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Answers to Study Questions - Lecture 12

1. (a) The soil temperature wave’s amplitude decreases exponentially
with depth z. Its phase lag increases linearly with depth z. (b) In-
creasing organic matter content means that x = k/C' is decreasing (k
of organic material is lower and C'is higher, see lecture 10). Therefore,
with increasing organic matter content the amplitude decreases more
rapidly with depth and that the phase lag increases more rapidly with
depth. Please see also the effect of organic matter on the soil temper-
ature waves by exploring the interactive web-applet in lecture 12.

2. The angular frequency w (in s71) is defined by w = 27/P, where P is
the Period (duration) of a full cycle of the wave. To get wy, plug-in
the number of seconds per day into the period P:
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To get wq, plug-in the number of seconds per (average) year into the
period P:
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3. The daily damping depth D, is defined by:
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At 11 cm, the daily soil temperature wave has decayed to 37% of the
amplitude of the surface temperature wave. The same for the annual
damping depth D,:
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At 2.2 m the annual soil temperature wave has decayed to 37% of
the amplitude of the surface temperature wave. This means annual
temperature changes are still found in deeper soil layers where diurnal
waves are not detectable anymore.

. The time lag between the sinusoidal temperature waves in two different
depths is At,,. This can be practically defined by the difference in
the timing of their corresponding maxima or minima temperatures
(Lecture 12, Slides 15):
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If the temperature maxima occurred at 13:00 at the surface, then the
temperature maximum at 5 cm depth will occur at 13:00 + At,y:
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So the temperature maximum at 5 cm depth will occur at 13:00 +
01:38 = 14:38.

. Solve the formula in Question 4 (At,, = 3h = (22 —21)/1/(2wks)) for
soil thermal diffusivity £ and use the angular frequency of the diurnal
wave wg:
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. Mineral soils have deeper penetration of temperature waves, higher
average temperatures and smaller temperature variations at the sur-
face.



