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Section A

Question 1

t

(a) (b marks) Describe scientific weather forecasting in a nutshell.

(b) (3 marks) What are the main factors leading to the substantial improvement
operational Numerical Weather Prediction in the past two decades.

(¢) (4 points) Define the following processes in numerical weather predictions:
(i) Data assimillation
(ii) Parameterization

(d) (3 marks) List three reasons for verifying model simulations in numerical
weather predictions.

Question 2

Consider the following set of shallow water equations
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(a) (6 marks) State the significance of each equation and roles of each term,

(b) (9 marks) List three different types of meshes that utilized in NWP simulations.
For each grid mesh state its advantages and disadvantages.

Question 3
(a) (4 marks) There are a number of NWP models used by different organization,
all based on the primitive equations. How are these models different?

(b) (5 marks) State Lorenz’s theorem about the predictability of the atmosphere.
How did he derive it in 19637
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(c) (6 marks) Show mathematically that on average the best ensemble forecasts
of an nonlinear event represented by the nonlinear function f(t) does not result
from the use of the best estimate of the initial conditions (ensemble mean). You
may choose a hypothetical example of the nonlinear function to demonstrate

this point.

Question 4

Consider the 1D SWE problem describe as

ou  On
8t g(’?$
on ou
ot Haz

(a) (10 marks) Show that the iterative algorithm is the given as
uftt =~ g (it — 1)
and
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(b) (2 marks) What is value of ¢?

(c) (3 marks) Your numerical weather prediction simulations blows up, what is
the most likely cause for this modelling instability?




4

Section B

The answers to this question must include the computer code and output, in addi-
tion to any writing that might be needed,

Question 5

Consider the description of the wind in the atmosphere by the linear shalllow wave
equations
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(a) (20 marks)Write a program solving the equations with the forward-in-time and
central-in-space difference scheme.

eLetf = 0.3, H =1, g =98, Az = 0.025, and At = 0.005 such that the
Courant number ¢ = /gHAt/Az < 1.

e Set the initial conditions:
n(z,y,t = 0) = 0.5 + 0.5e~ 45 +{y-5)")

for0<z<10and 0 <y <10.

o Lot u(z,y,t = 0) = v(z,y,t = 0) = 0 to mimick a still wind initial condition
and apply periodic boundary conditions. You may refer to your previous
SWE codes to solve this question.

(b) (20 marks) Plot 2D snapshots of the wind velocity V = (1, v) and the pressure
fluctuations i at ¢ = 0, t = 120, and ¢t = 240 - At. Describe the tendency of the
wind patterns at late times.




