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1 Question 1

If the top 100 m of ocean warms by 5°C during a 3-month summer period, what is the average
rate of net energy flow into the ocean during this period in units of W m2? If the atmosphere warms
by 20°C during the same period, what is the average rate of net energy flow into the atmosphere?
(Hartmann, 2016, p. 129)

1.1 Solution

If the top 100 m of ocean warms by 5°C during a 3-month summer period, the average rate of
net energy flow into the ocean during this period is

0E, ¢, pudy AT, 4218 % 10° x 100 x5
G = o _ whwiw e w _ W —2=271W —2' 1.1
° = Tt z 90 x 24 x 3600 m m (1.1

If the atmosphere warms by 20°C during the same period, the average rate of net energy flow into

the atmosphere is

0E, C,AT,  p AT, 1004 10° 20 W m2
= = — —_ = X X
2Ty . P ¢ 9.81 90 x 24 x 3600

=263 Wm™. (1.2)

2  Question 2

The blackbody emission from the surface can be linearized about some reference temperature
To. 6T ~ o-Té + 40T, 03 (T, — Ty) + ---. And the sensible cooling of the surface can be written as
SH ~ ¢,pCrU(T; — T,) + -+-. Calculate and compare the rates at which longwave emission and
sensible heat flux vary with surface temperature, 7s. In other words, if the surface temperature rises
by 1°C, by how much will the longwave and sensible cooling increase? Assume that 7o =288 K, T
is fixed, p=1.2kgm™>, ¢, =1004 J kg ' K™!, Cpb =2 x 107, and U= 5 m s”!. (Hartmann, 2016, p.
129)

2.1 Solution

We have

d(oT)|_y, = 40Ty dT, @2.1)

and
d(SH)|7, 7, = ¢,pCpU dT. (2.2)

So, if the surface temperature rises by 1°C, the longwave and sensible cooling will increase by
A(GT;‘) ~ d(GT;‘)

|pog, =40T; dT, = 4x5.67x 107 x 288’ x I Wm ™ =54 Wm™ (2.3)

and
A(SH) % d(SH) |7, = ¢,pCpU dT, = 1004 x 12X (2x 107) x 5x 1 Wm™ = 12 W m™>,(2.4)

respectively.
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