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Atmospheric Turbidity in Europe , 1963-1969

1. INTRODUCTION

Atmospheric turbidity as a measure of aerosol ve rtical a t t enua tion  in the dt-

mosphere governs , in the absence of clouds , the brightness of the sk y and , as

observed from the ground , seeing conditions of stars and objects in the sky.  It also
determines in observations from aircraft  or satellite the visibility of the ground and

the slant range. Turbidity, for the most part , is a large scale phenomenon which

tends to be rather constant in meteorological air masses, little affected by local

pollution. It cannot be determined accurately from measurements  of sur face  con-
centration of aerosols (visib ility range, mass loading , and so on) because usually
the vertical depth of the aerosol layer and the humidity conditions aloft (aerosol

growth) are not accurately known.

Turbidity measurements at one location provide only statistics of f requency.

possibly for different seasons and air masses, whereas more or less simultaneous

measurements at a number of stations of a larger region provide , in addition , the

means for stud y of local influences and large scale aerosol transport .
Pyrheliometers. introduced around 1880 , were the main instruments for turbidity

measurements up to about 1950. The data obtained at a relatively few locations

have been especially valuable in the study of t ransmit tance of dust  clouds of large

volcanic eruptions. Separation of extinction by air and aerosols , and absorption by

(Received for publication 20 A pril 1978)
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wa ter vapor became possible around 1920 with the use of optical filters. However .
the introduction of simple instruments with photoelectric detectors and narrow
spectral filters 1 made it possible to organize relatively dense turbidi ty networks,
enabling synoptic studies of aerosol transport in regions of continental  extent . The
f i rs t  such network was established in 196 1 in the United States , 2 with some for t~
stations in later years.  In more recent years , the scope was of the na tu re  of a
global survey  wi th  emp hasis on clean background stations.

In 1963 . the  au thor , at that t ime and until 1967 , a member  of the Astronomical
Inst i tute  of the Universi ty of Tübingen (Weissenau Field Station) , initiated a network
in Central  Europe.  Until 1969 . due to the kind cooperation of the National Weather
Service Head quarters , approximately fifty stations submitted data obtained with sun

photometers for evaluation. Another eight stations contributed pyrheliometer data.
This report makes the main bod y of data available in condensed form , that  is ,

as daily min imum values of turbidity. In addition , some basic statistical evaluations
and preliminary time series prepared while the author was still at Weissenau will
be included .

2. INSTRUMENTATION AND CALIBRATION

Except for t he pyrheliom eter s, sun photometers with selenium detectors and
stable Kodak- Wratten No. 65 filters (X500 nm , 53 nm halfwidth ) as described 1 were
used; they are equipped with a level and sight for measuring the solar optical path-

length or air mass.
The turbidity coefficient B is obtained as

B =  M 1 (log 10 /F  - log ! - AP/Po )  ,

whe re

B = base 10 aerosol optical density above the observer per unit
air mass; aerosol optical thickness 1’ A = 2. 30 B;

M = solar optical air mass = secans of refracted solar zenith distance
(read from the sight) ;

1. Volz , F. E. ( 1950> Photometer mit Selen-Photoelement z u r  Spektralen Messung
de r Sonnenstrahiung und zur Bestimrnung der Welle nlängenabh ’dn gigkeit der
Dunsttrübung, Archiv.  Meteor.. Geoph ys. u. Biklim. B. 10:100-131.

2. Flowers, E. C. • McCormick , B. A . ,  and K u r f i s . K. H. ( 1969)  Atmospheric
turbidity over the United States . 1961-1966 , J. Appl. Meteorol. 8:955-962 .

3. Environmental Data Service (1977 )  Global Monitoring of the Environment for
Selected Atmospheric Constituents, 1975. DOC-NOAA -NCC , Ashville ,  N . 

C.8



1, 10 = observed Ind extraterrestr ia l  solar intensity ( M A ) ;

F’ = solar distance correction ;

A = l l av le igh  -~ ozone optical dens i ty  = 0. 0634 + 0. 004 at sea level (Po) ;

P / P o  = relat ive barometr ic  station pressure .

Prior to use at network stations , the ins t rumen t s  were ca l ibra ted  by comparing
readings with those of a standard instrument whose l0 -va lue  Was f requent ly checked
by Langley extrapolation,  and by checks of linearity and t empera tu re  coefficients.
Unfo rtunately,  only a few instruments could be recalibrated after  cessation of
measurements .  In agreement with other f indings . a larger number  stayed constant
within ± ‘

~ percent .  However , most stations made measu rement s  of large and small
a i r  masses on some clear  d ay s , enabling Lang ley extrapolat ions or showing,  as the
equivalent , constant  t u r b i d i t y .  All data were scrut inized by the  au tho r .  In only a
few cases w( ’r e  ad jus tments  to 1

~ 
necessary.  Since , for a given e r ror  in l~~, the

error  in B is proport ional  to ~ 
l , s u m m e r  tu rb id i t i e s  which  were  made preferably

at \1 < 1. 6 are less accura te  than winter  values . Errors  of B general ly should not
exceed ± 0. 01 in s u m m e r  and ± 0. 005 in winter .

A l l  pyrhel iometer  measurements have been made with standard f i l t e r s .  ~\rkona
and Potsdam (T ab l e  1) submitted va lues  of ~3 (= 0. 93 B if the A-exponent  of the aerosol
is 1. 3, as general ly expected) and Locarno gave values  of B. We derived ~l by way
of the nomograph given by Feussner  and Iloelper 5 from the d i f f e rence  of total minus
red radiation of the De Bilt , Coimbra Lisbon , and Porto stations , and \ a l e n t j a
Observatory. Sun photometer measurements  and pyrheliometer  data of this type
are in good agreement  (~~I3~ 0. 01) . F ur ther  confirmation was possible with a few
paral lel  measurements .

3. RF.PORTED TURBIDITIES

Ii general , t u r b i d i t y  varies du r ing  the lay. Since most stations made only one

m e a s u r e m e n t  per lay, the question arose as to which  turb id i ty  should be reported

in  the  c ase of more than  one measurement .  The dail y m i n i m um  is reported here

because it character izes  the I a r c~e scale (air  mass)  turbidi ty  better , at l east , in

4. Prospero, J. M . ,  (ar l s o n , T. N ., Savoie , 0., and Nees . H. T.  ( 1976 )  Atmos-
pheric Turbidity Measurements during GATE.  Technical Report TB 7 6- 6 ,
universit y of Miami ,  Rosenstiel School of Marine and Atmospheric Science.

5. Foitzik , 1~ . , and Hinzpeter , H. (1958) Sonnenstrahlung und Lof t t rübung,
Leipzig, 309 pages.
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indus t r i a l  env i ronments  (increased turbidi t y in morning hours)  and hi g h t u r b i d i t y
conditions . Fur thermore, the noont ime measurements  comm onl y prefer red  ( in  the

case of one reading dail y) would most l ikel y be closer to the  m i n i m u m  than  the aver-
age , if the average turbidi ty (because of developing c loudiness)  holds p re fe rence  for
earl y morn ing  readings .

-I . STATIO\S

The stations , including their  a l t i tude and af f i l i a t ion , are l is ted in Table 1.
Fi gure 1 indica tes  the geographical locations ; Fi gure  2 summar izes  periods of
measurement .  Most observations t e rmina ted  by m i d _ V 6 7 , severa l  months a f te r  f o u r
I tal ian stations and C lermont -Fe r rand  started measurements. Not included in Fig-
ure 1 are the fol lowing stations: 21 (Azores  I s lands) , 22 (Cape Verde  I s lands) .
45 (R ey kjavik , Ice land) , and the shipborne data.

The stations span a wide range of turbidity conditions . F~Ieasurements  from
mountain sites are few and of short duration (see Table 1, Stations Ia through c, and 29a) .
The data show little evidence of stratosp heric dust from the March  1963 eruption of
t he A gung volcano in Indonesia; the effect in this latitude range probab ly never ex-
ceeded a turbidity of 0. 02 . In areas of heavy industr ial  pollution are Stations 24 ,
26 , 34 , 36 , 37 , 37a , 38, and 50, thoug h local conditions at some other areas may
cause high average turbidity also (see Fi gure 6) .

Table 1. Stations—Altitude and Aff i l ia t ion
(DWD = Deutscher Wetterdienst)

1 Zug Zugspitze (2960 m); DWD . Wetterwarte

la Hp Hohenpeissenberg (977 m) , DWD

lb GT Gornergrat  (3 131 m) near Zermatt  (Oss. Ticinese)
lc Biv Bivio (1800 rn), Graubünden near St. Mori tz  (F. Volz)

2 Wei Weissenau (446 m) ;  Astron. Institut der Univers i tht , Tüb ingen
Aussenstelle Weissenau , 4 km southwest of Havensburg

3 Tub Tübingen (400 m) ; Astron. Institut der Universit~ t Tübingen

4 Mee Meersburg (410 m) ; Met. Insti tut  der Universi tät  Fre ihu rg

5 Fre Fre iburg  (280 m) ;  Met. Insti tut  der Univers i t a t  F re ibu rg

6 Ho I-Iöchenschwand ( 1001 m);  Met. ln st itu tde rUnive r s i tat  F r e i h u rg

7 Reg Regensburg (375 m); DWD , Wetterstation Regensburg

8 Tol Bad Tölz (654 m); DWD , Medizin-Meteorol .  Beratungss te lle

8a VT Vogtarenth (700 m> ; DWD , near Bad Tölz

9 Ko Königstein (240 m);  DWI) , Medizin-Meteorol .  Beratungsstel le ,
15 km northwest of F r a n k f u r t

10
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Table 1. ( ( o n t )

10 \Va l  Vi Lddhröl (317 m) ; 37 km E N E  of Köln (11. Kön ig )

11 11am H amburg  ( 14 m);  D~V D , Meteorol.  Ob se r vat o r i u i n  l I , H I I I I I I ~~ , 15 k m
north of Hamburg

12 Lin L i n d a u / L l a r z  (156 m);  M a x — I ’ l a n c k — I n s t i t u t  fü r  • \ II,Ia w l i
(Dr.  Guil ino)

l2a CZ Claus thal-Zelle r fe ld  (800 m) (I ) . S t r a n z)

13 Nor  Insel Norderney (13 m);  DWD , Wet te rwar t e

l3a Wel Wes te rland /Sylt ( 15 m) ;  Bioklimat.

14 Wie W ien , Hohe Warte  (200 m) ;  Oesterr.  Z e n t r a la ns t alt  f u r  \ le teorol .

15 Bas Basel-Binningen (317 m) ;  Astron. Sleteorol.  An s t a lt d e r  h n i v er s it ~it
Basel

16 Loc Locarno-Mont i  (380 m) ;  Centrale Meteorol. Svizzera

17 Par V a l - J o y e u x  near Versail les (150 m);  Universität  de Paris ,
Phys. de I ’Atm. (Prof .  Vassy)

18 LI Labar the-Inard  (326 m);  Centre Atm. lies. Camp istrous , 70 km
southwest of Toulouse. France (Fl . J. 1)essens)

18a Lan Lannemezan  (320 m) ;  Centre Atm. lies. Camp istrous . 35 km west
of I . ah a r t h e - In a r d

19 Ros Rostrenen (260 m);  Met. Service of France , 80 km east of Brest

20 Val Valence  ( 110 m) ; airpo rt

20 ’ BM Bordeaux Merignac (47 m) , Met. Service of F rance

20a CF Cle rmont -Fer rand  (500 m) ,  Observatoire du Puy de Dome

21 •- \z  Angra dolieroisrn o (90 m) ,  Azores , Serv. Met. Nac .  of Portugal

22 Kap Mindelo (2  m) ,  Capverd.  Islands , Serv. Met. Nac. of Portugal
23 Pot Potsdam ( T O  m) ,  30 km west of Berl in . Met.  I lauptobs .
24 M u n  Mi~nchen , (500 m),  Meteorol. Institut of Univers i ty
25 Ham Bamb erg (239 m) ,  DWD

25a LF Lang furth-Brot jack lreigel  (500 m),  30 km east of Regensburg,
Deutsche Forsch. Gem.

26 \iz \ I a i n z  (100 m) ,  Mct.  Institut of the Universi ty
27 Ark Arkona ( 10  m) ,  Meteorol . Dienst
28 Val Va l en t i a  Ohs. • (15 m), southwest-Ir land (Ir i sh .  Met. Serv .
29 Zag Zagreb (160 m)  Jugoslav.  Akad ., Inst. of (.o sm. 1’hv ~~.
29a Z-P  l’u n t i j ar k a  (988 m)  near Zagreb Inst. of Cosm. I ’ hy s .
29b Tn Tr ies t ,  Italy ( 10  m) (E. Krawie tz)

30 l)B l)efli lt  (0 m) ;  Kon. Neder l .  Met. Inst.
30a Am Ar n h e m  (40 m);  Kon. Ned . Heidemij
31 Ath Athens  and South. Greek (H. Lehner)

32 W a r  W a r sc h a u  (107 m)  Hy drolog. -M eteorol .  Staatsinst .  of Poland

33 Bag Hagur  ( 100 m) .  Spain , 110 km northeast of Barcelona , (B. H adorn )
(4 M u l  . \iU lh e i m/ l iu h r  (80 m) ,  Gesundh its : mt
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Table 1. (Cont)

35 Han I lannove r /Flugha fen  (50 m) ,  1) Wl )

35a Go Göttingen (200 m) ,  l ) W l )

36 Hoc Bochum (80 m),  I)WD
37 Dus Dü sse ldorf  (80 m) ,  ) .lediz . Inst. f. Infth ygiene , Un ive r s i t y

37a Gel Uelsenkir ehen-Hors t  (80 m> ,  Hygiene inst i tut

38 \V et \V e t t e r f l i u h r  (210  ml , (E.  Janzif lg)

40 Sal Sa lzhurg  (430 m) ,  Osterr.  Met. Dienst.

4 1 13cr Bergen (40 m);  Geof ysik lns t i tu t  of Universi ty

42 Sto Stockholm (40 m); Sveriges Meteorol. Hy drolog. In st itut

43 Jok Jokioinen , Helsinki ( 103 m); Finn. Met. Service

44 Kew Kew Observatory (50 m) . 12 km west of Ci ty  of London

45 Hey Rey kjavik (50 m),  Vedurs tofa  Islands ( Ice land)

50 Mil  Milano-Linate (103 m),  Ministero della D i fe sa -A e r o n a u tic a/ S e rv .
~ eteorol.

50a lR Alassio (100 m),  coast 60 km southwest of Genova (E. Krav ie t z)

51 V V  Vigna di Valle (262  m),  40 km nor th  of Home ,
Ministero della Difesa-Aeronaut icaJ  Serv. Meteorol.

51a CM Capo Mele (220  km) ,  70 km southwest of Genova ,
Ministero della Di fesa -Aeronau tica/ Serv .  Meteorol.

52 Elm Elmas (1  m) ,  Southern Sardinia , \ I in is tero  della
Dj fesa - Aeronautj ca / Serv. • Meteorol.

53 Por Porto (96 m), Servico .‘d eteorol. Nac .  of Portugal

54 Coi Coimbra ( 141 ml ,  Servico Meteorol. Nac. of Portugal

55 Lis Lisboa (77 m),  Servico Meteorol. Nac.  of Portugal
56 Bf B ielefeld-Beuel  (200 m),  DWD

57 M M  Mar ignane  near Marse i l l e  (3 m),  Met .  Service of F r ance

Ship Observations (followed in Table 2 by position in degrees N and ~~)

1963 Oct-Nov (Norwegian Sea)

1964 Feb-Apr  (Atlant ic) ,  June (near Greenland) ,  Augus t  ( N o r t h  Sea> ,
Sept-Oct (North  Sea)

1965 Jan-Feb . M a r c h - A p r i l , May-June  (all At lant ic) ,  Oc t -D ec. (Nor t h
Sea)

1966 Jan-Feb (Atlantic),  March -Apr i l  (Nor th  Sea)
May-Aug  (South Atlantic)

1967 June-August (Atlantic)

The first  voyage was wit h the ship FFS “Anton Dohrn ” ( M r .  Arpe ) . the last on

FS “ Meteor ” (Dr .  Wun l i tzer ) ,  and all others on FFS “Walter  Herwig ” ( 1)r. Gruenewald) .

all of DWD , I)eutsches Seewetteramt, Hamburg .

12
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EUROPEAN TURBIDITY NETWORK
Active Period of Stations
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The ‘l a i l y  ( m i n i m u m ) t u r b i d i t y  values ( I O ~~B) are l i s t e  f i n  Table  2 . Shi phorne
IO t a  a re  fo l l o w e d  by pos i t ion  in k ’L’r ees N and W. It is evident  tha t  ri a ny  s t a t ions

( c l o n e observa t ions  very  i n f r e q u e n t l y ,  possibly w i t h  b ias  for  t h e  l ea re s t  ( ‘O n dj t i o f l S .
x r e p t i o n a l l y  h igh  t u r b i d i t y  r an he assumed to he rea l . 11c r e r r , r ,h sc ’ r v er s w ere

adv i se - - I to m ake no m e a s u r e m e n t  if I- i r r, i s  was before  t h e  sun a n - f  i f  v er y  l i g h t  ci r ru s
was  ov er l o o k e d , the  t u r b i d i t y  could  h a r d l y  have been f a l s i f i e d  by  cr or e  t h a n  0.05 .
O t h e r w i s e , if  lata of the v i s i b i l i t y  r ange  V are a v a i l a b l e  ( as  in  t he  o r i p i n a l  - l a t a  of
severa l  s t a t ions) , an apparen t  aerosol scale  he ight  0 . 51 N V of -. 5 km may
l n f j n - r i t c ’  c i r r u s  condi t ions .

The g r e a t e r  pa rt of the  original  data received by late 1966 has been , ‘v a l u a t e d  f u r t h e r .
A S a basis for sy n o p t i c  evaluat ions , monthly  ch ar t s of the c ou r se o ft u rh i d i t v  (not
restr icted to d a i l y  m i n i m a)  at stations for cer ta in  regions ( fo r  ex am p l e , southern
Ge r m a n y ) have been p repa red . These were  then  used to make  a s i m p l i f i e d  su rvey
plot r o v e r i nL~ t h e  whole  period w i t h  data f rom a few s ta t ions  of s m a l l  t~ average
t u r b i d i t y  (F igu re  3) . The most i n t e r e s t i n g  ep isode w i t h  l a r u e  c hanges  in t u r b i d i t y
is from 10 J u l y to I I  Augus t  1963 . F igure  4 is f rom a more de ta i l ed  d i scuss ion . 6

‘I he m a i n  conclus ion fol lows:  that  the  hi gh tu rb id i ty  observed around 22 J u l y  in
c en t r a l ’ Europe du r ing  a period of m oderate  west  w i n d s  mus t  have  been an a i r

mass property advected f rom the A t l a n t i c .  By con t ras t , the inc rease  of t u r b i d i t y

over c e n t r a l  Europe dur ing  stable weather  cond i t ions  w i t h  ve ry  weak w i n d s  was found
to he on l y  about 0. 01 per clay. Other i n t e r e s t i ng  periods are March  and September!
October 1964 and la te  June  1965 . The onl y synopt ic  study wi th  data from the J n i t e n l
States ne twork , covering the period Apr i l  to June  1962 , appears  to have been made
b y Vo lz . 6

f requency d i s t r ibu t ions  of t u r b i d i t y  ( da i l y m i n i m u m )  for “ s u m mer ’ (A p r i l  to
September) and “ win te r ” (October to M a r c h )  have been derived for m a n y  locat ions .
I ) i s t r ihu t i on s  l oga r i t hmic  in  II were ca lcula ted  s ince  they are , in genera l , s i m i l a r  to
normal  d i s t r ibu t ions  (F igu re  5) . This  is , as shown by VoI z 7 not t rue  for l inear

dis t r ibut ions  for wh ich  the  average turbidi ty  is about twice  as large as the most
f requent  t u r b i d i t y  (however , averages of l i nea r  and l o g - n o r m a l  turbidi t ies  are
prac t i ca l ly  the  s a m e) .

6. Vo l? , I’ . J~, (1969 )  Some results of tu rb id i ty  networks , Tel lus  21:625-630 .
7 . Vo lz , F. E. ( 19 63 )  F ;in i ge J f ä u f ig k e i t sv e r t e i l u n g e n  des T r d b u n g s k o e f f i z i e n ten  und

der Tni ibungstypen in Europa und N or dan-m e r i k a , Meteorol.  Rund sch .  16:173- 183.
WV
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Figure 4 . synopt ic  T u r b i d i t y  in the Northern . Central  and Southwestern Part of
(‘entral  Europe from 10 . lu ly  — 11 August  1963. Accord ing  to average winds  at
850 mh , the t irn i’ scale  ( i n  i l ays)  of all  s tat ions has been ad jus ted  to 9 F as
indicated in  b rackets  b eh i n d  the  station names. Dashed curve in upper part:
averager l  t u r b i d i t y  derived ~or an aerosol scale heig ht of 1 . 5 km from the
h ighes t  day t ime  vis ib i l i ty  ranges reported at Schleswig and 3 nearby stations
Note: Passage (, f f ronts  at Zur ich .  (Heproduced from Volz , 1969 , with
p ermiss ion  of Tel lus .
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l” igure  5. Sal-n pies of F ’ r o l o j i b s Iu 1/ l) ist rihutions (Of I l l  i ’ i I S I (  i t  ‘.‘ . I I Il l Ir l ’  ‘h shows
di s t r ib u t i on s  obtained f o r  al l rJs,servatinns , -h Ill for ‘Ia I v  III 111111  1)777 1,1 ’ (~ I J h ’ oh  ((fl l y

The resu l ts  of this s t u d y  are l ’ o ) II I ( pr ( s el (  in  I Sobl e  ‘~ - A ’ ; o ’ r : ( I ’ ,  t I Irhi I i i t ’,’ ( f o r  da i l y
m i n i m a)  was c-omputed , blot s t a n d a r d  i s v  i It ( II I  (11 10 1 0 1 ) 1  I I )  “S r ead off p lot t ed  Ire  —

quency  d i s t r ibu t ions , co r I S e t i r  ~s a f t er  ey eb a l l  511 I ( l ( t } l i I i i I . ‘l’hc’ g r a p h i l - I t I p re senta  -

tion (Figure 6) l in es not give ct I lnIlsI  r i  ‘ i P vj 1 It  11( 1110  illIt t h e  r Io  (i l l (Of t u r h i l l i t v  for which

the  f r e q u e ncy  was 9 per cent  per 0. 1 of log II ( 1 — 2  c t ; l r ( ’ l I o r ’ I  ‘ i c v i a t i n n s  in  (0 1! II ) . a n d

the  to ta l  range  of t u r b i d i t y .

Periods covered ar e  u s u a l l y  t i e  f i r s t  I to 2 years  of ope ra ti on  of a s t a t i o n ;  a

season by season t r e a t m e n t  in L l e n e r So l was  not w a r r 1 o rltoII. A v h ” r I l 1 ! f ’  t u r b i d i t y  ranges

from 0.05 ( .J ok io in en ;  V a l e n t i a  in  I r e l a n d )  t n  0. 24 as in  t h e  Ru h r  region and at Mi l an o .

At  the  l a t te r  locat ions , t u r h i d i t i p s  -‘0 . 08 (F i g u r e  61 l I r e  r a r e l y  encoun te red . In t i s o ’

I nit (111 States ne twork , t u r b i d i t y  ( l i nea r  averages I hiss about the  same range  in  June

and Ju l y .  hut for the  greatest  part , is ha l f  as la rge  in  m i d w i n t e r . Seasonal varia-

t i on  appears  to  he much  s m a l l e r  at most  European loca t ions ,

Some e x a m p les of ( ‘igure  6 also show that  seasonal  t u r b i d i t y  may change con-

siderabl y f r o m  year t o  year (even if  observations are made at t h e  m a x i m a l  po ssible

number  of olays , see Weissenau) .
The ‘l i f f er ence  between (logar i thmic)  averages for d a i l y  m i n i m a  of Ii as pre-

01 , ’n t e lt  here  and averages for a l l  observations genera l l y is only  10 to 20 percent  as

e x e m p l if i e d  In Figure 5b , hut it  mi ght he l a r g e r  at heav i ly  pol luted l oca t ions . In

t h e  F luhr  region , tu rb id i ty  genera l l y Is 0. 3 to 0. 5 up to noon t ime , hut  somet imes

decreases to ru ra l  values around 0. 08 durIng  the af ternoon.
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The o r i g i n a l  data and evaluat ions  may he obtained from the author. It may also

he assumed t h a t  py r h e l i om e t e r  stations have data a v a i l a b l e  for years  not reported

here .

Table L Average Turbidity (daily minimum values ) R miq .  S t a n d a r d  Dev i a t i on
( 1n ~ RI . IflII N u m b e r  of Observations (N) for Summer and Winter fnr Some
~‘l t 7 h t  io ns

Summer V. inter
(A p r i l - S e p t )  ( O c t -M a r c h )

N o , Location Period 1~
’ . ~ N Period ‘

~~~ , ~ N
mm m m

31 A t h e n s  6 .8 / 6 5  .110 . 14 25 - - - -
27 Arkona  4 . 5 / 6 5  . 145 .25  63 6 4 / 6 5  . 075 . 42 74
30a A r n h e m  65 . 240 . 15 58 64 /6 5  . 120 . 30 49
25 l lamherg  6 - 9 / 6 4  . 140 . 35 - 6 4 / 6 5  . 150 . 36 37
25 Barnberg 65 . 140 - 27 7 1 -

15 Rasel  7 / 6 3 - 1 2 / 6 6  120 . 24 100 . 110  . 20 62
41  l l er gen  6 4 ’6 5  . 130 . 23 27
37 lh isse lior f  S- 8/ 64 ~-6 5 .240  .30 79
3 5 o  (~~;t t1~~~Cn 65 - 172 .32 47 1 0 - 1 2 / 6 5  - 155 . 16 17
I I  Hamburg :1-64/65 . 1 15  . 35 27 9 / 6 3 - 10 / 6 4  . 140 . 32 39
43 .Jok io inen  6 - 9 / 6 5  .048 . 35 52 . . 020 . 15 9
44 Kew 64 . 083 .35 23 1 0- 1 2/ 6 4  . 085 . 55 10
18 J .abar t - lnard  64 . 100 . 22 107
12 l,indau/!larz 64 .130 .22 34 64 /65  . 095 . 40 46
16 l .ocarno 63-65 . 100 . 33 137 6 3 / 6 4 ’6 4 / 6 5  .068 . 17 ¶1 9

26 \ l a i n z  65 - 152 . 36 38 1 - 3 / 6 5  . 180 . 24 9
50 M i l a n o  4 - 9 / 6 7  . 260 . 22 109 9 / 6 6 - 12 / 6 7  . 200 . 30 167
34 \liilheim 65+66 240 .20 11 6 4 / 6 5  - 113 0 .20  15
13 Norderney  63o64 .086 .40 27 63/64 073 .40 22
17 Paris 64 ’65 - ~~0 .35 38 1-3/64 120 .45 21
23 Potsdam 65 .085 .3 2  55 64 /65  . 072 . 24 35

7 Regensburg  6 - 9 / 6 3  .07 8 .33 63 /64  . 100 50 598
7 f legensburg 64 . 140 . 33 513 64 /65  , I~~O . 35 tO O
7 Regenshurg 65 . 100 . 24 89 65 /66  - 100 . 22 3 1

19 Ros t r enen  64 .070 .2 5  28 1 2 / 6 3-4 / 6 5  . 050 . 25 33
40 Salzburg 65 .090 . 20 56 1-3 /65  - l i P  . 25 22

8 T~~l7 64~ 65 .080 .30 112 64 65 . 070 - 17 27
28 Va len t i a  IreLand  64 .04 .3 .26 28 64 / 65 . 075 . 32 43
28 V a l e n t i a  Ire lanr i  65 - 062 . 2 2  32

8a Vogtarent h - ¶ 1 - 1 1 / 6 5  .070  . 17 22
10 Waldhr ~il 63-65 . 105 .2 3  151 9 / 6 3- 12 / 6 5  . 078 . 30 113

2 Weissenau  62 . 100 . 40 133 6 2/ 6 3  . 130 . 3 1 70
2 Weissenau 63 .120 .70 117 64/65 .160 .25 88
2 Weissenau 64 .130 .23 108 6 5 / 6 6  .100 .41 79

38 Wet ter  65 .2 1 0  . 35 60
14 Wien 65 - 155 . 30 39 6 4 + 6 5  - 120 . 35 40
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