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SUMMARY

A better knowledge of natural ultraviolet radiation and 4ts variation and geographical distribution is needed for
the solution of various problems of science and for pri.tical applications. A clirnatoigy of global radiation for

the photobiologically significant wavelengths A = 3(1.5 and 350 nm has been derived by Schulze and Grafe
(25). The present report deals with the results of measurements and comnputations of ultraviolet sky, solar, and
global intensity for 15 .:-avelengths between X = 297.5 and 380 nm arid tr 12 values of the total amount of

atmospheric ozone covering an interval from 0.240 to 0.460 cm incremen s of 0.020 cm.

The variation of ultraviolet ntensity in dependence on Northern Lat:iuo aiid season and the influence of an
assumed ;eduction of atmospheric ozone is examined for the different cornponv-nts. 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 parampters.

The presen t data are based on a detailed evaluation of the results of extensive measurements 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.l. The values of sky intensity are assumed to ue independent on
elevation and constant for solar altitudes from 650 to 900. The errors thus produced in 1ý results on sky and
global intensity are discussed.

Proceeding from London's (18) and Sticksel's (19) diagrams of the hemispheric distribution of total ozone and
using the values of intesity 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 prepared for the wave-
lengths, solar altitudes nd elevations considered. •These data can thus serve as a provisional basis for a climato-
logy of natural ultraviolet radi-tion until the results of more comprehensive measurements and theoretical

computations will be wailab',.
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Introduction

The importance of natural ultraviolet radiation for atmospheric physics, radiation c;imatology and engineering
is widely accepted and has been emphasized in previous reports (1-8). Its significnce for ozone research may
be mentioned. Most commonly known are the therapeutic effects of UV, such as production of vitamin D in
the ikin and its bactericido action as well as the photobiological effe'.ts 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 insects. A survey on the influences of natural ultraviolet
radiation on man and other living organisms, which has been prepared by various experts, will be published in
a forthcoming report (9).,

The main facts about ultraviolet intensity may shortly be resumed here. The incoming ultraviolet solar intensity 3
is attenuated in the atmosphere by molecular and aerosol scattering and below X = 330 nm through absorption

by atmospheric ozone which is distributed in small concentration mainly at heights 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 X = 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 Xm = 286.3 nm and was obser'.,.d in 1930 by G6tz (10, 11).

Photobiological and other photochemical effects of ultraviu!-ýt radiation show a pronounced wavelength de-
pendence represented by their action curves. Many photobiological effects take place in the critical region
below X = 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 process. Clima-

tological measurements and computations of natural ultraviolet intensity intended to meet the needs of scien-
tists working in different fields shoukl thus provide spectral data rather than mean or weighed values of inten-
sity for larger wavelength intervals.

Only too few measurement; of ultraviolet solar 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.I.), near Basle (316 nr, a.s.l.), and on Weissfluhgipfel (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 reults
of more comprehensive measurements ann theore -al computations will be available.
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1. The method of measurement and the computation of the results

The spectrophotometew for measuring the intensity of ultraviolet radiation from the whole sky and from
sun+sky on a horizontal surface haz 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 Larchi 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 1 photomultiplier mounted directly behind the exit slit and
recorded oy 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-K6nigstuhl, 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 exomined ir uependence on wavelength X, solar
altitude ho, total amount of atmospheric ozone X (cm at STP) and albedo. The results for practically cloudless
sky at Davos can be represented by means of an empirical relation (1, 4)

log H(X,ho,X) = log H(X,ho,Xo) - T(X,h ) (X-Xo) (1)

where H(X,ho,Xo) ielates to a reference value X,_ = 0.3375 cm of Gzone ant T(X,ho) is coefficient. A similar
relation has been derived for global intensity G(X,ho,X). Values for the quant;tges H(X,hoXo) and T(X,ho)
are given in former reports (1, 4) for various wavelengths and solar altitudes.

Proceeding from these results and considering the seasonal change of ozone the diurnal 3nd 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 ultraviole't sky radiation was examined (5).

The wavelengths most effective for the photobiolagiual processes of erythema a-,d direct pgrnantation are
X -- 307.5 and 350 nm respect~vely These wavelengths have been determined by weigihing th, spectral



3

distribution of global radiation with the spectral effectiveness of the processes in ouest~on. Considering the

values of global intensity obtained at D'vos (4) and the results of their own measurements, Schulze and Grife (25)
derived climatological data on global intensity for these special wavele.igths. By means of diagrams, maps, and
tables the authors demonstrate the diurnal variation and monthly sums of intensity for different latitudes and
seasons. These data are widely used in photobiology and dermatology and represent the only world climatology
of ultraviolet radiation available at present. It is however desirable to extend these results to a larger number
of wavelengths and to sky and solar intensity. The computations and ressilts discussed in the following sections
are a step in this direction.

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

1.1 Ultraviolet sky radiation

1"he spectral intensity H(X ,ho,X) of ultraviolet sky radiation received from the whole and practically cloudless
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 altitudes. Relation (1) and tne values
for the quantities H(X,ho,Xo) and T(X,ho) given in (4) were used for the calculation.

1.1.1 Approximation applied for solar altitudes h > 660

The maximum solar altitude attained at Davos is ho = 66.60. The values for H(,ho0 ,Xo) and T(Xi,ho) cculd be
determined up to solar altitudes of 650 and 500 respectively, No attempt has been made to extrapolate these
values to higher solar altitudes. As an approximation the values of H(X,ho,Xo) and T(X,h,) for ho = 650 and 500
respectively have been apl . °o compute the sky intensity for solar altitudes exceeding ho = 650,

The va;ues of intensity obtaired by this procedure are too small. Mostly affected are the results for the highest
solar altitudes and the shortest wavelengths, where the intensity still increases considerably from ho = 650
to 900. The effect of the approximation can be estimated from the trend of the measured values of H(X,ho,Xo)
and from theoretical figures. For ho = 900 and X• = 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 gjiven in the discussion of the results.

1.1.2 Approximation tor differet elevations a.s.l.

There do not exist any spectral data lor ultraviolet sky intensity based on detailed and extensive measurements,
which would allow to extrapolate our values H(X,hoX) for Davos to different olevations a.s.l. Theoretical results
indicate however that the variation of sky intensity from 0 to 3 km height are mo)derate. Fur, ermore, our own
measuement 7) Min 316, 1580 and 2818 m a.s.l, have shown that ultraviolet ze.,ith radianc, ,oes not change
largely between the; ievels. The influence of height on sky intensity will therefore be neglected and only the
results for Davos (1590 m a.s.I.) 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"(I,ho,,) 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 vertical distribution of atmospheric
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ozone corresponding to X = 0.341 an. Fig. 1 shows the theoretical variation of. sky intensity in dependence on

height fo;e selected wavelengths and solar altitudes. For lower solar 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 grelter 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 kr of Daros. These deviations amount to between -20 % and +17 % forA = 297.5 nm

and decrease to between -10 % and +6 % for X = 360 nrn, if elevations 0 < Z < 3 km are considered. Relatively

small deviations exist also for Z = 4 and 5 km for certain intervals of wavelength and solar altitudes, as can be

seen fron thq. table. The values of D represent an estimate 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

and can thus not generally be applied to extrapolate the measured values of sky intensity to different heights.

Howevei, theoretical figures for various other vertical distributions and otal amounts of ozone which would

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.sl.) and Weissfluh-

gipfel (2818 m a.s.l.) will 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 Hz (L) stands for the values oi ?enith radiance at one of the locations and where

M represents the mean radiance averaged over the results for all three locations. The measured values of V vary

between --10% and +14 % for 330 < X < 380 nm and on an average over solar altitudes from 50 to 650.. The

maximum Jeviations V amount to -24 % and +30 %. The measured and theoretical variations of z e n i t h radi-

ance witlh elevation a.s.I. are discussed more closely in a former report (7).,

The results discussed above mnay justify an approximation in which the values of skv intensity measured at

Davos are applied fo," computing global intensity fo, Z = 0 to 3 km., Tentatively the computations have been

extended up to Z = 5 km.
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Table 1. Dependeice of uftraiolet sky radiation on elevation a"I. Relative *horetical values.

Z Elevation a-sI. in Kmi

ho Sol altituade

H" Intensity of u.traviolet sky radiation from the whole sky on a horizontal surfac, normalized
to 100.0 % for Z - 0 Km

D Deviation of H"IZ) from the corresponding vahe for Z = 1.59 Km (Davos, expressed in %.

The values H" are grqhicaMy interpolated from Dave's and FurAkaiwa's theoretical results (14)
for a Raylegh antosphee with a standad ozone distribution corresponding to X = 0 341 cm.

ho Z 0 1 1.59 2 3 4 5

297.5 5° H" 100.0 116.0 125.0 131.0 146.4 1620 179.0
D -20.0 -7.2 0.0 4.8 17.1 29.6 43.2

150 H" 100.0 116.0 125.0 131.0 146.6 162.0 179.0
D -20.0 -7.2 0.0 4.8 17.3 29.6 43.2

300 H" 100.0 115.0 123.0 127.6 138.7 149.0 158.0
D -18.7 -6.5 0.0 3.7 12.8 21.1 28.4

600 H" 100.0 107.3 111.0 112.6 115.9 116.5 114.5
D -10.0 -3.3 0.0 1.4 4.4 5.0 3.1

900 H" 100.0 106.0 108.5 110.0 111.4 110.5 107.2
D -7.8 -2.3 0.0 1.4 2.7 1.8 -1.2

302.5 50 H" 100.0 112.0 119.5 124.3 136.5 148.0 159.3
D -16.3 -6.3 0.0 4.0 14.2 23.8 33.3

150 H" 100.0 112.0 119.5 124.3 137.2 148.0 159.3
D -16.3 -6.3 0.0 4.0 14.8 23.8 33.3

300 H" 100.0 109.2 114.0 117.0 123.3 127.0 128.3
D -12.3 -4.2 0.0 2.6 8.2 1 ".4 12.5

60W H" 100.0 104.5 106.3 107.2 108.1 106.2 102.5
D -5.9 -1.7 0.0 0.8 1.7 -0.1 -3.6

900 H" 100.0 103.5 104.9 105.4 104.9 102.2 97.6
D -4.7 -1.3 0.0 0.5 00 -2.6 -7.0
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Tabile 1., Continued

ho Z: 0 1 159 2 3 4 5

312.5 50 H" 100.0 110.5 116.3 1200 128.6 137.0 144.5
D -14.0 -5.0 0.0 3.2 10.6 17.8 24.2

15 H" 100.0 110.0 115.0 118.3 124.5 129.5 132.5
D -13.0 -4.3 0.0 2.9 8.3 11.5 13.2

300 H" 100.0 105.5 108.0 109.5 111.4 11!.O 108.5
D -7.4 -2.3 0.0 1.4 3.1 2.8 0.5

600 H" 100.0 103.3 103.6 103.4 101.4 97.5 93.0
D -3.5 -0.3 0.0 -0.2 -2.1 -5.9 -- 10.2

900 H" 100.0 102.5 102.5 102.0 99.2 95.0 90.0
D -2.6 0.0 0.0 -0.5 -3.2 -7.3 -- 12.2

330 5o H" 100.0 108.7 113.5 116.5 123.1 130.0 135.3
D -11.9 -4.2 0.0 2.6 8.4 14.5 19.2

15 H, 100.0 105.5 108.5 110.3 113.7 115.3 14.5
0 --7.8 -2.8 0.0 1.7 4.8 6.3 5.5

300 H" 100.0 102.5 103.2 103.5 103.0 100.5 96.5
D -3.1 -0.7 0.0 0.3 -0.2 -2.6 -6.5

600 H" 100.0 101.0 100.3 99.4 95.7 91.5 88.0
D -0.3 0.7 0.0 -0.9 -4.6 -8.8 -14.3

900 H" 1000 100.0 98.7 97.5 93.9 89.0 83.5

D 1.3 1.3 0.0 -1.2 -4.9 - q.9 -15.4

360 50 H" 100.0 106.2 109.8 111.7 116.2 120.0 122.5
D -9.9 -3.3 0.0 1.7 5.8 9.3 11.6

150 H" 100.0 101.6 102.5 102.6 102.7 100.8 97.5
D -2.4 -0.9 0.0 0.1 0.2 -1.7 -4.9

30o H" 100.0 99.5 98.5 97.5 94.0 89.5 84.2
D 1.5 1.0 0.0 -1.1 -4.6 -9.1 -14.5

600 H, 100.0 99.0 95.7 94.0 88.6 82.5 76.5
D 4.5 2.4 0.0 -1.8 -7.4 -13.8 -20.1

90g H" 1000 97.0 94.5 92.5 87.2 81.0 150
D 58 2.6 0.0 -21 -7.7 -14.3 -20 6
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1.13 Acuira•y of thn vales for H"OhoXo) amd T(0ho).

The method for determining the values of H(AhoXo) and TO.ho) has been described in reports (1) and (4)

where the s:atter and the accuracy is ddiscused in some detaiL The main points may shortly be resumed- The

measured ialues of sky intensity were interpolated for round values of 3olaf altitude and plotted in logarithmic

scale in cipendence on the mean ozone amount % for the days in question. The coefficients TOhho ae the

gradients of the straight lines which have been used to approximate the mean trend of the scattering points in

the different plots. By means of these gradients each measured value of sky intensity was normalized to a refe-

re.ce amount X. = 0.3375 cm of ozone. The values H(.ho,Xo) are the mef-ns of the normalized intensities

obtained by this procedure.

The scatter of the points around the approximating straight lines in the different plots amount; to between
+ 10% and ±38%, the mean being- ±18%, if one case relating to ho = 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 involved in the values of H(,ho, I

For the majority of the wavelengths and solar altt;udes considered the points in the plots of sky intensity ver-

sus ozone amount X show a distinct trene and the gradients T(A,'io) of the approximating lines could be

determined with an accuracy of about ± 10% to ± 20%. In these cases the values of T(kho) show an even

trend with relatively small scattering if plotted versus the corresponding values of the absorption coefficient

k (0 of ozone. For some solar altitudes the results on T hO) deviate irregularly from this trend. For these

cases the coefficients had to be interpolated from the mean curves representing T(,,ho) as a function of k (A),)

A percentage error r(H) = -2.3 (X-X 0) T(X,,ho0 r(T) is produced by an error r(T)% in the coefficients Tkho),

if the sky intensity H(,ho,X) is computed according t3 relation (1). The coefficients TO,,ho) attain values up to

9.9 cm -1t short wavelsengths and decrease to zero for X > 330 nm. The high values of T(,,ho) for short wave-

lengths can be determined more accurately than the smaller values for longer wavelength. The probable errors

in the results or. TA,hN) 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(X,ho), which were all deter-

mined from the mean curves representing the smoothed trend of T()`.ho) in dependence on the absorption

coefficient k(A) of ozone.

According to a rough estimate we may put T(X,ho) r(T) - 100 cm -1 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,

1.2 Ultraviolet solar intensity

The spectral intensity of direct solar radiatior' is computed according to formula

-[ 0.4343 (tq + ta)m + k y X (2)

where

S0 (0,) Extraterrestrial solar intensity in Wcm- 2 nm-I

tR (X,Z) Optical th ness for Rayleigh scattering

t (a (,Z) Optical mickness for aerosol scattering

m(h 0 ) Air mass according to Bemporad
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kOJ Absorption coefficient for ozone absorption at -440C

y(ho) Slant path through ozone layer

X Total amount of atmospheric ozone in cm at STP

Z Elevation al. in km

V•Jkes proposed by the Standard's Subcommittee of the Solar Radiation Committee of the Joumal of Envi-

runmental Sciences published by Thekaekara (15) have been applied for the extraterrestrial solar intensity

So 00. These values represent the mean intensity averaged over a bandwidth of 5 nim. Where necessary the

intensity has been interpolated for the wavelengths considered.

Standard values for the optical thickness tR and ta are given in Elterman's atmospheric attenuation model

1968 (16) for various wavelengths and elevations a.sl. in increments of 1 km. Values derived from Efterman's

data and interpolated for the wavelengths in question have been used for the computation. Mean values for the

ozone absorption coefficient k for -44eC according to Vigroux (17) arieraged over a bandwidth of 2.0 nm have

been applied..
"he lactor 0.4343 is introduce because Elterman's values for tR and ta relate to the basis e, whereas k repre-

sents the decade ozone absorption coefficient derived from Vigroux's data.

Atmospheric ozonp is mainly concentrated at heights abovo 10 km and its influence on direct solar intensity

can be described by the total amount X. On the other hand, the values tR and ta 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

Sn (,ho,X,Z ) = S(X,,hl,X,Z) sin ho

has been computed.

1.3 Ultraviolet global intensity

Adding the diffuse component H to the vertical component Sn the intensity of sun+sky radiation or global

radiation on a horizrntal surface is obtained:

G(Xho,X,Z) = H(X,ho,X) + Sn X,hoX,Z) (4)

The values for global intensity are thus based on the measured values for H(,,ho,Xo) and T(k,,ho), as well as

on the theoretically computed vertical comnonent Sn, of direct solar radiation. Only the !atter component

varies with elevat~on Z, wnereas according to the approximation discussed in section 1.1.2 the variation of sky

intensity in deoetidence on elevat-on is neglected. An estimate of the percentage error D thus produced in

H (X,ho,X) is given in Table 1.

The corresponding error caused in the results on global intensity amounts to D/( 1 + Sn /H) The ratio Sn/H

is small for short wavelengths, low solar altitudes and iow elevation a.s.I The whole amount or a large fraction

of the error D is transmitted to the values of glcbal intensity in this cast On the other hand, for solar altitudes

h 60W the error remains < 0 56 D for a!. wavelengths, solar altitudes and ozone amounts considered
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A similar consideration applies to the errors caused by the approximatimn which has been discussed in section

.1.1 T1 e values of sky intensity for ho > a5 are too low, The corresponding errors produced in the rsuks.

on global intensity amount to about 17%, 10%, and 9% for ho = 900 and A = 297.5, 302.5, and 305,0 nm

respectively. These are estimates for Z = 0 km and X = 0.340 cm. The errors decrease towards longer wavelengths.

1.4 Further runarks

The values of ultraviolet intensity presented in the tables and diagrams of this report are based on available

data and on rimple computations. A more rigorous treatment would need additional calculations of ultraviolet

sky inteniity for various distributions and amounts of atmospheric ozone and for different conditions of

turbidity. The m.thrniatical methods and computing programs for this purpose are more involved but available

in principle. Such computations would allow to interpolate and ext-apolate the results of more extensive mea-

surements planned for the future and help to derive an improved climatclogy of natural ultraviolet radiation.

2. Discussion of the results

2.1. Dependence ot tle intemity on ithe different parameter

Part of the results if 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,ho,Xo) obtained at Davos in "summer conditions", with practically no

snow on the ground of the wider surroundings of the place of observation. The cc -nplete 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 amounts varying in

increments of A X = 0.020 cm.

As a consequeiice of the increased giound reflexion the values of H(,,ho,Xo) derived from the measurements inI "winter conditions" are considerably higher than those for "summer conditions". The increase in H{X,ho,Xo)
P amounts to about 30 % on an average over the wavelength region 330 nm < X < 380 nm and to about 50 % for

297.5 nm < X < 330 nm. It is to say that the results for the two periods are based on different sets of data and

influenced by the r-riation of parameters other than albedo. The vaiaes for H(X,ho,Xo) are reduced to a
00Snormalized amount X = Xo of ozone and affected by the lim:ted accuird,'y of that procedure. The results for

X > 330 nm maV therefore allow a better estimate of the aatedo effect thdn 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(P,ho) in relation (1) could be determined for the shortest wavelengths and lower

solar altitudes. This applies for example to the coefficients for X = 297.5 and ho < 30'. There ýYist no results

for H(X,ho,X) and G(X,ho,X,Z) for these cases which are marked "0" in Table A. The same is tri,, for the

components S(X,hoX,Z) and Sn(X,,ho,X Z) which could however have been computed for any .,olar alttude

and wavelength

The data on ultraviolet sky and global intensity in Table A are influenced more or less by the approximations

involved in the values for sky intensity This roncerns the results for ho = 900 (see section 1 1.1) and the
results for elevations differing considerably from the elevation Z = 1 59 km a.s I of Davos (see section 1.1.2)

The effect of these approximations on the values of global intensity is discussed in section 1 2 On the other
hand, computed results on direct solar intensity -S (ý,ho,X,Z) and its vertical component Sn( ,ho,X,Z) are not

influenced by any approximation of similar s gnificance
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Table 2. Intensity (WcM- 2 nm- 1 ) of the different components H, S, Sn, and G of natural ultraviolet
radiation fcr Z = 0 km a.s.l. and for selected wavelengths (nnm), solar altitudes h and amounts
X(cm) of ozone. Survey on the results contained in 7able A. 1.72 - 7 stands for 1.72.10-7.

X ho A: 297.5 302.5 330.0

0.240 50 H: 2.19- 9 2.03- 6
600 1.72-7 1.12- 6 2.25- 5

0.340 50 5.41-10 1.90- 6
601 4.25-8 5.38- 7 2.21- 5

0.440 50 1.34-10 1.77- 6

600 1.05-8 2.59- 7 2.17- 5

0.240 5v S: 6.58-18 3.12-10
600 2.01-7 1.42- 6 2.56- 5

0.340 50 2.63-20 2.82-10
600 4.35-8 6.62- 7 2.53- 5

0.440 50 1.05-22 2.E5-10
600 9.41-9 3.08- 7 2.49- 5

0.240 50 Sn: 5.74-19 2.72-11
600 '" 1.74-7 1.23- 6 2.22- 5

0.340 5 " 2.29-21 2.46-11600 3.77-8 5.73- 7 2.19- 5

0.440 5" 9.17--24 2.22-11
6C 0 8.15-9 2.67- 7 2.16- 5

0.240 50 G. 2.19- 9 2.03- 6
60 3 46-7 2.35- 6 4.46- 5

0.340 5 " 5.41-10 1.90- 6
600" 8.02-8 1.11- 6 4.40- 5

0.440 5" 1.34-10 1.77- 6
60' 1.87-8 5 25- 7 4.33- 5
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"-he selected data in Table 2 gave 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 variojs components varies from A = 330
to 380 nm.

Table 3. Factor F = 1(380) / 1(330) by which the intensity of the different components H, S, Sn, and G

of natural ultraviolet radiation varies from X = 330 to 380 nm. The figures relate to Z = 0 km

and X = 0.340 cm

ho H SSn G

50 1 76 83.3 1.76

10° 1.43 11.5 1.46

200 1.02 3.65 1.25

400 0.94 2.06 1.34

600 1.00 1.73 1.36

90W 1.02 1.62 1.36

Some remarks on the spectral distribution of natural ultraviolet 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 mran trend from

330 to 380 nm. The absorption coefficient of ozone decreases rapidly from 297.5 to 330 nm and can be

neglected 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 several orders of magnitude and the shape

of the spectrum varies with the vertical distribution and totai amount 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 Z 150 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(h 0 ) and the diminishing

values of tR and ta produce a strong decrease of the exponent 0.4343 (tR + ta)m(ho) in relation (2) towards

longer wavelengths.

These characteristic features of the ultraviolet spectrum are illustrated in Fig. 2 which shows the spectral

distribution of global 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 X = 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 inteissity for different elevations and wavelengths in dependence on the amount

X of atmospheric ozone. These curves represent the sum of H(X,ho,A) and Sn (X,hoA,Z) which are both

texponential functions of X The treiid of the curves is nParly linear in logarithmic representation. The natural

variations of ozone covering an interval of X = 0.240 cm to 0.,60 cm cause large changes of globa: intensity

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

An example for the influence of solar altitude on global intensity is given in Fig. 4 for different wavelengths

and for an ozone amount of X = 0.340 cm. The trend from ho = 600 to 900 is influenced by the errors dis-

cussed in section 1.2

The influence of elevation a s I on global intensity is illustrated in Fig 5 for a mean amount X -(, 340 cm of

atmospheric ozone and for solar altitudes of ho 0 15,, 300 and 600
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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: •20% for ho = 150 and 30 0 and toS 6% for ho = 600,

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=4and 5 km.

The variation of the intensity of the other components in dependence on wavelength, ozone and solar altitude
shows essentially a pattern similar to that illustrated in Figs. 2 - 5 for global radiation. However Vie intensity
of direct ultraviolet 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 Sni. Furthermore, at low solar alti-

tude direct solar intensity falls 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.

2.2 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 below 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 ultraviolet radiation at sea level
for three latitudes 0 = 00, 400, and 730 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%
fcr the latitudes 0• 730, 400, and 0' respectively. These values allow a comparison with the reductioi,s
assumed in Table B,

The figures in Table B show the strong effect produced by even relatively small reductions of ozone. Erythemal

effectiveness attains its first maximum near X = 297.5 nm. At a me.n latitude of 400 N global intensity increases
at this wavelength by factors ot Q = 1.59, 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 from 0 = 00 to 730 and towards shorter wavelengths. For-the

highest latitude and th3 shortest wavelength considered the intensity of sky, solar ar' global radiation is
diminished by factors of Q = 14.6, 43 0, and 21.9 in consequence of a 50% ozone reduction. At the shortest
wavelengths diiect solar intensity is more affected than the sky component. This differenca is pronounced

for 0 = 730 N



13

The values of H(Xho,Xo) and T(X,ho) 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 730
Northern Latitude respectively. The latter values represent 46%, 59%, and 68% respectively of the minimum
ozone amount (X = 0.270 cm) observed during the measurements. The values for H, G, and 0 in Table B
corresponding to a 50% 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 results could be obtained by a theoretical computation of the sky component (see section 1.4). Co
the other hand, the results on S and Sn are direcl1- computed and not affected by any extrapolation.

2.3 The spectral distribution of ultraviolet solar radiation below X - 300 nm and the short wavelength
limit of the terrestrial solar spectrum. Computed results

The following 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

also sky and global intensity into consideration. Fig. 6 showis the mean trend of the extraterrestrial solar spectrum
derived from Tousey et al. (21 .'2,23) 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
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 tR(X,Z) and k(X) have been derived from Elterman's (16) and Vigroux's (17) data respectively. The ozone
absorption coefficient kl() relates to a bandwidth of 1.0 nm in this case. Mean values for the extraterrestrial
intensity SO(W) averaged over a banm' •vdth 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 ozone 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 Xm of the terrestrial spectrum depends thus on the bandwidth applied
for the measurements and further on the detectable minimum level Im of intensity. The va'lues of Xm 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 Im = 1C-0i and 10- 11Wcm-2 nm-1 respectively. Included is furtheimore the shift of the short
wavelength limit caused by an assumed 50% reduction of ozone. This shift amounts to betheen 4.5 and 6.3 nm
de;,ending on latitude and on the assumed level In There occur thus appreciable but by no means drastic
shifts of the short wavelength limit as a consequence of a 50% ozone reduction. Differences of about 5 nm

exist also in the values of Xmfor 00 and 730N.. latitude.

To compare conditions with maxim,,-, and minimum amounts of ozone the following cases may be considered:

Latitude 0 = 00 minimum amount of ozone X = 0.240 cm

maximum •oir altitude ho = 900

Im 10--0 Wcm-2 nm-'

Xm = 287.7 nm
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Latitude 0 = 730 maximum amount of ozone X = 0.460 cm

maximum solar altitude h, = 40W

Im =10-o Wcm-Inm-'

)m= 295.5 nm

The shift of Xm 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 Xm discussed above relate to solar altitudes ho > 400. For decreasing solar altituce the limit Xm

moves rapidly towards longer wavelengths.

Table 4. Short wavelength limit Wm of the ultraviolet solor spectrum for the annual mean amount of ozone

at selected latitudes and for an assumed 50% decrease of the ozone amount.

Im Detectable minimum intensity (Wcm- 2 nm- 1 )

0 Latitude

ho Solar altitude

X•m Short wavelength limit (nm)

Im 0 ho Ozone Xm ShX

10,10 730N 400 100% 294.4 5.0

50% 289.4

40°N 600 100% 290.7 5.0
50% 285 7

00 600 100% 289.1 4.5

50% 283.4

10- 730N 40' 100% 292,7 4.5
50% 288.2

400 N 600 100% 289.5 5.6

50% 283.9

0°0 b° 100% 287.8 6.3

50% 281.5
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2.4. 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 amounts of ozone around each latitude circle of the Northern Hemisphere

have been determined by London (18) for spring jMarch, 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(O) 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 0 = 600 -700 (fall, winter, summer) or at 0 = 900 (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. rhe latter figures deviate only little from the mean values of
declination representative for the season. The values hom represent thus approximately the maximum or noon
solar altitude for the latitude and the middle of the season.

Table 5. l lean total amount X(0) of atmospheric ozone around each latitude circle for the Northern
Hemisphere according to London (18). Maximum ,olar altitude hom for latitude 0 and for the
round values d of solar declination representative for the different seasons.

Spring Summer Fall Winter
0 d= +100 d= 4200 d= -100 d= -2O0

(N) 710) hom R(o) hom •(0) hom X(0) hom

00 0.260 800 0.256 700 0.244 800 0.241 700

100 0.268 900 0.261 800 0.253 700 C.247 600

200 0.287 800 0.273 90° 0.261 600 0.260 500

300 0.313 700 0.292 800 0.270 500 0.284 40'

400 0.352 600 0.314 700 0.281 400 0.318 300

50u 0.395 500 0.333 600 0.299 300 0.357 200

600 0.419 400 0.346 500 0.308 200 0.373 100

700 0.430 300 0.349 40c 0.307 100 0.370 00

80 0.435 200 0.347 300 0.299 00 0.364

90g 0.436 100 0.339 200 0.290 0.361

For examining the vat iation of ultraviolet intensity with latitude and season the various components have been

computed for the values of X(O) and horn in Table 5. The results are shown in Table C and :llustrated in
Figs. 7a-d for selected wavelengths and for global intensity. These results represent the approximate maximum
intensity for noon. The values of H(X,ho,Xo) obtained at Davos in "summer conditions" (ground not covered
with snow) and "winter conditions" (all surrounding land covered with snnw) respectively have been applied
for the computatioi.ý tot 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 condi-
tions" have also been computed 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 "-I.OOE-WO" in Table C refer to cases for which no values for the coefficient T(X,ho) could be
determio-d. The following remarks relate to the variation of the intensity and to the ,ffects of the approxi-
mations applied.

The intnsity of the components S(O, A), Sn(OX) and G((X) decreases from 0 = 200N towards higher latitudes.
The decrease is more pronounced for shorter wavelengths and higher latitudes. This trend can be explained by

the combined effect of the varying amount X(0) of ozone and of the decreasing solar altitude hom. For lati-
tudas 0 > 20°N the intensity attains a maximum in summer and a minimum in winter and follows thus the

annual trerad of noon solar altitude. The seasonal decrease of atmospheric ozone from a max,mum in spring to

a minimum in fall partly counteracts this trend, the effect of solar altitude is however dominant.

A similar variation is found for the values of sky intensity H(0,A) as far as latitudes 0 > 40" N are concerned.

However the results on sky intensity for hom > 700 are more or less affected by the approximation discussed
in section 1.1.1. This applies to the summer values for 0 < 40ON and to the spring values for 0 < 300N. The

same is true for the fall valLes jor 0 100N and for the winter values for 0 = 0. The resulting values for
H(0,X) vary in these cases in dependence 3n X(O), but do not change from horn = 700 to 900° The errors intro-

duced by this approximation are estimated in section 1.1.1. For horn 900 and X = 297.5, 302.5, and 305.0 nm

the values for H(0,X•) are too low by about 50%, 30% and 22% respectively. Such errors exist in the summer
values for 0 = 20ON and in the spring values for 0 = 100., The errors are smaller for longer wavelengths and for
solar altitudes horn differing less from hom = 65°..

The approximation involved in the values of H(0,W) influences also the results on global intensity G(O,X) for

the latitudes and seasons relating to hom > 71f 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(0,X) and attain about 17%
at maximum. Errors of this amount exist in the results on G(GX) for X = 297.5 nm and for 0 = 200N. in
summer, end for 0 = 10°N., in spring. The corresponding errors for X = 302.5 nm amount to - 11%. Fluctuations

of this magnitude can be caused by short period variations of ozon. or turbidity, The accuracy for G(0,X)
may therefore be satisfactory for most climatological applications, whereas the results on H(O,X) relating to
hom r 80' and X < 310 rrm 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. la - 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 < 0.460 cm in

increments of .AX = 0.020 cm. Each curve relates to a given ozone amount X and to the corresponding spectra
l(X,ho,X,Z) of the components H,S,Sn, anc G. Maps of the geographical distrntuion of ultraviolet radiation
can be prepared by indicating the corresponding intensity I(X,ho,XZ) on each curve. The complete set of data

covering the total interval cf X in increments of zAX = 0.020 cm should be applied in place of the selected

values contained in Table A.

A large number of graphs 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 a-id 5 km we need 192 dia-
grams for each solar altitude and elevation or 768 diagrams for each solar altitude.

The curves of constant intensity obtained by means of this procedure do not relate to round values of intensit,.,
Curves cf -.onstant round values of intensity could however be interpola'c'd, if considered necessary.
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3. The influence of clouda on ultraviolet radiation

Clouds may increase or decrease ultraviolet sky intensity and attenuate direct solar intensity in part or comple-

tely. The amount of the latter effect on global radiation depends on the ratio Sn/H of the vertical solar compo-

nent to 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
obtained with and without clouds was determined from measurements of sky intensity under various conditions

at Davos (1590 m a.s.l.), The wavelength X = 330 nm which is little affected by ozone absorption and X = 370 nm

which is not influenced by ozone have been chosen for this investigation. Mean values & 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 & = 6.2 have been found in a similar study (24) on the effect of clouds on total

sky radiation (0.3 p )VS 3.0,j), 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 X = 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 = 46.30 during a thunderstorm.

Table 6. Values of the maan ratio i for sky radiation of the overcast sky and for all kinds of low, middle,

and high clouds. Amount of clouds 8/10 - 10/10.

S Summer period, ground not covered with snow

W Winter period, ground covered with snow

SMean ratio of the values of sky intensity obtained with and without clouds respectively.

Averaged omer all solar altitudes considered.

n Number of values from which the means & have been taken.

s% 3tandard deviation of the values q around &

Clouds Season X = 330 nm X 370 nm

n n s%

Low clouds S 0.85 37 53 1.03 37 U2
inclusive W G. '3 219 37 0.77 75 41
Cu and CL, S+W 0.75 256 41 0.86 112 57

Middle clouoi S 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 1.20 24 26

"S+W 1,10 31 26 1.23 28 30
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4. Concluding remarks

At present only a limited number of spectral data on ultravioelt sky and global intensity is available. Approxi-

mations to derive climatologica! results for different elevations and latitudes had to be applied for this investi-
gation. More extens'.e measurements and computations are needed to establish a satisfactory climatology of

ultraviolet radiation. The following suggestions for future work may be given.

MlMeasuring pogram:
The intensity should thoroughly be studied in dependence on all parameters, such as ozone, elevation a.sl.,
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 differently orientated planes. In addition,

measurements of ultraviolet sky radiance along various meridians of the hemisphere should be itcluded. 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 X - 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
numbor 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 the optics of the

spectrophotometer.

Places of observation:
It would be difficult to analyse the results of measurements obtained in conditions where part of the principal
parameters undergo large flu:' uatioris. Plains with practically homogeneous distribution of albedo and clear
air (e. g. at high elevations), or wlere ozone variations are small (at low latitudes) would be well suited for the
basic program mentioned. The best solution might be a mobile station for radiation measurements which,
within limits, would offer a larger choice of parameter values than a fixed station and facilitate nmeasurements
in special conditions. A mobile station for measuring the visible and near infrared intensity of all compone, is
mentioned is 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 elevation on sky and
global intensity are available. This opportunity should be exploited to check the results of the basic measuriny
program. In addition, theoretical results on the world-wide distribution of ultraviolet intensity should be
derived. Such data could be compared with the actual intensity and would allow to interpolate or extrapolate

the results of measurcrnents to different conditions.

It can be expected that a combined effort, based on measurements and theoretical work, wi=l be the best
approach to establish a reliable and comprehensive climatology of ultraviolet radiation
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Tab* A. Appcczma wiI.s co--M# m foi~~~rst MAe =, ,of

A-S. L- Elewto1sas..L -n Km

LAMBDA Warege h in tm

OZf~E Totaa Nnotoi X of nmp~ aozxe ir cm X STP

H Sky lnTUF!OWr H ( ycX) from the~ ahoe sky on~ a horzotai S1rtam

S Dlirect sola iriten StO)ýh CX21

S,' Vertaal Cor*~onenl SnoQhOXZ) Of direct sola mntensav

G Globai intensty GO.,hx2) = H ýS

The intensity is expresWe in Wcrn: nm2 . The approxirnatiOns applied for tihe- co~niyjwaion of the cama in
this table are discussW in sections 1.1.1, 1.1.2,and 1.2. 172 -7 stanlds for 1.72 10-'.
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T b B. kd eof an ass:ed percent reduction of rnoisheiic nzoe 4ua the intensity of ditfonent
coenwxms of ulvaoxA racradon at gred leki; and solar altaitues

WL~ ITAIZranh x in 1

LA Northern Latitudea 0

SA S0altheud-

IIrrnenssity of the different ropI~t of ultra'iiolet radiakion (Wcman2 nnf 1) for
the animeal mean amount of atmospheric ozone for the latitudes considered

a Factor Il(R)Il (0) by which the intensity of the different components is reduced by an
assumed percentage reduction R of the annual mean amount of ozone

H Sky intensity from the whole sky on a horizontal surface

S Direct solar intensity

SN Vertical component of solar intensity

G Global intensity

I __]___
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.2175 73 42 P8 4.-:501. 1.12 5.34E-39 1.31 6.99E-09 1.71 1.561-18 3.83 5.9&1-18 14.t.ý
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S 1.151-06 1.00 1.87E-06 1.07 Z.011-06 1.15 2.481-06 1.42 3.52E-06 2.01
SN 1.12E-06 1.00 1.21E-06 1.07 1.291-06 1.15 1.59L-Os 1.42 2.26E-46 2.41
6 3.28E-06 1.00 3.54E-66 1.08 3.431-06 1.27 4.031-06 1.47 ?.1UE-06 Z.17

0 j



42

."L LA S I 0 0 0 I a I c I 0
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Sm 2.93E-06 1.00 3.030-06 1.03 3.13E006 1007 3.4LE0-o 114 4,070-0b 1.s)
G 9.300-06 1.00 9.700-06 1.03 1.000-05 1.07 I 1.1E05 1.18 1.31E-.5 1.40

.3175 0 60 " 1.470-0S 1.00 1.490-05 1.02 1.52[-05 1.03- 160A-C0 1.01 1.140-C5 1.10
SN 1.120-05 1.00 1.140-05 1.03 1.150-05 1.03 1.190-0s 1.06 1.47E-05 1.13

2.510-05 1.00 2 -630-05 .152 0,87E-05 1.03. 2 05 .900 1 .05 3.000-06 1.16
.3175 40 60 H 1.33I-05 1.90 1.364-05 1.02 9.3905 1.04 1.410-0 1.11 1.966-05 1.74

G 1.210-0S 1.00 1.230-05 1.02 1.20'?0S 1.03 1.310-05 1.08 1.20E-05 1'.17
.310 1.05.-05 1.00 1.06E-0S 1.02 1.0009-O 1.03 1.190-s 1.01 1.66E-05 1.27

G 2.300-05 1.00 2.420-05 1.02 2547E-05 1.04 2.630-05 1.00 1.04E-05 0.21

.3175 73 40 V? 8.44.-06 1.00 0.730-06 1.03 9.04E-06 1.07 1.OoO-09 1.19 1.19E-0- 1.41
S 5.900-06 1.10 6.051-06 1.03 6.200-06 1.045 6.600-tb 1.13 7.560-06 1.2450N 3.790-06 1,00 3.090-06 1.03 3.901-06 1.0$ 4.29E0-0 1.13 4.60-106 1.21

0 1.220-05 1.00 1.260-05 1.03 0.300-05 1.0b 1.43E-05 1.1?7 1.67-05 1.37

.•3200 0 60 H 1.670-05 1.00 1.690-05 1.01 1.720-05 1.03 1,00*0-0 1.60 1,9410-0 1.16
5S 1.310-05 1.00 1.520-05 1.01 1.,40-05 1.02 1.580-55 1.05 1,650-35 1.04
50 1.31E-05 1.00 1.320-05 1.00 1.330-05 1.02 1.3705-5 1.05 1.43E-05 1.01

0 2.900-05 1.00 3.i01-03 1.01 3.000-05 2.02 3.16*0-0 1.06 3.307-06 1,13

.3200 40 10 H 1,5305 0.00 1.52E-05 1.02 1.5*0-05 1.04 0.69E-OS 1.10 1.060-05 1.21
* S 1431C7-5 1.00 1.452-05 1.01 1:471E0-S 1.02 1:3720- 1.06 1.610-05 1.17

SO 1.240-05 1.00 1.260-05 1.01 1.270-05 1.02 1.32E-0; 1.06 1.39E-05 1.2
O 2.700-05 1.00 2.82E-05 1.OZ 2.060-05 1.03 3.00O-05 1.06 3.25(-05 1.1?

•3200 7M 40 H 0.000-05 1.06 1,110-05 1.03 1.140-05 1.06 I.M2 05 - ,16 1.410-05 1.44
S 7.470-06 1.00 1.600-06 1.02 7.740-06 1.04 0.160-0* 1.09 8.920-06 1.74
SN 4.030-06 3.00 4.19-*06 1.02 .:91:-06 1.04 5.250-06 1.09 5.730 06 1.19
& 1 E56-05 1.00 1. 0,-i0 1,03 1.640- 0 15 1.,f705 1.13 2.010-5 1.21

.3250 0 60 H 2.170-05 1.00 2.19E-93 1.01 2,210-05 1.00 2.49E'05 1.05 2.410-05 1.11
3 2.070-95 1.00 2.00E-65 1.00 2.090-0" 1.01 2.12E-05 1.02 2.o17-05 1.04
SN 1.00I-05 1.00 1.10E-05 1.00 1.01E-05 1.01 1.64E-05 t.02 1.0006-C 1.06
G 3.96E-05 1.00 4.000-05 1.01 4.030-05 1.02 4.13E-05 1.04 4.291-05 1.00

.3250 40 60 H 2.040-05 1.00 2.070-05 1.01 2.100-05 1.03 2.190-05 0.07 2.34E-45 1.15
O 2.02E-15 1.00 2.030-05 1.01 2.040%-5 1.01 2.061-05 1.03 2.M0-05 1.4o
SN 1,?S!5-5 90.0 1.760 -C 1.01 1:77E-05 1.01 1.60E-05 1.03 1.Obt-05 0.06
G 3.790-05 0.03 1.03M08 1.01 3.87F-05 1.02 3.99E-05 0.06 4.20E-05 1.11

.3250 73 40 H 1.380-05 1.00 1.41E-05 1.02 1.43E"0- 1.04 1.51C-05 1.10 1.66E-05 1.21
O 1.140-05 1.00 0.150-05 1.01 1.170-05 1.02 1.20E-45 1.05 1.210-05 1.1v
SN 7.350-06 1.00 7.420-06 1.01 ?.49E-06 1.02 7.70E-Wu 1.05 8.070-06 1.10
G 2.11E-05 1.00 2.150-05 1.02 2.100-05 1.03 2.206-05 1.00 2.470-05 ..11

.3309 0 60 H 2.240-05 0.00 2.250-05 1.00 -2.20;-95 0.00 2.270-05 1.01 2.290-05 1.02
s 2.5SE-0 1.00 2.560-05 1.00 2.57E-0 1.00 2.58E-65 1.01 1.600-05 1.02
SN 2.21E-05 1.00 2.220-05 0.00 2.220-05 1.00 2.230-05, 1.01 2.25E-05 I.Z
G 4.46E-05 1.00 4.470-05 1.00 4.4E-05 1.00 4.500-05 1.01 4.55,-l5 2.02

.3300 40 60 H 2.220-05 1.00 2.220-05 1.00 2.23E-05 1.01 2,250-05 1.01 2.200-05 1.03
S 2.530-05 1.00 2.54E-05 1.00 2.54-O05 0.00 2.66L-0- 1.01 2.59C-05 1.0Z
SN 2.190-05 1.00 2.20-005 1.00 2.200,05 I0.0 2.22E-05 1.01 2.2400-0 1.oŽ
G 4.A10-05 1.00 4.42C-05 1.00 4.430-05 1.00 4.470-05 1.01 4.520-05 1.03

.33;0 73 40 H 1.800-05 1.00 1.1,1c-OS 1.00, 1.01E-05 1.01 1.03E-05 1.02 1.060-05 1.03
5 1.530-05 1,00 1.04E-02 1.06 1.54E-05 1.01 1.56E-05 1.02 1.S80-CS 1.64
S 9.04E-06 1.00 9.070-06 1.00 9.91E-06 1.01 .0001-05 1.0Ž 1.002-65 004
G 2.780-t; 1.00 2.791-05 1.00 2,00-05 1.01 2.83E-05 1.02 2.000-06 1.04

S"-2----------------- - - -.----. ------ ---- " --
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Table C. Variation of the different components of natural ultraviolet radiation in dependence on Northern

Latiiude

Designations:

WL Wavelength X in p

LAT Northern Latitude 0 j j
H Sky intensity from the whole sky on a horizontal 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(Wcm 2 nm"1) 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 cloudless sky.

I



44

.... .... 0....

... .... .... .°0 7 1 ° ,

~4Thi- - -- -4444.;M4 44; .4414 teed

e.g. • g igi. oii. I...

oo o oo o ooo oooo o o 0oo o .oo oog o

.... .. . e.g. ......... ....11 7.11444l 1.4144 .1.4 4-44 4 4

7=p ....,... . ...Vi ? o. . .

- -0 0 1 0 .1 0 A f 
0 0

foeo o-ni IoI0

oo4iJ J*0 4 J4 g4ui. Jdoo ~ e 4..o 41oo i44o o.. *4teoo *.j.o

olf o•ee. so s00.o n00n0 . 0. . o0 . 0 0 -

. .. .. *. .... .... ...

00.4 ,4, *4 0* 'J n' . .... * ,J'J,•f ,nn, ,, ,°,, ,°,,OO O *1 4 0

Z 44, .0 44OO N -O~eAOif.. O 'INA hela

-o o oooo o .o. ,o o o..0o . . 0 00.o0 0000. o', 00.0- ,

S gg gg- .. .... g .. g.g g .g . e. .. .... ... . %o... .... i. e . .e. e .e.

. .I.1 .lIdl -N - . .. ... I

V X * o . 0 ooo ooo

* I00 I ~ le 0 llll lll, 't l I I lfi 000 AA

,*** .. ..,*,. ... ..o ,,,, *,, *,, °e ggg *i.. i ,, e ,g.,

O ,JoAO .... n . ,on e,,,,o p,, "o .000 'J% 4 oo*. gO ,.,,1

A 00 000 0000 0000 0000 ae gee e e ee .e e egg.

- Ne*- e. .. ooo oo•,.n .n c 14... O"•.0 00.00. n.... .b.eopo

- - - - - - - - - - - - - - - - - - - - - - - - - 0 .ge

e.. .. .... ..... .... e .... ....o~g o•,oge

00. ee 1%O 00c 11e 0. 0.' 0Oe .. ll Oe

S o~ee 0 0 0 0 0 0 0 00 0 01 0 0 0 c 00

egig+" L: . . )" gggg+ gegg..... .. o • + i cc Jgig. geg.. e+++ egg egg.



45

o ?..+.. , •= o,,oo ?o....p .f•,,,?... .... . ..• .+-, ? ...,

. . ... .... J+.

0.0.o.0 0~o oo 0 0 oo o c0 0'0 0io 0 0 000 0

0 I1 . . ... ... .....

4 4.;01 0;44 444 4 4 ... 0 NIO

... .0 0 .... . . .. .. . . .
o tilt i~i silt -- tt tim Ilt it . li i t.It t

* .... ..'V 0. . . . .% .. ,: ' Iot .... .... ....
I., .. 7777

o•"I o •o

.•oo. oo,0 n oo .on... 'oo . ot4o.oi o oooo0 .. oo1 .. o" .4..o) tooo

°P• °? "+ ??? " ° 7. .. ... . . ... .... +,

... ... .... ... T .i n.c

o~oo

Nofli 045oo o4)0ooos~l oofl0 0 'fi .oo~f '400 00

I ? .... ... ... I+

o itjt+ .I ... tilt,• l. itii sitS•j ,551+ 0. ti •lt .i Jle tilt.ttti t .itlJ

4

N. 0 ,, ,000 ...r, ,,0t,,0.,-, ,, N

00 3 0o' 3 0 0 0 oooo 'o000 .0 00 4 00 0'o 0

444, No4 1 4 - - --4 N.N ... ... 7 . N ... 4. .., .o

330 o00 00 Ac Ac no,. 00 000 Z00

0 ...3o0.- o -300 0.. .t.... 0050) 0....- 0 GA 00, ,. o.... . $o+, '+4.... S--0.,

,,.,,,o..,, , ,o , .; , ,n7 0'o?? .OO.. 0.Ao .. . ..' .... ...

S....1

;".a a. w ... a- .. ....... Z.a.. a .4.

- .441 3 0S:z -0A0p o3,, 1000 ,,,? 00% 0 ,0,, *10o, ,AA0 '0 _00 , 03 N. .OV
0 c .. S ... 00- 1o 0 3*S0? It.050- - - - 17 ... N00 c . I a , 015? %

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ON 000,-5 0 J .,.w •+ • •ii~i w .i - - - - - - - - - - N +..i l0030.. . ,04 ,00.4

0.i~oto 00o-,,o4 Itoht .. ,,, ,Osc ,,0,' 05+00 ,,,c o ,-----------------ot
4 

',-0+.30+

0-ti ti il l i t 0 It itIi t ,t t l

.... 3..4 30 *100 33........ 35..,.' . . .. "04 0 1

O ii ti tl tt i itit li iiiiii ti t ti in t i iltV. .5 a J .t. .5.... •ja,..,w- aLww ,.,3 J,a, .5... wa ,.5,, .,,,+a, a.. 3a3,,
0 0100 0 0'4 .400 .0 .0t. 03 0 .000 00t. .0o . J0,,.0 000,0

33 3 33 3 .03.0+ ,• •.0 0 . .33• 333.. 333.0 3 . . . .... .0...

0000 0000 000 000 000 00 0 00 0 00 0 io 00 0000 0... .. 0 .5 ??t,4 3S? '30. c 3..5 .. 5 ....... aaa ~ t ....

0 i t i i t.ii it t ltI 0titim l t li °t lii itit
0 'o.4 a, 4 t .5 4 .t o .i ,,ja0 a'. 'a1 Id a.tltdl ta1 ja 4J4 4l*I "i. a at:, a'0- 0---, V.V."...-3 5. jA O * . sA.56 %.0V 0 • , ... ,.c 000.5+ 0310,^011 .3 .0- AcO.." +

o •0 0 . t'•10 , 3• '.4 0 00 0 0 3 • t, 0 00. 0, 0N 1,. V. ++.,., 0000 .... .... ,'0 ~ t........ .. ...tr~c ,'05, ,S

li t 'i s- i i +l7i ~ '1 l* ii

03 - - -l N 004 dA-N03 '00 s .0 .* ' 0 ,
;_• •'+-'• + z • - +++. + • :+ ,. . ++ . .. .. 00 %V++ .V + + ,++++j.. - : + O•t. % ..- . .. .. . . ' 00

0030 000 0000 00,000 000 00 0 0 0 04 0 .. d'



46

" Io+ 1. . g ++ 99:: go: :n . oo =

S.. . ... .. .. ...?

.~.... .. ... "M, o , o o o ?o ? ?

• ........ .. .... .... . T . .. .

cooo 00w 00 00 0000 0000 000 00.0 so t

Aoý 11

ft... ....

. 0. .... ..... .0. . ..•...

. .. .W !!wt, .... .. AIw l , . . ? ?o,

.... ... ... .

go..•. . .

I~l 4°+4 ... ..... . I . 1 "

... 1: .0.1: 0 .0 0000 Z4410 .00.0 i 00. .... 0 * 03.0 .1 0..

~4 0066 0.0. 0 114. Nn 0* .6006 9900 0. 00 0 .0

.00000. o ,o It= ?. v oWT . 0.00 .... .. W. 00.0

1C; 4444 1.;.t 4 . .Z 44 0z 00; . . .

66016'16 ~ ~ ~ ~ ~ A .1 140. 100' 001 100 "60. 1616 00T I 0 .I000

'Ii . .4 0fl0. I0 II0I0 1.0 0 N 0 00"

0 .0 .. .4 0 0 0 . 0. . . 0 .0 0 0 0 . 0 0 0 . 0 0 , ' I.N N. .

.... I, .. ? 6- °

... 0. .0..00.0.. .. 0000 0. . 0000 00 0 ... ,

N- I-. ..... , ° ?•o? °o. o....

W.• Ipp W.. :. .. ?W I,? ,W, W o I,- -. .. oo? W ?ý

0 .....0..0 0...

0000 0 0 0000 000 zo 0 0 0 0 0 0 0 0

666 66 666 666, 6666 6666 666 66 66

.00.46 Z.A 0.0.20 .00 ***A6

10 W



47

.... .. ... . . ..

Z- 471 1--- .1 ,

aeon oooo aooo 0.ooo 0 00C O 040 04.

-- . ... 00...... ..... .
444 o.o04 0000 00,0 .000 nO+.0 .o o o o o440 o o

.•.. . ... .....

-- 0

o°•o o •,o ° ....•, ooo .. ... . .. . .. ., o • o° o .• + .... . .... ....

oe40 o 40 o.00o .00 0o 014. 00o.° 000o. OoOO oo . 400o

0000 004 4, 000 o000 00, 0 000 0000• ,? oCC 0 0 ....

44000 0 nt~ l0 4 444 1 0444;o.n,. o.,o. -o~.o o.o+, -o..q -° o . 44+0 0000 00

-- 0.o° o~o-. c.o 0000 c.oo°0 0 o° o~oe coo 0 0 004.0

oo°00 044. 404 0 4o.0 0 , 0°°. °4 00 °°4 7 . 0° 0%.0

,, 0 00 00 4 ., .0,,?0 00.00 0.0?? 0..0, 04.00 4,,o.00

o •17 ? ?? .... ..

0 O 5, .44i40 ow o44~w 044a..o .45 ;544, .44 1; a Z4 -4N4a~

n.\° .4.4 00044 0.40 000 °0 ° °44404 .00o°444 - 0 ,0 400

. ...... .. o~ Oc• ... .. .. . . . . .. .., - 4o,,4.. ..... . ..0..0 000 o° 400

S..ne- 0 444n .on-

++1: ...°. +*+ Vi+
; •. .... . .. .. . .

0 o s lso 55 o4w W44 514 Idw , 5050•ol 5++ 5 wows+

C ...4-o.... 4 00 0 ,,,, ,,0,0, 0 •.0 ,, .7 ... 0 .. 0.

000 0000 .0. 004.0 .000.110.1Z. I00. .0.. 0. 0....

0 wa; +an .. . wan dna*, nw s s na 0 0 w n, 44444 40i

00 0-4.7 01c c o

0.00 004.- - - - - 000 007 0041 01.0 0 0 0"7



48

C ° .. .. .o. ... . ....

.... ... 4 .... .. ...

C ..C .... ..e 0 CC

•'77 °° ~~ ~ ~ .. ..".°° M °°+ .... .° :°

0... C.C.... .... . .. .. 00 0 0..0 .. C

.-. --. ... ::93----co -- --- ------ --

.... ... .... ......... . .

ILLoI ... . . .

.... .... ..

o 441 - - - - -',.4454 .. 411.511 .. a .41.s.. 441..4

655 645444 44**4 545:

77 +7

o . . . .. ... ...c . .C C . ...
S *** ** *(( 5565 5 (047

?, , •?..... ooo... .. .

o 5.5 4.. 5 0(4 4(4.C 44 ...4 (( . . .. ..
N 0.o0 ,ooo0 0 0 0 0 0000( S. 4. .44. .... ..... .-+

oCoo .. .c.. o o44 CCC 0C665 555 555 5s5 6556
.0.... a Ce 0 0 000 0.40 .. 00 t--c 00CC 0000 00C

0o0 000o0o 00°00 000 0400 0000 000
CI55 565 5 6 44 0( 4 54 55 5 04 I II Il

0 441o a ooc414 a 4144- o 44o C 444. 41 a44 5.45454 'a, + 414 aa
'4 00 0 04 C 0 0 0 0 0 0% % % % O c 0 0 0 0

o .6 5s S o *4*4 *4o o o5666 4564 4...o...o0. 4 54, 41 14 4 41?4 4 41 14 44414 . 4114k .41.41 a° 5 .4444 ?.44 4 .

O O4 co, o 0 00 000 - 0* ooooo000 000 00

NA. .......-- - - - -* 0 0, o o° . ?.o

cot-c' 10.0Cc 0 0 0000+° 0000o" •.oot' c00-c 0000 .. . .o o 0000 0000
0 *6 *56 S 6 44 444 . 56o6 5565 *.o o. o(
C 00 00 0- 000. 0 0000+.. .o0e C005oo +o 000 00

.. . ... .00 0* N 000 000. 0 000 on *0, 0000 000 0000
54.. o,4*0, 00 o 0C OsIs...10 .. . .., 00 0o.4 .44o4 ss.4

5554 • d aO+I , , 5,56 I O* *4* 6555 455

0 114 1444 3 41 .444 .4.4 4.44414 41443 4141414 164 4.444.444

CC*0 'CO0000CCCCCCCC (
4 

0 C4 N C CC . OC C 0
*•• +o o 566 5555 5555ooo 555 6455omI

* 4 *00i.4 .'4t.*O 0 N 410W 00( ,+,+,I. .,0, 00410' 0000+ 0000 W 0000

40 - - 0 a 0041. 4400 (C °CoO. Co00 410,0

*0 ,,000 ,,,,4 000 00.C..... .... .... ..... "
65U5ll 5655 5l 55 55s l555

0000 4.0 000 000 00 000 000 000 000000 000 000 000 000 000 000 000 00

'1 66 66 5 6 44 4 4 55 5 5 44 04 ((0 V44 444 1 41 .444 1.4 4444 .'s54 44111 4444 414
0 00 * 0 0 00 00 00 ** 00 00 00

i •. 0 00 0 4440 0 0 0 00- o" .. .. 0.0 0000 0000. 0000... q: • ?72 ?2:?•J-,

040 5 O 00 . 0* s * O . 0 0 . 0



I A I I k

IN I- I I I X I I

II IN 1111 1 U 1-
Cl-1 3 I i

I.. iN M I I II

00

~~~~~1~~~ lL '-C'I?ai ic r C ....... i......La... IT M Il 0 ND c l
CVI

--- I--- i -I- ý

J 11
0*0 C.) coO I I . 0) ED I- 0

C'J~ ~~~~ -- Y -

o 0

Do 0

CO %-0 0) CC (

0)) .0 OEb

0I 0 ~ c -

0D . . 21

oD I) coc -) N0) c

N IL



50

1/ I A~

I I I I 'I i V

~i11 1 1/ A -I

I 1 I I I I Y,/1l

I -

icii
EI I \IT 1, -1-i-I-C

0 0 o 0 0 0 C
r-~~ CO wD -; 0r l ( ) c

L- -L - -

r00

____0 C ,

- - - 0) co
00

CD 0) EC

< co

00

- C C
0~~~ 0D 0 00o
r~co in ~ c~ c'j - o O~ ~ rcc

I _____________ ________________



5D

C cc-

C

0

EE

41

E CD>

'U-

0. o

C1o
.0

E .20

E C



52

I_ [

I C

coo

0-s07Z o
0 o0

00,to

So~i c 0

A_ °
5 E•

S11 11 111 ,

LL

lilti 0 0 0

oc4 v

0 c0
V) a

c.2cE

o 0

0

U) ; o-11 w C)n o -i

o 0 0

filI I I1
I So



531

10-4 . . . . . . . . . . .

ZV1 JB/c- ;m 3:

~ __ ~ i ~ _____________________0

iO37-

00 100 20 300 40 50 60 70 80h Q

10[1
I ZI

10-8 j

7L



54

ho=w0 h 30f ho 150

E1320 i ' ZZ iIt I

U_ 31. 325 I i )(nm)

310 330

I0S D. 31756333 0
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-I--- - 331
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Fig. 5 Dependence of ultraviolet global intensity on elevation Z. For various
wavelengths and selected solar altitudes ho. Ozone amount X =0.340 cm.
Ground not covered with snow.
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60 X.m10-20=6

Fig.6 SS Solar intensity (wcmft nm-ea

amout oX Amount of ozone (mm at STP)

m 0 ea fX Annual mean amount of ozone
•;,ho Solar altitude

-o -. 
C u rv e s :

?z " 0 Extraterrestrial solar intensity spectrum
•;•.1 Intensity for 730 N. X=3.66 mm, ho = 400

•?.2 .. . 40N. R 3.19 mm, ho= 600

•- •3 .. . 0° = 2.48 mm, ho = 6(f

S4 .. .730N. X =1.83 mm, ho =400

t 5 .. . W0 N. X = 1.59 mm, ho = 600
6 006 X = 1.24 mm, ho = 600

• 280 285 290 295 Xlnm) 300

•_•, Fig. 6. Spectral distribution of ultraviolet solar intensity for the annual mean

- amount of atmospheric ozone at different latitudes and for an assu-

-• med 50% decrease of the annual mean ozone amount.
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00100 200 300 40 500 600 700 800 0 900

Fig. 7 a. Dependence of global intensity G(0, X) on Northern Latitude 0. For noon
solar altitude. Z =0 Kmn, X 297.5 nin. Ground not covered with snow.
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* Fig. 7c. Same forX 310 nm
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Fig. 7d. Same for X = 320 nm
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