
ESE 101:

Homework 6 (due November 21):

(Problems 1–3 adapted from Hartmann, ch. 5)

1. Use the bulk aerodynamic formula to calculate the evaporation rate from the
ocean, assuming a transfer coefficient for evaporation Cd = 10−3, a surface
wind speed U = 5ms−1, and that the reference-level air temperature is
2 K less than the sea surface temperature. Calculate the evaporation rate
for (a) surface temperature Ts = 0◦C, saturation specific humidity at the
surface q∗s = 3.75 × 10−3, relative humidity H = 70%; (b) Ts = 0◦C,
q∗s = 3.75 × 10−3, H = 100%; (c) Ts = 30◦C, q∗s = 27 × 10−3, H =
70%; (d) Ts = 30◦C, q∗s = 27 × 10−3, H = 100%. Assume a fixed air
density of 1.2 kgm−3. How would you evaluate the importance of relative
humidity versus the importance of surface temperature for determining the
evaporation rate?

2. Calculate the Bowen ratio using the bulk aerodynamic formulas for surface
temperatures of 0, 15, and 30◦C, if the relative humidity of the air at the ref-
erence level is 85% and the air–sea temperature difference is 2 K. (Assume
equal transfer coefficients for sensible and latent heat.)

3. Use the results of problem 2 to explain why high-latitude land areas often
have high surface moisture content.

4. Angular momentum. The total angular momentum of the atmosphere–
Earth system is approximately conserved (up to tidal dissipation, which is
negligible for purposes of this problem). The total angular momentum M
consists of a component Me owing to the planet’s rotation around its spin
axis, and a component Ma owing to the atmosphere’s motion relative to the
solid Earth,

M = Me +Ma.

(a) If we approximate Earth as a sphere with uniform density, its moment
of inertia is Ie = (2/5)mea

2, where me = 5.97 × 1024 kg is the mass
of Earth and a = 6371 km is its mean radius. What is an estimate of
the angular momentum component Me?

(b) If we approximate the atmosphere as a thin spherical shell with uni-
form density, its moment of inertia is Ia = (2/3)maa

2, where ma is



the mass of the atmosphere. Using that the mean surface pressure of
the atmosphere is 105 Pa, estimate the atmosphere’s moment of inertia
and its angular momentum component Ma. How does that compare
with Me?

(c) Because Earth’s northern hemisphere has more land area, the northern
hemisphere climate is more continental than the southern. As a re-
sult, the mean eastward winds of the extratropical troposphere, which
are strongest in winter, are stronger in the northern hemisphere winter
than in the southern hemisphere winter: the angular momentum Ma of
the atmosphere is 15× 1025 kgm2 s−1 in December-January-February
(DJF) but only 10×1025 kgm2 s−1 in June-July-August (JJA). As total
angular momentum M is conserved, this must imply a compensating
change in Me between DJF and JJA. What does that imply for the
length of day in DJF and JJA? (A more accurate estimate of Earth’s
moment of inertia than that obtained in (a) is Ie = 9.71×1037 kgm−2.
And yes, the change in length of day is a measurable and real: Earth’s
rotation rate is different between DJF and JJA!)


