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INFRASOUND SIGNATURES FROM NATURAL HAZARDS:
MODELLING AND SOURCE DISTINCTION

CHRISTOPH PILGER, CARSTEN SCHMIDT, KATHRIN HOPPNER AND MICHAEL BITTNER
DLR-DFD, OBERPFAFFENHOFEN, CHRISTOPH.PILGER@DLR.DE

Research concerning infrasound and infrasonic
sources is performed at the German Remote
Sensing Data Center of the German Aerospace
Center (fDLR-DFD) with special regard to sig-
natures from natural hazards.

Infrasound is sub-audible sound (below human
hearing, <16 Hz) and is generated by a huge
variety of different sources. These include
natural and artificial (man-made) signatures as
e.g. severe weather and storms, active volca-
noes and eruptions, meteoroids, earthquakes,
tsunamis, avalanches, mountain associated
waves, rocket starts, supersonic flights and
explosions. Sound waves are pressure pertur-
bations (areas of compressed and depressed
air) which propagate in the atmosphere. Espe-
cially infrasound as low-frequency sound with
little attenuation can travel over very long dis-
tances in the atmosphere and can be detected
hundreds and thousands of kilometres afar.
Infrasound is detectable in pressure and tem-
perature fluctuations (see figures 1 and 2) and
therefore also detectable in temperature time
series.

The DLR-DFD operates the GRIPS-
spectrometer (Ground-based Infrared P-branch
Spectrometer) at the UFS to monitor the tem-
perature of the so called ‘airglow layer’ in the
mesopause altitude region (at ~87 km height).
These measurements are amongst other things
investigated with regard to infrasound signa-
tures from different natural hazards.
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Fig.1: Infrasound propagation in the atmosphere in-
cluding attenuation (in dB) for a 0.1 Hz surface source
signal.
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Modelling

The modelling of infrasound propagation is
performed at the DLR-DFD using the numeri-
cal model HARPA/DLR. The propagation of
an infrasonic signal from e.g. a surface point
source into the atmosphere can be described by
ray-tracing methods. This modelling is com-
bined with the use of climatologies to describe
the atmospheric background (e.g. HWM-93/
MSISE-00 for horizontal wind and temperature
fields). Furthermore atmospheric attenuation
and geometric spreading are implemented as
weakening processes and the decreasing back-
ground air pressure is implemented as amplifi-
cation process for a sound signal in the atmos-
phere.

Figure 1 shows a standard sound propagation
pattern regarding attenuation processes in a
relative pressure unit. Figure 2 shows the
sound propagation pattern for temperature
fluctuations also regarding the amplification
process. Minor fluctuations near the ground are
increased to detectable orders of magnitude
within the upper atmosphere.

The strength of an infrasound induced tem-
perature fluctuation directly depends on the
source strength. While weak infrasound
sources only induce signatures in the airglow
layer height of some hundredth of a Kelvin,
strong infrasound sources can induce signa-
tures of some Kelvin, which are detectable
with the GRIPS spectrometer.
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Fig.2: Infrasound propagation in the atmosphere and
induced temperature fluctuations (in K) for a 100 Pa
and 0.01 Hz surface source signal.



Source Distinction

Wave signatures of different infrasound
sources can be distinguished by physical wave
parameters as e.g. wave period, wavelength
and amplitude. These parameters are measured
by ground-base observations of infrasound in
surface air-pressure (measurements using mi-
crobarometers) and airglow intensities (meas-
urements using GRIPS spectrometer) as well
as temperature time series derived thereof.
Figure 3 shows a distinction of different infra-
sound sources by their wavelength and wave
period. Some infrasound sources have a very
narrow period range (e.g. microbaroms: around
5 sec), others vary by some orders of magni-
tude and are also dependent on further source
criteria. Wave period and wavelength of explo-
sions vary for example dependent on the ex-
Elosion yield: The stronger an explosion, the

igher its period and wavelength.
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Fig.3: Wavelengths and periods for different infrasonic
sources (Figure following Bedard, http://www.esrl.
noaa.gov/psd/programs/infrasound/infrasonic.html ).
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Identification of Infrasound Sources,
Example: Severe Weather and Storms

The distinction of signatures using physical
(wave) parameters is a first important step to
identify certain infrasound sources. Further
information concerning the source is neverthe-
less needed for source verification.

The example of severe weather is chosen to
demonstrate the further verification of source
distinction using meteorological observations:
If the parameters of source distinction give
indications on infrasound signatures from se-
vere weather, the tropospheric vicinity of the
GRIPS field of view In 87 km height Is inves-
tigated for areas of high convective available
potential energy (CAPE). CAPE is an indicator
of severe weather potential and may give evi-
dence of infrasound from a meteorological
source, which propagates (following propaga-
tion calculations, see ‘Modelling’? upwards
into the field of view of the measuring instru-
ment.

Figure 4 shows an example for a measurement
night from 5" to 6" November, 2008 using the
GRIPS instrument at the UFS. The temperature
time series observed and the wavelet analysis
performed show_significant signatures in the
severe weather infrasound period region be-
tween 0.5 and 5 min. The corresponding
ECMWF-map shows an area with increased
CAPE-potential in the vicinity of the GRIPS
field of view. Infrasound from this potential
severe weather source could have propagated
into the GRIPS field of view and could have
been detected by GRIPS.
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Fig.4: GRIPS nocturnal temperature time series (upper
left), wavelet analysis (upper right) and ECMWF-
CAPE-analysis (lower) for the night from November, 5"
to 6™, 2008. The GRIPS field of view is visible in the
map as a red trapeze.



THE INTERNATIONAL NETWORK NDMC FOR GLOBAL MONITORING OF THE
UPPER ATMOSPHERE

K. HOPPNER, M. BITTNER, C. PILGER, C. SCHMIDT, S. WILDNER
DLR-DFD, OBERPFAFFENHOFEN, KATHRIN.HOEPPNER@DLR.DE

Mission Statement
The Network for the Detection of
Mesopause Change (NDMC) is a global
program with the initial mission to promote
International cooperation among research
roups investigating the mesopause region
?80-100 km) with the goal of early identifica-
tion of changing climate signals.
This program involves the coordinated
study of atmospheric variability at all time
scales, the exchange of existing know-how,
and the coordinated development of im-
proved observation, analysis techniques and
modelling. The initial emphasis is on
mesopause region airglow techniques utiliz-
ing the existing ground-based and satellite
measurement capabilities.
Scientists investigating the mesopause re-
gion are invited to join the NDMC irrespec-
tive of their research goals and/or meas-
urement techniques (spectrometer, lidar,
radar, ground-based or satellite borne re-
mote sensing devices). NDMC’s current
focus is on documenting climate change and
on understanding couplin? processes ob-
servable at the mesopause level. It is affili-
ated with the Global Atmosphere Watch
(GAW)-program of the World Meteorologi-
cal Organization (WMO) and with the Net-
work for the Detection of Atmospheric
Composition Change (NDACC).

Introduction

NDMC is currently composed of 49 high-
guality, remote-sensing research stations for
observing and understanding the physical and
chemical state of the mesosphere with initial
emphasis on the mesopause (see Fig.1 or at the
NDMC website under http://wdc.dlr.de/ndmc).

Fig.1: Geographical distribution of the 49 measuement
stations in NDMC (status as of November 2010).
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NDMC network operations have officially
started in 2007 based on a founding initiative
of the German Remote Sensing Data Center of
the German Aerospace Center (DLR-DFD). It
is jointly coordinated by the DLR-DFD and the
Argentinean organization CONICET and is
accompanied by an international management
team with re]presentatives of the airglow
community from  Argentina,  Australia,
Germany, Norway and USA. Coordination
centre is the Environmental Research Station
Schneefernerhaus SUFS). The NDMC
management was funded by the Bavarian State
Ministry of the Environment and Public
Health. The overall structure of NDMC is
shown in Fig. 2.
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Fig.2: Overall Structure of NDMC.

NDMC is continuously evolving and plans
new observing sites and facilities (e.g. in
Europe or Africa) in the next years to obtain a
well-balanced dglob_al coverage of its stations to
adequately and reliably assess global issues. It
is also planned — and partly already realized —
to extend the current focus of airglow meas-
urements to other measurement techniques
such as lidar, radar, satellites or modelling.
This also includes the extension to the entire
mesosphere which would then close the gap to
NDACC.

The World Data Center for Remote Sensing of
the Atmosphere éWDC-RSAT), operated by
DLR-DFD, provides the communication and
information platform for NDMC and handles
all aspects of data management and web
hosting.

Research Objectives

The overall question is: Is the climate of the
mesopause region (80-100 km) changing, and
if so, how and why?

The objectives of NDMC are:



- ldentify and quantify climate changes by
monitoring key parameters such as tempera-
tures in the mesopause region, airglow
brightness for the early characterization of
climate signals; Identify and quantify vari-
ability at different time scales such as sea-
sonal variations and solar cycle effects.

- Detection of solar activity effects at all time
scales (“Space Weather”)

- Answering other scientific questions related
to atmospheric dynamics at different time
scales including the description and the
causes of the variability of periodic and
quasi-periodic processes:

- acoustic and gravity waves,

- tides and planetary waves, and

- seasonal and interannual variations. Also,

- eﬁlsodlc events caused by external forcing
shall be monitored.

- Validation of satellite instruments and its use
for intercomparison of ground-based instru-
ments

- Cooperation in the development of instru-
mentation

Fig.3: Temperature trends in the mesopause region (80-
100 km) at different geographical latitudes as reported
in the literature. Modelling studies predict a significant
cooling (“cooling-to-space effect”) of the middle and
upper atmosphere mainly due to increases in carbon
dioxide, whereby temperature time series of ground-
based stations show an inhomogeneous pattern in this
height region. Possible influences of the solar cycle or
changes in the dynamics are ongoing research topics
within NDMC.

Airglow Observations
The airglow is electromagnetic radiation emit-
ted in the upper mesosphere in the visible and
near infrared due to atomic and molecular ex-
citations at these heights. The origin of most
airglow-luminescence is a rather narrow layer
of excited hydroxyl (OH) molecules peaking
around about 87+4 km. The excitation is
caused by the exothermic reaction of ozone
(O3) and atomic hydrogen (H). The other
rominent airglow source is the layer of mo-
ecular oxygen (O,) emitting at a peak altitude
at about 95 km. The rotational temperature
derived from these emissions is directly related
to the kinetic temperature in these heights.
The observation of airglow features bﬁ spec-
troscopic methods is a widely used method for

the determination of upper mesospheric pa-
rameters. DLR-DFD contributes to NDMC
with its own infrared spectrometers GRIPS
(Ground-based Infrared P-branch Spectrome-
ter), which is presently one of the most ad-
vanced OH-instrument. Currently, there are
such GRIPS-instruments routinely operating at
UFS since October 2009 (Fig. 3) and at DLR
in Oberpfaffenhofen since January 2009. The
nightly temperature measurements are avail-
able in near real time at the NDMC website.

NDMC Quality Assurance
- Network Intercomparison -
NDMC has established a common NDMC
database and agreed to implement a data qual-
ity assurance strategy. This implies the need
for repeated intercomparison activities with
comparable measurements and common stan-
dard procedures.
In principle there are three intercomparison
methods: 1) Collocated simultaneous meas-
urements of the instruments to be compared. 2)
Instrument intercomparisons using mobile
instruments. 3) Use of satellite-based transfer
standards. A combination of the three methods
promises optimal results.
For example, collocated simultaneous meas-
urements of the different GRIPS instruments in
(E_ern;r?ny are operationally be performed (see
ig. 4).
Next steps in the network-wide intercompari-
son context will be to establish an operational
intercomparison service for NDMC incorporat-
ing data from all NDMC stations and all suit-
able satellite data with defined coincidence
criteria. There is consensus about the utiliza-
tion of the sensor SABER on board the U.S.
satellite TIMED as transfer standard.
Additionally, a mobile reference standard will
be established travelling to the different
NDMC stations around the globe for more
frequent intercomparison audits.
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Fig.4: Collocated simultaneous measurements of the
different GRIPS instruments located permanently or
temporarily at the German NDMC stations Oberpfaf-
fenhofen (OPN), Schneefernerhaus (UFS), and
Hohenpeissenberg (HPB) from 01 Jan. 2009 to 20 Oct.
2010.



POP FINGERPRINTS IN ALPINE SPRING WATER

Schramm K.-W."?", Fischer N.!, Henkelmann B.!

'Helmholtz Zentrum Miinchen - German Research Center for Environmental Health (GmbH),
Institute of Ecological Chemistry, Ingolstadter Landstr.1, 85764 Neuherberg, Germany
’TUM, Wissenschaftszentrum Weihenstephan fiir Ernahrung und Landnutzung, Department
flr Biowissenschaftliche Grundlagen, Weihenstephaner Steig 23, 85350 Freising, Germany
*corresponding author: schramm@helmholtz-muenchen.de, schramm@wzw.tum.de

Hi%h volume sampling of alpine sprin
water quality allowed the detection o
POP-like organochlorine compounds in
the fg/L range. ) )
Fingerprints of Persistent Organic Pol-
lutants (POP) confirm long range trans-
port and also the transport of the com-
ggbjnds through a bedrock of about
m

Sampling stations close to a remaining
ermafrost-body near the UFS are es-
ablished and will help to investigate the

dynamics between percolating water

and melted ancient water from the per-
mafrost body.

Introduction
Together with emerging exploration of
surface near groundwater to provide the
population with drinking water it becomes
more and more important to develop in-
sight into the presence of POP in drinking
water resources (WFD 2000).
Glaciers are reported to have preserved
depositions in snow and ice from industrial
and agricultural origin, which can be liber-
ated after melting (i%ogde_ll et al. 2009). At
the rock-massive Zugspitze, Germany, a
suitable location was identified in a tunnel
which also }iasses a permafrost ice body
and exhibits locations to sample percolated
water from the above rock and possibly
Eartly melted water from the permafrost
ody. This location is now under perma-
nent observation for the coming years to
characterize the water and the impact of
climate change to the water quality and
quantity.
Methods to elaborate concentrations of
contaminants from large volumes of
groundwater will help to identify tomor-
row’s contaminants of concern. In 1984
US-EPA has set a limit value of 0.013 ]{pq
for 2,3,7,8-TCCD as ambient water-quality
criterion (W(%C)_ which still lacked corre-
‘Sgtz)ondmé analytical approaches (Tondeur
Hart 2009). However, the current limits
of determination for drinking water in
Europe are adjusted to sample volumes of

5

about 1 L. The analytical tools are not ca-
pable to check LOD far below one tenth of
the current limits which is not sufficient to
achieve the abovementioned goals. Thus it
became necessary to develop novel tools to
meet these goals. First attempts and results
about this purpose had been reported
Schramm et al. 2009).

mall and persistent molecules are most
likely to enter the human pathways and are
therefore of major concern to interfere with
biological signal systems. Many trace pol-
lutants with such properties (e.g toxic ele-
ments, pesticides, antibiotics, BFR, PFC,
POPs etc.) being potentially present in
groundwater systems for drinking water
purposes are in the focus of the related
mvestigations with relevance for impacts
on humans and their resources. Many lipo-
philic POP are commonly not believed to
penetrate through the soil column or bed-
rock into groundwater systems which is
unfortunately a dangerous delusion and
elaborated in the following as demonstra-
ble error.
Water from a location close to a permafrost
ice body at the Zugspitz-Rock-Massive
was sampled during periods of weeks per
sample in Sept./Oct. 2009. This activity
will continue as a long-term investigation
during the coming years.

Results and Discussion
The water was investigated about its origin
with respect to the permafrost ice bpdy by
using isotope analysis of "H. Since "H was
resent in a concentration similar to actual
evels, which are unfortunately also in the
range of the periods before the nuclear
fallout, it cannot be concluded that the wa-
ter sampled was influenced by melted
permafrost. However, due to the presence
of the anthropogenic organochlorine POP-
like compounds it must be concluded that
the water received major 1mﬂact of recent
precipitation. In addition the & O/dH-
values of the spring water reflect precipi-
tated waters from autumn rather than other
seasons. Since the water was sampled



Sept./Oct. 2009 it may be concluded that
the passage through the bedrock performs

uite fast.

he results about the hexachlorocyclohex-
anes are examplified in figure 1. Tt is ob-
vious that the gamma-conformer is most
abundant reflecting its major use in Europe
in the past, but also alpha- and beta-
conformers are clearly detectable. How-
ever, all hexachlorocyclohexanes are not
exceeding the limit values of the German
drinking water ordinance. )
For the group of chlorinated and substi-
tuted benzenes a decreasing trend with
decreasing water solubility has been found.
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Fig.1: Fingerprint of hexachlorocyclohexanes and
(substituted) chlorobenzenes in alpine spring water
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DEVELOPMENT OF NOVEL VALIDATION APPROACHES:
IMPACT OF ATMOSPHERIC VARIABILITY ON VALIDATION MEASUREMENTS

SABINE WUST, SABINE HAASE-STRAUB, VERENA KOPP AND MICHAEL BITTNER
DLR OBERPFAFFENHOFEN, SABINE.WUEST@DLR.DE

Satellite-based data and products make a
substantial contribution to observations of
the atmosphere. Quality assurance of these
data is of fundamental importance in order
to interpret measurements and scientific
results based on these. Since there exist defi-
cits between the confirmed quality of satel-
lite-based data and the corresponding user
requirements development of novel valida-
tion approaches is an essential task for more
accurate validation results.

To date, validation is mainly based on rela-
tively simple comparison of satellite-based
data with suitable mostly ground-based meas-
urements. But for functional reasons satellite
and comparison measurements in general do
not correspond precisely in time and space (so
called mistime and misdistance).

altitude [km]
mismateh error [K]

N
(8] (8] (8] o i

Fig.1: Mismatch error in temperature at the UFS
(47.4°N, 11.0°E) for 6h mistime and 375km misdistance
based on ERA-40 data. Quiet layers can be found in
about 9 and 20 km altitude.

Since dynamical effects in the atmosphere lead
to temporal and spatial variability of atmos-
pheric parameters such as temperature or
0zone, a non-zero mistime or misdistance can
cause differences between satellite-based and
validation measurements (so called mistime
and misdistance errors, generally addressed as
mismatch error).

These differences cannot be taken as a hint for
the satellite’s instrument failure. Additionally,
deviations in measurement data that are caused
by differin%1 measurement geometry of the
instruments have to be taken into account (mis-
integration error).

Analysis and quantification of the impact of
natural atmospheric variability on validation
is analysed and quantified as part of the project
SatVal-A.

Generally, the mismatch error is calculated as
average value of differences that occur for a
specific mismatch. As data base for these stud-
ies, mainly ERA-40 (reanalysis of atmospheric
variables) temperature data over a 24-year
i)eriod are used, complemented through satel-
ite as well as radiosonde measurements.

Figure 1 depicts an example of the mismatch
error at the UFS (monthly mean values aver-
aged over the years 1979 to 2002). Indicated
are the variations of the mismatch error in de-
pendance of season and height. According to
the occurrence of atmospheric dynamics, for
example planetary and gravity waves, the natu-
ral impact on validation measurements is in
eneral smaller in the lower stratosphere and in
the summer months but increases in higher
altitudes and during winter time.

Regions, characterized y systematically lower
atmospheric variability, become apparent. In
these so called ‘quiet layers’ comparison of
measurements is much less disturbed by dy-
namical impact, and deviations between satel-
lite-based and validation measurements can
most probably be ascribed to instrumental or
algorithmical failures. Thus, quiet layers offer
the possibility of a more precise interpretation
of validation results.

Another aspect of validation is the most appro-
priate choice of coincidence criteria which
means the maximal mistime and misdistance
between a pair of measurements. A compro-
mise between an acceptable disturbance by
natural variability and a statistical sufficient
number of pairs has to be found.
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Fig.2: Mismatch error in temperature at the UFS for
combinations of mistime and misdistance in zonal direc-
tion (up) and in meridional direction (down) for Janu-
ary averaged over 8 to 65 km height based on ERA-40
data.

The general quantified mismatch error offers
here a basis for decision. Figure 2 points out
the increase of the mismatch error in depend-
ence of mistime and misdistance. In this exam-
ple the misdistance is distinguished in zonal
and meridional direction indicating a faster
increase of the mismatch error for deviations in
meridional direction. This effect is pointed up
in figure 3. It is shown the misdistance error
referring to the UFS as mid-point. With this
information the general resulting mismatch
error for specified coincidence criteria is
known in advance. Also the suitable relation
between mistime, zonal and meridional misdis-
tance becomes apparent.
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Fig.3.: Misdistance error in temperature with respect to
the UFS for January averaged over 8 to 65km height
based on ERA-40 data.



SATVAL-A : ESTABLISHMENT OF A NATIONAL POINT OF CONTACT FOR THE
COORDINATION OF VALIDATION ACTIVITIES
FOR SATELLITE-BASED MEASUREMENTS IN THE ATMOSPHERE
AS PART OF THE UFS

- DEVELOPMENT OF A BUSINESS MODEL -

SABINE HAASE-STRAUB, SABINE WUST AND MICHAEL BITTNER
DLR OBERPFAFFENHOFEN, SABINE.WUEST@DLR.DE

Atmospheric data from satellite measure-
ments are considered an essential source of
information for science, governments and
industry. In contrast to data from all other
measurement platforms satellite-based at-
mospheric data are of global coverage at
homogeneous quality.

The need of assessing the quality of satellite-
based data on the atmosphere (validation)
asOPreciser as possible is of fundamental
and crucial importance: it determines the
benefit and the acceptance of the data and
derived products (see figure 1).

Project goals

Focus of the UFS Project SatVal-A is the de-
velopment of a self-supporting concept for the
establishment of a national point of contact on
the UFS for the coordination of validation
activities of satellite-based measurements in
the atmosphere.

The SatVal-A project comprises several parts:

> assessment of the current and the expected
data and information demand primarily by
the operative user. Emphasis is being
placed on GMES and GEOSS;

> analysis of available validation concepts
and the identification of gaps and general
deficits being present;

» development of new validation methods.
The results are also to stimulate industry
towards the development of novel instru-
mentation.

All results will be summed up in concept pa-
per. Via service and research this point of con-
tact shall supply the expertise for quality as-
surance, required for the unlimited application
of products from satellite-based measurements
for scientific, administrative and commercial
functions.

Due to UFS’ national and international net-
work activities and the interdisciplinary of its
operator consortium, it is predestined for such
a national point of contact.

ENVISAT SCIAMACHY - Analvsed Ozone Loss at 20km Altitude

P
per Day

Feb, 01, 2005

Fig.1: Ozone depletion at height of 20km

Selected results

As a base for the self-supporting concept a
detailed inventory of all present and planned
atmospheric missions (see table 1), of satellite-
based atmospheric data and data products
(from European projects PROMOTE, GEMS,
TEMIS and ENVISOLAR, the Climate Moni-
toring SAF and the WDC-RSAT) and of their
validation was compiled. This covers almost
all European research facilities and the satel-
lite-based observation and modelling of green-
house gases, ozone layer and air quality, on
global and on regional scale.

For validation as quality assurance of respec-
tive data and information products, quality
assurance of applied models, of assimilation
and retrieval methods, validation procedure
and validation data was studied. Political mar-
ket impacts on the business idea were analysed
in-depth, including important competitors and
competing technology In the field of validation



of satellite-based measurements concerning the
atmosphere. European organisations, working
groups and experts (like e.g. CEOS ,,Working
Group on Calibration and Validation“) in-
volved in validation were depicted.

Analysis of requirement and demand on
current and expected data and information for
the operative user with emphasis on GMES
und GEQOSS, are available In comprehensive
surveys and investigations, e.g. final reports by
GAS-Implementation Group and by ESA pro-
ject CAPACITY (Composition of the Atmos-
phere: Progress to Applications in the user
CommunITY). For PROMOTE the application
area (e.g. Montreal Protocol) and needed satel-
lite-based data products, assigned to categories
stratospheric ozone loss, near-surface UV ra-
diation and air quality, and topics climate
change, greenhouse gas and aerosols, also for
sectors science, administration and industry,
were composed.

For an analysis of deficits concerning satellite-
based atmospheric data there exist comprehen-
sive studies with world-wide focus like the
WMO GOS-2009 Dossier “The space-based
global observing system in 2009” and Euro-
pean studies on the future space infrastructure,
I.e. the Sentinels.

Table 1: Section of the inventory of all present and
planned atmospheric satellite missions.

Aktuelle und geplante Atmosphédrenmissionen

Additionally, queried user  requirements
matched with achieved validation results have
been evaluated for PROMOTE services.

These deficits e.g. indicate potential business
fields which are presented in the self-
sustaining concept categorized in activities like
validation support und performance, supplyin
tools and relevant training courses and muc
more.

Project SatVal-A is being carried out under
the umbrella of the Betriebsgesellschaft Um-
weltforschungsstation Schneefernerhaus (BG
UFS GmbH) in close cooperation with DLR
and KIT. It is supported with funds from the
German Federal Ministry for Economy and
Technology by the Raumfahrt-Agentur of the
German Aerospace Center under contract
number 50 EE 07020.
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CosMIC RADIATION

W.RUHM, U. ACKERMANN, G. DONTH, C. HELBIG, T. MACZKA, V. MARES, H.G. PARETZKE,
C. Pi1ocH, S. TRINKL, E. WEITZENEGGER, M. WIELUNSKI
INSTITUT FUR STRAHLENSCHUTZ, HELMHOLTZ ZENTRUM MUNCHEN,;
WERNER.RUEHM@HELMHOLTZ-MUENCHEN.DE

During the period 2009 and 2010, the two
Bonner Sphere Spectrometers (BSSs) of the
Institute of Radiation Protection — one lo-
cated at the UFS at an altitude of 2650 m,
the other on Spitsbergen at seal level at the
Koldewey Station of the Alfred-Wegener-
Institute (AWI) — operated continuously.
The Koldewey Station is a part of the
French - German Arctic Research Base
AWIPEV (the AWIPEV base represents a
cooperation between the German AWI and
the French Polar-Institute Paul Emile Vic-
tor (IPEV)). The station is located in Ny-
Alesund, Spitsbergen, at sea level and a dis-
tance to the North Pole of about 800 km.
Both BSS systems are being used to measure
the spectral fluence distribution of secon-
da&y neutrons from cosmic radiation. In
addition, at the UFS a number of so-called
REM counters are also running, which al-
low continuous measurement of the dose
rate due to secondary neutrons from cosmic
radiation. A first analysis was performed to
compare the spectral fluence distributions
obtained by both BSS systems, and the dose
rates deduced from the BSS spectra at the
UFS and the dose rates measured by the
REM counters. Some results of these analy-
ses are summarised below, and more de-
tailed discussions were published recently
(Rihm et al. 2009a, Rihm et al. 2009b).

Comparison of BSS results obtained at the
UFS and on Spitsbergen

The BSS systems installed at the UFS and at
the Koldewey station are very similar. Theﬁ
consist of 15 proportional counters filled wit
*He gas and covered by polyethylene §PE)
spheres of various thicknesses (diameter of the
spheres: 2.5, 3, 4,5, 5.5, 6, 7, 8,9, 10, 11, 12
and 15 inch, respectively). Depending on
thickness, incident secondary neutrons from
cosmic radiation are moderated and the result-
ing thermal neutrons are detected through the
*He(n,p)°H reaction. As a specific feature, each
spectrometer includes two additional PE
spheres (9 inch in diameter) with lead shells, to
increase the response to high-energy neutrons
above 10 MeV. Finally, a 16" proportional
counter is used in both BSS systems without
any surrounding material (*bare detector”),
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which is mainly sensitive to thermal neutrons
(Figs. 1 and 2).

The detector si?nals are amplified and digi-
tised, and finally analysed in the computer.
The pulse height spectra provided by the detec-
tors are stored, and the count rates are obtained
by integrating over a region of interest that was
defined for each detector before installation
usin_? an Am/Be neutron calibration source.
While the BSS system on the UFS stores the
signals every hour, that on Spitsbergen stores
them every five minutes.

Fig. 2:

Note the white
spheres of the
Bonner Sphere
Sectrometer installed
in the Koldewey
station in Ny
Alesund, Spitsbergen
(Picture: R. Vocken-
roth, AWI).

Because the atmosphere acts as an effective
shield against cosmic radiation, the count rates
obtained by both BSS systems had to be cor-



rected for variations in air pressure. For this,
the formula given in Eg. 1 was used:

Ncor =N 'e[—ﬂ(po—p)] (1)

where N is the observed count rate at a particu-
lar pressure p, and N, is the corrected value at
the reference pressure po. For the barometric
coefficient g, a value of 0.721% per hPa was
used for the measurements at the UFS (Rohrs
1995), while a value of 0.741% per hPa was
used for those at the Koldewey station
(Vashenyuk E, Polar Scientific Center, Apa-
tity, Russia (2008), private communication).

The normalised count rates were then unfolded
by means of the MSANDB unfolding code
(Matzke 1987), a modified version of the
SAND code (McElroy et al. 1967), to calculate
the corresponding spectral neutron fluence
distribution. The detailed response of these
Bonner spheres as a function of neutron energy
that is required for the unfolding procedure
were calculated by means of the MCNP code
below 20 MeV, and a combination of
MCNPH/LAHET for energies above 20 MeV
(Mares et al. 1991; Mares et al. 1998).

Because the location of the UFS is much
higher compared to that of the Koldewe?/ Sta-
tion (2650 m above sea level versus seal level),
the shielding of the atmosphere against cosmic
radiation is much less effective at the UFS. For
the period January — February 2008, the mean
pressure was 999.7 hPa at the Koldevey Sta-
tion and 735.8 hPa at the UFS. From Eq. 1 one
would therefore expect a factor exp(-0.00721 x
(735.8 - 999.7? = 6.7 lower neutron fluence
rate at the Koldewey station compared to that
at the UFS. To correct for that, the mean neu-

3.00E-02 ‘ \ \

tron fluence distribution obtained at the
Koldewey Station in January and February
2008 was multiplied by this factor, and then
compared to the corresponding neutron fluence
distribution measured at the UFS (Fig. 3). The
figure presents the data in the lethargy repre-
sentation — equal areas below the curve corre-
spond to equal numbers of neutrons per second
and cm?, in the corresponding energy intervals.
The major components of the spectrum are: a)
a first peak that is due to thermal neutrons with
energies between 20 and 40 meV b) a second
peak at about 1-2 MeV that originates from
neutrons evaporating from highly excited re-
sidual nuclei, and c) a third peak at about 100
MeV that is due to a broad minimum in the
corresponding  neutron-air reaction  Cross-
sections at high energies.

It is evident from Fig. 3 that, in qualitative
terms, the shape of the two neutron fluence
distributions is quite similar. For a more guan-
titative analysis one should keep in mind, how-
ever, that local parameters such as height of
snow surrounding the laboratories may also
affect the distribution somewhat, particularly
in the energy range below about 20 MeV. A
guantitative comparison of both distributions
should therefore concentrate on the high-
energy part about about 20 MeV. From the
mean UFS spectrum shown in Fig. 3, a total
mean fluence of 3.3 x 107 n / (cm? s) (for a
reference pressure of 735.8 hPa) is obtained for
neutrons with energies above_20 MeV. This
compares to 6.0 x 10° n / (cm?® s) (for a refer-
ence pressure of 999.7 hPa? as obtained from
the mean neutron spectrum for Spitsbergen, for
the same period of time and energies above 20
MeV. The difference corresponds to a factor of
5.5 which is close to the factor of 6.7 discussed

2 50E-02 | - - ——Koldewey Station x 6.7

UFS Schneefernerhaus

2.00E-02 +

1.50E-02 ~

1.00E-02 +

E xd®/dE (cm 2 s™)

5.00E-03 +

0.00E+00

1.E-10 1.E-08 1.E-06 1.E-04

1.E-02 1.E+00 1.E+02 1.E+04

Energy (MeV)

Fig. 3: Mean neutron fluence energy distribution as measured at the UFS and the Koldewey station in January

and February 2008
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above. Note that the effect of geomagnetic
shielding, which is not included in the calcula-
tion of the factor of 6.7 due to lack of reliable
data, may explain part of the fact that a lower
factor of 5.5 was actually observed.
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ANALYSIS OF VOLCANIC EMISSIONS FROM THE EYJAFJALLAJOKULL ERUPTION
AT THE SCHNEEFERNERHAUS

S. GILGE, H. FLENTJE, C. PLASS-DULMER, W. THOMAS AND W. FRICKE
DEUTSCHER WETTERDIENST, METEOROLOGISCHES OBSERVATORIUM HOHENPEIRENBERG,
ALBIN-SCHWAIGER-WEG 10, 82383 HOHENPEIRENBERG, STEFAN.GILGE@DWD.DE

A series of massive eruptions of the
Eyjafjallajokull volcano at the southern
coast of Iceland in April and May 2010
produced large amounts of ash, particles
and sulphur dioxide (SO,) which were then
blown to Central Europe. Highly increased
SO, and particle number concentrations
were observed at the Schneefernerhaus
(UFS) over several days. Measured sulphur
dioxide levels were clearly above the long-
term average for April and May for the
period 2000 — 2007.

1% Phase: April 2010 - Synopsis

The first eruptive period was from 15 April to
25 April 2010. Within 24 hours from the
beginning, large amounts of ash particles and
sulphur dioxide were transported towards
Middle Europe on the front side of a high
pressure system between Iceland and the
British Isles. The emissions reached northern
Germany during the night of 15/16 April, from
where north-westerly winds then carried the
cloud across Germany further south as far as
the alpine area. During the night of 16/17
April, the Lidar systems at Munich detected
the aerosol layer at about 4-6 km above sea
level. In the morning hours of 17 April, the
aerosol cloud began to affect the air mass
above the Schneefernerhaus (2650m), as was
c}?nﬁrmed by the in-situ measurements taken
there.

Sulphur dioxide measuremenst

Since 2000, continuous sulphur dioxide
measurements have been performed at the
Schneefernerhaus using a UV fluorescence
analyser. Local anthropogenic sources around
the Zugspitze play only a minor role, and
typical mixing ratios are below 0.2 ppb. In the
early morning hours of 17 April, SO, mixing
ratios were still perfectly in line with the long-
year median for April, i.e. around 0.1 ppb
(solid brown line in Fig.1). Through the
morning of 17 April, however, the
concentrations rose to 3.5 ppb, which is the
highest value ever measured in April at the
UFS (Fig.1 shows the 99 percentile (brown
dashed line) and the maximum hourly means
(brown dotted line) in April for the period
2000-2007).

SO, concentrations reached a first maximum
during the night of 17/18 April; they went
down during the day to increase again on 19
April and reached a second maximum in the
afternoon. From then on, the values decreased
steadily, falling back to their normal level in
the afternoon of 20 April. After that, they did
not rise again.

Particle measurements

Since 2000, the UFS has also been taking
measurements of particle number
concentrations using a condensation particle
counter (CPC). During the volcanic ash event
of April 2010, particle number concentrations
showed a behaviour which was parallel to that

‘ ‘ ‘ 16000

—35022010 -+ 14000
—— 802 (median 2000-2007)

— -S02 (99-perc. 2000-2007)| | 13000

+ 10000

+ 8000

+ 6000

particle [number/cm?

- 4000

r 2000

0

- - -802 (max. 2000-2007)
particle
25
iy
o
S 20
o)
7]
15 4
1.0 4
05 - WAWWM
0.0 \._l‘\ -~ A W AT N‘Y“V' "'VA -
47113 4115 4117 4719 4121 4123 4125 4127 4129

Fig.1: Time series of SO, mixing ratios (solid brown line) and particle number density (blue) at the
Schneefernerhaus for the period 13 — 29 April 2010. The orange lines show the median (solid), the 99 percentile
(dashed) and the maximum SO2 concentration (dotted) in April for the period 2000-2007.



of SO, values: rapid increase during the
morning of 17 April, decrease during the day
and on 18 April followed by a second strong
increase and maximum on 19 April. From 20
April onward, the values were back at their
normal level (blue line in Fig.1). The parallel
measurements carried out by an optical particle
counter (GRIMM-OPC) at Hohenpeissenberg
produced strongly increased particle number
concentrations for particles between 2 um and
7.5 um of diameter.

2" Phase May 2010: Synopsis

Following a short, relatively silent period, a
second series of outbreaks started on 4 May
and continued until 25 May 2010. The synoptic
situation during this period was highly
variable, so that the conditions for a transport
of emissions towards Central Europe were
given on a few days only. Between 5 and 13
May, large amounts of volcanic ash were
transported across the Atlantic Ocean and
concentrated south and west of Iceland and
partly over some West European Countries
(Portugal, Azores, Spain, Ireland, and western
France). The British Isles and Ireland were
especially affected by ash clouds between 14
May and 16 May 2010. On 17 May, new ash
and sulphur dioxide clouds were carried over
Central Europe due to the north-westerly flow
of air triggered between a low pressure system
east of Iceland and the Azores high extending
as far as the British Isles, while supported by
another rapidly approaching Atlantic low
pressure  system.  Satellite  observations
received from the METEOSAT/ SEVIRI
instrument suggest that, in the night of 17/18
May, both the aged emissions from the heavy
eruptions on 13/14 May and those from the
more recent outbreaks on 15 May had reached
the Benelux countries, eastern France and
North-West Germany.

In the morning hours of 18 May, the cloud had
arrived over the western Alpine area,
Switzerland and later the Italian Po valley. On
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19 May, a low pressure system over south-
eastern Europe carried ash and sulphur
dioxide-loaded air masses from south of the
Alps on its back side back to southern
Germany. Rainfall later on this day concluded
this phase of enhanced SO, and particle
concentrations.

Sulphur dioxide and particle measurements
The sulphur dioxide mixing ratios at the
Schneefernerhaus increased again very rapidly
during the morning hours of 18 May (Fig.2).
Maximum values of about 6 ppb were reached,
which was even higher than during the first
episode in April (3.5 ppb). A second, but less
pronounced peak followed on 19 May. The
sharp increase in particle numbers registered
on 18 May, however, was caused by local
contamination from snow blowers (abruptly
ending at 15:00 CEST) and therefore has
nothing to do with the volcanic emissions. The
increase in SO, mixing ratios at
Hohenpeissenberg (40 km northerly of UFS)
was less pronounced, but still well visible
(Fig.2). Particle numbers at both stations,
however, remained at normal level (except for
the local impact of snow blowers). A possible
reason for this somewhat unexpected
development may be the long-range transport
of air masses, during which the growth of
small particles and sedimentation of large
particles was favoured. The much higher level
of SO, emissions during this second episode
was also confirmed by satellite measurements
(GOME-2, OMI) and airborne measurements
(DLR, Falcon flights).
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Fig.2: Sulphur dioxide mixing ratios (orange line) and particle concentrations (blue line) at the Schneefernerhaus
(SFH) and at HohenpeiRenberg (HPB, brown and magenta lines) for the period 18-20 May 2010. The strong
decrease of SO, values during the night of 18/19 April was very likely caused by local precipitation at both stations.
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STUDY OF RAYLEIGH-BRILLOUIN SCATTERING IN THE ATMOSPHERE WITH
LASER REMOTE SENSING FOR FUTURE SATELLITE MISSIONS

OLIVER REITEBUCH, CHRISTIAN LEMMERZ, BENJAMIN WITSCHAS
DEUTSCHES ZENTRUM FUR LUFT- UND RAUMFAHRT DLR,

INSTITUT FUR PHYSIK DER ATMOSPHARE, OBERPFAFFENHOFEN
OLIVER.REITEBUCH@DLR.DE

Experiments using laser light scattering in
the atmosghere were performed in winter
2009 for the preparation of future satellite
missions of the European Space AFency
ESA. The line shape of Rayleigh-Brillouin
scattering in the atmosphere was measured
with hi%h accuracy for the first time in the
atmosphere, what was achieved in the labo-
ratory up to now. These measurements
agree excellent to model simulations up to a
level of 98%.

Scientists of the Institute of Atmospheric Phys-
ics of DLR performed measurements with a
laser instrument — a lidar — from the environ-
mental research station Schneefernerhaus UFS.
Within the next years this lidar (light detection
and ranging) will fly on a satellite of ESA
within the frame of the Atmospheric Dynamics
Mission ADM-Aeolus.

ADM-Aeolus mission

The ADM-Aeolus mission is planned for
launch in 2013 and should contribute to the
improvement of the numerical weather predic-
tion and the knowledge of dynamic processes
in the atmosphere. The mission will com[i)rise a
lidar for the first time on a European satellite.
A lidar transmits short laser pulses with high
energy into the atmosphere, where they are
scattered on molecules, aerosols, and cloud
particles. A telescope collects the backscat-
tered laser light, which is analgsed in an opti-
cal receiver. The molecules and particles in the
atmosphere move with the wind speed. The
laser pulses are shifted in frequency due to the
Doppler effect, because of the particle move-
ment. This is used to determine the wind speed
in the atmosphere.

Rayleigh-Brillouin scattering

The exact knowleddqe of the spectral distribu-
tion of the scattered light — the line sheﬁ)e —is
needed for the determination of the wind speed
for ADM-Aeolus. Also the second lidar mis-
sion of ESA with name EarthCARE is depend-
ent on the line shape knowledge for the re-
trieval of aerosol properties. Thus the objective
of the experiment at the UFS was to determine
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the line shaﬁe of the Rayleigh-Brillouin scat-
tering with high accuracy by use of an ultra-
stable frequency laser and to validate the un-
derlying theoretical model. This model devel-
oped by the group of Tenti was validated up to
now only in laboratory measurements of gases
with single species and recently in air by Uni-
versity Amsterdam and DLR.

Zugspitze
Rayleigh-Brillouin Summit (2962 m)

Hohe Munde scattered light
Summit (2662 m) / \ A/\

Light scattered Schneefemer-
from hard target haus (2650m)

Fig.1: Rayleigh-Brillouin scattering on a horizontal
laser beam path from the UFS towards south.

Laser measurement of the “fingerprint”
The scientists pointed the laser beam of the
ADM-Aeolus lidar instrument horizontally into
the clear and deep blue sky (Fig. 1 and 2). The
blue sky is resulting from the Rayleigh scatter-
ir}? of sun light on air molecules. Although this
effect was discovered by Lord Rayleigh al-
ready in 1871, it was not possible up to now to
measure the line shape of Rayleigh scattering
recisely in the atmosphere. It is known from
aboratory measurements, that the spectrum is
almost a Gaussian curve due to the thermal
motion of the molecules. Small deviations
from the Gaussian curve by a few percent are
caused by scattering on density fluctuations in
the atmosphere, which is called Brillouin scat-
tering. These deviations can be regarded as the
“fingerprint” of Brillouin scattering. Scientists
from DLR aimed at detecting this “fingerprint”
with laser measurements by sampling the line
shape on more than 200 positions with a reso-
lution of 20 femtometer (one femtometer cor-
responds to 10> m).



Fig. 2: ADM-Aeolus lidar from DLR at the UFS in
2009.

Measurements at UFS in winter 2009

The infrastructure and laboratories at UFS are
ideally suited for this type of sophisticated
laser experiments. The measurements needed
to be performed in winter, because of the at-
mospheric conditions. During winter the at-
mosphere in a height of 2650 m at the UFS is
above the atmospheric boundary layer. Thus
the measurements are not disturbed by Mie
scatterin% on aerosols. The laser could be
pointed horizontally in order to sense air vol-
umes of constant pressure and temperature.
This allows averaging over long horizontal
distances of several kilometres. In addition a
variety of atmospheric parameters, like tem-
perature, pressure or aerosol content is rou-
tinely measured at the UFS, which allows in-
terpretation of the lidar observations.

Aﬁreement with model better 98%

The measurements were compared to the
Tenti model, which was developed in the
1970°s. The model connects macroscopic
gas properties like thermal conductivity
and viscosity to the movement of the single
molecules. [t is used to calculate the veloc-
ity distribution of molecules and therewith
the spectral distribution of the scattered
light. It was necessary to validate the
model, because it was derived for molecu-
lar gases of single species and not for gas
mixtures where the molecules act differ-
ently. Thus the main question was to assess
the ‘quality of the Tenti model for scatter-
ing in air.” Therefore the gias transport coef-
ficients within the model were adapted to
the parameters of air. With this modifica-
tion an agreement between observations
and. model of better than 98% could be
achieved (Fig. 3).

The results of the experimental investiga-
tion at the UFS offer the possibility to un-
derstand the molecular transport processes
better than before. Moreover the results

?lve high confidence, that the errors in the
Idar retrieval are almost negligible. Hence
the results_are an important contripution
for the validation of future lidar missions
like ADM-Aeolus and EarthCARE.
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Fig.3: Fingerprint of the line shape from Brillouin
scattering from Tenti model (red) and horizontal lidar
observations from UFS (black).
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SPECTROSCOPIC MEASUREMENTS OF ATMOSPHERIC TRACE GASES AT THE EN-
VIRONMENTAL RESEARCH STATION SCHNEEFERNERHAUS

KATJA SEITZl, PIETER VALKSZ, MORITZ JURGSCHAT AND ULRICH PLATT!
LINSTITUT EUR UMWELTPHYSIK, UNIVERSITAT HEIDELBERG
2 DEUTSCHES ZENTRUM FUR LUFT UND RAUMFAHRT, OBERPFAFFENHOFEN

During the last decades, the scientific inter-
est in the composition of the atmosphere
increased significantly. Not only the air
quality of the lower part of the atmosphere
(troposphere) is of great importance for
human health and ecosystems, also the
ozone layer in the middle atmosphere
(stratosphere) is substantial for life on
earth. The environmental research station
Schneefernerhaus with its location in the
free troposphere, is the ideal measurement
site to study the composition of both the
troposphere and stratosphere. The applied
measurement technique is the differential
optical absorlotion spectroscopy (DOAS)
method, a well established remote sensin
technique. The set-up, which will be realize
in early 2011, allows direct measurements of
atmospheric trace gases that can be used for
the validation of satellite-based observa-
tions.

Atmospheric trace gases

In the beginning of the 20th century, when the
term ,,smog“ was introduced, the scientific
interest in the composition of the troposphere
grew rapidly. With the discovery of the ozone
hole at the end of the 1970s, the composition
of the stratosphere gained importance as well.
More recently, climate change enforced the
interest in atmospheric trace gases and the
related environmental processes. Also short-
term events such as volcanic eruptions can
affect atmospheric chemistry and can be stud-
ied using DOAS measurements.

Figure 1 shows satellite-based DOAS meas-
urements of sulfur dioxide (SO,) above Europe
between 16 and 18 May 2010 during an erup-
tion of the Icelandic volcano Eyjafjoll. The
measurements show increased SO, concentra-
tions over North-West and central Europe,
including the Zugspitz area. The new DOAS
instrument on the Schneefernerhaus will pro-
vide measurements of the local atmospheric
SO, abundance that are invaluable for the vali-
dation of satellite-based measurements.
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Fig.1: Satellite-based DOAS SO, measurements after

the eruption of the Eyjafjoll on 16-18 May 2010 (from
the GOME-2 instrument onboard the MetOp satellite)

Measurement Site Schneefernerhaus

With its location 2650 meters above sea level
the Schneefernerhaus is based in the free tro-
posphere. The relatively large distance to the
cities Innsbruck (36 km), Augsburg (103 km)
and Munich (89 km), and especially its altitude
make the Schneefernerhaus the ideal location
to study the free troposphere. For example,
pollution events in the free troposphere can be
measured. While the air at this altitude is usu-
ally clean, increased concentrations of free-
tropospheric nitrogen dioxide (NO;) can be
observed: an indication for short- and long-
range transport. These measurements are of
great interest since there are only few instru-
ments worldwide which measure tropospheric
profiles of NO, and ozone.

Moreover, the visibility on the UFS is often
better than in the valley allowing more meas-
urement time and measurements of higher
quality.

MAX-DOAS measurements at the

Schneefernerhaus

The Multi-Axis Differential Optical Absorp-
tion Spectrometry ﬁMAX-DOAS) instrument is
based on an optical UV/VIS spectrometer that
observes scattered light in two modes: (1) ze-
nith and (2) a series of elevation angles above
the horizon. MAX-DOAS instruments are ca-
pable of measuring important stratospheric
trace-gases (ozone, NO,, BrO and OCIO), as
well as key tropospheric trace-gases, like NO,,
ozone, SO,, formaldehyde, HONO and aero-



sols. Zenith sky measurements are usuall

performed during sunset and sunrise. Zenit

measurements are mainly sensitive to strato-
spheric absorbers, while measurements close to
the horizon have a long light path through the
troposphere and are sensitive to tropospheric
trace gases. By combining the zenith sky and
horizon viewing directions, total trace gas
amounts and vertical profile information can
be derived from the recorded spectra.

At the Institute of Environmental Physics (Uni-
versity of Heidelberg), a new generation of
MAX-DOAS instruments has been developed,
with a relatively simple construction (Figure
2). The measurements are fully automated and
the instrument can be operated via internet.
Therefore the instrument is ideal for continu-
ous long-term measurements.

Fig. 2: MAX-DOAS instrument

MAX-DOAS instruments are used worldwide
to investigate the influence of anthropogenic
emissions on air quality and atmospheric com-
position. Moreover MAX-DOAS measure-
ments are invaluable for the validation of satel-
lite-based trace gas measurements from in-
%wlrlnents like SCIAMACHY, GOME-2 and
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HOHENZUG: “Ecological analysis of the subalpine to subnival vegetation
belts on the Zugspitzplatt (Wetterstein Mountains, Bavaria)”

ARNE FRIEDMANN AND OLIVER KORCH
Arbeitsgruppe Biogeographie, Institut fir Geographie,
Universitat Augsburg, Universitatsstr. 10, D-86135 Augsburg
Email: arne.friedmann@geo.uni-augsburg.de; oliver.korch@geo.uni-augsburg.de

HoéhenZug “Ecological analysis of the sub-
alpine to subnival vegetation belts on the
Zugspitzplatt (Wetterstein Mountains, Ba-
varia)” is part of the collaborative project
“Consequences of climatic change in the
Alps - analysis by altitudinal gradients
(KLIMAGRAD)* and is funded by the Ba-
varian State Ministry of the Environment
and Public Health over a period of three
years since October 2009.

Topic, methods und and main objectives
The goal of the project HohenZug Is to analyse
the impacts of climatic change and anthropo-
genic influences on the vegetation of the Zug-
spitzplatt.

With an extensive mapping project begun in
2009, the installation of permanent sample
plots, ecological studies at preselected sites
and a comparison with historical mappings and
photographs a long-term monitoring of the
vegetation dynamics on the Zupspitzplatt in-
cluding the treeline formed by prostrate pine
will be initiated.

Germanys highest research area

The research area consists of almost the whole
Zugspitzplatt with about 7.5 km2. Only the
steep rock faces surrounding the area are ex-
cluded due to limited accessibility. The karst
landscape is formed by the ladinian Wetter-
stein-limestone and has no superficial water-
courses. The surface of the Zugspitzplatt con-
sists of 52% rock debris, 36% bedrock and
16% of surfaces covered by vegetation.

The following vegetation zones (Fig. 1) are
present (Friedmann & Korch 2010):

— the upper subalpine belt up to the
krummholz-treeline (around 2100m)

— the zone of the alpine grasslands and pas-
tures (2000 - > 2400m)

— the subnival zone and the zone of scree,
rock and snowbed communities (2300-
2962m).
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Fig.1: Vegetation zones of the Zugspitzplatt.
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Characteristic plant communities _
Typical plant communities of the subalpine
and the lower alpine zone:

— treeline ecotone krummholz with prostrate
Pinus  mugo  (Rhodothamno-Rhododen-
dretum hirsuti)

— dwarf shrub heaths with and without Rho-
dodendron

— impoverished calcareous grasslands (Ses-
lerio-Caricetum sempervirentis).

The alpine belt is dominated by:

— closed to open Carex firma-meadows (Ca-
ricetum firmae)

— creeping Salix-communities (Salicetum
retuso-reticulatae).

Characteristic for the subnival zone are:

— open calcareous scree and rock communi-
ties (e.g. Thlaspietum rotundifolii, Leon-
todontetum montanii)

— snowbed vegetation (e.g. Arabidetum cae-
ruleae).

Investigations since 2009

Starting in the late summer of 2009 118 vege-
tation mappings following the phytosociologi-
cal method of Braun-Blanquet (1964) have
been completed. The mapped plots were sur-
veyed with GPS and marked with colour to



ease the re-mapping for the continuous moni-
toring program.

At several locations soil samples were col-
lected for laboratory analyses of ecological
variables important for plant growth.

In a thesis project the actual krummholz-limit
in the lower Zugspitzplatt was surveyed and
compared to historical pictures and orthofotos
to reconstruct altitudinal oscillations.

Statistical and ecological analysis

The results of the vegetation mappings of 2009
were analysed statistically and compared with
climate data and to previous mappings of the
Zugspitzplatt by zottl (1950) and Credner
(1995). A main aspect was the creation and
analysis of a species list for each mapping and
an allocation of the indicator values by Ellen-
berg et al. (1992).

Mittlere Zeigerwerte Caricetum firmae

™

L-Zahl T-Zahl K-Zahl F-Zahl R-Zahl N-Zahl

Fig. 2: Mean Ellenberg-indicator values for the Carice-
tum firmae.

Furthermore the mean Ellenberg-indicator
values of all mappings were calculated and
compared to identify changes (Fig. 2).

Anthropogenic influences

The touristic influences by hiking and skiing as
well as the sheep %razing in summer has a
large impact upon the vegetation of the Zug-
spitzplatt.

Therefore the investigated area can by subdi-
vided into three zones of different human in-
fluence and hemerobiotic degrees:

Zone 1. ) o
Dominance of natural dynamics, very limited
anthropogenic influences (oligohemerobiotic).

Zone 2:

Areas with a dominance of natural dynamics
but selective alined or pointed human influ-
ences with changing intensity and periodicity
occur.

Zone 3:

Strong anthropogenic influences (grazing, tou-
rists, building etc.) and natural dynamics (me-
So- to euhemerobiotic).

5 ~ EHghenZug (2009)

A H Credner (1994)
Z6ttl (1949)
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Future work plans

The statistical analysis of the data is going to
be extended, the effects of climate change mo-
nitored and the data collected during the 2010
field season will be incorporated.

The target is to get a deeper understanding of
the vegetation ecology of the Zugspitzplatt and
to facilitate comparison with datasets from
other alpine areas.

Also the construction of an up to date and de-
tailed vegetation map based on the phytosoci-
ological mappings is planned.
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DEVELOPMENT OF A DATA ANALYSIS CENTER FOR THE
BAVARIAN ENVIRONMENTAL RESEARCH STATION “SCHNEEFERNERHAUS”
(UFS) THROUGH THE ICSU/WMO WORLD DATA CENTER FOR REMOTE
SENSING OF THE ATMOSPHERE (WDC-RSAT)

SEVERINE BERNONVILLE
GERMAN AEROSPACE CENTER OBERPFAFFENHOFEN (DLR),

Introduction

The World Data Center for Remote Sensing
of the  Atmosphere (WDC-RSAT;
http://wdc.dlr.de) supports the Bavarian
Environmental Research Station
“Schneefernerhaus” (UFS) on the Zugspitze
Mountain (2650 m a.s.l.) in all aspects of
data management, and especially through
the implementation of a Data Analysis Cen-
ter for the station (UFS-DAZ).

Since 2003 the German Remote Sensing
Data Center EDFD; of the German Aero-
space Center (DLR) hosts and operates the
WDC-RSAT under the nongovernmental
auspices of the International Council for
Science (ICSU). In cooperation with the
World Meteorological Organization
(WMO), WDC-RSAT is currently being
implemented as part of the WMO-GAW
Strategic Plan 2008-2015 especially in the
context of IGACO within the WMO pro-
gram Global Atmosphere Watch (GAW).
This center would concern itself with linking
different GAW-relevant data sets both with
each other and with models. In this context
WDC-RSAT will also handle non-satellite
based data which are relevant within the
context of validation.

UFS-DAZ Functionalities

The UFS Data Analysis Center (UFS-DAZ)
offers scientists optimal access to in-situ and
satellite-based measurements, atmospheric
models and user specific data analysis tools.
This concept is illustrated below:

Umwelt 1
Forcnungesstor [ |}
B e
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)
"
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Fig. 1: UFS-DAZ Concept
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The UFS data analysis center provides primar-
ily scientists a quick, comfortable, tailored and
secured access to the measurements of the
station. Through the connection with the data
analysis center of other stations, the observa-
tory will additionally get access too to other
ground-based measurements. Furthermore, the
Data Analysis Center offers scientists comfort-
able access to:

- Satellite based data,

- Non-satellite based data (e.g. from
ground-based  networks such as
NDMC etc.),

- Value added data and information (e.g.
atmospheric  dynamics activity or
global ozone distribution),

- Services (e.g. air quality forecasts),

- Atmospheric models (e.g. trajectory
models or 3D-Chemistry Transport
Models),

- And user specific data analysis tools
(e.g. Web Mapping Tools).

Furéctional presentation environment at the
UF

As an additional service, a dedicated show
room will be available at the station in order to
provide the scientists:

- An attractive presentation environ-
ment,

- And the access to specific information
for example about the current global,
continental and regional state of the
atmosphere through the connection
with WDC-RSAT or about the current
Eosition of relevant satellites (see fig2.

elow).

This information will be available in near real
time and displayed in appropriated form such
as graphics or computer animations.
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Fig.2: Examples of current satellite products /
Program Orbhitron to trace the position of specific satel-
lites

From the measurement to the data analysis
The schema below (Fig3.) shows the main
steps of the data flow, from the measurement
at the UFS station to the data analysis and ac-
cess through the UFS-DAZ at the WDC-
RSAT:
® The UFS measurements are first
collected at the station and temporal
stored in local UFS-DAZ server.
® The UFS data are then transferred in
WDC-RSAT at DLR (data synchroni-
zation).
® The UFS data are standardized and
archived at the WDC-RSAT (data
management).
@ The scientists of the UFS have ac-
cess through the WDC-RSAT web
portal to the UFS data and also to other
station data and WDC-RSAT satellite
data, products and services.

UFs Messgerit

DAZ SERVER ——

Sy
Sammlung der UFS

L} P dre D

Dater-Syrchronisation
mit WOC-RGAT

Zugriff zu dan UFE Dafen, WDC-R:
Setalitandaten, endsre J

$tahorsdaten usw. durch
dad YYDC-REAT Wab
FPortat

e ]

UFS Benutzer @ E -
Datenzugriff Datenmanagement

Satellltendaten

Fig. 3: Access to the data through the UFS-DAZ
at the WDC-RSAT
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STUDIES ON THE INHOMOGENEITY OF EXTREME-TEMPERATURE TIME SERIES
DUE TO CHANGES IN MEASUREMENT TECHNIQUES

KLAUS HAGER, JUCUNDUS JACOBEIT
INSTITUTE FOR GEOGRAPHY, UNIVERSITY OF AUGSBURG,
Klaus.Hager@geo.uni-augsburg.de, Jacobeit@geo.uni-augsburg.de

Introduction: Dailg extreme values of air
temperature have been measured for a long
time by conventional instruments: a par-
ticular mercury thermometer for daily
maximum temperatures and an alcohol
thermometer for daily minimum tempera-
tures. Since the 1990s measuring sensors
have been replaced by electronic instru-
ments thereby generating sources for tech-
nical inhomogeneities in long-term data
time series. And in fact, comparative studies
based on data from lowland stations have
indicated that considerable differences in
daily extreme temperatures may occur be-
tween historical and modern measurement
techniques. Such differences are still more
important — in Particular in context of the
guantification of long-term climate change —
in high-mountain domains like the Euro-
pean Alps being affected by recent climate
change in a strongly amplified manner.
Therefore, comparative measurements of
daily maximum and minimum temperatures
are carried out with different measuring
sensors since summer 2010 at the environ-
mental research station Schneefernerhaus.
Inhomogeneities in long-term data time
series of the high-mountain domain due to
such technical reasons may thus be quanti-
fied and evaluated.

Therefore a measurement module have been
installed at the platform of the Schneeferner-
haus consisting of an automatic weather station
(Firma Reinhardt) and a conventional weather
hut (see Fig. 1). The weather station includes
electronic sensors for wind, radiation, tempera-
ture and precipitation with temperature meas-
urements (being focussed in the present con-
text) based on a Pt 100 thermometer. The
weather hut includes the conventional mercury
and alcohol thermometers (thanks to DWD
staff from the weather service station Zug-
spitze for daily reading!); additionally, a semi-
conductor sensor LM 335 has been installed.
The whole module is operating since the be-
ginning of August 2010, initial evaluations
Indicate considerable differences in daily ex-
treme temperatures between historical and
modern measurement techniques.
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Fig.1: Automatic weather station and conventional
weather hut at Schneefernerhaus for comparative
measurements of daily extreme temperatures

Daily maximum temperatures

Fig. 2 (above) depicts the daily differences of
maximum temperatures between weather sta-
tion and weather hut measurements for the
period August to October 2010. As a distinct
result we see a clearly dominating majority of
cases with higher maximum temperatures at
the automatic weather station compared to the
conventional weather hut (81% of all days
within the 3-month measuring period). The
mean difference is around 0,8° C, the largest
individual deviation even amounts to 3,5° C.
For 41% of all cases the difference in maxi-
mum temperatures was greater than 1° C, for
8% of the sample this difference exceeds 2° C.

Possible influences from incoming solar radia-
tion or from other sources will be considered in
forthcoming studies. Additionally, the particu-



lar conditions leading to some few but non- measurements produce a more extreme thermal

negligible cases with higher maximum tem- climate throughout the day (increased daily
peratures at the conventional weather hut com- temperature amplitudes), and this should be
pared to station measurements have to be considered in long-term data series being af-
specified. fected by changes in sensor techniques. Of

course, more precise statements and statistical

Daily minimum temperatures

In general, they are characterized by opposite . :
dev%ations (Fig. 2, below): only for around measurement time series.
10% of the individual days, the station meas- Outlook

urements of minimum temperatures exceed the utioo
values from the weather hut; the 3-month mean
value, however, is 0,4° C lower than that from
weather hut measurements. For 22% of all
days, the difference is larger than half a degree,
the largest deviation amounts to 1° C.

The minimum temperatures of the weather hut
reflect a more dampened daily temperature
decrease with corresponding differences to the
station measurements remaining generally
smaller than the opposite deviations of maxi-

mum temperatures. Altogether, the station mains.
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considerations will only be possible on the
basis of increased sample sizes, i.e. extended

Besides the continuation of the measurement
time series, earlier data will also be included
within forthcoming investigations. Further-
more, comparative measurements are also in-
tended for precipitation in the high-mountain
domain based on different instruments. Gen-
eral aim will be the quantification and correc-
tion of technically induced inhomogeneities in
long-term measurement time series being used
to estimate that part of climate change which
has already taken place in high-mountain do-

5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
August September October

Fig. 2: Daily differences (°C) of maximum temperatures (above) and minimum temperatures (below) between auto-
matic weather station and conventional weather hut at Schneefernerhaus during the period August to October 2010
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To THE HYDROLOGY OF THE ZUGSPITZE AREA

KARL-FRIEDRICH WETZEL
INSTITUTE OF GEOGRAPHY, UNIVERSITY OF AUGSBURG, Wetzel@geo.uni-augsburg.de

In the course of the period under review
some positive developments could be
achieved in the hydrological field. However,
the long before announced karst
groundwater tracer experiment at the
Zugspitzplatt could not be accomplished in
2010 in the planned manner. Nevertheless,
as a whole we can look back on a positive
balance for the past year. At this point it
should be alluded to that the field of
hydrology has not been funded by the
research and developmet program (F.u.E.),
because of the late accession of the
University of Augsburg to the scientific
consortium of the UFS Schneefernerhaus
just after the beginning of the first
fundation period. As a consequence all
research projects were bankrolled by own
financial resources. In the following the
developments of the last year in detail.

Tracer experiment at the Zugspitzplatt

The long before announced groundwater tracer
experiment was rescheduled for the next year
due to several reasons. The realization of such
an experiment, which takes from the tracer
input until the final sampling more than 3
months, is a logistical challenge, especially in
high mountain regions like the Zugspitz area.
For the dperformance of such an experiment
you need enough manpower with a certain
technical and scientific qualification. Project
planers assumed that students could be
recruited for field courses and for final theses
(diploma theses). However, during the past
year not enough appropriate students could be
found to conduct such a specific and labour-
intensive experiment for a diploma thesis in a
high mountain area. Furthermore, the weather
conditions in the past summer with a dry and
very hot period in July and several cold snaps
during August were anything but favorable for
undertaking said experiment. Therefore, the
experiment is now rescheduled for the
following summer.

Mapping of karst phenomena

Alternatively to the tracer experiment,
substantial ~ topographical  surveying and
mapping of karst formations and the fissure net
on the Zugspitzplatt were carried out in
another field course with students from the
University of Augsburg (Fig. 1). The purpose
of surveying and mapping is to generate a
regional overview of the surface drainage
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network on the Zugspitzplatt. Due to intensive
karst formation on the surface only short
intermittent streams can be observed, most of
which drain into sinkholes and dolinas after a
surface flow distance of less than 100 meters,
even during heavy rainfall or intensive
snowmelt periods. The bedrock (Wetterstein
limestone) is to some extent extremely
perforated by dissolution processes so that
even during Intense rain effective draining of
the surface water into the karstified bedrock is
guaranteed.

LA
fissure

nets on the Zugspitzplatt

With the projects started past summer a three-
dimensional scheme of the surface subcatch-
ment areas on the Zugspitzplatt shall be
generated, identifying areas with the
quantitatively highest drainage into the
bedrock. It Is anticipated to identify the most
effective conduits underneath said areas
because of the high amounts of water
Fercolatlng into the bedrock and dissolving the
imestone. The well developed karst conduits
are the main reason for the rapid runoff
reaction of the Partnach-Ursprung after storm
precipitation or snowmelt. In addition to the
field surveys an analysis of a high resolution
digital terrain modell (DTM) of the Zugspitze
area has to be conducted in the near future.
Identifying the conduits is highly important in
the field of Kkarst hydrolog?ical modeling.
Further, it is helpful for detailed modeling to
get an idea of the circuit geometry.

Furthermore, several water bodies as well as
snow and glacier ice have been sampled to set
up a long-term tracer data collection of the



stable environmental isoto&es 80 and °H. The
intended purpose of the isotope tracer
collection is the analysis of runoff production
processes in the catchment of the Partnach-
Ursprung. Due to isotopic fractioning as a
consequence of phase transition processes
durir}_? evaporation or snowmelt, for example,
a different isotopic composition of rainfall,
snowmelt or glacial runoff can be observed.
Therefore, the isotopic composition of
streamflow can be used for separation of
different runoff components.

Formation of a hydrology working group

A major development for the future has been
the formation of a hydrology working group
for which some well-known scientists have
been enlisted. So far, further to the coordinator
Prof. Dr. K.-F. Wetzel (Augsburg, Karst
Hydrolog)(I and Water Balance), the following
scientists have joined the working group:

e Prof. K. Schulz and Dr. M. Bernhardt
(LMU, Snow Hydrology)

e Dr. J. Lange and Dipl. Geogr. A.
Hartmann (IHF — Institute for Hydrology
Uni  Freiburg, Modelling of Kkarst
processes)

e Prof. Dr. N. Goldscheider together with
Dipl. Geol. U. Bellmann (TUM,
Hydrogeology)

e Dr. D. Morche (University of Halle, Mass
Transport)

e Prof. H. Kunstmann (KIT & University of
Augsburg, Downscaling of Atmospheric
Parameters)

In a first workshop in October 2010 the
involved scientists set their mutual objectives
and took first steps to establish a DFG-funded
research group in the field of high mountain
hydrology.

Proposal of third party funds

These new developments led to a postpone-
ment of the schedule and to a modification in
substance compared to the initial filing of a
DFG application under standard procedure
$C00perat|on Augsburg/Halle). The application
or this purpose Is intended to be filed in the
first half-year of 2011. The topic will be
“Processes of Runoff Formation in the Karst of
the Zugspitze Area”. It will be handled in
cooperation with Uni Halle (Dr. D. Morche).

Publications:

Durim[:; last year publications covering
hydro ogu_:al topics in the Zugspitze area have
been published:

Rappl, A., K.-F. Wetzel, G. Bittner & M.
Scholz (2010): Tracerhydrologische Un-
tersuchungen am Partnach-Ursprung. -
Hydrologie und Wasserbewirtschaftung,
54, S. 222 - 230.

Gotz, J. & L. Schrott (Hrsg.)(2010): Geomor-
phologischer Lehrpfad am FulRe der
Zugspitze. (With contributions of K.-F.
Wetzel and D. Morche) — Pfeil Verlag,
104 S., Miinchen.

8 Das Reintal g

Fig.2: Publication to the Geomorphology Reintal and
the Zugspitze area.

Oral presentation:

Morche, D. & K.-F. Wetzel (2010): Karst hy-
drology and dissolved load of the upper Part-
nach River, Reintal/ Zugspitze. - 5th
LA.G./A.1.G. SEDIBUD Workshop, Saudar-
krokur, Iceland, September 19 — 25.
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OBSERVATION OF THE OH-AIRGLOW ABOVE THE ALPS USING GRIPS

CARSTEN SCHMIDT, KATHRIN HOPPNER AND MICHAEL BITTNER
DLR-DFD, OBERPFAFFENHOFEN, CARSTEN.SCHMIDT@DLR.DE

Since 2005 the German Remote Sensing
Data Center (DFD) of the German
Aerospace Center (DLR) operates the
infrared spectrometers GRIPS (Ground-
based Infrared P-branch Spectrometer) at
the Environmental Research  Station
“Schneefernerhaus” (UFS). The instruments
are applied to routine observations of the
OH airglow orlgi(lnatlng from the Mesopause
region at ca. 87 km height.

This atmospheric luminosity is due to an
exothermic chemical reaction of ozone with
atomic hydro?en producing molecular oxygen
and hydroxyl (OH). The excess energy is
mainly transferred to vibrational and rotational
excitations of the hydroxyl. It returns to its
ground state after a short time by emitting
visible and infrared electromagnetic radiation.
However, this short period of time is sufficient
for the excited molecules to get into a local
thermodynamic equilibrium with the rest of the
atmosphere. Thus, the temperature in 87 km
height can be obtained by ground-based
measurements.

The atmosphere exhibits nearly the same
mixing ratio in this height compared to the
ground. Nevertheless, the density is decreased
y about five orders of magnitude. Therefore
this region is very sensitive to minor chan?es
of any atmospheric parameter. Additionally,
the radiative cooling into space is very
efficient at this height. Since the 15um
emission of CO, is the main agent for this
cooling, the increase of CO, is expected to
have a large impact here. In contrast to the
troposphere, however, decreasing temperatures
are expected within the next decades.
Therefore the continuous assessment of
mesopause temperatures constitutes a major
aspect in the research on climate change.

But also on shorter timescales the temperature
of the mesopause region is characterized by
complex dynamics. Atmospheric waves play a
key role in this context. Their influence ranges
from a few seconds to several weeks. One can
distinguish:

Infrasound: waves with periods of less than
five minutes and spatial scales of a few
hundred meters to a couple of kilometres; their
restoring force is caused by the pressure
gradient.

Atmospheric gravity waves: Waves with

Eeriods longer than five minutes up to a few
ours, spatial extent from a few to several
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hundreds of kilometres; their restoring force is
the buoyancy force.

Planetary waves: Waves with periods
ranging from several days to a few weeks,
spatial scales of several thousands of
tc(ilometres; the Coriolis force is their restoring
orce.

Observations and data

Due to the fact that gravity waves can be
generated, when large air masses flow over
mountain ridges, the UFS provides an
excellent site for observations of %ravity waves
—right in the middle of their “birthplace”.
Observations are performed with a new kind of
GRIPS instrument, which was especially
designed for this purpose. It was put into
operation at the UFS in the year 2008 (see
figure 1). The time needed to obtain a single
temperature value amounts to only 15 seconds.
As a consequence it can be regarded as one of
the most efficient instruments in this area
world-wide.

Fig.1: A new generation GRIPS instrument, the way it
is operated at the *“Schneefernerhaus” since 2008.

Every night up to 3500 spectra of the OH
emission are obtained in the wavelength
interval between 1.5um and 1.6pum. The station
provides outstanding conditions for optical
observations due to its height. Single
temperature values show an uncertainty of less
than 10 Kelvin. So it is possible to obtain a
representative nocturnal mean value for about
80% of all nights (see figure 2).

The seasonal cycle of 60 Kelvin is well
pronounced, showing its warm temperature
values in winter and the cold values durin
summer time. This effect is due to globa



currents in the upper atmosphere and indirectly
related to the acting of gravity waves.
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Fig.2: Seasonal cycle of OH nocturnal mean

temperatures for the year 2010 obtained from the
Schneefernerhaus. The scatter of the data is due to the
high variability of atmospheric dynamics — mainly
planetary waves.

Wave activity

The high temporal resolution temperature time
series of individual nights are analyzed using
spectral analyses. Usually the method of
choice is the Harmonic Analysis, which has
several advantages over other methods. On the
one hand it unambiguously identifies the
dominating oscillations and on the other hand
it is insensitive to data gaps, which frequently
occur in time series of optical observations of
atmospheric  parameters due to varying
meteorological conditions.

The uEper part of figure 3 shows the night
from the 6" to the 7" April, 2009. The results
of the Harmonic Analysis yield four dominant
oscillations with periods from 1.5 hours to
more than 8 hours. Amplitudes also range
between 1.5 Kelvin and 8 Kelvin - meaning
gravity waves can easily cause a perturbation
of about five percent of the undisturbed state in
the upper mesosphere. This is one more
evidence for the high sensitivity of this height
regime to external forcing.

The lower part in figure 3 shows the relation
between periods and amplitudes of all 283
wave events, which could be identified
between February 2009 and February 2010.
The largest portion of the wave spectrum
consists of small scale waves with periods of
less than three hours. But they also exhibit
smaller amplitudes, which is an evidence for
smaller energy content.

A precise characterization of wave activity
found in OH airglow above the Alpine region
is the primary aim of this investigation. It is
important, because atmospheric waves play a
key role in the control mechanisms of global
circulation  patterns. But small scale
phenomena, which are of special interest in
this context, are to a large extent not

understood yet and strongly influenced by
local effects.

Therefore, measurements at the UFS are
supported by observations performed with
other GRIPS instruments located at the
Meteorological Observatory Hohenﬁeirsenberg
and at the DLR-DFD in Oberpfaffenhofen.
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Fig.3: The upper panel shows the nocturnal evolution
of OH temperatures (black) and OH intensities (red) as
observed by GRIPS. Results of the Harmonic Analysis
are indicated by the blue curves, which show the
dominating oscillations in both parameters. These
oscillations can be attributed to atmospheric gravity
waves. The lower panel shows the relation between
amplitudes and periods of all gravity wave events
observed between February 2009 and February 2010.
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OUTDOOR EXPOSURE OF PV-MODULES
UNDER EXTREME CLIMATIC CONDITIONS

MARKUS HECK, MICHAEL KOHL, DANIEL PHILIPP, KARL-ANDERS WEIR
FRAUNHOFER INSTITUT FOR SOLAR ENERGIE SYSTEMS, MICHAEL.KOEHL @ ISE.FRAUNHOFER.DE
HEIDENHOFSTR.. 2, 79110 FREIBURG, GERMANY

Manufacturers usually give a warranty for
at least 20 years althou%h there is still only
little knowledge about the lifetime of newly
developed module types. How do they cope
with snow, salty ambience, desert-climate or
tropical humidity? The Fraunhofer-ISE has
therefore installed different outdoor
exposure sites where modules have to stand
extreme climates: high temperatures with
high differences between day and night in
the Negev desert in Israel, snow, wind and
extreme UV-irradiation and frost at the
Schneefernerhaus, high humidity at warm
temperatures in Indonesia and high
temperatures, high irradiation and high
humidity salt exposure in Gran Canaria.
Besides serial modules provided by
industrial partners, Fraunhofer ISE exposes
experimental modules with innovative
encapsulation- and back sheet-materials.
UV-irradiation, solar-irradiation, ambient-
and module-temperature, humidity and
wind speed are measured and the data is
collected at a central server. Based on this
data the climatic loads at the different test
sites can be calculated and used for the
estimation of the service life.

Essentially the following factors are relevant
for the weathering of materials and
components collecting solar energy: ultraviolet
irradiation, mechanical loads caused by snow

TR .

ed by Fraunhofer
ISE at the Schneefernerhaus.

and wind, pollutants (especially salt), internal

stresses due to different thermal expansion

coefficients, and the permeation of water and

oxygen through the polymer encapsulation.
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It is difficult to combine all degradation factors
realistically in accelerated lab tests in order to
demonstrate their interaction during the ageing
of the samples. Thus, the exposure under
natural conditions is indispensable for the
validation of simulation results and accelerated
service life testing. Extreme climates do not
only allow a faster detection of weak ponts, but
also a qualification of the samples for special
climatic conditions.

Results of monitoring

The sites differ remarkably in the climatic load
of the modules. In the following diagram the
dispersion of frequency of one main
degradation factor, temperature, is illustrated.
At this juncture it is particularly important that
the degradation processes depend on the
microclimate, that Is the module-temperature.
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Fig.2: Dispersion of frequency of the average
module temperature during one year at the 4
outdoor test sites: Alps (blue), city (green), desert
(red) and the tropics (black).

The ambient temperatures could be measured
between -17°C and 37°C meanwhile the
module-temperature reached up to 65°C (see
fig. 2). The maximum temperature difference
between module and ambient temperature was
about 30K.

The different temperature loads can be
calculated by integrating the module-
temperatures T(t). They are weighted acc. to an
Arrhenius relation which represents the
dominating degradation process with activation
energy Ep. Teff is the effective constant
temperature which would lead to the same
degradation in the same period as the sample



temperature T(t) which fluctuates through
diurnal course and weathering.

The results are illustrated in fig. 3 for a wide
spectrum of activation energies. The effective
temperature is also the basis for the calculation
of duration of accelerated tests under
superelevated testing temperatures.

The high sample temperatures compared to the
ambience derive from the natural solar
irradiance which could be measured via
pyranometer. In the majority of cases only the
short-wavelength Eart of the solar spectrum is
responsible for the photo-degradation. This
part was measured with integral UV-A and
UV-B sensors since it was expected to vary at
the different test sites due to differences in
climate and altitude. Most of the sensors turned
out to be too inaccurate even though they have
been factory calibrated in the beginning and
compared under lab and real conditions. To
quantify the influence of humidity, mostly the
so-called ‘Time of Wetness’ (TOW) is taken
into account which is the sum of times
exceeding a relative ambient humidity of 85%.
The kinetic of the then following corrosion
processes is also depending of the sample’s
temperature.
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Fig.3: effective temperature dependent of the
activation energy of a degradation process,
calculated for 4 outdoor test sites: Alps (blue), city
(green), desert (red) und the tropics (black).

Here, the differences between the Alps, desert
and the tropics are particularly obvious. By
integrating the loads and transformations to
test temperatures of 85°C at 85% r.h. (acc. to
type approval tests for PV-modules IEC61215
and IEC61646) via the effective temperature,
we can see the test times, which depend on the
activation energy, for 25 years of durability
(shown in figure 4). Again, the strong
influence of exponential dependency of
temperature and activation energy can be
detected. A test time of 1000 h which is
designated so far can be considered as
sufficient qualification even for a module
exposure in the tropics for processes with
activation energies over 70 kJ/mol. At the
other outdoor test sites which are less strained,
even processes with activation energy of

45 kd/mol would be accelerated sufficiently.
Based on the assumption that the dominating
process was the diffusion of water through the

polymeric encapsulation (Ethylenvinylacetat)
of the modules, the module’s diffusion- and
permeation-coefficients  for  water  were
measured temperature dependent in order to
calculate the activation energy. The activation
energy was found to be 34 kJ/mol what
requires test times of 3000h to 13000 h (for the
tropics).
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Fig.4: Test times for a damp-heat-test
(85%r.F.@85°C) for lifetime as function of
activation energies for degradation processes for 4
outdoor test sides in Indonesia (black), Israel (red),
Kdln (green) und Schneefernerhaus (blue).

Conclusion

The outdoor exposure of samples with
monitoring of the ambient climate and the
microclimatic loads of the samples as well as
with a high temporal resolution in extreme
climates enables the calculation of site specific
loads and thus a rating of test sites. This is the
foundation for the development of adequate
accelerated durability tests which take into
account the highest operational demands.

A reliable estimation of durability requires
knowledge of the dominating processes as well
as of their kinetics in order to calculate and
predict the ongoing degradation processes.
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Persistent Organic Pollutants (POPs) are
chemicals of a global environmental con-
cern. The majority of the POPs are anthro-
po%enic compounds. These were and are
still partly used as pesticides (like Aldrin,
Dieldrin, Endrin, Chlordane, DDT, Mirex,
Heptachlor, HCB, PeCB, HCH ); addition-
ally they have been used as industrial
chemicals such as Polychlorinated Biphenyls
(PCBs) in form of flame-retardants and
coolants. They are also formed as products
of combustion during incineration or in case
of forest fires, like Polychlorinated Dibenzo-
p-dioxins and Dibenzofurans
(PCDD/PCDF), PAH and other compounds.
The production and application of POPs
have been prohibited in the member states
of the EU within the frame of the POP Con-
vention of 2004. In developing countries of
Africa and Asia, however, even in the U.S.
and Latin American countries, POPs are
ﬁartly still produced and used. POPs are
ighly persistent substances with half-live
periods of 10 years or longer. Attached to
dust or aerosols, they can be transported
over long distances in the atmosphere. Be-
cause of their physical properties, multiple
deposition and re-volatilisation processes, as
well as the preferential deposition in colder
regions, particularlﬁ at the poles or in
mountains, are possible.
Because of their lipophilic properties, they
can accumulate in different ecosystems, in
crops and animals, enter the human food
chain and be stored in humans. The Alps act
as a natural physical barrier for meteoro-
logical transport processes and as cold trap
for POPs. Decreasing temperature and in-
creasing precipitation with elevation lead to
a vertical increase of deposition. Forests
characterized by an extremeI%/ large effec-
tivle _suliface, represent a significant biologi-
cal sink.

Scientific programme
Within the frame of the project MONARPOP
(2005-2007), a network of about 40 sites and 7
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vertical profiles was installed in the alpine
region. The monitoring program involved the
measurement of the ambient air concentration
of POPs and their altitudinal behaviour by
using passive sampling (SPMD). In parallel,
the contents in spruce needles and soil have
been investigated.

For the first time, three higher elevated alpine
sites, the UFS Schneefernerhaus (D), the
Weissfluhjoch (CH) and the Observatory
Hoher Sonnblick (AT), were equipped with
heated precipitation samplers and a high-and
low-volume air sampling devices which are
particularly adapted to the extreme climatic
conditions. Based on a trajectory forecast, the
air samplers have been controlled via internet.
By sampling on different cartridges, it is possi-
ble to gain information about the origin of air
masses from pre-defined emission areas of
Europe.

In the current project POPALP (2007-2011),
the studies regarding to the vertical distribution
of POPs in the different environmental com-
partments have been continued on an extended
vertical transect in the National Park Berchtes-
gaden. At the three high-alpine mountain sites,
deposition measurements and source-related
investigations of ambient air concentrations
have been continued.

Goals

The main goal of MONARPOP was to curry
out a scientific survey of the impacts by or-
ganic pollutants in different environmental
compartments as soil, spruce needles and air
and in relation to the precipitation in the Al-
pine region. The results were the basis of the
implementation of Stockholm Convention in
the Alpine Region by controlling the efficiency
of the taken measures. The high complexity of
environmental processes, as the seasonally
different temperatures and precipitation
amounts, the extremely variable occurrence of
the different circulation types which are con-
sidered in the trajectory forecast procedure are
reasons for longer observational periods and
recurrent measurements. By continuing the



measurements in the framework of the
POPALP project, a basis should be established,
which allows to detect long-term trends and
control the obligations arising as a result of
POP convention.

Results

The main result of MONARPOP was the find-
ing that the concentrations of numerous or-
ganic pollutants in the air, spruce needles and
the soil are higher in the Northern and South-
ern edges than in the Central parts of the Alps.
This phenomenon can be related to the barrier
effect of the Alps. Concentration measure-
ments performed on Alpine summits for the
first time provide evidence of atmospheric
POP transport across the Alps. The vertical
distributions of POPs along slopes showed
different features for the singular pollutants:
Both altitudinal concentration increases (such
as in the case of pesticides) and decreases
(PAHSs) can be observed. Whereas some pesti-
cides originate from regions far from the Alps,
PAHs are emitted in Alpine valleys, too. The
evaluations of the five-year series of deposition
measurements at the UFS Schneefernerhaus
show f.i. for Endosulfan, an insecticide banned
by now within the EU, a negative trend during
the period 2005-2010 (fig. 1).This trend is
more pronounced during the summer than in
winter months in which the concentrations are
lower. An analogue behaviour can be observed
at the two high-Alpine sites Weillfluhjoch and
Sonnblick. In the case of lindane (y-HCH), a
not yet allowed insecticide in Europe, a less
marked decrease is observed. On average,
HCH conformers show higher concentrations
during the summer than the winter periods. In
the case of the deposition of most of organo-
chlorides, higher amounts are registered at the
Northern edge of the Alps (UFS) than in the
Central Alps.

Because of their high toxicity, pollutants like
poly-fluorinated organic compounds (PFCs),
which previously did not belong to the Stock-
holm-list, come more and more in the focus
and are considered as substances to be investi-
gated in the future.

These compounds can enter ecosystems in
alpine regions by long range transport as well
as in a local scale by alpine winter sport (ski
wax). They are very persistent compounds and
also readily soluble in water. This could be a
potential threat to the groundwater and drink-
ing water quality in alpine catchments. The
monitoring activities of deposition and ambient
air concentration of the previously investigated
POPs at the UFS Schneefernerhaus should be
continued. Continuous measurements over
longer periods are an essential base to review
the effectiveness of the Stockholm Convention.

Fig. 1: Trend of the deposition rate of Endosulfan I (a)
at the UFS Schneefernerhaus, 2005-2010
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FEDERAL ENVIRONMENT AGENCY, UBA
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The Federal Environment Agency, Ger-
many, operates the platform Zugspitze of
the GAW Global Station Zugspitze
/Hohenpeissenberg. The participation in
GAW s a long time measurement pro-
gramme on quality measurements according
to the state of science. The repertoire of the
Federal A?ency concentrates on the meas-
urement of climate forcing gases, chemical
reactive Olqases and ultra-fine and fine aero-
sols. In difference to other institutions with
scientific activities at the environmental
research station, varying from project to
project, the GAW contribution consists of
one constant measurement programme.

PAN in the lower free troposphere
Peroxyacetyl nitrate (PAN) is a reactive nitro-
en species which characterizes matured an-
thropogenic air. PAN, a tropospheric reservoir
molecule stores CH;C(O)O, and NO,. Besides
ozone and hydrogen peroxide it is the most
important compound of photochemical smog.
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Fig.1: Comparison of 30min PAN values Sept. 2008

The atmospheric stability of PAN depends on
low temperatures. By a number of photo-
chemical volatile organic compounds (VOC)
are oxidized, which produces peroxy radicals.
Further reactions with nitrogen dioxide pro-
duce PAN.
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On the basis of a doctorate at the ETHZ, [S.
Pandey Deolal et al. 2011], PAN time series
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Fig.2: Comparison of 30 min PAN values May 2008

measurement data from the stations Jung-
fraujoch (2008) and Zugspitze (05/2004-2008%
have been analyzed in a comparative investiga-
tion. Measurements of both sides show strong
seasonal variation with maximum concentra-
tions in late spring, indicating that the spring
maxima of PAN are t)épical patterns at high
mountain sites. Detailed trajectory and trans-
port analyses showed that PAN maxima are
attributable to European sources and not to
intercontinental transport. As main source re-
gions North-East Europe and the Po valley and
Milan region were identified.

During spring season Zugspitze station has the
tendency towards lower PAN concentrations
by approximately a factor of ¥ which can be
deduced to a higher temperature regime and a
lower PAN/NOX ratio at the Zugspitze site. In
general the results of this study can be inter-
preted as a representative example of PAN
spring maxima which can be explained with
European boundary layer sources.

Source apgortionment of Non Methane
Hydrocarbons

Besides nitrogen oxides and solar radiation
volatile organic compounds §VOC? play a cru-
cial role in the chemistry of the lower tropo-
sphere and the formation of ozone as well as in
the OH-radical budget. On the basis of a ten-
year dataset (1999-2008) of canister measure-
ments of 21 volatile C2-C8 hydrocarbons at



UFS performed b%/ Federal Environment
Agency. As contribution to the European
EMEP Erogramme whole air canister samples
were taken twice weekly at noon (1999-2001)
and at 02:00 h (CET; 2002-2008) to ensure the
monitoring of mixing ratios associated with the
European atmospheric background levels.

The canisters were analyzed offline by a gas
chromatograph coupled with flame ionization
detectors %GC—FI D).

Preliminary Results: In order to explain the
variability of predominantly anthropogenic
non-methane hydrocarbons E/NI\/IHCS) at the
high altitude Environmental Research Station
Schneefernerhaus, receptor modeling by posi-
tive matrix factorization (PMF) of the ten year
time series was performed. Approximately
17700 measurements were analyzed, missing
values (~60) were replaced by the species me-
dian. Uncertainty values ranged from 15 to 80
% for the respective species depending on de-
tection limits of the GC-FID and peak integra-
tion characteristics. Results of the factorial
analysis show a seven factor solution identified
by the PMF model.

Fig. 3 exhibits the different fractions of mass
contributions of the seven factors to the total
measured NMHC carbon mass as modeled by
PMF analysis.
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Fig. 3: Contributions to the measured NMHC mass (in
ppbC) by seven identified source categories

The most abundant species were ethane (mean
2.26 ppbC), propane (1.00 ppbC), acetylene
(0.73 ppbC) and toluene (0.62 ppr?. All spe-
cies except isoprene which is mainly emitted
by vegetation are derived from anthropogenic
sources. Factor A with the smallest mass con-
tribution is characterized as biogenic due to the
only main compound isoprene that is predomi-
nantly emitted by photosynthetic processes of
plants. It can only be accounted for 2.6% of the
entire NMHC mass measured and shows
maximal abundance within the vegetation pe-
riod in summer. The 36.8% of the total NMHC
mass of the most abundant factor C can be
attributed to aged combustion sources. About
75% of ethane, 49% of Propane, 58% of ben-
zene, and 50% of acetylene are explained by
this factor. Factor D with 13.2% of the mass is
interpreted as liquefied petroleum gas (LPG)
which mainly consists of propane, isobutane,
and n-butane. Both factors show clear seasonal

variability with summer minima and winter
maxima. The seasonal differences in the mix-
ing ratios could in parts be due to the seasonal
variability of hydroxyl radical concentrations
in the atmosphere and very different meteoro-
Io?ical conditions in winter and summer that
influence the atmospheric transport and verti-
cal mixing of NMHCs. Nearby seasonal pollu-
tion from different tourist activities of the Zug-
spitze in summer and winter can partly explain
the variation of LPG sources, since on the Zug-
spitze summit there is storage of LPG that
varies seasonally. This investigation of source
apportionments will be continued.

Participation in QA/SAC tasks

Since 2001 the GAW global station of the Fed-
eral Environment Agency supports twice per
year the GAWTEC educational programme
with courses about practical quality assurance
and data processing at GAW stations.

Quiality assurance and international
intercomparisons

In 2010 the GAW measurement station of the
Federal Environment Agency took part in the
following intercomparisons: ~ Worldwide
NOAA/WMO intercomparison 2010 for CO2,
CH4, N20,SF6,CO,H2. CARBO EUROPE
2010 round robin for CO2, CH4,
N20,SF6,CO,H2.

Cooperation with the Bulgarian GAW
Station

From December 2010 to March 2011 three
scientists from the Bulgarian GAW station Beo
Mousalla are invited for scientific exchange on
measurement techniques, data quality assur-
ance and statistical data processing to the Envi-
ronmental Research Station Schneefernerhaus.
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DZUG —DOWNSCALING PROJEKT ZUGSPITZE: FIRST STEPS TOWARDS HIGH-
ACCURACY CLIMATE PROJECTIONS

CHRISTOPH BECK, ANDREAS PHILIPP, JUCUNDUS JACOBEIT
UNIVERSITY OF AUGSBURG, C. BECK@GEO.UNI-AUGSBURG.DE, A. PHILIPP@GEO.UNI-AUGSBURG.DE

Within the framework of long-range studies
for optimization of downscaling techniques
a first phase consists in developing weather
and circulation type classifications for de-
tecting dependencies between large scale
circulation and local temperature and pre-
cipitation changes.

A preliminary experimental study shows
promising results as well as deficits. Based
on result from the COST Action 733 further
possibilities for systematic optimization, like
variation of the spatial classification do-
main, are evaluated.

Introduction

The high-alpine region around the Zugspitze
represents an ecosystem highly sensitive to
climate variability and change. Thus this re-
gion is on the one hand suitable to serve as an
indicator for climate change. Variations in
climate characteristics are on the other hand a
crucial factor with regard to issues of environ-
mental protection and anthropogenic utilization
of resources in this region. The investigation of
potential future developments and related ne-
gative impacts thus inheres particular impor-
tance. Within a long-range project that has
been initiated in order to optimize downscaling
techniques it is intended to transfer climate
change signals from large-scale circulation
data to the regional and local scales. During an
initial phase of the project quantitative rela-
tionships between circulation types and re-
gional and local scale target variables will be
established. Frequency changes of these circu-
lation types as projected by climate models
will be used in a subsequent step to estimate
future climatic and environmental variations
on a local scale.

Experimental classification-based short-
term assessment of air temperature

In order to set up a first reference model for
classification-based assessment of temperature,
a short-term forecasting system for the DWD
station Zugspitze has been developed. For that
purpose 10 weathertypes have been determined
for each month by cluster analysis of the grid
section extending between 0-20°E and 42.5-
52.5°N. The input variables for a first version
were geopotential heights, wind components
and temperature field of the 850 hPa-level as
well as heights of the 300 hPa level and wind
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and temperature of the 500 hPa level. An alter-
native version solely works with the 500 hPa-
geopotential heights. The types which have
been determined using ERA40 data of the pe-
riod 1957 to 2002, have been calibrated by the
corresponding temperature values measured at
the DWD station Zugspitze for the hours
00,06, 12 and 18 UTC. The median of all tem-
perature observations for each class is used as
characteristic temperature value instead of the
{nean, in order to avoid biasses caused by out-
iers.

In order to produce up-to-date model assess-
ments, the 6-hourly GME-forecast data which
are provided by the DWD via FTP twice a day,
are assigned to the type centroids by determi-
nation of the minimum Euclidean distance.
The calibration temperature is then used as
model value. Figure 1 shows the time series
which are produced by the two models in com-
parison to the DWD observations.

Model hB50,1850,WB50,h300,1500,W500 ——
Modsl h500 ——
Observation

-20 ! 1 |

22 A 1 1
16811 1811 20111 22711 2411 2611 28111 3011 02112 04M2 DEM2
day/mon

Fig.1: Time series for temperature values at the DWD
station Zugspitze as observed and modelled by classifi-
cation-based downscaling for the period
16.11.201000UTC to 06.12.2010 OOUTC; red: model
using multiple variable fields (see text), blue: model
based on 500 hPa geopotential heights, black: observa-
tions. Spearman correlation coefficients are 0.78 and
0.75 for h500, respectively.

Even though this example demonstrates that
main parts of variance are in common between
both models and observations, e.g. the cold
snap on 23.11. or the sudden warming
on28.11., some events cannot be reproduced
like the passage of a cold air pool on the
26.11.This shows that there is potential for



further improvements.

Systematic evaluation and optimization of

classifications

Within the framework of the EU COST ac-
tion733 ,,Harmonisation and Applications of
Weather Types Classifications for European
Regions* comprehensive analyses on the
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(principal component analysis in S-mode with
subsequent non-hierarchical cluster analysis),
GWT (threshold-based assignment to circula-
tion prototypes), LND (correlation analysis),

SAN (non-hierarchical cluster analysis opti-

mized via simulated annealing and diversified
randomization), TPC (principal component
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Fig. 2 (left): Varying spatial domains for the determination of circulation type classifications; the black triangle
indicates the position of the Zugspitze. (right) Explained Variances (EV in %) of varying circulation type classifi-
cations for daily values of air temperature (2mT) and precipitation (Prec) for the meteorological station Zugspitze
(1957-2002). EV-values are given for 5 circulation type classifications (see text) with 8 variants each (spatial do-
mains 1-8). Each boxplot consists of 12 EV-values estimated for specific months

discriminatory power of circulation type classi-
fications have been performed with respect to
the variables used for classification (mostly sea
level pressure) as well as several climatic tar-
get )variables (e.g. air temperature, precipita-
tion).

One metric for 1uantifying the discriminatory
power of a circulation type classification for a
climatic target variable is the explained vari-
ance (EV = 1 — within-type sum of squares /
total sum of squares).

Results from the COST action 733 show that
the discriminatory power of classifications
depends not only on the underlying methodo-
logical approach (e.g. cluster or principal com-
ponent analysis) but — mostly even more dis-
tinctly — on classification settings that are in-
dependent from the methodological approach
(e.g. type and number of the variables used for
classification).

Fig. 2 shows selected results from analyses of
the influence of the size of the spatial domain
used for classification on the relationship be-
tween circulation type classifications and me-
teorological surface variables (in terms of the
explained variance) for the example of daily
temperature and precipitation at the DWD
station Zugspitze.Five different circulation-
type classification methods, each of them rep-
resenting one basic classification concept, have
been applied to 8 spatial domains of varying
size, respectively (left panel of Fig. 2): CAP

analysis in T-mode).

All classifications only use sea level pressure
from daily (12UTC) ERA40 reanalysis data for
classification and comprise 18 classes (circula-
tion types).

Subsequently the explained variance of each
classification for dai % values of air tempera-
ture and precipitation has been calculated sepa-
rately)for each calendar month (right panel of
Fig. 2).

In general higher values of the explained vari-
ance can be stated for the target variable air
temperature compared to the target variable
precipitation. In addition — however mostly
minor — differences among different classifica-
tion methods appear. Most distinct variations
in explained variances can be detected accord-
ing to the size of the spatial domain that has
been used for classification. Fig. 2 documents
a clear tendency towards maximum values of
EV related to spatial domains not exceeding a
maximum size of 40 degrees in longitudinal
direction and 30 degrees in latitudinal direc-
tion.

Based on results available from comprehensive
evaluation and comparison studies, it is in-
tended to focus forthcoming research activities
on the modification and enhancement of exist-
ing circulation type classifications in order to
achieve the envisaged optimization of down-
scaling approaches based on circulation type
classifications.
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IN-SITU MEASUREMENTS OF CLOUD MICROPHYSICS
AND AEROSOL-CLOUD-PROCESSES

SCHLOSSER, SCHNAITER, LEISNER
KARLSRUHE INSTITUTE OF TECHNOLOGY (KIT), INSTITUTE FOR METEOROLOGY AND CLIMATE RE-
SEARCH - ATMOSPHERIC AEROSOL RESEARCH (IMK-AAF), ERIC.SCHLOSSER@KIT.EDU

The Institute for Meteorologg and Climate
Research, division Atmospheric Aerosol
Research, focuses on the interaction be-
tween aerosol and clouds. Aerosol particles
have a key role in formation of clouds, pre-
cipitation, cloud optical properties and thus
for weather, radiative forcing and climate.
The processes involved are investigated at
very different spatial scales which range
from micrometer to several meters in labo-
ratory experiments in Karlsruhe. In field
experiments comprehensive aerosol meas-
urements and fast single particle instru-
ments are deployed for characterisation of
aerosol, cloud and ice particles at the Zug-
spitze.

Clouds were sampled on the roof platform
of the Environmental Research Station
Schneefernerhaus (UFS) during a meas-
urement campaign In February 2010. Some
clouds showed sections consisting of super-
cooled water droplets quickly changing with
sections consisting completely of small ice
crystals. During some events mixed clouds
were observed. We present first results of
the concentration of sooth and bioaerosol
inside and outside of the observed clouds
that suggest an influence of the aerosol
composition on cloud microphysical proper-
ties.

Atmospheric Aerosol Research in the Lab

The interaction of aerosol and cloud formation
is being studied in the laboratory on the north-
ern campus of the Karlsruhe Institute for
Technolog éKIT). Single levitated droplets
can be probed on the small scale of microme-
ters. On a much larger scale, cloud aerosol
interactions are being investigated under con-
trolled conditions in the 85 m3 large cloud
simulation chamber AIDA. This chamber al-
lows adjusting atmospheric relevant conditions
over a wide range of temperature, pressure and
humidity. Different well defined materials can
be added as aerosol of known size distribution
and concentration, followed by adiabatic ex-
pansion. The subsequent drop In pressure and
temperature equals the rise of an air packet in
which the aerosol serves as condensation nu-
clei and ice nuclei on which water (or ice) is
deposited and the formation of an artificial
cloud is investigated systematically and repro-
ducibly. The chamber also serves as a test plat-
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form for instruments that are deployed for lab
and field research.
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Fig.1: A mobile measurement unit to investigate
aerosol cloud interactions located on the roof plat-
form of the Schneefernerhaus (UFS). More in-
struments are located in the laboratory below.

Cloud Microphysics and Aerosol Processing
in the Field

The mountain Zu%spitze offers excellent con-
ditions to studY clouds from a ground based
station. The following questions are addressed:

- What natural and anthropogenic types of
aerosol can be found outside and inside of
clouds and what physical and chemical prop-
erties do they have?

- Which part of the aerosol serves as ice nu-
clei, that have a strong influence on cloud
properties, -dynamics and the formation of
precipitation?

- What is the ratio of ice and water in mixed
clouds. And what influence do aerosol parti-
cles have that come from different sources?

- What is the contribution of ice multiplica-
tion processes within relatively warm (>
-9°C) liquid clouds?

- What is the repartition of aerosol particles
with other aerosol compounds when proc-



essed by clouds. And how do the optical
properties of aerosol change in the process?

Field measurements at the Schneeferner-

haus (UFS)

These questions above will be addressed in the
future usin? continuous measurements and
focusEed field campaigns located on the roof at
the 9" floor of the Schneefernerhaus. The first
field campaign took place in February 2010

(Fig.1).

The evaluation of the first SP2 measurements
suggest that the observed cloud has an in-
creased soot concentration compared to air
outside of the cloud, whereas the particle fluo-
rescence determined by WIBS shows no sig-
nificant change in the bioaerosol concentration
within this period. The measurements suggest
that there may be an interrelationship between
the ratio of ice/water and the concentration of
soot in the observed clouds.
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Fig. 2: upper panel left: measurements of soot and bioaerosol, lower panel: SID3 measurements in a mixed cloud. Right
panel: Scattering pattern of cloud particles (SID3): supercooled water droplets (left) and ice crystals (right).

The aerosol concentration and size distribution
was characterised inside and outside passin

clouds. Beside particle counters and aeroso
spectrometers also very specialized aerosol
instrumentation was deployed. Data of an in-
strument of the Umweltbundesamt (Multi An-
gle Absorption Photometer, MAAP) was used
to characterise the optical properties of the
aerosol and compared with data of our Single
Particle Soot Photometer (SP2). SP2 is one of
the fast single particle instruments that probes
the optical and chemical aerosol properties.
Another fast single particle instruments is the
Wide Issue Bioaerosol Sensor §WIBS) that was
used to determine bioaerosol particles. The
instrument SID3 (Small Ice Detector) allowed
to characterise the microphysical properties of
clouds (s.Fig.2).

The evaluation of the fast SID3 single particle
measurements shows fast changes of cloud
sections that consist of supercooled liquid wa-
ter droplets with a diameter of 2.9 £ 1.3 um
that can be derived from the scattering pattern.
These liquid cloud sections changed with sec-
tions with small rimed ice crystals.

Future measurements are planned to follow up
the observations of the first campaign and to
explore the mentioned questions in detail.
Continuous, long-term measurements will be
installed and complemented by intensive field
campaigns using fast single particle instru-
ments.

Cooperation with other research groups that
perform long-term aerosol measurements, and
those that investigate cloud and precipitation
by remote sensing, cloud dynamic and turbu-
lence, and meteorological modelling within the
UFS offer opportunities for comprehensive
cloud research at the Zugspitze
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BAVARIAN HEALTH INFORMATION SERVICE FOR COPD AND ASTHMA
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The LMU-DLR cooperation project “Health
information service for COPD and asthma
for Bavaria” aims at the provision of risk-
information for patients suffering from
chronic pulmonary diseases. Relevant envi-
ronmental and medical data sets are ana-
lysed in order to quantify the effect of envi-
ronmental factors on patients’ well-being.
This knowledge allows the provision of eas-
ily understandable information about health
risks to the general public. Moreover this
projects targets at providing warnings in
case of predicted (up to three days in ad-
vance) environmental situations, which are
unfavourable for the patients’ health.

Introduction

Normally, weather and its variability are no
primary cause of disease but may induce reac-
tions in vulnerable parts of the body and thus
promote negative health outcomes. Clinical
experience shows that patients with respiratory
diseases are often distressed during cold and
humid weather conditions. These patients are
also particularly susceptible to air pollution.
Increased concentrations of particulate matter
but also of ozone lead to more asthma attacks.

Medical data

Prior studies have mainly focussed on mortal-
ity or the number of hospital admissions. Both
measures only account for the worst case of
individual health constitution.

In order to detect weaker changes in patients’
well-being we need to rely on other indicators.
A major component of this study is to identify
changes in the health related behaviour of the
Bavarian citizens by regarding the number of
visits at the GPs or phone calls to emergency
centres.

This project focuses primarily on chronic pul-
monary diseases, which are differentiated into
asthma and chronic obstructive pulmonary
disease $COPD?. Obtained results (including
statistical models) will be transferred to other
diseases.

41

It utilizes several complementary daily medical
data sources:

e ambulatory care visits,

o calls to medical call centres,

e emergency calls and services,

e pharmaceutical data on prescriptions.
As an example Figure 1 shows the number of
ambulatory care visits due to chronic obstruc-
tive lung disease standardized on population
for the Bavarian counties during 2006-2007.

0.5357 1.7638  \LMU [

Fig.1: Number of ambulatory care visits due to chronic
obstructive lung disease standardized on population for
the Bavarian counties during 2006-2007

All of the above medical data sources are heav-
ily affected by administrative patterns like
holidays or weekdays.

In addition to this statistical approach, the
health status of individual patients suffering
from COPD is observed over the course of one
year. During this clinical study the patients are
obliged to perform lung function measure-
ments and to keep a diary on their well-being
on a daily basis. Moreover, several visits at
Schneefernerhaus during unfavourable envi-
ronmental conditions in Munich are scheduled.
At Schneefernerhaus (nearly 3000m above
mean sea level) in depth analyses of their lung
function are performed.



Environmental data

In order to be able to understand the environ-
mental impact on the individual’s well-being it
is necessary to quantify the administrative
influences. This is required to determine the
influence of environmental factors.

Meteorology is expected to play an important
role for the well-being of the project’s target
Proup. These influences are not necessarily
Inear. E.g. comfort ranges for air temperature
and humidity — outside of which negative in-
fluences can be seen — as derived in the frame-
work of this study.

A crucial point for the well-being of people at
risk is air pollution. Especiall%/ respiratory
diseases, which are the main focus in this
study, are highly influenced by atmospheric
constituents.  Enhanced concentrations of
ozone, NO, and particulate matter (PM) are
known to be responsible for adverse health
effects. For example half of the particles
smaller than 10 um (PMyo) reach the lung
when breathing. Particles smaller than 2.5 um
(PM,5) are even capable of passing the blood-
brain-barrier.

Air pollutants are routinely measured using air
samplers. The Bavarian air sampler network is
maintained by the Landesamt fur Umwelt (Ba-
varian Environment Agency, LfU).

These measurements inform about the air qual-
ity situation directly in the vicinity of the air
sampler. They have a limited representativity
when regarding air quality information at sev-
eral hundred metres or even few kilometres
distance. To overcome this shortcoming chem-
istry transport models are utilized. These mod-
els consider anthropogenic and biogenic emis-
sions, the meteorology (temperature, wind,
solar radiation) and the chemical interactions
between different air constituents. In addition
they allow a prediction of the expected air
quality situation for the upcoming days.

Model development

Aim of the project is the prediction of tomor-
row’s (up to 72 hours in advance) health risk
of COPD- and asthma-patients due to envi-
ronmental conditions. This information needs
to be provided on a high spatial resolution.

Meteorological forecasts are computed usin

the Weather Research and Forecast mode
(WRF). The interaction of meteorology, emis-
sions (provided by the LfU) and chemical at-
mospheric constituents is solved by the
POLYPHEMUS/DLR air quality model.

POLYPHEMUS/DLR provides state of the art
high resolution forecasts of air pollution in
Bavaria. Figure 2 shows a sample result for
4.10.2010.

The model chain is routinely operated at Ger-
man Aerospace Center. The obtained results on
air tracer concentration will be available to all
scientists working at Schneefernerhaus in order
to support their research fields.

Combining these data with the knowledge
gained within this ﬂroject will help to provide
patients with health information In an easily
understandable way.
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Fig.2: Air quality forecast as provided by the POLY-
PHEMUS/DLR air quality model
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LUNG FUNCTION IN ADULTS WITH CYSTIC FIBROSIS AT ALTITUDE - IMPACT ON
AIR TRAVEL
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Current guidelines for air travel state that
patients with chronic respiratory diseases
are required to use oxygen if their in-flight
PaO2 values drop below 6.6 kPa. This rec-
ommendation may not be strictly applicable
to cystic fibrosis (CF? patients who may
tolerate lower PaO?2 values for several hours
without clinical symptoms.
We studied lung function, symptoms, blood
ases and signs of pulmonary hypertension
in 36 CF patients at 500m and after 7 hours
at 2650m. A hypoxia inhalation test
(Fi02=0.15) was performed at low altitude
to predict high altitude hypoxemia.
Median PaO2 dropped from 9.8 kPa at low
altitude to 7.0 kPa at high altitude. Mild
exercise with 30 watts further decreased
PaO2. Two thirds of all patients had PaO2
values below 6.6 kPa during exercise and
were asymptomatic except for one patient.
Patients were significantly less obstructed at
2650m. Low FEV1 at baseline was associ-
ated with low PaO2 at altitude.
We conclude that CF patients with baseline
PaO2 values > 8 kPa safely tolerate an alti-
tude of 2650 m under resting conditions for
several hours. The risk assessment of low in-
flight oxygenation should encompass the
whole clinical situation of CF patients with
special attention to the presence of severe
airway obstruction.

Current  recommendations  for  oxygen
prescription for air travel are derived from the
positive effects of oxygen supplementation on
right heart function, respiratory muscle
function and survival in patients with chronic
h%/fpoxemla {Crockett, 2000 1535 /id}. These
effects rely however on long-term oxygen
application of at least 15h/day. It is less clear
what effects short episodes of hypoxemia may
have especially in those subjects adapted to
chronic hypoxemia. It is noteworthy that
patients with CF carry virtually no
cardiovascular risk and are on average younger
than COPD patients.
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We assessed the tolerance of adult patients
with cystic fibrosis to hypoxic challenge in a
laboratory setting at sea level and during actual
exposure to high altitude in a mountain
laboratory. This was done with the assumption
that the results of an assessment performed in a
mountain laboratory simulate what happens
during flight. There is no doubt that patients on
board an aircraft tend to remain in one position
for long durations, that they may sleep and that
the cabin atmosphere is dry. However, for
technical and financial reasons it is not feasible
to measure lung function, blood gases or
echocardlo?raphy during flight in a
commercial aircraft.

We chose actual exposure to high altitude on a
mountain because measurements of lung
function, blood gases, echocardiography and
exercise testing could be performed easily.
Furthermore, the stay in a mountain lab can be
extended for the duration of an international
flight, in our study seven hours. To improve
the comparability of our data to the in-flight
situation, we did not allow walking distances
of more than 150 m. In addition, we
encouraged our subjects to rest in a sitting
osition. Although the stay at a high altitude
aboratory is not fully comparable to a long
distance  flight, the  probability  of
underestimation of hypoxia is low due to the
slightly higher altitude of the laboratory (2650
m) compared to the maximum allowed cabin
pressure of 2438 m (8000 ft)

Conclusion

Our results clearly indicate that the majority of
CF patients adapted to chronically impaired
lung function und hypoxia may tolerate PaO2
values below 6.6 kPa (50 mmHg) for several
hours without clinically relevant symptoms at
rest. In fact, no patient showed any signs of
cardiopulmonary ~ decompensation  when
exposed to high altitude at rest.



Table 1: Baseline respiratory values (500 m above sea

level) and after 1 h at 2660 m

Parameter Baseline 1 hat 2660 m p
FEV1 (% predicted) 66 (26 - 107) 69 (30-115) <0.001
FVC (% predicted) 85(51-108) 88 (47-119) 0.02
FEV1/FVC (Tiffeneau index) 65.7 (34 — 89) 68 (44 — 86) 0.001
PEF (% predicted) 72% (24-112) 88 (42-132) <0.001
MEF25 (% predicted) 19 (0-75) 28 (8 — 76) <0.001
Raw (kPa*s/l) 0.4(0.1-1.1) 0.32(0.16-1.1) 0.009
ITGV (% predicted) 117 (63-196) 132 (70-194) <0.001
TLC (% predicted) 105 (66 — 131) 109 (66 —142)  0.032
Residual volume (% predicted) 152 (79-286) 188 (68 — 341) 0.14
Pa02 (kPa) 98(8-13) 7.0(5.3-10.5) <0.001
PaCO2 (kPa) 5.1(4.4-6) 47(3.7-6) <0.001
Sa02 (%) 95 (89 -99) 90 (66 -98) <0.001
Pulse rate 83 (66 — 110) 84 (66 — 118) 0.059
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KLIMAGRAD
IMPACT OF CLIMATE CHANGE IN THE ALPS
- OBSERVATIONS ALONG ALTITUDINAL GRADIENTS-

CHRISTINA SCHUSTER, MICHAEL LEUCHNER, ANNETTE MENZEL
CHAIR OF ECOCLIMATOLOGY, TECHNISCHE UNIVERSITAT MUNCHEN, HANS-CARL-VON-
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The project KLIMAGRAD (funded by the
Bavarian State Ministry of the Environment
and Public Health) studies impacts of
climate change to mountain ecosystems in
Werdenfelser Land (Bavaria). Adjacent to
the Environmental Research  Station
Schneefernerhaus, a web of climate station
gradients has been set up to initiate research
in the field of atmosphere-biosphere
interactions. In addition to existing climate
stations, four new ones have been set up in
different altitudinal zones. They provide a
fundamental climatic database for different
investigations within the project ranging
from vegetation shifts in space and time to
immission of pollutants. In particular,
temporal vegetation changes in different
altitudes in the montane to subnival zone, as
well as anthropogenic BVOCs and nitrogen
deposition as additional stressors, are
monitored and analysed.

In the joint research project KLIMAGRAD,

A Bestehende Klimastationen

% /\ Neue Klimastationen alle TP
Héhengradienten TP2
Mess-Stationen TP4

—2 Hohengradienten TP4

- Untersuchungsgebiet TP3

the Chair of Ecoclimatology (Technische
Universitdt Mdinchen), the Institute of
Ecological Chemistry  (Helmholtz Zentrum
Minchen), the Chair of Physical Geography
and Quantitative Methods - Group of
Biogeography (Universitdt Augsburg), the
Munich Botanical Garden and the Department
of Systematic Botany (Ludwig Maximilians
Universitat Miinchen) are involved. In several
sub-projects (Fig. 1) different aspects of
climate change in the Alps are studied.

At the Botanical Garden at Schachen a new
phenological observation program has been
established, which provides the basis for long-
term monitoring within a newly established
network of arctic-alpine botanical gardens.

At observation sites along four altitudinal
gradients in the area of Garmisch-
Partenkirchen, phenology of vegetative and
generative phases (flowering, fruiting) of tree
species and their correlation with altitude,
temperature and habitat parameters
are analyzed.

Along gradients at Kramer and
Kreuzeck/ Hausberg in particular
the immission of nitrogenous
compounds in  montane and
subalpine spruce populations in
northern  alpine  regions s
investigated.

At the Zugspitzplatt the research
focus is on the impacts of climate
change and anthropogenic-
zoogenic  influences on  the
vegetative association of alpine
species (see report on
HOHENZUG).

Fig.1: Overview of KLIMAGRAD research locations in the area of

Garmisch- Partenkirchen
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New meteorological stations
To provide a basic infrastructure for the
research project KLIMAGRAD, we have
installed and operate four new meteorological
stations in different altitudinal elevations in the
Garmisch-Partenkirchen area. They supply the
roject partners with substantial climate data
rom the region. After several inspections of
the terrain and consultations with the Bavaria
State Forest Enterprise, the Elroject partner
Alpine Botanical Garden Schachen and others,
the following installation sites were chosen:
Brandwiese (930 m as.l) in the Reintal,
Felsenkanzel at the southern slope of Kramer
(1250 m a.s.l.), Kreuzalm at Kreuzeck (1600 m
a.s.l.) and the Alpine Botanical Garden
Schachen (1830 m a.s.l.).

From November 2009 fSchachen) and March
2010 onwards, the following meteorological
parameters are available on the internet via
transmission by GPRS-modem (Fig. 2):

Global radiation

Air temperature

Air humidity

Soil temperature at 5 and 25 cm depth
Surface temperature

Wind direction

Wind velocity

Precipitation

Currently the climate data are used by 17
scientists of six different institutions for their
research in the Garmisch-Partenkirchen area.
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Fig.2: Examples of climate data from the meteorological
station at Schachen (27.-30.06.2010)

b)

Fig. 3: New meteorological stations at Felsenkanzel with Zugspitze in the background (a) and at Kreuzeck (b)
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A MULTI-SENSOR APPROACH TOWARDS A BETTER UNDERSTANDING OF
SNOWFALL MICROPHYSICS: THE TOSCA PROJECT

U. LOHNERT!, S. KNEIFELY, A. BATTAGLIA?, M. HAGEN?, L. HIRSCH*, S. CREWELL*
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Although snow is the predominant type of
precipitation in sub-polar and polar lati-
tudes, not many reliable methods for deter-
mining micro-physical snowfall parameters
exist today. Ground-based remote sensing in
synerggl with in-situ measurements as per-
formed at UFS during the TOSCA cam-
paign offers a wide potential to gather rele-
vant information on the vertical distribution
of snowfall necessary for satellite retrieval
applications as well as for numerical model
evaluation.

Introduction

A large part of the global precipitation falls as
snow and most liquid precipitation is initiated
via the ice phase. However, measuring snow-
fall is a highly complicated matter. The main
challenges are the hi%h spatial and temporal
variability as well as the enormous complexity
of snow crystal habit, density and particle size
distribution (PSD). Given the enormous uncer-
tainties in the prediction of frozen hydrome-
teors in numerical weather prediction and cli-
mate models, reliable monitoring of snow wa-
ter content is essential. Remote sensing meth-

ods are actually the only means suited for this
purpose because they can provide continuous
observations with high temporal and spatial
coverage. Accurate surface-based in-situ
measurements of snowfall are problematic due
to large errors in windy conditions, and their
sparse spatial and temporal resolution. Addi-
tionally space-based remote sensing methods
for derivin? snowfall are not very sophisticated
and suffer from large uncertainties.

Active cloud radar measurements in snow are
dominated by the backscatter signal originating
from ice crystals, while passive microwave
measurements are either insensitive to ice scat-
tering (below 50 GHz) or sensitive to both
liquid water emission and ice particle scatter-
ing (above 90 GHz). Thus, when combining
active and passive microwave measurements,
the correct quantification of the super-cooled
liquid water (SLW) phase is essential. This is
further interesting concerning the role of SLW
in snow production mechanisms such as diffu-
sion (crystal growth via water vapour), riming
(freezing of SLW on existing crystals) and
aggregation (merging of two ice crystals).

Fig.1: Instruments deployed at UFS during winter 2008/2009. Top from left to right: Microwave profiler HATPRO,
90/150 GHz radiometer DPR, 36 GHz cloud radar MIRA36. Bottom from left to right: 10 m meteorological mast,
2-dimensional video disdrometer, Ceilometer, Micro-Rain-Radar, Parsivel disdrometer.
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The TOSCA Project

In light of the above-mentioned scientific chal-
lenges the TOSCA (Towards an Optimal esti-
mation based Snow Characterizing Algorithm)
project, funded by the German Science Foun-
dation (DFG), employed measurements with a
unique combination of instruments (Fig. 1) at
UFS. The TOSCA campaign took place in the
winter season 2008/2009. The focus of the
project lies in the development of improved
measurement techniques for snow and SLW at
temperatures below freezing throughout the
atmospheric column. The main TOSCA sci-
ence questions are:

- What are the combined influences of snow
particle habit, PSD, mass density and SLW on
passive and active microwave observations?

- Do the TOSCA observations fit to results
obtained from radiative transfer models assum-
ing common snow crystal habits and size dis-
tributions?

- Can the accuracy of remote sensing retrievals
of snow water be improved if active cloud
radar measurements are combined with passive
microwave measurements?
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Fig. 2: Brightness temperatures scatter plots as a function
of SWP for the TOSCA campaign. Top: simulations,

bottom: measurements.

Microwave Signals during Snowfall

In the following we want to highlight the effect
of snowfall and SLW on ground-based passive
microwave measurements during snowfall
events. Fig. 2 shows scatter plots for brightness
temperatures (TB) as a function of snow water
path (SWP). The simulations (top row) use
radiative transfer simulations based on
mesoscale meteorological COSMO-DE simu-
lations. The observed TB (bottom row) are
from the UFS microwave radiometers while
SWP was retrieved from the cloud radar. The
larger SWP values at increasingly higher 150
GHz TBs underline the higher sensitivity to-
wards SWP with respect to 31.4 and 90 GHz.
At 150 GHz the snow scattering signal is larg-
est, whereas at 31.4 GHz the variance of the
signal is almost solely caused by water vapour
and liquid water variations. Note, that in con-
trast to the simulations, we see in the observa-
tions a rather large range of scatter in the 150-
31.4 GHz plot in cases of negligible SWP. We

attribute this variability mainly to the differ-
ences in temperature dependence of the emis-
sion of SLW at 31.4 and 150 GHz. At 31.4
GHz the same amount of SLW gives rise to
higher TB’s at colder ambient temperature than
at warmer temperature, whereas this relation is
opposite at 150 GHz. Apparently the tempera-
ture range in which SLW occurs in the model
is much more restricted than in reality, indicat-
ing that SLW is underestimated in the model.
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Fig.3: Surface temperature as a function of snow
crystal maximum diameter. The measurements corre-

sponding to 10 minute averages are shown as orange
dofs.

Snow Crystal Observations

An interesting feature was observed from the
evaluation of the histogram of maximum parti-
cle size dimension Dpax (from 2D-video dis-
drometer) and surface temperature (Fig. 3).
Dnax Seems to be temperature independent, —
except for the temperature range between -10
and -15 °C where we see a more frequent oc-
currence of larger snow crystals. In this tem-
perature range the super saturation over ice
with respect to liquid water reaches its maxi-
mum value so that the Wegener-Bergeron-
Findeisen process, i.e. the transformation of
liquid drops to ice crystals via the gas phase,
may be more effective. Also, snow crystals are
mostly of dendritic structure in this tempera-
ture range. Both conditions are preferable for
the fast and effective growth by aggregation of
snow crystals in this “secondary growth re-
gion”.

Summary and Outlook

With the TOSCA data set we have collected an
unprecedented combination of measurements
which can provide key pieces of information
needed to Improve the understanding of the
microphysical characteristics of mid-Ilatitude
winterly precipitation systems. Additionally
we have shown the ﬁotgntial for deriving in-
formation on mlc_rofp ysical processes such as
aggregation and diffusion growth.

Measurements as carried out during TOSCA
are vital from the perspective of space-borne
missions like EarthCARE or GPM. The in-
strumentation at UFS will provide a valuable
contribution for the validation and develop-
ment of future retrieval algorithms using active
and passive microwave measurements.
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KLIMAGRAD
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In sub-project 2 of the joint research project
KLIMAGRAD, the phenological response of
alpine species to climate change is
investigated. The Alpine Botanical Garden
Schachen has initiated a new network of
arctic-alpine botanical gardens including a
new phenological observation key. Also the
phenological response and vitality of
mountain forest trees to altitude and
temperature are observed to assess possible
fl#ltcjtre developments in species and habitat
shifts.

1. Establishment of a long-term pheno-
logical observation program at the Alpine
Bota)nical Garden Schachen (subalpine
zone

Botanical Gardens are an important source of
long-term phenological observation series
(Primack & Rushing 2009). Analysis of these
series improves understanding of climate
change impacts on ﬁlant life cycles (Menzel et
al. 2006). Although mountain ecosystems in
Europe are the habitat most threatened by
climate change (Schroter et al., 2005), so far
there are no long-term  phenological
observations in these high elevation areas. This
lack of information should now be overcome
by the establishment of a new phenological
monitoring program within an European
network of arctic-alpine botanical gardens.

Criteria of indicator species included are:
European alpine species
Easy vegetative reproduction
Different life forms

17.06.2010

\ >
, P
\ ;

20.06.2010

24.07.2010

W e

30.06.2010

High ecological amplitude )
Clear definition of phenological attributes
Attributes stretch over the growing season

A very important criterion to determine the
henological attributes of the new observation
ey is a very easy recognizability and

documentation of the phenomena. Meeting

these criteria the following species were
selected for the observation program: Allium
senescens, Alnus viridis, Arnica montana,

Dianthus alpinus, Dryas octopetala, Geum
reptans, Helianthemum alpestre, Lonicera
alpigena, Potentilla nitida, Rhodiola rosea,
Rhododendron ferrugineum, Ribes alpinum,
Salix reticulata and Saxifraga paniculata.

The determination of useful phenological
attributes (Fig. 1) and the composition of the
observation key Is the basis for the long-term
project. This was achieved during a diploma
thesis. At the same time for the selected
indicator species, a collection of mother plants
was set up. These mother plants provide
vegetative reproduced clones with identical
enetic information which will be supplied to
the phenological gardens involved in the
project.

Gardens involved so far:
Alpengarten auf dem Schachen (D)
Giardino Botanico Alpino "Viotte” il)
Jardin Botanique Alpin du Lautaret (F)
Jardin d'Altitude du Haut Chitlet (F)
Tromsg Arctic-Alpine Botanic Garden (N)
Reykjavik Botanic Garden (1S)

Juni Juli August

September

Fig.1: Phenological attributes with onset dates 2010 for Rhododendron ferrugineum
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2. Phenological observation of mountain
forest trees along altitudinal gradients
(montane zone)

In Werdenfelser Land four observation
transects along altitudinal gradients between
700 and 1800 m elevation were selected
includin? the sites of the four new
meteorological stations: Garmisch-Kramer,
Garmisch-Kreuzeck, Brandwiese-Kreuzeck
and Brandwiese-Schachen. With 100 m
altitudinal difference between each,
observation sites in the forest were chosen for
phenological observation. At each site, a
temperature and humidity logger HOBO Pro
V2 was installed and three dominant and three
young trees per species (Abies alba, Acer
pseudoplatanus, Fagus sylvatica, Larix
decidua, Picea abies, Pinus cembra, Pinus
mugo, Pinus sylvestris) were chosen - 548
individuals in total. From April to July, weekly
phenological observations were undertaken
Ia:(_:coging to the BBCH code (Meier, 1997,
ig. 2).

All tree species show a clear response to
altitude in their phenological development.

The slope of a regression line of the data
provides the delay of onset dates of a
phenological phase with altitude. These slopes
reveal a high variation between species and
observed phenological phase. Often, young
trees show a different reaction to altitude than
adult trees. Furthermore, there is obviously a
difference between onset dates of north and
south exposed sites. Leaf (needle) unfolding
time decreases with increasing altitude.

In autumn, senescence gleaf colouring and leaf
fall) were observed ftor the species Acer
pseudoplatanus, Fagus sylvatica, Larix
decidua and Sorbus aria. Therefore,
ercentages of green, coloured and fallen
eaves were estimated. Here, the dependency
of the onset dates of the phenophases on
altitude and temperature, but also on sprin
phenology timing, is investigated.
Rothlisberger  (2010) characterizes  three
different possible options: (1) the vegetation
period increases due to climate change, (2)
autumn phenology is strongly linked to sprin
phenology by a constant vegetation period, (3%
autumn and spring phenology respond
independently to the actual environmental
circumstances.

By comparison of the observed temperature
responses of the phenology of mountain tree
species with models of future global warming,
likely trends in shifts of vegetation period,
habitats and tree line can be assessed. The
results also provide hints of potential
vulnerable species like Pinus cembra, which
are endangered by temperature increase
because of a small sensitivity or lack of areas
to retreat to.

o G..énlef'al \ ]

_——scheme

Fig.2: General scheme of the BBCH scale of
phenological phases (Meier 1997)
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ALTITUDE DOES NOT INFLUENCE PLANT PHENOLOGICAL TRENDS
IN THE ALPINE REGION
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We evaluated the influence of altitude on
plant phenology over a large area (46 to
49°N latitude and 5 to 15°E longitude) for
1971-2000. Our attention was focused on
flowering of widely distributed plants in
Europe, including some important allergenic
species. We calculated the dependence of
phenological mean dates on altitude for
different phenophases (BF -beginning of
flowering, FFO - first flower opens, FF - full
flowering) using linear regression. Results
show a statistically significant linear
dependence of mean dates on altitude. In
contrast, phenological trends and
temperature trends show a less strong, often
non-significant, dependence on altitude.

In the past, mountain regions were regarded as
healthy places for hay fever sufferers due to a
low occurrence of airborne pollen compared to
lowlands. Recently, however, highlands seem to
have been more strongly affected by climate
chanége than other regions. Global warming
could be a major cause of biodiversity change
on mountain tops. A general rearrangement of
the Alpine flora could result from an elevational
shift in species ranges. Phenology, the science
of recurrent seasonal events, can help us
understand the influence of global warming on
changes in plants of the Alpine region. In the
present study we used the dataset collected
within the COST725 action ‘Establishing a
European phenological data platform for
climatological applications’ the E-Obs
dataset from the EU-FP6 project ENSEMBLES
for monthly mean temperatures.

Results
In general, hphenologlcal onset dates depend on
altitude with a very high level of significance
(see FI% 1). The value of this altltude response
ranges from 0.92 + 0.21 d (100 m)™ for Norway
spruce BF to 456 + 0.21 d (100 m)™" for
common hazel BF. The value of R* is >0.50 for
6 out of 10 phenophases, indicating that
variability of dates is well explained by altitude.
However, the analysis of altitudinal gradients of
phenologlcal trends (Fig. 2) leads to less clear
results in comparison to those of phenological
radients. Values range from 0.042 + 0.022
?small Ieaved lime FFO) to —0.065 + 0.028 d yr™
100 m) (common alder BF); however, these
regressions are statistically significant for only 3
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Fig.1: Phenological mean dates versus altitude,
calculated in the Alpine region. Each altitudinal
series is a different phenophase. Means are
calculated over temporal series of more than 15 yr.
BF: beginning of flowering; FFO: first flowers
open; FF: full flowering

phenophases and their relevance, indicated by

is generally low (R? < 0.075). Moreover, the
datasets with the largest number of stations
(common hazel BF, 436; goat willow FFO,
359) have the smaliest R? value (0.0002 and
0.0012, respectively): this finding strongly
suggests the lack of dependence between
phenological trends and altitude. Also,
temperature trends do not show a significant
dependence on altitude.
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Conclusions 3
The temperature decrease with elevation results o nmoL.

in a significant linear dependence of all the TR
studied phenophases on altitude. Although i
climate warming is more pronounced In 2}
mountainous areas than in lowlands, there is

obvi0u5|y no dependence of observed 200 400 600 800 100012001400 1600 200 400 60O 50 1000 1200 1400 1600
temperature trends on altitude within the Alpine

region. Similarly, phenological trends do not Cocksfoot Grass BF

depend on altitude.

. “Common Hazel BF

Future perspectives R
Further research is needed to better understand 2k .

changes of the pollination period and intensity e —
|n the A|pS under Cllmate I ange, Including the 200 400 600 800 1000 1200 1400 1600 00 400 600 800 1000 1200 1400 1600
influence of local exposition and sites (ngg. 3)
We will also investigate the role of episodes of
long-range pollen transport and local emissions
on airborne pollen concentration monitored at
three sites around the UF Schneefernerhaus
(Garmisch at 720 m a.s.l., Ehrwald at 1503 m
a.s.l., and Schneefernerhaus at 2650 m a.s.l.).
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Within the scope of the project KLIMA-
GRAD (Impacts of climate change in the
Alps — Observations along altitudinal gradi-
ents) we studied nitrogen deposition into
montane and subalpine spruce stands in
Werdenfelser Land in combination with the
behavior of anthropogenic and biogenic
VOCs. More details on the project KLI-
MAGRAD can be found in the overview
chapter (Schuster et al., this issue). In this
report the most important results so far and
further objectives of the sub-project ‘Depo-
sition/Emissions’ running until 2012 will be
given.

Nitrogen deposition into montane and

subalpine spruce stands

Nitrogen plays an essential role in plant nutri-
tion, but 1t can develop quickly from a fertil-
izer to a stress factor. In the context of climate
warming, the current nitrogen input into alpine
ecosystems could be to a burden. In addition to
potential sources in the valley and the pre-
alpine region, nitrogen input is affected by
meteorological parameters such as rainfall, the
type of precipitation, humidity and air tem-
perature. Topographic factors such as expo-
sure, altitude, slope of the hill, lee situations
and plant surfaces also play an important role
in deposition. This means that deposition can
var?/ greatly within small distances. This issue
will be investigated in alpine spruce stands
along two different exposed gradients at
Kramer and the Kreuzeck/Hausberg in the
Garmisch-Partenkirchen area. A total of eight
points, each consisting of an open field and a
forest measuring point have been established.
The open field and throughfall deposition have
been measured by bulk samplers, the ambient
air concentration of NH; and NO, by ventilated
passive samplers and air temperature and hu-
midity by thermohygrobuttons. The aim of this
study is to obtain data for the interpretation of
nitrogen input into a complex terrain. A com-
parison of deposition in cold and warm or
rainy and dry years can serve as a framework
for scenarios of future climate evolution.
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Ambient air concentrations of NO, and NH;
First results of the measurement of ambient air
concentrations are shown in Fig. 1. Due to the
vicinity of emission sources, both NH; and
NO, had their highest values in the Loisach
Valley. While traffic and domestic heating
represent the main sources of NO,, NH; origi-
nates mainly from agricultural activities, e.g.
from liquid-manure. As a result of the emission
pattern, a contrasting annual course of the con-
centration of both gases can be expected. The
concentrations of both gases decrease with
altitude and with the distance from emission
source.

rrrrrrrrrrr

nitrogen dioxide and ammonia for the period December
2009 to August 2010

Deposition measurements

The open field deposition is determined by the
concentration in precipitation (decreasing with
altitude) and precipitation amount (increasing
with altitude). This contrasting trend can ex-
plain the relatively homogeneous ammonium
dei)osition at all altitudes (Fig. 2). The highest
values in the Loisach Valley are caused by the
vicinity to the emission sources. The deposi-
tion in forest stands is influenced by the filter
effect of the stands and the increasing fre-
quency of fog and clouds. This can explain the
very high deposition at Kreuzeck at 1600 m
a.s.l. A similar picture emerges for the nitrate-
nitrogen input. Furthermore, single events, like
the eruption of the volcano Eyjafjallajokull on
Iceland and the spread of its ash cloud over
Europe can be detected in the results of nitro-



gen input and other substances. Detailed
evaluations are presently still in progress.

Deposition NH4-N Dez 09-Aug 10
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Fig. 2: Sum of ammonium-N-deposition for the period
December to August 2010

Significance of volatile organic compounds
(VOCs)
Tropospheric ozone, in addition to its direct
negative impacts on plants (growth reduction,
dieback etc.? and humans (e.g. respiratory dis-
eases), is one of the most important greenhouse
ases that has contributed IargeI%/ to the an-
thropogenically caused radiative forcing since
the beginning of industrialization. Its atmos-
pheric background concentration is expected to
increase during the 21% century. In contrast to
other greenhouse gases, it is not emitted di-
rectly, but by photochemical processes of pre-
cursor compounds. Besides NO and NO,, vola-
tile organic compounds (VOCs) are the most
important precursors that on one hand have a
direct climatic effect and on the other hand
contribute significantly to the anthropogenic
greenhouse effect by formation of ozone and
aerosols. The most important sources for
VOCs in the atmosphere are fossil fuel burning
from traffic and industrial processes, handling
and evaporation of fuels and solvents, and
emissions from plants that are linked to photo-
synthesis or stress defense. In particular, bio-
genic VOC emissions are expected to increase
drastically due to increased temperature stress
and thus also the fraction of biogenic precur-
sors to the Broduction of ozone. Improved
knowledge about the composition of these
VVOCs will deliver important information about
the contributions of emissions of biogenic and
anthropogenic origin to the formation of
ozone, aerosols, and other photochemicall
]Eroduced compounds and thus to climatic ef-
ects.

Analysis of VOCs along altitudinal gradi-
ents

During several days with different typical me-
teorological situations in the Zugspitze region
altitudinal gradients of VOC mixing ratios will
be determined. At selected sites (Fig. 3) air
samples will be collected simultaneously with
adsorption tube samplers. These samples will
be analyzed with a GC-FID system offline.
The objective is the determination of the im-
pacts of different meteorological processes
(e.g. upslope/downslope katabatic winds, ver-

tical mixing and boundary layer development,
inversions, foehn) with resgect to overlayin
synoptic conditions for the spatiotempora

istribution of ozone precursor compounds
along the gradients. Four tentative campaigns
could already be conducted along the altitud-
inal gradients displayed in Fig. 3 in summer
2010. The main focus of the campaigns will be
set on summer 2011.

Fig. 3: Map of the sampling sites at Kreuzeck (S; 93-
96), at Kramer (N; 90/91/97) and at the IMK-1FU (92).

Apportionment of VOC sources at the UFS
A first analysis of a ten year data set of the
German Federal Environment Agency for the
UFS Schneefernerhaus provided first results of
source Tprofiles at the high altitude station. Re-
sults of this study can be found in Ries et al.
(this issue). As the i)roject proceeds, an online
GC-FID system will be installed at the UFS at
the beginning of 2011 to provide quasi-
continuous data of VOC mixing ratios. The
measurements will only be interrupted for the
analysis of the offline samples from the ad-
sorption tubes. The objective is a quantitative
apportionment of the main anthropogenic and
b|0ﬂen|c hydrocarbon sources affecting the
high mountain site UFS Schneefernerhaus.
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HIGH-POWER LIDAR SOUNDING OF WATER VAPOUR AND TEMPERATURE UP
TO THE STRATOSPHERE
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The primary greenhouse gas water vapour
constitutes a new focus of lidar vertical
sounding within the global ”Network for the
Detection of Atmospheric Composition
Change” (NDACC), with emphasis on the cli-
mate-relevant upper troposphere and lower
stratosphere. As a first step we developed a
powerful differential-absorption lidar system
at the Schneefernerhaus. The location of the
laboratory near the edge of the moist lower-
atmosphere has made possible routine meas-
urements of water vapour in the entire free
troposphere with high vertical and temporal
resolution as well as errors of about 5 % up
to 8 km. An extension of lidar sounding into
the stratosphere is under way. Our solution
is a dparticularly large Raman lidar system
based on a 350-W XeCl laser system and a
1.5-m-diameter receiving telescope leading to
a two-order-of-magnitude increase in back-
scatter signal with resi)ect to existing sys-
tems. The new lidar will also provide tempe-
rature profiles up to more than 80 km.

Introduction

Due to its abundance and due to absorbing in-
frared radiation in a wide spectral range water
vapour is the most important greenhouse gas,
contributing roughly two thirds of the green-
house effect. Thermal radiation is released to
space mostly at altitudes with sufficientl?]/ low
humidity (typically above 5 km). Any change
in humidity at these higher altitudes has critical
influence on the radiation budget of the atmo-
sphere. During the past decade there have been
considerable efforts for developing improved
instrumentation for quantitative vertically re-
solved measurements of water vapour in the
upper troposphere and lower stratosphere
(UTLYS), some severe deficiency remaining in
the altitude range between10 and 20 km.

Lidar ("laser radar'? sounding has a high po-
tential for vertically resolved measurements in
the UTLS. A challenge for lidar methods is the
low signal level for large distances combined
with the low concentration of UTLS water
vapour. This requires the development of sys-
tems with particularly powerful lasers and
large receivers for the radiation backscattered
from the atmosphere.

There are two options, the differential-absorp-
tion lidar (DIAL) or Raman-lidar technique.
The DIAL method offers the clear advantages
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of a stable, accurate calibration, a much higher
sensitivity, short measurement times and full
daytime capability. Because of these advan-
tages a particularly powerful DIAL system was
installed by us at the Schneefernerhaus (UFS)
that, as the first ground-based system, covers
the entire free troposphere above 3 km [1].
An extension of DIAL sounding into the stra-
tosphere under average conditions requires an
unrealistic laboratory altitude of about 7.5 km.
Therefore, for stratospheric measurements we
decided to use the Raman approach, this neces-
sitating to install an ultraviolet laser with some
of the highest power available.

g ) T T T T T
Zugspitze DIAL (817 nm), 19:02 UTC —
4 DLR airborne DIAL (935 nm), 19:00 UTC ——
II
8\ B
1
|
- 7k \ J
@ )
@ Il
E M
= 6t J
4 [
2 \
< 5 --""‘H-h__&'__. i
ot
4+ S i
——
—— —=
S et e
3 = i L L 1
0 1 2 4 5 6

3
H,O Density [10%m™]

Fig.1: Comparison of the UFS DIAL and the DLR airborne
DIAL on October 17, 2008 (LUAMI): The agreement is highly
satisfactory below 6.3 km. The differences above this are
explained by drier air during the approach of the aircraft.

Results 2009-2010 for the DIAL

After extensively testing the DIAL system rou-
tine measurements were started in 2007, with
typically two measurement days per week. The
results show a variability of the mean water-
vapour density covering more than a factor of
fourty. Particularly low densities, correspond-
ding to 0 to 2 % relative humidity have been
observed during stratospheric air intrusion
events, values that are rarely recorded by stan-
dard in-situ instrumentation. In Fig. 1 a rather
narrow intrusion layer is seen at 3.2 km. The
more or less negligible humidity suggests a
surprisingly low degree of mixing with tropo-
spheric air on its long way from the arctic



stratosphere to the Alps, a challenge for nume-
rical models which overestimate free-tropo-
spheric air-mass mixing.
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Fig.2:  Comparison of vertically integrated water vapour

(IWV) from the DIAL with that from the Zugspitze FTIR [2]
(taken from [3])

The DIAL has demonstrated its high-quality pro-
filing caﬁability within the Lindenberg Upper
Air Methods Intercomparison (LUAMI) cam-
paign (Fig. 1). In a recent intercomparison of the
DIAL and the high-resolution solar Fourier trans-
form infrared iFTIR) spectrometer at the Zug-
spitze summit [2] a perfect correlation slope of
the integrated water vapor (IWV) was found
(Fig. 2), and a very high accuracy and precision,
both less than 0.1 mm (3 % of the mean), could
be demonstrated [3]. This proves the consistency
of the molecular absorption line parameters from
three different spectral regions.

Development of a High-Power Raman Lidar
Nighttime Raman backscattering, in contrast to
DIAL, is a zero-background method. Conse-
quently, by enhancing the laser power the sensi-
tivity for H,O can be upscaled to any level. For
the Raman lidar system at UFS a 350-W XeCl
laser (308 nm), normally used for industrial
production, was installed. In addition, a 1.5-m-
diameter receiving telescope will be used.

Fig.3: The XeCl laser (Coherent, Lambda SX) inside
the staircase leading to the lidar laboratory in the top
floor of UFS

The laser was successfully set up in the top floor
of UFS in December 2009. For the move, parts
of the staircase leading to the lidar laboratory
had to be removed and the laser was pulled up
with two pulleys éFi?. 3). The laser cavitY IS
currently modified for achieving single-line
operation with high spectral purity.

The primary mirror of the lidar receiver has a
focal length of 5 m and the telescope, there-
fore, does not fit into the laboratory. A cabinet
was mounted on the top of the building and
covered with an astronomical dome (Fig. 4).

Fig.4: Assembly of the receiver cabinet on the top platform of
UFS: Here, the astronomical dome is delivered as the last
component by a big double-rotor helicopter.

Temperature measurements will be made both
by rotational Raman scattering and via Ray-
leigh scattering. Rotational Raman scattering is
insensitive to the presence of aerosol and is,
thus, applied within the troposphere and the
lower stratosphere. Rayleigh scattering yields
substantially more backscatter signal and will
be used for temperature profiling between the
ggpker end of the aerosol layers and more than
m.

Although the scattering cross sections and the
system parameters of a Raman lidar can be de-
termined, the uncertainéy of these values is too
high for ensuring humidity errors of just a few
per cent. An external calibration (e.g., with radio-
sondes) is required. At UFS a side-by-side cali-
bration with the quality-assured DIAL offers a
unique opportunity, avoiding questionable com-
parisons with remote radiosonde ascents.

Further Plans

As an experimental approach to climate research
we plan to combine the water-vapour and tempe-
rature measurements with spectrally resolved
measurements of the near and far infrared radia-
tion. This effort would include a closure experi-
ment carried out in co-operation with UFS part-
ners and others. This would be the first study of
this kind at a high-altitude observatory.
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Allergies are one of the greatest health
challenges in most societies of today. AIIer%y
problems are expected to increase with the
threat of climate change.

This project is to assess the effect the high
mountain climate has on aIIerigic reactions
at a height of 2600 m. The effect the high
mountain climate has on selected patients
and volunteer subjects is to be examined
with regard to targeted parameters of the
allergic reactivity as well as phenotypical
characteristics of atopic diseases under
standardized conditions. These studies
should include in vivo and in vitro
parameters.  Here, examinations in
particular with regard to skin function and
skin condition in view of atopic eczema as
well as allergic respiratory diseases are to be
referred to.

In the long term, diagnostic use of certain
areas of the environmental research station
Schneefernerhaus for patients with allergy
and environmental diseases was planned for
extended and intensive allergy diagnostics, if
encouraging results were gained from the
preliminary examinations.

Methods

The effect the high mountain climate has on 18
patients and 11 controls was assessed with
regard to targeted parameters of the allergic
reaction  with  atopic  diseases  like
rhinoconjunctivitis allergica (hayfever), atopic
eczcema and asthma under standardized
conditions.

The studies on individuals were carried out
with an identical approach in the lowlands
Munich) as well as the high mountain climate
Zugspitze - Schneefernerhaus) in spring
March 2009) and summer (pollen season, July
2008 and 2009). For this, groups of up to 10
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individuals with 3-4 supervisors spent 5 days
in the environmental research station.

Different skin test procedures were used.
Furthermore, the reaction of mucous
membranes on allergens was evaluated in
provocation tests.

The examination of skin physiological
p;arameters was of significant importance (fig.
1).
Furthermore, pulmonary function parameters
and inflammation parameters were measured
in the exhaled air.

Fig.1: Measurement of different skin physiological
parameters (skin hydration, ebum, pH, TEWL, skin
roughness)

The itch intensity was recorded as the main
symptom of dermatological diseases under
ifferent conditions. This was done based on a
specific questionnaire in connection with
computer-analyzed visual analogue scales



(VAS), which make intra-individual
differences in pruritic sensation objectively
measurable following known and standardized
stimulation.

At the same time, allergy-relevant markers of
the immune response were detected in the
serum.

For the evaluation, a distinction was made
between main target variable (transepidermal
water loss) and secondary target variables (skin
findings according to SCORAD, additional
skin physiological parameters, prick test,
pulmonary/nose/eyes provocation test, NO
measurement, blood parameters). For the
statistical analysis, the Friedman test and the
Wilcoxon test were used.

First of all, the main task was to Erepare the
conditions for carrying out the highly
differentiated and not completely risk-free
examinations on the study participants. For this
purpose, different stud?/ groups started their
work in Munich as well as Garmisch and on
the Zugspitze in the environmental research
stfat_ion Schneefernerhaus over different periods
of time.

To begin with, in March 2008 the
preconditions for the clinical examinations and
the technical laboratory analyses with human
material had to be created in the environmental
research station.

The logistics of the examination steps as well
as the considerations for possible aEFIication in
case of any arising health problems were
thought through, planned and tested.

The above-mentioned techniques were then
carried out in preliminary examinations in
Munich and tested on different groups of
people.

In July and August 2008 as well as in March
and July 2009, based on the experience gained,
larger examinations were carried out on
controls and patients in the environmental
research station. First of all, the examinations
were carried out in Munich 3 to 7 days before
the start of the stay at high altitude. This was
followed by a stay of 5 days in the
environmental research station  with
measurements at the beginning and end of the
stay. The study participants stayed the night at
the altitude of 2,600 m. A proportion of the test
persons were examined again 4 weeks later.

Examinations on 11 controls, who had shown
no previous allergic responses even in the
allergy tests, were carried out during the
above-mentioned periods. Equally,
examinations were carried out on 18 persons
with allergic rhinoconjunctivitis, asthma and/or
atopic eczema, who were sensitized to grass
pollen and were respectively classified in vivo
and in vitro in allergy diagnostics.

Findings
The following changes in skin function
parameters occurred:

Decreased skin hydration

Increased pH value

Increased scaliness

Increased transepidermal water loss

The sebum of the skin, the skin roughness, the
size of wheals and erythema during prick
testing as well as the score of the atopic
eczema (SCORAD) did not change
significantly.

The itch intensity indicated a significant
decrease of the pruritic sensation at high
altitude.

When examining the pulmonary function
parameters, there was an improvement at high
altitude. The exhalative nitric oxide (NO)
values as parameters for an inflammation of
the respiratory tract as well as the measured
values in the rhinomanometry (nasal flow,
resistance) did not change significantly.

For the serum parameters, there was a
significant decrease of the eosinophil cationic
protein as well as interleukin-33 at high
altitude, which are both markers for
inflammations in atopic diseases (fig. 2).

ECP in serum
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Fig.2: Eosinophil cationic protein in serum (ug/l) of
patients and controls at different time points (t1 and t4
Munich, t2 und t3 UFS; * = p<0,01)

Summary

The results indicate that a stay of 5 days at the
high mountain climate at a height of 2600 m
exerts different effects on atopic diseases.

Asthma  parameters and skin itching
particularly improved. Furthermore
allergologically relevant blood parameters for
inflammation  decreased. Sojourns lasting
several weeks might be reasonable in order to
find out if also the skin physiological and nasal
parameters would ameliorate.
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We explore the potential of microwave
backhaul link attenuation to quantify path-
integrated precipitation. The focus is on the
area around Garmisch-Partenkirchen and
Mount Zugspitze. First results show the
performance of the new method and its po-
tential to complement traditional methods
like station or radar based measurements.

Introduction
Estimating the spatial and temporal
distribution of precipitation is of crucial
importance  for  hydrological  analyses,
particulary in regions with a coarse station
network density or high spatial precipitation
variability. A new means to accomplish this
task is exploiting attenuation data from
commercial back-haul links. This is a useful
complementary to traditional rain gauge and
radar derived estimations, since it is based on a
different spatial and temporal scale.
In many regions, a mesh of point-to-point radio
links is installed where meteorological
instrumentation is traditionally not available,
e.g. in mountainous regions or in very remote
areas in developing countries.
Figl: A typical Within ~the HGF-funded
microwave  back. Virtual Institute PROCEMA
(“Regional Precipitation
Obser-vation by Cellular
Network Microwave Atten-
uation and Application to
Water  Resources Man-
agement™) this new method
is carried out by exploiting
attenuation ata  from
several back-haul links in
the pre-alpine and alpine
region of southern Germany,
focusing on the area around
Garmisch-Partenkirchen.
The mainfocus of its work is
to develop and improve
algorithms  relating  this
] attenuation rate to rainfall
intensity and to develop new statistical

haul link tower
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ig. 2: The avﬂable bac'aul links around Garmisch-
Partenkirchen (Gap)

methods to estimate spatial rainfall fields at

round level. In addtion to the analysis of data
rom commercial backhaul links, a custom
built transmission experiment was developed
and set up to allow further investigation of the
physics of microwave interaction with
precipitation and humidity.

Measurement principle

What is a Eain to engineers, who plan com-
mercial backhaul links, is useful for the remote
sensing of precipitation: The power transmitted
on a microwave backhaul link, which are usu-
ally operated at frequencies between 10 GHz
and 40 GHz, is significantly influenced by
precipitation. Even light rain events cause a
measureable attenuation of the transmitted
signal.

From the signal’s attenuation A (in dB) over a
path length Les (in km) the precipitation inten-
sity R (in mm/h) can be calculated by the semi
empirical formula

A=aR'L,
with the constants a and b depending on the
frequency, the drop sizes distribution (DSD)
and rain temperature. The above equation de-

pends primarily on the frequency, so that even
without knowing the other parameters, the
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Fig. 3: “Wet/dry” estimation for the link from Garmisch to Mount Laber near Oberammergau. Gray marked
are the periods detected as “wet”. The black/red line is the received power of the link. During a rain event the
black line represents the baseline and the red line the attenuated received power. The blue curve shows data
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from the DWD rain gauge in Garmisch-Partenkirchen for comparison.

derived rain intensity can be quite accurate.
The value of a, and thus the sensitivity, expo-
nentially increases with increasin% frequency,
whereas b is slowly decreasing from values
slightly above 1 to values slightly below.

For a typical communication link with a fre-
guency of e.g. 20 GHz, the empirically deter-
mined values of a and b would be 0.07 and
1.06, respectively. A very light rain shower
with 1 mm/h intensity would thus lead to an
attenuation of 0.07 dB per kilometer, which is
a detectable order of magnitude with our setup.

Data acquisition

We equipped five links (shown in figure 2) on
the  mountains  surrounding  Garmisch-
Partenkirchen with a specifically designed data
acquisition module recording minutely aver-
ages of the received power. The modules write
the data via GSM to the project server where
they are stored in a database for further proc-
essing.

The links we use have a constant transmission
power. That is, any decrease in the recorded
signals strength is caused by attenuation of the
transmitted wave. However, precipitation is
not the only source of signal attenuation as
other atmospheric conditions ﬁsun radiation,
humidity) also contribute to it, albeit with low-
er impact.

To identify the attenuation events caused by
precipitation, an algorithm based on the spec-
tral analysis of the recorded time series was
developed. Going along the time series it ana-
lyses the spectrum of a short snippet of points
and decides whether or not the current point (in
the middle of the snippet) should be regarded
as “wet” (rain) or “dry” (no rain).

Results

Figure 3 shows the results for this wet/dry
estimation of a 20 day time series during sum-
mer 2010. Data is from the link leading from
the center of Garmisch-Partenkirchen to Mount
Laber near Oberammergau. Long term and
daily fluctuation are neglected by the algo-
rithm. Light rain events, event those on the 30"

of June, are detected correctly. The baseline of
the signal, which is needed to calculate the
attenuation, is assumed to be constant during
one rain event. It is set to the last value of the
received power which was marked as “dry”.
For calculating the rain rate from the received
power data then, only periods marked as “wet”
are considered.

Figure 4 shows the hourly precipitation de-
rived. Data is from the link leading from Kreu-
zeck to Oberau (blue line) during November
2010. The dotted black line represents the un-
corrected signal before the wet/dry separation,
indicating a further improvement of the meth-
odology.
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Fig. 4: Comparison of hourly rainfall data
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