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The climatological features of the spectral intensity
of ultraviolet sky and global radietion are presented in this
paper in the form of hourly values for every month of the year.
These figures relate to monthly means of atmospheric ozone aud
to average conditions of ground reflexion and turbidity during
the "winter period" (ground covered with snow) and the "summer
period" (ground free from snow). Diagrams showing the diurnal
variation of the intensity for various wavelengths and its
spectral distribution for different hours of the day are pre-
sented for December, March, June and September, which months
have high, medium and low monthly means of atmospheric ozone .
amount. Further diagrams show the annual variation of the inten-
sity for various hours and wavelengths. The latter curves
illustrate the combined eflect of the annual variation of solar
declination, atmospheric ozone and ground reflexion on the inten-
sity of ultraviolet sky and global radiation. The ratio between
the vertical component of direct ultraviolet soler radiation and
total diffuse radiation is examined in its diurnal and annual
variation and in dependence on wavelength. An increase of this
ratio with increassing values of solar altitude and wavelength can
be stated for all wavelengths between 330 muy and 370 mp. The in-
fluence of atmospheric ozone on this ratio is shortly discussed.

No climatological means in a strict statistical sense
are given; the diurnel and annual variations of the intensity have
been computed from the relations between intensity, solar altitude
and ozone established in a former Report [1]. A description of
the applied procedure and a discussion of the results and their
accuracy is given.
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The knowledge of the ultraviolet radiation incident from
sun and sky upon the earth is of vital interest for geophysics as
well as for biophysics. This field has therefore been studied for
almost half a century at the Davos Observatory. During the first

~decades integrating methods such as photo-electric cadmium cells

have been used as indicator; this procedure has, however, not proved
satisfactory for different reasons.

A suitable spectrometer for the measurement of the diffuce
sky radiation from the whole hemisphere was therefore developed by
Dr. P. Bener, research fellow at the Davos Observatory, and records
of the spectral intensity of ultraviolet sky and global radiation
have been taken over a period of several years. The results published
in three Reports [1,2,3] were first evaluated under the aspect of
atmospheric optics and the influence of solar altitude, atmospheric
ozone, ground reflexion and turbidity on the intensity was examined.

As a bioclimatological approach is in line with the tra-
dition of the Davos Observatory, the data of our investigation have
furthermore been interpreted from the viewpoints of radiation clima-
tology and medical climatology, which are especially interested in
the knowledge of the mean conditions of natural ultraviolet radiation
and their variations with time. The daily and the annual variations
of ultraviolet intensity are therefore studied in the present paper
and the relative contributions of ultraviolet direct solar radistion
and diffuse radiation to global radiation is examined. In principle
the same material was used as in [1], but the period of measure-
ments could be extended and covers for the present report the time
from January 1958 until November 1961.




Our spectrometric investigations on ultraviolet ra-
diation have been enabled by various grants. Financial support
for the instrumental acquisitions and the development of the
equipment was given by the Swiss National Research Foundation,
by UNESCO and by the Radiation Commission of the International
Association of Meteorology. The necessary subsidy for operating
the equipment and for processing the results and especially also
for the preparation of the present repcrt was offered by the Cam-
bridge Research Laboratories, OAR, through the European Office,
Aerospace Research, United States Air Force.

I wish to express herewith our gratitude to all
these organizations which have enabled us to undertake and pro-
mote our investigations on ultraviolet radiation.

Davos-Platz, January 1963 W. Mérikofer
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LIST OF SIMBOLS

Turbidity factor introduced by Schiiepp [5]

Factor introduced on page 24 and relating to the
variations of the intensities H and G which are
caused by the daily deviations x of the amount of
atmospheric ozone from the monthly means

Spectral intensity of ultrayiolet global (=sun+sky)
radiation,expressed in Wem=¢mp~+ as a function of
A, hand X

Spectral intensitg of_ultraviolet sky radiation,
expresged in Wcm=-<m -1 as a function of A, h and X

Spectral intensity G for an amount X = 0.250 cm
of atmospheric ozone

Spectral intensity H for an amount X = 0.250 cm
of atmospheric ozone

Mean scattering of thg _intensity G, caused by the
average deviation % 4/x< of the daily amounts of
atmospheric ozone from the monthly means

Corresponding scattering of the intensity H
Solar altitude

Spectral intensity of ultraviolet global or sky
radiation, ixpressed as a function of A, h and X
in Wem=-2mp-

Wavelength in myp

Daily deviation of the amount X of atmospheric
ozone from the monthly means, expressed in %

Vertical component of direct uliraviolet solar
radiation,expressed in Wem=“mp=

Coefficient in formula (1) page 10, determining
the influence of atmospheric ozone on the intensi-
ties H and G



Coefficient Tkh for global radiztion

Coefficient Txh for sky radiation

Locel apparent time (LAT)

Daily total amount of atmospheric ozone expressed in
terms of a layer in cm N.T.P.

Monthly mean of X

Mean value of X,averaged over the period from 1927 to
1958

Daily deviation of the_amount X of atmospheric ozone
from the monthly mean X, expressed in cm
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INTRODUCTION

A large number of recoras of the spectral intensity
of ultraviolet radiation from the whole sky and from sun + sky
(= global radiation) on a horizontal surface have been taken
during the period 1958 to 1961 at the Davos Observatory (Switzer=-
land, 1590 m a.s.l., $= 46°48'N, A = 9°49'E).

In a former Report [1] which is based on the results
obtained until May 1959 the spectral intensity is discussed in
dependence on solar altitude, amount of atmospheric ozone, ground
reflexion and atmospheric turbidity. Further results, technical
improvements and a theoretical discussion are published in two
other Reports [2,3]. The present investigation is concerned with
the diurnal and annual variation of the intensity and all data
obtained from 1958 until November 1961 have been considered.

The values given in this report do not represent cli-
matological means of ultraviolet radiation at Davos in a strict
sense of the term. Although altogether 1645 records of sky
radiation and 870 records of global radiation have been evaluated,
the number of data is not sufficient enough to establish statis-
tical means of intensity for all possible conditions and for
every hour of the day throughout the year. Continuous measure=-
ments over a much longer period would have been necessary for
that purpose. It is however possible to reconstruct the diurnal
variation of the average intcnoity by considering the variation
of the principal parameters (solar altitude, ozone, albedo) and
their influence on radiation. ..It is along these lines that the
following results have been derived. The procedure applied to
this end is restricted to practically cloudless days (cloudi-
ness & 1/10 and will be described on the following pages.
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l. The derivation of the climatological values

The spectral intensity of ultraviolet sky and global
radiation below 330 mp depends strongly on the amount of atmos-
pheric ozone. An empirical relation

log I(X,\,h) = log I(0.250,A,h) = Tm'(x - 0.250) (1)

was established in Technical Summary Report No.l (1, p.1C4 and
124] to state the dependence of the measured intensity I(X,A,h)
of ultraviolet sky or global radistion on the amount X of atmos-
pheric ozone expressed in terms of a layer in cm N.T.P. In the
present as well as in the former Report the values of X are given
in the old scale in use before IGY. The corresponding values
according to the new scale would be higher by a factor of 1.34.
The designations A and h stand for wavelength and solar altitude
respectively. The intensity I(0.250,A,h) refers to a fixed
amount X = 0,250 cm of ozone which was arbitrarily chosen as
corresponding approximately to the mean annual amount. The coef-
ficients Thh which represent the variation of log I(X,A,h) per
unit of A X have been determined in [1] for the wavelengths and
solar altitudes chosen for evaluation. Values of I(0.250,A,h)
and Thh for sky and for global radiation are given in ?ablgs 30
and 36 of the former Report.

Monthly mean values of the amount of atmospheric ozone
should be known for deriving the diurnal variation of the inten-
sity in the course of the year. An average value § of the month-
ly means X has been computed for every month from the data
measured from 1927 to 1958 at the Lichtklimatisches Observatorium
Arosa, which is situated in another valley of the Alps at 1l km
distance from the Davos Observatory. These averages have bgen de-
termined from the figures published by G. Perl and H. Diitsch in

B ' W
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"Die 30j4hrige Aroser Ozonmessreihe"[4]. It is furthérmore de-
sirable to know the mean scattering of the daily values X around
the monthly means X. An average value V&hﬁof the deviation

x = X - X was therefore computed for every month from the data
relating to 8 years arbitrarily chosen for that purpose. The
monthly means 2, the scattering ;? ard the mean values of th
relative. deviation-r = x/X are given in Table l.- Co

Table 1. 32 years average values X of the monthly means of atmos-
pheric ozone at Arosa (Switzerland) computed from the
figures published by G. Perl and H. Diitsch [4]. The de-
signations x and r are explained in the text.

1 Ve Ve

cm ’ cm %
Jahuary - 0.245 0,029 12
February  0.261 0.028 11
March 0.269 0.025 9.3
April 0.270 0.023 8.5
May 0.264 0.015 5.7
June  0.250 0.014 5.6
July 0.235 0.012 . 5.
August 0.224 0.01% 5.8
September 0.211 0.015 7.1
. October - 0.205 0.017 . 8.3
November 0.207 0.018 8.7
De;ember . 0,223 0.021 9.4.

Proceeding from the monthly means ¥ the spectral in-
tensity of ultraviolet sky and global radiation can be computed
for every month by means of the relation (1) provided that. the
values of T,,, and I(0.25,A\,h) are known foy the wavelgngtha and
solar altitudes in question. While the coefficients Thh'given
in Tables 30 and 36 of Report [1] will be applied in this paper,
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Spectral intensity of ultraviolet
radiation G (expressed in Wcm“zmu

Tahle 2a:

ter condition

W
¢{ h = solar altitude; 6.20-10 stands for

X = 0.250 cm of atmospheric ozone.

1

breviatio

Ab

6.20-107

297.5 300.0 302.5 305.0 307.5 310.0 312.5 315.0

A

hO

6.20-10 1.59-9 3,50-9 7.25-9 1.80-8 3.18-8

1.37-9 4.79-9° 1.32-8 3.18-8 9.10-8 1.99-7

3002*’9 1030-8 4-45"8 1011-7 3055-7 7-25-7

H 1.13-8 7.3

O

G 2.44-8 1.3

45°

2.23-5 2.72-5

1.03-5 1.35-5
1.10-6 1.47-5

-7 1.70-6
-6 3.95-«6

5.35
1.35

5-8 1.37-7
8-8 3.23-7

8
8

L 4
.

2
8

H
G

55°

2.60“'5 3015"5

-6
-5

85
32

6 5.
6 1.

7.20~8, 2.30-7 8.00-7 2.30-6 4.39-6 6.40-6 1.16-5 1.58-5
2

. 6-71 4090-7 ‘2040‘6 6063-6 '1.09-5

0
0

2,02-6 4.1
5.20-6 9.4

7
6

1054“5 2090-5, 5062“5

H .
G

65°




4 360.0 380.0

. 340.0

-326.0 ...340.0

3200

'317.5

370.0

1350.0

e

6.50-8 9.96-8 2.54-7 5.40-7 7.74-7 9:03-7- 9.38-7 9.14-7 8.25-7

3.95-7 6.40-7 1.39-6 2.67-6 3.40-6 3.59-6 3.65-6 4.25-6 4.11-6
1.36-6 2.04-6 3.93-6 6.29-5 7.24-6 7.33-6 7.30-6 8.43-6 7.84-6

10-5 1.09-
1.4

l 3 35.5

1.01-.5 1.
1.20-5

1
1

7.03-6

3.23-6 4.76-6 8.05-6
5.02-6 6.75-6 9.96-6

2,95-6 4.34-6

1.,45-5 1.44-5 1.37-5 1.48-5 1.26-5

385
86-5

.
[

5.90<6 8.47-6 1l.31-5
7.15-6 8.90-6 1.3l-

9040"6 1.25'5 1087"

2.06-5 2.10~5 2.18-5 2.,57-5 2.39-5
1.73-5 1.6

D ©

8l-5
83-5

5 1.
5 2.

| ]
E J

1,80
2,59

5
5

9-5 2.01-5 1.68-5
6-5 4022’5 4004"5

1.30=5 1.78=5 2.36-5 2,38-5 2.20-5 2.10-5 2.20-5 1.86-5
1.75-5 29135 2.90-5 3.93-5 4.20-5 4.35-5 4.37-5 4.97-5 4.80-5
1.31-5 1.4925 1,975 2.58-5 2.62-5 2.40-5 2.28-5 2.35-5 2.02-5

2.88+5 2.9
2.20-5 2,58-5 3.38-5 4.67-5 4.88-5 5.06-5 5.02-5 5.88-5 5.73-5

.8
<7

1
4

1.33-5 1.69-5 2.38-5 3.

9.40-6 1.09-5 1:57-5 2.
1.14-5

2.50-5 2.50-5 2.19-5
5.64-5 6.55-5 6.33-5

1.46-5 1.68-5 2.,17-5 2,78-5 2.82-

-5
-5

+60
73

5 2
5 5
3,00-5 2.80-5 2.68-5 2,62-5 2.35-5

2
3.

2.68-5 3.0%5<5 3.90-5 5.40-5 5.5

3,00-5 2.80-5 2.67-5
7.55-5 .7.95-5 7,205

6.17-5 6.41-5 6.39-5 7.18-5 6.76-5
3.18-5 2.98-5 2.85-5 2,72-5 2.51-5
6.60-5 7.00-5 6.99-5 7.60-5 7.06-5

3.20-5
6.80-5

2.98-5
2.80+5 3i40-5

3.17-5 3.50=5 4.,40-5  6.12.5

1.73=-56 2.02-5 2.60-5
3063-5 3095-5 4082-5 !

1.60-5 1.85-5 2.37-5
1.81-5 2.19-5

3.15-5

%432-5

7.40-5

3,15.5 2.87-5 2.80-5
" 8.@‘5 8020-5 7023-5

7.80-5 '

5 09.5-5

14:10=5 4,45-5 5.25.5
11490-5 2.34-5 3.00-5

3.30-5
.8.00-5

7.30-5

3.65-5 3.47-5
7.90-5

5.60-5

[4,45-5 4,35-5
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Spectral intensity of ultravi
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radiation G (expressed in Wem™

0
2.30-10 stands for

er

: h = solar altitude;

2.30-10-10,

310.0 312.5 315.0

307.5

297.5 300.0 302.5

A

ho

3C5.0
2.30.10 6.67-10 1.80~9 3,70-9 9.80-9 1.94-8

7

5.60-10'2.02-9 7.60-9 1.73-8 5.30-8 1.17-7
1.38-9 6.00-9 2.24-8 5.52-8 2.00-7 4,347

" 6.02-10 3.36-9 1.70-8 6.08-8 1.66=T 5,30-7 1.12-6
~41-9

3
3.41-
l.65-9. 8.30-9 4,79-8 1.65-

2.31-8 7.60-8 2.03-7 6.60-7 1.40-6

. 14-6 2 . 18—6
.38-6 2.40-6

-7 1
=7 1

7 4.06
7 4.45

5
1-

1.9

(1.51-9) 8.80-9 6.10-8
4,39-9 . 2,02-8 - 1.19-

(3.95-9) 2,21-8 1.44-
H 1.70-9 '1.08-8 5.00-8 2.50-7 7.00-7 1.33-6 2.93-6 4.55-6

30°

4.42-7 1.10-6 1.86-6 3.93-6 5.65-6

G (1.42-9 '1.05-8) 5.75-8 3.12-7 8.00-7 1.67-6 .4.25-6 - 6.37-6
"3.30-9 2.

1.50-6 2.75-6 6.41-6 .9.10-6 -

-7
-7 5.93-7

18
33

8 1
8 1

32-
65~

3075‘9 l20

H
G

35°

H 6.20-9 '4.28-8 2.,15-7 7.26s7 1.58-6 '2.45-6 5.00-6 6.80-6

40°

G 8.81-9 '6.05-8 2.61-7 1.06-6 2.60-6 4.18-6 9.00-6 1.23-5 -
1.14-8 7.10-8 3.05-7 1,016 2.05-6 3,08-6 6.00-6 7.80-6
1.78-8 1.13-7 4.40-7 1.65-6 3.85-6 5.70-6 1.14«5 1.52-5

H
G
H
G

45°

1.02-7 3.,92-7" 1.27-6 2.49-6 3i71-6 6.70-6 8.69-6

1.87-7
H 3.14-8 1.34-7 4.73-7 1.48-6 2.80-6 4.38-6 7.30-6 9.40-6

6.42-7 2,336 4,90-6 7.20-6 1.35-5 1.76-5

2.00-8

53.20-8

50°

58°

7.80=6 1.00-5

6.30-6 9,90-6 1.67-5 2.13-5

G 5.20-8 2.87-7 8.60-7 3.05-6 5.70-6 8.55-6 1.52=5 1.97-5

1.68-6 3.04-6 4.95-6
3+78=6

7
6

48«
10-

3“7 50
0-7 1.
1.87-7 6.22-7 1.87-6 3.21-6 5,50-6 8.20-6

7.65-8 4.1
5.60-8

4040‘8 106
1.03-7

H
G

60°

1.07-5

5.40-7 1.35-6 4.40-6

H
G

65

6.65-6 1.12-5 1.80-5 2.28-5
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350.0 360.0 370.0 380.0

340.0

320.0 . 325:0

317,5

330,0

3.45.8 5,668 1.55.7 3.31-7 5.10~7 6.26-T7 6.45-7 7.45-7 6.73-7

2.40-7 4.08-7 9.63-7 1,90-6 2.32-6 2.93-6 3.03-6 3,47-6 3.35~6

9.00-7 1.31-6 2.54-6" 4.54-6 5.29-6 6.05-6 6.25-6 6.94-6 6.45-6

WL
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Iable 2a; The coefficient T,, (expressed in em™}) for ultraviolet sky
radiation. h = golar altitude

\\§b\\ h 0° 5° 10° 15° 20° 25° 30° 35° 40° 50-6¢’
(mp]

297.5 9.0 8.6 8.2
300.0 12 9.9 9.4 8.6 8.2 6.2 5.5
302.5 8.2 9.4 12 9.9 9.0 8.6 7.8 4.9 4.3
305.0 7.5 7.5 9.4 12 9.0 7.2 6.9 6.2 4.0 3.1
307.5 6.4 6.9 9.0 10 7.8 5.7 5.5 4.8 3.4 2.5
310.0 5.3 6.2 8.2 8.6 6.2 4.4 4.3 3.6 2.6 1.9
312.5 3.7 4.9 6.4 5.9 4.0 2.8 2.9 2.2 1.7 1.3
315.0 2.4 3.9 41 4.0 2.5 1.9 2.0 1.5 1.1 0.8
317.5 2.1 3.6 3.9 3.6 2.3 1.7 1.9 1.3 1.1 0.8
320.0 1.8 3.2 3.2 2.9 1.9 1.5 1.6 1.1 0.9 0.7
325.0 1.2 2.4 2.0 1.9 1.3 1.0 1.1 0.8 0.6 0.5
330.0 0.3 0.4 0.4 0.3 0.3 0.2 0.2 0.1 0.1 0.1

Table 3b: The coefficient Tkh (expressed in cm'l) for ultraviolet
global radiation. h = solar altitude

\\\\\ h 15° 20° 25°  30°  40°  45°  50-66°
A
(mp]

297.5 ' 12 9.9 13 15
300.0 12 12 12 9.4 9.0 12

302.5 11 12 11 10 7.8 6.9 9.9
305.0 10 10 8.6 7.5 6.2 5.5 7.5
307.5 9.4 8.6 6.7 5.3 4.9 4.4 5.9
310.0 7.8 6.2 5.1 3.6 3.9 3.6 4.8
312.5 5.1 3.7 3.4 2.0 2.6 2.4 3.5
315.0 2.9 2.4 2.2 1.2 1.8 1.7 2.5
317.5 2.6 2.1 2.0 1.1 1.6 1.5 2.3
320.0 2.1 1.8 1.8 0.9 1.4 1.4 2.0
325.0 1.5 1.2 1.2 0.6 1.0 1.0 1.5

330.0 0.3 0.2 0.3 0.1 0.2 0.2 0.3




new averages for I(0.250,A,h) based on all results obtained until
1961 have been determined for the present investigation. These
figures are given in Tables 2a-b and 3a-b for-wiﬁtgr and summer
conditions and for sky and global radiation respectively. Some
remarks concerning these tables may be added.

The time during which the sun is higher than 55° is
limited to a few hours per day durihg some summer months. , In
otherwise fair weather conditions cumuli are then likely to de-
velop near noon after a cloudless morning. Only a limited number
of records could therefore be taken in practically cloudless con-
ditions for h 2 55°. These data relate furthermore to a rather
narrow interval of ozone variations. It was therefore not possible
to establish reliable values of T,, for solar altitudes above 50°.
As an approximation the figures obtained for 50° solar altitude
will be applied up to h = 66°, which is the highest solar eleva-
tion for the latitude of Davos.

The values of the intensity I(0.250,A,h) have been
derived in the manner described in Chapter 4 and 5 of Report (1].
A short summary of the procedure may be in place here.

The spectrum was normally scanned from about 290 my
to 380 mp with an effective spectral bandwidth varying from 0.9 mp
at 295 mp to 2.2 mp at 380 mp. . The records show a more or less
smoothed picture of the Fraunhofer structure. For the purpose of
our investigation it was not thought necessary to evaluate the
spectra in every detail. Up to 325 mp the spectral intensity was
determined for the wavelengths 297.5, 300.0, 302.5 .....320.0 and
1325.0 mp. In the region above 325 mu the mean intensity averaged
over bands of 10 mp and centred at 330, 340,...380 mp was deters
mined from the records. The intensities measured in cloudless or
nearly cloudless conditions (cloudiness £ 1/10) were then interpo-
lated for round values of solar altitude. To this end the values
determined for each wavelength and measured on the same day were
plotted on a logarithmic scale as a function of solar altitude and
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read in steps of 2.5 mp from the graph. A large number of valuss
for the intensity relating to different amounts of atmospheric
ozone was obtained in that manner. Every value relating to
the same wavelength and solar altitude was then reduced to

X = 0.250 cm by means of relation (1) and the coefficients Thh
The average of the reduced figures was taken for the intensi-
ty I(0.250,A\,h). For 340 mp ia S 380 mp practically no ab-
sorption by ozone must be considered and no reduction to

X = 0.250 cm applied in this case. In this wavelength region
the figures for I(0.250,A,h) represent the averages of all values
obtained for the same wavelength and solar altitude.

Ground reflexion is another important parameter
which influences ultraviolet sky and global radiation, and the
effect of the increased albedo produced by the snow cover during
the winter period can clearly be seen in the intensity values.
The intensities measured during the winter period when the ground
was entirely covered with snow and those obtained in summer were
therefore separately interpolated and averaged and mean values
for the intensity I(0.250,A,h) relating to both periods have
thus been determined. It was then assumed that winter condi-
tions prevail in the region of Davos from the beginning of Novem-
ber until the end of April and the finel results derived for this
period are based on the intensities measured in winter condi-
tions. Summer conditions were on the other hand assumed for the
remaining period.

No clear relation between the intensity of ultra-
violet sky and global radiation and turbidity could on the other
hand be established in the former Report [1] when the intensity
was examined as a function of the turbidity factor B introduced
by W. Schilepp [5]. Furthermore, no systematic difference bet-
ween the intensities relating to morning and afternoon respec=-
tively could be stated. The averages for I(0.250,A,h) include
therefore indiscriminately the values obtained in the morning or

€ L S bt A I RS 5 - e temmame cie e s e e e e S ras



the afternoon as well as in different turbidity conditions.
It must however be mentioned phat the latter is normally low at
the altitude region’ of Davos except in rare cases.

Taking account of the monthly means X of atmos-
pheric ozone and applying-the figures for I(0.250;A,h) and Tkh
the intensities H(X,r,h) and G(¥,A,h) of ultraviolet sky and glo-
bal radiation were computed according to relation (1) for every
month and for the waveléngths and the solar altitudes considered.
The values of H(X,\,h) and G(X,A,h) were then plotted for every
wavelength as a function of solar altitude and'an’ approximating
curve was drawn through'the'points of every graph. Diagrams re-
presentlng smoothed values of the intensity in dependence of
solar altitude were thus obtained for- every wavelength and every
month. :

Time had then to be introduced in place of solar al-
titude for the’ climatological representation. The l6th day was
taken as representative for every month except in the case of
June and December where the llth day was chosen.. The- values of
solar altitude relating to full and half hours on these days were
then determined for the latitude of Davos(see Table 4). By these
figures the intensity corresponding to the various hours of the
representative days.could be read from the diagrams for H(h,A 1)
and G(h A 1) respectively.

The results thus obtained are represented in
Tables 5-16‘(see Annex) for every month of the year. The dia-
grams of Figs. la-d to 6a-d show the diurnal and annual variation
of the intensity as well as its spectral distribution. The re-
cords taken from January to November 1961 cover the wavelength
region between 297.5 mp and 415 imp and the results obtained dve
ring thisfperded have been applied to extend the spectra shown in
Figs. 3a-d and 4a-d up to 410 my.




Tsble 4. Hourly values of solar altitude for the latitude of Davos. LAT = local apparent time

z Jan. Febr. March Apr. May June July Aug. Sept. Oct. Nov. Dec.
4.00/20.00 -4.9 1.7 =3.0

4.30/19.30 -0.6 2.6 1.3 -4.6

5.00/19.00 -2,7 4.0 7.0 5.8 0.1

5.30/18.30 -6.5 2.2 8.8 11.7 10.5 5.0 =3.1

6.00/18.00 -1.3 7.3 13.8 16.6 15.4 10.0 2.1 -6.4

6.30/17.30 -3.9 3.8 12.4 18.8 21.6 20.5 15.1 7.2 <l.3

7.00/17.00] -5.4 1.0 8.8 17.6 23.9 26.7 25.5 20.2 12.3 3.6 =3.8 N
7.30/16.30 | -0.9 5.7 13.8 22.6 29.0 31.8 30.7 25.4 17.4 8.5 0.8 -2.6
8.00/16.00| 3.4 10.2 18.6 27.7 34.2 36.9 35.8 30.4 22.2 13.1 5.1 1.6
8.30/15.30 7.4 14.5 23.2 32,5 39,2 . 42.0 40.9 35.4 26.9 17.5 9.2 5.6
9.00/15.00 | 11.0 18.5 27.4 37.1 44.1 47.0 45.8 40.1 31,3 21.5 12.9 9.1
m.uO\Hb.uo 14.2 22.0 31.3 41 .4 48.7 51.8 50.5 44 .5 35.4 25.2 16.2 12.3
10.00/14.00 | 17.0 25.0 34.7 45.3 53,0 56.2 54.9 48.6 38.9 28.3 19.1 15.0
10.30/13.30 | 19.2 27.5 37.5 48.6 56.7 60.2 58.8 52.0 41.9 30.9 21.4 17.2
11.00/13.00 | 20.9 29.3 39.6 51.1 59.6 63.4 _61.9 54.7 44.2 32,8 23.0 18.8
12.00/12.00 | 22.2 30.8 41.5 53.2 62.2 66.3 64.6 - 57.0 46.1 34.4 24.4 20.1

page 20
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2. Remarks on the accuracy of the results

The results presented in this paper are based on the
intensities H(0.250,A,h) and G(0.250,A,h) given in Tables 2a-b
for winter and summer conditions respectively. As mentioned
in section 1 these values are the averages of the interpolated
and reduced intensities which relate to the various days when
records were taken. The mean deviation of the daily values from
the averages H(0.250,A,h) and G(0.250,A,h) can therefore be
taken as a rough measure for the accuracy of the final results.
The latter scattering amounts in the mean over all solar alti-
tudes to + 28 % between 300 mp and 305 mp, to 17 % for 310 my
and to ¢+ 13 % between 315 mu and 325 mu. For wavelengths
A = 330 mp the scatter does not vary systematically with wave-
length and amounts to ¢+ 25 % for h=0° and to 9 % - 14 % for
higher solar altitudes.

This scattering is partly caused by errors of measure-
ment and partly by errors introduced by the reduction of the dai-
ly values to X = 0.250 cm. Furthermore the natural variation of
the intensity in dependence of turbidity and of the varying al-
bedo during the winterperiod must be taken into account. '

The measuring accuracy is discussed in Chapter 2 of
Report [1] where all kinds of sources of error are considered.
The resulting statistical error of measurement is estimated in
Table 13 of [1] for round values of wavelength and solar al ti-
tude. It amounts to between * 5 % and + 19 % except for AS305 mp

and h £ 10° in which cases the error is occasionally larger.

A considerable part of the scatter found below 330 mp
is caused by errors involved in the reduction of the intensity to
an ozone amount of X = 0.250 cm. The empirical relation (1)
which has been applied for the reduction and the derivation of
the coefficients Tkh are discussed in the sections 4.3 and 5.3 of

L o RS AR A 35 (RN R B T N s e e



B e

- 22 &

Report [1]. It was not possible to establish the coefficients
Thh'very accurately. This is partly due to the fact that only
the total amount X of atmospheric ozone was considered in re-
lation (1), whereas no regard has been taken to its vertical
distribution. The reduction of the intensity to X = 0.250.cm
or to the various monthly means X works therefore only up to

a certain approximation.

When considering the large scattering in the daily
values of H(0.250,A,h) and G(0.250,A,h) below 305 mp it must be
taken into account that the influence of ozone absorption is
very strong in this wavelength region. The average value of the
coefficients Thh amounts for sky radiation and for
300 mp = A £ 305 mp to 7.9 em™l. The annual variations
L% = 0,065 em of the monthly means % cause thus variations of
intensity by a factor of 3.3. The corresponding factor for glo-
bal radiation is 4.1. '

The records of sky and global radiation were not al-
ways made alternately during the whole day. The measured inten-
sities of these radiation fluxes relate therefore in many cases
to different times of the day or even to different days. The
average values derived from the two sets of data do therefore
not correspond to the same number of days; in this sense the da-
ta are not homogeneous.

The coefficients Thh have been determined separately
for sky and global radiation. For A < 305 mp and 15° & h & 30°
lower values were obtained in some cases for the reduced inten-
sity G(0.250,A,h) of global radiation than for the corresponding
intensity H(0.250,\,h) of sky radiation. Those values in
Table 2a-b are put in brackets. The same applies for the values
in Tables 5-16 (see Annex), which represent the diurnal varia-
tion of the intensity for every month of the year. These incon-
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sistencies are partly caused by some inhomogeneity of the ori-
ginal data mentioned above, partly by errors involved in the
reduction to X = 0.250 cm. Global and sky radiation differ by
the contribution of the component of direct solar radiation.
For lower solar altitudes and shorter wavelengths the latter
is only a small fraction oi the sky radiation, and it may then
happen that the errors which sre introduced by the reduction
are larger than the vertical component of the direct solar
radiation. Discrepancies of this kind would also be possible,
if the original intensities G and H were better correlated than
it is the case with the dJdata available.

Some general remarks regarding the accuracy may
be added: The reliability of our results for A < 330 mp depends
much on the accuracy with which the influence of ozone can be
taken into account. It would be desirable for future work in
this field, if a more reliable relation between sky radiation
and the total amount as well as the verticael distribution of at-
mospheric ozone could be established. The intensity of direct
solar radiation is on the other hand rather well known as a
function of X. More accurate values of global radiation could
be obtained for the critical intervals of solar altitude and
wavelength by measuring direct solar radiation separately and
addihg its vertical component to the intensity of sky radiation.
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3. The scattering of the daily values around the monthly means
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The results presented in Tables 5 to 16 (see Annex) -
and in the diagrams of Fig. 1 a-d to 6 a-d relate to mean con-
ditions of solar altitude and atmospheric ozone during the diffe-
rent months of the year. The annual variastion of ground re-
flexion has been taken into account in a rather summary way by
considering a summer and winter period separately. The same is
valid to a certain degree for turbidity. The actual values of in-
tensity vary irregularly in dependence on the daily variations of
these parameters. Only the mean scattering of the intensity pro-
duced by the daily changes of atmospheric ozons will be considered
here. The influence of casual variations of albedo during the
winter and the summer period is discussed in section 3.,1.3 of
Report (1].

The deviations x = X - X of the daily amounts of
atmospheric ozone from the monthly means cause varistions of in-
tensity by factors ofvf_r num log + x Txh' Proceeding from the
average deviations i ¢/x~ given in Table 1 the factor f was computed
for round values of wavelength and solar altitude and interpolated
for the different hours of the day. The mean scattering of the
intensity which corresponds to the various values of f is given
in Table 17 for four selected months and for full hours of the day.
These figures show the strong dependence of ultraviolet intensity
at shorter wavelengths on the daily amount of atmospheric ozone.
Mean scatterings up to + 83 %/.45 % and + 100 %/-50% are found for
March and for sky and global radiation respesctively.
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T2hle )7. The averages Z4H and 273 of the daily deviatizns of the
intensity from the monthly means, scparately for H and G
and evpressed in %.

Decembar
LAT A: 2397.5 230.0 305.0 31.0.0 315.0 320.0 325.0
’ +44 +30 +15 +11 + 8
- 8000/ 15-‘00 H _30 -24 "lj _lo - 7
S . \ +55 +46 +22 +17 +10
9.00/15.00 H %5 ~32 18 14 -9
H +79 +79 +51 +21 +15 +10
-44 -44 -34 ~18 -13 -9
10.00/14.00
G - +62 +46 +15 +11 + 8
- -38 =31 -13 - =10 -7
i +65 +5 +322 +15 +11 + 7
-’59 -37 -28 -13 -10 -7
11.00/13.00 .
G - +62 +38 +13 + 9 + 6
- -38 27 -11 -9 -6
noo- s6177 T ¥maT 435 +13 +10 T+ 6
-38 =35 -26 -11 -9 - 6
12.00/12.00 _
+79 +62 +35 +12 + 9 + 6
- 8 - 6

G 44 -33 =26 -1
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March

LAT A: 297.5 300.0 305.0 310.0 315.0 320.0 325.0
+68 +57 +26 +20 +13
7.00/17.00 H a0 “36 5 57 a1
H +83 +77 +49 +18 +14 +9
8.00/16.00 -45 -43 -33 -15 -12 -8
) . g - +78 447 416 412  + 8
- -44 -32 -14 -10 -7
H +68 +50 +29 +12 +10 + 7
5.00/15.00 ~41 -33 -22 -10 -9 -6
T 4200 459 428 +10  + 8 5
~50 -37 -22 -9 -7 -5
H +60 +43 +23 +9 + 7 +5
10.00/14.00 -38 -30 -19 -8 -6 -5
) ) g 89 486  +49 424 +9 46  +4
-47 -46 -33 -19 - 8 -6 -4
H +64 +44 +27 +16 + 7 + 5 + 4

-39 -31 -21 -14 -6 -5 -3

11.00/13.00
c *T8 +73 +43 +25 +11 + 8 + 6
-44 -42 -30 -20 =10 -7 -5
g +63 +42 +25 +15 + 7 + 5 + 3
~38 -30 -20 ~13% -6 -5 -4
12.00/12.00

‘ ) G +86 +71 - +41 +24 +11 + 8 + 6
-46 -41 -29 -20 -10 -7 -5

A ——
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June
LAT At 297.5 300.0 305.0 310.0 315,0 320.0 325.0
+30 +26 +13 +11 + 7
5.00/19.00 24 .21 a12 10 -6
+44 +43 +29 +12 9 + 5
-31 -30 -22 -11 - 8 -5
6.00/18.00
G +38 +27 + 9 + 6 +5
-28 =21 -8 -6 - 4
+34 +26 +15 + 6 + 5 + 3
-25 -20 -13 -6 - 4 -3
7.00/17.00
+47 +30 +16 + 6 + 5 + 3
-32 .23 -14 -6 -5 -3
+33 +27 +19 +11 + 5 4 3
-25 -21 -16 -10 -5 -3 -2
8.00/16.00 .
g 4 _+39 . +24 +13 + 5 + 4 + 3
-29 28 — -19 ~12 -5 - 4 -3
+31 +20 +11 + 7 + 3 2 + 2
-30 =17 -10 -7 -3 2 -2
9.00/15.00
+55 .. +4% +26 +14 -+ 7 6 + 4
-35 -28 -20 -2 -6 -5 - 4
+30 +19 +10 + 6 + 3 2 + 2
~32 ~16 -9 -6 -3 -2 -2
10.00/14.00
+62 +47 +27 +17 + 8 + 7 +5
-38 -%2 -21 -14 -8 -6 -5
+30 +19 +10 + 6 + 3 + 2 + 2
=32 16 -9 - 6 -3 . 2 -2
11.00/13.00
+62 +47 +27 +17 + 8 + 7 + 5
-38 -32 -21 -14 -8 -6 -5
+30 +19 +10 + 6 + 3 + 2 + 2
-32 -16 -9 -6 -3 -2 -2
12.,00/12.00
+62 +47 +27 +17 + 8 7 + 5
-38 =32 -21 -14 -8 - 6 -5
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September

e st i R St

LAT A: 297.5 300.0 305.0 310.0 315.0 5°00.0 0 305.0
+30 +22 +11 + 8 +5
6.00/18.00 H -3 ey 10 o -
) +43 +34 +15 +11 + 8
7:00/17.00 H 3l -5 13 2100 -7
H +40 +33 +17 + 8 + 6 + 4
-28 -24 -17 -7 -6 -4
8.00/16.00
o +51 +38 +22 +9 + 6 + 4
-34 -28 -18 -8 -6 -4
H +34 +26 +15 + 6 + 5 + 4
. -26 -21 -13 -6 -5 - 4
9.00/15.00 -
G *50 +49 +29 +13 + 4 + 3 + 2
-33 -33 -22 -12 -4 -3 -2
g 32 +26 +17 +10 + 4 + 3 + 2
-26 -20 -14 -9 -4 -3 -2
10.00/14.00
o 42 +39 +25 +14 + 6 + 5 + 3
-30 -28 -20 -12 -6 -5 -3
H +32 +23% +13 + 8 + 3 + 3 + 2
-25 -18 -12 -1 -3 -3 -2
11.00/13.00
¢ 51 +36 +22 +15 + 7 + 6 + 3
-33 -26 -18 -13 -7 -6 -3
g 32 +22 +12 + 8 +3 + 3 + 2
-25 -18 -11 -7 -3 -3 -2
12.00/12.00
e 57 +39 +23 +16 + 7 + 6 + 3
-35 -27 -18 -14 -6 -6 -4




4. Diacussion of the climatological results

4,1. The diurnal and annual variation and the spectral distribution

of the intensity

The general results of this investigation are represented
in Tables 5 to 16 (see Annex), which contain the spectral inten-
sities of ultraviolet sky and global radiation for every month of
the year. The diagrams of Figs. 1 a-d through 6 a-d show the di-
urnal and annual variation as well as the spectral distribution of
the intensity for December, Merch, June, and September. These
months cover periods of maximum, medium and minimum solar altitude;
March and September correspond furthermore to high and low values
of the monthly means of atmospheric ozone.

For solar altitudes>10°the mean spectral intensity
does not vary much between 330 mp and 390 mp and the curves ob-
tained for the diurnal and annual varistion of the intensity in
this wavelength region partly cross each other. The hatched bands
in the Figs. 1 a-d, 2 a-d and 5 a-d, 6 a-d represent the upper
and lower limit of intensity obtained for 340 mp S S 380 my.

Sky radiation varies rapidly at hours with low sun
in the morning and the afternoon, as can be seen from the curves
in Figs. 1 a-d. Depending on wavelength the varistions of inten-
sity cover up to several ordersof magnitude. The same applies for
global radiation (Figs. 2 a-d) with the exception of the period
between November and February when global radiation exists only
for a few hours daily. For orographical reasons solar altitude
does not change much at Davos between sunrise and sunset during
this period and the diurnal variations of global intensity are
then correspondingly small. '




it e R S A

- 30 -

The diagrams Figs. 3a-d and 4a-d show the spectral di-
stribution of ultraviolet sky and global radiation for various
hours of the day. For A = 330 mp these curves give mean values
of intensity averaged over intervals of 10 mup. As mentioned above
the variations of the mean spectral intensity between 330 my and
390 mp are relatively small, especislly for hours with higher
solar altitudes. This plateau which from 390 mp towards longer
wavelengths is followed by a further increasse, is a consequence
of a similar trend in the mean extrﬁberrestrial solar spectrum.
Another characteristic feature of these spectra is the sharp drop
of intensity below 330 mp. It is due to the rapidly increasing
absorption by atmospheric ozone and to a lesser degree to the de-
crease of the extraterrestrial solar intensity towards shorter
wavelengths. At a certain wavelength which depends on the amount
of ozone, on solar altitude and on the sensitivity of the instru-
ment the intensity becomes too low to be measured with any accu-
racy. The short-wave limit where the spectrum is cut off by
ozone absorption lies for the applied spectrometer near 295 my;
this limit relates to sky and global spectra measured at Davos
with high solar altitude.

It is furthermore of interest to consider the varia-
tion of the intensity in the course of the year as represented in
Figs. 5 a-d and 6 a-d for sky and global radiation respectively.
These curves show the combined effect of the annual variation of
solar altitude, atmospheric ozone and albedo. The. variation of
atmospheric ozone and solar altitude during the year is given in
Tables 1 and 4 respectively. As to the changes of ground re-
flexion it has been assumed (see p. 18) that winter conditions
prevail from November to April. Summer conditions have been
assumed for the remaining months.

The intensity of ultraviolet gky radiation increases
from January to April with increasing solar altitude. The month-
ly means of atmospheric ozone increase during this period as well,




which trend counteracts the effect of the rising sun. The in-
crease of intensity during the first months of the year becomes
gradually steeper for the curves relating to t = 12.00, 10.00,
8.00 and 6.00 or to the corresponding hours in the afternoon,
which will not be especially mentioned further-on. This is due
to the fact that the gradient ‘of the curves which represents the
intensity in dependence of solar altitude increases towards lower
solar altitudes. '

. From April to May ground reflexion changés to summer
conditions while solar altitude is further increasing. ' The
monthly mean of ozone reaches its annual maximum in April and
diminishes in May. The influence of the decreased albedo can
be seen in the trend of the curves relating to \ % 310 mp and to
the hours between 12.00 and 8.00. The intensities for t = 12.00
and 10.00 drop from April to May for wavelengths A £ 315 mp. The
same is true for the intensity corresponding to t = 8.00 and
A2 320 mp. The effect of the lower ground reflexion prevails
in these cases.

. During the period from May to July solar altitude
reaches a flat maximum in June while the average amount ¥ of
ozone diminishes from 0.264 cm to 0.235 cm. Because of the
latter decrease the maximum of intensity is shifted or extended
to July, except for the intensity relating to t = 6.00 and

A2 315 mp. Atmospheric ozone decreases further from July to
October and reaches its annual mimimum in October. This trend
counteracts the effect of the decreasing solar altitude during
this period. ' :

Ground reflexian changes in November to winter con-
ditions while ozone does not yet vary essentially from October
to November. The effect of the higher albedo 'can be seen in
the trend of the curves corresponding to A € 310 mu and to
t = 12,00 and 10.00., For 325 mp and 330 my and for ¢t = 12,00
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the effect of the step in albedo prevails and the intensity
increases in spite of the decreasing solar altitude. No corres-
ponding influence of ground reflexion is recognizable in tie
curves of Fig. 3¢, which relate to v = 8.00. This can be ex-
plained by the fact that solar altitude is low in November at
these hours and its influence on the intensity therefore stron-
ger than for higher elevations.

The monthly means of ozone increase from 0.207 cm
to 0.245 cm between November and January and the annual mini-
mum of intensity is shifted or extended from December to January
for shorter wavelengths. For longer wavelengths the influsence
of solar altitude prevails and the arnual minimum is reached in
December.

Apart from minor differences the diagrams of
Fig. 6 a-d for the annual variation of ultraviolet global radia-
tion show features similar to those for ultraviolet sky radiation:
After the increase of intensity during the first months of the -
year the change of albedo in May can be seen in the tr=nd of the
curves relating to t = 12.00 through 8.00 and A 2 305 mp or
2'310 mp. In consequence of the decreasing monthly means of at-
mospheric ozone the annual maximum of global radiation for
t = 12,00 and 10.00 is extended or shifted from June to July. The
same applies for the curves relating to t = 8.00 and 6.00 and for
A2 315 mp and A = 310 mp respectively. The following decrease in
intensity is to some extent diminished by the seasonal decrease of
the monthly means of ozone, as it is the case for sky radiation.
The effect of the higher albedo in November is recognizable in the
trend of the curves for t = 12.00 and 10.00 and for A 2 305 mu.
A shift or extension of the annual minimum of ultraviolet global
radiation from December to January which is similar to that found
for sky radistion occurs in the curves for the shorter wavelengths.

The curves in Figs. 6c and 6d for t = 8.00 and 6.00
cover only & limited period of several months; for the remaining
months the sun is below the natural horison at these hours.
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4.2. The ratio between the vertical component of direct solar

radiation and the intensity of sky radiation in the ultraviolet

Global radiation G and éky radiation H differ by the verti-
cal component S, = G - H of direct solar radiation.' It is
well known [6,7] that for shorter wavelengths and lower solar alti-
tudes this component amounts only to & relestively smzll fraction
of the intensity of the diffuse sky radiation. Table 18 (see p.34)
gives es g example theoretrical values of the ratio S /H for a
Rayleigh atmosphere. These figures which relate to summer con-
-ditions (with anassumed albedo of 0.15) and-to the altitude of
Davos, increase rapidly with increasing solar altitude and towards
longer wavelengths.

The actual ratios Sv/H which can for example be de-
rived from the measured values of G and H depend ‘furthermore on
atmospheric ozone, turbidity and ground reflexion and may vary
from day to day. A scattering between + 7 % and ¢ 12 % was found -
in a certain case for various wavelengths and in the average over .
all solar altitudes considered. This scattering relates to the
results obtained on six days when records of sky and globsl ra-
diation had been made alternately.

It has been mentioned in section 2 that our results on
sky and global radiation relate partly to different days and are.
therefore not strictly correlated to each other. These data are
thus not so well suited for & close examination of the retio- SV/H.
In fact the ratios derived from the climatological results given
in Tables 5 to 16 (see Annex) show some irregularitiea when plotted
as a function of wavelength and solar altitude. Only mean values
averaged over intervals of 10 mp end 20 mp respectively will ‘there~
fore be considered here. .

The diagram in Fig. 7 shows as an example the diurnal
yariation of SV/H for June. These curves which are based on the
figures given in Tables 5 to 16 represent the mean trend of the ratio
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Table 18,

A 300

- -34 -

Theoretical values of the ratio S /H between the vertical
component 8v of direct solar radiation and the intensity
H of sky radiation, for a Rayleigh atmosphere and an
asmumed albedo of 0.15. Interpolated from the values of
the scattering functions }{ (T), ¥,.(T) and 8(T) computed
by Z. Sekera et al.[8]. The values for the vertical op-
tical thickness published by D. Deirmendjian [9] have
furthermore been applied. h = solar altitude.

310 320 330 340 S0 360 370 380 390 400

0.01
0.07
0.16
0.27
0.38
0.50
0.61
0.71
0.81
0.90
0.98
1.05
1.10
1.17
1.20

0.02 0.04 0.06 0,09 0.13 0.18 0.25 0.31 0.40 0.48
0.10 0.15 0.21 0.28 0.37 0.45 0.56 0.68 0.82 0.97
0.22 0.30 0.39 0,50 0.62 0.75 0.90 1.07 1.27 1.46
0.36 0.46 0.58 0.72 0.88 1.05 1.24 1,45 1.69 1.93
0.50 0.63 0.77 0.94 1.14 1.34 1.57 1.82 2.10 2.38
0.64 0.79 0.96 1.14 1.37 1.61 1.86 2.15 2.46 2.80
0.77 0.94 1.13 1.34 1.59 1.86 2.14 2,46 2.81 3.17
0.89 1.08 1.29 1.52 1.79 2.08 2.40 2.74 3.12 3.52
1.00 1.21 1.44 1.69 1.97 2.29 2.63 3.00 3.41 3.83
1.10 1.33 1.56 1.83 2.14 2.47 2.83 3.24 3.67 4.l1
1.19 1.43 1.68 1.96 2.29 2.64 3,01 3.44 3.89 4.36
1.27 1.52 1.77 2.07 2.4l 2.77 3.16 3.61 4.07 4.57
1.33 1.59 1.86 2.16 2.51 2.88 3.28 3.74 4.22 4.%3
1.42 1.68 1.97 2.29 2.63 3.04 3.43 3.91 4.40 4.94
1.44 1.72 2.00 2.32 2.68 3.09 3.49 3.97 4.47 5.01
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for the wavelength intervals indicated and show a distinct incresase
of the ratio with increasing solar altitude. An analogous trend

is found in general for all other months for hours not too early
or too late in the day. The original values for the different.
wavelengths scatter however condiderably around the mean trend
represented by the curves. This scatter amounts in the case of
June to & 0.18 for 300 mp £ 5 320 mp and to between + 0.07 and

+ 0.10 for 360 mp 3 s 370 mp. No plausible values of the ratio
could be obtained in many cases for early and lste hours correspond-
ing to h S 20°. The curves shown in Fig. 7 are therefore limited
to the period 6.00 S t = 12.00.

The ratios obtained for A = 380 mp reach a maximum
for h = 40° which trend does not comply with that found for the
next shorter wavelengths nor with the theoretical results. No
curves basing on the results found for 380 mp are therefore in-
cluded in the diagrams of Figs. 7 to 9. The ratio SV/H increases
quite generally with increasing wavelength as far as wavelengths
of 330 mu s A S 270 mp outside the region of ozone absorption are
concerned. The ratios for A - 330 mu‘exceed furthermore in most
cases the average values for 300 mp S A S 320 mp, which are in-
fluenced by atmospheric ozone. A different trend with wavelength
is however found for the hours near noon during the period from
July to September. This can be seen for example from the disgram
in Fig. 8 which shows the ratios for August as a function of wave-
length. These curves represent again mean values averaged over the
wavelength.intervals indicated by the horizontal lines. The in-
verse trend as shown below 330 my by the curves for t>10.00 is
due to the influence of atmospheric ozone. According to our results
it occurs only for ozone amounts below 0.250 cm and for higher solar
altitudes. Some exceptions found for very low solar altitudes can-
not be taken as significative. The effect of ozone on the ratio
Sv/H will be shortly discussed below.

S R, A LR i v 4 i oo 1
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The annual variation of the ratio S /H obtained
for noon is represented in Fig. 9. Similarly to whet has been
stated for the diurnal variation these curves show an increase
of S /H with solar altitude reaching a maximum in the summer
months. The ratios for A z 330 mu reach their annual maximum
together with that of solar altitude in June. The mean value of
the ratio for 300 mp £ s 320 mp exceeds that for 330 my 2 S
£ 340 mp during the period from Juna to September and its annual
meximum is shifted from June to August. The scatter understood
in the same sense as explained for the curves in Fig. 7 amounts en
the average over all months of the year to + 0.20 for the wavelength
interval 300 mp = A S 320 mp, whereas a scatter of + 0.06 to 0.09
was found for A 330 mp.

The trend of the curve for 300 mp - A = 320 mp can
be understood by considering the influence of the monthly variation
of atmospheric ozone. It follows from formula (1) that the effect
of ozone on the ratio SV/H is determined by the difference (THmTG)
of the coefficients TH and TG for sky and global radiation respec~
tively. A variationAX of the amount of atmospheric c.one changes
SV/H by a factor of num long (Ty-T,) AX. The values of (Ty-T;)
range for solar altitudes h<'40°and wavelengths A Z 307.5 my bet-
ween -1.1 cm™T and +1.0 cm™t (see Tables 3 a-b, pagele). No large
effect of ozone varliations on Sv/H is therefore to be expected
according to our results for this region of solsr altitudes and
wavelengths. Gradually increasing values of (TH-TG) ere found on
the other hand for higher solar elevations and shorter wavelengths.

WV A

The monthly means X or atmospheric ozone decrease
between June and August by 0.026 cm {(sée Table 1, pagell) while
solar altitude decreases from 66.5° to 57.0° during tris period.

The difference (TH—TG) ranges between -1.5 cm'1 and -6.5 cm"1 for
these high solar elevations and for the wavelength interval -

320 mp ® A = 300 mp. The decrease of the monthly amount of ozone
from June to August causes an increase of SV/H by factors of 1.07 to
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1.48 depending on wavelength. The shift of the annual maximum

for 300 mpu = A = 320 mp to August can thus be explained by the

fact that the latter increase is larger on the average over the
wavelength interval considered than the decrease of Sv/H caused
by the diminishing solar zltitude.

The effect of atmospheric ozone on SV/H is smaller
for lower solar elevations and the influence of solar altitude
prevailsfor the remaining months of the year. The annual minimum
of SV/H coincides therefore with that of solar altitude.

The climatological results for the ratio SV/H shown
in Figs. 7 to 9 confirm that in the ultraviolet region sky radia-
tion makes a larger contribution to globol radiation than in the
visible. Up to a certain solar elevation which depends on wave-
length the diffuse radistion exceeds the solar component. The
critical value of solar altitude for which the sky- and solar
component become equal amounts for gggg and for 360 mu a3
< 370 mp toa¥28° and increases for 300 my = X = 320 mp to=253°,
as can be interpolated from the curves in Fig.7. These solar
altitudes correspond in June in the morning to the hours % = 7.10
and 9.40 respectively. ‘

Examining furthermore the ratio SV/H in the course of
the year it can be stated from Fig. 9 that en the average over
the interval 300 mp s A s 320 mp the noon values of the solar com-
ponent surmount those for sky radiation only for the period from
May to September. The corresponding period for the wavelength
interval 360 mp £ : 370 mp is longer and extends from February
till October. This preponderance of the diffuse radiation over
the solar component applies thus particularly to the wavelength
region below 320 mp which is of special importance for photobio-
logy. This well-known result must be taken into account when the
effects of natural ultraviolet radistion are considered in redia-
tion climatology. ‘
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Table 5-16: Hourly values of the spectral intensity of ultraviolet sk
radiation H and global radiation G (expressed in Wcm"amp' )
for every month of the year.

Abbreviations:

LAT Local apparent time

5.65-10 stands for 5.65.107L0

The indices + and - relate to sunrise and sunset respectively.
The values in brackets are discussed in the text on page

Table 5: January

LAT A: 297.5 300.0 302.5 305.0 307.5 310.0 312.5 315.0

7.30 5.65-10 1,53-9 2.95-9 5.78-9 1.37-8 2.30-8
16.30

8.00 4 1.17-9 3.70-9 9.55-9 2.12-8 5.85-8 1.22-7
16.00 L] - - ] * - .

8.30 o 2.16-9 8.30-9 2.65-8 6.30-8 1.95-7 4.05-7
15.30
15.157 G '1.54-9 5.00-9 4.68-8 7.95-8 4.80-T 5.75-T

9.00 H 3,85-9 1.78-8 6.20-8 1.54-7 4,70-7 9.25-7
15.00 G (2.26-9 9.60-9) 6.65-8 (1.38-7) 6.38-7 (8.90-7)

9.30" H 1.08-9 6.50-9 3.43-8 1.25.7 3.08-7 8.55-7 1.62-6
14030 G (4.57-9 2076“8) 1127"'7 3013"7 1006"6 1072-6
10.00 H 1.66-9 1.02-8 5,908 2.05-7 5,037 1.30-6 2.37-6
14.00 G (1.16-9 8.15-9 5.90-8) 2.12-7 5.47-7 1.57-6 2.68-6
10.30 H 2.40-9 1.46-8 8.80-8 2.90-7 7.10-7 1.73%-6 3.02-6
13.30 G (1.97-9 1.28-8) 9.98-8 3,12-7 8,15-.7 2.07-6 3.63-6
11.00 H 3,089 1,91-8 1.18-7 3.70-7 8.80-7 2.09-8 3.55-6
13.00 G (2¢81"9 1081"8) l‘-38"7 4013-7 1004-6 2053’6 4@42-6
12,00 H 3,78=9 2.35-8 1.46-=7 4.45-7 1.02-6 2.40-6 3.95-6
12.00 G (3.72-9 2.34-8) 1.77-7 65.05-7 1,25-6 2.93%-6 5.08-6




x

I

- 4] -
325.0 330.0 340.0 350.0 360.0 370.0 380.0

320.0

317.5
4.62-8 6.65-8 1.72-7 3.85-7 4.60-7 5.30-7 5.40-7 5.70-7 5.10=-7

2.44-7 4.05-7 8.90-7 1.78-6 2.37-6 2.55-6 2.65-6 3.03-6 2.86-6
7.95"7 1.22-6 2054"6 4.60-6 5-20-6 5030"6 5.42-6 6-35"6 6-03"’6
1.43-6 2.04-6 3.90-6 6.35-6 7.00-6 7.20-6 7.25-6 9.00-6 8.19-6

4,77-6 6.,57-6
5.55-6 7.98-6

5.50-6 7.30-

w0 O

6.60-6 9.37~
6.05-6 7.9

5
5

1.37=
2.,95-5 2,77~

1.48-5 1.62-5
2.52-5

5
5

v

7'55-6 1.0

o tsciod

< ey e



Table 6: February
LAT A: 297.5 300.0 302.5 205.0 307.5 310.0 312.5 315.0

.7.00

17.00 H 5035—10 1057"9 3.62-9 7.80-9 2008-8 3095"8
10739 H 1.47-10 1.14-9 4.15-9 1.23-8 2.95-8 9.15.8 2.,09-7
12:88 H 3.28-10 2.38-9 1.02-8 3.55-8 9.30-8 3.05-.7 6.50-7
8.30 H 6.75-10 4.62-9 2.26-8 8.62-8 2.22-.7 7.00-7 1l.38-6
15.307 G (2.92-9 1.97-8) 9.15-8 2.27-7 8.60..7 1.56-6
8.45" G '6.40-10 4.45-9 3.25-8 1.34-7 3.53-7 1.18-6 2.14-6
9-00 H 1-35"9 8070-9 4'80-8 lo82-7 4-42"'7 l~29-'6 2-42-6 .
15.00° G (1L.00-9 6.80-9) 5.30-8 1.92-7 5.25-7 1.58-6 2.87-6
9.30 H 2.43-9 1.53-8 9.05-8 3.18-7 7.40-7 2.00-6 3.50-6
14.30. G (2.22-9 1.38-8) 1.14-7 3.53-T7 9.45-7 2.44-6 4.41-6
10-00 H 3-98—9 2-47—8 1048-7 4;82"7 1008"6 2;75-6 4-45"‘6
14,00 G 7.38-10 4,15-9 2.48-8 1.98-7 5.65-7 l.42-6 3.37-6 5.95-6
10.30 H 5.95-9 3.63-8 2.17-7 6.50-7 1.38-6 | 3.40-6 5.25-6
13030 G 1.13"9; 6082-9 3.95"'8 2.91"‘7 7-95“7 1088"6 4028"6 7-30-’6
11.00 H 2.,00-9 8.00-9 4.3%3-8 2.80-7 T7.95-7 1l.62-6 3.92.6 5.75-6
13.00 G(1.55-9) 9.75-9 5.50-8 3.77-7 1.01-6 2.25-6 5.02-6 8,35-6
12.00 H 2.30-9 1.02-8 6.00-8 3.33-7 9.30-7 1.80-6 4.37-6 6.20-6
12.00 G (2.00-9) 1.30-8 7.20~8 4.55-T7 1l.22-6 2.58-6 5.70-6 9,20-6
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330.0 340.0 350.0 360.0 - 370.0  380.0

325.0

317.5

320.0

§

8.20-8 1.26-7 3.30-7 7.05-7 1.02-6 1.14.6 1.21.6 1.25-6 1.14-6
4,16-7 6.75-7 1l.46-6 2.95-6 3.78-6 3;90—6 4.03-6 4.68-6 4.51-6

1.23-6 1.93-6 3.74-6 6.22-6 7.20-.6 7.25-6 7.30-6 8.50-6 7.91-6

3.58-6 5.30-6 8.80-6 1.34-5 1.52-5 1.54-5 1.58-5 1.94-5 1.80-5
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325.0 330.0 3<0.0 350.0 360.0 370.0 380.0

320.0

317.5

%}w&rn@w.\n .

51428 5,12-8 1:46=7 3.00-7 3:50-7 4:10-7 4.30-7 4.45-7 3:98-7

W7
i

as,..

3.

2.33-7

1000"6 1‘-98*'6 2n63"6 20\78—6 2-93'5 3035‘6 3020-6

8.90-7 1.42-6 3.25-6 5.30-6 6.40-6 6.40-6 6.50-6 7.60-6 7.15-6

2-15-6 3026—6 6030"6 9005"6 1.01-5 1‘01“5 9.70-6 1.12-5 9086-6

i

3.65-6 5.40-6 9.20-6 1.40-5 1.62-5 1.64-5 1.67-5 2.04-5 1.91—5
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: April

Table
LAT

305.0 307.5

315.0

302.5

297.5 300.0

As-

0.0 32:5

2.57-10 7.70-10 1.33-9 2.53-9 6 30-9 9 90.9

H

5.00
19.00

5.65-10 1.98-9 4.90-9 1.12-8 3.10-8 6.75-8

6.30
17.30

3

9.60-10 6,.55-9
(6.90-10 4.70-9) 3

7.00 _
17.00

2-9 1l.46-8 9.
7-9

2.3
(2.0

7.30
16.30

1034-8) lo

8.00
16.00

6.55-8
8.05-8

8
8

3.62-6 7.95-6 1.07-5
6.05-6 1.32-5 1.77-5

9-55-7 2044"6
-7 1058"6 3080-6

13-30 G 2.15"8 1-25-7

«00-6 1.22-5

6 9
6 1.66-5 2.16-5

3020-6 4-60“'6 9040-6 1.28-5

5.58-6 8.40-6 1.80-5 2.32-5

1 . 37"6
2 058-6

-8 9.75-8 4.02-7
“'8 1-70"7 7065-7

68
75

.
Ld

H 1
G 3

12.00
12.00
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0
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330.0 340.0 .350.0 360.0- 370.0

325.0

317.5

320.0

2.13-8 2.70-8 7.35-8 1.28-7 1.25-7 1.50-7 1,53-7 1,65-7 1.46-7

1.28-7 2.30-7 5.55-7 1.21-6 1.72-6 1.88-6 1.98-6 2.20-6 2.05-6

6.25-6 5.94-6
6.50~-6 (5.85~6)

6
6

!

38.5 1.58-5
-5 3.66=5

5.30-5

+38-5 2.05-5

.08-5

o~

2.70-5 2.62-5 2,36+5
6.50-5 7.22-5 6.79«5

5
5

+78-5 :2,6845 21465
.78"’5 7040"5 6.88‘5




-48‘

Table 9: May

LAT

315.0

300.0 302.5 305.0 307.5 310.0

297.5

A

32.5

4.68-10 1;45-9 2.68-9 8.05-9 1,33-8

H

4.30
19.30

H

5.00
19.00

3.43-10 1.30-9 4.33-9 9.50-9 3.25-8 7.75-8

5.157 ¢

3.18-8 1.21-7 2.93-7

4.65-10 2.92-9 1.00-8 3.50-8 1.33-7 4.75-7

5.40-8 1098-7 6030‘7
1.01-7 3.60-7 8.05-7
1030-7 4.55"7 1013‘6

1.65-8

1.05-10 8.15-10 3.63-9 1.28-8
(7.25-10) 4.73-9

5.30 H
18.30 G

-7 2.70-7 8.40-T7 - 1.73~6
-7 3%.00-7 1.00-6 1.97-6

8
8
' !3.,05-9 2.,14-8 7.30-8 1.97-T7 6.90-7 1.49-6

17.45 G

08
14

8 1
8 1

9.35-10 4.95-9 2.82-
(8.,05-10 4.82-9) 3.52-

6.30
17.30

7.00
17.00

6.

7.30 H 1.25=<9
16030 G (8065-10 6.

3.58-6 5.20-6

59-6
31-6 5.65-6 8.40-6

8.30 H 4.48-9 3,17-8 1.54-7 5.70-7 1.35-6 2.16-6 4.60-6 6.35-6
15-30 G 5050"9 3‘73"8 1.82‘7 8000"7 2005-6 3-50-6 7090“6 1013‘5

1
2

3446~

8.00 H 2.,40-9 1.61-8 7.75-8
16.00 G (2.38-9 1.63-8) B.65-8 4.45-

(07-6 2.20-6 2.33-6 £.25-6 8.20-6

5.30‘8 2045-7 8.25-7 1082-6 2075-’6 5050"6 7035‘6
7.25-8 3.10-7 1l.25-6 3.07-6 4.73-6 1.01-5 1.39-5

9
8

08
02

8.
1.

H
G

74"6 3087‘6 5090-6 1-18-5 1'52-5

7 1
7 1
3.87-7 1.27-6 21486

2l-
45~

L]
*

3
4

l . 35"8 7 3 70"8
G l L) 71-8 1 . 20“7

10.00 H 2.05~-8 1.01-7

H
14.00 G 2.65-8

1 077"5

6.85-6 8.85-6
"1.33-5

83-6
87-6

10. 30 H 2075-8 1-21"7 . ‘038-7 1’42-6 2067'6 40 24"6 7023"6 ’ 9.53‘6

3
6.
13.30 G 3.71-8 2.27-T7 6.95-7 2.60-6 4.89-6 7.75-6 1.42-5 1,88-5

5.75-7 2.18-6 4.45-6

lc73"7

2.92-6 5.18-6 B8.45-6 1.49-5 1.97-5

3077"8 1.46"'7 5.10-7 1.51-6 2088"6 4083"6 7070"5 1.00-5

e27=8 1.35-7 4.77-7 1.53-6 2.78-6 4.55-6 7.50-6 9.70-6
5050‘8 3021-7 8.85"7 3020"6 5038-6 9.05-6 1055"5 2‘03-5

e63-8 2.75-T7 7.95=-7

e R
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320.0 325.0 330.0 340.0 350.0 360.0 370.0 380.0

317.5

2.50-8 3.75-8 1.02-7 -2.17-7 3.70-7 4.80-7 4.90-7 65.60-7 5.03-7

1.57-7 2.69-7 6.70-7 1.42-6 1.87-6 2.38-6 2.48-6 2.82-6 2.69-6
8.40-7 1.41-6 2.82-6 3.78-6 4.95-6 6.30-6 6.70-6 9.70-6 8.64-6

2.50~6 3.44-6 6.00-6 9.50-6 1.11-5 1.26-5 1.3C-.5 1.81-5 1.68-5

-5 1.27-5 1.44-5 1.2} .5
-5 2.15-5 2.75-5 2.58-5

'5 1.69-5
-5 4.,78-5

-5 2.28-5 2.13-5
-5 6.35-5 5.84-5

04-5 2.%31-5 2.19-5

6.50-5 5.92-5

60-5

.
[

5 2
5 5
1.29-5 1.50-5 2.03-5 2.22-5 2.17-5 2.10=56 2.07-5 2,335

2 . 24"5

3.18-5 3.21-5 4.,40-5 5.35-5 65.55-5 5.40=5 5.75-5 6.65-5 5.99-5




- 50 -

Q

ble 1

0!

LAT

t

(2}

305.0 307.5 310.0 3325 315.0

4.58-10 9.40-10 1.87-9 5.00-9 8.,70.9

302.5
3’65"10 1020.9 4004-9 9-20-9 2050-8 5010"8

8.20-10 3.1
(7.10-10)4.8
(1.83-9) 1.24-8

297.5  300.0
3017010 low‘g 8070-9

A:
H

4.30
19.30
5.00"
19.00
5.30 H
18.30 G

1.41-6 2.57-6
1.70-6 2.87-6

7
7

6.30 H
17.30 G

8.35-7 1.79-6 2.70-6 5.50-6 7.20-6
1.28-6 3.10-6 4.78-6 1.00-5 1.36-5

2.18-9 1.48-8 6.95-8
(2.07-9 1.47-8) 7.90-8

7.30 H
16.30 G

32'6 6.40“6 8015"6
33‘6 1024-5 1362-5

1.45-8 8.40-8

2.28-8 1.39-7

H
G

9.00
15.00

1.01-5

1.53-6 2.
3-26"6 5-

7
7

2 015‘5

7.90~6

1058‘5
3.20-6 5.28-6 8.15-6 1.04-5
6.58-6 1008"5 1076-5 2024"5

106 4.90-6
6 . 30-6

1067-6 3‘
3.82-6

5 655-7
1.10-6

4.47-8 1.64-7
7.80-8 4.15-7

5.25-.8
9.50-8

10.30 H
13.30 G

1.00-5

6.78"6 1017-5' 1;83"5 2032"5

3.30-6 5.50-6 8.40-6 1.07-5

6.05-7 1.80-6

1.27-6 4.23-6

1.78-7

5.00-7
5,95-8 1.90-7 6,45-7 1,90-6
1.10-7 5.75-7 1.42-6 4.56-6

11.00 H
13.00 G

e o AR AP
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315.0

312.5

310.0

297.5 *300.0 302.5

A:

LAT

307.5

305.0 .

4,00
20.00

70~9

3

H,

28-10 1.02-9 1.59-9 3.70-9 &

3.62-10 1.26-9 3.38-9 6.75-9 1.80-8 3.53.8

g

4.30
19,30

1.14-8 2.57-8 8.15-8 1.70-7

8 070-10 3082-9

5.00"
19.00

2.28-8 6.55-8 2,02-7 5.58-7

9.30-10 4+90-9

s

8.40-8 2,90:7 5,60.7
1135'.'7 4-10‘7 9.45"7

3.95-10

1.09-8 3.45-8

5.30 H
18.30 G

5.00-8

9.90-10 5.40-
(9.50-10)5.50-

(o2 )]

6.00 H
18.00° G

1.38-6 2.52-6

(2.50-9) >.40-8 9.10-8 2.57-7 5.83-7 1.64-6 2.75-6

2.55-9 1.25-8 7.20-8 2,38-7 5.50-7

6.30 'H
17.30 G

7.00
17.00

.2.55-9 1.61-8 7.60-8
(2.43-9) 1.76-8 8.90-8

7.30 H
16.30 G

3.38-6 6.42-6 8420-6
6.90-6 1.31-5 1.69-5

1.44-6 2.78-6 4.00-6 7,20~

.2.80-8

6
5

00-
96-

6 9.
54.5 1.

68-17.
25-7

L ]
L d

4
9

7
7
-7 5.52-7 1.65-6 3.03-6 4.

-’7 l.21-—6 3095-6

8
3
1
5

0102 -
2.9

8 1

8 4

5.60-8

9.30 'H
14.30 G

5.10-6 6.10-6 8.55-6 1.

9.65~6
2 015-5

+ 756 -
«72-5

6 7.7
-5 1.7

0-
1

6
o)
3.22-6 5.,10-6 B8.15-6 1.,02-5

7.55“'6 1 014"5 .1 085-5 2030"5

6
3

5.
O=
5,50-8 1.88-7 6.25-7 1.82-6

1
6

4
8

10.00 H

.'8042"6 '1.06"5
1.23-5- 1.94-5 2.40-5

'5.50-6

6.95-6 1.

2.07-7 6.75-7 .1.94=6
1.44-7 '6.90~7 1.68-6 .5.23-6 *7.90-6

1:17-<7 '5.75-7 1.47-6 4.68-6

[6.50-8 2.07-7

14.00 G
10.30 H
13.30 G

3.38-6

11.00 H
13.00 G

S mw—

1.32-5 2.00-5 2.48-5

3,486 5.85-6 8.65-6 -1,09-5

8.10-6

1.68-7 8.02-7 1.87-6 5.70-6

7.30-8 2.21-7 7.15-7 2.03-6

12.00 H
12.00 G
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325.0 330.0 340.0 350.0 360.0 370.0 380.0

320.0

317.5

9.40-9 1.29-8 3.17-8 6.45-8 6.20-8 8.20-8 9.80-8 1.18-7 1:04:7

6.70"8 1012"’7 2.92-7 5.80-7 8-60-7 1-05-6 1010"6 1027-6 1017-6

30-5 2.17-5
45-5 5,87-5

N O

. 2.53"5

5.99-5

6 .65-5

ey

s g

5y S AR SRR 518 S 2070
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Table 12: August

LAT

310.0 312.5.

307.5

1300:0.

A:

'31590

305.0 .

~302:5

© 297.5

3,56-10 7.50-10 1.06-9 1.95-9 3,52-9

H

4.30
19.30

3.31210 1.06=9 2.9%5-9 5.30-9 1.30-8 2.45-8

H

5.00
19.00

1.95-10 9.20-10 3.37-9 1.13-8 2.58-8 7.20-8 1.53-7

H

5.30
18.30

5.457 ¢

.1.50-9 1.00-8 65.65-8 1.14-7 3.10-7 7.20-7

4080—10 2‘ 3"9 1.05‘8 3072"8 909
2.48-9

O

1.63-8 7.90-8 1.6

1.24-9 6.50-9 3.25-8 1l.l4-

4
I4

6.00
18.00

o~

6.30 H
17.30 G

(1.99-9) 1.14-8 7.00-8 2.30~7 4.70-7 1,29-6 2.18-6

17.157 G

1.66-8 8.8
1084"8 1.1

20-9
27-9

3
3

7.30 H
16.30 G

3,48-6 5.20-6

5.05-6 7.15-6

4057"5 6o45-6

-6
-6

37
58

5090-9 3.95-3 117
7.60-9 4.97-8 2.3

H
G

8.30
15.30

7060"6. 1.03"‘5

© @

1072-8 1;03-7 4.25"'7 105

1.04-8 6.70-8 2.83-7 9.4
1.76-8 9.95-

R
G

9.00
15.00

-6 3.58-6 6.38-6 B8.35-6
-6 7.05-6 1.32-5 1.68-5

4,757 1l.44-6 2.74-6 4.12-6 7.02-6 9.00-6

2-7
8-7 9.90-7 3.20-6 6.10-6 8.80-6 1.55-5 1,975
3.90-8  1.61-7 5.45-7 1.63-6 3.00-6 4.55-6 7.45-6 9.55-6

9.70-8 4,53-7 1.28-6 4.0546 7.25-6 1.02-5 1.73-5 2.15-5

@ t~

3.62-8 1.93-

H
G

9.30
14.30

M\~

10.30 H

4,95-8 1.84-7 6.00=7 1.78-6 3.20-6 4.87-6 7.75-6 9.95-6
1.27-7 5.75-7 1.53-6 4.75-6 8.00-6 1.14-5 1.88-5 2.28-5

13.30 G

> o

8.00-6

8.60-6 1.23-5 1.98-5

1.03-5
2.38-5

3.34-6 5.15-6

“ 5y80=8 2:04-7 6.45-T7 1.90-6
1054-7 6.85-7 1074"6 5027"6

00 H
00 G

12.
12.
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380.0

370.0

340.0 350.0

330.0

320.0

317.5

360.0

325.0

4.25-9 5.30-9 1,04-8 2.32.8 1.93-8 2.40-8 1,77-8 2.10-8 1.86-8

4.13-8 6.70-8 1.70-7 3.60-7 5.20-7 6.60-7 6.70-7 7.90-7 7.12-7

3‘05"__7 5-05"7 1-14-6 2.00-6 2037"‘6 3000‘6 3.13"6 3-55-6 3.43"6 )

1.30-6 1.96-6 3.59-6 4.25-6 5.42-6 6.80-6 7.30-6 1.04-5 9,36-6

€
3
<

3.55-6 4.58-6 7.40-6 1.11-5 1.22-5 1.38-5 1.48-5 1.95-5 1.81-5

0'5 5033-5

0
5

2
5

81-5
60-5

1
4

"5 2017"5 1-93’5
-5 5.80-5 5.51-5

1.93-5 2.,22-5 2.01-5

2 5
5.05-5 5.15-5 6.05-5 5.69-5

03~




310.0 312.8 .315.0

307.5

.305.0

302.5
6010‘10 2015-9 5.90-9 1015-8 2.88‘8 5060"8

300.0

4.27-10 1,78-9 7.35-9 2.47-8 5.50-8 1.64-7 3.08-7

: September
297.5

As
H
H

6.00
18.00

6.20
17.30

7.00"
17.00

Table

LAT

O w

1'34"8 6.50-8 2»2

2.62-9 1.48-8 8,90-8 2.4

2.55-9

7.30_
16.30

8.00
16.00

8.30
15.30

@ o

1038"8 701
1061-8 709

1.17-6
2.18-6

6.30-7

1.70-8 9.20-8 3.65-7

3040‘8 1.84-7

10.00 H
14.00 G
10.30 . H
13.30 G
11.00 . H
13.00 G
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320.0 325.0 330.0 340.0 350.0 360.0 370.0 380.0

317.5

1,90-6 3.05-6 3.44=6 #.25-6 4.40-6 4.95-6 4.70-6

1.03-7 1.82-7 4.40-7 8.05-7 1.08-6 1,34-6 1.40-6 1.63-6 1.52-6

1.75-6 2.47-6 4.15-6 5,98-6 6.65-6 7.30-6 7.50-6 8.40-6

6.30-7 1l.01-6

7- 60-’6

lo 35-5 1014‘5
2.52-5 2.36-5
5.25-5 5.09-5

2025-6 3013-6 5040"6 6050-6 8.05‘6 9.60‘6 1.02-5 1041-5 10 30-5
2.03"5 l|76'5

4.50-6 6.15-6 8.55-6 1,
5.53-6 6.90-6 1.04-5 1.

3
%

8-5 1.82-5
5-5 65.29«5

O«

PSP S S R———— DS
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Table 1¢: Qctober

307.5 310.0 312.5

305.0

302.5

A 297.5

LAT

315,0

300.0

6.30
17.30 |

1.03-9 2.40-9 4.15-9 8.65-9 1.38-8

H

3.18-10 9.68-10 3.46-9 1.04-8 2.07-8 5.40-8 1.07-7

7.30
16.30

7.10-10 2.67-9 1.17-8 3.90-8 8.90-8 2.60-7 4.72-7

H

1.,52-9 6.70-9 3.47-8 1.14-7 2.68-7 7.00-7 1.19-6

8.00
16.00

H

.2.00-9 1.14-8 7.35-8 2.16-7 4.70-7 1l.17-6 1.94-6

3-12-9 1052—8 8050‘
(3010“9) 1077"8 loll-

15.45" G
8.30" H
15.30 G

.56-7 5.60-7 1.31l-6 2.16-6
.98-7 6.20-7 1.52-6 2.40-6

8 2.56
7 2.98

4.00-6 5.75-6
5.90-6 7.97-6

6.38-9 3.85-8

7095"9

9.00 H
15.(10 G

9.30 H
14.30 G
10.30 H
13.30 G
11.00 H

4043"‘6 6020-6
6.95-6 9.20-6

-6
-6

2.38
3.37

5 . 4‘0"’8

13.00 G

12.00 H
12.00 G
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380.0

320.0 325.0 330.0 340.0 350.0 360.0

317.5

1370.0

20321‘8 3033-8 8.80-8 1078-7 2.60‘7 3010"7 3035-7 4.00-7 3057-7

2.10-7 3.47-7 8.00-7 1.37-6 1.68-6 2.14-6 2.24-6 2.57-6 2.44-6

9.60-7 1.38-6 2.49-6 3.88-6 4.28~6 5.10-6 5.32-6 65.90-6 5.55-6

2012-6 2080-6 4045"6 5.60’5 7.20"6 7.80"6 8.00"6 8.80‘6 7085“6

3.10-6 4.15-6 6.75-6 9.05-6 1.02-5 1.18-5 1.26-5 1.70-5 1.56-5

1.02.5 1.12-5 9.63%-6
1047"5 1094"5 1080-5

W

7.45-6 9-80-
1.14-5 1.34-

1.63-5 1.57-5 1.79-5 1.51.5
3.24-5 3.35-5 4.05-5 3.89-5

5
5

1.60-5 1.84-5 1.55-5
3'54"5 4030-5 4-17-5

5
5
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November

S:

Table
LAT

315.0

312 .5

A

310.0

307.5
1.32-9 2.05-9 3.25-9 65,95-9 7.70-9

1.40-9 4.00-9 8.35-9 1.62-8 3.38-8 5.80-8

H
H

7.00
17.00
7.30
16.30
8.00
16.00

7045"10 3013-9 1011"8 2n95-8 6.60"8 1.53"7 3-03"7

H

8.30
15.30

1035‘9 6060-9 2-70-8 8.95-8 2»05-7 5.00"7 9.20-7

H

15.15" G

8.50-10 5.35-9 2.92-8 1.73-7 3.78-7 1.02-6 1.36-6

9.00
15.00

2.33-9 1.27-8 5.75-8 2.07-7 4.55-7 1l.11-6 1.78-6

H

9.15% ¢
9.30
14.30

-1.96-9 1.28-8 7.55-8. 3.38-7 7.00-7 1.77-6 2.38-6

10.00 H
14.00 G
10.30 H
13.30 G

2.

12.00 H
12.00 - G




g

317.5 320.0 325.0 330.0 340.0 350.0 360.0 '370.0 380.0
1.40-8 1.67-8 4.48-8 9.,50-8 4.90-8 6.00-8 5,00-8 6.40-8 5.66-8
1.13-7 1.78-7 4.13-7 7.85-7 1,04-6 1.18-6 1.25-6 1.32-6 1.20-6
5.,75-7 9.20-7 1.83%-6 2.90-6 3.57-6 3.65-6 3.80-6 4.35-6 4.20-6
1.70‘6 2.45‘6 4-23"6. 5.85-6 6-60"6 6065-6 6.75-6 7'85"6 7-35“6
2.55-6 3.58-6 6.25-6 8.20-6 8,80-6 9.20-6 9.20-6 1.18.5 1.09-5
3.14-6 4.45-6 6;90m6 8.70-6 9.40-6 9.40.6 9.15-6 1,05-5 9.40-6
~4.13-6 5.65-6 8.95-6 1.19-5 1,32-5 1.36-5 1.37-56 1.72-5 1.60-5
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