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Abstract

The time dependent variation of the spectral extraterrestrial solar flux is modelled for the conditions during a
total eclipse. These data are used to calculate irradiance and actinic flux at the Earth’s surface for atmospheric
conditions of August 11, 1999 at Weihenstephan. These results are compared with measurements. It is shown,
that the spectral composition of solar radiation varies during the eclipse, since solar limb darkening has a
spectral dependence. The solar radiation differs from that of a hypothetical sun without limb darkening by up
to 30% in the near IR at 1500 nm and 60% in the UV-B at 310 nm. As shown by a comparison of modelling
and measurements, this spectral variation has to be taken into account for modelling of UV radiative quantities
in the atmosphere and resulting photochemical processes. The effect of broken cloudiness on irradiance and
actinic flux and its dependency on wavelength and receiver geometry is explained.

Zusammenfassung

Der Verlauf der spektralen extraterrestrischen solaren Strahlung wéhrend einer Sonnenfinsternis wurde
berechnet. Basierend auf diesen Daten, unter Beriicksichtigung der atmosphérischen Bedingungen am 11.
August 1999 in Weihenstephan, wurden Globalstrahlung und Aktinischer Fluss am Boden modelliert und
mit Messwerten verglichen. Die spektrale Zusammensetzung der Strahlung dndert sich wihrend einer Son-
nenfinsternis, bedingt durch die wellenldngenabhingige Randverdunklung der Sonne. Im Vergleich zu einer
hypothetischen Sonne ohne Randverdunklung ist die solare Strahlung im nahen IR um bis zu 30% gemindert
und im UVB bei 310 nm um bis zu 60%. Diese spektralen Anderungen sollten bei der Modellierung von
Strahlung, z.B. fiir photochemische Prozesse beriicksichtigt werden. Dies wurde durch Messung und Model-
lierung gezeigt. Der Einfluss von Wolken auf gemessene Werte von Globalstrahlung und Aktinischem Fluss

wurde untersucht und erklirt.

1 Introduction

The knowledge of the spectral behaviour of solar ra-
diation at the Earth’s surface is necessary to address
many questions in the earth and atmospheric sciences.
The spectral behaviour can be measured and modelled.
Modelling provides data for times and places without
actual measurements and has the advantage of giving ir-
radiance and actinic flux simultaneously. To determine
solar radiation quantities at the Earth’s surface, the ex-
traterrestrial solar radiation is used to illuminate the at-
mosphere, for which the scattering and absorption pro-
cesses are spectrally modelled. In general the extrater-
restrial solar irradiance at each wavelength is given as
an average over the whole solar disc. During different
times of an eclipse, the disk of the moon covers differ-
ent parts of the limb and the center of the sun. Thus the
spectral dependence of the limb darkening of the sun be-
comes relevant.

Measurements of radiative quantities have been
made during earlier eclipse events (KIMBALL and FER-
GUSSON, 1919; JERLOV et al., 1954; BELETSKY et al.,
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1997). During previous eclipse events a point of inter-
est was the derivation of total ozone content from UV
radiation measurements (STRANZ, 1961; OSHEROVICH
et al.,, 1974; CHAKRABARTY et al., 1997). It was re-
alised that the spectral dependence of solar limb dark-
ening plays an important role, especially when the to-
tal ozone content is measured using spectrophotome-
ters (BOJKOV, 1968; MIMS and MIMS, 1993). Several
approaches exist to estimate the effect of limb dark-
ening (SVENSSON, 1958; HUNT, 1965; OUTCALT and
MEISEL, 1970). However, due to limitations in comput-
ing capacity, the corresponding values have been tabu-
lated only for a few wavelengths and with low temporal
resolution.

Improvements in measurement and modelling enable
us to make a more detailed investigation of the spectral
behaviour of solar radiation during an eclipse. Thus the
analysis of actual data is worthwhile, especially because
a comparison with model results is possible nowadays.
During the eclipse of August 11, 1999, radiation mea-
surements were influenced by variable cloud conditions.
The spectral effect of clouds on various radiative quan-
tities depends on cloud amount, position of the clouds
relative to the sun and on the receiver geometry (HER-
MAN and MCKENZIE, 1999). The measurements during
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Figure 1: Geometrical relationships for the calculation of the radi-
ation from the visible part of the solar disk during the eclipse.

the eclipse give us the opportunity to separate these dif-
ferent factors.

2 Solar radiation outside the atmosphere

During the eclipse of August 11, 1999, the average di-
ameter of the moon was 31.982’, that is about 1.3%
larger than that of the sun with 31.560°(U.S. NAVAL OB-
SERVATORY, 1998).

A consequence of the similar sizes of the apparent
disks of sun and moon is that at the beginning of and
close to the end of the eclipse the moon covers only parts
of the solar limb, while the centre of the sun is uncov-
ered. Close to the total coverage, in the middle of the
event, only a small crescent of the sun is visible, an area
which is completely part of the solar limb region. Thus
the relative contribution of centre and limb to solar irra-
diance varies during the eclipse. The radiation from the
limb of the solar disk is less intense than that from the
centre. Moreover this limb darkening is spectrally de-
pendent. Thus the spectral composition of the irradiance
of the sun changes during the eclipse.

Based on considerations of the radiative transfer
within the solar atmosphere, the limb darkening I';, can
be expressed as a function of r, the relative distance
from the centre of the solar disk (WALDMEIER, 1941;
SCHEFFLER, 1974),

:Ix(r) 1B V=1

r -
(1) I 1+B,,

2.1

where r = 0 represents the centre and » = 1 the limb
of the sun. I = I, (r = 0) denotes the intensity coming
from the centre of the solar disk.

The so-called limb darkening coefficient 8, is a func-
tion of wavelength (WALDMEIER, 1941):

_3-h-c:V2
 8k-A-Ty
where A is wavelength in m, & the PLANCK constant
(6.63-1073* I 5), ¢ the speed of light (2.998- 108 m s™1),

k the Boltzmann constant (1.38-10723 J K™1) and Ty the
temperature of the sun’s surface (5740 K).

B (2.2)
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Using T'; (r) given in Eqn. 2.1, the spectral irradiance
of the uncovered sun can be calculated by integrating
over the whole solar disk:

Rs 2m Rs
Is, = //13 Ty (r) - rdodr= 2n-I£-/Fx(r) crdr (2.3)
00 0

During the eclipse, part of the solar disk is covered
by the moon leading to a reduced solar intensity I . The
geometrical relationships for the mathematical descrip-
tion of this problem are sketched in Fig. 1. The distance
between the centres of the disks of the moon (Cy) and
the sun (Cy) is denoted as X, which is normalised by
its value at the moment of the first contact, where the
distance equals the sum of the radii of moon and sun,
Ry + Rs. The value of X is linearly correlated to time.
Due to the slightly larger apparent radius of the moon,
totality occurs for 0.0064 > X > —0.0064. The value of
X = —1 defines the time at which the disk of the moon
leaves the sun again. When X > Ry; and r < X — Ry, the
angular integration is performed over a complete circle.
When X < Ry; and r < Ry; — X the annulus is behind
the disk of the moon and omitted from integration. For
r > |X — Ry a sector with an angle 200 will not con-
tribute to the radiation and will be excluded from inte-
gration. This angle o can be determined from geometri-
cal considerations as a function of X and r:

a(rX) (2.4)
0 if X —Ry > randX > Ry
= 4 arccos [%&] if X —Ry|<r
i if Ryy—X >randX <Ry

The integration of the irradiance from the remaining
solar disk not covered by the moon thus becomes:

Rs 2n—a
I, = //I;?-Fx(r)-rdadr
0 o
Rs
= 2n-1§-/[1—@]-m(r)-rdr (2.5)
0

This equation has been integrated numerically. For a
description of the spectral variation of the solar irradi-
ance during eclipse, the normalised irradiance 1, i.e.
the ratio between the irradiance of the remaining part of
the sun I (Eqn. 2.5) and the irradiance of the uncov-
ered solar disk Ig; (Eqn. 2.3), is used:

e, (2.6)

Liormy. =
’ 1
Y

Fig. 2 shows the decrease in I, With decreasing
X due to an increase in the area of the sun covered by the
moon. The bold grey line represents the normalised in-
tensity of a hypothetical sun without limb darkening, i.e.
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Figure 2: Normalised radiation as function of X, the distance of the
centers of moon and sun, during eclipse for different wavelengths.

I'(r) = 1. Due to the wavelength dependence of the limb
darkening, 1, is wavelength dependent. This effect
is shown in Fig. 2 for 5 different wavelengths. These
wavelengths are chosen to cover the spectral range of
interest. The two wavelengths in the UV spectral region,
310 nm and 390 nm, are important for the description
of the photochemical processes of ozone and nitrogen
dioxide photolysis discussed in the paper by FABIAN et
al. in this issue. The wavelength 550 nm is given as a
standard wavelength for visible light and 700 nm is very
close to the solar median-wavelength, which divides the
solar irradiance energetically into two equal parts and is
therefore useful to describe the average behaviour of the
integrated solar irradiance. Finally, 1500 nm is shown
as an example for a wavelength of the infrared spectral
range. Compared to the hypothetical case without limb
darkening /,,,,,. is enhanced for |[X| > 0.55, at the be-
ginning and the end of the eclipse. At that time mainly
parts of the darker limb are covered, while the brighter
central region of the sun contributes fully. During the
central part of the eclipse (|X | < 0.55) L,,,), is reduced,
because most of the radiation comes from the limb re-
gion, while the centre of the sun is covered by the moon.
The resulting spectral behaviour agrees well with tab-
ulated values given by OUTCALT and MEISEL (1970).
However, they give values for a few selected wave-
lengths only and do not give equations, which would
allow further calculations.

Fig. 3 displays the spectral dependence of the solar
radiation during the eclipse in detail as percentage devi-
ation from a sun without limb darkening. Since the radi-
ation at shorter wavelengths shows a stronger limb dark-
ening effect, it is less strongly reduced at the beginning
and more strongly reduced close to the central part of the
eclipse. The reduction of the radiation at longer wave-
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Figure 3: Effect of limb darkening as a function of X for different
wavelengths.

lengths is more uniform over the whole period. The en-
hancement reaches its maximum of 2.5% in the UV and
of about 1% in the infrared at |X| = 0.75. This maximum
occurs when about 15% of the sun is covered by the
moon. As totality is approached, the effect of limb dark-
ening becomes more and more important, and ;5 18
reduced by about 30% at 1500 nm and by more than
60% at 310 nm. The effect of limb darkening has to be
taken into account especially in the photochemically rel-
evant UV spectral range. In this spectral region a reduc-
tion of 10% is reached for |X| = 0.35, when 40% of the
sun is uncovered. At |X| = 0.2, when more than 25% of
the sun is still visible, 7, is reduced by 20%.

3 Solar radiation at the surface

3.1 Model calculations

Model calculations have been carried out for both
eclipse and non-eclipse conditions to obtain the varia-
tion of various radiative quantities during the eclipse,
under real atmospheric conditions but without the in-
fluence of clouds. The simulations of the radiative pro-
cesses in the atmosphere have been performed by an
improved version of the radiative transfer model STAR
(RUGGABER et al. 1994; SCHWANDER et al., 2000).
It is based on a one-dimensional radiative transfer al-
gorithm (NAKAJIMA and TANAKA, 1988) that consid-
ers absorption and scattering (including multiple scat-
tering) of air molecules, aerosol particles and atmo-
spheric trace gases. To calculate solar radiation for Au-
gust 11, 1999 the actual atmospheric conditions have
been taken into account. While the solar zenith angle
is changed in the model runs, the state of the atmo-
sphere is assumed to be unchanged during the eclipse.
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Figure 4: Measurements and model calculations of ozone photoly-
sis frequencyj o pyat WHS.

The total ozone content (318 DU) results from BREWER
measurements performed at the Meteorological Obser-
vatory Hohenpeiflenberg (KOHLER et al., 1998) about
100 km south-west of Weihenstephan (WHS) and addi-
tional total ozone measurements using a Microtops de-
vice at Kaltenberg about 85 km south-west of WHS. The
aerosol description has been compiled on the basis of
visibility observations and an air mass analysis, result-
ing in the low absorbing aerosol type ’clean continental’
from the OPAC database (HESS et al., 1998). From vis-
ibility observations (around 50 km) in combination with
the assumptions of the aerosol height distribution used
by STAR, the aerosol optical depth (AOD) at 550 nm
was deduced to be 0.2. The spectral behaviour of the se-
lected aerosol type results in an AOD of 0.4 in the UV-B
region around 310 nm. The surface was chosen to be a
mixture of concrete and vegetation in accordance to the
situation at the measurement sites. Model calculations
were performed for cloud-free conditions.

Based on these atmospheric properties, photolysis
frequenciesjoipyandjno,, the integral UV irradiance
Gyy, the irradiance at 310 nm G319, and the total so-
lar irradiance and its diffuse and direct components at
700 nm were modelled by STAR for non-eclipse con-
ditions. These calculations are based on the actual sun-
earth distance and solar zenith angles. To model the vari-
ation during the eclipse, the various radiative quantities
resulting from STAR have been multiplied by the factor
Liormy. (Eqn. 2.6). This can be done because the optical
properties of the atmosphere are independent of the in-
tensity of radiation incident at the top of the atmosphere.
For this calculation the influence of scattered radiation
with different spectral composition from regions outside
the path of the total eclipse is neglected. This assump-
tion is valid because the vertical extension of the atmo-
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Figure 5: Measurements and model calculations of total solar irra-
diance G and diffuse solar irradince D at WHS.

sphere is much smaller than the horizontal dimension of
the umbral shadow.

3.2 Radiation measurements

During the eclipse of August 11, 1999 a wide range
of solar radiation measurements were made at WHS
(FABIAN et al., this issue, 2001a). The measurements
enclose the solar irradiance integrated over various spec-
tral regions (total solar irradiance G, diffuse sky irradi-
ance D, UV-irradiance Gyy) and two photochemically
relevant radiative quantities, the photolysis frequencies
of ozone ( jO(ID)) and nitrogen dioxide (jno,). In con-
trast to the irradiance, which represents the cosine-
weighted radiation on a horizontal plane, the latter quan-
tities are based on the actinic flux, and therefore use a
detector geometry which detects radiation independent
of the incidence angle. A description of the correspond-
ing detectors and the details of the method of photolysis
frequency measurement can be found at JUNKERMANN
etal. (1989) and REUDER et al. (1996). The accuracy of
the method is estimated to be about &= 10% for jNo,and
+ 15% for jo(lD)(MULLER, 1994; REUDER, 1999). In
addition to the measurements at WHS spectral solar ir-
radiance at a wavelength of 310 nm was monitored dur-
ing the eclipse at the site Neuherberg (NH), located in
a suburban area north of Munich, about 25 km south-
west of WHS. These measurements were obtained using
a double monochromator system (BENTHAM DM300).
Details of the location of both sites are given in Table 1.

Figs. 4 and 5 show measurements and model calcu-
lations of different radiative quantities for non-eclipse
and eclipse conditions at WHS and Fig. 6 shows G3g
at NH, all from 11:00 to 14:00 CEST (Central Euro-
pean Summer Time). It can be seen that the measure-
ments performed at WHS indicate a distinct influence
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Table 1: Site information and time schedule for the eclipse of August 11, 1999 at Neuherberg (48.2214°N, 11.5883°E, 493 m a.s.l.) and

Weihenstephan (48.4014°N, 11.7194°E, 498 m a.s.1.).

Contact no. Description X Neuherberg (NH) Weihenstephan (WHS)
1 moon enters solar disk 1 11:16:25 11:16:41
2 begin of totality 0.064 12:37:09 12:37:19
3 end of totality —0.064 12:39:25 12:39:35
4 moon leaves solar disk -1 14:01:22 14:01:24
ing the near-infrared range up to 3 um, cannot be done
107 - directly. Therefore the simulations of G and D are based
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Figure 6: Measurements and model calculations of spectral irradi-
ance at 310 nm G319 at NH.

of clouds during the eclipse. Except for the time around
11:30 CEST close to the beginning of the eclipse, when
a larger cloud gap provided radiative conditions widely
undisturbed by clouds for nearly half an hour, the whole
period under investigation is influenced by clouds. As
a consequence, the measured values are below those
from the cloud-free simulations for most of the time.
After 12:00 CEST the measured values reach the mod-
elled ones, but only for a few minutes. Ozone photoly-
sis frequency (Fig. 4) and nitrogen dioxide photolysis
frequency (not shown), even sometimes are enhanced
above the corresponding cloud-free simulations. This is
a well-known phenomenon in a cloudy atmosphere with
cloud cover between 5 and 7 octas (e.g. REUDER, 1999)
and also may occur in irradiance. In situations when
the direct solar beam is not shaded by a cloud the ad-
ditional reflection of solar radiation from vertically ex-
tended clouds (especially cumulus) can increase the in-
coming radiation at the detector by up to 25% above the
corresponding cloud-free values.

Fig. 5 shows the solar global irradiance G and its
diffuse component D. Due to the spectral limitation of
STAR to wavelengths between 280 nm and 700 nm, an
absolute determination of total solar irradiance, includ-

on the spectral total irradiance at 700 nm, a wavelength
close to the solar median-wavelength (CIE, 1989) which
can be assumed to be representative of the solar spec-
tral range. The agreement between measured and mod-
elled values of D between 12:00 and 13:00 CEST indi-
cates that the effect of the eclipse, including the spec-
tral dependent limb darkening, is considered correctly.
D is the appropriate quantity to prove this agreement be-
tween cloud-free model calculations and measurements
in the presence of clouds. Due to the fact that the direct
component of the solar radiation is continuously shaded
by the shadow-band, the values of D are nearly insensi-
tive to the shading of the direct solar beam by clouds. As
long as the average distribution of the clouds at the sky
remains similar, there are only minor cloud effects on D.
Only in situations where large areas of the sky are cov-
ered by thick clouds, as can be seen before 12:00 CEST
and after 13:15 CEST, is D markedly reduced. The cloud
influence close to totality is weaker at the site NH than
at WHS (see the RADAR image given by WINKLER et
al., this issue, 2001). Consequently the measured values
of G319 (Fig. 6) agree well with the simulations also be-
tween 12:15 and 12:45 CEST.

3.3 Hypothetical non-eclipse radiation

To investigate the effect of the eclipse on photochem-
istry, especially on the concentrations of relevant atmo-
spheric trace gases, corresponding measurements and
box model calculations have been performed (FABIAN
et al., this issue, 2001b). The model run ’eclipse® was
photochemically driven by photolysis frequencies di-
rectly measured during the eclipse (e.g. Fig. 4). A con-
trol model run under non-eclipse conditions has been
performed to quantify the influence of the eclipse. For
this purpose a second photolysis frequency data set has
been compiled, which represents the radiative conditions
of August 11 under the actual atmospheric conditions,
including cloud influence, but without the eclipse. Based
on the photolysis frequencies, j., measured during the
eclipse, and the normalised radiation, Iy, (Eq. 2.6)
derived from model calculations, photolysis frequen-
cies, jue, under the assumption of non-eclipse conditions
have been determined by:



Je

Inorm,?»

Jne = 3.1

The normalised radiation at a wavelength of 310 nm
has been used to compensate for the effect of the eclipse
onjo(ip)- The correction of jno,has been done at the
wavelength of 390 nm. The resulting data sets of jo(ip)
and jNo, have similar relative variation with time and
therefore again only jo(1p)is plotted (Fig. 7). The uncer-
tainty in j,. is high during about 15 minutes centered
around totality, due to both low and thus uncertain values
of measured photolysis frequencies, and values of I,,,,
close to zero. Therefore all data points in the central part
of Fig. 7 with an error in excess of 30% derived by Gaus-
sian error propagation, were replaced by the constant
values of 1.52-1073 s~! forjoqp)yand 5.2 107 s~ for
JNo,. These values represent average conditions for the
time intervals before and after totality.

3.4 Effects of clouds and limb darkening on
radiation

The measurements presented in the previous sections
show that the expected spectral eclipse effect is masked
by cloud effects to a great extent. In the following, both
effects will be separated as far as possible by a detailed
analysis of the measurements.

The main effect of clouds is the blocking of the direct
solar beam, resulting in local shadow. Although there
are some indications that cloud transmittance itself is
weakly wavelength dependent (e.g. SECKMEYER et al.,
1996; THIEL, 1999), this must not be taken into account
for situations with scattered clouds. In this case the con-
tribution of the photons transmitted through the clouds
is negligible. In the case of broken cloudiness, the spec-
tral effects on radiation reaching the ground are mainly
caused by the strong wavelength dependence of the ratio
of diffuse and direct radiation. The larger the contribu-
tion of diffuse radiation to a measured radiative quan-
tity, the less will be the influence of such a cloud ef-
fect. To quantify these effects in general, the distribu-
tion of diffuse and direct radiation was calculated by
STAR for conditions representing an average cloudless
state of the atmosphere at WHS during the eclipse (see
section 3.1). The calculations have been performed for

Table 2: Relative contribution of the direct radiation component to
irradiance and actinic flux for different wavelengths. The values are
based on STAR calculations using actual atmospheric parameters at
WHS on August 11, 1999, assuming cloud free conditions.

Wavelength [nm] Irradiance actinic flux
310 37% 26%
390 58% 449
550 77% 65%
700 85% 74%
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both, irradiance and actinic flux, and for different wave-
lengths. The resulting portion of the direct component
is given in Table 2. Irradiance as well as actinic flux
show a distinct increase of the relative contribution of
the direct component toward longer wavelengths. Scat-
tering processes involving air molecules and aerosol par-
ticles convert direct solar radiation into diffuse radiation.
Due to the increased efficiency of scattering processes
with decreasing wavelength, diffuse radiation becomes
more and more important at shorter wavelengths at the
Earth’s surface. As a consequence, the direct component
of the irradiance decreases from 85% at 700 nm to 37%
at 310 nm at noon on August 11 (solar zenith angle:
33°; total ozone: 318 DU; aerosol type: clean continen-
tal; AOD at 550 nm: 0.2). The corresponding values for
the actinic flux, relevant for photolysis frequencies, de-
crease from 74% to 26%. Due to the missing cosine-
weighting in the actinic flux, the diffuse radiation far
from the zenith contributes more strongly to the signal.
Therefore the relative contribution of the direct compo-
nent in the actinic flux is systematically lower than in
the irradiance. Thus the irradiance will be more strongly
reduced than the actinic flux when the sun is obscured
by a cloud.

Fig. 8 shows a comparison of G, Gyv,jo(p), and
Jjno,measured at WHS. The data are normalised to 1
at 11:38 CEST, because the cloud influence was mini-
mal during a cloud gap episode at that time. The eclipse
effect can be neglected at this time shortly after the
first contact of the disks of sun and moon. It is evident
that the cloud influence increases with increasing wave-
length due to the higher portion of direct radiation at
longer wavelengths, as mentioned above. This spectral
dependence can be seen for both irradiances (G is at-
tenuated stronger than Gyy) and the photolysis frequen-
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Figure 7: Photolysis frequencies of ozone during eclipse. The solid

line gives the measurements, the dotted line represents hypothetical
values assuming non-eclipse conditions.
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Figure 8: Selected radiation quantities during eclipse. All data are

normalised at 11:38, a situation with minimum cloud impact.

cies based on the actinic flux (jno,is attenuated stronger
thanjop) ). Within a similar spectral range, 290 nm to
420 nm with a maximum sensitivity around 390 nm for
Jjno,and 295 nm to 385 nm for the Eppley radiome-
ter used for the measurement of Gyy, the cloud effect
is more pronounced in the case of the irradiance Gyy.
Again this is caused by the higher portion of direct radi-
ation in the case of Gyy (58% compared to 44% for the
actinic flux at 390 nm, see Table 2).

For a better visualisation of the effects close
to totality and for a quantification of the effects
during the whole eclipse, the ratios of Gyy/G
and jo(1py/jNno,calculated from normalised values have
been plotted in Fig. 9. Ratios larger than 1 indicate that
the quantity in the numerator (here in each case the
quantity determined at shorter wavelengths) is less at-
tenuated than the quantity in the denominator. During
episodes where the sun is obscured by clouds, the ra-
tios reach values of 1.4 to 1.6 for Gyy/G and 1.1 to 1.2
forjo(lD)/ JjNO,. As discussed in detail above, this dif-
ference 1s caused by the variable portion of the direct
radiation component for the spectral intervals involved.

The spectral effect of limb darkening during the
eclipse can be seen in the ratio Gyy/G. Although mod-
ified by the cloud effects, it shows a distinct decrease
toward totality, reaching values below 0.85. In contrast
to the cloud effect, the spectral effect of limb darkening
increases with decreasing wavelength (see Fig. 3). The
more of the sun is covered by the moon during eclipse,
the stronger the limb darkening effect. Close to totality
itis even strong enough to overcompensate the cloud in-
fluence, leading to values of the ratio Gyy/G below 1.
In contrast, there is no obvious effect of limb darken-
ing visible in the ratio jo(1p)/jNo,, because the relevant
wavelength intervals of jo(py and jno,are too close to
each other.
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4 Conclusion

Solar radiation during the eclipse of August 11, 1999
has been measured and modelled. To describe the spec-
tral behaviour of solar radiation outside the atmosphere
an equation was derived for the important effect of limb
darkening. When compared to a sun without limb dark-
ening this effect reaches maximum values of 30% at
1500 nm and more than 60% at 310 nm. This result in-
dicates that this effect has to be taken into account for
investigations of radiative effects, especially in the pho-
tochemically relevant UV spectral range.

The extraterrestrial radiation resulting from the limb
darkening calculations has been used as input for the ra-
diative transfer model STAR. Model results, using actual
atmospheric parameters, show a good agreement with
measurements for various radiative quantities. This in-
dicates the quality of both the modeled extraterrestrial
and atmospheric effects and the measurements.

Clouds in front of the sun also cause a wavelength
dependent decrease of irradiance and actinic flux. This
can be explained by the spectral dependency and the rel-
ative contribution of direct and diffuse radiation. The re-
sults support the hypothesis that the actual coverage of
the sun by a cloud is the essential information to de-
scribe the influence of cloudiness on solar radiation at
the Earth’s surface. The widely used description cloudi-
ness by cloud cover given in octas provides information
less suitable, even if this is available for different cloud
layers.
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Figure 9: Ratios of normalised irradiances (solid) and normalised
actinic fluxes (dotted) during the eclipse.
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