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Introduction

O
ver the last several decades, evidence of human 
influences on climate change has become increas-
ingly clear and compelling. There is indisputable 

evidence that human activities such as electricity pro-
duction and transportation are adding to the concen-
trations of greenhouse gases that are already naturally 
present in the atmosphere. These heat-trapping gases 
are now at record-high levels in the atmosphere com-
pared with the recent and distant past.

Warming of the climate system is well documented, 
evident from increases in global average air and ocean 
temperatures, widespread melting of snow and ice, and 
rising global average sea level. The buildup of green-
house gases in the atmosphere is very likely the cause 
of most of the recent observed increase in average 
temperatures, and contributes to other climate changes.1

Collecting and interpreting environmental indicators has played a critical role in our in-
creased understanding of climate change and its causes. An indicator represents the state of 
certain environmental conditions over a given area and a specified period of time. Scientists, 
analysts, decision-makers, and others use environmental indicators, including those related to 
climate, to help track trends over time in the state of the environment, key factors that influ-
ence the environment, and effects on ecosystems and society. 

About This Report
The U.S. Environmental Protection Agency (EPA) has 
published this report, Climate Change Indicators in the 
United States, to help readers interpret a set of important 
indicators to better understand climate change. The 
report presents 24 indicators, each describing trends in 
some way related to the causes and effects of climate 
change. The indicators focus primarily on the United 
States, but in some cases global trends are presented in 
order to provide context or a basis for comparison. The 
indicators span a range of time periods, depending on 

What Is Climate Change? 
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The phrase “climate change” 

is growing in preferred use to 

“global warming” because it 

helps convey that there are 

changes in addition to rising 

temperatures.

—The National Academies2
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data availability. For each indicator, this report presents 
one or more graphics showing trends over time; a list 
of key points; and text that describes how the indicator 
relates to climate change, how the indicator was devel-
oped, and any factors that might contribute to uncer-
tainty in the trend or the supporting data (referred to in 
this report as “indicator limitations”). 

The report also includes a summary of major findings 
associated with each indicator (see Summary of Key 
Findings on p. 4). Additional resources that can provide 
readers with more information appear at the end of the 
report (see Climate Change Resources on p. 69).

Although some of the indicators show that fundamental 
environmental changes are now occurring likely as a 
result of climate change, others are not as clear. As new 
or more complete data become available, EPA plans to 
update the indicators presented in this report and pro-
vide additional indicators that can broaden our under-
standing of climate change. 

EPA selected the 24 indicators presented in this report 
from a broader set of 110 indicators, many of which 
were identified at an expert workshop (November 30 to 
December 1, 2004) on climate change indicators con-
vened by the National Academy of Sciences and funded 
by EPA. The indicators in this report were chosen using 
a set of screening criteria that considered usefulness, 
objectivity, data quality, transparency, ability to show a 
meaningful trend, and relevance to climate change.

All of the indicators selected for this report are 
based on data that have been collected and com-
piled by following rigorous protocols that are 
widely accepted by the scientific community. Vari-
ous government agencies, academic institutions, 
and other organizations collected the data. 

The indicators are divided into five chapters:

Ground-Level Ozone, 
Particles, and Aerosols
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Weather and Climate: This chapter focuses on indicators related to weather and 
climate patterns, including temperature, precipitation, storms, droughts, and heat 
waves. These indicators can reveal long-term changes in the Earth’s climate system.

Greenhouse Gases: The indicators in this chapter characterize the amount of green-
house gases emitted into the atmosphere through human activities, the concentra-
tions of these gases in the atmosphere, and how emissions and concentrations have 
changed over time. 

Most of the observed increase in 

global average temperatures since 

the mid-20th century is very likely 

due to the observed increase in 

anthropogenic greenhouse gas 

concentrations.

—Intergovernmental Panel on Climate Change3
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Looking Ahead
Environmental indicators are a key tool for evaluating existing 
and future programs and supporting new decisions with sound 
science. In the years to come, the indicators in this report will 
provide data to help the Agency decide how best to use its policy-
making and program management resources to respond to climate 
change. Ultimately, these indicators will help EPA and its con-
stituents evaluate the success of their climate change efforts.

Indicator Updates  
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Oceans: The world’s oceans have a two-way relationship with climate. The 
oceans influence climate on regional and global scales, while changes in cli-
mate can fundamentally alter certain properties of the ocean. This chapter 
examines trends in ocean characteristics that relate to climate change, such 
as acidity, temperature, heat storage, and sea level.

Snow and Ice: Climate change can dramatically alter the Earth’s snow- and 
ice-covered areas. These changes, in turn, can affect air temperatures, sea 
levels, ocean currents, and storm patterns. This chapter focuses on trends in 
glaciers; the extent and depth of snow cover; and the freezing and thawing 
of oceans and lakes.

Society and Ecosystems: Changes in the Earth’s climate can affect public 
health, agriculture, energy production and use, land use and development, 
and recreation. Climate change can also disrupt the functioning of eco-
systems and increase the risk of harm or even extinction for some species. 
This chapter looks at just a few of the impacts that may be linked to climate 
change, including heat-related illnesses and changes in plant growth. EPA 
looks forward to expanding this chapter in future reports as the science 
evolves and the capacity to report on these types of indicators is broadened.
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U.S. Greenhouse Gas Emissions. In the United States, greenhouse gas emissions caused by 
human activities increased by 14 percent from 1990 to 2008. Carbon dioxide accounts 
for most of the nation’s emissions and most of this increase. Electricity generation is the 
largest source of greenhouse gas emissions in the United States, followed by transporta-
tion. Emissions per person have remained about the same since 1990.

Global Greenhouse Gas Emissions. Worldwide, emissions of greenhouse gases from human 
activities increased by 26 percent from 1990 to 2005. Emissions of carbon dioxide, which 
account for nearly three-fourths of the total, increased by 31 percent over this period. Like 
in the United States, the majority of the world’s emissions are associated with energy use.

Atmospheric Concentrations of Greenhouse Gases. Concentrations of carbon dioxide and 
other greenhouse gases in the atmosphere have risen substantially since the beginning of 
the industrial era. Almost all of this increase is attributable to human activities. Histori-
cal measurements show that the current levels of many greenhouse gases are higher than 
any seen in thousands of years, even after accounting for natural fluctuations.

Climate Forcing. Climate or “radiative” forcing is a way to measure how substances such 
as greenhouse gases affect the amount of energy that is absorbed by the atmosphere. An 
increase in radiative forcing leads to warming while a decrease in forcing produces cool-
ing. From 1990 to 2008, the radiative forcing of all the greenhouse gases in the Earth’s 
atmosphere increased by about 26 percent. The rise in carbon dioxide concentrations 
accounts for approximately 80 percent of this increase.

Greenhouse Gases

Summary of Key Findings

T
he indicators in this report present clear evidence that the composition of the atmosphere is being 
altered as a result of human activities and that the climate is changing. They also illustrate a num-
ber of effects on society and ecosystems related to these changes.



5

Tropical Cyclone Intensity. The intensity of tropical storms in the Atlantic Ocean, 
Caribbean, and Gulf of Mexico did not exhibit a strong long-term trend for much of the 
20th century, but has risen noticeably over the past 20 years. Six of the 10 most active 
hurricane seasons have occurred since the mid-1990s. This increase is closely related to 
variations in sea surface temperature in the tropical Atlantic.

Heat Waves. The frequency of heat waves in the United States decreased in the 1960s 
and 1970s, but has risen steadily since then. The percentage of the United States experi-
encing heat waves has also increased. The most severe heat waves in U.S. history remain 
those that occurred during the “Dust Bowl” in the 1930s, although average temperatures 
have increased since then.

Weather and Climate

U.S. and Global Temperature. Average temperatures have risen across the lower 48 states 
since 1901, with an increased rate of warming over the past 30 years. Seven of the top 
10 warmest years on record for the lower 48 states have occurred since 1990, and the last 
10 five-year periods have been the warmest five-year periods on record. Average global 
temperatures show a similar trend, and 2000–2009 was the warmest decade on record 
worldwide. Within the United States, parts of the North, the West, and Alaska have 
seen temperatures increase the most. 

U.S. and Global Precipitation. Average precipitation has increased in the United States 
and worldwide. Since 1901, precipitation has increased at an average rate of more than 
6 percent per century in the lower 48 states and nearly 2 percent per century worldwide. 
However, shifting weather patterns have caused certain areas, such as Hawaii and parts 
of the Southwest, to experience less precipitation than they used to.

Drought. Over the period from 2001 through 2009, roughly 30 to 60 percent of the U.S. 
land area experienced drought conditions at any given time. However, the data for this 
indicator have not been collected for long enough to determine whether droughts are 
increasing or decreasing over time. 

Heavy Precipitation. In recent years, a higher percentage of precipitation in the United 
States has come in the form of intense single-day events. Eight of the top 10 years for 
extreme one-day precipitation events have occurred since 1990. The occurrence of ab-
normally high annual precipitation totals has also increased.
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Sea Level. When averaged over all the world’s oceans, sea level has increased at a rate of 
roughly six-tenths of an inch per decade since 1870. The rate of increase has accelerated in 
recent years to more than an inch per decade. Changes in sea level relative to the height 
of the land vary widely because the land itself moves. Along the U.S. coastline, sea level 
has risen the most relative to the land along the Mid-Atlantic coast and parts of the Gulf 
Coast. Sea level has decreased relative to the land in parts of Alaska and the Northwest.

Ocean Acidity. The ocean has become more acidic over the past 20 years, and studies 
suggest that the ocean is substantially more acidic now than it was a few centuries ago. 
Rising acidity is associated with increased levels of carbon dioxide dissolved in the water. 
Changes in acidity can affect sensitive organisms such as corals.

Snow and Ice

Arctic Sea Ice. Part of the Arctic Ocean stays frozen year-round. The area covered by ice 
is typically smallest in September, after the summer melting season. September 2007 had 
the least ice of any year on record, followed by 2008 and 2009. The extent of Arctic sea 
ice in 2009 was 24 percent below the 1979 to 2000 historical average.

Glaciers. Glaciers in the United States and around the world have generally shrunk since 
the 1960s, and the rate at which glaciers are melting appears to have accelerated over the 
last decade. Overall, glaciers worldwide have lost more than 2,000 cubic miles of water 
since 1960, which has contributed to the observed rise in sea level.

Lake Ice. Lakes in the northern United States generally appear to be freezing later and 
thawing earlier than they did in the 1800s and early 1900s. The length of time that lakes 
stay frozen has decreased at an average rate of one to two days per decade.

Oceans

Ocean Heat. Several studies have shown that the amount of heat stored in the ocean has 
increased substantially since the 1950s. Ocean heat content not only determines sea 
surface temperature, but it also affects sea level and currents.

Sea Surface Temperature. The surface temperature of the world’s oceans increased over 
the 20th century. Even with some year-to-year variation, the overall increase is statisti-
cally significant, and sea surface temperatures have been higher during the past three 
decades than at any other time since large-scale measurement began in the late 1800s.
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Snow Cover. The portion of North America covered by snow has generally decreased 
since 1972, although there has been much year-to-year variability. Snow covered an 
average of 3.18 million square miles of North America during the years 2000 to 2008, 
compared with 3.43 million square miles during the 1970s.

Snowpack. Between 1950 and 2000, the depth of snow on the ground in early spring 
decreased at most measurement sites in the western United States and Canada. Spring 
snowpack declined by more than 75 percent in some areas, but increased in a few others.

Society and Ecosystems

Heat-Related Deaths. Over the past three decades, more than 6,000 deaths across the 
United States were caused by heat-related illness such as heat stroke. However, consider-
able year-to-year variability makes it difficult to determine long-term trends.

Length of Growing Season. The average length of the growing season in the lower 48 
states has increased by about two weeks since the beginning of the 20th century. A 
particularly large and steady increase has occurred over the last 30 years. The observed 
changes reflect earlier spring warming as well as later arrival of fall frosts. The length of 
the growing season has increased more rapidly in the West than in the East.

Plant Hardiness Zones. Winter low temperatures are a major factor in determining which 
plants can survive in a particular area. Plant hardiness zones have shifted noticeably 
northward since 1990, reflecting higher winter temperatures in most parts of the country. 
Large portions of several states have warmed by at least one hardiness zone.

Leaf and Bloom Dates. Leaf growth and flower blooms are examples of natural events 
whose timing can be influenced by climate change. Observations of lilacs and honeysuck-
les in the lower 48 states suggest that leaf growth is now occurring a few days earlier than 
it did in the early 1900s. Lilacs and honeysuckles are also blooming slightly earlier than in 
the past, but it is difficult to determine whether this change is statistically meaningful. 

Bird Wintering Ranges. Some birds shift their range or alter their migration habits to 
adapt to changes in temperature or other environmental conditions. Long-term stud-
ies have found that bird species in North America have shifted their wintering grounds 
northward by an average of 35 miles since 1966, with a few species shifting by several 
hundred miles. On average, bird species have also moved their wintering grounds farther 
from the coast, consistent with rising inland temperatures.
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Greenhouse 
The Greenhouse Effect

Some solar radiation
is reflected by the

Earth and the
atmosphere.

Most radiation is absorbed
by the Earth’s surface
and warms it. Infrared radiation 

is emitted by the
Earth’s surface.

Some of the infrared radiation 
passes through the atmosphere. 
Some is absorbed and re-emitted 
in all directions by greenhouse 
gas molecules. The effect of this 
is to warm the Earth’s surface 
and the lower atmosphere.

Atmosphere

Earth’s surface

U.S.  
Greenhouse 
Gas Emissions

Global  
Greenhouse  
Gas Emissions

Atmospheric 
Concentrations 
of Greenhouse 
Gases
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E
nergy from the sun drives the Earth’s weather and 
climate. The Earth absorbs some of the energy it 
receives from the sun and radiates the rest back 

toward space. However, certain gases in the atmo-
sphere, called greenhouse gases, absorb some of the 
energy radiated from the Earth and trap it in the 
atmosphere. These gases essentially act as a blanket, 
making the Earth’s surface warmer than it would be 
otherwise. 

The “greenhouse effect” occurs naturally, making life 
as we know it possible. During the past century, how-
ever, human activities have substantially increased the 
amount of greenhouse gases in the atmosphere, chang-
ing the composition of the atmosphere and influenc-
ing climate. Some greenhouse gases are almost entirely 
man-made. Other greenhouse gases come from a 
combination of natural sources and human activities. 
For example, carbon dioxide is a greenhouse gas that 
occurs naturally because of volcanoes, forest fires, and 
biological processes (such as breathing), but is also 
produced by burning fossil fuels in power plants and 
automobiles. Other major sources of greenhouse gases 
include industrial and agricultural processes, waste 
management, and land use changes.

The major greenhouse gases emitted into the atmo-
sphere through human activities are carbon dioxide, 
methane, nitrous oxide, and fluorinated gases (see 
Greenhouse Gases Associated With Human Activi-
ties at right). Many of these gases can remain in the 
atmosphere for tens to hundreds of years after being 
released. Thus, to get a more complete picture of the 
amount of greenhouse gases in the atmosphere, both 
emissions (how much of a given greenhouse gas is 
produced and emitted into the air) and concentra-
tions (the amount of a greenhouse gas present in a certain volume of air) are measured. 
Long-lived greenhouse gases become globally mixed in the atmosphere, reflecting both past 
and recent contributions from emission sources worldwide.

9

Gases Greenhouse Gases 
Associated With  
Human Activities
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U.S. Greenhouse 
This indicator describes emissions of greenhouse gases in the United States and its territories. 

Figure 1. U.S. Greenhouse Gas Emissions by Gas, 1990–2008
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Figure 2. U.S. Greenhouse Gas Emissions and Sinks by Economic Sector, 1990–2008
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Gas Emissions 
Figure 3. U.S. Greenhouse Gas Emissions per Capita and per Dollar of 

GDP, 1990–2008
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Global Greenhouse 
This indicator describes emissions of greenhouse gases worldwide.

Figure 1. Global Greenhouse Gas Emissions by Gas, 1990–2005
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Figure 2. Global Greenhouse Gas Emissions by Sector, 1990–2005
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Indicator Limitations
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Figure 3. Global Carbon Dioxide Emissions by Region, 1990–2005
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Atmospheric Conce
This indicator describes how the levels of major greenhouse gases in the atmosphere have 

changed over time.

Figure 1. Global Atmospheric 

Concentrations of Carbon 

Dioxide Over Time
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Figure 2. Global Atmospheric 

Concentrations of Methane 

Over Time
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Indicator Limitations
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Figure 3. Global Atmospheric 

Concentrations of Nitrous 

Oxide Over Time
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Figure 4. Global Atmospheric 

Concentrations of Selected 

Halocarbons, 1978–2006
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Climate Forcing
This indicator measures the levels of greenhouse gases in the atmosphere based 

on their ability to cause changes in the Earth’s climate.

Figure 1. The Annual Greenhouse Gas Index, 1979–2008
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Atmospheric Lifetime and “Global Warming Potential” of 
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Indicator Limitations
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Climate
W

eather is the state of the atmosphere at any given time and place. Most weather takes 
place in the lower layer of the atmosphere, the troposphere (see diagram of the Earth’s 
atmosphere at left). Familiar aspects of weather include temperature, precipitation, 

clouds, and wind. Severe weather conditions include hurricanes, tornadoes, and blizzards. 

Climate is the average weather in a given place, usually 
over a period of more than 30 years. While the weather 
can change in just a few hours, climate changes occur 
over longer timeframes. Climate is defined not only by 
average temperature and precipitation, but also by the 
type, frequency, and intensity of weather events such as 
heat waves, cold waves, storms, floods, and droughts. Cli-
mate has natural year-to-year variations, and extremes in 
temperatures and weather events have occurred through-
out history. 

The Earth’s climate depends on the balance between the amount of energy received from the 
sun and the amount of energy that is absorbed or radiated back into space. Natural influences 
can alter how much heat is reflected or absorbed by the Earth’s surface, including changes in 
the sun’s intensity, volcanic eruptions, and multi-year climate cycles such as El Niño. Human 
activities such as deforestation and the production of greenhouse gases also affect this bal-
ance. These alterations, in turn, affect climate on local, regional, and global scales. 

Generally, increases in the Earth’s surface temperature will increase evaporation from the 
oceans and land, leading to more overall precipitation. However, this additional precipita-
tion will not be distributed evenly, and shifting storm patterns will likely cause some areas 
to experience more severe droughts. Scientists have suggested that extreme weather events 
such as storms, floods, and hurricanes will likely also become more intense. There is natural 
variability in the intensity and frequency of such events, however, so care must be taken to 
determine whether observed trends reflect long-term changes in the Earth’s climate system. 

Climate variations can directly or indirectly affect many aspects of human society—in both 
positive and disruptive ways. For example, warmer temperatures might reduce heating costs 
and improve conditions for growing some crops, yet extreme heat can cause illness or death 
among vulnerable populations. Precipitation can replenish water supplies and nourish crops, 
but intense storms can damage property, cause loss of life and population displacement, and 
temporarily disrupt essential services such as transportation, telecommunications, and energy 
and water supplies. 

Shifting storm patterns 

will likely cause some 

areas to experience 

more droughts. Extreme 

weather events such 

as storms, floods, and 

hurricanes will likely also 

become more intense. 
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Figure 1. Temperatures in the Lower 48 States, 1901–2009
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This indicator describes trends in average temperature for the United States and the world.
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Figure 2. Temperatures Worldwide, 1901–2009
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Indicator Limitations
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Figure 3. Rate of Temperature Change in the United States, 1901–2008
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Heat Waves
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This indicator tracks the frequency of extreme heat events in the United States.

Figure 1. U.S. Annual Heat Wave Index, 1895–2008
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Figure 3. Areas of the Lower 48 States With Hot Daily Low  

Temperatures, 1910–2008
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Figure 2. Areas of the Lower 48 States With Hot Daily High  

Temperatures, 1910–2008
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Figure 1. U.S. Lands Under Drought Conditions, 2000–2009
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This indicator measures drought conditions of U.S. lands.
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Categories of Drought Severity

Category Description Possible Impacts

D0 Abnormally dry Going into drought: short-term dryness 
slowing planting growth of crops or 
pastures. Coming out of drought: some 
lingering water deficits; pastures or 
crops not fully recovered.

D1 Moderate drought Some damage to crops or pastures; 
streams, reservoirs, or wells low; some 
water shortages developing or immi-
nent; voluntary water use restrictions 
requested.

D2 Severe drought Crop or pasture losses likely; water 
shortages common; water restrictions 
imposed.

D3 Extreme drought Major crop/pasture losses; widespread 
water shortages or restrictions.

D4 Exceptional drought Exceptional and widespread crop/
pasture losses; shortages of water in 
reservoirs, streams, and wells, creating 
water emergencies.
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U.S. and Global 
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Figure 1. Precipitation in the Lower 48 States, 1901–2009
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This indicator describes trends in average precipitation for the United States and the world.
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Figure 2. Precipitation Worldwide, 1901–2009
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Figure 3. Rate of Precipitation Change in the United States, 1901–2008
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Heavy Precipitation

Background
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This indicator tracks the frequency of heavy precipitation events in the United States. 

Figure 1. Extreme One-Day Precipitation Events in the Lower 48 States, 

1910–2008
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Figure 2. Abnormally High Annual Precipitation in the Lower 48 States, 

1895–2008
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Figure 1. North Atlantic Cyclone Intensity According to the  

Accumulated Cyclone Energy Index, 1950–2009
��	
��	�����
�
.
��
������������������������#��
���%����#�4��%5�����/�$����
���
��();*����
����
,**)!��������	
���������	���������

����	�����	�	
����	
����
����	����?������
����0@�?��
$��
�
����0@�����?���
.��
����@������
���
���
�������	
��	���	
��
����%�����/�$����
�
$�������;*�#���
�
��
��();(��
�,***!

Below 
normal

Near 
normal

0

50

100

150

200

250

300

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Year

Ac
cu

m
ul

at
ed

 C
yc

lo
ne

 E
ne

rg
y 

In
de

x

Above 
normal

This indicator examines the intensity of hurricanes and other tropical storms in the Atlantic Ocean, 

Caribbean, and Gulf of Mexico. 
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Figure 2. North Atlantic Cyclone Intensity According to the Power 

Dissipation Index, 1949–2009
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T
he oceans and the atmosphere interact constantly—both physically 
and chemically—exchanging heat, water, gases, and particles. This 
relationship influences the Earth’s climate on regional and global 

scales. It also affects the state of the oceans. 

Covering nearly 70 percent of the Earth’s surface, the oceans store vast 
amounts of energy absorbed from the sun and move this energy around 
the globe through currents. As greenhouse gases trap more energy from 
the sun, the oceans will absorb more heat, resulting in an increase in 
sea surface temperatures, rising sea levels, and possible changes to ocean 
currents. These changes will very likely lead to alterations in climate pat-
terns around the world. For example, warmer waters promote the devel-
opment of more intense storms in the tropics, which can cause property 
damage or loss of life. 

The oceans are also a key com-
ponent of the Earth’s carbon 
cycle. Over geological time, 
much of the world’s carbon 
has come to reside in the 
oceans, either within plants 
and animals (living or dead) 
or dissolved as carbon diox-
ide. Although the oceans can 
help lessen climate change by 
storing a significant fraction of the carbon dioxide that human activities 
emit into the atmosphere, increasing levels of dissolved carbon dioxide 
can change the chemistry of seawater and harm certain organisms. These 
effects, in turn, could substantially alter the biodiversity and productivity 
of ocean ecosystems.

Changes in ocean systems generally occur over much longer time peri-
ods than in the atmosphere, where storms can form and dissipate in a 
single day. The interactions between ocean and atmosphere occur slowly, 
over many years—even decades. For this reason, even if greenhouse gas 
emissions are stabilized tomorrow, it will take many more years—decades 
or centuries—for the oceans to adjust to the climate changes that have 
already occurred.

Even if greenhouse gas 

emissions are stabilized 

tomorrow, it will take many 

more years—decades or 

centuries—for the oceans to 

adjust to the climate changes 

that have already occurred.
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Figure 1. Ocean Heat Content, 1955–2008 
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This indicator describes trends in the amount of heat stored in the world’s oceans.
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Figure 1. Average Global Sea Surface Temperature, 1880–2009
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Sea Surface Temp
This indicator describes global trends in sea surface temperature.
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Example of a Sea Surface Temperature Map
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Figure 1. Trends in Global Average Absolute Sea Level, 1870–2008
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Sea Level
This indicator describes how sea level has changed over time. The indicator describes 

two types of sea level trends: absolute and relative.
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Figure 2. Trends in Relative Sea Level Along U.S. Coasts, 1958–2008
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Ocean Acidity
This indicator shows acidity levels in the ocean, which are strongly  

affected by the amount of carbon dioxide dissolved in the water.

Figure 1. Ocean Carbon Dioxide Levels and Acidity, 1983–2005
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Figure 2. Historical Changes in Ocean Acidity, 1700s–1990s 
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T
he Earth’s surface contains many forms 
of snow and ice, including sea ice, lake 
and river ice, snow cover, glaciers, ice 

caps and sheets, and frozen ground. Together, 
these features are sometimes referred to as 
the “cryosphere,” a term for all parts of the 
Earth where water exists in solid form.

Snow and ice are an important part of the 
global climate system. Because snow and ice 
are highly reflective, much of the sunlight that 
hits these surfaces is reflected back into space 
instead of warming the Earth. The presence 
or absence of snow and ice affects heating and 
cooling over the Earth’s surface, influencing 
the planet’s energy balance. 

Climate change can dramatically alter the Earth’s snow- and ice-covered areas. Unlike other 
substances found on the Earth, snow and ice exist relatively close to their melting point and 
can change from solid to liquid and back again. As a result, prolonged warming or cooling 
trends can result in observable changes across the landscape as snow and ice masses shrink or 
grow over time.

Changes in snow and ice cover, in turn, affect air temperatures, sea levels, ocean currents, and 
storm patterns. For example, melting polar ice caps add fresh water to the ocean, increasing sea 
level and possibly changing currents that are driven by differences in temperature and salinity. 
Because of their light color, snow and ice reflect more sunlight than open water or bare ground, so 
a reduction in snow cover and ice causes the Earth’s surface to absorb more energy from the sun.

Changes in snow and ice could not only affect communities and natural systems in northern 
and polar regions, but also have worldwide implications. For example, thawing of frozen ground 
and reduced sea ice in the Arctic could affect biodiversity on local and global scales, leading 
to harmful effects not only on polar bears and seals, but also on migratory species that breed or 
feed in these areas. These same changes could affect human societies in several ways, such as 
by compromising food availability. For communities in Arctic regions, reduced sea ice could in-
crease coastal erosion and exposure to storms, threatening homes and property, while thawing 
ground could damage roads and buildings. Reduced snow cover could diminish the beneficial 
insulating effects of snow for vegetation and wildlife, while also affecting water supplies, trans-
portation, cultural practices, travel, and recreation for millions of people.

Snow

Sea ice

Ice sheets

Glaciers and  
ice caps

Permafrost 
(continuous)

Permafrost 
(discontinuous)

Permafrost 
(isolated)
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Arctic Sea Ice
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This indicator tracks the extent of sea ice in the Arctic Ocean.

Figure 1. September Average Arctic Sea Ice Extent, 1979–2009  
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This indicator examines the balance between snow accumulation and melting in glaciers,  

and describes how the size of glaciers around the world has changed over time.

Photographs of Muir Glacier, Alaska, 1941 and 2004

(Continued on page 49)
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Figure 1. Change in Volume of Glaciers Worldwide, 1960–2006
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Figure 2. Mass Balance of Three Typical U.S. Glaciers, 1958–2008
��	
��	�����
�
.
������������	$����

���������
������������ !�!���
�
�	�������$�#�?��������&@�
����	��
�
	�������
�������
�������	������();*
�
��()G*
!�2
�����������	��0�������

���������
	
�
������A��
��
��������
��#����
��()G;!������	$��$����
�	��������#���
�	��	������������


�
��
	�������
�
.��
�������.	���������
��#���!�2
���
�
	
����#0����
�������
�����	�������
�
��
.������3�	$�����0�.�	�������
�������
����
��	���
��
�
.���
�������
�$�������
������3�	$������
��
����
���	3�	��.����!�

1960 1970 1980 1990 2000 2010

Year

Cu
m

ul
at

iv
e 

m
as

s 
ba

la
nc

e 
(m

et
er

s 
of

 w
at

er
 e

qu
iv

al
en

t)

-35

-30

-25

-20

-15

-10

-5

0

5

Gulkana Glacier

South Cascade Glacier

Wolverine Glacier

0���������	?�@�8�#�1++-*�

Key Points
D� �
��	�(-J+#��
��
	������
��
�	����	�
�������	������1#+++���%
���

	��������	��

&�		�.
���	�('#���
���
����������������
%��	������%�	��	�������	��
���	��
	�	
�
&�		���	��	��M	�	
�
��
������������,+'��!�	����	������
����
��
	�����	�
��
���
��
��	����	����������	����	
	���	����	�������
����	�
�����	���	�

D� �

����		�@����%	������5��
��
	������	������������	��

��	�

�	�
��������
��	�
��	�(-C+������(-J+��&�		�.
���	�1'���	��)��)�	�����	��������#��
������	��
��
	���
��
�
��������
���	���
���	����&����	;���
	#�F�
�	�
�	�8
��
	��%	��		��(-*J�����
(-**'��>��	�	�#�����������	��	����	�	����
��
���	���
��������������	���
�	�

D� !�	����������	����		�%	������5��
��
	�����	�����
��	����
�����	��	��	�������
�)
�
	����%�	��	���������������	��	��	���@�
�	������	�#��
��5�#��������	��������
�����	����
��-�9%�	����
��������
��
	���
��
����������	��
�������
��	����
���
����
�����	����
��@���������
�%�
��	��	�����	�����
�����
���
�	��	�
���&�		���	�
@��������8
�%�
�!	��	�����	�
��
������������11'��



Lake Ice
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This indicator measures the amount of time that ice is present on lakes in the United States.

Figure 1. Duration of Ice Cover for Selected U.S. Lakes, 1850–2000
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Figure 2. Ice Freeze Dates for Selected U.S. Lakes, 1850–2000 
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Figure 3. Ice Thaw Dates for Selected U.S. Lakes, 1850–2000 
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This indicator measures the amount of land in North America that is covered by snow. 

Figure 1. Snow-Covered Area in North America, 1972–2008
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Snowpack
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This indicator measures trends in mountain snowpack in western North America.

Figure 1. Trends in April Snowpack in the Western United States and 

Canada, 1950–2000
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T
he indicators in this report show that changes are occurring 
throughout the Earth’s climate system, including increases in air 
and water temperatures, a rise in sea level, longer growing seasons, 

and longer ice-free periods on lakes and rivers. Changes such as these 
are expected to present a wide range of challenges to human society and 
natural ecosystems.

For society, increases in tem-
perature are likely to increase 
heat-related illnesses and deaths, 
especially in urban areas. Changes 
in precipitation patterns will affect 
water supplies and quality, while 
more severe storms and floods will 
damage property and infrastructure 
(such as roads, bridges, and utili-
ties) or cause loss of life. Rising sea 
levels will inundate low-lying lands, erode beaches, and cause flooding in 
coastal areas. Climate change also will affect agriculture, energy produc-
tion and use, land use and development, and recreation. 

Climate also plays an important role in natural ecosystems. An ecosystem 
is an interdependent system of plants, animals, and microorganisms inter-
acting with one another and their environment. Ecosystems provide  
humans with food, clean water, and a variety of other services that could 
be affected by climate change. While species have adapted to envi-
ronmental change for millions of years, climate change could require 
adaptation on larger and faster scales than current species have success-
fully achieved in the past. Climate change could also increase the risk of 
extinction for some species.

The more the climate changes, the greater the risk of harm. The nature 
and extent of climate change effects, and whether these effects will be 
harmful or beneficial, will vary by time and place. The extent to which 
climate change will affect different ecosystems, regions, and sectors of 
society will depend not only on the sensitivity of those systems to climate 
change, but also on their ability to adapt to or cope with climate change. 

While species have adapted 

to environmental change for 

millions of years, climate 

change could require 

adaptation on larger and 

faster scales than current 

species have successfully 
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Heat-Related Deaths
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This indicator reviews trends in heat-related deaths in the United States. 

Figure 1. Heat-Related Deaths in the United States, 1979–2006
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Indicator Limitations
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This indicator measures the length of the growing season in the lower 48 states.

Figure 1. Length of Growing Season in the Lower 48 States, 1900–2002
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Figure 2. Length of Growing Season in the Lower 48 States, 1900–2002: 

West Versus East
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Indicator Limitations
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Figure 3. Timing of Last Spring Frost and First Fall Frost in the Lower  

48 States, 1900–2002
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Plant Hardiness 
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This indicator examines shifts in plant hardiness zones in the lower 48 states.

Figure 1. United States Plant Hardiness Zones, 1990 and 2006
��	
��	��������	��
�����������	��

�A
��
�	�������
.���:-�
����
�	��())*�����,**G!

0���������	?���%���0���.������
��#�1++J-

Plant hardiness zones:

6 7 8 9 102 3 4 5

1990

2006

62



Zones

Key Points
D� L	��		��(--+�����1++J#�����
�	���:��	�����	���
��	�����
�	�%
�����������#�

�	�
	��
�������	���
��	���	��	�����	��&�		�.
���	��(�����1'��

D� M���	�����
��������	�	��
�����	�����	�����	��%�����
	������	�����
�	���:��	G�
����	;���
	#�
���	�����������


��
�#����
���#�9�
�#�����E
�����
����	���
��	��
�����W��	�C����W��	�J#��	�
	��
������
:�%
	�
���	��	�
����	���	�
����	��	��)
���	��&�		�.
���	��(�����1'��

D� ���	�������	�	����	��#�����
��
����	�F	��#����	����
	��%����	�����
�	���
:��	#���

	����	�����

	����	������	����
	��%����������
�	���:��	��&�		�
.
���	�1'��

Figure 2. United States Plant Hardiness Zones, 1990 Versus 2006
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Leaf and Bloom 
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This indicator examines the timing of leaf growth and flower blooms for selected plants in the United States.

Figure 1. First Leaf Dates in the Lower 48 States, 1900–2008 
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Range of Lilacs Covered in This Indicator

(Continued on page 65)
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Figure 2. First Bloom Dates in the Lower 48 States, 1900–2008 
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Bird Wintering 
Background
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This indicator examines changes in the winter ranges of North American birds.

Figure 1. Change in Latitude of Bird Center of Abundance, 1966–2005
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Figure 2. Change in Distance to Coast of Bird Center of Abundance, 

1966–2005
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T
he indicators in this report present compelling evidence that the composition of the 
atmosphere and many fundamental measures of climate in the United States are chang-
ing. These changes include rising air and water temperatures, more heavy precipitation, 

and, over the last several decades, more frequent heat waves and intense Atlantic hurri-
canes. Assessment reports from the Intergovernmental Panel on Climate Change and the 
U.S. Global Change Research Program have linked many of these changes to increasing 
greenhouse gas emissions from human activities, which are also documented in this report. 

Analysis of the indicators presented here suggests that these climate changes are affecting 
the environment in ways that are important for society and ecosystems. Sea levels are rising, 
snow cover is decreasing, glaciers are melting, and planting zones are shifting (see Summary 
of Key Findings on p. 4). Although the indicators in this report were developed from some 
of the most complete data sets currently available, they represent just a small sample of the 
growing portfolio of potential indicators. Considering that future warming projected for the 
21st century is very likely to be greater than observed warming over the past century,1 indi-
cators of climate change should only become more clear, numerous, and compelling.

As new and more complete indicator data become available, EPA plans to update the 
indicators presented in this report and provide additional indicators that can more compre-
hensively document climate change and its effects. Identifying and analyzing indicators will 
improve our understanding of climate change, validate projections of future change, and, 
importantly, assist us in evaluating efforts to slow climate change and adapt to its effects. 
Looking ahead, EPA will continue to work in partnership with other agencies, organiza-
tions, and individuals to collect useful data and to craft informed policies and programs 
based on this knowledge.

Conclusion
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EPA’s Climate Change Web site (www.epa.gov/climatechange) provides a good starting 
point for further exploration of this topic. From this site, you can:

• Learn more about greenhouse gases and the science of climate change.

• Get to know EPA’s regulatory initiatives and partnership programs. 

• Search EPA’s database of frequently asked questions about climate change and ask your 
own questions.

• Read about greenhouse gas emissions and look through EPA’s greenhouse gas inventories.

• Get up-to-date news on climate change.

• Find out what you can do at home, on the road, at work, and at school to help reduce 
greenhouse gas emissions.

• Discover the potential impacts of climate change on human health and ecosystems.

• Explore U.S. climate policy and climate economics.

Many other government and nongovernment Web sites also provide information about 
climate change. Here are some examples:

• The Intergovernmental Panel on Climate Change (IPCC) is the international authority 
on climate change science. The IPCC Web site (www.ipcc.ch/index.htm) summarizes the 
current state of scientific knowledge about climate change.

• The U.S. Global Change Research Program (www.globalchange.gov) is a multi-agency 
effort focused on improving our understanding of the science of climate change and its 
potential impacts on the United States.

• The National Oceanic and Atmospheric Administration (NOAA) is charged with help-
ing society understand, plan for, and respond to climate variability and change. Find out 
more about NOAA’s climate activities at: www.climate.gov. 

• NOAA’s National Climatic Data Center Web site (www.ncdc.noaa.gov/oa/ncdc.html) 
helps explore data that demonstrate the effects of climate change on weather, climate, 
and the oceans.

• The U.S. Geological Survey’s Office of Global Change Web site (www.usgs.gov/global_
change) looks at the relationships between natural processes on the surface of the earth, 
ecological systems, and human activities. 

Climate Change Resources
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• The National Aeronautics and Space Administration (NASA) maintains its own  
set of climate change indicators (http://climate.nasa.gov/). Another NASA site  
(http://earthobservatory.nasa.gov/Features/EnergyBalance/page1.php) discusses the 
Earth’s energy budget and how it relates to greenhouse gas emissions and climate change.

• The National Snow and Ice Data Center’s Web site (http://nsidc.org/cryosphere) pro-
vides more information about ice and snow and how they influence and are influenced by 
climate change.

• The Woods Hole Oceanographic Institute’s Web site (www.whoi.edu/page.do?pid=11939) 
explains how climate change affects the oceans and how scientists measure these effects. 

• The Pew Center on Global Climate Change (www.pewclimate.org/global-warming-basics) 
provides fact sheets on the causes and effects of climate change.

• The World Resources Institute (www.wri.org/climate) has published several publications 
about climate change mitigation strategies, particularly their relationship to energy use 
and the economy. 

For more indicators of environmental condition, visit EPA’s Report on the Environment 
(www.epa.gov/roe). This resource presents the best available indicators of national condi-
tions and trends in air, water, land, human health, and ecological systems.
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