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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



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



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



Conceptual model of Earth system processes…

NAS 2012



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

Conceptual to mathematical model…



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



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



NAS 2012

GCMs require enormous computing power!GCMs require enormous computing power!



Run…compare…test…refine…run…

NAS 2012



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



NAS 2012

Modeled Annual Precipitation across SW



Stott et al. (2000)

Natural Only

Observed

Climate Experiments: Detection and Attribution



Case Example: Sensitivity of the 
Earth’s Climate

•Earth is now radiating 0.85 W/m2 less 
energy than it is receiving
•Imbalance and associated warming are 
consistent with GHG forcings
•Components of natural variability (e.g. 
solar irradiance and volcanic aerosols) 
are small
•More warming “in the pipeline”

Hansen et al. 2005



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?

Major warming and 
cooling influences on 

climate: 1750-2005

USGCRP 2009



Climate model reliability vs. scale and phenomena

NAS 2012



IPCC 2007

Climate model error 



How are the climate models doing?

http://www.realclimate.org/index.php/archives/2013/02/2012-updates-to-model-observation-comparions/



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

How are the climate models doing?



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

How are the climate models doing?



http://www.southwestclimatechange.org/files/cc/figures/projected-warming.jpg

Using climate models



Climate models: guiding decisions and anticipating 
impacts



Emission Scenarios and 
Temperature Projections

IPCC 2007



Range of projections
Better

Worse

IPCC 2007



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



Climate Change



From http://www.climatechange.gc.ca

Carbon Dioxide, Methane, and 
Nitrous Oxide are major GHGs

What is causing climate change?



Temperature Projections

USGCRP 2009



Precipitation 
Projections

USGCRP 2009



Interactions between 
temperature and precipitation

• Confidence in 
continuation of 
increasing 
temperatures

• Projections on 
precipitation 
variability are less 
clear

• Increasing 
temperatures alone 
will increase aridity

Hoerling & Eischeid 2007



Global Temperature and Carbon 
Dioxide

USGCRP 2009




