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Earth’s Climate

Climate change is harming health, livelihoods, infrastructure,
ecosystems, and biodiversity. These impacts intensify as
temperatures and sea levels rise and rainfall patterns shift,
threatening housing, food and water supply, economic growth,
and security.! The acceleration of climate change observed since
the industrial era is caused by greenhouse gas (GHG) emissions
from human activities, with 75% of total emissions and warming
occurring after 1970.%

Changes in climate should not be confused with changes in
weather; climate refers to long-term averages of weather
patterns, while weather describes short-term conditions at a
specific time and place, and exhibits a high degree of variability.?
A stable climate reflects a balance between incoming shortwave
solar radiation and outgoing longwave infrared radiation.? Solar
radiation passes through the atmosphere and is mostly absorbed
by Earth’s surface and re-emitted as infrared radiation.* GHGs
trap some of this, reducing the amount that escapes to space,
thus warming the planet.® See Greenhouse Gases Factsheet.
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Radiative Forcing

« The natural and anthropogenic (human-caused) factors
responsible for climate change are known as radiative forcers.
GHGs like CO2, CHa, N20, and halocarbons are positive forcers
that warm the Earth, while aerosols like SOz are negative
forcers that cool.?

« The netimpact, effective radiative forcing (ERF), is measured
in watts per square meter (W/m?2). Since 1750, total ERF has
been positive—the largest contributor is rising CO2 levels.'?

» Natural CO2 emissions, from volcanic activity, are 637 Mt CO2/
yr—1.6% of the 37 Gt COz/yr emitted by human activities.**

« Over the industrial era (1750-2019), solar irradiance has
contributed an ERF of just 0.01 W/m?2. The anthropogenic
contribution was 2.72 W/m?; GHGs had a positive forcing of
3.84 W/m?, with CO2 responsible for 56% of this total, while
aerosols contributed a negative forcing of =1.1 W/m2.*?

« Halocarbons have global warming potential thousands of
times higher than CO-, but their ERF (0.01 W/m?) is much
lower due to lower atmospheric concentrations.*?

Human Influence on Climate

» Natural forces contributed minimally to net radiative forcing
over the past century.*

« In 2023, the Intergovernmental Panel on Climate Change
(IPCC) concluded that human activities—primarily GHG
emissions—have unequivocally caused global warming, with
global surface temperatures rising 1.1 °C (1.9 °F) above
1850-1900 levels during 2011-2020.%°
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Climate Feedbacks and Sensitivity

« The magnitude of climate change depends on the strength of
feedbacks—changes in Earth’s energy balance in response to
radiative forcings.?

- This includes physical feedbacks in water vapor and
temperature lapse rate; and Earth system feedbacks from
biogeophysical/biogeochemical and ice sheet deterioration.*?

« As the climate warms, water vapor increases, amplifying
surface warming and evaporation.®

« Thawing permafrost displaces communities, disrupts
ecosystems,” and releases CO2 and CHa from stores of
decomposing organic matter.” Extreme temperatures in the
Artic also drive wildfires and accelerate thawing.*°

« Aspolarice melts, less sunlight is reflected and the oceans
absorb more solar radiation.® The ocean’s thermal inertia
slows the climate’s response, creating a delayed but
persistent warming effect.®

- If GHG emissions were completely eliminated today, climate
change impacts would persist for centuries.* CO2 remains in
the atmosphere for hundreds of years, impacting the climate
for generations.’*The Earth’s temperature requires 25 to 50
years to reach 60% of its equilibrium response.*?

Physical Systems

« 2024 was the warmest year since global records began in
1850, at 1.3 °C (2.3 °F) above the 20th century average, 0.1
°C (0.2 °F) warmer than the previous record set in 2023.7



» Global average land and ocean temperatures hit record highs
in 2023.7 The 10 warmest years on record have all occurred

Predicted Changes

in the past decade.” Increased Temperature

« 2024 marked the 48th consecutive year of above-average
global temperatures,*” with one of the warmest summer
surface air temperatures on record.?°

» Arctic seaice is younger, thinner, and less expansive than in
the 1980s and 90s.2° In 2023, North American Arctic snow
cover extent set a record low.8

« Arctic seaice coverin 2024 was the 6th lowest on record
since 1979—4.34M km?. Late snow onset and early melt led to
the shortest snow season in 26 years.?°

« Ina4°Cwarming scenario, snow cover in the Northern
Hemisphere decreases further by 15%-30%.* °

- The intensity and frequency of extreme precipitation events
has increased, a trend that is expected to continue.?*

« Inthe 1980s, the U.S. averaged 3.3 $1B weather disasters per
year; from 2019 to 2023, the average exceeded 20 per year.??

« Global mean sea level has risen 15-25 cm since 1901. Due to
deep ocean warming and ice sheet melting, sea level rise is
unavoidable and will continue for centuries to millennia.*®

Northwestern Gl)acier melt, Alaska 1940-2005%

AT

Biological Systems

Since 1970, global average temperatures have been rising at a
rate of 1.7 °C per century—far exceeding the average cooling
rate of 0.01 °C per century over the past 7,000 years.?”

IPCC predicts global temperature will rise by 1.5 °C (2.7 °F)
by the early 2030s.1?

Global surface temperatures are projected to rise 1.6-2.4 °C
(2.9-4.3 °F) from 2041-2060, and 1.4-4.4 °C (2.5-7.9 °F)
from 2081-2100, relative to 1850-1900 levels.'*

Ocean Impacts

Fora 1.5 °C temperature increase by 2100, models predict
sea level rise between 26-77 cm (0.9-2.5 ft), driven by
thermal expansion of warming oceans, and water from
melting glaciers and ice sheets.?”

Due to regional variation, a 2-ft rise in sea level would cause
increases of 3.5 ft in Galveston, TX and 1 ft in Neah Bay, WA.*

The oceans absorb about 31% of anthropogenic CO2
emissions, resulting in increased acidity. Ina 1.5 °C warming
scenario, coral reefs are projected to decline by 70-90%.2815
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- Warming is altering the biological timing and geographic Imphcations for Natural and Human SyStemS

ranges of plants and animals.2* Approximately half of species .
assessed globally have shifted polewards or to higher
elevations in response.’®

- Often biological responses cannot adapt to the rapid spatial
and temporal shifts driven by climate change.!® Ecological
relationships, such as predator-prey dynamics, are disrupted
when species adapt at different rates.?

= The average growing season in the contiguous U.S. increased
by over two weeks since the early 20th century.?¢

» Increased heat stress disrupts plants’ physiological
responses, reducing carbon storage. Declining precipitation
amplifies drought and wildfire risks.

The U.S. is warming faster than the global average, reflecting
a pattern of faster warming over land and at higher latitudes.*

A 4 °C warming scenario is associated with more frequent and
intense hot and cold extremes, heavier precipitation events,
droughts, and hurricanes.'?

In the U.S., weather disasters cost an average of $21.8B/yr in
the 1980s and $33.3B/yr in the 1990s. These costs increased
to $61.8B/yr in the 2000s and $98.8B/yr in the 2010s.22

Rising temperatures, shifting precipitation patterns, and
climate variability have increased the incidence of food-
and water-borne illnesses. Vector-borne diseases are also
occurring more often and in new geographic regions.*>?°

In 2023, the IPCC stated with very high confidence that the
window of opportunity to secure a livable and sustainable
future for all is closing rapidly.t®
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