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Our vision of a linear world





The Earth’s climate is a ‘complex adaptive system’

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

• Clouds:  convection and boundary layers
• Aerosols
• Oceans:  water vapor ,vertical and horizontal mixing, 

convection
• Sea ice, glaciers
• Limitations in observational data sets



Data Assimilation:  a new way of understanding
the climate system





Monthly temperature anomalies in 
Durham, North Carolina, with and 
without global warming, 1900–2013. 
The black data in the panels show the 
anomalies. (a) The red curve gives the 
contribution due to global warming, as 
estimated by climate 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. Today 69, 10, 10 (2016)



Normal distribution of monthly temperature anomalies in 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. Today 69, 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.



• This heat event was caused by 
global warming

• The probability of this event was 
increased by global warming

• This event’s high temperature 
was increased by global 
warming

• A single event is not attributable 
to global warming

X

?



Don’t be a climate ‘day-trader’.



A case study in statistical estimating:  
the recent ‘hiatus’ in global average 

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

… Smith has used new subpoena powers to 
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.
“It was inconvenient for this administration 
that climate data has clearly showed no 
warming for the past two decades,” Smith said 
last month.







U.S. Global Change Research Program 
Climate Science Special Report 2017



U.S. Global Change Research Program 
Climate Science Special Report 2017



United Nations Environment Programme (UNEP)
and the World Meteorological Organisation (WMO)



2017



How do we know
the climate is warming?





U.S. Global Change Research Program 
Climate Science Special Report 2017



U.S. Global Change Research Program 
Climate Science Special Report 2017



By Giorgiogp2 - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=13292728

1958-2011 radiosonde, satellite and surface temperature record.

MEI index:  el Nino vs. el Nina 
composite metric







Global climate change-
the human factor

Projections for the 21st Century



Future climate projections

How does the 
climate depend on 
atmospheric CO2 
concentrations?

Possible scenarios for 
global GHG 

emissions up to year 
2100

Climate impacts:
• Global surface temp.

• Sea surface temp.
• Sea level rise, sea ice 

extent
• Ocean pH

• Precipitation
• Regional climate 

change



Factors driving choice of future GHG 
scenarios (IPCC)

Possible scenarios for 
global GHG 

emissions up to year 
2100



Representative Concentration Pathways (RCPs)



Representative Concentration Pathways (RCPs) for major greenhouse gasses 



‘Climate Sensitivity’: a standard metric for
future global temperature estimates

Climate Sensitivity = global surface temperature change induced 
by a doubling of atmospheric CO2 concentrations.

Example:  1850 conc. 280 x 2 = 560 ppm (expected in 30-70 years)
Example:  2017 conc. 406 x 2 = 812 ppm

How does the 
climate depend on 
atmospheric CO2 
concentrations?



‘Climate Sensitivity’: a standard metric for 
future global temperature estimates



Climate Sensitivity- recent estimates

Estimates of equilibrium climate sensitivity 

(ECS). ECS quantifies the increase in Earth’s 

average surface temperature that would occur if 

atmospheric carbon dioxide levels were 

doubled and the climate system was allowed to 

reach an equilibrium state. Estimates of ECS 

vary depending on the evidence used (such as 

records of Earth’s energy budget9 and 

analyses4 of present climate conditions 

produced by models). The estimate1 from the 

Intergovernmental Panel on Climate Change 

(IPCC) published in 2013 is based on several 

lines of evidence. Cox et al.5 now report 

estimates based on an analysis of surface-

temperature variation predicted by climate 

models. Their analysis rules out high estimates 

of ECS. Bars depict ranges for which there is a 

66% likelihood of the value being correct; for 

the top two bars, these ranges have been 

inferred from the data in references 4 and 9. 

Best estimates of ECS for each range, if 
available, are indicated by a blue line.

https://www.nature.com/articles/d41586-018-00480-0



What are the timescales for feedbacks?



How does the climate 
depend on atmospheric 

CO2 concentrations?



Future climate projections

How does the 
climate depend on 
atmospheric CO2 
concentrations?

Possible scenarios for 
global GHG 

emissions up to year 
2100

Climate impacts:
• Global surface temp.

• Sea surface temp.
• Sea level rise, sea ice 

extent
• Ocean pH

• Precipitation
• Regional climate 

change



Now



CSSR 
2018





Figure SPM.7 | CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface 
temperature relative to 1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global 
mean ocean surface pH. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 
(blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution using historical reconstructed forcings. The 
mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored vertical bars. The 
numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and 
uncertainty (minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state 
and 1979 to 2012 trend of the Arctic sea ice is given (number of models given in brackets). For completeness, the CMIP5 multi-
model mean is also indicated with dotted lines. The dashed line represents nearly ice-free conditions (i.e., when sea ice extent
is less than 106 km2 for at least five consecutive years). For further technical details see the Technical Summary 
Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20} 





Solomon et al. 
Proc. NAS 2010

Future Surface Warming with ZERO emissions after 2050





Potential 
climatic tipping 
elements 
affecting the 
Americas

U.S. Global Change Research Program
https://science2017.globalchange.gov/chapter/15/

https://science2017.globalchange.gov/chapter/15/






Ice Melt, Sea Level Rise and Superstorms: Evidence from Paleoclimate Data, Climate
Modeling, and Modern Observations that 2°C Global Warming is Dangerous, preprint 
2016



Megadrought Risk:  Ault et al., Sci. Adv. 2016;2: e1600873 5 October 2016



Arizona
+5 F

+4 F
+5 F

+9 F



http://nca2014.globalchange.gov/report/regions/southwest

http://nca2014.globalchange.gov/report/regions/southwest
http://nca2014.globalchange.gov/report/regions/southwest
http://nca2014.globalchange.gov/report/regions/southwest
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