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Climatology and trends of mesosphere/lower thermosphere gravity
waves derived from combined LF spaced receiver and VHF

Doppler wind observations at Collm

Jacobi, C.� , Karami, K.

Leipzig Institute for Meteorology, Leipzig University, Germany
� e-mail: jacobi@uni-leipzig.de

Summary: Time series of mesosphere/lower thermosphere half-hourly winds over
Collm (51.3°N, 13.0°E) have been obtained from 1984 { 2008 by low frequency spaced
receiver measurements and from 2004 to date by very high frequency meteor radar
Doppler wind observations in the height range 82 { 97 km. From half-hourly di�erences
of zonal and meridional winds, gravity wave (GW) proxies have been calculated that
describe amplitude variations in the period range of 1 { 3 hours. After applying correc-
tions to account for instrumental di�erences, GW climatology and time series have been
obtained. The mean GW activity in the upper mesosphere shows maximum amplitudes
in summer, while in the lower thermosphere GWs maximize in winter. Positive/negative
long-term trends are visible in winter/summer. Interannual and quasi-decadal variations
of GW amplitudes are also visible, but these are intermittent.

Zusammenfassung: Zeitreihen von halbst•undlichen Winden der Mesosph•are/unteren
Thermosph•are •uber Collm (51,3°N, 13,0°E) wurden von 1984 bis 2008 durch LF-
Driftmessungen und von 2004 bis heute durch VHF-Meteorradarmessungen im H•ohen-
bereich von 82 { 97 km gewonnen. Aus halbst•undlichen Di�erenzen von zonalen und
meridionalen Winden wurden Proxies f•ur Schwerewellen (GW) berechnet, welche Am-
plitudenvariationen im Periodenbereich von 1 { 3 Stunden beschreiben. Nach Korrek-
turen zur Ber•ucksichtigung instrumenteller Unterschiede wurden GW-Klimatologie und
Zeitreihen erstellt. Die mittlere GW-Aktivit•at in der oberen Mesosph•are zeigt Maxima
im Sommer, w•ahrend in der unteren Thermosph•are GW-Maxima im Winter auftreten.
Positive/negative Langzeittrends sind im Winter/Sommer sichtbar. Interannuale und
quasi-dekadische Variationen der GW-Amplituden sind ebenfalls sichtbar, aber nicht
durchgehend erkennbar.

1 Introduction

Gravity waves (GW) couple the lower atmosphere and the mesosphere/lower thermo-
sphere (MLT) region at 80 { 100 km and also the thermosphere/ionosphere. They are
�ltered by the middle atmosphere wind jets, so that their distribution and variability at
MLT heights reect the dynamical conditions below. On the other hand, GW deposit
momentum to the mean ow of the upper atmosphere, and therefore they are important
for maintaining the circulation of the MLT and thermosphere. Thus, observations of GW
and their variability and trends are necessary to obtain a comprehensive picture of MLT
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and thermospheric wind and temperature drivers, and to interpret long-term variations of
the upper atmosphere dynamics in connection with lower atmosphere climate variability
and trends.

Long-term observations of MLT and upper atmosphere GW are sparse. Oliver et al.
(2013) indicated that GW activity at ionospheric altitudes could be increasing since the
1970s. Limited observations from radar and from space showed that GW trends in the
middle atmosphere are regional and unstable. Ho�mann et al. (2011) reported positive
GW trends over Northern Germany from 1990 { 2011 in the height range 80 to 88 km.
On the other hand, Jacobi (2014) reported negative trends above 83 km in summer and a
weak indication of no or positive trends below. These observations referred to the time
interval 1984 { 2007. From 14 years of satellite observations 2002 { 2015, Liu et al.
(2017) reported insigni�cant trends during most months at the midlatitude MLT, but
negative trends in July. Since the time intervals considered by these investigations di�er,
the contradicting results may indicate unstable trends. However, also the considered GW
period ranges and observational �lters of the di�erent methods may as well inuence the
results.

To summarize, it is unclear, whether or not GWs at MLT heights exhibit long-term
trends, and how these are globally distributed if they should exist. To enlarge the available
database of GW proxies, we here present long-term analyses of wind variances from 1984
to 2023, based on wind observations made at Collm (51.3°N, 13.0°E). The time series
consists of data obtained with two di�erent methods. In Section 2, the observations, as
well as the method of calculation of the GW proxies, and the combination of the data
based on di�erent measurements are described. In Section 3 we present a GW long-term
climatology, estimates of linear trends, and selected results on interannual variability.
Section 4 concludes the paper.

2 Observations

At Collm, MLT winds had been measured from December 1959 to 2008 by the low
frequency (LF) spaced receiver (D1) method using the sky wave of di�erent commer-
cial radio transmitters (e.g., Sprenger and Schminder, 1967). Radio waves from several
transmitters had been used, including Zehlendorf near Berlin on 177 kHz. The lower
ionospheric reection point of the sky wave registered at Collm is located at 52.11°N,
13.21°E. Horizontal winds have been analysed using the similar fade method at three
receivers with 300 m distance. The applied method makes use of the fact that correspond-
ing maxima or minima of similar fadings of the sky wave are registered at the di�erent
receivers with a time delay with respect to each other, which is proportional to the drift
velocity of electron density uctuation patterns at the LF reection height near 90 km.
The method has been described in detail, e.g., by Schminder and K•urschner (1994). LF
reection heights have been calculated by phase comparisons of the ground wave and
the sky wave in a modulation frequency band near 1.8 kHz (K•urschner et al., 1987). Due
to group retardation the estimated heights are too large, and have been corrected using
an empirical reduction factor based on phase comparisons of the solar semidiurnal tide
based on LF and very high frequency (VHF) meteor radar (MR) observations (Jacobi,
2011). Distributions of the corrected heights are shown in Fig. 1. Note that the reection
heights are changing during the day, and that during summer observations become sparse
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changes are shown in Fig. 2 (b). The data are sorted into six di�erent height gates of
6 km width centred at 82, 85, 88, 91, 94, and 97 km, i.e. at the same height as the MR
mean heights, but with larger bin width. Monthly mean variances are calculated, and
seasonal means are taken as averages over three monthly means.

2.2 Bias correction

For the MR observations, half-hourly wind values attributed to the same heights as for
the LF values are used, and variances are calculated as for the LF observations. Note,
however, that until 2015 a 3-element Yagi antenna was used for transmission, which was
then replaced by crossed dipoles. As a consequence, until 2015 the meteor counts in
east-west direction were much higher than in north-south direction. Due to the lower
count rates, statistical errors in the meridional half-hourly means are larger than in the
zonal component. Since 2016, owing to the use of crossed dipoles, a much more regular
meteor distribution is observed, and zonal and meridional variances, on average, are of
the same order of magnitude. Fig. 3 (a) shows monthly zonal and meridional variances
based on uncorrected MR half-hourly winds. Until 2015, meridional variances are larger
than zonal ones by a nearly constant factor of about 1•8, while from then on the ratio
of zonal/meridional variances is close to unity. In 2020 and 2021, disturbances from
a commercial transmitter at Collm hill in south direction from the radar are visible, so
that the meridional variances during that time are 40% larger than the zonal ones. The
right panel (Fig. 3 (b)) shows the MR wind variance time series after correction for these
errors.

LF and MR winds and variances have been obtained by quite di�erent methods.
Therefore, it is expected that variances obtained by the two methods di�er. In particular,
LF observations tend to underestimate the winds at higher altitudes, and meridional LF
winds show a bias towards smaller amplitudes (Jacobi et al., 2009). Here we did not
perform a mean wind correction such as, e.g., in Jacobi et al. (2015, 2023), but directly
corrected the variances based on their comparison during the period of overlapping
measurements from August 2004 to August 2007. Examples for uncorrected LF variances
at 88 km together with corrected MR values are shown in Fig. 4 (a). Meridional LF
variances are smaller than zonal ones. Di�erences between LF and MR results depend

(a) (b)

Figure 3:Monthly zonal and meridional variance at 88 km height based on MR half-
hourly winds (a) uncorrected data (b) after correction of meridional variances.
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(a) (b)

Figure 4:Monthly zonal and meridional variance at 88 km height. MR values have
been corrected for uneven meteor distribution and external disturbances (a) without LF
variance correction (b) after LF variance correction.

on season. The complete time series including corrected LF and MR variances are
shown in Fig. 4 (b). We note a clear seasonal cycle, as well as some interannual and
quasi-decadal variability.

3 Results

In this section, we present the long-term mean climatology of wind variances over Collm,
as well as an estimation of long-term trends. These analyses are based on total variances,
i.e.,D02 ¸ E02. Furthermore a brief presentation of interannual variability is given.

3.1 Seasonal cycle

The long-term mean variance climatology based on the combined LF and MR dataset is
shown in Fig. 5. At altitudes above approx. 88 km, the seasonal distribution is dominated
by a winter maximum. Minimum values are seen during equinoxes, and a very weak
secondary summer maximum is visible. At lower altitudes, the summer maximum
exceeds the winter one, which at 82 km becomes very weak. This distribution di�ers
from the one shown by Jacobi et al. (2006) and Jacobi (2014) based on LF observations
alone. Their results only included the lower part of the height range, and therefore they
found the summer maximum, and only a tendency for the winter maximum at higher
altitudes. Furthermore, since Jacobi et al. (2006) and Jacobi (2014) did not apply a
correction for the zonal-meridional wind bias (Jacobi et al., 2009), their meridional
variances especially at greater altitudes became substantially smaller, without a winter
maximum.

A winter GW energy maximum has been reported, e.g., by Ho�mann et al. (2011),
who also showed a summer maximum and equinox minimum at altitudes around 85 km,
as it is seen in Fig. 5. Note that these results referred to a di�erent period window and
only qualitative agreement can be expected. The same was shown for a single year by
Ho�mann et al. (2010). They also presented numerical model results that qualitatively
con�rmed these results.
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Figure 5:Long-term (01/1984 { 03/2023) mean total variancesD02 ¸ E02 based on LF
and MR observations. Standard deviations based on monthly means are added as black
lines.

3.2 Long-term trends

From earlier LF observations at Collm, Jacobi (2014) has reported positive GW trends in
winter and negative ones in summer. These trends, however, were not very strong, and in
most months and height regions not signi�cant, while there was a strong quasi-decadal
signature visible, with variance increasing with solar activity within the 11-year Schwabe
cycle. In Fig. 6 we show the seasonal (3-monthly) mean total variances at 88 km. Linear
trends are added in the �gure. In winter, the trend is slightly positive, while in spring
and summer GWs decrease with time and there is no trend at 88 km in autumn. This
is qualitatively consistent with the earlier LF results. However, the quasi-decadal cycle
visible during the earlier years is strongly reduced since the 2000s. Note that the variance
minima in the middle of the 1980s and 1990s are consistent with similar minima in the
thermosphere as shown by Oliver et al. (2013, their Figure 2). Their time series also
did not include such minima after the year 2000, which is also consistent with Fig. 6.
The large variance changes the 1980s and 1990s lead to low signi�cance levels in trend
estimation. It should also be noted that winter trends after the year 2000 are weak and
possibly even reversed. These trend changes may be connected with background wind
trend changes at that time as it has been reported by Jacobi et al. (2023).

As it has already been shown by Jacobi (2014), the observed GW trends di�er with
height. In Fig. 7 we show linear trend coe�cients for di�erent seasons and heights.
Standard errors and 95% con�dence levels are added. Note that we do not show results
for the uppermost level, because due to the sparsity of LF data at that heights there
are data gaps even when seasonal means are regarded. In winter, trends are generally
positive, but they increase in magnitude at lower and upper altitudes. A similar tendency
for the height distribution of trends is visible in spring and summer, i.e., while in the
middle of the considered height interval the trends are negative during these seasons,

Wiss. Mitteil. Inst. f. Meteorolo. Univ. Leipzig Band 62 (2024)

7



(a) (b)

(c) (d)

Figure 6:Seasonal mean total variances for (a) DJF, (b) MAM, (c) JJA, and (d) SON
over Collm at 88 km altitude. Linear �ts are added. Dashed lines show 95% con�dence
bands. Note the di�erent scaling for DJF.

they turn towards less negative and even positive values at the lower and upper height
gates. Thus, the positive (although insigni�cant) trend in summer at 82 km is consistent
with the results by Ho�mann et al. (2011). During autumn, long-term trends are weaker
and except for the 85 km height gate, not signi�cant.

3.3 Interannual variations

In Figure 8 running periodograms, based on monthly mean zonal and meridional vari-
ances during 12-year data windows each, are shown. The �gure shows the quasi-decadal
variability in the �rst half of the observations. After the turn of the millennium, this
signal vanishes, but later reappeared, although with smaller amplitude. Especially in the
meridional variance, one also notes interannual variations in the 3{4 and quasi-biennial
time scale. Circulation patterns like El Ni~no Southern-Oscillation (ENSO) or the Quasi-
Biennial Oscillation (QBO) inuence the middle atmosphere at mid- to high latitudes at
these time scales. ENSO signatures are visible throughout the stratosphere and meso-
sphere (Ermakova et al., 2019), but in the MLT the signal may depend on the considered
time interval and the height (Jacobi et al., 2017; Liu et al., 2023). This may be a reason
for the intermittent signature on 3{4 year signals in Figure 8. The QBO strongly inu-
ences the winter middle atmosphere through the so-called Holton-Tan e�ect (Holton and
Tan, 1982; Karami et al., 2023) on stratospheric warming frequencies during di�erent
QBO phases. A clear QBO signal in mean MLT winds over Collm is not visible, but
LF reection heights do show such variability (K•urschner and Jacobi, 2003; Peters and
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(a) (b)

(c) (d)

Figure 7:Seasonal mean trend slopes at 82 - 95 km altitudes for (a) DJF, (b) MAM, (c)
JJA, and (d) SON over Collm. Error bars show standard errors. Blue lines show upper
and lower 95% con�dence levels.

Entzian, 2015). These reection heights show the integrated signature of mesospheric
temperatures. Thus, a possible QBO e�ect on MLT GW is conceivable.

4 Conclusions and outlook

We have shown wind variances calculated from half-hourly wind di�erences in MLT
observations by two di�erent methods, namely the LF spaced received method and
observations by MR. We have applied a bias correction and thus were able to present
monthly means and time series from 1984 to 2023 in an altitude range from 82 to
97 km. The long-term mean variances exhibit a winter maximum, and a secondary
summer maximum especially visible in the upper mesosphere and less clearly in the lower
thermosphere. This distribution is qualitatively consistent with earlier observations and
model results (Ho�mann et al., 2010, 2011).

GW activity in the MLT changes with time. In the lower thermosphere, during most
seasons a positive trend is visible, consistent with literature results (Oliver et al., 2013). In
the MLT, trends are mostly negative, while in the upper mesosphere there is a tendency for
positive trends again. While the latter is consistent with other reported trends (Ho�mann
et al., 2011), our results are not statistically signi�cant and need to be interpreted with
care.

GW amplitudes vary at di�erent time scales. In particular, there is a quasi-decadal
oscillation, which is strongly expressed during the �rst half of our time series, but then
vanishes and reappears later with smaller amplitude. This is qualitatively consistent with
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(a) (b)

Figure 8:Running periodograms of (a) zonal and (b) meridional variance based on
monthly data at 88 km altitude.

results by Oliver et al. (2013). Other variability at the QBO and ENSO time scales of a
few years may be connected with these circulation patterns, but this remains to be proven.

Long-term trends, decadal, and interannual changes of GW activity in the MLT may
be a signature of GW-mean ow coupling in the middle atmosphere. Future analyses
therefore should combine mean wind and GW observations, preferably also at lower
altitudes in the mesosphere. For this, partial reection radars such as the Juliusruh one
(e.g., Jaen et al., 2022, 2023) could be employed.

Acknowledgements: This work was supported by the German Research Foundation
(DFG) through grant JA 836/47-1.
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Summary: In fall 2022, disdrometer measurements were carried out at the MyDiv
experiment in Bad Lauchst•adt for six weeks. One optical Thies laser disdrometer was
set up in the open �eld and a second one in a series of monoculture plots of tree com-
munities. After several precipitation events, the disdrometer below canopy was moved
to a di�erent monoculture plot. The measurements aimed to investigate precipitation
throughfall characteristics under di�erent tree species compared to the disdrometer in
open land. This paper �rst gives a brief overview about the measurement campaign and
the instrumentation. Afterward, the data quality and �ltering of the data are explained.
This is followed by the data evaluation, in which both, the number of hydrometeors, and
the amount and intensity of precipitation under the tree species are analyzed in com-
parison to the open �eld disdrometer. In addition, the precipitation amount is analyzed
across tree species of di�erent foliage density.

Zusammenfassung: Im Herbst 2022 wurden auf dem Gel•ande des MyDiv Experi-
ments in Bad Lauchst•adt •uber sechs Wochen hinweg Distrometermessungen durchgef•uhrt.
Dabei wurde ein optisches Thies Laser Distrometer unter freiem Himmel und ein zweites
in eine Reihe von Monokulturparzellen gestellt. Nach einigen Niederschlagsevents wurde
das Disdrometer unter dem Kronendach in eine andere Monokulturparzelle versetzt.
Das Ziel der Messungen war dabei, die Niederschlagscharakteristika unter verschiede-
nen Baumarten im Vergleich zum Distrometer zu untersuchen. In dieser Arbeit wird
zun•achst ein kurzer•Uberblick •uber die Messkampagne und das Messger•at gegeben.
Im Anschluss wird die Datenqualit•at und Filterung der Daten erl•autert. Daraufhin
folgt die Datenauswertung, in der sowohl die Anzahl der Hydrometeore als auch die
Menge und Intensit•at der Niederschlagsereignisse unter den Baumarten im Vergleich
zum freistehenden Distrometer analysiert wird. Dar•uber hinaus wird weiterf•uhrend
die Niederschlagsmenge auch zwischen Messungen unter Baumarten verschiedener Be-
laubungsdichte untersucht.
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1 Introduction

Tree canopy interaction with precipitation is composed of three components: stemow,
interception, and throughfall. Stemow describes the precipitation that falls onto the
leaves and branches of the tree and is channeled to the stem, on which it ows down
to the ground. Interception on the other hand describes the fraction of precipitation
that remains on the leaves and evaporates from there (Bellot et al. (1999) and Levia
et al. (2017)). However, part of the precipitation also reaches the ground, either by
splashing and dripping of the leaves or by falling through the canopy without any
interaction. All these types of precipitation below a tree's canopy combined are called
throughfall. It is important to characterize throughfall as it inuences both the water
balance of the respective tree and surrounding soil as well as the uxes of latent and
sensible heat above the canopy (Wilson et al. (2001) and Hsieh et al. (2022)). This study
aims to characterize the precipitation throughfall under di�erent tree species. For this
purpose, disdrometer data from a six-week measurement campaign from fall 2022 in
Bad Lauchst•adt (Germany) is analyzed.

2 Measurement campaign and instrumentation

The measurement campaign took place from August 30 to October 12, 2022, at the
MyDiv experiment in Bad Lauchst•adt. The MyDiv experiment consists of 80 plots of
tree species mixtures or monocultures, covering 11 m x 11 m each. The trees were seven
years old at the time of the measurement campaign. One disdrometer was placed in
the open �eld to measure gross, undisturbed precipitation characteristics, and the other
one was placed in the center of a speci�c tree plot. During the entire measurement
campaign, the disdrometer under trees was placed in tree plots with monocultures and
was moved to a new plot with a di�erent tree species after a few precipitation events to
study the e�ects of di�erent species on throughfall. This was repeated seven times until
the end of the measurement campaign. During the campaign, the distance between the
two disdrometers varied between 34 m and 87 m. Figure 1 shows the two disdrometers
during the measurement campaign. With one being located in open land (left) and one
below the trees, here the photo shows Birch exemplarily. An overview of the di�erent tree
species/plots and the corresponding times when the disdrometer was located in them can
be found in Table 1. Note that under the last tree species (European Ash), no precipitation
was recorded.
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Figure 1:Disdrometers during the measurement campaign, on the left the disdrometer
in the open land, on the right the disdrometer under trees in a plot of birch (Betula
pendula). Images by Andreas Foth.
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Table 1:Tree species number (1st column) with plot numbers (2nd column), a photo of the canopy of the
tree species from below (3rd column) and further information (name of the tree species, period in which
the disdrometer measured in the tree species plot, foliage density, number of recorded precipitation
events in the period) (4th column). Images by Anna Trosits.

Nr. Plot number MyDiv Photo of the canopy Further information (time in CEST)

1 22

- Hornbeam
- 30.08. (13:00) { 07.09.2022 (11:30)
- Foliage density: Medium foliage
- Number of precipitation events: 2

2 27

- Birch
- 07.09. (11:30) { 09.09.2022 (10:30)
- Foliage density: Medium foliage
- Number of precipitation events: 3

3 33

- Horse Chestnut
- 09.09. (10:30) - 16.09.2022 (11:00)
- Foliage density: Thin foliage
- Number of precipitation events: 7

4 19

- Sycamore maple
- 16.09. (11:00) { 19.09.2022 (12:00)
- Foliage density: Medium foliage
- Number of precipitation events: 10

5 31

- Cherry
- 19.09. (12:00) { 22.09.2022 (10:00)
- Foliage density: Medium foliage
- Number of precipitation events: 2

6 47

- Sessile Oak
- 22.09. (10:00) { 28.09.2022 (09:30)
- Foliage density: Dense foliage
- Number of precipitation events: 5

7 56

- European Beech
- 28.09. (09:30) { 05.10.2022 (12:30)
- Foliage density: Dense foliage
- Number of precipitation events: 10

8 61

- European Ash
- 05.10. (12:30) { 12.10.2022 (09:30)
- Foliage density: Thin foliage
- Number of precipitation events: 0
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To characterize the precipitation, two optical disdrometers from the Adolf Thies GmbH
& Co. KG were used (Thies (2022)). These instruments have a laser diode that emits
a laser band (20 mm x 0.75 mm) in the near infrared range (785 nm). This laser band
travels a distance of 228 mm before it is detected by a photodiode and is converted into an
electrical signal. These 228 mm x 20 mm x 0.75 mm denote the measurement volume.
If a hydrometeor passes through the measuring volume, the laser signal is attenuated.
The size of the particle can be deduced from the amplitude of the attenuation and its
fall velocity from the duration of the attenuation. The hydrometeors are divided into 22
�nite diameter and 20 �nite fall velocity bins. The bin width increases as the value of
the measured variable increases. This means that small fall velocity/diameter bin values
have a small bin width and large fall velocity/diameter bin values have a large bin width.
An average bin value can be determined by the arithmetic mean of the upper and lower
bin edges for all bins. These bin averages cover a spectrum from 0.125 mm to 8.5 mm
for the diameters and 0 m s� 1 to 20 m s� 1 for the fall velocities, respectively. From the
size and fall velocity spectrum of the registered hydrometeors further parameters such
as the amount and intensity of precipitation (subdivided into the thermodynamic states
of liquid and solid and their sum), precipitation type (e.g. rain, snow, hail) as well as
visibility and radar reectivity are determined.
The measured and calculated data is then stored in a dataset with a frequency of one
minute. A more detailed description of the classi�cation algorithm of the measuring
system is provided in Trosits et al. (2023).

3 Methodology and data analysis

A total of 40 precipitation events were detected by the disdrometers during the measure-
ment campaign. Due to a gap in measurements for the disdrometer under the canopy
for a precipitation event on 16.09.2022, one event had to be discarded from the analysis.
Therefore, 39 precipitation events remain for the analysis. The detection of a precipitation
event was carried out manually based on the amount of precipitation, the precipitation in-
tensity, and the size and fall velocity distribution of the registered hydrometeors. During
this process, precipitation events with short temporal interruptions and similar charac-
teristics in precipitation intensity as well as their size and fall velocity distribution have
been merged into one precipitation event. The manual selection was necessary because
especially the disdrometer in open land, but to a smaller extent also the disdrometer
under trees, produced interference signals in the data which would distort automated
precipitation event detection algorithms and thereby produce false precipitation events
in the analysis. These interference signals could be caused, for example, by spider webs,
insects, or pollen. Despite the manual �ltering of the precipitation events, some interfer-
ence signals remain in the dataset and superimpose with the actual hydrometers during
a precipitation event. In the observations, one can see that the interference signals are
characterized by small particle diameters, but cover the entire fall velocity spectrum (not
shown here).
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To reduce the inuence of these disturbances during the precipitation events, hydrom-
eteors with small diameters and unrealistically high fall velocities were �ltered out.
Equation 1 was de�ned empirically for this purpose. The following applies to �ltered
hydrometeors:

E� 73 ¡ 2– (1)

with:

E= Fall velocity of the hydrometeors in m s� 1 (bin average)
3 = Diameter of the hydrometeors in mm (bin average)

For the analysis of the precipitation amount across di�erent foliage densities, the pre-
cipitation events were subdivided into three groups depending on the foliage density of
the tree species in which the disdrometer under the canopy was located during the event.
Statistical correlations are calculated for the foliage density groups. Precipitation events
during which a higher precipitation amount was measured under trees than in the open
land are treated separately. Besides the smaller amount of precipitation below canopy,
there is also a delay of the precipitation onset below the trees. Especially, the dense
foliage from Sessile Oak retards throughfall up to 20 minutes, while thin and medium
dense foliage only produces delays of maximal 10 minutes. A systematic shift of the
intensity development of precipitation could not be found.

4 Results and discussion

Figure 2 shows for each precipitation event, the number of �ltered hydrometeors (Figure
2a), the amount of precipitation (Figure 2b) and the maximum precipitation intensity
(Figure 2c) for the disdrometer in open land (turquoise) and the disdrometer below
canopy (green) for each precipitation event. Figure 2 provides a general overview of
the precipitation events, that were characterized in the measurement campaign. It can
be seen that for most events all three variables have larger values for the disdrometer in
open land than for the one under trees. The measurements under horse chestnut trees are
an exception: The amount and intensity of precipitation is often higher under these trees
than on the free �eld. This e�ect could be explained on the one hand by small-scale
variability in the precipitation events, so that the distance between the two disdrometers
(34 -87 m) already has a signi�cant inuence on the precipitation amount, but on the
other hand also by the tree canopy structural complexity. The precipitation falling onto
the canopy is also partially diverted to the sides, similar to a house roof, where it falls to
the ground. The disdrometer could have been located exactly under one of these places
where the collected rainwater falls to the ground.
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Figure 2:Number of hydrometeors (a), Precipitation amount (b) and Precipitation
intensity (c) per precipitation event for the disdrometer under trees (green) and the
disdrometer in open land (turquoise). European Ash is not shown because no
precipitation events occurred when the disdrometer was placed inside the plot of this
tree species.
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Figure 3 shows the amount of precipitation from the disdrometer in open land compared
to the amount of precipitation from the disdrometer under trees. A distinction was made
between the di�erent foliage densities (colors), and the duration of the precipitation event,
represented by data points of di�erent sizes. In addition, those precipitation events in
which a higher amount of precipitation was measured under trees than in open land were
marked in red and the foliage density was retained as a colored edging. Linear �ts and
correlation coe�cents were calculated for the various foliage densities, except for thin
foliage. Below trees with thin foliage a higher amount of precipitation was recorded
under trees compared to the disdrometer in open land for the majority of the precipitation
events, thus the statistical meaningfulness is not given for the two remaining precipitation
events where this was not the case. Figure 3 clearly shows that the amount of throughfall
is highly correlated with the gross precipitation in open land. A linear relationship is
often assumed in the literature (Xiao et al. (2000), Xiao and McPherson (2011), Liu et al.
(2018), Magliano et al. (2019) and Blume et al. (2022)). However, it is known that the
relationship is non-linear, especially for small amounts of precipitation (Magliano et al.
(2019) and Li et al. (2019)). This is the case because the hydrometeors fall onto the
canopy and initially contribute exclusively to moistening the leaves, branches, and the
stem. This surface water then evaporates again over time. Thus, for low precipitation
amounts, no throughfall will be recorded. With higher amounts of precipitation, the
surfaces are increasingly moistened. The additional water then can no longer remain
on the leaves and stem and is diverted downwards, where it can then be detected by the
disdrometer. The moistening of the leaves and the ratio of precipitation detected by the
disdrometer thus follow saturation curves (Nanko et al. (2008) and Sadeghi et al. (2018)).
The saturation curves are inuenced by the foliage density, among other parameters. With
dense foliage, there is signi�cantly more leaf surface, which can be moistened initially,
but also continuously. For this reason, it is expected that under a tree with dense foliage
higher amounts of precipitation are required to detect any throughfall at all, but also
that saturation (wetting of the surfaces) takes longer than with thin foliage (G�omez et al.
(2001), Sadeghi et al. (2018) and Nooraei Beidokhti and Moore (2021)). These described
characteristics could also be observed in our �eld experiment.
Figure 4 shows the amount of precipitation at the disdrometer in open land in relation to
the ratio of the amount of precipitation from the disdrometer under trees to the disdrometer
in open land (under trees / in open land). A distinction was made between the di�erent
foliage densities (colors), and the duration of the precipitation event, represented by data
points of di�erent sizes. In addition, those precipitation events in which a higher amount
of precipitation was measured under trees than in open land were marked in red and
the foliage density was retained as a colored edging. Saturation curves and correlation
coe�cients were calculated for medium and dense foliage. Below trees with thin foliage
a higher amount of precipitation was recorded under trees compared to the disdrometer in
open land for the majority of the precipitation events, thus the statistical meaningfulness
is not given for the two remaining precipitation events where this was not the case.
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It can be seen that for the same amount of gross precipitation, signi�cantly more precipi-
tation is measured under trees with medium foliage than with dense foliage. In addition,
the saturation curve (function) is steeper for medium foliage compared to dense foliage.
There is also a signi�cant o�set (shift from the zero point) for dense foliage. Only above
a precipitation amount of 0.23 mm± 0.16 mm any throughfall at all is recorded under
the trees. At six precipitation events under dense foliage, no precipitation was recorded
under the canopy.

Figure 3:Relation between the amount of precipitation from the disdrometer in open
land and the disdrometer under trees for all precipitation events subdivided by foliage
density. A linear relationship is assumed.

Figure 4:Relation between the amount of precipitation from the disdrometer in open
land and the ratio of the two precipitation amounts (under trees / in open land), for all
precipitation events subdivided by foliage density.
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Figure 5a shows the relative frequency of hydrometeors in relation to their diameter for
the disdrometer under trees (green) and the disdrometer in open land (turquoise). The
relative frequency was calculated in relation to the total number of registered hydrom-
eteors of the corresponding disdrometer. Due to the di�erent bin sizes, the measured
values were weighted with the respective bin width. The absolute di�erence between
the relative frequencies (under trees - in open land) of the two diameter distributions is
shown in Figure 5b. It was found that hydrometeors under trees are on average 0.08 mm
(18 %) smaller than the hydrometeors measured in open land. The variance of the mea-
sured hydrometeors under trees is also 22 % smaller. Overall, the distribution shows a
very large surplus of hydrometeors under trees of up to 0.31 mm and a surplus in the
open land for all larger diameters. Hydrometeors larger than 2 mm hardly exist in both
distributions (Figure 5a). Figure 5c shows the relative frequency of hydrometeors in
relation to their fall velocity under trees (green) and in open land (turquoise). In Figure
5d the absolute di�erence between the relative frequencies (under trees - open land) of
the two fall velocity distributions is shown. There is a shift towards smaller fall velocities
visible under trees. The mean fall velocity is 0.40 m s� 1 (19.3 %) lower than in the open
land. The hydrometeor fall velocity distribution under trees also shows a signi�cantly
lower variance (-37.5 %) compared to the disdrometer in open land. A closer analysis
reveals that, similar to the distribution of the hydrometeor diameter, there is a surplus
of hydrometeors under trees in the low fall velocity range up to 2 m s� 1, a de�cit above
this value and hardly any hydrometeors measured above a fall velocity of 7 m s� 1. The
reduced frequency of large hydrometeors (Figure 5a) with high fall velocities (Figure 5b)
shows that only few strong convective rain events were observed. On the other hand, it
is striking that, in contrast to the diameter distribution, the largest di�erence in the fall
velocity distributions is not in the �rst bin. On one hand, this can be explained by the
fact that tiny and slow hydrometeors are physically rare, as their fall velocities are easily
balanced by updrafts. In addition, the slow fall velocity increases the probability that the
rain drops completely evaporate on their way to the ground (Marshall and Palmer (1948)
and Ulbrich (1983)). The small surplus in the range of very slowly falling hydrometeors
for the disdrometer in open land could be explained by the increasing probability of
interactions with a leaf at very low fall velocities. Due to the movement of the tree crown
in the wind, the leaves only temporarily block the direct path of the hydrometeors to the
disdrometer. If the hydrometeors are extremely slow, they are no longer able to pass
through the vertical expansion of the leaves in the remaining time and interact with them.
The vertical expansion of a leaf is signi�cantly inuenced by the angle and geometry of
the leaf. This increased �ltering of the small and slow hydrometeors would not be given
for the open land disdrometer.

Overall, it becomes clear that there is a channeling of the droplets into characteristic,
predominantly smaller and slower areas of the hydrometeor diameter and fall velocity
spectrum. These �ndings are generally congruent with the observations of Levia et al.
(2017) and Li et al. (2019), even though these papers focused primarily on large hydrom-
eteors, as these are disproportionately involved in the measured throughfall volume and
have a signi�cantly greater inuence on the biogeochemical processes on the ground.
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Figure 5:Hydrometeor diameter distribution (a), absolute di�erences of relative
frequencies of the two hydrometeor diameter distributions (b), hydrometeor fall velocity
distribution (c), and absolute di�erences of relative frequencies of the two hydrometeor
fall velocity distributions (d) of all precipitation events combined from the disdrometer
under trees (green) and the disdrometer in open land (turquoise).

5 Summary and outlook

We found that throughfall is strongly correlated with the gross precipitation. In principle,
the more precipitation falls, the more canopy throughfall exists. However, with very
small amounts of precipitation, depending on the density of the foliage, it can happen
that no precipitation at all is measured under the tree. This occurred six times during our
measurement campaign. The denser the foliage, the higher the required minimum amount
of precipitation, to measure any throughfall at all under the foliage. For precipitation
amounts greater than this minimum precipitation amount, the portion of precipitation, that
passes through the tree crown follows saturation curves, whose slope is also inuenced
by the foliage density. The thinner the foliage, the steeper the rise of the saturation curve
and the sooner saturation sets in.
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During the measurement campaign, there were also some precipitation events during
which signi�cantly higher amounts of precipitation were recorded with the disdrometer
under trees than with the disdrometer in open land. These events could be explained on
the one hand by small-scale variability in the precipitation events, but on the other hand
also by the tree canopy structural complexity. The disdrometer could have been located
exactly under one of the places where the collected rainwater from the crown falls to
the ground. This could also explain why the majority of these events took place under
the same tree species (horse chestnut). Overall, the measurement campaign showed that
the hydrometeors under trees are on average 18 % smaller and 19 % slower than the
hydrometeors recorded at the disdrometer in open land. Furthermore, the variance of
the distributions was reduced by 22 % (hydrometeor diameter) and 38 % (fall velocity)
due to the foliage. Thus, the canopy caused a channeling into increasingly smaller and
slower areas of the fall velocity/diameter distribution. The canopy splash mainly causes
these changes.
Finally, this study also shows that some improvements and further research are necessary
to complement the �ndings. The data volume of 39 precipitation events is too small for
a statistical analysis. This increases the uncertainties in the results obtained. In order
to obtain statistically more robust results, the measurement campaign would need to
be repeated over a longer period. Additionally, simultaneous, extensive terrestrial laser
scan observations would be helpful, to better distinguish between dense, medium and thin
foliage and to determine species-speci�c di�erences. Other parameters that inuence the
amount of precipitation under trees should also be investigated, such as the tree crown
geometry and lower edge height or leaf-speci�c characteristics such as leaf area, leaf
angle, leaf geometry, hygroscopicity, and many more. Extended measurements would
help to characterize the variability below the tree canopy and surrounding areas and thus,
for example, would help to identify areas that receive signi�cantly more precipitation
than what would be the case in open land conditions, as precipitation water from di�erent
areas of the tree canopy collects there. Therefore, an analysis on a tree species-speci�c
basis with several disdrometers under one tree species would be bene�cial. In a broader
context, this would allow further conclusions about soil erosion processes and plant
physiological characteristics. An extended study could also investigate the inuence of
tree crowns on snowfall size distributions. Currently, the dependence of meteorological
variables is investigated with the data from fall 2022, which is also used in this study. The
correlations of wind/gust speeds and relative humidity to the hydrometeor spectrum under
trees are currently examined. Independently of that, the data from the Thies disdrometer
under trees can also be compared with other precipitation measuring devices. Although
the Thies disdrometer shows good agreement with other precipitation measuring devices
for typical precipitation diameter and fall velocity distributions (Guyot et al. (2019) and
Fehlmann et al. (2020)), as the distribution under trees deviates from this, signi�cant
errors can occur in the built-in precipitation type classi�cation. This results in errors
when calculating the amount of precipitation, that still need to be quanti�ed.
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Master Thesis Summary:

Dynamics of Arctic Oscillation in aerosol forcing scenario:
Implication to lapse rate feedback

Al Hajjar, K.

Summary: The near-surface air temperature increases globally after the year 1880.
This increase di�ers spatially and by season, and is greater over the Arctic during
winter than in the rest of the world. The largest contributor to global warming is the
anthropogenic emissions of greenhouse gases. Further, the emission of anthropogenic
aerosols also signi�cantly impacts the climate. It is estimated that the aerosols have
a cooling e�ect over most of the globe, but they contribute to warming in the Arctic.
Beside the global warming, the climate uctuates naturally. One pattern in the climate
variability is known as the Arctic Oscillation. It refers to variations in the atmospheric
extratropical circulation in the northern hemisphere. This work contains analysis of
the impact of aerosol forcing on the Arctic Oscillation in winter. Using the model
output from the Radiative Forcing Model Intercomparison Project (RFMIP), endorsed
by the sixth Coupled Model Intercomparison Project (CMIP6), this study investigated
the impact of aerosols on the Arctic Oscillation. The results illustrate that the Arctic
Oscillation is modi�ed by the aerosol forcing by being more positive and less extreme on
average compared to the pre-industrial conditions, especially in the winter. The resulting
climate from the impact is a warmer Arctic region and colder regions in the lower latitude.
During each of the positive and negative Arctic Oscillation phases, the extreme warm
and cold winters have become less extreme over most of the globe, except over the Arctic,
where the extremely warm winters have become warmer. The extreme dry winters have
become wetter in most of the northern hemisphere. On the other hand, the extremely
wet winters have become drier in most regions at the lower latitudes. Additionally, the
atmospheric aerosol impacts the eddy-driven jet stream by shifting it southward during
the positive phase and northward during the negative phase. Furthermore, the lapse rate
feedback is positive over the Arctic and most of central and northern Eurasia and negative
over most regions at the lower latitudes. It has a strong negative correlation with the
di�erential atmospheric cooling and has a weak dependence on the lower tropospheric
stability. The forcing of other agents also impacts the Arctic Oscillation by making it
more positive. The magnitude of the impacts di�ers by the agent and magnitude of the
forcing.
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Zusammenfassung der Bachelorarbeit: 
 

Welchen Einfluss haben Aerosole von Vulkanausbrüchen und 
Waldbränden auf das Auftreten von Zirruswolken? 

 
Themel, P. 

 
 
Zusammenfassung:  

Diese Bachelorarbeit untersucht den Einfluss von Aerosolen aus Vulkanausbrüchen 
und Waldbränden auf das Auftreten von Zirruswolken. Die Untersuchung basiert auf 
Daten des CALIPSO-Satelliten und konzentriert sich auf spezifische Ereignisse wie 
die Vulkanausbrüche von Chaitén, Kasatochi, Sarychev, Puyehue-Cordón Caulle, 
Nabro, Kelud und Hunga Tonga-+XQJD�+D¶DSDL�VRZLH�GLH�:DOGEUlQGH�LQ�.DQDGD�LP�
Sommer 2014, die Black Summer Buschfeuer 2019/2020 in Australien und die russi-
schen Waldbrände im Sommer 2021. Zur Analyse der Einflüsse wurden die Anoma-
lien des Zirrusbedeckungsgrades im Vergleich zum Mittelwert der Jahre 2007 bis 2022 
genutzt. Diese Anomalien wurden in den Abwindbereichen der Ereignisse in den 12 
Monaten vor und nach dem Ereignis untersucht und auf statistische Signifikanz ge-
prüft. Die Ergebnisse zeigen, dass Vulkanausbrüche tendenziell zu einer Reduktion der 
Zirrusbedeckung führen, wobei die Stärke und Dauer dieser Veränderungen variieren. 
Waldbrände hingegen verursachen eine Erhöhung der Zirrusbedeckung. Obwohl viele 
der beobachteten Veränderungen statistisch nicht signifikant sind, deuten die Daten 
darauf hin, dass vulkanische Aerosole eine kühlende Wirkung haben könnten, indem 
sie die Zirrusbewölkung verringern. Waldbrände hingegen könnten durch die Erhö-
hung der Zirruswolkenbildung zur globalen Erwärmung beitragen. Dies könnte wiede-
rum zu einer Zunahme der Waldbrandhäufigkeit führen, da wärmere und trockenere 
Bedingungen häufiger auftreten. 
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Bachelor Thesis Summary / Zusammenfassung der Bachelorarbeit:

Characterization of throughfall below di�erent tree species

Charakterisierung des Kronendurchlass und durchfallenden
Niederschlags unter verschiedenen Baumarten

Urban, J.

Summary: The bachelor thesis was included as a detailed LIM article in the current
volume. The text was adopted from this.
Tree canopy interaction with precipitation is composed of three components: stem�ow,
interception, and throughfall. Stem�ow describes the precipitation that falls onto the
leaves and branches of the tree and is channeled to the stem, on which it �ows down
to the ground. Interception on the other hand describes the fraction of precipitation
that remains on the leaves and evaporates from there. However, part of the precipitation
also reaches the ground, either by splashing and dripping of the leaves or by falling
through the canopy without any interaction. All these types of precipitation below a
tree's canopy combined are called throughfall. It is important to characterize throughfall
as it in�uences both the water balance of the respective tree and surrounding soil as
well as the �uxes of latent and sensible heat above the canopy. To characterize the
precipitation throughfall under di�erent tree species, disdrometer measurements were
carried out at the MyDiv experiment in fall 2022 in Bad Lauchstädt for six weeks. One
optical Thies laser disdrometer was set up in the open �eld and a second one in a series of
monoculture plots of tree communities. The tree species were subdivided into trees with
thin, medium, and dense foliage density. After several precipitation events, the disdrometer
below canopy was moved to a di�erent monoculture plot. This was repeated seven times
until the end of the measurement campaign. During the measurement campaign, a total
of 39 precipitation events at which the second distrometer was located underneath seven
di�erent tree species, were measured. Before the actual analysis, a �ltering mechanism
was applied due to interference signals in the data.
In the analysis of the bachelor thesis, it was found that throughfall is strongly correlated
with the gross precipitation. In principle, the more precipitation falls, the more canopy
throughfall exists. However, with very small amounts of precipitation, depending on the
density of the foliage, it can happen that no precipitation at all is measured under the
tree. This occurred six times during the measurement campaign. The denser the foliage,
the higher the required minimum amount of precipitation, to measure any throughfall at
all under the foliage. For precipitation amounts greater than this minimum precipitation
amount, the portion of precipitation, that passes through the tree crown follows saturation
curves, whose slope is also in�uenced by the foliage density. The thinner the foliage,
the steeper the rise of the saturation curve and the sooner saturation sets in. During
the measurement campaign, there were also some precipitation events during which
signi�cantly higher amounts of precipitation were recorded with the disdrometer under
trees than with the disdrometer in open land. These events could be explained on one
hand by small-scale variability in the precipitation events, but on the other hand also by
the tree canopy structural complexity. The disdrometer could have been located exactly
under one of the places where the collected rainwater from the crown falls to the ground.
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This could also explain why the majority of these events took place under the same tree
species. Furthermore, the bachelor thesis showed that temperature as a meteorological
parameter has no signi�cant in�uence on the amount of precipitation or the number
of hydrometeors below the tree canopy. Similarly, no correlation could be established
between the ratio (under trees/undisturbed) of the average values of the diameter and
fall velocity spectra of the recorded hydrometeors. Overall, the measurement campaign
showed that the hydrometeors under trees are on average 18 % smaller and 19 % slower
than the hydrometeors recorded at the disdrometer in open land. Furthermore, the variance
of the distributions was reduced by 22 % (hydrometeor diameter) and 38 % (fall velocity)
due to the foliage. Thus, the canopy caused a channeling into increasingly smaller and
slower areas of the fall velocity/diameter distribution. The thicker the foliage, the greater
the decrease in fall velocity and hydrometeor diameter. The canopy splash mainly causes
these changes. However, other e�ects, such as precipitation falling directly and unhindered
through the leaf canopy or the accumulation of precipitation on the leaves before dripping
down, could also be detected in the spectra. Statements regarding the in�uence of the
amount or intensity of precipitation on the distributions are only possible to a limited
extent, as there is a high correlation between the size and fall velocity distribution under
trees with the distributions of the distrometer in open �eld, which might be explained by
a large portion of drops falling unhindered through the canopy. It can just be assumed that
a high precipitation intensity reduces the occurrence probability of large hydrometeors
(>1 mm) and increases the probability of small hydrometeors (<0.5 mm). In addition, the
fall velocity spectrum shows that there are more slower hydrometeors (<1.5 m s� 1) and
fewer fast hydrometeors (>4 m s� 1) at high precipitation intensity rates.
Finally, the bachelor thesis concludes that some improvements and further research are
necessary to complement the �ndings. The data volume of 39 precipitation events is
small for a statistical analysis. This increases the uncertainties in the results obtained. In
order to obtain statistically more robust results, the measurement campaign would need
to be repeated over a longer period. Additionally, simultaneous, extensive terrestrial laser
scan observations would be helpful, to better distinguish between dense, medium and thin
foliage and to determine species-speci�c di�erences. Other parameters that in�uence the
amount of precipitation under trees should also be investigated, such as the tree crown
geometry and lower edge height or leaf-speci�c characteristics such as leaf area, leaf
angle, leaf geometry, hygroscopicity, and many more. Extended measurements would
help to characterize the variability below the tree canopy and surrounding areas and thus,
for example, would help to identify areas that receive signi�cantly more precipitation than
what would be the case in open land conditions, as precipitation water from di�erent areas
of the tree canopy collects there. Therefore, an analysis on a tree species-speci�c basis
with several disdrometers under one tree species would be bene�cial. In a broader context,
this would allow further conclusions about soil erosion processes and plant physiological
characteristics. An extended study could also investigate the in�uence of tree crowns on
snowfall size distributions . Independently of that, the data from the Thies disdrometer
under trees can also be compared with other precipitation measuring devices. Although
the Thies disdrometer shows good agreement with other precipitation measuring devices
for typical precipitation diameter and fall velocity distribution, as the distribution under
trees deviates from this, signi�cant errors can occur in the built-in precipitation type
classi�cation. This results in errors when calculating the amount of precipitation, that
still need to be quanti�ed.
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Zusammenfassung: Die Bachelorarbeit wurde als ausführlicher LIM-Artikel in den
aktuellen Band aufgenommen. Von diesem erfolgte eine Textübernahme.
Die Interaktion von Baumkronen mit dem Niederschlag setzt sich hauptsächlich aus
drei Komponenten zusammen: Stammab�uss, Interzeption und Kronendurchlass. Der
Stammab�uss beschreibt den Niederschlag, der auf die Blätter und Äste des Baumes
fällt und zum Stamm geleitet wird, von wo aus er zum Boden ab�ieÿt. Die Interzeption
hingegen beschreibt den Teil des Niederschlags, der auf den Blättern verbleibt und von
dort verdunstet. Ein Teil des Niederschlags erreicht jedoch auch den Boden. Geschieht
dies durch Aufplatzen auf, oder Abtropfen von Blättern nennt man dies Kronendurchlass.
Fällt der Niederschag ohne jegliche Interaktion durch das Kronendach, spricht man vom
durchfallenden Niederschlag. Es ist wichtig, den Kronendurchlass und durchfallenden
Niederschlag zu charakterisieren, da er sowohl den Wasserhaushalt des jeweiligen Baumes
und des umgebenden Bodens als auch die Flüsse latenter und fühlbarer Wärme oberhalb
der Baumkrone beein�usst. Um den Kronendurchlass und durchfallenden Niederschlag
unter verschiedenen Baumarten zu charakterisieren, wurden im Herbst 2022 auf dem
Gelände des MyDiv-Experiments in Bad Lauchstädt über sechs Wochen lang Distrom-
etermessungen durchgeführt. Dabei wurde ein optisches Thies Laser Distrometer unter
freiem Himmel und ein zweites in eine Reihe von Monokulturparzellen gestellt. Die Bau-
marten wurden in Bäume mit dünner, mittlerer und dichter Belaubung eingeteilt. Nach
mehreren Niederschlagsereignissen wurde das zweite Distrometer von einer Monokul-
turparzelle in eine andere Monokulturparzelle versetzt. Dies wurde bis zum Ende der
Messkampagne insgesamt siebenmal wiederholt. Während der Messkampagne wurden
39 Niederschlagsereignisse gemessen, bei denen sich das zweite Distrometer unter sieben
verschiedenen Laubbaumarten befand. Vor der eigentlichen Auswertung wurde aufgrund
von Störsignalen in den Daten ein selbst entwickelter Filtermechanismus angewendet.
Bei der Auswertung der Daten wurde herausgefunden, dass der Kronendurchlass und
durchfallende Niederschlag stark mit dem Niederschlag unter freiem Himmel korre-
liert ist. Grundsätzlich gilt: Je mehr Niederschlag fällt, desto mehr Kronendurchlass
und durchfallender Niederschlag ist vorhanden. Bei sehr geringen Niederschlagsmengen
kann es jedoch je nach Dichte des Kronendachs vorkommen, dass gar kein Nieder-
schlag unter dem Baum gemessen wird. Dies ist während der Messkampagne sechsmal
vorgekommen. Je dichter die Belaubung ist, desto höher ist die erforderliche Mindest-
niederschlagsmenge, um überhaupt einen Kronendurchlass und durchfallenden Nieder-
schlag unter der Baumkrone zu messen. Bei Niederschlagsmengen, die über dieser Min-
destniederschlagsmenge liegen, folgt der Anteil des Niederschlags, der die Baumkrone
durchdringt, Sättigungskurven, deren Steigung ebenfalls von der Belaubungsstärke bee-
in�usst wird. Je dünner die Belaubung ist, desto steiler steigt die Sättigungskurve an
und desto schneller setzt die Sättigung ein. Während der Messkampagne gab es auch
einige Niederschlagsereignisse, bei denen mit dem Distrometer unter Bäumen deutlich
höhere Niederschlagsmengen gemessen wurden als bei dem Distrometer unter freiem
Himmel. Diese Ereignisse könnten einerseits durch die kleinräumige Variabilität der
Niederschlagsereignisse, andererseits aber auch durch die strukturelle Komplexität der
Baumkronen erklärt werden. Das Distrometer könnte sich genau unter einer der Stellen
befunden haben, an denen das gesammelte Niederschlagswasser von der Baumkrone
auf den Boden fällt. Dies könnte auch erklären, warum die meisten dieser Ereignisse
unter ein und demselben Baumart stattfanden. Darüber hinaus zeigte die Bachelorarbeit,
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dass die Temperatur als meteorologischer Parameter keinen signi�kanten Ein�uss auf
die Niederschlagsmenge oder die Anzahl der Hydrometeore unterhalb der Baumkronen
hat. Ebenso konnte keine Korrelation zwischen dem Verhältnis (unter Bäumen/unter
�reiem Himmel) der Mittelwerte der Durchmesser- und Fallgeschwindigkeitsspektren
der registrierten Hydrometeore festgestellt werden. Insgesamt zeigte die Messkampagne
jedoch, dass die Hydrometeore unter Bäumen im Durchschnitt 18 % kleiner und 19 %
langsamer sind als die am Distrometer unter freiem Himmel gemessenen Hydrome-
teore. Darüber hinaus wurde die Varianz der Verteilungen durch die Baumkrone um
22 % (Hydrometeordurchmesser) und 38 % (Fallgeschwindigkeit) verringert. Somit be-
wirkte die Baumkrone eine Kanalisierung in kleinere und langsamere Bereiche der
Verteilung von Hydrometeorfallgeschwindigkeit und Hydrometeordurchmesser. Dabei
konnte gezeigt werden, dass je dichter das Blätterdach war, desto gröÿer war die Ab-
nahme der Hydrometeorfallgeschwindigkeit und des Hydrometordurchmesser. Diese
Veränderungen werden hauptsächlich durch das Aufplatzen von Tropfen auf den Blättern
verursacht. Aber auch andere E�ekte, wie direkt und ungehindert durch das Blätterdach
fallender Niederschlag oder die Akkumulation von Niederschlag auf den Blättern vor
dem Herabtropfen, konnten in den Spektren nachgewiesen werden. Aussagen über den
Ein�uss der Niederschlagsmenge bzw. -intensität auf die Verteilungen sind dagegen
nur bedingt möglich, da eine hohe Korrelation zwischen der Hydrometeordurchmesser-
und Hydrometeorfallgeschwindigkeitsverteilung unter Bäumen mit den entsprechenden
Verteilungen des Distrometers unter freiem Himmel besteht, was durch einen groÿen
Anteil von Tropfen, die ungehindert durch das Kronendach fallen, erklärt werden kön-
nte. Es kann daher nur vermutet werden, dass eine hohe Niederschlagsintensität die
Auftretenswahrscheinlichkeit von groÿen Hydrometeoren (>1 mm) verringert und die
Wahrscheinlichkeit von kleinen Hydrometeoren (<0,5 mm) erhöht. Auÿerdem zeigt das
Hydrometeorfallgeschwindigkeitsspektrum, dass es bei hohen Niederschlagsintensitäten
mehr langsamere Hydrometeore (<1,5 m s� 1) und weniger schnelle Hydrometeore (>4 m
s� 1) gibt.
Abschlieÿend kommt die Bachelorarbeit zu dem Schluss, dass einige Verbesserungen
und weitere Forschung notwendig sind, um die Ergebnisse zu komplementieren. Die
Datenmenge von 39 Niederschlagsereignissen ist für eine statistische Auswertung ger-
ing. Dies erhöht die Unsicherheiten in den erhaltenen Ergebnissen. Um statistisch
belastbarere Ergebnisse zu erhalten, müsste die Messkampagne über einen längeren
Zeitraum wiederholt werden. Auÿerdem wären gleichzeitige, umfangreiche terrestrische
Laserscan-Beobachtungen hilfreich, um besser zwischen dichter, mittlerer und dünner
Belaubungsstärke zu unterscheiden und baumartspezi�sche Unterschiede zu ermitteln.
Auch andere Parameter, die die Niederschlagsmenge unter Bäumen beein�ussen, sollten
untersucht werden, wie z.B. die Kronengeometrie und die Baumkronenuntergrenze oder
blattspezi�sche Merkmale wie Blatt�äche, Blattwinkel, Blattgeometrie, Hygroskopizität
und vieles mehr. Ausgedehnte Messungen würden dazu beitragen, die Variabilität unter
der Baumkrone und den umgebenden Flächen zu charakterisieren und so z.B. Bereiche
zu identi�zieren, die deutlich mehr Niederschlag erhalten als dies unter freiem Him-
mel der Fall wäre, da sich dort Niederschlagswasser aus verschiedenen Bereichen der
Baumkrone sammelt. Daher wäre eine baumartenspezi�sche Analyse mit mehreren Dis-
trometern unter einer Baumart von Vorteil. In einem breiteren Kontext würde dies weitere
Schlussfolgerungen über Bodenerosionsprozesse und p�anzenphysiologische Merkmale
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ermöglichen. In einer erweiterten Studie könnte auch der Ein�uss von Baumkronen auf die
Schnefallgröÿenverteilung untersucht werden. Unabhängig davon können die Daten des
Thies Distrometers unter Bäumen auch mit anderen Niederschlagsmessgeräten verglichen
werden. Zwar zeigt das Thies Disdrometer bei typischen Hydrometeordurchmesser-
und Fallgeschwindigkeitsverteilungen eine gute Übereinstimmung mit anderen Nieder-
schlagsmessgeräten, da die Verteilung unter Bäumen jedoch davon abweicht, kann es
zu erheblichen Fehlern bei der eingebauten Niederschlagsartenklassi�zierung kommen.
Dies führt zu Fehlern bei der Berechnung der Niederschlagsmenge, die noch quanti�ziert
werden müssen.
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Anzahl der Studierenden am Institut f •ur Meteorologie

Bachelor of Science Meteorologie
Datum Semester 1.FS 2.FS 3.FS 4.FS 5.FS 6.FS 7.FS 8.FS 9.FS 10.FS ¡ 10.FS gesamt

15.10.23 WS 23/24 33 1 31 18 16 7 1 3 110
15.10.22 WS 22/23 55 25 23 16 2 5 2 128
15.10.21 WS 21/22 40 27 24 4 12 4 1 112
15.10.20 WS 20/21 34 1 32 7 21 9 2 2 1 109
15.10.19 WS 19/20 58 17 12 9 96
15.10.18 WS 18/19 48 14 9 5 76
15.10.17 WS 17/18 37 17 7 5 66
15.10.16 WS 16/17 48 7 5 3 63
15.10.15 WS 15/16 35 5 9 3 52
15.10.14 WS 14/15 35 14 15 3 3 1 71
15.10.13 WS 13/14 39 23 21 13 4 100
15.10.12 WS 12/13 60 29 1 22 2 16 1 2 133
15.10.11 WS 11/12 60 27 26 1 19 1 134
15.10.10 WS 10/11 64 34 20 118
15.10.09 WS 09/10 67 21 20 108
15.10.08 WS 08/09 71 28 12 111
15.10.07 WS 07/08 98 15 113
13.12.06 WS 06/07 31 31

Master of Science Meteorologie / Meteorology
Datum Semester 1.FS 2.FS 3.FS 4.FS 5.FS 6. FS 7. FS ¡ 7. FS gesamt

15.10.23 WS23/24 9 10 9 8 4 2 42
15.10.22 WS22/23 11 8 11 4 5 2 41
15.10.21 WS21/22 8 13 21
15.10.20 WS20/21 14 4 6 1 3 1 29
15.10.19 WS 19/20 9 5 5 19
15.10.18 WS18/19 5 5 9 19
15.10.17 WS 17/18 5 9 10 24
15.10.16 WS 16/17 9 13 17 39
15.10.15 WS 15/16 13 19 18 50
15.10.14 WS 14/15 19 18 16 53
15.10.13 WS 13/14 18 16 20 54
15.10.12 WS 12/13 18 20 1 15 54
15.10.11 WS 11/12 21 17 10 48
15.10.10 WS 10/11 20 9 5 34
15.10.09 WS 09/10 11 11

Diplom Meteorologie (bis 2013)
Datum Semester 1.FS 2.FS 3.FS 4.FS 5.FS 6.FS 7.FS 8.FS 9.FS 10.FS ¡ 10.FS Meteo. Dipl.

15.10.2013 WS 13/14 2 2
17.10.2012 WS 12/13 3 3
16.10.2011 WS 11/12 3 3
15.10.2010 WS 10/11 14 14
15.10.2009 WS 09/10 14 7 21
15.10.2008 WS 08/09 14 23 1 25 63
15.10.2007 WS 07/08 22 26 1 18 2 19 88
13.12.2006 WS 06/07 40 36 24 2 14 1 17 175
15.10.2005 WS 05/06 109 49 30 2 16 1 17 1 13 237
08.12.2004 WS 04/05 97 35 1 20 19 12 1 15 200
03.12.2003 WS 03/04 68 1 25 20 1 13 1 12 1 13 155
14.10.2002 WS 02/03 45 19 16 15 1 12 1 9 118
06.12.2001 WS 01/02 43 21 16 13 7 5 105
07.12.2000 WS 00/01 41 1 27 22 8 6 1 6 112
01.12.1999 WS 99/00 40 24 9 9 6 1 6 95
16.12.1998 WS 98/99 36 11 17 1 9 1 5 8 88
10.11.1997 WS 97/98 29 17 10 1 8 7 4 76
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$EJHVFKORVVHQH�$UEHLWHQ�LP�)DFKJHELHW�0HWHRURORJLH�LP�-DKU������
�
�
$EJHVFKORVVHQH�%DFKHORUDUEHLWHQ��
�
%HQHGLNW��/HRQDUG�
5lXPOLFKH�9DULDELOLWlW�GHV�1LHGHUVFKODJV�DXV�0HVVXQJHQ�PLW�GUHL�LGHQWLVFKHQ�
/DVHUQLHGHUVFKODJVPRQLWRUHQ�
�
+DIWPDQQ��/HQD�
(USUREXQJ�HLQHU�QHXHQ�0HWKRGH�]XU�%HVWLPPXQJ�PLQHUDOLVFKHU�(LVNHLPH�
�
/DQJH��&KDUORWWH�
'HULYDWLRQ�RI�SDUWLFOH�VL]H�DQG�OLTXLG�ZDWHU�IUDFWLRQ�RI�$UFWLF�VQRZ�VXUIDFHV�IURP�
DLUERUQH�PHDVXUHPHQWV�
�
$VVHQEDXP��$PHOLH�
$XIEDX�XQG�&KDUDNWHULVLHUXQJ�HLQHV�([SHULPHQWV�]XU�8QWHUVXFKXQJ�YRQ�
6HNXQGlUHLVSUR]HVVHQ�
�
6WDOOPDFK��$QMD�.DWKULQ�
$QDO\VLV�RI�WKH�PHWHRURORJLFDO�VLWXDWLRQ�GXULQJ�WKH�S\UR&E�RXWEUHDNV�RI�WKH�$XVWUDOLDQ�
1HZ�<HDU�:LOGILUH���������
�
+DUWPDQQ��5DOI�
%RXQGDU\�/D\HU�$HURVRO�DQG�,FH�)RUPDWLRQ�
�
8UEDQ��-RQDV�
&KDUDNWHULVLHUXQJ�GHV�.URQHQGXUFKODVV�XQG�GXUFKIDOOHQGHQ�1LHGHUVFKODJV�XQWHU�
YHUVFKLHGHQHQ�%DXPDUWHQ�
�
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�
5RJJLVFK��/HQD�
5HOHYDQFH�RI�DQWKURSRJHQLF��$HURVRO�IRU�IRJ�RFFXUHQFH�DQG�LQWHQVLW\��
�
7KHPHO��3DXOLQH�
:HOFKHQ�(LQIOXVV�KDEHQ�$HURVROH�YRQ�9XONDQDXVEU•FKHQ�XQG�:DOGEUlQGHQ�DXI�GDV�
$XIWUHWHQ�YRQ�=LUUXVZRONHQ"�
�
6•KULJ��$QQD�
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'HXWVFKODQG�
�
.HOOHUPDQQ��0RQD�6RSKLD�
([DPLQLQJ�DHURVRO�SURSHUWLHV�GXULQJ�DQ�$UFWLF�+D]H�HYHQW�LQ�1\�cOHVXQG�
�6YDOEDUG��XVLQJ�WHWKHUHG�EDOORRQ�DQG�JURXQG�EDVHG�PHDVXUHPHQWV�
�
:ROIUDP�0LFKHOOH�6RSKLH�
%HVWLPPXQJ�GHU�:RONHQEDVLVK|KH�PLW�XQWHUVFKLHGOLFKHQ�0HWKRGHQ�
�
�
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�
+LUFKH��3DVFDO�
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�
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%LRORJLFDO�LFH�QXFOHL�LQ�DLU�DQG�UDLQZDWHU�VDPSOHV��VWXGLHV�RQ�LFH�QXFOHDWLQJ�SRWHQWLDO��
PDFURPROHFXODU�FRPSRVLWLRQ�DQG�PRUSKRORJ\�
�
6HLGHO��-RKDQQD�
,V�VHFRQGDU\�LFH�SURGXFWLRQ�DV�FRQVHTXHQFH�RI�FROOLVLRQV�EHWZHHQ�VXSHUFRROHG�
GURSOHWV�DQG�LFH�SDUWLFOHV�D�UHOHYDQW�SURFHVV"��$�ODERUDWRU\�LQYHVWLJDWLRQ�
�
%DGHU��1LFR��
&DQ�&RQYHFWLYH�,QLWLDWLRQ�SURYLGH�,QGLFDWRUV�IRU�&RQYHFWLYH�6HYHULW\"�
�
*DVW��%HQHGLNW�
,PSOHPHQWDWLRQ�RI�D�IOXRUHVFHQFH�FKDQQHO�LQ�D�PXOWLZDYHOHQJWK�OLGDU�V\VWHP�WR�
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�
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7+(,5�,&(�18&/($7,21�327(17,$/��
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6LPXODWHG�&ORXG�'LVWULEXWLRQV�
�
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�
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FRQWHQW�LQ�DUFWLF�ERXQGDU\�OD\HU�FORXGV�
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