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Our vision of a linear world





¢ƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ƛǎ ŀ Ψcomplex adaptive systemΩ

Big changes never happen for just one reason

Under transformations, expect extreme behavior

Human generated influences on the climate 
are a catalyst for future climate dynamics





Computer modeling of Climate

By Marcello donatelli- Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=29967075





Current grid size   25 sq. km









Climate Science and Modeling challenges today

ÅClouds:  convection and boundary layers
ÅAerosols
ÅOceans:  water vapor ,vertical and horizontal mixing, 

convection
ÅSea ice, glaciers
ÅLimitations in observational data sets



Data Assimilation:  a new way of understanding
the climate system





Monthly temperature anomaliesin 
Durham, North Carolina, with and 
without global warming, 1900ς2013. 
The black data in the panels show the 
anomalies.(a)The red curve gives the 
contribution due to global warming, as 
estimated by climate models.(b) 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 +6 °C total anomaly shown in 
panel a (red dot) received the +4.25 °C 
natural contribution displayed in panel b 
(blue dot) and a +1.75 °C contribution 
from global warming.
Citation:Phys. Today69, 10, 10(2016)



Normal distribution of monthly temperature anomaliesin 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. Today69, 10, 10(2016)



Recent heat wave was due 71% to natural 

variability and 29% to global warming.

Global warming increased the odds of the 

recent heat wave by only 0.25%.

Global warming has made heat waves like the 

recent one occur 22 times as often as they would 

have otherwise.



ÅThis heat event was caused by 
global warming
ÅThe probability of this event was 

increased by global warming
Å¢Ƙƛǎ ŜǾŜƴǘΩǎ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ 

was increased by global 
warming
ÅA single event is not attributable 

to global warming
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5ƻƴΩǘ ōŜ ŀ ŎƭƛƳŀǘŜ ΨŘŀȅ-ǘǊŀŘŜǊΩΦ



A case study in statistical estimating:  
ǘƘŜ ǊŜŎŜƴǘ ΨƘƛŀǘǳǎΩ ƛƴ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ 

surface temperatures





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 hiatus",Science, vol. 348, pp. 1469-1472, 
2015.http://dx.doi.org/10.1126/science.aaa5632

http://dx.doi.org/10.1126/science.aaa5632


House Science Committee Chairman Lamar Smith, 
R-Texas. Photograph: Scott J. Ferrell/Congressional 
Quarterly

Χ {ƳƛǘƘ Ƙŀǎ ǳǎŜŘ ƴŜǿ ǎǳōǇƻŜƴŀ ǇƻǿŜǊǎ ǘƻ 
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.
άLǘ ǿŀǎ ƛƴŎƻƴǾŜƴƛŜƴǘ ŦƻǊ ǘƘƛǎ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ 
that climate data has clearly showed no 
warming for the past two decadesΣέ {ƳƛǘƘ ǎŀƛŘ 
last month.







U.S. Global Change Research Program 
Climate Science Special Report 2017
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United Nations Environment Programme(UNEP)
and the World Meteorological Organisation(WMO)



2017



How do we know
the climate is warming?
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