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Global Warming Frequently Asked Questions 
 

BASICS 

Is the globe warming? 

Yes, our world is warming at an unusually rapid rate, and this is now the warmest period in the 

history of modern civilization. [1] Earth’s average surface temperature has risen by 1.8°F (1.0°C) 

since the late 1800s, an average rate of 0.13° F (0.07° C) per decade. Since 1981, the rate of 

warming has more than doubled to 0.32°F (0.18°C) per decade. The six warmest years in the 

1880–2020 record have all occurred since 2014, while 19 of the 20 warmest years have occurred 

since 2001. [2] With significant reductions in the emissions of greenhouse gases, the annual 

global surface temperature rise this century could be limited to 3.6°F (2°C) or less. Without 

major reductions in these emissions, the increase in annual average global temperatures relative 

to preindustrial times could reach 9°F (5°C) or more by the end of this century. [45] Learn 

more here and here. 

 

Did global warming stop in 1998? 

No, our world continued warming after 1998. [13] Thanks to natural climate variability, volcanic 

eruptions, and to a smaller extent, low solar activity, the rate of average global surface warming 

from 1998–2013 was slower than it had been over the two preceding decades. Such varations in 

the rate of warming from decade to decade are common. [14] Meanwhile, excess heat continued 

to accumulate in the deeper layers of the ocean, contributing to marine heat waves and sea level 

rise. [13] The slowdown in surface warming was only temporary, however, as the six warmest 

years in recorded history have all occurred after 2013. [15] Learn more here, here, and here. 

 

Can we trust NOAA’s global temperature data record? 

Yes, we can trust the Global Historical Climatology Network (GHCN) data for three key 

reasons: 

1. NOAA uses quality control measures to ensure the temperature data are of the highest 

quality and accuracy for research purposes. NOAA is open and transparent about its 

quality control measures and anyone can read all about them in the published literature or 

on the NOAA website. Learn more. 

2. Both the temperature data record and NOAA’s analyses of the temperature data have 

been peer-reviewed by other, independent teams of scientists in the U.S. and 

internationally. No reasons have been found to question the integrity or the quality of the 

GHCN dataset. Learn more here and here and here. 

https://www.climate.gov/node/148749/draft#2020-1
https://www.climate.gov/node/148749/draft#2020-2
https://www.climate.gov/node/148749/draft#2020-45
https://climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://science2017.globalchange.gov/
https://www.climate.gov/node/148749/draft#2020-13
https://www.climate.gov/node/148749/draft#2020-14
https://www.climate.gov/node/148749/draft#2020-13
https://www.climate.gov/node/148749/draft#2020-15
https://www.ncdc.noaa.gov/news/study-global-warming-hiatus-attributed-redistribution
https://www.climate.gov/news-features/climate-qa/did-global-warming-stop-1998
https://www.ncdc.noaa.gov/cag/global/time-series/globe/land_ocean/ann/8/1880-2020
https://www.ncdc.noaa.gov/monitoring-references/faq/temperature-monitoring.php
https://www.giss.nasa.gov/research/features/201501_gistemp/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015GL067640
https://www.mitre.org/sites/default/files/publications/MITRE-DoC-NOAA-Assessment-Report.pdf
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3. Perhaps most compelling reason: Mother Nature herself offers many lines of 

corroborating evidence that our world is warming—from melting ice sheets and glaciers, 

to the rising global sea level, to the earlier arrival of spring and longer warm seasons, to 

plant and animal species migrations. It is easy to conclude our world is warming even 

without the GHCN data. Learn more. 

Are humans causing or contributing to global warming? 

Yes, by increasing the abundance of greenhouse gases in the atmosphere, human activities are 

amplifying Earth’s natural greenhouse effect. Virtually all climate scientists agree that this 

increase in heat-trapping gases is the main reason for the 1.8°F (1.0°C) rise in global average 

temperature since the late nineteenth century. [1] Carbon dioxide, methane, nitrous oxide, ozone, 

and various chlorofluorocarbons are all human-emitted heat-trapping gases. Among these, 

carbon dioxide is of greatest concern to scientists because it exerts a larger overall warming 

influence than the other gases combined. 

 

At present, humans are putting an estimated 9.5 billion metric tons of carbon into the atmosphere 

each year by burning fossil fuels, and another 1.5 billion through deforestation and other land 

cover changes. Of this human-produced carbon, forests and other vegetation absorb around 3.2 

billion metric tons per year, while the ocean absorbs about 2.5 billion metric tons per year. A net 

5 billion metric tons of human-produced carbon remain in the atmosphere each year, raising the 

global average carbon dioxide concentrations by about 2.3 parts per million per year. Since 1750, 

humans have increased the abundance of carbon dioxide in the atmosphere by nearly 50 

percent. [29] Learn more. 

 

What is the difference between global warming and climate change? 

Both phrases can have slightly different meanings in different contexts, but these days, global 

warming generally refers to the long-term increase in global average temperature as a result of 

human activity. Climate change is a much broader term that covers changes in multiple parts of 

the climate system, from temperature to precipitation to wind patterns. Climate change can be 

local, regional, or global, and it can have natural or human causes. Global warming is a type of 

climate change; however, not all climate change is global warming. Learn more. 

 

What scientific evidence exists that Earth is warming and that humans 
are the main cause? 

We know the world is warming because people have been recording daily high and low 

temperatures at thousands of weather stations worldwide, over land and ocean, for many decades 

and, in some locations, for more than a century. [3] When different teams of climate scientists in 

different agencies (e.g., NOAA and NASA) and in other countries (e.g., the U.K.’s Hadley 

Centre) average these data together, they all find essentially the same result: Earth’s average 

surface temperature has risen by about 1.8°F (1.0°C) since 1880. [1] 

https://www.globalchange.gov/indicators
https://www.climate.gov/node/148749/draft#2020-1
https://www.climate.gov/news-features/understanding-climate/climate-change-annual-greenhouse-gas-index
https://www.climate.gov/sites/default/files/BAMS_SOTC_2019_AGGI_1000px.jpg
https://www.climate.gov/node/148749/draft#2020-29
https://www.esrl.noaa.gov/gmd/education/
https://www.climate.gov/news-features/climate-qa/whats-difference-between-global-warming-and-climate-change
https://www.climate.gov/node/148749/draft#2020-3
https://www.climate.gov/node/148749/draft#2020-1
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In addition to our surface station data, we have many different lines of evidence that Earth is 

warming (learn more). Birds are migrating earlier, and their migration patterns are 

changing. Lobsters and other marine species are moving north. Plants are blooming earlier in the 

spring. Mountain glaciers are melting and snow cover is declining in the Northern Hemisphere 

(Learn more here and here). Greenland’s ice sheet—which holds about 8 percent of Earth’s fresh 

water—is melting at an accelerating rate (learn more). Mean global sea level is rising (learn 

more). Arctic sea ice is declining rapidly in both thickness and extent (learn more). 

 

We know this warming is largely caused by human activities because the key role that carbon 

dioxide plays in maintaining Earth’s natural greenhouse effect has been understood since the 

mid-1800s. Unless it is offset by some equally large cooling influence, more atmospheric carbon 

dioxide will lead to warmer surface temperatures. Since 1800, the amount of carbon dioxide in 

the atmosphere has increased from about 280 parts per million to 410 ppm in 2019. We know 

from both its rapid increase and its isotopic “fingerprint” that the source of this new carbon 

dioxide is fossil fuels, and not natural sources like forest fires, volcanoes, or outgassing from the 

ocean. 

 

Finally, no other known climate influences have changed enough to account for the observed 

warming trend. Taken together, these and other lines of evidence point squarely to human 

activities as the cause of recent global warming. 

 

How do we know the build-up of carbon dioxide in the atmosphere is 
caused by humans? 

The most basic reason is that fossil fuels—the equivalent of millions of years of plant growth—

are the only source of carbon dioxide large enough to raise atmospheric carbon dioxide amounts 

as high and as quickly as they have risen. The increase between the year 1800 and today is 70 

percent larger than the increase that occurred when Earth climbed out of the last ice age between 

17,500 and 11,500 years ago, and it occurred 100–200 times faster. [32] In addition, fossil fuels 

are the only source of carbon consistent with the isotopic fingerprint of the carbon present in 

today’s atmosphere. That analysis indicates it must be coming from terrestrial plant matter, and it 

must be very, very old. These and other lines of evidence leave no doubt that fossil fuels are the 

primary source of the carbon dioxide building up Earth’s atmosphere. Read more. 

 

 

Isn’t there a lot of debate and disagreement among climate scientists 
about global warming? 

No. By a large majority, climate scientists agree with the following statements:[9] [10] [11] [12] 

• Earth warmed over the last century and will continue to warm this century. 

• Most of the global warming is due to the addition of heat-trapping gases (particularly 

carbon dioxide) from humans burning fossil fuels. 

https://www.climate.gov/maps-data%23global-climate-dashboard
https://www.climate.gov/news-features/climate-and/climate-lobsters
https://www.climate.gov/news-features/understanding-climate/2015-state-climate-warm-oceans-loss-sea-ice-behind-big-changes
https://www.climate.gov/news-features/understanding-climate/climate-change-glacier-mass-balance
https://www.climate.gov/news-features/understanding-climate/climate-change-spring-snow-cover
https://www.climate.gov/news-features/featured-images/2019-arctic-report-card-melt-season-greenland-ice-sheet-rivals-record
https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
https://www.climate.gov/news-features/understanding-climate/climate-change-minimum-arctic-sea-ice-extent
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/node/148749/draft#2020-32
https://www.esrl.noaa.gov/gmd/ccgg/isotopes/chemistry.html
https://www.climate.gov/news-features/climate-qa/how-do-we-know-build-carbon-dioxide-atmosphere-caused-humans
https://www.climate.gov/node/148749/draft#2020-9
https://www.climate.gov/node/148749/draft#2020-10
https://www.climate.gov/node/148749/draft#2020-11
https://www.climate.gov/node/148749/draft#2020-12
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• The combined harmful impacts of global warming on human systems and natural 

ecosystems will increasingly outweigh positive benefits. 

• We can slow or stop the human causes of global warming if we choose to. 

 

This scientific consensus is clearly summarized in the climate assessment reports of the U.S. 

Global Change Research Program and the Intergovernmental Panel on Climate Change. [1] [4] 

[5] NOAA scientists played lead roles in authoring and editing both sets of reports. 

Additionally, the United States’ foremost science agencies and organizations have all recognized 

global warming as a human-caused problem that threatens human and natural systems and, 

therefore, should be addressed. These agencies and organizations include (but are not limited 

to) NASA; the National Academies of Sciences, Engineering, and Medicine; the American 

Meteorological Society; the American Geophysical Union; the American Association for the 

Advancement of Science; the American Physical Society; the American Chemical Society; 

the American Medical Association; the Geological Society of America; and the Union of 

Concerned Scientists. 

 

What is the difference between weather and climate? 

Weather is the short-term atmospheric conditions at a given location on a specific day and 

time. Climate is usually described as the long-term average weather at a given place, but it also 

means the range of weather conditions that are possible at a given place, including the types and 

historical frequency of extreme events that occur there. By analogy, if the outcome of any given 

at-bat is like the weather, then a baseball player’s career batting average is like the climate. 

There’s an old saying: “Climate is what you expect; weather is what you get.” 

 

Another way to think about the difference between weather and climate is to say that a region’s 

climate is the background conditions that give rise to a location’s weather events. Because all 

weather occurs within Earth’s climate system, changes in the background state of the climate 

system can make different weather outcomes more or less likely to happen. For example, during 

the period from 1997-2018, the percentage area of the globe that experienced record-setting 

warm temperatures dwarfed the percentage area of the globe that experienced record-setting cold 

temperatures. [16] This was a predictable set of weather outcomes due to global warming. Learn 

more. 

 

Why should I trust scientists’ climate projections for 50 or 100 years 
from now when they can’t accurately forecast the weather more than 2 
weeks from now?  

In many ways, it is actually harder to forecast weather 2 weeks in advance than it is to forecast 

climate decades in advance because weather is about the exact conditions and climate is 

about average conditions. Climate models are not trying, for example, to forecast 

the exact daytime high temperature in Chicago, IL, on August 15, 2035. They are trying to 

forecast the average daytime high temperature for the month of August over the entire decade of 

https://www.climate.gov/node/148749/draft#2020-1
https://www.climate.gov/node/148749/draft#2020-4
https://www.climate.gov/node/148749/draft#2020-5
https://climate.nasa.gov/
https://www.nationalacademies.org/topics/climate
https://www.ametsoc.org/index.cfm/ams/about-ams/ams-statements/statements-of-the-ams-in-force/climate-change1/
https://www.ametsoc.org/index.cfm/ams/about-ams/ams-statements/statements-of-the-ams-in-force/climate-change1/
https://www.agu.org/Share-and-Advocate/Share/Policymakers/Position-Statements/Position_Climate
https://www.aaas.org/news/aaas-climate-change-resources
https://www.aaas.org/news/aaas-climate-change-resources
https://www.aps.org/policy/statements/15_3.cfm
https://www.acs.org/content/acs/en/policy/publicpolicies/sustainability/globalclimatechange.html
https://policysearch.ama-assn.org/policyfinder/detail/climate%20change?uri=%2FAMADoc%2FHOD.xml-0-309.xml
https://www.geosociety.org/gsa/positions/position10.aspx
https://www.ucsusa.org/climate
https://www.ucsusa.org/climate
https://glossary.ametsoc.org/wiki/Weather
https://glossary.ametsoc.org/wiki/Climate
https://www.wmo.int/pages/prog/wcp/ccl/faq/faq_doc_en.html
https://www.wmo.int/pages/prog/wcp/ccl/faq/faq_doc_en.html
https://www.climate.gov/node/148749/draft#2020-16
https://climate.gov/news-features/blogs/beyond-data/bitterly-cold-extremes-warming-planet-putting-midwest%E2%80%99s-late-january
https://climate.gov/news-features/blogs/beyond-data/bitterly-cold-extremes-warming-planet-putting-midwest%E2%80%99s-late-january
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the 2030s. And while the exact weather conditions at a given location can change dramatically 

from hour to hour, the average climate changes much less from year to year or even decade to 

decade. The difference in time scale means that our ability to predict future climate doesn’t 

depend on our ability to predict next week’s weather. 

More details: Not only are weather models predicting different things than climate models, they 

require different kinds of starting information. Modelers call weather forecasting an initial 

conditions problem because, at short time scales, the future atmospheric conditions depend 

mostly on the initial atmospheric conditions. The accuracy of your forecast for a given location 

depends heavily on how well you can describe these initial conditions, especially in the 

surrounding area. 

In contrast, most modelers describe a climate projection as a boundary conditions problem 

because at long time scales (years to decades), future climate depends mostly on big-picture 

characteristics of the Earth system that don’t vary from day to day: the amount of land and ocean 

surface, the height and location of mountain ranges, the geometry of Earth’s orbit, and—

crucially—the composition of the global atmosphere. These things define the boundaries of the 

climate system, the relatively narrow range of outcomes that are possible over long time frames. 

These fundamental differences between weather models and climate models, in both what they 

are trying to predict and what those predictions depend on, mean that the quality of a weather 

forecast two weeks out isn’t a good test of how well we can predict the climate two decades out. 

Read more. 

 

CAUSES 

How do greenhouse gases such as carbon dioxide cause global 
warming? 

Different gases interact with light and heat energy in different ways. The chemical structure of 

greenhouse gases, including carbon dioxide, water vapor, and methane, allows them to absorb 

some of the heat energy radiated from Earth’s surface. They re-radiate some of it back toward 

the surface, like the bricks in a chimney radiate warmth back into a room even after a fire goes 

out. This behavior is the foundation of Earth’s natural greenhouse effect, which scientists have 

understood since the mid-1800s. The more greenhouse gases in the atmosphere, the more heat 

energy the atmosphere traps near the surface (learn more), causing Earth’s surface temperature to 

rise. 

The initial warming due to increasing carbon dioxide kicks off several feedback loops: more 

water vapor, which is a powerful greenhouse gas; permafrost thaw and decomposition, which 

releases more methane and carbon dioxide; loss of sea ice and snow, which reduces the amount 

of sunlight the Earth reflects; and outgassing of additional carbon dioxide from the ocean. 

Together, these feedback loops make the actual warming two or more times larger than it would 

be due to carbon dioxide increases alone. [28] 

https://nas-sites.org/climate-change/climatemodeling/page_1_1.php
https://earthobservatory.nasa.gov/features/Tyndall
https://earthobservatory.nasa.gov/features/Tyndall
https://www.esrl.noaa.gov/gmd/education/carbon_toolkit/basics.html
https://www.climate.gov/node/148749/draft#2020-28
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At present, humans are putting an estimated 9.5 billion metric tons of carbon into the atmosphere 

each year by burning fossil fuels, and another 1.5 billion through deforestation and other land 

cover changes. Of this human-produced carbon, forests and other vegetation absorb around 3.2 

billion metric tons per year, while the ocean absorbs about 2.5 billion metric tons per year. A net 

5 billion metric tons of human-produced carbon remain in the atmosphere each year, raising the 

global average carbon dioxide concentrations by about 2.3 parts per million per year. Since 1750, 

humans have increased the abundance of carbon dioxide in the atmosphere by nearly 50 

percent. [29] Learn more. 

 

Which greenhouse gas is most important to Earth’s temperature: water 
vapor or carbon dioxide? 

Without our heat-trapping atmosphere, Earth’s surface temperature would be near freezing, 

instead of close to 60° Fahrenheit. Water vapor is directly responsible for about 50 percent of 

Earth’s natural greenhouse effect, while carbon dioxide accounts for about 20 percent. [20] So in 

terms of total warming, water vapor is the most important greenhouse gas. But without the 

background warmth provided by carbon dioxide—which doesn’t condense and rain out of the 

atmosphere as water vapor does—the atmosphere would be too cold to support much water 

vapor, and the entire greenhouse effect would collapse. Models indicate Earth would likely 

freeze over everywhere but the equator. [21] So in terms of making the greenhouse 

effect possible, carbon dioxide is the most important greenhouse gas. 

As the most abundant of the non-condensing greenhouse gases, carbon dioxide is the main 

control knob—the thermostat—of Earth’s greenhouse effect. [20] Increases in atmospheric 

carbon dioxide from human activities are turning the thermostat up. As surface temperatures rise, 

more water evaporates, enhancing the initial warming. This water vapor feedback loop is 

powerful, at least doubling the warming provided by carbon dioxide alone. [18] [19] [20] But 

water vapor can’t act on its own to cause climate change; it can only amplify a change caused by 

the non-condensing greenhouse gases or other climate influences, such as variations in incoming 

sunlight. That means that when it comes to causing global warming, carbon dioxide is without 

question the most important greenhouse gas. 

 

Hasn’t Earth warmed and cooled naturally throughout history? 

Yes. Earth has experienced cold periods (or “ice ages”) and warm periods (“interglacials”) on 

roughly 100,000-year cycles for at least the last 1 million years. The last of these ices ended 

around 20,000 years ago. Over the course of these cycles, global average temperatures warmed 

or cooled anywhere from 3° to perhaps as much as 8° Celsius (5°-15° 

Fahrenheit). [47] [48] [30] [49] It was partly through their attempts to understand what caused and 

ended previous ice ages that climate scientists came to understand the dominant role that carbon 

dioxide plays in Earth’s climate system, and the role it is playing in current global warming. 

Learn more here and here. 

https://www.climate.gov/node/148749/draft#2020-29
https://www.esrl.noaa.gov/gmd/education/
https://www.climate.gov/node/148749/draft#2020-20
https://www.climate.gov/node/148749/draft#2020-21
https://www.climate.gov/news-features/understanding-climate/climate-change-annual-greenhouse-gas-index
https://www.climate.gov/node/148749/draft#2020-20
https://www.climate.gov/node/148749/draft#2020-18
https://www.climate.gov/node/148749/draft#2020-19
https://www.climate.gov/node/148749/draft#2020-20
https://www.climate.gov/node/148749/draft#2020-47
https://www.climate.gov/node/148749/draft#2020-48
https://www.climate.gov/node/148749/draft#2020-30
https://www.climate.gov/node/148749/draft#2020-49
http://www.realclimate.org/index.php/archives/2012/04/unlocking-the-secrets-to-ending-an-ice-age/
http://www.realclimate.org/index.php/archives/2012/04/unlocking-the-secrets-to-ending-an-ice-age/
https://www.climate.gov/news-features/climate-qa/what%E2%80%99s-hottest-earth-has-been-%E2%80%9Clately%E2%80%9D
https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-ever-been
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More detail: Over at least the past million years, glacial and interglacial cycles have been 

triggered by variations in how much sunlight reaches the Northern Hemisphere in the summer, 

which are driven by small variations in the geometry of Earth’s orbit around the Sun. But these 

fluctuations in sunlight aren’t enough on their own to bring about full-blown ice ages and 

interglacials. They trigger several feedback loops that amplify the original warming or cooling. 

During an interglacial, 

• sea ice and snow retreat, reducing the amount of sunlight the Earth reflects; 

• warming increases atmospheric water vapor, which is a powerful greenhouse gas; 

• permafrost thaws and decomposes, releasing more methane and carbon dioxide; and 

• the ocean warms and releases dissolved carbon dioxide, which traps even more heat. 

These feedbacks amplify the initial warming until the Earth’s orbit goes through a phase during 

which the amount of Northern Hemisphere summer sunlight is minimized. Then these feedbacks 

operate in reverse, reinforcing the cooling trend. 

 

Doesn’t carbon dioxide in the atmosphere come from natural sources? 

Yes, there are natural sources of atmospheric carbon dioxide, such as outgassing from the ocean, 

decomposing vegetation and other biomass, venting volcanoes, naturally occurring wildfires, and 

even belches from ruminant animals. These natural sources of carbon dioxide are offset by 

“sinks”—things like photosynthesis by plants on land and in the ocean, direct absorption into the 

ocean, and the creation of soil and peat. 

 

During all the ice ages that have occurred over at least the past million years, these opposing 

branches of the carbon cycle have kept the atmospheric carbon dioxide level at or below 300 

parts per million (ppm). [33] Today, that level is close to 410 ppm. Not only is this the highest 

carbon dioxide has been during all of human civilization, it has reached these levels virtually 

instantaneously in geologic time frames. During ice age cycles of the past, a change this large 

would likely have taken thousands of years to occur. 

 

This extremely rapid build-up of carbon dioxide is happening because humans are putting carbon 

dioxide into the atmosphere faster than natural sinks can remove it. By burning fossil fuels, we 

have essentially taken millions of years of carbon uptake by plants and returned it to the 

atmosphere in less than 300 years. [30] 

 

Do volcanoes emit more carbon dioxide than humans? 

No, human activities emit 60 or more times the carbon dioxide that volcanoes do in a typical 

year. Estimates for carbon dioxide emissions from volcanoes range from 0.3 (plus or minus 0.15) 

billion metric tons of carbon dioxide per year [23] to perhaps as much as 0.6 billion metric tons 
[22], whereas human activities have been releasing more than 30 billion metric tons of carbon 

dioxide per year since 2010.  [24]  Learn more. 
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Couldn’t the Sun cause the globe to warm? 

If the Sun were to intensify its energy output then, yes, it would warm our world. Indeed, sunspot 

data indicate there was a small increase in the amount of incoming sunlight between the late 

1800s and the mid-1900s that experts estimate contributed to at most up to 0.1°C of the 1.0°C 

(1.8°F) of warming observed since the pre-industrial era. [27] However, there has been no 

significant net change in the Sun’s energy output from the late 1970s to the present, which is 

when we have observed the most rapid global warming. Learn more. 

 

A second reason that scientists have ruled out a significant role for the Sun in global warming is 

that if the Sun’s energy output had intensified, we would expect all layers of Earth’s atmosphere 

to have warmed. But we don’t see that. Rather, satellites and observations from weather balloons 

show warming in the lower atmosphere (troposphere) and cooling in the upper stratosphere 

(stratosphere)—which is exactly what we would expect to see as a result of increasing 

greenhouse gases trapping heat in the lower atmosphere. [46] Scientists regard this piece of 

evidence as one of several “smoking guns” linking today’s global warming to human-emitted, 

heat-trapping gases. 
 

Do humans also exert a cooling influence on Earth’s climate? 

Yes, humans exert a cooling influence on Earth in several ways. But, overall, these cooling 

influences are smaller than the warming influence of the heat-trapping gases humans put into the 

air. [34] 

Our greatest cooling influence comes from particulate pollution (aerosols) we produce. We put 

plumes of aerosols into the air from power plants and industrial smokestacks; smoke and gases 

from biomass burning; windblown dust from deforested areas, dried wetlands, and crop fields; 

exhaust from ships’ smokestacks; tailpipe emissions from cars, trucks, buses, and trains; etc. 

Aerosol particles absorb and reflect the sun’s rays, thereby reducing the amount of sunlight 

reaching Earth’s surface. They also interact with clouds, in many cases making them brighter and 

longer-lived, also reducing the amount of sunlight reaching the surface. Learn more. 

Whereas aerosols linger in the atmosphere from days to a few weeks, heat-trapping gases that we 

add to the atmosphere linger from decades to centuries. Plus, when scientists discovered that our 

aerosol emissions were causing other undesired harmful side effects—such as acid rain and 

human respiratory diseases and deaths—we began to regulate and reduce their emission. Thus, 

the warming effect of our heat-trapping gases is ultimately winning out over the cooling 

influence of our particle pollution. Learn more 

 

What role does the ocean play in global warming? 

The ocean has absorbed between 20–30 percent of all human-produced carbon dioxide emissions 

since the 1980s. This absorption has kept large amounts of this heat-trapping gas out of the 
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atmosphere, making the rate of warming slower than it would otherwise be, but it has also 

lowered the pH (increased the acidity) of ocean surface waters. Ocean acidification makes it 

harder for shell-building marine life—including commercially and culturally valuable species 

such as coral, crabs, and oysters—to build and maintain their shells. [1] 

 

Because of its tremendous volume and high heat capacity, the ocean has absorbed more than 90 

percent of all excess heat trapped in Earth's climate system by greenhouse gases. Currents mix 

much of that heat into deeper layers of the ocean, delaying the full impact of surface warming we 

would otherwise expect. However, the heating of deeper layers of the ocean still contributes to 

sea level rise, sea ice retreat, marine heatwaves, oxygen depletion and expanding dead zones, 

shifts in the ranges of several marine species, and accelerating loss of polar ice shelves. [1] 

  

 

IMPACTS 
 

Does global warming mean it’s warming everywhere? 

No, “global warming” means Earth’s annual average air temperature is rising over long time 

spans (many decades to centuries), but not necessarily in every location and not necessarily in all 

seasons. It’s like your grades—if you get Bs and Cs in your first semester and in the next 

semester you get all As and Cs, your overall grade point average rises even though you didn’t 

improve in every class. Differences in exposure to sunlight, cloud cover, atmospheric circulation 

patterns, aerosol concentrations, atmospheric humidity, land surface cover, etc., all vary from 

place to place which, in turn, influence whether and how much a location is warming or cooling. 

Learn more here, here, here, and here. 

 

What is an "extreme event"? 

Scientists can characterize an extreme event in three different ways: 

1. Any event that ranks among the highest or lowest among all observations of its kind; 

2. By how far removed the event is from the long-term average of all observations of that 

kind of event at that location; and 

3. By describing the event’s probability of occurrence in a given time span. 

More details: Generally speaking, an extreme event is any event that ranks in the highest or 

lowest 5 percent or 10 percent of all historical observations of that type of event. The percentage 

threshold is arbitrary and is designated by a researcher to provide context on a given event or set 

of events. 

 

Scientists sometimes describe extreme events in terms of their “sigmas” (or their “standard 

deviation”), which is a measure of how far removed an individual value is from the average of all 

observations in a data set. So, if a climate expert describes a heavy rain event as a “5-sigma 

event,” s/he is talking about rainfall so extreme that it was 5 standard deviations away from the 
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average rainfall for that location—way out at the tail end of the range of all values that have ever 

been observed. Learn more. 

 

Another way of characterizing an extreme event is by describing the probability of occurrence in 

a given span of time. Based on historical observations, experts can use statistics to estimate the 

range of all possible events that we would eventually expect to observe if our data record was 

long enough. From this range of all possible values, they can pinpoint how frequently a 

particular value would be expected to recur within a given amount of time. For example, 100-

year event means an event is so extreme that it has only a 1 percent chance (1 divided by 100) of 

happening in any given year. A thousand-year event has a 0.1 percent chance of happening in 

any single year (1 divided by 1,000). Learn more. 
 

 

Was this or that extreme weather or climate event caused by global 
warming? 

To date, climate research has yet to show that any given event was caused solely by global 

warming. However, over the past decade, research has demonstrated that climate change due to 

global warming has made many extreme events more likely, more intense, longer-lasting, or 

larger in scale than they would have been without it. For many of the events that have been 

studied, global warming has been identified as the primary driver of the event, not just a 

supporting player. And a number of recent studies have concluded that certain heat-related 

extreme events would not have been possible without human-caused global warming. Learn 

more here and here. 

 

Extreme event attribution is the science of figuring out what caused a given extreme weather or 

climate event, and weighting the relative influence of global warming versus natural variability. 

The biggest collection of research dedicated to understanding the causes of extreme events is 

published annually in a special issue of the Bulletin of the American Meteorological Society. 

The most recent edition of the report, Explaining Extreme Events in 2018 from a Climate 

Perspective, was the eighth in the series. (The report covering a selection of events from 2019 is 

soon to be released). Together, these eight reports have documented 168 attribution studies, 73 

percent of which identified a substantial link between an extreme event and human-caused 

climate change, whereas 27 percent did not. To learn more, go here and here. 
 

 

If Earth has warmed and cooled naturally, why are scientists so 
concerned about today’s global warming? 

Experts are concerned about today’s global warming because it is different from previous 

warming periods in three key ways: the reason, the rate, and the repercussions. Ice ages and 

warm periods over the past million years or more were triggered by variations in the amount of 

sunlight reaching the Northern Hemisphere during summer and then amplified by other climate 
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feedbacks. But today’s warming is mainly due to humans increasing the abundance of heat-

trapping gases in the atmosphere. [1] 

 

Today’s warming is occurring much more quickly than previous interglacial episodes. In 

transitions from an ice age to an interglacial, it took 5,000–10,000 years for the temperature to 

rise between 5 and 9° Fahrenheit (3–5° Celsius). Humans could witness the same amount of 

global warming within the next 80 years if we continue emitting heat-trapping gases at today’s 

rate. [1] 

 

Finally, if we cause our world to warm by 2.7°F (1.5°C) or more compared to the temperatures 

before the start of the Industrial Revolution, scientists warn that there will be harmful 

repercussions for human health, the economy, infrastructure, and agriculture and natural 

resources. [4] The greater the warming above that threshold, the more widespread and severe the 

impacts are likely to be. Human and natural systems that cannot adapt quickly enough may be 

overwhelmed. 
 

 

A global warming of 1.8°F (1°C) seems small, given that some locations 
experience temperature swings of 30°F or more in a single day. Why is 
this change in global temperature a concern? 

Daily temperature swings of tens of degrees at a given location are common weather-driven 

events. But historically, when measurements of the daily high and low temperatures from many 

thousands of locations all over the world are averaged together over a whole year, the 

Earth's annual average temperature fluctuated by no more than a few tenths of a degree from 

year to year. In a geological context, a global-scale warming of 1.8°F (1°C) in less than 150 

years is an unusually large temperature change in a relatively short span of time. 

 

It's also important to recognize that Earth is not warming uniformly, nor is it expected to. Middle 

and high latitudes in general will warm more than the tropics, and land surface temperatures will 

rise more than ocean temperatures. Over the long term, land masses at the latitude of the United 

States are expected to warm much more than the global average. [17] If global warming 

continues at an increasing rate, in several decades the world is likely to be warmer than it's been 

for over a million years, with unpredictable consequences for humans and the natural resources 

we depend on. 

 

 

How will global warming harm human health and well-being in the 
United States?  

• Extreme heat and poor air quality increase complications from underlying heart and 

respiratory conditions like asthma, renal failure, and pre-term birth, and as temperatures 

rise, there will be more heat-related illness and deaths in both urban and rural areas. [31] 
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• Americans will be exposed to more frequent and/or intense extreme weather and climate 

events that not only threaten their lives and health, but also significantly disrupt health 

and social services. [31] 

o The risk of very large fires has increased and will increase further across 

California and other parts of the West, directly threatening people’s lives and 

causing severe air pollution across large areas. 

o The frequency and intensity of heavy downpours has increased and is likely to 

increase further, raising the risk of flash flooding. 

• Ticks and mosquitos that transmit illnesses like Lyme disease and West Nile virus are 

likely to increase and spread to new areas in the United States. [31] 

• More frequent heavy rain events will likely increase Americans’ exposure to water-borne 

illnesses, including those linked to sewage contamination of drinking water. Recreational 

waters are likely to experience more outbreaks of aquatic pathogens, including Vibrio 

bacteria and harmful algal blooms [31]. 

• Human-caused climate change also threatens food safety in multiple ways including 

lowering the nutritional quality of staples like wheat and rice, causing greater 

accumulation of mercury and other toxins in seafood, and increasing the chance for food-

borne pathogens to enter to food supply. [35] 

More U.S. impacts. More global impacts. 

 

How will global warming harm natural and agricultural resources in the 
United States?  

The ability of forests and other ecosystems to provide culturally and economically important 

services—timber, water supply protection, livestock forage, recreation, fisheries, and hunting—

are likely to decline as a result of human-caused climate change due to increased disturbance 

from water stress, fires, pest outbreaks, invasive species, heat stress, ocean acidification, and 

drought. These negative impacts will increase with higher rates of warming. [36] [37] [38] 

 

In terms of biodiversity, adaptable species with wide geographic ranges—such as white-tailed 

deer and feral hogs—are likely to continue to thrive. But those species that depend on particular 

habitats—polar and alpine species, coral reefs, coldwater fishes—are vulnerable, as are the 

communities that depend on them culturally and economically. [8] According to the Fourth 

National Climate Assessment, “[S]pecies, including many iconic species, may disappear from 

regions where they have been prevalent or become extinct, altering some regions so much that 

their mix of plant and animal life will become almost unrecognizable.” [38] 

 

Food and forage production will decline in agricultural regions experiencing increased frequency 

and duration of drought. Even without drought, higher temperatures will increase evaporation of 

soil moisture, increasing crop stress and water demand—further stressing U.S. surface and 

groundwater supplies used for irrigation. And even with irrigation, many commodity crops are 

likely to experience declines in average yield as temperatures rise beyond their preferred heat 

tolerance range. Milder winters and shifts in precipitation are likely to increase the incidence of 
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pests and diseases for crops and livestock, while extreme heat—especially nighttime heat—will 

reduce livestock productivity. Impacts will vary from region to region, depending on the extent 

of warming and the level of adaptation. [39]   More U.S. impacts. More global impacts. 

 

How will global warming harm U.S. communities, infrastructure, and the 
economy?  

Nationwide, the cost of weather and climate-related disasters is already rising, [40] and the trend 

is likely to continue as many extreme events become more frequent and severe. The economic 

impacts of extreme events include not just the direct damages, but also the loss of productivity 

and interruption of essential services and supply chains that can reach deep into the national 

economy. [41] 

In many parts of the country, existing infrastructure—septic and stormwater systems, roads, 

bridges, the energy grid—was not designed to cope with current and future sea level and climate 

extremes, and current levels of investment aren’t enough to cover necessary repairs and 

upgrades. [41] [42] 

Beyond extreme events, human-caused climate change is likely to disrupt many sectors of the 

U.S. economy and the communities that depend on them, including commercial and recreational 

fisheries, tourism and recreation, and agriculture. [39] [37] [43] 

 

Are there benefits from global warming? 

Yes, there will probably be some short-term and long-term benefits from global warming. For 

example, the flip side of increased mortality from heat waves may be decreased mortality from 

cold waves. 

 

In the short term, farmers in some regions may benefit from the earlier onset of spring and from 

a longer warm season that is suitable for growing crops. Also, studies show that, up to a certain 

point, crops and other plants grow better in the presence of higher carbon dioxide levels and 

seem to be more drought-tolerant. [1] But this benefit is a two-edged sword: weeds, many 

invasive plant species, and insect pests will also thrive in a warmer world. Water availability will 

be impacted in drier agricultural areas that need irrigation. At some point, the benefits to crops of 

increased carbon dioxide will likely be overwhelmed by the negative impacts of heat stress and 

drought. 

 

In the long term, shipping commerce will benefit from the opening of the Northwest Passage for 

longer periods of the year due to the loss of Arctic sea ice. However, in the long run, if a 

"business as usual" approach to emitting heat-trapping gases is maintained at the present rate, or 

faster, then the negative costs and impacts of global warming are very likely to far outweigh the 

benefits over the course of this century, with increased potential for catastrophic impacts from 

more extreme events. [17] In part, this is because any substantial change, whether warmer or 

colder, would challenge the societal infrastructure that has developed under the current climate. 
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ACTIONS 

Can we slow or stop human-caused global warming? 

Yes.  While we cannot stop global warming overnight, or even over the next several decades, we 

can slow the rate and limit the amount of global warming by reducing human emissions of heat-

trapping gases and soot (“black carbon”). [9] 

 

If all human emissions of heat-trapping gases were to stop today, Earth’s temperature would 

continue to rise for a few decades as ocean currents bring excess heat stored in the deep ocean 

back to the surface. Once this excess heat radiated out to space, Earth’s temperature would 

stabilize. Experts think the additional warming from this “hidden” heat is unlikely to exceed 0.9° 

Fahrenheit (0.5°Celsius). [44] With no further human influence, natural processes would begin to 

slowly remove the excess carbon dioxide from the atmosphere, and global temperatures would 

gradually begin to decline. 

 

It’s true that without dramatic action in the next couple of decades, we are unlikely to keep 

global warming in this century below 2.7° Fahrenheit (1.5° Celsius) compared to pre-industrial 

temperatures—a threshold that experts say offers a lower risk of serious negative 

impacts. [44] But the more we overshoot that threshold, the more serious and widespread the 

negative impacts will be, which means that it is never “too late” to take action. 

 

What actions can we take to stop or slow global warming? 

There is no one-size-fits-all approach to stopping or slowing global warming, and each 

individual, business, municipal, state, tribal, and federal entity must weigh their options in light 

of their own unique set of circumstances. Experts say it is likely many strategies working 

together will be needed. Generally speaking, here are some examples of mitigation strategies we 

can use to slow or stop the human-caused global warming (learn more): 

• Where possible, we can switch to renewable sources of energy (such as solar and wind 

energy) to power our homes and buildings, thus emitting far less heat-trapping gases into 

the atmosphere. 

• Where feasible, we can drive electric vehicles instead of those that burn fossil fuels; or 

we can use mass transit instead of driving our own cars. 

• Where affordable, we can conserve energy by better insulating our homes and buildings, 

and by replacing old, failing appliances with more energy-efficient models. 

• Where practicable, we can counterbalance our annual carbon dioxide emissions by 

investing in commercial services that draw down an equal amount of carbon out of the 

atmosphere, such as through planting trees or carbon capture and storage techniques. 

• Where practical, we can support more local businesses that use and promote sustainable, 

climate-smart practices such as those listed above. 

• We can consider placing an upper limit on the amount of carbon dioxide we will allow 

ourselves to emit into the atmosphere within a given timeframe. 
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Note that NOAA doesn’t advocate for or against particular climate policies. Instead, NOAA’s 

role is to provide data and scientific information about climate, including how it has changed and 

is likely to change in the future depending on different climate policies or actions society may or 

may not take. Learn more here, here, and here. 

 

 

What actions can we take to adapt to global warming? 

In terms of adaptation, there is no one-size-fits-all approach and each individual, business, 

municipal, state, tribal, and federal entity must weigh their options in light of their own unique 

set of circumstances. Generally speaking, here are examples of the types of adaptation actions 

communities and businesses can take to help them better understand, minimize, or avoid harmful 

climate-related impacts (learn more): 

• Measure and map each community’s climate-related hazards, such as extreme 

temperatures, electric-grid disruptions, flooding, drought, wildfire, poor air quality, or 

diseases; 

• Assess how vulnerable people and property are to those climate-related hazards, estimate 

the community’s risk for each category of hazard, and discuss the level of risk that people 

are willing to accept. 

• List and consider the range of possible options for reducing exposure and/or sensitivity of 

people and property to relevant climate-related hazards; 

• Prioritize, plan, and invest in options that balance cost with the community’s risk 

tolerance. Many communities begin climate adaptation planning with “no regrets” 

strategies that will have immediate or near-term benefits. 

As with actions to slow or stop global warming, we can share our stories and lessons learned 

with others to help them make their own decisions and plans. Learn more. 

 

Note that NOAA doesn’t advocate for or against particular climate policies. Instead, NOAA’s 

role is to provide data and scientific information about climate, including how it has changed and 

is likely to change in the future depending on different climate policies or actions society may or 

may not take. Learn more here, here, and here. 

 

 

What is NOAA’s climate mission? 

NOAA is an agency that enriches life through science. We provide foundational climate science, 

data, and information that Americans want and need. Without NOAA’s climate monitoring, 

research, and modeling capabilities we couldn’t quantify where and how climate conditions have 

changed, nor could we predict where and how they’re likely to change.  

 

NOAA is helping to improve the nation’s resilience to changes in climate and weather. 

Specifically, NOAA is working to… 

● reduce vulnerability to extreme weather, 

● prepare for drought and water resource challenges, 

https://nca2018.globalchange.gov/chapter/29/
https://nca2018.globalchange.gov/chapter/28/
https://www.nap.edu/read/12781/chapter/1
https://toolkit.climate.gov/#steps
https://toolkit.climate.gov/case-studies
https://nca2018.globalchange.gov/chapter/29/
https://nca2018.globalchange.gov/chapter/28/
https://www.nap.edu/read/12781/chapter/1
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● protect and preserve coasts and coastal infrastructure, 

● identify and manage risks to marine ecosystems and the valuable services they provide, 

and, 

● help people to understand and evaluate the options they have for mitigating and adapting 

to climate-related impacts. 
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