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chapter �  a sc�ent�fic overv�ew of 
cl�mate change and �ts �mpacts

Human activities have changed the Earth’s atmosphere and climate in ways that will continue for 
centuries to come. This chapter briefly explains how and why these changes are happening.  

2.1  A Brief Overview of Climate Change
Life on Earth as we know it today is made possible by relatively warm temperatures. Without gases 
like water vapor, carbon dioxide (CO2), and methane in the atmosphere, the Earth would be much 
colder than it is now – averaging 0°F instead of about 59°F – and most of the water on the planet 
would be frozen. At certain levels, these “greenhouse gases” make the planet livable for humans and 
many other kinds of plants and animals by trapping some of the heat radiating outward from the 
Earth (Figure 2.1), much like the walls of a greenhouse trap heated air. This process of limiting heat 
loss through the atmosphere is called the “greenhouse effect.”  

Through everyday activities such as burning fossil fuels (e.g., oil, coal, natural gas), agricultural 
practices, and clearing forests, humans have released large amounts of heat trapping greenhouse 
gases into the atmosphere in a short period of time (Table 2.1, Figure  2.2). Since about 1750 this 
rapid and large release of greenhouse gases has caused important changes in the composition of the 
Earth’s atmosphere and, consequently, in our global climate.

Table 2.1 – Changes in greenhouse gas concentrations between 1750 (the start of the 
Industrial Age) and 2005. Concentrations of carbon dioxide are measured in parts per million 
(ppm), which refers to the total number of carbon dioxide molecules per one million molecules 
of dry air by volume. Methane and nitrous oxide are measured in parts per billion (ppb). 
Source(s): IPCC 2001a, USEPA 2006abc, IPCC 2007b

Green-
house gas

Percent 
change 
1750-2005

2005  
atmospheric 
concentration

Historical  
perspective 
 on current  
concentration

Major sources,  
human and natural 

Carbon 
dioxide

+35% 379 ppm Higher than 
any in the past 
650,000 years

Fossil fuel use, deforestation and 
land use changes, agriculture, ce-
ment production, decomposition 
of organic matter, oxidation of 
organic carbon in soils, oceans  

Methane +142% 1,774 ppb Higher than 
any in at least 
650,000 years

Agriculture, fossil fuel use, ru-
minants (e.g., cows) and manure 
management, landfills, wetlands, 
decomposition of organic matter

Nitrous 
oxide

+18% 319 ppb Appears to be 
higher than 
any in the past 
650,000 years

Agriculture, fossil fuel use, animal 
manure management, sewage treat-
ment, nitric acid production, variety 
of biological sources in soil and water
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greenhouse gases

Enhanced Greenhouse Effect
Increasing the amount of greenhouse 
gases intensifies the greenhouse 
effect.This side of the globe 
simulates conditions today, roughly 

two centuries after the Industrial 
Revolution began.

Natural
Greenhouse Effect
The greenhouse effect is a 

natural warming process. 
Carbon dioxide and certain 

other gases are always present in 
the atmosphere. These gases 

create a warming effect that has 
some similarity to the 

warming inside a greenhouse.
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Figure 2.1 The Greenhouse Effect

Visible sunlight passes through the atmosphere without being absorbed. Some of the sunlight striking the earth     
is absorbed and converted to heat, which warms the surface. The surface     emits heat to the atmosphere, where 
some of it     is absorbed by greenhouse gases and     re-emitted toward the surface; some of the heat is not trapped 
by greenhouse gases and     escapes into space. Human activities that emit additional greenhouse gases to the 
atmosphere     increase the amount of heat that gets absorbed before escaping to space, thus enhancing the 
greenhouse effect and amplifying the warmth of the earth. Figure adapted from illustration by the Marian 
Koshland Science Museum, National Academy of Sciences, USA. Figure used with permission.
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Perhaps the most noticeable of these changes is that, on average, 
the Earth is getting warmer. Scientists have observed an increase 
in the world’s average surface temperature over the last century, 
resulting in the popular term “global warming.”  Global average air 
temperature increased about 1.3°F during the 20th century (1906-
2005) (IPCC 2007a). Most of this warming occurred in the second 
half of the 20th century and is likely to have been the largest increase 
in temperature of any century in at least the last 1,300 years (ibid).  
The world’s leading scientists on the Intergovernmental Panel on 
Climate Change (IPCC) now attribute most of the observed increase 
in temperature since the mid-20th century to human activities with 
more than 90 percent certainty. For more information on the IPCC, 
see Box 2.1. 

Evidence of our rapid warming trend is found throughout the world: 
glaciers are in widespread retreat (Figure 2.3); sea-ice is thinner 
and covers less area; snow cover has decreased; plants are blooming 
earlier; plant, insect, and animal species are shifting ranges; and sea level has risen, caused by both 
the expansion of warmer ocean water and the addition of water from melting ice sheets (IPCC 
2001a, Parmesan and Galbraith 2004, IPCC 2007a) 

“Warming of the climate 
system is unequivocal, 
as is now evident from 

observations of increases in 
global average air and ocean 

temperatures, widespread 
melting of snow and ice, and 

rising global average sea 
level.”

– Intergovernmental Panel on 
Climate Change (IPCC 2007)

Box 2.1 – Who is the Intergovernmental Panel on Climate Change (IPCC)? 

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the World 
Meteorological Organization and the United Nations Environment Programme. The IPCC is comprised 
of hundreds of experts from around the world who are responsible for providing comprehensive, 
objective, transparent, and up-to-date evaluations of the current state of knowledge about climate 
change and its impacts on the world. The IPCC does not carry out direct scientific research on 
climate change. Instead, its reports are based mainly on other published, peer-reviewed scientific 
research, following strict procedures to ensure objectivity and transparency. IPCC report summaries, 
CD ROMs and Technical Papers are available free of charge. For more information on the IPCC, see 
http://www.ipcc.ch/about/about.htm. 
 
(Source: IPCC, http://www.ipcc.ch/about/about.htm)

2.2  How Warm Will The World Get?
How warm the world will get, and how that warming will affect the world’s human communities 
and ecosystems, is being studied intensively. The most comprehensive assessment of these 
questions, released in a report by the IPCC every five years, projects that global average 
temperature will increase by 3.2 to 7°F by 2100 (the “best estimate” range)1 relative to the 
average temperature for 1980-1999 (Figure  2.4) (IPCC 2007a). It is important to note that these 
are projections, not predictions (see Box 2.2). For more on how scientists project future global 
climate change and its national, regional and local impacts, see Appendix B.   

1 The full range (5th to 95th percentile) of 21st century global climate change projections is 2.0°F to 11.5°F  
   (IPCC 2007a).
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The atmospheric concentration of three 
important greenhouse gases – carbon dioxide, 
methane, and nitrous oxide – has changed 
significantly over the last 10,000 years (large 
panels) and since 1750 (inset panels). The percent 
change in the concentration of each greenhouse 
gas from 1750 to 2005 is also shown in the inset 
panels. Concentrations of carbon dioxide are 
measured in parts per million (ppm), which refers 
to the total number of carbon dioxide molecules 
per one million molecules of dry air by volume. 
Methane and nitrous oxide are measured in parts 
per billion (ppb). Measurements shown include 
those taken from air trapped in Antarctic and 
Greenland ice cores (symbols with different colors 
for different studies) and direct atmospheric 
sampling (red lines). Figure adapted from: 
IPCC 2007a. Used with permission.

Figure 2.2 Changes in the Atmospheric Concentration of Three Important Greenhouse Gases
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A. Muir Glacier, 1941 C. Boulder Glacier, 1932

B. Muir Glacier, 2004 D. Boulder Glacier, 2005

Figure 2.3 Rapid Changes in Glaciers Reveal the Impact of 20th Century Warming

Photos of Muir Glacier in Alaska's Glacier Bay National 
Park in (A) 1941 and (B) 2004. Warmer temperatures 
have contributed to melting of the 2,000 foot thick 
glacier and growth of vegetation in areas once covered 
by the glacier. Photo source: (A) U.S. Geological Survey, 
(B) U.S. Geological Survey by Bruce Molnia. 
Photos used with permission.

Photos of Boulder Glacier in Montana's Glacier 
National Park in (C) 1932 and (D) 2005. Only 26 of the 
150 named glaciers in existence in 1850 remain. Model 
projections indicate that all of the park's glaciers will 
melt by 2030. Photo source: (C) T.J. Hileman, courtesy of 
Glacier National Park Archives, (D) Greg Pederson, 
courtesy of the USGS Repeat Photography Project. 
Photos used with permission.
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Box 2.2 – What Is the Difference between Climate Projections and Climate Predictions?

Climate change projections are an estimate of the 
response of the climate system to possible future 
greenhouse gas and aerosol emissions over the 
next century and are typically based on climate 
model simulations. (See Appendix B for more 
information about how these projections are 
constructed.)  

Climate predictions, or forecasts, can be thought 
of as declarations of future conditions based 
on the premise that we know how various 
components of a system are going to evolve given 
their current status and our ability to simulate 
their evolution in time. 

The term “climate projections” is used in this 
guidebook in recognition that 21st century 
climate scenarios will vary depending on 
changes in global greenhouse gas emissions 
and the Earth’s sensitivity to those changes. 
The greenhouse gas emission scenarios, in turn, 
are based on assumptions about the future 
evolution of society, including assumptions about 
demographic, socioeconomic, and technological 
developments that may or may not actually occur 
in the future. Each of these variables can follow 
different trajectories through the 21st century, 
leading to a range of potential temperature 
changes, for example, rather than a single 
estimate.

This projected warming has significant global implications (IPCC 2007a,b, Parry et al. 2007), 
including the following concerns: 

sea ice and snow cover losses will continue, and declining snowpack 
will affect snow-dependent water supplies and streamflow levels around 
the world;

sea level is projected to rise 7 to 23 inches during the 21st century 
due to melting snow and ice on land and thermal expansion of 
ocean waters;

the risk of drought and the frequency, intensity, and duration of heat 
waves are expected to increase;

more extreme precipitation is likely, increasing the risk of flooding;

if the world’s average temperature warms only an additional 2.7 to 
4.5°F above pre-industrial levels, an estimated 20 to 30 percent of 
known plant and animal species would be at increasingly high risk 
of extinction.

Many of these changes are already underway. Furthermore, it is probable (at a likelihood greater 
than 66 percent) that many of the changes observed over the last 30 years can be linked at least 
partially to human-caused climate change (IPCC 2007b).  

2.3  Projected National and Regional Consequences of  
Climate Change
Climate change impacts will be even more pronounced at the local and regional scales than at the 
national and global levels (NAST 2000).  In 2000, the U.S. Global Change Research Program 
released the first national assessment of climate change impacts on the United States (ibid). 
The report examined how 21st century climate may change in the U.S. and provided an initial 
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Figure 2.4 Global Temperature Projections For The 21st Century

This figure shows the range of global surface temperature projections for the 21st century relative to 
average global surface temperature for the period 1980-99. The projections are based on low (B1), 
medium (A1B), and high (A2) scenarios of greenhouse gas and other human-related emissions (e.g., 
aerosols such as sulfur dioxide). Solid lines show the multi-model average temperature change for 
each emission scenario. Shading denotes the + 1 standard deviation range of individual model annual 
averages. The orange line represents the change in average global surface temperature that would 
be expected if atmospheric greenhouse gas concentrations were held constant at year 2000 values. 
Note that the warming from all of these emissions scenarios would continue well beyond 2100.
Figure adapted from IPCC 2007a. Used with permission.
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assessment of major national and regional vulnerabilities to climate. A map of the U.S. National 
Assessment regions is shown in Figure 2.5. 

The U.S. National Assessment found many common national concerns, including the following:

average annual air temperature is projected to increase in all regions of 
the country, with the average national increase projected at the time of 
the assessment to be 5-9°F by the end of the 21st century; 

warmer temperatures, and in some regions lower snowpack, are 
expected to increase the risk of drought across the country; 

sea level rise and increased storm surges are expected to pose greater 
threats to coastal ecosystems and human communities;  

shifts in the types and distribution of forest species are likely; 

a near-term increase in forest growth is expected in most regions, 
because moderate increases in temperature and atmospheric 
concentrations of CO2 have a temporary “fertilizing effect” (a 
phenomenon referred to as the “CO2 fertilization effect”). On the other 
hand, overall forest growth could decrease over the long term, due to 
increased forest fires, insect outbreaks, and disease; 

natural ecosystems are particularly vulnerable to projected warming 
given that many natural ecosystems are not able to prepare for or adjust 
quickly to climate change impacts, and also given that non-native 
species may benefit from climate change more than native species; 

in all regions, the results of non-climate stresses (e.g., habitat 
fragmentation and patterns of human development) will be exacerbated 
by climate change impacts. 

The U.S. National Assessment also found important differences in how climate change could 
affect different regions of the country. Decreases in snowpack, for example, will have greater 
implications for water supplies in the western U.S., where snowmelt runoff is the primary source 
of water supply, than in most other regions of the country. Changes in agricultural production 
vary depending on the region and crop; agriculture in northern regions (the Midwest, West, and 
Pacific Northwest) generally fared better under climate change scenarios than southern regions.  
Human health impacts, changes in extreme events, and impacts on coastal ecosystems also vary 
from region to region. An overview of impacts to U.S. regions is provided in Appendix C.
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Figure 2.5 Mega Regions Analyzed in the U.S. National Assessment 

Figure source: NAST 2000. Used with permission.


