Climate Dynamics:
Why Does Climate Vary?

The Recent Global Warming: Observations, Theories, and the Science and Art of Modeling

http://www.esrl.noaa.gov/psd/people/dezheng.sun/lectures/ ATOC7500.html
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NAO Index

The North Atlantic Oscillation
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Atlantic Multidecadal Oscillation (°C)
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The Global Themohaline Circulation

Sea-to-Air
Heat Transfer
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Mechanisms for Tropical-Extratrpical Interacton

Climatic Teleconnections
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The Recent Global Warming

Annual anomalies of global surface air temperature (°C)
(relative to the 1961 to 1990 mean)
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Difference ("C) from 1961-1990

The Recent Global Warming

Annual anomalies of global surface air Annual anomalies of global Sea Surface

temperature over land (°C) . Temperature (°C)
(relative to the 1961 to 1990 mean) (relative to the 1961 to 1990 mean)
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Difference (°C) from 1961-1890
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The Recent Global Warming

Annual anomalies of hemispheric Sea Surface Temperature
(°C) (relative to the 1961 to 1990 mean)
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The Recent Global Warming

Zonal Mean Temperature Anomalies (°C)
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The Recent Global Warming

Surface air temperature trends over 1901 —2005 and 1979-2005

Annual Trend 1901 to 2005 Annual Trond 1978 to 2005
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The Recent Global Warming

Surface and tropospheric temperature trends over 1979--2005
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The 11 indicators of global warming
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Increases in Greenhouse Gases in the Atmosphere
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Added Radiative Forcing

Components
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The Greenhouse

Some of the solar Outgoing solar
radiation is {

reflected by the

atmosphere and

the Earth's surface

Some of the Outgoing Fourier
infrared radiation s

passes through atte mer 2

the atmosphere = 7 "

and out into space
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Solar radiation

Radiation is converted to heat energy, causing
T AT T ~ the emission of longwave (infrared) radiation
cadiation: 168 Watts per i~ back to the atmosphere
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Major Greenhouse Gases In The Atmosphere

Radiation Transmitted by the Atmosphere
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The Energy Balance of the Climate System
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CO2: A Cause of the Ice Age?

Ice Age Temperature Changes
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The Decadal Warming of 1930s

Guy Callendar
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The Revival of CO2 Theory in

Bert Bolin

1950-60s
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The Revival of CO2 Theory 1in 1950-60s:
e The Keeling Measurements
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The Dawn of Modern Era of Modeling Climate Change
Manabe’s Radiative Convective Model
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The Water Vapor Feedback
Implied by a Constant RH
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Feedback and Climate Sensitivity
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Some Key Feedbacks

Process

Water Vapor
F(T.A) =0
Lapse rate
T — dF Cloud albedo

Cloud greenhouse effect

40T3(1—2 f)

Ice/snow albedo







A Little History of 3-D Modeling

Manabe’s 3D GCM * Syukuro Manabe

GFDL MODEL -SIMULATED WARMING
AT THE TIME OF CO: DOUBLING

Joseph Smagorinsky

Geophysical Fluid Dynamics Laboratory
(GFDL)




Some basic concepts:
Discretization

Schematic for Global
Atmospheric Model

Horizontal Grid (latitude - longitude)

Verucal Grid (height or pressure)

Physical Processes in a Model
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Some basic concepts:
Parameterization

Detrainment (Only cloud top)
Zy N

(Buoyancy free level)

Input
Temperature, Hl.ll]f

Change of envirionmental field by detrainment
Subsidence heating

Subsidence heating

Precipitation\calculated

Entrainment

Zy

(Lifting Condensation Lavel)

Cloud base mass flux

Downdraft heating 1 1 1 Downdraft by evaporation

Output

Temperature, Humidity Chz
Precipitati

Cumulus water and fraction (to -




The Basic Equations

The equation for the motions in the atmosphere
and ocean: the Navier-Stokes Equation (Newton s
second law)

I'he continuity equation (mass conservation)

The equation of state for air and sea water

The energy conservation equation: the first law of
thermodynamics

The budget equation for water vapor, salt, CO2,
etc.



Some approximations still in use
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Successes and Challenges: Simulation of
global mean temperature variations
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Successes and Challenges: Simulation of
the rainfall distribution




Some Key Feedbacks

Process NIT Confidence
level
Water Vapor + High
F(T,A)=0 |
Lapse rate : High
T _ dF Water Vapor — High

4O'T3 (1_2 fl) plus Lapse rate
: Cloud albedo ?
I

Cloud ?
greenhouse
effect

Ice albedo + Certain




3. ENSO Statistics mCMIP5
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A Cause or A Consequence?

SST difference between (1977-2003) and (1950—1976)
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Themohaline Circulation Variability

Sea-to-Air
Heat Transfer
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Future Volcanic Activities




Surface Warming °C

Projections of Future Climate Change

09 |

08 r

0.7 }

06}

0.5 F

04 |

0.3 F

02}

0.1 F

. s Commitment

1985

1990 1995 2000 2005 2010 2015 2020 2025
Year

E
4
———

TUSWIIAILIOY)

gy

ﬁ

L8



Relative Probability Relative Probability

Relative Probability

Projections of Future Climate Change
relative to the period 1980 to 1999
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A Poem By Robert Frost

Some say the world will end in fire,
Some say in ice.

From what I've tasted of desire

I hold with those who favor fire.
But if 1t had to perish twice,

I think I know enough of hate

To say that for destruction ice

Is also great

And would suffice.




