


a note on this document from the publisher:
It was announced shortly after his inauguration in 2014 that president Donald Trump planned to have 

the EPA (environmental protection agency) website scrubbed of any data that propagated the very 

substantial scientific evidence pointing to the very real dangers of climate change, both domestically 

and internationally.

II scrubbed the EPA’s climate change information on their website in the last 24 hours it was active and 

saved all the text in a word document.

This act, the removal of this scientific data from a governmental resource that is paid for by American 

tax dollars, was an early sign of rather fascistic engagement with media sources, both popular and 

federal, that would continue throughout his term as president. In essence, the American people paid 

for this information to shared, and our access to this data was infringed by the Trump administration. 

AsAs Trump’s potential reelection approaches, I feel it is important to share this information for both 

practical and symbolic reasons.

Practically:Practically: climate is still changing. The removal of this information from the EPA’s website does not 

change this very real fact. It also doesn’t account for the rest of the planet’s inhabitants and their very 

real awareness that climate change not only exists but is having a very real impact on human lives and 

the ecosystem on our plant that facilitates habitation here. So, sharing this information, having it 

available to Americans, feels important. Even in this somewhat bruised state, the data is here to be 

analyzed.

Symbolically:Symbolically: the Trump administration is still infringing Americans’ rights. Access to information is only 

one of many such infringements. Sharing this document, even in its bruised state, should serve as a 

reminder that this presidency is one built on removing data from the hands of the American people. 

Data, real data, truth, is fundamental to democracy. Without data, facts, truth, it is impossible to make 

educated decisions in the voting both.

So,So, please consider this document as both a token of reverence for knowledge and the critical data 

that is meant to enlighten the American people about climate change, and also an easily shareable 

reminder that the Trump administration wants to create a barrier between the American people and 

the truth.

Matthew Sage 

for cached.media





 1 

1 - WHY IS THE CLIMATE CHANGING? : 

 

1a - BASIC INFORMATION : 

 

Our Earth is warming. Earth's average temperature has risen by 1.5°F over 

the past century, and is projected to rise another 0.5 to 8.6°F over the next 

hundred years. Small changes in the average temperature of the planet can 

translate to large and potentially dangerous shifts in climate and weather. 

The evidence is clear. Rising global temperatures have been accompanied by 

changes in weather and climate. Many places have seen changes in rainfall, 

resulting in more floods, droughts, or intense rain, as well as more frequent 

and severe heat waves. The planet's oceans and glaciers have also 

experienced some big changes – oceans are warming and becoming more 

acidic, ice caps are melting, and sea levels are rising. As these and other 

changes become more pronounced in the coming decades, they will likely 

present challenges to our society and our environment. Global 

warming refers to the recent and ongoing rise in global average temperature 

near Earth's surface. It is caused mostly by increasing concentrations of 

greenhouse gases in the atmosphere. Global warming is causing climate 

patterns to change. However, global warming itself represents only one 

aspect of climate change. Climate change refers to any significant change in 

the measures of climate lasting for an extended period of time. In other 

words, climate change includes major changes in temperature, precipitation, 

or wind patterns, among other effects, that occur over several decades or 

longer. Learn more about the signs of climate change in the United States. 

Humans are largely responsible for recent climate change Over the past 

century, human activities have released large amounts of carbon dioxide and 

other greenhouse gases into the atmosphere. The majority of greenhouse 

https://www.epa.gov/climate-indicators
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gases come from burning fossil fuels to produce energy, although 

deforestation, industrial processes, and some agricultural practices also emit 

gases into the atmosphere. Greenhouse gases act like a blanket around Earth, 

trapping energy in the atmosphere and causing it to warm. This phenomenon 

is called the greenhouse effect and is natural and necessary to support life on 

Earth. However, the buildup of greenhouse gases can change Earth's climate 

and result in dangerous effects to human health and welfare and to 

ecosystems. The choices we make today will affect the amount of greenhouse 

gases we put in the atmosphere in the near future and for years to 

come.Learn more about the causes of climate change. Climate change affects 

everyone. Our lives are connected to the climate. Human societies have 

adapted to the relatively stable climate we have enjoyed since the last ice age 

which ended several thousand years ago. A warming climate will bring 

changes that can affect our water supplies, agriculture, power and 

transportation systems, the natural environment, and even our own health 

and safety. How much you know about the health impacts of climate 

change? Take our new online quiz and share your score with friends! Some 

changes to the climate are unavoidable. Carbon dioxide can stay in the 

atmosphere for nearly a century, so Earth will continue to warm in the 

coming decades. The warmer it gets, the greater the risk for more severe 

changes to the climate and Earth's system. Although it's difficult to predict 

the exact impacts of climate change, what's clear is that the climate we are 

accustomed to is no longer a reliable guide for what to expect in the future. 

We can reduce the risks we will face from climate change. By making choices 

that reduce greenhouse gas pollution, and preparing for the changes that are 

already underway, we can reduce risks from climate change. Our decisions 

today will shape the world our children and grandchildren will live in. Learn 

more about the impacts of climatE change and adapting to change. We can 

make a difference You can take action. You can take steps at home, on the 

road, and in your office to reduce greenhouse gas emissions and the risks 

associated with climate change. Many of these steps can save you money; 

https://www.epa.gov/climate-change-science/causes-climate-change
https://www.epa.gov/climate-impacts/quiz-how-much-do-you-know-about-health-impacts-climate-change
https://www.epa.gov/climate-impacts
https://www.epa.gov/climatechange/adapting-climate-change
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some, such as walking or biking to work, can even improve your health! You 

can also get involved on a local or state level to support energy efficiency, 

clean energy programs, or other climate programs. Calculate your carbon 

footprint and find ways to reduce your emissions through simple everyday 

actions. EPA and other federal agencies are taking action. EPA is working to 

protect the health and welfare of Americans through common sense 

measures to reduce greenhouse gas pollution and to help communities 

prepare for climate change. Learn more about what EPA is doing. 

 

 

 

 

1b - CAUSES OF CLIMATE CHANGE : 

 

Climate change is happening Our Earth is warming. Earth's average 

temperature has risen by 1.5°F over the past century, and is projected to rise 

another 0.5 to 8.6°F over the next hundred years. Small changes in the 

average temperature of the planet can translate to large and potentially 

dangerous shifts in climate and weather. The evidence is clear. Rising global 

temperatures have been accompanied by changes in weather and climate. 

Many places have seen changes in rainfall, resulting in more floods, droughts, 

or intense rain, as well as more frequent and severe heat waves. 

The planet's oceans and glaciers have also experienced some big changes –

 oceans are warming and becoming more acidic, ice caps are melting, and sea 

levels are rising. As these and other changes become more pronounced in the 

coming decades, they will likely present challenges to our society and our 

environment. Global warming refers to the recent and ongoing rise in global 

average temperature near Earth's surface. It is caused mostly by increasing 

https://www3.epa.gov/carbon-footprint-calculator/
https://www3.epa.gov/carbon-footprint-calculator/
https://www.epa.gov/climatechange/what-you-can-do-about-climate-change
https://www.epa.gov/climatechange/what-epa-doing-about-climate-change
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concentrations of greenhouse gases in the atmosphere. Global warming is 

causing climate patterns to change. However, global warming itself 

represents only one aspect of climate change. Climate change refers to any 

significant change in the measures of climate lasting for an extended period 

of time. In other words, climate change includes major changes in 

temperature, precipitation, or wind patterns, among other effects, that occur 

over several decades or longer. Humans are largely responsible for recent 

climate change Over the past century, human activities have released large 

amounts of carbon dioxide and other greenhouse gases into the atmosphere. 

The majority of greenhouse gases come from burning fossil fuels to produce 

energy, although deforestation, industrial processes, and some agricultural 

practices also emit gases into the atmosphere. Greenhouse gases act like a 

blanket around Earth, trapping energy in the atmosphere and causing it to 

warm. This phenomenon is called the greenhouse effect and is natural and 

necessary to support life on Earth. However, the buildup of greenhouse gases 

can change Earth's climate and result in dangerous effects to human health 

and welfare and to ecosystems.  The choices we make today will affect the 

amount of greenhouse gases we put in the atmosphere in the near future and 

for years to come. Learn more about the causes of climate change. Climate 

change affects everyone Our lives are connected to the climate. Human 

societies have adapted to the relatively stable climate we have enjoyed since 

the last ice age which ended several thousand years ago. A warming climate 

will bring changes that can affect our water supplies, agriculture, power and 

transportation systems, the natural environment, and even our own health 

and safety. How much you know about the health impacts of climate 

change? Take our new online quiz and share your score with friends! Some 

changes to the climate are unavoidable. Carbon dioxide can stay in the 

atmosphere for nearly a century, so Earth will continue to warm in the 

coming decades. The warmer it gets, the greater the risk for more severe 

changes to the climate and Earth's system. Although it's difficult to predict 

the exact impacts of climate change, what's clear is that the climate we are 

https://www.epa.gov/climate-change-science/causes-climate-change
https://www.epa.gov/climate-impacts/quiz-how-much-do-you-know-about-health-impacts-climate-change
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accustomed to is no longer a reliable guide for what to expect in the future. 

We can reduce the risks we will face from climate change. By making choices 

that reduce greenhouse gas pollution, and preparing for the changes that are 

already underway, we can reduce risks from climate change. Our decisions 

today will shape the world our children and grandchildren will live in. Learn 

more about the impacts of climate change and adapting to change. We can 

make a difference You can take action. You can take steps at home, on the 

road, and in your office to reduce greenhouse gas emissions and the risks 

associated with climate change. Many of these steps can save you money; 

some, such as walking or biking to work, can even improve your health! You 

can also get involved on a local or state level to support energy efficiency, 

clean energy programs, or other climate programs. Calculate your carbon 

footprint and find ways to reduce your emissions through simple everyday 

actions. EPA and other federal agencies are taking action. EPA is working to 

protect the health and welfare of Americans through common sense 

measures to reduce greenhouse gas pollution and to help communities 

prepare for climate change. 

 

 

1c – FUTURE OF CLIMATE CHANGE : 

 

 

Increasing greenhouse gas concentrations will have many effects Continued 

emissions of greenhouse gases will lead to further climate changes. Future 

changes are expected to include a warmer atmosphere, a warmer and more 

acidic ocean, higher sea levels, and larger changes in precipitation patterns. 

The extent of future climate change depends on what we do now to reduce 

https://www.epa.gov/climate-impacts
https://www.epa.gov/climatechange/adapting-climate-change
https://www3.epa.gov/carbon-footprint-calculator/
https://www3.epa.gov/carbon-footprint-calculator/
https://www.epa.gov/climatechange/what-you-can-do-about-climate-change
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greenhouse gas emissions. The more we emit, the larger future changes will 

be. Greenhouse gas concentrations in the atmosphere will continue to 

increase unless the billions of tons of our annual emissions decrease 

substantially. Increased concentrations are expected to: Increase Earth's 

average temperature Influence the patterns and amounts of precipitation 

Reduce ice and snow cover, as well as permafrost Raise sea level Increase the 

acidity of the oceans Increase the frequency, intensity, and/or duration of 

extreme events Shift ecosystem characteristics Increase threats to human 

health These changes will impact our food supply, water resources, 

infrastructure, ecosystems, and even our own health. Future changes will 

depend on many factors NRC Climate Stabilization Targets increase in 

greenhouse gas concentrations Natural influences on climate (e.g., from 

volcanic activity and changes in the sun's intensity) and natural processes 

within the climate system (e.g., changes in ocean circulation patterns) 

Scientists use computer models of the climate system to better understand 

these issues and project future climate changes. Past and present-day 

greenhouse gas emissions will affect climate far into the future Many 

greenhouse gases stay in the atmosphere for long periods of time. As a result, 

even if emissions stopped increasing, atmospheric greenhouse gas 

concentrations would continue to increase and remain elevated for hundreds 

of years. Moreover, if we stabilized concentrations and the composition of 

today's atmosphere remained steady (which would require a dramatic 

reduction in current greenhouse gas emissions), surface air temperatures 

would continue to warm. This is because the oceans, which store heat, take 

many decades to fully respond to higher greenhouse gas concentrations. The 

ocean's response to higher greenhouse gas concentrations and higher 

temperatures will continue to impact climate over the next several decades 

to hundreds of years.[2] To learn more about greenhouse gases, please visit 

the Greenhouse Gas Emissions page and the Greenhouse Effect section of the 

Causes of Climate Change page. Because it is difficult to project far-off future 

emissions and other human factors that influence climate, scientists use a 
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range of scenarios using various assumptions about future economic, social, 

technological, and environmental conditions. This figure shows projected 

greenhouse gas concentrations for four different emissions pathways. The 

top pathway assumes that greenhouse gas emissions will continue to rise 

throughout the current century. The bottom pathway assumes that emissions 

reach a peak between 2010 and 2020, declining thereafter. Source: Graph 

created from data in the Representative Concentration Pathways Future 

temperature changes We have already observed global warming over the last 

several decades. Future temperatures are expected to change further. 

Climate models project the following key temperature-related changes. Key 

global projections Increases in average global temperatures are expected to 

be within the range of 0.5°F to 8.6°F by 2100, with a likely increase of at least 

2.7°F for all scenarios except the one representing the most aggressive 

mitigation of greenhouse gas emissions.[2] Except under the most aggressive 

mitigation scenario studied, global average temperature is expected to warm 

at least twice as much in the next 100 years as it has during the last 100 

years.[2] Ground-level air temperatures are expected to continue to warm 

more rapidly over land than oceans.[2] Some parts of the world are projected 

to see larger temperature increases than the global average.[2] Projected 

changes in global average temperatures under four emissions pathways 

(rows) for three different time periods (columns). Changes in temperatures 

are relative to 1986-2005 averages. The pathways come from the IPCC Fifth 

Assessment Report: RCP2.6 is a very low emissions pathway, RCP4.5 is a 

medium emissions pathway, RCP6.0 is a medium-high emissions pathway, 

and RCP8.5 is the high emissions pathway (emissions are assumed to 

continue increasing throughout the century). Source: IPCC, 2013 EXIT Click 

the image to view a larger version. Observed and projected changes in global 

average temperature under four emissions pathways. The vertical bars at 

right show likely ranges in temperature by the end of the century, while the 

lines show projections averaged across a range of climate models. Changes 

are relative to the 1986-2005 average. Source: IPCC, 2013 EXIT, FAQ 12.1, 
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Figure 1. Click the image to view a larger version. Key U.S. projections By 

2100, the average U.S. temperature is projected to increase by about 3°F to 

12°F, depending on emissions scenario and climate model.[1] An increase in 

average temperatures worldwide implies more frequent and intense extreme 

heat events, or heat waves. The number of days with high temperatures 

above 90°F is expected to increase throughout the United States, especially 

toward the end of the century.[1] Climate models project that if global 

emissions of greenhouse gases continue to grow, summertime temperatures 

in the United States that ranked among the hottest 5% in 1950-1979 will 

occur at least 70% of the time by 2035-2064.[1] Projected temperature 

change for mid-century (left) and end-of-century (right) in the United States 

under higher (top) and lower (bottom) emissions scenarios. The brackets on 

the thermometers represent the likely range of model projections, though 

lower or higher outcomes are possible. Source: USGCRP (2009) Top of Page 

Future precipitation and storm events Patterns of precipitation and storm 

events, including both rain and snowfall are also likely to change. However, 

some of these changes are less certain than the changes associated with 

temperature. Projections show that future precipitation and storm changes 

will vary by season and region. Some regions may have less precipitation, 

some may have more precipitation, and some may have little or no change. 

The amount of rain falling in heavy precipitation events is likely to increase 

in most regions, while storm tracks are projected to shift poleward.[2] 

Climate models project the following precipitation and storm changes. 

Projected changes in global annual mean precipitation for a low emissions 

scenario (left) and high emissions scenario (right). Blue and green areas are 

projected to experience increases in precipitation by the end of the century, 

while yellow and brown areas are projected to experience decreases. Source: 

IPCC, 2013 EXIT Click the image to view a larger version. Key global 

projections Global average annual precipitation through the end of the 

century is expected to increase, although changes in the amount and 

intensity of precipitation will vary significantly by region.[2] The intensity of 
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precipitation events will likely increase on average. This will be particularly 

pronounced in tropical and high-latitude regions, which are also expected to 

experience overall increases in precipitation.[2] The strength of the winds 

associated with tropical storms is likely to increase. The amount of 

precipitation falling in tropical storms is also likely to increase.[2] Annual 

average precipitation is projected to increase in some areas and decrease in 

others. The figure to the right shows projected regional differences in 

precipitation under two emission scenarios.[2] Key U.S. projections Northern 

areas are projected to become wetter, especially in the winter and spring. 

Southern areas, especially the Southwest, are projected to become drier.[1] 

Heavy precipitation events will likely be more frequent, even in areas where 

total precipitation is projected to decrease. Heavy downpours that currently 

occur about once every 20 years are projected to occur between twice and 

five times as frequently by 2100, depending on location.[1] The proportion of 

precipitation falling as rain rather than snow is expected to increase, except 

in far northern areas.[1] The intensity of Atlantic hurricanes is likely to 

increase as the ocean warms. Climate models project an increase in the 

number of the strongest (Category 4 and 5) hurricanes, as well as greater 

rainfall rates in hurricanes.[1] There is less confidence in projections of the 

frequency of hurricanes.[1] Cold-season storm tracks are expected to 

continue to shift northward. The strongest cold-season storms are projected 

to become stronger and more frequent.[1] The maps show projected future 

changes in precipitation for the end of this century, compared with 1970-

1999, under a higher emissions scenario. For example, in winter and spring, 

climate models agree that northern areas in the United States are likely to get 

wetter and southern areas drier. There is less confidence in exactly where 

the transition between wetter and drier areas will occur. Confidence in the 

projected changes is highest in the areas marked with diagonal lines. The 

changes in white areas are not projected to be larger than what would be 

expected from natural variability. Source: U.S. National Climate Assessment, 

2014. Click the image to view a larger version. Top of Page Future ice, 
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snowpack, and permafrost Arctic sea ice is already declining.[2] The area of 

snow cover in the Northern Hemisphere has decreased since about 1970.[2] 

Permafrost temperatures in Alaska and much of the Arctic [2] have increased 

over the last century.[1] To learn more about recent changes in snow and ice, 

visit the Snow and Ice page of the Indicators section. Over the next century, it 

is expected that sea ice will continue to decline, glaciers will continue to 

shrink, snow cover will continue to decrease, and permafrost will continue to 

thaw. Potential changes to ice, snow, and permafrost are described 

beloThese maps show projected losses of sea ice in the Arctic and Antarctica. 

The maps in a) show the average ice concentration (the relative area covered 

by sea ice) from 1986-2005. The maps in b) and c) show climate model 

simulations of sea ice thickness in February and September near the end of 

the 21st century under low (b) and high (c) emission scenarios. In the Arctic, 

February is projected to have less ice (more blue); September is projected to 

be nearly ice-free (almost all blue). The projected changes in Antarctic sea ice 

are more subtle. Source: IPCC, 2013 Click the image to view a larger version. 

Key global projections For every 2°F of warming, models project about a 

15% decrease in the extent of annually averaged Arctic sea ice and a 25% 

decrease in the area covered by Arctic sea ice at the end of summer 

(September).[3] Note that this decrease does not contribute to sea level rise. 

The coastal sections of the Greenland and Antarctic ice sheets are expected to 

continue to melt or slide into the ocean. If the rate of this ice melting 

increases in the 21st century, the ice sheets could add significantly to global 

sea level rise.[3] Glaciers are expected to continue to decrease in size. The 

rate of melting is expected to continue to increase, which will contribute to 

sea level rise.[3] Key U.S. projections Northern Hemisphere snow cover is 

expected to decrease by approximately 15% by 2100.[3] Models project the 

snow season will continue to shorten, with snow accumulation beginning 

later and melting starting earlier. Snowpack is expected to decrease in many 

regions.[3] Permafrost is expected to continue to thaw in northern latitudes, 

damaging buildings, infrastructure, and ecosystems in Alaska.[3]Future sea 
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level change Meltwater flowing from the Greenland ice sheet Source: 

NASAWarming temperatures contribute to sea level rise by: expanding ocean 

water; melting mountain glaciers and ice caps; and causing portions of the 

Greenland and Antarctic ice sheets to melt or flow into the ocean.[3] Since 

1870, global sea level has risen by about 7.5 inches.[2] Estimates of future 

sea level rise vary for different regions, but global sea level for the next 

century is expected to rise at a greater rate than during the past 50 years.[2] 

Studies project global sea level to rise by another 1 to 4 feet by 2100, with an 

uncertainty range of 0.66 to 6.6 feet.[1] The contribution of thermal 

expansion, ice caps, and small glaciers to sea level rise is relatively well 

studied, but the impacts of climate change on ice sheets in Greenland and 

Antarctica are less understood and represent an active area of research. 

Changes in ice sheets are currently expected to account for 1.2 to 8 inches of 

sea level rise by the end of this century.[3] Past and projected sea level rise 

from 1800 to 2100. The orange line at right shows the currently projected 

range of sea level rise of 1 to 4 feet by 2100; the wider range (0.66 feet to 6.6 

feet) reflects uncertainty about how glaciers and ice sheets will react to 

climate change. Source: NCA, 2014. Click the image to view a larger 

version.Regional and local factors will influence future relative sea level rise 

for specific coastlines around the world. For example, relative sea level rise 

depends on land elevation changes that occur as a result of subsidence 

(sinking) or uplift (rising). Assuming that these historical geological forces 

continue, a 2-foot rise in global sea level by 2100 would result in the 

following relative sea level rise:[4] 2.3 feet at New York City 2.9 feet at 

Hampton Roads, Virginia 3.5 feet at Galveston, Texas 1 foot at Neah Bay in 

Washington state Relative sea level rise also depends on local changes in 

currents, winds, salinity, and water temperatures, as well as proximity to 

thinning ice sheets.[2] Future ocean acidification Ocean acidification 

adversely affects many marine species, including plankton, mollusks, 

shellfish, and corals. As ocean acidification increases, the availability of 

calcium carbonate will decline. Calcium carbonate is a key building block for 
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the shells and skeletons of many marine organisms. If atmospheric CO2 

concentrations double, coral calcification rates are projected to decline by 

more than 30%. If CO2 concentrations continue to rise at their current rate, 

the combination of climate warming and ocean acidification could slow coral 

growth by nearly 50% by 2050.[5] Oceans become more acidic as carbon 

dioxide (CO2) emissions in the atmosphere dissolve in the ocean. This change 

is measured on the pH scale, with lower values being more acidic. The pH 

level of the oceans has decreased by approximately 0.1 pH units since pre-

industrial times, which is equivalent to an approximately 30% increase in 

acidity. As shown in the graph and map above, the pH level of the oceans is 

projected to decrease even more by the end of the century as CO2 

concentrations are expected to increase for the foreseeable future.[1][2] 

Source 

 

 

1d – GREENHOUSE GAS EMISSIONS : 

 

PART 1 : overview Gases that trap heat in the atmosphere are called 

greenhouse gases. This section provides information on emissions and 

removals of the main greenhouse gases to and from the atmosphere. For 

more information on the science of climate change and other climate forcers, 

such as black carbon, please visit Climate Change Science. Carbon dioxide 

(CO2): Carbon dioxide enters the atmosphere through burning fossil fuels 

(coal, natural gas, and oil), solid waste, trees and wood products, and also as 

a result of certain chemical reactions (e.g., manufacture of cement). Carbon 

dioxide is removed from the atmosphere (or sequestered) when it is 

absorbed by plants as part of the biological carbon cycle. Methane (CH4): 

Methane is emitted during the production and transport of coal, natural gas, 

and oil. Methane emissions also result from livestock and other agricultural 
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practices and by the decay of organic waste in municipal solid waste landfills. 

Nitrous oxide (N2O): Nitrous oxide is emitted during agricultural and 

industrial activities, as well as during combustion of fossil fuels and solid 

waste. Fluorinated gases: Hydrofluorocarbons, perfluorocarbons, sulfur 

hexafluoride, and nitrogen trifluoride are synthetic, powerful greenhouse 

gases that are emitted from a variety of industrial processes. Fluorinated 

gases are sometimes used as substitutes for stratospheric ozone-depleting 

substances (e.g., chlorofluorocarbons, hydrochlorofluorocarbons, and 

halons). These gases are typically emitted in smaller quantities, but because 

they are potent greenhouse gases, they are sometimes referred to as 

High Global Warming Potential gases (High GWP gases). Each gas's effect on 

climate change depends on three main factors: How much of these gases are 

in the atmosphere? Concentration, or abundance, is the amount of a 

particular gas in the air. Larger emissions of greenhouse gases lead to higher 

concentrations in the atmosphere. Greenhouse gas concentrations are 

measured in parts per million, parts per billion, and even parts per trillion. 

One part per million is equivalent to one drop of water diluted into about 13 

gallons of liquid (roughly the fuel tank of a compact car). To learn more about 

the increasing concentrations of greenhouse gases in the atmosphere, visit 

the Causes of Climate Change and the Climate Change Indicators: 

Atmospheric Concentrations of Greenhouse Gases pages. How long do they 

stay in the atmosphere? Each of these gases can remain in the atmosphere 

for different amounts of time, ranging from a few years to thousands of years. 

All of these gases remain in the atmosphere long enough to become well 

mixed, meaning that the amount that is measured in the atmosphere is 

roughly the same all over the world, regardless of the source of the 

emissions. How strongly do they impact global temperatures? Some gases 

are more effective than others at making the planet warmer and thickening 

the Earth's blanket. For each greenhouse gas, a Global Warming Potential 

(GWP) has been calculated to reflect how long it remains in the atmosphere, 

on average, and how strongly it absorbs energy. Gases with a higher GWP 
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absorb more energy, per pound, than gases with a lower GWP, and thus 

contribute more to warming Earth. PART 2 : sources Greenhouse gases trap 

heat and make the planet warmer. Human activities are responsible for 

almost all of the increase in greenhouse gases in the atmosphere over the last 

150 years.1The largest source of greenhouse gas emissions from human 

activities in the United States is from burning fossil fuels for electricity, heat, 

and transportation. EPA tracks total U.S. emissions by publishing 

the Inventory of U.S. Greenhouse Gas Emissions and Sinks. This annual report 

estimates the total national greenhouse gas emissions and removals 

associated with human activities across the United States. The primary 

sources of greenhouse gas emissions in the United States are: Electricity 

production (30 percent of 2014 greenhouse gas emissions) – Electricity 

production generates the largest share of greenhouse gas emissions. 

Approximately 67 percent of our electricity comes from burning fossil fuels, 

mostly coal and natural gas.2 Transportation (26 percent of 

2014 greenhouse gas emissions) – Greenhouse gas emissions from 

transportation primarily come from burning fossil fuel for our cars, trucks, 

ships, trains, and planes. Over 90 percent of the fuel used for transportation 

is petroleum based, which includes gasoline and diesel.3 Industry (21 

percent of 2014 greenhouse gas emissions) – Greenhouse gas emissions from 

industry primarily come from burning fossil fuels for energy, as well as 

greenhouse gas emissions from certain chemical reactions necessary to 

produce goods from raw materials. Commercial and Residential (12 

percent of 2014 greenhouse gas emissions) – Greenhouse gas emissions from 

businesses and homes arise primarily from fossil fuels burned for heat, the 

use of certain products that contain greenhouse gases, and the handling of 

waste. Agriculture (9 percent of 2014 greenhouse gas emissions) –

 Greenhouse gas emissions from agriculture come from livestock such as 

cows, agricultural soils, and rice production. Land Use and Forestry (offset of 

11 percent of 2014 greenhouse gas emissions) – Land areas can act as a sink 

(absorbing CO2 from the atmosphere) or a source of greenhouse gas 
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emissions. In the United States, since 1990, managed forests and other lands 

have absorbed more CO2 from the atmosphere than they emit. Emissions and 

Trends Since 1990, U.S. greenhouse gas emissions have increased by about 7 

percent. From year to year, emissions can rise and fall due to changes in the 

economy, the price of fuel, and other factors. In 2014, U.S. greenhouse gas 

emissions increased compared to 2013 levels. This increase was due to a 

number of factors, including: cold winter conditions resulting in an increase 

in fuel demand, especially in residential and commercial sectors; an increase 

in transportation emissions resulting from an increase in vehicle miles 

traveled; and an increase in industrial production across multiple sectors 

that also resulted in increases in industrial sector emissions. PART 3 : global 

emissions At the global scale, the key greenhouse gases emitted by human 

activities are: Source: IPCC (2014) EXIT based on global emissions from 

2010. Details about the sources included in these estimates can be found in 

the Contribution of Working Group III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. EXIT Carbon dioxide 

(CO2): Fossil fuel use is the primary source of CO2. The way in which people 

use land is also an important source of CO2, especially when it involves 

deforestation. CO2 can also be emitted from direct human-induced impacts 

on forestry and other land use, such as through deforestation, land clearing 

for agriculture, and degradation of soils. Likewise, land can also remove 

CO2 from the atmosphere through reforestation, improvement of soils, and 

other activities. Methane (CH4): Agricultural activities, waste management, 

energy use, and biomass burning all contribute to CH4 emissions. Nitrous 

oxide (N2O): Agricultural activities, such as fertilizer use, are the primary 

source of N2O emissions. Biomass burning also generates N2O. Fluorinated 

gases (F-gases): Industrial processes, refrigeration, and the use of a variety of 

consumer products contribute to emissions of F-gases, which include 

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 

hexafluoride (SF6). Black carbon is a solid particle or aerosol, not a gas, but it 

also contributes to warming of the atmosphere. Learn more about black 
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carbon and climate change on our Causes of Climate Change page. Top of 

Page Global Emissions by Economic Sector Global greenhouse gas emissions 

can also be broken down by the economic activities that lead to their 

production.[1] Source: IPCC (2014); EXIT based on global emissions from 

2010. Details about the sources included in these estimates can be found in 

the Contribution of Working Group III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. EXIT Electricity and Heat 

Production (25% of 2010 global greenhouse gas emissions): The burning of 

coal, natural gas, and oil for electricity and heat is the largest single source of 

global greenhouse gas emissions. Industry (21% of 2010 global greenhouse 

gas emissions): Greenhouse gas emissions from industry primarily involve 

fossil fuels burned on site at facilities for energy. This sector also includes 

emissions from chemical, metallurgical, and mineral transformation 

processes not associated with energy consumption and emissions from 

waste management activities. (Note: Emissions from industrial electricity use 

are excluded and are instead covered in the Electricity and Heat Production 

sector.) Agriculture, Forestry, and Other Land Use (24% of 2010 global 

greenhouse gas emissions): Greenhouse gas emissions from this sector come 

mostly from agriculture (cultivation of crops and livestock) and 

deforestation. This estimate does not include the CO2 that ecosystems 

remove from the atmosphere by sequestering carbon in biomass, dead 

organic matter, and soils, which offset approximately 20% of emissions from 

this sector.[2]  Transportation (14% of 2010 global greenhouse gas 

emissions): Greenhouse gas emissions from this sector primarily involve 

fossil fuels burned for road, rail, air, and marine transportation. Almost all 

(95%) of the worlds transportation energy comes from petroleum-based 

fuels, largely gasoline and diesel. Buildings (6% of 2010 global greenhouse 

gas emissions): Greenhouse gas emissions from this sector arise from onsite 

energy generation and burning fuels for heat in buildings or cooking in 

homes. (Note: Emissions from electricity use in buildings are excluded and 

are instead covered in the Electricity and Heat Production sector.) Other 
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Energy (10% of 2010 global greenhouse gas emissions): This source of 

greenhouse gas emissions refers to all emissions from the Energy sector 

which are not directly associated with electricity or heat production, such as 

fuel extraction, refining, processing, and transportation. Note on emissions 

sector categories. Top of Page Trends in Global EmissionsSource: Boden, T.A., 

Marland, G., and Andres R.J. (2015). Global, Regional, and National Fossil-Fuel 

CO2Emissions. Carbon Dioxide Information Analysis Center, Oak Ridge 

National Laboratory, U.S. Department of Energy, doi 

10.3334/CDIAC/00001_V2015. Global carbon emissions from fossil fuels 

have significantly increased since 1900. Since 1970, CO2 emissions have 

increased by about 90%, with emissions from fossil fuel combustion and 

industrial processes contributing about 78% of the total greenhouse gas 

emissions increase from 1970 to 2011. Agriculture, deforestation, and other 

land-use changes have been the second-largest contributors.[1] Emissions of 

non-CO2 greenhouse gases have also increased significantly since 1900. To 

learn more about past and projected global emissions of non-CO2 gases, 

please see the EPA report, Global Anthropogenic Non-CO2 Greenhouse Gas 

Emissions: 1990-2020. Top of Page Emissions by Country Source: Boden, 

T.A., Marland, G., and Andres, R.J. (2015). National CO2 Emissions from 

Fossil-Fuel Burning, Cement Manufacture, and Gas Flaring: 1751-2011, 

Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, 

U.S. Department of Energy, doi 10.3334/CDIAC/00001_V2015.In 2011, the 

top carbon dioxide (CO2) emitters were China, the United States, the 

European Union, India, the Russian Federation, Japan, and Canada. These 

data include CO2 emissions from fossil fuel combustion, as well as cement 

manufacturing and gas flaring. Together, these sources represent a large 

proportion of total global CO2 emissions. Emissions and sinks related to 

changes in land use are not included in these estimates. However, changes in 

land use can be important: estimates indicate that net global greenhouse gas 

emissions from agriculture, forestry, and other land use were over 8 billion 

metric tons of CO2 equivalent,[2] or about 24% of total global greenhouse 
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gas emissions.[3] In areas such as the United States and Europe, changes in 

land use associated with human activities have the net effect of absorbing 

CO2, partially offsetting the emissions from deforestation in other regions. 

PART 4 : US emissions and sinks PA develops an annual report, called the 

Inventory of U.S. Greenhouse Gas Emissions and Sinks (Inventory), that 

tracks U.S. greenhouse gas emissions and sinks by source, economic sector, 

and greenhouse gas going back to 1990.  Each year since the 1990s, EPA has 

published the draft report in February, to allow for public comment prior to 

publishing the final report by April 15.  Draft Inventory of U.S. Greenhouse 

Gas Emissions and Sinks: 1990-2015 Per an announcement in the Federal 

Register (FR) [FRL_ 9959-29-OAR], the draft 1990-2015 Greenhouse Gas 

Emissions Inventory is now available for public comment.  To ensure your 

comments are considered for the final version of the document, please 

submit your comments by March 17, 2017.  Comments can be sent to 

GHGInventory@epa.gov.  How to submit a comment.  Natural Gas Systems 

Data in the Inventory Stakeholder Webinar: Waste Sector Data and 

Methodology in the Inventory Greenhouse Gas Reporting Program (GHGRP) 

Relationship between the GHG Inventory and the Greenhouse Gas Reporting 

Program U.S. Greenhouse Gas Inventory Report Archives About the 

Emissions Inventory EPA has prepared the Inventory of U.S. Greenhouse Gas 

Emissions and Sinks since the early 1990s.  This annual report provides a 

comprehensive accounting of total greenhouse gas emissions for all man-

made sources in the United States. The gases covered by the Inventory 

include carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, 

perfluorocarbons, and sulfur hexafluoride. The Inventory also calculates 

carbon dioxide emissions that are removed from the atmosphere by “sinks,” 

e.g., through the uptake of carbon and storage in forests, vegetation, and 

soils. The national greenhouse gas inventory is submitted to the United 

Nations in accordance with the Framework Convention on Climate 

ChangeEXIT. In preparing the annual emissions inventory report, EPA 

collaborates with hundreds of experts representing more than a dozen U.S. 
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government agencies, academic institutions, industry associations, 

consultants and environmental organizations.  EPA also collects greenhouse 

gas emissions data from individual facilities and suppliers of certain fossil 

fuels and industrial gases through the Greenhouse Gas Reporting Program. 
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2 – HOW IS THE CLIMATE CHANGING? : 

 

 

2a – CLIMATE SCIENCE : 

 

Earth's climate is changing. Multiple lines of evidence show changes in our 

weather, oceans, ecosystems, and more. Natural causes alone cannot explain 

all of these changes. Human activities are contributing to climate change, 

primarily by releasing billions of tons of carbon dioxide (CO2) and other 

heat-trapping gases, known as greenhouse gases, into the atmosphere every 

year.[1] Climate changes will continue into the future. The more greenhouse 

gases we emit, the larger future climate changes will be. Human activities, 

like driving, manufacturing, electricity generation, and the clearing of forests 

contribute to greenhouse gas emissions and warm the planet. Changes in the 

climate system affect our health, environment, and economy. We can prepare 

for some of the impacts of climate change to reduce their effects on our well-

being. Earth's climate is changing Related Links • USGCRP: National Climate 

Assessment, 2014 • USGCRP: Global Climate Change Impacts in the United 

States • NRC: America's Climate Choices Reports EXIT • IPCC: Fifth 

Assessment Report EXIT • IPCC: Managing the Risks of Extreme Events and 

Disasters to Advance Climate Change Adaptation EXIT The global average 

temperature has increased by more than 1.5°F since the late 1800s.[2] Some 

regions of the world have warmed by more than twice this amount. The 

buildup of greenhouse gases in our atmosphere and the warming of the 

planet are responsible for other changes, such as: •

 Changing temperature and precipitation patterns [1][2] •
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 Increases in ocean temperatures, sea level, and acidity • Melting 

of glaciers and sea ice [1] • Changes in the frequency, intensity, and duration 

of extreme weather events • Shifts in ecosystem characteristics, like 

the length of the growing season, timing of flower blooms, and migration of 

birds • Increasing effects on human health and well-being Learn more about 

the indicators of climate change.These maps show temperatures across the 

world in the 1880s (left) and the 1980s (right). Blue colors represent cooler 

temperatures compared with the average temperatures from 1951 to 1980, 

and red colors represent warmer temperatures compared to this average. 

The map on the left shows that it was colder in the 1880s in most places. The 

map on the right shows it was warmer in the 1980s in most places. Earth's 

average surface temperature has increased by more than 1.5°F since the 

1880s. Two-thirds of the warming has occurred since 1975, at a rate of 

roughly 0.3°F – 0.4°F per decade.  

 

Click the image to view a larger version. Source: NASA. Climate Change v. 

Global Warming Weather v. Climate Click on the image to open a pop-up that 

explains the differences between weather and climate. Natural causes alone 

cannot explain recent changes Natural processes such as changes in the sun's 

energy, shifts in ocean currents, and others affect Earth's climate. However, 

they do not explain the warming that we have observed over the last half-

century.[1] Human causes can explain these changes Models that account 

only for the effects of natural processes are not able to explain the warming 

observed over the past century. Models that also account for the greenhouse 

gases emitted by humans are able to explain this warming. 

Source: U.S. National Climate Assessment (2014). 

 

Click the image to view a larger version.Most of the warming of the past half 

century has been caused by human emissions of greenhouse 

gases.[1] Greenhouse gases come from a variety of human activities, 

including: burning fossil fuels for heat and energy, clearing forests, fertilizing 
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crops, storing waste in landfills, raising livestock, and producing some kinds 

of industrial products. Greenhouse gas emissions are not the only way that 

people can change the climate. Activities such as agriculture or road 

construction can change the reflectivity of Earth's surface, leading to local 

warming or cooling. This effect is observed in urban centers, which are 

often warmer than surrounding, less populated areas. Emissions of small 

particles, known as aerosols, into the air can also lead to reflection or 

absorption of the sun's energy. Learn more about past and present climate 

trends and their causes. This graph shows the increase in greenhouse gas 

(GHG) concentrations in the atmosphere over the last 2,000 years. Increases 

in concentrations of these gases since 1750 are due to human activities in the 

industrial era. Concentration units are parts per million (ppm) or parts per 

billion (ppb), indicating the number of molecules of the greenhouse gas per 

million or billion molecules of air. 

Source: USGCRP 2009. 

 

Click the image to view a larger version. The extent of future climate change 

depends on us The extent of the change will depend on how much, and how 

quickly, we can reduce greenhouse gas emissions. During the 21stcentury, 

global warming is projected to continue and climate changes are likely to 

intensify. Scientists have used climate models to project different aspects of 

future climate, including temperature, precipitation, snow and ice, ocean 

level, and ocean acidity. Depending on future emissions of greenhouse gases 

and how the climate responds, average global temperatures are projected to 

increase worldwide by 0.5°F to 8.6°F by 2100, with a likely increase of at 

least 2.0°F for all scenarios except the one representing the most aggressive 

mitigation of greenhouse gas emissions.[2] Learn more about the projections 

of future climate change. Climate change impacts our health, environment, 

and economy Climate change affects our environment and natural resources, 

and impacts our way of life in many ways. For example: • Warmer 

temperatures increase the frequency, intensity, and duration of heat waves, 
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which can pose health risks, particularly for young children and the elderly. •

 Climate change can also impact human health by worsening air and 

water quality, increasing the spread of certain diseases, and altering the 

frequency or intensity of extreme weather events. • Rising sea levels 

threaten coastal communities and ecosystems. • Changes in the patterns and 

amount of rainfall, as well as changes in the timing and amount of stream 

flow, can affect water supplies and water quality and the production 

of hydroelectricity. • Changing ecosystems influence geographic ranges of 

many plant and animal species and the timing of their lifecycle events, such 

as migration and reproduction. • Increases in the frequency and intensity 

of extreme weather events, such as heat waves, droughts, and floods, can 

increase losses to property, cause costly disruptions to society, and reduce 

the availability and affordability of insurance. We can prepare for some of the 

likely climate change impacts to reduce their effect on ecosystems and 

human well-being. Making such preparations is known as adaptation. 

Examples of adaptation include strengthening water conservation programs, 

upgrading stormwater systems, developing early warning systems for 

extreme heat events, and preparing for stronger storms through better 

emergency preparation and response strategies. Learn more about 

how climate change impacts are expected to affect different 

U.S. regions and sectors and how we can prepare. 
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2b – CLIMATE INDICATORS : 

 

The Earth's climate is changing. Temperatures are rising, snow and rainfall 

patterns are shifting, and more extreme climate events – like heavy 

rainstorms and record high temperatures – are already happening. Many of 

these observed changes are linked to the rising levels of carbon dioxide and 

other greenhouse gases in our atmosphere, caused by human activities. EPA 

partners with more than 40 data contributors from various government 

agencies, academic institutions, and other organizations to compile a key set 

of indicators related to the causes and effects of climate change. The 
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indicators are published in EPA's report, Climate Change Indicators in the 

United States, available on this website and in print. Explore the indicators 

below. Rising global average temperature is associated with widespread 

changes in weather patterns. Scientific studies indicate that extreme weather 

events such as heat waves and large storms are likely to become more 

frequent or more intense with human-induced climate change. This chapter 

focuses on observed changes in temperature, precipitation, storms, floods, 

and droughts.Why does it matter? U.S. and Global Temperature. Average 

temperatures have risen across the contiguous 48 states since 1901, with an 

increased rate of warming over the past 30 years. Eight of the top 10 

warmest years on record have occurred since 1998. Average global 

temperatures show a similar trend, and all of the top 10 warmest years on 

record worldwide have occurred since 1998. Within the United States, 

temperatures in parts of the North, the West, and Alaska have increased the 

most. High and Low Temperatures. Many extreme temperature conditions 

are becoming more common. Since the 1970s, unusually hot summer days 

(highs) have become more common over the last few decades in the United 

States. Unusually hot summer nights (lows) have become more common at 

an even faster rate. This trend indicates less “cooling off” at night. Although 

the United States has experienced many winters with unusually low 

temperatures, unusually cold winter temperatures have become less 

common—particularly very cold nights (lows). Record-setting daily high 

temperatures have become more common than record lows. The decade 

from 2000 to 2009 had twice as many record highs as record lows. U.S. and 

Global Precipitation. Total annual precipitation has increased over land areas 

in the United States and worldwide. Since 1901, precipitation has increased 

at an average rate of 0.08 inches per decade over land areas worldwide. 

However, shifting weather patterns have caused certain areas, such as the 

Southwest, to experience less precipitation than usual. Heavy Precipitation. 

In recent years, a higher percentage of precipitation in the United States has 

come in the form of intense single-day events. The prevalence of extreme 
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single-day precipitation events remained fairly steady between 1910 and the 

1980s but has risen substantially since then. Nationwide, nine of the top 10 

years for extreme one-day precipitation events have occurred since 1990. 

The occurrence of abnormally high annual precipitation totals (as defined by 

the National Oceanic and Atmospheric Administration) has also increased. 

Tropical Cyclone Activity. Tropical storm activity in the Atlantic Ocean, the 

Caribbean, and the Gulf of Mexico has increased during the past 20 years. 

Storm intensity is closely related to variations in sea surface temperature in 

the tropical Atlantic. However, changes in observation methods over time 

make it difficult to know for sure whether a longer-term increase in storm 

activity has occurred. Records collected since the late 1800s suggest that the 

actual number of hurricanes per year has not increased. River Flooding. 

Increases and decreases in the frequency and magnitude of river flood events 

vary by region. Floods have generally become larger across parts of the 

Northeast and Midwest and smaller in the West, southern Appalachia, and 

northern Michigan. Large floods have become more frequent across the 

Northeast, Pacific Northwest, and parts of the northern Great Plains, and less 

frequent in the Southwest and the Rockies. Drought. Average drought 

conditions across the nation have varied since records began in 1895. The 

1930s and 1950s saw the most widespread droughts, while the last 50 years 

have generally been wetter than average. However, specific trends vary by 

region. A more detailed index developed recently shows that over the period 

from 2000 through 2015, roughly 20 to 70 percent of the U.S. land area 

experienced conditions that were at least abnormally dry at any given time. 

However, this index has not been in use for long enough to compare with 

historical drought patterns. A Closer Look: Temperature and Drought in the 

Southwest. The southwestern United States is particularly sensitive to 

changes in temperature and thus vulnerable to drought, as even a small 

decrease in water availability in this already arid region can stress natural 

systems and further threaten water supplies. Weather and Climate Weather 

is the state of the atmosphere at any given time and place. Most of the 
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weather that affects people, agriculture, and ecosystems takes place in the 

lower layer of the atmosphere. Familiar aspects of weather include 

temperature, precipitation, clouds, and wind that people experience 

throughout the course of a day. Severe weather conditions include 

hurricanes, tornadoes, blizzards, and droughts. Climate is the long-term 

average of the weather in a given place. While the weather can change in 

minutes or hours, a change in climate is something that develops over longer 

periods of decades to centuries. Climate is defined not only by average 

temperature and precipitation but also by the type, frequency, duration, and 

intensity of weather events such as heat waves, cold spells, storms, floods, 

and droughts. While the concepts of climate and weather are often confused, 

it is important to understand the difference. For example, the eastern United 

States experienced a cold and snowy winter in 2014/2015, but this short-

term regional weather phenomenon does not negate the long-term rise in 

national and global temperatures, sea level, or other climate indicators. It 

may be helpful to think about the difference between weather and climate 

with an analogy: weather influences what clothes you wear on a given day, 

while the climate where you live influences the entire wardrobe you buy. 

Rising global average temperature is associated with widespread changes in 

weather patterns. Scientific studies indicate that extreme weather events 

such as heat waves and large storms are likely to become more frequent or 

more intense with human-induced climate change. This chapter focuses on 

observed changes in temperature, precipitation, storms, floods, and 

droughts. Why does it matter? Summary of Key Points U.S. and Global 

Temperature. Average temperatures have risen across the contiguous 48 

states since 1901, with an increased rate of warming over the past 30 years. 

Eight of the top 10 warmest years on record have occurred since 1998. 

Average global temperatures show a similar trend, and all of the top 10 

warmest years on record worldwide have occurred since 1998. Within the 

United States, temperatures in parts of the North, the West, and Alaska have 

increased the most. High and Low Temperatures. Many extreme temperature 
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conditions are becoming more common. Since the 1970s, unusually hot 

summer days (highs) have become more common over the last few decades 

in the United States. Unusually hot summer nights (lows) have become more 

common at an even faster rate. This trend indicates less “cooling off” at night. 

Although the United States has experienced many winters with unusually 

low temperatures, unusually cold winter temperatures have become less 

common—particularly very cold nights (lows). Record-setting daily high 

temperatures have become more common than record lows. The decade 

from 2000 to 2009 had twice as many record highs as record lows. U.S. and 

Global Precipitation. Total annual precipitation has increased over land areas 

in the United States and worldwide. Since 1901, precipitation has increased 

at an average rate of 0.08 inches per decade over land areas worldwide. 

However, shifting weather patterns have caused certain areas, such as the 

Southwest, to experience less precipitation than usual. Heavy Precipitation. 

In recent years, a higher percentage of precipitation in the United States has 

come in the form of intense single-day events. The prevalence of extreme 

single-day precipitation events remained fairly steady between 1910 and the 

1980s but has risen substantially since then. Nationwide, nine of the top 10 

years for extreme one-day precipitation events have occurred since 1990. 

The occurrence of abnormally high annual precipitation totals (as defined by 

the National Oceanic and Atmospheric Administration) has also increased. 

Tropical Cyclone Activity. Tropical storm activity in the Atlantic Ocean, the 

Caribbean, and the Gulf of Mexico has increased during the past 20 years. 

Storm intensity is closely related to variations in sea surface temperature in 

the tropical Atlantic. However, changes in observation methods over time 

make it difficult to know for sure whether a longer-term increase in storm 

activity has occurred. Records collected since the late 1800s suggest that the 

actual number of hurricanes per year has not increased. River Flooding. 

Increases and decreases in the frequency and magnitude of river flood events 

vary by region. Floods have generally become larger across parts of the 

Northeast and Midwest and smaller in the West, southern Appalachia, and 
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northern Michigan. Large floods have become more frequent across the 

Northeast, Pacific Northwest, and parts of the northern Great Plains, and less 

frequent in the Southwest and the Rockies. Drought. Average drought 

conditions across the nation have varied since records began in 1895. The 

1930s and 1950s saw the most widespread droughts, while the last 50 years 

have generally been wetter than average. However, specific trends vary by 

region. A more detailed index developed recently shows that over the period 

from 2000 through 2015, roughly 20 to 70 percent of the U.S. land area 

experienced conditions that were at least abnormally dry at any given time. 

However, this index has not been in use for long enough to compare with 

historical drought patterns. A Closer Look: Temperature and Drought in the 

Southwest. The southwestern United States is particularly sensitive to 

changes in temperature and thus vulnerable to drought, as even a small 

decrease in water availability in this already arid region can stress natural 

systems and further threaten water supplies. Weather and Climate Weather 

is the state of the atmosphere at any given time and place. Most of the 

weather that affects people, agriculture, and ecosystems takes place in the 

lower layer of the atmosphere. Familiar aspects of weather include 

temperature, precipitation, clouds, and wind that people experience 

throughout the course of a day. Severe weather conditions include 

hurricanes, tornadoes, blizzards, and droughts. Climate is the long-term 

average of the weather in a given place. While the weather can change in 

minutes or hours, a change in climate is something that develops over longer 

periods of decades to centuries. Climate is defined not only by average 

temperature and precipitation but also by the type, frequency, duration, and 

intensity of weather events such as heat waves, cold spells, storms, floods, 

and droughts. While the concepts of climate and weather are often confused, 

it is important to understand the difference. For example, the eastern United 

States experienced a cold and snowy winter in 2014/2015, but this short-

term regional weather phenomenon does not negate the long-term rise in 

national and global temperatures, sea level, or other climate indicators. It 
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may be helpful to think about the difference between weather and climate 

with an analogy: weather influences what clothes you wear on a given day, 

while the climate where you live influences the entire wardrobe you buy. Key 

Points In recent years, a larger percentage of precipitation has come in the 

form of intense single-day events. Nine of the top 10 years for extreme one-

day precipitation events have occurred since 1990 (see Figure 1). The 

prevalence of extreme single-day precipitation events remained fairly steady 

between 1910 and the 1980s, but has risen substantially since then. Over the 

entire period from 1910 to 2015, the portion of the country experiencing 

extreme single-day precipitation events increased at a rate of about half a 

percentage point per decade (see Figure 1). The percentage of land area 

experiencing much greater than normal yearly precipitation totals increased 

between 1895 and 2015. There has been much year-to-year variability, 

however. In some years there were no abnormally wet areas, while a few 

others had abnormally high precipitation totals over 10 percent or more of 

the contiguous 48 states’ land area (see Figure 2). For example, 1941 was 

extremely wet in the West, while 1982 was very wet nationwide.3 Figures 1 

and 2 are both consistent with other studies that have found an increase in 

heavy precipitation over timeframes ranging from single days to 90-day 

periods to whole years.4,5 For more information on trends in overall 

precipitation levels, see the U.S. and Global Precipitation indicator. This 

graph shows the number of hurricanes that formed in the North Atlantic 

Ocean each year from 1878 to 2015, along with the number that made 

landfall in the United States. The orange curve shows how the total count in 

the green curve can be adjusted to attempt to account for the lack of aircraft 

and satellite observations in early years. All three curves have been 

smoothed using a five-year average, plotted at the middle year. The most 

recent average (2011–2015) is plotted at 2013. Since 1878, about six to 

seven hurricanes have formed in the North Atlantic every year. Roughly two 

per year make landfall in the United States. The total number of hurricanes 

(particularly after being adjusted for improvements in observation methods) 
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and the number reaching the United States do not indicate a clear overall 

trend since 1878 (see Figure 1). According to the total annual ACE Index, 

cyclone intensity has risen noticeably over the past 20 years, and six of the 

10 most active years since 1950 have occurred since the mid-1990s (see 

Figure 2). Relatively high levels of cyclone activity were also seen during the 

1950s and 1960s. The PDI (see Figure 3) shows fluctuating cyclone intensity 

for most of the mid- to late 20th century, followed by a noticeable increase 

since 1995 (similar to the ACE Index). These trends are shown with 

associated variations in sea surface temperature in the tropical North 

Atlantic for comparison (see Figure 3). Despite the apparent increases in 

tropical cyclone activity in recent years, shown in Figures 2 and 3, changes in 

observation methods over time make it difficult to know whether tropical 

storm activity has actually shown an increase over time. This figure shows 

changes in the size of flooding events in rivers and streams in the United 

States between 1965 and 2015. Blue upward-pointing symbols show 

locations where floods have become larger; brown downward-pointing 

symbols show locations where floods have become smaller. The larger, solid-

color symbols represent stations where the change was statistically 

significant. Floods have generally become larger in rivers and streams across 

large parts of the Northeast and Midwest. Flood magnitude has generally 

decreased in the West, southern Appalachia, and northern Michigan (see 

Figure 1). Large floods have become more frequent across the Northeast, 

Pacific Northwest, and northern Great Plains. Flood frequency has decreased 

in some other parts of the country, especially the Southwest and the Rockies 

(see Figure 2). Increases and decreases in frequency and magnitude of river 

flood events generally coincide with increases and decreases in the 

frequency of heavy rainfall events.2,3 This chart shows annual values of the 

Palmer Drought Severity Index, averaged over the entire area of the 

contiguous 48 states. Positive values represent wetter-than-average 

conditions, while negative values represent drier-than-average conditions. A 

value between -2 and -3 indicates moderate drought, -3 to -4 is severe 
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drought, and -4 or below indicates extreme drought. The thicker line is a 

nine-year weighted average. Average drought conditions across the nation 

have varied since records began in 1895. The 1930s and 1950s saw the most 

widespread droughts, while the last 50 years have generally been wetter 

than average (see Figure 1). Over the period from 2000 through 2015, 

roughly 20 to 70 percent of the U.S. land area experienced conditions that 

were at least abnormally dry at any given time (see Figure 2). The years 

2002–2003 and 2012–2013 had a relatively large area with at least 

abnormally dry conditions, while 2001, 2005, and 2009–2011 had 

substantially less area experiencing drought. During the latter half of 2012, 

more than half of the U.S. land area was covered by moderate or greater 

drought (see Figure 2). In several states, 2012 was among the driest years on 

record.4 See Temperature and Drought in the Southwest for a closer look at 

recent drought conditions in one of the hardest-hit regions. 

 

2c – CLIMATE IMPACTS : 

The Earths climate is changing. Temperatures are rising, snow and rainfall 

patterns are shifting, and more. Agriculture is an important sector of the U.S. 

economy. The crops, livestock, and seafood produced  in the United States 

contribute more than $300 billion to the economy each year.[1]  When food-

service and other agriculture-related industries are included, the agricultural 

and food sectors contribute more than $750 billion to the gross domestic 

product.[2] Agriculture and fisheries are highly dependent on the climate. 

Increases in temperature and carbon dioxide (CO2) can increase some crop 

yields in some places. But to realize these benefits, nutrient levels, soil 

moisture, water availability, and other conditions must also be met. Changes 

in the frequency and severity of droughts and floods could pose challenges 

for farmers and ranchers and threaten food safety.[3]   Meanwhile, warmer 

water temperatures are likely to cause the habitat ranges of many fish and 
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shellfish species to shift, which could disrupt ecosystems. Overall, climate 

change could make it more difficult to grow crops, raise animals, and catch 

fish in the same ways and same places as we have done in the past. The 

effects of climate change also need to be considered along with other 

evolving factors that affect agricultural production, such as changes in 

farming practices and technology. Impacts on Crops Despite technological 

improvements that increase corn yields, extreme weather events have 

caused significant yield reductions in some years. Source: USGCRP (2009) 

Click the image to view a larger version. Crops grown in the United States are 

critical for the food supply here and around the world. U.S. farms supply 

nearly 25% of all grains (such as wheat, corn, and rice) on the global 

market.[4] Changes in temperature, atmospheric carbon dioxide (CO2), and 

the frequency and intensity of extreme weather could have significant 

impacts on crop yields. For any particular crop, the effect of increased 

temperature will depend on the crops optimal temperature for growth and 

reproduction.[1] In some areas, warming may benefit the types of crops that 

are typically planted there, or allow farmers to shift to crops that are 

currently grown in warmer areas. Conversely, if the higher temperature 

exceeds a crops optimum temperature, yields will decline. Related Links EPA 

National Agriculture Center Students Guide to Climate Change: Agriculture 

Other: National Climate Assessment: Agriculture USDA: Agriculture and 

Climate Change IPCC: Fifth Assessment Report - Food Security and Food 

Production Systems Higher CO2 levels can affect crop yields. Some 

laboratory experiments suggest that elevated CO2 levels can increase plant 

growth.  However, other factors, such as changing temperatures, ozone, and 

water and nutrient constraints, may counteract these potential increases in 

yield. For example, if temperature exceeds a crops optimal level, if sufficient 

water and nutrients are not available, yield increases may be reduced or 

reversed. Elevated CO2 has been associated with reduced protein and 

nitrogen content in alfalfa and soybean plants, resulting in a loss of quality.  

Reduced grain and forage quality can reduce the ability of pasture and 
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rangeland to support grazing livestock.[1] More extreme temperature and 

precipitation can prevent crops from growing. Extreme events, especially 

floods and droughts, can harm crops and reduce yields. For example, in 2010 

and 2012, high nighttime temperatures affected corn yields across the U.S. 

Corn Belt, and premature budding due to a warm winter caused $220 million 

in losses of Michigan cherries in 2012.[1] Dealing with drought could become 

a challenge in areas where rising summer temperatures cause soils to 

become drier. Although increased irrigation might be possible in some 

places, in other places water supplies may also be reduced, leaving less water 

available for irrigation when more is needed. Many weeds, pests, and fungi 

thrive under warmer temperatures, wetter climates, and increased CO2 

levels. Currently, U.S. farmers spend more than $11 billion per year to fight 

weeds, which compete with crops for light, water, and nutrients.[1] The 

ranges and distribution of weeds and pests are likely to increase with climate 

change. This could cause new problems for farmers crops previously 

unexposed to these species. Though rising CO2 can stimulate plant growth, it 

also reduces the nutritional value of most food crops. Rising levels of 

atmospheric carbon dioxide reduce the concentrations of protein and 

essential minerals in most plant species, including wheat, soybeans, and rice. 

This direct effect of rising CO2 on the nutritional value of crops represents a 

potential threat to human health. Human health is also threatened by 

increased pesticide use due to increased pest pressures and reductions in the 

efficacy of pesticides.[3] Impacts on Livestock Livestock locations in the 

continental United States. Source: USGCRP (2016) Click the image to view a 

larger version.Americans consume more than 36 million metric tons of meat 

and poultry annually.[4]Livestock and poultry account for over half of U.S. 

agricultural cash receipts, often over $100 billion per year.[5] Changes in 

climate could affect animals both directly and indirectly. Heat waves, which 

are projected to increase under climate change, could directly threaten 

livestock. In 2011, exposure to high temperature events caused over $1 

billion in heat-related losses to agricultural producers.[1] Heat stress affects 
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animals both directly and indirectly. Over time, heat stress can increase 

vulnerability to disease, reduce fertility, and reduce milk production. 

Drought may threaten pasture and feed supplies. Drought reduces the 

amount of quality forage available to grazing livestock. Some areas could 

experience longer, more intense droughts, resulting from higher summer 

temperatures and reduced precipitation. For animals that rely on grain, 

changes in crop production due to drought could also become a problem. 

Climate change may increase the prevalence of parasites and diseases that 

affect livestock. The earlier onset of spring and warmer winters could allow 

some parasites and pathogens to survive more easily. In areas with increased 

rainfall, moisture-reliant pathogens could thrive.[6] Potential changes in 

veterinary practices, including an increase in the use of parasiticides and 

other animal health treatments, are likely to be adopted to maintain livestock 

health in response to climate-induced changes in pests, parasites, and 

microbes. This could increase the risk of pesticides entering the food chain or 

lead to evolution of pesticide resistance, with subsequent implications for the 

safety, distribution, and consumption of livestock and aquaculture 

products.[3] Increases in carbon dioxide (CO2) may increase the productivity 

of pastures, but may also decrease their quality. Increases in atmospheric 

CO2 can increase the productivity of plants on which livestock feed. 

However, the quality of some of the forage found in pasturelands decreases 

with higher CO2. As a result, cattle would need to eat more to get the same 

nutritional benefits. Top of Page Impacts on Fisheries American fishermen 

catch or harvest five million metric tons of fish and shellfish each year.[7] U.S. 

fisheries contribute more than $1.55 billion to the economy annually (as of 

2012).[8] Many fisheries already face multiple stresses, including overfishing 

and water pollution. Climate change may worsen these stresses. In particular, 

temperature changes could lead to significant impacts. This map shows the 

annual centers of biomass for three species in the northeastern United States 

from 1968 to 2015. Dots are shaded from light to dark to show change over 

time. Source: US EPA (2016). Climate Change Indicators in the United States: 
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Marine Species Distribution. Data Source: NOAA (2016). OceanAdapt.EXIT 

Click the image to view a larger version.The ranges of many fish and shellfish 

species may change. In waters off the northeastern United States, several 

economically important species have shifted northward since the late 1960s. 

The three species shown in [the figure to the left]  (American lobster, red 

hake, and black sea bass) have moved northward by an average of 119 miles. 

[9] Many aquatic species can find colder areas of streams and lakes or move 

north along the coast or in the ocean. Nevertheless, moving into new areas 

may put these species into competition with other species over food and 

other resources, as explained on the Ecosystems Impacts page. Some marine 

disease outbreaks have been linked with changing climate.  Higher water 

temperatures and higher estuarine salinities have enabled an oyster parasite 

to spread farther north along the Atlantic coast.  Winter warming in the 

Arctic is contributing to salmon diseases in the Bering Sea and a resulting 

reduction in the Yukon Chinook Salmon, Finally, warmer temperatures have 

caused disease outbreaks in coral, eelgrass, and abalone.[3],[10] Changes in 

temperature and seasons can affect the timing of reproduction and 

migration. Many steps within an aquatic animals lifecycle are controlled by 

temperature and the changing of the seasons. For example, in the Northwest 

warmer water temperatures may affect the lifecycle of salmon and increase 

the likelihood of disease. Combined with other climate impacts, these effects 

are projected to lead to large declines in salmon populations.[1],[11],[12] In 

addition to warming, the worlds oceans are gradually becoming more acidic 

due to increases in atmospheric carbon dioxide (CO2). Increasing acidity 

could harm shellfish by weakening their shells, which are created by 

removing calcium from seawater. [10] Acidification also threatens the 

structures of sensitive ecosystems upon which some fish and shellfish rely. 

[1],[13] This diagram shows the impact pathway of carbon dioxide emissions 

on the shellfish market.  Carbon dioxide is absorbed by oceans, resulting in 

ocean acidification. Acidification reduces the size and abundance of shellfish, 

which in turn leads to decreased harvest and eventually to changes in prices 
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for consumers. Source: US EPA (2015). Climate Change in the United States: 

Benefits of Global Action International Impacts Climate change is very likely 

to affect food security at the global, regional, and local level. Climate change 

can disrupt food availability, reduce access to food, and affect food 

quality.[14]  For example, projected increases in temperatures, changes in 

precipitation patterns, changes in extreme weather events, and reductions in 

water availability may all result in reduced agricultural productivity. 

Increases in the frequency and severity extreme weather events can also 

interrupt food delivery, and resulting spikes in food prices after extreme 

events are expected to be more frequent in the future.  Increasing 

temperatures can contribute to spoilage and contamination. Internationally, 

these effects of climate change on agriculture and food supply are likely to be 

similar to those seen in the United States. However, other stressors such as 

population growth may magnify the effects of climate change on food 

security. In developing countries, adaptation options like changes in crop-

management or ranching practices, or improvements to irrigation are more 

limited than in the United States and other industrialized nations. Any 

climate-related disturbance to food distribution and transport, 

internationally or domestically, may have significant impacts not only on 

safety and quality but also on food access. For example, the food 

transportation system in the United States frequently moves large volumes of 

grain by water. In the case of an extreme weather event affecting a waterway, 

there are few, if any, alternate pathways for transport.  High temperatures 

and a shortage of rain in the summer of 2012 led to one of the most severe 

summer droughts the nation has seen and posed serious impacts to the 

Mississippi River watershed, a major transcontinental shipping route for 

Midwestern agriculture. This drought resulted in significant food and 

economic losses due to reductions in barge traffic, the volume of goods 

carried, and the number of Americans employed by the tugboat industry. The 

2012 drought was immediately followed by flooding throughout the 

Mississippi in the spring of 2013, which also resulted in disruptions of barge 
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traffic and food transport.[3]  Transportation changes such as these reduce 

the ability of farmers to export their grains to international markets, and can 

affect global food prices. Impacts to the global food supply concern the 

United States because food shortages can cause humanitarian crises and 

national security concerns.  They also can increase domestic food prices. 

Changes in temperature, precipitation, sea level, and the frequency and 

severity of extreme events will affect how much energy is produced, 

delivered, and consumed in the United States. Energy plays an important role 

in many aspects of our lives. For example, we use electricity for lighting and 

cooling. We use fuel for transportation, heating, and cooking. Our energy 

production and use is interconnected with many other aspects of modern 

life, such as water consumption, use of goods and services, transportation, 

economic growth, land use, and population growth. Our production and use 

of energy (most of which comes from fossil fuels) also contributes to climate 

change, accounting for more than 84% of U.S. greenhouse gas emissions.[1] 

Top of Page Temperature, Energy Demand, and Energy Supply Increases in 

temperature will likely increase our energy demand, as well as change our 

ability to produce electricity and deliver it reliably. In a warmer climate, 

Americans will use more electricity for air conditioning and less natural gas, 

oil, and wood for heating. If the nations climate warms by 1.8°F, the demand 

for energy used for cooling is expected to increase by about 5-20%, while the 

demand for energy used for heating is expected to decrease by about 3-

15%.[2] Net expenditure in annual heating and cooling could increase by 

10% ($26 billion in 1990 dollars) with a 4.5°F warming by the end of the 

century, and by 22% ($57 billion in 1990 dollars) with a warming of 9.0°F.[3] 

Heating demand would decrease the most in the northern United States, and 

cooling demand would increase the most in the southern United States. Since 

demand for electricity for cooling is expected to increase as a result of 

temperature increase and extreme heat events, the balance in energy 

delivery is likely to shift from natural gas and fuel oil used for heating to 

electricity used for air conditioning.[3]Changes in energy demand will likely 
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affect greenhouse gas emissions, but the net effect depends on which energy 

sources, including alternative energy, are used for electricity and heating. 

Related Links EPA: Climate Ready Water Utilities Other: National Climate 

Assessment: U.S. Energy Supply and Use USGCRP: Effects of Climate Change 

on Energy Production in the United States IPCC: Fifth Assessment Report 

EXIT NAS: Americas Energy Future EXIT Warming is likely to increase 

summer peak electricity demand in most regions of the United States.[3] 

Meeting increases in this peak demand could require investments in new 

energy generation and distribution infrastructure, and new mechanisms will 

need to manage system reliability and peak demand, which can be more 

expensive than average demand levels.[3] For example, based on a 6.3 to 9°F 

temperature increase, climate change could increase the need for additional 

electric generating capacity by roughly 10-20% by 2050. This would require 

hundreds of billions of dollars in additional investment.[2] A warmer climate 

may reduce the efficiency of power production for many existing fossil fuel 

and nuclear power plants because these plants use water for cooling. The 

colder the water, the more efficient the generator. Thus, higher air and water 

temperatures could reduce the efficiency with which these plants convert 

fuel into electricity.[3] Energy demand is expected to shift by the end of the 

century. The number of cooling (or heating) degree days refers to the sum of 

the number of degrees that each days average temperature is hotter (or 

colder) than 65°F over the course of a year.  As the figure shows, the increase 

in the number of cooling degree days is expected to be larger than the 

decrease in number of heating degree days, comparing the historic average 

and the projected average over the final two decades of this century. Source: 

USGCRP (2009) Click the image to view a larger version. Top of Page Water 

Availability and Energy Water and energy flows. Source: U.S. DOE (PDF) Click 

the image to view a larger version.Energy and water systems are connected. 

Energy is needed to pump, transport, and treat drinking water and 

wastewater. Cooling water is needed to run many of todays power plants. 

Hydroelectricity (electricity produced by running water) is itself an 
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important source of power in parts of the United States. Changes in 

precipitation, increased risk of drought, reduced snowpack, and changes in 

the timing of snowmelt in spring will influence our patterns of energy and 

water use. For example: Power plants can require large amounts of water for 

cooling. On average, a kilowatt-hour of electricity (enough power to run 400 

typical compact-fluorescent light bulbs for an hour) requires 25 gallons of 

water to be withdrawn from rivers or lakes.[2] Parts of the Southeast and 

Southwest face increased competition for water to meet the demands of 

population and economic growth while also protecting natural ecosystems. 

Many local governments in these regions have slowed or stopped plans for 

new power plants that require large withdrawals of water due to concerns 

about adequate availability of cooling water.[6] More frequent and severe 

heat waves will likely increase the demand for electricity in the Southeast 

and Southwest. At the same time, these areas are likely to experience 

reduced water supplies due to increased temperature and evaporation, as 

well as possible decreased rainfall. Since water is necessary for electricity 

production, these combined effects could stress water resources. For more 

information about climate change impacts in the Southeast and Southwest, 

please visit the Southeast Impacts and Southwest Impacts pages. 

Hydroelectric power plants are sensitive to the volume and timing of stream 

flows. In some regions, especially during times of increased rainfall, dam 

operators may have to allow some water to bypass the electric turbines to 

prevent downstream flooding.[2] Maintaining stream flow for hydroelectric 

dams could present conflicts with other activities, such as salmon habitat 

restoration in the Pacific Northwest.[4] Growing crops for biomass and 

biofuel energy could stress water resources in certain regions, depending on 

the type of crop, where it is grown, agricultural production in the region, and 

current water and nutrient management practices.[5] Given the many factors 

involved, more research is needed to understand how climate change may 

affect these resources.[3] Rising temperatures, increased evaporation, and 

drought may increase the need for energy-intensive methods of providing 
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drinking and irrigation water. For example, desalinization plants can convert 

salt water into freshwater, but consume a lot of energy. Climate change may 

also require irrigation water to be pumped over longer distances, 

particularly in dry regions across the western United States.[3] For more 

information about the impacts of climate change on water resources, please 

visit the Water Impacts page. Top of Page Sea Level Rise, Storm Surge, and 

Extreme Events after photographs of the Mars offshore drilling and 

production platform, damaged by Hurricane Katrina in the Gulf of Mexico. 

Source: CCSP (2008)A large portion of U.S. energy infrastructure is located in 

coastal areas and therefore sensitive to sea level rise and storm surge. For 

example, fuel ports and the generation and transmission lines that bring 

electricity to major urban coastal centers are at risk. Changes in the 

frequency and severity of storms and other extreme events may also damage 

energy infrastructure, resulting in energy shortages that harm the economy 

and disrupt peoples’ daily lives. A substantial portion of U.S. energy facilities 

are located on the Gulf Coast or offshore in the Gulf of Mexico. Several coastal 

power plants in the United States are less than three feet above sea level, and 

facilities that import or export coal, gas, and oil are also located in coastal 

regions.[3] Sea level rise and more intense storms and hurricanes in coastal 

areas could increase the risk of energy supply disruptions. Power plants 

susceptible to sea level rise in California by type and size. Source: USGCRP 

(2014) Click the image to view a larger version.Several thousand oil drilling 

platforms offshore of the Gulf Coast are vulnerable to extreme weather 

events. For example, Hurricanes Katrina and Rita damaged more than 100 

platforms and damaged 558 pipelines in 2005, impacting markets as far 

away as New York and New England.[6] Flooding and intense storms can 

damage power lines and electricity distribution equipment. These events 

may also delay repair and maintenance work. Electricity outages can have 

serious impacts on other energy systems as well. For example, oil and gas 

pipeline disruptions following extreme weather events are often caused by 

power outages rather than physical damage to the infrastructure.[2] 
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Railways and marine transportation that move large amounts of oil and coal 

in the United States are also vulnerable to climate change. More intense 

rainfall and storms can threaten railways by washing out railway beds. 

Changes in precipitation could affect marine transportation by reducing the 

navigability of rivers. For more information about the impacts of climate 

change on coastal areas, please visit the Coastal Impacts page. Top of Page 

Renewable Biofuels The Energy Policy Act of 2005 established the first 

Renewable Fuel Standard (RFS), mandating that biofuels be integrated into 

transportation fuel to reduce greenhouse gas emissions. The Energy 

Independence Security Act (EISA) of 2007 increased the required amount of 

renewable fuel to 36 billion gallons per year by 2022. Annually, the EPA sets 

volume requirements for each category of renewable fuel. The volumes are 

determined by technology and the availability of each type of renewable fuel. 

Every three years, the EPA is required to send a report to Congress that 

evaluates the environmental and resource conservation impacts of increased 

biofuel production and use. For more information about the RFS, visit EPAs 

RFS page. For specific information about the environmental assessment, read 

the First Triennial Report to Congress. Wind Speed, Cloud Cover, and 

Renewable Energy The impacts of climate change on wind and solar power is 

still a developing area of research due to the challenges involved in modeling 

wind and cloud cover changes at the necessary spatial scales. As a society, we 

have structured our day-to-day lives around historical and current climate 

conditions. We are accustomed to a normal range of conditions and may be 

sensitive to extremes that fall outside of this range. Climate change could 

affect our society through impacts on a number of different social, cultural, 

and natural resources. For example, climate change could affect human 

health, infrastructure, and transportation systems, as well as energy, food, 

and water supplies. Some groups of people will likely face greater challenges 

than others. Climate change may especially impact people who live in areas 

that are vulnerable to coastal storms, drought, and sea level rise or people 

who live in poverty, older adults, and immigrant communities. Similarly, 
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some types of professions and industries may face considerable challenges 

from climate change. Professions that are closely linked to weather and 

climate, such as outdoor tourism, commerce, and agriculture, will likely be 

especially affected. Top of Page The percentage change in population across 

the United States from 1970 to 2008. In recent decades, population has 

grown rapidly in coastal areas and in the southern and western regions of 

the United States. Source: USGCRP (2009) Click the image to see a larger 

version. Impacts on Vulnerability and Equity Related Links EPA: 

Environmental Justice Environmental Protection in Indian Country Other: 

USGCRP: Global Climate Change Impacts in the United States USGCRP: 

Climate Health Assessment IPCC: Fifth Assessment Report EXIT NRC: 

Americas Climate Choices EXIT Northern Arizona University: Tribes & 

Climate Change EXIT Projected climate change will affect certain groups of 

people more than others, depending on where they live and their ability to 

cope with different climate hazards. In some cases, the impacts of climate 

change are expected to worsen existing vulnerabilities. Geographic Location 

Where people live influences their vulnerability to climate change. Over the 

past four decades, population has grown rapidly in coastal areas and in the 

southern and western regions of the United States. These areas are most 

sensitive to coastal storms, drought, air pollution, and heat waves. [1] 

Populations in the Mountain West will likely face water shortages and 

increased wildfires in the future. [1] Arctic residents will likely experience 

problems caused by thawing permafrost and reduced sea ice. [1] Along the 

coasts and across the western United States, both increasing population and 

changes in climate place growing demands on transportation, water, and 

energy infrastructure. [1][2] The average temperature on the hottest days 

(i.e., those that occur only once in 20 years) are projected to increase by the 

end of the century relative to 1986-2005. Those days will be 10°F to 15°F 

hotter under the ”continued emissions increases” scenario by 2100. USGCRP 

(2014) Thousands of New Orleans evacuees relocated to the Houston 

Astrodome after Hurricane Katrina in 2005. Source: FEMA (2005)Ability to 
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Cope Different groups have different abilities to cope with climate change 

impacts. People who live in poverty may have a difficult time coping with 

changes. These people have limited financial resources to cope with heat, 

relocate or evacuate, or respond to increases in the cost of food.[1] [2] Older 

adults may be among the least able to cope with impacts of climate change. 

Elderly people are particularly prone to heat stress. Source: CDC (2009)Older 

residents make up a larger share of the population in warmer areas of the 

United States. These areas will likely experience higher temperatures, 

tropical storms, or extended droughts in the future.[1] The share of the U.S. 

population composed of adults over age 65 is also projected to grow from 

13% in 2010 to 20% by 2050.[3] Young children are another sensitive age 

group, since their immune system and other bodily systems are still 

developing and they rely on others to care for them in disaster situations. [2] 

To find out more about climate change and health, please visit the Health 

Impacts & Adaptation page. Indigenous Peoples Indigenous communities and 

tribes are diverse and span the United States. While each community and 

tribe is unique, many share characteristics that can affect their ability to 

prepare for, respond to, and cope with the impacts of climate change. These 

include: living in rural areas or places most affected by climate change (like 

communities along the coast) relying on surrounding environment and 

natural resources for food, cultural practices, and income coping with higher 

levels of existing health risks when compared to other groups having high 

rates of uninsured individuals, who have difficulty accessing quality health 

care living in isolated or low income communities[2] Climate change can 

impact the health and well-being of indigenous tribes in many ways. Climate 

change will make it harder for tribes to access safe and nutritious food, 

including traditional foods important to many tribes’ cultural practices. Many 

tribes already lack access to safe drinking water and wastewater treatment 

in their communities. Climate change is expected to increase health risks 

associated with water quality problems like contamination and may reduce 

availability of water, particularly during droughts. By affecting the 
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environment and natural resources of tribal communities, climate change 

also threatens the cultural identities of Indigenous people. As plants and 

animals used in traditional practices or sacred ceremonies become less 

available, tribal culture and ways of life can be greatly affected.   Learn more 

about climate change and the health of indigenous populations. Urban 

Populations City residents and urban infrastructure have distinct 

sensitivities to climate change impacts.[1] For example, heat waves may be 

amplified in cities because cities absorb more heat during the day than 

suburban and rural areas. Cities are more densely populated than suburban 

or rural areas. In fact, about 80% of the U.S. population lives in urban areas. 

As a result, increases in heat waves, drought, or violent storms in cities 

would affect a larger number of people than in suburban or rural areas.[1]  

Higher temperatures and more extreme events will likely affect the cost of 

energy air and water quality, and human comfort and health in cities. City 

dwellers may also be particularly susceptible to vulnerabilities in aging 

infrastructure. This includes drainage and sewer systems, flood and storm 

protection assets, transportation systems, and power supply during periods 

of peak demand, which typically occur during summer heat waves. Impacts 

on Economic Activities and Services Sugarmaker harvesting maple syrup 

near Randolph Center, VT. Source: National Archives (1974)Certain areas of 

the United States benefit from being located close to natural resources that 

support the local economy. Climate change could threaten these resources, as 

well as the goods and services they produce and the jobs and livelihoods of 

those who depend upon them.[1] For example, climate change will likely 

affect farming communities, tourism and recreation, and the insurance 

industry. Communities that developed around the production of different 

agricultural crops, such as corn, wheat, or cotton, depend on the climate to 

support their way of life. Climate change will likely cause the ideal climate for 

these crops to shift northward. Combined with decreasing rural populations, 

as in the Great Plains, a changing climate may fundamentally change many of 

these communities. Certain agricultural products, such as maple syrup and 



 46 

cranberries in the Northeast and grapes for wine in California, may decline 

dramatically in the U.S.[1] These crops would then have to be imported. 

Climate change will also likely affect tourism and recreational activities. A 

warming climate and changes in precipitation patterns will likely decrease 

the number of days when recreational snow activities such as skiing and 

snowmobiling can take place. In the Southwest and Mountain West, an 

increasing number of wildfires could affect hiking and recreation in parks. 

Beaches could suffer erosion due to sea level rise and storm surge. Changes 

in the migration patterns of fish and animals would affect fishing and 

hunting. Communities that support themselves through these recreational 

activities would feel economic impacts as tourism patterns begin to change. 

Click the image to see a larger version. Climate change may make it harder 

and more expensive for many people to insure their homes, businesses, or 

other valuable assets in risk-prone areas, or preclude them from insurance 

altogether.[1]  Insurance is one of the primary mechanisms used to protect 

people and communities against weather-related disasters. We rely on 

insurance to protect investments in real estate, agriculture, transportation, 

and utility infrastructure by distributing costs across society and build 

resilience. Climate change is projected to increase the frequency and 

intensity of extreme weather events, such as heat waves, droughts, and 

floods. These changes are likely to increase losses to property and crops, and 

cause costly disruptions to society. Escalating losses have already affected 

the availability and affordability of insurance in vulnerable areas.[1] The 

graphic above helps to visualize how the different types of identified U.S. 

Billion-dollar disaster events have changed over time. For earlier years, the 

graphic shows events with less than $1 billion in damage at the time of the 

event, but after adjusting for Consumer Price Index (inflation), now exceed 

$1 billion in damages. The coastline of the United States is highly populated.  

Approximately 25 million people live in an area vulnerable to coastal 

flooding.[1][2] Coastal and ocean activities, such as marine transportation of 

goods, offshore energy drilling, resource extraction, fish cultivation, 
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recreation, and tourism are integral to the nations economy, generating 58% 

of the national gross domestic product (GDP).[2] Coastal areas are also home 

to species and habitats that provide many benefits to society and natural 

ecosystems. Oceanic and Atmospheric Administration (NOAA) projects that 

sea level rise will increase flooding in Charleston, South Carolina. Source: 

NOAA Coastal Services Center (2012) Click the image to see a larger 

version.Climate change can affect coastal areas in a variety of ways. Coasts 

are sensitive to sea level rise, changes in the frequency and intensity of 

storms, increases in precipitation, and warmer ocean temperatures. In 

addition, rising atmospheric concentrations of carbon dioxide (CO2) are 

causing the oceans to absorb more of the gas and become more acidic. This 

rising acidity can have significant impacts on coastal and marine ecosystems. 

The impacts of climate change are likely to worsen problems that coastal 

areas already face. Confronting existing challenges that affect man-made 

infrastructure and coastal ecosystems, such as shoreline erosion, coastal 

flooding, and water pollution, is already a concern in many areas. Addressing 

the additional stress of climate change may require new approaches to 

managing land, water, waste, and ecosystems. Top of Page Related Links EPA: 

Climate Change and Water Climate Ready Estuaries Climate Change 

Indicators: Sea Level Climate Change Indicators: Ocean Acidity A Reef 

Managers Guide to Coral Bleaching Coral Reef Management in American 

Samoa Other: USGCRP: Global Climate Change Impacts on US Coasts NOAA: 

Sea Level Rise Viewer NOAA: Sea Levels Trends IPCC: Fifth Assessment 

Report EXIT NAS: Adapting to the Impacts of Climate Change EXIT USGS: Sea 

Level Rise USGCRP: Coastal Sensitivity to Sea-Level Rise - A Focus on the 

Mid-Atlantic Region USGCRP: Adaptation for Climate-Sensitive Ecosystems 

and Resources Sea Level RiseObserved changes in sea level relative to land 

elevation in the United States between 1960 and 2014. Source: EPA (2015) 

Click the image to view a larger version. Since 1901, global sea level has risen 

approximately eight inches.[3][4] In a particular location, the change in sea 

level that is observed will be affected by the increase in global sea level as 
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well as land movement up or down. The motion of land can be caused by 

subsiding coastal lands, oil and water extraction activities, melting ice, or 

tectonic movement. The terms local or relative sea level refer to both the 

global change in sea level and the effects of land motion. Where the land is 

sinking, the rate of relative sea level rise is larger than the global rate. Some 

of the fastest rates of relative sea level rise in the United States are occurring 

in areas where the land is sinking, including parts of the Gulf Coast. For 

example, coastal Louisiana has seen its relative sea level rise by eight inches 

or more in the last 50 years,[2] which is about twice the global rate. 

Subsiding land in the Chesapeake Bay area worsens the effects of relative sea 

level rise, increasing the risk of flooding in cities, inhabited islands, and tidal 

wetlands.[2] Sea Level Rise and Coastal Flooding Impacts Viewer The 

National Oceanic and Atmospheric Administration has developed a tool to 

visualize the potential impacts of sea level rise on coastal communities in the 

United States. NOAAs sea level rise and coastal flooding impacts viewer. 

Source: NOAA (2012) Mostly because of these differences in land motion, 

estimates of future relative sea level rise vary for different regions. Climate 

change models project that global sea level rise will accelerate in the 21st 

century. Models based on thermal expansion and ice melt estimate that 

global sea level is very likely to rise between 1 and 3 feet by the end of the 

century. Typically, these models do not, however, incorporate all of the 

possible responses of ice sheets to warmer temperatures, which could 

further raise sea level, but is unlikely to add more than one foot.[2][4][5] For 

more information on recent and future sea level rise, please visit the Science 

section. Growing populations and development along the coasts increase the 

vulnerability of coastal ecosystems to sea level rise. Development can block 

the inland migration of wetlands in response of sea level rise, and change the 

amount of sediment delivered to coastal areas and accelerate erosion. For 

example, coastal Louisiana lost approximately 2000 square miles of wetlands 

in recent decades due to human alterations of the Mississippi Rivers 

sediment system and oil and water extraction that has caused land to sink. As 
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a result of these changes, wetlands do not receive enough sediment to keep 

up with rising seas, and may no longer function as natural buffers to 

flooding.[6] Rising sea level also increases the salinity of ground water and 

pushes salt water further upstream. Higher salinity can make water 

undrinkable without desalination, and harms many aquatic plants and 

animals.[2] Top of Page Impacts of Changes in Storm Surge and Precipitation 

Coastal areas are also vulnerable to increases in the intensity of storm surge 

and heavy precipitation. Storm surges flood low-lying areas, damage 

property, disrupt transportation systems, destroy habitat, and threaten 

human health and safety. For example, low-lying areas of New York City, 

Long Island, and New Jersey were flooded by several feet of water by the 

storm surge from Superstorm Sandy in 2012.[2][5] Sea level rise could 

magnify the impacts of storms by raising the base on which storm surges 

build.[7] Climate change is likely to bring heavier rainfall to some coastal 

areas, which would also increase runoff and flooding. In addition, warmer 

temperatures in mountain areas could lead to more spring runoff due to 

melting of snow. In turn, increases in spring runoff may also threaten the 

health and quality of coastal waters. Some coastal areas, such as the Gulf of 

Mexico and Chesapeake Bay, are already experiencing dead zones. Dead 

zones occur when land-based sources of pollution (e.g., agricultural 

fertilizers) contribute to algal blooms. When the algae sink and decompose, 

the process depletes the oxygen in the water.  As increases in spring runoff 

bring more nitrogen, phosphorus, and other pollutants into coastal waters, 

many aquatic species could be threatened.[1] Decreases in precipitation 

could also increase the salinity of coastal waters. Droughts reduce fresh 

water input into tidal rivers and bays, which raises salinity in estuaries, and 

enables salt water to mix further upstream.[2] Top of Page Impacts of Coastal 

Water Temperature Coastal waters have warmed during the last century, and 

are very likely to continue to warm in the 21st century [2][5], potentially by 

as much as 4 to 8°F.[8] This warming may lead to big changes in coastal 

ecosystems, affecting species that inhabit these areas. Warming coastal 
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waters cause suitable habitats of temperature-sensitive species to shift 

poleward. Some areas have recently seen range shifts in both warm- and 

cold-water fish and other marine species. Pollock, halibut, rock sole, and 

snow crab in Alaska and mangrove trees in Florida are a few of the species 

whose habitats have already begun to shift.[2][5] Suitable habitats of other 

species may also shift, because they cannot compete for limited resources 

with the southern species that are moving northward.[1] For more 

information on climate change impacts on species, visit the Ecosystems page. 

Top of Page Climate Ready Estuaries Program Estuaries are particularly 

sensitive to many projected impacts of climate change, including erosion 

from rising seas, changes in storms frequency and intensity, and the amount 

of precipitation. EPAs Climate Ready Estuaries program works with National 

Estuary Programs and other coastal managers to: Assess climate change 

vulnerabilities. Engage and educate stakeholders. Develop and implement 

adaptation strategies. Share lessons learned with other coastal managers. 

The Climate Ready Estuaries website provides resources for estuaries and 

coastal programs that are interested in learning more about climate change 

impacts and adaptation. To learn more about estuaries, visit the National 

Estuaries Program web page. Impacts to Coral Reefs and Shellfish Bleached 

brain coral. Source: NOAAHigher sea surface temperatures increase the risks 

of coral bleaching, which can lead to coral death and the loss of critical 

habitat for other species.[2] The rising concentration of carbon dioxide (CO2) 

in the atmosphere has increased the absorption of CO2 in the ocean, which 

subsequently makes the oceans more acidic. This trend is very likely to 

continue in the coming decades. A more acidic ocean adversely affects the 

health of many marine species, including plankton, mollusks, and other 

shellfish. In particular, corals can be very sensitive to rising acidity, as it is 

difficult for them to create and maintain the skeletal structures needed for 

their support and protection. Corals in the Florida Keys, Hawaii, Puerto Rico, 

and other U.S. territories are likely to experience substantial losses if CO2 

concentrations in the atmosphere continue to rise at their current rate.[2] In 
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the United States, forests occupy approximately 740 million acres, about one 

third of the countrys total land area.[2] Americas forests provide many 

benefits and services to society, including clean water and air, recreation, 

wildlife habitat, carbon storage, climate regulation, and a variety of forest 

products.[2] Climate influences the structure and function of forest 

ecosystems and plays an essential role in forest health. A changing climate 

may worsen many of the threats to forests, such as pest outbreaks, fires, 

human development, and drought. Extent and type of forest cover in the 

United States. View larger: U.S. Forest Service, National Atlas.Climate changes 

directly and indirectly affect the growth and productivity of forests through 

changes in temperature, rainfall, weather, and other factors. In addition, 

elevated levels of carbon dioxide have an effect on plant growth. These 

changes influence complex forest ecosystems in many ways. In conjunction 

with the projected impacts of climate change, forests face impacts from land 

development, suppression of natural periodic forest fires, and air pollution. 

Although it is difficult to separate the effects of these different factors, the 

combined impact is already leading to changes in our forests. As these 

changes are likely to continue in the decades ahead, some of the valuable 

goods and services provided by forests may be compromised. To learn more 

about examples of projected regional changes in forests, see the Northeast, 

Southeast, Southwest, and Alaska regional impacts pages. Top of Page 

Related Links EPA Carbon Sequestration in Agriculture and Forestry Climate 

Ready Estuaries Other National Climate Assessment: Forests USFS: Climate 

Change Resource Center USDA: Climate Change DOI: Climate Change 

USGCRP: Climate Change and Agriculture, Land Resources, Water Resources, 

and Biodiversity IPCC: Fifth Assessment Report EXIT Impacts on Forest 

Growth and Productivity Many aspects related to climate change are likely to 

affect forest growth and productivity. Three examples are described below: 

increases in temperature, changes in precipitation, and increases in carbon 

dioxide (CO2). Warming temperatures generally increase the length of the 

growing season. It also shifts the geographic ranges of some tree species. 
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Habitats of some types of trees are likely to move north or to higher altitudes. 

Other species will be at risk locally or regionally if conditions in their current 

geographic ranges are no longer suitable.[2] For example, species that 

currently exist only on mountaintops in some regions may die out as the 

climate warms since they cannot shift to a higher altitude. Climate change 

will likely increase the risk of drought in some areas and the risk of extreme 

precipitation and flooding in others. Increased temperatures alter the timing 

of snowmelt, affecting the seasonal availability of water. Although many trees 

are resilient to some degree of drought, increases in temperature could make 

future droughts more damaging than those experienced in the past. In 

addition, drought increases wildfire risk, since dry trees and shrubs provide 

fuel to fires. Drought also reduces trees ability to produce sap, which protects 

them from destructive insects such as pine beetles.[5] Carbon dioxide is 

required for photosynthesis, the process by which green plants use sunlight 

to grow. Given sufficient water and nutrients, increases in atmospheric CO2 

may enable trees to be more productive, which may change the distribution 

of tree species. Growth will be highest in nutrient-rich soils with no water 

limitation, and will decrease with decreasing fertility and water supply.[2] 

Projected shifts in forest types. The maps show recent and projected forest 

types. Major changes are projected for many regions. For example, in the 

Northeast, under a lower emissions scenario, the currently dominant maple-

beech-birch forest type (red shading) is projected to be displaced by the oak-

hickory forest type in a warmer future. Source: USGCRP (2009) Click the 

image to view a larger version. Top of Page Impacts of Disturbances Climate 

change could alter the frequency and intensity of forest disturbances such as 

insect outbreaks, invasive species, wildfires, and storms. These disturbances 

can reduce forest productivity and change the distribution of tree species. In 

some cases, forests can recover from a disturbance. In other cases, existing 

species may shift their range or die out. In these cases, the new species of 

vegetation that colonize the area create a new type of forest. The brown and 

red trees in this picture have been infested by mountain pine beetles near 
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Winter Park, Colorado in May 2007. Source: CCSP (2008)Insect outbreaks 

often defoliate, weaken, and kill trees. For example, by 2007, pine beetles had 

damaged more than  650,000 acres of forest in Colorado and spruce beetles 

had damaged more than 3.7 million acres in southern Alaska and western 

Canada.[2] The hemlock woolly adelgid, an invasive species that is sensitive 

to cold weather and destroys Eastern hemlock, will likely extend its habitat 

north as the climate warms.[6] A lack of natural controls, such as predators 

or pathogens, as well as inadequate defenses in trees, can allow insects to 

spread. Climate change could contribute to an increase in the severity of 

future insect outbreaks. Rising temperatures may enable some insect species 

to develop faster, alter their seasonal life cycles, and expand their ranges 

northward. Invasive plant species can displace important native vegetation 

because the invasive species often lack natural predators. Climate change 

could benefit invasive plants that are more tolerant the environmental 

conditions resulting from climate change than are native plants.[2][5] In 

2011, wildfires consumed more than 8 million acres of forest in the U.S. (an 

area roughly the size of Maryland), causing 15 deaths and more than $1.9 

billion in damages. Warm temperatures and drought conditions during the 

early summer contributed to this event.[3] Climate change is projected to 

increase the extent, intensity, and frequency of wildfires in certain areas of 

the country. Warmer spring and summer temperatures, coupled with 

decreases in water availability, dry out woody materials in forests and 

increase the risk of wildfire. Fires can also contribute to climate change, since 

they can cause rapid, large releases of carbon dioxide to the atmosphere.[2] 

This figure shows annual wildfire-burned area (in millions of acres) from 

1983 to 2015.  (The two lines represent two different reporting systems, 

shown for comparison).  The extent of area burned by wildfires each year 

appears to have increased since the 1980s. According to National 

Interagency Fire Center data, of the 10 years with the largest acreage burned, 

nine have occurred since 2000, including the peak year in 2015. This period 

coincides with many of the warmest years on record nationwide.  Source: 
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Climate Change Indicators in the United States Click the image to view a 

larger version. Hurricanes, ice storms, and wind storms can cause damage to 

forests. Hurricanes Rita and Katrina in 2005 damaged a total of 5,500 acres 

of forest. The amount of carbon released by these trees as they decay is 

roughly equivalent to the net amount of carbon sequestered by all U.S. 

forests in a single year.[2] Case Study: Effects of Climate Change on Rocky 

Mountain National Park Forests Changes in Rocky Mountain National Park in 

Colorado demonstrate the impacts that many forests are experiencing or may 

experience in the future. Summer temperatures have been increasing in the 

park, recent beetle outbreaks have been especially severe, snowpack has 

been melting earlier, and a nearby glacier has shrunk. Park managers 

anticipate additional warming, reductions in snowpack, shifts in habitats to 

higher elevations, and losses of some sensitive species. The National Park 

Service is exploring ways to manage fire risks and minimize the impacts from 

invasive species.[4] Disturbances can interact with one another, or with 

changes in temperature and precipitation, to increase risks to forests. For 

example, drought can weaken trees and make a forest more susceptible to 

wildfire or insect outbreaks. Similarly, wildfire can make a forest more 

vulnerable to pests.[2][3] The combination of drought and outbreaks of 

beetles has damaged piñon pine forests in the Southwest. In the United 

States, transportation systems are designed to withstand local weather and 

climate. Transportation engineers typically refer to historical records of 

climate, especially extreme weather events, when designing transportation 

systems. For example, bridges are often designed to withstand storms that 

have a probability of occurring only once or twice every 100 

years.[1]However, due to climate change, historical climate is no longer a 

reliable predictor of future risk. Climate change is projected to increase the 

frequency and intensity of some extreme weather events. Specifically, heat 

waves will likely be more severe, sea level rise could amplify storm surges in 

coastal areas, and precipitation will likely be more intense.[2] These changes 

could increase the risk of delays, disruptions, damage, and failure across our 
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land-based, air, and marine transportation systems. Most transportation 

infrastructure being built now is expected to last for 50 years or longer.[1] 

Therefore, it is important to understand how future climate might affect 

these investments in the coming decades. Top of Page Impacts on Land-

Based Transportation Climate changes will likely impact roadways, ice roads, 

vehicles, and railways. Impacts on Roadways Higher temperatures can cause 

pavement to soften and expand. This can create rutting and potholes, 

particularly in high-traffic areas and can place stress on bridge joints. Heat 

waves can also limit construction activities, particularly in areas with high 

humidity. With these changes, it could become more costly to build and 

maintain roads and highways. On the other hand, certain areas may 

experience cost savings and improved mobility from reduced snowfall and 

less-frequent winter storms since warmer winters may lead to reductions in 

snow and ice removal, as well as salting requirements.[1][2] Climate change 

is projected to concentrate rainfall into more intense storms. Heavy rains 

may result in flooding, which could disrupt traffic, delay construction 

activities, and weaken or wash out the soil and culverts that support roads, 

tunnels, and bridges.[1][2] Tropical Storm Irene damaged 2,000 roads, 1,000 

culverts, and 200 miles of rail, and closed 200 bridges in Vermont in 2011. 

Source: USGCRP (2014)Exposure to flooding and extreme snow events also 

shortens the life expectancy of highways and roads. The stress of water and 

snow may cause damage, requiring more frequent maintenance, repairs, and 

rebuilding. Road infrastructure in coastal areas is particularly sensitive to 

more frequent and permanent flooding from sea level rise and storm surges. 

Approximately 60,000 miles of coastal roads in the United States are already 

exposed to flooding from coastal storms and high waves. Furthermore, major 

highways in coastal areas serve as critical evacuation routes. Evacuation 

routes must be protected from flooding and damage so they may be used for 

emergencies.[2] In some locations, warmer temperatures are projected to 

cause more winter precipitation to fall as rain instead of snow. Winter 

flooding could occur more frequently if the frozen ground cannot absorb 
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precipitation. Landslides and wash-outs could also occur more frequently, as 

saturated soils are exposed to more rainwater. Drought in areas such as the 

Southwest could increase the likelihood of wildfires that reduce visibility and 

threaten roads and infrastructure.[1][2] In the Gulf Coast, 2,400 miles of 

major roadway could be permanently flooded by sea level rise in the next 50 

to 100 years. This map shows elevation levels surrounding roadways at risk 

under relative sea level rise of about four feet—within the range of end-of-

century projections for this region (under medium- and high-emissions 

scenarios). In total, 24% of interstate highway miles and 28% of secondary 

road miles in the Gulf Coast region are at elevations below 4 feet. Source: 

USGCRP (2014) Click the image to view a larger version. Impacts on Ice 

Roads Freezing temperatures are required for ice roads in Alaska. These are 

frozen routes used to connect northern communities, as well as the oil, gas, 

and mining industries. The tundra beneath these frozen roads is fragile, so 

transportation is limited to periods when the ground is frozen. Warming 

temperatures would reduce the number of days when ice roads are open, 

limiting transportation access to these areas.[2] To learn more about the 

impacts of climate change on transportation infrastructure in Alaska, please 

visit the Alaska Impacts & Adaptation page. Impacts on Vehicles As 

temperatures increase, many types of vehicles can overheat, and tires will 

deteriorate more quickly. However, milder winters, reductions in the number 

of cold days, delays in winter freezing, and earlier spring thaws may reduce 

cold-weather damage to vehicles.[1] Impacts on Railways Hurricane Sandy 

caused flooding in New York City subway stations in 2012. Source: USGCRP 

(2014)High temperatures cause rail tracks to expand and buckle. More 

frequent and severe heat waves may require track repairs or speed 

restrictions to avoid derailments.[1] Heavy precipitation could also lead to 

delays and disruption, and tropical storms and hurricanes can also flood or 

leave debris on railways, disrupting rail travel and freight transport. For 

example, the June 2008 Midwest floods closed major east-west rail lines for 

several days.[1][2]Like roadways, coastal railways and subways are subject 
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to inundation from sea level rise and storm surges. This is particularly true in 

underground pathways and tunnels, which are often already below sea level. 

For example, after Hurricane Sandy hit New York City and New Jersey 

subway and commuter rail systems with a 14-foot storm surge, millions of 

people were left without subway service for over a week in 2012.[2] 

Damages from flooding may require rail lines and subway infrastructure to 

be rebuilt or raised in future expansion projects.[1][2] Top of Page Impacts 

on Air Transportation Climate changes may impact airplanes, airports, and 

airstrips, affecting air travel and infrastructure. Impacts on Air Travel 

Periods of extreme heat can affect aircraft performance and may cause 

airplanes to face cargo restrictions, flight delays, and cancellations. However, 

warmer weather in winter will reduce the need for airplane de-icing.[2] In 

the winter and spring, increased rains and flooding may also disrupt air 

travel. Storms can force entire airports to close, as occurred along the Gulf 

Coast during Hurricane Katrina and throughout the Northeast during 

Hurricane Sandy.[1][2] Climate change may increase the frequency of these 

events and the number of airports that are affected. Impacts on Air 

Transportation Infrastructure In addition to causing closures or delays, 

flooding may damage facilities, including airstrips. Thirteen of the 47 largest 

U.S. airports have at least one runway within 12 feet of sea level, making 

them particularly vulnerable to coastal storm surge and inundation.[2] For 

example, in the tri-state area of New York, New Jersey, and Connecticut, 

many critical transportation infrastructure facilities (including Newark and 

LaGuardia airports) lie within the range of current and projected 50-year 

coastal storm surges.[1] Many airstrips in Alaska are built on permafrost 

(perennially frozen soils). Warmer temperatures will thaw permafrost and 

cause the ground to settle, potentially damaging the foundation and structure 

of key infrastructure. Runways and airports may require rebuilding, 

relocation, or increased maintenance.[1][2] Top of Page Impacts on Marine 

Transportation Climate changes will likely affect marine transportation 

infrastructure and logistics in many ways, both positive and negative. 
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Impacts on Ships and Sea Lanes Ships are sensitive to many factors, including 

the depth of a channel and the extent of sea ice. Increasing temperatures 

could reduce the amount of sea ice in many important shipping lanes, 

extending the shipping season. Warmer winters will likely lead to less snow 

and ice accumulation on vessels, decks, and rigging in marine transportation. 

In the Arctic, warmer temperatures could also open up the possibility of a 

Northwest Passage during portions of the year, which could reduce shipping 

times and distances. However, these new passages may also provide a 

pathway for invasive species transport and survival.[1][2] Shipping lanes 

experiencing sea level rise will be able to accommodate larger ships, 

reducing shipping costs. However, higher sea levels will mean lower 

clearance under waterway bridges. In inland waterways where water levels 

are expected to decline, as in parts of the Great Lakes, ships could face weight 

restrictions, as channels become too shallow.[1][2] Changes in precipitation 

can affect shipping in many ways. Flooding could close shipping channels, 

and increased runoff from extreme precipitation events could cause silt and 

debris to build up, leading to shallower and less accessible channels. 

Channels that are not regularly maintained or have a lower capacity to store 

sedimentation are more vulnerable to abrupt disruptions in service. More 

severe storms could also increase disruptions in marine travel and shipping. 

In areas experiencing increasing drought, water levels could periodically 

decrease, limiting inland shipping on rivers.[1][2] Impacts on Ports and 

Infrastructure Hurricane Katrina damaged boats in Gulf Coast ports. Source: 

NOAALike other coastal infrastructure, harbor facilities, including docks and 

bridges, may have to be raised and fortified to accommodate higher tides and 

storm surges as sea levels rise. The combination of relative sea level rise, 

land subsidence, and more intense hurricanes and tropical storms could lead 

to significant disruptions and damage.[1][2] One particularly vulnerable area 

is the Gulf Coast, which is home to seven of the 10 largest ports in the United 

States, and brought in 56% of the oil imported into the U.S. in 2011. 

Resources on Climate Change Impacts on Transportation The Impacts of 
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Climate Change on Gulf Coast Transportation Under the U.S. Global Change 

Research Program, the Department of Transportation, in partnership with 

the U.S. Geological Survey, is conducting a detailed case study on the impacts 

of climate change on transportation systems and infrastructure in the Gulf 

Coast region. The first report of this study focused on the impacts of climate 

change on Gulf Coast transportation systems and infrastructure. The second 

report (released partially in 2012 and 2013) provides tools and guidance to 

help state and local transportation planners assess vulnerability and adapt to 

potential climate impacts. Transportation and Climate Change: An 

Assessment by the National Research Council In 2008, the National Research 

Council’s Transportation Research Board conducted an in-depth study of the 

impacts of climate change on land, marine, and air transportation in the 

United States. The report recommends that state and local governments, as 

well as private infrastructure providers, incorporate climate change into 

long-term improvement plans, design, and operations and maintenance 

activities. It also discusses the potential benefits of using “smart” 

technologies for monitoring infrastructure, reevaluating infrastructure 

design standards, updating maps used for flood insurance, and integrating 

climate change into transportation and land use planning. Climate is an 

important environmental influence on ecosystems. Changing climate affects 

ecosystems in a variety of ways. For instance, warming may force species to 

migrate to higher latitudes or higher elevations where temperatures are 

more conducive to their survival. Similarly, as sea level rises, saltwater 

intrusion into a freshwater system may force some key species to relocate or 

die, thus removing predators or prey that are critical in the existing food 

chain. Climate change not only affects ecosystems and species directly, it also 

interacts with other human stressors such as development. Although some 

stressors cause only minor impacts when acting alone, their cumulative 

impact may lead to dramatic ecological changes.[1] For instance, climate 

change may exacerbate the stress that land development places on fragile 

coastal areas. Additionally, recently logged forested areas may become 



 60 

vulnerable to erosion if climate change leads to increases in heavy rain 

storms. Top of Page Changes in the Timing of Seasonal Life Cycle Events For 

many species, the climate where they live or spend part of the year 

influences key stages of their annual life cycle, such as migration, blooming, 

and reproduction. As winters have become shorter and milder, the timing of 

these events has changed in some parts of the country: Related Links EPA: 

Ecosystems Services Research Climate Ready Estuaries Other: National 

Climate Assessment: Ecosystems, Biodiversity, and Ecosystem Services IPCC: 

Fifth Assessment Report EXIT NAS: Americas Climate Choices EXIT USGCRP: 

Climate Change and Agriculture, Land Resources, Water Resources, and 

Biodiversity UNEP: Links between Biodiversity and Climate Change EXIT U.S. 

FWS: Landscape Conservation Cooperatives Terminology An ecosystem 

refers to the animals, plants, and microorganisms that live in one place, as 

well as the environmental conditions that support them. Ecosystem 

servicesinclude the products and services provided by ecosystems, such as 

food, fuel, timber, water, clean air, and medicines. It also includes less 

material benefits, such as regulation of local climate conditions and aesthetic 

value or cultural identity.[11] An ecological threshold is the point at which 

there is an abrupt change in an ecosystem quality, property, or phenomenon, 

or where small changes in one or more external conditions produce large and 

persistent responses in an ecosystem.[8] A biome is a large, naturally 

occurring community of plants and animals occurring in a regional or global 

land area. A food web is a group of predators and prey that interact in a 

habitat or ecosystem. A stressor is a factor that reduces the health or 

productivity of an ecosystem (i.e., causes stress). Earlier springs have led to 

earlier nesting for 28 migratory bird species on the East Coast of the United 

States.[1] Northeastern birds that winter in the southern United States are 

returning north in the spring 13 days earlier than they did in a century 

ago.[2] In a California study, 16 out of 23 butterfly species shifted their 

migration timing and arrived earlier.[2] Because species differ in their ability 

to adjust, asynchronies can develop, increasing species and ecosystem 
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vulnerability. These asynchronies can include mismatches in the timing of 

migration, breeding, pest avoidance, and food availability. Growth and 

survival are reduced when migrants arrive at a location before or after food 

sources are present.[2][3] Top of Page Range Shifts As temperatures 

increase, the habitat ranges of many North American species are moving 

north and to higher elevations. In recent decades, in both land and aquatic 

environments, plants and animals have moved to higher elevations at a 

median rate of 36 feet (0.011 kilometers) per decade, and to higher latitudes 

at a median rate of 10.5 miles (16.9 kilometers) per decade. While this means 

a range expansion for some species, for others it means movement into less 

hospitable habitat, increased competition, or range reduction, with some 

species having nowhere to go because they are already at the top of a 

mountain or at the northern limit of land suitable for their habitat.[4][5] 

These factors lead to local extinctions of both plants and animals in some 

areas.  As a result, the ranges of vegetative biomes are projected to change 

across 5-20% of the land in the United States by 2100.[4] For example, boreal 

forests are invading tundra, reducing habitat for the many unique species 

that depend on the tundra ecosystem, such as caribou, arctic foxes, and 

snowy owls. Other observed changes in the United States include a shift in 

the temperate broadleaf/conifer forest boundary in the Green Mountains of 

Vermont; a shift in the shrubland/conifer forest boundary in New Mexico; 

and an upward elevation shift of the temperate mixed/conifer forest 

boundary in Southern California. As rivers and streams warm, warmwater 

fish are expanding into areas previously inhabited by coldwater species.[5] 

As waters warm, coldwater fish, including many highly-valued trout and 

salmon species, are losing their habitat, with projections of 47% habitat loss 

by 2080.[4]  In certain regions in the western United States, losses of western 

trout populations may exceed 60 percent, while in other regions, losses of 

bull trout may reach about 90 percent.[5]Range shifts disturb the current 

state of the ecosystem and can limit opportunities for fishing and hunting. 

See the Agriculture and Food Supply Impacts page for information about how 
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habitats of marine species have shifted northward as waters have warmed. 

Top of Page Food Web Disruptions The impact of climate change on a 

particular species can ripple through a food web and affect a wide range of 

other organisms. For example, the figure below shows the complex nature of 

the food web for polar bears. Not only is the decline of sea ice impairing polar 

bear populations by reducing the extent of their primary habitat, it is also 

negatively impacting them via food web effects. Declines in the duration and 

extent of sea ice in the Arctic leads to declines in the abundance of ice algae, 

which thrive in nutrient-rich pockets in the ice. These algae are eaten by 

zooplankton, which are in turn eaten by Arctic cod, an important food source 

for many marine mammals, including seals. Seals are eaten by polar bears. 

Hence, declines in ice algae can contribute to declines in polar bear 

populations.[2][6][7] The Arctic food web is complex. The loss of sea ice can 

ultimately affect the entire food web, from algae and plankton to fish to 

mammals. Source: NOAA (2011) Click the image to see a larger version. Top 

of Page The Pika The American pika is a hamster-sized relative of the rabbit 

that is found in the cold, mountainous of the western United States. Because 

of their sensitivity to hot temperatures, the warming climate is causing pika 

populations to die off at elevations below 7,000 feet. Of 25 pika populations 

studied in the Great Basin between the Rocky Mountains and the Sierra 

Nevada, more than one third have disappeared in the past few decades. 

However, because of their retreat to colder climates, they are well-

distributed in higher elevations and are not endangered species.[5][12] 

Climate change is likely the leading factor decreasing the populations and 

shifting habitat range of the American pika (Ochotona princeps). Source: 

National Climate Assessment (2009). Penguins and Climate Change: A Case of 

Winners and Losers Even within a single ecosystem, there can be winners 

and losers from climate change. The Adélie and Chinstrap penguins in 

Antarctica provide a good example. The two species depend on different 

habitats for survival: Adélies inhabit the winter ice pack, whereas Chinstraps 

remain close to open water. During the past 50 years, a 7–9°F increase in 
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midwinter temperatures on the western Antarctic Peninsula has led to a loss 

of sea ice. Over the past 25 years, the population of Adélie penguins 

decreased by 22%, while the population of Chinstrap penguin increased by 

an estimated 400%.[13] Buffer and Threshold Effects Ecosystems can serve 

as natural buffers from extreme events such as wildfires, flooding, and 

drought.  Climate change and human modification may restrict ecosystems’ 

ability to temper the impacts of extreme conditions, and thus may increase 

vulnerability to damage. Examples include reefs and barrier islands that 

protect coastal ecosystems from storm surges, wetland ecosystems that 

absorb floodwaters, and cyclical wildfires that clear excess forest debris and 

reduce the risk of dangerously large fires.[4] In some cases, ecosystem 

change occurs rapidly and irreversibly because a threshold, or tipping point, 

is passed. One area of concern for thresholds is the Prairie Pothole Region in 

the north-central part of the United States. This ecosystem is a vast area of 

small, shallow lakes, known as prairie potholes or playa lakes. These 

wetlands provide essential breeding habitat for most North American 

waterfowl species. The pothole region has experienced temporary droughts 

in the past. However, a permanently warmer, drier future may lead to a 

threshold change—a dramatic drop in the prairie potholes that host 

waterfowl populations, which subsequently provide highly valued hunting 

and wildlife viewing opportunities.[8] Similarly, when coral reefs become 

stressed from increased ocean temperatures, they expel microorganisms that 

live within their tissues and are essential to their health. This is known as 

coral bleaching. As ocean temperatures warm and the acidity of the ocean 

increases, bleaching and coral die-offs are likely to become more frequent. 

Chronically stressed coral reefs are less likely to recover.[5][9] Top of Page 

Pathogens, Parasites, and Disease Climate change and shifts in ecological 

conditions could support the spread of pathogens, parasites, and diseases, 

with potentially serious effects on human health, agriculture, and fisheries. 

For example, the oyster parasite, Perkinsus marinus, is capable of causing 

large oyster die-offs. This parasite has extended its range northward from 
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Chesapeake Bay to Maine, a 310-mile expansion tied to above-average winter 

temperatures.[10] For more information about climate change impacts on 

agriculture, visit the Agriculture and Food Supply Impacts page. To learn 

more about climate change impacts on human health, visit the Health 

Impacts page. Top of Page Extinction Risks Climate change, along with 

habitat destruction and pollution, is one of the important stressors that can 

contribute to species extinction. The IPCC estimates that 20-30% of the plant 

and animal species evaluated so far in climate change studies are at risk of 

extinction if temperatures reach the levels projected to occur by the end of 

this century.[1] Global rates of species extinctions are likely to approach or 

exceed the upper limit of observed natural rates of extinction in the fossil 

record.[1] Examples of species that are particularly climate sensitive and 

could be at risk of significant losses include animals that are adapted to 

mountain environments, such as the pika; animals that are dependent on sea 

ice habitats, such as ringed seals and polar bears; and coldwater fish, such as 

salmon in the Pacific Northwest.[4][5] The impacts of climate change include 

warming temperatures, changes in precipitation, increases in the frequency 

or intensity of some extreme weather events, and rising sea levels. These 

impacts threaten our health by affecting the food we eat, the water we drink, 

the air we breathe, and the weather we experience. The severity of these 

health risks will depend on the ability of public health and safety systems to 

address or prepare for these changing threats, as well as factors such as an 

individuals behavior, age, gender, and economic status. Impacts will vary 

based on a where a person lives, how sensitive they are to health threats, 

how much they are exposed to climate change impacts, and how well they 

and their community are able to adapt to change. People in developing 

countries may be the most vulnerable to health risks globally, but climate 

change poses significant threats to health even in wealthy nations such as the 

United States. Certain populations, such as children, pregnant women, older 

adults, and people with low incomes, face increased risks; see the section 

below on Populations of Concern. Top of Page Temperature-Related Impacts 
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Warmer average temperatures will lead to hotter days and more frequent 

and longer heat waves.[2] These changes will lead to an increase in heat-

related deaths in the United States—reaching as much as thousands to tens 

of thousands of additional deaths each year by the end of the century during 

summer months. These deaths will not be offset by the smaller reduction in 

cold-related deaths projected in the winter months.[1] However, adaptive 

responses, such as wider use of air conditioning, are expected to reduce the 

projected increases in death from extreme heat.[1] Projected changes in 

several climate variables for 2046-2065 with respect to the 1981-2000 

average for the RCP6.0 scenario. These include the coldest night of the year 

(top left) and the hottest day of the year (top right). By the middle of this 

century, the coldest night of the year is projected to warm by 6°F to 10°F 

over most of the country, with slightly smaller changes in the south. The 

warmest day of the year is projected to be 4°F to 6°F warmer in most areas. 

Also shown are projections of the wettest day of the year (bottom left) and 

the annual longest consecutive dry day spell (bottom right). Extreme 

precipitation is projected to increase, with an average change of 5% to 15% 

in the precipitation falling on the wettest day of the year. The length of the 

annual longest dry spell is projected to increase in most areas, but these 

changes are small: less than two days in most areas.[1] Click the image to 

view a larger version. Exposure to extreme heat can lead to heat stroke and 

dehydration, as well as cardiovascular, respiratory, and cerebrovascular 

disease.[3][4] Excessive heat is more likely to affect populations in northern 

latitudes where people are less prepared to cope with excessive 

temperatures. Certain types of populations are more vulnerable than others: 

for example, outdoor workers, student athletes, and homeless people tend to 

be more exposed to extreme heat because they spend more time outdoors. 

Low-income households and older adults may lack access to air conditioning 

which also increases exposure to extreme heat. Additionally, young children, 

pregnant women, older adults, and people with certain medical conditions 

are less able to regulate their body temperature and can therefore be more 
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vulnerable to extreme heat.[1] Human Health Risks in Your State Our 

interactive map features climate-related health risks by state and actions you 

can take to reduce these risks. Urban areas are typically warmer than their 

rural surroundings. Large metropolitan areas such as St. Louis, Philadelphia, 

Chicago, and Cincinnati have seen notable increases in death rates during 

heat waves.[2] Climate change is projected to increase the vulnerability of 

urban populations to heat-related health impacts in the future. Heat waves 

are also often accompanied by periods of stagnant air, leading to increases in 

air pollution and associated health effects.[2] This figure shows the 

relationship between high temperatures and deaths observed during the 

1995 Chicago heat wave. The large spike in deaths in mid-July (red line) is 

much higher than the average number of deaths during that time of year 

(orange line), as well as the death rate before and after the heat wave. 

Source: EPA (2014) Click the image to view a larger version. Top of Page 

Related Links EPA: Climate Change Indicators in the U.S. Extreme Heat: What 

You Can Do to Prepare Heat Island Effect Climate Change and Childrens 

Health Climate Change in the United States: Benefits of Global Action 

Synthesis of Climate Change Impacts on Ground-Level Ozone EPA AirNow 

Other: USGCRP: Impacts of Climate Change on Human Health in the United 

States CDC: Climate Change and Public Health IPCC: Fifth Assessment Report 

EXIT NRC: Americas Climate Choices EXIT NIH: Human Health Perspectives 

on Climate Air Quality Impacts Changes in the climate affect the air we 

breathe both indoors and outdoors. Warmer temperatures and shifting 

weather patterns can worsen air quality, which can lead to asthma attacks 

and other respiratory and cardiovascular health effects.[1] Wildfires, which 

are expected to continue to increase in number and severity as the climate 

changes, create smoke and other unhealthy air pollutants.[1] Rising carbon 

dioxide levels and warmer temperatures also affect airborne allergens, such 

as ragweed pollen. Despite significant improvements in U.S. air quality since 

the 1970s, as of 2014 about 57 million Americans lived in counties that did 

not meet national air quality standards.[5] Climate change may make it even 
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harder for states to meet these standards in the future, exposing more people 

to unhealthy air. Increases in Ozone Scientists project that warmer 

temperatures from climate change will increase the frequency of days with 

unhealthy levels of ground-level ozone, a harmful air pollutant, and a 

component in smog.[1] People exposed to higher levels of ground-level 

ozone are at greater risk of dying prematurely or being admitted to the 

hospital for respiratory problems.[1] Ground-level ozone can damage lung 

tissue, reduce lung function, and inflame airways. This can aggravate asthma 

or other lung diseases. Children, older adults, outdoor workers, and those 

with asthma and other chronic lung diseases are particularly at risk.[5] Smog 

in Los Angeles decreases visibility and can be harmful to human health. 

Source: California Air Resources Board (2014)Because warm, stagnant air 

tends to increase the formation of ozone, climate change is likely to increase 

levels of ground-level ozone in already-polluted areas of the United States 

and increase the number of days with poor air quality.[1] The higher 

concentrations of ozone due to climate change may result in tens to 

thousands of additional ozone-related illnesses and premature deaths per 

year by 2030 in the United States, assuming no change in projected air 

quality policies.[1] Changes in Particulate Matter Particulate matter is the 

term for a category of extremely small particles and liquid droplets 

suspended in the atmosphere. Fine particles include those smaller than 2.5 

micrometers (about one ten-thousandth of an inch). Some particulate matter 

such as dust, wildfire smoke, and sea spray occur naturally, while some is 

created by human activities such as the burning of fossil fuels to produce 

energy. These particles may be emitted directly or may be formed in the 

atmosphere from chemical reactions of gases such as sulfur dioxide, nitrogen 

dioxide, and volatile organic compounds. Inhaling fine particles can lead to a 

broad range of adverse health effects, including lung cancer, chronic 

obstructive pulmonary disease (COPD), and cardiovascular disease.[1] 

Climate change is expected to increase the number and severity of wildfires. 

Particulate matter from wildfire smoke can often be carried very long 
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distances by the wind, affecting people who live far from the source of this air 

pollutant. Older adults are particularly sensitive to short-term particle 

exposure, with a higher risk of hospitalization and death.[1] Outdoor 

workers like firefighters can also have high exposure. Due to the complex 

factors that influence atmospheric levels of fine particulate matter, scientists 

do not yet know whether climate change will increase or decrease particulate 

matter concentrations across the United States.[1][6][7] Particulate matter 

can be removed from the air by rainfall, and precipitation is expected to 

increase in quantity though not necessarily frequency. Climate-related 

changes in stagnant air episodes, wind patterns, emissions from vegetation 

and the chemistry of atmospheric pollutants will also affect particulate 

matter levels.[1] Climate Change and Human Health Quiz Think you have 

what it takes to score 100%? Take our quiz to see how much you know about 

the health impacts of climate change! Changes in Allergens and Asthma 

Triggers Allergic illnesses, including hay fever, affect about one-third of the 

U.S. population, and more than 34 million Americans have been diagnosed 

with asthma.[1] Climate change may affect allergies and respiratory 

health.[1] The spring pollen season is already occurring earlier in the United 

States for certain types of plants, and the length of the season has increased 

for some plants with highly allergenic pollen such as ragweed.[1] In addition 

to lengthening the ragweed pollen season, rising carbon dioxide 

concentrations and temperatures may also lead to earlier flowering, more 

flowers, and increased pollen levels in ragweed.[1][4] Top of Page Impacts 

from Extreme Weather Events Increases in the frequency or severity of some 

extreme weather events, such as extreme precipitation, flooding, droughts, 

and storms, threaten the health of people during and after the event.[1] The 

people most at risk include young children, older adults, people with 

disabilities or medical conditions, and the poor. Extreme events can affect 

human health in a number of ways by: Hurricane Katrina was one of the most 

devastating hurricanes in the United States, responsible for an estimated 971 

to 1,300 deaths. Source: NOAAReducing the availability of safe food and 
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drinking water.[1] Damaging roads and bridges, disrupting access to 

hospitals and pharmacies.[1] Interrupting communication, utility, and health 

care services.[1] Contributing to carbon monoxide poisoning from improper 

use of portable electric generators during and after storms.[1] Increasing 

stomach and intestinal illness, particularly following power outages.[1] 

Creating or worsening mental health impacts such as depression and post-

traumatic stress disorder (PTSD).[1] In addition, emergency evacuations 

pose health risks to older adults, especially those with limited mobility who 

cannot use elevators during power outages. Evacuations may be complicated 

by the need for concurrent transfer of medical records, medications, and 

medical equipment. Some individuals with disabilities may also be 

disproportionally affected if they are unable to access evacuation routes, 

have difficulty in understanding or receiving warnings of impending danger, 

or have limited ability to communicate their needs. Top of Page Vectorborne 

Diseases Vectorborne diseases are illnesses that are transmitted by disease 

vectors, which include mosquitoes, ticks, and fleas. These vectors can carry 

infectious pathogens, such as viruses, bacteria, and protozoa, from animals to 

humans. Changes in temperature, precipitation, and extreme events 

increases the geographic range of diseases spread by vectors and can lead to 

illnesses occurring earlier in the year. The geographic range of ticks that 

carry Lyme disease is limited by temperature. As air temperatures rise, ticks 

are likely to become active earlier in the season, and their range is likely to 

continue to expand northward.[1] Typical symptoms of Lyme disease include 

fever, headache, fatigue, and a characteristic skin rash. Mosquitoes thrive in 

certain climate conditions and can spread diseases like West Nile virus. 

Extreme temperatures—too cold, hot, wet, or dry—influence the location 

and number of mosquitoes that transmit West Nile virus. More than three 

million people were estimated to be infected with West Nile virus in the 

United States from 1999 to 2010.[1] The spread of climate-sensitive diseases 

will depend on both climate and non-climate factors such as land use, 

socioeconomic and cultural conditions, pest control, access to health care, 
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and human responses to disease risk. The United States has public health 

infrastructure and programs to monitor, manage, and prevent the spread of 

many diseases. The risks for climate-sensitive diseases can be much higher in 

poorer countries that have less capacity to prevent and treat illness.[8] West 

Nile virus is maintained in transmission cycles between birds (the natural 

hosts of the virus) and mosquitoes. Human infections can occur from a bite of 

a mosquito that has previously bitten an infected bird. Warmer winters, 

longer frost-free season, and earlier spring arrival may influence the 

migration patterns and fledgling survival of birds that are the natural host of 

West Nile virus. In addition, rising temperature, changing precipitation 

patterns, and a higher frequency of extreme weather events are likely to 

influence the distribution and abundance of mosquitoes that transmit West 

Nile virus. Source: USGCRP (2016) Click the image to view a larger version. 

Top of Page Water-Related Illnesses People can become ill if exposed to 

contaminated drinking or recreational water. Climate change increases the 

risk of illness through increasing temperature, more frequent heavy rains 

and runoff, and the effects of storms. Health impacts may include 

gastrointestinal illness like diarrhea, effects on the bodys nervous and 

respiratory systems, or liver and kidney damage.[1] Climate impacts can 

affect exposure to waterborne pathogens (bacteria, viruses, and parasites 

such asCryptosporidium and Giardia); toxins produced by harmful algal and 

cyanobacterial blooms in the water; and chemicals that end up in water from 

human activities.[1] Changing water temperatures mean that waterborne 

Vibrio bacteria and harmful algal toxins will be present in the water or in 

seafood at different times of the year, or in places where they were not 

previously threats.[1] Runoff and flooding resulting from increases in 

extreme precipitation, hurricane rainfall, and storm surge will increasingly 

contaminate water bodies used for recreation (such as lakes and beaches), 

shellfish harvesting waters, and sources of drinking water.[1] Extreme 

weather events and storm surges can damage or exceed the capacity of water 

infrastructure (such as drinking water or wastewater treatment plants), 
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increasing the risk that people will be exposed to contaminants.[1] Water 

resource, public health, and environmental agencies in the United States 

provide many public health safeguards to reduce risk of exposure and illness 

even if water becomes contaminated. These include water quality 

monitoring, drinking water treatment standards and practices, beach 

closures, and issuing advisories for boiling drinking water and harvesting 

shellfish. Top of Page Food Safety and Nutrition Climate change and the 

direct impacts of higher concentrations of carbon dioxide in the atmosphere 

are expected to affect food safety and nutrition.[1] Extreme weather events 

can also disrupt or slow the distribution of food.[1] Higher air temperatures 

can increase cases of Salmonella and other bacteria-related food poisoning 

because bacteria grow more rapidly in warm environments. These diseases 

can cause gastrointestinal distress and, in severe cases, death.[1] Practices to 

safeguard food can help avoid these illnesses even as the climate changes. 

Climate change will have a variety of impacts that may increase the risk of 

exposure to chemical contaminants in food. For example, higher sea surface 

temperatures will lead to higher mercury concentrations in seafood, and 

increases in extreme weather events will introduce contaminants into the 

food chain through stormwater runoff.[1] Higher concentrations of carbon 

dioxide in the air can act as a fertilizer for some plants, but lowers the levels 

of protein and essential minerals in crops such as wheat, rice, and potatoes, 

making these foods less nutritious.[1] Extreme events, such as flooding and 

drought, create challenges for food distribution if roads and waterways are 

damaged or made inaccessible. The food system involves a network of 

interactions with our physical and biological environments as food moves 

from production to consumption, or from farm to table. Rising CO2 and 

climate change will affect the quality and distribution of food, with 

subsequent effects on food safety and nutrition. Source: USGCRP (2016) Click 

the image to view a larger version. Top of Page Mental Health Any changes in 

a persons physical health or surrounding environment can also have serious 

impacts on their mental health. In particular, experiencing an extreme 
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weather event can cause stress and other mental health consequences, 

particularly when a person loses loved ones or their home.[1] Individuals 

with mental illness are especially vulnerable to extreme heat; studies have 

found that having a pre-existing mental illness tripled the risk of death 

during heat waves.[1] People taking medication for mental illness that makes 

it difficult to regulate their body temperature are particularly at risk. Even 

the perceived threat of climate change (for example from reading or 

watching news reports about climate change) can influence stress responses 

and mental health.[1] Some groups of people are at higher risk for mental 

health impacts, such as children and older adults, pregnant and post-partum 

women, people with pre-existing mental illness (see above), people with low 

incomes, and emergency workers.[1] Top of Page Populations of Concern 

Climate and Health Factsheets Learn about how climate change will affect 

your health over the course of your life, and see its impacts on eight different 

populations of concern. View the factsheets » Some groups of people are 

more vulnerable than others to health risks from climate change.[1] Three 

factors contribute to vulnerability: sensitivity, which refers to the degree to 

which people or groups are affected by a stressor such as higher 

temperatures; exposure, which refers to physical contact between a person 

and a stressor; and adaptive capacity, which refers to an ability to adjust to 

or avoid potential hazards. For example, while older adults are sensitive to 

extreme heat, an older person living in an air-conditioned apartment wont be 

exposed as long as she stays indoors, and as long as she can afford to pay for 

the electricity to run the air conditioner. Her ability take these actions is a 

measure of her adaptive capacity. Some populations are especially 

vulnerable to climate health risks due to particular sensitivities, high 

likelihood of exposure, low adaptive capacity, or combinations of these 

factors. Communities of color (including Indigenous communities as well as 

specific racial and ethnic groups), low income, immigrants, and limited 

English proficiency face disproportionate vulnerabilities due to a wide 

variety of factors, such as higher risk of exposure, socioeconomic and 
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educational factors that affect their adaptive capacity, and a higher 

prevalence of medical conditions that affect their sensitivity.[1] Children are 

vulnerable to many health risks due to biological sensitivities and more 

opportunities for exposure (due to activities such as playing outdoors). 

Pregnant women are vulnerable to heat waves and other extreme events, like 

flooding.[1] Older adults are vulnerable to many of the impacts of climate 

change. They may have greater sensitivity to heat and contaminants, a higher 

prevalence of disability or preexisting medical conditions, or limited financial 

resources that make it difficult to adapt to impacts.[1] Occupational groups, 

such as outdoor workers, paramedics, firefighters, and transportation 

workers, as well as workers in hot indoor work environments, will be 

especially vulnerable to extreme heat and exposure to vectorborne 

diseases.[1] People with disabilities can be very vulnerable during extreme 

weather events, unless communities ensure that their emergency response 

plans specifically accommodate them. People with chronic medical 

conditions are typically vulnerable to extreme heat, especially if they are 

taking medications that make it difficult to regulate body temperature.[1] 

Power outages can be particularly threatening for people reliant on certain 

medical equipment. Top of Page Other Health Impacts Other linkages exist 

between climate change and human health. For example, changes in 

temperature and precipitation, as well as droughts and floods, will affect 

agricultural yields and production.[9] In some regions of the world, these 

impacts may compromise food security and threaten human health through 

malnutrition, the spread of infectious diseases, and food poisoning. The 

worst of these effects are projected to occur in developing countries, among 

vulnerable populations.[8] Declines in human health in other countries can 

affect the United States through trade, migration, and immigration and has 

implications for national security.[1][4] Although the impacts of climate 

change have the potential to affect human health in the United States and 

around the world, there is a lot we can do to prepare for and adapt to these 

changes—such as establishing early warning systems for heat waves and 
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other extreme events, taking steps to reduce vulnerabilities among 

populations of concern, raising awareness among healthcare professionals, 

and ensuring that infrastructure is built to accommodate anticipated future 

changes in climate. Understanding the threats that climate change poses to 

human health is the first step in working together to lower risks and be 

prepared. Observed trends in annual surface soil moisture per year between 

1988 and 2010 based on satellite data. USGCRP (2014) Click the image to 

view a larger version. Water resources are important to both society and 

ecosystems. We depend on a reliable, clean supply of drinking water to 

sustain our health. We also need water for agriculture, energy production, 

navigation, recreation, and manufacturing. Many of these uses put pressure 

on water resources, stresses that are likely to be exacerbated by climate 

change. Related Links EPA: Climate Change and Water Climate Change and 

Water: Planning and Management Learn About Water Climate Ready Water 

Utilities Other: National Climate Assessment: Water USGCRP: Climate Change 

and Agriculture, Land Resources, Water Resources, and Biodiversity IPCC: 

Fifth Assessment Report EXIT IPCC: Technical Paper on Climate Change and 

Water EXIT NAS: Americas Climate Choices EXIT USGS: Water Resources of 

the United States USGS: The Water Cycle Energy.gov (Information about 

renewable energy production, including hydroelectricity, by state) In many 

areas, climate change is likely to increase water demand while shrinking 

water supplies. This shifting balance would challenge water managers to 

simultaneously meet the needs of growing communities, sensitive 

ecosystems, farmers, ranchers, energy producers, and manufacturers. In 

some areas, water shortages will be less of a problem than increases in 

runoff, flooding, or sea level rise. These effects can reduce the quality of 

water and can damage the infrastructure that we use to transport and deliver 

water. Top of Page Water Cycle and Water Demand The water cycle (shown 

in the following figure) is a delicate balance of precipitation, evaporation, and 

all of the steps in between. Warmer temperatures increase the rate of 

evaporation of water into the atmosphere, in effect increasing the 
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atmospheres capacity to hold water.[1] Increased evaporation may dry out 

some areas and fall as excess precipitation on other areas. Changes in the 

amount of rain falling during storms provide evidence that the water cycle is 

already changing. Over the past 50 years, the amount of rain falling during 

very heavy precipitation events has increased for most of the United States.  

This trend has been greatest in the Northeast, Midwest, and upper Great 

Plains, where the amount of rain falling during the most intense 1% of 

storms has increased more than 30%.[1]  Warming winter temperatures 

cause more precipitation to fall as rain rather than snow. Furthermore, rising 

temperatures cause snow to begin melting earlier in the year. This alters the 

timing of streamflow in rivers that have their sources in mountainous 

areas.[1] As temperatures rise, people and animals need more water to 

maintain their health and thrive. Many important economic activities, like 

producing energy at power plants, raising livestock, and growing food crops, 

also require water. The amount of water available for these activities may be 

reduced as Earth warms and if competition for water resources increases.[1] 

Projected changes in the water cycle. Source: USGCRP 2009 Click the image 

to view a larger version. Colorado River Water Supply[1][2] The Colorado 

River system is a major source of water supply for the Southwest. It supplies 

water for 33 million people in the cities of Los Angeles, Phoenix, Las Vegas, 

and Denver. Recent droughts, reductions in winter precipitation and snow 

pack, and warmer, drier springs have caused water supplies in Colorado 

River reservoirs to decrease. Expected climate change impacts on Colorado 

River water supply include: Increased year-to-year changes in water storage 

in reservoirs are possible, even under current conditions. Decreased 

hydropower. For every 1% decrease in streamflow in the Colorado River 

Basin, there is a 3% decrease in hydroelectric power generation for the 

region. Reductions in river discharge and runoff from snowmelt. Annual 

snowmelt runoff could also shift to earlier in the spring. Top of Page Water 

Supply Matching satellite images show the decline in Lake Powell and the 

Colorado River between 1999 and 2014. NASA (2014)Many areas of the 
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United States, especially the West, currently face water shortages. The 

amount of water available in these areas is already limited, and demand will 

continue to rise as population grows. Many areas in the West have 

experienced less rain over the past 50 years, as well as increases in the 

severity and length of droughts; this has been especially of concern in the 

Southwest.[1][3] In the western part of the United States, less total annual 

rainfall, less snowpack in the mountains, and earlier snowmelt mean that less 

water will likely be available during the summer months when demand is 

highest. This will make it more difficult for water managers to satisfy water 

demands throughout the course of the year.[2][5] Top of Page Water Quality 

Water quality could suffer in areas experiencing increases in rainfall. For 

example, in the Northeast and Midwest increases in heavy precipitation 

events could cause problems for the water infrastructure, as sewer systems 

and water treatment plants are overwhelmed by the increased volumes of 

water.[1] Heavy downpours can increase the amount of runoff into rivers 

and lakes, washing sediment, nutrients, pollutants, trash, animal waste, and 

other materials into water supplies, making them unusable, unsafe, or in 

need of water treatment.[2] For information about how climate change and 

water quality affect public health, visit the Health Impacts & Adaptation page. 

Heavy rain in 2004 damaged the city water system in Asheville, North 

Carolina. Source: USGCRP (2009)Freshwater resources along the coasts face 

risks from sea level rise. As the sea rises, saltwater moves into freshwater 

areas. This may force water managers to seek other sources of fresh water, or 

increase the need for desalination (or removal of salt from the water) for 

some coastal freshwater aquifers used as drinking water supply.[1] In 

addition, as more freshwater is removed from rivers for human use, 

saltwater will move farther upstream. Drought can cause coastal water 

resources to become more saline as freshwater supplies from rivers are 

reduced. Water infrastructure in coastal cities, including sewer systems and 

wastewater treatment facilities, faces risks from rising sea levels and the 

damaging impacts of storm surges.[2] Coastal Water Supply [1][4][5][6][7] 
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The quality of water supply in coastal and island regions is at risk from rising 

sea level and changes in precipitation. Rising sea level and the occurrence of 

drought can increase the salinity of both surface water and ground water 

through salt water intrusion. For example, the freshwater Everglades 

currently recharge Floridas Biscayne aquifer, a natural underground area 

that collects water and is the primary water supply to the Florida Keys. If 

rising sea levels submerge low-lying areas of the Everglades, portions of the 

aquifer would become saline. Sea level rise can also push salty water 

upstream in coastal areas, threatening surface water supplies. Aquifers in 

New Jersey east of Philadelphia are recharged by fresh portions of the 

Delaware River, which become saline during severe droughts. Freshwater 

resources on some islands, especially small islands and atolls, can be limited, 

as supply depends on shallow aquifers, which are recharged by precipitation. 

These freshwater lenses float on top of the saltwater, and rising sea level 

diminishes the area above sea level in which the lens can reside. (For more 

detailed information, see the illustration on page 158 of this Climate Change 

Science Program Report(320 pp, 7.6 M, About PDF)). Sea level rise can turn 

these shallow aquifers brackish through saltwater intrusion and droughts 

reduce the water available from other sources, further stressing these limited 

water supplies. Biscayne Aquifer provides almost all of the freshwater for the 

Keys, Miami, and the lower East Coast of Florida. Although a small part of the 

aquifer is beneath salty mangrove area, most of it is recharged by the 

freshwater Everglades. As sea level rises, saltwater will invade part of the 

Everglades, threatening both that ecosystem and the aquifer that lies beneath 

it. Source: EPA (2002) Click the image to view a larger version. Impacts of 

Changes in Water Resources on Other Sectors The impacts of climate change 

on water availability and water quality will affect many sectors, including 

energy production, infrastructure, human health, agriculture, and 

ecosystems. For more information on these impacts, please visit the 

following sectoral impacts pages 
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