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A Introduction Climate System
I Climate : A forced, damped oscillator

A Range of Climate Models
I Key physical laws that govern climate
I Feedbacks
I General Circulation Models, comprehensive Earth System Models

A Current State of the Art

I Climate Change
I Solar Variability and Climate Models

A Summary
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle

Changes in
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Anomaly correlation of 500hPa height forecasts

— Northern hemisphere —— Southern hemisphere
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Responds to external forcing, but has significant variability:
therefore Chance for Predictability
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FIG. 2. The spectrum of Fig. 1 annotated to indicate the estimated contributions to total variance from various internal stochastic processes (be-
low curve). Features of the spectrum which may or may not also be accounted for by internal stochastic processes are identified phenomenologi-

cally (above curve). The excess variance associated with each of these features is emphasized by étippling.
ource: Mitchell 1976
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A Study isolated processes
A Sensitivity of system to feedbacks (interactions)

A First principle basis allows for application
Independent of time: Pagbhresent and future of
conditions

U Past configurations

USATFSNBY (G aLIXIySiaés GAYSZ
plant, synchronous rotation

U Sources for Abrupt climate change
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selective, but detailed information can be found in (e.g.):

McGuffieK. and A. Hendersepellers:
A ClimateviodellingPrimer (3 Edition)

Washington W. and C.L. Parkinson: An Introduction to
ThreeDimensional Climate Modeling
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radiation radiation
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Greenhouse Effect (Energy)
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Energy Balance in Planetary Comparison

Venus Surface T= 735K
CO2: 96.5%WVaterVapor 0.002%

Earth  Surface T= 287K
Co2: 0.039%\VaterVapor-1%

| Mars Surface T= 227K
CO2: 95.7%NaterVapor 0.03%
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Venus Surface T= 735K, albedo= 0.75
CO2: 96.5%WVaterVapor 0.002%
Atmosphere: 0.6L hPa

Earth  Surface T= 287K, albedo= 0.3
Co2: 0.039%\VaterVapor-1%

, Atmosphere: 10181Pa

\WETES Surface T= 227K, albedo= 0.25

CO2: 95.7%NaterVapor 0.03%

Atmosphere: 93,000Pa
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Global Heat Flows
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Modeling the Climate System

| Includes the Atmosphere,
Incoming Solar 4 Land, Oceans, Ice, and Biosphere
Energy Outgoing Heat
= Energy

Transition from
Solid to Vapor

Evaporative
and Heat Energy

s C s N Cur tus Clouds Atmospheric
Stratus Clouds | Aerosols Exc'vj{':ges Cumulus Cirrus Cloud: spl

Clouds GCM
Precipitation Snow Cover
Evaporation Atmosphere

(Temperature, Winds,
and Precipitation)

Stratus Clouds

Evaporation

]
8
2
B
3
®
3
S
=
2
5
2
o
8
8
E
<

, and Reflectivity) -
Heat & Salinity

Ocean
(Currents, Temperature, and Salinity) Exchange

- Winds GCM
<N and Waves
Marine Biology

Ocean Model
Layers

Vertical
Overtumning

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

4 5

P

Boulder July 29, 2008 * Heliophysics Summer School 2009:

Climate Models of Earth and Planets

Slidel7



Climate Models circa early 1990s Global coupled climate models
in2006
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