
Meteorologische Zeitschrift, Vol. 10, No. 3, 207-214 (June 2001)
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Abstract
The effects on temperature and wind caused by the solar eclipse of August 11, 1999 in the south western part
of Germany were simulated. While during the real event clouds and precipitation were present in most of the
model domain cloud free conditions are assumed for the simulation. A temperature decrease of up to 7 K
was simulated during the eclipse event close to the surface. Thermal stability changes from unstable to stable
conditions and the temperature gradient reaches values which are comparable to those normally found after
sunset. Temperature keeps about 1 K lower after the eclipse event during the rest of the day. Boundary layer
height shortly after the eclipse event differs by several hundred meters. The effects on wind speed are rather
small with the exception of the slopes of the mountains and in the vicinity of Lake Constance.

Zusammenfassung
Der Ein� uss der Sonnen� nsternis vom 11. August 1999 auf die Verteilungen von Wind und Temperatur in
Südwestdeutschland wurde numerisch simuliert. Während in der Realität am Tag der Sonnen� nsternis in
weiten Teilen des Untersuchungsgebiets starke Bewölkung vorlag, wurden die Simulationen unter Vorgabe
von wolkenlosen Verhältnissen durchgeführt. In der Nähe der Erdober� äche wurde ein Rückgang der Tem-
peratur um bis zu 7 K simuliert. Die thermische Schichtung stellte sich während der Sonnen� nsternis von
labilen auf stabile Verhältnisse um. Dabei erreichte der Temperaturgradient Werte, wie sie ansonsten in den
Abendstunden erreicht werden. Auch nach dem Ende der Sonnen� nsternis blieb die Temperatur um etwa
1 K niedriger als im Falle ungestörter Verhältnisse. Kurz nach dem Ende der Sonnen� nsternis differiert die
Grenzschichthöhe im Vergleich zum ungestörten Fall um mehrere hundert Meter. Mit Ausnahme von Git-
terpunkten, die sich an Hängen bzw. in der näheren Umgebung des Bodensees be� nden, wird das Windfeld
durch die Sonnen� nsternis nur wenig modi� ziert.

1 Introduction

Although being well understood for a long time a so-
lar eclipse is a very impressive event for every human
being. In 1848 the poet Adalbert STIFTER who expe-
rienced a total eclipse at Vienna wrote: Es gibt Dinge,
die man fünfzig Jahre weiß, und im einundfünfzigsten
erstaunt man über die Schwere und Furchtbarkeit ihres
Inhaltes (There are things that you have known for � fty
years. However, it is in the � fty � rst year that you are as-
tonished at their richness and fearfullness). On August
11, 1999 a solar eclipse occurred in the northern hemi-
sphere and reached Western Europe around noon. Being
eye-witnesses of this event we put our main interest on
the Upper-Rhine Valley. With a few exceptions (includ-
ing the surroundings of Karlsruhe) most of the domain
was covered by clouds during the solar eclipse. For this
reason the effects of the recent solar eclipse on the at-
mospheric variables are not easy to separate. We carried
out a simulation for a hypothetical situation to � nd out
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what could have happened if no clouds would have been
present. About two weeks before the eclipse happened
the results of our simulations were placed at a web page1

where they are still available as animated loops. A solar
eclipse is connected with a reduction of the incoming
shortwave radiation. Therefore, it is very clear that a re-
duction of surface temperature follows. This reduction
of surface temperature decreases the air temperature in
the planetary boundary layer. The magnitude of temper-
ature difference in comparison to the undisturbed con-
ditions depends of the incoming shortwave radiation at
the beginning of the eclipse and on the cloud cover. Near
surface drops of temperature up to 7 K were reported
by TRIPASSO and KINKEL (1988), RABIN and DOVIAK
(1989), and SEGAL et al. (1996). The latter showed ob-
servations made during the eclipse of May 10, 1994 at
Spring� eld, IL. In addition results of model simulations
were presented. KESSLER et al. (1979) carried out mea-
surements of energy � uxes during a partial solar eclipse
that occured on April 29, 1976. The data were taken
near Hartheim which is located close to Freiburg in the
southern part of the Upper-Rhine Valley. In compari-

1 http://www-imk.physik.uni-karlsruhe.de/so� /
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Figure 1: Topography of the model domain. The asterisks mark
locations of the daily cycles shown in Figure 6.

son to the undisturbed case a maximum reduction of the
global radiation of 42% was found at 11:20 CET. For the
1999 eclipse GROSS and HENSE (1999) carried out hy-
pothetical model simulations with a numerical weather
prediction model for the entire area of Central Europe.
Changes in temperature at two meters height were found
up to 5 K.

While the effect of the solar eclipse on temperature
seems to be very clear the effect on wind seems not.
Several cases of a gusty increase of wind speed were
reported from previous eclipse events. However, these
reports are not well documented in reviewed literature.
ANDERSON (1999) gives an overview on recent obser-
vations with respect to changes in wind and other mete-
orological parameters. In all cases a decrease in wind-
speed is found during the eclipse. From their simula-
tions GROSS and HENSE (1999) found strong changes
in wind speed especially along the European coastlines
while small changes were found over Central Europe.
While they focused upon the effects on the European
scale and therefore used a hydrostatic model we concen-
trated on the regional to local effects on the temperature
and wind caused by the eclipse and therefore had to use
a nonhydrostatic model.

In our study we address the following questions:

How does temperature change during and after the
eclipse and which regional differences are found?

How does windspeed and winddirection change dur-
ing and after the eclipse and which regional differ-
ences are found?

2 The model

In order to answer these questions we carried out
numerical simulations with a mesoscale model. The
non-hydrostatic model KAMM (ADRIAN and FIEDLER
(1991)) is used. The atmospheric part is coupled with

a surface vegetation model developed by SCHÄDLER
(1989). This allows the calculation of humidity and tem-
perature at the lower boundary of the atmosphere de-
pending on landuse. The lower boundary is located at
d z0 above surface where d is the displacement height
and z0 is the roughness length. The incoming shortwave
radiation is the external thermal impetus of the energy
balance. The parametrisation of the shortwave radiation
and the turbulent � uxes of momentum, heat and mois-
ture are described in detail by LENZ (1996). The model
system was applied in numerous previous studies and
extensively compared with observations (e.g. ADRIAN,
1991; ADRIAN, 1992; KALTHOFF and VOGEL, 1992;
VOGEL et al., 1995; BISCHOFF-GAUSS et al., 1998;
FIEDLER et al., 2000).

2.1 Model domain

The solar eclipse touched the Upper-Rhine valley at
August 11, 1999. The core shadow crossed Stuttgart
(48 78 N, 9 18 E) at 11:34:03 CET. The west-east and
north-south component of the core shadow velocity was
approximately 710 m/s and –210 m/s, respectively. With
this information one can calculate the position of the
core shadow at every time with suf� cient accuracy in
our limited model area. The diameter of the core shadow
was about 110 km. The model domain covers an area of
400 400 km2 with Karlsruhe laying almost in the cen-
tre. The core shadow needs about 9 minutes to travel
across the chosen area. Figure 1 shows the topography
of the model domain. The terrain height reaches from
about 100 m in the Rhine valley up to 2000 m in the
south-eastern corner.

2.2 Model parameters and input data

A horizontal gridsize of 4 4 km2 and 25 layers in the
vertical direction were used. The vertical gridsize dif-
fers between 18 m close to the surface up to 400 m at
the top of the model domain at 8 km above sea level. A
geostrophic wind of 5 m/s blowing from east was chosen
and kept constant with time. That means, modi� cations
of the synoptic scale � ow eventually caused by the so-
lar eclipse were not taken into account. However, due
to the small time-scales involved such modi� cations are
most probably very small. The temperature gradient of
the basic state was chosen to be 6 5 10 3 K/m.

2.3 The incoming shortwave radiation

During the eclipse, the solar radiation Qs is decreased by
the normalized obscuration function In: Qs e In Qs r.
The index e denotes the eclipse case, r the reference case
(without eclipse). So In 1 without eclipse and In 0 in
the core shadow region. This function is presented in de-
tail in appendix A. Figure 2 shows the daily cycle of the
incoming shortwave radiation Qs reaching the ground at
Karlsruhe for the reference and the eclipse case. Qs is
calculated during the simulation at each time step which
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Figure 2: Daily cycle of the incoming shortwave radiation at the
surface for the eclipse case and the reference case at Karlsruhe.

is in the order of seconds. In the undisturbed case Qs r

reaches a maximum of 776 W/m2. Starting at 10:12 CET
(Qs r 656 W m2) Qs decreases in case of the eclipse.
This decrease reaches its maximum at 11:32 CET when
Qs e equals zero. The total solar eclipse lasts 2 min and
10 s. During that time interval Qs e remains at zero.
Then, Qs e increases again and reaches the undisturbed
value at 12:55 CET. The sharp decrease of Qs e that hap-
pened during the eclipse is � ve times faster than the ’nat-
ural‘ decrease in the afternoon of that day. This unusual
behaviour might be of interest for boundary layer studies
looking for timescales of the breakdown of convection.
Sometimes it is argued that the effect of the solar eclipse
on the behaviour of the boundary layer is comparable
to the appearance of larger clouds. However, there is a
major difference. Clouds themselves are modifying the
� ow � eld by their own circulation system and in case
of precipitation they also modify humidity and tempera-
ture. In addition clouds are increasing the incoming long
wave radiation which partially compensates the loss of
the solar radiation.

3 Results

Two simulations were carried out, one with undisturbed
radiation conditions (reference case), and one consider-
ing the solar eclipse (eclipse case). This procedure al-
lows a quanti� cation of the net effect of the solar eclipse
on the atmospheric variables wind and temperature.

3.1 Reference case

Figure 3 gives the simulated horizontal wind� eld for the
reference case at about 20 m above surface at 11:30 CET
(Fig. 3a) and at 22:00 CET (Fig. 3b). In general easterly
� ow conditions are prevailing with the exception of the
Upper-Rhine valley where northerly winds are found.
At 11:30 CET relatively low wind speeds occur in the
northern part of the Rhine valley, in the lee side of the
southern Vosges mountains and in the area of Basel.

Figure 3: Horizontal windvectors at 20 m above surface for the
reference case. Top : 11:30 CET; bottom: 22:00 CET.

At 22:00 CET the nocturnal slope winds are found in
the southern part of the Rhine valley. Figure 3b is pre-
sented for two reasons. Firstly it gives the � ow situation
during stable strati� cation. Secondly it is shown later on
that even at that time the wind � eld is still modi� ed by
the solar eclipse that happened around noon.

Figure 4 shows the temperature distribution at the
lower boundary of the atmosphere at 11:30 CET for the
reference case. As expected the highest temperatures are
found in the Rhine valley. The temperature there is well
above 30 C. The lowest temperatures are found at the
higher elevated sites and in the area of Lake Constance.
From Figures 3a and 4 it is obvious that we have simu-
lated a clear sky summer day as it frequently occurs in
the south western part of Germany.

3.2 Changes in wind and temperature
caused by the eclipse

The simulation was repeated taking into account the
eclipse radiation conditions (see Figure 2). Figure 5a
shows the distribution of the vector difference Dv
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Figure 4: Temperature at the lower boundary of the atmosphere for
the reference case at 11:30 CET.

ve vr of the horizontal wind at 11:30 CET at 20 m
above surface. In general a decrease of the windspeed
is found when Qs e reaches its minimum (11:30 CET).
The maximum values of Dv which are in the order of
1.5 m/s are found in the southern part of the Rhine val-
ley and in the area of Lake Constance. Reasons for that
behaviour are given later.

In the following the temporal behaviour of wind and
temperature close to the surface for the reference case
and the eclipse case are studied in more detail. Fig-
ure 6a gives daily cycles of the temperature at the lower
boundary of the atmosphere and the temperature gradi-
ent ¶Q ¶z very close to the surface at Karlsruhe. In the
reference case the maximum temperature reaches 32 C.
With the beginning of the eclipse temperature decreases.
At the maximum, that is shortly after Qs e reaches zero,
temperature is about 7 C lower in the eclipse case com-
pared to the reference case. It should be mentioned here
that the decrease in temperature at standard measuring
height ( 2 m) would be smaller. Although tempera-
ture increases again when the incoming shortwave ra-
diation increases the eclipse case stays colder during
the rest of the day. However, the effects on tempera-
ture are most pronounced during the eclipse. Figure 7
shows vertical pro� les of the potential temperature for
the reference and the eclipse case at Karlsruhe. At 11:30
CET, when the incoming shortwave radiation is almost
zero, temperature is lower throughout the whole bound-
ary layer in the eclipse case. Compared to the reference
case boundary layer height is about 200 m lower. This
behaviour can be explained in the following way. When
the solar radiation begins to decrease surface tempera-
ture decreases but the strati� cation close to the surface
still remains unstable. That means the atmosphere is still
well mixed. Therefore the de� cit in temperature extends
throughout the whole boundary layer (see Figure 6a).
When stable strati� cation close to the surface is reached
the convection breaks down, surface temperature de-

Figure 5: Differences of the windvector (ve vr ) at 20 m above
ground. For differences less than 0.1 m/s no arrow is drawn. Top:
11:30 CET; bottom: 22:00 CET.

crease further and in the residual layer temperature is
constant in time. The boundary layer height keeps con-
stant in the eclipse case until thermal strati� cation be-
comes unstable again. At 13:00 CET that means shortly
after the end of the solar eclipse the difference in bound-
ary layer height between the eclipse and the reference
case increased to 400 m. Of course these changes in the
vertical temperature pro� les have an impact on the ver-
tical pro� les of other variables like wind and humidity.

When the decrease of Qs e starts the lower atmo-
sphere begins to stabilise (see Fig. 6a). For a time-span
of about 40 minutes ¶Q ¶z even becomes greater than
zero. That means, static stability changes from unsta-
ble to stable conditions. KESSLER et al. (1979) showed
that the measured sensible heat � ux was reduced dur-
ing the partial eclipse event but no stable strati� cation
was reached. The latter can be explained by the fact that
the reduction of the global radiation was only 42% dur-
ing the 1976 event. From the stabilisation of the lower
boundary layer one should expect a decrease of wind-
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Figure 6: Daily cycles of temperature, temperature gradient at the surface, windspeed, and winddirection at 20 m above surface for the
reference and the eclipse case, respectively at Karlsruhe, Colmar, Freiburg and Basel.

speed, which is comparable to the evening hours of the
undisturbed case and that is exactly what we found.

Figure 6a gives windspeed and winddirection at 20 m
above surface for the reference and the eclipse case, re-
spectively. When temperature starts to decrease a de-

crease of windspeed follows. One has to keep in mind
that the decrease of wind speed at 10 m height or close
to the surface should be much larger than the decrease
found at 20 m height ( 0.5 m/s) (FIEDLER, 1971). In
case of Karlsruhe we found, that the maximum decrease
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Figure 7: Vertical pro� les of potential temperature for the reference
case and the eclipse case for different times at Karlsruhe.

of temperature is reached shortly before the maximum
decrease of windspeed. However, this time-shift is small
and we do not know if it is a general feature. Figure 8
shows the temporal development of the horizontal wind
speed between 10:00 CET and 13:00 CET at different
heights above surface. While windspeed decreases close
to the surface starting with the beginning of the eclipse
windspeed increases at 500 m height. This can be ex-
plained as the begin of a low level jet due to inertial os-
cillations. One cannot expect a complete development of
a low level jet since convection redevelops in the second
half of the eclipse event (see Figure 6a). As one could
expect the increase of windspeed at higher levels starts
somewhat later than the decrease close to the surface.

While to a large extend temperature difference of ref-
erence and eclipse case follows the temporal develop-
ment of Qs a different behaviour is found for wind. For
windspeed and direction we found an oscillation which
starts at the beginning of the eclipse and last till the end
of our simulated day. This behaviour was already men-
tioned by GROSS and HENSE (1999).

Figure 6b gives the corresponding daily cycles for
Colmar which is located close to the slopes of the Vosges
mountains (see Figure 1 for the exact location). The be-
haviour of temperature and temperature gradient is sim-
ilar to the behaviour found at Karlsruhe. It is noticeable

Figure 8: Windspeed at 20 m and 500 m above surface for the ref-
erence and the eclipse case between 10:00 CET and 13:00 CET at
Karlsruhe.

that the temperature gradient during the eclipse event
reaches the same values than during night. The temper-
ature difference between reference and eclipse case dur-
ing the eclipse is almost the same as at Karlsruhe and
somewhat larger ( 1 C) after the eclipse. As at Karls-
ruhe it remains colder during the rest of the day. Wind-
speed at Colmar is almost constant at the � rst half of the
eclipse event when Qs e is decreasing. However, there is
a 20 degree change in winddirection during that time.
This change in winddirection can be explained in the
following way. During the eclipse the slope cools down
so far that there develops a downslope wind. At Col-
mar which is located at the foot of the Vosges moun-
tains there is a superposition of this downslope windsys-
tem and the channelled � ow in the valley. In the second
half of the eclipse windspeed increases by 0.6 m/s and is
even larger than in the reference case. After the eclipse
and similar to the behaviour at Karlsruhe the windspeed
shows the effects of oscillations. That means, for a long
time differences in windspeed and to some extend in
winddirection are found.

Freiburg is located at the same latitude as Colmar but
at the opposite side of the Rhine Valley. Figure 6c gives
the results for that location. The general behaviour of
temperature and wind is rather similar to Colmar. Dur-
ing the eclipse changes in windspeed are relatively small
but changes in winddirection occur. As for Karlsruhe
and Colmar changes in windspeed and winddirection are
obvious even hours after the eclipse occurred. Temper-
ature and especially thermal strati� cation shows an in-
teresting behaviour in the late evening. In the evening
hours the atmosphere becomes more stable than in the
reference case. In the eclipse case windspeed is some-
what lower in the late afternoon. Therefore, the down-
ward sensible heat� ux decreases and temperature falls
down more rapidly in the eclipse case.

Figure 6d gives wind and temperature for the eclipse
and the reference case at Basel. Starting with the refer-
ence case low windspeeds are found in that area. Tem-
perature decrease due to the eclipse is very similar to
the other stations we looked at. The lower part of the at-
mosphere stabilises. Due to the low windspeeds and the
very inhomogeneous terrain the � ow is rather sensitive
to changes in the solar input. Therefore strong changes
in winddirection are found at Basel. Although small
changes in wind speed are comparable to Karlsruhe,
Colmar and Freiburg we found changes in winddirec-
tion of almost 180 degrees. For that reason Dv shown
in Figure 5b becomes very large in the area of Basel.
As for all other stations we found disturbances in wind-
speed and winddirection caused by the solar eclipse and
lasting for several hours. It is not clear to us if long term
variations of the windvector similar to those we simu-
lated were observed during eclipse events in the past.
Moreover, we are not sure how to detect such changes
using observations, because in reality one cannot com-
pare with the undisturbed case.
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4 Summary

Simulations with a non-hydrostatic mesoscale model
were carried out to quantify the effects of the solar
eclipse of August 11, 1999 on the boundary layer in
the south-western part of Germany. Clear sky conditions
were assumed in order to detect the maximum effect. In
agreement with other numerical studies and observation
of previous eclipse events we found a strong decrease of
temperature close to the surface. The magnitude of the
temperature decrease was in the order of 6–7 K. In the
eclipse case temperature keeps about 1 K lower after the
eclipse event for the rest of the day. Looking at the ther-
mal stability close to the surface we found that the tem-
perature gradient shifted from negative to positive val-
ues for about 40 minutes during the maximum decrease
of the solar input. The stability reached values compa-
rable to those which are reached during night. Due to
the stabilisation of the atmosphere during the eclipse
event which leads to a decoupling of the lowest layers
we found a decrease in windspeed in those areas which
are not very much in� uenced by topography (e.g. Karls-
ruhe). We would assume that this behaviour is a very
common feature during an eclipse when homogeneous
terrain height and landuse is present.

A different behaviour is found at places where topog-
raphy is very inhomogeneous. Especially at the slopes
we found remarkable changes in winddirection. These
changes are caused by modi� cations of the slopewinds
due to the decreasing solar input. Since the relaxation
time of slopewinds for changes in heating or cooling of
the surface is in the order of tens of minutes again this
seems to be a quite common feature. For all stations we
found that the modi� cation of the wind� eld lasts much
longer than the duration of the solar eclipse. From our
� ndings we would expect that changes in winddirec-
tion and windspeed should be largest in areas with in-
homogeneous terrain height and land use, that means in
those areas where thermally driven secondary circula-
tion systems are present in the undisturbed case. This is
con� rmed by the model results of GROSS and HENSE
(1999) who found largest modi� cations of the wind-
� eld at the coastlines of Europe. These were caused by
changes in the land-see breeze due to the modi� ed so-
lar input. Apart from those modi� cations of the wind-
� eld and especially for homogeneous terrain we found
no implication of the so called eclipse wind.
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A The obscuration function

A detailed description of the obscuration function In
which is needed to calculate the solar radiation in the

Figure 9: Construction of the obscuration function.

eclipse case is given in the following (see Figure 9).
The connection line sun-moon (with centers S and M,
respectively) meets the earth surface in a point K; so K
is the center of the shadow core. We � rst calculate the
incoming radiation to a plane E1, which is perpendic-
ular to the connection line SM and contains the point
K. The radiation to this plane is rotationally symmetric
around K. P1 is a point in E1 and r1 the distance KP1, fur-
thermore RS 696000 km is the sun radius, RM 1738
km the moon radius, aS 151 106 km the distance SK
and aM 367000 km the distance MK (at the 11 August
1999).

From P1, sun and moon seem to be under the appar-
ent radii

tan bS
RS

a2
S r2

1

tan bM
RM

a2
M r2

1

(A.1)

and their zenit distances are

tan aS
r1

aS
tan aM

r1

aM
(A.2)

In order to calculate the visible (not hidden by the
moon) sun area, we superimpose two circles with the
(apparent) radii bM and bS (see Figure 10). The centers
of these two circles lie apart by the difference of the zenit
distances aM aS . The two circles cross each other in
two points. The cross point between the connection line
of these two cross points and the connection line of the
two centers has the distance g0 from the center of the
’sun circle‘. Using simple geometry g0 calculates as

g0
b2

S b2
M aM aS

2

2 aM aS
(A.3)

From the sun circle we now have to subtract two cir-
cle segments. The area of one such circle segment is

I b g : 2
b

g
b2 d2 dd (A.4)

p
2 b2 g b2 g2 b2 arcsin g

b : b g b
0 : otherwise

So the normalized visible sun area (the obscuration
function) is
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Figure 10: Calculation of the visible part of the sun area.

In 1
1

pb2
S

I bS g0 I bM aS aM g0 (A.5)

To get the incoming radiation at the earth surface, we
have to project P1 to the earth surface. For that calcu-
lation, we make an approximation: the radiation to the
plane E1 is not projected to the curved earth surface,
but to a tangential plane Et at the point K. This yields
a good behaviour near the core shadow, the greater devi-
ations at the outer areas of the shadow seem acceptable
for our investigations. For a projection of Et parallel to
the connection line SM to E1 one yields

r1 rt n1 rt n1 (A.6)

r1, rt denote points in the planes (both from K as origin),
n1 the normalized normal vector of the plane E1; this is
simultaneously the projection direction and reads

n1

sin Q cosF
sin Q sin F

cosQ
(A.7)

Q = zenit distance of the sun, F = horizontal angle of
the sun (from east).

If one knows at a time the position of the center of the
core shadow (see section 2.1), the zenit distance Q and
azimut F of the sun (in K) one can calculate the relative
incoming radiation In at any point rt on the tangential
plane.
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