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Executive Summary 

From wildfires burning in Yosemite National Park, California, to glaciers melting in 

Glacier Bay National Park, Alaska, published scientific research has detected changes globally 

and in United States (U.S.) national parks and attributed them to human-caused climate change. 

These impacts are occurring because climate change since 1895 has exposed the national parks to 

twice the heating of the country as a whole and to more severe aridity. Without cuts to pollution 

from cars, power plants, deforestation, and other human sources, continued climate change could 

increase future temperatures up to six times faster than historical rates, threatening the unique 

landscapes, plants, and animals in parks. Adaptation of resource management could decrease 

some projected damage. Yet, cutting carbon pollution from human sources is the solution that 

targets the cause of climate change. Emissions reductions could lower projected heating in 

national parks by one-half to two-thirds. The lowered heating would reduce risks of severe 

wildfire, disappearances of plant and animal species, and other threats to our national parks. 
 

Introduction 

Chairwoman, Ranking Member, and Members of the Committee, thank you for the 

invitation to speak on the science of human-caused climate change in the U.S. national parks. I am 

Patrick Gonzalez, a forest ecologist and Associate Adjunct Professor at the University of California, 

Berkeley, in the Department of Environmental Science, Policy, and Management. I am also the 

Principal Climate Change Scientist of the U.S. National Park Service, but today I am speaking 

under my Berkeley affiliation, not for the Park Service. I earned my Ph.D. at the University of 

California, Berkeley, and have conducted and published field research on climate change for 

25 years. I have also served for over eight years as the lead for climate change science in the 

U.S. National Park Service. I am a lead author on four reports of the Intergovernmental Panel on 

Climate Change (IPCC), the organization that produces the authoritative scientific assessments of 

climate change, for which it was awarded a share of the 2007 Nobel Peace Prize. 
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Human Cause of Climate Change 

The human cause of climate change1 is an important scientific fact because it points us to 

solutions to the problem. Atmospheric measurements show that carbon dioxide has increased to 

its highest level in 800 000 years (Figure 1).2-5 Measurements show that the increased carbon 

dioxide and other greenhouse gases in the atmosphere come from cars, power plants, 

deforestation, and other human sources.6 Chemical analyses show that the additional carbon 

dioxide bears the unique chemical signature of fossil fuels – coal, oil, and gas – not of natural 

emissions from volcanoes.7 Human sources now emit twice the amount of carbon dioxide that 

vegetation, soils, and the oceans can naturally absorb.6 This is the fundamental imbalance that 

causes climate change. 

The increase in carbon dioxide has intensified the greenhouse effect, the trapping of heat 

close to the surface of the Earth. Consequently, the world has heated to its highest temperature in 

800 years.8 Measurements of the potential causal factors – human and natural – show that carbon 

dioxide and other greenhouse gases from human activities caused 97% of historical heating.9 

Solar cycles and other natural factors caused just the remaining 3%. Therefore, scientific 

evidence shows that human activities are causing climate change. 

 

Historical Impacts in U.S. National Parks 

The magnitude of climate change across all the U.S. national parks was not known until 

recent research by colleagues and me. In 2018, we published the first spatial analyses of 

temperature and precipitation trends across all 417 U.S. national parks.10 Our analyses of 

historical data revealed that climate change has exposed the national parks to conditions hotter 

and drier than the country as a whole. This occurs because extensive parts of the parks are in 

extreme environments – the Arctic, high mountains, and the arid Southwest. 

Our findings show that temperatures in the national park area increased at a rate of 1ºC 

(approximately 2ºF.) per century from 1895 to 2010, double the national rate. At the same time, 

precipitation decreased across a greater fraction of the national park area (12%) than the country 

as a whole (3%). Out of all 417 national parks, temperatures increased most in Denali National 

Preserve, Alaska (4.3ºC [approximately 8ºF.] per century) (Figure 2), and rainfall declined most 

in Honouliuli National Monument, Hawaii (85% decrease per century). 

The implications of this increased heat and aridity in the national parks were not 

comprehensively known until recently. In 2017, I published the first comprehensive assessment of 
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published research on climate change impacts and vulnerabilities in U.S. national parks.11 This 

section on historical impacts provides cases from that publication, only including research that has 

employed the research procedures of detection and attribution.1 

Detection is the finding of statistically significant changes over time that are different than 

natural variation. Attribution is the analysis of different potential causes, natural and human, to 

determine their relative importance. In many national parks, it is easier to tell if human-caused 

climate change is the main cause of changes in the field because many parks have been protected 

from urbanization, timber harvesting, grazing, and other non-climate disturbances. 

Historical impacts detected and attributed to human-caused climate change include: 
 

Glaciers melting  In Glacier Bay National Park (NP), Alaska, climate change melted 640 meters 

(2100 ft.) of ice (depth) from Muir Glacier from 1948 to 2000 (Figure 3).12,13 In Glacier 

NP, Montana, climate change melted 1.5 km (1 mi.) of ice (length) from Agassiz Glacier 

from 1926 to 1979.13,14 In the North Cascades NP complex, Washington, climate change 

melted four glaciers away completely from 1984 to 2004.13,15 

Snowpack decline  Across the western U.S., including North Cascades NP, Washington, and ten 

other national parks, climate change has melted snowpack to its lowest level in eight 

centuries.16 

Wildfire increase  Across the western U.S., including Yellowstone NP, Wyoming, and 

Yosemite NP, California, climate change doubled the area burned by wildfire from 1984 

to 2015, compared to the area of natural burning.17 Wildfire is a natural part of many 

ecosystems but excessive wildfire can damage ecosystem integrity and hurt people. 

Across the western U.S., climate was the dominant factor controlling burning from 1916 

to 2003, even during periods of active fire suppression.18 

Tree death  Across the western U.S., including Kings Canyon NP, Lassen Volcanic NP, Sequoia 

NP, and Yosemite NP, California, Mount Rainier NP, Washington, and Rocky Mountain 

NP, Colorado, climate change doubled tree mortality from 1955 to 2007 19, due to 

increased aridity,19,20 the most extensive bark beetle infestations in a century, 19-22 and 

increased wildfire.20 

Vegetation shifts  In Yosemite NP, California, climate change shifted subalpine forest upslope 

into subalpine meadows between 1880 and 2002.23 In Noatak National Preserve, Alaska, 

climate change shifted boreal conifer forest northward onto formerly treeless tundra 
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between 1800 and 1990.24 Climate change, by shifting warmer conditions upslope and 

farther north, has shifted major vegetation types (biomes) at sites around the world.25 

Wildlife shifts  In Yosemite NP, California, field research showed that climate change shifted the 

ranges of the American pika, a small alpine mammal, and other species 500 meters 

upslope (approximately 1600 ft.) from 1920 to 2006, when temperature increased 3ºC 

(approximately 5ºF.)26 Because the national park had protected the survey area, timber 

harvesting, grazing, and hunting were not major factors. 

 Analyses of Audubon Christmas Bird Count data across the U.S., including sites 

in numerous national parks, found that climate change shifted the average winter range of 

254 bird species northward 15 km (9 mi.) from 1975 to 2004.27 Because of this, the 

evening grosbeak disappeared from counts in Sleeping Bear Dunes National Lakeshore, 

Michigan, and Shenandoah NP, Virginia. 

Sea level rise  Climate change has raised sea level 22 cm (9 in.) since 1854 at Golden Gate 

National Recreation Area, San Francisco, California,28-30  42 cm (17 in.) since 1856 at 

New York City,29-31  not far from the Statue of Liberty National Monument, and 30 cm 

(12 in.) since 1924 at Washington, DC,29,30,32  not far from the Jefferson Memorial and the 

White House, which is a national park. 

Coral bleaching  Climate change bleached and killed up to 80% of coral reef area in 2005 at 

sites in Biscayne NP, Florida, and Buck Island Reef National Monument, Salt River Bay 

National Historical Park and Ecological Preserve, Virgin Islands National Park, and 

Virgin Islands Coral Reef National Monument.33,34 That year, climate change had caused 

the hottest sea surface temperatures recorded in the Caribbean Sea since 1855. 

 

Future Vulnerabilities 

To quantify potential future changes in national parks, colleagues and I analyzed all 

available climate projections from the Intergovernmental Panel on Climate Change, as part of the 

first spatial analysis of climate trends across all 417 U.S. national parks.10 Our results indicate 

that continued carbon emissions under the worst scenario could increase temperatures in the 

21st century six times faster than occurred in the 20th century. Temperatures in national parks 

could increase up to 9ºC (16ºF.) by 2100, in the national parks of Alaska, and rainfall could 

decline by as much as 28 percent, in the national parks of the U.S. Virgin Islands. Aridity could 

also increase in Big Bend NP, Texas, Everglades NP, Florida, and other national parks at 
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southern latitudes. 

Published research on U.S. national park resources indicates that continued climate 

change could damage many of the globally unique ecosystems and resources that the parks 

protect. These vulnerabilities include: 
 

Loss of glaciers  Climate change could cause, under the worst scenario, complete melting of 

glaciers from Glacier National Park, Montana, by the 2030s35 and the disappearance of 

Sperry Glacier from Rocky Mountain NP by the 2040s.36 

Wildfire increase  The hotter temperatures of climate change could, under a high emissions 

scenario, increase wildfire frequencies in Yellowstone NP and Grand Teton NP, 

Wyoming, 300% to 1000% 37 and up to 300% in Yosemite NP, California, by 2100.38 

Tree death  The more severe aridity of climate change could, under a high emissions scenario, 

reduce suitable habitat of the Joshua tree in the southwestern U.S. 90% by 2100, leading 

to extensive death of Joshua trees in Joshua Tree NP, California.39,40 The more severe 

aridity of climate change also increases the risk of higher mortality of foothills palo verde 

and ocotillo in Saguaro NP, Arizona,41 piñon pine in Bandelier National Monument, New 

Mexico,42 and coast redwoods, the tallest living things on Earth, in Muir Woods National 

Monument, California.43,44 Loss of snow under projected climate change increases the 

vulnerability of Alaska yellow cedar to increased mortality in Sitka National Historical 

Park, Alaska.45 Under projected climate change, 16% to 41% of total national park area is 

highly vulnerability to northward and upslope vegetation shifts (biome shifts).25 

Loss of wildlife  Climate change may shift habitats upslope to such an extent that the American 

pika, a small alpine mammal that lives at the highest elevations, could disappear from 

Lassen Volcanic NP, California.46 Climate change could also exacerbate cheatgrass 

invasions in Craters of the Moon National Monument and Preserve, Idaho, leading to 

substantial decline of the sage grouse.47,48 Numerous national parks could lose local bird 

species and be colonized by new migrants.49 At Canaveral National Seashore, Florida, 

green turtles are vulnerable to increased mortality from flooding of nests by increases in 

storms.50 

Inundation from sea level rise  Sea level rise due to climate change could inundate much of 

Everglades National Park, Florida,51 the center of Golden Gate National Recreation Area, 

California,52,53 the National Mall and other national parks in Washington, DC,54 one-third 
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of the area of Assateague Island National Seashore, Maryland,55 and the Statue of Liberty 

National Monument, New York.56 

Ocean acidification  Corals and other marine life in Dry Tortugas National Park, Florida,57 and 

Channel Islands NP and Cabrillo National Monument, California,58 are vulnerable to 

dissolving in acidified waters under continued climate change. 

 

Adaptation of Natural Resource Management 

Adaptation to climate change is the adjustment of practices in a way that moderates future 

harm. One adaptation measure under implementation in a national park is the protection of 

refugia for the Joshua tree in Joshua Tree NP, California.40 Other adaptation measures under 

consideration for parks include conservation of refugia for mountain plants and animals,59,60 and 

conservation of cooler water refugia for fish.61 Prescribed burning is an adaptation measure that 

reduces future risks of catastrophic wildfire and tree death by removing an unnatural buildup of 

fuel and small trees where old policies suppressed natural wildfire.62,63 While adaptation 

measures are important to help maintain ecosystem integrity, they only treat symptoms of climate 

change, not the cause. 

 

Carbon Solutions 

Published research by colleagues and me concludes that reducing the cause of climate 

change – carbon pollution from cars, power plants, deforestation, and other human sources – can 

save national parks from the most extreme heat in the future.10 Compared to the worst scenario, 

reduced carbon emissions would lower projected heating in national parks by one-half to two-

thirds by 2100. 

The reduced heating could produce real benefits on the ground. While under the worst 

emissions scenario, 16% of plant and animal species globally could be at risk of extinction,64 the 

risk drops to 5% under the lowest emissions scenario of meeting the Paris Agreement goal.65 

Similarly, global sea level could rise 74 cm (29 in.) under the worst emissions scenario, but rise 

44 m (17 in.) under the Paris Agreement goal.29 In Yosemite NP, California, climate change 

under the worst emissions scenario could triple burned area by 2100, but a low emissions 

scenario could keep wildfires near to their current level.38 

A supplemental carbon solution is the conservation of forests, which naturally reduce 

climate change by removing carbon dioxide from the atmosphere and storing it in leaves and 
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wood. Coast redwood forest near Redwood NP, California, contains more carbon per area on the 

ground than any other forest in the world.66 The 27 national parks in California together contain 

as much carbon as the annual emissions of 7.4 million Americans, or the combined population of 

the cities of Boston, Charlotte, Dallas, Kansas City, Los Angeles, and Miami.67 This is a 

substantial amount of carbon, but those millions of people can burn the equivalent of all the 

carbon in the coast redwoods and other vegetation in the national parks in California in just one 

year. Therefore, forest conservation is insufficient as a sole solution to climate change. This 

points to the need for reducing emissions from fossil fuel burning. 

Analyses by the IPCC recently confirmed that it is still possible to limit future heating to 

the Paris Agreement goal of a temperature increase less than 2ºC (approximately 4ºF.)68 The U.S. 

has already demonstrated its ability to cut emissions. From 2007 to 2015, the U.S. cut emissions 

8%.69 From 2005 to 2016, the U.S. Climate Alliance of 19 states and one territory cut its 

emissions 14%, on track to meet the Paris Agreement goal.70 We have achieved this progress 

through energy conservation, improved efficiency, renewable energy, public transit, and other 

available practices. 

The U.S. national parks protect some of the most irreplaceable natural areas and cultural 

sites in the world. Cutting carbon pollution would reduce human-caused climate change and help 

save our national parks for future generations. 
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Figure 1. Atmospheric carbon dioxide 800 000 years ago to 2018 AD. 
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Figure 2. Temperature change from 1895 to 2010 due to human-caused climate change. 

Map: Trend in annual temperature in degrees Celsius per century, with park boundaries in green. 

Graph: Statistically significant trend for the area of the 417 US national parks. 
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Figure 3. Melting of Muir Glacier, Glacier Bay National Park, Alaska. 

Top: August 13, 1941 (photo by William O. Field, U.S. Geological Survey). 

Bottom: August 31, 2004 (photo by Bruce F. Molnia, U.S. Geological Survey). 
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