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First Cargo-ship scheduled to cross 
tƘŜ !ǊŎǘƛŎ hŎŜŀƴ ǘƻ ǎŀǾŜ уллл ƳƛƭŜǎΧ

Forecast of development 
of El Nino by NHemWinter



Overview

Å Introduction Climate System 
ïClimate : A forced, damped oscillator

ÅRange of Climate Models 
ïKey physical laws that govern climate

ïFeedbacks

ïGeneral Circulation Models, comprehensive Earth System Models 

ÅCurrent State of the Art
ïClimate Change 

ïSolar Variability and Climate Models

ÅSummary 
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Climate : a System with Processes
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Source: IPCC



Limits to Weather / Storm forecast capability
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Source: Anthes
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Climate as a forced, damped oscillator system
Responds to external forcing, but has significant variability:

therefore Chance for Predictability

Source: Mitchell 1976
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Opportunities from using Models

ÅStudy isolated processes

ÅSensitivity of system to feedbacks (interactions)

ÅFirst principle basis allows for application 
independent of time: Past-present and future of 
conditions

üPast configurations

ü5ƛŦŦŜǊŜƴǘ άǇƭŀƴŜǘǎέΣ ǘƛƳŜΣ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ǿŀǘŜǊ ǇƭŀƴŜǘΣ ŘǊȅ 
plant, synchronous rotation

üSources for Abrupt climate change
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Range of Climate Models
selective, but detailed information can be found in (e.g.):

McGuffieK. and A. Henderson-Sellers: 
A Climate ModellingPrimer (3rd Edition)

Washington W. and C.L. Parkinson: An Introduction to 
Three-Dimensional Climate Modeling
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Balance of Incoming Solar vsOutgoing LongwaveRadiation:
¼ (1-ʰύ { Ґ ˋ¢4 :  T = 255K (-18C), but observed ~287K

Planetary EnergyBalance
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The Greenhouse Effect

FTOA

< Ts
4 >

Greenhouse Effect (Energy)

G = < Ts
4> - FTOA Wm-2

Source: Kiehl



Energy Balance in Planetary Comparison
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Venus   Surface T= 735K
CO2: 96.5%, WaterVapor: 0.002% 

Earth Surface T= 287K
Co2: 0.039%, WaterVapor~1%

Mars Surface T= 227K
CO2: 95.7%, WaterVapor: 0.03%



Energy Balance in Planetary Comparison
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Venus   Surface T= 735K, albedo= 0.75
CO2: 96.5%, WaterVapor: 0.002% 
Atmosphere: 0.6-1 hPa

Earth Surface T= 287K, albedo= 0.3
Co2: 0.039%, WaterVapor~1%
Atmosphere: 1013 hPa

Mars Surface T= 227K, albedo= 0.25
CO2: 95.7%, WaterVapor: 0.03%
Atmosphere: 93,000 hPa



Boulder  July 29, 2008
Heliophysics Summer School 2009:        

Climate Models of Earth and Planets
14

Albedo Outgoing LW

Net TOA

Energy Balance Across Earth: Feedbacks!
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large
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Rel. low

very high
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Arctic Today: Negative or Positive Feedback?
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Dynamical Atmosphere with Complex Feedbacks 
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Viner (2002)

Climate and Earth System Models

Model Computation:  
- 15 minute time steps
- 1 quadrillion calculations /yr

~150 km
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Climate Models circa early 1990s Global coupled climate models 

in 2006

Regional models
Global models in 5-10 yrs



Inputs into a modern Climate Model
Å Sunlight
Å Earth rotation
Å Continents
Å Emissions

Model then predicts:
Å Weather, clouds
Å Ocean circulation
Å Sea level
Å Vegetation
Å Aerosol
Å Atm. Chemistry
Å Carbon Cycle
Å Ice sheets
Å Χ
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NCAR Community Climate System Model
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Ocean Eddy Simulation at 0.1 degrees

Agulhas Eddies
Sea Level
F. Bryan, NCAR


