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Background

Birds form part of healthy ecosystems, bring joy to people,
and benefit local economies throughout the United States.
In 2011, birdwatching-related industries drove $41 billion in
expenditures and $107 billion in total industry output
nationally. There are nearly five million total birders in
California alone [1]. Additionally, birds play critical roles in
pollination, insect control, forest generation, seed dispersal,
carrion scavenging, and many other ecosystem services we
rely on.

However, the future of birds is at risk with alarming losses of
biodiversity occurring worldwide. Global extinction rates are
now 100 times higher than background rates [2]. Climate
change exacerbates the global biodiversity crisis, with an
anticipated rate of change 20 times faster in the next
century than during the past two million years.

Audubon leads the way in conducting science to understand
the vulnerability and threats to birds from climate change.
Our science shows that stabilizing warming at a global
average of 1.5°C (2.7°F), as recommended by the IPCC
(Intergovernmental Panel on Climate Change) to reduce the
global risk of climate change, would also reduce
vulnerability and threats for many species of birds. To save
birds we must address the underlying causes of climate
change (climate change mitigation), and protect places that
birds need now and will need in the future (c/imate change
adaptation). Climate change mitigation means reducing or
preventing the causes of climate change, such as
greenhouse gas emissions. Climate change adaptation
includes efforts to alter and adapt both our natural
surroundings as well as our infrastructure to better
withstand the threats of climate change.

Audubon's 2019 Report, Survival by Degrees: 389 Bird
Species on the Brink [3], is a powerful look at how
vulnerable birds are to climate change across North America
based on a new, updated scientific analysis that leverages
big data and incorporates the unique biology of each bird to
determine its vulnerability. In this research, we related bird
observations for 604 species with climate and habitat
conditions at these locations and used modeling algorithms
to capture the unigue composition of each species's suitable
range. We then mapped and compared the projected
current and future ranges to estimate the projected range
loss and gain under multiple future climate change
scenarios. These projections were then used to assess how
vulnerable each species was to climate change [4,5].

Figure 1. California Quail. Photo: Carl Reese/Audubon
Photography Awards

Future Climate and Habitat in California

Across the state of California, without substantial climate
change mitigation (i.e., a 3°C/5.4°F global warming
scenario), average temperatures during the warmest month
are expected to increase approximately 5.3°C (9.6°F), and
average temperatures during the coldest month are
expected to increase approximately 3.4°C (6.1°F) from 2010
to the end of the century. Average annual precipitation is
expected to increase by approximately 29 mm (1.1in),
ranging from a decrease of 153 mm (6.0 in) in the north to
an increase of 300 mm (11.8 in) in the east. Despite the
overall increase in precipitation, available moisture is
expected to decrease by 17% across the state due to
increases in evapotranspiration [6].

The distribution of vegetation biomes, critical for plants and
animals, are also projected to change under climate change
scenarios [7]. By the end of the century under a 3°C (5.4°F)
global warming scenario, approximately 45% of the state of
California will transition to a different biome. At present, the
largest biome in the state is Desert Scrub, covering 26% of
the state. By the end of the century, Desert Scrub will cover
approximately 39% of the state.

All of these changes in climate and vegetation will alter
plant and insect communities; influence availability of food,
water, and shelter for birds; and will likely cause ecological
disruption as species assemblages reshuffle. Over time, a
complex suite of changes in climate and vegetation will
inevitably affect California’s bird communities.
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Climate Change Vulnerability

Climate change will negatively affect many birds in the
state. Here, we assess vulnerability based on the amount of
a species's range that may be gained or lost with climate
change. We designate species that may lose much more
range across North America than they have the potential to
gain as climate vulnerable. In California, 146 out of 307
modeled species are climate vulnerable in summer under
the 3°C scenario, meaning they stand to lose more of their
North American summer range than they would gain under
a warming climate. Reducing emissions to 1.5°C reduces the
number of vulnerable species to 98. Impacts are somewhat
lessened in winter, with 79 out of 333 modeled species
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vulnerable under 3°C of warming and 43 species vulnerable
if we reduce warming to 1.5°C.

Each bird was grouped by its primary habitat (see Table 2
for groupings), and these groups are not equally affected. In
California, the habitat groups with the most species
vulnerable to the impacts of ongoing and future climate
change are western forest (55 species) and aridland (20
species) in summer (Figure 2). In winter, western forest (29
species) and aridland (14 species) groups have the most
vulnerable species.
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Figure 2. Number of species by their vulnerability to climate change in each habitat group under a global 3°C warming scenario.
The species in each group are ones that currently live in the state, though vulnerability is assessed across the species's full North
American range to better account for range-wide changes. Red and orange indicate number of vulnerable (high and moderate)
species, and yellow and blue indicate non-vulnerable (low and neutral) species.

Climate-Related Threats

In addition to changes in climate across North America, we
assessed the potential impacts of other forecasted threats
related to climate change, including sea level rise, land use
change, and extreme weather events, such as extreme
spring heat, spring drought, fire weather, heavy rain, and
false springs within the lower 48 states [8]. These threats
are relevant to both birds and the places they need, but
were only available for the lower 48 states, and were
analyzed separately from vulnerability. This analysis
provides information on how each location and the birds
that occur there may be exposed to these specific, climate-
related threats (Figure 3) beyond their range-wide
vulnerability described above.

Here we summarize threats occurring within the state. Six
climate-related threats will affect portions of California
(Table 1). The threat affecting both the greatest area and
number of species in the state is extreme spring heat.

In California, species that are most threatened by a
combination of climate change and additional climate-
related threats under 3°C of warming include Acorn
Woodpecker, Allen’s Hummingbird, Bushtit, Cassin's
Kingbird, California Thrasher, Lawrence's Goldfinch, Nuttall's
Woodpecker, Vaux's Swift, and Yellow-billed Magpie. For
information on threats for individual species in California,
see Table 2.
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Figure 3. The number and distribution of overlapping climate-related threats under future global change scenarios of 1.5°C and
3°C. For detailed information on threats for each location in the state, refer to our online interactive tool at climate.audubon.org.

Table 1. Climate-related threats that California is expected to experience under the warming scenarios 1.5°C (2.7°F) and 3°C
(5.4°F), and the projected area and number of species affected. We report the projected amount(s) of global sea level rise
associated with each scenario [8]. Threats and scenarios were omitted if no species were affected in that scenario.

Area Affected Summer Winter
Threat Scenario (acres) (Vulnerable) (Vulnerable)
Species Affected Species Affected
3°C(1m/3.3ft) 187,278 1(0)
Sea Level Rise
3°C (2 m/6.6 ft) 251,723 2(M
1.5°C 4,156,793 4 (M 22 (7)
Urbanization
3°C 11,943,452 145 (35) 258 (40)
@ Cropland Expansion  1.5°C 3,542,497 1(0)
1.5°C 70,467,674 233 (48) 292 (30)
Extreme Spring Heat
3°C 103,145,086 268 (101) 351(75)
1.5°C 2,740,147 2 (0) 1(0)
Fire Weather
3°C 74,731,718 238 (84) 318 (57)
0 Spring Droughts 3°C 27,372,068 5 190

We also mapped risk, areas of high conservation value for
birds that are exposed to climate change-related threats.
For any one location, risk is the product of the number of

overlapping climate change-related threats, the total

number of bird species that occur under future climate, and

the number of species with range-wide vulnerability under
future climate. Risk is greater across California in summer
relative to winter, and mitigating warming from 3°C to 1.5°C

would more than halve the average risk of climate change-

related threats to birds across the state.
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Conclusions and Caveats

Birds are early responders to climate change and can be While these studies did not assess the effects of climate
important indicators of large-scale ongoing and future change on people, we know that the fate of humans and
ecological change. We found that 47% of California's 381 birds are deeply connected. Climate change is currently and
bird species are vulnerable to climate change across will continue to cause harm to people too, who face threats

seasons. A rapidly changing climate could lead to I

population declines and local extinctions if species are not
able to adapt. In addition, the reshuffling of bird
communities at a continental scale will bring together
species that previously lived in isolation, leading to novel,
unpredictable interactions. Disruptions in food and nesting
resources further compound vulnerabilities to climate
change.

Although we project range gains offsetting loss for some
species, especially in winter, it is unknown whether birds will
establish populations in these new locations because of
other factors not assessed here. On top of this, the added
stressors of extreme weather events and other climate
change-related threats will make establishment and
persistence of populations difficult in the coming decades.
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