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Cali for nia, where earth quakes, droughts and wild �res have shaped life for gen er a tions, also
faces the grow ing threat of another kind of calam ity, one whose fury would be felt across the
entire state.

This one will come from the sky. Accord ing to new research, it will very likely take shape one
winter in the Paci�c, near Hawaii. No one knows exactly when, but from the vast expanse of
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trop ical air around the Equator, atmo spheric cur rents will pluck out a long tendril of water
vapor and fun nel it toward the West Coast. This vapor plume will be enorm ous, hun dreds of
miles wide and more than 1,200 miles long, and seeth ing with fero cious winds. It will be car -
ry ing so much water that if you con ver ted it all to liquid, its �ow would be about 26 times
what the Mis sis sippi River dis charges into the Gulf of Mex ico at any given moment.
When this tor pedo of mois ture reaches Cali for nia, it will crash into the moun tains and be
forced upward. This will cool its pay load of vapor and kick o� weeks and waves of rain and
snow.
The super storm that Cali for ni ans have long feared will have begun. In cen tur ies past, great
rains deluged the Paci�c Coast, and strong storms in recent dec ades have caused havoc and
ruin. But, because of cli mate change, this one would be worse than any in liv ing memory.
Drench ing rain will pum mel cit ies and towns. At times, the hills around Los Angeles could get
nearly 2 inches of rain an hour. Heavy rain and snow in the Sierra Nevada will test dams in the
Cent ral Val ley, one of the world’s most pro duct ive farm belts.
While all this has been hap pen ing, another �l a ment of mois ture laden air will have formed
over the Paci�c and hurtled toward Cali for nia. Then another. And another.
After a month, nearly 16 inches of pre cip it a tion, on aver age, will have fallen across the state.
Large swaths of moun tain ous areas will
have got ten much more. Com munit ies might be rav aged bey ond reset tling. None of the
state’s major indus tries, from tech and Hol ly wood to farm ing and oil, will be untouched.
The com ing super storm — really, a rapid pro ces sion of what sci ent ists call atmo spheric
rivers — will be the ulti mate test of the dams, levees and bypasses Cali for nia has built to
impound nature’s might.
But in a state where scarcity of water has long been the cent ral fact of exist ence, global warm -
ing is not only worsen ing droughts and wild �res. Because warmer air can hold more mois -
ture, atmo spheric rivers can carry big ger car goes of pre cip it a tion. The infra struc ture design
stand ards, haz ard maps and dis aster response plans that pro tec ted Cali for nia from �ood ing
in the past might soon be out of date.
As humans burn fossil fuels and heat up the planet, we have already increased the chances
each year that Cali for nia will exper i ence a month long, statewide megastorm of this sever ity
to roughly 1 in 50, accord ing to a new study pub lished Fri day. In the com ing dec ades, if global
aver age tem per at ures climb by another 1.8 degrees Fahren heit, or 1 degree Celsius — and cur -
rent trends sug gest they might — then the like li hood of such storms will go up fur ther, to
nearly 1 in 30.
At the same time, the risk of megastorms that are rarer but even stronger, with much �ercer
down pours, will rise as well.
These are alarm ing pos sib il it ies. But geo lo gical evid ence sug gests the West has been struck by
cata clys mic �oods sev eral times over the past mil len nium, and the new study provides the
most advanced look yet at how this threat is evolving in the age of human caused global
warm ing.
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The research ers spe ci�c ally con sidered hypo thet ical storms that are extreme but real istic,
and which would prob ably strain Cali for nia’s �ood pre par a tions. Accord ing to their �nd ings,
power ful storms that once would not have been expec ted to occur in an aver age human life -
time are fast becom ing ones with sig ni �c ant risks of hap pen ing dur ing the span of a home
mort gage.
“We got kind of lucky to avoid it in the 20th cen tury,” said Daniel L. Swain, a cli mate sci ent ist
at the Uni versity of Cali for nia, Los Angeles, who pre pared the new study with Xingy ing Huang
of the National Cen ter for Atmo spheric Research in Boulder, Colo. “I would be very sur prised
to avoid it occur ring in the 21st.”
Unlike a giant earth quake, the other “Big One” threat en ing Cali for nia, an atmo spheric river
super storm will not sneak up on the state. Fore casters can now spot incom ing atmo spheric
rivers �ve days to a week in advance, though they don’t always know exactly where they’ll hit
or how intense they’ll be.
Using Dr. Huang and Dr. Swain’s �nd ings, Cali for nia hopes to be ready even earlier. Aided by
super com puters, state o� cials plan to map out how all that pre cip it a tion will work its way
through rivers and over land. They will hunt for gaps in evac u ation plans and emer gency ser -
vices.
The last time gov ern ment agen cies stud ied a hypo thet ical Cali for nia mega �ood, more than a
dec ade ago, they estim ated it could cause $725 bil lion in prop erty dam age and eco nomic dis -
rup tion. That was three times the pro jec ted fal lout from a severe San Andreas Fault earth -
quake, and �ve times the eco nomic dam age from Hur ricane Kat rina, which left much of New
Orleans under wa ter for weeks in 2005.
Dr. Swain and Dr. Huang have handed Cali for nia a new script for what could be one of its most
chal len ging months in his tory. Now begin the dress rehears als.
“Mother Nature has no oblig a tion to wait for us,” said Michael Ander son, Cali for nia’s state
cli ma to lo gist.
In fact, nature has not been wast ing any time test ing Cali for nia’s defenses. And when it
comes to risks to the water sys tem, car bon diox ide in the atmo sphere is hardly the state’s
only foe.
THE ULTIMATE CURVEBALL
On Feb. 12, 2017, almost 190,000 people liv ing north of Sac ra mento received an urgent order:
Get out. Now. Part of the tallest dam in Amer ica was ver ging on col lapse.
That day, Ron ald Stork was in another part of the state, where he was wor ry ing about pre -
cisely this kind of dis aster — at a di� er ent dam.
Stand ing with bin ocu lars near Cali for nia’s New Exchequer Dam, he dreaded what might hap -
pen if large amounts of water were ever sent through the dam’s spill ways. Mr. Stork, a policy
expert with the con ser va tion group Friends of the River, had seen on a pre vi ous visit to
Exchequer that the nearby earth was frac tured and could be eas ily eroded. If enough water
rushed through, it might cause major erosion and destabil ize the spill ways.
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He only learned later that his fears were play ing out in real time, 150 miles north. At the
Oroville Dam, a 770-foot-tall facil ity built in the 1960s, water from atmo spheric rivers was
wash ing away the soil and rock beneath the dam’s emer gency spill way, which is essen tially a
hill side next to the main chute that acts like an over �ow drain in a bathtub. The top of the
emer gency spill way looked like it might buckle, which would send a wall of water cas cad ing
toward the cit ies below.
Mr. Stork had no idea this was hap pen ing until he got home to Sac ra mento and found his
neigh bor in a panic. The neigh bor’s mother lived down river from Oroville. She didn’t drive
any more. How was he going to get her out?
Mr. Stork had �led motions and writ ten let ters to o� cials, start ing in 2001, about vul ner ab il -
it ies at Oroville. People were now in danger because nobody had listened. “It was nearly soul
crush ing,” he said.
“With �ood haz ard, it’s never the fast ball that hits you,” said Nich olas Pinter, an earth sci -
ent ist at the Uni versity of Cali for nia, Davis. “It’s the curve ball that comes from a dir ec tion
you don’t anti cip ate. And Oroville was one of those.”
Such per ils had lurked at Oroville for so long because Cali for nia’s Depart ment of Water
Resources had been “over con �d ent and com pla cent” about its infra struc ture, tend ing to
react to prob lems rather than pre-empt them, inde pend ent invest ig at ors later wrote in a
report. It is not clear this cul ture is chan ging, even as the 21st cen tury cli mate threatens to
test the state’s aging dams in new ways. One recent study estim ated that cli mate change had
boos ted pre cip it a tion from the 2017 storms at Oroville by up to 15 per cent.
A year and a half after the crisis, crews were busy rebuild ing Oroville’s emer gency spill way
when the fed eral hydro power reg u lator wrote to the state with some unset tling news: The
recon struc ted emer gency spill way will not be big enough to safely handle the “prob able max -
imum �ood,” or the largest amount of water that might ever fall there.
This is the stand ard most major hydro elec tric projects in the United States have to meet. The
idea is that spill ways should basic ally never fail because of excess ive rain.
Today, sci ent ists say they believe cli mate change might be increas ing “prob able max imum”
pre cip it a tion levels at many dams. When the Oroville evac u ation was ordered in 2017,
nowhere near that much water had been �ow ing through the dam’s emer gency spill way.
Yet Cali for nia o� cials have down played these con cerns about the capa city of Oroville’s
emer gency spill way, which were raised by the Fed eral Energy Reg u lat ory Com mis sion. Such
extreme �ows are a “remote” pos sib il ity, they ar
gued in a let ter last year. There fore, fur ther upgrades at Oroville aren’t urgently needed.
In a curt reply last month, the com mis sion said this pos i tion was “not accept able.” It gave the
state until mid-Septem ber to sub mit a plan for address ing the issue.
The Depart ment of Water Resources told The Times it would con tinue study ing the mat ter.
The Fed eral Energy Reg u lat ory Com mis sion declined to com ment.
“People could die,” Mr. Stork said. “And it both ers the hell out of me.”
WETTER WET YEARS
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Don ald G. Sul li van was lying in bed one night, early in his career as a sci ent ist, when he real -
ized his data might hold a start ling secret.
For his mas ter’s research at the Uni versity of Cali for nia, Berke ley, he had sampled the sed i -
ment beneath a remote Sierra lake and was hop ing to study the his tory of veget a tion in the
area. But a lot of the pol len in his sed i ment cores didn’t seem to be from nearby. How had it
got ten there?
When he X-rayed the cores, he found lay ers where the sed i ment was denser. Maybe, he sur -
mised, these lay ers were �lled with sand and silt that had washed in dur ing �oods.
It was only late that night that he tried to estim ate the ages of the lay ers. They lined up neatly
with other records of West Coast mega �oods.
“That’s when it clicked,” said Dr. Sul li van, who is now at the Uni versity of Den ver.
His �nd ings, from 1982, showed that major �oods hadn’t been excep tion ally rare occur rences
in the Sac ra mento Val ley over the past eight cen tur ies. They took place every 100 to 200 years.
And in the dec ades since, advance ments in mod el ing have helped sci ent ists eval u ate how
quickly the risks are rising because of cli mate change.
For their new study, which was pub lished in the journal Sci ence Advances, Dr. Huang and Dr.
Swain replayed por tions of the 20th and 21st cen tur ies using 40 sim u la tions of the global cli -
mate. Extreme weather events, by de�n i tion, don’t occur very often. So by using com puter
mod els to cre ate real istic altern ate his tor ies of the past, present and future cli mate, sci ent ists
can study a longer record of events than the real world o�ers.
Dr. Swain and Dr. Huang looked at all the month long Cali for nia storms that took place dur ing
two time seg ments in the sim u la tions, one in the recent past and the other in a future with
high global warm ing, and chose one of the most intense events from each period. They then
used a weather model to pro duce detailed playby-plays of where and when the storms dump
their water.
Those details mat ter. There are “so many di� er ent factors” that make an atmo spheric river
deadly or benign, Dr. Huang said.
In the high Sier ras, for example, atmo spheric rivers today largely bring snow. But higher
tem per at ures are shift ing the bal ance toward rain. Some of this rain can fall on snowpack that
accu mu lated earlier, melt ing it and send ing even more water toward towns and cit ies below.
Cli mate change might be a�ect ing atmo spheric rivers in other ways, too, said F. Mar tin Ralph
of the Scripps Insti tu tion of Ocean o graphy at the Uni versity of Cali for nia, San Diego. How
strong their winds are, for instance. Or how long they last: Some storms stall, bar ra ging an
area for days on end, while oth ers blow through quickly.
Sci ent ists are also work ing to improve atmo spheric river fore casts, which is no easy task as
the West exper i ences increas ingly sharp shifts from very dry con di tions to very wet and back
again. In Octo ber, strong storms broke records in Sac ra mento and other places. Yet this Janu -
ary through March was the driest in the Sierra Nevada in more than a cen tury.
“My sci enti�c gut says there’s change hap pen ing,” Dr. Ralph said. “And we just haven’t quite
pinned down how to detect it adequately.”
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Bet ter fore cast ing is already help ing Cali for nia run some of its reser voirs more e� ciently, a
cru cial step toward cop ing with wet ter wet years and drier dry ones.
On the last day of 2016, Wes Monier was look ing at fore casts on his iPad and get ting a sink ing
feel ing.
Mr. Monier is chief hydro lo gist for the Tur lock Irrig a tion Dis trict, which oper ates the New
Don Pedro Reser voir near Mod esto. The Tuolumne River, where the Don Pedro sits, was com -
ing out of its driest four years in a mil len nium. Now, some ter ri fy ing rain fall pro jec tions were
rolling in.
First, 23.2 inches over the next 16 days. A day later: 28.8 inches. Then 37.1 inches, roughly
what the area nor mally received in a full year.
2072 1.9 inches per hour
This is how much rain could fall in down town Los Angeles in the future, if green house-gas
emis sions remain high.
If Mr. Monier star ted releas ing Don Pedro’s water too quickly, homes and farms down stream
would �ood. Release too much and he would be accused of squan der ing water that would be
pre cious come sum mer.
But the fore casts helped him time his �ood releases pre cisely enough that, after weeks of
rain, the water in the dam ended up just shy of capa city. Barely a drop was wasted, although
some orch ards were �ooded, and grow ers took a �n an cial hit.
The next storm might be even big ger, though. And even the best data and fore casts might not
allow Mr. Monier to stop it from caus ing destruc tion. “There’s a point there where I can’t do
any thing,” he said.
KATRINA 2.0
How do you pro tect a place as vast as Cali for nia from a storm as colossal as that? Two ways,
said David Peterson, a vet eran engin eer. Change where the water goes, or change where the
people are. Ideally, both. But neither is easy.
Fire baugh is a quiet, mostly His panic city of 8,100 people, one of many small com munit ies
that power the Cent ral Val ley’s prodi gious agri cul tural eco nomy. Many res id ents work at
nearby facil it ies that pro cess almonds, pista chios, gar lic and toma toes.
Fire baugh also sits right on the San Joa quin River.
For a sleep less stretch of early 2017, Ben Gal le gos, Fire baugh’s city man ager, did little but
watch the river rise and debate whether to evac u ate half the town. Water from winter storms
had already turned the town’s cher ished rodeo grounds into a swamp. Now it was threat en ing
homes, schools, churches and the wastewa ter treat ment plant. If that �ooded, people would
be unable to �ush their toi lets. Raw sewage would �ow down the San Joa quin.
Luck ily, the river stopped rising. Still, the exper i ence led Mr. Gal le gos to apply for tens of mil -
lions in fund ing for new and improved levees around Fire baugh.
Levees change where the water goes, giv ing rivers more room to swell before they inund ate
the land. Levee fail ures in New Orleans were what turned Kat rina into an epochal cata strophe,
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and after that storm, Cali for nia toughened levee stand ards in urb an ized areas of the Sac ra -
mento and San Joa quin Val leys, two major river basins of the Cent ral Val ley.
The idea is to keep people out of places where the levees don’t pro tect against 200-year
storms, or those with a 0.5 per cent chance of occur ring in any year. To account for rising seas
and the shift ing cli mate, Cali for nia requires that levees be recer ti �ed as provid ing this level of
defense at least every 20 years.
The prob lem is that once levees are strengthened, the areas behind them often become par -
tic u larly attract ive for devel op ment: fan cier homes, big ger build ings, more people. The like li -
hood of a dis aster is reduced, but the con sequences, should one strike, are increased.
Fed eral agen cies try to stop this by not fund ing infra struc ture projects that induce growth in
�ood zones. But “it’s almost impossible to gen er ate the local funds to raise that levee if you
don’t facil it ate some sort of growth behind the levee,” Mr. Peterson said. “You need that eco -
nomic activ ity to pay for the project,” he said. “It puts you in a Catch-22.”
A project to provide 200-year pro tec tion to the Moss dale Tract, a large area south of Stock -
ton, one of the San Joa quin Val ley’s major cit ies, has been on pause for years because the
Army Corps of Engin eers fears it would spur growth, said Chris Elias, exec ut ive dir ector of the
San Joa quin Area Flood Con trol Agency, which is lead ing the project. City plan ners have
agreed to freeze devel op ment across thou sands of acres, but the Corps still hasn’t given its
�nal bless ing.
The Corps and state and local agen cies will begin study ing how best to pro tect the area this
fall, said Tyler M. Stalker, a spokes man for the Corps’ Sac ra mento Dis trict.
The plod ding pace of work in the San Joa quin Val ley has set people on edge. At a recent pub lic
hear ing in Stock ton on �ood risk, Mr. Elias stood up and high lighted some troub ling math.
The Depart ment of Water Resources says up to $30 bil lion in invest ment is needed over the
next 30 years to keep the Cent ral Val ley safe. Yet over the past 15 years, the state man aged to
spend only $3.5 bil lion.
“We have to �nd ways to get ahead of the curve,” Mr. Elias said. “We don’t want to have a
Kat rina 2.0 play out right here in the heart of Stock ton.”
As Mr. Elias waits for projects to be approved and budgets to come through, heat and mois -
ture will con tinue to churn over the Paci�c. Gov ern ment agen cies, bat tling the forces of iner -
tia, indi� er ence and delay, will make plans and update policies. And Stock ton and the Cent ral
Val ley, which runs through the heart of Cali for nia, will count down the days and years until
the inev it able storm.


