The Future Is Drying U- New York Time: Pagel of 7

Ehe New York Times

October 21, 2007

The FuturelsDrying Up

Scientists sometimes refer to the effect a hottatdwvill have on this country's fresh water as ttiger water problem, because global
warming more commonly evokes the specter of risicgans submerging our great coastal cities. By aoisgn, the steady decrease in
mountain snowpack -- the loss of the deep accuioalaf high-altitude winter snow that melts eachirsgpto provide the American West
with most of its water -- seems to be a more modesty. But not all researchers agree with thiskiag of dangers. Last May, for
instance, Steven Chu, a Nobel laureate and thetdiref the Lawrence Berkeley National Laboratanye of the United States
government's pre-eminent research facilities, r&eththat diminished supplies of fresh water miglotvp a famore serious problem th
slowly rising seas. When | met with Chu last sumineBerkeley, the snowpack in the Sierra Nevadadchvprovides most of the watéar
Northern California, was at its lowest level iny&fars. Chu noted tt even the most optimistic climate models for theosel half of this
century suggest that 30 to 70 percent of the snokpéll disappear. "There's a two-thirds chanerefwill be a disaster,” Chu said, "and
that's in the best scenario."

In the Southwest this past summer, the outlookewamlly sobering. A catastrophic reduction in tleevfof the Colorado River -- which
mostly consists of snowmelt from the Rocky Moungainhas always served as a kind of thought experirfor water engineers, a risk
situation from the outer edge of their practicahgimations. Some 30 million people depend on tteew A greatly reduced river would
wreak chaos in seven states: Colorado, Utah, WypnNew Mexico, Arizona, Nevada and California. Amast unfathomable legal
morass might well result, with farmers suing theef@l government; cities suing cities; states satates; Indian nations suing state
officials; and foreign nations (by treaty, Mexicasha small claim on the river) bringing internatiblaw to bear on the United States
government. In addition, a lesser Colorado Rivenld@lmost certainly lead to a considerable amofieconomic havoc, as the future
water supplies for the West's industries, agricaland growing municipalities are threatened. As prominent Western water official
described the possible future to me, if some ofbethwest's largest reservoirs empty out, theoregiould experience apocalypse, "¢
Armageddon.”

One day last June, an environmental engineer n&retley Udall appeared before a Senate subcomntiittéevas seeking to understand
how severe the country's fresh-water problems niighbmen an era of global warming. As far as Washindtearings go, the testimo
was an obscure affair, which was perhaps fittingalUis the head of an obscure organization, theté/a Water Assessment. The bureau
is located in the Boulder, Colo., offices of thetidaal Oceanographic and Atmospheric Administratible government agency that
collects obscure data about the sky and seas. &l has a name that commands some attentid@asttwithin the Beltway. His father
was Morris Udall, the congressman and onetime geesial candidate, and his uncle was Stewart Uttadlsecretary of the interior under
Presidents John F. Kennedy and Lyndon JohnsonléBraltiall's great-greajrandfather, John D. Lee, moreover, was the fouofleee':
Ferry, a flyspeck spot in northern Arizona that neaothing to most Americans but holds near-mysta¢us to those who work with
water for a living. Near Lee's Ferry is where thawal flow of the Colorado River is measured ineorb divvy up its water among the
seven states that depend on it. To many politiciaesnomists and climatologists, there are fewghimore important than what has
happened at Lee's Ferry in the past, just as #rerew things more important than what will happehee's Ferry in the future.

The importance of the water there was essentidiigtwdall came to talk about. A report by the NagilbAcademies on the Colorado
River basin had recently concluded that the conilminaf limited Colorado River water supplies, ieasing demands, warmer
temperatures and the prospect of recurrent drotigbiat to a future in which the potential for ¢iiet" among those who use the river
will be ever-present. Over the past few decadesdilest states in the United States have become sbour fastesgirowing; meanwhile
an ongoing drought has brought the flow of the @alo to its lowest levels since measurements ds [Fegry began 85 years ago. At the
Senate hearing, Udall stated that the ColoradorRiasin is already two degrees warmer than it wd®9i76 and that it is foolhardy to
imagine that the next 50 years will resemble tise38. Lake Mead, the enormous reservoir in Arizamé Nevada that supplies nearly all
the water for Las Vegas, is half-empty, and siaismodels indicate that it will never be full aga'As we move forward," Udall told his
audience, "all water-management actions basedoomal’ as defined by the 20th century will inciegly turn out to be bad bets."

A few weeks after his testimony, | flew to Bouldermeet with Udall, and we spent a day driving shliack roads high in the Rockies in
his old Subaru. It had been a wet season on theleag of the Rockies, but the farther west wetwtie drier it became. Udall wanted to
show me some of the local reservoirs and wateesysthat were built over the past century, so Icgat a sense of their complexity as
well as their vulnerability. As he put it, he watdsconnect the disparate members of the wateromepiin a way that has never really
been done before, so that utility executives, si§En environmentalists, business leaders, faredspoliticians can begin discussing
how to cope with the inevitable shortages of fresler. In the American West, whose huge economypalitical power derive from the
ability of 20th-century engineers to conquer rivides the Colorado and establish a reliable watgpsy, the prospect that there will be
less water in the future, rather than the same am@uunnerving. "We have a very short periotim€ here to get people educated on
what this means," Udall told me as we drove thhoilg mountains. "Then once that occurs, perhapsan start talking about how do we
deal with it.'
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Udall suggested that | meet a water manager naried Binney, who works for Aurora, Colo., a citythe 60th-largest in the United
States -- that sprawls over an enormous swatlagfifbstagricultural land south of the Denver airpgd may be difficult for residents of
the East Coast to understand the political celebfisome Western water managers, but in a plaeeAurora, where water, not available
land, limits economic growth, Binney has enormasgponsibilities. In effect, the city's viability plends on his wherewithal to conjure
new sources of water or increase the output obokk. As Binney told me when we first spoke, "Vdleehto find a new way of meeting
the needs of all this population that's turninganp still satisfy all of our recreational and eowimental demands." Aurora has a
population of 310,000 now, Binney said, but thgtife is projected to surpass 500,000 by 2035.

| asked if he had enough water for that many pedgl, no," he replied. He seemed surprisedsiiateone could even presume that he
might. In fact, he explained, his job is to figunet how to find more water in a region where ewdngp is already spoken for and at a
moment when there is little possibility that anyrmwill ever be discovered.

Binney and | got together outside Dillon, a villagehe Colorado Rockies 75 miles from Aurora amst p few miles west of the
Continental Divide. We met in a small parking leske Dillon Reservoir, which sits at the bottonadfow| of snow-capped mountains.
Binney, a thickset 54-year-old with dark red haida fair complexion, had driven up in a large §.UHe still carries a strong accenbm
his native New Zealand, and in conversation he someeoss as less a utility manager than a polymiththe combined savvy of an
engineer, an economist and a politician. As we rddwea picnic table, Binney told me that we weraking at Denver's water, not
Aurora's, and that it would eventually travel 70esithrough tunnels under the mountains to Denteg's. Headmitted that he would lo
to have this water, which is pure snowmelt. To pedphis job, snowmelt is the best source of whssrause it requires little chemical
treatment to bring it up to federal drinking starmtia But this water wasn't available. Denver gaoehmefore him. And in Colorado, like
most Western states, the rights to water follooadiline back to whoever got to it first.

One way to view the history of the American Wesdssa series afmportant moments in exploration or migration; #uew is to consider |
as Binney does, in terms of its water. In the 2@thtury, for example, all of our great dams anémesirs were built -- "heroic man-over-
nature" achievements, in Binney's words, thatrobfibods, store water for droughts, generate wasbunts of hydroelectric power and
enable agriculture to flourish in a region where liw annual rainfall otherwise makes it difficudind in constructing projects like the
Glen Canyon Dam -- which backs up water to createlPowell, the vast reservoir in Arizona and Utatt feeds Lake Mead -- the
builders went beyond the needs of the moment.yBlage us about 40 to 50 years of excess capaBityyey says. "Now we've gotten to
the end of that era." At this point, every avdaagmllon of the Colorado River has been appropdidty farmers, industries and
municipalities. And yet, he pointed out, the reggqropulation is expected to keep booming. CalifdsrDepartment of Finance recently
predicted that there will be 60 million Californeby midcentury, up from 36 million today. "In Gado, we're sitting at a little under
five million people now, on our way to eight milfiggeople,” Binney said. Western settlers, who gjgpe®d the region's water long ago,
never could have foreseen the thirst of its cifdar, he said, could they have anticipated ourremmental mandates to keep water "in
stream" for the benefit of fish and wildlife, aslhas for rafters and kayakers.

The West's predicament, though, isn't just a maftémited capacity, bigger populations and enmireental regulations. It's also a
distributional one. Seventy-five years ago, citiks Denver made claims on -- and from the stat€abrado received rights to water in
the mountains; those cities in turn built resersdar their water. As a result, older cities hageess to more surface water (that is, water
that comes from rivers and streams) than newexsditie Aurora, which have been forced to purcleessting water rights from farmers
and mining companies. Towns that rely on groundw@tater pumped from deep underground) face an bigger disadvantage. Water
tables all over the United States have been drgpgimmetimes drastically, from overuse. In the Rerarea, some cities that use only
groundwater will almost certainly exhaust theiressible supplies by 2050.

The biggest issue is that agriculture consumes ofdke water, as much as 90 percent of it, iratedtke Colorado. "The West has gone
from a fur-trapping, to a mining, to an agricultuta a manufacturing, to an urban-centric econdrBynney explained. As the region
evolved, however, its water ownership for the npast did not. "There's no magical locked box ofexghat we can turn to," Binney says
of cities like Aurora, "so it's going to have tnee from an existing use." Because the supplyabémin the West can't really change,
water managers spend their time looking for wayadjast its allocation in their favor.

Binney knew all this back in 2002, when he tookjtiein Aurora after a long career at an enginegfirm. Over the course of a century,
the city had established a reasonable water supplyut a quarter of its water is piped in from tba@lorado River basin about 70 miles
away; another quarter is taken from reservoirb@Arkansas River basin far to the south. Theaastes from the South Platte, a lazy,
meandering river that runs north through Auroratenvay toward Nebraska. Binney says he believasdtltity like his needs at least five
years of water in storage in case of drought; iiss year there turned out to be one of the woestry for water managers in recorded
history, and the town's reservoirs dropped to 26g# of capacity, meaning Aurora had at most mioaths of reserves and could not
endure another dry spring. During the summer athdBeney focused on both supply and demand. Hgotiated with neighboring towns
to buy water and accelerated a program to pay facalers to fallow their fields so the city coutghke their water rights. Meanwhile, the
town asked residents to limit their showers andvaatir cops enforce new rules against lawn spnigk{€lt's interesting how many
people were watering lawns in the middle of thehhlgBinney said.)

Water use in the United States varies widely byoregnfluenced by climate, neighborhood densitg &amdscaping, among other things.
In the West, Los Angelenos use about 125 gallonp@eson per day in their homes, compared withfdZucson residents. Binney's
customers generally use about 160 gallons per pgrsoday. "In the depths of the drought," hd,save got down to about 123 gallons."

Part of the cruelty of a Western drought is thedader manager never knows if it will last 1 yeai6r In 2002, Binney was at the earliest
stages of what has since become a nearly contirdrguspell. Though he couldn't see that at the timerealized Aurora faced a
permanent state of emergency if it didn't boosivider supplies. But how? One option was to trigug water rights in the mountains
(most likely from farmers wt were looking to quit agriculture), then build axnneeservoir and a long sup line to Aurora. Obviou
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hurdles included environmental and political resise, as well as an engineering difficulty: waseneéavy, far heavier than oil, and
incompressible; a system to move it long distarfespecially if it involves tunneling through mouinor pumping water over them) can
cost billions. Binney figured that without the heipthe federal government, which has largely gotiet of the Western dam-and-
reservoir-building business, Aurora would be unwseursue such a project. Even if the money cbeldaised, building a system would
take decades. Aurora needed a solution withinyfeers.

Another practice, sometimes used in Europe, isitioveklls alongside a river and pull river watgs though them, using the gravel of the
riverbank as a natural filter -- sort of like diggia hole in the sand near the ocean's edgeilis fitdm below. Half of Aurora's water
rights were on the South Platte already; the d&tg pours its treated wastewater back into the ra® do other cities in the Denver metro
area. This gives the South Platte a steady, deptnflaw. Binney and the township reasoned thay twmild conceivably, and legally, go
some 20 or 30 miles downstream on the South Platteagricultural land near the river, install vgethere and retrieve their wastewater.
Thus they could create a system whereby Auroradvosé South Platte water; send it to a treatmemit phat would discharge it back
into the river; go downstream to recapture watemfthe same river; then pump it back to the citypfarification and further use. The
process would repeat, ad infinitum. Aurora would iis share of South Platte water "to extinctiamthe argot of water managers. A drop
of the South Platte used by an Aurora resident evéndl its way back to the city's taps as a hatfpdin 45 to 60 days, a quartgirep 45 tc
60 days after that and so on. For every drop the tesed from the South Platte, over time it wodidast -- as all the fractional drops
added up -- get another.

Many towns have a supply that includes previousgted water. The water from the Mississippi Rif@rjnstance, is reused many times
by municipalities as it flows southward. But asdarBinney knew, no municipality in the United 8&ahad built the kind of closed loop
that Aurora envisioned. Water from wells in the BoRlatte would taste different, because of itsarahand organic content, so Binney's
engineers would have to make it mimic mountain snelt. More delicate challenges involved sellingalaaxpayers on authorizing a
project, marketed to them as "Prairie Watergt Would capitalize on their own wastewater. Theteay, which meant building a 34-mile-
long pipeline from the downstream South Platterbaeks to a treatment facility in Aurora, would ttigee-quarters of a billion dollars,
making it one of the most expensive municipal istinacture projects in the country.

When Binney and | chatted at the reservoir outBiflen, he had already finished discussions withddg's and Fitch, the bond-rating
agencies whose evaluations would help the towmé&eahe project. Groundbreaking, which would berte occasion we would see
each other, was still a month away. "What we'iaglaow is trading high levels of treatment andifieation for building tunnels and
chasing whatever remaining snowmelt there is irhitie, which | think isn't a wise investment fdet city," he told me. "I would expect
that what we're going to do is the blueprint fdoteof cities in California, Arizona, Nevada -- evthe Carolinas and the Gulf states.
They're all going to be doing this in the future."

Water managers in the West tend to think in terfifaare-feet." One acre-foot, equal to about @28 gallons, is enough to serve two
typical Colorado families for one year. When meaments of the Colorado River began near Lee's kethe early 1920s, the region
happened to be in the midst of an extremely waeserf years, and the river was famously misjudgdtave an average flow of 17
million acre-feet per year -- when in fact its aage flow would often prove to be significantly leBart of the legacy of that misjudgment
is that the seven states that divided the wattrarl920s entered into a legal partnership thattedeunrealistic expectations about the
river's capacity. But there is another, lesser-kmtegacy too. As the 20th century progressed, maatgr managers came to believe that
the 1950s, which included the most severe droughtsysince measurement of the river began, wenaahieer for a worst-case situation.

But recent studies of tree rings, in which acaderdiill core samples from the oldest Ponderosaspimnédouglas firs they can find in
order to determine moisture levels hundreds ofs/agp, indicate that the dry times of the 1950sweifd and brief compared with other
historical droughts. The latest research efforblished in the journaGeophysical Research Letters in late May, idartdithe existence «
an epochal Southwestern megadrought that, if trred, would prove calamitous.

When Binney and | met at Dillon Reservoir, he biwugraphs of Colorado River flows that go back eathousand years. "There was
this one in the 1150s," he said, tracing a jadigeddownward with his finger. "They think thatken the Anasazi Indians were forced
out. We see drought cycles here that can go up teérs of below-average precipitation." What thatild mean today, he said, is that
states would have to make a sudden choice betwgemiture and people, which would lead to bruispuditical debates and an
unavoidable blow to the former. Binney says thanash as he believes that some farmers' watetiisaikly destined for the cities
anyway, a big jolt like this would be tragic. "Ybope you never get to that point,” he told méere you force those kinds of
discussions, because they will change for hundoéglears the way that people live in the Wester®@.Uf. you have to switch off
agriculture, it's not like you can get back intoeiadily. It took decades for the agricultural iatty to establish itself. It may never come
back."

An even darker possibility is that a Western drduggtused by climatic variation and a drought causeglobal warming could arrive at
the same time. Or perhaps they already have. Dinisng spring, the United Nations' Intergovernmem@hel on Climate Change will
issue a report identifying areas of the world nadsisk of droughts and floods as the earth waffressh-water shortages are already a
global concern, especially in China, India and édriBut the 1.P.C.C., which along with Al Gore neeel the 2007 Nobel Peace Prize
earlier this month for its work on global-warmirggues, will note that many problem zones are Idoattin the United States, including
California (where the Sierra Nevada snowpack isatened) and the Colorado River basin. These assatsfollow on the heels of a
number of recent studies that analyze mountain paokvand future Colorado River flows. Almost withexception, recent climate
models envision reductions that range from the rspitethe catastrophic by the second half of thigtery. One study in particular, by
Martin Hoerling and Jon Eischeid, suggests theored already "past peak water," a milestonertiestns the river's water supply will
now forever trend downward.

Climatologists seem to agree that global warmingmseh: earth will, on average, get wetter. According toHard Seager, a scientis
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Columbia University's Lamont Doherty Earth Obseswatvho published a study on the Southwest lashgpmore rain and snow will
fall in those regions closer to the poles and npoegipitation is likely to fall during sporadic,ténse storms rather than from smaller,
more frequent storms. But many subtropical regaser to the equator will dry out. The models gpadl by Seager, which focus on
regional climate rather than Colorado River floglsow that the Southwest will ultimately be subjecsignificant atmospheric and
weather alterations. More alarming, perhaps, istttemodels do not only concern the coming decatiey also address the present.
"You know, it's like, O.K., there's trouble in theure, but how near in the future does it set m®old me. "In this case, it appears tha
happening right now." When | asked if the droughtis models would be permanent, he ponderedukstimpn for a moment, then
replied: "You can't call it a drought anymore, d&ngse it's going over to a drier climate. No onesghg Sahara is in drought.”

Climate models tend to be more accurate at predi¢émperature thaprecipitation. Still, it's hard to avoid the comsilon that "somethir

is happening," as Peter Binney gently puts it.rfawee | spoke with in the West has noticed -- Egsw, earlier spring melts, warmer
nights. Los Angeles this year went 150 days witleooteasurable rainfall. One afternoon in Bouldspédnt some time with Roger
Pulwarty, a highly regarded climatologist at theiblaal Oceanographic Atmospheric AdministrationlwRuty, who has spent the past
few years assessing adaptive solutions to a looggtht, has a light sense of humor and an air ofregin about him, but he

acknowledged that the big picture is worrisome.rEff¢he precipitation in the West does not deceeaggher temperatures by themselves
create huge complications. Snowmelt runoff decieaBiee immense reservoirs lose far more water ap@nation. Meanwhile, demand
increases because crops are thirstier. Yet imgpwiigter from other river basins becomes more diffibecause those basins may face
shortages, too.

"You don't need to know all the numbers of therfetexactly," Pulwarty told me over lunch in adb@iethamese restaurant. "You just
need to know that we're drying. And so the argunoget whether it's 15 percent drier or 20 perceiatrd It's irrelevant. Because in the
long run, that decrease, accumulated over tinggirgg to dry out the system." Pulwarty askedkifiéw the projections for what it would
take to refill Lake Powell, which is at about 50qent of capacity. Twenty years of average flowtten ColoraddRiver, he told me. "Go«
luck," he said. "Even in normal conditions we ‘tiget 20 years of average flow. People are caftingnore storage on the system, but if
you can't fill the reservoirs you have, | don't inbow more storage, or more dams, is going to help One has to ask if the normal
strategies that we have are actually viable anyrore

Pulwarty is convinced that the economic impactdatbe profound. The worst outcome, he suggested|dime mass migrations out of
the region, along with bitter interstate court legtover the dwindling water supplies. But welldrefthat, if too much water is siphoned
from agriculture, farm towns and ranch towns wilther. Meanwhile, Colorado's largest industry, ter, might collapse if river flows
became a trickle during summertime. Already, wartegperatures have brought on an outbreak of me#ds that are destroying pine
forests; Pulwarty wonders how many tourists willivip visit a state full of dead trees. "A crisisn interesting thing," he said. In his
view, a crisis is a point in a story, a moment imaarative, that presents an opportunity for cherado think their way through a problem.
A catastrophe, on the other hand, is somethingdiftt: it is one of several possible outcomesftitw from a crisis. "We're at the point
of crisis on the Colorado," Pulwarty concludefhd it's at this point that we decide, O.K., whighy are we going to go?"

It is all but imposible to look into the future thfe Western states without calling on Pat Mulrby, head of the Southern Nevada Water
Authority. Mulroy has no real counterpart on thesBaoast; her nearest analog might be Robert Mtsesotorious New York City
planner who built massive infrastructure projectd who almost always found a way around institwtlabstructions and financing
constraints. She is arguably the most influentia autspoken water manager in the country -- alfaowithout fear," as Pulwarty
describes her. Pulwarty and Peter Binney respeatifiegness to challenge historical water-sharaggeements that, in Mulroy's view,
no longer suit the modern West (meaning they dwittLas Vegas). According to Binney, however, Nd&/ascant resources give Mulr
little choice. She has to keep her city from drying. That makes hers the most difficult job in eter business, he told me.

Las Vegas is almost certainly more vulnerable ttewshortages than any metro area in the counanglyRhat's a result of the city's
explosive growth. But the state of Nevada has tbitical misfortune of receiving a smaller shaf€olorado River water (300,000 acre-
feet annually) than the other six states with wliichigned a water-sharing compact in the 1920st ftodest share, stored in Lake Mead
along with water destined for Southern Califorfisizona and northern Mexico, now means everythinbds Vegas. | traveled to Lake
Mead on a 99-degree day last June. The narrowiifEdlong lake, which at full capacity holds 28 hoih acre-feet of water (making it
the largest reservoir in the United States), watagiercent of capacity. When riding into the walied glimpsing it from afar -- an
astonishing slash of blue in the desert -- my gtideéhe day, Bronson Mack of the Southern NevaddeiNAuthority, remarked that he
had never seen it so low. The white bathtub ringhensides of the canyon that marks the level bthpacity was visible about 100 feet
above the water. "I have a photograph of my mathener honeymoon, standing in front of the lakégitk, a Las Vegas native, saichat
was in 1970. "It was almost that low, but not gLlit

Over the past year, it has become conceivablatibdake could eventually drop below the levelref water authority's intake pipes, the
straws that suck the water out for the Las Vegdey.alrhe authority recently hired an engineerimmfto drill through several miles of
rock and create a deeper intake pipe near therhaifdhe lake. To say the project is being fastkeal is an understatement. The day after
visiting Lake Mead, | met with Mulroy in her Las yas office. "We have everything in line to getitning by 2012," she said of the new
intake. But she added that she is looking to cuhash time off construction as possible. Buildihg hew intake is a race against the
clock, or rather a race against a lake that keepgyglown, down, down.

Mulroy is not gambling the entire future of Las \&sgon this project. One catchphrase of the wadetis that water flows uphill toward
money, which is another way of saying that a citthwawmple funds can, at least theoretically, augnitsrsupplies indefinitely. In a tight
water market like that of the West, this isn't &saute truth, but in many instances money can mivees. The trade-off is that new
water tends to be of lower quality (requiring merpensive purification) or far away (requiring mesgensive transport). Thanks to Las
Vegas's growth -- the metro area is now at 1.8anilpeople -- cost is currently no object. The'sityash reserves have made it possible
for Mulroy to pay Arizona $330 million for water she can irsemergencies and to pla controversial multibillio-dollar pipeline tc
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east-central Nevada, where the water authoritydeattified groundwater it wants to extract and sort.Wealth allows for the addition
possibility of a sophisticated trading scheme whegieas Vegas might pay for a desalination plantrenPacific Coast that would
transform seawater into potable water for use ilif@aia and Mexico. In exchange, Nevada coulda@gebrtion of their Colorado River
water in Lake Mead.

So money does make a kind of sustainability posdin Las Vegas. On the other hand, buying watgquite unlike buying anything else.
At the moment, water doesn't really function likpravate good; its value, which Peter Binney céilidinite," is often only vaguely related
to its price, which can vary from 50 cents an do-(what Mulroy pays to take water from Lake Mp&wl$12,000 an acri@ot (the mos
Binney has paid farmers in Colorado for their rghMoreover, water is so necessary to humandiid,hence so heavily subsidized and
regulated, that it can't really be bought and é&dly across state lines. (Enron tried to stavater market called Azurix in tHate 1990s
only to see it fail spectacularly.) The more sustidavater markets have instead been local, likeiarthe late 1980s in California, where
farmers agreed to reduce their water use andheeidvings to a state water bank. Mulroy and Biresmh told me they think a true free-
market water exchange would create too many winmeadosers. "What you would have is affluent camities being able to buy the
lifeblood right out from under those that are lesdl heeled," Mulroy said. More practical, in meind, would be a regional market that
gives states, cities and farmers greater freedastritee mutually beneficial agreements, but withtpctions so that municipalities aren't
pitted against one another.

More-efficient water markets might ease shortagesthey can't replace a big city's principal seui/hat if, | asked Mulroy, Lake Mead
drained nearly to the bottom? Even if drought cbods ease over the next year or two, several pdogpoke with think the odds are
greater that Lake Powell, the 27-million-acre-foegervoir that supplies Lake Mead, will drop to satbie levels before it ever fills again.
Mulroy didn't immediately dismiss the possibilighe is certain that the reduced circumstancesedfith big Western reservoirs are tied
to global warming and that Las Vegas is this cotmfirst victim of climate change. An empty Lakeebdl, she began, would mean there
is nothing in Lake Powell.

"It's well outside probabilities," she said -1 Biicould happen. "In that case, it's not jukba Vegas problem. You have three entire states
wiped out: Arizona, California and Nevada. Becayme can't replace those volumes with desalted ooeaer." What seems more likely,
she said, is that the legal framework governing@hrado River would preclude such a dire turew#nts. Recently, the states that use
the Colorado reached a tentative agreement thaaigieses Lake Mead will remain partly full underremt conditions, even if upstream
users have to cut back their withdrawals as at.eBué deal supplements a more fundamental unaelisigithat dates to the 1920s. If the
river is failing to carry a certain, guaranteedwoé of water to Lee's Ferry, which is just belovké&owell, the river's lower-basin states
(Nevada, Arizona and California) can legally fothe upper-basin states (Colorado, Wyoming, New Bteaind Utah) to reduce or stop
their water withdrawals. This contingency, knowredgompact call," sets the lower-basin statainagithe upper, but it has never
occurred; it is deeply feared by many water margdercause it would ravage the fragile relationsinipng states and almost certainly
lead to a scrum of lawsuits. Yet, last year watanagers in Colorado began meeting for the firs¢ tiondiscuss the possibility. In our
conversations, Mulroy denied that there would lsermpact call, but she pointed out that Las Vegasigndwater and desalination plans
were going ahead anyway for precautionary reasons.

| asked if limiting the growth of the Las Vegas noedirea wouldn't help. Mulroy bristled. "This ctiyris going to have 100 million
additional people in it in the next 25 to 30 yeashe replied. "Tell me where they're supposeagbtdSeriously. Every community says,
‘Not here,' 'No growth here,' 'There's too manypfebere already.' For a large urban area thaeisdre economic hub of any particular
area, to even attempt to throw up walls? I'm no¢ $ucan be done." Besides, she added, the pnaltgt growth alone: "We have an
exploding human population, and we have a shrinklagn-water supply. Those are on colliding patiés is not just a Las Vegas issue.
This is a microcosm of a much larger issue." Aoaars, she went on to say, are the most voraciars o§natural resources in the world.
Maybe we need to talk about that as well. "Thepewho move to the West today need to realize'thegyoving into a desert," Mulroy
said. "If they want to live in a desert, they htw@dapt to a desert lifestyle.” That means f shim the mindset of the 1930s, when the
federal government encouraged people to settleeiVest, plant water-intensive crops and makeok like the East Coast. It means
landscapes of parched dirt. It means mesquite lsuea palo verde trees for vegetation. It meanghed water. It means gravel lawns. It
is the West's new deal, she seemed to be sayidd,got the feeling that for Mulroy it means thaeey blade of grass in her state would
soon be gone.

The first impulse when confronted with the Westiseav problems may be to wonder how, as scarcitgrnes more acute, the region will
engineer its way back to health. What can be hafiat can technology accomplish, to ease any ghesfaYet this is almost certainly the
wrong way to think about the situation. To be semmstruction projects like a pipeline from eastical Nevada could help Las Vegas.
But the larger difficulty facing Pat Mulroy and BeBinney, as they describe it, is re-engineerireggdulture and conventions of the West
before it becomes too late. Whether or not theema@ugh water in the region for, say, the nexti380oyears isn't necessarily a question
with a yes-or-no answer. The water managers | spatkebelieve the total volume of available wateunltl be great enough to sustain the
cities, many farms and perhaps the natural flothefarea's rivers. But it's not unreasonable torasghat if things continue as they have -
- with so much water going to agriculture; with servation only beginning to take hold among resilendustry and farmers; with
supplies diminishing slowly but steadily as thetBavarms; with the population growing faster thagwahere else in the United States;
and with some of our most economically vital statesstricted by antique water agreements -- thiomegill become a topography of
crisis and perhaps catastrophe. This is an oldh@op dating back more than a century to one obtlggnal American explorers of the
West, John Wesley Powell, who doubted the territmyld support large populations and intense dgweémt. (Powell presciently argued
that river basins, not arbitrary mapmakers, shdelgrmine the boundaries of the Western statesdier to avoid inevitableonflicts ove
water.) An earlier explorer, J. C. lves, visited firesent location of Hoover Dam, between Arizamaevada, in 1857. The desiccated
landscape was "valueless," Ives reported. "Tiserething there to do but leave.”

Roger Pulwarty, for his part, rejects the notiop¥ironmental determinism. Nature, in other woisist inexorably pushing the region
into a grim, suffering century. Things can be ddRedoubling efforts 1 prevent further climate change, Pulwarty saysnis place t
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start; another is getting the states that shar€tiierado River to reach cooperative arrangemeastthey have begun to discuss, for
coping with long-term droughts. Other parts of sb&ution are less obvious. To Peter Gleick, heati®Pacific Institute, a nonprofit
based in Oakland, Calif., that focuses on globdewiasues, whether we can adapt to a drier fdepends on whether we can rethink the
functions, and value, of fresh water. Can we cathdasame thingssing less of it? How we use our water, Gleickdwels, is considerak
more complex than it appears. First of all, theeecansumptive and nonconsumptive uses of watars@optive use, roughly speaking,
refers to water taken from a reservoir that cateotecovered. "It's embedded in a product likieadf Coca-Cola, or it's contaminated so
badly we can't reuse it," Gleick says. In agriodf the vast majority of water use is also congivepbecause it evaporates or transpires
from crops into the atmosphere. Evaporated watgrfalbas rain 1,000 miles away -- that's how Earthater cycle works -- but i gone
locally. A similar consumptive process charactegittee water we put on our lawns or gardens: it ipdisappears. Meanwhile, most of
the water used by metropolitan areas is nonconsuengt goes down the drain and empties into near®ys, like Colorado's South
Platte, as treated wastewater.

Gleick calls the Colorado River "the most compbchwater system in the world," and he isn't coosil it will be easy, or practical, to
change the laws that govern its usage. "But kthis less hard to change how we use water,'alis. $1e accepts that climate change is
confronting the West with serious problems. (He adas one of the country's first scientists, inithid-1980s, to point out that reductions
in mountain snowpack could present huge challehgEsmakes a persuasive case, however, that themmmense opportunities -- even
in cities like Las Vegas, which has made stridesoinservation -- to reduce both consumptive and¢owesumptive demand for water.
These include installing more low-flow home appties and adopting more efficient irrigation methadisd they include economic tools
too: for example, many municipalities have reducaasumption by making water more expensive (thesrgou use, the higher your per-
gallon rate). The United States uses less wateritlthd 25 years ago, Gleick points out: "We h@iveven paid too much attention to it,
and we've accomplished this." To go further, hys $& believes we could alter not only demand ksat supply. "Treated wastewater isn't
a liability, it's an asset," he says. We don'dngetable water to flush our toilets or water @wihs. "One might say that's a ridiculous use
of potable water. In fact, | might say that. Buatth the way we've set it up. And that's goinghtange, that's got to change, in this
century."

Among Colorado's water managers, Peter Binneyisi®katers project is considered both innovatimd anportant not on account of its
technology but because it seems to mark a newfdirading water sources in the drying West. It gisoves that the next generation's
water will not come cheap, or come easy. In latg, Juvent to Aurora to meet up again with Binnéywas the groundbreaking day for
Prairie Waters, which had been on the local telemisews: Binney and several other officials grihfier the cameras and signedegxtior
of six-foot steel pipe, the same kind that woulthgport water from the South Platte wells to theofautreatment facility. That evening,
Binney and | had dinner together at a steakhouaa iflurora shopping mall. When he remarked thamag have exceeded what he calls
the "carrying capacity" of the West, | asked hihether our desert civilizations could last. Binm@gmediubious. "Not the way we've (
it set up," he said. "We've decoupled land uzm fivater use. Water is the limiting resource inWest. | think we need to match them
back together again." There was a decent amownaigr out there, he went on to explain, but it wdalse presumption that it could
sustain all the farms, all the cities, all the razeSomething will have to give. It was also wraagssume, he said, that cities could
continue to grow without experiencing somethingaki a religious awakening about the scarcity afeweSoon, he predicted, we would
talk about our "water footprint" just as we nalktabout our carbon footprint.

Indeed, any conversations about the one will intstraler expand to include the other, Binney wentamsay. Many water managers have
known this for a while. The two problems -- watad&nergy -- are so intimately linked as to malexéeedingly difficult to tackle one

without the other. It isn't just the matter of giog/corn for ethanol, which is already strainingt@vasupplies. The less water in our rivers,
for instance, the less hydropower our dams prodlice further the water tables sink, the more patakes to pump water up. The more
we depend on coal and nuclear power plants, wigighire huge amounts of water for cooling, the latge burden we place on supplies.

Meanwhile, it is a perverse side effect of globalming that we may have to emit large volumes di@a dioxide to obtain the clean
water that is becoming scarcer because of the natioaide we've already put into the atmospherdrregion that turns to desalination,
for example, would need vast amounts of energy (aodey) to purify its water. While wind-powered di#sation could perhaps meet this
challenge -- such a plant was recently built ogt$erth, Australia -- it isn't clear that coasgaidents in, say, California would welcome
such projects. Unclear, too, is how dumping thadthat is a by-product of the process back ineoottean would affect ecosystems.

Similar energy challenges face other plans. In paats, various schemes have arisen to move watarGanada or the Great Lakes to
arid parts of the United States. Beyond the enwirantal implications and construction costs (propdindreds of billions of dollars),
such continental-scale plumbing would require staipeis amounts of electricity. And yet, fears thathsplans will resurface in a drier,
more populous world are partly behind current aéfdy the Great Lakes states to certify a pactghatects their fresh water from outside
exploitation.

Just pumping water from the Prairie Waters sitAuoora will cost a small fortune. Binney told mestthe day after the groundbreaking,
as we drove north from Aurora to the site. Along #%-minute journey, Binney narrated where hislpipevould go -- along the edge of
the highway here, over in that field there and soEventually we turned off the highway and ontaall country road, and Binney
slowed down so | could take in the surroundingieré's where you see it all coming together andfaticoming into conflict," he told

me. To him, it was a perfect tableau of the Wesh@21st century. There was a housing developorenne side of the road and fields of
irrigated crops on the other. Farther ahead was\aegpit, a remnant of the old Colorado mineraia&ation economy.

He drove on, and soon we turned onto a dirt roathtsected some open fields. We rumbled along fpuarter mile or so, spewing dust
and passing over the South Platte in the proceésseR parked by a wire fence near a sigh markiag ifurora property. We got out of
the truck, hopped over a locked gate and walkexarfarm field.

For miles along the highway, we passed barren gerteat formerly gre winter wheat but was now slated for new houses.l&hd we
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stood on once grew corn, but tangles of weeds eavienow. As we walked, Binney explained that¢b#ection wells on the South
Platte would soon be dug a few hundred yards athay water would be pumped into collection basimshis field, where sand and
gravel would purify it further. Then it would be mpped back to the chemical treatment plants in Aaubmfore being piped to residents.
"We're standing 34 miles from there," Binney said

It was a location as ordinary as | could have imedj an empty place, far from anything, and yenBjnsaw it as something else. Earlier,
when we crossed over the gravel banks of the Selatte, | found the river disappointing: broad ahdllow, dun-colored and slow-
moving, its unimpressive flow somehow incorporativater Aurora had already used upstream. Jameseliézhin writing about this
region years ago, was dead-on in calling it "g badildered nothing of a river." Still, the SolRtatte was dependable. It was also
Aurora's lifeline, buying the city 20 or 30 yeafgime. "What | really like about it," Binney ssmiling as we walked from the field bz

to his truck, "is that it's wet."

Correction: November 4, 2007, Sunday An article on Oct. 21lualite drought in the American West misstated dmaeof an
organization that is a sponsor of Western Wateegssent, one of whose engineers testified befongi@es about water shortages. It is
the National Oceanic and Atmospheric Administratioot the National Oceanographic Atmospheric Adetmtion.

Jon Gertner is a contributing writer for the magazi
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