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Libstrr7ct 

Obscrl ations iiidicatc that thc dcnsity of ions incrcases during n~tcorological ly  undisturbed 
sii~iinicr nights. This typical increasc is discussed and it is suggcsred that thc probable cause 
is to bc found in the accumulation of cmanatioti exhaled from thc ground. Thc accumula- 
tion occurs in wcather situations which wcakcn or suppress convection. 

Introduction 

It is wcll known that thc density of ions in 
atmospheric air is highly variablc. This fact is 
shown also by nica~~ircmciit~ of thc variation 
characteristics of the density of small-ions 
carried out at the Institute of High Tcnsion 
Research of the University of Uppsala (NO- 
RINDER a. SIKSNA 5, 6). This variability is in 
part due to the diversity of basic proccsses 
which lead to thc creation and annihilation of 
such ions in atmospheric air. It is not always 
possible to isolate these cffccts in a clear manner 
and tlicy are oftcn superimposed. To thesc 
processes must be added the fact that the 
character of the variation of ion-density is 
dependent also 011 local environniental factors. 
It appcars in fact possible to state that the ion- 
density depends quitc strongly on certain 
meteorological factors and on the location 
selected for such measurements. It is not always 
possiblc to state with certainty the character 
of this dependence, but it is clear that the causes 
of the variation of the ion-density in atnios- 
pheric air cannot be identified until we have 
succeeded in establishing the undisturbed form 
of this variation. 

In the publications referred to above we have 

discussed somc influenccs that have bccn 
generally accepted by other authors. Certain 
variations, cspccially the increase of ion- 
dcnsity, can be explained through the advec- 
tion of air masses with higher content of ion 
producers; such air inasses may be enriched 
with producers of ions by travelling great 
distances over land. The increase of the den- 
sity of negative ions during rainy weather is 
possibly caused by the negative charges pro- 
duced by spraying water. The increase of posi- 
tive ion-density during a snowstornr may per- 
haps be cxplained through the electrification of 
the snow-particles by collission and shattering. 

A series of observations showing decreasing 
ion-density during winter could perhaps be 
due to thc transforination of small-ions into 
heavier ones, and this process may be connected 
with humidity conditions in the air. In the 
winter measurements no relation between 
ion-density and air temperature was found. 
Summarily it can be stated that variations of 
the ion-density during thc winter measure- 
ments were mainly determined by certain pro- 
perties of the air-masses advected, such as 
content of ion producers, humidity etc. 
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In this article we will discuss a type of ion- 

density variation observed by us during the 
summer of 1949 which is especially typical of 
certain meteorological conditions. 

Variation on the ion-density during 
undisturbed summer nights 

During the first seven days of the uninter- 
rupted series of summer measurements a kind 
of variation was observed which was regularly 
repeated, and which could not possibly be 
explained in terms of air-masses advected 
from othcr regions. The form of these varia- 
tions is as follows: 

During the late hours of the afternoon or 
in the evening the ion-density gradually in- 
creases, reaching a maximum value of inorc 
than 3 ooo n/cm3 at about 4 AM the following 
morning. During the following 3-7 hours 
the ion-density decreases to the average diurnal 
value of c. I 200-1 500 n/cm3. Such varia- 
tions of the ion-density are illustrated in fig. 
1-8. The positive ion-density is denoted with 
heavy full lines (-) and the negative ion- 
density with thick dashes (- - -); the time 
used is Central-European. In order to indicate 
the meteorological conditions favourablc for 
this effect some of the meteorological factors 
are also shown in these figures. The meteoro- 
logical data were obtained from the Meteoro- 
logical Institute of Uppsala University. The 
direction of the wind is indicated at the top of 
each figure for every hour, but it is marked 
only at the points of change so that for a 
particular hour the previous designation is 
valid if no designation is given. The velocity 
of the wind (mlscc) is also represented graph- 
ically in the figures with thin full lines (-). 
The cloudiness is represented between the two 
parallel lines at the top of each figure; for a 
cloudless sky the space between the lines is left 
blank, for a clouded sky it is filled. Rain is 
designated by 1 1 11. In addition to the ion- 
density the temperature of the air in "C is 
given by thin solid lines (-), the water 
vapor pressure in mm Hg is denoted with thin 
dashes (- - -), and the relative humidity 
in % with thin dashes and points (- - - - -). 

From the figures it appears that two of 
these meteorological factors are related to 
the observed increase of ion-density during 
night-time. These factors are the temperature 

of thc air and the velocity of the wind. The 
effects of water vapor will be discussed later. 
The maximum ion-density very nearly coin- 
cides with the minimum temperature. When 
thc ion-density increases the velocity of the 
wind decreases gradually, and when the ion- 
density decreases again, the velocity of the 
wind increases. 

It sccms most probable that the temperature 
and the velocity of the air are the factors that 
arc responsible for the variations of ion-density 
here discussed. From this a probable mechanism 
for the origin of the increased ion-density 
observed during the time period under con- 
sideration may be deduccd. The additionaI 
ions necessary to produce the increase of ion- 
density could not have been conveyed to the 
place of observation from another region 
because the horizontal motion of the air is 
feeble (in some cases calm prevailed). At the 
sanic time the vertical air motion must have 
been negligibly small, since with minimum 
temperature at the ground turbulence must 
have been almost completely supressed. After 
the lowest temperature is reached, as the air 
again begins to warm up, vertical convection 
appears mixing results and the ion-density 
decreases. The cause of the increased ion- 
density must be found at the place of observa- 
tion itself. 

It is generally accepted that ions in the lower 
layers of the atmosphere are produced mainly 
by cosmic rays, by the ionization of air 
particles through radiation from radioactive 
substances in the earth and from such ones ex- 
haled from the earth's surface and spread in 
the atmosphere. In our case the most probable 
prinie cause of the increased ion-density might 
be expected to be the accumulation in those 
air layers nearest the surface of emanation 
exhaled from the soil. 

Exhalation of emanation from the soil and 
its accumulation in the lower layers 
of the atmosphere 

Direct measurements of the exhalation of 
emanation from the soil have been carried 
out repeatedly. The first attempt to obtain 
such measurements was made by EBERT (I), 
but it was not possible to evaluate his results 
quantitatively. More exact measurements were 
carried out by JOLLY and SMYTH (2) and SMYTH 
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(11)at Dublin and by WRIGHT and SMITH (13) 
at Manila, but thc tcchniqucs used wcre not 
handy, and much time was required for the 
measurements. A somewhat different method 
was used by KOSMATH (3) at Licbcnau. An 
essentially simpler method, similar to the 
oiic uscd by SCHMID (8) to determine thc 
contents of emanation in cellar-rooms, was 
proposed by HESS, and measurements of soil 
exhalation using this method have bcen madc 
by ZUPANCIC (14) at Innsbruck. All thc mc- 
thods listcd abovc have the disadvantage that 
thc emanation is collected ovcr a fairly long 
time pcriod ; thus the results obtaincd repre- 
sctit avcragcs ovcr a relatively long time inter- 
val. With such tcchniqucs it is impossible to 
obtain thc diurnal course of thc exhaled 
amount of cinanation, even though variations 
ovcr longer time intervals may be determined. 
ZUPANCIC has found variations in the cxhala- 
tion with ratios of I : roo. I n  summcr, and at a 
high ground tempcraturcs, the exhalation 
reaches a maxiinuni. 

The cxhaled emanation does not remain in 
thc layers of the atmosphcrc near the ground, 
but will generally be spread through the wholc 
atmosphcrc. An accumulation of the enianation 
in the lower layers of thc atmosphere can 
appcar, however, undcr certain metcorological 
conditions. Already WRIGHT and SMITH (12) 
have observed an increase in the amount of the 
emanation in the lower layers of the atmos- 
phere at night. The same thing is found by 
SCHMID (7) .  MESSERSCHMIDT (4) has shown 
a strongly marked diurnal variation in thc 
emanation content of the atmosphere. This 
variation is in opposition to the diurnal varia- 
tion of temperature. 

MESSERSCHMIDT explains the observed max- 
iinuiii in thc emanation content of the atiiios- 
phere during thc morning hours, aiid the 
minimum observed in the afternoon in terms 
of Variations in thermal convection in the 
atmosphere. A decrease of IO C per IOO m 
(adiabatic lapse rate) is suficiciit to originate 
vcrtical convectivc motion in the air. As the 
air near the earth's surfacc is warmed the 
emanation will be carried up from the ground, 
and in this way the emanation content de- 
creases until the tinic of inaxiniuin temperature 
during the afternoon hours. During the gradual 
cooling after sunset, in the abscnce of wind, 
the same air mass will remain near thc ground, 

and will be enriched thcrc by emanation. This 
statc of attains continues until the addition of 
more surfacc heat during thc following 
morning produces further convection. On 
days with strong radiation heating these 
thermal convection currents may bring warin 
surface-air to a height of several kilometres. 
Even on those days with only a small tcmpera- 
turc Variation, vcrtical motion of the air can 
occur, and the ground-air enriched with ema- 
nation is thereby removed from thc vicinity 
of the surface. 

Application of the proposed mechanism for 
the accumulation of emanation in explanation 
of the increase of ion-density during calm 
summer nights 

We shall now attempt to apply the nic- 
chanism just discussed for the accumulation 
of emanation in thc lowcr laycrs of the atmos- 
phere in explanation of the observed variations 
of ion-density. As before nicntioncd, in our 
case we observe an invcrsc rclationship betwceii 
the ion-density and the temperature. Also, the 
velocity of the wind was small or calm when 
the higher ion-densities wcre recorded. This 
was particularly noticeable during the last 
hours of 10.6 (fig. I) aiid the first hours of 
I 1.6 (fig. 2) ; during this time the velocity of 
tlie wind was extremely low, and for a while 
it was cvcn calm; similar conditions prevailed 
during thc last hours of 12.6 (fig. 3) and the 
first hours of 13.6 (fig. 4), atlhough we note 
at midnight an increase in tlie velocity of the 
wind which causes a temporary diminution of 
the ion-density. A similar course of events 
can be noted on 15.6 (fig. 6) and 16.6 (fig. 7). 
On 17.6 (fig. 8), on the other hand, conditions 
are disturbed by rain. Also, the velocity of 
thc wind is greater and, the ion-dcnsity is low 
and without great variations ; the small in- 
creases in the density of negative ions a t  4h, 
I 1'1, 18" aiid 23" may be explained through tlie 
production of negative charges in spraying 
water. Analogous conditions can be found 011 
other d a y  during our unintcrrupted mcasure- 
nient series. 

Thus it is shown that during periods of 
increasing ion-dcnsity on calm summer nights 
the meteorological factors observed favour an 
accuniulation in the surface layers of the 
emanation exhaled from the soil and therefore 
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Fig. 1-8 : Variation of the small-ion density besides some meteorological factors. 
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R E F E R E N C E S  

that tkc n:ctl:anirni cf this accuniulaticn may 
be thc cnc givcn by MESSERSCEMIDT (4). For 
these reasons wc may assume that the observcd 
incrcasc of ion-dcnsity is causcd by an accu- 
mulation of the tnianaticn exhalcd frcm the 
soil. 

Concerning t1:e hcmidity we may state in 
gcneral that in LLlrnmer during undisturbed 
weather, the abcolute humidity follcws a 
trcnd similar to the t r m p a t u r e ,  and that the 
relative EEmidity follcws an inverze trend. 
MESSERSCHMIDT has s1:cwn tha t  for different 
xasons of thc );car thcre is no  relaticn betwccn 
thc relative 1;rinidity and thc rmanaticn 
content, but that, on the othcr hand, the akzc- 
lute humidity and the emanation content iun 
parallel courscs. MESSERSCHMIDT’S opinicn is 
that the relation kctwccn thc cmanaticn content 
and the at:olutc humidity is fortuiticus, a n d  

humidity varics in the s m e  ccnsc as the 
temperature. Wc shall acccpt this cpinicn, 

results simply frcm thc fact that the a t L  co 1 Ute 

since whcn the incrcasc o f  i o d c n s i t y  is 
causcd by thc accumulaticn of cxhalcd cmana- 
tion, the transfoimaticn of ncwly foimcd ions 
into Ecavicr cncs canliot take placc very 
rapidly, and the absolute humidity cannot 
therefore play an imrortznt r61e. 

It canCot bc claimcd that  the phcncnicnoii 
hcrc ccnsidercd must aFpear cvcrjwherc, 
whencvcr thc mctcorolcgical ccxditicns are 
aFprcpriatc. I n  cu r  case sFccial circrmstances 
can be Fointcd cu t  which may favour the 
occurrence of tkc Fhciicn:ci:cn. ?he invcstiga- 
tion of radicactipe substanccs in the air carricd 
out a t  the Institute (SIK‘h’A 9, 10) has rkcwn 
that CSFCCially in tl;c cellar-rccms of the In- 
stitutc tuilding arc high cc-ntcnts of cmana- 
ticn ai?d its dccay prcducts fcund. ?I:e cource 
of thcsc radioactive substanccs must kc scarched 
for in the :oil surrcunding t1:c Institutc; thus 
it may he asscmcd &at thc action of there 
zcurccs may t e  of crnsidci-able im~or t2nce  
a150 in the oFcn air. 
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