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Four Challenges

in Water Resources

1. Definition of “Water”

2. Water Distribution to
Growing Urban Areas

3. Surface Water Systems
Degradation/Destruction

4. Growing Politicization of
Water




World Water Day on March 22, 2026
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The Problem(s)

There is an abundance of water on the planet, but that water
s not always located in the areas where humans choose to
live.

And that problem is growing larger as more people relocate
(and are born) into areas with limited local water supplies.

And the places where more people are moving to often have
poorly designed or deteriorating water systems.

And on top of that, humans are despoiling the water that is
proximal to their homes.



The Problem(s)

And on top of that, humans are depleting water reserves in the
very locations where humans are growing their food.

And on top of that, humans are growing their food in a manner
that is wasteful of water.

And on top of that, humans often grow water-demanding
crops in areas of little water.

None of these issues are directly discussed in this class although central water
systems for human consumption and central water systems for irrigation are
often interconnected either directly or hydraulically.



Challenge #2: Distributing Clean Water in Growing Urban Areas

Cape Town, South Africa had a 39 _
[?opulatlon 'of 4.4M in 2018. April 21, 2018
hree years of subnormal rainfall ‘
left three of the six city reservoirs
virtually empty and the primary
reservoir at 17% capacity (see
photo). Severe water restrictions
were implemented, with
residents provided with 50 liters
of water per day (13 gallons).
City off|C|als stated that the City
was “within weeks” of a
complete water shut-off.

A series of storms in mid-2018
averted “Day Zero”.

In 2025, the population of Cape
Town was estimated at 5M.




Challenge #2: Distributing Clean Water in Growing Urban Areas

Chennai India had a population
of 6.7M in 2019. A severe
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drought (3 years of subnormal 018 | USh,ngmg

monsoons) left all four city
reservoirs virtually emptx In June
of that year. OnJune 19", “Day
Zero” was declared.

Severe water use restrictions
were implemented and the State
government trucked into the City
10,000,000 liters of water per
day until the monsoon rains
returned.

In 2025, the population of
Chennai was estimated at
12.3M.




Challenge #2: Distributing Clean Water in Growing Urban Areas

Atlanta, Georgia’'s water comes primarily
from Lake Lanier, a reservoir that has

become the center of a three-state water
war between Georgia, Florida, and
Alabama. The U.S. Army Corps of
Engineers’ 2024 water management plan
showed Lake Lanier at 65% capacity, well
below normal levels.

Metro Atlanta’s population has surged to
over 6 million people, making it one of the
fastest-growing regions in the country.
The Georgia Environmental Protection
Division projects that without new water
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shortages during drought conditions by — i
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Challenge #2: Distributing Clean Water in Growing Urban
Areas

“Day Zero” is the most dramatic
result of this water crisis.

But chronic shortages represent
an equally constricting dynamic.

Currently (2024), Mumbai, India
operates on a 15% daily water
shortfall. As a result of economic
inequities in the City’s
infrastructure, one municipal
ward is provided with water 24/7,
while the remaining 23 wards
receive an average of 5.37 hours
of water per day.




Challenge #2: Distributing Clean Water in Growing Urban Areas

Rapid urbanization is straining existing infrastructure, often in
locations where natural water supplies (either precipitation or
groundwater resources) are insufficient to accommodate the
projected demand. This process is occurring in areas of existing
Infrastructure as well regions with poor or no infrastructure.

And then there is the added complication of:
* Deteriorating pipes
* Climate change



Challenge #2: Distributing Clean Water in Growing Urban Areas

In 1960, only a third
of the world’s
population lived in
urban areas.

2007 was the first
year when more
people (around the
world) lived in
urban areas than
rural areas.
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Challenge #2: Distributing Clean Water in Growing Urban Areas

<4 i
-

LR

43 =
s

e

-

-

-e

.-

.

44

.

-

-

-

L34

L

Oceana Asla Alrica Worikdwia

54% of the World's Population Now Lives in Cities
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urban areas.

Thisamountsto a
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25 years.
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Challenge #2: Distributing Clean Water in Growing Urban Areas

Two additional dynamics will
contribute to this future crisis:

1. The majority of this
population increase will
occur in developing nations
(see photo of Dhaka,
Bangladesh), where money
and innovative technology is
limited; and

2. Much of this population
growth will occur along
coastal areas.

The World Bank is predicting
(2023 report) that 65% of the
world’s population could face
water shortages by 2035.




Challenge #2: Distributing Clean Water in Growing Urban Areas

But population increases do not fully
describe the complexity of the challenge,
particularly in the developing world.

In addition:

* Aging infrastructure in developing nations
contributes to leakage (waste) and
inequitable distribution

* Poorly designed infrastructure leads to
incomplete/inefficient distribution and
possible distribution of water-borne
diseases

* Corruption within public agencies delay
improvements

* Public ignorance of the challenge
ﬁog’gributes to inefficient consumption
abits

In 2005, none among 35 Indian cities with
populations above one million distributed
water more than a few hours per day,
despite generally sufficient infrastructure.
Due inadequate water pressure, people
struggled collecting water even when
available. Service benchmarking carried out
2006 across 28 cities found average supply
duration around 3.3 hours daily, ranging
from one hour every three days up T8 hours

daily.



Why Does This
Matter?

The need for expanded and
technologically advanced water
systems is generally located in
parts of the world where there is
no (or limited) money to
construct such needed systems.

At its core, the issue of
constructing water systems is a
conversation of inequity.




Why Does This Matter?

From an economic perspective,
the need for water in developing
nations represents in total
expenditures one of the largest
capital investments in world
history.

The areas of need do not
correspond to areas of wealth
which makes the construction of
water systems an opportunity
for tremendous wealth transfer.

a. Method 3: Estimate for all countries by region, billion ($)

Middle East and North Africa 78.1  South Asia excl. India
Sub-Saharan Africa

777 \
East Asia and Pacific excl. China
194.2 N

India
136.3

Total =
$2.2 trillion

Europe and Central Asia
162.5

Latin America and
the Caribbean
155.1



Why Does This Matter?

From an economic perspective, the
need for water in developing nations
becomes an enormous financial
opportunity for developed nations to
sell services and innovative products
as well as to transfer technology.

The amount of this needed investment
has never been calculated although in
2024 the World Bank put forth an
estimate of around 1%* of world GDP
annually, or $1.1Trillion.

* The US, from 1956-2023, spent roughly 0.7% of GOP on

water and sewer projects according to a 2025 CBO report.

Public Spending on Transportation and Water Infrastructure as a

Share of GDP, 1956 to 2023

Percent
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Why Does This Matter?

Currently, the world’s
Investment in central water and
wastewater projects is one-

tenth of that value. ~"What s Neoded?




Why Does This Matter?

From a political perspective, the
elimination of water insecurity
promotes political stability. AR soAROIT Y SooOMG NG

Effoct on GOP caused by scarcity due to climate change in 2050

Water insecurity is defined as

“the capacity to safeguard . g ros. -y
access to adequate supplies of BB ”'% ke
potable water and to have oSG e eiYod
reasonable confidence in the SR e N SR

presence of those supplies in
the future.”



Why Does This Matter?

Currently, 4 billion people
experience severe water
scarcity for at least 1
month per year.

According to the WHO,
over 2.1 billion people do
not have access to potable
water.
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Why Does This Matter?

From a Health perspective, the "N v ok hooth beneis ol
establishment of central water ¥l o
and wastewater systems T
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Why Does This Matter?

From a Health perspective, the UN
and most international health

organizations have tied the a. Prevalence of stunting

in children under 5

provision of adequate supplies of 2 100 -
potable water to food securityand, £z
by extension, adequate nutrition. 535
In the World Bank report, the § E -
following statement is made: 8 £ 401
§ £ 20 -
“at every level of income, higher ; ~ 0 | r i

spending per_qapita on th.e water 5 4 5 5 10
sector is positively associated
(correlation coefficient of 0.59) with
lower stunting.”

Water sector total spending per capita



Why Does This Matter?

From an economic
development
perspective, the
presence of a stable
water supply
promotes economic
growth and economic
self-sufficiency.

Access to clean water helps:

People sately consume Domesticated animals rarests, rivers, and other

water, practice hygene, maintain heaith and ecasystems

grow food locally, and provide food sources SUPPOrt animals, plants,
improve pubhic heaith and insocts vital for
gnvironmental health

5 PIKTOCHART



Objectives

1. To expand access worldwide to dependable potable water for all
people regardless of income by focusing on:
e Source control (where the system’s water comes from)
* Source enhancement (expanding the capacity of that source)
* Improvements in product distribution
* Inclusion and active participation of all stakeholders

2. To promote institutional, corporate, and residential water
management strategies that result in sustainable water
consumption practices.



Solutions

To reach these objectives, solutions will be:
* Multi-faceted, employing several separate strategies at once

* Flexible, to be effective with varying sectors of the world
economy/society

* Dynamic, to be responsive to changing conditions and to be capable
of modification as conditions change

* Immediate and long-lasting

* Economically impactful, with that impact being disproportional to the
current generation



Solutions

Solutions Discussed:

* Improvements in Water System Efficiencies

* Aland ML

* Desalination

* “toilet to Tap”

* Interbasin Transfers

Other solutions:

* Rainwater harvesting

* Reservoir management (capping, reductions in infiltration, improved
piping)

* Watershed enhancements



It cannot be overstated
the impact of climate
change on this issue.
Rising sea levels will
threaten existing water
systems (all 14 WWTFs in
NYC are at risk of flooding
by 2070) and should raise
legitimate concerns about
even investing in urban
areas subject to flooding
such as Mumbai
(anticipated displacement
of 28M people by 2100).

Computer image of the impact of rising sea
levels on Miami, Florida

Solutions




Efficiency in Water Distribution

Older water distribution systems Gallons Lost

(as well as the older portions of e Leak Size Per Day Per Month
newer water distribution systems) Pa——
leak. A recent estimate of US

central water systems calculated a o 280 11,160
loss of over 2Trillion gallons each

day, the equivalent of 20-30 million v 3,096 95,976
homes. In NYC (one of the oldest

and largest in the US), the water (W) 8,424 - - 261,194
distribution system loses about 12-

15% between collection and tap. “ 14952 . 463,512

Most engineers consider a 3-5%
leakage rate optimal.



Efficiency in Water Distribution

In India, the rate of loss in
central water distribution
systems is estimated at
between 25% (US NIH, 2006)
and 40% (India Infrastructure,
2023). In the City of Bangalore,
a 2022 study estimated Non-
Revenue Water (loss and
waste) to be 50%.

The current system would
need to provide double the
amount of water needed.




Artificial Intelligence and Machine Learning

Artificial intelligence (Al) and
machine learning (ML) are being
increasingly used in water supply
management to optimize
operations, predict water
demand, and detect leaks. For
instance, Al-powered predictive
analytics can help water utilities
forecast water demand based on
historical data, weather patterns,
and other factors.




Artificial Intelligence and Machine Learning

Some examples of Al and ML applications in
water supply include:

* Predictive maintenance: Al-powered
sensors can detect anomalies in water
infrastructure, enabling utilities to

perform proactive maintenance and .«‘mL‘
reduce downtime. ,*,'.-‘ao.w%
. SETPOLLR0L A N
* Water demand forecasting: ML e ) :
algorithms can analyze historical data and i R Sl
weather patterns to predict water RV 0

demand, aIIowin% utilities to adjust their
supply accordingly.

* Leak detection: Al-powered acoustic
sensors can detect leaks in real-time,
enabling utilities to respond quickly and
minimize water loss.




Desalination

Desalination (the process of
producing potable water
from salt water such as
oceans) is often referred to
as the “drought-proof”
solution to water problems.

97% of the world’s water is
saline and roughly 15% of
the world’s Fopulatlon
(1.2Billion) lives within 15
kllometers of a coast. In
India alone, over 250M
people reside by the ocean
(and that number is
growing).

Tampa Bay Scawater Desalination Plant
Process Diagram at 25 mgd Production

Trevabng Soroern  Porncle Sestement Sond Fisen Dorosean adun
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Worldwide, desalination
currently provides water to
about 1% of the world’s
population. According to
Fortune (7/26/2024): “16,876
desalination plants in 177
countries produce enough
desalinated water to support up
to 972 million people per day,
which equates to only 1% of the
world’s clean water supply.”

But 40% of these plants are in
the Middle East with some
nations (e.g., Qatar at 61%)
relying heavily on desalination
for drinking water.

Desalination

7.2 trillion litres from desalination

The Gulf countries produce roughly 40 percent of the world’s desalinated water
and operate more than 400 desalination plants. In 2023, they collectively produced
7.2 billion cubic metres, or 1.9 trillion gallons, of fresh water through this process.

[D)ev-nc-sa |

1 billion m3 =1 trillion litres

3.0bn m3
0.8bn M=
1.9bn M3
KUWAIT
: O0.7bn m3
O0.3bn M3 1
BAH RAIN 1
O.5bn M3
QATAR
Y SAUDI ‘ l
8 ARABIA UAE-
- E—/ gvan



Desalination

Impediments to Desalination:

 Expensive. Construction,
operations and maintenance
costs are significantly greater
than freshwater plants resulting
in production costs 2.5-6 times
higher.

* Changes in seawater quality,
particularly increases in coastal
algal blooms which clog intakes
and foul filtration systems.

* Waste disposal, including brines

MEMBRANE

=

generated by filters. Toxic wastewater known to
.. ) causc catastrophic damage
* I[mpacts to aquatic life at intakes to the environment.

and outfalls.



Desalination

Technological advancements
will have a significant positive
Impact on the cost-

effectiveness of desalination
plants.

* Membrane efficiencies
* Energy source transition
* Brine repurposing

Fresh Water Tank Brine Tank



Toilet to Tap Systems

The concept is rather HOW THE ‘TOILET TO TAP’ SYSTEM WILL WOR
simple: create a closed-

loop system that allows
consumed water that is
returned to the system to be
processed to levels
sufficient for subsequent
consumption.

-4 L

v
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“Greywater” systems m“:—-ﬁ' ~ i

. . theough bar screems \ . = _ = at
already achieve this Sams %»&wﬂ*vm-iy
objective but more e T T e
aggressive treatment can = e T

permit lar%er water systems
to serve a larger population.



Toilet to Tap Systems

This option is attractive in
areas where traditional
sources of water (surface
water impoundments or
groundwater aquifers) are
depleted or unreliable).

El Paso, TX offers an
example. This City of
679,000 people will bring on
line in 2028 a tertiary
wastewater treatment plant
that will add roughly 10% of
their total water usage.




Toilet to Tap Systems

Logically, it should not
matter what the source of
one’s drinking water is, so
long as the treatment
DroOCess ensures a purity
level demanded for
numan consumption.

n 2023, California
became the first state in
the union to mandate the
construction of such
systems.

mii



Toilet to Tap Systems

Closed-loop systems are
fraught with concerns.

* What happens when there is
a system failure or
contaminant breakthrough?

* What happens when
emerging contaminants are
identified?

* What are the energy
demands for these systems?

* How will the consumption of
water in an upstream
community impact a
downstream community?

THETOILET-TO-TAP JOURNEY — A RISKY PATH

Sowers Advanced treatment Buffer

INDIRECT
POTABLE REUSE

Sewers Advanced treatment Tap

DIRECT
POTABLE REUSE

By skipping the buffer, direct potable reuse heightens the risk
of dangerous wastewater piped directly into our homes.

Tap




Interbasin Transfers

Water is, in large part, a
distribution issue (both spatial
and temporal). Water is often
plentiful in areas where it is not
currently needed and scarce in
areas of high demand.

A solution is to move the water
from one location to another.

In the early 1960s, the ACOE
developed a concept of tapping
water in Alaska and Canada and
transferring it to drier areas in
southwest US.




Interbasin Transfers

This concept could help
developing nations with
uneven water distribution,
such as India.

Almost 75% of all rainfall in
India falls in the Ganges and
Brahmaputra watershed but
the potential redistribution of
this water is complicated.

LA T



Interbasin Transfers

Advantages to IB Transfers
* Efficient use of water

* Reduction in impacts
associated with droughts

e Reduction in use of
depleting groundwater
resources

* Potential positive step
towards sustainability

Disadvantages to IBWTs

* Significant potential for
ecological damages in both
originating and receiving
locations

* Legal challenges where
watersheds extend across
state/national borders

* Easy conveyance of pollutants



Expanding Funding for Water Projects

The World Bank estimates that
funding for water and

wastewater projects needs to ACCESS TO SAFE WATER
increase by $144B annually to

meet current and projected EELTAR il
demands for water systems. M = .
Current spending is 10% of this = s
value and most of that spending o =\

IS In areas of minimal need
(developed nations).



Expanding Funding for Water Projects

Future money will come from a 33 Tt sl e oy 15 i sy nd s
combination of funding sources e ——————

(user fees and direct =
governmental allocations) and b —
financing (redistribution of costs ot

over time). s

Any fiscal proposal that
envisions a sizeable contribution
from fees will meet resistance
from water rights activists.



Conclusions

The need for central water systems is growing as both individual
consumption and total population increases. Demographic shifts to
urban areas near the coast exacerbates this crisis.

Potable water in the future will be increasingly met through
technological means including desalination, greater water re-use,
and mechanical transfers of water.

Existing systems need to be repaired to reduce leakage and improve
product distribution.

Funding remains a significant hurdle, reflecting a lack of priority
within nations having the financial means to assist.
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