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Discussion

* s the initial condition balanced? Is there an initial
“adjustment” period?

«  What is a range of prediction (in days)? Does this
depend on the initial conditions?

»  What is the average (time mean) temperature
difference? How does this compare to the
radiative equilibrium temperature difference?

» Is the poleward heat transport always positive?

*  What is the mean windspeed?
(Hint: consider the temporal variance in
windspeed)

* Are your results sensitive to selection of “free”
parameters?

Weather and climate

In the model...
* how do you change the weather?

* how do you change the climate?
(how do you DEFINE the climate?)




Phase Paortrait - 1000 Days Default Parameters

a0 T T

Lorenz (1963) e e

Low dimensional attractors. Unclear if they are a good analogy to
the true climate system, but they have some appealing
characteristics.

Non-linear advection

» Linear models have relatively simple behavior
(consider an damped harmonic oscillator)

» We may infer that non-linearities make models
interesting, and often require numerical methods

» The cyclone model has interesting behavior
because of the non-linear advection. (product VT)

» Advection is one key aspect of hydrodynamic
flows




Problems in time and space
(classes of 2" order PDEjs)
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Plus suitable boundary and initial conditions

These are the simplest canonical forms... they get nasty quickly

Advection

Consider the conservation of a quantity: g = g(x,t)
[could be CO,, potential temperature, ozone, potential vorticity, water...]
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Finite difference schemes

—u(g; = q;,)/ Ax u>0

Up-stream: Flux in — flux out %
_u(qi+l_qi)/Ax u<o0
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More formal finite differences

* Forward in time, oq 5 @ -q B 7 —q"

centered in space ot At 2Ax
« Centered in time, oq _a"—q" __ al—al
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One can of course construct many others....

Stability analysis
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* Von Neumann method
* Consider known solution: g = A exp(i ¢)

» Check how amplitude changes with time
— If A continues to grow with time, then unstable
— If bounded, then stable, but may not be accurate!

 Certainly errors in amplitude, but also consider phase errors.

* Courant number C = |uAt/Ax| < 1 for stability
(This is the CFL condition)




Courant-Fredrichs-Levy (CFL) condition

* Information can not move more than one grid box in one
time step.
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* Time it takes to move across one box is VAX must be
greater than the time step.

» Thus maximum speed of any stable motion is limited by
the combination of Ax and At.

* Another interpretation: q,-"“ =(1-C)q ,n +Cq in—l

* So advective translation is an interpolation in space.
If C > 1, then it is an extrapolation, and susceptible to
exponentially growing errors (amplitude grows each time

step)

Lab exercise

*  How accurate is the finite difference prediction?

* Construct a 1-d model of linear advection (i.e., u =
constant) to represent the zonal flow.

*  Develop metrics of error
(consider phase and amplitude!)

* Do results change with wave number, time step,
Courant number, shape of function, time filter?

Note this assignment will be useful for the mid-term
assignment!




