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First Cargo-ship scheduled to cross
the Arctic Ocean to save 8000 miles...
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* |ntroduction Climate System
— Climate : A forced, damped oscillator

* Range of Climate Models

— Key physical laws that govern climate

— Feedbacks

— General Circulation Models, comprehensive Earth System Models
e Current State of the Art

— Climate Change

— Solar Variability and Climate Models

* Summary
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Changes in the Atmosphere:
Composition, Circulation
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Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Source: IPCC
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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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e Study isolated processes

e Sensitivity of system to feedbacks (interactions)

* First principle basis allows for application

independent of time: Past-present and future of
conditions

» Past configurations

» Different “planets”, time, configuration, water planet, dry
plant, synchronous rotation

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

McGuffie K. and A. Henderson-Sellers:
A Climate Modelling Primer (3™ Edition)

Washington W. and C.L. Parkinson: An Introduction to
Three-Dimensional Climate Modeling
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Shadow area
nR”

Incoming solar Emitted terrestrial
radiation radiation

Balance of Incoming Solar vs Outgoing Longwave Radiation:
% (1-a) S=oT* : T=255K(-18C), but observed ~287K
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Greenhouse Effect (Energy)
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Energy Balance in Planetary Comparison

Venus Surface T= 735K
CO2: 96.5%, WaterVapor: 0.002%

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

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

\YEIS Surface T= 227K, albedo= 0.25
CO2: 95.7%, WaterVapor: 0.03%
Atmosphere: 93,000 hPa
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Northwest Passage
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Global Heat Flows
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Modeling the Climate System

Includes the Atmosphere,
Land, Oceans, Ice, and Biosphere
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Model Computation:
- 15 minute time steps
- 1 quadrillion calculations /yr
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Climate Models circa early 1990s Global coupled climate models
in2006

400 km | 100 km

25 km




Sunlight
Earth rotation
Continents
Emissions

Weather, clouds
Ocean circulation
Sea level
Vegetation
Aerosol

Atm. Chemistry
Carbon Cycle

Ice sheets
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Ocean Eddy Simulation at 0.1 degrees

- Agulhas Eddies
Sea Level
F. Bryan, NCAR
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Surface Air Temperature

El Nifo-Variability
Model

Correlation of Nino 3 and SST Anomaly Timeseries
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Climate Modeler's Commandments
by John Kutzbach (Univ. of Wisconsin)

1. Thou shalt not worship the climate model.

2. Thou shalt not worship the climate model, but thou shalt honor the climate
modeler, that it might be well with thee.

3. Thou shalt use the model that is most appropriate for the question at hand.

4. Thou shalt not change more than one thing at a time at first.

5. In making sensitivity experiments, thou shalt hit the model hard enough to make it
notice you.

6. Thou shalt not covet fine-scale results with a coarse-scale model.

/A Thou shalt follow the rules for significance testing and remember the model's
inherent variability.

8. Thou shalt know the model's biases and remember that model biases may lead to
biased sensitivity estimates.

9, Thou shalt run the same experiment with different models and compare the results.

10. Thou shalt worship good observations of the spatial and temporal behavior of the
earth system. Good models follow such observations. One golden observation is
worth a thousand simulations.

Slide 23
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Anon"t.aly (°C)

IPCC 2007: “Most of the observed increase in gIoba
averaged temperatures since the mid-20th century is very likely
(>90% confidence) due to the observed increase in
anthropogenic greenhouse gas concentrations.”

Global air temperature
2004 anomaly +0.45°C
(4th warmest on record)
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C. Keeling

~Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawaii
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"Human beings are now carrying out a large scale geophysical experiment of a kind
that could not have happened in the past nor be reproduced in the future.”
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e Natural Factors: Sun and Volcanos

e Human emissions: Greenhouse gases, Aerosol, Ozone
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Global Average Temperature

Observations

~————— (Natural) volc+solar )
(Anthropogenic + Natural) volc+solar+ghg+so4 [” ,'

1900 1920 1940 1960 1980 2000

Meehl et al. 2004
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Note: These are “What If” Scenarios, not predictions
A2:2020s

Multi-model Averages and Assessed Ranges for Surface Warming
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Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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Surface Temperatures: Past - Present - Future

IPCC-2001 Projected Range of Future Climate
Observational Range of Past Climate and Central Estimate
Instrumental Record
NCAR-CCSM Simulation Past - Present
NCAR-CCSM Simulation Future Scenarios
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LPTM (85 Ma)

250 Million
Years ago 55 Million
Years ago
200
21,000
Years ago
Years ago
ToR, 100 Years

From Today under
Business as usual

20 -4 0 4 B 12 16 20 22 24 26 28 30 32 36

°C Surface Air Temperature
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.. most likely not ...:

SPECIAL REPORT GLOBAL WARMING

50-year
constant
growth rates

—e— Actual emissions: CDIAC

—o0— Actual emissions: EIA
450ppm stabilisation

— — 650ppm stabilisation

— A1FI

A1B BT  1.1%,
AT 4 A1B  1.7%,
e = A2 1.8%
B1 =3
BE —— B2 0 AMFI 2.4%
= Observed
WORRIED. :
‘ 3.3%
BE 1990 1995 2000 2005

WORRIED.

ﬂimaiechange isn't some vague
future problem—it’s a

damaging the planet at an alarming
pace, Here's how it affects you, your
kids and their kids as well
EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH

HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS

Canadel et al. 2007

- speed of sea ice retreat?
- melting on ice sheets?
- weaker trends in models

in some responses (precip)?
- Vegetation feedback not as efficient
- models in paleo applications:

never quite the amplitude ...
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B & Climate Models of Earth and Planets E@ Slide 33




Emissions Composition Temperature

2000 2100 1900 2500 1900 2500

i i . 4./
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(1) CLIMATE SENSITIVITY:

Long, multi-century projections to
study Carbon Cycle Feedbacks,
Sea Level Change

.........

What are the prospects for the future?
New environmental forecast products will be feasible &

Major fires Agricultural production at
" 50%, blowing dust

or fisheries o ks : Health warning:
8 change likely | -Z77| /o8& Limit outdoor

activities; expect
brownouts

5% of d oo L AN
75% of days ' el ! ~ | Swimming and
7 7 5 v .\ 4| Fishing prohibited
Frequent floodi
A oo High danger
of toxic CO2

-reats continue oo Expect fisheries ( 2 ) REGIONAL DYNAMICS:

aydsow)y 10J 19JUd)) [RUOIIEN

S e - Very high-res simulations of
| g the next 20-30 years for -
Possible Threats-Summer 2020: hot, dry and unhealthy regional prediction
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CLIMATE CHANGE
AND WATER
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° Indlrect effects through Atmospherl | ’|cs.'_aryd .
possibly change in coupled varlablnt. . -
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Need for Improved top-down coupling for Regional Change

210
180
150
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90
60
30

0

50

Pressure (mb)
Pressure (mb)

1970 1980 1990

1970 1980 1990
Amplitude (in m)

Amplitude (in m)

EMD: WACCM (incl ozone)

-6 -4 2 0 2 4

EMD: Obs (NCEP)
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Predictability of an 11-yr Cycle Signal? (only solar max)

SST anomalies Precip. anomalies
(1856-2004)

PRC Diff 1300-1998 DJF only

CONTOUR FROM -4 TO 4 BY 25
|

120w )

Van Loon et al. 2007
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Solar 11-year Cycle: Max - Climatology

NCAR CCSM 3.0 GFDL 2.1

b) CCSM3-ALL surface temperature ensemble average surface air temperature
. L 1 " L L . f L .

ensemble average surface air temperature ensemble average surface air temperature
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@ SP-1304 The Changing Farth

Climate Models are an integral part
of Climate and Climate Change
research.

\ N

| They are now capable of representing
most of the key processes of the
coupled Earth System

A suite of open questions remain
(including solar influence): Need for
cross-disciplinary approaches

Long-term projection challenges:
Carbon Cycle Feedbacks, Polar amplification, ice sheet stability and sea level, Rate of Change

Regional predictions:
Modes of variability and radiative forcing
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Climate Change Summary




* |nterpretation requires long, reliable
data from many locations

 Multiple processes with typical time
scales affect the system

* Coupling of “traditional” systems

reveals the actual level of under-

standing of mechanisms

= > ~ e Dataassimilation (s.l.) and new
: statistical tools offers ways of
constraining uncertainties and to
integrate diverse data and theories
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Balancing Climate and Energy Needs
Problem is that Climate has very long time scales involved
— hard or impossible to turn back the wheel
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w
 Stellar / Planetary Evolution (10%-10° years)

(Faint early Sun, early Mars, volcanic activity on Mars and Venus,..)

* Planetary Orbital Configuration (10%-10° years)

(ice ages on Earth, Mars?...)

 Solar Variability (hours - 103 years)

(11-yr cycle, centennial sunspot minima,...)
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NASAFINDSEVIDENCETHATMARS * * -
MIGHTHAVEONCE SUPPORTED LIFE.,, .

- Y :‘ﬂ_/"
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[LINRA
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Dr. Habibullo Abdussamatov (Saint Petersburg's Pulkovo Astronomical Observatory):

"Mars has global warming, but without a greenhouse and without the participation of
Martians. These parallel global warmings -- observed simultaneously on Mars and on Earth --
can only be a straightline consequence of the effect of the one same factor: a long-time

change in solar irradiance.”
(Financial Post, 2007)

TMKELLY
thkelly, net
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The Greenhouse Effect

Greenhouse Effect

LH, Precip

80 ; ; ; ; ; ; ;
120 130 140 150 160 170 180 190 200

Greenhouse Effect

Neoprot Cretaceous Eocene LGM  Holocene Present 2100

Time Period
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* Introduction Climate System (10m)
— Intro examples: Models all around us (..2)
* (..overview)
— What are models for: different objectives but key: process analysis, prediction
* (..2:Clim sysslide, text sum)
— System is an externally forced damped oscillator
e (.. 1:Mitchell Powerspectrum)
* Range of Climate Models | (5)
— Key physical laws that govern climate encapsulated by equations depending on perspective: ...1
— 0-D: Planetary Energy Balance (...1)
— 1-D: Convective, diffusive Model (...1)

* Role of Feedback Mechanisms (5)
— Daisyworld (...1)
— Examples real world: Water vapor, Clouds, vegetation, methane (...1)

* Range of Climate Models Il (10)
—  2-D: Meridional transport, or global EBM (...1)
— Non-Earth: 1 or 2D models quite well adapted: some exception Clouds, Dust on Mars: (...1)
— EMICs: Intermediate Complexity Models (...1)
— 3-D: General Circulation Models, comprehensive Earth System Models (...2 movies, 2 slides)

*  Current state of the art (15)

— Climate System representation (...5)

— Climate Change (...3)
Solar Variability and Climate Models (5 minutes ...2)
— Upcoming new components (5 minutes ...3)

e  Summary (5 ...2)
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