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You are given that V'T" is a diagnostic for an extratropical storm
track.

Define all the symbols in this expression. What is the
significance of a northern hemisphere maximum in V' T for
() the growth of weather systems?
(ii) the climate system?
[10 marks]

Discuss the oceanic and atmospheric factors that are thought to
be important in determining the existence, longitudinal structure,
and seasonality of the North Atlantic storm track.

[20 marks]

Based on theoretical ideas concerning the impact of baroclinicity
and moist processes, give brief arguments that suggest how the
North Atlantic storm track may change with global warming.

[10 marks]

Give a physical argument, supported by a sketch, why
extratropical storms act to reinforce the midlatitude jet through
eddy zonal momentum fluxes. Explain how this is connected to
Rossby-wave propagation.

[10 marks]

Starting from the horizontal momentum equation in the steady-
state form pf kxv + Vp = 0740z, show that the ageostrophic
‘Ekman’ mass transport in the atmosphere is Mg, = f Tk x 1g
where 14 is the surface stress. Also derive the corresponding
expression for this mass transport in the ocean.

[15 marks]
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From the mass conservation equation in steady-state form,

V-(pv) + d(pw)/oz = 0, show that the vertical motion at the top of the
atmospheric boundary layer is given by pw = k-[Vx(zs/f)], and that the
same expression also applies at the bottom of the oceanic boundary
layer.

[8 marks]

For the case of tropical easterly and midlatitude westerly surface
winds, draw a sketch indicating the direction of the horizontal Ekman
flux and associated vertical motion in the atmosphere and ocean.

[7 marks]

From the Sverdrup relation v = f ow/oz and using results from the
Ekman theory obtained in 2(a,b,c), explain briefly why there is a
southward flux of water in the middle of the northern hemisphere
oceanic subtropical gyres.

[5 marks]

Taking a typical latitudinal length scale for a subtropical oceanic
gyre, typical atmospheric horizontal velocities across the gyre and
an approximate value of the atmospheric drag coefficient, estimate
the value of the vertical velocity w at the bottom of the oceanic
boundary layer.

Hence, taking a typical depth of the ocean, estimate the equatorward
flow v in the ocean.
[15 marks]
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Discuss very briefly what is meant by
(i) the Hadley cell in the atmosphere;

(if) the thermohaline circulation in the ocean.
[6 marks]

Given that the mass flux in the Hadley cell has magnitude 6 x 10™
kg s, that the lower branch at 1 km altitude has typical temperature
20°C and humidity 12 g/kg, and the upper branch at 13.5 km altitude
has temperature -60°C and negligible humidity, evaluate the
poleward moist static energy flux due to the Hadley cell.

[12 marks]

Given that the volume flux in the thermohaline circulation is 20 Sv
(1 Sv = 10° m*® s™), estimate the northward energy flux due to this
circulation in the northern hemisphere, assuming that the difference
in temperature between the upper and lower branches is 6°C.

[7 marks]

Discuss the sources and sinks of angular momentum, and the
relation to the zonal flow, in (i) the lower and (ii) the upper branches
of the Hadley cell.

[15 marks]

Discuss briefly some of the physical processes that are relevant for

driving the thermohaline circulation.
[10 marks]

[End of Question paper]
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