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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.
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ABSTRACT

The study of the balance of the tropospheric czone as a
function of atmospheric pollutants and fropospheric trans-
port has been started.

Continuous recordings are available of ozone concentration
at three levels {3000 m, 1800 m, and 700 m a.s.1.) of the
concentration of the cosmogenic radionuclides Be?, P32, P33,
and the CDE-ccncentraticn.

Ozone concentrations =70 ppb have been observed after strato-
spheric intrusions az well as in conseguencs of photochemical
reactions in the houndary layer.

An observation seguence, covering now a period of 20 months,
is presented of the stratospheric aerosol layer by means of
lidar monitoring., Pogsible errors in the measuring technigque

are discussed.

4 filter photospectrometer for the measurement of the atmos-
pheric totsl ozone is described, its suitability is checked
by a direct intercowparison with a Dobson spectrometer.
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1. (zerneral Remarks

1.1. Beope of Work, Expenditure of Time and Funds

The research performed under DOE-Contract was in full agreement
with the prnpoéed research activifies of Modification 8 and
Mad. AOO1 of subject contract.

The full scope of work was performed. Time used by our staff
and expenditure of funds were in accordance with the cost
estimate in our proposal of July 22, 1977.

1.2. Essential Characteristics

The activities performed within the framework of subject
contract can be subdivided according to the following aspects:

i. Continuous recording of the ozone concentration at three
levels {Zugspitze 3000 m, Wank 1800 m, and Garmisch-
Partenkirchen 700 m a.s.1.).

ii. Continuous aerosol sampling at the station Zugspitze,
chemical separation of the cosmogenic radiocuclides BeY,
P32, P33 and measurement of their concentration.

1ii. Determination of the ozone profile in the boundary layer,
assessment of the origin of high ozone concentrations
{>70 ppb) by correlation with suitable tracers (Be7 for
stratospheric influx, radon decay products for influx of
tropospheric origin) and relevant meteorological parameters.

iv, Meteorological evaluation of the radiosonde ascents from
gastern USA to eastern BEurcpe for selected long-term
periods, calculation of the isentropic trajectories to
the measuring station Zugspitze, statistical evaluation
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of the tropospheric flow conditiens, scientific inter-
pretation of the results.

V. Recording of the Cﬂz-ccncentratinn at the stations
Wank and Garmisch-Partenkirchen.

vi. Remote sensing of stratospheric aeroscl layers.

Items i, ii, and v serve the purpose ¢f data coverage in terms
of the overall subject within the scope of the research project,
In this respect the stations Zugspitze and Wank are of importance
as bench-mark stations, the statjion Garmisch-Partenkirchen - in
tomparison to the mountain stations - is used as urban station,

Item iii represents a first step towards an exact balance of
the ftropospheric ozone. The guestion regarding the sources of
the tropospheric ozone s handled in detail.

Studies as per v and vi serve to determine a2 possible affection
of the free atmosphere by increased anthropogenic pollution.

Paint iv covers the stuﬁy of the trapospheric transpoert proc-
esses. The results will further our knowledge of the transport
of the tropospheric ozone to the lower stratosphere and supple-
ment the works performed on the gtratospheric-tropospheric ex-
change under subject contract, including Mod. 8.

2. Routine Work

2.1. Measurement of the Tropospheric Ozone

The maasurement of oczone concentration was ¢ontinued without
interruption at the stations Zugspit:ze, Wank, and Garmisch-
Partenkirchen. No longer failures were experienced. The main-
tenance schedule set forth in the 76/77 Progress Report proved
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a full success.

2.2, Measurement of the GDE-Concentration

During the reperting periocd measurements of the Cﬂz-concentra-
tion could be started. at the stations Wank and Garmisch-Par-
tenkirchen, The instruments in operation (URAS, manufacturer
Hartmann und Braun, Frankfurt} were found to be reliable and
are easy to handle.

2.%. Aeroscl Sampling and Measurement of the Radionuclide

Activity

Aerogol sampling at the station Zugspitze and chemical proc-
essing of the samples wsre continued without any problems.
Measurement of the activity of the radionuclide Be7 was car-
ried on continucusly. Due to a major malfunction of the
ligquid scintillation spectrometer the measuremeni of the ra-
dionuclides P32, P33, and 335 had to be interrupted for a
longer period (dug. - Oct. 77). The reason for the length of
interruption was that the necessary spare parts were no lon-
ger available and thus the ligquid scintillation specirometer
had to be completely reconstructed in its digital part.

3. Detailed Meteorological Analysis

The development of a climatoleogy of stratospheric air intrusions
was one of the objectives of this work. For this purpose a long-
term observation of the transport processes in the troposphere
to a given point of the earth's surface was performed to cla-
rify the difference between ftransport processes on days with
intrusions of stratospheric air and such without intrusions.

The periods were selected in a manner that possible seasonal
effects could fully be covered.
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With regard to this asgpect three long-term periods have been
taken intc consideration:

Period A: 20.02,1974 - 25.05.1974 {94 days)

Feriod B: 20.07.1974 - 20.09.1974 {62 days)

Period C: 01.10.1974 - 08.10.1974 { 8 days)
The working materiel compiled with great expenditure of time
(see Progress Report 76/77)} is now in the process of beaing
scientifically evaluated. Results will bhe presented in our
Annual Report Part VIII.

4, Measurement of the Atmospheric Total Ozone

A commercial wversion of the prototype New Zealand ozone filter
photometer (e.g. Matthews et al., 19?ﬂ*}; Basher and Matthews,
19777 7) is being run at the Institute for several months. The
instrument is specificafiy designed for the determination of
the atmosphere's total ozone content using the well established
solar ultraviclet zpectrophotometric method.

The photometer measures the intensity of direct sunlight or
zenith skylight at & wavelengths corresponding to the standard
Dobgon A, C, and D wavelength pairs. The bands are defined by
& narrowband interference filters of high transmission. The
Tilters are mounted on a rotating wheel so they are viewed
cyclically. 3ince a complete cycle takes only 0.5 seconds,

the & measurements are virtually simultaneous. For integration
purpcses any number of cycles between 1 and 300 can be chosern.
To overcome a temperature dependence the rotating filter disc
iz enclosed in a thermostatically controlled chamber kKept at
40T s°C for an ambient temperature range of =10 to 35%.

After having paszed the individual filters the light affects
a photomultiplier. The photomultiplier current controls an

*} W.A. Matthews, R.E. Basher, and G.J. Fraser, Pure and Appl.
Geophys., Vol. 112/6, 931 (1974)

**} R.E. Basher and W.A. Matthews, J.Appl.Meteor., 16, 795 (1977)
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oscillator which in fturn produces a train of faszst, shaped
pulses the frequsncy of which is directly preportignal to
the current input and, therefore, to the light intensity.

The measurement process is semi-automatic, belng initiated

by the push of a button and completed a short time later with
the display of the results on a digital readout. All six
intensity measurements are temporarily stored and are available
for display until the next measurement set is Initiated. Per-
manent recording of measurement is manual.

The continuous alignment of the device on the sun is accom-

" plished by an auvtcmatic tracking system.

An inherent drawhback of this instrumental type originates

in the difficulty of accurately despositing the many very
thin layers that comprise an interference filter, actually

it is8 not possible to construct filters to the level of
precision, repeatability or uniformity ideally desired for
the filter instrument (Basher and Matthews, 1977). This means
that individual filter instruments may differ among themselves
and with Dobson instruments within a few per cent. Therefors,
in order to get accurate toital ozone measurements any device
must be compared with a reliable Dobson instrument. A several
days lasting direct intercomparison in spring 1978 at Arosa,
Switzerland, showed that our filter Instrument was yielding
too low ozone values (X) compared to those of the Arosa-
standard Dobson (D 107). The ratio of total ozone amount re-
ceived by both instruments via the AD-waveleigth pairs was
determined to X,, (filter)f}{w (D101} = 0.933% 0.004, This
value agrees perfectly with the result obtained by a three
manth "long-distance ¢comparison” hetween Garmisch-Parten-
kirchen and Arosa (bee-line 250 km} in fall 1977 using the
daily means and covering an ozone range of 0.200 to 0.400

atm cm.
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According . to thiz practical experience it can be stated that
the commercial version of the prototype New Zealand narrow-
band interference filter photometer can be used with confidence
as a total czone monitor provided & bias relationship is
estahlished by.a comparison to a reliable Dobson instrument.,
Weighing approximately 40 1lbs. and divided into two easily
carried units, the instrument seems to be especially suitable
for field measurements. In view of these favourable charac-
teristics it should not be suppressed, however, that no reliahble
results could be obtained with the instrument from the very
beginning. Only when several defects {appearing primarily with

the pulse counting system} had been eliminated by ocur lab the

device was working well. With regard to the relatively short
time of ¢peration also no decision on the durability and long-
term drift of the instrument is pessible.

As the insgtrument hasa very sensitive, low noise photomulti-
plier detector it can alsc be used for the "Umkehr"-method of
determining atmospheric ozone's dengity with height. In the
near future ancother intercomparison is planned to be conducted
at Arosa with concentration on "Unmkehr"-measurements. In the
long run the instrument is planned to he operated in conjunc-
tion with our tropospheric-stratospheric exchange research
primarily to get the vertical oczone density profile.

5. Results

5.1. Balance of the Tropospheric Ozone

During the course of the investigation into the balance of
the tropospheric ozone the question of the origin of high
ozone concentrations in pure-~air regions has been tackled
as a first partial problemn.

The follawing statement can be made az first tentative
result:
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Ozone concentrations =70 ppb are caused by sybsidence proc-
esses in the free atmosphere (in thisz case the stratosphere
is to be regarded as ozone source), and they can alsc be pro-
duced in the boundary layer itself.

In the former case high values of Be¥ activity are observed
simultaneous in time with the high ozone concentration at
the station Z2ugspitze. Moreover, the meteorological parame-
ters st the mountain stations in such cases behave in a
fashion typical of sphﬁidence {(e.g. decrease of the relative
humidity to values =< 20%, increase of the potential tempera-
pure). The attendant large-scale weather is in such cases
characteristic of situations for which there is an increased
probability of stratospheric intrusions. The onset of the
rise of ¢zone concentratiom is at first cbserved at the high-
est station (Pugspitze) and with increasing time delay the
rise sets in at the lower stations. In case of an influx of
gzone within the boundary layer the indices of an influx from
the stratosphere, as mentioned in the above, are missing.
Besides, these air masses are enriched with high concentra-
tions of the radon decay products Pb 214 and Bi 214 which is
indicetive of a permanent contact with the ground. The high
concentrations are observed at first at the valley station
Garmisch-Partenkirchen and arrive at the mountain stations
only with the onset of the advancing vertical exchange. The
time delay observed during this process is gruﬁing with in-
creasing height (Fig. 1)}.

The qguestion of whether in such cases the ozone is brought in
to our area from more distant source regions or whether it is
produced locally by photechemical reactions after influx of the
necessary trace gases must be left open for the time being.
However, this problem will be followed up through further

systematic studies.
Short term, extremely high ozone concentrations { > 150 ppb)

were not observed during the reporting pericod.

- war urn———— Ty drioft = Al e T O S S - TR e p——" e e e i TG L L e fi— T ——



-.ur . ' ' -9 -

5.2. Ballcon-borne Measurement of the 0zone Height Profile

During the reporting period first halloon ascents with ozone
sondes were conducted., Radiocsondes of type VIZ, Model 1392
or the corresponding radiosondes with hypsometer, Model 1393,
have been launched in' conjunction with oczone sondes Model
ECC 3-4 {manufacturer Science Pump Corporation, Camden, New
Jersey, USA). Using 2000 g balloons, altitudes up to & mb
(ca 35 km} have in general been reached.

Evaluation of ascents is done by desk calculator opr via
.computer. Results are avallable in tabular form or as plots
(Fig. 2). The example shown in Fig. 3 indicates the begin-
ning of a stratospheric intrusion. This is suggested from a
twofold tropopause (250 mb and 180 mb) and from an intensive
secondary maximum of the ozone partial print in the upper
tropopause region.

A first series of daily ozorne sonde soundings revealed that
it is possible, by mearis of daily ozone sonde ascents cover-
ing the interwvals of enhanced probability of stratospheric
intrusgions, to determine and possibly quantify the strato-
spheric intrusgions together with the influx of the strato-
gpheric ozone into the troposphere.

This aspect will be pursued consiztently in the near future.

5.3. Lidar Monitoring of Stratospheric Aerocsols

Lidar instrumentation, messuring procedure, and data acquisi-
tion and processing have already been described in detail in
the preceding reports., Method and data handling have not been
changed during the period covered by the present report,
whereas the reliability of the lidar system could be improved
to such a level that we can take advantage of almost all clear )
night periods for stratospheric neasurements.
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During the period July 1977 through June 1978, 29 backscatter
profiles of the stratospheric aerosol layer have been deter-
mined. Together with the measurements described in the last
report, now a period of 20 months since the inception of
lidar monitoripng in October 1976 can be described. The pre-
¢cision of the stratospheric asrosol measuremehts and the be-
haviour of the stratospheric aeroszol layer in time and space
will be discusszsed in the fellowing.

‘A statement regarding the precision of the lidar measurements

only can be made by discussing pessible sources of erpror.
An egtimate of the following errors will be attempted:

a SJtatistical error of the photon counts,

b Error resuliing from the alignment of profile sections
to form a representative profile of the total back-
scatter,

¢ Error resuliing from the radicsonde uncertainty,

d Additional error, if a standard atmosphere has to bhe
used to compute the meolscular backscatter profile,

e Error in the calculation of the molecular backacatter
profile which results from disregarding particulate
and ozone absorpfion in the atimosphere,

Thege errors are plotted versus altitude in Fig, 4. The sum

of them is the maximum possible average error when determin-
ing the scattering ratic R. R is the ratio of the measured
total backscatter to calculated molecular backscatter., The
arrora a - 4 influence the result equally towards higher and
lower values. Error e is unbalanced and results from an under-
ggtimate ¢f the transmiszion reduction by atmospheric consti-
tuents in the calgulation of the molecular return. The total
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error passes through a minimum at the level of matching, since
the errors a, d, snd e are zero at the poaint of matching.

Statistical Error, Thi=s random srror 1s a function of the
total number of counted photons and 1 0 errors have been
calculated., In Fig. 4 this error sghows two distinect steps of
increase when following the curve from higher to lower alti-
tudes. When receiving signals from below 18-19 km, 2 neutral
filter has to be placed in front of the PMT to reduce the
incoming intensity allowing resolution into single photon
pulses. At 11-12 km an additional filter has to be applied,
The reduction of the counting rate due to the filters Leads

*

to an increase of the c¢ounting error.

Alignment Error, It is rather difficult to estimate this
error, Transmission alterations caused in the troposphere
anhd by cirrus cleouds with rather fast changing densgity pro-
duce intensgity shifts of the signal received from the indi-
videal gate sections of the return profile. Although two of
the available ten counting channels overlap, the error in-
troduced by aligning the sections cannot be disregarded.
This errcr is increasing with increasing distance from the
matching zone,

Radiosonde Error. This error results from the uncertainty of
the density profile deduced from radiosonde data {pressure and
temperature). The roct-mean-square errors published by Lenhard*]
for 1.5 and 0.1 mb preasure steps have been interpolated to
match with the 0.5 mb steps used with our radiosonde.

Standard Atmosphere, In the case of actual radiosonde datsa
cannot be made available a standard atmosphere has to be
applied. The large number of own radicsonde ascents enabled
us to deduce our atandard atmosphere, considering seasonal

*) R.W. Lenard, Bull, Amer, Met, Scc. 54, 691 (1973)
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variations. Although matching of measured and calculated re-
turn is done in close wvicinity to the aeroscl layer, the
caleulated return can deviate considerably from the actual
profile when applying a standard atmosphere. The mean-square-
deviation of the actual profile from the standard profile at
19 km {average center of aerosol layer) amcunts to already
2.5 %, with observed deviations of as much as 6.5 %, If we
would have applied the US 3tandard Atmosphere the average er-
ror would have been even larger., To dispense with actual ra-
diogsonde data therefore leads to & considerable increase in
the uncertainty in lidar data.

Two-way Transmisgion. To calculate the molecular backscatter
the two-way-itransmission ‘tz has to be determined i

r h2 I
e (-2 [ o(n an] ,
h,
where O is the extinction cecefficient. Molecules, suspended
particies, and ozone contribute to the atmospheric extinction:

ﬁ=ﬁm +ﬂp =+ GD

It the caleulation of the two-way=-transmission bhoth Up and s
have so far been disregarded and the gquestion arises whether
this simplification can be tolerated or not,

To calculate the centributiconm of‘ﬂp an average 1977 profile
of the particulate backscatter ccefficient fp has heen deter-
mined basing on 26 lidar profiles

fp = (R - 1} o
where fp = particulate extinction coefficient,
fm = molecular extinction coefficient,
R = scattering ratio.

.
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Following .the discussion of Russel et al.*) of stratospheric
aerosol models, an average hackscatter phase function Iﬁf
bhased on the Deirmendjian Haze H model has heen applied to

caleuiate the particulate ftwo-way-transmission

b g
=

1°. = exp [—2 P—nfdh where;—n-f

-

The integration has been done for increasing layer thickness
starting from 14.4 Km, the average height of matching. The

'resulting %-deviation is plotted in Fig, 4. At the maximum

of the aerosol layer at 19 km an underestimate of the measu-

red backscatter ratic of 0.3 % is resulting.

In a 2imilar way the influence of atmospheric ozone hag bheen
congidered. The stratospheric ozone layer with its maximum at

20 to 25 km height extends with congiderable amounts of ozone
intoe the transmission range of interest balow the aeroscl lay-
er. Again an average ozone profile deduced from own ozone-sonde
ascents has been determined and the two-way transmission with
an absorption coefficient QL = 2.55 x 102 [1/em] (interpolated
from data published by Dﬁtsch**J has been calculated.

2
2 _
T, = exp [—2{1_[ cdh]
h,
with c=cm {NTP ) /km

ozona

The integration again has been carried out with increasing
layer thickness above 14.4 km. The resulting %-deviation is

*J F.B. Russel, W. Viezee, and R.D. Hake, SRI Project 2217,
Final Report, Stanford Res. Inst. Menlo Fark, Cal. June 1974

**} Meteorslogisches Taschenbuch, II. Band, p. 555 Leipzig 1970



plotted in. Fig. 4 and exceeds that caused by neglecting par-
ticulate transmission at greater heights,

The resulting maximum underestimate in the determination of
the scattering ratio hy disregarding particulate and ozone
optical transmission reduction amounts to 0.6 % at the max-
imum of the =eroscl layer and can presently be neglected by
considering the above discussed errors.

A reduction of the overall error can be achieved by reducing
error a {higher counting rate), reducing error c {(hypsometer
sonde), reducing error e ( 12 caleulation inciuding average
particulate and ozone profiles), elimination of error 4
{actual radiosonde data)}, and elimination of error b (multi-
channel photon counter, which is under construction).

r

5.3.2 The Stratospheric Aerosol Layer

During the period of obéervatiun maximum scattering ratios
ranging from 1.08 to 1.22 have been observed, the average
value being 1.74 at an average height of 18.6 km,

In diagram 5 isolines of the particulate backscatter coeffi-

cient are presented, The lines have been produced by a smooth-
ing process to eliminate short-time fluctuations. The vertical
layer extent was 8 km at the end of 1976, reached almost 12 km

in October 1577 and decreasgsed to presently 9 km. The lower bound-

ary varies between 14 and 15 km altitude, whereas the upper
boundary shows greater fluctuations and is found between 23 and
26 km. The altitude of the maximum value of the particulate
backscatter coefficient is somewhat below the maximum of the
scattering ratio and ranges from 17 to 12,5 km. Peak wvalues
exceeding 6 x 402 [m "sr™1]| have been encountered in January
1977, July to December 11977, and since May 1978. A perioad of
reduced backscatter lasted from February through May 1977.
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An error propagation calculation has been conducted to derive
the error of the particulate backscatter coefficient consid-
ering the above discussed errors. Average errors applying to
the altitude levels 18 km and 21 km are given in the follow-

ing table.
Altitude Mean square srror
with without radiosonde
18 km o7 % T34 %
21 Km T 25 % toug %

With the ahove mentioned error reductions an errcor of 10 %
for average backscatter coefficients of 5 x 10°° [m 'sr™ ']
can be attained, then allowing the description of short-term
variationz of the stratespheric aerosol lLayer.

Future Plans

Continuation of the measurement of the ozone concentration
at three levels (3000 m, 1800 m, and 700 m a.s8.1,) for the
determination of the ozone profile in the boundary layer
angd derivation ¢f the balance of the tropospheric ozone.

Continuation of the measurement of the Cﬂz—cuncentration
in the free atmosphere, derivation of natural and anthro-
pogenic time variaticns by correlation with relevant mete-
oroclogical parameters.

Continuation of aercsol sampling at the station Zugspitze,
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determination ¢f the concentration of the cosmogenic ra-
dionuclides for the identification of stratospheric in-
trusions, c¢larification of the influence of stratospheric
intrusions on the balance of the tropospheric ozone.

Determination of the influence of trace gases and asro-
20ls on the balance of the tropespheric ozone.

Determination of the continuously measured amount of
sulfate in the tropospheric aerosol in correlation with
the S50,=concentration.

Remote sensing of stratospheric aerosol lavers up to 35
km altitude by means of lidar with simultaneous measure-
ment of the aerclogical ariables through our own radio-
sonde ascents. ’

Calculation of the isentropic trajectories for the long=-
term periods described in instant report; classification
cf the tropospheri¢ flow conditions relative to & clima-
tology of stratospheric intrusions.

Critical examination into the impact of solar events on
the profile of the atmospheric cozone and the influx of
stratospheric ozone into the troposphere by means of
daily ozone sonde ascents, and intensified measurement
of the total atmospheric ozone during selected periods
after solar events.

Elaboration of a modified system for submitting relevant
measuring data in & new form in future reports.

{Dr. R. iter
Director
Principal Investigator
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Legends of Flgures

Fig. 1!

Fig. 2:

FPig. 5:

Fig. 43

Fig. 5:

Recordings of ¢zone concentration at 3 levels in
the case of photochenical production

Typical ozone (solid line) and temperature (dashed
line) preofiles observed by balloon scunding

Ozone and temperature profiles. The beginning of
a gtratospheric intrusion is indicated by the
fine structure of the temperature profile between
the 400 mb and 180 ab level

Error estimate of lidar backscatter measurements
Time and space variations of the particulate
backscatter coefficient of the stratospheric
aerosol layer only.
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