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A few words from the
Director of the NRS

G

lobal climate change raises
the specter of a planet transforming at a rate that defies
the ability of its human population to
adjust. In September 2009, UN Secretary General Ban Ki-Moon convened
the highest-level summit held to date on
this subject, attended by 100 world leaders, including U.S. President Obama.
In his address, President Obama noted
that the impacts of climate change are
already evident:
No nation, however large or small, wealthy
or poor, can escape the impact of climate
change. Rising sea levels threaten every
coastline. More powerful storms and
floods threaten every continent. More
frequent droughts and crop failures breed
hunger and conflict in places where
hunger and conflict already thrive. On
shrinking islands, families are already
being forced to flee their homes as climate
Continued on page 15
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Towers of power in SoCal
Homegrown research investigates how
climate affects ecosystem function.
See page 9.

Global warming seems to be forcing vegetation upslope to higher
elevations. These climate change shifts, along with forest carbon, are the
subjects of research in this part of Tahoe National Forest by UC Berkeley
scientists John Battles and Patrick Gonzalez. Photo by P. Gonzalez

Envisaging the future
Of California’s landscapes
In a time of rapid climate change

A

ccording to the Intergovernmental Panel on Climate Change (IPCC),
global emissions of greenhouse gases resulting from human activity have
grown 70 percent since 1970. During that same time, carbon dioxide
(CO2) emissions increased by 80 percent, due primarily to the use of fossil fuels
and land-use changes. In 2005, atmospheric concentrations of CO2 reached 379
ppm (parts per million), far outside the natural range scientists have documented
for the last 650,000 years. The IPCC Report, Climate Change 2007, goes on to
state that this increase in anthropogenic greenhouse gases is very likely the cause
of the observed increase in global average temperature since the mid-twentieth
century, and that this warming has had “a discernible influence on observed
changes in many physical and biological systems.”
Continued on page 2

Envisaging
the future
Continued from page 1
These changes, already underway in
California, are certain to accelerate. A
recent paper in the journal Geophysical
Research Letters, by Purdue University
climate-modeler Noah Diffenbaugh
and his colleagues, pinpointed the
American Southwest, including major
portions of California, as an area that
will be particularly hard hit by climate
change. Once an ecosystem is lost to climate change, it is impossible to restore
it to its original condition. However, we
must do what we can, and, though bearing in mind our limitations, a number
of UC researchers are working at NRS
reserves and in UC research forests to
identify climate-change impacts and
to help government agencies and other
land managers respond to these changes
and avoid further losses.
A Series of Cascading Consequences
Forestlands cover 45 percent of California. How these forests respond to the
current unprecedented levels (at least,
since 650,000 years ago) of atmospheric
CO2 will have a major impact on the
state’s environmental and economic
viability. Standing forests take in CO2
and sequester it from the atmosphere.
But once those forests are destroyed in
a fire, or logged, or have died off, the
carbon they store is eventually released
back into the atmosphere, adding to
CO2 levels from other sources.
UC Berkeley professor John Battles and
his colleagues have worked closely with
the state government’s California Climate Change Research Center, part of
the state’s Energy Commission (<http://
www.climatechange.ca.gov/research/
index.html>) to describe the changes
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An introduction to the IPCC and
Its worldview of global climate change

T

he Intergovernmental Panel on Climate Change (IPCC) is the
world’s leading scientific and intergovernmental body for assessing climate change. It was established in 1989 by the United
Nations Environment Programme (UNEP) and the World Meteorological Organization (WMO) in order to provide the world with a clear
scientific view on the ongoing state of climate change and its potential
environmental and socio-economic consequences.
The IPCC reviews and assesses the most recent and worldwide scientific,
technical, and socio-economic information relevant to the understanding of climate change. The IPCC does not conduct any research, nor
does it monitor climate-related data or parameters. Instead, thousands
of scientists throughout the world contribute to the work of the IPCC
on a voluntary basis.
The IPCC is also an intergovernmental body open to all member countries (currently there are 194) of the United Nations and the World
Meteorological Organization.
Preparation of the Assessment Reports on Climate Change is a key activity of the IPCC, and differing viewpoints existing within the scientific
community are reflected in the IPCC reports. The scientific evidence
brought forward by the first IPCC Assessment Report of 1990 identified
climate change as an important topic that deserves a political platform
among countries to tackle its consequences. The IPCC’s Second Assessment Report of 1995 provided key input that led to the adoption
of the Kyoto Protocol in 1997. The IPCC’s Third Assessment Report
came out in 2001. The Fourth Assessment Report of 2007 drew the
world’s attention to the scientific understanding of the present changes
in our climate and resulted in the IPCC being honored with the Nobel
Peace Prize at the end of 2007. The IPCC is now preparing its Fifth
Assessment Report.
According to the IPCC’s website: “Because of its scientific and intergovernmental nature, the IPCC embodies a unique opportunity to provide
rigorous and balanced scientific information to decision makers. By
endorsing the IPCC reports, governments acknowledge the authority of
their scientific content. The work of the organization is therefore policyrelevant and yet policy-neutral, never policy-prescriptive.” (<http://www.
ipcc.ch/organization/organization.htm>)
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now underway in our
forests and the potential future course
of these changes.
“The climate models
project very large
increases in temperature and more
modest decreases in
precipitation, certainly for the Sierra
Nevada,” says Battles.
“The models can’t
anticipate the climate
in the coastal forests
because it’s so fogdriven, and we don’t
know how the fog
is going to play out.
But, in the Sierra, the
climate changes will
have major impacts,
both positive and
negative.”

The southern California ecological “hot spot” is clearly visible on this reproduction
of an exhibit used to illustrate a recent paper: Diffenbaugh, N. S., F. Giorgi, and J. S.
Pal, “Climate change hotspots in the United States,” Geophysical Research Letters 35,
L16709, doi:10.1029/2008GL035075, 2008. The Purdue University climate-modeler Noah
Diffenbaugh and his colleagues predict that the U.S. Southwest, including major areas
of California, will be severely affected by accelerating climate changes.

As an example of
a positive impact, Battles notes that
increased temperatures are extending
the growing season, which adds to
tree growth. On the negative side, he
counters, “The changes also extend
the dry season by 10 to 12 days. And
because most forests in California
are water-restricted, they suffer more
water stress.”
The warming temperatures and extended growing seasons also affect the
insects that feed on the trees, extending
their life cycles. Insect pests, like bark
beetles, are now completing as many
as three generations in a single season
in areas where, in the past, they might
have completed only one or two generations. This increased activity causes
higher tree mortality. In many areas,
pests, pathogens, insects, and diseases
that once died off with the onset of

cold weather now survive through
warmer winters. A mountain pine
beetle outbreak in British Columbia,
for example, far exceeds any similar
bark beetle epidemic recorded in North
American history. If the current rate
of spread continues, 80 percent of the
mature lodgepole pines in the province
will be dead by 2013. The epidemic
could transform Canada from a net
carbon sink — where forests store
CO2 — to a net carbon emitter, as
dead trees and fallen logs decay and
burn, releasing CO2 to the atmosphere.
It is also becoming increasingly clear
that tree mortality has increased in established old-growth forests throughout
the western United States, including
California. In a paper published in Science (Vol. 323, 23 January 2009), USGS
forest ecologist Philip J. van Mantgem
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and his colleagues reviewed long-term
datasets on old-growth forests in the
southern Sierra Nevada and found that
tree mortality rates had risen from 1
percent in 1983 to 1.7 percent today.
The team then expanded their study to
include 76 other sites throughout the
West — and found similar increases.
Though the percentage of this increase
in tree mortality may seem small, its
long-term impact could be a dramatically altered forest structure, with the
loss of larger trees and the dominance of
ever-smaller ones. This, in turn, could
sharply reduce the land’s carbon-storage
capacity and its ability to support wildlife. In looking for possible causes for
the increased tree mortality, the group
found a strong correlation with warmer
temperatures and water shortfalls.
Continued on page 4

Envisaging
the future
Continued from page 3
Climate change is not only reducing
precipitation in the Sierra Nevada.
It is also altering how that precipitation falls, significantly reducing the
mountain snowpack that provides the
water for much of the state. “It’s pretty
clear, going back to the 1980s as a time
frame, that the snow is melting 10 to
12 days sooner,” Battles notes. “And
the rains aren’t coming any earlier, so
we’re extending the super-dry summer
drought in the Mediterranean parts of
California.”
Much of the mortality in young trees
happens at the end of the summer
drought. The trees do most of their
growing in May and June, when the
weather is wet and warm enough. Then,
by the middle of July, soil moisture in
the forests hits rock bottom and remains
there until the rains come in October/
November. During this period, the
trees “just kind of survive.” Over the
last several decades, that stressful period
has gotten longer and longer.
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blank slate. Forests are facing a host of
other challenges as well. “It’s not just
climate change,” Battles notes. “It’s
global change. Anthropogenic air pollution is a good example. The levels vary
depending on location, but every forest
in the northern hemisphere is being exposed to elevated levels of atmospheric
deposition of nitrate and ammonia, and
often to ozone, another stressor. These
levels wax and wane, depending on
where you are, but those are two general
stressors. Another is that humans are
constantly moving organisms around,
often inadvertently bringing into the
forest potentially destructive organisms
that can spread unchecked.”

happening might be low, but when you
have lots of risks out there, that increases
the odds dramatically.”
The Unknown Impact of
CO2 Fertilization

Trees in dry environments must constantly balance their intake of CO2 with
their need to retain water. Most tree
leaves consist of about 98 percent water,
and each time a tree opens the stomata
in its leaves to take in CO2, moisture
transpires out. From this perspective,
increased levels of CO2 facilitate tree
growth, because the trees don’t have
to keep their stomata open for as long
and moisture loss is reduced. The net
Battles refers to the combined effects of all effect is that plants are more efficient
these factors as “cascading consequences.” with their water use because of so-called
He explains: “You have these direct effects CO2 fertilization.
on tree growth, direct effects on pests and
pathogens, increases in water stress, and “There’s been some evidence that trees
then fire. So there’s not just one factor grow faster because there’s more CO2
— there’s a host of compounding pertur- around,” says Battles. “They become
bations. The likelihood of any one thing more efficient in their water use, and

As well as exerting a direct physiological
stress on the trees, the extra weeks of
dry conditions also increase the threat
of catastrophic fire by extending the
fire season. With the forests enduring
extended periods of extremely dry
conditions and carrying tremendous
fuel loads that have built up due to
the disruption of natural fire regimes,
the intensity of the wildfires that do
break out often completely destroys a
forest’s structure, leaving little hope of
regeneration for decades to come.
It’s also important to keep in mind that
all of these climate change-induced
alterations are not being drawn on a

John Battles working at one the Central Sierra Nevada Field Stations,
drawing a core sample of a tree. The UC NRS’s Sagehen Creek Field
Station, near Truckee, CA, serves as the hub for this collection of field
stations. Photo courtesy of John Battles
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that offsets some of the negative aspects
of direct climate change. If there’s water
stress associated with a warming climate, there’s also an efficiency increase.”

landowner manage a forest for that length
of time, especially in today’s changing
environment when they can no longer
predict how fast the trees will grow?

Scientists have yet to develop a complete
understanding of CO2 fertilization. One
of the biggest unknowns about plant
growth and the carbon budget is how
lasting its effects will be. Will plants
acclimatize to higher CO2 levels, causing productivity increases to plateau?
Will another nutrient limitation curb
the increases? Or will they continue to
become more efficient as CO2 levels
rise, potentially offsetting some of the
negative effects of climate change?
Answering this question is critical for
modelers trying to predict forest efficiency and carbon sequestration for
the next century.

Predicting forest growth in response to
changing conditions is a major focus
of Battles’s work. He says: “From my
perspective as a forest ecologist, I want
to understand how forests will change
through time. We already know the
present drivers of change, but as we
move into this unknown future, how
do we deal with all of these different
factors? How do we make wise decisions
that give us a shot at being proactive?
We see changes coming, but by the time
we understand what’s going on, there’s
not much we can do. Sudden oak death
is a great example of that.”
Modeling the Future

Battles watches with interest as other
researchers publish their findings. “A
new paper comes out almost every
month,” he notes. “As a consumer of
this information and not a producer,
I would say that there’s accumulating
evidence that CO2 fertilization is relatively short-lived or modest. But even
if the effect might be short-lived, it
could still be significant. Five years of
increased growth, especially for trees,
will position them better to capture
more resources and resist predators.
Trees are long-lived, so there’s a fair bit
of accumulation.”
Understanding the impact of CO2 fertilization is important, because it affects
models for carbon sequestration. Professional foresters usually project growth
models out 30 years, about the time it
takes for many trees to reach maturity.
Climate policy experts want the trees
to hold carbon, at a minimum, for 100
years to have a climate impact. So how
can a government agency or a private

In research funded by the California Climate Change Center, Battles and other
forestry experts are working to develop
models that accurately portray what is
happening in the forests today. Battles
bases his models on data gathered at
UC’s research forests and from national
forests managed by the USDA Forest
Service . “We run empirical models,” he
explains. “We take as much information
as we have from the last 30 years and
correlate the relationship between tree
growth and climate. Then we project
the local climate into the future and see
how the trees respond. What are the
implications of that if you’re managing
for timber yield, or habitat conservation, or fire risk? What does it mean if
you have these kinds of trajectories?”
Other modeling teams are less focused
on specific forests. They take a more topdown approach, building on global and
regional models to predict forest growth
and productivity for all of California.
N atural R eserve S ystem
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These models show species shifting
around and entire forests moving, based
on general principles, and are valuable for
statewide planners trying to imagine what
the state will look like in the next century.
However, these models have relatively
little impact on individual land managers. As Battles notes: “Land managers
aren’t interested in global or even regional
models — or about what will happen
100 years from now. They’re focused on
what they have to do today. They’d like
to say, ‘I managed a giant sequoia grove
or an oak woodland forest, and during
my tenure, I made sure it was still there.’”
The goal now is to unify these models.
The empirical models, like those Battles
is developing, use growth relationships
that have existed in the last 30 years,
and if things fundamentally change in
the future, they won’t capture that. But
at the same time, they include a wealth
of data on species at a wide range of
latitudes and altitudes throughout
the Sierra. The process models, on the
other hand, begin with a fundamental
understanding of important functions
(e.g., biogeochemical cycling) and
their relationship with climate (e.g.,
temperature, precipitation) and then
use changes in the drivers to project
future conditions.
“The key,” Battles explains, “is not to
be singly focused, because there’s not
just one threat or one driver. There’s this
potential for compounding or offsetting
interactions, so you have to understand
the priority stressors that are changing a
system. They might be fire, or drought
stress, or pests and pathogens. But there
might be positives as well, like increased
growth or improved habitat for certain
species. We need to look at these situations in a balanced way.”
Continued on page 6
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program that combines the
logging of specific sites with
controlled burns to achieve
fire-hazard reduction, as well
as species-habitat protection,
forest regeneration, and
other ecological goals.

Continued from page 5
Ideally, Battles would like to
see a hybrid model that combines his ecological model as
a regulator that keeps things
“real,” along with the process
models’ openness to letting
things get different as forests
adjust to unprecedented
environmental conditions.
“The problem with process
models is that there are no
constraints,” he notes. “If
CO2 fertilization increases
tree growth by 5 percent, it
just keeps going and going.
It never shuts off. Based on
our field observations, we
think it should shut off at
some point.”

Though the project’s initial
goal was to reduce fire danger
in the watershed, the survey
has served other values as
well. As Battles notes: “The
data provide a great baseline
plot network for understanding any changes in the
forest, whether the driver
is ten years of fire management or ten years of climate
change. For us, these add to
the data we’ve collected at
UC’s research forests, state
demonstration forests, and
Forest Service experiment
stations located from the
southern Sierra all the way
up and over the crest near
Mt. Lassen.”

SPLATS at Sagehen

Over the last two to three
years, Battles has focused
more and more of his work
on the NRS’s Sagehen Creek
California’s Prospects
Field Station in Nevada
County near Truckee. His Measuring trees in the Sagehen Experimental Forest — Though the forests of the
team’s efforts there illustrate an area near Truckee, CA, that encompasses the NRS’s Sierra Nevada are facing inSagehen Creek Field Station — as part of the program
the type of detailed, on-the- to evaluate the effectiveness of strategically placed creasing challenges, they also
ground studies he integrates area treatments (SPLATS) in reducing fire hazard in the constitute a tremendously
into his ecological models. In Sagehen Creek Basin. Photo by Amanda Deutsch
resilient ecosystem. To this
2003, Battles served on the
point, they’ve proven large
three-campus review team that recom- In the following years, his crews con- enough, diverse enough, and isolated
mended the inclusion of this site into ducted in-depth vegetation and fire- enough to limit the damage caused by
the NRS. At the time, he realized that fuel surveys throughout the watershed, invasive insects and pests, catastrophic
the huge accumulation of fuel in the establishing 525 five-hundred-square- fires, or warming temperatures. The
forest surrounding the station made it meter plots where they surveyed, significant acreage controlled by the
an ideal site for testing SPLATS (Strate- measured, identified, and tagged all National Park Service, the Forest
gically Placed Area Treatments), a new trees over five inches in diameter; Service, and the U.S. Bureau of Land
fuel-treatment strategy being developed compiled canopy-closure data; and Management provides a large enough
by the Forest Service to reduce the risks counted and classified ground fuels. area for species, both animal and plant,
of catastrophic fires.
The team is currently working with the to move around, hopefully buffering
Forest Service to develop an acceptable some of the pressures.
U niversity of California
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This natural resilience gives California
time to develop plans for responding to
the increasing threats faced by the forests.
So far, state leaders seem to have the political will to begin dealing with climate
change issues. “In some ways, California
is uniquely positioned,” Battles reasons.
“We’ve been thinking about climate
change impacts on the state much
longer than the federal government
has. Governor Arnold Schwarzenegger
made a strategic investment in climatechange research to stimulate advances in
knowledge that have positioned UC well
for leading the way nationally.”
Thanks largely to its universities, the
state also has the intellectual capacity
and resources to lead the way in developing proactive solutions for land
managers. “UC has these reserves and
research forests that have proven their
value over and over,” Battles notes. “The
research record and the productivity of
these sites have been remarkable. We
need to be able to test new ideas on
these locales to provide guidance to
land managers. If we’re not willing to
take risks, we can’t expect the Forest
Service, the Park Service, or the other
land managers to do it. It’s really our
mission, and we must try to get ahead
of the game.”
As an example of the kinds of risks he is
advocating, Battles cites work recently
done in the giant sequoia/mixed-conifer
forests at UC Berkeley’s Whitaker Forest Research Station* adjacent to Kings
Canyon National Park. Anticipating
that the giant sequoia will need to
move in response to climate change,
* The research at Whitaker was carried
out by Dr. Rob York, UC research forest
manager, as part of his doctoral research
while he was a graduate student under
Dr. Battles, who coauthored the paper.

researchers wanted to learn what type of
forest environment would be required
to regenerate the ancient trees. They
designed a “forest treatment” experiment that opened up the canopy for
the young redwoods. The design and
approval process took over two years,
and involved meetings and field trips
with university administrators, conservation groups, National Park staff, and
other land managers to get their buy-in
before the logging began.
Though the project was controversial and risky, the results have been
extremely valuable. “The experiment
was carefully controlled and thought
out,” Battles notes. “The execution
was perfect. We’re now one of the few
entities that have real experimental data
on how you can use forest-management
practices to get giant sequoia to grow
back. They’re doing great at Whitaker,
and we now have a good understanding of how much light and how much
water the young redwoods need. We
know exactly how big a canopy opening has to be, both the minimum size
and the impact of larger sizes on young
tree growth.”
Battles admits that not all experiments
will turn out so positively, and he argues
that the public must give researchers
leeway to make mistakes, so long as
the experiments are based on good science. “It’s much better to test SPLATS
in the Sagehen Experimental Forest,”
he argues, “than to do SPLATS across
the entire Tahoe National Forest and
screw it up. If we can’t risk failure in an
experimental forest, we’re never going
to learn.”
Active Management
It can be hard for many conservationists to hear talk of “actively managing
N atural R eserve S ystem
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forests.” Land managers who see the
dramatic changes taking place on
their lands and who hope to maintain
resilient forests for 30, 50, or even 100
years, however, are looking for ways to
be proactive and to avoid acting only
after it’s too late to respond in any
meaningful way. One of Battles’s key
pieces of advice to these managers is to
avoid following only one conservation
strategy. “We just don’t know enough,”
he argues. “So yes, if you hedge your
bets, you’re likely to lose some of a forest,
but if you encourage heterogeneity in
almost everything you do, then there’s
a chance that some of your units are
going to survive. Hedge your bets with
diversity.“
As an example, he points to the work
done at UC Berkeley’s Blodgett Research Forest, in El Dorado County,
where crews, after logging a section of
land, replanted the area with six species of trees in order to maintain the
forest’s heterogeneity. “From a timberproduction point of view, it makes
much more sense to plant one or two
species,” he notes. “Planting the mixes
back in there is not nearly as efficient
in terms of near-term production, but
it gives us much less likelihood that a
pest will come through there and kill
all of our pines. Mixed species provide
separation and diversity, so it’s harder for
destructive insects to build the synergy
for a major infestation. And even if a
pest gets the pines at Blodgett, it’ll only
get one-sixth of our trees.”
The immense scope of the bark beetle infestation currently devastating Canada’s
second-growth forests is due largely
to the fact that their replanted forests
consist primarily of a single species —
lodgepole pine — that is highly valued
by lumber companies. Heterogeneity,
Continued on page 8
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on the other hand, buffers the forest
and reduces the chances of such catastrophic losses. Even though a certain
percentage of the trees may die due to
an insect infestation, the forest will still
provide many of the essential services
that humans value in terms of water
cycling and providing wildlife habitat,
recreational opportunities, and lumber.
Those values will be retained because
the surviving trees will grow bigger, taking advantage of canopy openings left
by other trees that have died off. The
same situation is created by wildfires.
Each species has a different sensitivity
to fire, so a noncatastrophic fire might
kill some trees, but it will most likely
leave others.
Assisted Migration
The founding legislation for Sequoia
National Park specifically states that
its purpose is to protect giant sequoia.
To achieve this goal in today’s rapidly
changing climate, Battles argues that
park managers concerned about the
species’ long-term survival must do
more than simply protect existing groves
within the park. They should also look
for potential new giant sequoia habitat,
whether inside the national park or
in nearby national forest land, where
they can plant the groves of the next
millennium.
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some are unable to do so because they’re
dispersal-limited, because established
competitors surround them, or because
they are isolated from appropriate
locations. He explains his thinking as
follows: “If we leave this process alone,
the most endangered ecosystems will
fall apart, open up opportunities, and
something will happen. But the process
will be kind of stochastic [random]. It
might be a good seed year for one species, or another species might not ever
get there. So the idea is that we should
start trying to find spots, identify the
species that can’t move, and then help
them get there, whether it’s a plant
species, an animal species, or even an
entire ecosystem.”
Noting that the statewide NRS system
represents an ideal latitudinal and elevation gradient, Battles suggests that
each NRS manager could maintain
and monitor a cleared area at his or
her site and, every year, record which
plants arrive and how long they last.
“This would give us an early indicator
of what’s getting there by itself. So, each
year we would check these open plots
to see what species are moving up the
hill or in from surrounding lands. That’s
part of trying to use the best information
we have to make realistic projections.”

Conclusions
The general public largely regards forests as unchanging monoliths. Land
managers and field scientists, however,
know that forests change rapidly when
confronted with completely new conditions, whether heightened levels of
CO2, warmer climate, altered precipitation, or exotic pests. They understand
that simply leaving forests alone will
not make them healthy and resilient.
“Forests are dynamic,” emphasizes
Battles. “They may not change much
in our lifetime, but they’re dynamic
in a tree’s lifetime, and we have to
take that approach to thinking about
them. Leaving them alone is not going
to make them healthy, not going to
keep them intact. Whatever you like
about forests, whether it’s the aesthetic
pleasure, economic gain, or recreational
opportunities they offer, could be lost.
And, in fact, the drivers of change are
intensifying. Since 1970-80, we have
documented key changes in the forest. Mortality rates are increasing, fire
risk is increasing, species are moving
around… . These changes are already
happening, and we need to get away
from this idea that the best thing is
to put a box around the forests and
do nothing. If we do nothing, we’re
insuring failure.” —JB
For more information, contact:
Dr. John J. Battles
Environmental Science, Policy, and
Management (ESPM)
328 Hilgard Hall
University of California
Berkeley, CA 94720
Phone: 510-643-0684 (office)
Email: jbattles@berkeley.edu

Such “assisted migrations” may be the
key to helping a number of species
survive, and Battles believes that UC
research sites should lead the way in developing techniques for facilitating this
process. As he points out, while many
species are already moving to higher
elevations or more northerly latitudes,

Sagehen Creek Basin landscape.
Photo by Amanda Deutsch
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Towers of power

UC professor transforms southern California
Into a laboratory to study ongoing climate change

U

C Irvine professor Michael Goulden spent the
early part of his career flying all over the world,
from the rain forests of Brazil to the boreal forest in central Canada, studying how terrestrial ecosystems
work and what controls the exchange of gases and energy
between land surfaces and the atmosphere. The work was
exciting and rewarding, but often also frustrating. “I love to
do fieldwork,” Goulden explains, “but when your study site
is in the Amazon, a week-long trip gives you only 48 hours
in the field. The rest of your time is spent traveling. So, I
would get two days in the field, and the trip would cost the
grant $5,000. A research project in the Amazon can cost
$300,000 to $400,000 a year. There are great questions to
be answered in California for one-tenth of that.”
About four years ago, Goulden began looking for research
projects closer to home. He quickly realized that southern
California provided an ideal natural laboratory for studying how climate affects ecosystem function. Yet, as far as he
could tell, few people were making use of it. “The elevation
and climatic gradients we have in California are wonderful,”
notes Goulden. “One hundred miles north of Irvine, they get
20 percent more rain than we do; one hundred miles south,
they get 20 percent less. The variety of dramatically different
ecosystems in close proximity presents a great opportunity.”

Setting up an eddy flux (or eddy covariance) tower
at the NRS’s Boyd Deep Canyon Desert Research
Center. Photo by Violet Nakayama

He was also aware that the area was undergoing dramatic
changes that would only increase with time. Current climate
models predict that southern California will be heavily affected by climate change due to its location at the edge of the
mean winter storm track and its exposure to major climatic
events, such as El Niño and the Pacific Decadal Oscillation.*
The area’s semiarid climate and steep vegetation gradients
also increase the likelihood that global changes will have a
major impact on area ecosystems.

*Editor’s note: The Pacific decadal oscillation (PDO) is a pattern of climate variability in the Pacific Ocean. A long-lived
pattern, PDO phases usually run 20 to 30 years. The PDO is
detected as warm or cool surface waters in the Pacific, north of
20° north (roughly the same latitude as Mexico City). During
a “warm” phase (also referred to as“positive”), the northeastern
Pacific grows warmer, while the northwestern Pacific cools; during a “cool” phase (also called “negative”), the opposite pattern
occurs: part of the northeastern Pacific cools down, while the
northwestern Pacific becomes warmer. Why each phase persists
over several years is not known. The PDO was named in 1996
by fisheries scientist Steven R. Hare, who noticed it while studying Alaska salmon production cycles and how they are affected
by Pacific climate.

Another major advantage of working in California was the
wealth of protected research sites, most notably those comprising the UC Natural Reserve System. “The NRS provides
these protected study areas, many of them distributed along
gradients across the state,” Goulden says. “They’re managed
by perceptive scientists who note changes. And they have
Continued on page 10
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these great baseline historical datasets that more people
need to use.”
The Deep Canyon Transect
One recent example of the opportunities Goulden sees
in southern California began with a brief conversation he
had with Al Muth, the director of the Boyd Deep Canyon
Desert Research Center, Riverside County. Goulden and
his research team were visiting the reserve to plan for three
eddy flux towers his team hoped to install at the site.
“I was curious to learn more about the natural history of
the site, and Al mentioned that he had a book — The Plants
of Deep Canyon and the Central Coachella Valley, California,
written by Jan Zabriskie [University of California Press,
1979] — that could give me a good background. So I bought
a copy and started looking through it.”
On a later trip to Boyd Deep Canyon, resident scientist
Mark Fisher was guiding Goulden’s group on a tour of the
reserve, and he mentioned that he thought species were moving to higher elevations. The 16,647-acre reserve provides
a perfect location for making such observations, because
the area ranges in elevation from 290 to 2,657 meters and
contains a number of plant communities, including desert
scrub, pinyon-juniper woodlands, chaparral shrublands, and
conifer forests, as it rises into the surrounding Santa Rosa and
San Jacinto Mountains. It suddenly struck Goulden that he
had stumbled upon an ideal project. He and his team could
do a vegetation survey on the same transect that Zabriskie
had done in 1977 and test whether Fisher’s observation that
flora was migrating to higher elevations was correct.

Builder Greg Winston fine-tunes equipment atop
the eddy flux tower at Boyd Deep Canyon. Photo
by Violet Nakayama

Seeking the cause for this shift, the researchers considered
the area’s changing fire regime and increased nitrogen deposition from air pollution, but decided that local climate
change provides the most likely explanation. Their conclusion
implies that, as climate change continues, we must expect
rapid shifts in the distribution of plants.
“Anne and I didn’t do anything special,” Goulden notes
with a shrug. “We just walked in on a great study, a great
dataset, and plotted the second data points. But the unique
thing about it, the pioneering work, was done by Zabriskie
in the seventies. The NRS has a huge resource in these
historical datasets.”

Anne Kelly took on the project for her master’s thesis at
California State University at Los Angeles and began the
painstaking work of resurveying Zabriskie’s transect and
analyzing the data. The results, published in the Proceedings A Regional Laboratory
of the National Academy of Sciences (PNAS, August 19, 2008),
were startling. Kelly and Goulden found that, over the last 30 Though Goulden tends to characterize the Deep Canyon
years, plant species in the area had moved upwards in eleva- transect as a happy coincidence, in fact it is part of a widetion by an average of 64.7 meters (213 feet). Among the ten ranging project designed to produce a comprehensive
dominant species surveyed, their cover declined by an average regional picture of how southern California ecosystems
of 46 percent in the lower parts of their original ranges and are responding to environmental changes. The study,
increased by 12 percent in the upper parts of these ranges.
U niversity of California
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led by Goulden and UC colleague Katharine Suding,
includes both a regional network of natural gradient
sites, where the scientists monitor plant responses in key
ecosystems along a 150-kilometer climate transect and
experimental sites, where they manipulate the environment to simulate predicted climatic changes and monitor
ecosystem response.

and Goulden’s lab also makes them ideal for troubleshooting
new equipment and for training students and staff.
Two towers located on privately held land in the hills a few
miles from the UC Irvine campus monitor the coastal sage
and grassland ecosystems, two native systems that are likely
to be heavily affected by temperature and precipitation
changes. The three towers at Boyd Deep Canyon provide
data on ecosystems ranging from the desert floor up the side
of the mountains to Pinyon Flats. And a final tower, located
at the NRS’s James San Jacinto Mountains Reserve in the
mountains above Deep Canyon, monitors the mixed-conifer
forests at that site.

Goulden’s group makes heavy use of eddy flux towers (also
called eddy covariance towers), which monitor the exchange
of gases between ecosystems and the atmosphere, in addition to providing critical information on how well an
ecosystem is functioning. Though his formal training is in
biology, Goulden has always been fascinated by technology,
which helps to explain why his laboratory looks more like a
machine shop than a biologist’s lab. After receiving his PhD
from Stanford, he pursued postdoctoral work at Harvard
University with Steve Wofsy, one of the first scientists to
master the art of using eddy flux towers for continuous,
long-term, ecosystem monitoring.

In addition to these towers on NRS reserves, Goulden is
currently installing a series of towers along a gradient in the
southern San Joaquin Valley that stretches from the valley
floor up into the Sierra Nevada. These towers are part of
the Southern Sierra Critical Zone Observatory project, led
by Roger Bales from UC Merced, which is looking at the
shifting rain-snow transition line (<https://snri.ucmerced.
edu/CZO>). “The towers tell us when the trees are doing
photosynthesis,” Goulden explains, “and how much water
they’re transpiring at different times of day or different
months of the year. Ultimately, we’d like to have five towers
at five different elevations. Currently, we have one at about
1,500 feet at the San Joaquin Experimental Range, one at
about 6,600 feet in the Kings River Experimental Watershed, and one at about 9,000 feet, getting into subalpine
forest. We’re planning one at 3,800 feet, about the lowest
level where dense pine forests occur in the area. Then, we’d
also like to put one really high up — maybe someplace like
UC’s White Mountain Research Station at the Barcroft Station (12,470 feet). But that’s still a dream — we’ll have to
scrounge together the equipment to build that one.”

“In graduate school, my focus was on the interaction between
plants and their microclimates — how wind, light, humidity, and other factors affect plant physiology,” he notes. “To
the extent that I’ve done anything new, I came along at the
right time when some of these tools — sensors, computers,
data storage devices — were being developed, so that these
flux towers could run virtually unattended for months at a
time. That was lucky.”
The flux towers gave researchers the ability to monitor the
functioning of an entire ecosystem for long periods of time in
order to observe interannual changes. As Goulden explains:
“We took a lot of traditional environmental biology that
had been done at a leaf level, and we just applied the same
concepts to a whole forest. Really, a forest is just millions
of leaves that are all, on average, doing the same thing. So
a forest behaves like it’s a gigantic leaf. Just as a leaf consists
of millions of cells, a forest consists of millions of leaves.
Ninety percent of the behavior is the same.”

This transect provides data from the valley floor, where
it’s too hot and dry for densely packed trees to survive, up
through the big-tree belt where sugar pine, white fir, and
giant sequoia thrive, to subalpine forests, where the trees are
stunted because it’s too cold to do photosynthesis for much
of the year. The big forests at 6,600 feet particularly intrigue
Goulden. “That’s in the giant sequoia belt,” he marvels, “the
biggest trees in the world. But if you look at the climate
there, that ought to be a small forest or shrubland. It’s supposed to be too dry in summer and too cold in winter for

Goulden now has a network of eight eddy flux towers installed
along a transect that stretches across southern California
from the coast, to the desert, to the mountains. Two towers
adjacent to the UC Irvine campus at the NRS’s San Joaquin
Freshwater Marsh, for example, monitor coastal marsh ecosystem functioning. The proximity of these towers to campus

Continued on page 12
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is amazed at how little the pattern has changed: “It’s clear
that, in this climate, you can have coastal sage and you can
have grasslands. Which one takes hold might be determined
by the kind of soils in any given place, but to a large extent
it looks like these are simply alternative types of vegetation.
You can either have coastal sage or you can have grasslands,
and that’s one of the real questions we’re trying to answer.
We suspect that the coastal sage likes it a little bit dryer, while
the grassland likes it a little bit wetter. Both can make it, but
if it got dryer, would the grasslands give way and those areas
switch over to coastal sage? Conversely, if it got wetter, would
the grasslands take over from the coastal sage?”

Continued from page 9
photosynthesis — the growing season ought to be restricted
to May through July. You should have chaparral or a woodland, but instead you have these huge trees.”
As Goulden explains it, the sugar pines and white fir have
used their large size to adapt to these harsh conditions. “Those
trees appear to be photosynthesizing about 350 days a year,”
he says. “They go all winter long. Even when the weather
station on the forest floor tells us that the temperature is
freezing and there’s five feet of snow on the ground, the
temperature up in the canopy is about 5° or 6°C. The trees
have been selected to be able to carry out photosynthesis at
as close to freezing as any tree I’ve ever seen. Then, in the
summer, the situation flips over. It’s warmer at the ground
and cooler up high, so there is less evaporation and the trees
don’t come under drought stress. They have a year-round
growing season, just like in the rain forest.”

To explore this question, Goulden’s team has built a series
of metal greenhouse frames with removable plastic tarps,
which allows the team to control the amount of rainfall
each plot receives. Eight taller frames cover the coastal sage
plots, while eight shorter frames cover the grassland plots.
When a storm approaches, these tarps can be pulled over
one-third of the plots. The team does this selectively, seeking
to reduce the number of rain events by 40 to 50 percent of
that year’s norm. A network of pipes and large water tanks
collects the runoff from the covered greenhouses; this water
is then sprayed over another one-third of the plots, giving
them 40 to 50 percent more rain. The remaining plots are
left open to receive the normal amount of rain.

Accelerating Climate Change
Goulden’s team is not content to simply observe nature.
They also want to manipulate it. For this, they have set up
two experimental plots where they’re attempting to simulate
future climate change and observe how the plants respond.
One site is located at Pinyon Flats near Deep Canyon. The
other is located in a rugged stretch of hills a few miles from the
UC Irvine campus.
This site features a
mosaic of grassland
and coastal sage
ecosystems embedded within a rugged
50,000-acre open
space set aside by
the Irvine Ranch
Company.
Goulden is intrigued by the mix
of grasslands and
coastal sage. He has
studied aerial photographs of the site
from the 1930s and

Goulden tries to maintain all of the plots identically. Ninetyeight percent of the time, all of them are open to ambient
conditions. The
temperature is the
same, as is the
amount of sunlight
they receive — less
by about 2 percent, because of the
shade cast by the
supporting frames.
The only difference
is that half the
time, when a big
storm approaches,
his crews will close
up specific shelters
and redistribute
Goulden’s research site in the hills above Irvine. Greenhouse frames that water to othare covered with removable plastic tarps that control how much ers. “In a typical
rainfall each grassland plot receives. Photo by Jerry Booth
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“We were getting 75 mph wind gusts,” Goulden recalls, “and
the arsonist set the fire a mile from our research site, so it
burned in about 15 minutes. The fire burned over the toll
road down below our site in about 25 minutes, so coming
down the cliff didn’t slow it down at all. We have photos
of the fire, and the flames along the ridge were 50 feet tall.
Some of that might even have been our plastic water tanks
bursting into flames.”
The fire was particularly frustrating because Goulden and
Suding had worked for months with local authorities to
design and carry out a carefully controlled burn on the site.
Though the controlled burn was successful, its effect was
negated when the uncontrolled wildfire blazed through.
“Our plan had been to compare the climate manipulation
on burn versus non-burn,” Goulden explains. “We had
this idea that fire kills off a lot of the plants and makes a
system vulnerable to climate change. If you have a mature
system, the plants are entrenched. They’re going to hold that
ground. They have a lot of stability or resilience, and even
with climate change, they’re not giving it up.”

Now what? Here’s how it looks when, during the course
of your research project, your empty 3,000-gallon
water tank gets blown off a cliff by unusually
strong Santa Ana winds. Photo by Michael Goulden

winter, we’ll get something like ten meaningful storms,”
Goulden explains, “so the wetter plots will get fifteen storms
and the dryer plots will get five storms. We’re trying to
simulate a change in the storm track, because that’s what
the climate models predict may happen here. Northern
California might end up with our weather, and we’ll end
up with Baja California’s weather.”

“Once you have a fire, however, you strip a lot of that flora
away and you make a system vulnerable. We had a really nice
hypothesis that the areas that had been burned would have
a much bigger effect than those that hadn’t been burned.
So what did the Santiago Fire do? The grassland that had

In an attempt to determine what factors might make an
ecosystem more vulnerable to conversion, the team also
introduces other variables — fire, nitrogen fertilization, and
nonlocal seeds — into specific subplots within their grid.
“Being scientists, we’re impatient,” Goulden notes with a
smile, “so we tried to think of what things might prevent
change. We did a controlled burn to strip out established
plants and maybe accelerate the change. We added nitrogen
pellets to some plots, thinking that maybe one of the things
that prevented change is the lack of nutrient build-up. And
we added a bunch of seed to other plots, thinking that maybe
the lack of seed dispersal prevented change.”

Continued on page 14

Conducting controlled experiments in a natural environment
is never an easy task. In addition to the usual assortment
of faulty sensors, chewed wires, and wasp-infested control
panels, Goulden has also had an empty 3,000-gallon water
tank blown over a nearby cliff. The ultimate insult to the
site, however, came in October 2007, when the arson-ignited
Santiago Fire roared through the area, threatening 750 homes
and destroying more than 25,000 acres of land in Orange
County. Containing the fire required a couple of weeks and
the efforts of about 1,100 firefighters.

Goulden examines the devastated grassland in one of
his experimental greenhouses where he reduced the
rainfall by 40 percent. Photo by Jerry Booth
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been burned before actually burned again, so then we had
twice-burned grassland to compare with once-burned
grassland. And the coastal sage that had been burned before
did not burn again, so then we had control-burned coastal
sage to compare with severe wildfire-burned coastal sage.
So the Santiago Fire took this nice experimental design and
converted it into a severe wildfire versus a relatively gentle
controlled burn. Fire is a natural part of the ecosystem, and
with climate change, it’s going to become an even bigger
factor, so I guess, in some ways, it mirrors reality.”
Early Trends
The team set up the grassland enclosures first, and, despite
the fire, they now have three years of data. The coastal sage
enclosures have been up for only one year. After building
the enclosures, Goulden and his crew installed instruments
for tracking a wide range of response measurements, including plant physiology, photosynthesis, soil moisture,
and nitrogen availability. Goulden’s love for technology is
clear as he describes the instrumentation they’ve installed
in one-fourth of the plots: “We just love building this stuff.
It’s a pathology! Each of these plots has eight soil-moisture
sensors, a temperature/humidity sensor, and two light sensors, which tell us essentially how green it is in a couple of
different wavelengths, one we can see and one we can’t. We
know from the flux towers and satellite remote-sensing that
the reflectance in those wavelengths is a great indicator of
CO2 uptake, so we’re measuring that every ten minutes.”
The early results from all of these manipulations are intriguing. In some cases, the effect is minimal. Despite all of the
seeding, for example, there has been almost no establishment
of new plants.
In other cases, the results have been dramatic. Adding additional nutrients and water, for example, caused a major
jump in grassland production. Goulden speculates that this
trend will accelerate in future years. “The grass in the coastal
sage has taken off with just one year of added water and
nitrogen,” he explains. “And once the grasses have a couple
of years to build up their seed pool, they may really explode.
There’s going to be a lot more seed next year, and so we
may be shifting these plots over to grasslands of some sort.”

The most dramatic results, however, occurred in the lowprecipitation grassland plots, where Goulden has seen a
fivefold drop in grassland production. Indicating a plot that
consists mostly of a few blackened shrubs and bare soil, he
explains, “We’ve lowered the precipitation by a little less than
half, and we’ve just hammered the grasses. The shrubs seem
to be able to survive, though they grow extremely slowly.”
“Part of the explanation might lie in the fact that the last few
years have had low rainfall in general,” Goulden continues.
“But it looks like what’s happened here is we’ve dropped
below a threshold, and the grasses just can’t make it. They’re
annual grasses, and they need to grow enough to produce
seeds. We’ve dropped below that level where they’re not
able to do that.”
The intriguing thing to Goulden is that the threshold is
not much below what most people consider normal rainfall
levels for the area. “I can see something like this starting to
become a desert, and it’s interesting to think what that will
become, because it’s like we’ve dropped precipitation below
a level where almost none of the natural plant community
can make it. We’re tracking ambient rainfall in our plots, so
if we get an above-average year, we might begin to exceed
that threshold again. It will be interesting to see.”
Goulden has a lot on his plate these days. One grad student
is working on a study at the James Reserve that mirrors Anne
Kelly’s Deep Canyon transect, except that it is located on
the “rainy” side of the mountains. And Goulden is already
contemplating the next steps in his experimental plots to
more closely determine where the precipitation threshold
lies. He’s monitoring the flux towers his team installed at the
Southern Sierra Critical Zone Observatory and strategizing
how to put something at an even higher elevation. With this
much scientific excitement so close to home, he’s content
to let others spend their fieldwork days on airplanes flying
to distant habitats. — JB
For more information, contact:
Dr. Michael L. Goulden
Earth System Science
3319 Croul Hall
University of California
Irvine, CA 92697-3100
Phone: 949-824-1983 (office)
Email: mgoulden@uci.edu
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refugees. The security and stability of each
nation and all peoples — our prosperity, our health, and our safety — are in
jeopardy. And the time we have to reverse
this tide is running out. [<http://www.
whitehouse.gov/the_press_office/
Remarks-by-the-President-at-UNSecretary-General-Ban-Ki-moonsClimate-Change-Summit/>]

have interpreted this as an indication
that climate change is not an urgent
concern. The most recent data do not
provide such assurance. For the year to
date, the global combined land-andocean surface temperature of 14.7°C
(58.4°F) tied with 2007 as the fifthwarmest January-through-October
period on record. This value is 0.56°C
(1.01°F) above the twentieth-century
average (<http://www.ncdc.noaa.gov/
sotc/?report=global>).

Global temperatures have flattened out
during the past ten years, and some

Studies in progress on NRS reserves explore the landscape changes in California

Continued from page 1

driven by climate change and seek the
understanding essential to developing
management strategies for adaptation
and mitigation. In the lead article in this
issue of Transect, UC Berkeley professor
John Battles shares his perspective on the
changes underway in forestlands and
those expected in the future. Much of his
work is based at the NRS’s Sagehen Creek
Field Station near Truckee. Accumulation of forest fuels in the Tahoe National
Forest has created severe risk of catastrophic wildfires. In one study, through
Continued on page 16

In Memoriam of Two Women Whose Contributions to the NRS
Have Helped to Make the UC Reserve System Great

O

Ottie Ashley Motte

T

ne of the NRS’s most long-standing and generous supporters, Ottie Ashley Motte, passed away
this year at the age of 92. Ottie and her late husband,
Charlie, donated the land for the NRS’s Motte Rimrock Reserve and supported the reserve in a myriad
of ways over the years.

Carol Lapham Valentine

he NRS lost a valued friend this year when Carol
Lapham Valentine — a noted patron of the arts,
civic leader, conservationist, and horticulturist — died
this year at her home in Montecito, California. She
was 98 years old.
Carol showed great foresight and generosity in donating the property, then known as Valentine’s Camp, to
the University in 1972 for use as an ecological reserve.
Over the years, she became a great supporter of the
reserve and its programs.

Ottie was born in Wichita Falls, Texas, in 1917. As a
child, she traveled with her mother to Perris, California,
and grew to love the area. She married Charlie Motte in
1937. The family prospered, first in farming and later
in land development. In the 1970s, as rapid suburban
growth flooded the region, the couple realized it would
be important to preserve open space.

Though the 154-acre site is not the NRS’s largest reserve,
it supports a wide diversity of remarkably pristine subalpine habitats. As the surrounding town of Mammoth
Mountain has grown into a world-class ski resort, the
reserve provides an unspoiled example of the area’s great
beauty and a dramatic reminder of the natural systems
that once prevailed throughout the Eastern Sierra.

In 1976, Ottie and Charlie decided to set aside the
pristine land adjacent to their home as a UC natural reserve. The NRS was then just a little over a
decade old. Today the 715-acre NRS site that bears
the Motte name has become a regional center for
environmental research and teaching, as well as an
integral part of the Riverside County Multiple Species
Plan. The boulder-strewn landscape provides critical
habitat for a variety of animals and contains some of
the best-preserved Native American pictographs in
southern California.

Valentine education coordinator Leslie Dawson notes
that Carol Valentine’s vision continues to guide work at
the reserve: “She was a source of inspiration and a great
supporter of our management of the Valentine Reserve.
Her gentle grace and dignity were obvious to all who
interacted with her and she will be sorely missed.”
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modeling and experiment, Battles and his
colleagues are exploring the effectiveness
of SPLATs, blocks of fuel treatments
ranging from several to hundreds of
acres each, placed in a way that controls
the speed and intensity of a wildfire as
it moves (<http://snamp.cnr.berkeley.
edu/static/documents/2009/05/14/
FSBrief-Sagehen.pdf>).
The second article of this Transect issue
describes a range of scientific investigation, including a study performed
by graduate student Anne Kelly and
UCI professor Michael Goulden at the
NRS’s Boyd Deep Canyon Desert Research Center, where elevations range
from 290 to 2,657 meters. They found
that, over just the last 30 years, plant
species in the area had moved upward in
elevation by an average of 64.7 meters
(213 feet). Climate models predict the
southwestern North America to be a
climate change hotspot, becoming drier
as the climate warms. A perspective
on the outcome of this Deep Canyon
study notes that it offers an important
1986
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response to the question, “How will
vegetation respond to climate change?“
— and comments that it “documents
(i) synchronous change among dominant species across an entire vegetation
gradient; (ii) the change occurred
relatively rapidly; and (iii) the magnitude of elevation change corresponds
directly with co-occurring temperature
change” (see D. D. Breshears et al.,
“Vegetation Synchronously Leans
Upslope as Climate Warms,” PNAS
(2008) 105:33, pp. 11591-11592).
In contrast, a more complex pattern
emerges in a study of the impact of a
century of climate change on smallmammal communities in Yosemite
National Park (see R. K. Colwell et al.,
“Global Warming, Elevational Range
Shifts, and Lowland Biotic Attrition
in the Wet Tropics,” Science (2008)
322:5899, pp. 258-261).
In sum, global climate change will
modify the majority of, if not all,
ecosystems. A map of the Earth that
predicts these changes in fine detail will
be a long time in coming.
— Alexander N. Glazer
Director, Natural Reserve System
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