| I _A |

A WA v |

»
-
4
D
]
—
-
-
D
g
]

AINI1L1




Table of Contents

OVETVIEW ..veiirieiiieieieeeeeteseiteesssteseteeesseesestesasseeseseesassaessssessssasssseessseesssseessssesssseessseessssmnsessssessnsens 1
HOW 10 USE ThiS BOOK ...ccuvieiiiiieiiiciecieetet et teeteete e e te et eseeste e stessse e seessaesnaesssesnseenssean 2
Problems We MUSE SOIVE........ccciiiieeiicieeceeteeteetee e teeteecte e e e e e s ee et e e se e se e seesnseesaesaseensessan 4
CaUSAl FACLOTS....euieeuieeieeieeieece et ee e te s steete e ste e te e st esseesseesssesssesseeseessaesseasssesnseansesssesteseensennns 7
Building MaCI0 SYSTEIMIS .....cevutrrtirieeieienierierttsteteseetestestestes st eteste st ssesse st essesseestessesssessessenens 8
Water: DIid YOU KIIOW? ..ceiiiiiiiiieiieeeeecteeeeeeteeeeeeteeeeeeseeeeessseeeesssseesssssssesssssssesesssasesessasesnnsens 14
Why Water iS IMPOTTANT ....cccuviieiiieiiieeiieecieeet et eeeeeesee s ae e e e e e s ae e s reeesaeesssaessssasssseesssnesees 15
PIODIBINIS ....vveeieireeeeeeiteeeeeiteeeeeteeeeeesteeeeeeteeeeesbsaeeesssaeeeesssaeeeessbasesesssasesessssaeessssesesessesssesesnnsses 19
Solutions and INNOVALIOIS .....c.veeeeeeirieeeeeiieeeeeireeeeeireeeeesseeeessssseseessssesessssssssesssssssesssssssesssssesess 55
Case Study: Colorado RiVer COMPACE ........ceccveeeiieeeiieeeiieecieeecreeeseeessreeeseeeseeeessaeesseessseeessees 86
System Dynamics Model: Water Systems—A Model of US€......ccccceeeeiereceieecieenceencieeeeeeeenen. 96
Conclusion: Ten Challenges and a Call t0 ACHON: ......ccceeeieeeiieieiieeiieeeee e e eeee e ee e 98
Challenge 1: Clean Drinking Water and Safe Sanitation .........ccccceeveeevverseersiensuennnen. 101
Challenge 2: Contaminants—Three Factors to Watch..........cccceeevveeciiicieicvieencnennns 103
Challenge 3: Infrastructure—Leaking or Lacking.........cccceeeeeereviiiecieeecvienecieeeceeenans 110
Challenge 4: RiSING SEaS......cccceierriieiiiieiieeiieeeieeerteesreeesteeeseeessseeesssessseessseessssenas 113
Challenge 5: Droughts and Fires.......cccocueieviiieiieeeiieeiieccieeeie et sveeesveeeaeeas 120
Challenge 6: Water FrOmM SPACE......cceeecuieeeiieieiiieecieeeiteeecteeesieeesseeesseessseessssesssseenns 122
Challenge 7: RENEWAL ....c...oiieiiieeiieeiiecieeeteeecre et e et e e ee s e te e e aeesssa e s saessneaeas 124
Challenge 8: Global/Regional.........ccccoecuiieeiiieiiieeciieeiieecieee et ee e e see v e e saae e 127
Challenge 9: RESPECT ....eeieiiieiieieieeecieeete e see e e ee e e e teee e e e saeeebeeesssesssaesssaessnsaeas 132
Challenge 10: RIHES....cccuiieiiiiciieeieectee ettt ee e ree e ae e s ra e e saeeas 135
CAll TO ACLION ...uvveeeeeireeeceiteeeeciree e e reeeeertbeeeeestbeeeesssbeseeessseseesesssssesesssssesssssasessssssesensssnssseeenns 139
Poem: “Declaiming Waters none may dread” by Emily Dickinson..........ccecceevverviervierseenennne 140
Database of LaWs ADOUL WALET .......cccviieiiieiieeciecciee et eeteeeeeeeeeeeeveeesaee e s seeesesaessaaesesaaannes 141
Index Of OTZAniZatiONS ......cecverrierrerieeriirteniteritesiteese et eseessesssesssesssessseessassseesssesssesssesssasssnns 146
INAEX Of TOPICS couveeeurerrerriersierrieesieestestestesstesssessseesseesseesseesaessesssesssesssesssasssesssaesssessaessessasnns 155
INAEX Of PEOPLE ...eeeeiiiieiiiiieiieeitentesteetesteeteesteeste e st e st e stesbe s seesbaesssessaesssesssesssesssassensaenns 157
Index of Windows on the ECONOMY .......cccevvirrieriieriiernierrierneenteneessiesssesssesssesssessessssesssesssens 160
Index of Illustrations and Images, with AHTIDULIONS ....cccvevvverriieriiniiinienieniecieceeeceeeeenn 161
ACKNOWIEAZEIMENTS. ..cuveiiiiiiirierierieertesteeteerteesteesteesaeesreesstestessseesseesseesssesssesssessesssasssaensnns 171
BOOKS 111 ThE SEIIES ..vvvveieireieeeiiiereeeiieeeeeiteeeeeeteeeeesteeeeessseseeessssesessssssseesssssseessssssessssssessssessns 173

RETEIEIICES. ..vveeevrveeeeitrieeeceiteeeeetteeeeerteeeeestteeeeessbereesesseseesesssssesessassesssssssesssssssessnsssseesnssensseseesns 179



WATER

“Splash!” by José Manuel Suérez, 2008.
Attribution: see p. 162



DID YOU KNOW. . .?
Every two minutes, a child dies of water-related disease.
More than two billion people do not have safe drinking water.

Water has been identified as the #1 at-risk element of the world’s
changing climate.

Groundwater under the Sahara Desert is some of the oldest fresh
water on Earth—200,000 to 1 million years old.

Only 3% of water on Earth is drinkable, with 1% accessible and the
rest in ice caps and glaciers.

Water has been discovered on the moon, Mars, and many asteroids.

Growing certain produce requires enormous amounts of water:
asparagus, 22 gallons per ounce; cherries, 14 gallons per ounce.

Every gallon of bottled drinking water requires two gallons of water
to produce it.

Water is the driving force of all nature.
—Leonardo da Vinci

The cure for anything is salt water: sweat, tears, or the sea.
—Isak Dinesen

Nothing is softer or more flexible than water,
yet nothing can resist it.
—Lao Tzu

All water has a perfect memory and is forever trying
to get back to where it was.
—Toni Morrison



WHY WATER IS IMPORTANT

We can live for three weeks without food, but only three days without water.
All of human history may be traced through people’s need for innovations
concerning the use (or misuse) of water. Solomon’s Temple could not have been
built without the water that floated the cedars of Lebanon to the sacred site.
Cyrene was founded because ancient Greek residents of Thera (now Santorini)
fled land devastated by drought and found fertile ground in Libya. What would
Rome be without its fountains? The word “pontiff” refers to the special authority
the pope had to build bridges (pontifex) over the Tiber River. Waterways, such as
the Grand Canal of China and the Canal des Deux Mers of France, were
forerunners of floating transport routes that changed the world as much as the
Suez and Panama Canals.

Water is power. As world population increases, demand for water will
continue to magnify. Problems with supplies of potable water are beginning to
appear, even in developed areas, due to aging infrastructure. Flint, Michigan;
Benton Harbor, Michigan; Baltimore, Maryland; and Sebring, Ohio are recent
examples of U.S. cities where old pipelines have leached lead into local water
supplies.

Water is not just for drinking. It is also the fundamental resource used for
human sanitation. If this basic need goes unmet, public health suffers severely.
The United Nations set a goal to eliminate by 2025 the scourge of insufficient
water for sanitation.

Aerial view of the Innoko River in summer.
By Keller Jo, U.S. Fish and Wildlife Service, 2013.
Attribution: see p. 162



Water is a key element of the world economy. Approximately half of all world
jobs depend on water, which sustains agriculture, farming, and food supply.
Water is vital to industry: it takes between 13,000 and 21,000 gallons of water
(49,210 to 79,493 liters) to manufacture a car; 2.5 gallons (9.46 liters) of water to
refine 1 gallon (3.79 liters) of gasoline; 62,000 to 75,000 gallons (234,695 to
283,905 liters) to produce a ton of steel.

Water is energy. Hydroelectric achievements, such as those by Nikola Tesla at
Niagara Falls, created new forms of energy. Gazing at the falls, Tesla proclaimed:
“Someday I'll harness that power.” Hydroelectric energy forever changed the
culture and character of the country when Tesla and George Westinghouse won
the contract for the Niagara Falls Power Project. On 16 November 1896, 1,000
horsepower surged from the waterfall to be successfully transmitted to Buffalo,
New York. Within ten years, New York City was powered by electricity. In 1984,
the dam at Itaipu was built by Brazil and Paraguay to harness the Sete Quedas
waterfalls on the Parana River and generate electricity.

“Niagara Falls, from the American Side,”
by Frederic Edwin Church, 1867.

Attribution: see page 162

Water is transport. One of the first great transit routes, the Grand Canal of
China, continues to unite that nation and to serve the needs of north and south.
New canals are being considered in many areas of the world; shipping lanes and
ocean transport are under development, and investigation.

Water has implications for space. Hydrogen is a rocket fuel. Imagine how
expensive and limited such fuel would become if it were necessary to transport
liquid energy into space for use in rocketry. It would be a limit akin to carrying
with you all the water you need to hike the Grand Canyon—you could not go far.



On the other hand, what if rocket fuel ingredients were already aloft? Hydrogen
found on planets and asteroids could provide fuel for staying and progressing in
space. Mars has water: Planetary Resources found it on asteroids, NASA found it
on the moon. In addition to fuel, water would of course support habitation.

The phrase “water planet” reminds us that every system we have on Earth is
powered in some way by water. As David H. Marks, inaugural director of MIT’s
Laboratory for Energy and the Environment, and the research team including
Kelly Gallagher, Paul Kirshen, William Moomaw, Edward Spang, observed: “As
an energy sector changes or expands, the mix of technologies deployed to
produce fuels and electricity determines the associated burden on regional water
sources” (Spang, 2014).

Not only is world water in a crisis of scarcity, it is also enduring an assault on
sustainability and safety. Oceans are becoming increasingly acidic and filled with
debris and plastic; rivers are parched by drought and overuse; lakes are
shrinking; underground aquifers are tapped for non-potable uses, including
hydraulic fracturing. Floods and droughts occur more frequently, exacerbated by
climate and environmental imbalance. All these scenarios provide plenty of
reasons for concern. But there is also hope.
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VOICE OF THE FUTURE
—Matt Damon
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“It struck me that water undergirded all the issues of extreme poverty.
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