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This report is an authoritative assessment of the science of climate change, with.a focus on the United
Wi States. It represents theirst of two volumes of the Fourth National Climate Assessment, mandated by the
Wl « - Global Change Research Act of 1990,
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This report is the most
comprehensive and up-to-date
assessment of the state of climate
science today.

e 477 pages
e 5| authors
e |2 federal agencies

e 5 reviews*

* Including a |13 1-page National Academy of Sciences review



Latest Findings and Projections

 Small shifts in average conditions can lead to large
changes in extreme event frequency, duration, and
intensity

e Some systems appear to be changing even faster
than anticipated
— Sea level rise and coastal flooding
— Arctic sea ice
— Heavy precipitation
— Fire and drought
— More extreme heat and humidity
— Ocean acidification and deoxygenation
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After each review, a new version developed by the authors towards improving the report and its explanation of the science. There was lots of revisions made towards further clarifying the assessment of the science and the resulting report findings. A few areas, such as the changes occurring in the oceans, were expanded upon as a result of the reviews.

REVIEWS�- Internal: Initial evaluation of consistency and overlap issues, resulting in a CLA Guidance document (13-20 June 2016)�- SSC: Oversight function (29 July - 18 August 2016)�- SGCR: USGCRP Principals and designees coordinated agency reviews of the second-order draft (3-14 October 2016)�- SSC: Signoff by steering committee and technical liaisons prior to public reviews (5-13 December 2016)�- Public: Concurrent reviews by the general public (15 December 2016 - 3 February 2017) and the National Academies of Sciences (21 December 2016 - 13 March 2017)�- SGCR: USGCRP Principals and designees confirmed Review Editor conclusions that all public and NAS comments were adequately addressed (3-24 May 2017)�- Final Clearance: Underway 


Human or Natural Causes of
Climate Change?

Separating Human and Natural Influences on Climate
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National Climate Assessment, 2014

Models can reproduce the climate with and without added CO2
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Caption: Observed global average changes (black line), model simulations using only changes in natural factors (solar and volcanic) in green, and model simulations with the addition of human-induced emissions (blue). Climate changes since 1950 cannot be explained by natural factors or variability, and can only be explained by human factors. (Figure source: adapted from Huber and Knutti1).

Source:  http://nca2014.globalchange.gov/report/our-changing-climate/observed-change 


How Do We Measure Climate Change?

Ten Indicators of a Warming World

Sea Surface Temperature

| Sea lce
Temperature Over Land
Ocean Heat Content

National Climate Assessment, 2014

These indicators are embedded into global climate models
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A slide to introduce the concepts behind global warming.

Source:  http://climate.nasa.gov/causes/


Observed Trends

(b) Observed change in average surface temperature 1901-2012
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“Each of the last three decades has been successively warmer at the
Earth’s surface than any preceding decade since 1850). In the Northern
Hemisphere, 1983-2012 was likely the warmest 30-year period of the last
1400 years (medium confidence).”

IPCC AR5 WG1 SPM, 2013



Potential Changes — Climate Extremes

Increase in mean
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® Natural variability will continue

® Small shifts in mean values can lead to large changes in the frequency of extremes
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Increasing trend: U.S. breaking many more
heat records than cold records

1950s Os 2000s

record
highs

record
lows

1.09:1 0.77:1 0.78:1 1.14:1 1.36:1 2.04:1 ratios

1800 weather stations
from 1950-2009 From Meehl et al. (2009)
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Generally heat waves ar eincreasing and cold waves are decreasing


Sea Level Rise = More Frequent Flooding

Revised Return
100-Year Event Return Levels Time for Current 100-Year Event
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Sea level rise of just 2 feet, without any changes in storms, would
more than triple the frequency of dangerous coastal flooding along
much of the U.S. coast



“Nuisance Flooding” —flooding associated with high
tides--is Increasing Across the United States
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Two example cities shown out of many analyzed by NOAA.



99th Percentile Precipitation ~ The frequency + intensity of
(1958-2016)

e Extreme high temperature
events are virtually certain
to increase

e Extreme precipitation
events are very likely to
continue to increase




99th Percentile Precipitation The frequency + intensity of
(1958-2016)

e Extreme high temperature
events are virtually certain
to increase

e Extreme precipitation
events are very likely to
continue to increase

Climate models tend to underestimate the observed trends,
especially for the increase in extreme precipitation events



An increase in
precipitation rates,
tropical cyclone
intensity, and the
number of very
intense tropical
cyclones — but not
the overall number
of storms.



An increase in
precipitation rates,
tropical cyclone
intensity, and the
number of very
intense tropical
cyclones — but not
the overall number
of storms.

Sea level rise will increase the frequency and extent of
extreme flooding associated with coastal storms.



Global mean sea level has risen by about 7—8 inches (about 1621
cm) since 1900, about 3 of those inches since993.

Emerging science on Antarctic ice
sheet stability suggests that, for
high scenarios, global mean sea level
rise exceeding 8 feet by 2100 is
physically possible, although the
probability of such an extreme
outcome cannot currently be assessed.




The world’s oceans are:

e absorbing more than 90%
of the heat trapped & 25%
of the CO, emitted to the
atmosphere




The world’s oceans are:

e absorbing more than 90%
of the heat trapped & 25%
of the CO, emitted to the
atmosphere

e experiencing declining
oxygen concentrations at
intermediate depths in
many coastal areas




> Carbon Countdown

How many years of current emissions would use
up the IPCC’s carbon budgets for different levels
of warming?

CarbonBrief

CLEAR BN CLIMATE

Photo credit: NASA Goddard Space Flight Center
Sropwatch icon: T-Kot/Shutterstock.com




While climate models incorporate important climate processes
that can be well quantified, they do not include all of the
processes that can contribute to feedbacks, compound extreme
events, and abrupt and/or irreversible changes.

Future changes outside the range projected by climate
models cannot be ruled out.

Moreover, the systematic tendency of climate models to
underestimate temperature change during warm paleoclimates
suggests that climate models are more likely to underestimate
than overestimate the amount of long-term future change.



Looking Forward

 Small changes in average conditions can be
associated with large changes in the frequency,
intensity, and duration of climate extremes

e Climate tipping points cannot be ruled out, nor can
non-linear impacts and networked system failures

e However....



There are also opportunities and
reasons for optimism

e Societal tipping points could support climate
solutions

e Climate solutions are already advancing rapidly
— Greenhouse gas mitigation
— Adaptation
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