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Section‐1 (60 Marks)
1.

Curvature terms in the momentum equations can be neglected in _________
a) Grid Point Models
b) Spectral Models
c) Non‐Hydrostatic Models
d) None of the above

(5)

2.

_________ equations are more accurate

(5)

a) Hydrostatic
b) Non‐hydrostatic
c) Basic hydrodynamic
d) None of the above
3.

Suppose today’s temperature at a place is 30o C and the temperature tendency due to cold
advection is 0.5 o C/3 hrs. What will be tomorrow’s temperature?
a) 34.0 o C
b) 30.5 o C
c) 26.0 o C
d) none of the above

(5)

4.

Isentropic surfaces intersect in ________
a) Free atmosphere
b) Boundary layer
c) Troposphere
d) None of the above

(5)

5.

From the following continuity and thermodynamic energy equations, derive a prediction (12)
equation for pressure. Show all the steps in the derivation.
𝑑𝜌
𝑑𝑡

A.

𝜌𝛻. 𝑉⃗

and

𝑑𝑇
𝑑𝑡

𝑅𝑇 𝑑𝑝
𝑐 𝑝 𝑑𝑡

3
6.

Calculate the 𝜎 values for the model reference pressure of 600 hPa at the given 5 points, as shown (8)
in the diagram. Model top pressure is given as 100 hPa. Surface pressures are given in kPa.

A.

7.

A.

Calculate the 𝜂 (eta) vertical coordinate values for the model reference heights 1000 and 2000 m (8)
for the 3 points, using the data given in the diagram. Model top pressure is given as 100 hPa.

4
8.

Explain how sigma coordinates introduce errors in PGF calculation with a neat diagram.
(12)
What is the difference between sigma and eta coordinates? Explain how eta coordinates
eliminates the errors in the PGF calculation.

A.

Section‐2 (40 Points)
1.

What is the nature of NWP model equations? How do you solve them using Finite Difference (6)
method?

A.

2.
A.

Giving the expressions for a derivative of a variable 𝜑 and its finite difference, explain the (8)
differences between them, with the necessary diagram.

5
3.

With the help of a 9‐point square stencil and centered difference formula for the derivative,
obtain a finite difference expression for the mixed 2nd derivative 𝜕 𝑢⁄𝜕𝑦𝜕𝑥 .

(10)

A.

4.

A.

Give a diagram showing a 9‐point square stencil. Giving the Taylor’s expansion series for (16)
the four vortices of the square, derive an expression for the Laplacian, ∇ 𝑢. Consider
∆𝑥 ∆𝑦 ∆.

