the rural population and 99.4% of the
urban population having access to safe
drinking water in 2020 (WHO/UNICEF,
n.d.) Nevertheless, a recent study estimat-
ed that more than 930,000 people in U.S.
cities lacked continued access to at least
basic sanitation between 2017 and 2019,
with 610,000 people lacking basic water
services (Capone, Cumming, Nichols, &
Brown, 2020). The study also indicates
that these figures exclude an estimated
570,000 homeless people in the U.S. in
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2019, whose limited access to sanitation
was linked to a national hepatitis A out-
break in 2017 and 2018. Another study
shows that more than 2.2 million Amer-
icans currently lack access to running
water or a working toilet at their homes.
Every year this costs the U.S. economy
USD 8.58 billion (Dig Deep, 2022).

The daily drinking water consumption of
an average American is estimated to be
between 1to 2 liters (0.26 to 0.53 gallons)
(EPA, 2023) with about 7.2 million Ameri-
cans, or one in every 44, suffering sickness
from waterborne diseases annually (CDC,
2023). Even though this number covers
(CDC, 2022) waterborne diseases spread
from not only drinking water but also
recreational, industrial, or flood water ex-
posure, the annual death toll of 6,630 due
to waterborne diseases demonstrates the
importance of WASH services in the U.S.
(CDC, 2023). Furthermore, in 2014 these
cases resulted in 601,000 visits to emer-
gency departments and 118,000 hospital-
izations, leading to an estimated $3.3 bil-
lion in direct healthcare costs according
to the latest data released by the Centers
for Disease Control and Prevention (CDC)
(CDC, 2023).

The various measures taken to improve
WASH services include public actions
such as maintaining and updating infra-
structure, increasing the share of piped
water, improving institutional capacity to
ensure sustainable access to good WASH
services, and enhancing integrated water
resource management. Private activities
such as handwashing, nail hygiene, face
cleanliness, or foot hygiene are also im-
portant. In fact, collective and individual
action provides a wide range of benefits.
According to one estimate, for instance,
investments in clean water and sanitation
infrastructure in the first third of the 20th
century halved mortality rates in the U.S.
(UNDP, 2006). Furthermore, federal sani-
tation interventions such as piped water
and improved sanitation are considered



(Watson T., 2006) to have been the main
factor behind the decline in the infant
mortality rate of Native Americans from
53 to 9 per 1,000 between 1960 and 1998
(McKinsey & Company, 2021). Meanwhile,
leaks in the water distribution network in
the U.S., which lead to the loss of half or
more of certain utilities’ supply, highlight
the need for water-pipe replacements
(Gebelhoff, 2023). The U.S. Environmental
Protection Agency (EPA) is planning to
replace between 16,000 and 20,000 miles
of water pipes per year by 2035 (McKinsey
& Company, 2021), four times the current
replacement rate of 4,000 to 5,000 miles.
In the meantime, due to the increase in
lack of infrastructure the U.S. Government
decided to move forward with the Federal
Water Pollution Control Act.

Globally, the path to achieving SDG 6 on
clean water and sanitation for all requires
an overall approach covering both public
and individual actions and embracing all
segments of society. This also includes
businesses. Research shows that for every
dollar invested in WASH, the benefits in
reduced health care costs and increased
productivity far outweigh the costs with
4.30 dollars (InterAction, 2022). Likewise,
research conducted by WaterAid demon-
strates that WASH interventions in work-
place settings bring benefits in the form
of reduced absenteeism and an increase
in productivity (WaterAid, 2022). Even
though efforts to achieve the SDGG6 tar-
gets by 2030 have produced some prom-
ising results, the current rates of progress
in achieving only the WASH targets, for
instance, is estimated to require a three-
to-six-fold increase (UNICEF and WHO,
2023).

Water, along with food production, indus-
try, energy is crucial for our health and hy-
giene. However, the competing demands
for our water resources extend beyond
our lives, as all living beings that we share
our planet with and their ecosystems rely
on water for their lives and wellbeing.
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4.1.5. Water for
Ecosystems

Ecosystems are the backbones of the
health of our planet as they regulate and
maintain the delicate balance of life on
Earth. Terrestrial ecosystems such as for-
ests and land, marine ecosystems such as
coral reefs or freshwater ecosystems such
as wetlands, mangroves, rivers, ground-
water, and frozen water are all interlinked
and have a symbiotic relationship. Water
stands at the core of healthy ecosystems,
given its interaction with the land and
oceans as well.

The water cycle is perhaps the most im-
portant element for the sustainability of
life. It refers to the continuous movement
of water on Earth via evapotranspiration,
condensation, precipitation, and collec-
tion. Water purifies and filters itself, helps
restore surface and groundwater while
providing nutrients to land, plants, ani-
mals and other living organisms through-
out the process. Freshwater ecosystems
also play a critical role in carbon storage,
the cleaning and purifying of water, and
flood regulation. Peatlands, for instance,
store more than twice as much carbon
as the world's forests (UNEP, 2019). Wet-
land plants collect excess nutrients and
hazardous chemicals enabling the accu-
mulation of clean water. Peatlands, wet
grasslands, and floodplains also absorb
excess water and prevent sudden floods
downstream (Coates & Grekin).

The World Bank estimates that the par-
tial collapse of some ecosystem services
globally could result in $2.7 trillion decline
in global GDP by 2030 (Johnson, et al,,
2021). In 2020, over half of the global GDP
or around $44 trillion of economic value
generation was estimated to be mod-
erately or highly dependent on nature
(World Economic Forum, 2022). Further-
more, the UNEP states that the annual
loss of ecosystem services exceeds 10% of



global economic output with around 3.2
billion people (40% of the global popula-
tion) already being impacted by the deg-
radation of the ecosystems (UNEP, 2021).
Freshwater ecosystems are amongst the
most fragile on our planet and the most
devastating stresses on river basins and
groundwater come from freshwater with-
drawals and pollution from agriculture
compromising the health of downstream
wetlands (Mateo-Sagasta, Marjani Zadeh,
& Turral, 2018).

The decline in environmental services
provided by ecosystems is related to

the overuse of water resources, which

in turn leads to the deterioration in the
ecosystem status (Crespo, Albiac, Dinar,
Esteban, & Kahil, 2022). This brings into
guestion the water management prac-
tices that encompass water allocation for
ecosystems as well as supporting healthy
habitats. Despite this, the OECD Survey of
Water Resources Allocation, for instance,
found that water flows were not ade-
guate to support ecosystem functioning
in many basins within the 27 OECD and
key partner countries surveyed (OECD,
2015).

Another major outcome of the ongoing
degradation to the ecosystem is extreme
weather events which are occurring more
frequently with increasingly devastat-

ing effects. Among the most destructive
disasters, floods are estimated to have
caused economic losses of around $650
billion, impacting 1.65 billion people, and
leading to over 100,000 deaths between
2000 and 2019 (UNDRR, 2020). Droughts
are also estimated to have had an esti-
mated economic cost of $128 billion over
the same period, impacting another

1.43 billion people. Storms, on the other
hand, are the most economically damag-
ing natural disasters, with an estimated

economic toll of $1.39 trillion globally.

In terms of the frequency and human
impacts of natural disasters, Asia-Pacif-

ic tops the list with 45% of all disasters
taking place in the region, comprising
almost 75% of disaster-hit population
globally. Whereas 45% of the global eco-
nomic losses from disasters were suffered
by the Americas, the U.S. accounted for
78% of this amount. The economic costs
of natural disasters such as storms, floods,
earthquakes, droughts, wildfires, and ex-
treme temperatures to the U.S. are esti-
mated at $1.03 trillion between 2000 and
2019, affecting 100 million Americans.

Scaling back the impacts of extreme
weather events includes efforts to main-
tain and restore healthy ecosystems and
SDG 6 on clean water and sanitation has
a specific target on protecting and restor-
ing water related ecosystems (UN Water,
n.d.). (For a discussion of how water in-
teracts with the other SDGs see Section
3) SDG indicator 6.6.1,, which tracks the
change in the extent of water-related
ecosystems over time to observe the
progress made on protecting and re-
storing water related ecosystems, finds
that 21% of the world's water basins are
experiencing rapid changes in the area
covered by surface waters (UN Water,
n.d.). The Freshwater Ecosystems Explorer
-an experimental United Nations Envi-
ronment Programme (UNEP) data plat-
form- indicates that the U.S. lost 1.36% of
its permanent (present for 12 months per
year) surface water, while gaining 17.16%
more seasonal water (present less than
12 months per year) between 2000 and
2020 (UNEP, n.d.). In terms of water qual-
ity, 39 out of 343 lakes monitored in the
U.S. are affected by turbidity”.

A prime example of freshwater ecosys-
tem degradation in the U.S. is the Colora-

7 Turbidity refers to the relative clarity of water. It is a measurement of the amount light scattered when a light
is shined through. Source: https.//www.usgs.gov/special-topics/water-science-school/science/turbidity-and-wa-
ter#t:~text=Turbidity%20is%20the%20measure%200f,light%2C%20the%20higher%20the%20turbidity.



do River basin which covers a catchment
of around 250,000 square miles in the
Southwestern U.S. and provides water to
over 40 million people (Bureau of Recla-
mation, 2023). Rising temperatures and a
reduced snowpack have resulted in a 20%
decline in the river’s flow over the past
century leading to lower water levels in
the reservoirs and reduced water avail-
ability for human and ecological needs.
The EPA, for instance, finds that water
withdrawals from the basin exceed the
natural replenishment rate which has a
wide range of impacts on freshwater eco-
systems, water quality, and habitat diver-
sity (Nash & Gleick, 1993).

Ecosystem restoration endeavors, there-
fore, stand at the heart of mending the
relationship between water and ecosys-
tems. Humanity is currently consuming
an equivalent of 1.75 Earths and ecosys-
tems are degrading too fast to keep up
(WWEF, 2022). Yet every dollar invested

in ecosystem restoration is calculated to
bring back up to $30 in economic bene-
fits (UNEP, 2021). Natural, nature-inspired,
and nature-based solutions, such as ef-
forts to increase vegetation, improve the
quality of soil to increase its ability to hold
and clean water, wetland conservation,
and managed aquifer recharge could
play a huge role in turning back the tide
in degradation (UNESCO World Water
Assessment Programme, 2018). Studies
find that restoring 15% of converted land
in the right places could avoid 60% of the
projected extinctions (UNEP, 2021). In Mo-
bile Bay, Alabama, for instance, the resto-
ration of oyster reefs has reduced average
wave heights and energy at the shoreline
by up to 91%, thereby increasing seafood
production and improving fish stocks.
The additional actions that can be taken
to protect the biodiversity within the eco-
systems will be discussed in section 4.3.
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4&.2. The Climate Crisis
and Water

Water is at the heart of the climate crisis
as the disrupted patterns of the water
cycle especially in the form of extreme
weather events exacerbates the nega-
tive impacts of this crisis. Sound water
management, for instance, stands as an
important climate adaptation tool while
actions such as wastewater treatment
can offer some mitigation benefits. Wa-
ter can also act as a resource to deal with
and possibly scale back the disastrous
impacts of the current climate trajectory.
Hence, the relationship between water
and the climate provides both opportuni-
ties and challenges in building resilience
in a range of areas including agriculture,
industry, energy, biodiversity, migration,
or disaster risk reduction - to name a few.

It has been scientifically established with
high-confidence that human activities
are accelerating the change of climatic
patterns mainly through GHG emissions
that contribute to global warming (IPCC,
2014). As climate change is altering the
water cycle, the world is simultaneously
becoming hotter, stormier, wetter, dri-

er and more polluted — all the time with
regional disparities (World Bank Group,
2022). This has far-reaching implications
for freshwater resources. For example, the
frequency of meteorological droughts (re-
duced rainfall) and agricultural droughts
(reduced soil moisture) induced by the
climate change is expected to accelerate
over coming decades, putting an estimat-
ed 4.8 to 5.7 billion people at potential
water scarcity risk (for at least one month
per year) by 2050 (UN-Water, 2019). On
the other hand, the IPCC estimates that
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global warming in the last 40 to 60 years
has brought forward the spring floods by
around 10 days per decade, contributing
to flood related economic losses which
have constituted 31% of all economic loss-
es between 1970 and 2019 (IPCC, 2022).
Global warming also results in the melt-
ing of glaciers, contributing to the loss of
freshwater resources and rising sea levels.
Arctic sea ice cover, for instance, has been
measured to be at its lowest level since
1850 with the region now expected to be
ice-free at its summer minimum at least
once before 2050 (IPCC, 2022).

Besides its quantity, the quality of water
(which is directly related to water avail-
ability) is also adversely affected by the
climate crisis. The drivers of risks to water
quality due to climate change include
rising sediment, nutrient, and pollutant
loadings in surface and groundwater

due to heavy rainfall, reduced dilution of
pollutants during droughts, and risks to
treatment facilities during floods (UN-Wa-
ter, 2019). Wastewater treatment stands
as a central plank of efforts to improve
water quality. However, globally around
80% of wastewater is not properly treat-
ed which has an emissions footprint of
roughly three times the treated wastewa-
ter (Water & Climate Coalition, 2023).

Freshwater resources also play substan-
tial roles in tackling the climate crisis. The
utilization of water in climate change ad-
aptation and mitigation efforts has sev-
eral dimensions including nature-based
solutions and improving water manage-
ment practices (Perez-Cirera, Cornelius,

& Zapata, 2021). Peatlands for instance,



“Too little, too much, and too
dirty water’” has become the
mantra for the global water crisis,
which is further amplified by

the impacts of climate change
and other human activities that
exacerbate the crisis.

UN-Water, Sustainable Development Goal 6
Synthesis Report on Water and Sanitation 2023

are important carbon sinks as they store
at least twice as much carbon as the
world's entire forests even though they
cover only about 3% of the land surface
(UN-Water, 2019). Mangrove soils are also
good carbon sequestration organisms as
they hold about 6 billion tons of carbon

— between three to four times as much

as terrestrial soil. Yet, global warming
induced climate change and environ-
mental degradation related freshwater
resource loss carries the risk of turning
carbon sinks into carbon sources. Thus,
resorting to nature-based solutions such
as harvesting rainwater, preserving, and
restoring wetlands or natural flood-plains
to restore water related ecosystem ser-
vices such as water purification, flood pro-
tection or carbon storage is a good but
very underutilized opportunity in tackling
the climate crisis. Evidence shows that on

the U.S. Gulf coast, for instance, restoring
coastal wetlands by 2030 could prevent
around $18.2 billion in storm damage
(UNEP, 2021). Water management prac-
tices such as water treatment and reuse,
desalination, implementing overall water
safety planning, or increasing the resil-
ience of water infrastructure -grey infra-
structure- could also play an important
role in climate mitigation and adaptation
efforts. However, high-maintenance costs,
limited operational times, and the relative
immobility of grey infrastructure® renders
the implementation of a blended grey-
green-blue infrastructure more feasible
(UN-Water, 2019). Within this framework,
the planned investment of $50 billion un-
der the 2021 Bipartisan Infrastructure Law
to improve water infrastructure in the U.S.
could make a higher impact if coupled
with nature-based solutions (EPA, 2021).

8Grey infrastructure refers to entirely human-built “hard” systems such as pipes, levies and concrete dams. Green
and blue infrastructure includes natural elements such as a flood-plain or coastal forest but can also be engi-
neered by humans. (UN, 2019)
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Major implications of the water-climate
nexus in the U.S. are largely observed

by the extreme droughts, mainly in the
western part of the country, and storms.
For example, the megadrought® in the
Southwest has been ongoing since 2000.
A study found that 42% of the soil-mois-
ture deficit (Williams, Cook, & Smerdon,
2022) was due to human induced climate
change between 2000 and 2021, putting
humanity’s contribution in 2021 alone at
19 percent (Wood, 2022). The impact of
drought in the Western U.S. on agricul-
tural productivity, wages, employment
and businesses since 1980 has been
studied by the U.S. National Integrated
Drought Information System (Manning,
Burkhardt, Goemans, & Maas, 2021).
Accordingly, each additional month of
extreme drought decreases total corn
production by 3.2% and wheat produc-
tion by 3.6%, while reducing total wages
in the agricultural supply and agricultural,
fishing, and hunting sectors by approxi-
mately 1.2% and 0.5%, respectively. It also
reduces total employment in the agricul-
tural supply sector by approximately 1.2%
and decreases the number of agricultural
establishments. Storms and hurricanes,
as the costliest water related climate
disasters, on the other hand, raked up a
total cost of $2.155 trillion between 1980
and 2021 (NOAA, 2023). The overall cost
of weather and climate related disasters
such as winter storms, wildfires, droughts,
floods, tornadoes and cyclones in 2021
was nearly triple the 42-year inflation
adjusted annual average - not to men-
tion the impacts on people’s lives and
livelihoods (NOAA, 2022). As a matter of
fact, a recent analysis conducted by First
Street Foundation shows that 25% of the
wastewater treatment plants in the U.S.
are currently at risk since they are mostly
located near the water bodies (Naishad-
ham, Peterson, & Fassett, Rising flood
risks threaten many water and sewage

treatment plants across the U.S., 2023).

In the meantime, the risks are escalating
with the aging water pipes. According to
“2021 Infrastructure Report Card”, a water
main breaks in the U.S. every two min-
utes, leading to six billion gallons of lost
water each day, or enough to fill 9,000
swimming pools (ASCE, 2021).

The climate crisis is here and growing.
Water based climate mitigation and
adaptation efforts, therefore, are vital in
minimizing these devastating impacts
on people, the economy, and the envi-
ronment. Small changes in individual,
household, and community behaviors
will have far-reaching implications in
lowering our carbon and water footprints.
When it comes to water quantity for
instance, small actions such as turning
taps off when not in use, using dishwash-
ers or washing machines only when they
are full, preventing leaks in water pipes,
preferring landscapes with low water re-
guirements or opting for precision irriga-
tion in agriculture can lead to huge water
savings. On the quality side, small actions
such as the proper disposal of chemicals
for homes or gardens or optimizing the
use of fertilizers in agricultural production
can go a long way.

9 Megadrought refers to a severe drought lasting for two or more decades.



4.3. Biodiversity Loss
and Water

Our world is unique. It supports a vast
variety of life with water as its main build-
ing block. The term biodiversity refers to
all forms of life on Earth from bacteria to
whole ecosystems - marine, terrestrial,

or freshwater - including forests, oceans,
wetlands, and all other living species
which depend on water. Biodiversity is an
essential part of the water cycle as well.
Soil, for instance, absorbs and cleans wa-
ter through its organic substances, while
plants return water into the atmosphere
with their leaf canopies, helping precip-
itation and supporting the availability of
water for all species (Coates & Grekin).
This cyclical relationship between water
and biodiversity makes our planet habit-
able.

Yet the delicate balance of life on Earth is
affected by many threats including, but
not limited to, excessive land use, river
flow alteration, pollution, habitat degra-
dation and loss, overexploitation of spe-
cies and invasive non-native species - all
adversely impacting ecosystems, biodi-
versity, and the climate. Human activities
such as agriculture, power generation, in-
dustry, mining, urbanization, and domes-
tic water overuse are the main drivers of
this degradation (UN Water, 2020). The In-
tergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services
(IPBES) states that we are currently in a
sixth mass extinction age as around one
million animal and plant species are now
threatened with extinction which is a fig-
ure never seen in human history before

(Brondizio, Diaz, Settele, & Ngo, 2019).

Even though less than 1% of the world's
water is fresh and accessible, freshwater
habitats are home to more than 10% of
all known animals and around 50% of all
known fish species (WWF, n.d.). However,
freshwater habitats are much more de-
graded than forests, grasslands, or coastal
systems, with the loss in species reaching
76%. Today, 61% of freshwater turtles, 40%
of amphibians, 30% of freshwater fish
species, and 43% of freshwater mammals
are already facing the threat of extinction
(WWEF, 2020). Since 1970, for instance,
freshwater vertebrate populations have
declined by 83% (more than double the
rate of terrestrial and marine population
loss) (UN Water, 2020), while freshwater
megafauna populations have fallen by
88% in the past almost 50 years (Tick-
ner, et al,, 2020). Global warming alone is
another major contributor to this loss of
biodiversity. In terms of the relationship
between global warming and biodiver-
sity, the IPCC cites that projected river
warming of 1oC to 30C in the northwest
U.S. is expected to diminish the thermal
habitat for important salmon and trout
species by between 5% and 31% (IPCC,
2022).

Humanity — the main culprit of overall
biodiversity loss (IPCC, 2022) — makes up
only 0.01% of all living things on our plan-
et by weight, but has caused the loss of
83% (World Economic Forum, 2022) of

all wild mammals and 50% of all plants.

1 Megafauna refers to the large mammals of a particular region, habitat, or geological period.



This unprecedented rate of extinction

is estimated to be tens to hundreds of
times higher than the average extinction
rate over the past 10 million years. IPBES,
however, notes that human induced bio-
diversity loss is, on average, less severe or
even avoided in zones held or managed
by Indigenous Peoples and local commu-
nities (UN, 2019). Hence, science is clear
that modern urban life degrades nature
at a disproportionate rate.

Besides the impacts of biodiversity loss
on the balance of life and climate, in
economic terms, the annual total val-

ue of freshwater ecosystem services at

a global level is estimated to be around
$4 trillion (Darwall, et al., 2018). However,
projections indicate that water availabil-
ity in the world'’s rivers (Coates & Grekin),
for instance, will decline about a third by
2030. This will not only put biodiversity at
greater risk but also force almost half of
the world’s population to live in areas of
severe water stress. The economic im-
pacts of marine, terrestrial, and freshwa-
ter biodiversity loss are also projected to
be vast; more than half of the total glob-
al gross domestic product (GDP) ($44
trillion) is calculated to be dependent on
nature and its services in terms of eco-
nomic value generation (World Economic
Forum, 2022). Among the highly nature
dependent industries, the construction
industry generates gross value added of
around $4 trillion, followed by agriculture
($2.5 trillion), and food and beverages
($1.4 trillion). It is estimated that transi-
tioning to a nature-positive economy

by preserving and restoring our natural
resources, including biodiversity, could
create almost $10 trillion in additional
business revenue and cost savings, while
generating 395 million new jobs by 2030
(World Economic Forum, 2020).

Protecting and restoring biodiversity
directly benefits freshwater resources.

"1 kilometer equals 0.6214 miles
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Well-functioning ecosystem services,

for instance, impact the availability and
quality of water, regulate water flows,
enhance the soil's capacity to store water
and provide improved barriers against
floods and drought - thereby strength-
ening disaster resilience (Secretariat of
the Convention on Biological Diversity,
2015). Studies have found that dams and
altered river flows are two of the leading
factors behind the decline of freshwater
species (WWF, n.d.). And among rivers
longer than 621 miles" , a mere 37% re-
main free flowing over their entire length
and only 23% flow uninterrupted to the
ocean, these being located mainly in
remote regions of the Arctic, Amazon,
and Congo basins (Grill, et al.,, 2019). Thus,
water management for dams and hy-
droelectric power stands out as another
important factor in preserving biodiversi-
ty. Additional actions those can be taken
to protect freshwater ecosystems include
the protection and restoration of critical
habitats as well as the management of
the resources of freshwater ecosystems
(Tickner et. al, 2020).

The U.S. Fish and Wildlife Service (FWS)
currently lists 1,662 species as being
threatened or endangered all around

the country with approximately half of
these species being wetland dependent
(U.S. Fish & Wildlife Service, 2023). These
species range from plants to amphibians,
mammals, fish, and insects that play key
roles in maintaining healthy freshwater
ecosystem services. The country’'s Pacific
region (ldaho, Oregon, Washington, Ha-
waii and the Pacific Islands), in particular,
hosts 35% of species that are listed in the
Endangered Species Act (ESA), attracting
special efforts from state, local, and fed-
eral agencies as well as Tribes and other
local communities (U.S. Fish & Wildlife
Service, 2023). Even though efforts to pro-
tect and restore biodiversity have resulted



in several conservation success stories
throughout the region, the FWS states
that more work remains to be done. Fur-
thermore, considering the fact that more
than half of the original wetland area

has been lost in the U.S. since the early
17th century, preserving and restoring
biodiversity in the remaining half of the
nation’s wetlands is now more import-
ant than ever (U.S. Fish & Wildlife Service,
2023).

Besides such interventions at a com-
munity level, individual actions can also
contribute to biodiversity conservation
efforts. Accordingly, simple acts such as
reducing chemical and plastic waste, and
the more efficient use of water, energy,
and nature can make a big difference to
save the species that make our planet
habitable. In addition to what we can do
to help save biodiversity, what individual
steps can be taken to save water can be
found in section 7.
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The world is lagging behind in achieving the SDG 6 targets for water
quality, quantity, and management and despite being ahead of most
countries, the U.S. is not immune to problems associated with water
(UN-Water, 2023). Due to demand dynamics, climate crisis, underinvest-
ment, lack of political prioritization, and mismanagement the availabil-
ity of clean water has become more restricted and access to it more
difficult. The issues related to water vary not only among countries, but
within them as well. In the summer of 2022 while Pakistan was facing
a devastating flood, the European continent was struggling against
drought conditions. This variation in water issues is not limited to ex-
treme weather but can include quality and quantity problems as well.

Quantity and quality of water are not the only two concerns which
should be included into the whole equation. The Water Risk Filter
(WRF) developed by the WWF is a good example of what other factors
need to be considered when evaluating current and future water risks
(WWEF, 2023). The WRF assessment tool includes three main risk types:
physical, regulatory, and reputational. Both natural and human-in-
duced conditions of river basins are represented as physical risks which
include quantity and quality, while the regulatory risk is tied to good
governance and the status of the regulatory environment. Reputa-
tional risk refers to communities’ perceptions on whether companies
are behaving responsibly and sustainably with respect to water. Both
regulatory and reputational risks play a major role in water manage-
ment decisions. For example, a major semiconductor manufacturer,
has been facing regulatory restrictions on water use due to its location
in a water-stressed area (Galindo, Wertheimer, & Famiglietti, 2022).
Meanwhile in 2017, two leading beverage companies faced a boycott of
their fizzy drinks due to excessive water use in the state of Tamil Nadu,
a state with a population exceeding that of the United Kingdom (UK),
and which is known for the scarcity of its water resources (Doshi, 2017).
The company was hit by a boycott after it was revealed that each bottle
of soda required 400 liters (881.85 Ibs) of water to produce. As a result,
both companies who are also among the endorsing companies of CEO
Water Mandate of the UN Global Compact agreed to reduce their wa-
ter footprints (CEO Water Mandate, 2023). The companies now disclose
their water use, conservation targets, progress towards these targets,
and the measures they are taking.

Therefore, section five identifies the measures of water scarcity and
quality. It identifies the shortcomings of each measure and discusses
the regional differences with respect to water availability.
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5.1. The Intensifying
Decline in Water
Availability

Water is becoming increasingly scarce all
throughout the world. Regional and sea-
sonal differences exist in terms of water
availability. While the availability of wa-
ter mainly refers to the amount of water
which is fit for consumption, regarding
both quantity and quality, in areas such
as agriculture, industry, or domestic use,
water scarcity principally refers to the
availability of water falling short of certain
thresholds. For instance, FAO states that
1.8 billion people could be living under
“absolute” water scarcity by 2025, — refer-
ring to less than 500 m3 (approximately
132,000 gallons) of water being available
for use per year per capita — with two
thirds of the global population under wa-
ter “stress” — referring to between 500 and
1,000 m3 (approximately 132,000 gallons
and 264,000 gallons) of water availability
(FAO, 2023).

Even though total freshwater resourc-

es per capita in the U.S. indicates a “no
stress” level with 8,500 m3 (approximate-
ly 2.25 million gallons) per capita, certain
regions of the country show higher levels
of water stress — and even water scarcity.
In fact, the most water stressed regions in
the U.S. are located in the West (Jenkins,
2021). Since the start of the megadrought
in 2000, the average flow of the Colorado
River declined by around 20% (The Na-
ture Conservancy, 2022). This had huge
impacts on water resources of upper
basin states (Colorado, New Mexico, and

27 cubic meter is equal to 264.172 gallons
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Utah), but with more severe repercus-
sions for lower basin states, namely Arizo-
na, California, and Nevada. For example,
California has faced four droughts in the
last fifty years and is known to be a water
stressed state (Mount, Escriva-Bou, & Sen-
can, 2021). The drought faced in 2021 was
recorded as the worst drought in 1,200
years in California’s history (Harvey, 2022).
In July 2022, the residents in Santa Moni-
ca, California were asked to limit their use
of sprinklers to twice a week due to the
implementation of a water emergency in
the state (Hall, 2022).

Another indicator for water stress is the
SDG 6.4.2 indicator, measuring the pro-
portion of freshwater withdrawals to
available freshwater resources. It demon-
strates a global average of 18.2% for the
year 2020, but with vast discrepancies
between regions (FAO, 2023). The indi-
cator for the U.S. stood at 28.2% in 2020.
However, it should be considered that
total per capita freshwater resources in
the country have been continuously de-
clining (FAO, n.d.), from 3.5 million gallons
in 1980, 2.9 million gallons in 2000 and
2.4 million gallons™ in 2020 according to
Aquastat.

Population growth, rapid urbanization,
increasing demand and changing con-
sumption patterns are among the most
important drivers increasing water scar-
city (Valuing Water Initiative, 2021). As



the single most water intensive sector
globally, agriculture is highly vulnerable
to rainfall variability, with wide-ranging
implications from food security to in-
creased water withdrawals, land use and
its impact on climate change. According-
ly, it is estimated that between 2001 and
2013 (World Bank Group, 2017), dry shocks
(referring to at least 1 standard deviation
lower rainfall compared to normal levels)
resulted in lost calories which could have
fed 81 million people every day each year,
with southern Mexico, Central America,
northern South America, Western Europe,
Southern Africa, Indonesia, and southern
Australia suffering the largest declines in
agricultural production. Declining surface
water availability during dry seasons also
leaves farmers with no choice but to re-
sort to groundwater for irrigation needs,
hence further depleting groundwater
reserves and adding to the water scarcity
risk. Dry shocks are also calculated to de-
crease agricultural productivity by around
10% (World Bank Group, 2017). Such pro-
ductivity declines usually lead farmers to
seek cropland expansion at the expense
of forested areas. Indeed, the World Bank
estimates that up to 60% of the increase
in the average rate of cropland expansion
can be attributed to rainfall variability.

Global demand for freshwater is expect-
ed to exceed supply by 40% by 2030, and
this demand is anticipated to increase by
50-70% in cities where the impacts of wa-
ter scarcity can have far reaching implica-
tions ranging from health issues to pro-
ductivity and income losses (McKinsey &
Company, 2009). In Latin American cities,
for instance, large dry shocks are estimat-
ed to cause an income loss of around $40
per worker per month, or around 10% of
the mean monthly income. In terms of
firm performance, an additional water
outage in a month is calculated to result
in an average 8.7% loss in sales.

Droughts bring a massive economic toll
as well. Crop failures and other economic
losses due to droughts in the U.S,, for in-
stance, have cost the country $249 billion
since 1980 (UN, 2022). Even though floods
—at the other end of the spectrum- get
more attention in terms of the immedi-
ate damage they cause, the cost of dry
shocks for firms and cities are estimated
to be four times greater than wet shocks
(World Bank Group, 2017).

Water scarcity, therefore, is an intensify-
ing problem with wide ranging impacts
on societies, environment, and the econ-
omy. Tackling this problem requires a
large spectrum of actions both public
and private, some of which will be dis-
cussed in the following section.

5.1.1. How Do We
Measure Water
Stress?

There is a common saying, “you can't
manage what you don’'t measure”. Like-
wise, we cannot apply better water man-
agement solutions without measuring
the degree of water stress in a given
region/country.

The UN uses the water stress concept to
analyze water scarcity and measures it

as the ratio of the amount of freshwater
withdrawals by all economic activities
and compares it to the available freshwa-
ter by considering environmental flow re-
quirements® (UN-Water, n.d.). According
to the indicator, withdrawal rates of over
75% imply “high water stress” and any-
thing over 100% indicates “critical water
stress”. Even though the data locates the
World as a whole into a “no stress” cate-
gory, this hides significant discrepancies
between countries and regions.

B Environmental flow requirements are defined as the quantity and timing of freshwater flows and levels neces-
sary to sustainably support human cultures, economies, livelihoods, and wellbeing.
































































































