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The climate system
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Big changes never happen for just one reason

coud Under transformations, expect extreme behavior
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=->=Met Office Climate feedbacks can be positive and negative
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Computer imadelingof Ghmate

Scientific method extended

Observed data

Experiments HYPOTHESIS Simulation

Simulated data

via via

Physical ] Mathematical
models Representations of models
the real system

By Marcelladonatelli- Own work, CC BSA 3.0, https://commons.wikimedia.org/w/index.php?curid=29967075



Horizontal Grid
(Latitude-Longitude) |~

Vertical Grid
(Height or Pressure)

Physical Processes in a Model

solar  ‘errestrial
radiation radiation
L I

ATMOSPHERE )
p—r — - .
N Iy e ' = ' )
5

) £ @
l-‘_) . - advection @
¢l a by — ’
%4 o @ TR \
co " ity \
2 °% “onow i T ; /

s%0 | i talin ¢
°:‘aj° [l momentum  heat  water O seaice 3
- B a XaoX
e L P L




‘—

- o
= g g g=
T i

—'- ==
Lo T
RO O TR

-l VWY —
ST SNewes, .

Current grid size 25 sqg. km




Anomaly (°C) (w.r.t. 1980-1999)

15 Global Mean Surface Temperature Anomalies
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Global Temperature Change (°F)
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Temperature (°C)

Global-mean near-surface temperature anomalies

w=e Observed

=== No anthropogenic aerosol
=== Only anthropogenic aerosol
| === Allforcings
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One model (from
CSIRO, Australia)

Spread of multiple
realizations is
denoted by shading
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Climate Science and Modelinballengedoday

AClouds: convection and boundary layers

AAerosols

AOceans: water vapor ,vertical and horizontal mixing,
convection

ASea ice, glaciers

ALimitations in observational data sets
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CIlmate statistics, trends
and future pro;ectlons




TEMPERATURE DIFFERENCE

FROM MONTHLY AVERAGE (°C)
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Monthly temperature anomaliesn
Durham, North Carolina, with and
without global warming, 190¢2013.

The black data in the panels show the
anomalies(a) The red curve gives the
contribution due to global warming, as
estimated by climate modelgb) When
the global warming contribution Is
subtracted out, the remaining anomalies
show the effects of natural climate
variability. The horizontal blue line
corresponds to zero anomaly. In March
2012, the +6C total anomaly shown in
panel a (red dot) received the +4.25
natural contribution displayed in panel b
(blue dot) and a +1.7%C contribution
from global warming.

Citation: Phys. Todag9, 10, 10(2016)



March 2012 at +6 °C
Shift in Probability Distribution {10.8 °F) heat wave
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TEMPERATURE DIFFERENCE FROM MONTHLY AVERAGE (°C)

Normal distribution of monthly temperature anomaliesy Durham,

North Carolina, without global warming (blue) and with global warming
(red). The shift due to global warming produces a small change in the
absolute probability of a large temperature anomaly (top) but a big
relative change (bottom).

Citation: Phys. Todag9, 10, 10(2016)




Paily News

Recentheat wave was due 71% to natural
variability and 29% to global warming.

| Global warming increased the odds of the
recent heat wave by only 0.2%.

| Global warming has made heat waves like the
recent one occur 22 times as often as they would
have otherwise.
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A case study In statistical estimating:
0KS NBOSYU WKAIGdzaQ A\
surface temperatures
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CLIMATE CHANGE

Possible artifacts of data biases in the
recent global surface warming hiatus

Thomas R. Karl,™ Anthony Arguez,' Boyin Huang,! Jay H. Lawrimore,’
James R. McMahon,? Matthew J. Menne,'! Thomas C. Peterson,’
Russell S. Vose,! Huai-Min Zhang"

Much study has been devoted to the possible causes of an apparent decrease in the
upward trend of global surface temperatures since 1998, a phenomenon that has been
dubbed the global warming “hiatus.” Here, we present an updated global surface
temperature analysis that reveals that global trends are higher than those reported by the
Intergovernmental Panel on Climate Change, especially in recent decades, and that the
central estimate for the rate of warming during the first 15 years of the 21st century is

at least as great as the last half of the 20th century. These results do not support the
notion of a "slowdown” in the increase of global surface temperature.

T.R. Karl, A. Arguez, B. Huang, J.H. Lawrimore, J.R. McMahon, M.J. Menne, T.C.
Peterson, R.S. Vose, and H. Zhang, "Possible artifacts of data biases in the
recent global surface warming hiatu$Sciencevol. 348, pp. 1469472,
2015.http://dx.doi.org/10.1126/science.aaa5632
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House Science Committee Chairman Lamar Smith,
RTexas. Photograph: Scott J. Ferrell/Congressional
Quarterly

X { YAGK KF&a dzaSR ySg ad:
threaten the leadership of NOAA, demanding

that the federal climate and weather agency

hand over all internal correspondence

between scientists to find out if there has

been a grand conspiracy to alter or

misrepresent the data.

L 6Fa AYyO2yOSYASylu T2
that climate data has clearly showed no

warming for the past two decadgs { Y A U K
last month.
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2015: HOTTEST YEAR SO FAR

Land and Ocean Temperature Percentiles Jan-Sep 2015
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Anomaly (°F)

Global Land and Ocean Temperature Anomalies
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U.S. Global Change Research Program
Climate Science Specképort 2017



Anomaly (°F)
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De Cade U.S. Global Change Research Program
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How do we know
the climate Is warming?



Ten Indicators of a Warming World

o

Air Temperature Near Surface (Troposphere) '

Water Vapor

Glaciers and Ice Sheets

Temperature Over Oceans

)

J-

Sea Surface Temperature \ /

Sea lce

Temperature Over Land
Ocean Heat Content
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Indicators of Warming from Multiple Datasets

Land Surface Air Temperature:
4 Datasets

a \/J MAW”VU\' AN dL
W

Sea Surface Temperature:
3 Datasets

U.S. Global Change Research Program
W Climate Science Speckport 2017
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