
GEOG 313/513: Global Climate Change
Climate Modeling



Scientific Models: What and Why

• What: representations of real-world phenomena or objects.

• Why:

• Models are tools, not answers
• Model output can be ugly if not based on solid understanding



Global Climate Models
Theoretical Usage:

• Provide a platform to conduct experiments on the Earth. 
• Scientific method: prediction, evaluation and understanding

Applied Usage:
• Climate Information and Impact Assessment 
• Decision Making (tomorrow, next month, 30-years from now)



Numerical Weather Prediction
Motivation: To produce an accurate forecast.
Methods: Numerical solutions to atmospheric fluid motion that 

describe the time evolution of the atmosphere
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1. Make them programmable into a powerful computer.
2. Solve prognostic equations at each time step…repeat…repeat
3. Forecasting is mean to be DETERMINISTIC (exact, certain place/time)



Your Local Forecast

• Climate models can’t tell you what the weather will 
be like on November 10, 2060
• But they can tell you a range of what climatological 

statistics of a November 10, 2060 day would look like

wxshift.com



Global Climate Models
defined: numerical representations of the interactive climate system based on 
laws of physics and physical parameterizations.
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Two-way interaction/coupling and FEEDBACKS



Modeling Advances

Computation limits to running models
Today we are down to ~50km for best models
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Parameterizations and Model Physics

• Represent processes within a grid cell using equations with physically or 
empirically derived parameters. 

• How to make rain???



Models and more models
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Why are there 40+ models?
Different 
• resolutions
• Ocean, biosphere, cryosphere models
• Parameterizations
• Feedback strengths
• Levels of complexity

Climate Sensitivity





Which model is right?
• Models will respond differently to the same radiative forcing 

experiment, e.g., a doubling of CO2

• Solution: Use a range of models to determine the range of possible 
future scenarios. A mean of models is often superior to any single 
model (error cancelation).

• This approach is used in weather forecasting (e.g., hurricane tracks)
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Can models reproduce observed climate?
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How about over the NW United States?

Black Line = observations



Model Schematic

Climate Model

Perturbation (e.g., changes in CO2)

Climate response 
(e.g., change in  
temperature)



20th Century Climate: Model Simulations

Experiment 1: 
Solar + Volcanic Only

Experiment 2: 
Solar + Volcanic
+ Anthropogenic GHG
+ Anthro Aerosols
+ Land Use Changes
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Predicting Future Climate
Solar irradiance and volcanic aerosols

– Have not played dominant role in long term climate changes in past 150 years
– Hence changes in these are not explicitly considered in climate change 

experiments

Greenhouse gas and aerosol emissions
– Future socioeconomic and energy policies provide us with idea of future 

emissions
– Since changes have been attributed to increases in atmospheric 

concentrations, then future climate change hinges on predicting their 
concentrations



The Future Storylines



1. Global Population (Demographics)
2. Type of energy generation 
3. Growth Rate of Economy
4. Type of Economy (material vs. service/info based)
5. Cooperation among countries (Globalization)
6. Sequestration efforts

What factors affect future CO2 levels?



Representative Concentration Pathways (RCP)

RCP8.5: No climate policy 
future. Business as usual.

RCP6.0: Adapt to Risk

RCP4.5: Moderate Mitigation 
and Climate Policy

RCP2.6: Aggressive Climate Policy 
and Carbon Sequester and 
Capture Technology

Specify watts/m2 of radiative forcing and reflect concentrations and 
corresponding emissions, but NOT socio-economic storylines. 
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Shared Socioeconomic Pathways (SSP)

Story lines that describe 
future changes in:
• population growth
• governance efficiency
• inequality across and 

within countries
• technology change
• environmental 

conditions









Projected CO2 Emissions



Fuels Available

Proven Fossil Fuel Reserve

765 tons to 2C





http://cait.wri.org/indc/#/map

http://cait.wri.org/indc/%23/map

