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Common Questions about Climate Change

Introduction

This document answers some of the most commonly asked questions about climate change,
including whether the Earth has warmed, which human activities are contributing to climate
change, what further climatic changes are expected to occur, and what effects these changes
may have on humans and the environment. First, however, several issues are clarified: what the
Earth's climate is, how climate differs from weather, and what processes influence climate.

Climate is the average weather, including seasonal extremes and variations, either locally,
regionally, or across the globe. In any one location, weather can change very rapidly from day
to day and from year to year, even within an unchanging climate. These changes involve shifts
in, for example, temperatures, precipitation, winds, and clouds. In contrast to weather, climateis
generally influenced by slow changes in features like the ocean, the land, the orbit of the Earth
about the sun, and the energy output of the sun.

Fundamentally, climate is controlled by the long-term balance of energy of the Earth and its
atmosphere. Incoming radiation from the sun, mainly in the form of visible light, is absorbed at
the Earth's surface and in the atmosphere above. On average, absorbed radiation is balanced by
the amount of energy returned to space in the form of infrared "heat" radiation. Greenhouse
gases such as water vapor and carbon dioxide, as well as clouds and small particles (called
aerosols), trap some heat in the lower part of the Earth's atmosphere. Thisis called the
greenhouse effect. If there were no natural greenhouse effect, the average surface temperature
would be about 34°C (61°F) colder than it is today.

Winds and ocean currents redistribute heat over the surface of the Earth. The evaporation of
surface water and its subsequent condensation and precipitation in the atmosphere redistribute
heat between the Earth's surface and the atmosphere, and between different parts of the
atmosphere.
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Figurel1l.1

Schematic view of components of the global climate system, some of their
processes and interactions, and some aspects that can cause climate change.

Natural events cause changesin climate. For example, large volcanic eruptions put tiny
particles in the atmosphere that block sunlight, resulting in a surface cooling of afew years
duration. Variations in ocean currents change the distribution of heat and precipitation. El Nifio
events (periodic warming of the central and eastern tropical Pacific Ocean) typically last oneto
two years and change weather patterns around the world, causing heavy rains in some places
and droughts in others. Over longer time spans, tens or hundreds of thousands of years, natural
changesin the geographical distribution of energy received from the sun and the amounts of
greenhouse gases and dust in the atmosphere have caused the climate to shift from ice ages to
relatively warmer periods, such as the one we are currently experiencing.

Human activities can also change the climate. The atmospheric amounts of many greenhouse
gases are increasing, especially that of carbon dioxide, which has increased by 30% over the
last 200 years, primarily as aresult of changesin land use (e.g., deforestation) and of burning
coal, ail, and natural gas (e.g., in automobiles, industry, and electricity generation). If current
trends in emissions were to continue, the amount of carbon dioxide in the atmosphere would
double during the twenty-first century, with further increases thereafter. The amounts of several
other greenhouse gases would increase substantially as well.

The accumulation of greenhouse gases in the atmosphere due to human activities will change
the climate by enhancing the natural greenhouse effect, leading to an increase in the Earth's
average surface temperature. This warming may be partially offset in certain regions where air
pollution leads to high concentrations of small particles in the atmosphere that block sunlight.

The current best estimate of the expected rise of globally averaged surface temperature relative
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t0 1990 is 1 to 3.5°C (about 2 to 6°F) by the year 2100, with continued increases thereafter.
Because most greenhouse gases remain in the atmosphere for along period of time, even if
emissions from human activities were to stop immediately, effects of accumulated past
emissions would persist for centuries.

The Intergovernmental Panel on Climate Change (IPCC), cosponsored by the United Nations
Environment Programme and the World Meteorological Organization and made up of over
2000 scientific and technical experts from around the world, published its First Assessment
Report in 1990 and its Second Assessment Report in 1996. The Second report contains over
10,000 references and is over 2000 pages in length. Although our understanding of some details
of climate changeis still evolving, the IPCC report is the most comprehensive and scientifically
authoritative account of our understanding of climate change, the potential impacts on humans
and the natural environment, the technology currently available to reduce human influences on
climate, and the socio-economic implications of possible measures to mitigate these changes.
The document that follows has been written and reviewed by scientists who participated in the
IPCC process, and it attempts to answer some of the most commonly asked questions about
these issues, based upon information contained in the IPCC reports. A list of the scientists who
prepared this document is provided inside the front cover.

Return to Table of Contents
Go to "Has the World Warmed?'
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Common Questions about Climate Change

Has the World Warmed?

The globally averaged temperature of the air at the Earth's surface has warmed between 0.3 and
0.6°C (about 0.5 and 1°F) since the late nineteenth century (Figure 2.1).
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Figure2.1

Measured global surface temperatures relative to the average for the 30-year
period 1961 to 1990 (the horizontal line).

The four warmest years on record since 1860 have al occurred since 1990. The warming has
been greatest at night over land in the mid-to-high latitudes of the northern hemisphere. The
warming during the northern winter and spring has been stronger than at other seasons. In some
areas, primarily over continents, the warming has been several times greater than the global
average. In afew areas, temperatures have actually cooled, e.g., over the southern Mississippi
Valley in North America (Figure 2.2).
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Figure 2.2

Trends in measured surface air temperature over the past century. Red circles
represent warming; blue circles represent cooling. No data are available for the
large areas with no circles.

Other evidence of global temperature increases since the nineteenth century includes the
observed rise in sealevel of 10 to 25 centimeters (about 4 to 10 inches), the shrinkage of
mountain glaciers, areduction of northern hemisphere snow cover (1973 to present), and
Increasing sub-surface ground temperatures. Data derived from measurements of tree rings,
shallow ice cores, and corals, and from other methods of indirectly determining climate trends,
suggest that global surface temperatures are now as warm as or warmer than at any time in the
past 600 years.

Data from afew locations can be used to trace temperatures even further into the past. For
example, deep ice cores and North Atlantic deep sea sediments suggest that the recent warming
stands out against arecord of relatively stable temperatures over the past ten thousand years,
with century-to-century variations of temperature seldom approaching the observed increase of
global mean temperatures of about 0.3 to 0.6°C (about 0.5 to 1°F) over the last century.

Satellite-based instruments have recently measured temperatures at higher atitudes (2 to 6
kilometers, or about 1 to 4 miles above the Earth's surface), rather than at the surface. These
observations indicate that this portion of the atmosphere may have cooled slightly, by about
0.1°C (about 0.2°F), since 1979 when the measurements began. Although apparently at variance
with the surface temperature measurements, they are not. Significant differences in short-term
trends are to be expected between the surface and atmospheric temperatures at higher altitudes,
because of the different factors affecting the variability and persistence of climate patterns at
different altitudes. Furthermore, questions have recently arisen concerning the consistency of
calibrations of the satellite-based instruments, suggesting that what was believed to be a small
cooling may actually be a slight warming.

Return to Table of Contents
Go to "Are Human Activities Contributing to Climate Change?'
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Common Questions about Climate Change

Are Human Activities Contributing to Climate
Change?

A comprehensive assessment by the IPCC of the scientific evidence suggests that human
activities are contributing to climate change, and that there has been a discernible human
influence on global climate.

Climate changes caused by human activities, most importantly the burning of fossil fuels (coal,
oil, and natural gas) and deforestation, are superimposed on, and to some extent masked by,
natural climate fluctuations. Natural changes in climate result from interactions such as those
between the atmosphere and ocean, referred to asinternal factors, and from external causes,
such as variations in the sun's energy output and in the amount of material injected into the
upper atmosphere by explosive volcanic eruptions.

Studies that aim to identify human influences on climate attempt to separate a human-caused
climate-change factor (the signal) from the background noise of natural climate variability.
Such investigations usually consist of two parts. detection of an unusual change, and attribution
of all or part of that change to a particular cause or causes.

The concepts of detection and attribution may be understood in terms of a simple medical
analogy. Measurement of a body temperature of 40°C (104°F) detects the presence of some
abnormal condition or symptom, but does not in itself give the cause of the symptom. To
attribute the symptom to an underlying cause often requires additional and more complex tests,
such as chemical analyses of blood and urine, or even x-rays and CAT scans. Early work on
climate-change detection examined changes in the globally averaged surface temperature of the
Earth over the last century. Most studies of this type concluded that the observed increase of
roughly 0.5°C (about 1°F) was larger than would be expected as aresult of natural climate
variability alone. Observed globally averaged temperature changes have also been analyzed
away from the Earth's surface. The observations used come from conventional weather
observing instruments (radiosondes) and from satellites. As expected, because of the different
factors affecting the variability of and persistence of temperatures at different altitudes, there
are noticeable differences between short-term trends at the surface and those at higher altitudes.
The record of temperatures away from the Earth's surface, which spans only the past 40 years
compared with the much longer surface record, istoo short for globally averaged values to
provide any definitive information about the extent of human influences.

The further step of attributing some part of observed temperature changes to human influences
makes use of climate models, which have been employed to estimate the climatic effects of a
range of human-induced and natural factors. The human factors include recent changes in the
atmospheric concentrations of both greenhouse gases and sulfate particles (called "aerosols").
The natural factors considered include solar variability, the effects of volcanic eruptions, and
internal variability of the climate system resulting from interactions among its individual
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components.

The changesin globally averaged temperature that have occurred at the Earth's surface over the
past century are similar in size and timing to those predicted by models that take into account
the combined influences of human factors and solar variability. To probe the question of
attribution requires the application of more powerful and complex methods, beyond the use of
global averages alone. New studies have focused on comparing maps or patterns of temperature
change in observations and in models. Pattern analysis is the climatological equivalent of the
more comprehensive tests in the medical analogy mentioned previously, and makes it possible
to achieve more definitive attribution of observed climate changes to a particular cause or
calses.

The expected influence of human activities is thought to be much more complex than uniform
warming over the entire surface of the Earth and over the whole seasonal cycle. Patterns of
change over space and time therefore provide a more powerful analysis technigue. The basic
Idea underlying pattern-based approaches is that different potential causes of climate change
have different characteristic patterns of climate response or fingerprints. Attribution studies
seek to obtain afingerprint match between the patterns of climate change predicted by models
and those actually observed.

Comparisons between observed patterns of temperature change and those predicted by models
have now been made at the Earth's surface and in vertical sections through the atmosphere
(Figure 3.1). Model predictions show increasing agreement with changes observed over the past

30-50 years. The closest agreement occurs when the combined effects of greenhouse gases and
sulfate aerosol particles are considered. Statistical analyses have shown that these
correspondences are highly unlikely to have occurred by chance.
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Figure3.1

Modelled and observed changes in atmospheric temperature, from close to the
Earth's surface to the lower stratosphere. Model results are from two sets of
experiments; with "present-day" levels of atmospheric CO, (panel a), and with

present-day CO,, sulfur emissions, and stratospheric ozone depletion (panel b).

They are given as changes relative to a pre-industrial state of the atmosphere.
Observed changes (panel c) are temperature trends over the period 1963 to 1988,
as estimated from weather balloons. All results are for annually averaged data
and arein units of °C (panels a, b) and °C/25 years (panel c). The patterns of
changein panelsb and c are similar.

The agreements between the patterns of change predicted by models and those actually
observed are due to similarities at large spatial scales, such as contrasts between the temperature
changes in the northern and southern hemispheres or between different levels of the
atmosphere. It is at these large scales that we have most confidence in model performance.
More importantly, many of the results of these studies agree with our physical understanding of
the climate system, and do not depend solely on numerical models or statistical techniques.

There are still uncertainties in these detection and attribution studies. These are due primarily to
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our imperfect knowledge of the true climate-change signal due to human activities, to our
Incomplete understanding of the background noise of natural climatic variability against which
this signal must be detected, and to inadequacies in the observational record. Such uncertainties
make it difficult to determine the exact size of the human contribution to climate change.
Nevertheless, the most recent assessment of the science suggests that human activities have led
to adiscernible influence on global climate and that these activities will have an increasing
influence on future climate.

Return to Table of Contents
Go to "What Human Activities Contribute to Climate Change?"
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Common Questions about Climate Change

What Human Activities Contribute to Climate
Change?

The burning of coal, oil, and natural gas, as well as deforestation and various agricultural and
industrial practices, are altering the composition of the atmosphere and contributing to climate
change. These human activities have led to increased atmospheric concentrations of a number
of greenhouse gases, including carbon dioxide, methane, nitrous oxide, chlorofluorocarbons,
and ozone in the lower part of the atmosphere. The relative importance of these gasesis shown

in Figure 4.1.
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Figure4.1

Relative importance of the various greenhouse gases and small particles currently
in the atmosphere. Bars extending above the horizontal line indicate a warming
effect. Bars extending below the horizontal line indicate a cooling effect. The
Impacts of tropospheric 0zone, stratospheric ozone, and particles are quite
uncertain. The range of possible effects for these gasesisindicated by thered bar;
I.e., the effect isin the range of one end of the red bar to the other.

Carbon dioxide is produced when coadl, oil, and natural gas (fossil fuels) are burned to produce
energy used for transportation, manufacturing, heating, cooling, electricity generation, and other
applications. The use of fossil fuel currently accounts for 80 to 85% of the carbon dioxide being
added to the atmosphere.

Land use changes, e.g., clearing land for logging, ranching, and agriculture, also lead to carbon
dioxide emissions. Vegetation contains carbon that is released as carbon dioxide when the
vegetation decays or burns. Normally, lost vegetation would be replaced by re-growth with little
or no net emission of carbon dioxide. However, over the past several hundred years,
deforestation and other land use changes in many countries have contributed substantially to
atmospheric carbon dioxide increases. Although deforestation is still occurring in some parts of
the northern hemisphere, on the whole, re-growth of vegetation in the north appears to be taking
some carbon dioxide out of the atmosphere. Most of the net carbon dioxide emissions from
deforestation are currently occurring in tropical regions. Land use changes are responsible for
15 to 20% of current carbon dioxide emissions.
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Figure4.2

Carbon dioxide emissions from the burning of coal, oil, and natural gasare
shown for the period 1860 to 1992 for three groups of countries.
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Methane (natural gas) is the second most important of the greenhouse gases resulting from
human activities. It is produced by rice cultivation, cattle and sheep ranching, and by decaying
material in landfills. Methane is also emitted during coal mining and oil drilling, and by leaky
gas pipelines. Human activities have increased the concentration of methane in the atmosphere
by about 145% above what would be present naturally.

Nitrous oxide is produced by various agricultural and industrial practices. Human activities
have increased the concentration of nitrous oxide in the atmosphere by about 15% above what
would be present naturally.

Chlorofluorocarbons (CFCs) have been used in refrigeration, air conditioning, and as solvents.
However, the production of these gasesis being eliminated under existing international
agreements because they deplete the stratospheric ozone layer. Other fluorocarbons that are also
greenhouse gases are being used as substitutes for CFCs in some applications, for examplein
refrigeration and air conditioning. Although currently very small, their contributions to climate
change are expected to rise.

Ozonein the troposphere, that is, in the lower part of the atmosphere, is another important
greenhouse gas resulting from industrial activities. It is created naturally and also by reactions
In the atmosphere involving gases resulting from human activities, including nitrogen oxides
from motor vehicles and power plants. Based on current data, tropospheric ozoneis an
important contributor to the enhanced greenhouse effect. However, in part because ozone is aso
produced naturally, and because of its relatively short atmospheric lifetime, the magnitude of
this contribution is uncertain.

Contrary to popular perception, the Antarctic ozone hole does not cause global warming.
Instead, the global depletion of stratospheric ozone caused by CFCs and other gases has
resulted in a small cooling effect as shown in Figure 4.1.

Human activities, such as the burning of fossil fuels and changesin land use, have increased the
abundance of small particlesin the atmosphere. These particles can change the amount of
energy that is absorbed and reflected by the atmosphere. They are also believed to modify the
properties of clouds, changing the amount of energy that they absorb and reflect. Intensive
studies of the climatic effects of these particles began only recently and the overall effect is
uncertain. It islikely that the net effect of these small particlesisto cool the climate and to
partially offset the warming of increasing concentrations of greenhouse gases.

Return to Table of Contents
Go to "How Do We Know that the Atmospheric Build-up of Greenhouse Gases is Due to
Human Activity?'
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Common Questions about Climate Change

How Do We Know that the Atmospheric
Build-up of Greenhouse Gases Is Due to
Human Activity?

Four lines of evidence prove conclusively that the recent buildup of carbon dioxide arises
largely from human activities.

The nuclei of carbon atomsin carbon dioxide emitted by burning coal, oil, and natural gas
(fossil fuels) differ in their characteristics from the nuclel of carbon atomsin carbon dioxide
emitted under natural conditions. Coal, oil, and natural gas were formed deep underground tens
of millions of years ago, and the fraction of their nuclei that were once radioactive has long ago
changed to non- radioactive carbon. But the carbon dioxide emitted from natural sources on the
Earth's surface retains a measurabl e radioactive portion. As carbon dioxide has been emitted
through fossil fuel combustion, the radioactive fraction of carbon in the atmosphere has
decreased. Forty years ago scientists provided the first direct evidence that combustion of fossil
fuels was causing a buildup of carbon dioxide and thereby diluting radioactive carbon in the
atmosphere by measuring the decreasing fraction of radioactive carbon-14 captured in tree
rings, each year between 1800 and 1950.

Secondly, scientists began making precise measurements of the total amount of carbon dioxide
in the atmosphere at Mauna Loa, Hawaii, and at the South Pole in the late 1950s. They have
since expanded their observations to many other locations. Their data show convincingly that
the levels of carbon dioxide have increased each year worldwide. Furthermore, these increases
are consistent with other estimates of the rise of carbon dioxide emissions due to human activity
over this period.

A third line of evidence has been added since 1980. Ice buried below the surface of the
Greenland and Antarctic ice caps contains bubbles of air trapped when the ice originally
formed. These samples of fossil air, some of them over 200,000 years old, have been retrieved
by drilling deep into the ice. Measurements from the youngest and most shallow segments of
the ice cores, which contain air from only afew decades ago, produce carbon dioxide
concentrations nearly identical to those that were measured directly in the atmosphere at the
time the ice formed. But the older parts of the cores show that carbon dioxide amounts were
about 25% lower than today for the ten thousand years previous to the onset of industrialization,
and over that period changed little (Figure 5.1).
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Figure5.1

Measured amounts of carbon dioxide in the
atmosphere.

Thefina line of evidence comes from the geographic pattern of carbon dioxide measured in air.
Observations show that there is slightly more carbon dioxide in the northern hemisphere than in
the southern hemisphere. The difference arises because most of the human activities that
produce carbon dioxide are in the north and it takes about a year for northern hemispheric
emissions to circulate through the atmosphere and reach southern latitudes.

Carbon dioxide is released to the atmosphere by a variety of sources, and over 95% percent of
these emissions would occur even if human beings were not present on Earth. For example, the
natural decay of organic material in forests and grasslands, such as dead trees, resultsin the
release of about 220 billion tons of carbon dioxide every year. But these natural sources are
nearly balanced by physical and biological processes, called natural sinks, which remove carbon
dioxide from the atmosphere. For example, some carbon dioxide dissolves in seawater, and
some is removed by plants as they grow.

Asaresult of this natural balance, carbon dioxide levelsin the atmosphere would have changed
little if human activities had not added an amount every year. This addition, presently about 3%
of annual natural emissions, is sufficient to exceed the balancing effect of sinks. As aresullt,
carbon dioxide has gradually accumulated in the atmosphere, until at present, its concentration
IS 30% above pre- industrial levels.

Direct atmospheric measurements of other human-produced greenhouse gases have not been
made in as many places or for as long a period as they have for carbon dioxide. However,
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