Climate Change Is Already Impacting the US
Summary by Gene Fry
	July 4, 2009 - Man-made climate change is already impacting the United States, and its effects will get much worse in the coming century, according to "Global Climate Change Impacts in the United States."  The June 16 report, summarized below and led by National Oceanic and Atmospheric Administration (NOAA) scientists, is available at www.globalchange.gov.  The report combines information from scientific assessments and recent research to summarize observed and projected U.S. consequences of climate change.  It combines analysis of national impacts on various sectors (farms, energy, water, and transportation) with assessments of key regional impacts.
Changes are already happening.  US rainfall rose 5% over past 50 years.  The amount in major storms rose 20% over 100 years, especially in the Northeast (up 67%) and Midwest (up 31%).  Seas have risen up to eight inches in places.
Changes will continue, but faster.  Warmer temperatures melt glaciers and make the ocean expand.  Seas might rise 2.3 feet this century near New York City and 2.9 feet in Hampton Roads, Virginia. Temperatures now reached only once every 20 years might happen every other year or so by 2100.
At the heart of things, global warming observed over the past 50 years is unequivocal and due mostly to human emissions of greenhouse gases (GHGs).  These come mainly from burning coal, oil, and gas.  Clearing forests and agricultural practices are also significant. 
	Warming this century will likely be much greater than last century’s (up 1.5ºF since 1900): probably 4°-11ºF.  US temperatures will very likely rise more than global ones, but with much variation from place to place.  Increases will likely near 4°F if GHG emissions are cut deeply, but near 11.5°F without cuts.  Volcanic eruptions will occasionally interrupt human-induced warming for 1-3 years.  
	Reducing carbon dioxide (CO2) emissions would lessen warming over this century and beyond.  Sizable early emission cuts would significantly reduce the pace and amount of climate change, much better than comparable reductions later.  Moreover, reducing emissions of methane and black soot could begin to reduce warming in weeks to decades.  
	Climate-related changes already observed include higher air and water temperatures; fewer frost days; more and heavier downpours; sea level rise; reduced snow cover, glaciers, permafrost, and sea ice; more ice-free days on lakes and rivers; longer growing seasons; and more water vapor in the air.  Over 30 years, temperatures have risen fastest in winter, more than 7ºF in the Midwest and northern Great Plains.  Some changes have outpaced previous assessments.  
	These climate-related changes will continue, while new ones develop.  These changes will affect human health, water supply, agriculture, coastal areas, and so much else.  Changes include stronger (not more) hurricanes - with related increases in wind, rain, and storm surges - but drying in the Southwest and Caribbean.  Sea-level rise will increase erosion, storm surge damage, and flooding, especially in the Southeast and Alaska.  Reduced snowpack and earlier snowmelt will alter the timing and amount of water supplies, a major challenge for the West.  
	Societal and ecosystem adjustments to climate changes take time, but projected rapid and large overall changes over this century will be difficult to cope with.  For example, it is difficult and expensive to alter or replace long-lived infrastructure (e.g., buildings, bridges, roads, ports) in the face of continuous and/or abrupt climate change.  
	Impacts will become increasingly severe for more people and places as warming increases.  Rapid warming causes large impacts on natural ecosystems and the benefits they provide humans.  Some climate change impacts will be irreversible, such as species extinctions and land lost to rising seas.  
	Unanticipated impacts of increasing CO2 and climate change have happened.  More are possible in future years.  For example, increased atmospheric CO2 is increasing ocean acidity.  This reduces the ability of corals and other sea life to build shells and skeletons from calcium carbonate.  Future impacts might stem from major alterations in oceans, ice, or storms; or ecological changes like massive dislocations of species or pest outbreaks.  Unexpected socio-economic changes would also affect our ability to respond to climate change.  Faster and more warming make responses harder. 
	Climate change projections came from careful analyses using global climate models on the world’s most advanced computers.  The projections used plausible scenarios of human activity that lead to a range of GHG emissions.  None assumed policies to address climate change.  However, emission levels varied with assumptions about population, economic activity, energy technology choices, and other factors.  Climate projections illustrated that fewer emissions result in less climate change and thus reduced impacts over this century and beyond.  In all scenarios, large and sustained changes in many climate aspects appeared by mid-21st century, and even larger ones by 2100, including very large changes with higher emissions.  
	With high confidence, warming will be greatest in the Arctic and mid-continent.  With high confidence, precipitation will continue rising in the Arctic and sub-Arctic, but fall in the regions just outside the tropics.  Transition zone locations are less certain.  Natural climate variations can be substantial and, on regional and local scales, temporarily mask progressive climate change.  The accuracy of regional projections now is much better than in early years.  
	The report also discusses how society can mitigate or adapt to climate change.  Mitigation typically limits climate change by reducing GHG emissions or removing GHGs from the air.  Adaptation responds to climatic and other environmental conditions to reduce harm.  Effective mitigation reduces the need for adaptation.  Both are essential to a comprehensive climate change response strategy.  
	Mitigation reduces CO2 emissions by (1) improving energy efficiency, (2) using non- or low-CO2 energy sources, (3) CO2 capture and storage, and so on.  Emissions reductions now or soon mean slower and smaller climate changes, which make adaptation more tractable.  
	Even with fast and deep GHG emission reductions, some climate change and its impacts will continue, due to the effects of GHGs already released.  First, some GHGs are very long-lived and their levels will remain high for centuries or more.  Second, the Earth’s vast oceans have absorbed 5/6 of the heat added by more GHGs, and will retain that heat for centuries.  Third, energy-supply (power plants, etc.) and energy-use systems (cars, etc.) cannot be changed overnight. 
	Examples of adaptation include farmers growing crop varieties better suited to warmer or drier conditions; companies relocating key business centers away from vulnerable coastal areas; and communities altering zoning and building codes to put fewer structures in harm’s way.  Some adaptation options are now being pursued in various regions and sectors, but there are limits to how much adaptation can achieve.  
	Humans have adapted to changing climatic conditions in the past, but future adaptations will be particularly difficult, as we will be adapting to a rapidly moving target.  Climate will change in ways hard to predict, but continuously and rapidly, and outside the range of civilization’s experience, with major surprises.  
	U.S. vulnerability to climate change is linked to the fates of other nations.  A common response to climate change has been to move to places with more benign climates.  Conflicts or mass cross-border migrations of people - due to food, water, land and energy scarcity, or to epidemics or stresses - will threaten U.S. national security.  Full evaluation of climate change impacts on the U.S. without considering the impacts elsewhere is impossible.
	The report identifies areas where inadequate information or understanding hampers estimation of future climate change and its impacts.  For example, knowledge of changes in tornadoes, hail, and ice storms is quite limited, as is research on ecological responses to climate change and our understanding of social responses.
	The main conclusions in the report are reiterated below.
• Global warming is unequivocal and primarily human-induced.
• Climate change already affects US water, energy, transportation, agriculture, ecosystems, and health.  These impacts will grow. 
• Climate change will increasingly stress water resources in every region.  Drought – from less rain, more evaporation, and more transpiration from plants – affects, and will impact even more, many regions, especially the West.  Floods and declining mountain snowpacks (vital natural water storage) impact the West and Alaska. 
• Crop and livestock production will be increasingly challenged.  Many crops show positive responses to more CO2 and modest warming, but much higher temperatures often negatively affect growth and yields.  Increased pests, water stress, diseases, and weather extremes pose adaptation challenges for crops and livestock. 
• Rising seas bring storm surges, erosion and flooding, especially along Atlantic and Gulf Coasts.  Energy and transportation infrastructure are very likely to be harmed.
• Risks to human health will increase - from heat stress, waterborne diseases, poor air quality, extreme weather events, and insect/rodent-borne diseases.
• Climate change will combine with pollution, population growth, resource overuse, urbanization, and other stresses to create larger impacts than from any factor alone. 
• Crossing thresholds will lead to large changes in climate and ecosystems, such as the end of sea ice and permafrost and the demise of a large fraction of species, some vital to human society.  Crossing additional thresholds is expected. 
	

