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Chapter 1

Water: Prerequisite for
Life and Living

ater is ubiquitous on Planet Earth. As we view our planet

N K / from beyond, we are struck by the prevalence of water. It

is so much a distinguishing feature on the universal can-

vas that Earth is commonly referred to as the “Blue Planet.” Before we

had an interstellar perspective, and before we were even aware of a plan-

etary scheme, the word earth took cultural form from the solid footing

that was understood—namely, ground, soil, and land. The planet was

labeled accordingly. But the reality is that water is a primal driver in

shaping the planet and the awareness is that its scarcity is a constraint on

its inhabitants. From this modern perspective, it would be more appro-
priately called Planet Water.

It is believed that large amounts of water have flowed on Earth for

3.8 billion years, most of its existence. There is no coincidence between

the abundance of water on Earth and the existence of life. Water is the
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dominant constituent of virtually all living forms. As Felix Franks of
the University of Cambridge puts it, “Without water it’s all just chem-
istry. Add water and you get biology.” Water is a prerequisite for life.
To understand the intricacies of the water molecule in developing and
sustaining life is to understand the economic potential of water in the
context of its presence as a prerequisite for living. As humans place bur-
geoning demands on the substance, water is increasingly recognized for
the limitations its distribution places on the socioeconomic well-being
of civilizations.

A key requirement for successful investing is a thorough under-
standing of the business that you are investing in. The fact that we need
water to survive, while certainly putting a floor on demand, is not the
level of understanding that we are after. Despite the rigors of under-
standing the many facets of water, it is absolutely critical that investors
understand the science. It is the uniqueness of water that governs the
technology to maintain its primal purpose, the economics of imple-
menting solutions, and the politics to ensure its sustainable use. All
aspects of investing in water are influenced by an understanding of
what water represents. One simple fact sets in motion this unprece-
dented investment opportunity: There is simply no substitute for water.

Prerequisite for Life

The way the water compound is structured, and the resulting inter-
action with other key biogeochemical cycles, creates an intricate fab-
ric that forms the basis of life on Earth. It is the oft-made statement
that life depends on the anomalies of water. It is a critical biomolecule,
structuring proteins, nucleic acids, and cells. Remarkably, the behav-
ior and function of water, despite considerable research, is still far from
completely understood.

The Life-Enabling Anomalies of Water

The simplicity of the atomic structure of a water (or hydrogen oxide)
molecule belies its extraordinarily unique electrochemical properties. The
V-shaped water molecule consists of two light hydrogen (H) atoms and a
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relatively heavier oxygen (O) atom at the vertex. The difference in mass
gives rise to the molecule’s ease of rotation and the constant movement
of the hydrogen nuclei. The way in which the two hydrogen atoms are
bonded to the oxygen atom is particularly significant. The electrons are
shared between the atoms (covalently bonded) but are not distributed
equally. The oxygen atom, therefore, attracts the electrons more strongly
than the hydrogen side. The resulting asymmetrical distribution of
charge, or dipolarity, creates a net positive charge on the hydrogen
side of the molecule and a net negative charge on the opposite oxygen
side. Hydrogen bonding causes molecules of water to be attracted to each
other, forming strong molecular bonds, and explains many of the anom-
alous properties of water. The oxygen atom’ strong affinity for chemi-
cal bonding with other nuclei enables many of life’s reactions. Hydrogen
bonding also allows water to separate polar solute molecules. The par-
tially negative dipole end of the water molecule is attracted to positively
charged components of a solute, while the opposite occurs on the posi-
tive dipole end. This polarity explains water’s ability to dissolve many
“contaminants” (the fact that oil is a nonpolar molecule is the reason that
water and oil do not mix). In fact, water is known as the “universal sol-
vent.” This seemingly innocuous property accounts for an enormous pro-
portion of the money spent in the water and wastewater industry. All sorts
of dissolved substances (some a nuisance, some deadly) must be removed
to make water suitable for most end uses, drinking water in particular.
Investment applications include all aspects of water and wastewater treat-
ment, nonpoint source surface water (runoft), stormwater, and groundwa-
ter. This is why treatment is viewed as such a compelling part of investing
in water and why every location has a difterent treatment challenge.

As essential for life, however, the solvent properties of water are
vital in biology, because many biochemical reactions can occur only in
aqueous solution and also because this feature enables water to carry
solvent nutrients to living organisms. This is also the reason why water
seldom has a neutral pH of 7.0. Only pure water is neither acidic nor
basic (acid rain, caused by sulfur dioxide and nitrogen oxide emissions
from coal-burning power plants and automobiles, can have a pH as low
as 2.3—as acidic as lemon juice).

Because of the extensive hydrogen bonding between molecules,
water has the second-highest specific heat capacity of any known
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chemical compound, except ammonia, as well as a high latent heat of
vaporization. These two unique properties allow water to moderate the
Earth’s climate by buftering large fluctuations in temperature. The large
heat capacity of the oceans allows them to function as heat reservoirs
in this buftering process. These properties have monumental ramifica-
tions in the advent of global warming.

The specific heat also helps organisms regulate their body tempera-
ture more effectively. Another life-enabling property of water is its high
surface tension, the highest among nonmetallic liquids. The stability of
water drops is critical in transporting water through the roots and stems
of plants via the xylem. It is also responsible for the capillary action that
allows water and dissolved substances to move through the blood ves-
sels in our bodies.

In addition, the presence of hydrogen bonds provides another
unique behavior for water upon freezing. As water molecules seek to
minimize energy when cooled to the freezing point, the hydrogen
bonds allow the formation of a hexagonal crystal structure that is more
expansive than in the liquid state. Unlike almost all other substances,
the solid state of water is, therefore, not as dense as the liquid form; that
1s, ice floats. This has environmentally significant implications. If water
were denser when frozen, susceptible lakes and rivers, and oceans in
polar biomes, would freeze solid, preventing thermal stratification from
occurring and widely impacting biological systems in the lower aquatic
life zones.

There are many additional anomalous properties of water, from the
opposite properties of hot and cold water to its unique hydration prop-
erties for biological macromolecules that clearly place water in a unique
class among the determinants of life on Earth. Interestingly, although
the molecular structure of water is assumed stable in molecular ther-
modynamics, there are studies that have indicated that at the quantum
(nanoscale) level, water may behave differently. At very small timescales,
the structural permanence of water is more questionable, possibly with
nanotechnology implications. The science of water tells us that water
is a prerequisite for life and, in this respect, cannot be overemphasized.
From an investment perspective, it is an undeniable fact. But the way
water is cycled on the planet is the process that determines availability
and accessibility from a societal perspective.
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The Recycling of Water Energy

The hydrologic cycle is one of the life-sustaining biogeochemical (lit-
erally, life-earth-chemical) cycles—natural processes that cycle critical
constituents from the abiotic (nonliving) environment to biotic (living)
organisms and then back again. As cycles, the assumption is that these
systems, for all intents and purposes, are closed, powered by energy from
the sun and moving a fixed amount of matter in a continuous process.

Water is the most abundant molecule on the surface of the Earth.
It is the only common substance found naturally in all three physi-
cal states of matter within the relatively small range of temperatures
and pressures encountered on the planet’s surface. It composes approx-
imately 75 percent of the Earth’s surface in liquid and solid (frozen)
states, in addition to being the third most abundant gas in the atmos-
phere in the form of water vapor. Further, of the atmospheric con-
stituents that vary in concentration both spatially and temporally, water
vapor is the most abundant. While the variable components of the
atmosphere make up a very small portion of atmospheric gases, they
have a much greater influence on both weather (short-term) and cli-
matic (long-term) conditions. Water vapor redistributes heat energy
on the Earth through latent heat energy exchange, condenses to create
precipitation, and warms the Earth’s atmosphere as one of the original
greenhouse gases.

The hydrologic cycle is often modeled as having distinct phases;
evapotranspiration, condensation, precipitation, and collection. It is
viewed as a constant system—water molecules in continuous move-
ment cycling through well-defined states. But that model of uniformity,
couched in terms of a human timescale, is increasingly seen, along with
other elements of our ecosystem, as a fragile balance between deter-
minism and chaos. While the overall volume of water is not changeable
on a human timescale, it is clear that we can, and are, directly and indi-
rectly affecting the spatial and temporal distribution of water on the
planet. In other words, we are impacting the hydrologic cycle. This is
not only in the obvious sense that we are depleting aquifers, diverting
surface water flows, and exacerbating runoff, but we are also impact-
ing the hydrologic cycle by altering the carbon cycle, creating infinite
mini—storage units of water in all types of products, and generally mis-
managing water in a rapid divergence from sustainability.
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The role of water as a prerequisite for life, and its availability as
a constraint on the human condition, combine with the natural dis-
tribution of water on the planet in a collision course with a rapidly
expanding human population driven by economic development. The
hydrologic cycle is one of the links between the biosphere (the col-
lection of the earth’s ecosystems) and the ascension of civilizations. As
human activity approaches globalization, it has a greater ability to alter
this global life-support system; that is, an expanding global economy
becomes larger relative to the nonexpanding biosphere.

Human activities affect the biogeochemical cycles in vastly difter-
ent ways. All of these cycles have extraordinarily complex features. The
phosphorus cycle, for example, is exceedingly slow. On a human time-
scale, it can be viewed as a one-way flow from land to oceans. The car-
bon cycle, on the other hand, is unique in that while carbon-containing
fossil fuels take millions of years to form, human activities can rela-
tively quickly change the form, but not the absolute amount, of car-
bon. The carbon cycle includes carbon dioxide (CO,) gas that regulates
the Earth’s thermostat—too little CO, in the atmosphere and it will
cool; too much and the atmosphere warms. Here, human activities are
capable of rapidly altering the mix. Fossil fuels are nonrenewable on a
human timescale. In addition, water has now become a limiting factor
in economic development: It is a prerequisite for living.

Prerequisite for Living

By “prerequisite for living” it is meant that water is a crucial factor in
human well-being and the quality of life. Just behind income, the avail-
ability of water ranks as the second most critical factor in a survey of
“well-being” among those most burdened in society. Water, through its
many consumptive uses, permeates virtually all aspects of the socioeco-
nomic fabric and affects many of our life choices. The lack of water, of
acceptable quality and in sufficient quantity, is a major factor in poverty,
food insecurity, human disease, economic development, and, ultimately,
geopolitical conflict. It is this rapidly accelerating realization that forced
water challenges onto the global stage, spotlighting the role of water as
a prerequisite for living.
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Water and the Quality of Living

If water plays such a vital role in human well-being and economic
development, we would expect to face our greatest challenges in areas
of the world where water is extremely scarce. And that is certainly
the case. As the human population and economy grow, however, it is
becoming apparent that hydrocentric constraints are permeating many
more activities than would be expected from an obvious imbalance
of supply and demand. Accordingly, while water availability is subject
to spatial and temporal variations, it is constructive to get some sense
of social condition in relation to water resources. The Water Poverty
Index (WPI) was developed by the Center for Ecology and Hydrology
for just such a purpose. The WPI 1s designed to be a scalable “evalua-
tion tool for assessing poverty in relation to water resource availabil-
ity The composite index is a numerical measure that can be utilized
by decision makers in water policy processes. The WPI is one way to
produce a standardized framework to capture the complexity of water
management issues as they relate to quality-of-life issues. But it is the
theoretical basis of the WPI framework that is useful for our current
purpose—that of linking water resource availability to, in their words,
“the socioeconomic indicators of poverty drivers,” or in my words, the
quality of living.

Lack of water does not cause poverty, but poverty virtually always
includes a lack of water. While poverty, like standard of living, can be
defined in measurable terms, quality of living is a relative condition. It
makes sense, then, to focus on a quantifiable level rather than a qualita-
tive notion when viewing water as a prerequisite for living. As such, the
long line of advancements that poverty is circumscribed by capability
deprivation extends well to the ideal of quality of living encompassed
in an ability to make livelihood choices. Having access to adequate
water supplies for domestic and productive use clearly falls into the cat-
egory of capability deprivation. To maintain eftective livelihood choices,
five capabilities have been identified by Desai (1995):!

1. Capability to stay alive/enjoy prolonged life
2. Capability to ensure biological reproduction
3. Capability for healthy living

4. Capability for social interaction
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5. Capability to have knowledge and freedom of expression and
thought.

Water is linked to all of these capabilities.

Given that water is a prerequisite for life and for living, it bears
upon the investment implications going forward to get a sense of the
baseline global water condition and to project the likely global water

scenarios into the future.



