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DIURNAL CHANGES OF THE DUST CONTENT OF THE SURFACE LAYER OF
THE ATMOSPHERE

K. P. Makhon'ko

At the present time, as a result of atmospheric fallout
of the products of nuclear tests onto the earth's surface,
there has been accumulation of an appreciable quantity of rad-
ioactive matter which is combined with the upper soil layer.
As a result of constantly acting wind erosion this radioec-
tive matter, together with soil particles, again enters into
the etmosphere, inoreasing the concentration of radiocactive
dust ia the air,

In order to study certain details of this secondary pro-
cess we formulated special model experiments for clarifica-
tion of the diurnal variation of the fallout of virtually
weightless dust, contimuously forming on the underlying sur-
face. The investigation was carried out by the ‘labeled atoms
method and conditions were created making it possible to ex-
clude the distorting influence of global fallout. The fallout
at a height of 1 m above the earth's surface was recorded
automatically on sticky sheets. In this work we used a simple
apparatus with a clock mechanism which wound the sticky sheet
at prescribed intervals. The experiments were made in the
summer in a meadow with a well-developed grass cover,

The readings from a sheet situated over the dust-forming
surface are dependent on the concentrution of the weightless ..
radioactive dust in the air, and since this dust is formed
on the underlying surfece, in the final analysis the readings
of such a sheet will characterize the intensity of the duat-
forming processes. It is obvious that the intensity of the en-
traimment of dust from the underlying surface by air currents

is dependent for the most part on the state of the soil surf- '%,
ace and the value of the vertical air fluctuations, which in R
turn are associated with the wind velocity and intensity of 2%
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turbulent exchange in the surface layer of the atmosphers. a
The asrosol measuremaends therefors were acoompanied by conblin-
uocus recording of wind velooclty and the near-surfsca tempera- '
ture gradlient.
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Fig. 1. Diurnal variation of the fallout of radloactive dust
(a); wind velocity (b) and the coefficient of vertical turbe
ulent diffusion ()« A == &, hours; B =- m/sec.

On the basis of these data the Budyko method was used to com-
pute the mean hourly values of the coefficlent of vertical
turbulent diffusion K,.

The averaged results of measurements, made on days with-
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out precinitation and with a dry scil surflsacs,; have Lesn
shown in Fig., 1. The value of the fallout of radioactive dust
has been plotted on the graph in relative units P/P,, where
PO is the minimum value of the fallout, observed st 0100-0000

hours. The notation uj is used for the wind velocity at a
height of 1 m above the soil surface and K; is the coefficient
of vertical turbulent diffusion, also measured at a height of
1l m. It should be noted first that the general variatic. of
all three curves coincides well. This confirms the profound
influence which wind velocity and the degree of atmospheric
turtulence exert on the process of dust formation. Howsver,
this influence is not identical. The diurnal variation of

P/P0 correlates far better with the diurnal changes of wind

velocity uj than the coefficient K,. If the ratios of the max-

irmm diurnal values uj and P/P, to the minimum values are ap-

proximately identical, K, changes in considerably broader lim-

ite. This is evidence that in processes of dust formation the
principal role is played by the wind. The influence of turbul-
ence is expressed primarily in the daytime hours when K, as~
sumes maximum values. In actuality, the principal maxima of
the curves are displaced from cne another by approximately 1
hour in such a way that the maximum value K, is attained at
1200 hours, ?/P, at 1300 hours, and u, at lﬁOOshcurs, that is,
the maximum dusg formation occurs in the period betwean the

K, and u; maxima. Conssquently, in the daytime boith these fac-
tors play an appreciable rols in the dust fommation process.

A more detailed study of the variation of the curves made
it possible to establish specific phenomena of lag of the
dust content of the surface air layer with a change in wind
velocity and the coefficient of turbulent exchenge in a closed
cycle. We now will determine the dependence of the value of
fallout of radioactive dust on wind velocity, noting the se-
quence of changes of measured values. Connecting in sequence
the experimental points, we obtain the figure shown in Fig. 2.
The derived doudble closed loop reflects the processes of lag
in the state of dust content of the atmosphere over a dusty
underlying surface and therefore also in the processes of
dust formation on this surface. It has been proposed /1/ that
this process be called "hysteresis of the dust content". A
still clearer hysteresis is observed if the same method is us=-
ed to determine the dependence of the fallout value on the
coefficient of vertical turbulent diffusion. The desired ds-
pendence is represented in Fig. 3. The variation of both
curves is extremely similar. At 0100-0000 hours thers is a
dust content minimum. An increase of u; and K, sets in soon
thereafter, which causes an iucresase o% capture of dust¢ from
the ground surface, first very rapid, but gradually drcipping
to zero toward O400. At this time there is the firat meximum
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f vy, K, and P/P,. After 0400 the wind begins to die down
and the coaflfiolisnt of dSurbulent diffusion desrasses. bug the
dust stiil is suspended in the air. The decreass of P/P
therefore occurs at higher values than in the corresponging
increasing part of the curve. The first weekly expressed hys-
teresls loop is formed at this time. Beginning at 0600 the
wind again begins to intensify and K, increases, which it
would seem should intensify the captire of dust from the under-
lying surface. But at exactly this time, from 060C to 0700,
there occurs an intensive formation of dew on the underlying
surface. For this reason the value of dust capture during all
this time decreases continuously. After 0700 and to midday
tisiere is an intensification of atmospheric turbulent exchange
and wind velocity increases. This 1s accompanied by & rapid
increase of the quantity of dust carried up from the underly-
ing surface and an increase of the atmospheric dust content.
Then uy and K, again begin to decrease, which causes a de-

creass of recsipts of duat from the ground surface and a de-
crease of its concentration in the air. However, despite the
¢ame intensity of turbulent exchange and wind force the dust
¢oncentration in the afternoon hours is considerably greater
thia in the forenoon period.

Two possible reasons for the development of this effect
can be noted.

Since the recording instrument was situated low over the
sust-foming surface the -dust captured from the ground very
quickly reached its level. Therefore, with an increase of the
values uj and K, the increase of the near-surface dust concen-
tration occurs without a lag. During the course ¢f this pro-
cess, as a result of turbulent diffusion, the dust penetrates
into the higher layers or the near-surface atmosphere. Then.
with a decrease of uj and K,, the entry of dust from the un-
derlying surface decreases, but on the other hand the dust be-
gins to difrfuse to the level of the recording instrument from
the above-lying layers of the atmosphere. The presence of thils
influr of dust from above &8lso retards the decrease of the
Just concentration at the ground surface.

In addition, the character of the interaction betwsen
dust particles and the underlying surface can play & role in
the lag phenomenon. This process still has not been atudied ;
under natursl conditions, but it is known that part of the 4
dust settling on the underlying surface seerjingly is reflect- ]
ed from it and returns to the atmosphere /2/. 3

Thusz, with an 1increase of uy and Kz there is an intensif-
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ication of the emanation of the dust of the underlying surf-
ace and an inorease of the duat acatent ef the atmoaphers.
With a decreass of u, and X_, vhen these values pass through
thelir former numeric%l valugs in reverse order, the dust con-
tent of the atmosphere decreasss more slowly because a part
of the dust does not return to the underlying surface, but 1is
reflected from it. From the energy point of view, the detach-
ment of a mass of dust from the underlying surface and its
suspension in the «ir requires the exertion of a definite
quantity of energy of alr movements, and tha condition for re-
turn of this mass to the underlying surface is a lesser in-
tensity of atmospheric disturbance, since otherwise the dust
apparently will be reflected more intensively from the under-
lying surface and will remain in the atmosphere.

All these processes apparently create the phenomenon of
hysteresis of the dust content in the reverse course of var-
iation of wind veloclty and turbulent exchange. Howevsr, for
the time being it is not possible to evaluats the role of each
of these processes in the formation of the hysteresis. The
size of the hysteresis loop, after detailed study of the
mechanism of the prucess, possibly will make it possible to
estimate the value of the coefficient of reflection of radio-
acivive dust from the underlying surface. In addition, on the
basis of the area occupied by the loop it will be possible to
judge the quantity of energy expended on the detachment of
the radicactive particles from the underlying surfacs.

The author expres-es deep appreciation to S. P. Belyayev,
S. T. Mashkov and V. B. Chumichev for valuable asslstence in
carrying out this study.
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