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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
Solar Inputs
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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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Shadow area
nR”

Incoming solar Emitted terrestrial
radiation radiation

Balance of Incoming Soles OutgoingLongwaveRkRadiation:
a(Fh 0 {4 :IT =256K18C), but observed ~287K
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Greenhouse Effect (Energy)

LOMGWAVE RADIATION
ERES + NOAA B APRIL 198%
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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
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Transition from
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Climate Models circa early 1990s Global coupled climate models
in2006

400 km | 100 km

25 km
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Weather, clouds
Ocean circulation
Sea level
Vegetation
Aerosol

Atm. Chemistry
Carbon Cycle

Ice sheets
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Ocean Eddy Simulation at @#&grees

\-7

~ Agulhas Eddies
Sea Level
F. Bryan, NCAR
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Surface Air Temperature El Niho-Variability
Model Model

Correlation of Nino 3 and SST Anomaly Timeseries
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Climate Modeler's Commandments
by JohrKutzbacHUniv. of Wisconsin)

Thoushaltnot worship the climate model.

Thoushaltnot worship the climate model, but thoshalthonor the climate
modeler, that it might be well with thee.

Thoushaltuse the model that is most appropriate for the question at hand.
Thoushaltnot change more than one thing at a time at first.

In making sensitivity experiments, thahalthit the model hard enough to make it
notice you.

Thoushaltnot covet finescale results with a coarssale model.

Thoushaltfollow the rules for significance testing and remember the model's
inherent variability.

Thoushaltknow the model's biases and remember that model biases may lead ta
biased sensitivity estimates.

Thoushaltrun the same experiment with different models and compare the result:

Thoushaltworship 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.
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IPCC 2007: Mast 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

Global air temperature
2004 anomaly +0.45°C
(4th warmest on record)
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"Human beings are now carrying out a large scale geophysical experiment of a kind
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A Natural Factors: Sun anblcanos

A Human emissions: Greenhouse gases, Aerosol, Ozo
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Global Average Temperature

Observations

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

1900 1920 1940 1960 1980 2000

Meehlet al. 2004
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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
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SPECIAL REPORT GLOBAL WARMING ——
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i - speedof sea ice retreat?
kids and their kids as well
el S e - melting on ice _sheets?
sonCIL OGN - weaker trends in models
THE CLIMATECRUSADERS In some responseplecip?
- Vegetation feedback not as efficient
- models mpaleoappllcatlons
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Emissions Composition Temperature

2000 2100 1900 2500 1900 2500
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(1 )CLIMATE SENSITIVITY:

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

N e

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 WA : Health warning:
je change likely | -7~ lelt‘t‘)utdoor
N | activities; expect
brownouts

‘aydsouwnyy 10J 19jud)) [BUOIIBN] d

High danger

lvieslip=e—r——— ee———— ( 2 )REGIONAL DYNAMICS:

e - Veryhighres simulations of
| - ____thenext 2030 years for _
Possible Threats-Summer 2020: hot, dry and unhealthy regional prediction
bl 2009:
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CLIMATE CHANGE
AND WATER
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Need for Improvedop-down coupling for Regional Change
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Predictability of an 14/r CycleSignal{only solar max)

SST anomalies Precip anomalies
(18562004)

PRC Diff rob=85% 1300-1998 DJF only

120w

Van Loon et al. 2007
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Solar 11lyear Cycle: MaxClimatology

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.

L

’ They are now capable of representir
most of the key processes of the
coupled Earth System

A suite of open guestions remain
(including solar influence): Need f
crossdisciplinary approaches

Longterm projection challenges:
Carbon Cycle Feedbacks, Polar amplification, ice sheet stability and sea level, Rate of

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




A Interpretation requires long, reliable
data from many locations

A Multiple processes with typical time
scales affect the system

A/l 2dzLI Ay3 2F ai NI R
reveals the actual level of under
standing of mechanisms

A Data assimilations(l) and new
statistical tools offers ways of
constraining uncertainties and to
Integrate diverse data and theories
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Balancing Climate and Enenggeds
Problem is that Climate has very long time scales involved
¢ hard or impossible to turn back the wheel
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o
A Stellar / Planetary Evolution (Q0° years)

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

A Planetary Orbital Configuration (4Q years)
OAO0S 3Sa 2y 9F NIKX al NEKXD0

A Solar Variability (hours10® years)
(116 NJ O Of ST OSyuSyyAlft adzyalkd



718
007| doi:10 1038/ nakureos

Vol 446|5 APl 2

=
L4}

7.
7.

] mag
-
th O

el B
O v w B o
oo O

=]

(b) Earth mean temperature anomaly

2
b

e o
o M

M.:‘ m ey *WM_J-. 3

Temp. Anom. (°C)

o

-0.2

0.07 -
(c) Total solar irradiance
= 0.06

)

.

Irradiance {

0.05
0.0:%
0.2




Dr. Habibullo Abdussamatov (Saint Petersburg's Pulkovo Astronomical Observatory):

"Mars has global warmindput without a greenhouse and without the participation of

Martians.These parallel global warmingsobserved simultaneously on Mars and on Eafth
can only be a straightline consequence of the effect of the one same factor: diroag

change in solar irradiandee
(Financial Post, 2007)
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