
In this course...

I Brief introduction to the atmosphere

II Overview of the Earth System

III Survey of the atmosphere:

1 Dynamics
2 Thermodynamics
3 Weather systems: Extratropical
4 Chemistry
5 Cloud processes
6 Boundary layer
7 Radiative transfer
8 Remote sensing with radar
9 Weather Systems: High latitude and tropical
10 Numerical weather prediction
11 Climate dynamics

IV Useful research tools in atmospheric science
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Overview of the Earth System

Now that we have taken a brief overview of the atmosphere, we will
briefly survey the rest of the Earth System before returning to the
atmosphere for a more detailed examination

1 Components of the Earth System other than the atmosphere

Ô Oceans
Ô Cryosphere
Ô Terrestrial biosphere
Ô Earth’s crust and mantle

2 History of climate and the Earth System



Oceans

The density of sea water depends on temperature, salinity, and
pressure: σ = σ(T , s,p).

σ is expressed as a departure from 1000 g m−3 (σ = ρ− 1000)

s is expressed as the number of grams of dissolved salts per kg of
fresh water (parts per thousand. Symbol is permille: h)

Sea water contains ∼34-36h.

Potential density, σθ, is density that a water parcel would have if it
were raised adiabatically to the surface without change in its salinity:
σθ = σ(T , s,0)



Oceans

The pycnolcine is the region
where density transitions from
lower values near the surface
to higher values at depth. It is
also called the mixed layer
because vertical mixing tends
to be inhibited below it.

The thermocline is the layer
in which temperature
decreases with depth. It is
often the same layer as the
pycnocline in lower latitudes.

The halocline is the layer in
which salinity increases with
depth.



Vertical oceanic structure

Solar radiation can be
absorbed in the oceans.

Ô The strength and depth
of the thermocline varies
with latitude and season

Most heating is confined to
the mixed layer, with very little
temperature variation below it.



Salinity

Precipitation lowers salinity by
diluting the salts that are
present in the oceanic mixed
layer.

Evaporation results in an
increased concentration of
salt, thus increasing salinity.

Melting ice decreases salinity,
and freezing sea water
increases salinity.

Ô Freezing sea ice
induces vertical mixing
because saline water is
more dense than fresh
water and sinks.



Relationship between temperature, salinity, and density

Temperature salinity diagram

σθ generally decreases with T

σθ increases with salinity

Note that for temperatures
near the freezing point of sea
water (about -1.8◦C),
σ ' σ(salinity) only



Thermohaline circulation

Ocean circulation composed of a wind-driven component and
thermohaline component:

Ô Wind-driven is controls surface currents, limitied to top few
hundred meters

Ô Thermohaline = “Temperature-salty”



Thermohaline circulation

Brine rejection: a process that occurs during sea ice formation where
salt is pushed from forming ice into the surrounding seawater, creating
saltier, denser brine.

North Atlantic deep water (NADW): Forms by the sinking water along
the ice edge in the Greenland, Iceland, and Norwegian (GIN) Seas.

Antarctic bottom water (AABW): Forms by sinking along the ice edge
in the Weddell Sea.



Sea surface temperature

Colder waters generally correspond to subtropical west coasts, where
the subtropical highs circulate water equatorward and promote
upwelling.



Sea surface temperature

On eastern coasts (such as North America), the anticyclonic flow
around the “Bermuda high” drives a warm current poleward, called the
Gulf Stream.

Ocean currents are made up of smaller-scale “eddies” or ocean
vortices; Boundaries are sharp, with local SST ranges of up to ∼15◦C.



Cryosphere, Biosphere, and Crust

The cryosphere refers to components of the Earth system comprised of
water in its solid state.
The terrestrial biosphere concerns the geographical distribution of forests,
grasslands, tundra, and deserts.
The Earth’s crust and mantle are important components that mediate the
composition of the atmosphere (on timecales of tends to hundreds of millions
of years)



The hydrologic cycle
Box model of the water cycle

What is the residence time of H2O in the atmosphere?

τ =
M
F

where M is the amount of the constituent, and F is the rate of removal.

τ =
0.013× 1015m3

423× 1012m3yr−1 = 11 days



The hydrologic cycle

Let A be atmospheric water vapor,
P precipitation, and E evaporation.
Then:

dA
dt

= E − P

∂A
∂t

+ Tr = E − P

where Tr is horizontal transport (or
flux). Assuming steady state
conditions (atmospheric water
vapor is not drifting), then

Tr = E − P.
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The Carbon Cycle

The carbon cycle regulates the concentrations of two of the atmosphere’s
most important greenhouse gases: CO2 and CH4.







Geological temperature and precipitation timeline





Earth: The lonely planet?

Well... at least in our solar system.


