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Explain the meaning of all the symbols in the surface energy balance
equation
R,-~G=H+JE.
[5 marks]

Sketch the diurnal variation of all the terms in the surface energy
balance for a surface covered in short grass in cloud-free conditions at
mid latitudes. State clearly any assumptions you make and indicate
typical values. Describe how the balance shifts throughout the course
of the day.

[15 marks]

Explain how the diurnal variation of the surface energy balance for
short grass drives the diurnal variation in the atmospheric boundary
layer under ideal cloudless conditions. Use sketch diagrams to
illustrate (1) this cycle and (ii) the vertical thermodynamic structure of
the boundary layer at key stages in the cycle. Annotate your sketch
diagrams with typical values of temperature and boundary layer
depth.

[15 marks]

Explain how your answers to parts (b) and (¢) would differ if the
surface was an urban area rather than a vegetated surface.
[15 marks]
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Explain what is meant by the roughness length, z, of a surface and
the friction velocity, ux, and give a typical range of values for a grass
covered surface.

[5 marks]

Describe how the Monin-Obukhov scaling parameter, = z/L, is
derived stating clearly any assumptions that you make. Hence,
explain why the wind shear in a non-neutral surface layer can be

written as
dU u z
A O 1

dz K2¢m(L)’ (1)

3
where the Monin-Obukhov length is L = 1 -

x (g/0,\H/pe,)
[10 marks]

Explain the physical meaning of the Monin-Obukhov length L.
[5 marks]

Describe the instruments and measurements required to estimate ¢,,.
State clearly any assumptions that need to be made and quantify any
assumptions about the nature of the experimental site.

[15 marks]

In stable conditions, the Monin-Obukhov function is given by
¢, =1+ 52
L

Use this result together with equation (1) to obtain the variation of
wind speed with height in a stable surface layer.

Over a grass-covered surface the 10m wind speed is measured to be
2ms™" and the surface temperature is 5°C. Calculate the heat flux
required for the wind speed at 10m to deviate by more than 0.5ms™
from the neutral value, assuming that the friction velocity and surface
temperature remain constant.

[15 marks]

Turn over
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Define the gradient Richardson number Ri and explain how it can be
used to diagnose dynamical stability.
[5 marks]

State the main assumptions required for the atmospheric boundary
layer to be described by the Ekman model. The winds in the Ekman
model satisfy the equations
d’u
—fy=K ==
ﬁ} m de b

which have the solution

d*v

m de 5

flu-v,)=x

u=U, [1—exp(—z/h)cos(z/ 1)), v=U, exp(—z/h)sin(z/h),

with 7 =(2K, /f )% What does % represent physically? For typical

values of the parameters estimate a typical value for K,,. How does
this value compare with the molecular viscosity of air? Sketch the
vertical profiles of the two components of the mean wind predicted by
the model. How do these predictions compare with observed values?
[20 marks]

Explain, with reference to the Ekman model described above, how,
and under what conditions, the nocturnal jet is formed.
[15 marks]

Why is the nocturnal jet not observed close to the ground or in the
free troposphere?
[10 marks]

End of Question Paper



