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Susmery

Ry zeans of & station network built wp in the Wetterstain Mountains
‘Sorthern Alps), continuous recordings of ataospheric eleotric elezents wore
carried out during all seasons ard weather conditicns., The seven stations are
situated at different altitudes beiween 700 and 3000 m atove sealovel, their
rorizontal distances being relatively small.

The potential gradient was recorded at each of the stations, the air earth
current of four of them, Besides, point discharge current, pherics, and the
rumber of positive and negative emall ions were recordet at one of the stations,
The positive and negative conductivity of the air was measured through seversl
hours at sach station from time to time in “R. weather. The nitrite and ni-
trate iom oontents as well as the Py value o each precipitation were determin-
odj the samples were collected separately for each precipitation or, in the
cases of longer precipitation, for seversl hours, and that at one of the valley
stations, if poseible simultaneously alsc st & neighbouring peak station,
Meteorologiocal odbse.vations were nade at all the sta’icnes.Fortunately two of
the stations are housed at observatorias ot the German Veather Bervice, which
sre supplying us with their observaticn results ard, if needed, recorda; at
station Farchant, where are ocur "headquarters” and whiclh commands a view of
almost the whole station network, the meteosrological observetions include spe-
vial odbeervations on cloud developmsent and precipitation types,

The obtained data and observations were sveluated e¢xtensively. The avera~
ge diurnal variations of the atmospheric electric elemsnts per month or season
at the different stations in fine weather were used as s base for the study of
bad weather phenomena, Sinoce the stations arw a sort of step-ladder through
more than 2000 n of atmosphere, the network is especially fit for sxamining
sloud and preeipitation problems simmltaneocusly at different altitudes, In the-
evaiutation of the records, therefore, relations between meteorological and
scoompanying atmcspherio e¢lectrioc phenceens were Iookaf":nd found out for in-
stance with respect to 8pace ocharges at sheet elemd doundaries, frequency
of sign reversals of the atmbspherie eleetrie slements st different altitudes
during unstable stratificetions, sign end sigr reversals in precipitation
with the melting sone level being juet within the statiocn network, ete, Thun-
derstore problems were approached dy examining snow cryvtsl friotion and break-
ing and their electrical effects at the different stations during drifting
snow, and further by gathering experiemce with respect fio test thunderstorm



forecasts tased on spherics reccrdings and to the correlaticn between thundere
storm occurrance and sun flares, The nitrete and nitrite contents of preocipi-
tetion proved to be indicatory cf atmospheric electric coniitions at such al-
titudes, too, where there are no recording stetions, Besides the eventual
function of these contaminants in the proceas of cloud electrification 1s

considered,

For all the mateorclogical and atmeoaphaeric slectricsituaticns dealt with
aingie exarmples are deacrited and illusiratea by recorling exacples showing
the records of the seven staticnn cne abcve tin other on one figure ("eyn-
optic charts™}, Ceycond this, the results of the numerica. and statistical

analysis cf the atmospheric electric recording curves are given in a great

nunter of grephic respresentaticns,
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1. Introduction

In Technical Report AP 61 {514)-732-C we desalt with the first part of our
studies an atmcospheric electricity supported by the Geophysics Reaearch Directo-
rate of the U3 Air Porce Cartbridge Research Center, ARDC. This Report covered e
period of two years, during which ths station network wes completed and messur-
ing instrusents were proved; furthermore, we endeavoured to obtain a prelimina-
ry insight into the manifold {forms of atmospheric elsotric phenomena, the multi-
plicity of which appears clearly, if the connections with metecrological pro-
cesses are considered, It was neceasary, within thess first two years, to ob-
tain order ané survey, to classify all the diverse single phenozena, and to
arrange them according to $ypes.

This classifying and finding out of types was carrisd out by means of
"synoptic charts”, which contain all the records and observations of one day
from all the stations, A more or less large nuaber of single instances were
given to descridbe and estadlish the single types. liowever, already in the period
covered by our first Technical Report, mumericel evsluations of the single cases
were started, which were intended to be followed by a statistical ireatment of
the data.

The scope, as to the methods, of the second inveatigation period, covering
the twvo years 26 June 1956 till 27 June 1958 and described in this report, was

a) to oontinue the recording work and the observations as completely as

possible, in order to incresse the fundamental material;

b) to ssteblish and apply statistical evaluation methods;

e) to carry out additional complementary investigstions, in order to make

up for some deficiencies and to complete the whole.

Thess points can de detailed as follows:

a) The stetion network, consisting of seven stations situated at different
altitudes, and the instruments uwsed ss yet (see section 2 and 3) wers
kept on; additional atmospheric electric and meteorologicel recordings
were started at station Farchant (see below point 3); see Tadle 1,

b) As & base for the statistical evaluations of the records we used,on the
one hand, the synoptio charts; 310 suoh charte are in ocur arochivea till
nov; they were made for all days which, owing to their weather conditions,
could throw light upon relationshipsnot yet unierstood. On the other hand,
every recovding day vas entered into a card indsx, which enables us to
classify systens’ically the individual cases and to discriminate bet-
ween the differmt %ypes.

o) With regard to the messurements added under Contract AF 67 (514)-949,
we have to mention the precipitation analyses for nitrate and nitrite
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ions and for the pn - value, These analyses were carried ocut systomatical
ly and may complete the insight into the atmospheric eleactric rrocesses,
especially into those which take place during the formation of rnrecipi-
tation,

Besides, station Parchant was enlarged considerably by edding the con-
tinuous registration of alr earth current, point discharge current,
zeteorclogical magnitudas (temperature, relative humidity, wind velocity)
and of the nusber of positive and negutive small ions (by means of an
instrument lent froe the Institut fiir Techniache Elektronik der Techni-
schen Hochschule Minchenj,

The poientific objects of the investigation cerried out under Contract AF
61 (514)-949 are outlined by the following points:

a)

b)

c)

a)
o)

f)
&)
r‘t

4)

k)

behaviour of atmoepheric slevtric magnitudes, studied simultaneocusly at
different altitudes in the range 700 ~ 3000 m adove sealevel, during
all types of precipitation;

electric phenomena during drifting snowj

behaviocur of atscspheric electiric magnitudes btelow and near thunder-
clouds;

behaviour of atmospheric electric mugnitudrs during foehn;

atmospheric electric procegcses observed at sountain stations when
imgerging into or coming out of fogi

electric charges on sheet clouds;

values of electric conductivity of the air at different altitudes and
their dependence on convection, wird direction, atmospheric rsdiocactivi-
ty, etc.s

trial thunderstorm forecasts by means of spherics records;

iafluence of sun flares on ths frequency of thunderstorms end spherios
pulses

correlations between nitrate ard nitrite ccnoentration and Py value in
precipitation, and precipitation type, atmospheric unstability, and et-
sospheric electrioc processes,

For some of these studies it was necessary to knowv exactly the behaviour

of the atmosphsric electric magnitudes at the different levels in fine weather,
i.e. the monthly and seasonal means of their diurmal variations recorded on fine
weather days. Although this part of the numericsl evaluations wes not one of the
main sudbjectw of the work, we could not do without 1it; it was made possidle
through a subeidy of the DEUTSCHE FORSCHUNGSCEMRINSCHAPY, We wish to express

our thanks far this esgential help.



In the course of the twc yeare covered by this Report, it became quite
clear that our station network, bdeing a step-ladder of seven stations situated
at di1fferent altitudes, is specially approrriste for investigating the dehavi-
cur of atmoapheric electric magnitudes during precipitation. Our synoptic
mozhod*), i.9. the unifors and simultanecus comparative evaluation of the syn-
chronous records and observations of all the stations, proved to be suitasble
here and in some other respects. Ir this Report, therefore, the results obtained
fros the precipitation studies shall de described with more detailz than the
others,

It is the purmose of this Report to give an insight, which i{s more pro -
found now, into the atmospheric electric phonomena observed at different alti-
tudes during different meteorological conditions and influences, great care
being taren that the resulic snould not oaly be demonstrated by individual
cases, but exnressed quantitatively after a statistical evaluation of many
cases.

On the other hand, it could not be the purpose of this Report to develop
and discuss theories for the correlations found, nor to give the existing lite-
rature, Some theoretical studies were already begun; we are intending to carry
them through in the future, and aleo to collect further experience and to coe-
plete the picture by continucus recording and observations.

2. Recording Instruments
The instruments used are descritbed in detsil in Technical Report AP 61

(514)-732-C. The equipment, which till nov proved to be suitable for the in-
vestigations carried out, was not changed essentially except the following:

a) At station Parchant, the mumber of positive and negative small ions
has been recorded contimously sinoe Ootober 1957. The apperatus used for this
purpose, als slready mentioned, was lent dy the Institut flr Technische Elektro-
nik der Technischen Hochschule Minchen; it was developed and built by this
institute according toc the same principle as is applied in the recording
instrument described by Mihleisen und Creutzberg (see M aleisen (1957) ).

b) At Parchar.t, also the vegistration of the point discharge current was

vdded. A noint at about 6 m gbove the ground, nmade of ctainless steel (V4A), is
sed Tor tnis ~urpoee., The point discharge current, passe: through a sinple
az~lifier, is recorded dy an electronic potentiometer recorder (see below). Por
recording results we refer to section 14,

*) for more details on this method see Report AP 61 (514)~732-C
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¢) Since fall 1957, at Parchant the atnocspheric slectrio data (potential
gradient, air earth current, small ions both sighs, point discharge current)
have deen recorded by means of an eleotrcnic potentiometer recorder (Siemens &
Halske, Hartmann & Braun). We got this intrument as a loan of the firm Siemens &
Halske. It 1s possible, with this twelve-channel dotted-line recorder, to re-
cord 12 different slemsnts on the same sheet, the distance of the single points
teing 4 seconds, thus, 1f 12 different elements are recorded, 48 seconds for
each uvlement. This electrosnic potentioneter recorder proved tc be very appro-—
_riate for our work. Por recording sxamples see figure 103,

4) Since January 1957, we habe been able, through a grant of the Allgemeine
Electricititsgesellschaft (ABG) Berlin, to record continuously at Parchant
wind velocity, senith brightness, relative humidity, and teapersture with one
point recarder on one sheet. So the comparison of meteoroclogical and atmospherio
electric curves is made very easy.

3. The Station Network

The localities and the number of the stations for the atmospheric eleotric
recordings have rot been changed sirce our Technical Report AP 61 (514)-732—0;
nevertheless, for the direct understanding of the statements and results pre-
sented in the following, it seems useful so give a short survey of the stations
once more.

In tadble 1, names with arbdrevations of the stations are given, further
their altitudes above ses level, tyse and beginning of the respective recordings,
and their geocgraphical situatiomns.

In table 2, we present the relative situations of the stations, i.e. their
horisontal and vertioal distances.

Fig. 1 is & simple map of the shape of the region and the situation of the
stations, The highest mountain renge, extending nearly in east-west direotion,
1s called WEPTERSTEINCEBIRCE (Wetterstein Mountains), the highest peak of which
is the ZUGSPITZE. The Wetterstein Mountains as well as Carmisch and our "head-
quarters” Farchant are situated in the northers Alps,
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Tabie 2
Name of the station Difference horizontal
in altitude distance
between from

station and
Zugspitze Peak (2Z)
Wank Peak (W)

feet miles

Farchant 7514 53; 3.08 (2
3624 (W 1.50 (w

Carmisch 7418 gzg T.582 gz;
3526 (W 1.99 (w

Eibsee 6432 (2) 2.42 (2)
Ubernoos S630 (2) 2.06 (2)
Hiffelriss 4530 (2) 0.93 (2)
Gank 3890 () 9.01 (2)

gz ‘

‘ ofA !

~
AN,
QAR SCH

—— -
[ 19 KM
? § MILES
Pigur: 1

The station network



4¢ The dehaviour of stmospheric electric magnitudes, observed

simultgaecusly at different altitudes, during precipitation
1 f at ric eleotrio itudes on typin

days swurveyed with the help of symoptio charte
Although we shall give a statistical evaluation of the results in seotion
4.2. and although in Technical Report AP 61 (514)-732-C a number of individual
irstances have been presented already, it seems rot to be advisable, in this
Technical Report, to omit such individual instances, whether with respect to

precipitation nor to all the other prodblems; there are some reasons:

a) Purther insiructive examples have been collected these two years, They
shall riot be withheld from the reader,

b) Every statistiocal evaluation is dased on simplirfying and schematizing
procedures applied when observed facts or curves are translated into
significant musbers., With all carefulrness it is within one's discretion
to choose the means and methode. Therefsre, ve want the resder himself
to have the opportunity, by means of the irndividual csses and original

'rocordn. of checking 1if the elaborated and concentrated results, wich
w#ill be given later-on, represert the circumstances sstisfaoctorily, if
essential details are omitted, or if quite different viewpoints could
he found with respect to the evaluation,

We have still to point to a fact, vhich must be always oconsidered when
looking at our records and their evaluations: in our equipment, the air earth
current is alvays measured with aerials, the croes section of which is so small,
that the precipitation charges falling down on the aerial have no significant
ir.fluence on the racorded values. Thus, during precipitation, the precipitation
current does not contribute to tbe measured current. This must be taken into
acount, vhen our results are compared with thoge of other investigators (e.g.
Chalmers (1955), who messures the total ourrent including the precipitation
current), In viev of our method it is mot surprising that, in owfrecords ob-
tained during precipitation, nearly slways current and potenthl gradient show
the same sign, It is not necessary, therefore, to view the behaviour of current

und potential gradient separately in our evaluvations of records which are obtained
curing precipitation.

1.1, 8 * recipitatio

To begin with, let us deal with some examples of light separated showers,
‘ecresentad by the Tigures 2 - 6. Seldom we find during shower precipitation



Notes to the S ynoptic Charts

All curves are to te read from right to left. Time
data are given in Central Buropean
T1me (CEP =« MEZ). Distances of time markse 1

one hour.

2 recorded potential gradient heavy cont inuous
1 recorded air earth current ines

Monthly means of B and 1§
calculated for each hour light dashed lines
of fine weather days

At the ioft margin in large circles:
abbreviations of the stations (see 0eges @
tables 1 and 2 and figure 1)

Below the curves auf stations Z and Pi1 cloud amount

Qv @Y Py Py
QS/B; CG/&; 07/8; .4/5;

and species of the clmuds adbreviated.

Type and duration of precipitations, fog, anist, etc.
are entered in the respective records as follows:

@ rain * snow * rain and snovw
@ nixed
" arissle A graupel A ha1
v shower thunder- K digtant
storm thunderstorm
= fog =trb, drifting fog ©O moderate aist
= strong mist -#. drifting snow

Intensitiesn: 0 = slight; 1 « moderate) % = atrong
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the aign of the potential gradient to te predominantly the same at all levels
(Pigure 2). In such more cases the curve shapes of all levels differ from each
other during the same snower (Figure 3, 12-14 h; Pifure 4 and €). Further, it is
a fact that, during shower, the transition of the precivitations from the solid
into the liqu.d state and vice versa has no influence on the shape of the record-
od curve {Pigures 2,3,4). Studsying these and other examples, we notice that
#lisht showers, especially at station Zugspitze, cause a negstive potentlal gra-
dient. At peak stations for instance, a predoainantly negative foreign field*)
is sunerizsposed upon the fine weather potential gradient even then already, when
the "mature stage” c¢f a cumulus cloud is beginning. There are many observations
sese below) which show that much n negative foreign field exists already before
precipitation fal'ing out of the cumulus cloud arrives at the station, Howsver,
we are not able to decide whether in these cases precipitation has tesen already
formed in the cloud and is hovering because o! anabatic winds, or whether there
are great field strengths built up already before the formation of precipitation
(Vonnegut and Moore (1958); Moore, Vonnegut and Botka (1958)) .

In Pigure 5, we nee an example of negative foreign fields recorded at

station Zugespitze below Cumulus congestus clouds with the rain being very slight
in each case of negative notch. Already these very slight "showers” exhibit the
typical slteration of the curvo’ahape with heights negative values during the
rain at high levels, finally positive ones at low levels. Such sign reversals
of the potential gracient, being quite unsystematical in general, are typical
of light shower precipitations. By the way, they must not be confused with an
cther phenomenon, from which they differ essentially: with the sign revesrsals
¢f the foreign field in non-showery precipitation , occurring when the physiéu?
state is changed (see sections 4.1.2, 4.2.3., 4.2.4.).

Licht thundery showers do not liffer eesentially from light non-thundery
showers (Figure 6 / Figurs 4).

Heavy showers (Pigure 7) differ from light shovers only by greater positive
and negative ampiitudes of the foreign field. A correspo.dence of the course
of the reourds at the different stations is only seldom observed during hoavy

showers.

" "Foreign field" means thet additional potential gradient whinch, caused by
precipitation~ or cloud-charges, 1s superimposed upon the potential gradient
as it would be in fine wesa'her
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The variations of the foreign field have espscially great amplitudes and
are very rapid and frequent during and after cold froant passagss (Pigures 8 -~ 12),
and, without cold front, alsc in the case of continuous great unstadiliiy of
the atmosphere (Pigure 13). Alresdy from the individual examples presented we
see that obviously the frequency of the sign reversals of the foreign field
is the higher, the greater is the atmospheric lability. ‘

Purther 1% has teen observad that, at high altitudes, the frequemoy of
tte sign reversals of the foreign field is somevhat less than at lower lsvels
(ewee Pigure 13 , which gives an extreme sxzample).

In this section we have 20 mention a further phenosenon, which in the
statistical evaluations tecomes less manifest: if, by upslide motions, Alto-
stratus is forsed, which sore and more becomss thicker and turns into Nimbo-
stratus, the pntential gradient at all stations is deorsased during this process
far belov the fine weather value, & long while bLefore precipitation ocomes down
(Pigure 11, 19 - 22 h). The first precipitation out of suck s Altostratus or
Nimbostratus cloud formed by upslide motion arrives at all stations in a
regative potential gradient (Flgure 11, 21 - 22 B; Figure 12, 15 h; Figure
13, 13,30). Xt makee no difference, whad type of precipitation is falling,
vhether snow, or grsugel, or rain etc,
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1,2 showe recipitation
4.1.2.1, Light precipitatior out nf Altostratus or

Nimbostratus

Lot us begin with individual cases of light precipitation, first suoh
out of Altostretus. Here the same is true as was ssid above adout precipi-
tation out of Altostratus (see here Pigures 14 - 16), The potential grsdient
is predoainantly negative, where precipitation cut of Altostratus arrives at
the station, whether it be rain or snow. There are also sxceptions, of course
(Pigure 17): negative potential gradient st the lower levels in rain, but po-
sitive potential gradient in simultaneocus snov falling out of Altostratus
higher up. Ve point especially also to Figure 14: At 21,00 there were only
single drops or trails of precipitation adbove the station, Nearly always, also
1A such cases only negstive potential grsdient is observed thus even when
the preoipitation doesn't touch upon the ground at the station, but is hover-
ing about it.

During light non-showery precipitation out of Cumsulus or Nimdostratus
clouds we find predominantly positive foreign field at a station where snow
is falling, and a negative one at & station where rain or wet snov is falling
(Pigures 18 - 20).

4,1,2.2. Heavy or continuous precipitation out of
Nimbcatratus

This last statement of section 4.%'.2.1. is true also for heavy or con=
tinuous precipitation out of Nimbostratus. The case of rain at all the statione
is demonstrated in Pigurs 21, the casse of anow at alle the stations in Pigure
22. In tain, negative foreign field is by far ﬁrodo-in.ting; single thin posi-
tive points occurring are seldom. In snow, positive foreign field is »redoni--
r+tirg. With respect to snow, however, we have to make a coaplementary state-
menty it has been ascertained again and again, without exception, that the
base of Nimbostratus carries negative charge, independent of whether snow ie
falling, or rain., In cases of no precipitation, thcr‘toro, the potential gre-
dient 1s wuch lower below the Nimbostratus cloud than in fine weather, mostly
between slightly poeitive and slightly negative. Where there is rain, the
"negativity” ie increased; where there is enow, the positive foreign field
caused by the snov-fall is in competition at stations below the cloud base
with the negative foreign field 6nulod by the cloud base. This means, that the
potential gradient moatly exceeds the fine wheather value during dense snow
fall, but usually remains below the fine weather value during very slight
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snow-fall, as 18 clear in Pigure 22 especially at stations Parchant and Car~
misoh.

If snow is fallins only at part of the ntations, hipher up, while at the
staer etations, at lover stsospheric “floors”, there is rain at th e same tine,
then the foreign field 1s prepondsiently positivs at the stations with snom,
tut prejorderantly negutive at the lower stations snere it is raining (Pigu-
res 23 -« 27)., This is independent of the height where the transition from
snow irto rain takes place, for .nstance vhether (at higher levels) between
"ugmpitze and Wank, or (in the valley) between Bibsee and Parchant, It is in-
sependent alec of whether part of the etaSions 18 within the cloud or not.

The conditicna are the same, if the change from snow to rain, and vice
verss, takes piace not only with regard to space, but aleo, at one or more
individual stations, with regard tc times as l-ng as there ia snow, the [Hreing
field is prepordermantly positive, during rain, it es preponderaitly negative
!¥ipures 28 - 31},

4.1.2.5%s Poriodical varistions of the foreign field during
precipitations

In Pigures 32 - 35 we ewe examples of a case found relativeiy seldom,
nesely that during quiet, unifors nomshowery precipitation there are sign re-
versals of the foreign field whick are mot connected with or not caused by a
change ia tne physical state of the precipitation. These reversaies O6f re sign
of the foreign field are nearly rhythmical, alternsting slmsost regulariy.
Reviewing synoptically the rec:rds of all the stations, we find iwo types:

s) the almost rhythmioal, regular veversals of the sign of the rorefgn
fleld are recorded at every station, partly even w h & relatively
good temporal ooincidence existing froa station to station
{right hand side of Pigure 321 Pigure 33);

b) tha reversals are recordad only at the valley sta'.ions and 4oen't
show any relatiomship with the records of the higier stations
{right hand side of Pigure Y4 Pigure %3).

4.1,2.4. Speoin’l ocesse

Finaily, ve nhave to mentiocn sems apecial cases, Whi:h acour oml) seidosa,
b.t neverthelses couid de taportant in a future discussira of thearetion!

f{deas,
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At st.tion Zugepitzes rain le trensformed into snow
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a) Ovcasioamnlly, more or lees rapid end frequent varlationa of the
foreiga fleld are found during unif:rm rainj oftea they taks pluoe
ewpeoially within the area of nngative velues (Pigure 36), reldom the
surves have a tendency slso t> positive values (Pigure 37), It is #rik-
ing that this phenomeron is a0t limited to onlyﬂ:ulon. but that all
the atations exhidbit the same curve sharacter, although the variationes
of the single stntions zostly ¢iffer {rom eash other in the frequency,

Thue, in all trer. ceses there sust be a mors than' loosl cause,

b) Yery eeld:.a we find en inversa behaviour cf the foreign field
during non-snowery precipitatiun, e.g. continuously nsgmtive values :n
snoe-fall (althoug not out of Altoetratus!) (Pigure 38, etatisns Wank and
tidfe'. 188), or positite vaiues during rain, with negative values possitle

at the same time at otner stations {Pigure 39),

c) VYery seldom it happems that the trarmition of rain into snow does
not cause g reversal froa the pnegmtive to the poeitive sign of the foreign
field, and vice veraa (provided conditions ars non-showery and the cloud
18 not Altostratus), In Pigure 40 we see that at the stations Riffelriss,
Fauk and Tugepitie positive foreign field exists ju:ing snow-fall, while
a? the laver stations Jbermcos, Eidbses, Garmisch, and Parchan® during rain
and drizsle, high positive values are recorded, tcu, wnich remsain efter

the following transition intc suncw,
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Pigure 37
Rapid and frequant variatiors and positive
pointe of the foreign field during uaifors
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Tadle 3
-
Cloud type Precipitation type Type and number of cases
(obeserved 1955 + 1956 + 1957)
uniform saow positive foreign fields 177
negative foreign field: 11
. variations of for,field
Nimbostratus; parcllel at more than
stations: .18
melting saow foreign field shows
sign reversals: .. .. .. 110
stable foreign field shovs
no sign reveresals:. ... ... 5
. unifore rain positive fcreign fields .. 10
stratification negative foreign field: 165
varistions of for.field
nrersilel at more than 2
stationes .. . .. .16
uniform snow poaitive foruvign field: 3
Altostratus negative foreign field: 53
or selting snox foreign field shows
Altosiratus sign reversale: .. 4]
being foreign field shows
transformed oo aign reversals: 48
into unifora rain positive frreign field: 7
¥aabdostratus u_opun foreign fisldy 57
{upslide clouds); below tratls of pogitive foreign field: 2
stabdble precipitation oegative foreign flejid: 15
stratification
| chaotio course of for,
i field at all etationss 130
; variations ¢f for,.fileld
rein showers parallel at more than 2
Cumulus ar stations; a6
snow showers variations of for,.field
antiparallel at more
clouds; than  etatiors 4
8 DR S Ui S —d
| foreign field showe
sign revereals [+)
unstabdble
seltiag greapel foreign field negative,
tretifloation —_— no eig: reversals !f.
light showere enly asgative fer.fileld
! at station Zugepitses s}
’ - lua ilght shover durimg positive fereiga flelds 3
conges tus or sfler Wuilding &p nagntive foreiga flelds H

-

of the forsign flald
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402 Reeults of ths statistical - aynoptic evaluations

49¢e ;_Survey on tolal nusbers

In teble % o survey; ie civen, wiicu was obtained by nusbering the cases
of the different types of potential gradient behaviour during the respective
precipitation and cloud types. For this, our oard index (sev Intruduction) was

used, which now comprises the years 1955, 1956, and 1957,

4,2.2, Snow showers and rain shovers

For every station and every preocipitation, L.e. for every cohercnt sepa-
rate rain or ¢now period, we caloulated by means of the "synoptic charts”,
during what perocentage of the total prmcipitation duration thercv was poaitive
foreign field, The total duretion of such a precipitatior period was conoidered
100%, Further, the numbers of sign reversale of tha foreign field per hour
sore determined for tho sase precipitation piriods. The fine weather value of
the res;ective hour and month (see section 15) was the base for the calculation
of these two magnitudes; ths foreign field is assumed to be positive, where the
potential gradient is abéve the light dashed line ertered in the synoptic
charts for each station and representing the averaje daily veriation per month')
(see foot-note page !5). All our synoptic charts of the years 1955, 19%6 snd
1957, i.e. 8 total of 310 symopti¢ charts, were evaiusted ir ihis manner,

Data obiained during an excursion to the Zugspitaplatt in :195% (see Technical
Report AP 61 (514)=732-L) were alsc included.

Then for eaoh of the stations the erithmetic means of the mognitudes were
calculated over all precipitaticn periods.of the * years, i.e. over the nuaber
of re-ording houre entered at the right hand auwrgin ol the following figures,
In the figures of section 4.2.7, mnd 4.2.%,, the mean pero-ﬁ‘w’of the pre-
aipitation duration, which have posftive foreign field, always art designated
by "€ positive” snd resgresented by blagk columns, while the mean ausbers of
the sign reversals of the foreign fieid per heur a.e designated by "ochauges

p.k." and represented “y shite columme.

In Pigure 41, the result for ralm eoh wers is given aynoyptinally for ]l
stations, Tha foreign field during rain shower is positive for %0 - 4C € ¢
the precipitation Juretion, depending o the static. The mumber of its sign
reveresals per hour !a betwsen 7,7 and 3, The largest frequenciss of eigr re-

vereais are found at (he valley stetions,

During smow-ashower (Pigure 42), the forsign field ts positive in 40 - 40 %
of the total precipitation 4.ratien, n peroentsye whioh 1e met comsiderstly
bigher tham the value found for rain shower, The mumber of the reversale pe.

*) in fine weather
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hour during snow shower {s almost the same as during rein shower (2.2 -~ .7).

Neither in rain shower nor in snow shower an influence of the altitude

of the statinn on the pouitive foreigrn field is found,

If we do not disoriminate betwsen the altitudes of the stations, but
betwesen three atmospheric "floours™ chosen according to the physical state of
the -recipitation, thus

a) snow shower zorne

L) melting zonc, where the transition from solid to liguid state, or vice

veraa, takes place; here showery snow can be aixed with showery rain,
¢) rain shower zons,
then we obtain Figure 43: the transition from the snow shower zone to the
nelting zone involves a light decrease of tre positive foreign field percenta-
€¢ to a1 value which is the jame as in the ra!n ashower zone. The frequency of
sign reversals is somewhat grate» in the melting zone than in the iwo other

zones,

NQOF RECORDING HOURS -l

<Pk
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x @
v 128
/ 483
Y% pos:t:ve WD -
Changes p ALY Ty e ) - ;

Piaure 2%
Foretyn T:wld end 1te odgn ravareals furing shorer in ihe three ualz

precipitation sanee
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422, Von-showery precipitetion; importsnoe of tne melting
Rregee

A quite differeat ploture results fros sr enalogous investigation of
non=showery precipitations,

During unifors rein (Pigure 44) the positive foreign fieid percentage is
only 8 - 12 %, and the pusber of sign reversals of the foreim fleld per hour
0.7 = 1.2 . Thua, bdoth magnitudes arv smsller than in the case of raii shower,

During uniform snov (Figure 45) the range of the frequencies of eisn rever-
sale ie adout the seame as during wriform rain, but the positive foreign field
peroentage is muoh higher than during uniform reia (80 - 90 %X).

If we again disoriminate betwees

s) sone of uniform seow

b) selting sone, whare the trsasition from eolid to liquid state, or viee

verss, takes place; here snow can b¢ mixed with rain,

o) sone of uniform rain,
then we obtais Pigure 46, It differs fundementally from Pigure 43. In tho cree
of non-showery gpreoipitation®), the melting precess, as is suggested by his
Pigure 46, i» ceupled eith thoee pr whioh the sign reveisal of
the fore.zm field. If another sons were soupled with these processes, the bdlaock

columas of the melting zone would bde the same as for sncv, or the lm’far rain,
and not in the aiddle of the sequemoce. We note further that the eiom reversala
are more frequent in ihe melting sone than in thw snow and the rain rone.

There is & simple reason for this: the transition from the rain "floor® to the
snow "floor®, or vice versa, involves at least one sign reversal, and thess sign
reversais alwvays are added to the sign reversals oscurrirg {n toe melting sone
by other reavons. Beyond this, ia the melting sone s..” reversals are wore
probable, than in the wwo othe' sones, s'noe m%ﬁn"c +f the phyeioal tate
of the precipitation are relativaly probdably here, In the enos sons, sign re-
vertals wre sore frejuant than in %he raim aone, but asuod less frequent than
duriig ahnwerw,

.

) Mueh mere siighti) already im \re ceme of shewer preeipiiatioan
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Forelgn field and its sign reversals during non-showery
precipitation ir the three main precipitation zones

42,4, Sireagth and eign of the potential gradient at diiferent
sltitudve during rain or snow

Por euch station, this snalysis was carried out as follows (Figure 47):

a) Por emch hour of uniform snow {nusber of recording hours entered at
the right hand ssrgin of Figure 47 ana marked with " ¥ "), we cal-
culated, what percentage of the fine weather potential gradient (and
conduction current) of this hour and the respective month (see sect-
ion 1) the gctusl potential gradient E (conduction current i) is on
the average, the respectiive fine weather value alvays being 100%,
Por instances if, the aotual con:uction cur-ent equals the fine
wsather oonduotion current of the same hour; the percentage ia+100;
ors if it is twvice the respective fine weather valus, the percentage
19R00) ort Lf it is sero, ulso the percentage is tero, The arithnmetic
mean of all the potential gradimt (conduction current) persentages
is entered in Figure 47 as black (white) column, snd that for each
station, All the seven values are far above +100 %. The potential




T

- 61 =

gradient percentages deorease vith increasing altitude ( compare

seotion 4,2.6.), About halt of the uniform snow ocsses could be evaluai-
ad systematiocally in this menner. The rest showed so high positive valu~
es, thrt the davitations surpassed the record sheet breadth; it hat to
be omitted. Conssquently vs may assume, that aotually the mean peroen~
tages are even higher,

b) The same csloulation was made for uniferm rein (usber of recording hours
entered at the left margin of Pigure 47 and sarked with " "), These
rerults give less informstion, since the range of “light rain" cannot
be defined exaotly. During strong uniferm rain-falls, on the other hand,
usually the breadth of the record aheet was surpasse?, .- hese precipi-
tation days had to be omitted, If all cases of uniform rain wers inoclu-
ded, the negative mean percentage, consejyuently, would bte mtill more ne-
gative, The differences of the percentiges from sintion to staiion, are
here only small,.
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Pigure 47
Strength and sign of the potential gradient at
different altitudes during non-showery rsim or
amow
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4.7.%. Strength and sign of tle potential gradien! below Altostratus
with or without preciptiation falling out of this

Hers ve recall, to begin with, that precipitation out of altostrntus is
very slight. In Figure 48 and 49, for esch station the mean strengil. of the
potentinl gradiont below Altoutratus, in terms of peroentages, is demonstrat-
ed, ithe fine weather po.ential graiient being 100 % (and represented by ths
vertioal dashad 1lines). The nalculation of the arithmetic meane was made as
deacribed in section 4,2.4. The same analysis was carried out for ths comduction

current.

If there is snov-fall st station Zugapitas (Pigure 48), t.e p tential
gradient {conduction current) nevertheless is lower than in f{ine westher. It
is adout the cane as in the case of the station Seing delow Altostratus with-
out precipitation., Howwver, where there is rain out of Altostratus (Pigure 48),
the values are clearly lower than in the case of the stati.n being below Alto-
atratue without rein (Migure 49). This investiguiion aga'n shows that below
Aitostratus the potential graiient is lower than it v~uld b2 in {ine weather
isce ssotion 4.1,2,1.), Hence we may oconolude that the base ~f the cloud sheei

carries negative space charge.

Xf aolid precipitation particles are falling through the Altostratus,
cloud droplets, which doubtless carry negative charges, fretse¢ upon the pre-
cipitatisn particles at the cloud base, This will prevent the positive values
of the foraign {iald, wai:h are usual in all tie other cesea cr aon-showery pre-
cipitatisn, sppearing also in snow frlling out of Altostratus. There can be
several resscns, w-y this msshan’sem fo@sn't vwork 4n the case of Nilboatnt\u,

80
the base of 'hlcﬁcmin negative charge:

a) Altostratus mostly is only of small thickness., Consequently, the pre-
cipitation partiolss formed im 1V have still very mmall falling velo-
citisr, vhen they ar-ive at “he slmd bace. Thul,’)thoy have relatively
much time available there for plicking up negi’ ive charges,

t) Ths Base of Altostraius, in oonvradistinction to that of Nimbostratus,
is sharp and definite. 30 the negative space chargs density there will
be expecislly high., Therefore relatively many negative charges of
freezing-ua clowd druplets are conveyed to the surface of the presiple
tation particles Just in the lasi moments of their fall through the
cloud, so that the ocompensation by poeitive cloud droplets freesing on
the precipitaiion particles is smll,

*) ir contradintinetion to the conditions in Nimbostratur
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4+2,6, Influence of type snd sise of the snow orystsla on the
strength of the fore field dur snov-fall

klready Lo Techniocal Report AP 61 (514)«732-C we reported a preliminary
iovestigation whioh showed that on the Zugspitse the foreign field in snow-
fall depends on sise and owysial type. This result oould now be confirmed
#ith a mch greater number of cbservations. Pigure 50 gives, in terms of per-
ossntages, mean v:.ues obtained for station Zugspitze. The nusber of snow orystal
oburnt!.unl*) sr> indicated on the top of each column, The 100 ¥ level signi-
fies die potential gradient aa 1t woyld bs, st the hour of the respective ob-
servation, 1n fine weather, The figure showw clearly that tne potential gra-
dient during snow fall is the greater, the greatsr is the diameter (1.0. extent
in the largost dlun-ien) of the snov crystaly foraing the enow fall (flakes are
vory seldom at station Zugepitze), Purther, the pitantial gradient is higher
iz the osse of flat {e.g. plate or ster eheped) orreials than in the case of
neddie rhaped crystale. Perhaps it ie alivwed (2 infer from these observations
that the falling velocity ef the precipitatior partiscles iz of importance, and
80 that the foreign field is the sironger, the speller iz the falling velooity
of the precipitation particles. Besides, ti:ds view ocould be corrohorated by
Figuce &7 (section 4.2.4.)1 in falling down, the single snow urystals, which

nrur SNOW CIWSTALS 224 OBSERVATIONS
1956 + 1957
NEEDLE D CRYSTAL
200 ] [ Jwesoe smapep crvstacs
*
S 19
s
2
2200 1 29 Y
E 4 45 2 s
E | L___l]_“ l—’—" |
‘6 % 1
Q ] 80
100 - : |
<r-1 1-2 2-2 -4 >4
DIAMETER OF SNOW CRYSTALS IN mm.

Pigures %0

‘)Thoy were dade by the obaervatory Zugepitse of the German Weather Servioce
according to the direotions of the TOGI,




are usual at station Zugspitze, more and more combine to form small flakes and
at lasi, arriving in the valley, large flakes. T'e latter fall much more slow-
ly than single crystals, and, indeed, the forei: . field durins smow fall is the
stronger the more we go to lower levels,

452:7. Relation between lability degree of the stratification and

frequoncy of the sign reversals of the foreigm field during
precipitation

Already by a comparison of Figure 43 with Pigure 46 we sse that there must

be e corelation between tha lability (=unstability) degree of the atmosphere
during precipitation and the frequency of sign reversals of the foreign field.
Beyond this, it was attempted to grasp this correlation quantitatively, For
this purpose, we used the radio sonde ascent data of the Munich-Riem Airport.
The teaperature data vere entered in the "STUVE Diagram Paper” (observed lapse
rate), The courses of the respective dry adiabatic and meist adiabatic were de-
ternined in the well known manner, Then the ares betreen 500 ad level line,
zoist adiabatic, observed lapme rste, and 700 ad line was measured with plani-
peter, The value thus obiained in square centimetres is a relative valus for
the lability energy between 700 and 500 mb, When it ie positive, the stratifi-
cation is unstable, Thess evalustions were made for both radioscnde ascents of

each day.
Here we have zu insert that the redio sonde data are obtained in the free

atmosphere, whereas in the regiorn of our station network, i.e. at a distance

of 100 km from Munich~Riem and in the mountains not far [/roa the northern

border of the Alps, the actual unstability can be somewhat different from the
unstability existing in the free stmosphere above Municn. E.g. we have to con~
sider that in many cases during slightly stable stratification of the free
atmeaphere there will be already unstable stratification in the mountains, since
here the air in the lower atmosphere obtains additional energy by the insolation

of sloping surfaoces.

Pigures 5. - 56 show the correlation which is obtsined for each of the
stations (Garmisch and Parchant being united to "vallsy”), if the frequency
of the sign reversals of the foreign field during precipitation (all kinds) is
plotted against the simultaneous relative value of the lability energy between
500 and 700 mb, The ttratificstion above our station net, as mentioned above,
is not exactly given by the radio sonde data of Munich-Riem, so we cannot ex-
peot the two magnitudes compared to show a vary close conneotion. However, it
is evident that the frequency of sigu reversals inoreases vith increasing
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unstability. ae 2ifferences fros statiomn to statioca are onl; slight and of no
izportanoe. Trs f ilowing omn be gathcred from the figures:

If *he number of sign reversals per hour is more than 1, it is very pro-
batle that tre siratification ef the stwocphere iz unstable bdetwsan T7OC and
S0 mb, the fsot baing taken imto account that a slight negative ladility ener-
&Y of the fres stmcaphers mostly signifies unstadllity adove wr region. If, on
tne sther hand, the number of aign Teveraalsa pctbour is lesa thar 0,6, ve mey
assuoe trhat, with high probability, the stratification is stable. Bes:iss the
poseinility to epply this simge criterfon in the meteorvlogisal jractics, the
{avestiguiion is of interst aiso for sctmospheric electricity, because it yield-
. a 30Tt of quantitative rule arcoxding to which ‘he wore or less claotic sign
seversals of the foreign field, occurring for instance especially during showsr,
wctually are coxpled with the dagree of turdulemce. This functional connsction

3 irdependent of the orographic conditions and altituds of the statian, thus
1t rdlects facts of genersl iwportance.

As to the weteorslogical prastice, the results ocould de used to find out,
at a ceather station which has no radio sonde and with the heip of simple pctane
tiai gradient rscording, if the stratificatior conlitions are changing ir the

course of a precipitation.

5S¢ Yhe behaviour cf the fcrsign field during drifting sncw.

Processes of snce and foe crystal fricztion, of charge sepfaration by >reak
ing of snov and ice crystais. &t2., are cf genersi interes® fv»r the explanation

of thunderstora ele. tricity,

Since within our ststicn net drifting srovw is relatively Irequent, which
partly changes the elsctrical conditions ir the neighbourlivod of the ritations
corsilderably, a systenatical evalust.on of the records was carried out with
res>eot %o drifting znow,

The evaluation was desed on *he otsurvatica, that frow ths sountain ri
gee snov snd ioe 3rystels ars whiried aloft many bundreds of setrss. This cau-
ses varticlas of different cizes to be separated from oack other by the wind,
The large fragments somn fall baox to the ground, o tie neighbourhood of the
Flace fro= vhers they hat been whirled up; the sasll fragwents, according to
circunstances, can wanier alamgx with the strung wind surrent many kilometres,
in the evaluation, thersfore, we lad to consider adbove all the wind dir--tion
above the Wettsrstein ¥ountsins .~? ‘he geogrsphical sii.ation of the statinns,
In Figure 57 a little map is added, vhich gives the main ridges of the Retter-
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stelr Kountains, with stazion Zugepitse (Z), Especially from these ridgos the
snow 1s wskirled up (compare Pigure 1),

If tde wind 1s ocoming from southern directions, the lurge fragments whir-
led up at the corthera ridge shuwn ir the emall map ¢f Pigure 57 imsediately
fall oack to the slope just north of this ridge, whiis .ctuslly clouds of the
small fragments sre carried amay by the wind over siations Kiffalriee (R),

Eiteee (E), and sometizec aleo Obarmoocs (0).

If, on the otror hand, the wind ccmes from northern directicas, sanw is
whiried up near the etationa, the largs rurticled soon fall tack in *he
fie!yshbourhood of the place where they had desen whirled up, and a certain se-
csarstion of particles of differsnt sizes takes ;lasce; but the small particles
ortzinsting at E, G, 0T B cilliot ke carried var the wxii formed bty the ridge
of the Zugrpitse, and a seperaticn of the differar: kinde cf those pariicles
which are whirled ury at station 2 cculd snly inf.uence the atacspheric electrie

cond:itione st stations siiuated to the south of Z {which dcu't exist).

In Pigure 57, all ceaes arn included whrars

a) thers was fine wsathun and

b) drifting snow was ~bserved sx¢ the mountain ridge, and

c) at one or mors cf the stations in gueetion {E, or 0, or R}

the potential gratient had not tha fine westher valus,

The fi{,pure demonstrater that the foreign field at siantions O, E, and R is
positive during southern winia in nesily sli cases, while during nusrthern wind:
it tostly is negativa., This seane that the clouwds of $iny articles flying
over the stations 'prodonimmungly caxTy pocitive charges, ard that, on tho
other nand, the large tarticles whiridd up nesr tra etetioma carry negetive
crargas, The poaitive fureign fields caused dy positive crryatal clouds flying
aloft with tre cout: »ind c¢fien could b odemarved even at ststisns Jarmiach
2~ & Farchant, i.e. at a 2:stancs of at least £.5 miles from ths mein ridge of
te *etterstein Mountains, Hers tle smail crystkls proredly wure already 87spo-
:ate2, oaving their roaitlse charses on <oe nucled of ihe alr current, For

-

rezard examplea ace amclion 7,

Che result cf this irvestigat:ion, that, if ice ~rymtales are brojen,
a=all splintere carry positive charses, an. the jsrger residuss negaiive char-

sa, s $1 agsreement witn the lsborstur) superisents of Xumm [1951) ang

Korisder and Siksna {1955). It weeus tc be ioportant for 3he theory of thundar-

siorme.
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6. 5ign ol the polential gradisnt below and near thunderclouds

In Techninal Report AP 61 (514)-732-C, we decuded from lndividual inslanc-
s that below the base of thunderclouds the foreign field predcainaitly is ne-
gative, bni that 1t is poaitive below a far extsnding "irrus rnothus, This ate-
tenment ‘e in agresdent mith the gonerally accepted view ¢n lae struvelure of
thunderclouls,

Tavle 4, including all the thunderstorms of 3 yvars t‘lch ocsured at a high
level station, gives x2 account of the behaviour cf the foreig: fiald as it wes

recorded at the respsctive station,

Teble 4
Positiorn of the staiion with Pype and number of cases
regqard to th ~laud part {otserved 1955 + 1956 + 1957)

O UG EY P T NN AR e S A R A A E S NSRS AN N T AT TR A S TN AN SRR T TSRO RN . W

mountain atasion withic or Zoreign field predomirantiy positiver 4
beiow the bass of the

~uza] ondxbus foreigr field predomirantly negative:r 31
acuhiain gtetion below forelxn field predominantly rositiver 27
Cirrus notrus foreign field predoainantly negative: 2°?
=ountein etatian bolow foreigr field predominantly positive:r O
M tocuktaiue Jusnlogunitus forsign fisld predoainantly negative: 16

of maymidus

sountsin stetien within or

below the baae of the ctaotic course cf forelign field: 44
Cumalcrniedus or below

Cirrus acthus

B0 sea, that in $4 ceser the cou se of the foreign field was chaotic, so
that it was impossible to ciscirains- 6 different parts of the thunderclcud,

Egspecially in heavy procipitatior we often find a chaotic course of ths forwigx
field ip snd below the thundercloud -ase and in the neighbourhood of the cloud,

The records then are similar (o thnae during showers,

Ir FPigures 58 - 60 again ii1div.cual cases are given. They den-nstrute anew
that predoninartly a positive fc;v-ri,gn field sxists below Cirrus aothus, i.e.
that this cloud part carrisa positive charges, Prom Pigure 59, further, we learn
that at the high lovel scaticne the negative sign of the foreign field is pre-
domirantly beiow the base of tha thundercloud,

4 stxtistical analyeis of the cases oltaines till now yielded the results
condeneec in Pigures 61 and 6z. The mvaning of the columns is the same sz das-
cribed in seotion 4.2.2., only instead of precipitation perioda we here heve
veriods vhers the station is below the sloud part indicated at the top of the
figure.
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Fositive foreipyr Tield below Cirrus nothus
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Positive forelgn field below Cirrus nothus.

and negative foreign field belov Cumulonimbus
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Foreign field and its sigr reverasals below Cirrus nothus
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at first let ua loock at thy siationw Zugepitee and Zugspitzplatte
helow Ci.vus nothus the foreign field is posttive during about BD - 90 % of
the tire, >elow the Cumuionimbus baze 1t is povitive during cnly 20% of the
time, If we look at the cther stations, the velus is about 60 % helaw Cirrus
nothus, snd abdut 30 - 50 % balow the Cumulonimbus tuse, the decresse and in-
orense witk haight between the valley snd JOOD m above sealevel the records
ere influsnced in ruoh a sanner that, at the low lsvel statione, it is no
lmger poseible to iraw reliably an inference {rom the record as tc the actual
cloué charge. Thersfore recorde, wich one obtaines only at low levels, cannot
yield any satisfactory resulte with rezpect ic tne investigation o€ the thunder-
ocloud structure, Purther we lecrr from Pigure 62 that the frequency of the sign
reversaia of the f.reign field below a Cusmulonimbus hase 18 much grezter at
lower levels than at higher levels. Prog thiz we nave again to infur that the
low level re.ur*s don‘t enable ur %o ascertain the temporal and, what is the
conssquence, the spatial charge oonditions in the <loud. Thua electriocal pro-
cesses are coourring at the lower levels, which mask the true picture of the
conditicns in the Cumulonimbés cloud. Probakly the processee in question are
coneoted on the one hand with the prewcipitaiion; snd en the other hand with
space charges near the ground, wni. h sre caused by point discharge.

Summery and ccncluaions for seotioss 4, 3, end §

Miving shower precipitation usually chsotic covrsss are recorded for *he
potential gralient and tle conduction ouxrent, whioh practically runs parallel
and alwayd has the same #ign as the simultenecus potential gradient, The
oharester of tre curves, whicb are obtaizned dimmltaneously during the same
shower, canly seldon is the same frow station to station, The procssses, there-
fore, by which the detaile of the curos are determined, must greatly differ
from station to stetion and e ¢f local imporiance only. Only seldom it 1e
possidle to drav oonclusions from records obtained during shower as o the
‘eleotrio oharge in the clouds,

Rowever, during very iight showerss und eepscially under ehower clouds
padsing over the atationsg without preolpitation relatively often the character
of the ourves is the sape at the difforent stations, 1.e. at different altifud=
¢s, Hence we cun conc’ude that it le the peecipitation which duriag heevy
sowsr 8o much disturwihe picture on the reoords,

At high level etaticne, aiwpye & slight foreign field of negetive eign o

obnerved at first, vhen the station is belev a growing Cumius c~ngestua, and
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t*-%¢ before any precipitation is falling at the station itself, The latier faot
suggests that this forwign field is oaused by the negutive apace charge at the
oloud base, which is being scoumulated there in some way cr other, while the
oloud s deocomirg "mature™, In this connection one rememders the ideas of
Yonnegut {1953), who found that the elestrie fields in Cumulus clouds are

built up already befére any precipitation ia formed, Vonnegul presumes that

the point discharge on the sarth's surfece night be the uource of the charges
rnesded, torming ions wnich are brought intc the respective cloud “floors"™ by
dur.drafts or updrufts, Comparing our records with this pisture we find the
following diffioulties; the positlve fine westher potential gradient existing
at first is lowered helow growing Cumulus congestus olouds by the nogative
oharges acoumulating at the cloud bass, 30 ~olnt discharge more and more ontops
(until precipitation sete in), instead of supplying the cloud with more and
more lons, Perhaps by rncreased observa’ions it will be possidble to explain this
contradiction,

Es *he analyaip of individual oases as well as by the sististical evaluation
of the records carrisd out with respect to the behaviour »f the potential grs-
diant during shower {t is demonstrated that no significant changes of the
curve churaster are caused by changes of the physical state of the precipi-
tation, During shoTs: precipitation the frequency of the sign reversals of the
foreign field is releiively great, it is the greater, the higher is the stro-
spheric unstability {e.g. during passage of astive cold fronts).

In precipitation (ehowery and non-showery) out of upslids clouds, i.e.
Altostratus wich ie growing thicker, with the cloud base aubeiling, and whien
then {s developing into Nismbostratus, negative foreign field is recorded at
sll the stations beln# the cloud or in its base¢. Thie ie indeprendent of the
physioa. state of the preoipitation. It is ilkely that, because of the speci-
sl .onditions during preo‘;itation out of clouds with small thickness, together
with the cloud droplste many negative charges freesze upon the precipitation
particles, since it is ocertain that, at the Altostratus base, trere is high
negative space oharge ard thus the cloul droplets carry many negative oharges.,

During non-showery precipitation (not coming out of Aitostratus’® trere s
& connection, almost like a law, betveen the sign of the foreign field ard the
physicel 2iale of ihs presipitations the foreign { ~'d is negative in rais
during wmore than 90 % of the precipitation furstion, and it {e positive in
snow agaiin Juring wore tha. 40 % of the precipitation aquration, Tho wign rever-
sal of the foreism field exactly taxes place in the szone shere the precipt.
tation is weiting, wni trat indeyendsntly of whether the trarsition fros ratn
int:> enow or vigoe versa 18 only a syatial cne or a empGral one, too, and &t

vhat altitude above the seslevel it takes place, The Mlting ;rocess t'us aust
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be oompled with that proocwss vhich determines the sige of the foreign field
turiag preeipitation., Therefore it is important to give more aviention to the
asslting some.

The frequemcy of the sigan reversals of the foreign field is very small
duriag nom-showery precijyitation. It ie¢ less than one reversal per hour, and
oaly is the meltiag some, as i3 oconsequent, it is slightly higher,

During non-showery precipitation, and here relatively seldom, rhythmioal,
regularly alternating eiga reversals of the foreign field are observed, whioh
ares not conaected with changes of the physical atate of the precipitation, Two
groupe of cesed e found: the parailel and prectically symchronous reversals
eocur a) at nearly gll the statioms, or b) omly at the valley stations. The
reversals are likely to be csused in group a) by fundamerntal cloud processes,
and tn g.oup b) rather by local processes. Vith respect to group a), ve may
presuse that a sign reversal of the precipitation charge tiking place simultanes
ously at all levels is ispredadle; if, on the othe: hand, the sign roversals of
the predsipitation charge took place omly oroe, at higher lsvels, the same re-
versal would be observed acasrhat later at the lower stations, expecially in
snow, which comes down slovly; dut no suoch lag of the sign reversals oould bde
odserved from station to station. Thus, with regard to this problea, it is ne-
cessary 0 coutisee the observations.

It was obeserved that there is a oclear influence of sise and type of the
snow orystals om the strength of the foreign field, both observed at the
Zugepitze: the precence of sush oryctalc as fall slowly more than others
because of thelir sise and shaps is coupled with a higher foreign field. Purther,
during amn-shovery snow fall, the strength of the positive foreign field de-
oreases with the altitude of the station. Since, the lower is the level, the
more a formstion of flakes takes place, that is a retardation of the fall, we
consider that; possidly, the falling velooity of the precipitation particles

is of some importance as to the strangth of the foreign field. This would be
confirmsd by doth aforementioned obeervations,

Prom this viewpoint, the sign reversal connsoted with the melting prooess
of noneshowery snow perhaps ocould be explained by the inorease of the falling
velooity also oconneoted with the melting process. Theoretiocal studies on this
sudbjeot being carried out just now, these prodlems will be disoussed later om.

The oconnection between atmospherio uastadbility and frequenoy of the aign
reversals of the foreign field during precipitation was examined carefully,
The result of the examination is, “hat there is a funotional ocomneotion detween
both magnitudes, so that the ladil .y degree ef the 500 - 700 uh level, whieh
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is of special metsorological importance with respeot te the building up of
Cumulus clouds, is indicated by and oan be dedug pd from the sign reverssl
frequenoy. Besides, this functional conneotion is independent of the altitude
and orographic situstion of the station, where it is found,

The knowledge of this connection could also be of praotical imvortance
pince it enables us to say, with the help of only primitive potential gradient
recordingv, but with satizfactory reliadbility, if the charscter of the atmo~
spheric stratification is changing in the course of a precipitation. for in-~
stance, when after hours of 1ain with the foreign field being continuously re-
gative, ferst sign reversals of the foreign field are recorded, then we imov
trat the stratification became unstable or is just becoming unstable, This
again means transition to squally weather with single showers and perhaps shori
clearing up periods. The possibility of such conclusions could be valuable, if
one is interested in controlliné?:tnouphorio lability degree alsc during the
reariod betwoen twe radio-sonde ascents, e.g. on airports, where even slight
changes in the wsather situation are of importance. Also at places where radio-
sonde uscents are wanting, e.g. in countries with sparse population and at sec,
the proposed supplementary potential gradient reocordings could be of ‘nterea%,
With respect to ships, valuable improvements of the knowledge of the meteorcio-
gloal situation could be obtained by recording the potential gradient on hoard,
since often the meteorologioal conditions above the oceans are not sufficiently
known, or unexpected changes oocur by spatial shifting of a perturbation or
by the movement of the ship or by both. In this connection wve wish to mention

also the startins and landing operstions on air-craft carriers.

Careful observations made during drifting snov showed that, without doubt,
on the breaking of snow and ice corystals the resultant large fragments predoai-
nantly have negative charges, whereas the small, 1light splinters carry positive
charges, These observations have been made in the open air, i.e. under natural,
not under ladoratory conditions., So¢ they are perhaps of special interest, atowe
all with regard to the problens of the electrification of shower and thunder-
storm olouds by ioe friotion and ioce bfikinc, for by laboratory conditions ihe
course of what happens can bs influenced in a manner which is often diffioult
to be surveyed,

Investigations on the sign of the foreign field belev and im the neighbour-
hood of thunderolouds demonstrated that the Cumuloniabus dase preponderantly
oarries negative charge, wvhile the far extending Cirrus notlma ocarries poaitive
wharge, This 1s i{n agreement with the present views on this subject. Desides,
as appeared during our studies, such statements can be made ealy vith the delp
of high level records) at low level stations, the pioture pressnied Ly \be re-
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cords is mazked by local perturbatioms, uﬁ&e’ia‘niﬁ: significant ohargeas on a
ohange ol the oloud part present above the station (first thunderstorm oloud
base, thun Cirrus mothus, or vioe versa).

1s Observations made during Poehn

Some preliminary observations on the behaviour of atmospheric electrio
magnitudes during “foehn" have besn wentioned already in Techniocal Report
AP 61 (514)=732-C. The feehn, being only a special phenomenon, restrioted to
mountains and their neighbourhood, e.g. the Rocky Mountains ("Chinook") ard
the upo*). often has oonsiderable influenos on the atmospheric electrio
magnitudes. Therefore, ia the follewing, we are handling partioulars of the
processes nonneoted with this wind.

An has been stated elready in the last Technicel Report (AP 61 (514)-732-C)
wve have observed that there are tw., different types of atmospheric eleotrio
phenomena ococurring during foehns

a) At all stations, the curvas of the potential gradient showv values
which are consideradbly lower than the fine weather values, and that
alsc vhen tho sky is nearly or completely cloudless. At the same time,
the air earth current velues are the same aa in normal fine weather or
slightly higher. In such cases we spouk of "foshn type I",

b) During foehn of type II, the potential gradient ia oonsiderably higher
than ir noraal fine weather and strongly disturbed and that at all

stations exept the peak stailions, where the described potential gradient
behaviour is reoorded only seldom.

In seotion T.1. recording exzamples are given, foi' both tynes, together
with some explanations based on our present experience on foehn phenoasna,

1.1, The dehaviomr of atmospherioc elcotris magniiudes at
{Aferent altitudes during foehn

In Pigure 63, a typiocal example of foehn type I is demonstrated. The
potential gradient, especially {n the vallay, has a tendenay to de lower

’) ¥ithin the northern Alpe, vhere is our station network, and in the adjloine

ing plain, foann 1s especially well pronoumced and relatively frequent, I\ 1o
hery & dry and wvarm south wind: dry decavse of mciet-adiabalic upelide motiom
in the southern Alps ocausing losa of watur, wvars bdecause of dry-adladatic down.
slide motinn from the higheet ridges of the Alps tc the lower northerm Alpe and
thelr vallewand to the nertheru platn,
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tran the fine weather value, Southerm vinds are clserved st Eigh and low

levels. In Pigure €4 we “ave & good sxazple for the effects of single foeln
{nvesions {type I} 1nto the valley. Iz eash case of eapecially strong foehm
invaton ("F™® in the figure) the -ctantial gredient is cocsiierably lowered at.
scatton Perchant, whe:eas the air earth currest i3 increased. A2eo et mdet of
the Htrer stations, swpeciaily at etastion Jugepitse, the feesr izfluence ia very
clear. Also thFORCOentretiofe 01 tons resjonds sensiiively 30 the Zoeim
invaslon, rising rapidly and thme ehowing & ccurse similar 3o that ¢f the
resperature, Witrout doubt, this decrease of the potmtial srediens s caused
by & strorg increase of the nuaber of small fone, iz otrer wories o the ateo-

s-neric slectric conductivity,

17 section 7.2., ve shall give mere cetails on the reascms of e in-
crease of the oumber of ssall icne, that 1s to say increase in ocnductivity
chesrved 1n our region during scuthern wind directions cver the Alps.

In Pigures 65 and 6 we see typloal examples of foehn type IL. It 1s
chacscteristic of foehn type II, that usually érifting ance 18 cbesrved at the
ridge of the Votterstein Mountains at the sase tise. In seotion 5, we have
already pointed to the fact, that during drifting l.-ao'us‘athm winds, po-
sitive foreign flelds are cbserved at the stations situated nortk of ihe Vete
terstain ridge, which sre csuses by tkte positive snow crystal olsuds serried
by the aiy currenis above the stations, Now, the exaaples in Pignres £5 enié 66

demonstirsts:

n) Negative foreig: (ields at station Tugepitse) they are ssused by sncw
Arifiting to the station direotly froa the ground,

b) Strongly 4disturbet positive foreign fislds, not connected with clewd
or precipitation effects, at stations Wank, Riffelriss, Rideee, Ger-
misch, nnd Parchant; they are csused by the separuted small peeitive
particles flying over these stations. Duving foohmn type 1II, vhere
the potentiial gradient is strongly inorvased, aostly the rir earih
current is increased, tcoj this is a sign of positive epaoe chargwe above
the stations. Unliks during foehm type I, there are no signifiocaat
variations of the number of small icns near the ground, recorded at
station Farchant.

In table 5 the frequency of both foehn types is given four the single
monthy of the ysar, Type II, logiocally, doesn’t oocur during the suumer
months,
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2, Vartiat of the natural redicectivity im the air during

Southern winds over the Alpe

Duriag our second exowreion to the Zugspitsplatt (1955), upom which we re-
ported ia Teshnieal Neport AF ¢! (514)-732-C, 1t was found that the natursl re-
diosctivity 1{a the air 11808 danstideradly at 2600 u above sealevel, 1if there
are southern wvinds at this Zugspitse~-Peak, We were adle to show that this de-
perdence on the wind direction heas a geological reasén {compare Pigures 108 a
and 108 b in Te haical Report AP &1 [514)-732.C). Unlike the northsrr and
southern Alpe, the Ceantral Alpe, situated sowth of our station network, comsist
of rocks with relatively high uranius ard thorium contents (acid igneous rooks).

Nessurements o:zw radiocactivity of the air carried through at Parchant
in conneoctien vith another jroject have shown that there is a relation aleo
betveen natural redicectivity of the air in the vailey and wind direotion aloft
over the Alps. In Pigure 67 we see, as & function of the dirsction of the wind
over the Alpe (vhieh 18 not necessarily the same as in the valley!), the con-
centration®) of redom snd 1ts disintegration products in the valley air. In
Pigure 63, the same 10 shown for thorom and disintegratiom produots. It is clear
from the ﬂcnm th st/gndlmtlvity af the velley air, sspecislly that due to
radoa and disintegretiosn products, 1is stroaygly inoressed in each season of the
yoar, vhen there is southern wind over the Alps, ¥ov, since ths foehn traverses
the Alps from scuth to mnorth, these phenomens of increased radicactivity coour
also duriag foeha. Thus, the inorease of the number of small iomns, 1.e. of the
conduthﬂy, at high and lovw levels during foehn 1is caused by an inoresse of
natural radicectivé subetances (see Pigures3 and 64).

The relations betweer wind direction over the Alps, natural radicaotivity
3f the air, and bdbehaviour of stmosphoric electric elements shall de dealt with
again in sections 10 and 11,

*) ve made omly relative mspsurements
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8. Rehavéour of atmospheric electrio magnitudes at station Zugspitze,
observed when this station enters into or comes out of fog.

Beoction B ocoly deals with such cases where the cloud topsdom't carry any
signifiocant mpace charges. Techniocul Report AP 61 (514)-732-C has oconcerned also
the behawiour of the atmospherioc slectrio magnitudes at station Zugspitze observ-
od &uring inveresion passages, in the presenoce of fog, when fog is on the point
of enveloping the peak of the Zugespitse with the station, or this is just oom-
ing out of fog, eto. In the meantims, on an exsmination of all *he records ob-
tajoned t1ll now, it appeared that now a definitive judgement is possible on
the atmospherioc electric phenoména sccuring when atation Zugspitze anters into
or comes out of fog. This sntering or ocoming ou’ occurs aspecially, when

s) during upward or downward passages of inversions which are connected
with fog, the cloud top, being aituated in the inversion laysr and

being more or less sharp, is moving through the station lovel;

see section 8.1,.; or see 8.2,

b) station Zugspitea gets into the base of Altcestratus or comes out of 1ta>

¥ith respect to those inversion paessages which are not connected with fog
effects at station Zugspitze, experience is not large enough till now, to make
posnible a definite judgement.

Before giving typioal examples in section 8.1, and 8.2., we wimh to present
Pigures 69 and 70, which olearly demonstrate that our recording equipment for
potential gradient and air earth current is unaffected dy wind sffects, at
station Zugspitze (were the records have been obtained) as well as ntytthor
station, vhere exactly equal instruments and installations are operated, The
curves of both figures were recorded during fair, cloudless weather. It is
obvious that the curves E and 1 are omooth and not at sll influenced by rapid
variations of wind direction or wind velooity or bty gusts, Therefore, it is not
possible to explain the fog effects to be dealt with below by direct infiluence
of varisiions of wvind direction or velocity.

0,1, Individugl examples of the phenomena ooourring when station

gglgpttscﬁit the top of cloud shests in an inversion layer

The first group of oxamples, illustrated by three Tigures (71 - 73), shows
the behaviour of potential gradient E, air earth ourrent i, relative humidity ¥,
tewperature T, wind airection, and wind velooity, recorded while station Zug-
spitze comes out of fog in the oourse of 45 downward inversion. Compared witn
the fine weather values, the potsntisl grsdient values are incroased within the
fog, while the average air earth ourrent values are decreased; b%ut both magni-
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t.des conform *0 the f{ine weather curves, wvhen station Zugepitze comes out cf
the fog. Relative humidity F and temperature T Dbehave in & manner shich s
typioal of pessages of inversion-fog tops at pesk etations. While zoming ou®
of the fog, the station usualiy records a change of the wind direc’iion. ¥ind
velooity and gustiness oan decresse {Pigurs 71) or inorease (Pigure 73) in the
oourse of the passage., Howevsr, these wind conditions have no connection with
the behaviour of the atmosspheric sleot."io megnitudes.

In ?igures 74 aid 79 axamples are given for the situation which ts found
when station Zugepitss entere intd the tog in the course of an upward sstion
of an invervion. Again the potential gradient te-potenttad—gredtent s inoress-
od in {og, while the air earth current is lowered, In Pigure 76, showing shert
interrupted perfods of fog, the varistions are obvious, which arose, when
station Zugepitze oame into or out of {og.

4 total of 95 fog effacte of the type desciided in 8.1, have been obasrved
during three years (1955, 1958, and 1957).

8,2, Individusl exaaples of the phencmena occurring #hen station
Zugepitas is at the bese 4f jltostratus,

A behaviour quite different froe that deecridbed in 8,', is found for the
stmospheric slectric elemants at etation Zugepitze in cases where thic etaion
enters into or comes cut of the base of ar Alicstratus. Examples are demonsirai-
e in Pigures 77, 78, and T9. As long as station Zugspitze is enveloped in an
Altostrat.a base and therefore whithin fog, air sarth current and potential
gradient are strongly lowered, sometimes even negative, In thiee years {1955,
1956 wnd 1957) 45 sucn cases were obacrved, the stmosplsric electric maguitudes
behaving withsut axeption as desc-ibed., Thus, without doudt, high negutive
ssace charges exist at the base of Altostratus clouds. The result of a stetisti-
cel evaluation of such case: is demonstratad airesdy in Pigure 49,
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Pigure 70

Station Zugepitse below Altostratus
base



Pigure 79
Station Tugspitze within Altlocetratue
base



N3, Statistical evalustion of the dats obtained when ntati e Tugey:tze

is at the top of cloug_ghcota in an inversion layer

From half heur to half hLour, the ares letween [otential gragien’ {E; &r
air earth current (i) curve and roro line was meazured with planiseSer, ’:oa,
‘or a number of typical cnoes, arithretic seans of the half hour areas sers
tormed by synchronizing the arvas velues with respect tn “he pasnsje oY the
tor top (time "O" in the fijuren), In this way the wean coursessf E and §, a2
1/8(- measure of cindustivity) before and after the fog pascase wnre ottajirned,
This wus carried out separately for downward »assages (Fisure #1) and upeand
nssnages (Firure B0O). The averare fine westher values of the Tespective recuru-
1ngﬁ};hlch were uned, in sot 100% in the percentage ordinate.
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Comparing Pigure 80 with Pigure 01 we don't notice any significant Qiffer-
ence between the case of coming fog (decause of the ascending fog sheet enve-
loping the station) or leaving fog {because of eserging of the station froa
the subsiding fog sheet), In the fog the potential gradieat is imcreased to
130 « 160 € of the fine weather value, the air earth current is decreassd te
about 60 % of the fine weather value, The conductivily is decreased 10 adouwt
40 € of the fine weather value.
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Vo said that there is no significant difference between the cass of coming
fog and that of leaving fog; hovever, we have to mention a seoondary difforesse:
in the case of asoending fog (Pigure 80), tbe decrease of the cond etivity
(1/8) takes place already ! or 2 hours before the station enters iate the fog,
whereas the analogous process is not observed in the case of sudeiding fog.

The reason of this difference, as ve assume, is, that a hase or aist layer
exists above the ascending fog and is moved upwards together with it, o that
the station gete into and through this layer, before the fog reschee the
station.

A detailed theoretiocal treatment of these results is being performed.

9. Behaviour of potential gradient and air earth current at different

altitudes in the :resence of inversions, especially of such with
sheet clouds, within the area of the station network

In the last Technioal Report (AP 61 (514)=732-C) we mentioned aleo the
behaviour of potential gradient and air earth current at the different statiocas
of our station network during ascending or sudsiding inversioens., Ve preemted
sose individual examples, which showed that frequently the inversion topsoarry
positive, and the Lases negative spaoce charges. However, only in cases shere
horitontal wind ourrents and, therefore, mixing processes are very slight,
these space charges are concentrated to s definite, relatively thia layer of
the respective altitude,

In Pigure 82 an oxu_plo is presented to demonstrate cance more atacepherie
sleotrio conditions of this nature. At the stations Zugepitse, Vank, Riffelriss,
and Oberwcos there is normal fine veather, These stations are adove a stirstwe
layer, the top of which 1s at the level of station Rdees , and record us-
disturbed curves conformingwell to the fine weather velue of Octeder 1957,

At station Bideee, that 1o in the stratus top, the potential gredieat i sivecag-
1y inoreased, whereas bdelow the stratus, at valley stations Caruiseh and Par-
ohant, air earth ourremt and potential gradient are lower than \he fine veathsr
value and show relatively smooth curves,

In the period covered by the present reperi, separately for a maber of
typical inversion ocases and for vach of the stationa the area detveen poteatial
gradient or air earth ourrent ocurve and sero line ves msasured witd plaaisstar,
S0 we odtained mean values of both magnitudes. Theee were reduced o perese-
tages of the fine weather value (of \he respeetiive moath and heur of day),
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which was put at 100 %, In Pigures 83 ~ 87, these mean potential gredient and
air esrth current values of the stations are shown for different cases of in=-
versions, 1.e, inversions at different altitudes. Each such representation of
ons inversion case (Pigure 83a -~ 57 a) is accompanied by & graph (Figuree B3 b -
87 b) showing the appertaining radiosonde ascent results of Munioh-Riem { T
Temperature; TT' difference actual iemperature minus dew point tempersture;

both in degrees Celsius),

On lcoking nver these figures we find, quite uniformly, practioally normal
fine westher values of potential gradient and air earth current everywhers soove
the inversion and/or the stratus, On the other hand, at sta'icns being just in
ths top of tne inversion and/or stratus, potertial gradient and air earth
current ars strongly increased., The air eirth current values ars also increas-
ed (Figure 84a); that means that the increase of the potential gradient cannot
ne accoanted fur merely by the conductivity lowered at the station {compare
section B), but that positive space charges must csuse an additicnal riee of the
potential gradient. The potential grasdient in the top of the inversion and/or
etrates s 200 - 300 % of the fine weather value, Below the inversion and/or

stratus the percentages are 50 « 80,

If, for sach station, mean values ars forwed for pericds when the respec-
tive atation was in the top of an inversion and/or a stratus, we obtained Pigure
a8 froe ¢ ime data and Pigure 89 from night time data. It ie obvious froa the
figvres thet during the night the increase of potentisl gradisnt and air earth
current is much larger than in day time; the reason is eimply that during the
aight there is less turbulence and highe: space oharge dencities can scousclate
at ths bounderies of inversions and/or stratus leyer

For sach atation, mean valies werc calculated aleo for periods when the
resyrctive station was below the inversion and/or stratue (Figures 30 and 91).
Here tie difference between ‘ay time and night results is only small. This can
eas1ly bte accounted for by the wind currert below the irversisn and/or atratms
teing 3ilignt aisn in duy time, At sll the stations, when baing teluvw the in-
versions ard;or stratus, the valuss of potentinl yradient and air carth current

are adout 60 % of the respective fine vaather values,

Piaure 9¢, iastly, gives the analogous mean potential gradient and air
earth curvent valuss for s¢ach «f the stations during periods when ths atstion
was not within the top nor within the base of a stretus, but in the midet of 18,
dere the rotentisl gradient s slways inoreased tc 150 - 200 % of the respective

fine weather value, shereas the air earth surreni is !-wsrea to 60 . 80 %,
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Each etation within fcg

On & compariason of Pigure 92 with Pigures 82 and 09 we notice that, withia
the stratus top, the potentia) eradient incremsnts always are gprester thar in
the midet of the thick fog. This fast, and the differente ia %he eir earth
ourrent behaviour, sgain give evidence of the positive space charges axisting

in the stratus toype,

A theoretical investigation bamed upon these reeultis {s deing perfor-
med. It ehall be reported upon later.

Tadle €, lastly, gives the total number of typical cesea cbeerved,
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Table §
Fosition of station relative to Total nusber of ceases in 3} years
stratus cloud and/or inversion (1955 + 1956 » 1957)

LL TR TR Y P e L P e T T Y Y R PR R R P Y Y P P Y YT 3

just w=ithie tcp of inversion positive foreign flelds 46
and / or Siratus negative roreign field: 0
below hase of inversion positive foreign field:s (o}
an¢ / or Stratus negative foreigm fields 137

10, Blectric conductivity of the air between 700 and 3000 = above

ess level; influence of coilvection and scuthern winds

Pros tiss tc time, fine wea'ler neasurements of the positive and of the
negative corductivity of '@ a'r were carried out at each station. The data
obtained till spring 1956 have been summarised slready in Technical! 97 ort
AP 61 (514)~732=C. In an analogous tadle ard grapt raeer:t report shall
give informatiom sbout ail the date obtaired till Aprii 1948 (978 msasureme:ts
ware carried out for tre positive conductivity and tre sa-e number of measure-
ment# for the negetive condustiviiys

Tatle 7 shows the mean values f all theee daia, no classification being

nade with respect to veathsr type etc

Plaure 95 shows the same values, 1.6, oniy tre total conductivities, gre-

phica:ly a8 a tunction of the station level. They tre classi 1ed as foliows:

s) stat{an within exchange layer, distinci vertical convection
{deansd llce)y

[ all the messuremsnts, o.g. also those obtained in cases of predomines
ing advectisn {heevy continuows line))

¢! snly the dsta ehich were obdtained during winds over tne Alpe fros

38 - S¥ {(amshed and dotted line),

4 comparison of the two lef\y curves ‘n Pigure 7% will show that, by verticel
ez hange (8!, the eonductivity { A )} ts ineressed at tle valley level {Gammiecr,
Parcra'tl, and lowered st hdigher levels, Bithia the exchange layer, the conduc-
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Pigure 33
Blectric condvetivity of the air batwesn 700 and 3000 m

ubove sealevel;jinfluence of convection (“Austsusch") and of
vouthern winds

tivity varies only little with height, which is in good agrassment wiil the
sircraft measuremsents of Sagalyn {1938).

The heavy continuous line, invluding all the asssuressts (b), is nearly
an ideel logurithmic linc, A logsrithmis deypendencs on helight is mainisined,
i wshon the wind over the Alpe is in the scuth (SE « SW) but in thess cases the
] oondyctivity is sirongly inoressed.

is ocause eof this oconductivity inoreass, we mst take into consideration

the increass of tho nstural radioactivity of the air obssrved regularly during
xinds over the ridge of the Alps froa 3% - SW (see section 7,2.), These re-
lations snall be disoussed more extunaiveiy in the following section,
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11. Influence < the natural iadioadctivity of the air on the
atmospheric tlectric aegnitudes at different levels

The connection detween natural rudiocactivity of ‘he air and atmospheric
elootric magnitudes was studied dy using, on the one hand, the fine weather
records of the seven stations as well as the Appo}taining evalustion resulte,
and, on the othar hand, the Parchant measurements of the natural rediocsctivity
of the air, which vsere carrisd out seversl times a day’). Bach filter was ex.
posed four hours,

For each *rpnosition period of four hours, we calculated the deviation of
the individual cbserved four-hourly mean of the atmospheric electric magnitudes
from the respect've mc:thly fine weather mean of the same four hour-period.
These doviations were expressed as percentagel the mentioned respective montnly
fine weather means being put at 100 %. The calculaticn was carried ocut for the
values of potentisl gradient and conductivity (computed from i/E). Then the
mean valves of these percentages were cal.ulated for 5 degrees of simultanecus
natural radjoactivity of tha sir, and that for each station.

The result of this analysis is given in Pigure 94, the data of which were
obtained May -~ November 1956. The radiocsctivity values entered are thoss of the
respective radon contents of the air, We notice that, during the presence of the
average Tadioactivity of ihe wir in cur region, which is 180 « 270 x 10712
Curie/n> radon, the devistlons of the potentisl gradient are small, and their
sign, 1.e. vhether the measured mear values are belo? or above the fine weather
mean values, changes unsystematioally with height, The conductivity is slightly
lowered

If the natural radiomotivity of the air is 90 - 1680 x 10’12 Cut‘l./l’ radon,

i.0. lower than the average, the potential gradient is lacremsed, the oconcucti-
vity decreasec at all stations, If the natural radiosotivity of the air is
higher than 270 x 10-1? (hu':.o/-‘s radon, 1.0, higher than the aversge of our
region, all the potential gradient values are lower, the conductivity values
higher than the fine weather valus of the respective station and that the sore,
the greater is *he radicsotivity. During extreme values of natural radiosctivity,
thic being higher than 540 x 10”'° Curie/s’ radcn, the potentisl gradient is
lawsred by about 20 %, while the conductivity is sbout 20 % higher than in fine
veather, The differences frow station to atation ere not very etri king nor
aystemtio. Rowuver, from the figure it would appear that the influesoe ¢f the
natural radiosstivity is smaller at station Zugspitze than at the osther stations.

*) by mesns of & filtar air sampler
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For some years, investigators have beun disoussing the influence’of
nuclear fission products on the atmaspheric electric elements (see Harrie
(1954, 1955), Koenigsfeld {1958), Pisroce (1956), Reiter (1958) ). Sinoe coa-
timious recnrds of several years are at our disposal, and that for all the
stations, it war interestingto e¢xasine the monthly means of the potemtial
gradient with respect to this problem. The curvee in Figure 95 : spresent
the fine weather monthly means (P) of the potential gredient at the different
stetions, At Zugspitze, Wank, Riffelriss, Obermoos, and Bibees, we don'? notioe
any systematical going down of the omn‘m‘"‘hlt yoars, it Caraisch there
is a very ‘ight, and at Parchant a distinot lowering. Rovever, since as is
knowm, the “ission products are present not only in the low level air, bat elao
highsr ap,; from whers they are coeing down, their influsnce, if notineabdle,
would be nof' ced alsn at the higher stations; but here, no such influence is
suggested Pv ‘he Tigure, If the courwe of the monthly means of the nu'ural
readionct.viiy in the air (ln =» radon concentration in the air, unit; 10.12
Curu/a’) a~d thet of ths monthly msans of the fission products contained in the
air (R, 3 wiits 10712 (‘uric/l’). both measured st station Parchant, are compared
with the potential gradient curves, an approximately snii-parsllel courss will

52 4 8y 1954 e ne L. 14

reisn "/./\’ ,__/J\/*r-/-/\\/\{”\a/\/\\’ m‘
. PNV AN e L1y

Jenwery I

L]

. \/\/\\/\J J&I a [
/

Pigure 9%
Fine weL.ner sonihly means of the potential gredient (P) for each station,

‘)npocully an eveniual deorease of the potential gradient has deem considered
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be noticed fur Garmisch and rurchant, but also a jartial paralleliss for
stations EBibsee, Odermoce, Riffelrise, and Zugspitze, The course of the con-
contration of fission produots in the air with time, therefore, dcesn't help
us t0 scoount for the potential gredient course,

Curvc "8" ih Pigure 95 reprssents the serosol ocncenirati.n of the aiy
at station Farchant; and that in relative unite. It is rether parallel to the
pclential gradient curves of Germisch and Parchant., This parallelisa is due tn
a real causal oonneotion, since, the more ssrosol perticlcs are in the air,
the lower is the conductivity of the air, and the higher the potential gradien®
(compare Tecnnical Report AF 61 (514)-732-C). At the higher stations Eil. ee,
Riffelriss, etc., the annual variations of the aernsol cuiiteats of the a . are
not the same as at the valley stations Garmisch and Parchant; tnerefore it §s
quite conaequent t..at the "S* -~ curve, messured at Parchant, is not parallel
to the potential sradient curve of these higher stations, a faot which, on the
other hand, is not incunsistent with a causal connection between "S$".curve and
potentisl grudient at/valley level.

¥ith respect to the anruai variatizne of the polential gradient, the
ourves obtained in the valley must be antiparallel to those obtained at the
higher stations, sinoce the highest air pollution of the valley air is observ-
ed in winter, the seasor during which the purest air of the shole year is found
st higher levele,

To suh up the results given in this section: there is a coneiderable
influence of the natursl radicactivity of the air on the dehaviour cf the
atsospherio eleotric magnitudes, but the present concentrations of nuclear
fission producte in the air don't influence the behavisur of the atmospherie
electrio magnitudes between 700 and 3000 m above the aealevel (for more de-
tails see Retter (19%8) ).

312, Thunderst t8 with » 9 _record{

On 149 days of soummer 1956 (S months, Jume - Gctober) and on 147 days of
Summer 1937 (6 moaths, April - Septeader) test forecaste were carried out
conocerning the thunderstiare frequency %o be expeoted eithin the Llpine ares
during the 20 hours follewing the foresadt. The forecast ves mads always at
09,00 CHP 1n 1956 end at 08.30 CEP in 1957, and that tn 1956 by msans of tne
spherios revorded beteses (7,00 and 09.00 CIF, 4in 1957 by ssans of he spherice
reserdad detseea 06.00 and 08,30 CIR. The purpess of .his wverk was 10 sscertain
relishbility and gowgrep’isal reage of eweh forefasis.

™he higheet caaltivity of the reefpver woed vas 1n tho dand Y - 20 ke.
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Pigure 96

Scnsitivity of the amplifier v. frequency of the electromagnetio
vaves Treceived

In Pigure 96 the minimum voltage, neoesssry st the asplifier input to
make reepond amplifier and counter, is plotted against the frequency cof the
eleotrosagnetic waves received, The sensitivity threehold of the recsiver was
set sc vigh that only relatively strongpulees were ccunted, i.e. pulses with
relatively high asplitudes,

In saking the thunderstorm forecasts, three degrees of the mumbder of
pulese recorded within the two nours prezeding the forecast were distinguished
{eee Delow). Adcording to these degress, three sorts of forecasts were siven

as followss
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P Os No thunderatorme to be oxpected. Tris forecast was given in 1956
on 808 uays, in 1957 on 85 days.

P 11 Only & small nusber of thunderstorme to be expeoted. This forecast
was given in 1956 on 28 daya, in 1957 wn 38 days.

P 21 A sreat number :f thunderstorms to be expected. This forecast eas
given in 1956 on 33 days, in 1957 on 24 days,

in Fipure 97, curve O (dotted) gives the average diurnal variation (hourly
means) of the nuaber of pulees per hour oa the 85 days on summser 1957, shen
forecast P O was given in the morning, Curve 1 (dashed) of the figure gives
the same for the 36 days in summer 1957, when forecaat P t was given, and curve
2 givea it for the 24 days of summer 1957, shen forecast I' 2 was given in the
momming. "P" . the time when the forecast was sade, It is aovident from the fi-
gure, that t ~“re is a connection between the rusbdber of pulses per hcur in the
morming and their tendency {(whether is in increasing or decressing) on the one
hand, and the behaviour of the sperics in the course of the same day on the ciher
hand,

3

pwlses p boce
8

Figure 97
Averaga diurwal variation of the spherios pulsss en F O, P t, and P 2 dayn
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When, in the morning, the sperics pulses are adove & certain threshold,
and fros this threshold, an inference can be drawn as to the height of the follow-
ing meximum. Whem, in the morning, their nuaber per hour is very low (see Pigure
97), & strong rise is not prodable on the same day.

The ahalogous curves of eummer 19756 are given in Pigure 98. i cosparison
of Fipure 97 with Figure 96 shows a practically complets agreement; thus w= can
say that the results demonstrated in Pigures 97 and 98 are of general value and
independent of the weather developasnt varying froe somser to summer.
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Fgure 96

Average diurnal variation of the spherice sulees at P O, 7 1, wrd P 2 daye
19356

You At had to e euamiusd how these resulis egres with the setual die-
tritulion snd frequenay of ‘hundsretorws on the forecast dayes ehithin a certaein
goograpival area, and t'w peroentege of right Torseste hed o be sdeertalned.
¥Yor thie purpose, al' the thundaretorme bserved vy 4) metecre! (ical stations
i the Alpime area Of Sarwmksy, Austria, 3eiiteriend, and lialy sere extracted




- 128 -

{froa the teleprint reports of the respective Weather Buregus, and that for
the 149 nlus '47 forecast days, About 120,000 teleprint reports were used,
e ecperaphical distridution of theae meteorclomical stations is given in

¥t~ re 9,

riure 39

The geosTa;t.ical distribution of the 4%
meteorclorical stations tn the

Alpine areas

n this figurs, we see the whole Alpine area divided into 4 sones by cone
centric cifles of 100, 150, 250, ard 4%0 ka radius, sone I deing a circular
surface, scaes II, III, and IV being annuli, Station Parchant, wiere the spherics
are recorded, is the centre; 30, - | is nearest to Farchart, sone IV ras the
rreatest dietarcc. Each ot the sones containe approxisatel; an equal share of
*he A4' peteorological stations attuated within or rear the Aljé, an! all 1@

3 ststions are slluated it ie tne area of the 4 gones. The investigatian
s o te remtticed 10 the Aljm il lleir meightourhend, -ecause this ares

Buel te regarded a8 & unity wit’ res.act 1o the Shundorators formalion,
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It was ssoertained hov many thunderstorss were obeerved (by the metecrcle-
gical otations in the reapective sone) per forecast Sype( P O, P 1, P 2), sone
(1,15, 111,1Y) and inberval reported upon. This ves earried owt for

a) the reports gives every third hour (Pigure 100)s reporting hourss

00, 03, 06, 09, 12, 15, 18, and 21 GNP} obesrvations used: thunder-
storms, sudible thunder, sheet lightninge at night,

bj the reports givea every sizth hour (Pigure 101):1 repurting hours:

00, 06, 12, 18 GMF; observations used: tbunderstoras within tre 6
hours preceding the reporting hour, .

In Pigure 100, the results of both 1956 (white columme) and 1957 (blusk
colums) are ¢esonstrated., Ordinates of each borizomtal lines Shzfcnnb fre-
quency of a thunderstorm observaiion per station amnd uurni repurted upon, -
It is obvious that, for sones I snd II, the cbservel ‘hundersdra freucansy
wctually corresponds with the forecest dagrwe. o

In case of P O, the protability per statich of the cocfense of thunder- .
storms between 19 and 22 CBY (mazimus of the thundersterm frequancy) is only
0.02 1= 3cne I, In the case of P 2, the prodability per statiomn of the prsurre
ence or thunderstorss ie about 0.2, that is tc say ten times the velue of » G,

“I VOSSP REANDY Qﬂ.@ﬁ“ﬂ”' '3'."”“,.

Lo Yookl
- 4 s ey ;-«_.‘.A;,l.‘_-..L ¢“A....-

Wi e Ly SN g

Zone ' "H‘S .
i | it 3
28 8anm ...l..u . -. luiA- ‘g
zame T8
Zane . | §
' S RS iy
Zone 3
_ 3

Y

¥: 4 L ' PR ,
) tl’i%.iﬂ«n, .iglin‘.ﬁ- o&ﬁg.}.g—..
Ao e l
J-mem iu‘.\ﬂ'ww,.wl?m’? ‘ﬁ \

_!’im bt :




- 130 -

in the same sone and during the same hour. 0.2 signifies that an average of
about two stations of sone I out of ten observed thunderstorms between 19 and
22 CE? in cases where forscast P 8 hed been given. In view of the faot that
also for the other three-hour periovds thunderstorms wers reported, we are
allowed to say that in the case of P 2 a great number of thunderstorms occurred
in sone I (and also 4in sone II).

Comparing this with the results for sone IV, we find here the differences
between the lorcast degrees to be relatively small. Contequently, the forecas’
can be considerad to cover, round about the recording place of the spherics, at
least an ares of 150 km (93 ailes) redius.

A similar result is found, if the reports given every sixth hour ars con-
sidered (Figure 101), The differences, in the thunderstorm frequencies, bet-
veen P U, P 1, and P 2 are very clear in zones I and II, only slight in sone III,
and almost imperceptible in zone IV,
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In case P C and sone I, the thunderstorm probability per statiom is 0,05
betwsen 19 and 01 C¥T (maximum of thundsrstorm aotivity), This means thai, on
the aversge, thunderstorms are observed within the six hours dsfore 01 CET only
by one station out of 20, In case P 1 and sone I, the thunderstorm probadility
per statior for the same hours 1is 0,25, 1.e.1 5 stations out of 20 must report
thunderstorms, In case P 2 and zone I, the thunderstorm yrobability per station
for the same hours is 0.5, i.e.s 10stationa out 20 must report thunderstorus
observed between 19 and 01 CET, The conditioms P O: No thurderstorms to be ex-
pected, P '« Only » small nuaber of thunderstorms to be expeoted, and P 2; A
great nurber of thunderstorms to be expected are fulfilled satiafactorily for
zone I and still for zone II, the results of the two years being in very good
agreement. Figure 101 shows that ths ge:. -~aphioal range of the forecasts is
about 150 km (93 miles),

In calcutating the success probebiliti:s of the thunderstorm forecasts
of 1956 and 1957, these being bazed only on t:t recorded aperics, the "tencen-
oy of persistence” sas nlways taken into accc.nt, Only the first two days of
persistent puriods with or without thunderstorme were used, the rest wss re-
Jected, If the rest were included, the resulting percentage of tié,ht forecasts
woald be -00 high.

Ir sumser 1957, the following resull was obtained with regard to the per-
centage cf right thundi-retorm forecasts:

Number of right forcoastas: 110 = 85 £
KHumbter of wrong forsuuste: 19 = 15 £

sums 129 - 100%

FPorecasts were made on 147 days; 18 of these days were rejected heocause
of tendency of persistence (zee above), The maximum percentage of forscasts
which could be right only by chance is 65 % {in the case of 129 forscasts),
Consequently, a share of 85 % right forecasts ia beyond chance. In 1956, 78 %

of the forecasts were sucoceaaes,

Conclusions of seciion 1

Prom the number of spheriom observed in the morning it is possidble to ine
fer satisfactorily the thunderstorms frequency of the same day ti1ll about 2 hours
after midnight for an area of about 93 miles radius round the station recording
the srherios. This oxperisnce can be of practical isnortance in those regions
whers the neiwork of meteorologiscal staticns is not dense snough, and where
no radiosonde ascents are oarried ocut. Here it may be possible to improve the
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reliability of thunderstora forecesis by the relatively simfh recording of
spherios, Beyond this, sinoe the pherics of the frequency received by cur

st generslly are indiocative of atmcespheric lability, this sort of re-ording
is a suitable compleument to the use of potential gradient records mentioned in
section 4.

13,.Correlstions between thunderstors frequenoy, spherios und
sun flarss (P 102

We are regularly receiving the daily sapabf the sun, edited by the
FRAUXHOFER INSTITT®, FPreiburg im Breisgau, Germany (Director: K.O.Kiepenheuer).
They include aleo “nformations on stort and end, position on the sun, and im-
portance of flares.

It has been investigated, if tks “requencies of thunderstorms and, con-
sequently, of spherics are altered beyond the varistions which could be caus-
ad by chance durjirg flarsg and in their temporal neighbourbhcod, The investi.-
gation was carried out for suu=ar 1957 (in 1956, flares occured too seldom).

The stuly was Thase” cn

a) the duys on which flares wers observed

b) all the thunderstorms, reported per day by the above mentioned 43
£.pine siat.one (which aiso were used for the studies dealt with in
section 12)3

c) the nurbers of spherics pulses of sach day, always devided by 243
or the logarithmus of thers da!l:

means per hour,

In selection the flare days, we looked at

a) the importance of the rsspeotive flares

b) their position on the sun relative to the central meridian
c) their pesiiica on the sun relative to the equator,

The distinoticrns ade with respsot to this b) and o) {see tops of M-
rurs 102) are significant, becauss the partiole olusters ejected by the flares,
aé'knm, don't strike upon the earth unless the oruption has taken place in
th.e neighbourhood of the centrsl seri‘isn and equator of the sun,

By restriction sccording to a), b), and o), three groups of flare-days
wsre obtained; for eacsh gromp, the mean course of

A) syheriue (logarithaus of daily means per how )

B) thunders*orm~ re;orted per slatic . end day
on the three days precq_fing the selesied flare-days ( =3, =2, ~1), on thess
flare-days (0}, and ou the four days fcllowing the s.lected flare-days { +1,
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+2, +3, +4) wers detsrmined (synchronisation method) and entered in Pigure 102,

At the top in Figure 102, the respsciive position and importance of flares
snd the number of selected flare-deys (n) of rummer 1957 is indicated for esch
group. The upper ourves demonsirate the average behaviour of the spherios, the
lower curves the average variationa of the thunderstorm frequency bdefore, on,
and after each sort of flare days. We notice from ths Figure 102 that,on the
average, the frequency hoth of thunderstorms and spherics 1s increased after
flares. The maximun is resched 1 or 2 or 3 days after the erupt: :n, It is in-
dicated by this observation that thunderstorses can be indnuced dy the particle
olouds, which are sjented by the flares, and which, as is krown, ocova:
distance sun-earth within 1 « 2 days. The portions of the cuives surpassing
the variations cauled by chanoe nave a black filling - out. For calculating

FLARES (Hy) summer 1957
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Figure 102 )
Number of spherics and thunderstorms before, on, and after flare days. Abcoissas:
time velative to flaro-~day (0). Ordincte of upper thrac graphss mean value of lo-
garithms cf hourly sums of spherica pulses per day. Ordinate of lower three
graphs: meen value of numbers of thunderstorms reported per asteorological sis-~

tion and 44y,
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the range of chanos dispervion we used a common methods the standard deviations
0’ from the stithmetic mean of the values forming the curves of Figure 102

wers caloulated. Whenever a méan of thunderstorm numbers per station and day
or of epherios logarithas (as defined above), obtsined by synchronisationm,

had a deviation from the arithmstic mean of ths values forming the respective
ourve of not mo~e than three times the standard deviation, it was assumed to

bs possibly determined by chance. Deviations Yy more than three times the
standard ceviation from the srithaic mean of the values forming the respective
curve in Figure 102 were considered to have a cause beyond chance.

It must stii) he mentioned that there is no ocontradiction between the
maximum of spherics beling after the flare and the other well known observation
that the spherioca yererully inorease simultaneously with the flare and that for
a relatively shert oiration only,

The l1atter siavrvation 1s based on highly sensitive recordings of spherios,
wavep being rece.ved which have covered great distances; in this oase, the
ionospherio projagution conditions are of importanoce, which, for long waves,
are improved during and immediately after flares,

)

On the otner hand, the spherics received at station Farchant have s rela-
tively near provenancej they indicate the variations of the thunderstora fre-
quency for 150 - 200 ka round Parchant (see seaction 12), the ionospheric con-
ditions for wave propagation being of practically no influence,

Thus, as essential we may staie, that the thunderstorn freuqency increases
1 = 2 days after flares of reslatively high importance.
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14. Relations between the contents of nitrate anl nitrite ions in

preoipitations and simulitan<ous atmospheriv elecirio processes ’)

1441 troduction

It is more than a hundred years since investigators began tc determine the
contents of nitrate ions or the sum of nitrate and nitrite ions in prooipitﬁonl.
Since that time, a great number of papers have dealt with anslywés of nitrate
(mB') and nitrite (noz') in precipitation, On 'he average, sbout 1.5 ng ms-
and about 0,05 mg noz' were found per litre of precipitation. The values vary
coneiderably depending on time, place, kind of precipitation, eto.(compare
Gmelin).

The main sources for the nitrogen-oxygen compourdes determined in precipi.
tation will bs summarised i- seotion 14.4., where we shall see that atmospheric
electric processes are possible causes for NOB' and noz' in rrecipitation, is
has bean shown by preliminary trials (Reiter (1955) and Technioal Report AP
61 -~ (514) - 732 - C), it 1s worth while in atacspheric elsotric investigations
to determine the nitrogen-oxygen coapounds in precipitation continuously,
especially if after several precipitation hours or less the collecting vessels
are always changed and the nature of the preocipitation - whether showery or
not, physiocal state, eto, - is taken iato acoount, The objective of such etud-
ies, generally, i3 to fird out what conclusions, if m:m drawn from the con-
tents of NO}' and Nz' in the respective precipitation as to the elotrical pro-
cesses in the atmosphere. Provided that clear relations oan be derived, it might
be possible, in the future, to complete the knowledge of atmosvheric slectrio
situations by the knowledge of the nitrate and nitrite contents in the simul-
taneous precipitation (or dew or rime), and that also for those lavels where
continuous recording of atmospheric eleotric elements is diffioult.

The use of precipitation alalyses in this sense presupposes a knowlegde
of the proportion of the nitrogen-oxygen compounds in the previpitation which
actually oowes from higher atmoapherio layers, and which from near the ground
(cowpare Mukberjee (1955) )o It is necessary to study, to wha® extent additionsl
nitrogen-oxygen compounds are sbsorbed by ths precipitation particles during
their fall through the layer near the ground, Nitrogen oxide and dioxide ocan

*) See paper presented by Reinhold Reiter and Mirjam Reiter ol the
Second Conferenoe on Atmospheric Eleotricity, Wentworth by-the=Sea,
Portsaouth, N.H., USA, May 20-23, 195f, Pergason Press, New York
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be formed near the ground principally
s) by chemioal, technioal, and industrial processes’)
b) by point discharges at trees, houses, etc., in increased
atmos pherioc eleotrio fields,
and certainly are absorbed by the precipitation partiocles in dstectable quantit-
jes during the last phase of their falling down (compare aeotion 14.4.).

This study, therefore, »iinly deals with the question of additional absoxp-
tion of nitrogen-oxygen oompounds by preoipitation in the lower atmosphere up
to about 1000 m adbove the ground. The method was:

s) comparison of '05' and Noz' contents in yracipitation collected in the
valley at 675 m atove sealevel with that in samples of the same preci-
pitation collected simultaneously on a neighbouring flat mourtain top
of 17680 m above sealevel, the type of precipitation being teken into
accoun: ‘rain, snow, shower, thunderatorm etc.);

b) comparison oI the Noj' and Noz' conterite in precipitation collected in
the valley at 675 m abavoe sealevel with that in artificial dew or rime
condensed at the same place; thies artificisl condensate has to te re-
garded as indicative of the chemiocal properties of the air near the
ground; '

¢) investigation of the influence of point discharge near tha ground in the
valley, at 675 m above sealevel, on the NOB' and Hoz' contents of pre-
sipitation and of artificial dew or rime collected at the same place.

After a rough estimate of the influence of the lowest kilometre of the at-
mosphere was obtained, we looked for the existence of relations between the
NO" and 102' cor;itents of the precipitation and the lability degree of the at.
mospheric stratification as well as certain atmospheric electric phenomeng. A
final derivation, however, of fundamental relations between atmospheris eleoc-
tric process¢s and conceniration of nitrogen-oxygen compounds in precipi:atic.:
will be poasible, if at all, only on the base of further data, which are
being ocollected.

14.2, Bxperimsntal mathod

14.2.1. Point discherze ocurrent

The point discharge current was recorded at station Parchant as descrided
in seotion 2, It yielded a relative seasure for the lonization of the sir caus-
ed by discharg® from adjacent points of houses, trees, eto. The stedl point wae

') Our staticn network, where the investigation was oarried out, is far away
fros industries and other signifisant sources of aiy nallution,
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at the same he.ghi, on the average, as the surrounding houses and trees,

As an exaaple, Figurs 103 shows a portion of a record obtained during
slight (02 CET) and hesvy (20 CET) snow fall. The following curves are inolud-
ed: Potential gradient (E), air earta current (1), point dischurge current (P),
nusber of positive and regative small ions per 0-5 at 1,5 & above ithe ground
(n¢. n_). We see that the number of small ions of both polarities rises oconsi-
derably whenever the point discharge current exceeda n oertein thruh{)ld, and
this occurs whenever the potential gradient exceeds n valus 52 1000 - 1500 V/l
(both sign). In our equipsent, the number of ions ruse appreoiably only if the
point discharge current reached five times its fi'» weather values, In the
following, we shall use the expression “increasad point diacharge ourrent®™ only
in such cases where this threshold value 1s exceeded.

™ - Sralion Prrahart

piieddung

4 2 24 2 20 CET

Pigure 10}
Example of bahavicur of potertial gradient (B), sir earth current (1), point
disaharge current (P), and number of semall fone (n , n_) at station Farchent.
Denee enow fall bafore 20 CWY, slight snow fall 02,00 CHF. Recorded with
electronic potentfheter recorder (Siemens und 'isleke, Hartssnn und Breus)
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14.2.2. Colleotion of preoipitation and dew cr rime,
Method of chemisal analysis

Precipitation was collected at Farchant, part of it simultaneousiy et Far-
~nant and on the Waiik peak, Polyethylene-buttles and =funnsla, carefully clean.
ed before each exposure, were used for this purpose. During long continued pree
cipitation, the collecting vesscls wore always replaced after seversl hours at
the most, eapecially in cases where the type of preoipitation did not remain
the same (transition of non-showery into showery or thunderstora precipitation;
transition of rain into snow, etc.).

Thanks to a collaboration vith the Max Planck Institut fur Siliketforschung
it was possible to carry out nitrate and nitrite analyses also of artificial
dew or rime. Nost ol the stmostheric moisture was condensed, as dew or rime, on
cooling fins placed in an out-door apparatur sucking abcut 200 l’/hr of air
through the fins, Dew and rime were analyzed in the same wuy as was the precipi-

tation,

All tre NOB' and NOE' analyses were made as soon a3 possible, in general st
once or before the seconc duy nfter the :ollectingat the latest, The Py values
were nessured with the ionometric methoi, and that usually immediately after
the samples had been otteined,

Nitrate and nitr.te we:c determined colorimetrically with the help of the
Griess~i_oevay Reigent, which is a msixture of sulfanilic acid, alpha naphthyl-
amine, and acetic acid. With this mixture nitrite iona react to yield a red
azo dye. For the nitrate determination, part of the water to be analyzed was
sllowed to run through an acid cedmium reductor, teducing nitrate to nitrito*),
and then the Griess-Ilosvay Reagert sdded. The colors odtained wire compared
with the culeors of fresh mixtures of t'e reagent with a number of nitrits and
Mduced nitrate solutions of different but known concentrations, by steps and
visually for the nitrite (hence the discontinuous ordinate values in the figur-
es), with & photometer fo: nitrate. The results are all given 1n ng '05' or
0,' per 1itre. The sensitivity was 0,02 wg/litre for O, {1imits of error
sbout 5 %), and 0.002 mg/litre for NO,' (lisite of error in cases of such low
coaentration adout +15 %), When the NO.' concentration wsas found t> be aer-
tatinly less than 0.002 ag/licre, it was noted dnwn as 0,000 or, when using
logaritintiec coordfantes in figures, as 0,001,

s e e g

The ®method wes developed together with K,Pots! and ehsll be published
u&horo.
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1453, Rceults

nfluence of a difference in aitituds of about 1100 »
3600 feet) on ¥0,' and ¥O,'_ in precipitation
In Pigure 104, the 1!05' and no.‘,- conosntrations in precipitation samples
sollected on the Wank pesk are piotted against thons T esllected simuitaneously
at the valley statina Parchant, It is evident froa this figure that there s a
rystematic relatior Detwerr **s Yank and the simultanecus Parchant precipitation
a
a8 far/the NO,' contente are coucerned. Predominartly they are higher in the
valley than @i the peak station, For the noz' contente, however, no equivalent
relation exisis, as is seen o3 the right hand side of Figure 104,

14e3.3.

This seans that:

3) On the sversge, at least 50 £ of the llo}' contents in thw precipitation
originates in altitudes &t least 100 = above the valley station, Due to in-
fluences from near the ground the no}' ocntents very systesatically, {.e. in-
crease by a factor which is nearly the same for all weather conditions.

b) The noz' contents of the precipitstion are etrongly varied, and that
unsystematically, by influences from near the ground. Only & small share of the
NO,' contents found in the valley precipitation originates with ocertoinly in
altitudes more than 1000 m above the fround (coxpare %$able 1),

P"MTAL’M COLLECTED AT VALLEY S‘YA"O.H FARCHANT, 2% FEE!
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Pigure 04

Comparison of preoipitation oclleaoted at valley station Farchant with that
coliooted at peak ststion Wank
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1402,2 Coupariscn of O, and I, tation v 5
499 95 FABe, oMk eollected in the valley

A comparisom of no,' and Ioz' contents in precipitation on the one hand,
and in artifioial dew or rime, vhich is colleoted simultansously, on the other
hand, showe how the noneentrstion of nitrogen-oxygen compounds in the preoipi-
tation particlee incresses during their fall throwgh the layer near the ground,
since the chemical propertiee of tis latter are indicated by dew and riwe, In
Pigere 105, the case of non~ehowevy and non-thunderstora precipitatioss is given;
we see that the lo,' ooncertretions in dev (rims) do not correlate with and are
smaller (‘sotor about 2 - 10) than the ¥O,' comcentraticns in simlteneous
preoipitatica. Wi respeoct to MO, 8 clear correlstion between dew (rime)
and precipitatior conoentration is demonatirated dy the figure. The '02' oontents
in dew (rime), furtherwors, is abcut twioc that of precipitations,

%o say conclude that:

a) The influsnce of the nitrogen~oxygen cospounds in tne layer near the
ground (indiceted by nitrste in the artifiojal ocondensate) on the IO,' contents
of the precipitstions 1s -11'

b) with inoressing nitrogen-oxygen coapounds in the layer near the ground
(indicsted by nitrite in the ertiftolal condensate), the %0, contents of the
presipitation imorease too.
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Pigure 105
Canparissm of presipitatiens ¢ith artifieia] ccadensate, Hoth eelleated siml.
taneously at valley stattien Parehant, Nom - showery preciritatiea
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Regardiag only the oconditions during shweer ard Shwudevetars preeipitesion
{P.gure 106) we find the ratios of m,' iz presipitatien to NOy'in dev or rime
and (less olearly) §O,' ia precipitatien to NO,' {n 4ew or rime ez the averaqy
tn be shifted, cospared with non-showery conditioms, in favour of ths oontents
in the precipitation, This suggests that the increase, comparwd witkt non-showery
oconditione, of nitrate and nisrite ia ths shower and thunderstorn presipitetiems
10 csused predoatinantly by an abecrption of nitrogen cxides st higher leve's,

PRECIMTANON COLLECTED &1 WLLEY STANION FARCRANT, 2016 #1
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Pigure 106
Coaparison of precipitation with artificial oondensate, bdoth collected simul-
tansously at valley station Parchant. Showsr precipitation,
14.2.3: Influence of peimt dtse t oa the WO,'
and FO,'_contente in ,recipitavions gend arsifinial dee or

tige, both colleotey he oY

IV may bo suppoeed thet detestadle amounts of NO and lo, are forws] near
the ground st tises when the polat diseharge rear be numsrous eiats oa the
sartik'e surfase (e pleante, houses, ols.) Laoresses 304 soctiom 14.2.1.).

The durettion of [nireased polat discharge surrent as a peroc-tage of the preei-
pitation durstive vas ohosen A3 & relative asasure ia e evalwatiocas,

A8 is Lll:gtreted (a Figure 10T, there 10 A0 Influwmes of V3o Suratiem of
inereased ,eiat disatarne ourrent s \he l\))'. it definite ms on Ve l)z'
sontente uf preelpitaticn, If ithe comeentr¢tion ia sere tham 0.C' ag .J,'/lun.




- 142 =

PRICIPIATION COLLETIED AT VALLEY SIATION FARCHANT 2§ FI.
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Plgure 107

Influence of point discharge on nitrate and nitrite cortents
in precipitation

the point discharge current is incressed durirg about 25 - 50 % of the precipi-
tation tixep if it 1s less than 0,002 mg lﬁz/litn, the point disbharge current
is inoreaJed, on the average, during less thsn 25 % of he precipitation time,

Corresponding results vere obtained from the NO,' and on' analyses of the

ARTITIAL DEW (RIME) COUECTED DURING PRECITATION T6E AT VALLET STATON SARCMANT N6 F1
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Figure 108
Influenoe of point discharge on nitrave and nitrits rontent

of artificial

condensata
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artificial oondensate (Pigure 108); the l05' conoentra’ion 1s not influenced
by the duration of increased point discharge current, but the 102' oonoentra-
tion clearly risss with rising peroemtages.

This study demonstrated: during extended periods of increased point dis-
charge near the ground, detectable amounts of nitrogen oxides are formed. They
cause tha 1102' oonoentration to rise in the artificial ccndensate (but are not
large enough to influenoe noticesbly the 305' values, which are so much higher).
Also in precipitations, they influence only the 102= but not the 10}
which is in agresment with section 14,.3.2.

! oontents,

14.3.4. Influence of the lability energy in the 700 - 500 mb layer on
the !O,' and xoz' contants of precipitation collected in the

valley

In seciion 14.3,2, it was found, that in shower and thunderstorm precipitation
there is more NOS' than in the non-showery type. It appeared interessting, the-
refore, to sxamine if a correlation exists bdetween the atmospherie lability de-
grees cnd the 1(03' and noz' contents in precipitations. Relative values of *he
13bility enargy botween 700 and 500 mb, which layer proved to be the most im-
pertant for cur studies and thervfore was used in the evaluations, wexe odtsin-
ed o described in sectica 4.2.7.

The results of this examinztion are given in Pigures 109 (rain) and 10
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Figure 109

Correlation betrear iability cnergy of the 70O ~ 500 wd layst and nitrite or
nitrate contant in rain
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(snow). Neither 1a reism nor in anow does the #0,¢ oondentration exhidit any
obvieus esorrelation with the lability energy, tut the '°5' oonoentration does,
botk ia raia and im snow,

NN, COUECTED Al YALLEY SIANON FARCNANT, 206 FEET
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Pigure 110
Correlation between lability ensxrgy ol the 700 - 500 sb laver and nitrite or
nitrete sontent in smow

In the case of negative labiiity energy, the 355' concentraticn in rsim
1s belaw 1.0 mg/iitre, sometimes even below 0.1 mg/litre. In ihe csss of po-
aftive lability energy, {he range 18 2,0 - 0,2 ag/litre. A1l $ha Oy concen—
trations found during high lability energy are higher than those found during
axtreme nagatire lability energy. The resulis for snovw ars anslcgous, but the
“03' values are Ligher than in rain.

Thus we can state: the NO" content nf precipitations is clearly increased
with rising labkility energy of the atmoapheris layer betwssn 700 and 500 ab,
while shnpmz' contents 40 wol shew any correlatiou with it, This is true for
rain and’esncw,
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14.3.5, Influence of the {requency ef sign r-versals »>f t'w foreign

field cn the FO,’ and NQ,' ocontents of precipitatiops oolleot-
ed in the valley

Synuptic atmospheric sleciric Investigations have demsonstratel that during
precipitetion 2 correlation exists beiween the frequengy of thae sign reversals
of the foreion field and the simaitanecus lavility snergy in the 700 - 500 mbd
layer {compare ssotion 4.2.7.).

In this connection an investigation seemed ap riate oonserning the
corrslation between frequency of sign revarsals otuzz"mld end l\,' or nozv
ocontents in precipitation, The study was based om the mean frequenoy of sign
reversals per hour oomputed from the potantial gradiemt reccrds st the low
level stations Farchant, Garmisch and Eibses, Tho result is given in Pigure 111,
The m.‘,' sontents show no correlation, but a nthcg}g.u.mccum appsara betwoen
llo}' contents and frequency of sign reversals of the foreign field, For in-
stunce, the 105' conoentration in the case of 3 reversals /br is ten times

the concentration found in the case of 0.5 reversals/hr.

PRECIPITATION COLLECTED Ai VALLEY STATION FARCHANI, 2K FT
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Figure 111
Corralation betwaen the frequency of sign reversals of the potentisl gradient
end nitrave or nitrite cortents in precipitation
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We may oonolude, that the no}' oontent of nrecipitation is cloeely con-
nscted with suoh atmospheric electric processes as are iaportant also for the
sudden arid frequent sign reversals of the foreign {ield. This possibly means,
on the other hand, that the IO,' content in precipitation may be regarded as
sennitive indicator for important eleotric procasses ,ocourring during the for-
nation of precipitetion and of shower and thundorctox:m charges, Such a
suppesition would de confirmed by the facts repcrted in sections 14,3.°, and
14.3.3., namely that only a low percentage of ths NOB' content of precipitation
is affeoted by mnumootlr?:ur the ground, Acccrding to 14.3.1., the Noj' con=
tent of precipitation during the fall through the lowest 000 m, is increased
not more than by the factor 2, and not at all by the factor 10 or 20, which
on the other hand, can ascompany incresasing sign reverssls, Since the NO.‘,'
concertra*ions are indicatory of processes near the ground, as cur data suggest,
it is reasonable that they do not show any correlation with the freq.ency of
sign reversals of the foreign field,

14,3.,6. Tabular survey of results

In Table 8 the results of analyses are surmarized which were obtained for
~ the precipitation samples collected at Parchant, and in Table 9 we have the
analogous Wank values, The date are given separately for each type of precipi-
tation. In Table 10, the proportions Wank-velue to Farchant-value are presented.
The tables demonstrate, that more nitrate and nitrite is in shower precipitation
and, excepted Wank values for nitrite, in snow, than in uniform rain. The thun.
derstorm values, again excepted Wank values for nitrite, are situated nbcut.’.tho
middle of the sequence., Bspecially high niirate values are found in hail and in
rain of very large drops occurring at the beginning of some chower rainfalls,
but here we have few data and this result, therefore, is rather uncertain,
The proportions concentration N05' to comncentration Noz' differ greatly from
eaon other, The proporiton is most shifted in the direction of NO)'
a) on ¥ank peak during thunderstorm
b) in the valley (Farchant) during snow shower (rain of very large drops
and graupel omitted).

The average values IOB' concentration / NO,! concentration are 105 at the
valley station Parctant and 185 at the peak astation Wank, in agreeaent with
Table 10, This may signify that most of the niirogen-oxygen oompounds are
oxidised, while the preanipitation is falling dowr to the Wank, and that new
nitrite is absorbed, while it is falling from the Wauk level down to the
valley,




- 147 .

14
» *owod
st 11} 6¢¢ 601 €l €9 6t gzt .nwmﬂ
0z¢ t 8 le 44 (413 1.3 02 ses Lyvue
Jo Jeqmnad
U
- 0% S0t 2L%o 80°0 00°0 0o 8¢°0 anijers
- 29°1 06°¢ 02z*z o¢°t oL°L Sho¢ oc’z i xew
B2 X (R w9t 2¢l%o 925°0 00¢*%0 L9 661°1 on{vs gwer
wotie3tdioead sdoup e3.aey utes
1te tedne 3 ugpes @rojelepunyy |mous Apse3f |upea Apwess SIOMOYS UT®I | 919mOys mOUs
IUS YD IW 4 uolavls Ke[Tva 39 pPe3oe[[o0 uoyge3jdyoead uy  er3y] / .noz
6L¢ t ] 9z 14 1 €6 oz zesLywue
Jo Jeqmna
- 2lo’o 200°0 000°0 000°c 000°0 000°0 000°0 m g
- 210°0 210°0 £90°0 ¥20°0 oyo*o £€90°0 o¥o o sTmixYm
¥500°0 zLo®o 0600°0 1900%0 9800 °0 9€00°*0 $%00°0 $o00°0 eNTRA TSsm
uoy3eyrdtoead sdoap eZuwy ute s
T 1odne a3 futwea WIOIS L6 sumyy jmous Apeegs |uivs Apweys |siemoys ugwa 816mOYs MoUR

IUWUD I 4 wiIwls LeI[¥a 39 PE3I2e[[00 WOF3wyjdioexd ug eJd317 \.Non

6 eoIqel




- 148 -

st - 892 2Lz Lit %L 141 20N *owo
.moz ‘owo
st - 4 12 Lz 6L 4 seadyvun
Jo Jequnu
== - 9% 90°0 200 €0°0 ¢v*o LT
- - 0.%0 06°c oL°t ot 2l*o w rer xwm
sl¢to - 9¥¢’o (319(¢] 89¢°0 045°0 £¢5°0 eniwa uvem
uot3eytdyoead | sdoap eduaey utwa
Tl ‘uteu wacqe Jepuryy t mous ALpTezs |ujws Lpveys |euemoys ujwed |uiemoys mous
d UV 4 UOTIUIE Wed 3% pe3oe[[oo uoiyertajoedd uy  es3yy / .moz
ol - 4 oz Le St £ seskvav
JO 4equnu
- - 000°0 000°0 000°0 0000 200°0 arejulw
- - $00°0 00 °0 800°0 210°0 900 *0 T L xve
0200°0 - 2L00°0 9100°0 610G°0 82000 000 °0 onTea uvem
wo33w37droead |edoap eduey urtes
1Te ‘ures WIOA S JQPpUTH{T | MoUS Apvewia JUlwWs —pubds [BJdurols U1BL s

_:Lﬁlhﬂu - U

A UV ¢ WTIIE Ned 39 DeGOS[(On UTyeyjatoead uy

6

ot qel

oI311

/ .Noz




- 149 -

299°c cLyto Z¥s*o £68°0 958°0 SYPo
uiwy
uoy3e3 tdroead (rv |wavjsaepurmy | mous Apseqs |uTed Apveqrs [SIemMOUS UYL | FieMOUS mOUR
JUPGOIB 4y WI3%2s LOT[UA 1% pPeORITOD WI3e3Taloead uy e431] \ .noz
ro13ey
Mue ; WAV Weed ¥ Pe3LeTT0o woTaw3TdIoesd ur a3ty / .no;
9%1°0 6L1L%0 9%.|L°0 8260 616%0 Lzv*o
utres
wot3eatdioead [le |wiojsaepuruy | mous Apwegs |utes Apeeis |sJomours ujea |sIemoys mous
AURYORY UWOTIRI S Ae[[9a 3V Pe3dellod W awyldioedd Ul ed4337] \ .Noz
013wy

YU ) u0T393s Awed 3¥ pe3de(oo wI3zwlidypesd Uy ea3yy / cZou

Ot Tl




- 150 o

441 it n 9 14 n sjucweIns veun
JO sw wnu
- 096 | /g ) Ad 4 26 2l°¢ ans Ut
-- og*t o%*9 | o2°L 20°L oz°l G
n°9 Le°9 fL°9 ot°9 lz*9 €l°s entes uwcu
U0 TYWL 1A 108 2 uvey noug UTRL s semuls Urvg 1y iomous moug
e w03 g sepuryy | Apwesg Apcaeq

IVYOINY eIIMS Le[Twa 3w PO308 {100 UOTINLT!Y080 u; renyma

i

LA CLH

Ey




- 151 -

As is shown in Tadble 10, the FO}' oontents of the Wank precipitations, om
the average is 66 % of that determinel in the valley, The analogous percentage
for NO,' is only 20 %.

By these tables, the statements derived in sections 14.3.1. - 14.5.,3. from
the figures are confirmed.

In Table 11, the results of the Py measurenents are summarized, Her~, too,
the different kinds of precipitation are separated. The values in rain shower,
thunderstorm rain, even rain, and snow are nearly the same, The differences
are assunmed %0 be oasual ones. Unly the low pﬂ values in snow showers are rather
stri king, Since the highest NOB' values also are found in showery ancw, it is
imaginable that the low p, is caused by the existenoe of free acid (HRO})
(compare MgCebe {195™): nitrogen oxides are catalyots for the oxidation of
50, and respunsible in pert for scidity in rain and 108+ ) o

14.4. View pointe on the origin of nitrate and nitrite in
brecipitations
14:4.1, Sources of atmospheric aitrogen oxide (¥O) snd nitrogen

dioxide ( 802)

In section 14.5., we shall discuss the experimental results given above. Be-
fore this, it secms suitable to state the mpost important sourses which axist
for NC and NO, (or N,0, whick is in equilibrium with mz} in those atmospheric
layera where precipitation is found., In this connection we asy recall the fsct
that NO easily combines with atmospheric oxygen by the exothermic reaction:

240 + 0, % 2 NO, (1)

At 20 Cy this equilibrium stiil lies far over to the right side; at 6500 Cy
however, all N02 molecules dscompose to NO and 02.

a) KO is a highly endothermic compcund. One of the ways oi formation is
that by the action of electrical diecharges upon airi

Ny + 0,9 2N (2)
A reaction mechaniem starting from the fonization cf the nitrogen molecule:
&+
Ny oK, ¢ 0 (3)

nas desn suggested by a number of authors (Hsary (1930), Wansbrough-Jones

{1930}, and others); it seems plausible, decause MO formstiom just seis in at
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a voltage corresponding to the ionisation energy of '2 accrrding to (3), 1.e.
st about 17 e¥, The NO formation is accelersted at ab¢ut ¢3 eV, where dissoci~
ation into the atoms N‘ and N takes place. 3ince 1T eV are easilv reached in
sll kinds of atmospheric discharges, also in silent discherges, we are per-
haps allowed to say that the occurrence or at least a high value of NO or
“:02 is an indicator of ion production in the air., This {8 true even if foni-
zation resctions, such as .}), are not the only mode of formation of N0 or NO
Although the amount of NO being in equilitrium with eir i3 only 5 % by

volume at }000° C and 1 %/volume at 2ooo° Cy such percentages are possidbie

2.

aleo at lower temoeratures, if the NO, once formed, ie cooled very auickly to

termperat.res of slow equilibriur establishrint, where it is aetastsdle.

Reynolds (1923, 1930) found that the proportion of 2102 in the atmosphere
never did increase during thundery weather, This is not {nconsistent with the
above statements and with the experimental results presented in section 14.3.,
since Reynolds made analyses of air, and not of the thunderntora precipitstion,
vhich absorcs the NO, existent in the air {wee below 14.4.2.). Mukherjee (1955)
states that electric spark discharges in the atansphere are not rrimarily re-
sronsible for forration of nitrates in rain, although they 1y have some
erfect in tne lower etmosnhere. This statenent must not be considered incon-
sistent with the date of section 14.3,, which nhov.nn.:ato level in all kinde
ni precipitation (co:pare section 14,5, ).

As is well known, ozors (0}) also is for.ed by slectrical discharges,

%) Industrial and technical origins NO, may be regarded as tme sost pre-
valent of the oxides of nltrogen in air ;ollution and smogi it is liberated
in many chemiocal prowesses, by internal combustion engines, overhead trans-
m1ssion lines, during welding operations, etc, Many papers desl with the re-
lativaly high concertration of N® ar* cther nitrogen oxides in the sir of
Los Angeles and other towns (see survey piven by Miller (19543),

NO? of this origin, of course, is {ormed near the ground) according to
tre netecrolocical conditions it s traneported in hortsontal ana vertiecal
Jirectisn, It has d‘it}!m for an ares of about 30 m.les radius round Par-

ceart t.ere are now towns aor indusirial works.

44,2, Reactions of nitrogen oxide end nitrogen djouife with
wgter

The proceeses seurviag shea M0 or lo,‘, or Birtures of these oxides resctl

vith watler are very ecaplex, and depend on WBAy factors susk as quantity and

Kind of 2ations preeent, preeenee of osare, comeentirstions aof MO oy l.‘n.,,
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physical state of the water, temperaturse, lvﬁhblo time, oto.

One poesible reaction is

N0 + #O, + H,0 & 2 HNO, (4)

In cases where we may assune that there is sufficient time (eeversl minutes)},
that most of the WO, 1f present, be oxidtsed to ¥O,, the main reactton leading
to nitric and nitrcus acids and nitrates and nitrites in pre~ipitatiun will de:

2%0, + 2 0R o WO, + Noy +B)0 (5)

2
Nitrous acid decomposes easily by the endothermic reaction

3 N0, ¢ HNOy + 2 NO & U0 (5)
This decompos‘tion is romoted by rising tem-ersture and by all the =ir -
ati.cee which favour eliminaticn of the NO (reactiong, agsir yielding HNO.,
sccording %o {1}, (4), (9), and (€) ). Solutions of nitrites are zcre -t;blo
than those of nitrcus acid, their stability depends on the ocatilos, pn, 20n-
centration, temperature, stc. Pree mvo2 of var~v low concentration is asid to
deccmposs not s essily a9 do iess dilute solutions; on the other hand, thw

fornation of aitrgtes is promoisd in the . recence of ozone,

14,%, Discussion and conclusions

The data cbtained suggest that no detectable share of the nitrabe combents
in precipitation and artificial condensste 1w caused by point discharge at the
earth's aurface {section 14,%.%.) Figures 1G7 and 106). Moat of t*e nitzite
contents in the valley precipitation, {t is true, is fcreed near the ground
(section 14.3.6,, tatle 10}, and that at least partly by the influenee of point
fischarge (section 14.%.,%., Plaure 07", But the average nitrite amount in preet-
Pltation caus-i 'v lastingz point disc arge 18 only abdout 0,01 ag/litre (Figure
107), and, owing to relatively low temgerature, 1ittle svallable time, eteo,,
net ek more nitrete can be formed by *he same process (see eection 14.4.),
dirce thae average IC" contents in proclpitationa -ollected in the valley ls
fring €2 be about 0.4 ag/litre, snd sven wore for ehowers ard trusiersiorms
‘table 4}, tne nitrate sdded near the grourd by point dlacharge, therelore, is
BLERIA e [idmite of error and can be negiectied (Fio.re 107!, On 1% oti:cr haxd,
the 10,0 Corteste in e valley preciiitation rise by the faelnr % . 10 (‘4.‘.4.;

Leres 109 and 1IC), whar stable strat.flcxtion 16 chang®d 1Als unatebl( ne
tr e TOG < W b iajer. Accoordingly the 20, contsnts t2 recipitations ere
essestially increaned CilE tre drareition frox aw-ahowery to 0'v®er ~r taurderw

elore (rezipriatiom “escllon 4.1 00, Y4.V.8.1 Figures 0% VoA talies B
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#:4 9( valley and mountain topj. An especially clear increase of the ritrate
;ontents in the precipitation im observad; when the frequency of sign reversals
! twe field is increascd (mection 14.3.5.3 Figure 111). A certain NOB' snount,
however, is found aleo in steady precipitation, in the velley and on the Wank
peak, caused perhaps by eléctrical processes occurring also in nimbo-stratus
clouls; this amount is rot likely to be caused dy industrial or similar pro-
cessed, {nr we could observe that in the course of long continued strong steady

nrecipitation 4te nitrete contents is rot dim{w%shed.

Fror ihesa faots it is cvident that those 67 - 70 % of the valley vrecipi-
tation nitrate contents which are found alreandy on the Wank top and thus origi-
nate at altitules at 1000 m higher thar ihe valley steijon (sectior 14,3.1,,
Figurs 104; table 10) emsantirily are formed not on the Wank's surface, but
nigher up, and that alsc the niirste increment oveervel during showers snd
thundarstorms is due %o electrical processes in the fres atmosphere, The coo~
parlson of tebles 8 and 9 shows furthermore that the proportion NOB'/HO2' ale
ways is higher at the Wank tiar 2¢ Farchart, This, too, may indicate thet the
origin ¢)’ the nitroger-oxygen coipounds in the precipitation must be at alti-
tudes high atyve the Wark, so tnat tiere is e:ough t.me for the noz' to be
oxidized.

Therefore, if it is allowed tc n3s:me that formation of nitrogen oxides
or nitrates ia connected with ionization processes in the atamosphere, then we
cay, with all reserve, conclude from cur data, that during all kinds of preci-
pitetion usany more ions are formed in the cloud jevel, s,.,g., at more than 1000 m
abcve the ground, than neer the ground by point discharges. Anyway, the field
strengths occurring in the cloud level must be supposed {o be higher than

those near tie ground.

As far as the artificial condensate is concerned, ite nitrate concentration
is not apprecisbly influenced by point discharge near the ground, unlike its
nitrite conceniration {Pigure 108), The reasons may be *he same as nuggested
sbove for the case o1 precipitation, The aitrate content in the condensats is
pot influenced by whethe: simultene us prsciritation is ahowary or not (Pi-
gures 105 and 106), since the condensate re-resents the chemical proporties
of the stmosphere near the ground, where it is collected.

As to thunderstorms, it is eurvrising that the highes: nitraie and nitrite
concentrations are deterained not {n thuncerstorms, but in ehowsve, exiscially

snow showers (Tsbles 8 and 9 ). We cannot sxulaln this fact ae yet. Resides w»s

learn trom table 8 and 9 that »n empecially high sroportion 5,!'/NOQ' ie ot -

servad 1n thunaeretorm rain collected on tre Wank pesr,
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The following objection could be reised to the assertion, that the nitrabe
ircrease found during unstadle conditions is due to electrical discharges in
tne {ree atmosphere at higher altitudeas during astrong turbulence the vertical
exchunge of the air is considerable, so that nitrogen oxides from near ihe
gfound are transported ! lgher up than during stable conditons. These gases
tnen can be absorbed by precipitation smch more thoroughly than in cases where
the precipitations meet them only in a relatively thin layer above the ground,

This objection, however, is decidedly refuted by ‘he fact, that in precipitations

lastin; soverel hours and even days no tendency of the nitrate contents to dee
crusse could be observed (see above). On the contrary, the nitrate concentration
riass during lacting precipitation as soen as steady precipitation changes into
showery or thunderstorm precipitation, The ch' contents of the precipitation,
on the other hand, which always are indicatory of chemical processes nsax the
ground, were observed to be diminished in the course of long precipitation

periods,

Workman and Reynolds (1950% point to the phenomenon that, with wertain
contaminants in freezing water, potential differences of as much as 250 Y arise
between the solid and liquid phases. According to Reynolds {1955) contami-
nations of 104
the frictional charging (compare Beynolds st al. (1955a, 1955b) ). In this
connection it might be of interest that the mexiaum cancentrations of 103',
which we found in solid (liquid) precipitation, are 2 (3.5) mg/litre, i.e.

3 (5) x 1072 mole/litre ('fable 8), thus of nearly the same ordsr of megnitude,
If also ritrate contaminants should be important in the process of oloud

mole NaCl per 1000 g ice ars sufficient to produce effects on

electrifivation and charge separation, thay could, naused by discharges, again
cause discnarges and thus an avelantielike acoumu.atior of electricity, when
showera or thunderstorms are built up.

The matter is complicated and the cciclusions are presented four discumssion
sore than for acceptance. The results are +o be confirwed and refined by wore
observations ana data. In particular, the relatiors bteiween nitrogen-oxygen
compouands in precipitation and eatmospheric eleotric processes bave to be
studied more thoroughly, since it seems certain that the nitrate contents of
precipitation must be taken into consideratinn as indivatory of prccesases
ocourring in the cloud ievel.
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$%. Mesn diurnal variaticrs of the atmospherio elsscirio
magnitudes pes month or season 0 aach station during

As siresaly mentioned in seoticn t., thLe fins nuthcrﬁ houxly means of
patential gradient and air earth surrent wers determined for each month end
seascn and for sach of thn stations. They will serse to make possible coaps-
risous with the data of cther investigetors obtained in other geographical
rogions and climates, In the ocourse of nur work they were ne2ded ss & base,
devistions frox which were churacteristic of and due to bad weather ai.d just
the aain aubjeoé?%ux studingy th&g’i£§g.a':‘t S ;2;roduetn. They sre being
published in volume IX, part A,of the present Keport, whers we shall find fer
eacu stalions

1) The mean diurnal varisatiors (average hourly smesns) of potentisi grs~
~ dlent and air sarth current for sach individuml wonth of the years

‘5553 1956| snd ’957O
The diurnal vuriation curves of the single stations are arranged for
aach month on oav separste page, one above .he other according to
the altitude atove seelsvel, Opposite to each such plate there is
a table giving numerically the same data as are used in the plates
and additionally the totsl montily mean for sach statian as well as
the rumber of {ine weather days. Each tatle and sach nlate contains
a key to the signe used,

>

~——

?he mean diurnsl variations {average hourly means) of potentisl gra=-
dient gnd air serth current for each individual meteorolosical season
fronm fall 1954 till winter 1557/58.

The arrangement on the plates and the sccomranying tables are analsgous

tec those mentioned under 1,

3) The wean diurnal veriations {average hourly means) cf potential gra-
dient and sir earth current for the tour meteorcinmical soasons*+),
the seasonsl mean values for each i.cur of day being formed of the

data of gl} the resnective seasons from fsl. 954 - winter 1957/58.

“he arrsrgement cn the plutes and the accompanying tables are analogo:s

tn thoae mentioned under 1,

it is

My "fine weather” we uudorstand a waather situation where: a)/cloudless, or
there {3 only Cumulus with not rore than half of tihe sxy overcast and/or
frrus and b) the respsciive station is not within {og and ¢) there is no
recipitation, conseq . enily,

4+

4 .
Yy voetecroloricel sesmons®: wintar e Decerber, .!anuary and February,

soring » Hareh, A«ril, and Mayj etc,

™
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The recording and evaluation work is still beirg continued for & iize,
sr.d further data shall be ottained, Therefore tho rssults given in voiume II,
part A, will not yet be discussed definitively hers. However, we wish to staza
the following:

The variation of the atmosphoric 9lectric elements on fino weather days
are strongly influenced oy the orograpnical position o7 the ststion, A% the nig:
level stations Wenk and {especially) Zugspitze the influenae of "justausch™ be-
comes evident, if we corrars the poteniial gradimnt c .rvss with the air earth
current ¢ rvess when nuclai arc carried up to the staiion level by convection,
the potential gradisnt is increased, while tha air earth curreat ia lowered.
Therefore, in the s2caons with strong exchange, not even at Wank and Zugspitize
the maxima of potuntiel gradient and air earth current coinside with the ocea-
nic or arctic maxima, which are sorldwide and found in fine weather at the sane
sreenwich Nean Time everywhere., On the othur hand, at atation Zugspitze ths
caxims are synchronous with the woridwide ocsanic or arctic marima during
rzost of the wirter monthe, Thu#, only in winter and at altitudes of at least
2500 m above the sealevel, the global maxima, which are independent of the
local time, can be observed over the continent of Central Burope. At 1800 a
above sealevel, as is shown by the Wank results, both maxima are influenced by
4{he exchange ever ofter in wiater.

Sunrise and sunset effects*) ars especially clear at the wvalleyr stations:
the potential gradient here decrsases about at sunset time, immediately after
sunrise it increases, Consequently, at the valley stations the daily day-timve
maxime are higher and broader in surmer than in winter, Mean diurnsel variations
of the potertial gradient in fine weather with iwo maxima per twenty-four houre

occur seldom.

At the slope stations Eibsee, Obermoos, and Riffelriss, the fine weather
curves are less easy 1o be understoo.; jhey are strangly influenoced by inversiom
levels and orographic upward or downward winds prepondersting in the respactive

month,

7} These effects will be analyred in detail in the course of the further work
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16, Comparison of the fine weather behaviour of the atmoscheric electrio
magnitudes with water vapour pressure, 4 RF-value, and pytential
sguivalent temperature

According to seotion 15., the piesence or abaence of exchange, its range,
strength ato., are of considersble importance for the momthly or seasonal mean
diurnal varistioms of the stmospheric electric magnitudes in fine weather.
‘hereiors we studied tle correlacions tetween fine weather potential gradient
and air earth curre-t on the one hand, and simultanvous water vapor pressure,
"canveotion incicator"4 RY, and poteritial equivalent temperature on the other
hand, This wiii ce doalt with in the oresent and last section, tho' gh not ret
defiritivelv, ar the measuring dats are etill bdeing increased, It is the rur-
poses c: this :nvestigation to find out, which of the three mentioned weteorols-
gical amgni- .des correlates tne best with the deviations of the atmospheric
electric magnitudes ca sed b, the vertical exchange. The three meteoroclogical
megriitudes wers calculated from the records of temperature ard relative hunmi-
dity odbtaired at our station Parchant and at the observatories of the German
Weather Service Garmiscn and Zugspitze (where our atmospheric electric intru-
ments are housed); to speak more exactly: we calculated them from the hourly
moan values of these records, which we determined plllpnotrioally. The methods
of caloulating water vapour preassure and potential equi- alent tempcrature, the
latter by using the respective values of atmospheriv pressure, may be presumed
to be well imown, The method of csloulating the ARF values will be found in
volume TI, Pert B, It has been descrided already in Technicel Report AP 61
(514)-732-C (p. 72 foll,), where first resuite with this magnitude have been
renorted upon.

Yo ume II, Part B of the preosent Report rives the results of the evaluation,
whioch are obtained till nows it rives for the etations Zugspitze, Garmisch ard
Parchent ard for each individual season of the years examined the mean diurnal

varistions (average hourly means) of

s) water vapor pressure (e)

b) ARP value

o) potentisl equivalent tempsrature (Tp)

4) potentisl gradient (E) (&s in part A 2 of volume II)
o) air earth current (1) (as in pae.t & 2 of volume II)

in fine weather, and that again in graphs and tables.

Piret let us look at the ocurves of staticn zg‘ggitloc we notice that the

typiocsl behaviour cf potential grsdient (X) and air earth ourrent (1), which is
ocaused
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by exchange in the afternocm, saly ooccurs in sessons when st the same hours

of day, Tn and ARF show very high maxisa (consider soales of ordinatesn!).
Usually also the water vapor pressure shows a simultanecus maximeam, but not
always; so it would appeas that it is less suitable for examining exchange
problems than the .,ther ‘wo meteorological magnitudes considersd. In winter,
when potential gracient and air earth current at stetion Zugspitse show the
curves typical of records also of arctic or oceanic staticns, there is no pro-
nounced maximum in the diurnal curves of Tp and ARF: rnot even during inso-
lation the station is reached by air masses froa the laysr near the ground.

In isch, pronounced ssxima of HKP and Tp were found in all seasons.
The Maxima of e, if sxistent, ars cnly alight. The depressinon of the ARF
turve found within the maximum in spring and in summer, sometimes also in
fall, but never in winter, must be regarded as a typiocal oriterion of the ex-
ohangs being just at its culmination and carrying up and away from the valley
part of the humidity and of the nuclei, The corrslations between %he meteorolo-
glcal magnitudes on the one hand, and the atmcepheric eleotrio magnitudes on
the other band are not easily to be surveyed, For the present we can state:

During the shove mentioned depression in the maximum of the APP curve,
both air earth ourrent and potentisl gradient are lowered, the potential gra-
dient remaining much higher than the diurnal wean val.s of the respeoctive ses-
son (this = 10C %), while the air earth current goes below its 4iurnal mean
value, The Tp curves always sre strikingly parallel to the potential gradiemt
ourves,

The curves of station Jyrchant, beocuse of local influenoces, can not easi-
1y be accounted for as yet.

The correlations mentioned in seciion 16 are intended more to be presented
than to be analysed. i profeunder snalysis, inoluding further data whioh are
being oollecied, will be givem later om.
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