	Executive Summary 
Introduction
New observations and new research have increased scientists’ understanding of past, current, and future climate change since the 3rd U.S. National Climate Assessment (NCA3) was published in May 2014.  This Climate Science Special Report (CSSR) is designed to capture that new information, build on the existing body of science, and summarize the current state of knowledge. 
Predicting how climate will change in future decades is a different scientific issue from predicting weather a few weeks from now.  Weather is what is happening in the atmosphere in a given location at a particular time—temperature, humidity, winds, clouds, and precipitation.  Climate consists of the patterns exhibited by the weather—the averages and extremes of the indicated weather phenomena and how those averages and extremes vary from month to month over the course of a typical year—as observed over a period of decades.  One can sensibly speak of the climate of a specific location (for example, Chicago) or a region (for example, the Midwest).  Climate change means that these weather patterns—the averages and extremes and their timing—are shifting in consistent directions from decade to decade. 
The world has warmed (globally and annually averaged surface air temperature) by about 1.6°F (0.9°C) over the last 150 years (1865–2015).  And the spatial and temporal non-uniformity of the warming has triggered many other changes to the Earth’s climate. Evidence for a changing climate abounds, from the top of the atmosphere to the depths of the oceans.  1,000s of studies conducted by 10s of 1,000s of scientists around the world have documented changes in surface, atmospheric, and oceanic temperatures; melting glaciers; disappearing snow cover; shrinking sea ice; rising sea level; and an increase in atmospheric water vapor.  Many lines of evidence demonstrate that human activities, especially emissions of greenhouse (heat-trapping) gases, are primarily responsible for recent observed climate changes.
The last few years have also seen record-breaking, climate-related, weather extremes, as well as the warmest years on record for the globe.  Periodically taking stock of the current state of knowledge about climate change and putting new weather extremes into context ensures that rigorous, scientifically based information is available to inform dialogue and decisions at every level.
Most of this special report is intended for those who have a technical background in climate science and is also designed to provide input to the authors of the 4th U.S. National Climate Assessment (NCA4).  In this executive summary, green boxes present highlights of the main report, followed by related bullet points and selected figures covering more scientific details.  The summary material on each topic presents the most salient points of chapter findings and, therefore, represents only a subset of the report contents.  For more details, the reader is referred to the content of individual chapters.  This report discusses climate trends and findings at several scales: global, nationwide for the United States, and according to 10 specific U.S. regions (shown in Figure 1 in the Guide to the Report).  A statement of scientific confidence also follows each bullet in the executive summary.  The confidence scale is described in the Guide to the Report.
Global and U.S. Temperatures Will Continue to Rise
Long-term temperature observations are among the most consistent and widespread evidence of a warming planet. Temperature (and, above all, its local averages and extremes) affects agricultural productivity, energy use, human health, infrastructure, natural ecosystems, and many other essentials aspects of society and the natural environment. (Ch. 1)
Observed Global and U.S. Temperature
The global, long-term, and unambiguous warming trend has continued during recent years.  Since the last National Climate Assessment was published, 2014 became the warmest year on record up to that time; 2015 surpassed 2014 by a wide margin; and 2016 is expected to surpass 2015. 15 of the last 16 years are the warmest years on record for the globe. (Ch. 1; Fig. ES-1)
• Global annual surface temperature, measured over both land and ocean, has increased by more than 1.6°F (0.9°C) from 1880 through 2015 (very high confidence).  Longer-term climate records indicate that average temperatures in recent decades, over much of the world, have been much higher than at any time in at least the past 1700 years (high confidence). (Ch. 1)
• Many lines of evidence demonstrate that human activities, especially emissions of greenhouse gases, are primarily responsible for observed climate changes in the industrial era.  There are no alternative explanations, and no natural cycles are found in the observational record that can explain the observed changes in climate. (very high confidence) (Ch. 1)
• The likely range of human contribution to the global mean temperature increase over the period 1951-2010 is 1.1° to 1.3°F (0.6° to 0.7°C), which is close to the observed warming of 1.2°F (0.65°C) over this period (high confidence).  It is extremely likely that most of the global mean temperature increase since 1951 was caused by human influence (high confidence).  The estimated influence of natural forcing and internal variability on globally and annually averaged temperatures over that period is small (high confidence). (Ch. 3)
• Natural variability, including El Niño events and other recurring patterns of ocean-atmosphere interactions, has important climate impacts on short time scales, but its influence is limited on global and regional climate trends over longer timescales (that is, a decade or more). (very high confidence) (Ch. 1)
• The average annual temperature of the contiguous United States has increased by about 1.2°F (0.7°C) between 1901 and 2015.  Surface and satellite data both show rapid warming since the late 1970s, while paleo-temperature evidence shows that recent decades are the warmest in at least the past 1,500 years. (high confidence) (Ch. 6)
• For the contiguous United States, the largest temperature change (from the average temperature in the early 1980s, compared to the average of the last 30 years) have occurred in the western United States, where average temperatures increased by more than 1.5°F (0.8°C) across the Northwest and Southwest, and in the Northern Great Plains. (very high confidence). (Ch. 6)
		Figure ES.1 Global Temperatures Continue to Rise [see original PDF]
Projected Global and U.S. Temperature
• Global climate is projected to continue to change over this century and beyond.  Even if humans immediately ceased emitting greenhouse gases into the atmosphere, existing levels would commit the world to at least an additional 0.5°F (0.3°C) of warming over this century, relative to today (high confidence).  The magnitude of climate change beyond the next few decades depends primarily on the additional amount of greenhouse gases emitted globally, and on the sensitivity of Earth’s climate to those emissions (very high confidence). (Ch. 1, 4; Fig. ES.2)
	The average annual temperature of the contiguous United States is projected to continue to rise throughout the century. (very high confidence). (Ch. 6; Fig. ES.3)
• For the United States, near-term increases at least 2.5°F (1.4°C) are projected over the next few decades, even under significantly reduced future emissions, meaning that the temperatures of recent record-setting years will become relatively common in the near future.  Increases will be much larger by late century (5.0°F [2.8°C] under a scenario with lower emissions and 8.7°F [4.8°C] under a scenario with higher emissions). (high confidence) (Ch. 6; Fig. ES.3)
Figure ES.2 Greater Emissions Lead to Significantly More Warming [see original PDF]
Figure ES.3 Significantly More Warming Occurs under higher Greenhouse Gas Concentrations [see original PDF]

Many Temperature and Precipitation Extremes Are Becoming More Common
	The increases in extreme weather that accompany global climate change are having significant, direct effects on the United States and the global economy and society.  Temperature and precipitation extremes can affect water quality and availability, agricultural productivity, human health, vital infrastructure, iconic ecosystems and species, and the likelihood of disasters.  Some extremes have already become more frequent, intense, or of longer duration.  Any many extremes are expected to continue to increase or worsen, presenting substantial challenges for built, agricultural, and natural systems.  Some stars types - such as hurricanes, tornadoes, and winter storms - are also exhibiting changes that have been linked to climate change, although detailed understanding of these linkages is still insufficient in the current state of science.
The frequency and intensity of heavy precipitation and extreme heat events are increasing in most regions of the world and will very likely continue to rise in the future.  Trends for some other types of extreme events, such as floods, droughts, and severe storms, vary by region. (very high confidence) (Ch. 1)
• Extremely cold days have become warmer since the early 1900s, and extremely warm days have become warmer since the early 1960s.  In recent decades, extreme cold waves have become less common, while extreme heat waves have become more common. (very high confidence) (Ch. 6)
• Heavy precipitation events across the United States have increased in both intensity and frequency since 1901.  There are important regional differences in trends; the largest increases occurred in the northeastern United States (high confidence). (Ch. 7)
• The frequency and severity of landfalling “atmospheric rivers” on the U.S. West Coast (narrow streams of moisture that account for 30%-40% of precipitation and snowpack in the region and are associated with severe flooding events) are projected to increase, as a result of increasing evaporation and resulting higher atmospheric water vapor content that occurs with increasing temperature. (medium confidence) (Ch. 9)
• Recent droughts and associated heat waves have reached record intensities in some regions of the United States.  But, by geographical scale and duration, the Dust Bowl era of the 1930s remains the benchmark drought and extreme heat event in the U.S. historical record. (very high confidence) (Ch. 8)
• Reductions in western U.S. winter and spring snowpack are projected as the climate warms.  Under higher-emissions scenarios, and assuming no change to current water-resources management, chronic, long-lasting, hydrological drought is possible by the end of the century. (very high confidence) (Ch. 8)
• For Atlantic and eastern North Pacific hurricanes and western North Pacific typhoons, increases are projected in precipitation rates (high confidence) and intensity (medium confidence).  The frequency pf the most intense storms is projected to increase in the Atlantic and western North Pacific (low confidence) and in the eastern North Pacific (medium confidence). (Ch. 9)
Figure ES.4 Extreme Precipitation Has Increased across the United States  [see original PDF]
Figure ES.5 Extreme Cold Days Are Warming; Extreme Hot Days Dominated by 1930s Dust Bowl  [see original PDF]

Box ES.1  The Connected Climate System: Changes Halfway across the World Are Affecting the United States
Weather conditions and the way they vary across regions and over the course of the year are influenced, in the United States as elsewhere, by a combination of fixed and variable factors, including local conditions (such as topography and urban heat islands), global trends (such as human-caused warming), and global and regional circulation patterns, including cyclical and chaotic patterns of natural variability within the climate system.  For example, during an El Niño year, winters across the southwestern United States are typically wetter than average, and global temperatures are warmer than average.  During a La Niña year, conditions across the southwestern United States are typically dry, and there tends to be a cooling effect on global temperatures.
El Niño is not the only repeating pattern of natural variability in the climate system.  Other important patterns include the North Atlantic Oscillation (NAO) / Northern Annular Mode (NAM) that particularly affects conditions on the U.S. East Coast, and the North Pacific Oscillation (NPO) and Pacific North American Pattern (PNA) that especially affect conditions in Alaska and the U.S. West Coast, all of which are closely linked to other atmospheric circulation phenomena, like the position of the jet streams.  The influences of human activities on the climate system are now so pervasive that the current and future behavior of these previous “natural” climate features can no longer be assumed to be independent of those human influences. (Ch. 5)
Understanding the full scope of human impacts on climate requires a global focus, because of the interconnected nature of the climate system.  For example, the climate of the Arctic and the climate of the contiguous United States are strongly connected through atmospheric circulation patterns.  While the Arctic may seem physically remote to those living in other regions of the planet, the climate effects of perturbations to Arctic sea ice, land ice, surface temperature, snow cover, and permafrost affect the amount of warming, sea level change, carbon cycle impacts, and potentially even weather patterns in the lower 48 states.  The Arctic is warming at a rate approximately twice as fast as the global average and, if it continues to warm at the same rate, Septembers will be nearly ice-free in the Arctic Ocean sometime between now and the 2040s.  The important influence of Arctic climate change on Alaska is apparent; understanding the details of how climate change in the Arctic is affecting the climate in the contiguous United States is an area of active research. (Ch. 11)
Changes in the tropics can also impact the rest of the globe, including the United States.  There is growing evidence that the tropics have expanded over the past several decades, with an associated shift towards the poles of the subtropical dry zones in each hemisphere.  The exact causes of the shift in the latitude of the dry zones, and its implications, are not yet clear, although the shift is associated with projected drying of the American southwest over the rest of the century. (Ch. 5)
End Box ES.1

Figure ES.6 Large-Scale Patterns of Natural Variability, Now Being Influenced by Human activities, Affect U.S. Climate [see original PDF]

Oceans Are Rising, Warming, and Becoming More Acidic
Oceans occupy 2/3 of the planet’s surface.  They host unique ecosystems and species, including those important for global commercial and subsistence fishing.  Understanding climate impacts on the ocean and the ocean’s feedbacks to the climate system is critical for a comprehensive understanding of current and future changes in climate.
More than 90% of the extra heat being trapped inside the climate system by human emissions is being absorbed by the ocean (very high confidence), and the rate of acidification by uptake of CO2 is faster than in at least the past 66 million years (medium confidence). (Ch. 13)
• Global mean sea level (GMSL) has risen by about 8-9 inches since 1880, with about 3 inches of that rise occurring since 1990 (very high confidence).  Human-ciased climate change has made a substantial contribution to GMSL rise since 1900 (high confidence), contributing to a rate of rise faster than during any comparable period for at least 2800 years (medium confidence). (Ch. 12; Fig. ES.7)
• Relative to the year 2000, GMSL is very likely to rise by 0.3-0.6 feet by 2030; 0.5-1.2 feet by 2050; and 1-4 feet by 2100 (very high confidence in lower bounds of each of these predictions; medium confidence in upper bounds for 2030 and 302050; low confidence in upper bounds for 2100). (Ch. 12)
•Differences in emissions trajectories over the next 2 decades (se Fig ES.2) and beyond are estimated to have little effect on the projected amount of GMSL rise over the next few decades, but significantly affect how much more GMSL should be expect by the end of th century (high confidence).  Emerging scientific results regarding ice-sheet stability suggests that, under a higher scenario, a GMSL rise exceeding 8 feet by 2100 cannot be ruled out. (Ch. 12)
• In most projections, GMSL will continue to rise beyond 2100 and even beyond 2200.  The concept of a “sea level rise commitment” refers to the long-term projected sea level rise were the planet’s temperature stabilized at a given level.  The paleo sea level record suggests that even a 2°C (3.6°F) of warming above pre-industrial global temperature may represent a commitment to 6 or more feet of rise (high confidence). (Ch. 12)
• Relative sea level (RSL) rise in this century will vary along U.S. coastlines, due to vertical land motion and changes in ocean circulation, as well as changes in Earth’s gravitational field and rotation from melting land ice (very high confidence).  For almost all future scenarios, RSL rise in likely to be greater than the global average in the U.S. Northeast and the western Gulf of Mexico.  In intermediate and low scenarios, RSL is likely to be less than the global average much of the Pacific Northwest and Alaska.  For high scenarios, RSL is likely to be higher than the global average along all U.S. coastlines outside Alaska (high confidence). (Ch. 12)
• Annual occurrences of daily tidal flooding – exceeding local thresholds for minor impacts to infrastructure – have increased 5- to 10-fold since the 1960s in several U.S. coastal cities (very high confidence).  The changes in flood frequency over time are greatest where elevation is lower, local RSL rise is higher, or extreme variability is less (very high confidence).  Tidal flooding will continue increasing in depth and frequency in similar matters this century (very high confidence). (Ch. 12; Fig, ES.8)
• The world’s oceans are currently absorbing about 1/4 of the CO2 emitted to the atmosphere annually from human activities (very high confidence), making them more acidic, with potential detrimental impacts to marine ecosystems.
• The rate of acidification is unparalleled in at least the past 66 million years (medium confidence).  Acidification is regionally higher along U.S. coastal systems as a result of changes in seasonal upwelling (for example, the Pacific Northwest and Alaska), changes in freshwater inputs (for example, the Gulf of Maine), and nutrient inputs (for example, in urbanized estuaries) (medium confidence). (Ch. 11; Ch. 13)
• Oxygen is essential to most life in the ocean, governing a host of biogeochemical and biological processes.  Increasing sea surface temperatures, rising sea levels, and changing patterns of precipitation, winds, nutrients, and ocean circulation are all contributing to overall declining oxygen concentrations in ocean and coastal waters.  Over the last half of the century, major oxygen losses have occurred in inland seas, estuaries, and in the coastal and open ocean. (high confidence) (Ch. 13)
• By 2100, global-average ocean-oxygen levels are projected to decrease from current levels by 2%-4% relative to current levels, for a range of scenarios.  Much larger losses are projected in some regions and in different water masses.  Potential effects on ocean ecosystems could be significant, but are not well understood. (Ch. 13)
Figure ES.7 Recent sea Level Rise Fastest for over 2000 Years [see original PDF]
Figure ES.8 “Nuisance Flooding” Increases across the United States [see original PDF]

Climate Change in Alaska and across the Arctic Continues to Outpace Global Climate Change
Residents of Alaska are on the front lines of climate change.  Crumbling buildings, roads, bridges, and eroding shorelines are commonplace.  Accelerated melting of multi-year sea ice cover, mass loss from the Greenland ice sheet, reduced snow cover, and permafrost thawing are stark examples of the rapid changes occurring in the Arctic.  The climate system is connected (see Box ES.1), meaning that changes in the Arctic influence climate conditions outside the Arctic.
Alaska and Arctic surface and air temperatures are rising more than twice as fast as the global average. (very high confidence) (Ch. 11)
• Rising Alaskan temperatures are causing permafrost to thaw and become more discontinuous.  These changes lead to release of CO2 and methane from the decomposition of previously frozen organic matter, adding to the global greenhouse gas forcing that is driving climate change. (high confidence) (Ch. 11)
• Losses of Arctic sea ice and Greenland Ice Sheet mass are accelerating, and Alaskan mountain glaciers continue to steadily melt (very high confidence).  Alaskan coastal sea-ice loss rates exceed the Arctic average (very high confidence).  Human activities have contributed to these reductions in sea ice and land ice (high confidence).
• Observed sea- and land-ice losses across the Arctic are occurring faster than earlier climate models predicted (very high confidence).  Melting trends are expected to continue, with late summers becoming nearly ice-free for the Arctic Ocean by mid-century (very high confidence). (Ch. 11)
• Atmospheric circulation patterns connect the climates of the Arctic and the contiguous United States.  The mid-latitude circulation influences the Arctic climate change (medium-high confidence).  In turn, Arctic warming may be influencing mid-latitude circulation over the contiguous United States, affecting weather patterns (low-medium confidence). (Ch. 11)
 Figure ES.9 Multi-Year Sea Ice Has Declined Dramatically [see original PDF]

Limiting Globally Averaged Warming to 2°C (3.6°F) Will Require a Major Reduction in Emissions
Human activities are now the dominant cause of the observed changes in climate.  For that reason, future climate projections are based on scenarios of how greenhouse gas emissions will continue to affect the climate over the remainder of this century and beyond.  In 2016, significant steps were taken to limit future climate change, in the form of 3 international agreements to reduce greenhouse-gas emissions: the Paris Agreement; an agreement to limit CO2 emissions from aircraft, under the International Civil Aviation Organization; and an agreement to phase down the hydrofluorocarbon (HFC) emissions under the Montreal Protocol.  (See Chapter 14 for more details on each.)  Despite the greenhouse-gas reductions planned under these agreements, there is still uncertainty about emissions due to changing economic, political, and demographic factors.  Fo that reason, this report quantifies possible climate changes for a broad set of plausible future scenarios through the end of the century. (Chs. 4, 14)
Choices made today will determine the magnitude of climate change risks beyond the next few decades. (Chs. 4, 14)
• There will be a delay of decades or longer between significant actions that reduce CO2 emissions and reductions in atmospheric CO2 concentrations that contribute to surface warming.  This delay – the result of the long lifetime of CO2 in the atmosphere and the time delay in the response of the climate system to changes in the atmosphere – means that near-term changes in climate will be largely determines by past and present greenhouse gas emissions, modified by natural variability. (very high confidence) (Ch. 14)
• Limiting the global-mean temperature increase to 2°C (3.6°F) above pre-industrial levels requires significant reductions in global CO2 emissions relative to present rates.  Cumulative emissions would likely have to stay below 1,000 gigatons carbon (GtC) for a 2°C objective, leaving about 400 GtC still to be emitted.  Assuming future global emissions follow the RCP4.5 scenario (mid-low scenario in Fig ES.2), the total, cumulative emissions commensurate with the 2°C objective would likely be reached between 2051 and 2065, while under the RCP8.5 scenario (higher scenario in Fig ES.2), the point would likely be reached between 2043 and 2050. (high confidence) (Ch. 14)
• If projected atmospheric CO2 concentrations do not remain sufficiently low to prevent 2°C warming, climate intervention strategies such as CO2 removal or solar-radiation management could possibly offer additional means to limit or reduce temperature increases.    Assuming the technical feasibility, costs, risks, co-benefits, and governance challenges of the additional measures, which are as yet unproven at scale, would be of value to decision makers. (medium confidence) (Ch. 14)
• Atmospheric CO2 levels have now passed 400 ppm, last seen during the Pliocene, approximately 3 million years ago, when global temperatures were 3.6° to 6.3°F (2° to 3.5°C) higher than pre-industrial and sea levels were 66 ± 33 feet (20 ± 10 meters) higher than today. (high confidence) (Ch. 4)
The observed acceleration in carbon emissions over the past 15-20 years is consistent with higher future scenarios (very high confidence).  Since 2014, growth rates have slowed, as economic growth begins to uncouple from carbon emissions (medium confidence), but not yet at a rate that would stabilize climate at either the 1.5° or 2°C Paris objectives (high confidence). (Ch. 4)
• Continued growth in CO2 emissions over this century and beyond would lead to concentrations not experienced in many millions of years.  Present-day emissions rates of nearly 10 GTC per year, however, suggest that there is no precise climate analogue for this century any time in the last 66 million years. (medium confidence) (Ch. 4)
There Is a Significant Possibility for Unanticipated Changes
Humanity is conducting an unprecedented experiment with the Earth’s climate system, through emissions from large-scale fossil-fuel combustion, widespread deforestation, and other changes to the landscape.  While scientists and policy-makers rely on climate model projections for a representative picture of future Earth system under these conditions, there are still elements of the Earth system that models do not capture well.  For this reason, there is significant potential for humankind’s planetary experiment to result in unanticipated surprises.  And the further and faster the Earth’s climate system is changed, the greater the risk of such surprises.
There are at least 2 types of potential surprises: compound events, where multiple extreme climate events occur simultaneously or sequentially (creating greater overall impact), and critical threshold or tipping point events, where some critical threshold is crossed in the climate system (that can lead to large impacts).  The probability of such surprises, as well as the other more predictable but difficult-to-manage impacts, increases the influence of human activities on the climate system increases. (Ch. 15)
Unanticipated changes are possible throughout the next century, as tipping points are crossed and/or multiple climate-related extreme events occur simultaneously. (Ch. 15)
• Self-reinforcing cycles, or positive feedbacks, in the climate system have the potential to substantially accelerate human-induce climate change and even shift the Earth’s climate system, in part or in whole, into new states that are very different from those experienced in the recent past – for example, ones with greatly diminished ice sheets or different large-scale patterns of atmosphere or ocean circulation.  Some feedbacks and potential state shifts can be modeled and their probability of occurrence quantified; others can be modeled or identified but not quantified; and some are probably still unknown (very high confidence). (Chs. 2 and 15)
• The physical and socio-economic impacts of a compound event (such as simultaneous heat and drought, wildfires associated with hot and dry conditions, or flooding associated with high precipitation on top of snow or water-saturated ground) can be greater than the sum outhouse from individual extreme events (very high confidence).  Few analyses consider the spatial or temporal correlation between extreme events. (Ch. 15)
• Climate models are not yet able to include all of the processes that contribute to positive feedbacks, occurrence of extremes, and abrupt and/or irreversible changes.  For this reason, future changes outside the range projected by current climate models cannot be ruled out (very high confidence), and climate models are more likely to underestimate than to overestimate the amount of future change (medium confidence). (Ch. 15)

Box ES.2 A Summary of What’s New since NCA3
A more detailed summary of what’s new sine the release of the 3rd National Climate Assessment (NCA3) can be found at th end of Chapter  1, including the most notable advances in scientific understanding, new or improved tools and approaches, and changing context, such as global policy developments.
New Understanding
Detection and Attribution: Significant advances have been made in the attribution of the human influence on individual climate and weather extreme events since NCA3. (Chs. 3, 6, 7, 8)
Atmospheric circulation and extreme events: The extent to which atmospheric circulation in the mid-latitudes is changing or is projected to change is a new important area of research; this is particularly important for understanding changing extreme-climate conditions (Chs. 5, 6, 7)
Increased understanding of specific types of extreme events: The effects of climate change on specific types of extreme events in the United States is a key area where scientific understanding has advanced. (Ch. 9)
The so-called global warming hiatus: Since NCA3, many studies have investigated causes for the temporary slowdown in the rate of increase in near-surface global mean temperature from 2000 to 2013.  This report provides a brief assessment of these studies.  On the timescales relevant to human-induce climate change, the planet has continued to warm at a steady pace as predicted by basic atmospheric physics and the well-documented buildup of heat-trapping gases in the atmosphere. (Ch. 1)
Oceans and coastal waters: New research on ocean acidification, warming, and oxygen loss is included in this report.  There is also growing evidence that the Atlantic meridional overturning circulation (AMOC), sometimes referred to as the ocean’s conveyor belt, has slowed. (Ch. 13)
Local sea-level-change projections: For the 1st time in the NCA process, sea level rise projections incorporate geographic variation, based on factors such as local land subsidence, ocean currents, and changes in Earth’s gravitational field. (Ch. 12)
Accelerated ice-sheet loss and irreversibility: New observations from many different sources confirm that ice-sheet loss is accelerating. (Chs. 1, 11, 12)
Slowing of the regrowth of Arctic sea ice extent: The annual Arctic sea-ice extent minimum for 2016 was the 2nd lowest on record.  In fall 2016, record-setting, slow ice regrowth may lead to record-low values in 2016-2017 winter ice volume as well. (Ch. 11)
Potential surprises: Both large-scale shifts in the climate system (sometimes called :tipping points”) and compound climate extremes (multiple simultaneous or sequential events) have the potential to generate unanticipated surprises.  The discussion of these potential surprises in Chapter 15 marks the 1st extended treatment of this topic in an NCA report. (Ch. 15)
Better Tools and Approaches
Spatial down-scaling: Modeled projections of climate changes are now statistically downscaled to a finer spatial resolution, generating temperature and precipitation predictions on a 1/16 degree latitude / longitude grid for the contiguous United States. (Ch. 4, 6, 7)
Risk-based framing: Highlighting aspects of climate science most relevant to assessment of key societal risks is included more completely than in prior NCA reports.
Model weighting: For the 1st time, maps and plots of climate projections will use weighted averages of all available climate models.  Individual model weights are based on their 1) historical performance relative to observations and 2) independent relative to other models. (Chs. 4, 6, 7)
High-resolution global climate model simulations: As computing resources have grown, more realistic simulations on intense weather systems, including hurricanes, are now possible.  Even with the limited number of high-resolution models currently available, confidence has increased in projections of extreme weather. (Ch. 9)
Changing Global Context
The Paris Agreement: The COP21 Paris Agreement, which entered into force November 4, 2016, provides a new framework for all nations to mitigate and adapt to climate change.  The present document addresses the global climate implications of the agreement objectives. (Chs. 4, 14)
End Box ES.2

