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I. OBJECTIVES AND ACTIVITIES OF REPORTING PERIOD

1. General

The basic elements for the current investigations have been

detailed in prévioué reports (Parts I - VII).

Activities performed during the reporting period served to

solve the following problems:

a) Detection of intrusions of stratospheric air into the
troposphere through observing the time variation of the
concentration of cosmogenic radionuclides
(e.g. Be7, P32, P33).

b) Calculation of isentropic trajectories for the influx of
air masses to the measuring site Zugspitze for selected
long-term periods aimed at a characterization of the

tropospheric flow processes.

c) Establishment of a c¢limatology of the. stratospheric-

tropospheric exchange.

d) Installation of an ozone measuring network with stations

at different levels of the lower troposphere.
e) Monitoring of stratospheric aerosol layers.

d) Study of the influence of solar events on the strato-

spheric-tropospheric exchange.

2. Characterization of Particulars, Objectives, and

Activities During the Reporting Period

The reporting period includes specifically actions to:

Aerosol sampling at the peak of the Zugspitze, chemical
treatment of filters and radiochemical analysis of samples



were continued. To ensure the planned climatological processing
of radivnuclide data, utmost carc was paid to tn the.calibration

of the course of analysis and the measuring systems.

Ozone recordings at the Zugspitze were continued. In addition,
ozone stations Wank (1780 m ASL) and Garmisch (700 m ASL)
could be installed.

Routine monitoring of the stratospheric aerosol could be
started. Extension of the lidar system needed for this is

practically concluded.

The correlation between stratospheric intrusions and solar
events has been studied according to the key day method using

an 8-year measuring series of stratospheric radionuclides.

II. GENERAL METHODS OF STUDY

The methods of study described in previous reports were re-

tained, No problems arose in their application.

ITI. PRACTICAL EXECUTIONAOF LABORATORY PROCEDURES

1. Sampling, Chemical aAnalysis, Physical Methods

Aerosol sampling at Zugspitze peak and radiochemical processing
of filters for determining the concentration of stratospheric
radionuclides Be7, P32, and P33 were continued without any

change. No problems were encountered.



2. Measurement of the Tropospheric Ozone

7OZone measurements at the Zugspitze were resumed after «
longer interruption in October 1976. During the interruption
the measuring device was overhauled and improved. At station
Zugspitze a new suction pipe was installed. The aspiration
area was installed at some distance of the building through

a cantilever and is abové the precipice in free ventilation.
Eventually possible influences through the building on the
ozone measurements have thus beén.excluded. A heated dome at
the pipe intake guarantees proper function even under winter-
time nppfating conditions. Heating is régulated automatically
as 'a function of air temperature surrounding the suction dome.
The suction pipe Consists of a teflon tube having a 10 mm
inner diameter and is rinsed through a membrane pump with
about 300 1 air per hour.

In October, the measuring stations Wank (1780 m ASL) and
Garmisch (740 m ASL) could be put into service. Thus, all
necessary requirements for measuring the balance of the
tropospheric ozone discussed in Annual Report Part VII have

been realized.

3. Trajectory Analysis of Tropospheric Flow Processes

As described previously, two selected long-term periods (20
February —'25 May 1974 and 20 July - 20 September 1974) are
used to study the climatology of stratospheric intrusions and
the associated flow processés in the troposphere. The isen-
tropic trajectory analysis needed for that are largely con-
cluded. The results and conclusions will be presented in .

Annual Report Part IX.



IV. GRAPHICAL REPRESENTATION OF FALLOUT, COSMOGENIC RADIO-

NUCLIDES; AND- O, AT THE ZUGSPITZE FROM 1 AUGUST 1976

3
THROUGH 31 OCTOBER 1977

Fig. 1 represents the time variation of the concentration
of fallout and cosmogenic\radionuclides Be7 and P32. The
daily means of the ozone concentration, measured at the

Zugspitze, are plotted in the lower section.

As far as fallout is concerned, steep increases (indicated
by ssee , use scale o6n the right slde) after the Chinoce
nuclear tests on 25.09.76 and 17.09.77 are clearly evident.
'Remarkable is also the rise in the concentration during the
summer half-year May - August 1977. This coincides with an
increase in the mean ozone conéentration from some 25 to

40 ppb. The Be7 and P32 values show in contrast no obvious
annual variation. The concentration peaks produced by stra-
tospheric intrusions are superposed on an almost constant
background level. Especially striking events were observed
in October and December 1976, in March and at the end of
May 1977. '

Stratospheric intrusions produce in ozone time-coinciding
peaks of relatively small amplitude superposed on the

above mentioned steady ozoﬁe trend. These observations sug-
gest that here two independent phenomena overlap each other.
The gradual change in the ozohe concentration coinciding
with the fallout concentration corresponds to the classical
Aconception according to which the influx of stratospheric
oZone into the troposphere leads to an elevated background
level there in the summer months. Stratospheric intrusions
lead, in contrast, to a Short—time ozone increase indepen-
dent of the season. Therefore, it may be assumed that ozone
influx into the troposphere as a result of stratospheric
intrusions makes just a relatively small contribution to

the tropospheric ozone balance.



V. OBSERVATION OF STRATOSPHERIC AEROSOLS BY LIDAR

1. State of the Lidar System

The present state of the lidar systém, the computer control
of all functions of the emitter and receiver electronics,
the range gate technique, which allows a backscattering
profile with reasonable height resolution to be obtained
with the 10-channel photon countcer, and the final aff-line
data evaluation have been described in detail in the last
Annual Report (June 1978) and remained unchanged during

the period covered by this repurl.

Routine probing of the stratosphere has been taken up in
October 1976 after replacing the EMI 9816 by an RCA 8852
photomultiplier. This new PMT is distinguished by a much
better time resolution resulting in better precision of

the counting data and increased range of linear response.

The installation of a filter revolver in the receiver light
path (which replaces the grey wedge , described in the last
report) holding several neutral filters and providing unat-
tenuated light passage and light attenuation at several
levels simplifies .the reconstruction of a backscattering
profile, because fixed attenuation factors can now be in-

corporated in the program.

At present a backscattering profile is recorded by observing
600 m intervals per channel of the 10-channel counter and 7
-successive delay settings are necessary to cover a height
interval from 7 to 40 km. Per delay setting. laser returns
are recordea until a 4% standard deviation of the couhting
rate is obtained but a maximum of 50 laser firings per de-
lay is not exceeded. Up to 4 series per night averaged pro-
vide a mean profile which consists then of as much as 1000

to 1200 individual laser returns.



2. Raylcigh Backscatter Profiles

The measured total backscattering (i.e. molecular plus par-
ticulate backscattering) has to be compared with the back-
scattering from a purely molecular atmosphere (Rayleigh
scattering). To minimize errors we tfy to combine measured
backscattering profiles with Rayleigh profiles derived from
actual atmospheric density data which are produced by our
own radiosondes. These radiosondes are launched at the site
of the institute at least within 12 hours from a lidar

campalyu.

In case radiosonde data cannot be made available a "standard"
profile has to be taken as reference. To c¢heck on the valid-
ity of such a "standard" profile, 37 Rayleigh profiles ob-
tained from radiosonde data between January 1975 and May

1977 have been examined. This material has been investigated
regarding seasonal trends and the backscattering profiles
have been classified as follows: Below the tropopause

(height interval 0 - 8 km) and above the tropopause (height
interval 20 - 30 km) the slopes of the profiles have been
determined and related to the time scale. Below the tropo-
pause, which usually is found between 10 - 13 km, a season-
al trend of the inclination is found with a maximum in June -
July and a minimum in December - January, however the scat-
ter of the data is in the order of the seasonal variations.
Only little seasonal .variations can be found above the trop-
opause with a scatter by far exceeding the variations. So

any slope of the profile can be found at any time.

Applying a seasonal "standard" Rayleigh profile if actual
radiosonde data are not available therefore is only a com--
promise. Deviations of the actual Rayleigh profile from a
"standard" profile can be in the order of the presently

measured net .aerosol backscattering.



Our Rayleigh profiles have been compared with the Rayleigh
profile derived from density values of the 1976 US Standard
Atmosphere. Below the tropopause there is very good agree-
ment, the "US Rayleigh profile" showing a slope correspond-
ing to our mean value of all evaluated profiles. Above the
tropopause the "US Rayleigh profile" shows a steeper slope.
However, the scatter of our profiles includes the slope of

the - "US Rayleigh profile" above the tropopause.

3. Measured Backscattering Profiles

Intense instrumental maintenance now allows to make use of
almost all clear sky periods. Unfortunately the number of
nights suitably clear is rather limited and we are forced
to conduct oﬁr measurements during nights when cirrus clouds
tend to hamper our recordings. Only during night time meas-
urements can be performed to avoid the high background due
to diffuse sky radiation. Cirrus clouds, usually changing
rapidly in density, can cause an intensity shift of the indi-
vidual sections of the backscatter profile and matching of
these sections with the general trend of the whole profile

might then be necessary.

During the period October 76 through October 77, 22 back-
scattering profiles, in most cases up to 35 km and more,

have been recorded, many ofAthem through a more or less dense
cirrus layer. Two of these-profiles are shown in Figs. 2 and
3. The polygonal curves are the measured total backscatter-
ing, the smooth curves the calculated molecular backscat-
tering. The horizontal bars denote 1 standard deviation of

the statistical fluctuations of the photon counts.

The matching of the measured total backscattering signal
with the calculated molecular return is accomplished at
height levels with minimum aerosol backscattering. Suitable

levels are above the tropopause around 15 km and between



20 and 25 km. Deviations from the purely molecular back-
scattering are genererally found around the tropopause if
cirrus layers are present, between 16 and 22 km, and above
25 km.

On February, 14 July 24, September 15 ahd 30 (Figs.2 and 3),
and October 12 and 30, 1977, the degreé of depolérization
of the return signal (ratio of perpendicular to polarized
returns, with respect to the plane of polarization of the
outgoing laser pulse) has been determined. In the figures
the depolarized return is shown, which due to reduced in-
tensity can be observed only from altitudes up to.20 to 23‘
km. Returns from cirrus clouds yield depolarization degrees
of 3 to 54%. The depoiarizing effect of the molecular at-
mosphere is 2.5%, and the same value has been determined
for the aerosol layer. This would point at a spherical

shape of the aerosol particles in the lower stratosphere.

4. The Stratospheric Aerosol Layer

A good means of describing particulate backscattering is

the scattering ratio, i.e. the guotient of measured total
backscattering to -calculated molecular backscattering.

Figs. 4 and 5 present 22 vertical profiles of the scatter-
ing ratio from the time period October 1976 to October 1977.
Each curve is the mean of ééveral individual profiles re-
corded during the night of observation. The tropopause level
{denoted by T in the graphs) usually is found at 10 to 12 km
where in many cases cirrus clouds produce large scattering
ratios. Above the tropopause a distinct layer of increased
backscattering intehsity in the order of 10 to 15 & of the
molecular return can be observed. The lower boundary of this
layer is found between 13 and 16 km, the upper boundary bet-
ween 22 and'26 km. Maximum backscattering is recorded bet-

ween 17 and 22 km. The ratio values correspond with those



reported for the pre-Fuego situation. The eruption of the
volcano Fuego in Guatemala in October 1974 was the last

major volcanic injection into the stratosphere.

Towards higher altitudes above 25 km the scattering ratio
in many cases is again ;ising. But the.error margins do not
allow the discussion of‘possible aerosol layers at higher
altitudes.

5. Error Discussion

The 1 ¢ square root error of the photon counts amounts tou
about 2% at 10 to 15 km and increases to about I7% at 30
to 35 km. The Rayleigh profile derived from radiosonde
density data is affected by the radiosonde uncertainty, but
by matching calculated and measured backscattering profiles
this error will be reduced and the remainder will not ex-
ceed 1 or 2 3. In some cases the Rayleigh profile has to

be extrapolated to higher altitudes causing an error of the
same order. For the calculation of the Rayleigh backscat-
tering profile particulate extinction has been disregarded.
The error thus introduced has been estimated applying litera-
ture values of the particulate backscatter to extinction
ratio to an assumed aerosol layer between 18 and 25 km. An
error of .2% of the two-way transmission caused by this
layer has been calculated and can be neglected. Thus a max-
imum error of about 10% can be assumed for our measurements
between 30 and 35 km, and about 4% at the height of the

aerosol layer.



VI. NEW RESULTS REGARDING THE INFLUENCE OF SOLAR ACTIVITY

ON THE STRATOSPHERIC-TROPOSPHERIC EXCHANGE

Summary

The dependence of stratospheric intrusions on solar events

is analyzed on the basis of 8-years' recordings of the con-
centration of stratospheric radionuclides and the ozone at

3 km altitude as well as of the total ozone.

‘A significant, even though weak influence of solar magnetic
sector structure boundaries of type -/+ can be identified,

a seasonal influence is also observed, however.

The strong 50 to 80% increase in the frequency of stréto-
spherié intrusions after solar Ha—flares is significant and
completely independent of the phase of the solar cycle and
season. The total atmospheric ozone shows also a correlation
with solar flares: A well defined maximum on the day pre-
ceding the flare. The neutron density clearly shows the
Forbush decrease on the Ha—key day. Using key days with
Forbush minimum for the superposed epoch analysis reveals

a significant‘maximum of the Be7-concentration on the day
before the flare (rise by about 45 to 60%).

Noteworthy is the following sequencé: Approximately 3 days
before the solar flare the neutron density begins to de-
Vcéase, 1 - 2 days before<the flare the total atmospheric
ozone maximizes, and 2 to 3 days after the flare we find
the maximum of the Be7 in the troposphere as a consequence

of the stratospheric intrusion.

1. Introduction‘

In a previous publication we provided the results of a
5-year investigation into the dependerice of the strato-

spheric-tropospheric exchange on solar activity [1].



This study yielded positive results, in particular it was
possible to identify an increase in the ﬁrequency of strato-
spheric intrusions after solar tlares and interplanetary mag-
netic sector structure boundary passages. Yet, some questions
remained open regarding not only the extent to which these
results might be generally improved by extending the data
records over a still longer period of time, but also the
influence that the phase of Lhe solar cycle might have on

the correlations, and finally some reflections on a con-

ceivable causal chain.

We continued therefore our studies and classified the data
according to the previous but also to more recent aspects.
Observations covering 8 years'are available now, thét means

a period comparable to the solar Cycle.

For this reason it waé.possible to subdivide the total
period into the following 3 phases of solar activity be-
ginning at the end of 1969 (the time sections stated below

include in each case the years mentioned):

a. Period of maximum solar activity from November 1969
through 1972 (abbr. in the figures SOLAR MAX)

b. Period of decreasing solar activity in the years 1973
through 1975 (abbr. in figures SOLAR DECR)

c. Period of minimum solar activity in the years 1975
through 1977 (abbr. in figures SOLAR MIN').

In view of the multitude of data we made an additional
subset of the entire records according to seasons where
after careful considerations the respective periods winter/

spring and summer/fall have been compiled.

+) The year 1975 appears in both period 2 and period 3
since drawing a sharp line between b and ¢ neither
was possible nor meaningful



In considering the stratospheric-tropospheric exchange,

the seasonal influence cannot be disregarded and therefore
a season-dependent effect of solar events might be conceiv-
able.

Special emphasis has been on the question as to what extent

a correlation can be established between the Forbush decrease
(e.g. the reductién of the energy density of the galactic
cosmic rays in the lower atmosphere) and the stiralopsheric-
tropospheric exchange. This study ishlinked to some reflec-
tions on a possible causal relationship.

Finally, some isolated events of stratospheric intrusions
have carefully been analyzed including all relevant data.
In this connection also ozone-radiosonde profiles have

been taken into account and just as well measurements of

the atmospheric total ozone.

Now as in the past the discussion of'statistically obtained
results implies the question of how a stratospheric intru-
sion may be triggered. There is certainly no doubt that
according to Mahlman [2] the sinking motion of the stra-
tospheric air is to be associated with a cyclogenesis.
Extensive investigations at our institute into the meteo-
rological conditions within the region of and during the
stratospheric intrusion confirmed this conclusion.
However, the manner in which such a cyclogeneses is trig-
gered remains still an open gquestion. We may assume that
for this to happen rapid temperature changes in the lower
stratosphere - though only to a least extent - might suf-
fice to upset a labile condition and thus initiate the
event of an intrusion. In this light,the variations in the
concentration of ozone are of great interest as they pos-
sibly constitute an essential link in a causal chain.
That's the reason why we pay particular attention to the
ozone profiles. It should however be mentioned at £his
point that only profiles which have been obtained in rapid



timc succession - minimum interval one day - can be of
interest here. Ozone radiosonde flights of our own have
shown, for instance, that the ozone profile undergoes

frequently rapid variations even from day to day.

. As a new aspect we considered also the reliability of the
daily weather forecast'issued by the German Weather Service
and that for the following,reason: As mentioned before, we
assume that the ﬁriggering of a cyclogenesis and an intru-
sion of stratospheric air occurs very quick through activa-
tion of a labile atmospheric condition. Obviously then,
the forecasting accuracy around such an event is reduced.
Aside from that, such investigation is also of practical
concern: The question arises as to what extent considera-
tion of solar activity and its predictable variations may
provide an additional parameter for improving the verifi-

cation rate of weather forecasts.

Some of the results reported in this study have been pre-
sented for discussion at the Symposium/Workshop "Solar
Terrestrial Influences on Weather and Climate" July 1978,
Columbus, Ohio [3].

2. Data

As outlined in [1], we use for the identification of strato-
spheric intrusions both the concentration of Be7 (further
P32 and other radionuclides) measured over each 24-hour
period at our observatory Zugspitze at 3 km altitude and

the concentration of the local ozone recorded at the same
station. The ozone profiles are obtained with our radio-
sonde. It delivers the ozone concentration (with én ECC-
ozone meter) and all other meteorological data up to an
altitude of at least 35 km (apart from exceptionsj.
Recently, we have begun to perform measurements of our own

of the atmospheric total ozone with a Filter Ozone Spectro-



photometer [4] but this instrument is available for about
one year only. Irrespective of that, wec use the total ozone
dala from the stations Arosa and Hohenpeissenberg (we are
especially grateful to H.W. Diitsch and W. Attmannspacher

for providing these data).

Statements regarding the significance of weather.forecasts
were drawn from the periodic information of the German
Wcather Service.

All other geophysical data such as solar flafes, geovmagnctic
activities, neutron densities, solar flux, radio propagation,
and ovlhero were nhtained from the Solar-Geophysical Data
issues of NOAA [5].

We give our special thanks to J.M..Wilcox for providing the
data of the sector structure boundary passage%. Statistical
processing of data was done by superposed epoch analysis
(refer to [1] for particulars) using in each case a period

of 12 days before to 12 days after the key day.

The vertical bars in the diagrams show now as before the
standard deviation for an assessment of the statistical

evidence.

3. Results of the Superposed Epoch Analysis

The augmentation of data records based -on the now extended
period of observation led, surprisingly enough, not to an
improvement of the earlier noted.correlation between the
concentration of the Be7 (as indicator for the frequency
and intensity of stratospheric intrusions) and the sector
structure passages. Fig. 6 shows the essential result. We
will consider right here the dependence on the season. The
two diagrams on the left apply to winter and spring, the

right ones to summer and fall. Viewing only sector passages
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of type +/- (see [11 for details) we observe practically

no correlation, at least not for the seasons winter and
spring. (Around the key days during summer and fall we find
periodic variations which, however, do not reveal a meaning-
ful correlation to the key day itself). If the analysis is
restricted exclusively to the period of maximum solar ac-
tivity, the increase in the Be7 concentration persists on
the average after Llie key days; During minimum solar activ-
ity this correlation vanishes as shoWwn by our most recent

evaluations.

Viewing sector passages of type -/+, a correlation persists
even with the use of the entire data recofds covering eighE
years'as can be seen from Fig. 6. However, on the key days
we find surprisingly a maximum in winter and spring but a
minimum in summer and fall. In that, oﬁr latest results are
not at variance with our earlier findings [1]. But here,
too, it holds that during the period of minimum solar activ-
ity the sector structure passages cannot be regarded as
affecting significantly the frequency of stratospheric

intrusions.

The result of this analysis shows that augmentation of the
data does not necéssarily lead to a confirmation of our
findings but it refinés the picture of the correlations
under study. Separate handling of the seasons and sector
polarities is therefore an absolute requirement. After a
further extension of data we will treat separately the

four seasons, too.

Additiornial results of a data analysis based on sector

structure passages are mentioned only in brief:

é) A breakdown of all data according to polarities of
sectors and -seasons winter/spring and summer/fall does

not reveal a convincing correlation.



b) Aun analysis of the total ozone yielded a very pronounced
and significant maximum 2 days after the sector passage of
type +/- in winter and spring. This is a tentative resull

and must be confirmed by additional data.

3.2.__Selar H -Flares as_Key_Days

The definition of flares which have been used in our studies
was the same as before ([1]), importance 21, occurrence
between 20°W and 20°E of heliographic length. Fig. 7a shows
that the earlier findings regarding the Be7 ¢oncentration,
i.e. the frequency and intensity of stratospheric intrusions
are confirmed in every respect. The maximum 2 to 3 days
after the key day is not only observed with the entire ma-
terial but also for each phase of solar activity, even .
during its minimum. The amplitude of the variation is prac-
tically the same over all 4 phases of solar activity and,
indeed,it slightly rises with increasing solar quiet (rise
by about 50% during maximum or 80% during minimum solar
activity). The variations of indicator Be7 on the key day
(or shortly before) until the 2nd or 3rd day thereafter

are clearly evident irrespective of the data group.

Fig. 7b shows tHat the correlation between Be7 - i.e. the
stratospheric intrusioﬁs - and Ha—flares is not dependent
on the seasons either. Thus, we are facing here a stable
and fundamental process which is independent of the phase

of solar activity and the change-over of seasons.

The.bottom line in Fig. 7a denotes the quotient P32/Be?
around the Ha—flare key days. We observe a correlation
between this quotient and the flares: At the time of solar
maximum the quotient is found to maximize on the key day,
and at times.of solar minimum it is at a minimum on the key
day. If we simultaneously considér the seasons, we note

(in reasonable agreement with [1]) the following:



In winter and during solar minimum the quotient declines

on the key day to about 20 x 10-3, in summer and during
solar maximum it rises to 65 x 10—3. The former value means
a residence time of the aerosol in the lower stratosphere

in the order of 50 to 70 days, the latter quotient such one
of 15 to 20 days. Accordingly, solar activity - especially
snlar flares - seem to influence significantly the residence

time of stratospheric aerosols.

Fig. 8 shows in the upper line the behavior of the ozone
concentration at 3 km altitude and in the second line the
variations of the atmospheric total ozone before, during,
and after solar flares. The concentration of the local
ozone at 3 km altitude- increases significantly from the 3rd
day before the flare until the 5th day thereafter. At the
time of solar minimum é significant change cannot be seen

but in this case the number of data is still too small.

Notable is the behavior of the atmospheric total ozone:

We find a significant decrease from the day preceding the
flare which continues until the 4th or 5th day following
"the flare. The amplitude reaches at the time of decreasing
solar activity almost 10%. During minimum solar activity,
However, such a correlation is no longer observed (only

26 key days).

Since the question of an influence of solar activity on the
atmospheric ozone has been discussed for many years, these
results should be judged from another aspect. They possibly -
may be of importance with regard to a causal link which we

will specify later. .

Fig. 9 shows the correlation between solar'flux (2695 MHz)

and the neut;on density, respectively, with Ha-flarés.

The solar flux responds in a known manner: A broad maximum

on the flare day,,increase and decrease extending over sev-

eral days. With decreasing solar activity the mean value of



the solar flux shows also a marked decline. The amplitude

of the variation is almost independent thereof, howecver.

The neutron density clearly reflects the well defined Forbush
decrease: Attenuation of the galactic cosmic rays -by the so-
lar wind, an event setting in a few days before the flare does
actually occur. The minimum,of neutron density is found ap-
proximately on the 4th or 5th day éfter the flare. The mean
value of the neutron density increases, as is known, c¢onti=
nously with decreasing solar activity. It is remarkable that
the amplitude of the variation around the flare key days is
rather greater during the period of solar minimum than

during that of sélar maximum. This is certainly due to the
fact that during solar minimum the flare events occur well
isolated in time which results in obtimum synchronization'

by the superposed epoéh analysis method.

The flare-related variations of the neutron density are sig-
nificant. The fact, that reduction of the neutron density
sets in several days before the flare, i.e. as an active
region (M-region) approaches the central meridian of the sun
‘needs explicitly to be pointed out again. Without providing
a figure as proof it is merely mentioned here that the rel-
ative sunspot numbér and also the calcium plage index show
similar to the solar fiux a broad maximum during the period
of Hq—flares, and they are also characterized by an increase

extending over 5 to 7 days -until the flare event.

Using the daily means of neutron density we selected days
with a maximum Forbush decrease (i.e. minimum of neutron
density). Fig. 10 shows in the bottom line the variation
of neutron density around these key days.The principle of
selection is thus clearly presented: Minimum of neufron

density on the key day or on the 1st day thereafter, steep



decrease of the neutron density toward the key day, begin-
ning decrease of the neutron density between 2 - 5 days
prior to the key day. It is also 1nteresting to note in
Fig. 10 the behavior of solar flux around the Forbush key
days: Absolutely indépendeﬁt of the phase of solar activity
the maximum of solar flux is found 3 days before the key
day. ’ )

Fig. 11 illustrates the behavior of geomagnetic index Ap

" “and the index of radio propagation around the Forbush key
day. Ap shows Lhe maximum on the key day but the increase
sets in several days before. The radio propagétion index
decreases on the average 5 to .6 days before neutron density,
reaching it maximum on the key day. Figs. 10 and 11 shall
give particularly clear evidence of the well defined and
meaningful relation of‘the selected Forbush key days and

the solar behavior.

Fig. 12 relates the stratospheric intrusions Be7 as indica-
tor) and the stratospheric residence time (quotient P3Z/Be7)
to the Forbush key days. The total data and the data cover-
"ing the. period of maximum solar activity show with statis-
tical evidence that the Be7 reaches a maximum on the day
before the Forbush key_dayf Consequently, stratospheric
intrusions occur very ofteﬁ 2 to 3 days before the key -day.
The quotient P32/Be7 reaches its minimum with about 35 x 10-'3
on the Forbush key day. Prior to the Forbush key day the ‘
quotients are - even though fluctuating - essentially higher.
That means, that a correlation exists also between the
Forbush effect and the resfdence time of aerosols in the
lower stfatosphere. The number of key days during decreasing
or minimum solar activity was too small to obtain signifi-
cant results (N = 10 - 18). Gathering of more material is

therefore required.

The amplitude of the variation of the Be7 concentration
from the 7th until the 1st day before the Forbush effect
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is in the order of 45 - 60%, that means it is analogous to

the variation around Ha‘fldles-

It remains to be mentioned that also the relative sunspot
number and the calcium plage index show a characteristic
variation around Forbush key days, with the maximum occurring
1 to 3 days before the Forbush effect.

The mentioned correlation between stratospheric intrusions
and stratospheric residence time, respectively, and the
Forbush effect may possibly be regarded with a view to a.

causal link which we will discuss in some detail later.

3.4. Days with Maximum Be7_at 3_km Altitude as Key_Days

From the hitherto existing results we should expect that
solar or geophysical parameters would show a variation if
days with maximum Be7 concentration are taken as basié for
a superposed epoch analysis. We must consider, however,
that not every maximum in the Be7 concentration is caused
by a solar event. Such a maximum may have alsoc purely mete-
orological causes: Washout, for instance, removes the Be7:
from the troposphere and a Be7 peak may therefore occur
between two washout periods. Fig. 13 shows some results

from the total data. We find that the neutron density and
atmospheric total ozone decrease significantly from the

2nd day before the key day until the 2nd day thereafter.
That is consistent with our earlier findings. The noted
neutron density variation corresponds to the typical trend
of .the Forbush effect which is associated with a maximum of
the Be7. Thus, ﬁhe time lapse in Fig. 13 is in full agree-
ment with our above stated findings. The same applies to

the total ozone: It is clearly reduced after the solar flare
(Fig. 8), that means at a period when the maximum of the Be7

is found (Fig. 7a).

Finally, Fig. 13 shows that the Be7 peak at 3 km altitude is



also associated with a maximum of the local ozone concentra-
tion. This, again, is a logical consequence hecause in the
case of intrusions the ozone flows from the stratosphere

into the tropospheric station just so as.the Be7.

Fig. 14 compiles the dependence of neutron density, total
ozone, and Be7 on solar Ha—flares where we purpusely confine
ourselves to the period 1973 through 1975. Although solar
activity denreased during that period and the individual
‘flares occurred well isolated in time, the total number ufl
flares was not too small for a statistical investigation
(number of cases: 50). We observe an interesting sequence:
As soon as the heutronvdensity starts to decfease (1. in a),
the total. ozone reaches temporarily a maximum (2. in b), and
4 to 5 days later the maximum of the Be7 is found (3. in c).
Certainly it is not possible to infer from that immediately
a physical link. Nevertheless this time.séquence gives us a
thought: It appears as if the triggering process for a stra-
.tospheric intrusion would be initiated by 1. and 2., so that
then, after a travel time of 4 to 5 days, the maximum of the
Be7 can be observed at 3 km altitude. Anyway, this sequence
is a stimulus to a future detailed study of the time varia-
tions of the 3 afore mentioned parameters with particular
consideration of the fine structure of the ozone concentra-
tion up to at least 35 km.

4. Conclusions and Discussion of the Recent Relevant

Literature

It seems to be interesting that already with the use of an
8-year data material it has been possible to identify a
significant influence of solar activity on atmospheric con-
ditions and processes (stratospheric intrusions). The most

obvious correlation is found with Ha—flares irrespective of



solar activity and seasons. Compared with this, the corre-
lation between passages of the sector structure boundary

and stratospheric intrusions is much less pronounced at spe-
cific seasons and during minimum solar activity.
Incidentally, there are more recent investigations (see e.q.
[6]) which cannot confirm earlier findings regarding effects
of sector structure boundary passages in the atmosphere

(c.f., however, also [71).

When discussiné; solar influences on weather and climate we
must strictly distinguish between long-term relationships
(see, for instance [8]) and short-term phenomena. The latter
type applies to time lapses extending over periods in the
order of days or weeks (see e.g. [9, 10]) and the other one
to trends in the order of one or more solar cycles. Our in-
vestigations discussed in this paper belong to the type of
short-terh phenomena although the data records used cover a
period of 8 years. New findings concerning both types of
the solar terrestrial relationship have been presented at a
Symposium/Workshop in 1978 [11]. In spite of some contra-
diction these results confirmed on the whole again the
.existence of solar influence on the lower atmosphere.
Different causal links are valid for either type of the

relationships.

Within the scope of meﬁeorological studies at this Symposium
geomagnetic parameters have also.been used for describing

the solar activity {(in this regard see also {12]). In our
investigétions we equally used days with strong geomagnetic
sﬁorms as key days but this partial study did not result in
new findings. Rather, the correlation becomes somewhat more
complicated to define because the geomagnetic activity itself
depends in a complex manner on the solar primary event

(aside from a control by geomagnetic latitude, conditions

of the inonosphere, and others).
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Reference is also made to the publication of A.B. Pittock
" [13] because of its very accurate survey of literature.
The given critical look deals mostly with long-term sun /
weather relationships and their aspects regarding the
global climate, nevertheleés the short-term phenomena are
discussed and positively assessed.

Within the scope nf general meteorological considerations
the latest study of Larsen and Kelly :[14] should be mentioned
because it deais also with the significance of weather fore-
casts. The authors state the following: "Approximately two

- days following a solar sector boundary crossing the accuracy
of forecasting the positive vorticity assumes a minimum".
This result is in some way related to our findings (see 3.6.)
but we found that the predictive quality increases after
boundary crossings and deteriorates before the sector cros-
sing. This does not necessarily mean a contradiction because
different kinds of meteorological forecasts haye been .used

in both investigations.

The noted good correlation between the initial decrease of

“the galactic cosmic proton density before a flare and the
subsequent Forbush effect on the one hand, and the immediate-
ly following variations of the total ozone and stratospheric
intrusion frequency on the other, must be regarded as an
essential part of our more recent résults. We, therefore,

refer at first to a series of publications dealing with the
fundamental correlations between the sun and cosmic radiation,
in particular with the Forbush decrease [15 - 21]. o
Néher and Anderson [(15] have shown rather early the inverse
correlation of both solar activity (sunspot number and geo-
magnetic activity) and the ion production in the stratosphere -
though for very high northern geomagnetic latitude. This cor-
responds to the classical pattern of the long-term Forbush
effect.
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The work of [21] deals with a critical study of short-term
phenomena in connection with Forbush-decreases where the
relation to the individudl parent flares between 1965 and
1976 has been analyzed.

The recurring sequence of decreasing neutron density, in-
creasing total ozone, and subsequent triggering of strato-
spheric intrusions (see 3.5.) suggests to examine whether

a physical link may possibly be invloved here.

It is a fact, that ionization and generation of exited ni-
trogen in the lower stratospheré are exclusively oauéed hy
the high energetic galactic cosmic'rays. Only in very rare
cases (after extremely vigoroue flares) also solar protons
reach the lower stratosphere for a period of minutes or
_some hours. These exceptional cases are so infrequent that
they can be disregarded in the assessment of our statisti;
cally obtained results. On the other hand, the duration of

the Forbush decrease is in the order of days.

Because the energy density loss of galactic cosmic rays
is intensified in the lower stratosphere, the generation

of ion pairs and exited nitrogen takes mainly place there
(see e.g. [22 - 26]). The exited nitrogen atoms react with
the oxygen molecules to fofm NO and O. Consequently, we find
mainly in the lower stratosphere a dependence of the NO-
concentration on the intensity of cosmic radiation (mainly
galactic cosmic rays, rarely solar proton events) and there-
by on the solar activity in general. Hence, an invefse cor- .
relation exists also between sunspot number and NO-concentra-
tion in the stratosphere following solar activity with a
period of 11 years. According to [27] the estimated global,
yearly production of NO varies between about 1.2 x 1033 at
solar maximum and 1.8 x 1033 molecules at solar minimum.

The amplitude‘ofithis variation increases however remarkably

with growing geomagnetic magnitude so that the variation
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in the NO-concentration in the stratosphere at latitudes
> 60° should be essentially more pronounced which is sug-
gested there also directly from the solar-related ion pro-
duction. (Ion production and NO generation are directly
proportional to each other [26]).Dickinson [é4] points out
that the greatest rate of ionization (and thus of NO pro-

duction) happens near the tropopause.

Ruderman and Chamberlain [22] use the mentiovned 11 -ycar
period of stratospheric NO-concentration for determining
the expected periodicity and amplitude of the ozone concen-
tration in the stratosphere. These considerations are based
on the fact that part of the ozone is destroyed by NO. The
authors find thus modulations of the-stratospheric ozone
concentration which are consistent with available measure-
ments of time-lag, latitude dependence, and magnitude of
cyclic variations of ozone. Whether these observations are
quantitatively correct.remains to be seen. (See in this
regard the critical discussion in [28] which refers to an
effect of fluctuating solar UV flux between 180 and 340 nm).
Nevertheless it appears obvious to assume a direct correla-
tion between the decrease of galactic cosmic rays and the
increase of the total ozone. However, only one-dimensional
models applying to long-term variations have been used so
far in the calculation of chemical reactions and concentra-
tions. Whether there may be dlso short-term reactions in the

order of days remains undecided for the time being.

Mention be made here of the high ozone concentration observed
by us in the lowest stratosphere after solar flares. The ques-
tion of whether here the simultaneous decrease of the galactic
cosmic ray density may be assumed as causative factor in terms
of a physical link or whether another mechanism is involved
must 1ikewise.be left open for the present time. We must also
ta}e into account that the high ozone in the lower strato-
sphere has been transported to our measuring station from
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larger distances, mainly from northern latitudes. In fact,
the Be7 collected during high peaks at our stations origi-
nates as a rule froﬁ latitudes >600; But just here, in the
auroral belt, direct effects of galactic cosmic rays via

chemical reactions are most likely to be expected.

)

Drastic variations in the ozone concentration in the lower
stratosphere would next lead to temperature changes (via
fluctuations of the stratospheric temperatﬁre profiles as
a.function of various trace gases) [29].

Stannlonis and Chamberlain [30] state:"The relationship
between simple'theory and observations is best at Lhe low-
est parts of the:stratosphere( suggesting that the most
direct control of ozone on temperature exists in the fairly
inert region wherec ozone chemistry is umimportant and where
the heating is due mainly to the absorption by ozone of
direct solar ultraviolet and visual and terrestrial infra-
red radiation". Hence, a temperature change -~ in case of
increasing ozone concentration above the trobopause a rise
of temperature - might ultimately initiate a cyclogéhesis
and méy, thereby, triéger the stratopsheric intrusions and
alter the structure of the tropopause. These are first as-
sumptions based on our most recent findings. Whether or not
they are quantitatively realistic cannot be decided with
certainty at this moment and even .qualitative considerations

remain unsolved for the present time.

Notwithstanding reference is made to the following observa-
tion of late [31]:"As the plasma (from the sun) is swept
past the earth by its outward flow and the solar rotation,
it impinges on the geomagnetosphere and deforms the magnet-
ic cavity enclosing the earth. The main consequence of the
interaction between the solar wind and the magnetosphere is
the creation of magnetic field conditions that permit both
entry and injection of high energy particles into the auro-

ral latitudes on the earth. Such fluxes of particles alter
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the ionization and temperature structure of the stratosphere
at high latitude and may, thereby, influeéence circulation
throughout our atmosphere."

‘Bassart and Yarger [32] obsefved, by the way, an influence
of solaxr events on the height of the tropopause but these
authors rely ' on dates of boundary crossings.

Finally, still une remark: It is no fundamental proof to
the contrary that in a recent investigation [33] no corre-
lation has been found between the atmospheric ozone profile
and solar action induced by geomagnetic activity because
this study is not based on daily profiles of the strato-

. spheric ozone. But.it is just that what our investigations
have shown: Drastic fluctuations of the ozone.in the stra-
tosphere occur often from day to day and sometimes even in
still shorter intervals of time. For significant results,

daily ozone sonde flights are therefore a minimum demand.

Summing. up, it must be said that the noted sequence:
Forbush effect + temporary inérease of the total ozone =+
sporadic peaks of ozone concentration in the lowermost
Stratosphere + and triggering of stratospheric intrusions
is possibly due to a physical link. However, more in-depth
studies are required over an extended period of time to

confirm this conclusion.
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VII. CONCLUSION

The works performed under contract on improved technical

bases led in the reporting period to the following results:

Through lidar observations an aerosol layer can be detected
in the lower stratosphere between 15 and 25 km altitude.
The backscatter maximum is observed at an altitude of 17

to 22 km. The presently observed and rather low backscatter
intensity is comparable to that noted'before the eruption

of volcano Fuego.

Based on 8-year recordings of the concentration of strato-
spheric radionuclides, ozone at 3 km altitude, and the
total ozone, the influence of éolar events on intrusions

of stratopsheric air into the troposphere has been studied.
Observed was a marked increase in the ffequency of stra-
topsheric intrusions after Ha—flares and during Forbush
effects. A significant, even though weak, influence of pas-
sages of‘the interplanetary magnetic field sector boundaries
could likewise be éstabliShedﬂ

The causal relationships continue, however, to be unexplained.
Consideration of all mechanisms that may come into question

is needed to clarify this. Work hereon is in progress.

VIII. FUTURE PLANS

1. Continuation of aerosol sampling on the Zugspitze;
determination of the concentration of cosmogenic radio-
nuclides for detection of stratospheric intrusions into -

the biosphere.

2. Calculation of isentropic trajectories for long-term
periods described in the present report; classification
of tropospheric flow conditions relative to a climatology

of stratospheric intrusions.



On the basis of a more extensive data material estima-
tion of the mean stratospheric residence times by means
of the activity ratio P32/Be7; rc-checking of the earlier

found seasonal differences.

Remote sensing of stratospheric aerosol layers up to 35
km altitude by means of lidar with simultaneous measure-
ment of the aerological variables through radiosonde

ascentsof our own.

Application of the knowledge achieved as to the question
of whether stratospheric intrusions influence the tro-

pospheric ozone balance:

a) Measurement of the ozone at 3 different levels in the

lowetr troposphere,

b) determinatiqn of the ozone balance with consideration

of pollutants (e.g. NOX, reactive hydrocarbons) ,

c) effects of stratospheric intrusions on the tropospheric

_ozone.

Further studies of solar influences on stratospheric
intrusions -and on the structure of the stratospheric

ozone profile.



ABSTRACT

The studies ot the straLospherithropospheric exchange have -

been continued.

Continous data of the concentration of cosmogenic radio-
nuclides Be7, P32, P33 as well as of fallout and daily means
of ozone concentrations, measured at 3000 m ASL are pre-

sented for the reporting period.

Installation of two additional ozone measuring stations at
1800 and 740 m ASL provided the means for getting insight

“into the balance of the tropospheric ozone.

First results of routine monitoring of the stratospheric
aerosol with a high resolution lidar are shown.

Accuracy of the method is discussed.

Control of the stratospheric-tropospheric exchange by
solar activity is examined with the aid of the key day
method using an 84year measuring sequence. Relevant liter-

ature available on the subject is reviewed.
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LEGENDS OF FIGURES

Fig. 1:

Fig. 2:

Fig. .3:

Fig. 4:

Fig. 5:

Graphical representation of the concentration of
fallout, Be7, P32, and ozone of the period
Augusl 1976 through October 1977

Lidar'backscattering profile ahd computed mole-

. cular return on 15 September 1977. Error bars

denote one standard deviation of the photon counts.
Analogous to Fig. 2; date 30 September 1977

Ratios of measured total to calculated molecular
backscattering. Horizontal bars (indicated by T
on thg left) denote.the tropopause; solid line:
Institute radiosonde;‘dashed line: Munich radio-

‘sonde. Period October 1976 through June 1977.

Analogous to Fig. 4; period July 1977 - October 1977

Figs. 6 - 14 are uniformly plotted. They represent in all

cases superposed époch analyses around key days. The key
days are indicated in each partial diagram by the sign +
One and the same type of a key day, stated at bottom margin,

abplies to each one of the figures which all consist of

several partial diagrams.

The verticaliy arranged paftial diagram belong all to the

same classification of data periods stated at the upper
margin of the figure. The symbols following below stand for:

TOTAL: All data of the entire period from November
1969 through 1977;
SOLAR MAX: Period of maximum solar activity (e.g. data

from November 1969 through 1972 inclusive);

SOLAR DECR: Period of decreasing solar activity (from

1973 through 1975);
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SOLAR MIN: Period of solar quiet (e.g. data from
January 1975 through February 1977).

The parameter being analyzedvaround the key day is stated

on the left margin beside each line of the partial diagrams.
The number of key days, taken as basis for each of the indi-
vidual diagrams is indicated by N. The vertical bars repre-
sent the standard deviation. The superposed epoch analysis
from -12 day before the key day to +12 day after the key

day is plotted always from left to right.

Fig.. 6 : Influence of season and polarity in the study of
a correlation between Be7 and passagye of a sector

boundary as key day.

Fig. 7a: There is no influence of the phase of solar activ-
ity on the correlation Be7 ++ solar flares;
however, the quotient P32:Be7 seemé to depend on

solar flares. : |

Fig. 7b: Correlation Be7 <> Ha—flare, independent of the

season.

Fig. 8 : Significaht correlation of local ozone at 3 km
altitude and total ozone with solar flares -

except for minimum solar activity.

Fig. 9 : Solar flux and neutron density, showing a signifi-
- cant maximum around flare days independent of the

phase of solar activity.

Fig. 10: Variation of the neutron density and solar flux

around days with Forbush effect.

Fig. 11: Same as Fig.10 for geomagnetic index Ap and

" radio propagation index.



Fig. 12:

Fig. 13:

Fig. 14:
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Correlation between Be7 and quotient P32:Be7,

respectively, and Forbush effect.

Behavior of neutron density, total ozone, and
local ozone at 3 km altitude around key days with

maximum Be7 values.

Conspicuous time sequence around Ha-flare key

days (period uf decreasing solar activity):

1. Beginning decrease of neutron density, 2. steep
increase of the total ozone to reach a maximum, and
3. significant maximum of the Be7, 2 to 3 days
after the key day.
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FIGURES 1-14
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ANNEX

Results of Diurnal Measurements

TABLES TI-XvV

‘Diurnal‘conéentrations of Be7, P32, P33,

and some fallout elements (heavy metals)

in the air at 2964 m a.s.l. .
(Zugspitze peak)



Aug

fallout

Radioactivity pc/m3

Be7 P32 P33 03
1976 1072 .1072 1072 1072 ppb
1 0.27 8.49 2.59 1.84 /.
2 0.49 13.47 3.49 2.92 /.
3 0.94 16.03 3.66  3.27 /.
4 0.53 9.47 2.35 1.94 /.
5 0.53 8.43 1.97 2.12 /.
6 0.53 9.32 2.32 2.25 /.
7 1.23. 18.66 Lo47 L2k /.
8 1.43 17.75 4,21 3.66 -/,
9 0.94 15.04 3.56 3.23 /.
10 0.40 4.91 1.16 1.04 /.
11 0.61 6.26 1.77 1.43 /.
12 1.06 12.04 2.18 2.42 /.
13 1.13 13.88 3.49 2.50 /.
14 1.29 14,37 3.58 3.36 /.
15 1.37 17,44 4.9k 3.32 /.
16 1.22 14.09 3.85 4.12 /.
17 0.66 8.59 2.14 1.95 /.
18 0.80 10.04 2.38 1.92 /.
19 0.98 9.73 2.66 2.65 /.
20 0.78 8.04 ... 2.21 2.25 /.
21 0.82 17.93 L.36 3.91 VS
22 1.38 20.89 5.32 bLo47 /.
23 1.07 14.80 3.72 3.02 /.
2l 1.67 18.14 5.07 4. 4O /.
25 1.70 23.20 6.09 3.56 /.
26 1.72 19.67 4.99 3.00 ..
27 1.22 13.96 2.92 1.42 ..
28 0.93 10.31 2.60 1.52 /.
29 0.92 8.45 2.13 0.90 ..
30 0.41 7.23 1.62 0.88 /.
31 0.29 4.80 1.06 0.79 /.



Radiocactivity pc/m3

IT

N
-

Sep fallout Be7 P32 P33 03
1976 1072 1072 L1072 1072 ppb
1 0.39 3.43 0.78- 0.58 /.
2 0.75 - 6.60 1.56 1.31 /.
3 0.16 1.89 0.50 0.58 /.
4 0.09 1.13 0.26 0.30 /.
5 0.33 2.39 0.58 0.48 /.
6 1.08 21.66 7.30 3.15 /.
7 1.03 24.25 7.34 3.29 /.
8 0.93 19.83 4,70 - 4. 41 /.
9 1.13 10.74 2.68 2.27 /.
10 0.28 7.63  2.05 0.66 /.
11 0.72 22.49 5.69 4,12 /.
12 0.59 8.37 1.94 0.94 /.
13 0.18 1.77 0.71 0.90 /.
14 0.43 11.55 2.63 1,41 /.
15 0.29 4.52 1.12 0.83 /..
16 0.14 2.30 0.31 0.43 /.
17 0.43 2.95 0.73 0.61 -/,
18 0.55 . 6.07 1.34 0.57 /.
19 1.66 16.87~  3.34 2,34 /.
20" 1.15 11.65 .  3.07 2.07 /.
2.22 20.05 - 4,39 3.10 /.

22 1.36 15.97 3.71 -2.38 /.
23 1.19 .16.39 3.47 2.50 /.
24 1.83 14.92  3.26 1.79 /.
25 - 1.89 14.50 4,32 3.38 /.
26 1.43 12.91 3.76 2.75 /.
27 0.96 9.30 3.28 2.16 /.
28 1.05 7.5 2.49 1.58 /.
29 0.20 4,52 12.07 0.93 /.
30 0.46 6.56 1.60 1.78 /.



III

Radiocactivity pc/m3

Oct fallout Be7 P32 P55 03
1976 .107° .1072 1072 .1072 ppb
1 0.55 8.54 2.16 1.87 /.
2 0.38 3.03 0.77 1.13 /.
3 0.23 2.14 0.62 1.25 /.
4 3.93 6.46 2.83 1.92 /.
5 37.61 26.90 12.04 12,46 /.
6 93.74 33.20 17.07 20.53 /.
7 212.76 25.64 19.12 31.92 /.
8 93.03 18.92 11.38 17.69 /.
9  23.84 16.64 5.89 6.12 /.
10 160. 39 25.42 14,73 29.91 /.
11 193.37 16.84 11.36 21.54 /.
12 111.82 5.23 1.96 2.57 /.
13 0.61 6.82 0.95 0.86 /.
14 2.3h 3.97 1.54 1.83 /.
15 3.09 5.80 1.99 2.49 /.
16 17.99 11.18 3.25 4,24 /.
17 15.14 13.33 3.29 5.41 /.
18 27.44 24,30 5.91 12.15 /.
19 10.00 10.65 = 4.60 4.90 /.
20 29.45 13.99 - . 3.65 8.43 /.
21 45,27 28.00° 5.07 17.13 /.
22 51.67 40.47 8.01 21.04 /.
23 68.37 - 38.27 9.57 28.83 /.
24, 38.73 24,36 5.69 18. 44 /.
25 12.51 18.83 3.71 8.37 /.
26 5.04 4.90 1.65 3.62 /.
27 1.40 2.08 0.99 0.99 28.2
28 3.90 8.98 2.32 3.58 31,23
29 1.59 2.70 1.33 1.76 31.42
30 1.90 4.73 1.75 3.32 28.26
31 1.61 3.82 1.29 2.33 27.00



Radioactivity pc/m>

v

Nov fallout Be7 P32 P33 03
1976 1072 .1072 1072 10™3 ppb
1 6.42 10.58 2.95 6.46 32.68
2 6.37 10.78 3.06 6.4k 31.17
3 2.28 15.80 2.49 3.06 31.04
A 1.99 4.10 1.32 1.22 30.07
5 2.12 5.18 1.74 2.29 32.10
6 2.33 5.41 1.42 2.12 31.62
7 1.72 3.22 0,41 0.73 31.00
8 4,02 12.73 - 3.56 6.54 34,91
9 2.38 15.01 3.4 3.80 31.01
10 1.79 6.96 2.22 3.67 29.93
11 "1.57 5.56 2.09 2.73 31.17
12 3.49 14,40 4,16 6.81 34,36
13 0.99 3.71 0.84 1.25 26.45
14 0.32 0.94 0.43 0.67 /.
15 0.51 1.78 0.89 0.68 21.49
16 1.51 8.56 2.51 3.53 29.48
17 2.54 15.14 3,45 4.95 32.83
.18 1.69 . 9.17 2.32 3.93 31.55
19 2.16 12,7277 2.95 4,90 25.99
20 0.34 0.55 . . 0.77 0.99 15.27
21 0.29 - 2.28" 1.08 1.07 29.03
22 . 0.66 2.19 1.16 0.97 29.84
23 0.771 1.11 0.82  0.32 23.24
24 0.29 0.92 0.75 0.48 21.55
25 0.26 3.72 1.10 0.61 /.
26 1.15 18.55 4,92 4,64 19.74
27 1.22 16.37 4,45 4,76 29.88
28 1.99 31.51 8.10 9.72 34,58
29 2.39 19.91 - 4,84 6.17 30.59
30 0.53 2.55 0.40 0.43 25.88



\'

Radioactivity pc/m3

Dec tallout ‘Be7 P32 D33 | Oy
1976 .1072. 1072 1073 1072 ppb
1 0.61 4,99 0.94 1.53 26.70
2 - 0.59 3.70 0.53 2. 44 27.01
3 0.59 4,58 0.70 1.82 27 .46
4 1.00 6.35 0.87 2.14 27.67
5 0.64 7,44 1.02 1.88 30.95
6 0.63 10.33 2.01 2.13 27.80
7 0.50° 7.37 - 1.47 12.30 28.89
8 0.25 ° 3.59 © 0.56 0.93 30.86
9 0.67 7.78 1.65 2.27 25.11
10 0.15 0.87 0.24 0.84 24.19
11 0.55 2.47 0.63 1.13 /-
12 0.38 0.41 0.01 0.36 /.
13 0.84 4,12 0.79 1.82 20.70
14 0.48 6.40 0.11 2.02- 28.73
15 0.77 9.95 2.81 2.67 30.99
16 1.20 13,71 2.81 2.98 25.47
17 1.12 5.35 1.11 0.99 22.97
18 0.86 4,02 0.97 1,24 25.92
19 0.38" 3.99  0.89 1.06 26.32
20 0.45 10.33 -~ = 1.65 2.06 28.60
21 0.64 16.37 3,21 4,12 27.38
22 0.63 15,03 3.03 3.49 - 26.99
23 0.60 19.72 3.82 3.34 29.77
2L . 0.90 16.05 2.78 2.67 35.90
25 0.80 16. 41 2.47 2.99 33.98
26 0.64 14.03 2.06 2.62 34,21
27 1.27 23.58 4,31 5.43 */.
28 1.14 15.52 3.0 3.30 /.
29 0.61 9.0L 1.95 2.46 29.2
.30 0.73 21.50 4,91 L, 24 24,35
31 0.28 4,75 1.17 1.64 23.92



VI

Radioactivity pc/m3

Jan fallout Be7 P32 P33 0%
1977 .1072 1072 L1073 1072 ppb
1 0.14 1.37 0.16 0.65 26.22
2 0,32 6£.17 1.17 1.70 30.07
3 0.26 1.83 0.56 0.47 16.59
4 0.22 2.01 0.44 0.53 23.18
5 0.45 6.01 1,31 2.49 19.09
6 0.87 6.89 .11 1.98 23.11
7 0.39 6.96 1.22 2.59 29.35
8 0.30 6.38 1.15 1.90° 31.26
9 0.76 17.70 3.51 4,60 30.32
10 0.54 7.00 1.77 2.34 24.49
11 0.18 1.33 0.19 1.20 22.18
12 0.28 3. 41 0.48 1.25 17.39
13 0.4k 9.84 1.78 2.37 18.53
14 0.34 7.64 1.36 2.4 26.90
15 0.29 2.36 0.38 0.95 21.28
16 0.21 0.74 0.15 0.47 9.71
17 0.27 5.35 1.04 1.45 15.07
18 0.36 13.33 - 2.50 3.08 ©30.64
19 0.81 15.18 L, 14 4,45 25.81
20 . 0.20 "1.60 0.46 0.80 28.59
21 0.59 14.19 3.03 4,25 29.25
22 - 0.36 2.36 0.48 1.22 24.83
23 0.76 6.16 1.07 2.67  25.25
24 0.93 8.16 1.52 2.27 28.10
25 0.44 5.06 1.08 1.87 23.49
26 0.26 5.58 0.97 2.26 28.48
27 0.34 7.24 1.22 1.83 28.50
28 .0.51 - 5.76 1.14 1.11 25.43
29 0.16 0.94 °  0.35 0.38 20.33
30 0.4k 4.75 1.15 1.51 23.96
31 0.61 6.54 1.47 1.52 29.49



Radioactivity pc/m3

VII

.53

Feb falloul De7 P32 P33 03
1977 .1072 1072 1077 1077 ppb
1 0.78 13.63 2.86 3,13 28.66
2 0.L45 18.20 3.74 4,68 33.50
3 0.46 19.08 3.49 7.07 33.17
Y 0.37 13.78 1.75 4,67 29.22
5 0.14 0.62 0.08 0.65 19.57
6 0.07 0.13 -- 0.47 18.21
7 1.00 9.76 1.85 4, 41 19.94
8 0.05 0.50 /. 0.40 /.
9 0.11 1.08 -- 0.59 /.
10 0.16 3.33 0.56 1.97 /.
11 0.49 9.59 1.90 4.94 /.
12 0.17 2.35 0.46 1.58 /.
13 0.26 /. 0.65 2.13 /.
14 0.42 7.97 1.21 3,22 /.
15 0.53 5.53 0.92 2.41 /.
16 0.34 8.79 1.07 2.61 /.
17 0.34 3.46 0.53 2.03 /.
18 0.65 . 7.61 1,46 4,32 /.
19 0.58 7.29 1.68 4,50 30.51
20 0.19 2.36 0.60 2.09 25.25
21 0.25 Lo1b 0.99 2.75 35.92
22 0.43 7.30 1.43 4.36 33.88
23 0.42 7.59 1,45 4,31 28.69
24 0.30 '3.94 1.22 1.03  31.72
25 0.18 2.34 0.70 0.46 32.55
26 0.17 2.25 0.86 1,46 29.01
27 0.34 2.77 0.80 0.85 30.2L
28 0 8.75 2.60 1.98 34,12



Radioactivity pc/m3

VIII-

March fallout Be7 P32 P33 O+
1977 1072 1072 1077 L1072 ppp
1 0.74 17.22 4,51 3.50 37.92
2 0.41 3.87 1.26 1.55 30.59
3 0.65 6.07 1.81 2.64 28.43
4 0.83 10.00 2.91 3.69 35.23
5 0.99 12.00 3.52 4,16 45.79
6 1.01 15.49 4,42 5.40 37.53
.7 1.36 13.84 3.88 7.74 30.56
8 2.39 25.02 342 8.25 33.82
9 2.39 20.82 3.94 8.99 33.38
10 2.44 20.62 5.91 8.96 30.86
11 1.60 11.31 3.16 4,41 30.18
12 0.25 1.98 0.54 0.96 28.58
13 0.53 3.92 1.26 1.98 30.64
14 0.67 5.86 0.68 «  6.52 30.27
15 1.77 15.68 2.72 9.65 32.94
16 2.10 19.77 7.22 19.55 21.02
17 2.34 17.02 5.38 15.62 27.23
18 2.12 11.98 2.53 11.92 30.07
19 0.27 1.91 ~  0.86 10.23 31.44
20 0.61 4.9k 1,44 . 8.61 35.34
21 0.76 6.29 - 1.87 10.63 = 31.25
22 .1.56 9.86 2.92 13.67 28.27
23 2.64 19,41 2.07 7.83 27.75
24 2.92 18.31 6.16 23.89 28.74
25 2.73 18.51 5.67 19.75 29.03
26 2.48 14,29 3.61 14,98 29.22
27 0.74 4,82 1.97 10.11 33.71
28 0.34 - 2.57 0.90 11.57 23.38
29 0.30 1.44 0.45 7.90 20.84
30 0.34 1.63 0.91 7.07 32.57
31 1.86 27.49 8.05 18.70 37.29



Radicactivity pe/m>

IX

.94

Apr fallout Be7 P52 P33 03
1977 .1072. 1072 10" 1072 ppb
1 0.84 4,84 1.13 8.39 21.31
2 1.10 10.04 h.09 15, 6F %1.85
3 0.68 6.61 2.35  10.25 35.16
4 0.48 4, 44 1.17 5.77 . 35.98
5 1.54 16.17 4.85 11.84 42.02
6 2.42 17.31 7.4 28.59 38.45
7 0.88 6.47 2. 41 14,82 42.15
8 0.41 2.29 PN 10.92 33.15
9 0.48 2.16 1 0.86 9.00 23.83
10 0.62 4,54 1.28 8.62 42,36 -
11 0.48 4,36 1.02 7.53 40 .43
12 0.22 2.48 0.82 7.11 39.09
13 0.19 1.12 1.23 1,54 /.
14 0.30 1.93 0.80 11.37 /.
15 0.17 0.66 0.35 9.39 35.08
16 1.69 17.49 5.95 16.24 Lty 05
17 1.98 17.74 6. 3L 15.60 Ly, 07
18 2.11 16.79 5.80 15.34 46,96
19 .14 11.67 3.61 11.53  37.18
20 1.81 20.37 .- 6.48 18.01 42.64
21 0.88 2.34 4,42 15.35 49.02
22 2.4, 6.92 7.36 21.87 44,68
23 0.83 3.40 2.13 9.82 34,34
24 0.39 1.80 1.04 7.08 35.29
25 1.01 4.06 2.76 12.21 41.95
26 2.31 8.67 5.29 13.44 43,27
27 1.67 7.05 2.58 3.98 41.33
28 1.12 2,79 2.35 13.09 39.50
29 0.66 1.47 1,43 8.97 39.75
30 0 2.95 2.51 8.73 38.18



Radioactivity pc/m>

X

May fallout Be7 P32 P33 03
1977 1072 1072 1072 1073 ppb
1 0.94 2.95 2.51 8.73 35.66
2 2.33 7.15 6.57 20.44 40,87
3 1.69 4,25 4,22 13.79 39.01
4 1.20 . 3.73 3.10  16.26  35.01
5 1.15 4.88 3.99 18.91 38.35
6 0.50 4,96 3.80 11.73 39.61
7 0.54 4,67 2.80 9.33 42.51
8 0.44 1.42 - 0.48 4.99 37.26
9 0.76 2.09 1.24. 3.45 40.08
10 0.97 2.02 1.86 10.60 38.04
11 1.57 4.86 4.87 16.08 34,46
12 1.97 6.66 4.53 18.94 42.06
13 0.92 3.83 3.00 13.40 41.82
14 0.91 2.90 3.01 11.43 38.68
15 0.74 4.00 2.52 11.69 39.60
16 1,47 3.46 3.76 9.68 38.99
17 1.93 5.94 6.65 16.21 42.03
18- 1.06 3.89 1.85 2.57 42.89
19 2,40 4,39 1.67 1.80 41,45
20 2.10 4,96 . 2.25 2.91 45.57
21 1.11 2.28 1.47 2.13 44.80
22 1.26 1.56 1.84 4,16 46.00
23 2.63 7.0k 4.03 9.62 '52.95
2l | 3.93 11.64 10.38 22.26 48.17
25 3.71 6.14 10.38 25.52 50.55
26 3.20 9.42 8,86 19.45 48,27
27 3.98 14.73 17.53 41,38 50.32
28 4.73 22.35 22.90 60.25 67.27
29 4,01 14,74 13.75 29.87 61.88
.30 2.71 11.08 9.85 21.05 66.68
31 /. /. /. 50.02



XI

Radioactivity pc/m3

Y
\V]

June fallout Be7 P32 P33 03
1977 .107° 1072 1072 1073 ppb
1 3.55 14,19 9.06 21.46 47.17
2 2.4 9.29 7.40 17.78 Ll 30
3 1.89 7.57 6.68 14,31 52.04
4 2.04 4.89 4.79  9.11 - 54.00
5 1.54 6.49 5.45 10.76 50.08
6 2.08 2.44 1.37 1.36 45.00.
7 1.86 6.86 5.09 9.66 48.98
8 1.96 6.87 6.07 10.63 46.01
9 2.79 8.23 5.68 12.44 39.47
10 2.45 6.80 3.32 8.46 32.28
11 2.37 9.00 3.76 8.79 38.92
12 2.75 12.32 7.50 13.14 41,44
13 3.15 11.62 7.08 11.33 37.97
14 0.74 2.42 1.07 2.57 41.38
15 . 0.10 0.13 0.19 L 0.41 - 37.78
16 1.00 4.53 4,40 10.48 50.54
17 2.54 4,60 4.90 9.31 52.45
18 2.77 7.07 6.44 14,33 49.27
19 1.59 4,37 5.90 12.31 38.00
20 1.42 5.09 - 5.54 11.60 37.92
21 1.41 2.84 4.60 9.52 INREE
1.97 YA 5.67 13.60 42.38
23 2.54 7.51 7.88 12.84 54,26
24 2.73 8.30 8.55 16.03 60.96
25 0.89 8.15 3,22 5.37 56.60
26 0.29 1.10 1.26 2.52 50.72
27 1.73 7.02 . 8.15 16.94 48.03
28 '3.35 8.02 10.18 17.63 53.12
29 1.20 2.89 2.79 4.16 150.27
30 0.90 3.84 3.74 6.93 54,65



XIT

Radioactivity pc/m> -

July tallout Be7 P32

P33 03
1977 1078 1072 1072 107 ppb
1 3.65 4.50 3.60 3.39 49.92
2 3.42 4,25 - 3.20 | 3.28 44,11
3 2.84 5.69 4.61 5.23 49.67
T 2.53 7.06 5.97 6.28 1 56.03
5 3.09 0.56 - 7.57 12.02 60.61
6 2.92 8.91 - 9.88 16.68 60.00
7 3.51 9.47 8.14 9.87 60.74
- 8 1.94 5.54 - 4.9k 8.25 56.04
9 0.63 1.80 1.91 2.59 60.85
10 1.66 4,82 5.50 10.72 63.33
11 2.62 10.17 12.03  13.84 62.27
12 3.82 9.79 /. /. 56.29
13 - 3.37 10. 38 /. /. 58.04
14 1.12 3.40 /. /. . 52.67
15 2.39 8.80 /. /. 50.42
16 2.44 10.06 /. /. 56. 41
17 2.16 7.80 /. /. 55.86
18 3.02 11,14 /. /. 50.72
19 2.24 9.15 /. /. 43.80
20 1.06 5.55 .- /. /. Lb 47
21 1.56 10.51" /. /. Ly, Lo
22 1.59 1.33 /. /. 54.67 .
23 1.38 - 7.99 /. /. 41.95
24 1.97 7.78 - /. /. 48.83
25 1.02 [ 3.43 /. /. 41.11
26 0.51 2.00 /. /. 35.28
27 1.15 6.40 /. /. 43,72
28 1.35 - 8.59 - /. /. 46.85
29 1.64 8.30 /. /. 46,92
30 0.98 5.79 /. /. 50.14
31. 0.68 - 1.41 /. /. 53.57



X111

Radioactivity pc/m3

Aug fallout Be7 P32 P33 03
1977 - .107° 1072 1073 107 ppb
1 0.57 0.20 / / 47.79
2 1.12 6.75 / / - 48.36
3 2.09 12.41 / / 49,60
4 - 1.59 11.36 / / 50.58
5 1.80 7.88 / / 68.25
6 2.67 10.60 / / 64.23
7 2.72 10.89 / / 52.02
8 2.05 11.09 / / 49.59
9 0.85 4.09 / / 51.30
10 0.96 5.33 / / 55.45
1 4,68 10.52 / / 49.26
12 4,35 12.78 / / 51.51"
13 2.03 5.43 / / 54.08
14 1.76 6.70 / / 52.60
15 6.13 6.53 /. /. 52.06
16 2.74 5.03 ‘. /.  46.58
17 $3.58 5.36 /. -/ 41.46
18 1.11 3.09 / / 44 51
19 /. 1.51 / /. 40,15
20 /. 5.01 .. / /., 4L0.18
21 /. 0.02° / / 37.17
22 /. 4,60 / / 47.28
23 /e 3.27 / / 53.33
24 /. 2.44 / / 49.90
25 /. 3.06 / / 41,45
26 /. 4,09 / / 44,58
27 /. 4.40 / / 45,69
28 /. 3.46 / / 39.36
29 /. 5.03 / / 34.36
30 /. 7.25 / / 38.92
31 2.09 7.84 / / 39.61



XIV

Radioactivity pc/m3

Sep fall?ut. Be7 P32 P35 03
1977 .1072. 1072 1073 1077 ppb
1 1.89 6.35 /. /. 41.52
2 2.45 7.50 /. /. 42.28
3 1.88 5.98 /. ‘/. ' 50.66
4 2.15 9.83 /. /. /.
5 2.04 8.16 /. /. /.
6 1.81 9.02 /. /. 46.35
7 1.46 6.71 /. /. 33.65
8 1.20 4,31 YA /. 26.76
9 0.72 6.13 /. /. 35.63
10 1.69 8.68 /. /. 31.28
11 1.19 L.64 /. /. 24.62
12 1.59 5.92 /. /. 31.99
13 1.55 10.41 /. /. /.
14 1.69 5.42 °/. °/. /.
15 1.25 5.63 /. /. /.
16 1.34 6.01 /. /. /.
17 0.85 2.41 /. /. /.
18 0.56 0.80 /. /. /.
19 1.01 2.80 /. /. /.
20 1.48 6.07 /. /. 27.46
21 S 1.28 3.87 /. /. 26.70
22 1.79 6.23 /. /. 25.22
23 0.78 4,73 /. /. 19.25
24 2.20 6.94 /. /. 22.98
25 0.63 3.12 /. /. 21.30
26 0.57 2.13 /. /. 35.21
27 1.35 - 8.07 /. /. 38.94
28 4.56 8.70 /. /. 37.38
“ 29 50.39 10.05 e /. 32.72
30 59.20 17.24 /. /. 35.51



Radioactivity pc/m3

Xv

Oct fallout Be7 P32 P33 0
1977 1072 1072 1073 1073 ppb
1 43,08 14,45 /. /. 35.50
2 2.64 5.41 /. /. */.
3 19,65 - 8.17 /. /. /.
4 56.40 19.54 /. /. 38.9
5 28.64 7.81 /. /. 38.10
6 5.76 2.55 /. /. 33.03
7 8.42. 8.65 /s /. 27.20
8 3.12 4.85 /. /. 26.65
9 14,33 12.45 /. /. 25.51
10 0.56 0.77 /. /. 28.03
11 1.20 1.27 /. /. 29.66
12 3.71 3.62 /. /. 34,47
13 10.41 7.88 - /. /. Li, 37
14 17.37 21.63 /. /. 43,58
15 - 10.44 8.32 /. /. 39.38
16 15.02 14.28 /. /. 38.69
17 9.51 19.70 /. /. 37.29
18 8.36 29.80 /. /. 40.39
19 8.84 22.33" /. /. 38.46
20 6.56 “16.28 .. /. /. 37.34
21 3.85 "8.39" /. /. 29.29
22 3.82 13.63 /. /. 31.91
23 5.41 12.75 /. /. 38.42
24 2.86 12.01 /. /. 33.30
25 3.65 12.38 /. /. 31.64
26 2.56 11.84 e /. 30.67
27 4,65 13.30 /. /. 30.82
28 1.46 9.24 /. /. 34.54
29 3.02 12.39 /. /. 39.22
30 4.20 16.36 /. /. 38.93
31 4,12 1,45 /. /. 38,33





