
Chapter 12  Exercise Outline Answers

Note that the N hemisphere is assumed unless otherwise stated.

Student 
12.1 Broad-scale sheets of cloud and precipitation.  Broad-scale vertical stretching of 
the low troposphere air at a rate well beyond its ability to accomodate by local 
decompression.   Close compensation of upper troposphere divergence and lower 
troposphere convergence is shown by relatively small changes in surface pressure.
12.3 The W’ly wind will veer as the front passes, becoming NW’ly or even N’ly.  Since 
square-rigged ships cannnot sail within 90 degrees of the wind, the ship will have to 
change course to NE or SW, and await a further change to resume making N.
12.5 By the geometry of the vertical section containing their rising trajectories, the 
upper flow will have travelled 200 km from its surface source before the lower flow 
begins to leave the surface to make its parallel ascent.  The sources are 200 km apart. 
12.7 The very cold wind was an E’ly, which implies that the centre of the blocking 
high lay to the N of the British Isles, so that perfectly clockwise quasigeostrophic flow 
(more properly gradient flow) came in to the British Isles from the E.  In fact, since surface 
winds are typically 30° off the geostrophic direction, toward lower pressures, a surface 
E’ly implies that the high’s centre lay 30° W of N from the British Isles, towards Iceland.
12.9 Given that 1 cm of height difference of a water manometer (or barometer) 
corresponds closely to a pressure difference of 1 hPa (since gravitational g is nearly 10 kg 
m-3 and water density is about 1,000 kg m-3), the equilibrium sea level under the higher 
atmospheric pressure will be about 32 cm below the equilibrium sea level under the lower 
pressure.  A vertical profile helps.
12.11 According to Fig 5.7 (or Poisson’s equation - Eqn 5.15), air sinking from - 30 °C 
(243.2 K) at 400 hPa is warmed by adiabatic compression to + 12.2 °C (285.4 K) at 700 hPa.  
During the 3 day subsidence, net radiation reduces this warming by 6 °C, leaving its final 
state at 700 hPa and 6.2 °C.   According to Fig 5.7 the specific humidity was about 0.8 g 
kg-1 as subsidence began, and this value is unchanged by adiabatic compression and 
radiative cooling.  Again according to Fig 5.7, the saturation specific humidity in the final 
state is about 7.5 g kg-1, so that its relative humidity at 700 hPa is about 100 x 0.8/ 7.5 = 
10.7%
12.13 According to Ch 12.6, the E’ward speed of a Rossby wave of wavelength L 
through a zonal airflow is given by β L2/(4 π2) where β = ∂f/∂y has value about 1.6 x 10-11 
m-1 s-1 in middle latitudes.  For L = 2,000 km this speed is about 1.6 x 10-11 x (2,000 x 
103)2/(4 π2) ≈ 1.6 m s-1, which is much less than typical W’ly flowspeeds in the mid 
troposphere, implying that such waves will be carried E’ward by the W’ly flow, as is 
observed.   Pure Rossby waves assume pure W’ly background airflow (rather than the 
typical range between SW’ly and NW’ly), and ignore frictional damping, the effects of 
baroclinity, and horizontal convergence and divergence, all of which are significant in real 
cyclone waves.
12.15 The following points should be covered in a structured, illustrated essay.   Both 
D and BA are synoptic scale (~ 2,000 km horizontal, full troposphere in depth).  Cloud: D 
- deep extensive; BA - shallow, low, broken.   Precipitation: D - widespread, substantial; 
BA - rare, light.  Vertical motion: D patterned up and down motion, ~ 10 cm s-1; BA - 
widspread subsidence ~ < 1 cm s-1 through most of troposphere (except surface-based 
convective layer).  Circulation: D - strong cyclonic round surface low pressure, open wave 
very strong in upper troposphere; BA - moderate anticyclonic round surface high 
pressure.   Structure:  D - strong linear intense features, involving horizontal temperature 
contrast, cloud, precipitation, strong winds; BA - largely absent in horizontal, vertical 
contrast between convective boundary layer and subsiding air.  Life cycle: D - individual 
depression life ~ 5 days from birth to decay; BA - long lived, with irregular life from ~ 5 to 
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50 days, including irregular fading and developing phases.
12.17 According to Eqn B4.3e, the thickness of a typical troposphere is given by ∆z =
(R T/g) ln (1,000/300) ≈ (35 T) metres when T is the pressure-weighted average absolute 
temperature.   Assuming T to be 250 K, tropospheric thickness is 35 x 250 = 8,750 m.  A 
cooling of 2 °C per day in T implies a rate subsidence of 35 x 2 = 70 m per day at the 300 
hPa level (the supposed tropopause), which is c. 0.8 mm s-1.  The rate of subsidence in the 
mid troposphere might be about half this, i.e. less than 0.5 mm s-1, which is between 1 and 
2 orders of magnitude less than observed subsidence.
12.19 Points covered in a structured, comprehensive essay must include 
i) the complete absence of continentality outside the areas of permanent and seasonal 
polar sea ice, and also of the strong diurnal variations in surface temperature associated 
with land.  ii) The seasonal migration of the ITCZ would be small and relatively uniform 
around the equatorial zone, and hurricanes would be fairly uniformly distributed in the 
low latitude (but not equatorial) summer.  iii) The absence of meridional land barriers 
would allow the development of a powerful E’ly equatorial ocean surface current, and 
inhibit the development of western boundary currents like the Gulf Stream, which might 
have important and subtle repercussions for the tropical regions, as well as reducing the 
poleward transport of heat by surface currents.  iv) The subtropical high pressure 
systems would be more uniformly distributed in a zonal hemispherical ring, and would 
show reduced seasonal migration between higher and lower latitudes.  v) The long 
waves, cyclone waves (extratropical cyclones), and anticyclones of middle latitudes would 
be more uniformly distributed round midlatitudes, and would be more numerous than 
now, given the absence of land-based inhibition.  Several points are likely to be at or 
beyond the limits of a student’s understanding (indeed of general expert understanding) 
and should be expressed self-critically rather than with self-deceptive authority.  Point iii) 
may not be appreciated by a student who has not taken a course in physical 
oceanography.  If the topic is extended to global climate change, the open question arises 
as to whether the ocean world might be warmer or cooler than the real one. 
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