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SUMMARY

A better knowledge of natural ultraviolet radiation and s variation and geographical distribution is needed for
the sclution of various problems of science and for practical applications. A climatorogy of global radiation for
the photobiologically significant wavelengths A = 30 /.6 and 350 nm has been derived by Schulze and Grafe
{25). The present report deals with the results of measurements and co mputations of ultraviolet sky, solar, and
global intensity for 15 wvavelengths betwean A = 297.5 and 380 nm and $r 12 values of the total amount of
atmospheric ozone covering an interval from 0.245 to 0.460 cm incremen s of 0.020 cm.

The variation of ultraviolet .ntensity in dependience on Northern Lat.two. and season and the influence of an
assumed jeduction of atmospheric ozone 15 examined for the different components. The variation of the short
wavelength limit of the terrestrial solar spectrum is furthermore discussed. The results are given in tables for
selected values of ozone and solar altitude. Diagrams demonstrate the variation of ntansity in dependence on
the principal parameters.

The present data are based on a detailed evaluation of the results of extensive measuremeiits of ultraviolet sky
intensity at Davos, Switzerland (1590 m a.s.l ), and completed by a theoretical computation of direct solar
intensity for elevations from 0 to 5 km a.s.|. The values of sky intensity are assumed tc be independent on
elevation and conistant for solar altitudes from 66° to 90°. The errors thus produced in th.: results on sky and
global intensity are discussed.

Proceading from London’s (18)and Sticksel’s (19) diagrams of the hemispheric distribution of total ozene and
using the values of intersity given in the main table of this report (or better the complete data not fully inclu-
ded in the table) maps of the geographical distribution of ultraviolet intensity can be preparec 1or the wave-
lengths, solar altitudes .d elevations considered. These data can thus serve as a provisional basis for a climato-
togy of natural ultraviolet radi~tion until the resuits of more comprehensive measurements and theoretical
computations will be availab'e,
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Introduction

The importance of natural uitraviolet radiation for atmospheric physics, radiation ciimatology and engineering
is widely accepted and has been emphasized in previous reports (1—8). Its significance for ozone research may
be mentioned. Most commonly known are the therapeutic effects of UV, such as production of vitamin D in
the <kin and its bactericide action as weli as the photobiological effests of erythema and the stimulation of
skin cancer. Materials can be affected by ultraviolet radiation as well as the growth of plants. Less known is the
consequence of UV for the orientation and vision of insacts. A survey on the influences of natural ultraviolet
radiation on man and other living organisms, which has been prepared by various experts, will be pubtished in
a forthcoming report (9).

The main facts about uitraviolet intensity may shortly be resumed here. The incoming ultraviolet solar intensity
is attenuated in the atmosphere by molecular and aerosol scattering and below A = 330 nm through absorption
by atmospheric ozone which is distributed in small concentration mainly at “ieights between 15 and 35 km. The
values of the ozone absorption coefficient increase sharply towards shorter wavelengths, and below about

300 nm ozone absorption is the dominant factor determining UV intensity at the earth’s surface.

The ozone content of the atmosphere varies with latitude and season and affects the spectral distribution of
natural ultraviolet radiation and its dependence on solar altitude. The UV-spectrum below A = 330 nm is thus
no constant but changes widely with solar altitude and with the actual amount of ozone. The Intensity falls off
steeply below 330 nm towards shorter wavelengths. The short wavelength limit of detectable intensity depends
on solar altitude and the amount of ozone. The minimum short wavelength limit ever attained on the surface of
the earth is A, = 286.3 nm and was obser,=d in 1930 by Go6tz (10, 11).

Photobiological and other photochemical effects of ultraviu!at radiation show a pronounced wavelength de-
pendence represented by their action curves. Many photobiological effects take place in the critical region
below A = 330 nm, where the shape of the spectrum varies greatly with solar altitude and ozone. It is evident
that the spectral distribution and its changes must be known to compute the dose-rate for each nrocess. Clima-
tological measurements and computations of natural ultraviolet intensity intended to meet the needs of scien-
tists working in different fields should! thus provide spectral data rather than mean or weighed values of inten-
sity for larger wavelength intervals,

Only too few measurement; of ultraviolet soler and sky radiation by means of spectral equipment have been
carried out except in ozone research, which has its own special problems. At present no sufficient and compre-
hensive information exists on the spectral intensity of the different components of ultraviolet radiation and
their variation in dependence on the relevant parameters. Such data are urgently needed.

Extensive records of the spectral intensity of natural ultraviolet radiation have been made by the author at

Davos (1580 m a.s.l.}, near Basle (316 m: a.s.l.}, and on Weissfiuhgipfe! (2818 m a.s.l.), Switzerland (1-5,7). The
approximate values of intensity contained in the present report are based on a further evaluation of the results of
part of these measurements and completed by a theoretical computation of direct ultraviolet solar intensity.
These data may serve as a provisional basis tor a tentative climatology of ultraviolet radiation until the results

of more comprehensive measurements ana theoret -ai computations will be available.
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1. The method of measurement and the computation of the results

The spectrophotometer for measuring the intensity of ultraviolet radiation from the whole sky and from
sun+sky on a horizontal surface has been described in former reports (1, 2). The main fea:ures may ue resumed
here.

The radiation is received by an integrating diffuser sphere according to Larché and Schulze (12) installed on the
roof of the Davos Observatory. By means of plane mirrors and of a spherical mirror an image of the exit opening
of the integrating sphere is produced on the entrance slit of a double monochromatoi Kipp and Zonen model L 35.
The spectral intensity is measured by means of a photomultiplier mounted directly behind the exit slit and
recorded vy a Speedomax recorder. The overall sensitivity of the apparatus is determined by illuminating the
diffuser sphere by means of a tungsten ribbon lamp, which in turn was calibrated at the Happel Radiation
Laboratory of the Landessternwarte Heidelberg-Kénigstuhl, Germany. The calibration included the flux per
steradian and nm emitted by the whole ribbon. The spectral bandwidth applied for routine measurements incre-
ased from 0.92 nm at 295 nm to 2.0 nm at 370 nm,

The measured val es of sky and global intensity have been examined ir dependence on wavelength A, solar
altitude h, total amount of atmospheric ozone X {cm at STP) and albedo. The resuits for practically cloudless
sky at Davos can be represented by means of an empirical relation (1, 4):

log HLKX) = log HIVKG X ) = TR ) (X=X) ()

where H()\,ho,Xo) ielates to a reference value Xc =0.3375 c¢cm of czone ant! T()\,ho) is coefficient. A similar
relation has been derwved for global intensity G(A,h,X). Values for the quantities H(A,h X} and T(Ah )
are given 1n former reports (1, 4) for various wavelengths and solar altitudes.

Proceeding from these resuits and considering the seasonal change of ozone the durnal and annual variation
of the spectral intensity of ultraviolet sky and global radiation was derived for practically cloudless days at
Davos (4, 13). In addition the influence of clouds on ultraviolet sky radiation was examined (5).

The wavelengths most effective for the photobiological processes of erythema a=d direct p'grnantation are
A = 367.5 and 350 nm respectively These wavelengths have been determined by weighing tho spectral




oy » S TR SWRY T Ty g M i

O Ao o I S PR T TP 47 i e AR e e

distribution of global radiation with the spectral effectiveness of the processes in ouestion. Considering the 3
values of global intensity obtained at Dcovos (4) and the results of their owr. measurements, Schulze and Grife (25) 3
derived climatological data on global intensity for these special wavelengths. By means of diagrams, maps, and H
tables the authors demonstrate the diurnal variation and monthly sums of intensity for different latitudes and
seasons. These data are widely used in photohiology and dermatology and represent the only worid climatology
of ultraviolet radiation available st present. It is however desirable to extend these results to a larger number

of wavelengths and to sky and solar intensity. The computations and results discussed in the following sections
are a step in this direcion.

All measurements by means of the spectrophotometer described above were carried out at Davos Observatory,
and the results are thus primarily restricted to Davos (1590 m a.s.|.} or to places with similar ciimatic conditions
and altitude. Standard values of ultraviolet intensity should however be available for different aititudes and for
any climate or geographical situation. The approximate values ol intensity presented in this report have been
derived tc meet provisionally this demand. The method of computation and the approximations applied will 5
be discussed separately for the different components.

LA TR U RV R TS R, A

11 Ultraviolet sky radiation

The spectral intensitv H()\,ho,X) of ultraviolet sky radiation received from the whole and practically cloudliess

w s Lol

sky at Davos (1590 m a.s.l.) has been computed for ozone amounts varying in increments of A X = 0.020 cm
from X = 0.2<0 to 0.460 cm and for different wavelengths and solar aititudes. Relation (1) and tne values
for the quantities H(A,h o,Xo) and T()x,ho) given in {4) were used for the calculation.

111 Approximation applied for solar altitudes b, > 65°

[P RPN TEL WU PR LT

The maximum solar altitude attained at Davos is ho = 66.6°. The values for H()\,ho,xo) and T()\,ho) cculd be
determined up to solar altitudes of 65° and 50° respectively. No attempt has been made to extrapoiate these
values to higher solar altitudes. As an approximation the values of H()\,ho,Xo) and T(A,h,) for hg = 65° and 50°
respectively have been app . * .0 compute the sky intensity for solar altitudes exceeding hy = 65°.

I S

The vaiues of intensity obtained by this procedure are too small. Mostly affected are the results for the highest
solar altitudes and the shnrtest wavelengths, where the intensity still increases considerably from h0 =65"

to 90°. The effect of the approximation can be estimated from the trend of the measured values of H()\,ho,Xo)
and from theoretical figures. For h, = 90° and A = 297.5 nm, 302.5 nm and 305.0 nm the errors amount to
about 50 % 30 %, and 22 % respectively. A further evaluation of the errors caused by the approximation will
be given in the discussion of the results.

EAT

11.2 Approximation tor different elavati~ns a.s.|.

There do not exist any spectral data tor ultraviolet sky intensity based on detailed and extensive measurements,
which would allow to extrapoiate our values H(?\,ho,X) for Davus to different ajevations a.s.l. Theoretical results
indicate however that the variation of sky intensity from 0 to 3 km height are mnderate. Fur* ermore, our own
measurements (7) in 316, 1580 and 2818 m a.s.l. have shown that ultraviolet ze.«th radianc. .oes not change
largely between thes= levels. The influence of height on sky intensity will therefore be neglected and only the
results for Davos (1590 m a.s.l.) will be considered for the present computations as far as sky radiation is con-
cerned. The errors involved in this approximation will now be estimated in some more detail.

Theoretical values H"(Z,ho,h) of the relative spectral intensity of sky radiation from the whole sky referred to
100 % for Z = 0 km are given in Table 1 These figures have been derived from Dave's and Furukawa's {14)
results on sky intensity for a Rayleigh atmosphere in presence of a standard vertica! distribution of atmospheric




ozone correspording to X = 0.341 cm. Fig. 1 shows the theoretical variation of sky intensity i dependence on
height for selected wavelengths and solar aititudes. For lower soiar altitudes and shorter wavelengths the relative
intensity increases with increasing height and a maximum is reached at a certain height. For increasing solar
altitude and wavelength the maximum shifts to lower heights. For longer wavelengths and higher solar altitudes
there is a monotonous decrease of intensity extending from Z = 0 km to grester heights

The percentage values D in Table 1 indicate to what degree the sky intensity at a level Z deviates from the

intensity at the level Z = 1.59 km of Davos. These deviations amount to between —-20 % and +17 % for A = 297.5 nm

and decrease to between —10 % and +6 % for A = 360 nm, if elevations 0 < 2 < 3 km are considered. Relatively
small deviations exist aiso for Z = 4 and 5 km for certain intervais of wavelength and solar altitudes, as can be
seen from the table. The values of D represent an sstimate of the errors produced, if the influence of height on
sky intensity is neglected. The figures in Table 1 relate to a given vertical ozone distribution with X = 0.341 cm
anvl can thus not generally be applied to extrapolate the measured values of sky intensity to different heights.
Howeve,, theoretical figures for various other vertical distributions and otal amounts of ozone which wouid
allow an extrapolation of this kind are not yet published.

The results of our measurements of z e n i t h radiance at Biel (316 m a.s.l.), Davos {1580 m a.s.l.) and Weissfluh-
gipfel (2818 m a.s.i.) wili shortly be considerer. The measured variation of z e n i t h radiance in dependence on
height is moderate but larger than theoretically expected. The relative deviation V = HZ(L)/M — 1 has beyond
others been examined, where H, (L) stands for the values oi zenith radiance at one of the locations and where

M represents the mean radiance averaged over the resuits for all three locations. The measured values of V vary
between --10% and +14 % for 330 < \ < 380 nm and on an average over solar altitudes from 5° to 65°. The
maximum Jeviations V amount to ~24 % and +30 %. The measured and theoretical variations of z e n i t h radi-
ance with elevation a.s.|. are discussed more closely in a former report (7).

The results discussed above may justify an approximation in which the values of sky intensity measured at
Davos are applied for computing global intensity fo: Z = 0 to 3 km. Tentatively the computations have been
extended upto Z = 5 km.




Table 1.  Dependence of ultraviolet sky radiation on elevation a.s.]. Relative theoretical vaiues.

Z  Elevation as.l. in Km

h, Solar altitude

H"” intensity of ultraviolet sky radiation from the whole sky on a horizontal surface, normalized
to 100.0% for Z = 0 Km

D Deviation of H"{Z) from the corresponding valie for Z = 1.59 Km (Davos} expressed in %.

The values H" are graphicaily interpolated from Dave’s anc Furukawa's theoretical resuits (14)
for a Rayleigh atmosphere with a stancard ozone distribution corresponding to X =0 341 cm.

A hy Z: 0 1 1.59 2 3 4 5

2975 5 H" 100.0 116.0 1250 1310 146.4 1620 179.9

D —-200 -7.2 0.0 48 17.1 296 43.2

" 15° H” 100.0 116.0 125.0 131.0 146.6 162.0 179.0

D ~20.0 -1.2 0.0 4.8 17.3 29.6 432

" 30° H” 100.0 115.0 123.0 127.6 138.7 149.0 188.0

D -18.7 65 0.0 3.7 12.8 21.1 284

" 60° H” 100.0 107.3 111.0 1126 1159 116.5 1145

D -10.0 -33 0.0 1.4 44 50 3.1

“ 90° H” 100.0 106.0 108.5 110.0 1114 110.5 107.2

D -78 -23 0.0 1.4 27 18 -1.2

3025 5° H” 100.0 1120 1195 124.3 136.5 148.C 159.3

i () -16.3 -6.3 0.0 4.0 14.2 238 333

" 15° H” 100.0 112.0 1195 124.3 137.2 148.0 159.3

D ~16.3 ~6.3 0.0 40 14.8 23.8 333

" 30° H" 100.0 109.2 114.0 117.0 123.3 127.0 1283

D -12.3 —4.2 0.0 2.6 8.2 114 12.5

' 60° H” 100.0 104.5 106.3 107.2 108.1 106.2 102.5

: D -59 -1.7 0.0 08 1.7 -0.1 -3.6

" 90° H" 1C0.0 103.5 104.9 105.4 104.9 102.2 97.6

g D -4.7 -1.3 0.0 05 00 -26 ~7.0
i
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Table 1.
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Continued
h, Z: 0 1 159 2
5° H* 100.0 1105 1163 1200
D -14.0 -50 0.0 32
15° H” 1000 1100 115.0 116.3
D -13.0 -43 0.0 29
30° H” 100.0 1055 108.0 109.5
D -74 -23 0.0 14
60° H" 100.0 103.3 103.6 103.4
D -35 -03 0.0 -0.2
90° H” 100.0 1025 1025 1020
D -25 0.0 0.0 -05
£° H" 100.0 108.7 1135 116.5
D -119 -42 0.0 26
15° H: 100.0 105.5 108.5 110.3
) -8 -28 0.0 1.7
30° H" 100.0 102.5 103.2 1035
D ~3.1 -0.7 0.0 0.3
60° H” 100.0 101.0 100.3 99.4
D -03 e.7 0.0 -09
90° H” 1000 100.0 98.7 97.5
D 1.3 1.3 0.0 -1.2
5° H” 100.0 106.2 109.8 111.7
D -99 -33 0.0 1.7
15° H" 100.0 101.6 1025 102.6
D -24 -0.9 0.0 0.1
30° H” 100.0 995 98.5 075
D 15 1.0 0.0 -1.1
60° H* 100.0 98.0 95.7 94.0
0] 45 2.4 0.0 -18
90° H" 1000 97.0 945 92.5
D 58 2.6 0.0 21

1286
10.6

1245
83

111.4
3.1

1614
=2.1

99.2
-3.2
123.1

84

137
48

103.0
~0.2

957
—4.6

93.9
—-4.9

116.2

5.8

102.7
0.2

94.0
-4.6

88.6
-14

87.2
=17

137.0
17.8

1295
11.5

1910
28

975
-5.9

95.0
-7.3

130.0
145

100.5
-26

91.5
-8.8

89.0
-99
120.0

9.3

100.8
~-1.7

89.5
~9.1

825
-138

81.0
-143

1445
242

1325
13.2

108.5
05

930
--10.2

90.0
--12.2
135.3

19.2

145
55

96.5
-6.5

83.0
—-143

835
-154
1225

11.6

97.5
—-49

84.2
-145

76.5
-20.1

750
-206
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1.13 Accurscy of the values for H\Lh X )} and T h ).

The method for determining the values of H{(A h X |} and T(A h ) has been described in reports (1) and {4)
where the s-3tter and ihe accuracy is discussed in some detail. The main points may shortly be resumed. The
measured salues of sky intensity were interpolated for round values of solar altitude and plotted in logarithmic
scale in cependence on the mean 0zone amount Aforthedaysinquestion.TheooefﬁcientsT(l,ho; cre the
gradients of the straight lines which have been used to approximata the mean trend of the scattering points in
the difierent piots. By means of these gradients each measured value of sky intensity was normalized to a refe-
res.ce amount X, = 0.3375 cm of ozone. The values H(Ah X ) are the mezns of the normalized intensities
obtained by this procedure.

The scatter of the points around the approximating straight lines in the different plots amounts to betvieen

* 10% and * 38%, the mean being * 18%, if one case relating to h_ = 0 is excepted. A large part of this scatter
reflects real fluctuations of sky intersity from day to day when measurements have been taken A scatter of
this magnitude is invoived in the values of H(Ah ,X ).

For the majority of the wavelengths and solar altitudes considered the points in the plots of sky intensity ver-
sus ozone amount X show a distinct trenc and the gradients T(A,"s ) of the approximating lines could be
determined with an accuracy of about * 10% to * 20%. In these cases the values of T(l,ho) show an even
trend with relatively small scattering if plotted versus the corresponding values of the absorption ccefficient

k (\) of ozone. For some solar altitudes the results on T(A.h, ) deviate irreguiarly from this trend. For these
cases the coefficients had to be interpolated from the mean curves representing T(A,h) as a function of k ().

A percentage ervor r(H) = —2.3 (X—Xo) T()\,hoi r(T) is produced by an error r{T)% in the coefficients T(Lh),
if the sky intensity H(X,ho,X) is computed according ta relation (1). The coefficients T()\,ho) attain values up to
8.9 cm ™! 4t short wavelengths and decrease to zero for A > 330 nm. The high values of T(A,h,) for shon wave-
lengths can be determined more accurately than the smaller values for longer wavelengths. The probable errors
in the results or: T{A,h ) can be evaluated from the plots in Fig. 9 of report (1). However, no detailed error
analysis on a statistical basis was made for the final values of the coefficients T()\,ho), which were all deter-
mined from the mean curves representing the smoothed trend of T()\.ha) in dependence un the absorption
coefficient k{}) of ozone.

According to a rough estimate we may put T(,\,ho) r(T) = 100 cm ™! for all solar altitudes and wavelengths
considered. Setting furthermore X—Xo = 0.100 cm we obtain an error of r(H) =~ * 23% for the values of sky
intensity computed for maximum or minimum ozone amount.

12 Ultraviolet soiar intensity
The spectral intensity of direct solar radiatior is computed according to formula

—[G.4343 (tqg +t)m+ky X ]

S} h,.X.2) = S,(M10 (2)
where

S, () Extraterrestrial solar intensity in Wem-2? nm-"!

ta n\z) Optical th .ness for Rayleigh scattering

ty \2) Opticai inickness for aerosol scattering

m(ho) Air mass according to Bemporad
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k(A) Absorption coefficient for ozone absorption at —44°C
yih,) Slant path through ozone layer
X Total amount of atmospheric ozone in cm at STP
Zz Elevation as.l. in km

Vsjues proposed by the Standard’s Subcommittee of the Solar Radiation Committee of the Joumnal of Envi-
runmental Sciences published by Thekaekara (15) have been applied for the extraterrestrial solar intensity
So fA1. These values represent the mean intensity averaged over a bandwidth of 5 nm. Where necessary the
intensity has been interpolated for the wavelengths considered.

Standard values for the optical thickness tp and e given in Eiterman’s atmospheric attenuation modei

1968 (16) for various wavelengths and efevations a.s.|. in increments of 1 km. Values derived from Eiterman’s
data and interpolated for the wavelengths in question have been used for the computation. Msan values for the
ozone absorption coefficient k for —44°C according to Vigroux (17) averaged over a bandwidth of 2.0 nm have
been applied.

The factor 0.4343 is introduced because Eiterman’s values for tp and t, relate to the basis e, whereas k repre-
sents the decade ozone absorption coefficient derived from Vigroux’s data.

Atmosgheric ozone is mainly concentrated at heights above 10 km and its influence on direct solar intensity
can be described by the total amount X. On the other hand, the values tp and 1, of optical thickness decrease
considerably from 0 to 5 km and determine the variation of direct solar intensity in dependence on elevation.
Apart from direct solar intensity the vertical component

S, ()‘,ho,X,Z 1 =5(Ah,,X.2Z) sin ho (3}
has been computed.

13 Uttraviolet global intensity

Adding the diffuse component H to the vertical component S, the intensity of sun+sky radiation or global
radiation on & horizental surface is obtained:

G\ hyX.2) = H\h X) +Spiih .X,2) (@)

The values for gicbal intensity are thus based on the measured values for H()\,ho,Xo) and T()«,ho)., as well as
on the theoretically computed vertical comnonent Sr-., of direct solar radiation. Only the !atter component
varies with elevation Z, wnereas according to the approximation discussed in section 1.1.2 the variation of sky
intensity In deoendence on elevat.on is neglected. An estimate of the pcrcentage error D thus produced in
H()\,hO,X) 1s given 1n Table 1.

The corresponding error caused in the resuits on globat intensity amounts to D/{1 + Sn/H) The ratio S /H

1s small for short wavelengths, low solar altitudes and low elevatior: a.s.| The whole amount or a large fraction
of the error D is transmitted to the values ot gichal intensity in this case On the other hand, for solar altitudes
hg 2 60° the error remains < 0 56 D “or a!!, wavelengths, solar altitudes and ozone amounts considered
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A similar consideration applies to the errors caused by the approximation which has been discussed in section
1.1.1. Ti:e values of sky intensity for h, > 65° are too low. The corresponding errors produced in the resukes

on global intensity amount to about 17%, 10%, and 9% for h = 90° and ) = 297.5, 302.5, and 305.0 nm
respectively. These are estimates for Z = G km and X = 0.340 cm. The errors decrease towards longer wavelengths.
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1.4 Further remarks

The values of ultraviolet intensity presenied in the tables and diagrams of this report are based on available :
data and on simple computations. A more rigorous treatment would need additional caiculations of ultraviolet
sky intensity for various distributions and amounts of atmospheric ozone and for different conditions of i
turbidity. The mothematical methods and computing programs for this purpose ara more involved but available
in principle. Such computations v;ould alicw to interpofate and ext-apolate the results of more extensive mea-
surements planned for the future and help to derive an improved climatclogy of natural uftraviolet radiation.

2. Discussion of the results

2.1. Dependence of the intensity on the different parameters

Part of the resulits Jf the computations are presented in Table A which contains the values of intensity for the
different components and for selected values of the principal parameters. These results and Figs. 2 — 5 and

7a — d are based on the values of H(A,h X ) obtained at Davos in “summer conditions”, with practically no
snow on the ground of the wider surroundings of the place of observation. The cc mplete set of the computed
data includes also the results for “winter conditions”, when all land around was covered with snow. The
computations have furthermore been extended to additional solar altitudes and ozone amounis varying in
increments of A X = 0.020 cm.

As 2 consequeice of the increased ground reflexion the values of H()\,ho,Xo) derived from the measurements in
“winter conditions’’ are considerably higher than those for “summer conditions”. The increase in H()\,ho,xo)
amounts to about 30 % on an average over the wavelength region 330 nm < A € 380 nm a~d to about 50 % for
297.5 nm € A < 330 nm. [t is to say that the results for the two periods are based on different sets of data and
influenced by the v.riation of parameters other than albedo. The vaiues for H(’A,ho,Xo) are reduced to a
normalized amount X = X, of ozone ar.d affected by the lim ted accurc.'y of that procedure. The resuits for

A = 330 nm may therefore allow a better estimate of the aibedo effect then the values for shorter wavelengths.
The influence of ground reflexion on sky intensity is discussed more closely in report (1), where measured and
theoretical results are compared

No values of the coefficient T()\,ho) in relation {1) could be determined for the shortest wave!engths and lower
solar aititudes. This applies for example to the coefficients for A = 297.5 and ho < 30°. There »xist no results
for H()«,ho,X) and G()\,ho,X,Z) for thesc cases winich are marked "0’ in Tabie A. The same is trve for the
components S\'A,ho,}\',Z) and Sn()\,hO,X 2) which could however have been computed for any :olar ait'tude
and waveiength

The data on ultraviolet sky and global intensity in Table A are influenced more or less by the approximations
invoived in the values for sky intensity This roncerns the results for ho = 90° (see section 1 1.1) and the
resuits for elevations differing considerably from the elevation Z = 1 53 km a.s I of Davos (see section 1.1.2)
The effert of these approximations on the vaiues of global internsity s discussed in section 1 2 On the other
hand, computed results on direct soiar intensity S ()«,ho,X,Z) and its vertical component Sn()\,ho,X,Z) are not
influenced by any approximation of simsiar s gnificance
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Table2. Intensity (Wem-? nm~*) of the different components H, S, S, and G of natural ultraviolet

sadiation for Z = 0 km a.s.l. and for selected wavelengths (i:m), solar altitudes ho_ and amounts
X(cm) of ozone. Survey on the results contained in 7able A. 1.72 — 7 stands for 1.72.10-7.

X h,, A 2975 302.5 330.0
0.240 5° H: 219- 9 2.03- 6
60° ” 1.72-7 1.12- 6 225 5
0.340 5° ” 5.41-10 1.90- 6
60° ” 425-8 5.38— 7 221- 5
0.440 5° " 1.34-10 1.77- 6
60° " 1.05-8 259- 7 217- 5
0.240 5° S: 6.58—18 3.12-10
60° - 2.01-7 1.42- 6 256— 5
0.340 5° - 2.63-20 2.82-10
60° . 435-8 6.62— 7 253- 5
0.440 5° 1.05-22 2.65-10
60° ” 9.41-9 3.08- 7 249- 5
0.240 5° Sy 5.74—19 2.72-11
60° " 1.74-7 1.23—- 6 222—- 5
0.340 5° 2.29-21 2.46-11
60° ” 377-8 573- 7 2.19- 5
0.440 5° ’ 9.17--24 2.22-11
6C° ” 8.15-9 267-7 216- 5
0.240 5° G. 2.19- 9 2.03- 5
60° " 346-7 2.35- 6 4.46— 5
0.340 5 - 5.41-10 1.90- 6
50° " 8.02-8 1.11- 6 440- 5
0.440 5° " 1.34-10 1.77- 6

60° " 1.87-8 525— 7 433- 5
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“he selected data in Table 2 give a survey on the variation of intensity in the wavelength region 297.5 to
330 nm. The factors F in Table 3 show how the intensity of the various components varies from A = 330
to 380 nm.

Table3.  Factor F = 1(380} / 1{330) by which the intensity of the different components H, S, S, and G
of natural ultraviolet radiation varies from A = 330 to 380 nm. The figures relate to Z = 0 km

and X =0.340 cm
hy, H S5, G
5° 176 833 1.76
10° 1.43 115 1.46
20° 1.02 3.65 1.25
40° 0.94 2.06 1.34
60° 1.00 1.73 1.36
90° 1.02 1.62 1.36

Some remarks on the spectral distribution of natural uitraviolet radiation may be in piace. The extraterrestrial
solar intensity increases from 297.5 to 330 nm by a factor of 1.9, but varies only little in its mean trend from
330 to 380 nm. The absorption coefficient of ozone decreases rapidly from 297.5 to 330 nm and can be
negiected between 340 and 380 nm. In consequence we can distinguish two wavelength regions with essentially
different trends of intensity: Up to 330 nm the intensity increases by severai orders of magnitude and the shape
of the spectrum varies with the vertical distributior: and totai 2mount of atmospheric ozone. From 330 to

380 nm the variation of intensity in general covers only a fraction of one magnitude, as can be seen from the
figures in Table 3. For solar altitudes of ho 2 15° these variations are quite small for sky intensity and mode-
rate for global intensity. However, also in this wavelength region an increase exceeding one order of magnitude
is found for direct solar intensity at low solar altitudes. In this case the large values of m(ho) and the diminishing
vaiues of tp and t, produce a strong decrease of the exponent 0.4343 (tg + t,im(h_} in relation (2) towards
longer wavelengths.

These characteristic features of the ultraviolet spectrum are illustrated in Fig. 2 which shows the spectral
distribution of globa! radiation for different ozone amounts and solar altitudes according to our approximation.
These curves demonstrate the steep decrease of intensity below A = 330 nm and the flatter trend from A = 330
to 380 nm. In addition the strong influence of ozone on the intensity and on the shape of the spectrum can

be seen.

Fig. 3 shows ultraviolet global inteisity for different elevations and wavelengths in dependence on the amount
X of atmospheric ozone. These curves represent the sum of H(X,ho,)\) and Sn(X,ho,A,Z) which are both
exponential functions of X The treiid of the curves is nearly linear in logarithmic representation. The natural
vaniations of ozone covering an interval of X = 0.240 cm to 0.460 cm cause large changes of globa! intensity

at shorter wavelengths, which correspond to factors of 24 and 5 for A = 297 § and 302.5 nm respectively.

An example for the influence of solar altitude on global intensity i1s given in Fig. 4 for different wavelengths
and for an ozone amount of X = 0.340 cra. The trend from h, = 60° to 90° is influenced by the errors dis-
cussed 1n section 1.2

The influence of elevation a s | on global intensity is illustrated in Fig 5 for a mean amount X = (, 340 c¢m of
atmospheric ozone and for solar aititudes of h = 15”,30° and 60°
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The trend of these curves is affected by the approximation discussed in section 1.1.2 and 1.2. The errors can be
estimated from the values D in Table 1 and amount to S 20% for h,, = 15° and 30° and to < 6% for h,, = 60°,
as far as elevations up to Z = 3 km are concerned. The results for higher elevations must be considered as
tentative. For certain intervals of wavelengths and solar altitude the errors D are small or moderate also for
Z=4and5km.

The variation of the intensity of the other components in dependence on wavelength, ozone and solar aititude
shows essentially a pattern similar to that illustrated in Figs. 2 — 5 for global radiation. However the intensity
of direct uitraviolet solar radiation decreases towards lower solar altitudes far more steeply than the intensity
of diffuse sky radiation. All the more this applies to the vertical component Sp,- Furthermore, at low solar alti-
tude direct solar intensity fails off more rapidly towards shorter wavelengths than sky intensity.,

Depending on solar altitude and wavelength sky intensity attains a maximum at a certain elevation or decreases
monotonously from Z = 0 km upwards, as can be seen from the theoretical trend in Fig. 1. Direct solar inten-
sity evidently increases with elevation. The same is true for the present results on global intensity where the sky
component has been assumed as indepencent on elevation.

22 The influence of an assumed reduction of atmospheric ozone on ultraviolet intensity

The effectiveness of a number of important photobiological processes increases sharply from A = 320 nm
towards shorter wavelengths and maxima are attained between A = 240 and 300 nm. Many of these effects

are detrimental to man, animals or plants. Atmospheric ozone absorbs a considerable part of the incoming
solar radiation betow 320 nm and works thus as a protection shield against the dangerous shorter wavelengths.
Johnston {20) suggested that water and oxides of nitrogen emitted as combustion products by future SST
aircraft may catalyse the destruction of atmospheric ozone, whereby the intensity of the harmful ultraviolet
radiation would increase at the earth’s surface.

It is therefore of interest to examine the effects of an assumed decrease in the total amount of ozone. This
question has been studied in connection with the computations described in the foregoing sections. The results
are shown in Table B which gives the intensity of the various components of uitraviolet radiation at sea level
for three latitudes @ = 0°, 40°, and 73° and for different assumed reductions of the amount of ozone. These
figures relate to the annual mean ozone amount for the latitudes considered and to selected solar altitudes. The
table contains furthermore the factors Q by which the intensity is increased by the reduction of ozone.

The average seasonal variations of ozone around the annua! mean amount to about + 18%, * 11% and * 4%
for the latitudes @ = 73°, 40°, and 0 respectively. These values allow a comparison with the reduction s
assumed in Table B,

The figures in Table B show the strong effect produccd by even relatively small reductions of ozone. Erythemal
effectiveness attans its first maximum near A = 297.5 nm. At a mean latitude of 40°N global intensity increases
at this wavelength by factors ot Q = 1.58, 3.21, and 10.3, if the annual mean ozone amount is reduced by 10%,
25%, and 50% respectively.

The influence of an ozone reduction increases trom @ = 0° to 73° and towards shorter wavelergths. For-the
highest latitude and the shortest wavelength considered the intensity of sky, solar and globai radiation 1s
diminished by factors of Q = 14.6, 43 0, and 21.9 in consequence of a 50% ozone reduction. At the shortest
wavelengths direct solar intensity 1s more affected than the sky component. This differenca i1s pronounced
for @ = 73°N

AL b ke PPN BRI & AN A

PP TR




la i e e e il e e

13

Tha values of H()\,ho,xo} and T(A,h,) have been derived from measurements of ultraviolet sky intensity over
periods where the ozone amount varied between X = 0.270 and 0.405 cm. The data in Table B for a 50%
decrease of the mean annual amount of ozone relate to X = 0,124, 0.159, and 0.183 cm for 0; 40 and 73°
Northern Latitude respectively. The latter values represent 46%, 59%, and 68% respectively of the minimum
ozone amount {X = 0.270 cm) observed during the measuremenis. The values for H, G, and Q in Table 8
corresponding to a £0% decrease of ozone are thus based on an extrapolation over a rather large interval of
ozone amounts, which actually do not exist. These figures should thus be considered to be tentative. More
accurate resuits could be obtained by a theoretical computation of the sky component (see section 1.4). Cn
the other hand, the resuitson S and S, are directh’ computed and not affected by any extrapolation.

ame ot g = s bmaw e bt kb b

23 The spectral distribution of uitraviolet solar radiation below A = 300 nm and the short wavelength
limit of the terrestrial solar spectrum. Computed results

The foltowing results have been obtained by straightforward computations and relate to direct solar intensity
only. More involved calculations which are outside the scope of this report would have been needed to take

j also sky and global intensity into consideration. Fig. 6 shows the mean trend of the extraterrestrial solar spectrum
derived from Tousey et al. (21.772,23) as well as the terrestrial spectrum for selected latitudes and solar altitudes.
The latter curves relate to sea level and to the annual mean amount of ozone for the latitudes considered. Added

i are the corresponding spectra for an assumed 50% reduction of the ozone amount.

Relation (2} has been used for the computations but attenuation by aerosol scattering was neglected. The values
for tRO\,Z) and k(A) have been derived from Elterman’s (16) and Vigroux's (17) data respectively. The ozone
absorption coefficient k() relates to a bandw.dth of 1.0 nm in this case. Mean values for the extraterrestrial
intensity SO(M averaged over a bani' #idth of 1.0 nm and determined from Fig. 16 in {23) have furthermore
been applied.

The curves in Fig. 6 show the great influence of atmospheric 0zone on direct solar intensity for the shortest
wavelengths of the terrestrial spectrum. The extraterrestrial intensity fluctuates greatly within wavelength inter-
vals of 1.0 nm. The short wavelength limit A, of the terrestrial spectrum depends thus on the bandwidth applied
for the measurements and further on the detectable minimum level Im of intensity. The values of ?\m listed in
Table 4 have been determined from the curves in Fig. 6 and relate to a spectral bandwidth of 1.0 nm and to two
different levels | = 16-'% and 10-"! Wem=2nm-! respectively. Included is furthermore the shift of the short
wavelength limit caused by an assumed 50% reduction of ozone. This shift amounts to between 4.5 and 6.3 nm
depending on latitude and on the assumed level I There occur thus appreciable but by no means drastic

shifts of the short wavelength limit as a consequence of a 50% ozone reduction. D fferences of about 5 nm

exist also in the values of A | for 0° and 73°N. latitude.
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To compare conditions with maximu~1 and minimum amounts of ozone the foliowing cases may be considered:

Latitude @ =0° minimum amount of ozone X = 0.240 cm
maximum <oier altitude h, = 90°
-10 -2 -1
'm 107" Wem™ nm

>‘m =287.7 nm
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Latitude @ =73°  maximum amount of ozone X = 0.460 cm
maximum solar altitude h, = 40°
- ~10 -2 -1
'm =10""" Wem™*nm

Ay = 296.5 nm

The shift of A, which corresponds to the maximum natural variation of ozone amounts thus to 7.8 nm, as far as
direct solar intensity is concerned.

The results on )‘m discussed above relate to solar altitudes h, > 40°. For decreasing solar altituce the limit }‘m
moves rapidly towards longer wavelengths.

Table 4.  Short wavelength fimit Am of the ultraviolet solar spectrum for the annual mean amount of ozon¢
at selected latitudes and for an assumed 50% decrease of the ozone amount.

Im Detectable minimum intensity (Wem™2 nm™!)
0 Latitude
o Solar altitude
Xm Short wavelength limit {(nm)
In 1) ho Ozone )‘m Skt
10710 73°N 40° 100% 294.4 5.0
50% 289.4
40°N 60° 100% 290.7 5.0
50% 2857
0° 60° 100% 269.1 45
50% 283.4
10-!! 73°N 40° 100% 202.7 45
50% 288.2
40°N 60° 100% 289.5 5.6
50% 283.9
0° 6l° 100% 287.8 6.3

50% 2815
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24, The variation of ultraviolet intensity in dependence on Northern Latitude

The total amount and vertical distribution of atmospheric ozone varies with season and in dependence on lati-
tude and longitude. Average total amounis of ozone around each latitude circle of the Northern Hemisphere
have been determined by London (18) for spring \March, April ,May), summer (June, July, August), fall
{September, October, November), and winter (December, January, February). Similar values for the Southern
Hemisphere have been published by Sticksel (19). The following results relate to the Northern Latitudes.

Table 5 shows the average ozone amount X (@) as a function of latitude for the four seasons. These figures have
been determined fiom Fig. 4 of London’s paper (18). Ozone increases towards North during all seasons and
attains a maximum between @ = 60° —70° (fall, winter, summer) or at @ = 90° {spring). The seasonal variations
are smallest at the equator and largest in polar latitudes.

The values hom in Table 5 are maximum solar altitudes for the latitudes in question and for the round values
of solar declination indicated for each season, The latter figures deviate only little from the mean values of
declination representative for the season. The values h, . represent thus approximately the maximum or noon
solar altitude for the latitude and the middie of the season.

Table5. [lean total amcunt X{(@) of atmospheric ozone around each latitude circle for the Northern
Hemisphere according to London (18). Maximum solar altitude h,,, for latitude @ and for the
round values d of solar declination representative for the different seasons,

Spring Summer Fall Winter
0 d= +10° d= +20° d= -10° d= -20°
(N) X@  hyn, X0 hop @  hyy X@  hyp
0° 0.260 80° 0.256 70° 0.244 80° 0.241 70°
10° 0.268 90° 0.261 80° 0.253 70° ¢.247 60°
20° 0.287 80° 0.273 90° 0.261 60° 0.260 50°
30° 0.313 70° 0.292 80° 0.270 50° 0.284 40°
40° 0.352 60° 0.314 70° 0.281 40° 0.318 30°
50° 0.395 50° 0.333 60° 0.299 30° 0.357 20°
60° 0.419 40° 0.346 50° 0.308 20° 0.373 10°
70° 0.430 30" 0.349 40° 0.307 10° 0.370 0°
80° 0.435 20° 0.347 30° 0.299 0° 0.364
90° 0.436 10° 0.339 20° 0.290 0.361

For examining the variation of ultraviolet intensity with latitude and season the various components have been
computed for the values of X(Q) and hom in Table 5. The results are shown in Table C and :llustrated in

Figs. 7a—d for selected wavelengths and for global intensity. These resuits represent the approximate maximum
intensity for noon. The values of H{X,h,,X ) obtained at Davos in “summer conditions’ (ground not covered
with snow) and “winter conditicns’ (ail surrounding tand covered with snw) respectively have been applied
for the computation.s tor all seasons. However, no seasonal or geographical variations of albedo have been taken
into account. The data in Table C relate to ‘ summer conditions’’. The corresponding results for “winter cond-
tions’’ have also been coinputed for all latitudes and seasons, but are not included ir this report. The increase
in the measured values of sky intensity caused by the elevated albedo in winter is discussed in section 2.1.
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The figures “—1.00E—00" in Table C refer to cases for which no values for the coefficient T(A,h,) could be
determissd. The following remarks relate to the variation of the intensity and to the >ffects of the approxi-
mations applied.

The intansity of the components S(®, ), S,(@ ) and G(@,A) decreases from @ = 20°N towards higher latitudes.
The decrease is more pronounced for shorter wavelengths and higher latitudes. This trend can be explained by
te combined effect of the varying amount X(®) of ozone and of the decreasing solar altitude hom: For lati-
tudes @ > 20°N the intensity attains a maximumi in summer and a minimum in winter and follows thus the
snnual trer.d of noon solar altitude. The seasonal decrease of atmospheric ozone from a max.mum in spring to
aminimum in fail partly counteracts this trer.d, the effect of solar aititude is however dominant.

A similar variation is found for the values of sky intensity H(®\) as far as latitudes @ > 40°N are concemed.
However the resuits on sky intensity for hom > 70° are more or less affected by the approximation discussed

in section 1.1.1. This applies to the summer values for @ < 40°N and to the spring values for ® < 30°N. The
same is true for the fall values for @ < 10°N and for the winter values for @ = 0°. The resulting values for
H(@,\} vary in these cases in dependence n X{®), but do not change from b, = 70° to 80°. The errors intro-
duced by this approximation are estimated in section 1.1.1. For h,, . = 90° and \ = 297.5, 302.5, and 305.0 nm
the values for H(Q,\) are too low by about 50%, 30% and 22% respectively. Such errors exist in the summer
values for @ = 20°N and in the spring values for @ = 10°, The errors are smaller for longer wavelengths and for
solar altitudes h . differing less from hg,. = 65°,

The approximation involved in the values of H(®,)) influences also the resuits on global intensity G(@,\) for

the latitudes and seasons relating to hom > 70° mentioned above. The values for global intensity are too low

in these cases {see section 1.1.2). The errors are smaller than those produced in H(@,\) and attain about 17%

at maximum, Errors of this amount exist in the resuits on G{Q,A) for A = 297.5 nm and for @ = 20°N. in
sumner, end for @ = 10°N., in spring. The corresponding errors for A = 302.5 nm amount to = 11%. Fluctuations
of this magnitude can be caused ty short period variations of ozone or turbidity. The accuracy for G(Q,A)

may therefore be satisfactory for most climatological applications, whereas the results on H(Q,A) relating to

hom - 80" and X S 310 nm are seriously affected by the approximation applied.

Maps showing the hemispheric distribution of the mean total amount of atmospheric ozone in dependence

on Northern Latitude and Longitude are presented in Figs. 1a — d and Fig. 2 of London’s paper {18) for the
four seasons and for the annual mean respectively. These curves cover an interval of 0.240 < X < 0.46C cm in
increments of AX = 0.020 cm. Each curve relates to a given ozone amount X and to the corresponding spectra
I()\,ho,X,Z) of the components H,S,S,, and G. Maps of the geographical distri:ution of ultraviolet radiation
can be prepared by indicating the corresponding intensity I1(A,h;,X.Z) on each curve. The complete set of data
covering the total interval cf X in increments of AX = 0.020 cm should be applied in place of the selected
values contained in Table A.

A large number of araphs are needed to present all results in this way Considering the number of different valL.s
of the parameters included in Table A and ignoring the tentative results for Z = 4 and 5 km we need 192 dia-
grams for each solar altitude and elevation or 768 diagrams for each solar aititude.

The curves of constant intensity obtaimed by means of this prucedure do not relate to round values of intensity.,
Curves cf ronstant round values of intensity could however be interpolaiad, if conndered necessary.
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3. The influance of clouds on ultraviolet radiation

Clouds may increase or decrease ultraviolet sky intensity and attenuate direct solar intensity in part or compie-
tely. The amount of the latter effect on global radiation depends on the ratio Sn/H of the vertical solar compo-
nent {0 the sky component and decreases towards shorter wavelengths and lower solar altitudes.

The influence of clouds on sky intensity has been examined in a former report (5) for various kinds and amounts
of cloud and for different solar altitudes. The main results may be resumed shortly. The ratio q of the intensities
obtainad with and without clouds was determined from measurements of sky intensity under various conditions
at Davos (1590 m a.s.t.). The wavelength A = 330 nm which is little affected by ozone absorption and A = 370 nm
which is not influenced by ozone have been chosen for this investigation. Mean values q of the ratio q averaged
over all solar altitudes and relating to overcast sky are given in Table 6 for low, middle, and high clouds.

In general, the influence of clouds on ultraviolet sky intensity is relatively moderate for the wavelengths consi-
dered. Much larger values up to q = 6.2 have been found in a similar study (24} on the effect of clouds on total
sky radiation (0.3 u < A< 3.0 u), as measured by means of a thermoelectric pyranometer. The highest increase
of ultraviolet sky intensity corresponding to ratios q = 2.05 and 2.32 for A = 330 and 370 nm respectively was
found for a homogeneous layer of cirrus clouds (Cs neb 10). Values as low as q = 0.06 were obtained on the
other hand for ho = 46.3° during a thunderstorm.

Table 6.  Values of the maan ratio q for sky radiation of the overcast sky and for all kinds of iow, middle,
and high clouds. Amount of clouds 8/10 — 10/10.

Summer period, ground not covered with snow

S
W Winter period, ground covered with snow

ol

Mean ratio of the values of sky intensity obtained with and without clouds respectively.
Averaged o er all solar altitudes considered.

n Number of values from which the mezans q have been taken.

s%  Standard deviation of the values q around q

Clouds Season A = 330 nm A = 370 nm
a n 2% _q_ n s%
Low clouds S 0.85 37 33 1.03 37 h2
inclusive w 0.3 219 37 0.77 75 141
Cu and CL: S+W 0.75 256 1 0.86 112 57
Middle clouas 8 0.70 10 63 0.86 10 65
" w 0.91 41 22 0.94 18 27
" S+W 0.87 51 31 0.92 28 41
High clouds s 1.33 4 42 1.44 4 48
" w 1.07 27 21 .20 24 26

" S+W 1.10 31 26 1.23 28 30
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4. Conciuding remarks

At present only a limited number of spectral data on ultravinlet sky and global intensity is available. Approxi-
mations to derive zlimatologica! results for different elevations and latitudes had to be applied for this investi-
gation. More extens.ve measurements and computations are needed to establish a satisfactory climatology of
ultraviolet radiation. The following suggestions for future work may be given.

Measurirg program:
The intensity should thoroughly be studied in dependence on all parameters, such as 0zone, eievation as.l.,
albedo, and turbidity.

Components to be measured:

In general, the radiation from sun, sky, and sun+sky on a horizontal surface has been recorded. The measure-
ments should be extended to sky and global radiation received by differentiy orientated planes. In addition,
measurements of ultraviclet sky radiance along various meridians of the hemisghere should be itccluded. These
components may even be more significant than solar, sky, or global radiation on a horizontal surface. Values
of ultraviolet sky radiance are well suited for a comparison of measured and theoretically computed results
on diffuse sky radiation, as has been discussed in a previous report (7).

Equipment:

Spectrophotometers of high spectral purity and high light power transmission are required to obtain reliable .
results for wavelengths below A = 320 nm, where the intensity falls off steeply towards the short wavelength
limit. Special attention should be paid to the method of calibration. Automation of the measuring processes
and adequate facilities for data acquisition and processing are required to measure and evaluate the large
numbcgr of data efficiently. A satisfactory compromise between the contradictory demands on sensitivity,
accuracy and measuring speed must be found. Integrating spheres or similar devices allowing measurements of
radiation from all directions according to the cosine law must he provided and adapted to ihe optics of the
spectrophotometer.

Places of observation:

It would be difficult to analy se the results of measurements obtained in conditions where part of the principal
parameters undergo large flu::uations. Plains with practically homogeneous distribution of albedo and clear
air (e. g. at high elevations), or whare ozone variations are small {at low latitudes) would be well suited for the
basic program mentioned. The best solution might be a raobile station for radiation measurements which,
within hmits, would offer a larger choice of parameter values than a fixed station and facilitate nveasurements
in special conditions. A mobile station for measuring the visible and near infrared intensity of all componer (s
mentioned 1s under development at the World Radiation Center, Davos Observatory., It is planned to extend
the measurements to ultraviolet radiation.

Theoretical work:

The mathematical methods for examining the influence of ozone, turbidity, albedo, and glevation on sky and
global intensity are avaiiable. This opportunity should be expleited to check the results of the basic measuriny
program. In addition, theoretical resuits on the world-wtde distribution of ultraviolet intensity should be
derived. Such data could be compared with the actual intensity and woulid allow to interpolate or extrapolate
the results of measurcments to different conditions.

It can be expected that a combined effort, based on measurements and theoretical work, wiil be the best
approach to establish a reliabie and comprehensive climatology of ultravioiet radiation

Eﬂm TN
|
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coudiess sicy and seiectes vaives of the princiga’ paramensrs

Oesimats
A S L.

LAMEDA

SN
G

The intensity

Eietons 251 in Km

Warelength in nen
Tommmxdmmi:ozm&:anam

Sky mtensity H(),ho,X) from thiz whoie sky on 2 horizonts? surface
Direct solar mtensity SO X.2Z)

Vertical component Snf2h, X 2} of direct soler intensity

Giobal intensity GDh X2} =H = S,

is expressed in Wem™* nm~'_ The approximations applied for the computation of the cata in

this wable are discussed in sections 1.1.1, 1.1.2, and 1.2. 1.72 —7 stands for 1.72 10-7.
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kfluence of 2 2ssixnzd pescentane reduction of simosphernic azonz o the mtensity of ditierent
compaaeEns of vhranoiss radiziion 2t select=d Iz2titvdes end sobar cltitedes

Despmztions:

WL Wareensthding

LA Morthem Latitud= @

sa Soler althinde

1 inzensity of the different components of ultrzviolet radiation (Wem™2 nm™?) for

the ennuz] mezn amount of atmospheric ozone for the Iatitudes considered

Factor 1{R)/1{0) by wshich the intensity of the different components is reduced by an
assumed percentage reduction R of the annual mean amount of ozone

Sky intensity from the whole sky on a hcrizontal surface

Direct solar intensity

Vertical component of solar intensity

Global intensity
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S 20026505 1400 2.03€=05 1,01 2,00€-U5  1.01 2,08%<03 1,03 2.15€~05  1.uo
SN 175595  $.00 $.76E=CS 1401 1.77605 1401 1.80E-05 1403 1.868+05  1.06
©  3.79E-05 1460 3e43E-85 1,01 3.87F-05 1,02 3.39=05 1,05 4.206-05 .11
3250 73 60 M 1.38E-05 2400 $001E=05 1,02 1,MIE05 1,06 1.51805 1410 1.66E-05 1,20
S 1016E=05 1,00 1.15E<05  1.01 1.17€=05 £.02 1.20E<U3 1,05 1.2€€05 1.4y
SN To35E-06 1400 7.62E=06 3,01 T.ASE=06 1,02 7.70C=tu 1,05 B.07E-06  1.10
S 2.21€+05 1,00 2.15E-05  3.02 2.18E=05  1.03 2,26{=05 1,08 2.47€-05 .17
3300 0 60 B 2.24E=05 (.00 2.25E=05 1,00 2,25635 3,00 2.27£-03 1,05 2029605 1,02
S 2.57E=05  £.00 2.56E=05 1,00 2.57E-05 1,00 2.58L-G5 .61 ¢.60E-05 1.2
SN 2.21E-05 1000 2022E=05 3,00 2.226-05 1400 2,23E~05 1,03 2.25€-05  1.02
G &aW6E=05 1,00 4.47E=05 1,00 4,48E-05  2.00 LuSE-05 1,01 &4s5SE-Df 1,02
3300 40 60 M 2.22E-05 1400 24226<05 1400 2023€-05  1.0% 2.25€05 1,01 2.28€-05 1403
S 2.536+05 1400 2.54E-05 1,00 2.54€=05 1,00 2.56£<05 1,01 2.59¢=05  1.02
SN 2.19E-05 2400 2420E05 1,00 20208205  14u0 2.22E<05 1,01 2.24E~05  1.v2
G AMIE=05 1400 Ho42E=05 1,00 A.43E<05  1.00 4u67E<GS 1,01 4.S2E<0F  1.03
3350 73 A0 M 1.80C=05 1,00 LE05  1.00, 1,81€=05  3.01 1,63(-05 1,02 1.86€-05 1,03
S 1.53E<05 1,00 1.UME<R5 1,00 £.566=05 1,03 1.56E<G3  1.02 1.50E-C5  f.0u
SN 9.8VE=06 1400 9.87€=06 1,00 S.91E-05 1.03 1.006<05 1402 1.02€=05 1.0k
. G 2.78E<85 1400 2.79E=05 1,00 2.80E=05 1,01 2,83E-05 1,02 2.84E-05  1.06
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TableC.  Variation of the different components of natural ultraviolet radiation in deépendence on Northern

Latitude
Designations:
WL Wavelength A in it

LAT Northern Latitude @

H Sky intensity from the whole sky on a horizontai surface
S Direct solar intensity

) SN Vertical component of direct solar intensity
G Global intensity

MEAN Mean of the values of intensity obtained for the different seasons

®

The values of intensity(Wem™2 nm™!) have been computed for the average total amount of atmospheric ozone
for the different seasons and around the latitude circles considered. These results relate to cloudiess sky.
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