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Climate projections show that national
parks in California will get much hotter
in this century. California’s climate also
is expected to get drier.

humans do – whether we continue emitting heattrapping gases at high levels, or take actions to
13
reduce emissions.

Choices made now will influence the
amount of future warming. Lower levels
of heat-trapping emissions will yield
less future warming, while higher levels
will result in more warming, and more
severe impacts on society and the
natural world.

H

uman activities, principally the burning of
fossil fuels, have led to large increases in
heat-trapping gases over the last century. That
pollution is already changing the climate, and will
continue to do so, driving significant changes in
California's national parks as well as elsewhere.
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Perhaps the clearest overall statement yet of the
current scientific understanding of human-caused
climate change is in a 2009 report of the U.S.
government's Global Change Research Program
(USGCRP), Global Climate Change Impacts in
the United States.9 This national-assessment
report begins:

U.S. Global Change Research Program
RMCO TEMPERATURE PROJECTIONS

To illustrate both how climate change may affect
California's national parks and how the extent of
that change depends on the levels of future
emissions, this report presents new projections of
temperature change in ten national parks in
California. The projections include so-called
“downscaled” local results from six climate
models for both a lower and a medium-high
scenario of future emissions of heat-trapping
gases.

Observations show that warming of the
climate is unequivocal. The global
warming observed over the past 50
years is due primarily to human-induced
emissions of heat-trapping pollutants.10
This supports the central conclusions reached
two years earlier by the United Nations-led
Intergovernmental Panel on Climate Change
(IPCC), which declared that there is more than a
90-percent likelihood that human emissions have
caused most of the temperature increases over
the last 50 years.11 In fact, according to both the
USGCRP and the IPCC, without the effects of
heat-trapping pollution, the factors causing
natural climate variability likely would have made
the world cooler since 1950, instead of markedly
hotter.12

In the lower scenario, emissions continue rising
until mid-century then gradually decline. The
medium-high scenario has emissions rising
through the century, although slower than in
recent years. (For more on emissions scenarios,
including a graphic illustration of differences
among them, see pages 7-8.)
Table 2 on the following page shows for each
park the average of the projections from the six
models for each scenario. To see the range of
individual projections from the lowest projected
increase to the highest for each park in each
scenario, see tables 3, 4, and 5 on pages 9, 14,
and 18.

Further temperature increases in the next few
decades are now a foregone conclusion, the
product of the continuing effects of past and
present emissions of heat-trapping gases, which
can persist in the atmosphere for a century or
longer. After that, though, the extent of further
change will depend in large part on what we

These projections are generally consistent with
those in a 2009 report from the California Climate
5

How Much Hotter California’s National Parks Could Get by 2070-2099
Lower Future
Emissions

Medium-High
Future Emissions

Effect of Projected Temperature
With Medium-High Emissions

Death Valley NP

+ 4.9°F

+ 8.1°F

Death Valley already is the
hottest place in North
America.

Golden Gate NRA

+ 3.7°F

+ 6.0°F

Golden Gate would become
as hot as Santa Monica pier
historically has been.

Joshua Tree NP

+ 4.4°F

+ 7.4°F

Joshua Tree would become
5.1° hotter than Death Valley
historically has been.

Mojave NPRES

+ 4.7°F

+ 8.0°F

Mojave would become 7.3°
hotter than Death Valley
historically has been.

Muir Woods NM

+ 2.9°F

+ 5.9°F

Muir Woods would become
as hot as San Diego
historically has been.

Point Reyes NS

+ 3.6°F

+ 6.0°F

Point Reyes would become
as hot as Santa Barbara
historically has been.

Redwood NP

+ 3.5°F

+ 5.7°F

Redwood would become 0.5°
less hot than Santa Barbara
historically has been.

Sequoia/Kings Canyon NPs

+ 4.6°F

+ 7.6°F

The parks would become
0.6° hotter than the Sonoma
County coast has been.

Yosemite NP

+ 4.5°F

+ 7.5°F

Yosemite would become 0.3°
hotter than Sacramento
historically has been.

Table 2. Averages of projections from 6 climate models for 2070-2099, compared to 1961-1990
temperatures. Abbreviations as in Table 1 on page 3. Data from World Climate Research Program
and Western Regional Climate Center; analysis by the Rocky Mountain Climate Organization.15

In the medium-high scenario, the average
projections are for the parks to get even hotter –
from 5.7°F hotter (for Redwood National Park) to
8.1°F hotter (for Death Valley National Park).

Change Center. It included projections that
statewide average temperatures could increase
by 3.6 to 9.0°F by 2070-2099, compared to 19611990, with greater increases inland and smaller
increases along the coast.16

The right-hand column of Table 2 puts these
projections in perspective. In the medium-high
emissions future, Yosemite would be hotter
before the end of the century than Sacramento
was in 1961-1990. Sequoia and Kings Canyon
would be hotter than the Sonoma County coast,
Point Reyes as hot as Santa Barbara.

In the lower-emissions scenario, the average
projection for the national parks would have
each get hotter by more than the additional 2°F
that the U.S. government’s national assessment
says would lead, on a global scale, to “severe,
17
widespread, and irreversible impacts.”
6

The temperature increases could be even larger.
In recent years, levels of heat-trapping gases
have actually been going up faster than
assumed not only in this medium-high emissions
scenario but also in all other emissions scenarios
currently being used by scientists to estimate
future pollution levels.18 So if we do not take
action to reduce heat-trapping emissions, these
parks could get hotter in this century by even
more than the amounts shown in Table 2.

These projected changes in the climate – both
the increases in temperature and changes in the
water cycle – are likely to significantly affect
national parks in California.

On the other hand, we can head off even the
lesser climate changes projected in the loweremissions scenario. It does not assume new
policies to reduce heat-trapping gases, and
many options exist to lower emissions.
According to the federal government’s national
assessment, to have “a good chance (but not a
guarantee)” of avoiding a further global
temperature increase above 2°F, it has been
estimated that atmospheric concentrations of
heat-trapping gases would need to stabilize in
19
the long term at around today’s levels. The
report also points out that because heat-trapping
pollutants have a long-lasting effect, emission
reductions made as soon as possible will do
more to ward off climate change than reductions
20
made later would.

U.S. Climate Change Science Program22

“National parks that have special places
in the American psyche will remain
national parks, but their look and feel
may change dramatically.”

SCENARIOS AND MODELS
The new climate projections for ten national
parks summarized in Table 2 are based on two
emissions scenarios and six climate models.
These are the same scenarios, the same
terminology to describe them, and the same
climate models used by the California Climate
Change Center in assessing statewide climatechange impacts.23
Most recent projections of future climate
conditions use one or more scenarios of future
emissions developed through the IPCC for its
2007 reports on climate change and its effects.
None of the IPCC scenarios has been

LESS WATER

IPCC Emissions Scenarios

The effects of heat-trapping pollution on the
climate are also expected to include changes in
precipitation and water availability in California.
A 2009 report from the California Climate
Change Center includes projections of possible
changes in the water cycle in the state, including:
·
Continuation of the state's pattern of wet
winters and dry summers, with an
increase in its already-high variability of
precipitation levels.
·
An overall decline in total precipitation by
the middle and end of the century for
southern and central California, but with
no clear, consistent projections for
changes in future precipitation levels in
the northern part of the state.
·
An earlier depletion in spring of the
mountain snowpacks that feed the state's
major rivers, leading to increased
summer dryness, with less soil moisture
21
in summer.

Figure 1. Selected IPCC emissions scenarios used
in its 2007 reports. A2 and B1 are used for the
projections in this report. Dashes indicate the range
of newer [”post-SRES”] scenarios; the shaded area,
the middle 80th percentile of that range. Figure
from IPCC.24
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determined to be more likely than others.
Differences among the scenarios are due to
different assumptions about changes in
population, rate of adoption of new technologies,
economic growth, and other factors.25

developed, in part to reflect the high level of recent
26
actual emissions.
The future extent of climate change will depend
not just on the actual levels of future emissions but
also on the sensitivity of the climate to heattrapping gases, which is approximated differently
by different climate models. While climate
projections from these models yield preciseappearing numbers, they should be taken as
suggestions of possible futures, not as actual
predictions. Attention should be paid to the range
of individual projections and the degree of
agreement or disagreement among them, as well
as to the averages of individual projections. For
the full range of the model results in the RMCO
projections, see tables 3, 4, and 5, on pages 9, 14,
and 18.

The two scenarios used for the RMCO
projections are scenario B1, referred to as a
lower-emissions scenario, and scenario A2,
referred to as a medium-high one. Some reports
refer to the A2 scenario as assuming “higher”
emissions. But as stated above, actual emissions
in recent years have been going up faster than
assumed in any of the current IPCC scenarios,
even those projecting higher emissions than the
A2 scenario. In the next IPCC reports, scenarios
like A2 will be considered intermediate ones and
new higher-emissions scenarios will be

“U.S. average temperature has risen more than 2°F over
the past 50 years and is projected to rise more in the
future; how much more depends primarily on the
amount of heat-trapping gases emitted globally and
how sensitive the climate is to those emissions.”

NPS

U.S. Global Change Research Program27

Mojave National Preserve
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INTRODUCTION
YOSEMITE, SEQUOIA,
AND KINGS CANYON

Mountain parks face effects on
temperature, snow and ice, forests and
other ecosystems, wildfire, wildlife,
and air quality.

geological as well as biological diversity that
await visitors to these two special places – which
are managed as one, jointly referred to as
Sequoia/Kings Canyon national parks.
MORE HEAT

N

ational parks in California's Sierra Nevada
Mountains protect some of the nation's bestloved natural wonders. Yosemite, a crown jewel
of America's national parks, is 1,200 square
miles of majestic mountains, deep valleys,
crashing waterfalls, grand meadows, giant
sequoias, vast wilderness, and much more – a
place beloved by Californians and people from all
around the world.

The climate projections produced by the Rocky
Mountain Climate Organization (see pages 5-7)
project how much hotter Yosemite and
Sequoia/Kings Canyon could get in two different
possible futures – one with lower future levels of
emissions of heat-trapping gases, and one with
medium-high emissions. For each scenario, six
climate models were used to produce
downscaled projections focused on the national
parks. (See pages 7-8 and note 15 for details.)
Table 3 presents for each park not just the
average projection of the six models for each
scenario (as was shown in Table 2) but also the
range of the six individual projections in each
case. As nobody knows which model may turn
out to be most accurate, the full range of
projections presents a fuller picture of the
possible outcomes as humans continue to
change the climate.

Adjacent to each other in the southern Sierra
Nevada, Sequoia and Kings Canyon national
parks testify to nature's breadth, beauty, and
diversity. The parks span two and a half vertical
miles, from an elevation of 1,500 feet in the
foothills to Mount Whitney, at 14,494 feet the
tallest mountain in the contiguous United States.
The namesake giant sequoia trees of Sequoia
National Park, also found in Kings Canyon,
include the largest individual trees on the planet.
These are only a few of the highlights of the

How Hot These Parks Could Get by 2070-2099
With Lower
Emissions

With MediumHigh Emissions

Average of 6 climate models

+ 4.5ºF

+ 7.5ºF

Range of model projections

+ 2.9 to + 6.4ºF

+ 4.7 to + 9.4ºF

Average of 6 climate models

+ 4.6°F

+ 7.7°F

Range of model projections

+ 2.9 to 6.5°F

+ 4.8 to 9.5°F

Yosemite NP

Sequoia/Kings Canyons NPs

Table 3. Temperature comparisons to 1961-1990 levels. Data from
World Climate Research Program; analysis by the Rocky Mountain
Climate Organization.28
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The easiest way to grasp
the consequences of these
possible temperature
changes is to equate the
future climate that could
occur in these parks with
the average temperatures
of places that people
know. As shown in Table 2
on page 6, if we were to
pollute the atmosphere so
much that we make
Yosemite 7.5º hotter by the
last three decades of this
century, it would be on
average as hot as
Sacramento was in the
1961-1990 period.
Sequoia/Kings Canyon, if
7.6º hotter, would be as

7.6º hotter, would be as hot as the Sonoma
County coast has historically been.
But even these drastic changes could be
understatements, as we now are on a path for
higher emissions. (See pages 7-8.)
LOSS OF SNOW AND ICE
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A hotter future may have more of an effect on
water cycles in Yosemite and Sequoia/Kings
Canyon than in most national parks, because the
former get nearly all of their precipitation in
winter.29 Winter precipitation falling as rain rather
than snow, smaller snowpacks being built up
during winters, and snowpacks melting earlier
would combine to result in more water flowing
into rivers in winter, when it can be a hazard, and
less in summer, when ecosystems and wildlife
need it most.30
Sequoia/Kings Canyon national parks contain
some 3,200 lakes and ponds and approximately
2,600 miles of rivers and streams, principally fed
by melting snowpacks. In years of low snowpack
accumulation, there is less water available for
plant growth; trees and other plants grow less;
and reduced plant growth and fruit and seed
production result in altered food production for
31
wildlife.

Yosemite National Park

INCREASED TREE MORTALITY

With smaller snowpacks and earlier snowmelt in
a hotter future, drier conditions are likely to
appear more often, and earlier in the year,
affecting the ecosystems and wildlife in these
parks.32

In Yosemite and Sequoia/Kings Canyon,
scientists have documented that small pine and
fir trees are dying more quickly as the park gets
hotter and drier. In 21 old-growth areas in the
parks where individual trees have been
inventoried since 1983, the rate at which trees
have died nearly doubled over the course of just
two decades. The increase is a change in
“background” mortality in trees, not in deaths
caused by insect outbreaks, fires, or other clear
causes. The increase in tree death rates was
widespread, across both different elevations and
different species of trees, but concentrated in
smaller trees. The researchers concluded that
the most plausible explanation is that
increasingly hot temperatures since 1984 have
created a water deficit, stressing the trees in the
plots enough to lead to an increase in mortality
35
rates.

Among the natural resources that are vulnerable
is Yosemite Falls, the spectacular waterfalls
dropping into Yosemite Valley. They are largely
fed by snowmelt and typically goes dry by the
end of summer. But smaller snowpacks and
earlier snowmelt likely would dry out Yosemite
Falls earlier in the summer, depriving more
summer park visitors of one of the park's most
33
famous sights.
Effects on snow and ice of warmer winters
already are showing up in the parks. Seven
glaciers in and near Yosemite and Sequoia/
Kings Canyon national parks have shrunk by 55
percent since 1900. Rapid retreat of the glaciers
since 1985 appears to have been driven by
higher temperatures, according to the scientists
who study them.34
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Changes in temperature, water
availability, and soil moisture may
cause broad-scale ecosystem
changes in California. The range of
suitable living conditions for many
species may shift, typically to the
north or to higher elevations. Also,
the timing of seasons, such as earlier
arrival of springs and delayed falls,
can alter life cycles of and
competitive advantages among
species. Entire communities of
species that make up an ecosystem,
however, are not expected to
respond together to these and other
changes. Instead, each species likely
will respond in its own ways and at
different times. The end result is
Sequoia National Park
likely to be the break-up of existing
ecosystems and formation of new, altered
POTENTIAL EFFECTS ON SEQUOIAS
36
assemblages of places, plants, and animals.
The giant sequoias after which Sequoia National
In Yosemite and Sequoia/Kings Canyon,
Park is named could be vulnerable to human
substantial changes in forests could occur.
alteration of the climate. Both the chief of
Statewide, subalpine forests – the kind mostly
resources management and science at
found in these parks – could be reduced
Sequoia/Kings Canyon and a U.S. Geological
statewide by 50 percent to more than 80 percent
Survey research ecologist stationed there have
by 2070-2099, according to models used in one
expressed concern to the authors of this report
study. The results suggest that subalpine forests
that giant sequoias may not be resilient to the
would persist more in these national parks than
effects of rapid climate change, including water
in most of the state’s mountain areas. But given
stress and increased wildfire.39 Another NPS
the uncertainty of this type of modeling, the parks
scientist at the parks has written that of all
certainly could experience significant changes.
challenges facing the sequoias, “perhaps the
Where subalpine forests are lost, their place is
most uncertain of the future stresses is that
projected to be taken mostly by the different
associated with predictions of human-induced
37
types of forests now found at lower elevations.
climatic change.”40
Already, some forests and other plant
communities are moving upslope to higher and
cooler areas of the Sierra Nevada. These
changes have been documented in Yosemite
and to its north; Sequoia/Kings Canyon was not
included in the study. In the areas that have been
studied, low-elevation edges of mixed conifer
forests have changed. Ponderosa pines are
disappearing and giving way to oak and shrubs
of the chaparral plant community. The changes
have occurred in areas where winters no longer
get below freezing. As winters get even warmer,
forests are expected to continue their general
upslope march.38

Obviously, any adverse effects on the parks'
sequoias would have significant effects on the
character of the parks and on the experience of
visitors to them.
MORE WILDFIRE
Two recent reports from the California Climate
Change Center project that climate change will
lead to increased wildfire in many parts of the
state, including in and near Yosemite and
41
Sequoia/Kings Canyon.
Wildfires have many effects, from the positive
(such as opening up forests to natural
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BREAKUP OF ECOSYSTEMS

the climate already is affecting wildlife species by
leading to changes in the ranges species occupy
and the timing of such activities as migration and
breeding. These adaptations may promote
species survival or create new risks – for
example, if one species changes its timing in a
way that creates mismatches with food sources
46
or habitat requirements. New species moving
into an area also may increase competitive
pressures on current species for food, habitat, or
other necessities.47

regeneration) to the negative (obviously
including risks to lives and property). In national
parks, fires also can lead to closures of park
areas, which can interfere with vacations of park
visitors.
LOSS OF WILDFLOWERS
Mountain wildflowers, too, seem to be at risk
across the West. Research done in the Rocky
Mountains suggests what could be in store for
western mountains. In the Rockies, scientists
have used heaters for more than a decade to
raise summer temperatures of test plots. In the
heated areas, fewer wildflowers grow, having
been replaced by sagebrush, normally is found
42
in lower-elevation, drier areas. In another study,
earlier snowmelt – a result of warmer winters –
has been found to cause more wildflowers to be
lost to frost. Earlier snowmelt starts the growing
season earlier and flower buds open sooner, but
then are more exposed to mid-spring frosts.
From 1999 through 2006, the percentage of
wildflower buds lost to frost doubled, compared
43
to the previous seven years.

A study of bird populations in these parks
identifies possible climate-change impacts that
may already be underway. In recent years, bird
populations in Sequoia/Kings Canyon have been
both lower than expected and lower than in
Yosemite. Importantly, breeding adults have
increased in Sequoia/Kings Canyon while young
birds have declined, indicating less successful
reproduction. Scientists have offered as a
possible explanation that climate change may
have made Sequoia/Kings Canyon enough hotter
and drier to lower the birds’ breeding success.
Yosemite, by contrast, being higher and cooler,
may not have been affected enough to alter
48
breeding success rates there.

DISRUPTION OF WILDLIFE

In Yosemite, mammals are moving upslope to
stay ahead of a higher temperatures. In the early
20th century, biologist Joseph Grinnell surveyed
the distributions of small mammals in the park. A
recent re-survey showed about half the species
in the park have shifted to different elevations
than before. Most have moved higher, by an
average of about 500 yards. High-elevation
specialists, such as pikas and alpine chipmunks,
have lost the lower ends of their ranges and are
left in smaller areas. These shifts are consistent
with how scientists expect wildlife to respond to
higher temperatures.49

A changed climate could mean disruptions in the
wildlife species now found in these three parks,
as elsewhere. Some species may go extinct. The
Intergovernmental Panel on Climate Change
warns that just 4° to 5°F of higher temperatures
could leave 20 to 30 percent of plant and animal
species in climatic conditions far outside those of
their current ranges, making them “likely to be at
44
increasingly high risk of extinction.” One reason
this percentage is so high is that stresses
resulting from climate change would come atop
others such as habitat loss.45 Human alteration of
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Researchers a few years ago projected how
climate change may affect the mammals present
in Yosemite and seven other national parks. They
used computer models to project how a doubled
atmospheric concentration of heat-trapping
gases would lead to shifts in plant communities,
then assumed that mammals would move to stay
with their habitats. For Yosemite, they projected
that one current species would be eliminated, as
the park would no longer have its habitat. (The
species was not identified in their article.) They
also projected that 25 new mammal species (also
unidentified) would move into the park as new
Pika
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habitats appear there.50

the U.S. Environmental Protection Agency (EPA)
has set air quality standards at the levels necessary to protect public health. EPA in 2008
strengthened the ozone standard based on new
health information, and in 2010 proposed to
further strengthen it.

A few caveats, however, are in order. First, the
projections rest on a model of how an altered
climate can drive changes in the distribution of
plants. Those changes are difficult to model, and
those projections cannot be taken as definitive.
Second, as the researchers acknowledged, they
did not consider whether geographic or other
barriers would keep new mammals from moving
into the parks. Third, the fact that the study's
authors did not identify in their publication the
particular mammal species that might move
makes it more difficult to assess the likelihood of
these changes occurring. Still, this study suggests
that Yosemite, and by extension Sequoia/Kings
Canyon, could see different mammals present
there as a result of climate change.

Yosemite and Sequoia/Kings Canyon
consistently exceeded the old, pre-2008 federal
standard, the latter with among the highest levels
in the national park system. In 2007, for example,
Sequoia/Kings Canyon had 44 days more
polluted than the standard then in effect. That
was the highest such total of any of the nearly 50
park units with air quality monitors in or next to
them.52 More ozone forms when temperatures
are higher, so a hotter climate would lead to
higher ozone levels. More pollution control
measures will be required to get the parks' air
clean enough to protect people's health.53
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There is other evidence, too, of wildlife changes in
and around these parks. Populations of Sierra
Nevada yellow-legged frog populations
are in sharp decline in the parks and
elsewhere in the region. Scientists have
identified as one cause that smaller
snowpacks have lowered pond water
levels to the point that fewer tadpoles
51
now survive.
MORE AIR POLLUTION
Despite their distance from large cities,
Yosemite and Sequoia/Kings Canyon
have very significant air-pollution problems, one of which – ozone levels – is
likely to worsen with a hotter climate.
Ground-level ozone has been firmly
established to harm people's health, and

Kings Canyon National Park
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