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Scientific Method
“The scientific method is the process by 
which scientists, collectively and over time, 
endeavor to construct an accurate (that is, 
reliable, consistent and non-arbitrary) 
representation of the world.”

From http://teacher.nsrl.rochester.edu

http://teacher.nsrl.rochester.edu/


Scientific Method
1. Observation and description of a phenomenon or group 

of phenomena.
2. Formulation of an hypothesis to explain the 

phenomena. In physics, the hypothesis often takes the 
form of a causal mechanism or a mathematical relation.

3. Use of the hypothesis to predict the existence of other 
phenomena, or to predict quantitatively the results of 
new observations.

4. Performance of experimental tests of the predictions by 
several independent experimenters and properly 
performed experiments.

From http://teacher.nsrl.rochester.edu

http://teacher.nsrl.rochester.edu/


Climate Science?



mod·el
• a usually miniature representation of 

something; also : a pattern of something to 
be made

• an example for imitation or emulation
• a system of postulates, data, and 

inferences presented as a mathematical 
description of an entity or state of 
affairs; also: a computer simulation based 
on such a system

From Merriam-Webster.com



Building Climate Models
• Create a conceptual model of the Earth’s 

climate system
• Translate the conceptual model into 

mathematical formulas  develop 
computer code that connects the formulas 
together through systems, space and time

• Run the model through time
• Refine the model based on observed data

Adapted from http://nas-sites.org/climatemodeling

http://nas-sites.org/climatemodeling


Conceptual model of Earth system processes…

NAS 2012



http://celebrating200years.noaa.gov/breakt
hroughs/climate_model/AtmosphericModel
Schematic.png

Conceptual to mathematical model…

http://celebrating200years.noaa.gov/breakthroughs/climate_model/AtmosphericModelSchematic.png
http://celebrating200years.noaa.gov/breakthroughs/climate_model/AtmosphericModelSchematic.png
http://celebrating200years.noaa.gov/breakthroughs/climate_model/AtmosphericModelSchematic.png


From http://serc.carleton.edu/eet/envisioningclimatechange/part_2.html

Fundamental Equations
• Temperature (T)
• Pressure (P)
• Winds (U,V)
• Humidity (Q)

Calculated for each grid cell at each time step

http://serc.carleton.edu/eet/envisioningclimatechange/part_2.html


From http://serc.carleton.edu/eet/envisioningclimatechange/part_2.html

http://serc.carleton.edu/eet/envisioningclimatechange/part_2.html


NAS 2012

GCMs require enormous computing power!



Who does climate modeling?



Evolution of climate models

NAS 2012



https://www2.ucar.edu/sites/default/files/news/2011/predictFlow2.jpg

Evolution of climate models

https://www2.ucar.edu/sites/default/files/news/2011/predictFlow2.jpg


NAS 2012

Modeled Annual Precipitation across SW



IPCC AR6 (2021)

Climate Experiments: Detection and Attribution



How ‘good’ are 
these models?

“…all models are wrong, but some are useful.”
--G.E. Box



What do models have to get right to work well?

https://science2017.globalchange.gov/chapter/2/

Presenter Notes
Presentation Notes
Bar chart for radiative forcing (RF; hatched) and effective radiative forcing (ERF; solid) for the period 1750–2011, where the total ERF is derived from the Intergovernmental Panel on Climate Change’s Fifth Assessment Report. Uncertainties (5% to 95% confidence range) are given for RF (dotted lines) and ERF (solid lines). Volcanic forcing is not shown because this forcing is intermittent, exerting forcing over only a few years for eruptions during the industrial era; the net forcing over the industrial era is negligible. (Figure source: Myhre et al. 2013, Figure 8-15; © IPCC, used with permission).



Climate model reliability vs. scale and phenomena

NAS 2012



http://www.realclimate.org/index.php/climate-model-projections-compared-to-observations/



http://www.skepticalscience.com/images/SLR_models_obs.gif

How are the climate models doing?

http://www.skepticalscience.com/images/SLR_models_obs.gif


http://www.skepticalscience.com/images/Arctic_models_obs.gif

How are the climate models doing?

http://www.skepticalscience.com/images/Arctic_models_obs.gif


https://science2017.globalchange.gov/chapter/4/

Using climate models

Presenter Notes
Presentation Notes
The fraction of total variance in decadal mean surface air temperature predictions explained by the three components of total uncertainty is shown for the lower 48 states (similar results are seen for Hawai’i and Alaska, not shown). Orange regions represent human or scenario uncertainty, blue regions represent model uncertainty, and green regions represent the internal variability component. As the size of the region is reduced, the relative importance of internal variability increases. In interpreting this figure, it is important to remember that it shows the fractional sources of uncertainty. Total uncertainty increases as time progresses. (Figure source: adapted from Hawkins and Sutton 2009 ).



https://www.nature.com/articles/d41586-020-00177-3

Using 
climate 
models



Highly 
unlikely

Unlikely

Likely

Arizona has 
warmed 1.4 C 
(2.5 F) since 
1900

IPCC AR6 (2021)

Using climate models



Closing Points
• Climate models are a necessary part of 

climate science  tool to capture complex 
interactions between different Earth 
systems

• Models and computational power have 
improved dramatically over the past 
decade, improving model performance

• Models will never be perfect; only a tool to 
inform decision making and risk 
management



Thanks!

crimmins@email.arizona.edu
http://cals.arizona.edu/climate

@mike_crimmins
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