Postscript to the Revised Edition

he West, save for its northern reaches, is America’s desert. Capturing

and transporting water to its arid regions fueled the rapid

development of agriculture and urban centers. Until the last quarter
of the last century running out of water wasn’t a concern—there was always
another supply to divert. When first published in 1986, Cadillac Desert
upended that notion by illuminating how precarious the American West’s
water supply was—something few people knew at the time.

In the thirty years since this book was written, climate change, drought,
and population growth have made our water supply even more vulnerable.
And that’s not all that has changed. Just about everything has changed—
some for the good, some not—including the surprising ascension of Donald
Trump, whose administration could have an enormous impact on what
happens far across the continent from the President’s permanently verdant
(although at risk from rising sea levels) Mar-a-Lago.

This 2017 postscript to the 1993 edition of Cadillac Desert briefly
updates western water issues during the last two decades. The mighty
Colorado River is stretched to its limits, though many efforts of cooperation
and collaboration hold promise for the future. Dwindling wild salmon
stocks could rebound when more dams are removed. California’s water
infrastructure, built in the twentieth century, is being severely tested by the
twenty-first-century reality of long drought followed by extreme deluge.

The Challenged Colorado River



From a well-positioned commercial jet at 35,000 feet, fortunate passengers
in the window seats can’t miss the white “bathtub ring” left by the receding
water of Lake Mead. This calcified stripe between the reddish-brown
volcanic rocky slopes of the reservoir and the shimmering, deep-blue
surface of the remaining water is 145 feet tall, about the height of the Statue
of Liberty—dramatic evidence of sixteen consecutive years of drought in
the Colorado River basin, the worst in a millennium. When Marc wrote the
afterword, the ring was only one-third as high.

Surprisingly, perhaps, this year’s massive winter rains and snows
throughout much of the West will not do much to reverse the huge
accumulated shortage in Lake Mead. They might shrink the bathtub ring a
few feet. Looking ahead, climate change will inexorably impact the region.
The Colorado River basin has warmed by two degrees Fahrenheit in the last
century. Warmer temperatures caused by climate change could reduce
Colorado River flows by 50 percent by the end of this century. Adding
insult to injury, more precipitation will come as rain rather than snow,
snowmelt will be earlier, and evaporation more rapid. Regardless how long
this current drought lasts, scientists using climate models and a thousand
years of tree-ring data predict an 80 percent likelihood of another mega-
drought in the watershed in the second half of this century. Simply put, and
without exaggeration, the Colorado River is in extreme water crisis, and this
isn’t going to abate anytime soon. The economic, social, and political
consequences will be profound. Stretching more than 1,450 miles, from the
peaks of the Rocky Mountains through the arid Southwest and into Mexico,
the Colorado River is the lifeblood for 40 million people in seven western
states and across the border in Mexico. A number of the country’s largest,
fastest-growing, and inherently driest cities—Los Angeles, San Diego,
Phoenix, Tucson, Denver, and Las Vegas—all depend on the river. And the
residents of the region use only 30 percent of the water pulled from the
Colorado system. Agriculture still hogs 70 percent, enough to irrigate 5.5
million acres. The river also generates more than four thousand megawatts
of “clean” (if you ignore the devastation caused by building dams) and vital
hydroelectric power.

Even before the new reality of a hotter and drier future, the Colorado
River was overallocated. Layers of negotiations, court decisions, treaties,
government rules, and more—collectively known as the Law of the River—



prescribe how the water is divided between the upper basin states of
Colorado, Wyoming, Utah, and New Mexico, the lower basin states of
Nevada, Arizona, and California, and eventually Mexico. Still enforced as
the basis for all water deliveries, the 1922 allocations total 16.5 million
acre-feet, numbers based on an extremely wet period one hundred years
ago. During this latest drought, the river has been flowing at a rate of
around 12.4 million acre-feet. This number is almost certain to decline. No
one can be certain how much—>5 percent by midcentury, maybe 35 percent?
—even the U.S. Bureau of Reclamation, traditionally bullish about water
supplies, has acknowledged that climate change will reduce water flow in
the Colorado River.

In 2005, acknowledging the grim realities, Gale Norton, Secretary of the
Interior during the administration of President George W. Bush, directed the
Bureau of Reclamation to devise new management strategies for the
inevitable water shortages on the horizon. The Bureau’s power has waned
considerably from its peak under the reign of Commissioner Floyd Dominy
in the last century, but on the Colorado River it is still the enforcer in chief.
In the old days, it would simply have called for more dams, always more
dams, to capture any greater-than-normal precipitation. But given the
profound shortfalls, and with climate change now certain, that simplistic
approach will no longer do. Even the Bureau understands this. Cooperation
and collaboration are now necessary to share the pain. In 2007,
representatives from the seven basin states joined Dirk Kempthorne,
Norton’s successor as Secretary of the Interior, to sign new Interim
Guidelines. The signing ceremony was held in Las Vegas, where betting
against the odds is compulsory.

This deal, effective until 2026, for the first time provides clarity by
codifying exactly what happens with water allocations to the lower basin
states during shortages. If on January 1 of any given year the surface
elevation of Lake Mead drops below 1,075 feet above sea level, Arizona
and Nevada must begin reducing their use of the Colorado by 11 percent
and 4 percent, respectively. California would still receive its full allocation
of water, primarily because its water rights are “senior” to Arizona’s due to
a 1968 congressional deal to get the Central Arizona Project authorized. In
a separate negotiation, Mexico agreed to reduce its use by 3.8 percent.



Additional delivery reductions could occur should the unthinkable happen
and the lake drops to 1,050 feet or even 1,025 feet.

Under the original Law of the River, the recipients of the Colorado’s
water had to use it or lose it. With the Interim Guidelines, the lower basin
states of California, Arizona, and Nevada are allowed to bank for future use
water “produced” through specifically approved projects, including land
fallowing, canal lining, and seawater desalination. When the Bureau’s
commissioner declares that this Intentionally Created Surplus (ICS) water is
available—only when Lake Mead is above 1,075 feet—the lower basin
states can call on their stored water. Each state has a prescribed maximum
capacity for such storage, a restricted annual withdrawal, and an important
3 percent storage reduction each year to account for evaporation. Call this
institutional water savings-account insurance, and motivation to conserve—
even by California, which cooperated with its neighbor states to avoid the
likely political and legal battles if it got its full deliveries while its
neighbors did not.

In June 2016, almost a decade after the new guidelines took over, Lake
Mead fell to its lowest level ever: 1,071.64 feet above sea level. On January
1, 2017, it was at 1,086 feet. (Twenty-five years ago, it was about 1,173
feet.) Thus the lake narrowly escaped the official “shortage” designation for
another year, but the Bureau estimates about a 30 percent chance of hitting
this benchmark in 2019, with a similar likelihood in the following three
years. If this happens, water deliveries will be curtailed. Even if we get
lucky and reservoir levels hover above 1,075 feet due to the exceptional (in
both amount and frequency) winter snowfall and rains, long-term,
comprehensive, conservation is called for. Everyone understands this.
California, Arizona, Nevada, and the Bureau have been negotiating
additional drought contingency plans, with hope for an agreement. They did
not succeed in 2016, and just two days before Trump’s inauguration then
Secretary of the Interior Sally Jewell issued a Hail Mary Secretarial Order
directing staff to continue pursuing that all-important drought contingency
plan. Who knows what effect this will have with the Trump administration,
but one has to wish that all those years of collaboration do not go to waste.

Cities have been at the forefront of the water conservation movement,
and it’s a good thing, because urban populations in the sunny Southwest
have soared in recent decades. Between 1990 and 2010, the number of



residents in the Las Vegas metro area nearly tripled, to more than two
million; in Phoenix the population almost doubled, to more than four
million. Without exception, all the other large urban areas in the Colorado
River basin grew immensely. In addition, the river also supplies water to
millions of people who live outside the actual watershed, from Cheyenne,
Denver, and Albuquerque in the east to Salt Lake City, Los Angeles, San
Diego, and Tijuana in the west. All are booming. The only reason the water
situation has not already reached the apocalyptic stage is that these city
residents now use far less water than in the past—30 percent less in many
cases, a remarkable achievement.

Look at Las Vegas, the city of dreams whose world-famous resorts with
countless moats, fountains, cascading waterfalls, and enormous glittering
swimming pools evoke the fantasy of a desert oasis only forty-five minutes
from Lake Mead. These resorts account for 80 percent of the region’s
economy but consume only 8 percent of its water resources. The
extravagant fountains at the Bellagio and the Grand Canal at the Venetian
use recycled water. Every drop issuing from the city’s dishwashers, sinks,
showers, carwashes, and even toilets is funneled through the sewer system
into wastewater treatment facilities, and then returned to the Colorado River
and Lake Mead via the Las Vegas Wash. Allocations of the Colorado, as per
the original Law of the River, are “consumptive,” or “net use”—that is, they
count only water removed from the river and not returned. Every gallon that
IS returned counts as credit against the allocation limit. Southern Nevada
can and actually does pump much more water than its prescribed 300,000
acre-feet per year. (By the way, that number is very low because the still-
operative 1922 Law of the River allocations grant 2.8 million acre-feet to
Arizona, 4.4 million acre-feet to California, but only 0.3 million acre-feet to
Nevada because modern Las Vegas did not exist at the time.)

The problem in Las Vegas and elsewhere is all the runoff that’s not so
easily recaptured and therefore counts against the allocation. The problem is
grass. Some 70 percent of the water used in Vegas sustains lawns, parks,
and golf courses that are alluring for the eye, without a doubt, but also
stunningly, wastefully inappropriate for a desert landscape that averages
four inches of rainfall a year. Since 2000 the Southern Nevada Water
Authority has spent $200 million in rebates for replacing grass with desert
landscapes. In many neighborhoods, cactus, rock gardens, and artificial turf



are the new norm. Thanks to the rebate program, about 4,000 acres of lawn
are history. And yet on other fronts Vegas continues to flout its parched
setting. The very pipes that return the treated water to Lake Mead run under
the Lake Las Vegas community—a 3,600-acre Italianate development on a
320-acre man-made lake with ten miles of shoreline. The website featured a
photo of a gondolier propelling his iconic vessel across the placid water.
The local Hilton hotel no doubt intentionally resembles the Ponte Vecchio
that spans Florence’s Arno River. It takes considerable hubris to
manufacture a new oasis during these fraught times in the desert, but Las
Vegas was founded on such hubris. It’s pretty much baked into the local
DNA by now.

Even with the successful, locally focused initiatives in Las Vegas and other
metro areas, even with the new conservation incentives incorporated in the
Interim Guidelines, the Colorado River simply will not be able to meet
future needs. This was the sobering conclusion of the Colorado River Basin
Water Supply and Demand Study, completed in December 2012 by the
Bureau of Reclamation with the seven basin states and other stakeholders.
Comparing different scenarios of water availability, factoring in climate
change, population growth, and the resulting net demand, the study predicts
a shortfall of 3.2 million acre-feet by 2060. The blandly named basin study
was a defining moment for all. The Bureau acknowledged that the projected
shortfalls could not be solved with conservation alone, nor with new dams
or pipelines or other big-ticket concrete and steel construction. Instead, the
answer is a broad and flexible portfolio of diverse water-saving projects at
the local, state, regional, and basin-wide levels. Two years after that
bombshell study was released, the Central Arizona Project dropped a
second one with its report to that state legislature predicting a “structural
deficit” of 1.2 million acre-feet each year between the water coming into
Lake Mead and the promised deliveries to California, Arizona, Nevada, and
Mexico, as well as losses to evaporation. Two studies, two sets of
forbidding numbers—and in both cases exceptional honesty signaling a new
era, with far deeper recognition of the river’s limits and the need for new
conservation measures.



Cities are in the conservation lead: specifically the four largest cities
that pull their drinking water from the big river. Their Colorado River
System Conservation Program is paying farmers, industries, and
municipalities to reduce their use. The fund was seeded initially in 2014,
with $11 million—3$3 million from the Bureau of Reclamation and $2
million each from the Southern Nevada Water Authority (including Las
Vegas), the Central Arizona Project (including Phoenix), the Metropolitan
Water District of Southern California (including Los Angeles), and Denver
Water. All water conserved will stay in the river system and help boost
declining reservoir levels, with no credit given to any particular user. This
innovative and cooperative approach encompasses both the upper and lower
basins, and props up Lake Powell, not just Lake Mead. (Powell serves the
four upper basin states.) The first projects included converting farms from
flood irrigation to drip systems, removing excess turf from golf courses, and
improving infrastructure to increase return flows into the Colorado. The
initial projects approved in the lower basin will collectively conserve
63,000 acre-feet at an average cost of $149 per acre-foot—dirt cheap
compared to $2000 for an acre-foot from a desalination plant. Based on the
program’s initial success, the Bureau in early 2016 allocated up to $4
million for new projects. The four urban entities also contributed an
additional $3 million to the program.

On the other hand, coexisting with conservation is more infrastructure,
always more dams and reservoirs. Among politicians and big building
contractors, the allure is irresistible. One factor has changed, though:
neither the federal nor state governments will foot the bill. If any such
project is built, those who receive the water must pay for its construction
and operation—a pretty steep barrier to its completion. Even if the era of
dam building is finished (construction from scratch, that is: Denver is
pushing hard to get more water out of the Colorado by raising the height of
a dam on a reservoir near Boulder), some fast-growing urban areas are
pursuing pipe dreams—Ilong, expensive pipelines and a few new dams to
divert water for their residents. In Utah, state and local officials are
proposing the Lake Powell Pipeline, currently estimated to cost at least $1
billion, maybe $2 billion, to be paid by residential water users in order to
pump water through a five-foot-wide pipe from Lake Powell to St. George,
a fast-growing region in southwest Utah. That’s 140 miles, and two



thousand feet uphill. Utah is also dreaming about new reservoirs on the
Bear River, which drains into the Great Salt Lake, to supply 220,000 acre-
feet at an estimated $1.5 billion. New Mexico is still considering a proposal
to divert the Gila River into a new reservoir. The latest plan is somewhat
smaller than the original but would still require paying the Gila River
Indian Community, downstream senior water-rights holders, in Arizona, for
using their water. In California, Governor Jerry Brown is pushing hard to
build two massive $17 billion tunnels under the Sacramento—San Joaquin
Delta.

Las Vegas is busy building tunnels and pumps to allow access to Lake
Mead’s water should the level continue to drop. The city managers do not
feel they can rely on conservation and luck alone, not when their city
depends on the lake for 90 percent of its water. In December 2014 workers
completed a three-mile-long, 20 foot in diameter, $817 million tunnel into
the lower reaches of Lake Mead. The new tunnel siphons water at the 860-
foot level, assuring a steady water source should declining levels leave the
two existing intakes (one sits at 1,050 feet above sea level, the other at
1,000 feet) sucking air instead. Water started flowing through the third
“straw” in September 2015, and construction has started on a $650 million
lower-level pumping station for the new intake that should be operational
by 2020. The $1.5 billion spent on this new infrastructure should keep Las
Vegas’s taps—and waterfalls—flowing. And there’s more. Though stalled
by the Nevada Supreme Court, the Southern Nevada Water Authority
unbelievably continues to include in its portfolio of future resources an
almost three-hundred-mile pipeline to take groundwater pumped from rural
valleys in central and eastern Nevada to Las Vegas. Cost: $15 billion. The
agency has also deposited approximately 760,000 acre-feet in California
and Arizona water banks, in accordance with the Interim Guidelines. The
Las Vegas Valley groundwater basin stores an additional 360,000 acre-feet.
Las Vegas may, in the end, have pretty good water odds.

When the subject is water and infrastructure, the Central Arizona
Project is necessarily front and center. CAP channels 1.5 million acre-feet
of water per year from the Colorado River through more than three hundred
miles of canals to farmers as well as the residents and businesses of Phoenix
and Tucson, some of these users are three thousand feet uphill from the
river. That’s a steep ask. Water won’t flow uphill to a height twice that of



the Empire State Building without help from power—and a lot of it. In fact,
CAP is the state’s single largest end user of electricity, generated by the
forty-year-old, coal-fired Navajo Generating Station located on the Navajo
Nation Reservation in Page, Arizona, at the border with Utah, just a few
miles from Lake Powell.

Burning twenty-two thousand tons of coal each day—that’s eight
million tons per year—this behemoth produces 2,250 megawatts of
electricity for Arizona, Nevada, and California. CAP uses about a quarter of
that electricity—and 90 percent of it is required to push all that water uphill.
Locally, the Navajo plant emits dangerous levels of particulate matter and
mercury, affecting residents’ health. Currently, it is among the top ten
sources of global-warming carbon dioxide in the United States. (Almost
two thousand local jobs depend on the plant.) Yet this may all change very
soon. In a surprising move, the four power companies that own the plant
announced they will end operation in December 2019, decades earlier than
expected. Record low natural gas prices outcompete electricity produced
with coal. President Trump says he will bring back coal. Who knows what
this means for the Navajo Generating Station? Burning coal to move water
is antediluvian (rhetorically speaking). Why not cover the CAP canals with
solar panels to generate electricity and reduce evaporation?

Seventy percent of CAP’s 1.5 million acre-feet of water is dedicated to
the state’s agriculture. Hay, alfalfa, and cotton are the leading planted crops
by acreage, and they are among the thirstiest farmers could choose. Flood
irrigation is the common watering strategy. Sprinklers and drip irrigation
use less water but can be an expensive investment. Another option would be
to plant alternate crops. The nonprofit Pacific Institute estimates that
replacing 70,000 acres of cotton with wheat would save 90,000 acre-feet of
water while putting none of these farmers out of business. Keeping all the
alfalfa but switching to more efficient “regulated deficit” irrigation
throughout the entire lower basin could save 800,000 acre-feet per year.
Indeed, agriculture has great potential to reduce its water use but is not
likely to do so without incentive. One could be the Pilot Drought Response
Actions project, a December 2014 agreement between water agencies in
California, Arizona, and Nevada. In Arizona, nine irrigation districts near
Phoenix have already agreed to “forbear,” or give up, 160,000 acre-feet of
water over 2015 and 2016—nearly half of the total amount of water



Arizona is hoping to put into Lake Mead in the first two years. The bulk of
this farm water will come from the Central Arizona Project. The three states
hope to save at least 1.5 million acre-feet of water by 2019. The program is
just the latest result of the ongoing, intense drought contingency plans
among California, Arizona, and Nevada and the Bureau of Reclamation.
Everyone understands the necessity to look beyond the 2007 Interim
Guidelines. This is real progress, given the old Wild West mentality of
combat before compromise. The growing cooperation among the three
states and their water agencies is an important positive sign in the world of
western water.

In California’s far southeastern corner, the Imperial Valley receives just
three inches of rain each year—not much help for growing crops. On the
other hand, the valley’s irrigation district enjoys senior rights, before
everyone else, to 3.855 million acre-feet of Colorado River water. That
abundant and guaranteed water, flowing through the 83-mile-long All-
American Canal, has transformed the brown desert into year-round fields of
green for almost a century. San Diego and L.os Angeles also depend on
shipments of Colorado River water delivered by the 240-mile Colorado
River Aqueduct.

By the late 1990s, California was using more than its allocated share of
the river. This couldn’t go on, and when the Bureau of Reclamation
demanded that the state live within its total designated allocation of 4.4
million acre-feet, the Southern California cities, whose water rights were
junior to the Imperial Valley’s, faced potential reductions. Meanwhile, the
Imperial Irrigation District, which was hogging 85 percent of California’s
rightful share of the water, realized it was vulnerable to cuts. This mutual
concern about future supplies led urban areas and Imperial to begin
negotiations for the grand solution.

In 2003 the State Water Resources Control Board approved Imperial’s
sale of nearly 20 percent of its water to San Diego, the Metropolitan Water
District (greater Los Angeles), and the Coachella Valley Water District
(think Palm Springs and Palm Desert) for up to seventy-five years—the
largest transfer of water rights from agricultural to urban interests in U.S.



history. The so-called Quantification Settlement Agreement belies many
years of legal wrangling. San Diego will eventually receive one-third of its
water from the Imperial Irrigation District, with the district using the
income from the sale (now about $60 million annually) to line canals to
prevent water losses and improve irrigation techniques in order to “save”
the transferred water. Sounds like a pretty good deal—win-win. But as with
all things water, this resolution has one gaping hole or, more aptly, drain.

The backstory begins over a century ago, in 1905, when the original
Imperial canals breached and the water from the Colorado poured into the
Salton Sink just north of the Imperial Valley. This escaped river water
flowed for two years, after which the designation “sink” was no longer
sufficiently descriptive of this reservoir. It was now the Salton Sea—
accidental, shallow (its maximum depth is only 50 feet), sitting at 230 feet
below sea level, and twice as salty as the ocean: the largest lake in
California (almost twice the size of Lake Tahoe) and home to more than
four hundred species of birds, an important stop on the Pacific migratory
bird flyway. During the 1950s, the newish lake was a famous resort
destination, with attractions named Desert Shores and Bombay Beach.
However, the shallow reservoir in the hot desert was extremely susceptible
to loss through evaporation. The only source of replenishment was runoff
from Imperial Valley agriculture, and the 2003 water-transfer agreement
with the big cities required Imperial to provide it, to the tune of 1.2 million
acre-feet per year. (Fallowing fields produced most of this water.)

There are two big catches, though. First, this runoff is loaded with
fertilizer, pesticides, and salts, further increasing the sea’s salinity and
killing fish and waterbirds. When the California State Legislature approved
the 2003 agreement between Imperial and the urban interests, it also agreed
to develop and fund a plan to restore the Salton Sea—and not just as a
wildlife habitat but also for the health of nearby residents. In 2007, the
California Natural Resources Agency recommended an $8.9 billion project.
The stunning price tag for full restoration essentially stalled any restoration.
Even a recent study by the Pacific Institute estimating that continued
inaction could cost up to $70 billion (in reduced property values, public
health costs, and decreased agricultural productivity) over the life of the
2003 agreement could not move the needle. Nothing happened.



Meanwhile, Imperial County (the political entity, not the irrigation
district) sued the district over the negative impacts the water transfers
would have on the Salton Sea. Several environmental groups filed separate
actions. In 2014, the irrigation district went so far as to decree a halt to
future water transfers to San Diego if the state did not abide by its own
agreement to protect the embattled Salton Sea. The following year, the
county and the water district laid down their legal weapons and jointly
developed a $3 billion restoration plan. Much of that money would go
toward boosting geothermal energy development. The lake is home to one
of the world’s most potent geothermal reservoirs, and local officials have
long seen new development as a source of royalty payments to fund long-
term restoration. New geothermal plants would also suppress airborne dust
by covering portions of the exposed lake bed with the power facilities, not
to mention contributing to California’s lauded clean-energy mandate (50
percent renewable energy by 2030). Complicating matters was a 2015
report by the National Renewable Energy Laboratory, a widely respected
federally funded lab in Colorado, suggesting that Salton Sea energy
development could generate far less revenue than previously estimated.
California might need more geothermal plants to meet its goals, but for now
state and federal policies favor solar and wind farms, which are much
cheaper.

The second catch is about the tainted runoff: Imperial’s legal obligation
to provide it ends in 2017. On January 1, 2018, mitigation flows will cease,
causing the sea to shrink more rapidly and hastening the decline of its water
quality. Slowly but surely, more than fifty thousand acres of lake-bed silt
and fine-grain soil particles tainted with farm-field sediments will be
exposed, posing an urgent threat to residents in the Imperial Valley (and the
nearby Coachella Valley as well). Given the persistent desert winds drawn
across this vast playa, the fine airborne dust and toxins will only increase
what are already among the highest rates for children’s asthma ER visits
and hospitalizations in the state.

Foreseeing this eventuality, Governor Brown’s 2016 budget included
$80.5 million for restoring the sea—a pittance compared with the $8.9
billion recommended a decade earlier but a decent start, all things
considered. Private philanthropic foundations are collaborating to raise an
additional $10 million. In March 2017, California released a ten-year, $383



million plan to begin the first phase of restoration. Funding is assured for
only the initial three years, but the upside is significant: the state has
identified a timeline and cost estimate for specific projects. Finally, the
Salton Sea crisis is getting long-deserved attention, and just in time,
because time is running short. (The lack of a restoration plan has affected
drought contingency planning: the Imperial Irrigation District is reluctant to
sign any deal for temporary reduction of Colorado River water supplies
until there is a real strategy to resolve the air pollution and environmental
harm at the Salton Sea. Further hindering these lower basin negotiations,
the Metropolitan Water District of Southern California is reluctant to agree
to cutbacks in its share of the Colorado River supplies until the
Sacramento—San Joaquin Delta issues are resolved and it knows how much
Delta water it will get.)

As is so often the case with water and the West, it’s a complex situation,
but one point is clear: with mitigation flows ending in 2018, California must
act quickly to protect both the Salton Sea and the health of local residents.
Maybe it is time to bring back the decades-old proposal to pipe seawater to
the Salton lake bed from either the Sea of Cortez (also known as the Gulf of
California) or the Pacific Ocean. Both are more than a hundred miles away,
but this old idea of tapping the Sea of Cortez specifically, has a trickle of
new life, because its seawater is already flowing through a canal to the
southern side of Laguna Salada, a barren lake bed twenty-five miles away
and below sea level. Since the north side of the Laguna is still dry,
expanding the canal could fill it. This end of the lake is a mere forty miles
south of the Salton Sea; piping water across the border into the Salton could
work. Since any plausible action regarding the Salton Sea is now more
limited in scope than refilling the lake to its historic levels, such a sea-to-
sea solution might not be a completely insane fantasy.

By the end of the long journey from its snowy headwaters, the Colorado
River is stretched to its breaking point. Just below the spot where the
borders of California, Arizona, and Mexico meet, the Morelos Dam, the last
and final concrete obstruction on the main stem of the river, diverts every
last drop of water for the residents and farmers of Mexicali Valley. The river



simply stops right there. The channel below the dam is a dry, flat bed of
sand. Only in a really wet flood year did the river flow beyond the dam and
reach its delta and the Sea of Cortez. This hasn’t happened since the winter
of 1998, and given the enormous amount of unused storage capacity
upstream in Lake Mead, such an uncontrolled flood may never happen
again.

However, on March 23, 2014, the gates of the Morelos Dam opened for
a onetime release of the river into its former channel. The water flowed for
eight weeks and on May 16 reached the Sea of Cortez for the first time in
sixteen years. Twenty-three miles below the dam, in San Luis Rio Colorado,
once an important port for steamers traveling up the Colorado from the Sea
of Cortez, water flowed once more under the high bridge built decades
earlier to cross the original river. Adults gathered to marvel at a sight they
had never expected to see again. Kids and teenagers played in the river
waters for the first time in their lives. Several adventurers rode that first
pulse of water for more than thirty miles on stand-up paddleboards and in
canoes. Pete McBride, five years earlier, had hiked the same route down the
last ninety miles of the dry river channel through choked tamarisk brush,
enduring temperatures of 100 degrees Fahrenheit. Now he was back at the
scene—on his paddleboard.

What was going on with this one-time return of the Colorado River to
its delta? A landmark agreement between Mexico and the United States
known as Minute 319, signed in November 2012, a late addendum to the
1944 treaty that defined how Mexico and the United States would share
Colorado River water in wet and dry years. (Mexico’s official allocation:
1.5 million acre-feet.) Minute 319 allows Mexico to store water in Lake
Mead for future use, comparable to the surplus system available to the
lower basin states under the Interim Guidelines. (Following a 7.2-
magnitude temblor that struck the Mexicali area on Easter Sunday 2010,
creating havoc and damaging hundreds of miles of irrigation canals, the
United States had agreed to store some of Mexico’s water in Lake Mead on
an emergency basis.) Other important stipulations were the return of
158,000 acre-feet of water over five years to the Colorado River in Mexico
and expanded restoration efforts in the delta region. Two-thirds of this new
water would be released in this onetime “pulse flow” mimicking a
springtime flood, compliments of Mexico and the United States. The



subsequent one-third would occur in smaller “base flows” provided by the
Colorado River Delta Water Trust, formed by NGOs Pronatura Noroeste in
Mexico and the Sonoran Institute and Environmental Defense Fund in the
United States. This water would be secured by purchasing rights from
willing sellers in the Mexicali Valley. The cost: $10 million. The Nature
Conservancy, the Redford Center, and the National Fish and Wildlife
Foundation joined the campaign to raise the money. In a mock public
service announcement for this Raise the River campaign, Will Ferrell and
surfer Kelly Slater proposed to Robert Redford that instead of raising the
river, they should move the ocean. In 2016, Raise the River reached the $10
million goal.

Releasing water down the desiccated Colorado River channel, though a
powerful symbol, will not restore the entire delta. The goal is to reclaim
enough water to selectively recreate the delta’s ecosystems—riparian
woodlands, brackish marshes, mud flats—in an evocatively labeled
“emerald necklace of biodiversity.” The base flows purchased from
Mexicali irrigation canals will be channeled directly to the restoration sites
instead of using the former riverbed. The first of these is about ten miles
downstream from the Morelos Dam, near the community of Miguel
Aleman, where the invasive salt cedar that thrives in dry sandy areas was
removed from 500 acres chosen as a riparian restoration site because of its
shallow groundwater. Cottonwood and willow seedlings are being planted.
Water piped from an irrigation canal will support these youngsters until
their roots can reach the groundwater. The goal is to plant one hundred
thousand native trees by 2017. By the end of 2015, just over forty thousand
trees were planted. Farther downstream at Laguna Grande, rich riparian
habitat and marsh now replace 160 acres of the dry salt cedar stands. The
planted native vegetation, nurtured by the base flows, supports abundant
birds and wildlife. The Sonoran Institute hopes to restore 750 acres total
and create the densest stand of native vegetation on the Colorado River in
Mexico.

As it happens, the largest wetland in the delta region was an accidental
creation. In the 1970s, when salty wastewater from Arizona degraded the
quality of the Colorado River water delivered to Mexico, the Bureau of
Reclamation built a sixty-mile canal to send the water straight into the delta
instead. Today the result is La Ciénega de Santa Clara, a 40,000-acre



wetland surrounded by vast stretches of barren, desiccated mudflats. These
cattail and bulrush marshes and lagoons now receive a little over 100,000
acre-feet of the water per year from that canal. It is a major stopover for
migrating waterfowl. Now this inadvertent oasis is threatened, because the
irrigation wastewater destined for La Ciénega de Santa Clara flows past the
Yuma Desalting Plant. Completed in 1992, this plant operated for nine
months at one-third capacity until a flood shut it down. It stayed that way
for seventeen years. In 2010, the Bureau fired it up at one-third capacity to
find out whether it could be recommissioned, which would be bad news for
La Ciénega. Instead, good news: running the legacy plant was very
expensive, $16 million for the ten months of operation at 30 percent
capacity, or almost $500 per acre-foot. And the facility needs $25-$50
million of upgrades as well. The economics of the project are questionable
at best; for now, the irrigation wastewater continues to bypass the plant and
instead sustain the marshes, lagoons, and waterfowl of La Ciénega de Santa
Clara. That plant should be permanently mothballed.

Just as mitigation flows from the Imperial Valley to the Salton Sea are
scheduled to cease on December 31, 2017, causing all manner of problems
for the Salton Sea, the return of Colorado flows in Mexico stipulated by
Minute 319 are scheduled to end on the same date. Given the early
successes with the restoration projects, and the fact that extending the
agreement would continue Mexico’s right to store water in Lake Mead—
propping up the lake’s level to prevent triggering water curtailments—there
are reasons to hope that the agreement will be extended through 2026. On
the other hand, President Trump’s immigration policies and his pursuit of a
border wall could prove a huge obstacle in these negotiations. We shall see.
Right now, we know that sharing water in the desert Southwest between all
parties—urban populations and irrigated agriculture—when climate change
may further decrease water supplies is a tall order. Minute 319 and the
several agreements among the competing jurisdictions to the north light the
way forward to a new era, with collaboration replacing competition and
litigation in allocating water in the American West.



Dammed Salmon, Damned Dams

In the twentieth century, dams civilized the American West. Hoover, Shasta,
Grand Coulee, Bonneville, and Fort Peck (in Montana)—all built in the
1930s—are edifices of enormous proportions: engineering masterpieces and
symbolic achievements. Hundreds more went up in the 1950s and 1960s,
none quite as ambitious as the earlier ones. They brought irrigation,
electricity, and eventually millions of people. And they wreaked havoc on
the environment. On this front, the twenty-first-century news is, perhaps
surprisingly, pretty good in one respect but very bad in another. The
century-old passion for building large dams with colossal government
subsidies to entice farmers and ranchers to settle arid lands and make the
desert bloom (and cattle multiply) is finally over. Huge construction
projects subsidized almost entirely by the federal or state government are
financial relics from our profligate past. Besides, the best sites—narrow
river canyons with stable geology in unpopulated areas—are already taken.
This is good news. On the other hand, the ongoing impact of the existing
dams on the future of wild salmon is dire indeed.

To be fair, dams and their reservoirs do permit unimaginable numbers of
people to inhabit forbiddingly arid regions—and floodplains, for that
matter, where big cities would be washed away without upstream
protection. Sacramento, for example, sits on the banks of the Sacramento
River. In 1862, before the first dams and levees, during the wettest
California winter on record (until this year), the Sacramento was wider than
the eye could see—thirty miles wide. But the protection systems built to
move such floodwaters rapidly to the ocean are now, when every drop of
fresh water is precious, obscenely out of date. The extreme high tides and
larger winter storms caused by climate change will further test the limits of
this twentieth-century infrastructure. In fact, it’s already happening. The
record-breaking snow and rain in early 2017 pushed at least two dams in
California beyond their limits. One story was local. At Anderson Dam,
above San Jose, heavy rain filled the reservoir, and water thundered over its
spillway, flooding parts of San Jose along Coyote Creek. Ten thousand
residents evacuated. (This dam sits next to the Calaveras Fault, which has a
26 percent chance of causing a large earthquake by 2043, according to the



USGS. Because of this seismic vulnerability, the reservoir is not supposed
to exceed 68 percent of its storage capacity.)

The other story was big news nationally, even internationally: At
Oroville Dam in the Sierra Nevada foothills, seventy-five miles north of
Sacramento, high water releases caused the main spillway to fracture in
two. At 770 feet, the dam is the tallest in the United States, and Lake
Oroville above it is the state’s second-largest reservoir—and the linchpin in
the State Water Project that delivers water to 25 million Californians and
thousands of acres of agriculture. In first weeks of 2017, Lake Oroville
received record water inflows thanks to an exceptional series of back-to-
back Pineapple Express storms. In order to create space for future inflows
into the lake, dam operators were obliged to send water down the spillway.
Half a mile long and as wide as a fifteen-lane freeway, this concrete channel
runs from the top of the dam down to the Feather River. The crisis started
with a pothole, albeit a big one, the size of a football field. With as much as
one hundred thousand cubic feet of water per second (that’s more than the
volume of Niagara Falls) being released from the lake to control its level,
the surge over several days severed the structure in two, blew out a good
section of the spillway’s right wall, carved a gaping ravine next to the
spillway, and propelled a huge volume of mud and rocks into the Feather
River. Initially, the biggest threat was to the state fish hatchery, which raises
half the salmon caught off the California coast. It was only four miles
downstream. Millions of salmon and steelhead could have been killed by
that extremely muddy oxygen-deprived water. In forty-eight hours,
managers rapidly evacuated five million juvenile salmon to another facility
downriver. Next, the Butte County sheriff, fearing failure of the emergency
spillway, which would release a wall of water thirty feet high, inundating
Oroville, Marysville, and Yuba City downstream, ordered 188,000 residents
to flee for higher ground. Luckily that flood never occurred because dam
operators reopened the damaged main spillway and there was a fortuitous
break in the weather.

By 2025, 70 percent of the ninety thousand dams in the United States
will be more than fifty years old. Built to less rigorous engineering
standards, they may not withstand large floods or earthquakes. Oroville
Dam'’s concrete spillway is relatively “young”—only forty-eight years in
age. Its potential failure horrifyingly illustrates the risks around the country.



None of the dams in the United States are on the short list of most
dangerous on the planet, but this is not much to brag about: about fifteen
thousand—just under 20 percent of the total—are deemed by the Army
Corps of Engineers’ National Inventory of Dams to pose significant
hazards, including loss of life and serious economic impacts, should they
fail. That’s what did happen at the Teton Dam on Idaho’s Snake River in
1976 and the St. Francis Dam northwest of Los Angeles in 1928.

Sooner or later, every reservoir silts up, and it necessarily follows that
the storage capacity is correspondingly diminished. In California, scientists
estimate that sedimentation has now decreased the state’s reservoir capacity
by 4.5 percent, or 1.7 million acre-feet of water, with about two hundred
reservoirs having lost half their storage. And trapping that sediment behind
dams cuts off the natural flow that would rebuild beaches and wetlands,
increasingly important defenses as sea levels rise. With sufficient
sedimentation, the dam that created the reservoir is not just useless but,
potentially, a threat to everyone downriver. Water plus sediment produces a
more dangerous flood than just water. Exhibit A is—or was—the San
Clemente Dam and reservoir on the Carmel River on California’s Monterey
Peninsula. Out of commission since 2002, it was 95 percent full of mud and
sediment, the equivalent of 125,000 truckloads. Dam safety experts
declared San Clemente a seismic hazard in 1992, more than two decades
ago. In late 2015 the ten-story-high concrete-arch dam was finally removed
—the largest dam removal in the state thus far—to prevent its potential
collapse in the event of a large flood or earthquake.

And what is in all that sediment lodged behind dams over many
decades? Since the discovery of gold in California in 1848, mining
operations have used an estimated 26 million pounds of quicksilver
(mercury) to extract the ore, with 10 million pounds of this toxic liquid
metal washing into streams, rivers, and reservoirs as mining sediment,
virtually all of it in the Sierra Nevada. Could one increase the storage
capacity of these reservoirs by removing and cleaning the sediment to yield
sand and gravel (the gravel could be used to restore salmon and steelhead
habitats), and at the same time finding mercury and even some gold? A
pilot project at the Combie Reservoir on the Bear River, a tributary of the
Feather River, is going to find out.



Decreasing efficiency of water storage and increased risk of catastrophic
failure are two of the issues facing our dams. In the West, the third issue has
become the most pressing of all: the dams are pushing salmon and certain
other species to the edge of extinction. Blocked passage to spawning
habitats and reduced water flows have caused these populations to
plummet. Even dams equipped with fish ladders to help adult salmon swim
upstream may lack measures to get the young fish safely back downstream.
Now drought and climate change make conditions even worse, with greatly
reduced stream flows and warmer water temperatures at critical moments in
the salmon life cycle. Over twenty years ago, the first salmon listed as
endangered was the Sacramento River winter-run Chinook. A few years
later, in 1998, defying the dam-building legacy of his predecessors,
Secretary of the Interior Bruce Babbitt swung the first sledgehammer to
bring down McPherrin Dam on Butte Creek, a Sierra Nevada stream. It and
three other dams on the creek were the first in the West ever removed solely
for the sake of salmon. One day after the McPherrin event, Babbitt
unpacked his sledgehammer in downtown Medford, Oregon, to breach Bear
Creek Dam, the first removed in the Pacific Northwest to protect coho
salmon. Those demolitions were an encouraging beginning, necessary but
hardly sufficient, and progress over the last three decades has been spotty.
The fish continue to face myriad challenges in their struggle for survival.
Nearly 30 percent of the populations of six species of salmon are gone.
More than a third of the remaining species—seventeen Chinook, coho,
sockeye, and chum salmon; ten coastal steelhead—are federally listed as
threatened or endangered. A new report predicts that if we let current
conditions continue, California will lose 45 percent of its salmon and
steelhead in the next fifty years.

Logging, livestock grazing, and diversions for irrigation have wrecked a
lot of spawning habitat, but this loss is not the only problem. In watershed
after watershed, much of this habitat is still usable if not exactly thriving.
It’s just that the fish can no longer reach it. In the Columbia River basin in
the Pacific Northwest, more than four hundred dams without fish ladders or
other attempts to improve survival prevent salmon and steelhead from



reaching 40 percent of their original habitat. In California, more than 80
percent of the spawning “reaches” that salmonids accessed in the old days
—before the gold rush—are now blocked by impassable dams. To save
salmon, we must leave more water flowing in rivers and streams. We must
also dismantle some dams.

Additionally, the water in the creeks and rivers must be the right water,
good and cold. In 2016, the National Marine Fisheries Service (now labeled
NOAA Fisheries) reported that only 3 percent of the Sacramento River’s
winter-run juvenile salmon survived the overly warm water below
California’s Shasta Dam. A year earlier, 5 percent survived. (In 2011,
before the drought began, 41 percent of the juveniles survived.) And these
abysmal survival rates are for those juveniles reaching the Red Bluff
Diversion Dam, which is not their ultimate destination. They have another
160 miles to go before arriving at the Sacramento—San Joaquin Delta and
eventually the Pacific Ocean. NOAA Fisheries estimates that only 1 percent
will make it all the way.

Federal law requires the U.S. Bureau of Reclamation to hold enough
water behind Shasta Dam to release cold flows critical to successful salmon
spawning in the Sacramento River. In 2014 and 2015, the Bureau failed to
do this. The first year’s disaster was blamed on a faulty temperature sensor,
which somehow was not correctly remedied by the following year. Another
issue was significant deliveries to holders of senior water rights in the upper
Sacramento Valley. These virtually mandatory diversions diminished the
cold water behind the dam. The Bureau responded by revising its Shasta
temperature management plan twice in 2016, limiting releases in order to
preserve cold water for the winter-run Chinook. We can only hope these
efforts succeeded, because 2016 was a critical year. Since the fish spawn on
a three-year cycle, a third year of unusually warm and shallow water could
essentially end the winter-run Chinook.

With extinction of the winter-run Chinook a strong possibility, fishery
managers were forced to restrict the ocean fishery in 2016. While fishermen
on the ocean mostly catch the relatively abundant fall-run, hatchery-raised
fish, wild winter-run salmon also swim in the same waters. Imposing tighter
restrictions on all salmon fishing in Northern California waters is therefore
necessary to ensure that the endangered fish are not eliminated. The 2016
cutback threw the coastal fishing economy, already reeling from the closure



of the Dungeness crab season due to dangerous levels of the neurotoxin
domoic acid, into further turmoil. Unfortunately, the 2016 restriction was
not the first of its kind. Eight years earlier, managers had closed commercial
and recreational salmon fishing in California and Oregon due to the sudden
collapse of the Sacramento River Chinook salmon and the poor status of
coastal coho salmon. In preceding seasons, eight hundred thousand Chinook
were typically caught. The devastating economic impact of the closure
caused the three West Coast governors to ask for $290 million in disaster
relief. Congress responded with $170 million. Salmon fishing season was
closed again in 2009. Since initial estimates for 2017 salmon populations do
not look good, fishing limits are in some areas even stricter this year than
last, especially for the Klamath River. A second double whammy for the
fishermen in less than a decade? That’s a crisis. Imagine farmers’ outrage if
they had to shut down their entire operations and fallow their fields for two
years in a row.

To save salmon, we must certainly leave more water—cold water—flowing
in rivers and streams. But dams are equally the problem. Is it a coincidence
that Butte Creek, where Bruce Babbitt initiated the demolition of the four
dams, is now one of only three Sacramento tributaries that still harbor a
sustaining population of spring-run Chinook and indeed has the largest run
in California? Hardly. The demolition of the dams is the reason. In 1999, a
year after those dams were dismantled, removal of the Edwards Dam on the
other side of the country opened Maine’s Kennebec River from the city of
Waterville to the sea for the first time in more than 160 years. Migratory
fish immediately returned in astonishing numbers, including two million
alewives. As mentioned, in California the seismically dangerous San
Clemente Dam was fully demolished in late 2015. In 2016, the Old Carmel
River Dam, a thirty-two-foot-high structure less than a mile downstream
from the San Clemente Dam, came down. The two actions have literally
opened the way for the threatened central California coastal steelhead.
Within months, steelhead redds (spawning nests) appeared for the first time
in nearly a century.



The largest dam removal project in the world has transformed
Washington’s Elwha River, which runs forty-five miles, from the temperate
rainforest in Olympic National Park to the Strait of San Juan de Fuca,
before flowing into Puget Sound. For nearly a century, two dams on the
river, the Elwha Dam (108 feet high) and Glines Canyon Dam (210 feet
high)—built in 1910 and 1926, respectively—provided electricity to the
booming lumber mills in nearby Port Angeles. They also blocked the native
salmon runs essential to the culture of the Lower Elwha Klallam Tribe,
which argued to no avail that its fishing rights, granted long before the
construction of the dams, were useless because the dams had eliminated the
salmon. Over time, as adequate, affordable electrical power came online
from other sources, the primary need for the dams dwindled, and the Elwha
tribe and sympathetic environmental groups began advocating for
restoration of the river and its salmon runs. Responding to their petitions,
Congress passed and President George H. W. Bush signed a law in 1992
allowing the federal government to buy the dams and study the feasibility
of their removal. Finally, two decades later, in September 2011, President
Barack Obama’s Secretary of the Interior Ken Salazar, members of the U.S.
Senate and House, Washington governor Christine Gregoire, tribal leaders,
and other supporters gathered for a ceremony to mark the beginning of the
restoration of the free-flowing Elwha. A mere six months were required to
remove the dam (a four-minute time-lapse YouTube video documents the
job). The neighboring Glines Canyon Dam was gone by August 2014, and
almost three years to the day from the ceremony, the Elwha River ran freely
to the sea. Tons of silt trapped behind the dams flowed downstream to
nourish the river mouth and create seventy acres of new beaches. Salmon
returned to the upper reaches of the Elwah for the first time in a century.

In October 2011, the 125-foot tall Condit Dam on the White Salmon
River, one of the last tributaries to the Columbia River in southwestern
Washington, was breached to restore a salmon river, and six months later
the twelve-story structure was gone. In Oregon, the Rogue River now runs
freely for 157 miles to the ocean after four dams were removed between
2007 and 2010. The Sandy River, a tributary of the Columbia that flows
through Portland, lost three dams between 2007 and 2013. Now four dams
on the lower Snake River in southwest Washington may be up for
demolition because a federal judge has found the government’s plan fails to



protect the river’s salmon and steelhead and must be overhauled, including
consideration of the removal of the dams. Eliminating them would open
thousands of miles of historic salmon habitat in Idaho, high elevation cold-
water reaches that would be critical as our climate warms.

From Washington to Maine, dams are coming down, and the river-
protection group American Rivers is keeping score: 1,300 demolished
altogether, over 800 in the last fifteen years, 430 since 2010. There cannot
be too many brought low, nor too soon. Dan Beard, commissioner of the
U.S. Bureau of Reclamation under President Bill Clinton, has even called
for tearing down Glen Canyon Dam in Arizona (as well as abolishing the
Bureau of Reclamation itself). A provocative gesture but likely to remain
just that, a gesture. Also unlikely to come down is Hetch Hetchy in
Yosemite, though good arguments for removal have been made in both
cases. These gargantuan dams will likely remain in place, but removing
smaller dams—especially on salmon rivers—is more politically plausible
and makes better sense in economic terms. The successes result from
decades-long struggles through negotiation, litigation, financing, federal
dam relicensing and congressional sparring. These endeavors bring together
federal and state government agencies, elected officials, local property
owners, farmers, ranchers, power companies, commercial and recreational
fishers, native tribes, and environmental organizations. Imagine getting that
crowd to agree on how to change a lightbulb, let alone how to take down a
dam. And yet it’s happening.

Sometimes it’s not even necessary to demolish the concrete. The
nation’s most ambitious salmon restoration project will not remove a single
dam, but, if successful, will be an equally iconic achievement. The subject
is the San Joaquin River, the longest in central California. Originating high
in the southern Sierra Nevada, the San Joaquin once supported one of the
state’s largest salmon runs. Then the World War II—era Friant Dam, near
Fresno, designed for irrigation purposes, dried up sixty miles of the river
and wiped out the spring- and fall-run Chinook. In the late 1980s,
environmental organizations, led by the Natural Resources Defense
Council, sued the Bureau of Reclamation and the Friant Water Users
Association to restore flows to the dewatered stretch of river in order to
boost the dwindling salmon populations. The lawsuit was finally settled in
2006, with a plan to refill the dry riverbed and restore it to a more natural



condition all the way to its downstream confluence with the Merced River,
provide fish passage around dams and canals, thereby reviving the salmon
runs, all while minimizing water supply impacts on Friant farmers
(deliveries reduced by only 15 percent, on average). In 2009, Congress
approved the settlement and set in motion the San Joaquin River
Restoration Project. Restoration flows were to commence in 2014. In the
early stages of the job, the reintroduction of salmon would depend on the
work of reclamation and state biologists who would truck the adults
upstream across sections they could not navigate, then three to five months
later capture and truck their offspring downstream to locations from which
they would have a fighting chance of swimming to the sea. Successful
completion of the project was originally anticipated by the end of 2016,
with the dry river restored, the salmon reviving and then thriving.

But the timing for the restoration turned out to be terrible. The impact of
the statewide drought became overwhelming everywhere. No water was
released for the San Joaquin restoration in 2014 or 2015. Facing reality, the
federal and state government agencies implementing the settlement
extended the deadline for restoration to 2030 and revised the estimated cost
from $1 billion to $1.5 billion. As the drought made water supplies less
reliable for the San Joaquin Valley farmers who signed the settlement, the
restoration project lost even their minimal support. The big rains during the
2016-2017 winter may help, at least in the short term, because water-filled
floodplains provide juvenile salmon an endless buffet of nourishment and
protection from predators. Moreover, the restoration could be at a turning
point with construction for a key bypass for salmon around the Mendota
Pool, a major diversion point for irrigation, starting this year. Ultimately,
though, it remains to be seen if this audacious restoration of a living San
Joaquin River and its salmon run will be God’s work or a fool’s errand.

This brings us to the notorious saga of the Klamath River salmon fishery.
Recent battles in this watershed epitomize the head-on collision of
twentieth-century water policy with twenty-first-century environmental and
economic reality. The Klamath flows 263 miles southwest from the high
desert of southern Oregon, through the redwoods in Northern California, to



the Pacific Ocean. The river is a main migration highway for salmon and
steelhead from the ocean to their spawning grounds. Historically, this was
the third most productive salmon system in the United States, after the
Columbia and Sacramento rivers. In its long-lost natural state, the upper
river basin was largely marshes and wetlands—magnificent waterfowl
habitat. Then, in the early twentieth century, the Bureau of Reclamation
followed its operative template like elsewhere in the West and began
constructing dams to provide low-cost power to irrigators and canals to
divert water to the farms and rangelands in south central Oregon and north
central California—180,000 acres of grain, alfalfa, onions, potatoes,
horseradish, and cattle. The resulting six dams are now owned and operated
by PacifiCorp. The irrigators’ very first contract with the project bestowed
electricity on them at the very generous cost of 0.6 cents per kilowatt-hour.
In 1956, the rate was renewed at that same price for another fifty years.
With the contract nearing its end at the turn of the century, the average
statewide price for electricity in California was about 10 cents per kWh. In
Oregon it was just under 5 cents per kWh. In both states, the Klamath
farmers and ranchers were getting their water and electricity almost for free,
and almost in perpetuity.

The Klamath dams, ranging in height from 33 to 173 feet, quite
effectively make the upper river and its tributaries inaccessible to Chinook
and coho salmon. They have also hurt water quality. In the summer,
stagnant pools of warm water behind the dams become a breeding ground
for algal blooms of cyanobacteria, which form huge, sickeningly green mats
in the reservoirs. Even an uncaring bystander realizes that this scene can’t
be right. Finally, the largest single tributary to the Klamath, the upper
Trinity River, had been virtually removed from the Klamath drainage in
1963, when construction of the Lewiston and Trinity dams diverted 90
percent of its flow to the Sacramento River and Central Valley Project.

In the spring of 2001, following two years of drought, the Bureau of
Reclamation moved to protect endangered and threatened fish species by
closing the head gates to a major irrigation canal, shutting off water to 90
percent of the farmers in the Klamath Basin. Farmers and ranchers
unsuccessfully fought the Bureau’s uncharacteristic move in court and then
took matters into their own hands, literally. In a “made for media” moment,
more than eighteen thousand outraged farmers, ranchers, and their



supporters held a symbolic bucket-brigade protest in Klamath Falls,
Oregon, passing buckets of water from the Upper Klamath Lake to the main
irrigation canal. Four times that summer, this alliance turned the water back
on, using wrenches and even a chainsaw and blowtorch. Four times local
authorities stood by passively. Four times U.S. marshals and other federal
agents showed up to shut the canal. And then this intense Old West frontier-
style battle petered out as the irrigation season waned and the horrific
September 11 terrorist attacks changed the world forever.

The next spring, Secretary of the Interior Gale Norton presided over a
ceremony at Klamath Falls to restore full irrigation to farmers, angering the
salmon fishing industry, Native American tribes, and environmentalists.
That fall, thirty-three thousand salmon perished from gill rot due to low and
warm water levels, the largest die-off ever in the West. Four years later, in
2006, the power contracts that guaranteed irrigators dirt cheap electricity
were finally, after fifty years, up for renewal. PacifiCorp proposed a tenfold
increase in the price. Suddenly the electricity provided by the Klamath
dams wasn’t such a good deal. The following year, the Federal Energy
Regulatory Commission (FERC) ruled that fish ladders must be built on the
Klamath before the dams could be relicensed—and these were estimated to
cost as much as $100 million more than the cost of dam demolition and
purchasing replacement electric power. PacifiCorp had to seriously consider
whether continuing to operate the dams was good for its bottom line. With
electricity prices slated to increase dramatically, the Klamath farmers and
ranchers also had good reason to reassess whether the dams were worth it.
Of course the local tribes and the commercial salmon industry had wanted
the dams removed for many years.

In frustration and desperation, a large number of these long-time
adversaries began several years of prolonged, hard negotiation to see if they
could resolve the Klamath crisis—and they succeeded. In 2010, the parties
ended a century of bitter acrimony and actual conflict by signing two
historic agreements, including the largest dam removal agreement in
American history. The lower four of the six Klamath dams would be
demolished, opening up hundreds of miles of salmon habitat. (The
demolition deadline was 2020, giving PacifiCorp a decade to assess a 2
percent surcharge on its electricity customers to cover removal costs.) The
farmers would give up some of their irrigated water in return for guaranteed



smaller diversions, the river would be rehabilitated, and salmon would be
reintroduced in the river’s upper reaches. In dry years, water would be
shared. These landmark agreements did not resolve all Klamath matters.
Some ranchers in the upper Klamath Basin, one tribe, and several
environmental groups were not in support, and the agreements needed
congressional approval, not an insignificant challenge. Perhaps
unsurprisingly, Congress failed to act on the agreements. Then, in 2013,
another water shortage forced some of those non-supporters to reconsider.
(This was part of the big regional drought that brought low the San Joaquin
restoration.) And then, at almost the same time, an all-important legal ruling
changed everything.

Like so many of the big rivers, including the Colorado, the Sacramento,
and the San Joaquin, the Klamath is overallocated on paper. When water is
insufficient to fulfill the numbers, senior water-rights holders get their share
and juniors can be cut off. In March 2013, after thirty-eight years of
adjudication, Oregon recognized the Klamath Tribes—the Klamath, Modoc,
and Yahooskin people—as the most senior water-rights holders for “time
immemorial” in the upper Klamath Basin. Stunned ranchers in the upper
basin had believed their claims were senior. In June the tribes, fearing the
drought would decimate their traditional fishery of endangered Lost River
and shortnose suckers, exercised their rights to keep their water in the lake
and upper tributaries. For the first time since the settling of the region in the
late nineteenth century, hundreds of upper basin cattle ranchers and other
junior water users, including federal wildlife refuges and parks, were cut
off. Even Crater Lake National Park in southern Oregon was forced to truck
in drinking water for campers. Ron Wyden, the three-term U.S. senator
from Oregon, and members of Oregon’s congressional delegation called for
a new task force of the key parties to bring the ranchers into the agreement,
reduce the overall costs, and solve the water crisis once and for all (as if
water crises are ever resolved once and for all). The resulting April 2014
agreement required the ranchers to cut irrigation from the Klamath
tributaries by thirty thousand acre-feet a year—entailing the retirement of
20-30 percent of their land. (Any larger land retirement might ruin the
ranching economy.) In return for these concessions, the remaining ranchers
would enjoy the security of knowing that under most conditions they’d
receive enough water to continue operations.



Oregon’s senators Wyden and Jeff Merkley and California’s senators
Dianne Feinstein and Barbara Boxer introduced legislation to authorize the
agreements. Republican representatives Greg Walden of Oregon and Doug
LaMalfa of California led the opposition, because they opposed any and all
dam removal. Regrettably, the opposition prevailed in 2014 and then again
in 2015. The agreements expired at the end of that year. Without
congressional action, the years of negotiation seemed in vain.

Then, through surprising maneuvers, the supporters got the dam
removal and restoration project back on track through means that did not
require congressional approval. In an April 2016 ceremony at the mouth of
the Klamath River, complete with salmon baking over a beach campfire,
Secretary of the Interior Sally Jewell, Oregon governor Kate Brown,
California governor Jerry Brown, NOAA administrator Kathryn Sullivan,
and Stefan Bird, the CEO of PacifiCorp, signed an agreement to
decommission the four dams through the FERC administrative process.
PacifiCorp will provide $200 million from its surcharge on customers, and
California will provide $250 million from its 2014 water bond. No further
federal expenses will be necessary. Maybe, finally, the Klamath River and
its salmon populations will go forward to their past glory. But the dams
don’t come down until 2020. With the new Trump administration, where
everything environmental is being reconsidered, if not reversed, the
Klamath could be in danger again.

Those opposed to the Klamath dam removal have sympathizers
throughout the West. Dams always have their evangelists and probably
always will. Certainly the current drought (this winter’s floods
notwithstanding) makes dams and their reservoirs more appealing to those
continually seeking more water storage. Right now, politicians and farmers
in California’s Central Valley, emboldened by the record precipitation of
2016-2017, are pursuing two new dams: Sites in the Sacramento Valley and
Temperance Flat above Friant Dam in the San Joaquin Valley. These
Central Valley dams would be expensive propositions, each now estimated
to cost from $3 billion to $4 billion, and the users of the water would have
to finance almost the entire construction, with the resulting water
exponentially more expensive than today’s going rates. These proposals
will be subjected to financial, environmental, and political scrutiny unlike
anything encountered by the old-time dam boosters. A far, far cheaper water



storage option in times of torrential precipitation is groundwater recharge
using expanded floodplains. These dams will probably never be built. I’11
go further: any new dam that someone somewhere is busy dreaming about
definitely should and probably will remain just that—a dream. Besides,
Oroville Dam’s epic spillway failure is a wake-up call: we should fix the
dams at risk of failure now rather than build new ones. Rebuilding the
spillways and other repairs at Oroville will likely cost over $500 million.
San Luis Dam, the earthen dam in Merced County that provides crucial
storage for California’s state and federal water projects, has long been
acknowledged to risk failure in an earthquake. If we really need more
storage, maybe we should raise its height during the required seismic
retrofitting. Governor Brown included this project in his latest list of key
infrastructure projects submitted to the National Governors Association.
But repairing an existing dam is nowhere as exciting as building something
new and humongous.

The old dams were built for irrigation, urban water supply, flood
control, and power generation. In the twenty-first century, we can achieve
all these without erecting dams. Urban users are reducing their water use.
Farmers could conserve much more, with proper incentives. Clean energy
—solar, wind—can supply electricity. (Yes, hydroelectricity is also
renewable, but the required dams on big rivers cause significant
environmental destruction.) Groundwater recharge basins and expanded
floodplains along rivers will protect against floods, store water, and
improve wetland habitats (especially for young salmon). In the American
West, building new dams is antiquated, nor would new reservoirs make it
rain or snow.

California: Wetter Wets and Drier Dries

In early 2017 a phalanx of superwet storms walloped California. These so-
called Pineapple Expresses saved the state from entering a sixth consecutive
year of drought. Cause for celebration, but with this all-important
qualification: full reservoirs and a healthy snowpack do not and cannot end



the state’s continual water woes. Nor does this winter erase a five-year
drought or reverse the long-term decline in groundwater, a critical supply,
especially during drought. California enjoys a Mediterranean climate,
complete with the most variable rainfall, year to year, in the entire nation.
Rain simply does not fall from May to December, and in much of the state
one-third of all precipitation falls in only five to ten wet days in the winter.
Debilitating droughts are guaranteed. Some will be short, as in 1976-1977,
some lengthy, as in 1987-1992 and, of course, this most recent one.
Meanwhile, California’s thirsty population has almost doubled in just four
decades, from 22 million to close to 40 million, and the even more thirsty
agriculture industry has doubled its acreage planted in almond and pistachio
orchards and vineyards, which require water permanently and cannot be
fallowed during droughts.

Climate change does not cause California’s droughts, but it has certainly
made their repercussions far worse. The water storage and distribution
system, built in the generally wet twentieth century, depends on a large
snowpack remaining high in the Sierra Nevada into mid and late summer.
The latest research predicts the snowpack throughout the West could fall by
60 percent in the next thirty years. In what were considered normal years,
the snowpack supplied about 30 percent of California’s water. With warmer
temperatures (2014 was the warmest year on record in California, followed
closely by 2015 and 2016) snow melts faster and therefore earlier in the
mountains; more precipitation comes as rain, not snow; and water
evaporates faster from plants, soil, rivers, and reservoirs. Climate change
will also cause more precipitation to occur in extreme events. Extreme
droughts followed by extreme storms—basically what happened in the
2016-2017 winter. Rather than recharging underground water supplies,
precipitation could be lost as runoff or, worse, from big storms as floods. So
even if precipitation stays at “normal” levels, the water system will be
under ever-increasing pressure.

Fighting for control of water has been a habitual way of life since
California’s earliest days. The few moments of progress have been spurred
by droughts. The most recent episode—and the likelihood of a new era of
the “forever” drought, functionally speaking—has been a critical
opportunity to dramatically change our past habits and contentions, and
replace them with bold revisions. And it did happen. Standing under a



cloudless sky in a High Sierra meadow, Governor Jerry Brown ordered
California’s first ever mandatory rationing of water in April 2015.
Typically, on that date five feet of snow would have covered the ground.
Instead, the scene was brown, because that was the fourth year of the most
severe drought in twelve hundred years. Emergency regulations required all
urban areas to reduce water use by 25 percent on average. And the
extraordinary measures succeeded. Californians replaced their old,
inefficient toilets, faucets, and showerheads with state-of-the-art low-flow
devices, and they cut back on watering their verdant lawns (during the
summer, at least half of urban water use is outdoors). In sum, they
decreased their water consumption by 26 percent from 2013 levels. Quite
astonishing. In less than a year, from June 2015 through April 2016,
Californians saved 1.43 million acre-feet of water—more than any
imaginable new reservoir could store. They “produced” that water at
virtually no expense, and billions were not spent on new dams and
reservoirs.

But then came one—just one—winter of nearly normal precipitation,
mostly in the northern regions, and the governor and State Water Resources
Control Board (SWRCB) instantly executed an about-face and retreated
from the brief regime of responsible conservation. Most of the state’s
citizens had willingly done their part to deal with the drought and had
accepted the wisdom of the conservation measures, but the regulators
couldn’t withstand pressure from the utilities that sold water to these
customers. The utilities had a point: conservation had dramatically reduced
revenues but not their overhead costs, including staffing, water treatment,
pipeline maintenance, and debt obligations. Post-rationing, the water
merchants were allowed to set their own consumption targets based on their
own estimates of future shortages. Eighty-four percent of them, including
utilities in Los Angeles, San Diego, Sacramento, and Fresno, jettisoned all
water restrictions. Conservation target: zero. After last year’s exceptional
rain and snow, the SWRCB ended, in April 2017, the requirement for even
these self-determined conservation targets. The so called “emergency
drought” measures that remain in effect do little more than prohibit
watering your lawn during or immediately after it rains or hosing down
your sidewalk.



As we have seen, the drought has produced cooperation and progress
among the competing interests in the Colorado River basin, including those
in Southern California, but given this second consecutive wet winter, what
hope is there for the state as a whole? Perhaps the entire state can get on
board—and not just for nine months. Who knows? California could even
revert to stricter rules for water use, because most leaders finally do
recognize that one or two good years of rain and snow do not change the
big picture. Weather predictions for El Nifio wet or La Nifia dry conditions
don’t really matter any more. Climate change is the new normal, and there’s
nothing normal about it.

Changing urban conservation practices will help with the ongoing water
predicament—installing new household water-saving devices and reducing
landscape irrigation—but they won’t fix it, not when agriculture uses four
times more water: 80 percent of the total. Another way to think about the
issue: the same 80—20 usage ratio between agriculture and urban customers
during the previous major drought (1987-1992) still holds now, but nine
million more people live in the state. Per capita urban use has declined
dramatically while the total water use by agriculture has remained steady.
The public, including all those suburban dwellers skimping on their
lawns, has not missed this fact. The “ag” sector is clearly in the public eye.
Which crops use the most water? Couldn’t we just eliminate those? Cotton
and rice were the last century’s “villains,” using considerable amounts of
water while also receiving federal subsidies. Cotton production in
California is down by more than two-thirds in just the last ten years. Rice
acreage decreased nearly 20 percent in the last ten years. Recently, almonds
became the new poster crop for wanton water use; we hear that it takes a
gallon of water to grow one nut. Alfalfa also tops the list of worst guzzlers.
In the most simplistic terms, these allegations are true, but the reality on the
ground is more complicated, as always when the subject is water. Take rice.
The flooded rice fields in the upper Sacramento Valley provide critical
waterfowl] habitat on the remnants of the vast Pacific Flyway, and the Nigiri
Project, named for the sushi morsel, is demonstrating that juvenile salmon
fatten up on aquatic bugs in the flooded rice fields and are therefore more



likely to survive in the ocean and return to spawn. Moreover, the water on
these fields either recharges groundwater or is released to the Sacramento
River for downstream users. Or take almonds. California’s production
almost doubled between 2003 and 2015, to an estimated 1.1 million acres.
Most of that new planting is in the southern Central Valley—Fresno,
Merced, Kern, and Madera counties, where water availability is already
extremely challenged. As water became more precious, growers were
naturally “incentivized” to switch to crops that generate more revenue. In
2015, roughly the same acreage was planted in almonds and alfalfa, but the
market value of the nuts was $5.3 billion, against only $1 billion for the
alfalfa. This is why the more thirsty almonds were being planted even in the
drought.

On a per-acre basis, alfalfa uses more water in California than almonds
and pistachios combined, so it should be the crop to kill during a drought.
However, alfalfa is excellent dairy feed, and California is the leading dairy
state in the nation, producing nearly 20 percent of the U.S. supply in 2015.
More to the point, dairy’s economic value of $6.3 billion topped all the
state’s other crops individually. Alfalfa uses so much water because it is
harvested as many as ten times in California’s warm year-round growing
season, but turn off the water and the plant does not die. It just goes
dormant. Turn the water back on and the crop comes back strong, and
quickly. If farmers think their water supply might be curtailed, alfalfa is a
great crop. It also enriches the soil by nitrogen fixation and provides habitat
for birds and beneficial insects. Almonds (as well as pistachios, other tree
nuts, and grape vines) are permanent crops that cannot survive without
irrigation every year, thereby creating an inflexible hard demand for water
even in the worst drought. Moreover, they generally require three to five
years of growth before producing decent yields.

Looking at the bottom line, almonds may well make more sense.
Looking at drought possibilities, alfalfa may prevail. In any event, calling
out one crop or another will not solve the drought. Nor is any state or
federal regulatory agency going to tell farmers what to plant. That’s just un-
American. We have free markets! But of course we don’t have free markets.
With its continuing inequities in water rights and costs, California’s
incessantly adjudicated scheme for distributing water is a far cry from a free
market. Water rights have a pecking order, based on seniority and type of



use. The oldest claims date to the gold rush era, when miners sucked water
from streams to blast gold out of the Sierra Nevada foothills. The mayor of
San Francisco assured his city’s legal right to water by tacking a
handwritten notice on a tree next to the Tuolumne River in 1902. Any
individual who started diverting or “appropriating” water prior to 1914 has
a senior water right. Those with later junior rights are the first to lose water
in times of shortage. This hierarchy was not a problem when there was
enough water for all. But the recent drought resulted in unprecedented
water cuts for agriculture that were not equally shared. In 2014 and 2015,
the Central Valley Project (CVP), the federal water management project
under the supervision of the Bureau of Reclamation, delivered 40 percent
and 75 percent, respectively, of their contracted amounts to the farmers with
pre-1914 senior rights but nothing at all to almost everyone else—almost
two-thirds of CVP’s contractors.

In June 2015, during the fourth year of drought, after the state had
rationed urban water users and drastically reduced junior agricultural
appropriators, the State Water Resources Control Board was obliged to
curtail the rights of senior holders. This was astonishing news. It had
happened only one other time in history, during the drought of 1976-1977.
Those with rights established between 1903 and 1914 could no longer draw
water in the Sacramento or San Joaquin watersheds or those rivers’
combined delta. Soon thereafter, the water board issued a $1.5 million fine
against the Byron—Bethany Irrigation District, which enjoys a 1914
diversion right, for illegally diverting water for two weeks after the
curtailment order was issued. After delivering that historic fine and
apparently showing some real enforcement muscle, the board dismissed the
entire fine not quite a year later. It still claimed authority to take actions
against senior water rights holders but said that it lacked sufficient data to
legally demonstrate Byron—Bethany’s violations. This brings up a very sore
point among many of the interested parties in the water wars: California
lacks the most basic data on agricultural water usage. Two separate agencies
regulate water use, the State Water Resources Control Board (SWRCB) and
the Department of Water Resources (DWR), but neither has good numbers.
The DWR estimates irrigated crop acreage, and the most recent figures are
from 2010. We don’t actually know how much water the growers are
applying to their fields. We don’t know how much they’re drawing from



rivers and streams or how much groundwater they’re pumping. No wonder
water is always in dispute, especially during a drought. How can you
manage what you can’t measure? That’s like trying to lose ten pounds
without the honesty of a bathroom scale. Good data are essential to solving
California’s water challenges.

In contrast, each of the more than four hundred municipal water utilities
now report average per capita usage every month to the SWRCB, and the
public has online access to that data. In January 2016, this board finally
adopted regulations requiring all holders of surface water rights to report
their diversions. The fifth year of drought made it difficult to argue against
such reporting. On April 1, 2017, the largest water diverters will begin
measuring and reporting diversions. Certainly, better accounting of water
rights, stricter reporting of water use, and more measuring gauges on rivers
and creeks will give regulators a better grasp of the water situation and, we
can hope, more efficient management.

With its arcane system of senior and junior water rights, surface water is not
wholly a free-for-all. It is at least somewhat managed. With groundwater,
unrestrained use has been the rule except in limited areas where the courts
have intervened. Cut off their surface water and “ag” users tap into the
groundwater beneath their fields and pump as much as needed. Wells are
expensive, so alfalfa growers might push the pause button for that
cooperative crop, but with permanent crops, like almonds or grapes,
fallowing is not an option. It’s switch or die. In a typical year, groundwater
supplies 40 percent of California’s total water supply, and during dry years
more than 60 percent, sometimes more. This is an alarming number,
because the groundwater is being sucked up at alarming rates, with nearly
70 percent of the withdrawal in areas categorized by the DWR as high
priority for potential overuse and subsidence, most in the Sacramento and
San Joaquin valleys (combined, the Central Valley). In some areas the
groundwater has dropped fifty feet; in a few, one hundred feet. Agriculture
reigns in every one of these overdrafted areas. Groundwater depletion is not
limited to California: the aquifers in the lower Mississippi Basin and the



Ogallala in the High Plains have diminished considerably in the last
seventy-five years.

We know some of these facts thanks to the work, not of the state’s two
regulatory agencies, but of Jay Famiglietti, a senior water scientist at the
NASA Jet Propulsion Laboratory in Pasadena, who has been working on
ways to study groundwater depletion from space. (Another reason to keep
those satellites orbiting.) Talk about the benefits of cool technology: When
a land area either gains or loses a large volume of water, the change in mass
allows satellites—in this case, the twin GRACE satellites—to detect the
difference in the gravitational pull. Areas with more mass have more
gravitational pull. Using the GRACE readings, Famiglietti and his team
determined that in just the first two years of the most recent drought, the
Central Valley lost eight million acre-feet of groundwater each year, slightly
less than the entire urban and industrial water budget for the state.

Normally, shallow aquifers at depths of, say, one hundred feet are
recharged from rain and melting snow percolating downward through the
soil—though it may take years or decades, depending on the local geology.
As more wells draw more groundwater, water is used faster than it is
replenished. Shallow wells run dry. Digging deeper wells is expensive.
Small communities that rely on groundwater and have no emergency
recourse to storage or connection to other supplies have been hit hard.
Drought caused water shortages for an estimated half million Californians,
with a large proportion located in low-income and disadvantaged
communities served by small water systems. East Porterville, an
unincorporated, predominantly Latino community seventy-five miles
southeast of Fresno, remains the hardest hit by the drought. The wells in
this community of almost two thousand homes started failing in the summer
of 2014. Contamination took its toll as well. (These shallow wells are
polluted with nitrates from agricultural fertilizers.) The Department of
Water Resources completed a new, deeper well over a year later. After
another year, the first homes were connected. By the end of 2017, everyone
in East Porterville should once again—and finally, after three-plus years—
have clean water. Then they will disconnect the temporary twenty-five-
hundred-gallon storage tanks sitting in their front yards, which were
replenished by trucks delivering water for washing and cleaning but not
drinking. For drinking, it has been bottled water, and a lot of it.



Overdrafting groundwater also causes land to sink. There’s less water to
hold it up, literally, and once the land collapses it doesn’t recover.
Fortunately, a foot of lost groundwater doesn’t yield a foot of subsidence—
such a one-to-one correlation would be truly catastrophic—but in the San
Joaquin Valley near Los Banos and Kettleman City land subsided several
feet between 2007 and 2011. In other locations in the valley, land sank
nearly a foot in less than a year. Sinking land levels are now causing
damage to the San Joaquin Valley’s bridges, roads, and irrigation canals.
The subsidence caused by farmers taking so much groundwater will make it
harder to get water south, because canals and aqueducts are sinking too. In
one location, the main channel of the State Water Project sank two feet.
Water could still flow but in lower quantities (20 percent less), in order to
avoid spilling over the top of the aqueduct. The Delta—Mendota Canal, a
major artery for the federal Central Valley Project, also fell about two feet
in one area. Two “subsidence bowls” encompassing hundreds of square
miles are growing wider and deeper as farmers pump more and more
groundwater. State regulators are considering restricting groundwater
pumping in these areas to protect the California Aqueduct and the Delta—
Mendota Canal, both critical for state and federal water deliveries.

In 2009, California’s state legislature mandated the creation of a
statewide groundwater monitoring network, with public dissemination of
this data, but there’s still a long way to go. And monitoring is not
managing. In 2014, incredibly, California remained the last state in the West
that did not regulate groundwater use. In that year, thanks to the drought,
the legislature broke new ground with a bill requiring farmers and other
well operators to report how much groundwater they are drawing. Local
officials were charged with managing groundwater sustainably, including
limiting overdrafts and recharging underground water supplies for the most
stressed aquifers—but not until 2040. That’s not a typo. It is a quarter
century—and who knows how many droughts—down the road. Shouldn’t
we require sustainability sooner? And another question: even if we have the
vital data on groundwater withdrawals and use it to regulate them, how
much water is left in the aquifers? Big question—and right now no one
knows the answer.

Decentralized groundwater management could make sense in California,
because local conditions vary significantly. But when the water problems



are extremely severe and statewide, as is true with groundwater, a universal
approach is also needed. For instance, a statewide policy barring planting of
new orchards and vineyards or prohibiting the drilling of new wells in the
critically overdrafted aquifers until the groundwater is sustainably managed
would be more effective than a patchwork of different local restrictions.
This isn’t telling farmers what to plant, but it is telling them whether to
plant. Still, neither the small nor the large growers are helpless bystanders
in all this. They can do a lot on their own, and they must. The California
Water Plan Update for 2013 (next update, 2018; a lot can change in five
years) reported that more than 40 percent of agriculture land in the state
used “gravity” irrigation. This is more commonly labeled “flood” irrigation,
and there are more efficient ways to do the same job. (Rice is the exception
and must be flooded.) Micro or drip irrigation was applied to 39 percent of
California’s acreage. Acreage watered with the low-volume irrigation
methods had increased by 16 percent between 2001 and 2011, while the
acreage with flood irrigation decreased by 13 percent. Those numbers are
positive, but they relate to the years before the current drought started. No
one knows whether farmers are switching to micro or drip irrigation more
rapidly now. We do know that it is not the dominant technique, as it should
be—and as it is in Israel, for example, where nearly every farm uses drip
irrigation. Other irrigation improvements could increase the efficiency of
water use. Smart technology can schedule irrigation when crops most need
it. Drones can monitor field moisture levels. Regulated deficit irrigation
(RDI) can limit water use during a crop’s more drought-tolerant growth
stages. Research on RDI for tree and vine crops in California began in the
1990s. Wine grapes exemplify its benefits. Mild stress (from less water)
imposed during the certain times in the growing season decreases canopy
growth but produces grapes with higher sugar content, better color, and
smaller berries with a higher skin-to-fruit volume ratio. RDI is now
common practice in California’s wine regions. It could be applied to raisins
and those thirsty almonds and pistachios. And new research at UC Davis
indicates reducing water use by 25 percent in alfalfa results in only 5
percent reduction in yield.

Engage all the gears and just how much water could agriculture save?
The Natural Resources Defense Council and the Pacific Institute have
estimated a potential 20 percent, give or take. That estimate assumes that no



acreage is fallowed. What if some were fallowed and “replanted” with solar
farms? This might be the best choice in areas where poor drainage has built
up salts in the soil, making farming tenuous. It’s certainly an idea worth
considering in Westlands, the largest irrigation district in the world, with
one thousand square miles of farmland on the west side of the San Joaquin
Valley. The naturally occurring selenium in its soil produces toxic
agricultural runoff. Of course, not all the saved water could actually be used
elsewhere or recharge groundwater, but no one denies that there is
considerable potential for serious reductions in water use by agriculture.

Even if today’s existing water sources miraculously produced enough for all
Californians, the other problem would still remain: much of the supply is in
the north and much of the demand is in the south, directly analogous to the
disproportional lay of the water demand in the Colorado River basin to the
east. The problem is foundational in both cases, and the infrastructure
complexities and battles in both regions stem directly from this geographic
imbalance. The Sacramento—San Joaquin Delta is the hub of California’s
whole scheme. The delta also happens to be the largest estuary from Alaska
to Patagonia, covering about one thousand square miles, roughly the size of
Rhode Island. More than 120 species of fish live in these waterways,
including a number that are endangered or threatened, namely the delta
smelt, green sturgeon, and winter- and spring-run Chinook salmon.
Steelhead and striped bass live there too.

Once an idyllic, alluvial maze of shifting river channels and sloughs, the
delta is now largely an agricultural region with a thousand miles of levees
transforming the natural tidal marsh into stable islands for farming. Lured
by its fertile soil, farmers arrived during the gold rush to grow fruit for the
miners. With level land and yearlong-available water, growing almost
anything was simple and easy. Those farmers made guaranteed riches, while
the nearby miners in the Sierra Nevada did not. Yet that same rich soil has
over time subsided below sea level, making the levees crucial. This being
California, many earthquake faults lie close to the delta, with a few passing
just underneath. The wrong earthquake could rupture everything. The
disruption would be unspeakable. The experts put the probability of a



significant seismic event in the nearby San Francisco Bay area, sometime in
the next quarter century, at 70 percent.

To send water south, the federal Central Valley Project and the State
Water Project withdraw water from the delta. It is the lifeblood for two-
thirds of the state’s residents, including half of Southern California and
virtually all of the San Joaquin Valley’s agriculture. Both projects rely on
sets of enormous pumps in Tracy, on the southern edge of the delta, to pull
water into their equally enormous canals for distribution southward. Two
problems arise when river flows dwindle in the summer and early fall and
those pumps draw water unnaturally southward. First, fish—including the
delta smelt and migratory salmon—are sucked into the pumps. Second,
drawing water out of the delta allows salt water from San Francisco Bay to
seep into the delta. If that salt water were to reach the pumps—thanks to
tides, sea level rise, or low outflows in summer or fall—the water supply
for all the farms and cities south of the delta would be rendered unusable.

Clearly, too much is being asked of this delta, and has been for decades.
So far, the water flowing south has remained okay. The fish haven’t been as
lucky. During his first statehouse residency (1975-1983), Governor Brown
proposed the Peripheral Canal, basically a massive shipping channel around
the inland edge of the delta, to improve water transfer to the south and
protect the fish. Northern Californians considered this a water grab by
Southern California, and a few wealthy San Joaquin Valley farmers
believed the new canal wouldn’t deliver them enough water. This unholy
alliance led to a resounding ballot-box defeat of the project in 1982. Of
course, the stresses and the threats didn’t go away, and attempts to address
them didn’t stop. Nor did they advance. In June 1994 an amalgamation of
twenty-five local, state, and federal agencies and other organizations with
disparate interests in the delta signed an agreement to protect it with a new
long-term solution. CALFED spawned lots of meetings, memos, and even a
“record of decision” to improve the Delta, but not much real-world action.
A decade passed. In 2007, Governor Arnold Schwarzenegger created the
Delta Vision Blue Ribbon Task Force, which declared that protecting the
ecosystem and ensuring a reliable water supply were the primary, coequal
goals for sustainable management of the delta—an important new concept
maybe worth the paper it was printed on. But again no concrete steps
followed to protect the delta.



Finally, in 2009, Schwarzenegger convened an “extraordinary” session
of the legislature a month after it had gone home for the year, only the
seventh such convocation in its history, to deal with the state’s water
conundrums. After twelve exhausting days and nights, the legislators passed
a package of bills to protect the delta, improve water conservation, and
begin monitoring groundwater levels. The Delta Stewardship Council
would create a comprehensive management plan for the delta. The
Department of Water Resources would draft a multispecies conservation
plan. If DWR’s Bay Delta Conservation Plan (BDCP) complied with
federal and state endangered species and habitat protection laws, it would
be incorporated into the council’s delta plan. But then, in 2011, it was out
with Arnold Schwarzenegger and back in with Jerry Brown, for a second
tenure as governor. The man really wants to resolve California’s water
woes, though not without extraordinary measures. Last time it was the
Peripheral Canal. This time the 2013 BDCP includes two gargantuan
tunnels, each 40 feet in diameter—twice the size of the Chunnel, the pair of
train tunnels that run beneath the English Channel, between the United
Kingdom and France. The intakes just south of Sacramento would be seven
feet above current sea level and possibly safe from current predictions of
future sea-level rise, would burrow 150 feet under the delta for thirty-five
miles, and would move up to nine thousand cubic feet of water per second
down to the pumps at Tracy. This scale rivals the previous century’s major
dam building. The $17 billion construction costs, as required by law, would
be borne entirely by the various contractors who would receive the water.
The plan also aimed to restore more than one hundred thousand acres of the
delta for $8 billion. The hope was that the comprehensive approach would
yield fifty-year permits from federal and state regulators for the water
exports.

However, neither the feds nor the state could grant these approvals, due
to uncertainty over the benefits of the restoration and the consequences of a
changing climate, and, in April 2015, Governor Brown proposed a seismic
shift in approach. The new idea was to disentangle ecosystem restoration
and the new infrastructure fix (the tunnels). Under the new California
WaterFix, the state would proceed with the tunnel project and restore just
two thousand acres of habitat as mitigation for the direct impact of
construction. As before, the tunnels would be funded entirely by the



customers downstream. The restoration, codename EcoRestore, would be a
scaled-down effort targeting just thirty thousand acres, as opposed to the
previous hundred thousand. The details behind every aspect of these plans,
including the regulatory hurdles, are mind-boggling. Deficiencies in the
original environmental evaluations of WaterFix, of both the tunnels and the
water exports, have led environmental and delta-protection groups to ask
for a “do-over” of those assessments. In the summer of 2016, a California
court ruled that the plans for WaterFix lacked legally required enforceable
and measurable targets to protect the delta. This ruling is under appeal, of
course. Additional delays guaranteed. And in March 2017 the NOAA
Fisheries cast still more doubt on the project in its draft “biological
opinion,” stating the tunnels would harm salmon, steelhead, delta and
longfin smelt, and other fish and wildlife species, and diminish water
quality.

Let’s assume—against all the history and current odds—that this
enormous project could get all the regulatory approvals and withstand the
legal challenges. There’s still the financing to conquer. The cost will always
be uncertain, because in the history of the world large infrastructure projects
have virtually never come in on time and within budget. (A pertinent local
example was the new eastern span of the San Francisco—Oakland Bay
Bridge, initially estimated to cost $1.2 billion and take five years to
complete. In the end, the cost more than quintupled, and the job took eleven
years.) So it is written (and not just here) that the current $17 billion price
tag for the delta job will almost certainly go up and the ten-year time frame
could prove wildly optimistic.

An unpublished economic analysis of WaterFix (obtained via a Public
Records Act request by Restore the Delta, a Stockton-based environmental
group) indicated that even a nearly $4 billion subsidy from the federal
government wouldn’t make the official $17 billion price cost-effective for
agriculture. What happens when the costs borne by the water customers
inevitably go up? Trouble down the line is guaranteed. Under the present
budget, the state estimates that the water contractors will owe more than
$1.4 billion in annual financing costs after 2032. The agricultural
contractors would add hundreds of millions to their debt costs annually, and
this money would be owed to private lenders, not to the state or federal
governments, which might be amenable to waiving interest fees or



accepting less than full repayment. This has happened in the past (with the
Central Valley Project, in fact, compliments of the Bureau of Reclamation).
Even the Obama administration signed a deal in 2016 with Westlands, the
huge irrigation district on the west side of the San Joaquin Valley, forgiving
its $375 million interest-free repayment obligation to taxpayers for
construction of the Central Valley Project because the feds failed to
complete a drain to remove the naturally occurring yet highly toxic
selenium in the area’s soil. Wall Street doesn’t usually work like that, nor
would it appreciate the joke the general manager of Westlands made after
the district was fined $125,000 by the SEC for misleading investors
regarding a bond issue (hardly a crushing financial blow, yet still the largest
fine ever for a municipal bond issuer; it didn’t help their credit rating). This
official described the false recalculations as “a little Enron accounting.”

These environmental and financial issues are disturbing enough, but
perhaps worse would be the repercussions of this massive infrastructure
spending on urban conservation, recycling, and local water supply. The
Metropolitan Water District of Southern California wholesales water to
districts in six counties—ILos Angeles, San Bernardino, San Diego, Orange,
Riverside, and Ventura—with nineteen million urban residents. The Met is
an ardent proponent of the tunnels. Paying for one-quarter of their cost—a
fair assumption—would mean $300 million annually that local water
districts in Southern California cannot spend on water recycling,
conservation, or other local water supply projects. Some of the easiest and
most efficient opportunities for conservation exist here—water’s version of
low-hanging fruit. Recycling and storm water capture hold great promise
for reducing the need for imports from the delta, but Met continues to push
the tunnels and has even purchased five islands in the delta for $175
million. Locals doubt this is anything but a water grab, since owning land
where the tunnels might go or where dredge fill is placed would eliminate
some local property fights.

The preceding paragraphs are the barest possible sketch of what’s in
store for the twin tunnels. The legal, political, and financial hurdles are
nothing less than Himalayan—and this is good. A better approach is to
invest in protecting the delta levees, conserve and decrease water use in
both the agricultural and urban sectors, then look at new sources of water—
though not reservoirs, which are less complicated than tunnels from a



construction standpoint but are comparably challenged, legally, politically,
and environmentally.

Given California’s long coastline, desalination is probably the first new
source of water that comes to mind. Without fresh water but with plenty of
oil, Saudi Arabia relies on “desal” for most of its drinking water. Israel
draws a quarter of its water from the technology. During its so-called
millennium drought, which lasted fourteen years, Australia spent $10
billion constructing six desalination plants, but only two are used today.
One reason is the return of rainfall. The other is the abiding problem with
the technology: it’s really expensive and very energy intensive. In
California, widespread adoption could actually reverse the state’s progress
toward the goal set in its 2006 landmark global warming law, which
requires the reduction of greenhouse gas emissions to 1990 levels by 2020.
In 2016, Governor Brown signed into law a new goal to slash those
emissions even further—40 percent below 1990 levels by 2030. Desal also
poses two serious environmental threats: seawater intakes sucking in marine
species, and the disposal of the brine sludge waste, which is far saltier than
seawater. The state requires future desal projects to use subsurface intakes
to reduce harm to marine life, but these raise the already considerable costs
further. And it takes roughly two gallons of seawater to produce one gallon
of potable water.

The cost problem was proved in Santa Barbara, which built a facility in
the early 1990s during another four-year drought. Completed in 1992, the
$35 million plant operated for only three months before the rains returned
and it was shut. Then residents still had to pay off the construction costs.
With the recent drought, the city council voted in 2015 to restart the plant.
Well, not restart. The technology has advanced considerably in the last two
decades. The affluent paradise is spending $55 million to tear down the old
plant and build a new one that is 40 percent more energy efficient and
reduces the harm to marine life with better screens on the intake pipes.
Scheduled to start operation in late May of 2017, the plant will eventually
deliver 30 percent of the community’s water. Time, or further winter rains
in the years ahead, will tell whether this is a wise investment or Santa



Barbara will yet again be paying for an expensive, unnecessary “asset” for
years.

Right now in the state, a dozen seawater desal plants are producing
almost 63,000 acre-feet of water annually, with 50,000 acre-feet coming
from one new facility in Carlsbad, near San Diego. This operation, built for
$1 billion by Poseidon Water of Boston, was originally proposed during the
drought in the early 1990s. At the time importing 85 percent of its water
from the delta and the Colorado River, San Diego wanted more local
supplies. This made sense, but obtaining it required about twenty-five years,
many of them devoted to fending off more than a dozen lawsuits, including
some from environmental groups. After finally starting operation in
December 2015, the Poseidon plant ultimately should provide about 8
percent of the San Diego region’s water supply. This water is expensive—
$2,300 per acre-foot—and the local authority is under contract to buy at
least 48,000 acre-feet per year for thirty years, a stipulation that was crucial
for Poseidon to obtain financing. The price is almost twice as much as San
Diego is paying for its imported water. It is also roughly twice the cost of
recycling wastewater and quadruple the cost of saving water through
conservation and rebates for drip irrigation, lawn removal, or water-efficient
toilets. Yet, remarkably, desal remains in the running for some cities;
perhaps the desire to make the ocean drinkable is more technologically
tempting than boring old conservation.

While most of the focus is on seawater, the technology can also purify
brackish or contaminated groundwater. In fact, California currently has
more such capacity than seawater capacity, even with Poseidon’s plant in
production. There are now twenty-two brackish groundwater plants in
Southern California urban areas and one in the Bay Area.

Recycling water (in some contexts this perhaps sounds a bit more
palatable than reusing water) has tremendous potential to provide more
reliable local water sources than imports from great distances. During a
drought, outdoor irrigation is the homeowners’ first cut. Indoor use is the
top priority, so recycled water is, in effect, drought resistant. The public,
especially in urban areas, should welcome recycling. Israel treats and reuses
85 percent of its wastewater. In the United States, California’s own Irvine
Ranch Water District in central Orange County pioneered recycling in the
1980s. The wastewater is treated to meet California standards for non-



potable use and now supplies 21 percent of the district’s demand, primarily
for agricultural and landscape irrigation via purple pipes, now the
international symbol for recycled water.

The neighboring Orange County Water District recharges its
groundwater basin, the largest source of local drinking water, with highly
treated wastewater. It’s a three-step process and currently the world’s largest
system for indirect potable reuse. The system came on line in 2008 and can
produce 100 million gallons of water per day, enough for 850,000 residents.
The district also provides recycled water for landscape irrigation at parks,
golf courses, schools, industrial processes, and power-generation cooling.
Without any grants factored in, the cost is $850 per acre-foot, which is
cheaper than imported supplies. Even Los Angeles’s Metropolitan district,
one of the strongest proponents of the twin tunnels under the delta to the
north, is actively conducting feasibility studies for recycling water currently
released into the Pacific Ocean. As we have seen, San Diego’s costs for
water imported from the Colorado River have tripled in the last fifteen
years and continue to rise. Recycling is one of its answers. And not just for
irrigation or industrial uses: an advanced water purification plant in
operation since 2011 is projected to soon produce 30 million gallons of
drinking water per day, and almost three times that much by 2035. Water
recycling could benefit agriculture too. Soon the treated wastewater from
the Central Valley communities of Turlock and Modesto will used by
farmers in the Del Puerto Water District and wildlife refuges. As much as
30,000 acre-feet per year could be available by 2018.

Recycled water should be a self-evident option for urban as well as
agricultural purposes, and in 2013 the State Water Resources Control Board
adopted goals to increase its use over 2002 levels by at least one million
acre-feet annually by 2020, two million by 2030. The board has streamlined
permitting by local authorities. It also plans to allow adding recycled water
directly into public water systems and raw water supplies directly upstream
of a treatment plant (direct potable reuse.)

And at the other end of the scale—the individual home—there are new
options emerging besides just DIY “gray water” systems. KB Homes, one
of the United States’ largest homebuilders, features a Double Zero home in
a 990-acre planned community in El Dorado Hills near Sacramento. This
three-bedroom, two-bath home is designed to produce all its electricity with



solar panels (and store it with batteries). This accounts for one of the zeros
in the name. The other refers to the Nexus eWater system that collects and
purifies gray water from showers and bathroom sinks, and sends it to the
sprinklers. (The second zero is for no potable water for landscape
irrigation.) This integrated system is the first certified by the state to meet
plumbing code standards. It will conserve as much as 70 percent of the
water in a comparable conventional home.

As Joni Mitchell sings, “They paved paradise and put up a parking lot.”
All this impervious tarmac prevents water from soaking into the ground to
recharge aquifers. Instead, the runoff picks up waste, metals, chemicals, and
other contaminants and then dumps the pollution into rivers, lakes—and
ocean. A rare upside to the drought has been improved water quality at
Southern California’s beaches. Capturing storm water and rainwater runoff
should be mandatory for augmenting local water supplies and reducing
environmental hazards. If ever there was a winter to prove this, it was 2017.
The state has set goals, comparable to the ones for recycling, to increase the
use of storm water; it should go further to set baseline requirements for
storm water capture with all new development and municipal storm water
permits. In the Pajaro Valley, south of Santa Cruz, landowners are getting
paid to store storm water in order to recharge groundwater. The valley’s
agriculture—35 percent of the nation’s strawberries are grown there—relies
almost entirely on groundwater, and the remaining 2 percent is recycled
water. It’s a complete no-brainer. Capturing storm water enhances flood
control, recharges the groundwater supply, improves water quality, and
protects and helps restore habitats.

In some ways, the most important result of the 2009 extraordinary
session of the legislature dedicated to fixing the issues with the delta was
the policy to reduce reliance on its water by increasing local supplies
through recycling, storm water capture, and conservation. This is also the
suite of water management tools that Governor Brown endorsed in his 2016
California Water Action Plan. Yet Brown is inconsistent: his constant press
for the big tunnels under the delta may demotivate utilities and agriculture
from pursuing those options.



What could be less exciting than nothing-big-to-build, plain-vanilla
conservation? And what water could be cheaper to “produce”? This was
proved during the ten months of mandatory rationing in 2015 and 2016,
when California as a whole reduced consumption by 25 percent. Using less
water also reduced energy use, because nearly 20 percent of California’s
electricity use is water related, including transporting, pumping, treatment,
and heating. According to a UCDavis study, conservation between June
2015 and February 2016 saved nearly one million megawatts of electricity
and reduced greenhouse gas emissions by 220,000 megatons (equivalent to
removing fifty thousand cars from the road for a year). The mandatory
rationing was rescinded in the spring of 2016, but the Water Action Plan
2016 Update still insisted that “conservation must become a way of life for
everyone in California.” It’s not hard to do. About half of urban water use is
for landscaping, with peak usage during the summer. Let your ornamental
turf “go golden,” as the state water board put it. Still-operative rebate
programs induce residents to replace their thirsty lawns with drought-
tolerant plantings. The California Department of Water Resources requires
new yards and commercial landscaping to use about 20 percent less water
and employ compost to improve the water-holding capacity of soil. New
building codes in 2015 reduce water use in all new buildings.

By this point, all such urban conservation measures must be considered
boilerplate, starting with low-flow toilets and other indoor fixtures and
appliances and going from there. It all adds up. What is not yet boilerplate
and should be is the “smart” meter that encourages even more conservation.
(Some areas in California still don’t have metering at all, but all are
required to by 2025.) Traditional water meters determine the bill based on
total consumption for the billing period. The utility has no idea how much
water is used each day, let alone what time of day. Smart meters collect and
transmit this data to the utility, just as gas and electric utilities have done for
some time. There’s nothing like friendly peer competition when you see
your usage compared to another average local household’s. More important,
evidence of slow, steady usage throughout the night probably identifies a
leak, and stopping even small leaks on a wide basis would do wonders for
the water supply. San Francisco was the first major utility in California to
install smart meters for all its customers. In Los Angeles and Ventura,
California American Water, a nationwide publicly traded water utility,



teamed up with WaterSmart Software, a behavioral water efficiency
platform using data analytics. The company partners with thirty-eight water
utilities throughout North America and monitors water use of over two
million households including the East Bay Municipal Utility District. It
boasts that its service can trim water use up to 5 percent in a year. And the
service can be deployed in forty-five days, which is light years faster than a
utility can build a reservoir or water treatment plant.

In the twenty-five years since Marc wrote the first afterword to his book,
climate change and severe drought have made water in the American West
even more precious. The planet’s hottest year on record since 1880 was
2016. Sixteen of the seventeen hottest years have occurred in this century.
In the Colorado River basin the drought has lasted sixteen years and
counting; in California, five years. The new reality fundamentally
challenges the systems of dams, reservoirs, aqueducts, canals, and levees
built in the twentieth century, when we really believed we could reengineer
nature and move water from where it was to where it wasn’t. We ought to
know better by now. Dams do have benefits: the American desert west is
livable for large numbers of us because of them. But they are perilous too.
The near catastrophe at California’s Oroville Dam, if we need a reminder,
highlighted our past hubris and should serve as lesson for our future. Less
visually dramatic but equally alarming, decades of siphoning water away
from the environment to farms and cities have ruined fisheries as well as
river and delta ecosystems. The Colorado River Delta and the Sacramento—
San Joaquin Delta are in crisis. Wild salmon and other fish are on the brink
of extinction. And always, forever, water is at a premium.

The red flags are everywhere for water in the American West, but the
way forward is not a mystery. It is only a puzzle. We know what needs to be
done. Farms and cities must use less water by continuing and increasing
conservation, especially in agriculture. Water recycling, storm water
capture, and sustainable groundwater management must become the new
normal. Taking down some dams will restore fish habitat. The environment,
especially salmon and the Sacramento—San Joaquin and Colorado River
deltas, must get a dedicated and greater share of water. We have the know-



how and the technology. The only question is how we actually put them
into practice on the necessary scale, given the political and economic
barriers. The unprecedented droughts in California and on the Colorado
River, as well as record precipitation and floods, may be our last and best
chance to dramatically alter our water future. Let’s not waste this
opportunity.

Lawrie Mott,
May 2017
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