
Chapter 10 Outline Answers

Student
10.1 Because the external and internal (including lungs) surfaces of the elephant are 
entirely covered by a laminar boundary layer which acts as a weakly permeable 
membrane to the diffusive flows of heat and water vapour (and other gases) between 
elephant and atmosphere.  Net evaporation can account for significant cooling in 
unsaturated external conditions.  The large ears extend the body surface close to a mesh 
of blood vessels which can aid heat loss in situations of potential heat stress.  Flapping 
reduces the thickness and thermal resistance of the LBL over the ears.  
10.3 Horizontal ground surfaces close to the bole will have up to 50% of the spherical 
hemisphere (fish-eye) view of the sky covered by bole, whose surface temperature will be 
tens of °C above the effective blackbody temperature of a clear night sky, greatly 
reducing the rate of loss of ground surface heat by net terrestrial radiation.   The canopy 
of branches (even if absolutely leafless) may cover tens of % of the sky view from the 
underlying ground with simililarly warm branch and twig surface.
10.5 When the ground is moist, a significant fraction of the solar input is used to 
evaporate water, leaving less to warm the ground and drive the flux of sensible heat from 
the warming ground to the air.  The water in the moist ground increases the ground’s 
bulk density and specific heat capacity (water having the highest SHC of all common 
materials) making it slower to warm and lose sensible heat.  It also increases the thermal 
conductivity of the surface by filling air spaces, so that a deeper ground layer is warmed 
(giving a smaller temperature rise) in any given period, with the same effect.
10.7 Wind speed increases by equal steps as height increases by equal multiples.   Since 
the log wind profile is associated with   ∂V/∂z = A/z, wind shear decreases by the height 
multiples, e.g. decreases to 1/2 as the height doubles.  
10.9 Because the layer of overcast is thicker over and a little downwind of the hills, 
and/or has one or more additional lenticular clouds above the general overcast.  Both 
effects are produced by the standing wave imposed on the airflow by the hill - the extra 
cloud reducing the amount of diffuse sunlight coming through cloud base.  Sketch.
10.11 In case a) the surface tilt adds to the solar elevation to make it 65° above the 
plane of the tilted surface, so that the surface irradiance is 1,000 x sin 65 ≈ 906 W m-2.
In case b) the surface tilt subtracts from the solar elevation, so that the sun is only 5° 
above the “horizon” of the tilted surface.  The surface irradiance is 1,000 x sin 5 = 87 W m-
2.  In case c) the (horizontal) irradiance is 1,000 sin 35 ≈ 574 W m-2.
10.13 From Eqn B10.2b, the approximate daily (horizontal) insolation is 2/π times the 
value which would have occurred if the sun had remained at its noon elevation from 
dawn to dusk.  In the present case, daylength is 32,400 s, so that the daily insolation 
corresponding to Ex 10.11c  is (2/π) x 574 x 32,400 ≈ 11.84 MJ m-2, and the daily insolation 
corresponding to Ex 10.12c is (2/π) x 489 x 32,400 ≈ 10.09 MJ m-2.
10.15 In one downdraft, updraft cycle the w V covariance is  1/2 [3 x (-1)+ 1 x 1] = - 1 
m2 s-2, and this is the covariance for the whole period in the very simple repetitive 
sequence assumed (and sketched in your answer).  According to Eqn 10.15 u*2 = + 1 m2 s-
2, so that u* = 1 m s-1, and according to Eqn 10.13 the downward flux of horizontal 
momentum is 1.2 kg m-1 s-2.
10.17 Eqn 5.22 shows that when specific humidity increases by - dqs (i.e. qs decreases by 
this amount) in saturated adiabatic ascent, the potential temperature θ  of the air changes 
by dθ = - (L θ/Cp T) dqs , so that dθ  is positive when dqs is negative.  This describes the 
increase in θ  on the upslope rise to the ridge summit.  Since θ  is conserved during the 
downslope descent to the same altitude (as the start of the saturated adiabatic uplift), dθ  
will be the temperature difference sought, and the equation can be rearranged to find  dqs  

= dθ  (Cp T)/(L θ)   Assuming θ = T (i.e. pressure near 1,000 hPa), and dθ  = 5 °C (as in the 
question), and using the known values for L (2.5 MJ kg-1) and Cp (1 kJ kg-1 °C-1), the 
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implied fall in qs is 5 x 103/(2.5 x 106) = 2 x 10-3, or 2 g per kg.   Given midlatitude qs values 
of about 10 g kg-1, this is a realistic fall in a vertical ascent of roughly 1 km.
10.19 In midsummer the solar elevation at a point on the Arctic Circle ranges from 47° 
at midday to 0° at midnight, in a sinusoidal curve about the average 23.5°.  A very simple 
approximation to the daily insolation is the average horizontal irradiance (say 1,380 sin 
23.5 (0.7)cosec 23.5 = 1,380 x 0.399 x 0.409 ≈ 225 W m-2 continuing for 24 hrs (86,400 s) to give 
c. 19.5 MJ m-2.  With a low albedo of 0.2 (no snow or ice), the input to the surface is 0.8 x 
19.4 = 15.5 MJ m-2 - a large value.  The TR emission by the surface in 24 hrs is the 
emittance x day length, where emittance = emissivity σ T4 = 0.95 x 5.67 x 10-8 x (283.2)4 ≈ 
346 W m-2.  TR emission in 24 hr ≈ 29.9 MJ m-2.  The return flux of TR from the sky is 
difficult to estimate without direct measurement, but we can look at the global averages in 
Fig 8.8  (emission to sky 113 units, absorption from sky 98 units) and suppose that the 
return from the polar sky must be proportionately less because of its smaller vapour 
content (maximum temperature 10 °C compared with the global average maximum of 15 
°C).  Taking sky radiation to be 80% of the surface emission (instead of the global 87% in 
Fig 8.8), the net TR surface balance will be 20% of 29.9, i.e. c. 6 MJ m-2.  The resultant 
surface radiative balance in 24 hr is + 15.5 by SR and - 6  by TR, so that the net value is + 
9.5 MJ m-2, with obvious consequences for the summer climate there.
10.21 According to Eqn 10.23, the wind speed at 10 m V10 = (u*/k) ln(10/z0), where Vz0 
= 0 (by definition of the aerodynamic roughness length z0).  Since V2 = (u*/k)  ln(2/z0) and 
u*/k is uniform along the profile over a short averaging period, we have V10/V2 = 
[ln(10/z0)]/[ln(2/z0)] = [ln 103]/[ln 200] = 6.908/5.298 ≈ 1.3.  Unless there is a uniform 
upwind fetch ~ at least 500 m, z0 and u* and may not be uniform along the vertical at the 
point of measurement - the profile at 10 m being closely related to surface conditions well 
upwind, and the profile at 2 m being related to much nearer surface conditions.  Unless 
the measurements are made at times of neutral convective stability in the surface 
boundary layer, the wind profile will not be a pure log linear one, and the above excess of 
V10 over V2 will be overestimated in convective instability and underestimated in 
convective stability.
10.23 A structured, illustrated account covering the effects of surface tilt on solar input 
(including shadowing), diurnal and seasonal patterns of anabatic and katabatic motion, 
temperature lapse rates on mountain slopes, airflow and cloud patterning over and 
downwind of hills, and the Fohn effect. 
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