Short communications on evaporation

MEASURING SOIL WATER CONTENT AND EVAPORA.
TION BY THE NEUTRON SCATTERING METHOD

J. W. HOLMES
C.S.I.R.O. Division of Soils, (Waite Institute) Adelaide, South Australia

SumMmMARY

The evaporation from the soil at a site near Adelaide was estimated from measurements
of soil water content and rainfall for the period Szptember to January, 1954—53. The
neutron scattering method of obtaining soil water content values in the field was used
with fair success. The size of the sample volume, scanned by the neutrons, limits its use
at shallow depths, though the diameter of the probe also influences the sample volume.
The calibration curve used for converting field measurements of counting rate to water
content values was one obtained in principle from neutron transport theory.

Since a number of accounts have been written of the use of neutron scat-
tering for measuring soil water content, it is sufficient, in introducing this
communication, to make reference to these, where a description of the prin-
ciple and general experimental features of the method may be found. BeLcrER
and co-workers (1950) and Spinks and co-workers (1951) demonstrated that the
idea was likely to prove a successful one in practice. GARDNER and KIRkHAM
(1952), Smaree (1953), van Baver and co-workers (1954), Gukron (1954) and
Knicar and WricaT (1954) have all elaborated the technique and interpreta-
tion of the method. Its usefulness depends largely upon a reproducible and
stable calibration, which may be expressed in terms of counting rate vs. water
content of the soil. So far efforts have been confined to measuring counting
rate, when the source has been placed in soils of known water content.

It is possible however, with some simplifying assumptions, to calculate a
calibration curve using the "Fermi age” treatment of the slowing down of fast
neutrons. This will be described in Austr. Journ. of Physics. The disposition
of neutron source to soil, most likely to be used, is to have the source held
on a probe, which will be inserted in an auger hole in the soil, in order to
satisfy, as nearly as possible, the geometry of a point source in an infinite
moderating medium. In this case, it can be shown that the counting rate n’,
as measured by a BF3; counting tube, in soil of water content w cc/cc, is
given by, '

n =w F.n 1)
when n is the counting rate measured in water and F is the fraction
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The symbols in (2) are defined in a paper by Warrace (1949) but it should
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Fic. 1. CALIBRATION CURVE OF COUNTING RATE VS. SOIL. WATER CONTENT : WITH AN INSET OF
SOURCE TO COUNTER GEOMETRY.

be stated explicitly, here, that F is the mean distance from the source of fast
neutrons to the sensitive volume of the counting tube.

A calibration curve calculated by Eq. (1) is shown in Fig. 1 together with
some experimental points, done in the field, in soils whose water contents
were subsequently measured. Although the agreement is apparently good, there
are reasons, which will be discussed elsewhere, for feeling dissatisfied as yet
with the treatment. Fig. 1 is reproduced because that is the calibration curve
which was used in converting measurements made in the field to water con-
tent profiles of soils.

These measurements took the form of trying to find out how well evapo-
ration from the soil could be estimated by this method. The water contents
of the soil at two sites, a lucerne field and a “field station” site already des-
cribed (Arrcmson and HorwMEes, 1953), were measured on a series of occasions
from September to January 1954—55. At this time of the year in southern
Australia the soil generally dries out steadily from its condition of maximum
accumulation of water at the end of the winter. The water content profiles
of Hole 2, field station site, are shown in Fig. 2. Measurements were made
at vertical intervals of 30 cm to a depth of 180 cm. No measurements were
made closer to the surface of the soil than 30 cm, because the size of the
sample volume scanned by the neutrons does not permit it. Van BaveL et al.
(loc. cit.) measured the size of the sample volume at a number of different
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Fic. 2. WATER CONTENT PROFILES OF THE SOIL : HOLE 2, FIELD STATION SITE.

soil water contents and our measurements, shown in Fig. 3, are in reasonable
agreement with theirs. At a water content of about 0.13 gm/cc the vertical
radius of the sample volume is 30 cm. The field results at this depth may
therefore be in error at lower water contents.

The sample volume in water was an ellipsoid of vertical radius 17 c¢m and
horizontal radius 12 cm. The size of the BF; counting tube and the source
to counter geometry, shown as an inset in Fig. 1, lead one to expect spherical
symmetry for the measured volume populated by slow neutrons, and calcula-
tion reveals that it is the dimensions of the probe which lead to an ellipsoid
for the apparent sample volume. Since the source was held near the axis of
the cylindrical probe, of diameter 7.6 cm, some fast neutrons emitted from it
would escape by straight line paths contained in the cylinder from which
water (or soil) is displaced.

The solid angle in a cone is

2x (1 — cos ff)
where f is the angle of the apex of the cone. The fractional solid angle is
therefore

% (1 — cos f)
and this will be the fraction of neutrons escaping by these paths, assuming
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Fic. 4. CUMULATIVE EVAPORATION.

that none escape downwards but only in the upwards direction. When the
probe is 17 cm below the surface, the fraction of fast neutrons escaping in
this solid angle is about 1%, with which compare the measured vertical radius
of the sample volume in water.

The evaporation from the soil may be obtained from such curves as the
ones shown in Fig. 2 by measuring the area contained between two curves,
to which must be added the rainfall that has been recorded for the same
period. In Fig. 4 is shown the evaporation measured by this method. For
comparison the evaporation, calculated after PENMan (1952) is also shown. This
and other methods for the estimation of evaporation from weather data require
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that water is available freely to the plant roots. Over the period during which
the measurements of Fig. 4 were made this was certainly not the case.

I acknowledge with gratitude, the help of Mr. M. W. HuchEs in making
the experimental measurements and the interest in and encouragement of this
work by Dr. T. J. MansnarL.
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EVAPORATICN AT NIGHT

J. L. MONTEITH
Rothamsted Experimental Station, Harpenden, England

SUMMARY

Direct measurements of evaporation from a short grass surface are compared with humid-
ity gradients in the grass. At night, when the air in the cover is unsaturated, evaporation
takes place by the diffusion of water vapour from the soil surface through a thin layer of
air in which the transfer coefficient is seldom greater than twice the molecular value, The
rate of evaporation is of the order of 1 ug cm-2 sec-1, or 0.04 mm/hr.

1 Little attention has been paid to evaporation from soil and from vege-
tation during the hours of darkness. It has generally been assumed that when
weather conditions favour an upward rather than a downward movement of
water vapour at night, evaporation rates are negligible compared with those
which prevail during the day and this view has strong biological and physical
support. It is believed that in most species stomatal closure at sunset is suf-
ficiently complete to make transpiration impossible. Even in the absence of
a mechanical barrier, no plant could transpire into an atmosphere which had
been brought to saturation by nocturnal cooling. Furthermore, evaporation
requires energy, and since in temperate latitudes at least the earth’s surface
always loses radiant energy at night, whether the sky be clear or clouded, it
might be argued that other heat transfer processes would tend to supply heat
to the radiating surfaces, e.g. by condensation, rather than to remove it by
evaporation. Nevertheless, such observations as have previously been made of
water-vapour fluxes after dark (e.g. by Pasqumr, 1949, Rmpkr, 1954, and Swix-
BANK, 1955) suggest that slight evaporation may occur after sunset in suitable
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