
Chapter 8  Outline Answers 

Students
8.1 According to Wien’s law the wavelength of maximum emission of a blackbody varies 
inversely with its absolute temperature, so that maximum wavelength increases as 
temperature decreases.  Redder stars have cooler surfaces.  Solar irradiance decreases as 
the inverse square of distance from the centre of the sun.  The solar constants of Earth 
and Venus (the annual averages of their irradiances) must therefore relate as SE/SV = 
(RV/RE)2 = (2/3)2 = 4/9.  
8.3 In the atmospheric window (wavelengths centred around 11 µm) the peak of the 
terrestrial spectrum would have followed the blackbody Planck curve for 250 K almost 
exactly.  On either side of this, the observed spectrum would have fallen a little below 250 
degree values because of terrrestrial radiation coming from cooler water vapour and 
cloud at higher levels, the main cloud blanket being somewhat below the highest opaque 
layer of the atmosphere.
8.5 Greenhouses are moderated during the heat of the day by opening roof vents to 
allow hot air to convect out, carrying heat out and letting cooler air in, otherwise they 
could seriously overheat.  In the same way, cars parked in strong sunlight can overheat to 
biologically dangerous proportions, which can be considerably restrained by leaving 
windows partly open.
8.7 At the winter solstice, Earth’s equatorial plane is tilted 23.5° above the line to the 
sun, decreasing noon solar elevations above local horizons by this amount compared with 
their values at the equinoxes, when they are (90° - φ) according to Fig 8.10.  Since the 
latter are 65, 45 and 25° respectively, the respective midwinter elevations are 41.5, 21.5 
and 1.5°.   By the same argument the respective midsummer elevations are 88.5, 68.5 and 
48.5°.
8.9 Since the E end of the anticyclone is well over the continent, in summer the 
equatorward airflow will carry much warmer air than the poleward airflow round its W 
end, which is over the relatively cool ocean.  The net equatorward heat flux reverses in 
winter, since continental temperatures will be well below maritime values in midlatitudes.  
If the continent remains reasonably moist in summer, the net fluxes of latent heat will be in 
phase with the seasonal fluxes of sensible heat, but if the continent dries out siginificantly 
in summer, the equatorward net flux could be small or negative. 
8.11 According to Eqns 8.1 and B8.1b solar irradiance at a distance R from the sun’s 
centre is given by σ T4 [(Rs/R)2].   Inserting the given solar temperature, the solar 
emittance σ T4 = 5.67 x 10-8 x (5,800)4 = 64.16 MW m-2, and the term in [  ] has values 4.201 
x 10-5, 2.178 x 10-5 and 9.426 x 10-6 for Venus, Earth  and Mars respectively, so that their 
solar constants are respectively 2,695, 1,397 and 605 W m-2.
8.13 Using Eqn B8.1b the radiant emittance of blackbodies at temperatures 40, 25, - 20 
and -40 °C are respectively 546, 448, 233 and 168 W m-2.  These value apply to the 
question, except for the value for hot sand (546), which is reduced to 464 W m-2, because 
its emissivity is 0.85.  Solar radiant input to dark rock under an irradiance of 1,100 W m-2 
is (1 - 0.3) x 1,100 = 770 W m-2.  At radiative equilibrium this input I = ε σ T4, so that T = 
(I/ε σ)1/4 .  Inserting values for I and ε  we find  T = 356 K.  This is an overestimate because 
we have made no allowance for the strong convective heat flux rising from the hot rock.
8.15 According to Eqn B8.2d the transimissivity when the sun is 30° above the horizon is
[0.85]cosec 30  = [0.85]2 = 0.723, and the values at solar elevations 60 and 90° are respectively 
0.829 and 0.85.  Multiplying these by the normal irradiance gives the sea level irradiances 
normal to the solar beam are respectively 998, 1,144 and 1,173 W m-2.  To find the 
horizontal irradiance these values are multiplied by the sine of the angle of solar elevation 
(0.5, 0.866 and 1.0) to find 499, 991 and 1,173 W m-2.
8.17 Taking peak poleward heat advection to be 190 MW m-1, 1% is 1.9 MW m-1. Multiply 
this by the length of the 45° line of latitude (2 π R sin 45 = 2 x π x 6,370 x 1,000 x 0.7071 = 
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2.83 x 107 m) to find 5.38 x 1015 W.  Dividing by a world population of say 7 x 109, we find 
769 kW per head.
8.19 Radiative balance of ground (SR input = TR ouput - TR input from air) S = σ Tg4 - a σ 
Ta4.  Radiative balance of atmosphere (TR input from ground = TR output upwards from 
air + TR output downwards from air) a σ Tg4  = 2 a σ Ta4.  From the latter Tg4 = 2 Ta4 or Tg 
≈ 1.19 Ta.  Substitute in the former to find S = 2 σ Ta4 - a σ Ta4, so that Ta = [S/{σ (2 - 
a)}]1/4.   Taking the solar constant to be 1,400 W m-2, the global average irradiance is 350 
W m-2 (Eqn 8.2 and text).  With a given as 0.8, Ta is 268 K and Tg is 319 K.  If we had 
assumed only 0.7 S absorbed by Earth (0.3 reflected/scattered), Ta reduces to 245 K and 
Tg to 292 K.
8.21 S falls on the equator as a narrow slot of length 2 R and arbitrary meridional 
breadth b (area 2 R b), and in the course of 24 hours is spread over an equatorial ring of 
length 2 π R (area 2 π R b).  The 24 hour average solar input to any point on the equator is 
therefore S/π.  Taking S to be 1380 W m-2, the equatorial average is c. 439 W m-2.  Since 
the actual estimated solar absorption is 300 W m-2 according to Fig 8.9a, the 139 W m-2 
difference implies an albedo of 139/439 ≈ 0.32 or 32%.  
8.23 Permanent ice heavily insulates the polar atmosphere from the ocean beneath the ice, 
allowing surface temperatures to fall toward continental interior values in the long polar 
night.  In the equally long polar day, surface temperatures will rise towards snow-
covered continental norms.  When there is seasonal melting there will be a relatively 
sudden thermal reconnection between atmosphere and ocean, holding surface air 
temperatures fairly close to 0°C and greatly increasing the solar input to the ice-free 
water, some for immediate transfer to colder air, and some for storage and subsequent 
transport within the Arctic Ocean and transfer to the atmosphere.  When surface ice 
reforms in the autumn, all these changes are quite quickly reversed as the thermal 
insulation is reestablished within a week or so.  The result is to impose a seasonal 
switching between a maritime climate for the ice-free part of the summer and a continental 
climate for the rest of the year.
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