GEOS 24220/ 34220
Climate Foundations

Lectures 1-2



“Climate” definition, popular

“The average course or condition of the
weather at a place over a period of years
as exhibited by temperature, wind velocity,
and precipitation.”

Webster’s 91" New
Collegiate Dictionary



“Climate” in a complex coupled system:

the joint probability distribution of atmospheric and ocean variables, of which weather is one realization

DYAMOND project
FV3 model

2016-08-01 01:00Z
001 Forecast Hours Visualization
FV3 3km Xi Chen@FV3 team



Shifting probability distributions are key to
understanding extreme weather

Wind damage from
Hurricane Helene,
Florida

Flood damage from
Hurricane Helene,
Florida



“Climate” definition, this class

The surface temperature that allows a planet
to reach energy balance

Wherever possible, we will think in 1D terms



Very little
discussion of

But we can still
answer why

Horizontal motion and wind
Weather systems
PDFs of weather variables

Mid-latitudes and above

More CO, leads to warming
More CO, means more rain
Higher T = more intense rain
Climate projections are uncertain

Geoengineering can’t give you
the exact same climate




Why does the Earth have a temperature?

The question of the Earth’s temperature distribution, [is] one of
the most important and most difficult of all Natural Philosophy ...
| wish to present to physicists... the collection of pertinent
phenomena and the mathematical relations amongst them.

It is first necessary to distinguish the three sources from which
the Earth derives its heat:

Joseph Fourier
“On the temperatures of
the Terrestrial Sphere and
Outer Space”, 1827



All planets must somehow achieve energy balance

Earth’s IR radiation out



Anything with non-zero T emits electromagnetic radiation

Both frequency and magnitude of radiative flux are a function of T
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Should the Earth and the moon have the same climate?

Copyright (c) 2009 by Derek Owens
after all, they are the same

distance from the sun -
same insolation in W/m?



What is the “climate” on the surface of the moon?

$1000 scuba gear $12 M spacesuit




Moon surface temperature diurnal variation

Diviner Moon equatorial temperatures (A. Vasavada, NASA)
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Core concept: planetary energy balance

Earth’s IR radiation out

Solar radiati

“Climate” for this class =
surface T that will put the
planet in balance

How does T balance?
F=cT*

Provides a negative feedback



Moon

1. Very large diurnal cycle in temperature
2. Daytime variation looks like sine wave
3. Night-time is very cold and temperature nearly flat

Propose: every location on the Moon is in “local radiative balance”

Earth

1. Average temperature is warmer

2. At each location, high is lower and low is higher -- smaller diurnal
cycle

— night-time doesn’t cool off as rapidly
— day-time doesn’t warm up as rapidly

Earth is not in “local radiative balance”



What is the Earth’s atmosphere doing?

1. keeps nightside warm, by increasing cooling timescale

2. keeps poles warm by moving heat from equator to pole

3. warms by raising level of emission to space




How can the Earth’s atmosphere be so important?

* Earth’s atmosphere is very thin relative to its radius

* and only a tiny fraction of the atmosphere’s
constituents are relevant




Key to Earth’s climate: sun’s heating is from below

- atmosphere is ~ transparent to
visible radiation



... but energy is lost from high in the atmosphere

- atmosphere is ~ transparent to
visible radiation

— atmosphere is ~ opaque to
infrared radiation

Longwave
Te



... but energy is lost from high in the atmosphere

- heated from below, but sheds
energy from top

—>some process must move heat
upwards in atmosphere

Longwave




Surface temperature must be warmer than T,

* Tgset by the sun
* 1z set by atm. composition
[ set by thermodynamics

e T =T, +z 1T

Longwave

' in K/km

T T =287 K



What happens if you add CO,?

Longwave

Zr - [ in K/km

T T =287 K



What happens if you add CO,?

* z.increases
* [ decreases only very slightly

* T increases because z, does

Longwave

[ in K/km

T,=287K+¢



Earth’s estimated radiative budget
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