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In tha mavie The Day After Temarrow, & sudden elimate changs inte anctner
ice age causes a fidal wave lo inundale New York and irseze instantly.
Once agsin, Hollywoad ruined an interesting theme by its ignarance of science
The laws of physics preclude the *flash glacier” and most of the other disasters
n the movie. But the theme 5 & good one because equally harrific climatic
disasters are possible; they just wouldn't happen quite as fast.

Consider current reality. 4 drought began in 1288, Events in the Atantic
snd Pacific Oceans suggest the possibiity of & megadrought that could last
ancther 15 1o 20 years. In the Soulhwest. many of our mast commen plants —
bursage, [Gjaba, palo verdas trees — diad during the nearly reinless year of 2001,
Because of poor snowlall in the Rocky Mountains and consequently low fiow in
the Colorede River, Lake Powsll and Laks Meag sre now at al-lime low water
levels and are less than hall full.

Uncertainty is at the core of current climate modeling: the drought could
ond next year. But if it cantinues cur future could be & rightmars, According Lo
Colorado River water managers, the reserveirs could fall below the lovel of the
sQusduct intakes by 2007 A widespread drought would produce similar results
o the oiher rivers that supply water for cities and sgricviturs, The Salt and
Verde rivers would go dry. Phosnix and Tucsen wauld have to increase use of
CAP water, but Arizana takes the first hit if Colorada River water deliveries are
below 7.5 million acre faat Then Fhoenb and Tuesan would have te rely on
ground water, which would increase land subsidence that could result in

massive damege Lo buildings.
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n & prolengsd drought the Sororan Desert
would changse dramatically. Most of he palo verde
trees, jojoba, bursege. and saguarcs would die:
most of the montane forests would burn 1o the
ground. (There is precedence for this — it actually
happened during past droughts in the 12" and 18’
centuries. The Hohokamn oculture vanished during
such a period.) Cities would snact draconian watar
rationing. The landscapes in parks, resors, and
home gardens would die (including most
xeriscapes). Tourism would crash. industries that
use water would lay off muech af their weork force.
The sconomies of the desent states could collapss.

Isn't this just es scary as the events in The Day
After Tomorrow? Can we pradict and plan for such a
crisis and aveid the fate of the Hohakam if the
worst really happens? Even a medest climate change

will hawve major effects on our lives, |t bears directly

on such issues as our fload and fire insurance rates,
our water and electrical bils, and the prababilly of a
good wildflower bloom or pleasant weathar on the
day of the family picnic.

Has a lang-term climate changs bagun?
Conalder this. In the summer 2003 European heat
wave 15,000 pecple died in France alons, and sven
Britain recorded over 2000 heaat-related “excess
denths" during the menlh of August A group of
German scisntists calculated that the statistical

probability of such an event was 0.0001 -

n other
words. & heat wave on the magnitude of 2003
should only happen onee ever 10,000 years! Every

year the number of deaths due to “tropical diseases’



climbs (eq. malara, dengue, pethogen-based
diarthes) ss warm climes and lropical patiogens
axtend their ranges narlhward. Dengue has oushed
iself nearly to the Arizona-Sorom border, and this
year thousands of cases are expected lo be reporled
in Hermasile, In Alaska, spruce bark beetles hove
killed 2.3 rrilion acres of frees since 1922, the worse
insect outbreak ever to hit North American forests

and

it i cirecty related to higher temparsturss
The threshold of thermal tolersnce is already being
crossed for tropical coral reefs, whiGh suffer "coral
Blenching’ when see surface temperatures ot too
high, Bleaching reached epidernic proportions in
the 1928 EI MiAo svent, when a sixth of the world's
coral reefs were destroved. And, s the permafrost
melts in Alaska and nertnern Canada, more and
mere DUICINGS &re Colapsing Nt the softening soil
A recent paper in the prectigious ecience jeurmal
Nature (by Chris Thomas and his colieaguss)
eoneludad that 20-30 percent of the sarth's species
could be wiped out by global warming as soon as
2030, Ever i @l gresmhouse gas emissions
stopped tomomow, most medels predict that the
slimate would continue warming for decades nto

the future — probably by doudls that sxperienced

over the last certury. This wauld maks the planst
hotter than at any time since the end af the 18st ics
age. In fact,

the upper range of glabal warming

estimates is higher than anylhing experienced
In the last 40 million yesrs, and well outside the
temparaturs range ever experienced by humarity or

the other species with whom we share this olanel

Unlike past warming spisodes that ended ice ages,
our current situntion would take us from an already
warm inter-glacial peried to an ever hotter warkl,
whera

temperatures could be  ou

side  the

evolutionary experience of most lving species
It weuld be short-eighted to ignars these trends.
This issue of sonorensis summarizes what we
know sbout weather and slimate in the Southwwest,
and what the future may noeld far us. Faul Hutiner

defines the

terms weather mnd climate, and he
sxplains how mstecrologists erd slimatclogists

messure them, He goes on to describe some of

the astronomical pnencmena that cause the
climate oycles that in turn mflusnce our weatner
Tom Van Devender uses the fossi record to

deseribe the tremendous changes in vegatation of

the Soulhwest thal have occurred in the pasi twe

million ysars due lo cimate changes. Robert Wabb

and Ray Turmer cocument chenmges thal have

happened during the past century as revealed by
sarms-site repeat photography. Melanie Lenarl
Jenathan Overpeck, and Gragg Garfin presant the
latest evidence for global warming and discusa the
enviranmental and social consequences of climate
change in the Southwest
The Desert Museurn is proud to present this
conrtemporary ovenvew of dimate in our egon. 8
We hape our readers find this issue bolh engecing

e nfonrrtive.

Mark A. Dimmitt, Director of Natural History
Richard C. Brusca, Executive Program Directar
Robert Edison, Executive Administrative Director
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The phone rings in the weather office at KGUNS TV. “9-Weather.

This is Paul. May | help you?™ “Hi Paul, this is Mary. We're gaing on a
trip to France next menth and | wanted to know how we should
pack? What is the weather like in Paris in September?”

I get these calls frequently. It may appear the answer to Marys
question is a simple one, but we all know appesrances can be
deceiving. You see, Mary isn't really asking about the weather
in Paris in September. Even if she was, | couldn't forecast with

any hope of accuracy beyond 10 days. What Mary really wants to

know is; what is the climate of Paris in September?

sengrensis | winter 1004 3



Robert A, Heinlein had it right. For Mary w
say; “Chmate tells you how to pack, Weather tells
you what to wear!”

Weather is what [ do every day. What's the
careent temperature? Is it going o min today?
How strong will the wind blow tomorow? I'm a
mereorclogisi. T work with current and predicted
weather conditions for the next few days.

Climate is essentially the sum of all those weather
ns over tme, Climate is the average of all
weather conditions ccourring in a given area over
many years, Climate can tell you what crops to plant,
and when, There are many ways to define climate,
Renowned elimatologist Helmut Landsherg's
definition seems to cover all the bases:

varia

“The sum total of the meteorological
clements that characterize the average and
extreme condition of the atrmaosphere over a

long period of time at any one place or

region of the earth’s surface”

So where meteorologists are focused on weather over
a period of days or weeks, cHmatalogists study
weather variations over long periods of time.
The science of climatalogy is focused on historic
records of climate over decades, centuries, even
millions of years.

Many people’s closest contact with climate
information is in daily weather reports on TV, The
daily “average” high and low rtemperatures we
show in weather s are usually a 30-year average
for your city

The daily “record” high and low wemperatures
represent a longer time period. This is the record of
“official” weather data in vour area. In most areas of
the US, this is over a hundred vears. The National
Weather Service in Tucson uses records that date
back 10 1895

G senorensis | wi

Many factors go into determining the climate of
an area. Latitude determines the amount of solar
energy. Oceans have a moderating effect on climate.
Mid-continent locations create great annual ranges in
temperature. Elevation and proximity to mountain
ranges also dramatically affect climate.

There are five different climatic zanes ranging
from Sonoran Desert at 2500 feet to the

fir-pine forest at 9,000 feet. E

Tuesonans are fortunate 1o be able 1o experience
o wide variety of climatic zones in one hour simply
by driving up Mt. Lemmon. There are five different
climatic zones ranging from Sonoran Desert at
2,500 feet to the fir-pine forest at 9,000 feet, IU's like
driving from Arizona to southern Canada in an
hour, This is a great example of how elevation
affects temperature and  precipitation. Generally
speaking the air emperature cools 5 degrees for
every thousand feet you go up the mountain, That
means the climate of ML Lemmon is about 30
degrees cooler than Tuesen. It also means more
than twice as much precipitation in an average
year. This climatic difference is why we have
beautiful saguaros al the base of the mountain and
Douglas firs on top!

Another way Tucsonans see different climatic
zones is to drive to San Diego. Both cities share
soughly the same Jatiude and get the same amount
of energy from the sun. But San Diego sits on the
cool blue waters of the Pacific Ocean. The water
temperature much of the vear hovers around 60
degrees. That means that while Tueson's average
Tigh is a sizzling 101 in June, San Diegans enjoy an
average high of just 72 degrees! That's a pretty stark
example of how an ocean moderates climate. And
it's a big reason why we “Zonies” like to frequent
San Dicgo in summer.

r 20 years climate researchers have
identified some of the mechanisms that cause short
term climate shifts. These shifts may last from several
months to 20 or 30 years. Here are two of the best-
known mechanisms for short-term dimate change.

ENSO (El Nifo-Southern Oscillation)
Flood in ifornia? Blame it on El Nifo, Mild winter
in the Midwest? Thanks El Nifo! It's probably the
most used term by media when it comes time
w explain why the weather's gone wacky in some
part of the world. El Nifio, and his sister La Nifa
are very real, and they do affect weather pawemns
across wide areas of the globe, But they are not
rechnically weather patterns themselves. Instead
they describe a warming (El Nine) or a cooling
(La Nifa) of ocean temperatures in the tropical
Pacific Ocean, In an ENSO ncutral phase ocean
temperatures are said 10 be “near normal
El Nifio comes along on average every 3 to 3
years. This tends to produce wetter winters for the
southern 1.5, including Arizona. The oppositc
phase, La Nifa tends 1o keep us warmer and drier
in the winter.

PDO [Pacific Decadal Oscillation)

It erns out El Nifo has a big brother in the North
Pacific. It's called the PDO, and it lasts a lot longer
than ENSO periads do SO phases usually last §
10 18 months. PDO phases stick around 20 ro 30
5. Evidence suggests the PDO affects climate in
fic Northwest and other areas of the U.S.
heries  scientist Steven Hare from the
University of Washington coined the term *Pacific
Decadal Oscillation” in 1996 while researching
connections between Alaska salmon  production
cycles and Pacific climate.

Like ENSO, the PDO has two phases, warm and
cool. There is evidence to suggest that the PDO
flipped from the swarm phase 10 a cool phase in 1998,
s you will see elsewhere in this issue, this change
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has climatologists in the Southwest concerned about
the possibility of long-term drought.

Researchers do not under:
ENSO and the PDO. Are they really just symptoms
of other mechanisms at work? Could geothermal
activity on the ocean floor play a role
ocean temperatures? In science each new answer
usually brings new  guestio) Even if we don't
understand the causes, identifying the cycles has
value, If we know what the effecs are likely to be,
we can plan accordingly.

changes in

When we look back many thousands or millions of
years we see that climate change is normal, and
often follows lT(L}.,lILIr cycles. Bul some of these
shockingly sudden, and last

changes are drar

for thousands of years.

As the World Turns
W

all know the carth orbits around our sun. But
ent| have discovered key wvariations in the
orbital geometry of our planer that may cause
dramatic climate shi
In the 19205 Yugoslavian engincer

Milutin

Milankoviteh developed a mathematical theory of

climate change based on changes in the earth’s
orhit. Three different elements of the carth’s spatial
relationship with the sun change in regular cycles.

The Precession of the Equinoxes

Every 23,000 years the earth completes a wobble
around its axis called the precession of the equinexes,
This means that every 23,000 years polar regions of
Earih see reduced solar energy.

4 Ef Nino, whith comes alang aboul every three do five years, fends 1o
praduce watter winters in the Sonoran Desert

nd the causes of

The Earths Tilt Axis Changes

e learned in school that
tlted relative to the sun at 235 degrees. But the
amount of tilt in Earth’s axis changes from 22 degrees
10 245 degrees every 41,000 years. This means that
41,000 years Polar Regions of Earth see
reduced solar energy.

ths axis is

ical Changes in Earth’s Orbit

arbital path changes too. We know that
Earth’s orbit is shaped like an ellipse.
93,000 years our orbit around the sun becomes less
elliptical and more circular, When the orbital
“stretch” is greatest, we're about 11
farther from the sun. Guess what this means? Yep!
This means that every 93,000 years Farih sees
veduced solar energy during paris of onr orlit,

This is mmpn ated stuff and a lot to keep track
of, but he: the important part

These cyclical changes i solar enengy appear o
be enough to cause FEarth's climate o alternate
between fce ages and warmer periods.

These warmer times are called
periods” or “climatic optimums." We're living in
one right now,

By most accounts, the last ice age ended about
13,000 ye Back then global temperatures
were about 10 degrees Tahrenheit colder in summer
than tockay. A sheet of ice nearly a mile thick covered
Canada and the northern United States. Imagine the
number of “snow birds” that would
Tucson in those days!

But there have also been times when the ¢
was much warmer than today. During the
' period 100 million years ago it's
helieved the earth was a full 18 degrees Fahrenheit
warmer than today! Ocean levels rose hundreds of
feet, splitting North America inlo lwo continents.

These past climaie char ohviously
caused by natural mechanisms, before humans began
to change the composition of onr atmesphere. There

rth’

million miles

ago.

have flacked to

aceous

s were
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 During the Cretacsous, the cimate in what s now soulheaslem Arizona
s wet and humid: open forest of mived non-flawering trees covered &
large Hat river delta. Brosol meandering streaims served as highuways for
large, browsing dinosaurs, while camivoreus forms prowiad the water
edges for prey. (Awodk by Gary Divon. Reproduced fom ASDMs
“Ancient Arizana” exhibit)

is evidence that the mmount of greenhouse gases have
changed naturally in the past. It is also generally
accepted as fact that we humans are changing Eanl's
atmosphere today. The big question is, what effect are
the changes we're producing having on climate?

s Clima

Our civilization

s developed over the vears in
relatively warm pe
average global wmperiure these days s about 39
degrees Fahrenheit, pretty comfy by human sr,mdmd\
There's a lot of talk about “global warming,.” The
discussion gets politically charged very quickly. Let's
skip the palities and look at what are generally
aceepted facts within the scientific community

iod between ice ages. Eauch

8 sonorensis

The Earth IS Getting Warmer
Measurements and best estimates do indicate our
planet has warmed about one degree Fahrenheit
in the last 100 years.

The year 2003 is expected to go down in history as
the third warmest on record, according to the
Werld Meteorological Organination (WMO). The
warmest year ever was 1998, and the second
warmest was 2002

Since 1990 we've seen the 10 warmest years on record.

Since 1980 we've seen 19 of the 20 warmest,

v Recent devasiating forest fires in Arizona are visible signs of
climate change.

This late 20th century warming is also unprece-
dented for at least the past millennivm, In the
Northern Henusphere, the 1990s were the warmest
decade and 1998 the warmest year in the past 1,000

During the Cretacecus period 100 million
years aga it's believed the earth was a full 18
degrees Fahrenheit warmer than today!

Ocean levels rose hundreds of feet, splitting

Morth America into twe continents.

ars. Some of the most compelling evidence of this
arming comes from dat at the University of
ona Laboratory of Tree-Ring Research.

While one degree of warming in the past
century may not seem like much to you and me, it
is significant cnough w cause changes arcund the
alobe. Some changes may be ocowring right in front




-~ bountain glaciers wordwidk are rapidly retieating. The first photograph shows Montana's Spery Giacier in 1907, The second shows Sperry Glacier

in 2001, (1907 photo by Elod, USGS. 2007 phat by Lisa ckean, Glacier Nationa! Park Archives)

of aur eyes. Huge forest fires like the Rodeo-Chedeski
and Aspen fires may not just be billowing plumes of
smoke in Arizona’s mountains. They may be visible
signs of climate change in action.

Here are some examples of observed effects of
recent climate change around the world. Although
some evidence comes through anecdotal observation,
other effects can e directly measured,

Large coral reefs in the Pacific are dying off. This
appears to be due to increasing ocean temperatures,
changes in sea level, and increased sediment runoff
a5 a result of deforestation of some Pacific islands.

Permafrost in Alaska is thawing. Satellite measure-
ments show sea ice is dramatically thinning in the
Aretic Ocean. Researchars at the University of
Alaska Fairbanks report declining salmon stocks,
new diseases and increased forest fires, The Alaska
Climate Research Center reports that average
annual temperatures in Alaska have increased 2.7
degrees Fahrenheit between 1971 and 2000

In Venice rising sea levels are causing an increase
in the number and severity of floads in the city. In
response, the city is planning to spend 3 billion
dollars to install 79 huge ‘sca gates” under the
ocean floor that can be raised to hold back the
Adriatic in times of flooding.

Mountain glaciers all over the world are retreating
[melting) rapidly. The US. Geological Survey says
South Cascade Glacier in Washington has receded
1.2 miles in the last century. It's lost nearly half its
ice in the last 100 years. The Rhene Glacier in
Switzerland has retreated 15 miles and 1500 feet
higher inte the Alps since 1256,

Antarcticas ice shelves have lost 5,000 square
miles since 1974 according to the Mational Snow
and Ice Data Center.

So Paul, all this climate stff is really conl. But what
happens now?

This is where things get really interesting.
Recently a number of scenarios are racing through
the climate world Faster than an Arizona wildfire

Forecast: Toasty Through 2100

various computer models predict global tempera-
tres will sise anywhere from three (o nine degrees
Fahrenheit over the next 100 years, In 2000 & team
of experts concluded in the report “Climate Change
Impacts on the United States” that temperatures
in the U.S. could be on the higher end of that
average, Most climare researchers agree that continued
warming of some magnitude is likely through the
vear 2100

As youll see in this issue, this scemario would have
wihe ranging impacs on the Soulhmwest. One possibility is
a so-called “megadrought” that lasts for more than 10
years, This kind of drought has happened before and
some, including U of A's Jonathan Overpeck, believe
it may be happening again.

The May/June 2004 uc of Weatherwise
highlights a study that says the climate of lowa may
change dramatically as soon as the year 2033,
By 2095 the summertime climate of lowa could be
9 1o 22 degrees Fahrenheit warmer that today.
Imagine taking Des Molnes and putting it in northern
Mississippi! That kind of warming, and increased
possibility of summer diought, could have dramatic
impacts on food production.

« Homas and other struciures built in Aleska over penmafost are usualy
designed to minimize the heat fansfer fo underpng fazen ground,
Although the damage fo thig siucture was probably caused by distrbance
and imprapsr protection of the ground ice, Wi image does canvey the
povenia! inplications of a warmer climate i infastuchire in pemaiins!
regions. (Photo by Lary Hinzman, Weter and Environmental Ressarch
Cente, Universiy of Alasks Fairbanks,)
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= honweod irees ane almost as drought felerant as the champian creosolelush, bul severe droughts can kil even Mram,
Mast of the iranwoodls i this wew sre dead or dying. Chuckwalla Valley, CA,

10
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Recently, a very interesting and shocking theory has been proposed in climare
circles. This theory is called “rapid climate change.” Some researchers are
suggesting that there are certain climatic thresholds that, when crossed,
rapidly trigger sudden and dramatic changes in climate.

Here's how one theory goes. As our plinet gets wa
continues to melt, injecting fresh water into our oc
over lang ind fresh water runoll adds w the effect. The rapid inflow
of fresh water reduces the saliiness, or salinity, of our oceans. Thar
changes the densily of major ocean currents, like the Gulf Stream, and
slows them down abruptly.

The Gulf Stream warm accan current that flows from the Gulf of
Mexico, along the East Coast of the 1.8, past Canada, Greenland, Iceland,
and all the way to Northern Europe. This brings warm water and a
tremendous amount of climate warming heat energy to these areas, If the
Gulll Stream waz o slow down considerably, some believe the effects
would be swift and wide ranging

Some believe our current warming is a sign these changes are already
underway. In fact a Pentagon report, An Abrupt Climeare Change Scenario
and fis fmplications for United States Netional Security, issued i October
2003, urges our government 1o consider this scenario as a serious national
security issue!

OF comse Hollywood can't resist this dramatic doomsday scenario, This
summer’s big catastrophic blockbuster movie The Deay After Tomarrow brought
the “instant ice age” scenario 1o the big screen. The maovie is largely based on
the hook The Comn(l, Gilobal Supersiorn writien by Whitley Strieber and lare
night radio host Art Bell. Though the movice is likely overblown in its effects,
it may serve to highlight the very real concerns over rapid climate change,

Many climate researchers believe this “insunt ice age’ scenario is unre-
alistic. $till, U of A’s Julie Cole has found evidence that abrupt changes in the
Atlantic during the last ice age did affect Arizona, There is also ice core dar
from Greenland that shows ice ages in the past have stuted with shocking
sucdenness, Some began within a human lifetime, One in as linle as 3 years!

Continued rapid warming can also have potentially dire consequences.
Another global impact would cause dramatically higher sea levels. This
would inundate some coastal arcas where millions of people live. It could
also result in “mass extinctions,” where many plants and animals are not
able to adapt 10 the sudden environmental changes.

The reality is we are all now part of a big climate experiment, Earth is our
laboratory. We're changing the atmesphere, and we don't know exactly whar
the consequences will hL Who knows what kind of weather, or climate, 'l be
forecasting in 30 yeus

mer, polar ice
ans. Increased precipitation




Mark Dimmitt i
Director of Natural History Arizona-Sonara Deseet Mu
Py

esert wildflawer displays are stunning spectaclas
thar arrract tourists from all over the world. But residents
know these events are rare: thev depend on unusually wet
winters, A Food bloom of desert annuals happens about
once per decade in a Biven location. In most vears one
must search to find scattered pacches wheve the rains were
above average In the driest years there are almost no
annunls, For more infarmation, see onr websites "desert in
bloom™ section or vefer to A Natural History of the
Sononan Desert, published by the Desert Museum and The
University of California Press.

There hove been s few times when the entive desert
Southwest from Palm Springs, Calilornin te Tucson,
Arizons and from Death Valley 1o centeal Baja California
supported hupe carpets of wildflowers. The twe most
recent massive displays weve in 1978 and 1996, (1977 and
1979 were also great years in the western and eastern
part of the Southwest, respectively, hut less spectacular
on the other side] There was an incredible display in
southern Avizona in 1941 but I've been unable to find
images that document whether the same thing happened
elsewhere in the Southwest.

ATl four "bonner” years occurred at about the time
that the Pacific Decadal Oscillation shifted phases (see
figure and discussion). 1941 was also close to a shift. Is

there a veal correlation here?

Manskly values for the POD inder: Jonyaey 1990-Decersber 2003
4

-4
1500

1920 1940 1980
Arrows indiesss Aaserswide wildflowers blooms

1950

The graph shows surface temperatures in the north-
eastern Pacific Ocean, where the PDO is centered. Purple
lines whove the baseline indicate a positive phase or
warmer then averaje sea temperatare and orange lines the
negative o1 cooler phase During the warm phase the
Scouthwest tends to have wetter winters, which are further
reinforeed by El Nifio events. The arrows indicate massive,
widespread displays of desert annual wildflowers.

Between 1941 and 1978 there were a few local displays.
This was a cold, dry PDO phase and there were few wet
vears Between 1979 and 1998 the warm. wet phase
predominated. reinforced by some El Nifio events. During
this period there were several excellont wildflower vears
in loeal arens, but no desert-wide spectacles.

The atmospheric conditions that tend to keep winter
storms out of the arid Southwest seem to breal down
during PDO shifts, allowing storms to rall aver the
whole aren. There isnt enough data
whether this is a real link. If it is, expect another super
wildflower year when the nest phase shift occurs. B

ta determine

A Connection?

Top: A small piaya near the Sierra Gelamgiue an the northern Guff
Coas! of Baja Cahitornia. This i a typical sering in this part of the
Sonaran Dasert; no ain has fallen during the preceading winfer.
Bottom: The same piaya alter a humicane stom dumped several
inches of rain in one day. (f was the first ain i almast tuo years,) The
Jupines are more than  foot tall and coimpletely caver the suriace,

sonorensis | wineer 1004 L1
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http://desertmuseum.org/members/sonorensis/spanish/2004p10.php

THOMAS R. Wan DEVENDER | SENIOR RESEARCH SoiEnTiST
ARIZONA-SONORA DESERT MusEuM

HE SONORAN DESERT IS CONSIDERED TO 8t
THE mMasT oF THE
AMERICAN DESERTS BECAUSE OF ITS CLIMATE
WITH MILD WINTERS AND SUMMER MONSOODNAL
RAINFALL FROM THE TROFPICAL OCEANS
SCENIC FOOTHILL PALO VERDE (PARKINSONIA
MICROPHYLLAY-SALUATO (CARNEGIEA GIGANTEA)
VEQETATION N THE NORTHEASTERM ARIZONA
UPLAND SUBBDIVISION 1S STRUCTURALLY SIMILAR
TO THORNSCRUB AND TROPICAL BECIDUGUS
FOREST TO THE SOUTH, AND VERY DIFFERENT
FROM THE TREELESS SHRUBLANDS OF THE GREAT
BasiN, MoHAvE, CHIHUAHUAN DESERTS
AND INDEED THE EVOLUTIONARY ROOTS OF MANY
SoNoRAN DESERT PLANTS ARE IM EARLY TERTIARY
DRY TROFICAL FORESTS.
THE COMPOSITION AND STRUGTURE OF LOGAL
COMMUKITIES AND REGIONAL BIOTAS ARE SHARED &Y
CLIMATE, COLD WINTER AlR, RAINFALL. AND OTHER

“TROFICAL" NoaTH

TrE

AnD

FEATURES OF LOCAL WEATHER ARE IMFORTEDR FROM
DISTANT REGIGNS BY ATMOSFHERIC CIRGULATION
EXTREME CLIMATIC EVENTS. ESPEGIALLY HARD
FREEIES AND SEVERE DROUGHTS, ARE THE MOST
IMFORTANT FACTORS IN LIMITING GEOGRAPHIC
RANGES OF ORGANISMS. THE REMARKABLE TRAN-
SITION FROM TEMFERATE ZONE DAK WOODLANDS
NEAR NOGALES ON THE ARIZONA BORDER
TO NEOTRO®ICAL DRY FORESTS NEAR
SPANISH COLONIAL TOWN OF ALAMOS IN SOUTHERN
SONORA REFLECTS THE NORTH TO SOUTH INCREASE
M MMM

THE

WINTER TEMPERATURES AND SUMMER
RAINFALL. MANY TROPICAL PLANTS AND ANIMALS
OCCUR SURFRISINGLY FAR NORTH IN EASTERN
SONORA BECAUSE MOUNTAINS IN THE BORDERLANDS
| BLOCK THE FRIGID ARCTIC AIR MASSES

AS COMPLEX AND FASCINATING AS THE BIOTA AND
ATURAL HISTORY OF THE SoNoman DESERT REGION
E TGDAY, THE FOSSIL RECORD PROVIDES US WITH
RIES OF DYNAMIC LANDSCAFES, WONDROUS
. AND EVER-CHANGING CLIMATES THAT RIVAL
| CHILDREN'S OR FANTASY BOOKS.

55

GI_ACIERS, J PLuviaL LakKEs,
AND /e AGES

©On a field uip in the Swiss Alps, a young physician
named Louts Agassiz realized that large boulders in an
apen arca (ematics) and long lines of rocky debris
(moraines) were dropped by a glacier at some time in
the past. In 1840 he published his thoughts on the
great lee Age i oan anicle entitled Bede sur K
Eilaciers, Evidence of montane and continental glaciers
was soon discovered in many places in Europe and
North America. Although Agassiz was o lifelong
opponent of Charles Darwin’s theory of evolution, he
brecame a renowned systematist and paleontologist at
Harvard University in Boston. The desert tortoise
(Gopheris agassizii) was named after him,

In the last ice age, Plovif Lake Lahorian filed the modem Winnemuca Lake to 500 feet degp.

About the same time of Agassiz’s discovery,
botanists in Europe, and later in the United States,
discovered leaves and pollen grains of plants that
grow in colder climates today in sediments in seeps
and bogs. Tundia onee grew in modern boreal
forests in Europe, and spruce (Picea) forest
replaced temperate deciduons Torest in North
America. Eventually, the last 2.4 million years
were recognized as the Pleistocene — the only
geologic time period based on climate rather than
evolutionary stages of fossil animals. At first, four
ice ages were recognized based on terrestrial
deposits in Europe, North America, and South
America. However, later studies of isotopic climatic
indicators (zooplankton) in continuous sediment
cores from the ocean floors recorded 15 w0 20
glacial/interglacial cycles in the Pleistacene, Ice
ages were about ten times as long as the 10,000 o

somorensts |winter 1004 13



20,000-yr long interglacials. The present interglacial
{the Holocene) began about 13,000 years ago.

In the last glacial period (the Wisconsind, the
i ve Laurentide ice sheet covered most of
Canada, and extended as far south as New York and
Ohio. Boreal forest with spruce and pine occurred as
far south as northern Louisiana, and in the modern
Great Plains as far south as the Panhandle of Texas,
In the western United States, glaciers covered the
tops of the Roclky Mountains and the Sierra Nevad
and Pluvial Lakes Bonneville and Lahontan were
over 500 fect deep. Enough water was tied up in ice
on land (@ lower sea level about 100 meters

IMMIGRATION

AND

€ AGES

During each glacial period, lower seq levels closed the
Bering Stait, uniting Siberia and Alaska as a single
region. nning of each interglacial period,
the Canadian ice she ted, allowing Asian animals
to calonize the rest of North Ameriea. Sometmes,

the fossil record of well-known animals pravids
surprising historical insight. For example, the
cheetah (Acinomyx jubdaius), now restricted
to Africa, is a descendant of a late Pliocene
emigrant from North America. The
American  cheetah (A, tromani)
survived in North America untl less
than 20,000 years ago, possibly untl
the Paleoindians arrived about 13,000
years ago. The lion (Pantbera arrai) is
new found in tropical areas in Africa and

a
Z

The jaguar (Panthara onca) immigrated to North
Amstica from Asia scross the Bering
Stralt in the early Pleisiocene.
Today it is the sympol of the
Mew World tropice.

14 sonarcnsis | winter 2044
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southeastern Asia, but was widespread in Europe
and Noith America in temperare forests in the late
Pleistocene. The jaguar (P oncal, now the symbol of
the New World tropics, immigrated to North America
from Asia through carly Pleistocene boreal forests.
A large extinet subspecies (P o, augusia) was
widespread in emperate forests in the southeastern
United States in the late Pleistocene. Todkay the jaguar
reache nothern limit in thomscub and cak
woodland in Sonora and Arizona, Other surprises
are that camels evolved in North America and later
colonized both Furasia {dromedariesy and South
America (llamas), and that hyenas and pandas
briefly reached North America from Asia but did not
survive, Early Pleistocene hyaena fossils are known,
from the 111 Ranch near Safford, Arizona, and
El Golfe de Santa Clara in northwestern Sonora,

PACKRATS :
as DESERT, 7.

n 196,

. botanist Phil Wells and mammalogist Clive
Peak in southern Nevada
in search of relictual junipers or oaks. On the way
down, they found a dark, organic mass with a rich
conifer aroma in a dry rockshelier — full of juniper
wwigs! A date of 10,100 radiocarbon years on the
sample showed that these amberrat deposits were
a new source of fossils from the driest desers in
North  America. Wells dubbed them pa
{Neotoma spp.) ‘middens’ — an archeclog
term for human refuse piles,

In the next 20 vears, midden fossils
were used o reconstiuct vegetation
in al of the North American
deserts for the last 43,000 years
In the Sonoran Desert in
southwestern Arizona, ice age

T

Ancien packrat mididens
are 8 saunce of well preserved
fessils rom the desarts. Note pine
needles and juniper twigs in this
14,000 year old sample fiom &
palo verdesaguaro area in westem Aizana.

woodlands with singleleal pinyen (Pirines nionophyilal,
junipers (uniperus spp.), shiub live oak (Querces
turbinella), and Joshua tree (Yucca brevifolia) were
present at 350 to 1525 meter elevation prior to 11,000
yews ago. Few to none of the modern long-lived
trees, shrubs, or succulents in the modern Arizona
Upland were present. In the modern Lower Caloraco
River Valley, California juniper (usiperiis ealifornica),
Jushua tree, and creosotebush (Larrea divaricala)
grew at 240 to 330 meter elevation. Sonoran
desenserub developed in the Holocene as the last
woodland plants retreated upward and northward
8000 1o 9000 years ago. In the middle Holocene
saguaros and britdebush were living with catclaw
(Acacie greggit? and blue palo verde (Parbinsonia

floricla. About 4300 years ago, modern deserscrub

formed  with the arrival of foothill palo verde,
organpipe cactus (Stenocerens thurbertl, and desert
iromwaod (Cfneya tesote),

cHancing CLIMAT
THE SONORAN {

IN

T O
L eser
Fossil plants and animals can provide insights into
past climates. Animals such as fish, mud tortles
(Kinosternon spp), and amphibians are indicators of
aquatic habitats. Fossils are more useful if they
can be identificd 10 species, allowing
inferences w be based on their

A young whitethrosted packeat (Neotoma
albiguia).



The ita age wonolnds Jn the modern Sanoran Desrt were daminatea by
singleieat pinyon (Prus monophyllal, verioes junipers, and Joshua e
(¥uoea breviolal, shown above. Saguaro and pelo verde didn’ return o the
area uriil about 10,500 yours ago

distribution, physiolagical tolerances, and natural
history habitats. For example, the presence of the
sabimal frog (leptodactylus melanonotus) in the
Rancho La Brisca Fauna in north-central Sonora 240
kilometers north of the nearest population suggests
that interglacial climates 80000 vears ago were
more tropical than today. However, extinct species
such as horses, mammoths, and camels are less
useful because they lived in a broad range of
habitats. Packrat midden fossils are usually excellent
for paleoclimate reconstructions because they can
usually be identified to extant species and are
reliably associated with radiocarbon dates.

In the Sonoran Desert, packrat middens older than
9000 year ago consistently contained perennials —
now found ar higher elevations in wondland
or chaparral, or at higher latitudes in the
present Mohave Desert — and winter
ranfall annuals. These plants
reflect paleoclimates  with
much cooler summers than

today, more precipitation from Pacific winter fronial
storms, and gready reduced summer monsoons.
The interpretations of middle Holocene climates
have been controversial, Emst Antevs was a geologist
who devised a sequence of climatic periods for the
last 10,000 years
varves (very fine annual layers
of sediments) in Swedish lak
In 1955, he proposed a similar
climate chronology for playa
lake sediments in a
fall area in Oregon that was
used througheur the West. The
anthropological community
often invoked the hot, dry
Altithermal (7500 10 4000 years
ago) climate 1o explain crosion,
population erashes, and other
amities. In 1961 however, Paul Martin concluded
from his swdy of pollen in arroyo sediments that
summer rainfall in the middle Holocene was greater
than today in southeastern Arizona. In the Puerto
Blanco and Tinajas Alias mountains of southwestern
Arizona, catclaw and blue palo verde are
restricted to desert washes. In the middle
Holocene, they grew on racky slopes,
suggesting wetter climates than today in
the northeastern Sonoran Desert,
Although have been
the summer monsoons well-
aped for the last 4000 vears, cimates
continued 1o fluctuate  on  various
time scales. Even the youngest midden
assemblages  the  Puerto Blanco
Mountains in Organ Pipe Cactus

based  on

winter-

T4

summers

Fossis of the tiny sabipal frog ILeplocactyius
melancaotus] at Rancho La Brisca, 240 kiometers

north of its moder range, indieates that the climate
" f 80,000 paars ago was more iropical than today:

ALTHOUGH SUMMERS HAVE BEEN
HOT anD THE SUMMER
MCNSOGNS WELL-DEVELOPED FOR
THE LAST 4000 YEARS,
CLIMATES CONTINUED
TO FLUCTUATE O VARIOUS

TIME scaLes

Nartional Monument contained plants not found near
the midden rockshelters today, the legacy of freezes
or droughts in the last few centuries. One sample
dated at 990 years ago had nearly twice the number
of species at the site today, suggesting thar for a
short period rainfall was greater
in both summer and winter
Interestingly this wwas the same
time as the Hohokam peoples
were thriving in the Phoenix
and Tucson areas.

The fossil record has shown
us that the Sonoran Deserl
biota and landscapes have
been dynamic for millions of
responding to climare
changes on many different
time seales.

Sonoran deseriscrub vegstation & a compler mirure of shartlived fierbs
ifiat were presen! i ice ags woodland, and frees, shubs, and cachi that
immigrated io the area in the last 11,000 pears. Thess dynamic communities
oortinually respond to efimate fluetuations, never raaching equillbriun.
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CHANGE IN THE SONORAN DESERT

The recent drought and death of a variety of desert-adapted species reminds
us that climate, and especially climatic fluctuations, are the primary forces
shaping the type and density of vegetation that we see around us in the

Sonoran Desert. Short-lived species—for example triangle-leaf bursage

(Ambrosia deltoid ffered d death in the Tucson Basin recently,
and even longerlived species, such as creosotebush (Larrea divaricata tridentata)
and foothills palo verde (Cercidium microphyllum) suffered losses. Drought is
widely recagnized as a mechanism for resetting parts of terrestrial ecosystems,
and even though the effects may be more dramatic in forests, drought can kill
the hardiest of desert plants.

Drought is but one of the forces changing vegetation in the Sonoran Desert
over the last century. Three major wet periads, from about 1880 through 1891,
1906 through 1920, and 1978 through 1995, spurred significant establishment

and growth of desert vegetation throughout the Sonoran Desert. Deep

droughts, particularly from 1891 thraugh 1904, from the mid-1940s through
1964, and generally since 1996, checked some of this growth. Land uses,
particularly fire suppression at upper elevations of the Sanaran Desert. and livestock
grazing throughout our region, had significant effects as well, Finally, two
an-going changes of current concern — increases in atmospheric carbon dicxide
and temperatures — are likely affecting our Sonoran Desert plants.

For the last 40 years. we've used repeat photography to document
vegetation change in the Sonoran Desert. After finding the camera stations
for more than 500 histarical photographs in the region and matching them
one ar more times, we have made some general conclusions about long-term
changes in desert vegetation. The most striking thing we've seen is that the
landscapes surrounding us continually change, in ways that are startling even
to us. The Sonoran Desert is not unchanging, and we should not ascribe

every change we see to the hands of humans.

Robert H. Webb, Hydrologist & Raymond M. Turner, Retired Biologist
U.5. Geological Survey
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Desert-wide, the most important change we've docu-
mented is the increase in woody vegetation. It doesn't
matter whether it is mesquite encroaching on former
grassland, riparian trees coming into formerly barren river

increasing on desert hillslopes
woody plants have increased at the expense of bare
ground and herl i Established plants have
grown, giving “after” photographs the startling appearance
of greatly increased vegetation on the landscape
Although one predicted outcome of increased carbon
dioxide in the atmosphere Is that woody plants will
increase at the expense of perennial grasses, there is no
direct evidence o suggest that changes in the Sonorman
Desert are caused by this factor.

Another stariling change is in the charismatic cacti of
the Sonoran Desert. Some phowgraphs portend  the
demise of the saguaro (Carnegiea giganica), leading to
same speculation that the name of

Saguaro National
Park might one day be changed to Pala Verde National
Park. A permanent study plot established in the area
fvisible in the photographs) contained 209 saguaros in
1961, By 1988, this number had fallen 10 100. In 2041,
the population had rebounded and there were 227
plants in this 9-acre plot. Most of these new cacti are
small and will not be visible from the camera station for

a quarter of a century or more, Although
more plants are present today than in the
19605, how does this new number compane
with the number at the time of the 1935
photograph or even to the number of
plants in the prand old forest when the
photographed plants hecame established

2 century earlier? Using a mocdel derived
from stuclies at this plot, plant heights
were converted to plant age. This
allowed 2 look deep into the past, and a
rehust establishment period was seen from about 1800
1o 18740, Following that period and untl the late 20th
century, the population rarely added enough plants
maintain numbers near 200, Thus, it was the early 19th

A permanent study plot established in the
area contained 2«‘7 saguaros in 1961,
By 1988, this mumber
had fallen to Zoo -
In 2001, the population
bhad rebounded and
there were Z,Z/?' plants

in this g-acre plot.

century pulse of establishment that provided the large
number of mature plants seen in photog

phs from the
1930s. The post 1870s decline is timed closely with the



Saguaro gJ¢ ‘4 " /gjﬂ/

Uwir)

with

beginning of livestock grazing in the area as well
npacts from nearby charcoal kilns, for which saguare
‘murse trees” were harvested. Ganle were removed from
this part of the Monument in 1958; the kilns were gone
earlier. Establishment returned to this plot in the 1960s
and appears robust ar this time. How will this forest
appear in another century? Will saguaro establishment be
influenced by the drought-induced death of numerous
palo verdes that can now be seen in this area?

Also of interest is the increase in smaller-statured cacti,
particularly prickly pear, which appear to be responding
w the simultaneous effects of increased precipitation
in the 1980s and increased winter tem-
peratures. You might have noticed that
prickly pear, in particular, has suffered
vonsiderable  mortality  durir the
current drought.

The extended wet period berween
1978 and 1995 created what probably is
an unsustainable plant pepulation in
the more humid northeastern parts of
the Sonoran Desert. If we are entering
a sustained drought period, which
some are predicting, expect to see an
increasing number of dead shrubs
and trees in our desert. While this
may be disconcerting to some, and
have others wanting to hlame
human nd-use  practices, we
believe these changes are a normal
part of the boom-bust cycle driven
by climatic fluctuations in this
desert we call home

For more information on long-
term  vegetation  change in  the
Sonoran Desert and Pima County, see RM. Tumner, R, July 19, 1960
Webh, | E. Bowers, and LR, Hastings, The Changing Mile  Awugh many saguarss have groln (foreground), an overal daclie in e nmber
Revisited (University of Arizona Pross, 2003) and  ofcaci in the view fad siaried by the eary 19605, Wondy vagesation, primary
www, pima. gov/emo/sdcp/reports/ Weweb.pdf B foathill pala verde, has increassd. (R, Hastings).




The Aspen fire bums through a desert canyon
in the Santa Cafalina Frent Range in July 2003,

The fire later wreaked havoc on Summerhaven, a community Melanie Lenart,
Gregg Garfin, and Jonathan Overpeck
Institute for the Study of Planet Earth

The University of Arizona

ai the top of Mouni Lemmon. Ecologists are concerned that @ wadmer
climatz will make severe wildfires more common in the Southwest. Photo by Ellis Margofis,
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The Southwest is in the midst of a potentially disastrous

drought. At the same time its cities are growing by leaps

oy
(oP St ) and bounds. The implications are sobering: a Southwest with shortages

ST .
P of water and an overabundance of blazing wildfires in this century and beyond.
- Glohally. average annual temperature is expected to rise by somewhere between

3 and 10 degrees Fahrenheit by 2100, according to a range of scenarios developed by the
Intergovernmental Panel on Climate Change (IPCC). Computer models are less adept at simulating
regional climate change, but some researchers with NOAA (the National Qceanic and Atmospheric Administration)

predict a rise in average annual temperature in the Southwest of 3 to 4 degrees Fahrenheit by 2050 (see chart on page 22).

ah *o
.

oy v
e

Their projection averages results from four different computer madels, and doesn’t assume the warming will stop at mid-century.

soivorensis | winter 2004 21



The IPCC expects the big:
nges lo come du

est lemperature
ng winter and at night, but
residents in the Southwest can also expea 1o feel
more heat throughout the yea

<l

as temperatures rise.
Climate change could well usher in more of what
we're expes
in the

encing now, with widespread drought
Southwest, Higher temperatures mean the
atmosphere holds more moisture, and this ean
aggravate drought conditions. In fact, one analysis
found higher-than-usual temperatures helped create
drought conditions between 1998 and 2002 in at least
some of the arca in the Four
New Mexico,

Other documented a nationwide
trend toward an earlier spring, with snow mehing
and flowers

orners states (Arize
slorado, and Utah)
studies have

blooming sooner than in previous

7
uildings that collectively housed

more than 3,000 people

were abandoned by this civilization
during a long dry spell

in the second half of the 12th Century.

decades. Dan Cayan of the Scripps Climate Research
Division in California

nd several colleagues reported
in 2001 that hoth Flacs anc honeysuckle at long-term
observation stations in the West were tending to
ym about 5-10 days earlier

in recent decades

compared 1o the fist few decades of
(Records go hack ta 1957 for Ii
honeysuckle) Gages mes
river flow corre

record,
o 1968 for
suting peak  springtime
ate well with blooming dates in the
western United States, strengthening the argument
for an earlier spring thaw,

s and

In addition to bringing on an carlier spring,

climate change  will mean

likely more frequent
torrential rains, fewer frost days, a longer growing
semson, a longer fire seasan, and lower reservoir le
recilic precipiation
pinpoint at regi

changes are difficule o

Although some general
circulation madels predict an increase in southwesiem
precipitation, others project a decrease or lack of
change. However, even in a best-case scenario that

al levels.

bequeaths the Southwest more rain and snow
any increases in annual precipitation will likely be lost
1o even greater increases In evaporation.

A warmer atmosphere holds roughly 4 percent
more water vapor for each rise of 1 degree Fahrenheit
Already  water excecds  gains  throughout
most of the Southwest. For instance, the Asizon
Meteorological Network measures  cumulative
that are about 10 times higher
than precipitation rates in Phoenix. An increase in
evaporation rates over the landlocked Southwest
guarantees an increased rate of diving, most notably
during spring and summer, This i

Toss

evaporation

partly why clima-
tologists expect “extreme events” like droughts and
flocxds tor become more common as the world warms.

Long-term drought haunts the southwestemn

desert, in the |

¢, present and future, A “megadrought
spanning more than 20 years in the 1oth Century
desiceared western North America

from Mexico 1o

A according 1o wee-ring researchers such
as Dave Stahle of the University of Arkansa

Scientists use the term “megadrought” 1o desc

be




widespread drought that lingers for a decade or

The Chaco Canyon ghost t

more wn of struct

es
il ancestors of the Pueblo people stands
ag 4 testament to how megadrought can
affect society. that collectively housed

mare than 3,000 people were abandoned by this
civilization during a long dry spell in the second
half of the 12th Century.
While higher evaporation
promote drought. higher e
acean comribute w the expectation of more floods,
What goes up must come down

rates over land can

iporation raes over the

ndl there's reason (o
believe that some of the moisture i

the amesphere will come down in

more tomrential rains. For
Ke
ational Center for
Ammospheric Research analyzed
precipitation values for 2
climate regimes and

climates we

frequent
Thomas

instance, and Kevin

Trenberth at the

ily

variety of

<l warmer

i

: more likely o receive

the

rge episodic doses,
ni-arich the
cly
heir share

moisture in
The ser

Southwest al:
than

lands of

end to have more
of ex
rest of

e events
- country
erms of
ught anc erosion from

compared 1o the

when measured
ng dr
Mooding. Clin
likely tor rel
the

lea
devasta

¢ change seems more
force rather than temper
southwestern

climate sec-saw,
vhich some  dimatclogists sum up
the adage that droughts tend to
d in floods.

An i

e in aricity brings challenges for plants
s alike. In the

desert, plants already struggling for survival will face

in southwestern deserts and fon

e Southwest tend to have more ihen their share

-~ : i

od damage along Tucson'’s Rilliio River, Qetober 1983, The semi-arfd fands
/i évenls compared
to other parts of the country.

Phota Right and on pg 22, ¥
Canyans hght up the night sky
2003, Phatos by Eilis Margolss.

Fires buring in Sabinc and
aver Tucsan dbring the Aspen fire of ol




more waler stress, In the forest, catastrophic wildfires
could rage more frequently during longer fire seasons
in the [uure, Its no coincidence that the greatest
fire danger occurs during the typically bone-dry
southwestern late spring. What is ks abviou
but well-documented by Thomas Swetnam of the
University of Arizona’s Laboratory of Tree-Ring
Research and his colleagues, is that the see
wel to dry years actually increases the porential for
large wildfires in some southwestern forests

Other aspects of climare change also present
challenges for narural and managed plant system
The tendency toward earlier springs and longer
growing seasons is bound to benefit some plant
species, probably at the expense of others. Many
species will face a change in their suilable range.
The classic southwestern cactus, the saguaro, might
relocate further cast in Arizona, o 1997 study led by
Robert 5. Thompson of the U.S. Gealogical Survey
suggested. Meanwhile, ponderosa pine populations
could decline in Arizona yet increase in New
Mexico. Other tree species that could decline in the
Southwest include spruce, pinyon pine, Douglas
fir, and Gambel cak. Species standing lo gain
ground from climate change in this region include
other oak species, creosotebush, and Joshua trees.

A changing climate will shift the distribution of
both plant and animal species Its unlikely that
things will mave smaothly, synchroncusly or in ways
that are easy to predict. (Jmagine a musical chairs
approach to shifting ecological niches.) The chance
of seeing a smooth wansition dec]

w of

nes if climate

The giant saguars, towsaring fon of e American Southwes, may refocaly
Turther east as the climate continues to wam, Eeilier srings and fonger
growing seasans will fend o benefit some plent species, offen af the
expense af others

change oceu
concerns

abrupily, something that particulasly
sientists because they've seen it before in
records of prehistoric climate. Records of past
climate inferred from marine sediments, for instance.
indicate regional climate can make an abrupt switch
in o mater of years, Of cowse, plant and animal
communities may take longer than decades to adjust

Southwestern society may also struggle 1o adjust
1o the impacts of dimate change, particularly
impacts invalving water supply. The many reservoirs
storing Coloraco River water belp buffer many p:

he tendency toward earlier springs
and longer growing seasons is bound
to benefit some plant species.

prabably at the expense of others,

of this region in comparison ta other western basins.
Still, the inflow to the Colorado system accounts for
only a fraction of the water allocated to various
users each year, Water compacts were designed
during a period of above-average stream flow in the
19205, and the reservoirs themselves hold more
water than can flow through the system even in a
flood year. As a result, it takes the system many
years 1o rebound from a regional drought, Having
such a high ratic of storage capacity compared
rver flow makes the Colorado reservoir system
exrremely sensitive 10 changes




The Lake Powail Reservoir system, shown fere fram.a vaniage poiat in Ulah iooking upstream toward the caniluence of the Coloradn River with ihe Dirly Devl River,
fs one of many reservoirs projected to face future difficullis fram & warmer chimate, Extended droughis in the Southwest are expected o ke more cammon as a
result of climate change, The resulls of the current droughl are seen in this image. teken May 19 of this year K fook the seservalr about 17 years to fill up following
tha completion of Glen Canyon Dam in 1966 and as recently as March 2002, the deliaic sedimants shown above wera coverad with water instaad of the thin layar
of vegelation shown in the 2004 image. Phata by Jeff Philips of U.S. Geological Survey:




For instance, an Environmental Protection
Agency report published in 1993 estimated that a
consistent 3 percent decrease in streamflow runoff
could reduce by a full quarter (25 percent) the
capacity of the Central Arizona Project to deliver its
full allocation of water to Phoenix and Tucson. In a
state-of-the-art  modeling  study, University of

/"/ln inerease in monsoonal rains

may look impressive. but generally
the water rushes downstream
without mueh opportunity

for replenishing groundwater supplies.

Washington hydiologists used projections for early
snowmelt and increased temperatures Lo estimate
that Glen Canyon Dam releases to the states in the
lower Colorado River basin would he mer less than
75 percent of the time hetween 2010 and 2008 This
woltld challenge the basin's capacity to store water,
prexduce hydropower, and deliver water to Mexico
promised by the compact.

A mansoonal reio sterm is seen in the dislance. Monsoone! sioms
usvally oecur dhing the summer monifs of July and Aogust i the
souifwesiemn United States, with tining dependent on location and
varisbla by year. Thay bring much-nesded water o the Sancran Desart
vegaiation, bu! don'l necessary recharge decliing greundater aquiers.

se in floods that is also a possible
ate change? In this case, the type of
water storage system matlers, as does the seasonal
timing of precipitation.

Floods do linle for aquifer:
monsoonal rains may look impressive, but generally
the water rushes downstream without much of an
apportunity for replenishing groundwater supplies,
If winter precipitation increases, however, aquifers
cauld benefit. Aquifers do best when moisture can
sink in over many weeks of fairly cool weather, such
as when it trickles down from snowpack. Of course,
if the snow evaporates into thin air — a process that
consumed tons of southwestern snow  this past
Masch — then local soil moisture gains nothing

Floods can boost s, though, Ra
onesnow cvents, a recipe for floods, may become
more frequent given the documented  carlies
springs ancl projected increase in torrential rainfall
events. Floodwater, however, carries deposits of
sediment o reservoirs, reducing their capac
Also, an increased threat of spring floads may force
water managers to make diffieult choices about
how much water to release downstream swhen
reservoirs are running high Reservoirs help reduce
societal risk by allowing for the storage of potential
floodwaters — but only if sufficient holding capacity
remains when a flood strikes.

Waler managers won't be alone in having ro
make tough decisions as a result urmm‘ng change
¢ will need to make same difficult decisions. At
the dawn of the 215t Century, Arizonans are Jucky to
have groundwater and abundant agriculiural water
allotments, {Agriculiure accounts for more than 70
percent of Arizona water use.) These factors provide

An increase in




a buffer to help society get through drought. But as
aquifers are depleted, and agriculural water s
converted o wban use, the Southwest's ability 1w
weather droughts will be diminished.

The most immediate climate change impacts are
likely to be felt by riparian and non-irrigated arcas.
As society tries to cope with drier conditions via

ven if society itself
abruptly changed course and
reduced greenhouse gas emissions.
it would take time to reverse
the warming that has begun
Still, there are actions individuals and
society can take to reduce the impacis
of climate change and
the associated drought.
expanded infrastructure and conservation, natural
areas could, quite literally, be left high and dry.
Stream flow and groundwater tables could continue
Lo drop just as wmperawres raise the evaporative
stress on plants and animals. There are other possible

future climate scenarios, but they all likely inchude
periods of prolonged drought on top of significantly

warmer temperatures, The only way 1o reduce this
threat is o curb anthropogenic climate change by
reducing the societal input of greenhouse gas
which come mainly from burning fossil fucls in
factonies, power plants, and vehicles, and also from
the buming and destruction of forests.

Even if society itself abruptly changed course
and reduced greenhouse gas emissions, it would
take time to reverse the warming that has begun.
Still, there individuals and society
n ke to reduce the impacis of climate change
and the associated drought. Desert dwellers can
plant drought tolerant species, and avoid exotic
grasses or moisture-loving plants. Society can assist
in groundwater recharge efforts during times
of plenty. If timber managers, ecologi ndl envi-
ronmentlists can work together, society could
clear the forest ol a proportion of fuels and under-
story trees, Defusing catstrophic wildfires is like
putting carbon in the bank instead of inw the
atmosphere as carbon dioxide.

Here's another ﬂmtu.gy soviety could  adopt
Make sure each spec multiple reserves
(or reservoirs and river systems, in the se of aguatic
species). That's a logical response 1o the threar of
climate change. As our ancestors would advise, don't
put all your eggs in one basket. Finally, society would
be wise to restrict development in food plains and
other riparian areas. There's no need 1o add more risk
to life and structure 10 the climate change impacts.
As it is, the challenges posed by climate change will
be difficult enough on the Southwest. B

are actions
ca

The anly way 1¢ redute the impacts of climate change is io curb impacts
caused by humans. One way is 10 reduce ihe production of greenfiouse
s, which come mainiy fiom borming fossil fusls in factories and power
plants, vehicle emissions, and the burming and desirction of forests.
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Western U.S. Warming Trend is Attributable
to Changing Greenhouse Gases

Winter

he earth’s atmosphere wermed in the past century,
particularly at planetary and nerthern hemisphere
scales. The evidence for this is clear. The thermameter
record shows a clzar rise of sbout one degree
Fshrenheit since the beginning of the 20th Century,
after the effects of urbanizstion have been taken inte
account. What's more, the warming has accelerated in
the last several decades. The waiming trend of the past
century also shows up in longer term natural archives of
climate such as ree-ring and ice-core records, Even mast
glehal warming skeptics generally acknowledge that the
temperalure is rising, preferring to limit their argument to
whether the modern increase relates to naturel climate
varichility or the societsl input of greenhouse gases such
as carbon dioxide to the atmosphere.

Although natural climatic variation certainly has
an influznce, most of the surface temperature increase
scientists have documented for recent decades fits the
warming pettern scientists have long been predicting
would result from the incresse input of sreenhouse asses
(see graphic at right). The annusl input of greenhouse
gsses includes more then 15,000 billion pounds (sbout
7 petagrams) of carbon dicxide released by fossil fuel
burring and deforestation worldwide, with about o
quarter of these emissions coming from the United States

Greenhouse gases trap heat at the carth’s surface by
bloacking the escape of infrared heat to space. |n its 2001
report, the Intergovemnmentel Panel on Climate Chenge
attributed “most of the cbierved warming over the lest 50
years” to the societsl input of greenhouse goses. Woter
vapor, methane, ozone, nitrous oxide: and chlorofl

Temperature

input of all these gases continues to rises
with the exception of chlorofluoracsrbans.
So it's logical ta expect a continuing rise in

temperature in years to come

And that's exactly what computer-
ized
future. Although some climate change

climate models predict for the

scenarios suggest ocesn changes could
actually lzed to less warming over parts
af Europe that are currently graced by
the balmy breezes bore by the Gulf
Stiesm, there's scant hope for a cocling
influence in the Southwest. So there's
plenty of cause for concern about the
impacts of climste change in this region. B

Temperature

The patter of wanming obesrved in the insirumentsl record in the West
(t6p panel) is well matched by the pattem that wauid be expesled based
upan changes in gresniouse gas fevels (boltom panel), based on an
anlysis done in 2004 by Marin Hosrling, Jon Eischein and Gary Bales
of the Netinnal Ocsanic and Aimespheric Adminisiration (NOAA). Wintsr
o fett in both panels) ssters to December through Fetruary, whle sum
mer (on right, bath panals) refsrs to June through August, The top panal
shows e observed (OBS) net change in suriace temperature based on
the instrumental record since 1950, with aach 1 dagree Celsivs rapre
senfing about 1.8 degrees Fatvsaheit The bottsm pane! shows the warm-
jng trend that would be predicred as 2 resul of greenhouse gases (GHG)
for that same time frane, based upon a combination of eight climate
models that are described in the Imeigovemmenta! Panal on Climats
Chiango Thid Assossenent Repart. The IPOC roport s avalbls onine at
Hip:iw Jpoc_tartg 1

corbons all contribute to the greenhouse effect bul
carban dioxide alone accounts for sbout 60 percent of
the enhenced waming projecred for this century. The

Graphic produced by Jon Elscheid based on an analysis by M. Hoerling,
. Eischeid and G, Bafes presented to the Western Gavernor's Association
in March 2004.
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