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Describe the physical processes that distinguish (i) atmospheric
boundary layer from the free atmosphere, (b) the surface layer from the
boundary layer.

[5 marks]

Describe, using a sketch diagram and with typical values of parameters,
the diurnal evolution of the boundary layer in mid-latitudes.
[10 marks]

Explain, with equations and stating clearly any assumptions you make,
how Monin-Obukhov scaling can be used to obtain the variation of
mean wind and potential temperature in a stably and unstably stratified
surface layer.

[20 marks]

Describe the dynamical and chemical processes that control the
concentration of ozone near the ground over adiurna cycle of a
polluted boundary layer.

[15 marks]

Fig. 1 shows measurements of the components of the surface energy
budget over adiurnal cycle. Fig. laisfor an urban areaand Fig 1b is
for arural area. Describe the physical processes that lead to the
differences between Figs. 1laand 1b. Sketch on one graph the
variation in surface temperature over the diurnal cycle corresponding to
Figs. 1laand Ib, indicating typical values where possible.

[15 marks]

Question 2 continued overleaf
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Question 2 cont’ d.

(b) Write down typical values of the roughness length of (a) urban areas,
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z,, and (b) rural areas z, . With the aid of a sketch diagram, describe

how a day time neutrally stratified boundary layer adjusts from rural to
urban terrain, including a careful discussion of the internal boundary
layer.

[15 marks]

The height of the internal boundary layer, h. , isgiven by
h{em(hz,)- 1 =0.6x

where x isthefetch. Estimate the fetch required for arura boundary
layer to adjust fully to an urban area.
[5 marks]

Describe, with suitable sketch diagrams, how the temperature profile
in a clear-sky nocturnal boundary layer develops as arural boundary
layer adjusts to an urban area.

[15 marks]

Fig. 2 shows records of instantaneous vertical velocity and temperature
measured at heights 5.66m and 22.6m above the surface in a convective
boundary layer. Describe, with reference to the datain fig. 2, the large
scale motionsin the CBL (convective boundary layer).

[15 marks]

Question 3 continued overleaf

Turn over
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Question 3 cont’ d.

(b) According to Carson’s model, the depth of the CBL, h, evolves
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according to

i2@+2E) .t i

h(t) :+ iy OOHO(tcy dtqz (1)

Explain the meanings of the symbolsE, r , ¢, , g and H, . Describe

carefully the assumptions made to derive this formula, paying particular
attention to the assumed temperature structure.
[12 marks]

IfH, =300Wwm™? which remains constant, E = 0.2, rc,= 1.2" 10°Jm°K"*
and g =8.5K km™*, calculate, using (1), the time taken for the CBL to
grow to 1 km in depth.

[8 marks]

Describe how the surface energy balance determines H, . Hence
explain, with reasoning, whether you expect the CBL to deepen most
rapidly over dry bare soil, a water surface, or a vegetated surface.

[15 marks]



Figs 1laand 1b for Question 2
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End of Question Paper
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