Climate Change
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AMERICAN =
METEOROLOGICAL g
\ m}*"iin < (Adopted by AMS Council on 1 February 2007) Bull. Amer. Met. Soc., 88

}”&'na e

The following is an Information Statement intended to provide a trustworthy, objective, and
scientifically up-to-date explanation of scientific issues of concern to the public at large.

Background

This statement is consistent with the vast weight of current scientific understanding as expressed
in assessments and reports from the Intergovernmental Panel on Climate Change, the U. S.
National Academy of Sciences, and the U. S. Climate Change Science Program. All these reports
recognize the uncertainties in climate projections, and identify the scientific work needed to
reduce those uncertainties. Although the statement has been drafted in the context of concerns in
the United States, the underlying issues are inherently global in nature.

This summary of the current state of scientific understanding is based on the peer-reviewed
scientific literature. We are grateful to our members who contributed considerable scientific help
in its preparation. A few members offered alternative views on climate change or put quite
different emphases on the uncertainties of climate projections. In the last fifteen years, scientific
debates of this kind have stimulated much new research which deepened considerably our
understanding of climate, and reduced the uncertainties in our projections. The scientific process
of debate and investigation is the lifeblood of science; this essential process must continue.

How is climate changing?

Climate is changing in many ways. Global mean temperatures have been rising steadily over the
last 40 years, with the six warmest years since 1860 occurring in the last decade. Regionally, the
warming trend is greatest in northern latitudes, over land, and at night. Decreases in Arctic sea
ice have been observed. Most studies indicate that ice loss has recently accelerated at the margins
of Greenland and the West Antarctic ice sheet, whereas the East Antarctic ice sheet and the
Greenland interior appear to be gaining mass. In the U.S. most of the observed warming has
occurred in the West and in Alaska. However, there are regional variations in the signature of
climate change, with warming in the western U.S. but little or no annual temperature change in
the southeast U.S. in recent decades. Temperature rises have significant hydrologic effects.
Freezing levels are rising in elevation, rain occurs instead of snow at mid-elevations, spring
maximum snowpack is decreasing, snowmelt occurs earlier, and the spring runoff that supplies
over two-thirds of the western U.S. streamflow is reduced.

Evidence for warming is also observed in seasonal changes with earlier springs, longer frost-free
periods and longer growing seasons, and shifts in natural habitats and in migratory patterns of
birds.



Sea levels are generally rising around the world and glaciers are generally in retreat. A
component of sea level rise is attributed to expansion due to a long-term increase in ocean heat
content. The impacts of even small rises in sea level on coastal zones are expected to be severe,
particularly in conjunction with storm surges associated with vigorous weather systems.

Why is climate changing?

Climate has changed throughout geological history, for many natural reasons such as changes in
the sun’s energy received by Earth arising from slow orbital changes, or changes in the sun’s
energy reaching Earth’s surface due to volcanic eruptions. In recent decades, humans have
increasingly affected local, regional, and global climate by altering the flows of radiative energy
and water through the Earth system (resulting in changes in temperature, winds, rainfall, etc.),
which comprises the atmosphere, land surface, vegetation, ocean, land ice, and sea ice. Indeed,
strong observational evidence and results from modeling studies indicate that, at least over the
last 50 years, human activities are a major contributor to climate change.

Direct human impact is through changes in the concentration of certain trace gases such as
carbon dioxide, chlorofluorocarbons, methane, nitrous oxide, ozone, and water vapor, known
collectively as greenhouse gases. Enhanced greenhouse gases have little effect on the incoming
energy of the sun, but they act as a blanket to reduce the outgoing infrared radiation emitted by
Earth and its atmosphere; the surface and atmosphere therefore warm so as to increase the
outgoing energy until the outgoing and incoming flows of energy are equal. Carbon dioxide
accounts for about half of the human-induced greenhouse gas contribution to warming since the
late 1800s, with increases in the other greenhouse gases accounting for the rest; changes in solar
output may have provided an augmentation to warming in the first half of the 20" century.

Carbon dioxide concentration is rising mostly as a result of fossil-fuel burning and partly from
clearing of vegetation; about 50% of the enhanced emissions remain in the atmosphere, while the
rest of the Earth system continues to absorb the remaining 50%. In the last 50 years atmospheric
CO, concentration has been increasing at a rate much faster than any rates observed in the
geological record of the past several thousand years. Global annual-mean surface temperatures
are rising at a rapid rate to values higher than at any time in the last 400 (and probably in the last
1000) years. Once introduced in the atmosphere, carbon dioxide remains for at least a few
hundred years and implies a lengthy guarantee of sustained future warming. Further, increases in
greenhouse gases are nearly certain to produce continued increases in temperature. Such changes
in temperature lead to changes in clouds, pressure, winds, and rainfall in a complex sequence of
further effects.

Human activity also affects climate through changes in the number and physical properties of
tiny particles (aerosols) suspended in the atmosphere, and through changes in the land surface.
Aerosols arise from dust, sea salt, and air pollution. They absorb and redirect radiation emitted
by the sun and Earth. They also modify the ability of clouds to reflect sunlight and to form
precipitation. Most aerosols originating from human activity act to cool the planet and so partly
counteract greenhouse gas effects; this effect will diminish as clean-air legislation leads to
reduced emissions of fine aerosols. Stratospheric aerosols emitted by occasional large sulfur-rich
volcanic eruptions can cause temporary (1-3 years) reductions in surface temperature. By
contrast, carbon soot from wildfires and biomass burning warms the planet, so that decreases in
soot would reduce warming. Aerosols have much shorter lifetimes in the atmosphere than most















