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. , '  
N O T I C E  

Th i s  r e p o r t  w a s  p repared  a s  an account  o f  work 

sponsored  by t h e  United S t a t e s  Government. N e i t h e r  

t h e  Uni ted S t a t e s ,  n o r  t h e  Department .of Energy, no r  

any o f  t h e i r  employees,  nor  any . o f  t h e i r  c o n t r a c t o r s ,  

s u b c o n t r a c t o r s ,  o r  t h e i r  employees, makes any war ran ty ,  

e x p r e s s  o r  i m p l i e d ,  o r  assumes any l e g a l  l i a b i l i t y  f o r  

t h e  a c c u r a c y ,  comple teness ,  o r  u s e f u l n e s s  of  any 

i n f o r m a t i o n ,  a p p a r a t u s ,  ,product  o r  p r o c e s s  d i s c l o s e d  

o r  r e p r e s e n t s  t h a t  i t s  u s e  would n o t  i n f r i n g e  p r i v a t e l y -  

owned r i g h t s .  



Abstract  

The balance of  t h e  t ropospher ic  ozone is s t u d i e d  wi th  regard  

t o  sources  and s inks .  The i n f l u x  of  s t r a t o s p h e r i c  ozone through 

s t r a t o s p h e r i c  i n t r u s i o n s  and photochemical product ion under 

pure a i r ' c o n d i t i o n s  is  d iscussed .  

The 4-year measuring s e r i e s  (1 977-1 980) o f  t h e  ozone concen- 

t r a t i o n  measured a t  3 d i f f e r e n t  l e v e l s  (3000, 1800, 740 m ASL) 

a r e  evalua ted ,  t h e  in f luence  of  meteorologica l  parameters i s  

examined. The t i m e  v a r i a t i o n  of t h e  ozone l a y e r  between 1000 

and 3000 m .  ASL i s  i n v e s t i g a t e d  a s  a func t ion  of d i f f e r e n t  

ozone sources.  

F i r s t  r e s u l t s  show t h a t  s t r a t o s p h e r i c  ozone a r r i v i n g  a t  t h e  

t roposphere p e n e t r a t e s  only i n  a few r a r e  cases  t o  t h e  ground 

l a y e r  below 1500 m ASL. Most of  t h e  t i m e ,  t h e  v a r i a t i o n  of  

ozone concent ra t ion  i n  t h i s  l a y e r  i s  determined by photochem- 

i c a l  processes  which are, .  i n  t u r n ,  c o n t r o l l e d  by meteorolog- 

i c a l  parameters.  The upper boundary of  t h e  photochemically 

a c t i v e  l a y e r  i s  found a t  about  500 m above ground. 

The mean frequency d i s t r i b u t i o n  of s t . r a t o s p h e r i c  i n t r u s i o n s  

i s  shown t o  be independent o f  t h e  season. 

The p o s s i b i l i t i e s  of o p e r a t i n g  and c a l i b r a t i n g  t h e  New zealand 

f i l t e r  photospectrometer a r e  d iscussed .  

V a r i a b i l i t y  of t h e  concen t ra t ion  of  s t r a t o s p h e r i c  a e r o s o l  

and i t s  o p t i c a l  p r o p e r t i e s  a f t e r  t h e  vo lcan ic  e r u p t i o n s  i n  

t h e  yea r  1980 a r e  d iscussed  on t h e  basis of b ida r  backscat-  

t e r i n g  measurements. 



1 . GENERAL REMARKS 

1.1 Scope of Work, Expenditure of T i m e  and Funds 

The works under c o n t r a c t  wi th  t h e  U.S.'Department o f  

Energy have been performed pursuant  t o  t h e  p rov i s ions  

i n  Modif icat ion A004. 

The genera l  o b j e c t i v e s  were maintained. Expenditures f o r  

personnel  and s u p p l i e s / m a t e r i a l s  correspond t o  t h e  c o s t  

e s t ima te  i n  o u r  proposa l  of 10. J u l y  1980. 

1.2 E s s e n t i a l  C h a r a c t e r i s t i c s  

A c t i v i t i e s  dur ing  t h e  r e p o r t i n g  per iod  can be grouped 

a s  follows: 

I. Recording of ozone concen t ra t ion  .a t  3 d i f f e r e n t  ' l e v e l s  

( 3  km, 1 .8  km, and 0.7 km ASL); 

11. Aerosol sampling a t  s t a t i o n  Zugspitze,  chemical 

s e p a r a t i o n  o f  cosmogenic r ad ionuc l ides  Be7, P32, P 3 3 ,  

y and 0-spectrometr ical  de terminat ion ,  r e spec t ive ly ;  

of t h e  nucl idc  ooncen t ra t i sns  ; 

111. Te lemet r i ca l  measurements o f  t h e  ozone p r o f i l e  between 

1000 and 3000 rn ASL by a c a b l e  car-borne ozone sonde; 

I V .  Study of t h e  t ropospher ic  t r a n s p o r t  mechanisms on two 

long-term per iods  from t h e  yea r  1974 us ing  t h e  i sen-  

t r o p i c  t r a j e c t o r y  a n a l y s i s  of a l l  a v a i l a b l e  radiosonde 

d a t a ;  

V. ~ l a s s i f i c a t i o n  of ozone source4 i n  t h e  lower tropo- 

sphere based on data aollccted i n  the y e a r s  1977-80 

a s  pe r  I;  



V I .  Determination of  t h e  v a r i a t i o n  o f  t h e  f i n e  s t r u c t u r e  

of t h e  ozone p r o f i l e  i n  t h e  lower s t r a t o s p h e r e  a f t e r  

s o l a r  events  by means of d a i l y  ba l loon a s c e n t s  up t o  

35 km a l t i t u d e ;  

V I I .  Remote sens ing  of t h e  s t r a t o s p h e r i c  a e r o s o l  l a y e r .  

Items.1 and I11 s e r v e  t o  e s t a b l i s h . t h e  ozone balance i n  t h e  

lower t roposphere.  By means of t r a c e r s  obta ined  from 1.1, 

s t r a t o s p h e r i c  i n t r u s i o n s  can be i d e n t i f i e d  and t h e i r  e f f e c t s  

on t h e  t ropospher ic  ozone balance s tud. ied i n  connection w i t h  

d a t a  obta ined  from I and 111. 

Item V provides f i r s t  i n s i g h t s  i n t o  t h e  t ropospher ic  ozone 

balance through assessment o f  poss ib . le  ozone sources.. 

Point  I V  permits  d e s c r i p t i o n  of  t h e  t ropospher ic  t r a n s p o r t  

mechanisms. I n  conjunct ion wi th  11, t h e  i n t e r a c t i o n  between 

s t r a tospher ic - t ropospher ic  exchange and t ropospher ic  t r a n s -  

p o r t  can be desc r ibed  from t h e  c l i m a t o l o g i c a l  p o i n t  of view. 

Through V I I ,  l i g h t  i s  thrown on t h e  e f f e c t  o f  s o l a r  even t s  

on t h e  ozone prof i . le  i n  t h e  lower :  s t r a t o s p h e r e .  The dynamic 

t r a n s p o r t  processes  which can be read therefrom enhance t h e  

understanding of t h e  s t r a tospher ic - t ropospher ic  exchange. 

By means o f  observat ions  a s  p e r  V I I  (e.g. vo lcan ic  e r u p t i o n s )  

a p o s s i b l e  anthropogenic contamination of  t h e  s t r a t o s p h e r e  

can be as sessed  i n  r e l a t i o n  t o  n a t u r a l  events .  



2.  ROUTINE WORK 

2 . 1  Measurements o f  t h e  Tropospheric Ozone 

Measurements of t ropospher ic  ozone a t  t h e  s t a t i o n s  Zugspitze 

( 3  ]an), Wank ( . 1 . 8  km) , and Garmisch ( 1 . 4  km ASL?) .have  been 

continued without  i n t e r r u p t i o n . i n  t h e  r e p o r t i n g  period'. 

Moreover, an ozone bal loon sonde o f  type  ECC 3-A could be 

modified such a s  t o  enable  d e t e c t i o n  of t h e  ozone p r o f i l e  

. . from 1000  - 3000  m ASL. The c a b l e  c a r  t o  t h e  peak of  t h e  

Zugspitze se rves  a s  sonde c a r r i e r .  The ozone v a l u e s ,  a long 

wi th  d a t a  of temperature,  humidity,  and a i r  conduc t iv i ty  

a r e  kelemetered t o  t h e  base- l ine  s t a t i o n  a t  t h e  I n s t i t u t e .  

2  ..2 Aerosol Sampling 

Aerosol sampling a t  t h e  Zugspitze f o r ,  o b t a i n i n g  t r a c e r s  

Be7,. P 3 2 ,  and P33 was continued ,without  .problems. 

D i f f i c u l t i e s  a r o s e  i n  t h e  s p e c t r o m e t r i c a l  measurements of  

nuc l ides  Be7 and P33.  Through f r e s h  f a l l o u t  a f t e r  t h e  

~ h i n e s e  nuc lea r  t e s t  of 1 6 . 1 0 . 1 9 8 0  it came, wi th  t h e  de tec-  

t o r  systems used s o  f a r  - t o  a superpos i t ion  o f  t h e  peaks 

t o  be measured by f a l l o u t  peaks. To overcome t h e s e  d i f f i -  

c u l t i e s . w e  used from t h a t .  t i m e  f o r  measuring t h e  Be7, a 

Ge-Li  d e t e c t o r  (high r e s o l u t i o n  bu t  poor count ing s t a t i s t i c s )  

i n s t e a d  of t h e  previous ly  used N a J - d e t e c t o r  (poor r e s o l u t i o n  

at. very good ccrunt.ing st.:.at,Lst.ics ): . 

The d i f f i c u l t i e s  could not  be e l iminated  i n  t h e  case  of P33 

measurements s i n c e ,  with t h e  l i q u i d  s c i n t i l l a t i o n  count ing 

used, no b e t t e r  r e s o l u t i o n  can be  achieved and a foregoing  

chemical s e p a r a t i o n  o f  t h e  i n t e r f e r i n g  nuc l ides  proved i m -  

p r a c t i c a b l e .  Thus, t h e  P33 values  from t h e  per iod  i n  q u e s t i o n  

must be r e j e c t e d .  



2.3 Measurement of T o t a l  Ozone wi th  a  New Zealand F i l t e r  

Photospectrometer 

The s t u d i e s  concerning u s a b i l i t y  of t h e  f i l t e r  photospectro-  

meter were continued. A summary of  previous r e s u l t s  and a 

c r i t i c a l  weighting of t h e  d i f f i c u l t i e s  m e t  i s  given i n  

chap te r  4.2. 

2.4 Balloon Soundings of.. t h e  Ozone P r o f i l e  up t o  

35 km A l t i t u d e  

Al together ,  8  series o f , o z o n e . s o n d e  asce'nts w e r e  c a r r i e d  

o u t  dur ing  t h e  r e p o r t i n g  period.  Three of  t h o s e  f e l l  w i t h i n  . 

t h e  las t  q u a r t e r  of  . I980 and.. f i v e  i n  t h e  y e a r  1981. 

I n  t i m e  sequence E l o w n  ; w e r e  i n  each c a s e  1-7, 8 ,  4 ,  8 ' 5 ,  12 , 
4 ,  and 8 ba l loon sondes,  r e s p e c t i v e l y .  The s e r i e s  of a s c e n t s  

were i n i t i a t e d  a f t e r  announcements ( i n  URSIGRAM) of  v i o l e n t  

s o l a r  events .  .In t h e  r ecen t  p a s t  ( s i n c e  A p r i l  1981) t h e  

f l i g h t s  can. be s t a r t e d  e s s e n t i a l l y  more a c u t e  through ob- 

s e r v a t i o n  of  t h e  d e n s i t y  of  thermal  neutrons by an i n s t i t u t e -  

. . owned neutron monitor. One o f  t h e  afore 'ment ioned series was 

flown a f t e r .  announcement of a. sudden warming over  n o r t h e r n '  

Europe. The s t r a t o s p h e r i c  warming could a l s o  be observed i n  

ou r  l a t i t u d e .  

2.5 Monitoring of  S t r a t o s p h e r i c  Aerosol 

I n  t h e  r e p o r t i n g  pe r iod  t h e  e f f e c t s  of t h e  e r u p t i o n  of  

volcano M t .  St. Helens on t h e  s t r a t o s p h e r i c  a e r o s o l  l a y e r  

could be documented by rout ine .  l i d a r  obse rva t ions  ( s e e  a l s o  
. .  chap te r  4.3) . 



3. CURRENT EVALUATIONS 

On the basis of round 10-year measuring series of tracers 

Be7, P32, and in connection with ozone measurements which 

were started later (1978)., the evaluations described below 

are being processed. Jointly they..shall .serve to establish 

a ... climatology of the stratospheric-tropospheric exchange. 

3.1. Determination of Transport Processes in the Stratosphere 

For selected periods isentropic trajectories are used to 

determine the routes of transport along which stratospheric 

air after injection is brought to the measuring site. 

The periods were selected according to possible seasonal 

effects. To cover this aspect 3 'long-term periods have been 

considered: 

Period A: 20.02.1974 - 25.05.1974 (94 days) 

Period B: 20.07.1974 - 20.09.1974 (62 days) 

Period C: 01.10.1974 - 08.10.1974 ( 8 days). 

From a comparison with the tropospheric flow conditions 

during periods without intrusions information is expected 

about the coupling between stratospheric-tropospheric exchange 

and large-scale transport between tropopause and boundary 

layer. Seasonal variations can be explained by the above 

material. 

In order to ensure a consistent scientific processing a 

meteorologist was temporarily,engaged alone for the task of 

concluding this very time-consuming work in the near future. 

The results will be presented in Arinual Report Part IX. 



3.2. Calculation of the Residence Time .of Air in 

the Lower Stratosphere 

By means of activity ratio P32/Be7 determined for individual 

intrusions, the mean residence time of air in the bwer stra- 

tosphere is estimated. Seasonal differences will be clarified. 

The principles of processing have been agreed with Prof. Dr. 

Elmar R. Reiter, Colorado State University. The theory used 

in the calculation correspeonds to ,that described earlier by 

E. R. Reiter (1975)+). 

3.3. Correlation Between Be7 and Ozone 

It has been attempted to deduce from the correlation between 

ozone (measured at the Zugspitze) and Be7 the influence o f ,  

stratospheric intrusions on the ozone budget. First results 

proved unsatisfactory. In a new attempt the ozone values will 

prior to the correlation calculation be corrected such that 

the superposed annual variation is suppressed. 

3.4. correlation Between Be7 and Pb 210 

Since January 1975, Pb 210 is determined on weekly samples 

of aerosol collected at L l ~ e  Zuyspitze ('see 2.2). This is done 

y-spectrometrically by a hyper pure germanium detector. 

In a first evaluation these measured values will be compared 

with time-coincident Be7 weekly,mean values in a correlation. . 

calculation. . . 

+. 
) Reiter, E.R., Carnuth, W., Kanter, H.J., P6tz1, K.,Reiter R-, 
and Sladkovic, R.: Measurement of stratospheric residence 
times. Arch.Met.Geophys.Biokl., 24, Ser.A, 41-51 (1975) 



4. RESULTS 

4.1. Ozone Sources in the Lower Troposphere 

On the basis of ozone recordings from the stations Zugspitze 

(3 km) , Wank (1800 m) , and Garmisch (740 m) of the years 
1977 - 1980 we show in the following systematic differences 
in the behavior of ozone in the layer. from the valley floor 

up to'maximum 100.0 m above the valley and the overlying re- . 

gion. 

A first evaluation of ozone profiles obtained by the cable 

car telemetry system gives information about the'ozone strati- 

f ication in the lower troposphere. Ozone sources observed 

therefrom are discussed. 

4.1.1. Mean diurnal variations per station and per month 

for the period 1977 - 1980 
Fig. 1 shows the mean diurnal variation per month and station 

from the total 4-year measuring period for all recording days. 

The capital letters in the fields denote the months (January, 

February, etc., till December). ,It is surprising that the 

amplitude of the daily. variation, if any, (in January and 

December it is e.g. absent) is extremely low at both mountain 

stations and that the absolute monthly mean values at the 

mountain stations Zugspitze and Wank are practically in agree- 

ment with each other, aside from slight irregular deviations. 

Conspicuous is, however, that the O3 daily variation-is most 

pronounced at the valley station and is obviously dependent 

on the season. In winter the amplitude is very low. 

In themon.thsof January, February, November and December it is 

remarkable that before the afternoon peak in.Garmisch (valley) 

a week, yet well defined, minimum is observed between 7.00 

and 1 1  .OO hours. ~ t e r e s t n ~ ~ t h e s e  are exactly the same 



periods and exactly,the same months in which C02 and SO2 in 

the valley.show maximum values. This means, that during the 

time of,the passage of.the pollution plume from Garmisch- 

Partenkirchen past our Institute due to the valley wind, 

the ozone concentration is temporarily reduced by other 

reactive gases such as mainly NO, and possibly SO2. 

Furthermore it is remarkable that the ozone maximum occurs 

in the early afternoon. Between.Apri1 and July, the ozone 

concentrations exceed for a short time the values of at 

least one of the mountain stations. For the the total period 

we selected therefore in another diagram only such days in 

which relative sunshine duraration was. >80% without preci- 

pitation. Results from the the valley ,station and Zugspitze 

- are shown in Figs. 2a and 2b. If ,we compare 'these diagrams 

with Fig. 1, it is obvious at once that the afternoon peak. 

values at the valley ,station (740 m) are asentially higher 

than on average days while conversely,no remarkable changes 

are found at the station Zugspitze. 

The data in Fig. 1 und 2 show also the annual variation of 

O3 at the mountain stations. The annual variations at all 

three stations can be seen from Fig. 3. The lowest values, 

mainly in the valley,, occur in the cold season and the 

highest values inthe warm season. On the average, the O3 

concentration is lower in the valley (G) than at the mountain 

stations Z and W whose 03'data are in reasonable agreement. 

The concentrations at Z and W are in conformity with.the 

equinoctial periods. 

Comparing Fig. 2a and F.ig. 1 permits the conclusion that in 

the surface layer at intense solar radiat.ionand under pure 

air conditions there must be an additional ozone source for 

all other relevant recordings in the valley,show that under 



conditions as assumed in Fig. 2a neither local or regional 

pollution could have existed, nor transport from polluted 

areas north of the Alps was involved. 

In Fig. 4, the data have finally been classified accor'ding 

to spring and summer until early fall, inclusively. On cloudy 

days (Fig. 4 b,d) appears indeed a well. defined and signifi- 

cant afternoon maximum of the ozone concentration. However, 

on exclusively sunny days (Fig. 4 arc) essentially higher 

peak values are.reached in the afternoon exceeding in all 

cases the values simultaneously measured at the mountain 

stations. Hence it follows that we have here primarily an 

influence of irradiation (Fig. 4 arc: versus :Fig. 4 b,d) 

which is however additionally superposed by an effect of 

temperature (maximum between 14 - 1 ~ O C )  . 

In other words, we find in the case of Fig. 4 quite obviously 

in the valley at low altitude a photochemical source of ozone 

which is not affected or caused by local or regional air 

pollution. It also follows clearly from Fig. 4 that no 

vertical transport of stratospheric air down to lower 

altitudes is involved because during intense sunshine the 

ozone gradient between Zugspitze and valley is reversed. 

Now, there arises first of all the question as to the thick- 

ness'of the layer in the lowest troposphere in which photo- - 
chemical production of ozone takes places under pure air 
conditions. 

4.1.2. Ozone profiles between valley and Zugspitze 

In early 1980, the ozone radiosonde was installed in our 

Zugspitze cable car telemetry system. These profile measure- 

ments were made only under suitable weather conditions, i.e., 

by nu means during precipitation. Nevertheless about 1000 



vertical profiles have been taken on 65 measurement days 

until March 1981. A statistical evaluation of ,this extensive 

and complex material cannot be presented at this time. 

However, it will be shown for two typical days that we have 

no doubt two distinctly different ozone sources in the trop- 

osphere. On Figs. 5 and 6 are plotted respectively in time 

sequence (time .above the O3 profiles. in 5a, 6a) in line a 

the ozone profiles, in line b the temperature profiles, and 

in line c the profiles of the pos~tive conductivity of the 

air (which can be regarded as a measure of the aerosol par- 

ticle concentration). The scales for'ozone concentration 

and temperature are given respectively in the left, the 

electrical conductivity is indicated in relative units in- 

creasing from 0 to the right. 

In one of the bottom lines (d) the variation of the ozone 

concentration from measuring run to measuring run are plotted 

for given height levels as continuous curves. In this manner 

we obtain the time variation between 1.1 and 3.0 km at height 

intervals of 400 m. 

First we look at Fig. 5. Al.1 over the day, the ozone concen- 

tration (line a) increases with height. In the forenoon we 

observe at first a relatively steep increace between 2.0 and 

2.5 km. In the afternoon, however, there is a striking in- 

crease in the ozone concentration immediately at the Zugspitze 

(3.0 km) with a sharp lower boundary at 2.7 km. From 1400 h 

we observe a marked subsidence visible through a steepening 
of the temperature gradient (line b): From noon, we find 

practically isothermal layers at altitudes from 2.8 to 3.0 km. 

The additional amount of ozone, obviously of stratospheric 

origin, does not penetrate to lower altitudes. From line d 

it is clearly ,evident that in field 3.0 (km height) a well 

pronounced rise of the ozone concentration occurs throughout 



the day which does, however, no longer exist at 2.6 km alti- 

tude. The weak increases in ozone concentration observed-at 

lower levels are likely to be due to local photochemical 

production and are not influenced by the ozone intrusion 

from the stratosphere which prevailed down to 2.7 km altitude. 

Interesting is the comparison' with the time behavior of.the 

electrdcal conductivity (line c). We note good agreement with 

the behavior of the ozone concentration: In those atmospheric 

layers where we find distinctly elevated ozone concentrations, 

the electrical conductivity is' also markedly ,increased. This 

concerns in the forenoon the layer rising from about 2.0 to 

2.5 km (i.e., above this stated limit) and especially the . 

increased conductivity values in the afternoon above 2,.7 km, 

meaning thus the region in which the stratospheric intrusion 

prevailed. 

Fig. 5 shows representatively of many analogous cases that 

there is no doubt a stratospheric ozone influx to the middle 
or lower troposphere but a breakdown of stratospheric ozone 

to levels lower than 1.5 km ASL is extremely rare. 

On Fig-6 we view the reverse case. At an altitude of about 

2 km ASL the ozone concentration (line,a) remains constant 

as can also be 'seen from the time trends in fields 3.0, 2.6, 

and 2.2 in line d. Only at 1.8 km altitude and mainly below 

we find in the course of the day a marked increase in the 

ozone concentration which is clearly evident from line a, 

and also from the fields in line b between 1.8 and 1.1 km 

altitude. In 1ine.a. it is moreover very clear prono.unced 

('in contrast to Fig. 5) how the nocturnal ozone deficit 

(in the -morningthe ozone concentration increases steeply - - 

. . with height) 'is gradually replenished until the afternoon. 

Then, the O3concentration is higher in the valley and 
. ,  , 

. . 



decreases to the Zugspitze level. The confinement of the 

photochemical ozone layer towards higher levels is favored 

in part by a temperature inversion (line b) which persisted . 

from the morning to late noon. But even under good exchange 

conditions and in the absence of the temperature inversion 

in the afternoon is does notcometo a homogeneous mixing 

between the valley and the level of the Zugspitze. The elec- 

trical conductivity (c) shows no marked profile changes but 

reveals nevertheless a kink in the height of the temperature 

inversion, mainly at noon and in the early.afternoon (higher 

conductivities above). Now, Fig. 6 shows us - in contrast 
to Fig. 5 - the photochemical ozone source in the lower tropo- 
sphere and permits us to assess simultaneously that the thick- 

ness of the layer may extend from the' ground (0.7 km) to . .  

about 1.5 or 1.8 krn ASL. Our recordings from station Wank 

show, however, that at a level of 1.8 km a photochemical 

production process can be neglected in the majority of cases. 

Hence we can say, that photochemical ozone production takes 

place in a layer of maximum 1.0 km thickness from the ground. 

On the average - as our Zugspitze cable car recordings in- 
dicate - the layer with a photochemical source may h+ve a 
thickness of about 500 m. 

Thus it is also clarified that natural, relatively,high ozone 

concentrations are obviously produced in pure air regions of 

the biosphere where 'mainly in the warm and radiation-intensive 

season values of 80 ppb, in rare cases nearly 100 ppb can be 

measured. 



4.2. Measurement of the Total Ozone with a New Zealand 

Filter Photospectrometer 

As is known from previous reports, a New Zealand filter 

photospectrometer is used in Garmisch-Partenkirchen for 

measuring the total ozone. The data obtained are currently 

checked by intercomparisons with the neighboring Dobson 

stations Hohenpeissenberg and Arosa. . 

4.2.1. Measuring technique 

The filter photometer functions in 6 wavelength ranges by 

which the XAD, XAc, and X,, values are calculated through 

ratio and subtraction of the individual channels. 

The 305.5 nm filter which was removed in January 1980  could 

be replaced and calibrated only in October 1980  due to 

problems in manufacturing.Because of the low position of , 

the sun, calibration could be repeated not before March 1981 .  

In the observational period of 5 months appeared again a 

drift of the filter so that in April 1981  the 3rd defective 

305.5 nm filter had to be removed. The XAD and XACvalues 

during the winter period are useless despite all corrections. 

Thus, it was not yet possible to produce for this filter 

photospectrometer the needed 305.5 rim filter with 1 .5 nm 

band width at half peak transmittance of sufficient stabi- 

lity., Besides,. only one company.:at all is willing to con- 

struct such a filter. That's why only values in the CD range 

are available s i n c e  1978. . 

Calibrations for the CD pairs yielded very good results, the. 

calibration- constants IcD (logarithm of the ratio of extra- 

terrestrial intensities) shifted, however, from 0.57 in 

February 1980 to 0.62 in April 1981  and the constant AacD 

(difference of the ozone absorption coefficient) from 0.440 

to 0.448 'in the. same period. Adaption of Aa proved necessary 

since a systematic change of the calculated total ozone was 
,.. . shown as a function of the relative air mass indicating an 



error in the constants. The instrument, with this uncertainty 

.in A c i ,  is therefore only a relative instrument as for each 

calibration for determining Aa the total ozone content must 

be known in an other way. control of the acquired values is 

complicated by the fact that the instrument due to filter 

removal delivers only one value (XcD) instead of the three 

values originally designed by,the manufactuer and did not 

get beyond the laboratory status of testing. A steady comparison 

with the nearby Dobson stations is thus unavoidable. The single 

measurements of the filter photospectrometer show fairly 

.constant a standard deviation of 5 DU at 5 - 30 measurements 
per day. 

4 . 2 . 2 .  Comparison with.Dobson values 

Since March 1978, the CD.filter values from Garmisch-Parten- 

kirchen were by 6.8 DU too high as compared to the Dobson 

values from Arosa at a standard deviation of 6.1 DU. 

Linear regression over 1 1  identical days each provided in 

March 1980 
+ 

- 
'CD GAPA - "*03 'AD ARosA -7 DU; 

and in September ,1980 

- - 
'cD GAPA . 'AD ARosA 

-6 DU.; 

In March 1981, where unfortunately no comparative values from 

Hohenpeissenberg 'are available, a calculation over 9 days 
yielded due to the high variability of the total ozone 

A better substantiation of the inherently good CD values 

fails because of the uselessness of the AD and AC values. 

An improvement of this situation through a reliable 305.5 nm 

filter is promised by the manufacturer. 



4.3. Lidar Monitoring of the Stratospheric Aerosol Layer 

The year 1980 was distinguished by a number of ,volcanic 

events. Mount St. Helens, Washington, USA, erupted violently 

on 18 May with subsequent eruptions in June, July, August, 

andOctober. All these eruptions were reported to penetrate 

into the stratosphere, the first one reaching an altitude of 

23 km. On 17 August the volcano Hekla on Iceland added to 

the deposition of volcanic debris in the stratosphere. These 

were the first malor events of volcanism since the eruption 

of the volcano Fuego, Guatemala, in October 1974. They ter- 

minated the period of background aerosol prevailing in the 

stratosphere since the end of 1976, after the decay of the 

volcanic aerosols injected by the Fuego eruption in 1974. 

The 1980 volcanism transported large amounts of gaseous.-;..and 

solid.materia1 into the stratosphere, leading to a substantial 

enhancement of the stratospheric aerosol layer. 

The St. Helens eruption cloud was transported to the German 

Ocean via the east coast of the North American continent, 

the North Atlantic, .and the south coast of Greenland. The 

arrival of the cloud over mid-Europe was determined by in-situ 

sampling, iidar observations and trajectory cafculations. 

Since the first eruption of St. Helens on 18 May until the 

end of 1980, 37 stratospheric aerosol profiles have been 

measured. The first lidar sighting of the St. Helens cloud 

most probably was the peak found at 1 1  to 12 km on 25 May 

evening. Figure 7 shows 16 stratospheric aerosol profiles, 

commencing on 25 May; the last one dates from 14 July. All 

measurements had to be performed during night time to eli- 

minate diffuse sky light radiation. For comparison the 1979 

average profile is plotted as the first profile. This is 

,the mean of 21 soundings, with R ='1.07 at 18 km and 
m.a x 

R 
min = 1.03 at 25 km. 



The profiles 25 May to 9 June show this 1979 background profile 

above 15 km approximately. The aerosol peak of 30. May for the 

first time appears separated from the tropopause. On 9 June 

a dense cirrus layer almost obscured the aerosol peak. On 

12 June two aerosol layers appear. Thereafter, the strato- 

spheric aerosol is multi-layered. The top altitude was reached 

on 30 June with a sharp upper layer boundary at 24 km, 43 days 

after the first eruption. The highest scattering ratios were 

measured on 5 July with R=2.5 at 15.3 km and R=3.4 at 22.5 km 

and on 14 July with R=4.8 at 21.3 km. A sharp decrease of the 

backscattering signal after 14 July was followed by a steady 

decline of the signal intensity from the end of July until. the 

end of 1980 (see Fig. 9).. 

The lidar profiles presented in Fig. 7 indicate that with 

increasing time after the first St. Helens eruption the aerosol 

layers are seen at increasing height levels. That can be 

observed until 22 June with an upper boundary of the volcanic 

aerosol at 17 km. On 30 June an aerosol layer appears at 23.5 km. 

During the weeks following that date the altitude of the upper- 

most aerosol layer decreases. This observation is in good 

accordance with the circulation profile, which has been derived 

from the Munich radiosonde for the period May to August 1980: 

below 19.5 km the transport direction is from west, above this 

level from the east (Fig. 8). Assuming little vertical trans- 

port and mixing of the aerosol layers which have been formed 

by diverse air motions immediately after the first St. Helens 

eruption, the highest aerosol layer at a time can be attributed 

to the first eruption, and up to 19.5 km the arrival of layers 

at increasing height levels must be delayed by the reduced 

transport speed. Above 19.5 km the transport speed increases . 

again (although the direction has changed by 180 degrees) so 
that the part of the eruption cloud which had reached the 

highest level in the stratosphere could be observed at an 

earlier date than layers at 22 or 21 km. The transport routes 



differ by about 50%, the route from the west being the shorter 

one. 

The arrival dates and the estimated transport distances yield 

transport speeds which are also presented in Fig. 8. The lidar 

determined transport speeds correspond well with the general 

circulation deduced from the Munich radiosonde. 

Figure 9 shows a comparison of the maximum optical mixing ratio 

(maximum scattering ratio - 1) with the height integrated 

backscattering coefficient (integrated from tropopause level 

+ 1 km to approximately 26 km, the upper limit of the aerosol 

layer). The mixing ratio rises bysa factor of 26 above the, 

January to May value, whereas the integral backscattering 

increases by a factor of 4.5. This difference is explained 

by the high values of the mixing ratio which have been measured 

above 20 km (Fig. 7) and which are a result of the reduced 

molecular scattering at higher altitudes. The absolute vol- 

canic aerosol load of the stratosphere is much higher at 

lower height levels. A sharp decrease of the backscattering 

signal after 14 July was followed by a steady decline of the 

signal intensity from the end of July until the end of 1980. 

After end of ~ u l ~ '  the mixing. ratio declined with a half -life 

of 5 months, the integrated backscattering with 7 months. 

The faster decrease of the mixing ratio can.be explained by 

a more rapid sedimentation of aerosol particles at higher 

altitudes. This has been investigated in more detail in 

Fig. 10, where the integrated backscattering coefficient again 

is presented for the 1980 period, but the lower integration 

.limit has been varied in steps from 1 0  to 21 km. All courves 

show background conditions until beginning of June, the 

. . integrals 10-26 and 12-26 are slowly rising,. (probably due 
to a distribution of volcanic debris at low stratospheric 

levels originating from the Sierra Negra eruption, Galapagos, 

November 1979). Until the middle of July the backscattering 



intensity increased, the magnitude of the increase depends on 

the lower limit of the integral: From a factor 3 for the 

10-26 km integral to a factor 18 for the 21-28 km integral. 

This pronounced relative enhancement of backscattering at 

high altitudes corresponds with the high scattering ratios 

above 20 km (Fig. 7). On the other hand the absolute values 

of the integrated backscattering show that most of the vol- 

canic aerosol was deposited between 10 and 15 km altitude. 

After end of July the 10-26 and 12-26 km layers show relatively 

long decay rates which can be explained by aerosol supply at 

low altitudes by the St. Helens eruptions during June to 

August and the Hekla eruption in August. The relatively fast 

decay at high altitudes points to a transport of relatively 

heavy particles by the first St. Helens eruption up to great 

heights with subsequent rapid sedimentation; at the end of 1980 

the 21-26 km integral almost was at the pre-Helens level. The 

short decay times of the 10-26 and 12-26 km integrals towards 

the end of 1980 can be explained by the short observation time 

of a still inhomogeneously distributed St. Helens aerosol. 

The curves of Fig. 11. are the result of the application of . 
stratospheric aerosol models to the integral backscattering 

coefficient shown in Fig. 3. The optical depth. ba is defined as 

.and the Lransmission q is defined as 

a. is the particulate extinction coefficient, h, the tropo- 
P 
pause level + 1 km and h2 .is the upper boundary of the aerosol 

layer. The particulate extinction coefficient can be derived 

from the lidar measured particulate backscattering coeffi- 



cient Bp : 

P ( n ) / 4 n  is the backscattering phase function, which is deter- 

mined by aerosol properties like size distribution,. composition, 

and refractive index. Literature values for P ( l - ~ ) / 4 n  range 

from . 0 1 3  to . 0 4 9 .  For the evaluation of the optical depth 

P ( n ) / 4 n  = . 0 1 5  has been adopted, which is the mean of three 

aerosol models (Haze HI lognormal, Zold), with a refractive . '  

index m = ' 1 . 4 2  + O i  and a composition of 7 5 %  H2S04 + 25% H 2 0 .  

The enhancement of the stratospheric aerosol layer yielded 

a maximum transmission reduction of 1 . 5 %  at the wavelength 

' of the lidar system. At the end of 1980  the transmission was 

still reduced by 0 . 3 % .  



4.4. Frequency of Stratospheric Intrusions 

'As a first step towards a climatology of the stratospheric- 

tropospheric exchange the 10-year measuring series'has been 

analyzed for the frequency of stratospheric intrusions. 

The concept of the "stratospheric intrusion" has been deter- 

mined by the following two definitions: 

Criterion A: As stratospheric intrusion; are counted month- 

by-month all Be7 peaks which exceed the monthly 

mean value of the Be7 concentration by at least 

30%. 

Criterion B: As stratospheric intrusion are counted all Be7 

peaks which exceed the monthly mean value of 

the Be7 concentration by at least twice its 

standard deviation. 

In the case of criterion B the meteorological~y-induced scatter 

in the data should be considered through inclusion of the 

standard deviation of the individual values since this, as 

earlier reported, shnws seasonal differences. 

In the evaluation according to both criteria events of dura- 

tion longer than one day have been.counted only once. 

In the table below, the results are presented as mean montly 

frequency of the occurrenoe of stratosplierlc intrusions. 



Neither according to criterion A, nor according to criterion B, 

any significant seasonal differences, checked by variance 

analysis (F-test) according to R.A. Fischer, can be observed. 

Consequently, the frequency a5 the occurence of stratospheric 

intrusions is evenly distributed throughout the year. 

B 
. 

L 

stand.dev. 

mean frequ. 

stand.dev. . . .. 

1.37 

3.09 

1.30 

0.70 

3.09 

0.94 

0.75 

3.18 

1.25 

1.34 

3.20 

1.13 

1.23 

3.1 

1.52 

0.52 

2.8 

0.92 

0.67 

2.45 

0.69 

1.35 

3.27 

1.10 

0.82 

2.63 

1.12 

0.50 

2.72 

0.90 

1.16 

3.25 

1.22 

1.08 

2.67 

0.65 



FUTURE PLANS 

1. Continuation of,ozone r.ecording at.3 different levels of 

the boundary layer (700 m, 1800 m, and 3000 m a.s.l.), 

.measuring of the ozone profile between 1000 m and 300.0 m 

ASL by means of a cable car-borne ozone sonde. 

2. Continuation of aerosol sampling at the Zugspitze, analysis 

of cosmogenic radionuclides Be7, P32, P33 to identify 

stratospheric intrusions; study of the influx of strato- 

spheric ozone after intrusions; assessment of th.eir con- 

tribution to the tropospheric ozone balance; clarification 

of the conditions under which photochemical production 

takes place under pure air conditions. 

. 3. Climatological evaluation of the 1 0-year measuring series 

of Be7 and P32; calculation of the mean residence time o'f 

tropospheric air in the lower stratosphere from the 

activity ratio P32/Be7; determination of the, correlation 

between Be7 and ozone (measured at 3000 m ASL); distribution 

of stratospheric intrusions according to frequency and 

intensity. 

4. Monitoring of the variation of the ozone profile in the 

lower stratosphere for selected periods of'time by balloon- 

sondes, studies of a possible control of the ozone layer 

.by solar events. 

5. Lidar observation of the stratospheric aerosol layer, 

assessment of the life time of volcanically-related aerosol. 

. . 

Garmisch-Partenkirchen 
D~.R; ~ e i t ~ r  
Director 



Legends of Figures  

Fig.1 : ~onth ly -averaged  d a i l y  . v a r i a t i o n  o f  , t h e  ozone 
concent ra t ion  measured a t  3  d i f f e r e n t  a l t i t u d e s  of 
t h e  lower t roposphere 
t o t a l  of a l l  days 1977/80 

Fig.2 : Monthly-averaged d a i l y  v a r i a t i o n  of t h e  ozone 
concent ra t ion  measured.on days wi th  r e l .  sunshine 
d u r a t i o n  >80% 

a )  S t a t i o n  Garmisch. 740 m a.s.1.  

b) S t a t i o n  Zugspitze 3000 m a . s .1 .  

Fig. 3 : Ozone month .1~ mean va lues  f o r  t h e  yea r s  1977-1 980 
f o r  3 d i f f e r e n t  a l t i t u d e s  

Fig.4 : Dependence of t h e  ozone concen t ra t ion  a t  d i f f e r e n t  
l e v e l s  of t h e  boundary l a y e r  on season and r e l a t i v e  
sunshine dura t ion  

Fig.5 : Time v a r i a t i o n  of the .ozone  p r o f i l e  i n  t h e  lower 
t roposphere (1000 - 3000 m a . s . l . 1 ,  tempera ture  
and a e r o s o l  s t r a t i f i c a t i o n  dur ing  i n f l u x  of stra- 
t o s p h e r i c  ozone a f t e r  a  s t r a t o s p h e r i c  i n t r u s i o n  

Fig.6 : Time v a r i a t i o n  of t h e  ozone p r o f i l e  i n  t h e  lower 
t roposphere through photochemical product ion i n  
t h e  ground l a y e r  

Fig.7 : Lidar  obse rva t ions  (backsca t t e r ing  r a t i o s )  of  t h e .  
formation of a e r o s o l  l a y e r s  i n  t h e  s t r a t o s p h e r e  
a f t e r  t h e  S t .  Helens e rup t ions .  Measurements were 
performed l a t e  i n  t h e  evening o r  very e a r l y  i n  t h e  
morning ( a s  i n d i c a t e d  by double d a t e ) .  T denotes  
t h e  Munich radiosonde tropopause 

Fig . .8  : V e r t i c a l  p r o f i l e  of  t h e  atmospheric c i r c u l a t i o n  
der ived  from t h e  Munich radiosonde compared w i t h  
t r a n s p o r t  speeds observed by t h e  IAU l i d a r  

Fig.9 : T i m e  v a r i a b i l i t y  of t h e  maximum s c a t t e r i n g  
c o e f f i c i e n t  -1 ( o p t i c a l  mixing r a t i o )  and t h e  
he igh t  i n t e g r a t e d  p a r t i c u l a t e  b a c k s c a t t e r i n g  
c o e f f i c i e n t  ( i n t e g r a t e d  from tropopause .I. 1 krn 
t o  upper l a y e r  boundary a t  about 26 km) 

. . .  

Fig.10: T i m e  v a r i a b i l i t y  o f  t h e  h e i g h t  i n t e g r a t e d  
p a r t i c u l a t e  backsca t t e r ing  c o e f f . i c i e n t  f o r  d i f f e r e n t  
he igh t  i n t e r v a l s  

Fig.11: T i m e  v a r i a b i  
at- I I-. . .  
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