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Preface Bavarian Stateminister

Liebe Leserin, lieber Leser,

Forschung ist die Grundlage unseres Wissens und Handelns. Dies
gilt besonders fur den Klimawandel und seine dynamische Ent-
wicklung. Eine der gr63ten Herausforderungen der Zukunft welt-
weit, aber auch in Bayern, sind die durch den Klimawandel aus-
gelosten Veranderungen, die wir alle in vielen Bereichen sptiren.
Besonders plastisch wird uns das in der dul3erst sensiblen Alpen-
region vor Augen geflihrt. Die Gletscher — nicht nur die bayerischen
—schmelzen, derTemperaturanstieg in den Alpen ist nahezu doppelt
so hoch wie der globale Durchschnitt.

Es freut mich, dass wir in Bayern mit der Umweltforschungsstation

Schneefernerhaus (UFS) auf 2.650 m Deutschlands hochst gelege-

ne Forschungsstation betreiben konnen. Die UFS entstand durch
den vollstandigen Umbau eines 1931 errichteten Hotels als gemeinsame Initiative des Freistaats
und des Bundes als Reaktion auf die Ergebnisse der Konferenz von Rio 1992. Seit 1999 bildet
die UFS eine einzigartige Plattform fiir die kontinuierliche Beobachtung physikalischer und
chemischer Eigenschaften der Atmosphare sowie fir die Analyse wetter- und klimawirksamer
Prozesse. Sie tragt damit entscheidend zur Erforschung und Dokumentation des Klimawandels
sowie zur Erarbeitung von Strategien und Losungsvorschlagen zur Beherrschung der Klima-
folgen bei.

Die Station wird unter Federfiihrung des Bayerischen Umweltministeriums als ,Virtuelles
Institut” gefiihrt, dem neben Einrichtungen des Freistaates Bayern weitere hochkaréatige Insti-
tutionen angehoren, wie Umweltbundesamt, Deutscher Wetterdienst, Deutsches Zentrum fir
Luft- und Raumfahrt, Karlsruher Institut flir Technologie, Helmholtz-Zentrum Miinchen, Max-
Planck-Gesellschaft, Ludwig-Maximilians-Universitat Mlnchen, Technische Universitat Miinchen
und Universitat Augsburg.

Die vielfaltige Forschung, die dort oben betrieben wird, umfasst ein weites Spektrum, das von
regionalem Klima liber Satellitenbeobachtung, kosmische Strahlung, Hydrologie, Umwelt- und
Ho6henmedizin bis hin zur globalen Atmospharenbeobachtung und Wolkendynamik reicht.

Die Forscherinnen und Forscher arbeiten dabei eng zusammen und zeigen, dass gemeinsames
Handeln einen groRen Mehrwert bringt. Kooperation steht dabei im Mittelpunkt getreu dem
Motto ,, Gemeinsam mehr sehen und mehr verstehen”

Die Ergebnisse dieser Arbeit sind im vorliegenden Band zusammengefasst. Er gibt einen Uber-
blick tiber aktuelle Forschung auf der UFS, bietet aber auch breites Grundlagenwissen fiir an-
gehende Forscherinnen und Forscher. Ich wiinsche viel Vergnligen bei der Lekttire.

lhr

Thorsten Glauber, MdL

Bayerischer Staatsminister fir Umwelt und Verbraucherschutz



Preface Prof. Dr. Michael Bittner

Foreword Prof. Bittner

The Alpine region is particularly sensitive to variations of the Earth’s
climate. Here, temperatures alter more strongly, the lengths of the
seasons shift more noticeably, and changes in the water balance
and the flow system of the atmosphere are more perceptible than
in many other places on Earth. At the same time, the Alps are
among the most densely populated mountain regions in the world.
Itis obvious: a sustainable development of this living and econom-
ic space for the people living there and the many tourists visiting
this attractive region every year is important.This is also in line with
internationally agreed environmental goals: at the European level
with the Europe 2020 Strategy and the European Green Deal, and
at the global level with the Kyoto Protocol, the Paris Agreement and
the UN Sustainable Development Goals (SDGs), countries are required to adopt environmen-
tally friendly policies.

The magnitude of changes occurring in almost all parts of the alpine Earth system is composed
of so-called “intrinsic” forcings of the climate system (natural forcings such as the El Nino or
the Quasi Biennial Oscillation etc.), “extrinsic” influences (e.g., solar radiation, solar wind, or
cosmic rays), and, increasingly, anthropogenic activities (e.g., pollutant emissions from trans-
portation and industry). Research can help detect such changes, understand them, quantitative-
ly describe the processes at work, and incorporate them into computer models of the Earth
system that give us a glimpse into the future. After all, the ability to answer the question “What
if?” has become relevant for society; it supports decision-making in politics, business and so-
ciety. In this context, the more well-founded our knowledge, the more accurate the models and
the more reliable the basis for decision-making are.

The Alps have a complex topography. This results in a particular diversity of quite different
microclimates on comparatively small spatial scales, which cannot be well resolved by climate
models to date. It should be stressed that this limitation of the spatiotemporal resolution of
climate models is not solely due to a limited computing capacity. Increasing the spatiotempo-
ral resolution in models also requires a corresponding understanding of processes on finer
scales to ensure an adequate representation of the processes represented in the model. Previ-
ous research has shown that the processes at work in the alpine Earth system are complex: in
order to reach the abovementioned goal it is not sufficient to study the respective processes in
isolation from each other. The next step must be to better link the processes in the various
disciplines of the alpine Earth system (geosphere, biosphere, hydrosphere, cryosphere, atmos-
phere and also medicine), i.e. to identify and precisely understand coupling processes between
the areas of the alpine Earth system as comprehensively as possible. This underlines that the
respective specialized research groups must exchange their results and jointly search their data
for climate signals that are evident in the different areas of the alpine Earth system. On this
basis, a quantitative process understanding for the alpine Earth system can then be developed.
This approach is in line with the strategic plan of the World Climate Research Program for the
period 2019 to 2028. Also, the European program Destination Earth (DestinE), which aims to
contribute to the European Commission’s Green Deal and Digital Strategy by developing a
high-precision digital model of the Earth to monitor and simulate natural and human activities,
will rely on the above coupling processes between the domains of the Earth system being
correctly included in the model.

The Environmental Research Station Schneefernerhaus, UFS, is a highly visible example of how
the natural sciences are working to understand climate change. The research activities at the
UFS are probably unique in the region in terms of their technical diversity and represent a
“micro-lab” for the Alpine region — and comparable mountain regions — as a whole. It thus
makes sense to bundle the expertise concentrated here in a way that opens the door to efficient
interdisciplinary collaboration. In this way, an added value is created that clearly reaches be-
yond the sum of the individual contributions.

On behalf of the Science Team of the UFS, in which prominent research institutions (Karlsruhe
Institute for Technology, Helmholtz-Zentrum Munich, German Aerospace Center, Max Planck
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Society), universities (Technical University of Munich, Ludwig Maximilian University of Munich,
University of Augsburg) and subordinate authorities of the Free State of Bavaria (The Bavarian
Environment Agency, LfU) and the Federal Government of Germany (German Environment
Agency, UBA, Germany'’s National Meteorological Service, DWD) have joined forces to form
the “Virtual Institute Schneefernerhaus’] may | say: the researchers working here are proud of
this institution. The UFS serves us as a platform for experimental instrumentation and experi-
mental setups, much in the same way as satellites, research ships or research aircraft are used
as “carriers” for scientific instrumentation. Depending on the scientific question, we make use
of the laboratory facilities, measuring areas and building services provided for our investiga-
tions. In doing so, we receive the best possible support from our colleagues in the UFS opera-
tions team that a scientist or engineer could wish for. We greatly appreciate the fact that the
Bavarian State Ministry for the Environment and Consumer Protection, BayStMUYV, continuous-
ly and vigorously promotes and supports the maintenance and constant improvement of the
station. | emphasize this because the UFS, as an efficient and modern research platform, is of
outstanding importance for the competitiveness of our scientists in the field of environment-re-
lated research. It is indispensable for staying at the forefront of innovation, making significant
technological advances and opening up new areas of research, which in turn can also serve as
a driver for new areas of application. It should not stay unmentioned that networking with the
Leibniz Supercomputing Center in Garching is also an important component of the UFS re-
search platform.The Alpine Environmental Data and Analysis Center, AIpEnDAC, which is joint-
ly operated here, facilitates access to computing capacity, to complex numerical computer
models and to a wide range of data, thus helping to accelerate scientific progress. All this puts
us in a position to make visible contributions to sharpen the forecasts of expected future de-
velopments. The final result is the best possible knowledge base on which to formulate more
targeted environmental policy decisions.

This book is intended to provide an insight into the diversity of scientific work in the UFS and
also to put the work carried out in the context of current international research. In particular, it
should also be able to be used as a source for the teaching of young scientists at universities.
For this reason, the respective chapters also contain an outline of the technical basis of the
research work presented.

Speaking for the entire scientific community active in the UFS, | hope you enjoy reading this
book.

Prof. Dr. Michael Bittner
Augsburg, March 2022



Chapter 1

1 Environmental Research Station
Schneefernerhaus

Location, History, Organisation
Prof. Dr. rer. nat. Siegfried Specht’

Prologue

In recent decades, scientific progress has provided us with extensive knowledge about global
warming and its immense, threatening consequences. Since the 1970s, these findings have
been accompanied in the scientific community by a worldwide climate debate and an increased
desire for supraregional cooperation. Efforts to further clarify the facts, to make the best pos-
sible predictions regarding the expected changes, and to develop goal-oriented strategies for
effective mitigation and adaptation measures have been intensified.

For the balance of anthropogenic interventions in creation, the term “Anthropocene” (Paul J.
Crutzen) has meanwhile become accepted for our age.

The growing importance of this global scientific dialogue manifested itself in such important
conferences as the first World Climate Conference in Geneva in 1979 (WCC-1/COP-2), the his-
toric “World Climate Summit” in Rio de Janeiro in 1992 (UNFCCC/Framework Convention on
Climate Change), and the Climate Conference in Berlin in 1995 (COP-1/Berlin Mandate).

Now held annually, the UN Climate Change Conference is the formal meeting of the Parties to
the UN Framework Convention on Climate Change (Conference of the Parties, COP). Since 2005,
the conferences have also served as meetings of the Parties to the Kyoto Protocol (1997/COP-3/
quantitative emissions limitation) and, since 2018, as meetings of the Parties to the Paris Agree-
ment (COP-21/2015/2-/1.5-degree target).

Particularly with the Paris Agreement, a piece of history was written, because here the commu-
nity of nations agreed to limit the global temperature increase caused by the greenhouse effect
to “well below two degrees Celsius” compared to the pre-industrial age, “with the ambition”
to limit it (if possible) to 1.5-degrees Celsius.”

Against this background, the results of the recent climate conference in Glasgow (COP-26),
which was postponed to 2021 for pandemic reasons, can certainly be seen as a reaffirmation
of the Paris agreements and also as another positive milestone on the road to climate-neutral
economic and social systems. After all, around 200 signatory states have agreed on a final
protocol, the implementation of which will have a strong, global orientation function.

Above all, agreements and concessions were reached on the acceptance of scientific findings
by political decision-makers. And associated with this, a significantly stronger acceptance of
scientific, model-based mitigation and adaptation strategies as a basis for future-oriented po-
litical action.The currently discernible progress of climate-neutral economic and social concepts
is important evidence of this.

Notwithstanding this, there are still varying deadline commitments for achieving the interim
targets considered necessary, as well as problem areas that could only be inadequately ad-
dressed or did not find sufficient entry into the final document.

Positive examples are the additions to the rules on the uniform recording of greenhouse gas
emissions and on international trading in emission certificates, as well as the emphasis on the
role of ecosystems as natural CO, sinks, the preservation or restoration of which has been
clearly highlighted as important measures.

" Former head of department at the Bavarian State Ministry of the Environment and Consumer Protection (BayStMUV),
Munich, and 2007-2016 Chairman of the Consortium of the “Virtual Institute” — Environmental Research Station
Schneefernerhaus/Zugspitze (UFS)
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Negative balance points are the too vague formulation of the coal phase-out (“phase down”
instead of “phase out”), the insufficient consideration of the interactions between climate and
biodiversity and, last but not least, the insufficient financial support from the perspective of the
developing countries to compensate for the existing and foreseeable damages and losses
caused by climate change (“LOSS and DAMAGE").

It should be emphasized, however, that the conference in Glasgow sent a clear signal to the
community of states to significantly increase their contributions to limiting CO,-emissions with
the goal of recognizably limiting the temperature increase caused by humans due to the green-
house effect to 1.5 degrees Celsius. The calculations in this regard cover the beginning of in-
dustrialization in time up to the year 2100, using the average of the years 1850 to 1900 as the
pre-industrial value.

This increased acceptance for a more targeted approach to the 1.5-degree target is reflected in
the significantly improved climate protection programs of some countries, as expressed, for
example, in more ambitious targets for achieving climate neutrality.

The Federal Republic of Germany is now aiming for climate neutrality by 2045. The United
States, Japan, South Korea, the United Emirates, Australia, and probably also Brazil want to
achieve this goal by 2050. Russia, Saudi Arabia, and China have pledged to achieve this goal
by 2060, although China still insists on an emissions maximum in 2025 or 2030.

The EU Commission plans climate neutrality by 2050, but wants to reduce emissions by at least
55% by 2030 compared to 1990 (Handelsblatt 2022/01).

The Free State of Bavaria wants to achieve climate neutrality by 2040 (Bayern 2021), with the
interim goal of ensuring a 65% reduction in greenhouse gas emissions by 2030 (StMUV 2021).

Important climate goals of the current federal government for 2030 are, among others: 80% of
electricity from renewable sources, quadrupling of solar and wind power plants at sea, reser-
vation of 2% of the federal area for wind power plants, solar obligation for new commercial
buildings, natural gas as a transitional energy source, conversion of organic farming in agri-
culture to 30%, climate-neutral generation of heat at 50% and bringing forward the coal phase-
out “ideally” to the year 2030 (Franz 2021).

A study conducted by the Berlin University of Applied Sciences (HTW) in 2021 shows that these
reduction approaches can only be a start worldwide. Using a so-called “per capita budget ap-
proach,” the scientists calculated an upper limit for the CO,-emissions still permissible world-
wide for achieving the 1.5-degree target and derived the German per capita share from this.
(Quaschning 2021).

As a result of these model calculations, it is shown that the climate protection measures adopt-
ed by the governing “Ampel-Coalition” make carbon dioxide neutrality by 2045 seem possible,
but not compliance with the Paris Agreement (idw 2021).To achieve the latter, climate neutral-
ity would be required between 2030 and 2035 (equivalent to an emissions limit of only 6.7
billion t CO,) (SVR 2019).

The aspect of the foreseeable exceeding of the emission budget to which the FRG is still arith-
metically entitled (Quaschning 2021) is the key point of the currently pending renewed consti-
tutional complaint of January 26™ 2022 against the amendment of the German Climate Protec-
tion Law of August 31" 2021 (see below).

All this is evidence that, despite all the difficulties and conflicts of interest, world politics has
recognized that contractual agreements have become indispensable. In other words, it has been
understood that humanity must protect itself from becoming a force of nature that Genesis did
not intend for it. This is at the same time a historical-social mandate that must also be respon-
sibly shared by science.

In order to fulfill this mandate in a socio-politically correct and credible manner, science must
communicate its results in a fair and comprehensible manner. A clear distinction must be made
between whether a statement is proven, whether it is merely based on a (plausible) assumption,
or whether it is based on a (well-founded) hypothesis. For general usage, this means a strict
separation of facts and opinions. This procedure is also indispensable against the background
that statements in the media are often only possible in abbreviated form and there is too little
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time to also name the “error bar” and explain the boundary conditions under which the state-
ment alone is valid.

It is the author’s conviction that the boundaries between political and scientific competence
should also be strictly observed. This is a proven rule of conduct in democratic societies, be-
cause democracy is per se committed to truth-orientation.

If this is the case, scientists can rely on their acceptance and, if necessary, demand the respect
due to them for their work. However, just because they think they know something better and
represent a good cause, they should not be tempted to take on the role of politicians and their
media-savvy use of language.

The research findings on global warming clearly show that there will be winners and losers. In
climate research in particular, this finding in no way releases scientists from their obligation to
publicly point out the consequences of their research findings and to comprehensibly review
the effects of measures taken by policymakers.

In short, scientists must strictly adhere to the communication rules of their profession, because
laws of nature are not a matter of faith.

In this respect, the profession of scientist is also a privilege that must be justified again and
again through honesty to the public.

In this context, the right to freedom of expression in public debate is indispensable. In our
society, there is a guaranteed right to one’s own opinion. However, there is no right to one’s
own facts. Therefore, a fair debate does not justify “alternative facts.”

Based on the results of COP-26 in Glasgow, it can now be seriously assumed that the available
scientific facts have found general acceptance and that a global consensus on curbing anthro-
pogenic global warming can be reached on this basis.

The existing legal requirements in the countries on the way to climate neutrality or to achieving
the 1.5- degree target are currently accompanied in Europe by highly motivated constitutional
lawsuits demanding further-reaching measures in a shorter time.

With regard to the Paris Agreement, for example, the German Federal Constitutional Court
(BVerfG-2021/01), in its ruling of April 292021, saw in the then applicable version of the Climate
Protection Act (KSG) the unreasonable risk of a serious loss of freedom for the younger gener-
ation (this was the tenor of the decision). With reference to the results of Glasgow and the
emission limits promised in the meantime to achieve the 1.5-degree path (see above), a new
constitutional complaint was filed on January 26" 2022. This time against the climate protection
law amendment of August 31™ 2021. A decision is expected by February 2023 (BVerfG 2022/02).
If one takes into account an existing ruling by the District Court of The Hague (Netherlands) of
May 26" 2021 on the SHELL Group (SZ 2022/01), it will be interesting to see whether the up-
coming ruling from Karlsruhe could possibly lead to a fundamental discussion between the
judiciary and the legislature. in which the state of science would also be of importance (as of
February 2022).

Another example of pending court decisions on climate issues is emerging with regard to the
EU Commission’s current taxonomy proposals. On February 2, 2022, the Commission decided
by means of a delegated act to include nuclear power plants and gas-fired power plants (at
least temporarily) in its taxonomy regulation. Provided they each meet a number of time, tech-
nical and licensing requirements, they would thus qualify as “sustainable”.

By awarding this “green” label, the applied classification system is intended to improve the
market overview for authorities and investors and to increase the attractiveness for “green”
investments. The Commission’s aim is to accelerate the transition to a climate-neutral Europe-
an economy and to prevent so-called “greenwashing” through various reporting requirements.
If the EU Parliament (with a qualified majority) and the EU Council of Ministers do not object
within four to six months, the law will automatically enter into force.

In this case, some EU countries have already announced that they will file individual lawsuits
against the inclusion of both or at least one of the two power plant systems (status February
2022).
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As expected, opinions clash hard in the current political taxonomy debate, with conceptual
distinctions between “sustainable,” “climate-friendly,” “environmentally friendly,” and “green”
often not made. In line with the different meanings of the terms mentioned, different positions
are quite likely to emerge on this issue, which is very significant for climate protection in gen-
eral and for the upcoming industrial transformation of society. Be it for reasons of realistic

feasibility, be it with regard to acceptance or be it from the point of view of political credibility.

Depending on the interests at stake, conflicting conclusions and positions are to be expected
in the interpretation of the “bridge technology gas” alone, which is considered absolutely nec-
essary in Germany. The already decided phase-out of nuclear energy (by the end of 2022) and
of coal-fired power generation (by 2030?/2038) , according to studies, requires 70 new gas-fired
power plants in order to achieve the climate targets with security of supply (Handelsblatt
2022/02).

In order to ensure the targeted climate neutrality from 2045, the gas-fired power plants availa-
ble by then would then have to be operated with hydrogen or biogas.

The French government argues similarly: With reference to the additional requirements of the EU
taxonomy regulation, the construction of up to 14 new nuclear power plants is announced for the
period up to 2050. Currently, 56 reactors are in operation, covering 70 % of the electricity demand.
Two-thirds of French energy consumption is still based on fossil fuels such as oil and gas. This
share would have to be completely replaced by regenerative sources by 2030. (SZ 2022/02)

Without prejudging pending court decisions, reference is made to the following information:

e The 1987 Brundtland Report of the UNWorld Commission on Environment and Development
states: “Sustainable development is development that meets the needs of the present gen-
eration, without compromising the ability of future generations to meet their own needs.”
(Brundtland 1987)

¢ In the Amsterdam EUTreaty of 1997 and in reports of the Enquete Commission of the German
Bundestag “Schutz des Menschen und der Umwelt” (Protection of Man and the Environment),
the so-called “Three-Pillar-Model of sustainability” as an important achievement of environ-
mental protection in the economy, politics and society and as an important, future-oriented
development of human existence in the economic, ecological and social dimension.
According to this model, sustainable development is based on a balanced relationship be-
tween economy, ecology and social aspects. (Stoll 2022).

Of course, policymakers always have a duty to take appropriate and effective precautions
against hazards. However, it must be borne in mind that statutory measures must be balanced
in accordance with the constitutional principle of proportionality, with the consequence that
they can generally only be aimed at minimizing risk, because 100 % exclusion of many risks in
a liberal social order would fail due to constitutional limits.

Analogously, it remains the task of science to develop methods and algorithms with which the
effects of political decisions can be estimated as early and reliably as possible. In doing so, it
is essential for all stakeholders to take into account the state of science as far as possible for
the present and with regard to future generations.

In today’s society, the objection is often raised that the political value of knowledge is often
overestimated and that we will never know enough to permanently avoid erroneous develop-
ments or even errors. Socrates is fondly quoted as saying in his defense speech before the
Athenian court in 399 B.C.: “I know that | know nothing.” Contrary to the common translation,
however, the correct quotation is “l know that | do not know” So we can confidently assume
that Socrates did not intend to negate all knowledge for himself, but merely to point out the
limits of human knowledge in general.

Of course, we will never know “everything.!” But future generations will certainly not accuse us
of being knowledge-based, but of not paying enough attention to the knowledge we do have.
We may not know everything when it comes to making decisions, but we know enough to act
in a sustainable manner.

Quote: “Whether humanity has the collective wisdom to navigate the Anthropocene to sustain
a livable biosphere for humans and civilizations, and for the rest of the life with which we share
the planet, is the most daunting challenge facing humanity” (Queally 2021).
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Having recognized this at an early stage is one of the merits of the research partners at the
“Virtual Institute — Environmental Research Station Schneefernerhaus/Zugspitze (UFS)"” The
pressing issues of climate change, which will dramatically affect our future, have been the focus
here for about 25 years. It is significant that this research is conducted in an interdisciplinary,
cross-border manner and in a constant collegial exchange of the knowledge gained. Fair infor-
mation of the public while maintaining scientific principles is a matter of course. In the follow-
ing, the history of the institute and its high alpine environment are presented in more detail.

1.1 Introduction —The UFS as a center for climate and
high-altitude research in the Zugspitze region
(“www.schneefernerhaus.de”)

Fig. 1: View to the east with the Schneefernerhaus and the Zugspitze summit

Germany'’s highest research institute, the “Virtual Institute — Environmental Research Station
Schneefernerhaus / Zugspitze (UFS)” is situated at an altitude of 2,560 m above sea level, and
is built into the south wall of the Zugspitze mountain.

Standing nine storeys tall, and with two storeys, protrude into the deep rock, the main building
is firmly embedded in this section of the Wetterstein mountain range.

It is named after the nearby glacier and was originally a hotel bearing the same name built in
1929.The conversion was funded by the Free State of Bavaria and the Federal Republic of Ger-
many.

The UFS has a several outdoor platforms for observations, measurements and experiments,
and also has access to a unique botanical garden on the nearby Schachen (1,870 m above sea
level) with indigenous plants from the Alps. The UFS is operated in trans-border cooperation
with key high-altitude research stations of the Alpine region within the framework of a scien-
tific cooperation agreement (see chapter 8 and 10).
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Now networked worldwide, the UFS is, today, a research platform, observatory and scientific
communications center in one. It also provides the world’s only education and training center
for atmospheric scientists from developing countries.

Fig. 2: IKONOS-Satellite photo of the
Zugspitze massif

Fig. 3: The glacier “Northern Schnee-
ferner (NSF)” in 2009

Fig. 4: Summit cross on the eastern
summit of the Zugspitze

The UFS is surrounded by the Zugspitze massif (Fig. 2) where a section of
the German-Austrian border stretches towards the west.The summit ridge
has the shape of an eastwards-opening horseshoe and rises over 2000 m
above the valley.

The longer side of the horseshoe is formed by the almost 20 km long east-
west ridge of the Wetterstein mountain range, whereas its shorter side is
formed by the massive side flanks of the so-called Riffelwande which ex-
tend as far as the two Waxenstein peaks and the Loisachtal valley beyond.

The horseshoe itself surrounds the so-called “Zugspitzplatt” (karst plateau)
in its center, and to the west the (smaller) “Southern Schneeferner” and
the (larger) “Northern Schneeferner” —two of today’s three remaining Zug-
spitze glaciers (Fig. 3).

To the north west of this rugged mountain ridge rises the twin-peaked
summit of the Zugspitze - Germany’s highest mountain - reaching 2,962 m
above sea level. The mountain was first mentioned in records in 1590 and
for a long time bore the masculine name “der Zugspitz” Right up into the
19" century, it was regarded by locals as an untouched fortress of ice, and,
with its dramatic avalanches, “absolutely unclimbable”

Looking out today onto the surrounding area of the Schneefernerhaus,, one
can see tourists, restaurants, ski slopes extending between 2,000 m and
2,800 m, and the small chapel “Marid Heimsuchung” (see chapter 06).

Towering above everything else is the western summit of the Zugspitze
that now, since December 2017, bears the new high-tech cable car “Seil-
bahn Zugspitze" (“Zugspitze Cable Car; see chapter 06). Next to it, practi-
cally untouched, is the eastern summit with its distinctive golden summit
cross (Fig. 4).The first summit cross was erected in 1851 at the initiative of
the priest Christoph Ott, who was also a meteorological observer based at
Hohenpeissenberg that is situated somewhat to the north of the mountain
range. The summit cross was originally erected on the western summit,
which at that time stood 2 meters higher than the eastern summit.

Due to increased development of the western summit for other purposes,
the summit cross was restored in 1982 and then re-erected on the adjacent
eastern summit. In 1993 it was replaced with a replica which was restored
in 2009 and which had to be repaired again in 2017 after damage caused
during the construction of the new Cable Car “Seilbahn Zugspitze”

It is to be noted, however, that although the tourist infrastructure on the
Zugspitze massif was established at a very early date, it was not this which
was directly responsible for the inception of the research station UFS
which, size-wise, is unparalleled anywhere in the Alps. Well before this
time, some 200 years ago in the Napoleonic era, interest in this area was
triggered when the exact delineation of borders was required due to the
frequent changes in land ownership. This was coupled with a growing sci-
entific interest in this high altitude “terra incognita’, this interest being pre-
dominantly focused on the flora and, most particularly, on the weather.

Despite the inadequate mountaineering equipment at the time, a kind of
“Faustian urge” developed to venture into these seemingly inhospitable
high alpine mountains with their mighty glaciers.

It is therefore exciting to tell, together with the history of the Schneefer-
nerhaus, also about one of the most magnificent views in the entire north-

ern ridge of the Limestone Alps, about the adventurousness and scientific curiosity of the locals,
about the first technical achievements, about the rivalry of the neighboring countries, about
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the impressive flora and fauna, about the carelessness in the course of the emerging mass
tourism, and, also the ever-present risks and dangers that are encountered at high-altitudes -
even today.

1.2 A brief historical account of the development of the
Zugspitze region and the “Plattachferner” glacier

From a historical point of view, the regional upswing of the Zugspitze and its surroundings
began at the beginning of the 19" century.

In 1802, the region “Werdenfelser Land” became part of the Electorate of Bavaria (“Kurbay-
ern”), after having belonged to the Prince-Bishopric of Freising for over 500 years as Imperial
County (“reichsunmittelbare Grafschaft”).

(The Greek letter “y” in the name “Bavaria” was, however, only introduced bindingly in 1825
by the Bavarian King Ludwig 1.).

In 1806, the Elector Maximilian I. Joseph (honorary member of the Bavarian Academy of Sci-
ences since 1781) was appointed King of Bavaria by Napoleon.

This was reason enough for him, (once again) to accurately determine the borders between the
new kingdom and the Austrian neighbor country for the “Werdenfels map” in the “Atlas of
Bavaria” This concerned, in particular, the boundary along the “Wetterstein ridge” (Wetter-
steinkamm) and around the rocky ridges surrounding the “Platt” (plateau).

Another survey campaign about ten years later became important for strategic reason in order
to incorporate the geographical border changes that had resulted from the agreements of the
Congress of Vienna.

The order for mapping this region was given by the “Royal Bavarian Topographical Institute”
to the “Royal Bavarian Lieutenant Josef Naus” who was born in Reutte-Lechaschau, Tyrol and
was a trained surveyor.The first attempt to reach the top of the “ Zugspitz” failed, but the second
one was successful. On 27™ August 1820 he finally reached the western summit of the “Zug-
spitz” via “Platt” and “Schneeferner ... after overcoming several deadly perils and engaging in
extreme efforts” Lieutenant Naus was accompanied by his “surveying assistant Maier” and the
guide Johann Georg Tauschl, and had already climbed several other mountains above the
“Loisachtal” valley in preparation for this ascent.

Because of bad weather and a lack of time, they could only leave behind “a short climbing stick
with a red cloth tied to it to mark their success” “to prove we were there" Lieutnant Naus is
documented as being the first person known to successfully climb the mountain. Whether he
reached the Eastern Summit of the Zugspitze as well is not known.

Although not yet recognized as such, this marked an important step in the history of the “Sci-
entific Location Zugspitze” Scientifically motivated excursions were already taking place at this
time. First meteorological data were being collected und spectacular first ascents of other high
mountains were being accomplished. A prime example is the “Meteorological Observatory at
Hohenpeissenberg” that, today, with its continuous meteorological record from 1781 onwards,
and the psychrometric water vapor measurements that started in 1841, boasts two of the
world’s longest measurement series in this field. Other examples of the “zeitgeist” are the first
ascents in particular of Mont Blanc in 1786, Grossglockner in 1800, Ortler in 1804 and the Jung-
frau-Massif in 1811.

Other early scientific high-altitude expeditions at this time are described in the landscape stud-
ies of diplomat and nature researcher Count Franz Gabriel von Bray,president of the Botanical
Society in Regensburg from 1811. These studies were published in 1808 and again in 1825
(“Reise durchTirols Alpen” / “Journey through Tyrol’s Alps”). In 1807 Gabriel von Bray had set
off from Partenkirchen with other like-minded scientific colleagues and a dozen porters. He
writes “.. the purpose of our journey was to follow the river Partnach to its source on the glacier
between Zugspitze and Wetterstein, to measure its temperature at different altitudes and also
to botanise the plants” In the light of this, it is important to remember that the Alpine glaciers
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- related to modern times — probably at their greatest expansion in the first half of 19" century
and were particularly difficult to reach. Not least because of this situation, the first winter ascent
of the Zugspitze did not take place until 1882. It is therefore useful to take a brief look at the
development of the Alpine glaciers.

1.3 Notes on the Bavarian Alpine glaciers

Although our knowledge is far from complete, we do know a great deal about the history of
Alpine glaciers. Not least thanks to the excellent research projects of the “Geodesy and Glaci-
ology Team of the Bavarian Academy of Sciences and Humanities (BAdW)” as well as the
“Photogrammetry and Remote Sensing Team of the Technical University of Munich (TUM)"
Reference is made here to the publication (Mayer et. al. 2021).

Their archives contain one of the longest data records of direct glacier mass balance observa-
tions at Vernagtferner glacier in the Otztal / Tyrol. The regular glacier geometry surveys date
right back to 1889, when the first accurate topographic map of an entire glacier was produced
by Prof. S. Finsterwalder. These researchers also maintain a series of surface surveys for all
Bavarian glaciers spanning more than 70 years. In particular, they have been monitoring the
glaciers at the foot of the UFS, just south of the Zugspitze summit, for over 120 years. Series
of measurements of this kind are a unique and irreplaceable source of information for scientif-
ic understanding of the history of glaciers and climate change.

Global climate variations modify the local meteorological conditions, which are the driver for
glacial evolution. However, response times of glaciers are in the order of decades and thus in
the same timescale as the definition of climate (the mean atmospheric situation, averaged over
30 years). The documentation of glacial variations (e.g. retreat and advance cycles) therefore
allows inferences to be made concerning the local climate variations in the past.

Without going into great detail, the history of Alpine glaciers can today be summarized as
follows (Mayer 2021/02):

e During the so-called “little ice age” (about 1570 to 1850) the Alpine glaciers showed a peri-

odic fluctuation. Approximately every 35 years on average, expressed advance periods could
be observed that were interrupted by periods of glacier retreat. It is assumed that this glacier
reaction was triggered by periodic changes between cool and wet as well as hot and dry
summers. The last major advance period lasted until 1850. At this time, the glaciers also
reached their maximum size during the entire period. Their surface extent was about twice
that in the late 20" century.
These characteristic cycles became less and less pronounced and were no longer perceptible
after 1850, when an overriding trend toward warmer conditions slowly took control. In con-
temporary climate research, it is generally accepted that the increase in greenhouse gas
imissions since the beginning of industrialization is responsible for this trend in global warm-
ing. Finally, after 1980 this development became the dominant factor and has been influenc-
ing glacier development ever since.

e At the end of the “little ice age’, after around 1850, a consistent and ongoing decline in the
mass and surface area of Alpine glaciers was observed, corresponding to the upward trend
of the global mean temperatures.This was interrupted by two minor phases of glacial growth
before 1920 and during the 1960s and 1970s, which - just as during the little ice age — were
most likely driven by periods of cool and wet summers. The drivers behind these deviations
from the general trend were considered to be a combination of periodically decreased solar
radiation, a denser cloud cover, and on short time scales greater turbidity in the stratosphere
of the Earth’s atmosphere due to sulphate aerosols coming from massive volcanic eruptions
(e.g. Agung / Bali) (Weber, Braun 2018).

e Other probable reasons for the short growth periods are the increase in air pollutant imissions
as a consequence of increasing global industrialization after 1850 and, on the other hand, the
counteracting effects of legal Measures to improve air quality at the administrative level. This
is a physically coherent approach, known in the scientific community as “Global Dimming /
Global Brightening”-Effect. Although it took years of research and scientific debate to con-
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Fig. 5: Survey of the Zugspitzplatt by Josef Naus (1820) Fig. 6:The “Plattachferner” glacier shortly before it split (1875)

solidate the general conclusion about the significance of this effect. However, a direct link
between global brightening / dimming and the local glacier evolution is hard to prove.

e There are currently five glaciers in the Bavarian Alps:
— ,Nordlicher Schneeferner (NSF)” (“Northern Schneeferner”);
— ,Sudlicher Schneeferner (SSF)” (“Southern Schneeferner”);
- ,Hollentalferner (HTF)” (“Hell Valley Glacier”);
— ,Watzmanngletscher (WMG)” (“Watzmann Glacier”);
— ,Blaueis (BEI)” (“Blue Ice”).

The first three on this list are in the immediate vicinity of the Zugspitze and the remaining two

are in the Bavarian Berchtesgaden region.

In 2018, they covered a total area of 44.6 ha with a volume of 3.95 million m®. In the last decade
alone, they have lost a total of almost two-thirds of their volume.The “Nordlicher Schneeferner
(NSF)" is the only one of them, to date, on which ski lifts are being operated. Due to its ice
losses, however, it is now only the second largest of these glaciers, behind the HTFE.

The story of the Bavarian glaciers fits nicely into these general historical observations, which
can be especially well demonstrated using the two Schneeferner glaciers (NSF and SSF) as an

example.

The map drawn by Josef Naus (Fig. 5) in 1820 shows, that the “Plattach-
ferner’] with a surface area of about 300 hectares, still covered the entire
karst plateau (“Platt”) of the Zugspitze massif.

In the subsequent survey in 1875 (Fig. 6) there are already indications of
an upcoming separation of the glacier that led to the formation of the
Northern Schneeferner and the Southern Schneeferner in 1900 (a small
eastern one already disappeared at an early stage).

Whereas during the 20" century the development of the glaciers was still
very much governed by the feedback between surface mass balance (snow
accumulation and snow/ice melt) and ice dynamics (transport of ice to-
wards the lower glacier regions), this situation very much changed at the
beginning of the new millennium. During this period, the glaciers became
so thin that ice transport became insignificant, while at the same time the
anthropogenic induced climate change started to fully dominate the ice
loss (Fig. 7).

In addition: Significant changes in the short wave and long wave radiation
budget, in combination with other self-reinforcing factors, accelerate the
process of deglaciation and will inevitably lead to the loss of the ice re-
serves in the Bavarian Alps.

Fig. 7: Average changes in height (mass
loss) of Bavarian glaciers since the start
of the periodic observations by the gla-
ciologists of BAdW in the middle of the
20" century
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Expressed in numbers, this means that during the summer seasons the maximum ice thickness
of the Northern Schneeferner (NSF), which was still 45 m in 2006, will continuously decrease,
with average annual ice loss rates of up to 3 m in recent decades.

It is therefore expected that the Northern Snow Glacier will be completely melted in 5 to 10
years (Fig. 8), while the “Southern Snow Glacier (SSF)” is already in the final stage of decay
(Marowsky 2010).

The results above indicate that in the field of glacier and climate research, striking findings have
indeed been made.The verdict on which of the many hypotheses will hold up in the long term,
however, requires further long-term research at the highest level.

A great deal more data from longer series of measurements and more precise methods are
needed to fill the gaps from the past, to clarify feedback effects and to reduce some still signif-
icant error bars from proxy data and theoretical considerations.

Due to its location and infrastructure, but also due to its international networking, the Schneef-
ernerhaus Environmental Research Station is an excellent location to make valuable contribu-
tions to this together with the glaciologists* of BAdW and TUM.

1.4 The “Munich House” (“Muinchner Haus”)

While the development of the Zugspitze region at the beginning of the 19" century was mainly
due to official requirements and curiosity about the largely unknown high-altitude landscape,
over the years a lively interest in new experiences of nature and the associated sporting chal-
lenges developed.

This went hand-in-hand with a growing desire to collect scientific data — particularly concerning
the weather — and a boom in high-altitude tourism. Ultimately, this increase inhuman activity
caused a significant impact on the hitherto untouched natural environment.

A clear sign of this was the founding of the “Deutscher Alpenverein” (“German Alpine Club”)
and the “Verschdonerungsverein Garmisch” (“Beautification Society of Garmisch”) — both in
1869. The number of visiting members really took off after the arrival of the railway in 1889,
which reduced the journey time from Munich to Garmisch from 10 to 3 hours. In 1883 a “lock-
able hut” with room for 12 persons was erected without much ado by the Munich section of
the Alpine Club just beneath the western summit of the Zugspitze, the name having been
changed from “Zugspitz” to the female noun “Zugspitze” in 1836.

On the other hand, there was considerable resistance to the construction of the “Miinchner
Haus” directly on the summit before permission was finally granted in 1886.

Some alpinists from the Munich section of the Alpine club still demanded at the general meet-
ing in 1895: ”. if you can’t reach the summit without a hostel, you should stay at home!”.The
Austrian alpinist and writer Eugen Guido Lammer, an early pioneer of adventure mountaineer-
ing, is quoted as saying: “... callous fools who now want to violently destroy this last asylum
of wild nature, ...".

Fig. 8: Predicted mass loss of the “Northern Schneeferner (NSF)” (BAdW 2021)
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Fig. 9: Oil painting "Zugspitze mit Miinchner Haus” by Ernst Platz (1899)

Before the inauguration ceremony could take place on 19 September 1897 at an altitude of
2,959 m above sea level, a construction site of some 200 m? had to be blasted open, construc-
tion work lasting two summers had to be completed and 21 km of telephone wires as well as
5.5 km of lightning conductors had to be laid.

The addition of a9 m high, 4x4 m wide tower on the western end of the building was of major
scientific significance.This housed a meteorological station, which had been pushed for by the
German and Austrian Alpine Clubs and was designed by Kommerzienrat (councillor of com-
merce) Adolf Wenz, the ambitious officer responsible for the Wetterstein mountain range
(Fig. 9).

Handed over to the state administration as “Royal Bavarian Meteorological High Altitude Sta-
tion Zugspitze” on 19 July 1900, this meteorological observatory has been a department of the
German Meteorological Office (“Deutscher Wetterdienst” (DWD)) since 1952.The first meteor-
ologist stationed on the Zugspitze was Josef Enzensberger, who went on to become famous as
an Antarctic researcher. He was also the first to spend the winter alone on the mountain
(7 months) in 1900/1901.

1.5 Development of the Zugspitze summit for the
general public

Parallel to the scientific development, the Zugspitze gradually became a popular destination
and center for winter sports activities. This was accompanied by a trans-regional discussion
about the limits of tourism development, with the Bavarian and Austrian sides competing for
visitors and guests from all over the world, as they are still doing today. Clearly inspired by the
successful construction of a railway on the Swiss Jungfraujoch, which was built from 1896 to
1912, reaching an altitude of 3,454 m over sea level, the idea grew also the Zugspitze make
accessible to non-experienced mountain hikers. However, the Prinz Regent Luitpold von Bayern
rejected a license application for development of a cogwheel railway in 1899, citing a “non-ex-
istent transport need”.

In the meantime, the Austrian Josef Cathrein, who was living in Munich, developed the concept
of a Cable Car starting at the Eibsee and extending up to the summit on the North side of the
Zugspitze.
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It is interesting to note that it was not until 1962 that this concept was actually implemented as
the “Eibsee Cable Car” And in 2017, the new “Cable Car Zugspitze” was even built in its place
(see chapter 06). In 2017 the new “Cable Car Zugspitze” was even built in its place. Cathrein
was not going to give up, and soon presented his new proposal for a cogwheel railway on the
south side of the Zugspitze, for which he received a permit in 1914. The project failed again,
however, in 1925 and in 1927 due to lack of funding.

In 1928 a German consortium was more successful when it filed an application for the construc-
tion of a “mixed adhesion and rack railway” which was to run the entire stretch from Garmisch
to the summit. After receiving the permit on 18" June 1928 the joint enterprise “Bayerische
Zugspitzbahn AG” was founded.

The documents show that in 1924 the General Assembly of the German and Austrian Alpine
Association still unanimously rejected such a project (.. an attack upon the natural serenity of
the mountains, ... a sin against nature, ... no public demand”).

It was therefore a huge surprise that, on 5 July 1926, in a seemingly “clandestine operation”
and after a construction period of just 14 months, the “Austrian Zugspitze Cable Car” opened
on theTyrolean side of the mountain. In contrast to the subsequent, technically optimized cable
cars, it extended from the small town of Ehrwald (“only”) up to an altitude of just 2,805 m. It
ended 160 m beneath the western summit at what was once the “Kammhotel” (“Ridge Hotel”).

Anyone wanting a panoramic view from the summit had to embark on a difficult hike. Secured
with a rope, the tourist was led to the summit by a mountain guide. The annals further report
that this resulted in a serious feud between the Tyrolean and the Bavarian mountain guides
because they fought over the guests and could not agree on uniform rules.

Regarding the history of the Schneefernerhaus, (see chapter 06) it is important to realize that
this was the reason for the decision to excavate a pedestrian tunnel from the upper station of
the “Austrian Zugspitze Cable Car” (“Zugspitzkamm”) to the Zugspitze plateau (“Zugspitzplatt”)
on the Bavarian side.This project was, however, temporary stopped “half-way” at the so-called
Zugspitzeck, due to objections from the Bavarians.

It did not get going again until 1937. This was the year in which the two railway companies
merged as a result of shares of the Austrian Zugspitzbahn being sold to the Bavarian Zugspitz-
bahn AG. And it was the year in which construction of the cogwheel railway — approved in 1928
—was completed on the Bavarian side.

It remained clear that the Schneefernerhaus (among other things) should continue to serve
both as a hotel and as the terminus for the (Tyrolean) Cable Car. Therefore, the somewhat out-
dated pedestrian tunnel was extended 720 meters into the hotel building. (Which, incidentally,
also ended the aforementioned mountain guide dispute.) Between the former “Kammhotel”
and the “Hotel Schneefernerhaus’; an underground border crossing with panoramic windows
was thus created for tourists. Although this tunnel is no longer needed today, it is still an at-
tractive sight for today’s visitors to the UFS research station.

Information about the alpine history in this period can also be found in the literature given
below (BZB 2020/01, Hiebeler 1979, Schott 1987, Ritschel 2000).

1.6 The Hotel Schneefernerhaus (1930-1992)

The period around the turn of the year 1929/1930 was a complicated structural interplay for the
Zugspitze summit between the construction of the cogwheel railway on the one side and the
Schneefernerhaus Hotel on the other.

The hotel building was already the highest hotel in Germany at that time (2,650 m above sea
level, about 300 m below the summit). It was envisaged from the outset that it would serve
both as the terminus of the cogwheel railway and as the valley station of a separate summit
railroad. Construction began in the fall of 1929, was completed on December 24, 1930, and
officially opened as a hotel on January 20, 1931.

Because the Cogwheel railway project was to be completed by the time of the Passion Play in
Oberammergau in 1930, only two years remained for its realization. Construction began under
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Fig. 10: Tunnel course of the planned Fig. 11: Wooden shuttering in the tunnel
cogwheel railway in the interior of the during construction in 1929
Zugspitze

Fig. 12: Workers during excavation
work on the Zugspitze tunnel for the
planned cogwheel railway

great time pressure as early as the fall of 1928 and was inaugurated on July 8, 1930. The tech-
nically most difficult part of the work was the construction of the tunnel inside the mountain
massif, which has a length of 4,453 m with a height difference of 1,010 m (Fig. 10). A master-

piece of engineering that is still recognized today.

The journals report a particularly severe winter and accidents that unfortunately claimed 10 lives.
In order to complete the construction in the planned time despite some interruptions, the tunnel

was excavated by up to 2,500 workers simultaneously, at five different
openings and also from above and below at the same time (Fig. 11 and 12).
In total, 2,500 workers moved 85,000 cubic meters of earth and 160,000
cubic meters of rock. They used almost 200 tonnes of explosives to do so.

The final breakthrough took place on February 8, 1930 and showed a devi-
ation from the planned projections of only 5 cm in width and 8 cm in
height. “Men make meters” — this was the slogan in the local newspapers
and the concept under which the project was successfully completed. The
project cost 20 million Reichsmarks. (BZB 2020/01)

However, the hotel was not yet finished when the cogwheel railway, on
July 8, 1930, was opened in its turn. Therefore, in 39 days (!) of all haste,
an additional wooden building was erected by a specialized Saxon firm
(Christoph & Unmack AG, Niesky) as a temporary solution. It could accom-
modate 400 day guests, but initially offered no overnight accommodations.

It should be noted that after the opening of the “Hotel Schneefernerhaus’
the wooden building was rebuilt to offer simple rooms for tourists, but it
was also planned to replace it with a stone building. However, this did not
happen.The wooden tourist hostel was severely damaged in an avalanche
in 1965 and subsequently demolished (Fig.10 and 14)

With the opening of the “Hotel Schneefernerhaus” and the connected Ca-
ble car, the summit of the Zugspitze was now accessible to tourists (Fig. 14
and 15). Guests came in droves and rode comfortably inside the mountain
to the top station of the railroad at an altitude of 2,650 m (Fig. 16), which is
still accessible today.

Germany’s highest hotel was originally designed as a luxury hotel, offering
guests from all over the world a unique destination with extravagant at-
tractions, including an exposed sun terrace with a unique mountain pano-
rama. It was also a major attraction during the 1936 Winter Olympics, held
in the twin town of Garmisch-Partenkirchen, which had merged only a year
earlier. It was also a popular destination during the 1975 World Ski Cham-
pionships (Fig. 15, 16 and 17).

Fig.13: Hotel poster to attract ski tour-
ists. In the background the “Hotel
Schneefernerhaus” with the wooden
tourist hostel around 1930/1936
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Seized by the Americans at the end of World War 1l, the Schneefernerhaus was returned to its
owners in the early 1950s. The following decades saw an extensive expansion of the ski lift
infrastructure, from which the hotel initially benefited after its reopening on December 13, 1952.

Fig.14: “Schneefernerhaus Station” at
2,650 m above sea level inside the ho-
tel (2021).

Fig. 15: Dining room in Hotel Schnee-
fernerhaus around 1936

Fig. 16: Ski tourists during the ascent to
the Hotel around 1934

Fig. 17: Sun terrace of the Schneefer-
nerhaus hotel around 1936

In 1950, ski lifts and a small cable car (“alte Hangbahn”) provided access
to Schneefernerhaus; in 1954, the lift was equipped with modern light-
weight cars that shortened the travel time up the mountain, and a new
terrace café provided more comfort for day guests, who were able to reach
Schneefernerhaus via the new “Eibseebahn”(“Eibsee Cable Car”) from
1962. Skiing had now also become a popular sport for day guests.

The hotel then suffered a major setback on May 15, 1965, when the Sun
Terrace was hit by a devastating avalanche that claimed ten lives and in-
jured 24 people. As a result, extensive avalanche protection facilities were
built. The event led to the introduction of a state avalanche warning service
and the formation of local avalanche commissions. Substantial invest-
ments were required for avalanche barriers, for the construction of a sin-
gle-track cable car between Schneefernerhaus and Zugspitzplatt (1978,
“new slope cable car”), for further remodeling and expansion work inside
the hotel, etc.

A notable event near the Schneefernerhaus was the consecration of the
chapel “Mariad Heimsuchung” on the Zugspitzplatt (Fig.18) on October 11,
1981 by Joseph Cardinal Ratzinger, Pope Benedict XVI, who in the mean-
time was emiritated on February 28, 2013. The chapel is the highest place
of worship in Germany. It is dedicated to all mountaineers and also bears
a memorial plaque for the victims of the avalanche of 1965.

Regardless of this, winter tourism remained popular in the Zugspitze re-
gion, but at the end of the 1980s this necessitated a better infrastructure,
in order to get the many skiers and tourists to the Zugspitzplatt more quick-
ly and comfortably without the detour via Schneefernerhaus. As a solution,
it was decided in 1985 to build an additional 975-meter tunnel branching
off from the existing tunnel tube of the cogwheel railway and leading di-
rectly to the Zugspitz plateau. Today, this branch is known as the “Rosi-
Tunnel,” named after its namesake, local Olympic champion Rosi Mitter-
maier-Neureuther. It was completed on March 6, 1987.

Since then, the new tourist terminus of the cogwheel railway is the
“SonnAlpin” At 2,521 m above sea level, the “SonnAlpin” is both the ter-
minus of the cogwheel railway and the “Gletscherbahn” A restaurant com-
plex is also attached. The “Gletscherbahn” runs between the Zugspitze
plateau and the Zugspitze summit and has a transport capacity of 1,000
people per hour since its renovation in 1992.

However, the highlight of the expansion of the tourist infrastructure on the
Zugspitze by the ,Bayerische Zugspitzbahn Bergbahn AG (BZB)” is the
northern connection between the Eibsee valley station and the Zugspitze
summit. Here, the old cable car was replaced by a sensational new cable
car (from 998 m to 2,944 m above sea level).

This new “Cable Car Zugspitze” offers space for 120 people per cabin and
has a travel time of only 10 minutes. It can thus transport 580 people per
hour in both directions. The spectacular structure at an altitude of almost
3,000 meters has caused a worldwide sensation not only with its enormous
transport capacity, but also with three structural world records.

Built between 2015 and 2017 on Germany's highest mountain, this cable
car has two floor-to-ceiling glazed cabins for 120 people each and provides
a grandiose panoramic experience with maximum comfort. Visitors to Zug-
spitze cross the 127-meter steel pylon, the highest for a reversible aerial
tramway in the world, they overcome the world’s largest total height dif-
ference of 1,945 meters in one section and they expe-rience the longest
free span in the world at 3,213 meters. (BZB 2019/01)
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Fig. 18: View from the Schneefernerhaus onto the Zugspitzplatt with the chape

| “

Maria Heimsuchung”

(“Visitation of the Virgin Mary”)

For the Schneefernerhaus Research Station (UFS), the development of traffic in the Zugspitze
region has important consequences. Since Schneefernerhaus has had its own cable car (“Re-
search Cable Car”) since 2009 (see chapter 09), the research station can now be reached from
the valley via three different routes:

1.

“Southern route”: the scientists and visitors travel from Grainau/Eibsee with the regular
service of the cogwheel railway through the “Rosi-Tunnel” to the “SonnAlpin” station and
from there in a second step with their own “Research Cable Car” to the UFS building.

. “Northern route”: Scientists and visitors use the scheduled service of the (new) “Cable Car

Zugspitze” from the Eibsee station to the summit, then take the “Gletscherbahn” down to
the “SonnAlpin” station in a second step, and from there take the UFS’s own “Research
Cable Car” to the UFS building.

. “VIP route”: On special occasions or for guests of honor, the BZB can arrange special trips

with the cogwheel railway, which then (as in the past) lead on the originally route directly
into the interior of the UFS building and stop at the still preserved platform of the original
Schneefernerhaus station (see Fig. 14)

Note: This demand-driven third access is of particular importance for the high alpine research
station because it allows large loads and heavy measuring equipment to be transported to the
UFS laboratories and UFS measuring terraces regardless of the weather. This unique selling
point distinguishes the UFS from other high alpine research stations in Europe.

Fig. 19: Construction site of the new summit station for BZB'’s
“Seilbahn Zugspitze” (“Cable Car Zugspitze”)

side of the mountain

Fig. 20: Cabin of the new “Cable car Zugspitze’] as connection
between the “Eibsee Station” and the summit on the north
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1.7 From hotel to research station

But how did it come about that the “Hotel Schneefernerhaus” could become a research station
at all?

As described in the previous chapter, alpine ski tourism experienced a dramatic upswing, es-
pecially in the second half of the 20" century, from which the Zuspitz region also profited
considerably.The expansion of ski slopes, cable cars, hotels and restaurants was the result. At
the same time, however, the competitive situation throughout the Alps intensified. The best
possible comfort was in demand.

Parallel to this, however, the “Hotel Schneefernerhaus” lost more and more of its success with
the public, so that in 1990 first the hotel operation and in 1992 also the entire gastronomy was
discontinued. In addition — as described — the cogwheel railway access to the Schneefernerhaus
was closed for tourism after 62 years. The Bayerische Zugspitzbahn Bergbahn AG, which still
owned the building (and still does), immediately raised the question of a sensible and prefer-
ably future-proof subsequent use.

At the suggestion of scientists from the “Fraunhofer Institute for Atmospheric Environmental
Research” in Garmisch-Partenkirchen (later “IMK-IFU Institute”), the Bavarian Ministry of Eco-
nomic Affairs and Traffic began converting the hotel building in 1993 so that the first research
organizations could rent space there.

According to later considerations, it was considered in different variants to merge the Schnee-
fernerhaus with the IMK-IFU Institute (today’s “KIT-Campus Alpin”) and to link it organization-
ally to the Karlsruhe Research Center (today’s “Karlsruhe Institute of Technology / KIT”). It would
thus have become a member of the Helmholtz Association. However, all such concepts ulti-
mately failed the question of financing and the limited ability of non-governmental research
institutions to bear the considerable risks inevitably associated with the operation of an alpine
a high-altitude research station.

For the Free State of Bavaria and the Federal Republic of Germany, the opportunity arose to
realize a concept that had been discussed for a long time: “The establishment of a center for
environmental research and climate observation that is unique in Europe and the world” So
said the then Bavarian State Minister for Economic Affairs andTraffic at the opening ceremony
on May 12™ 1999. An initial investment of round 8 million Euros was made. The minister em-
phasized that despite the proximity to tourist facilities, the size of the building, the year-round
accessibility for people and heavy equipment, and the possibility of setting up further test
platforms on neighboring peaks represented a unique combination of features. In addition, the
Schneefernerhaus as a high-altitude research station closes an important gap in the scientific
infrastructure in Germany.

1.8 Organisational structure of the “Virtual
Institute UFS”

In order to do justice to the growing importance of a sustainable climate policy, the Bavarian
Council of Ministers decided on 08.08.2005 to bundle the competences for climate research and
climate policy more strongly. For this purpose, the responsibility for the Schneefernerhaus
Environmental Research Station was transferred to the “Bavarian State Ministry for the Envi-
ronment, Public Health and Consumer Protection (StMUGYV, today StMUV)"” - the first environ-
mental ministry in the world, founded on December 8, 1970.

After the Bavarian Council of Ministers had decided on 08.08.2005 to bundle the competences
and expertise for climate research and climate policy more strongly, the responsibility for the
Schneefernerhaus Environmental Research Station was transferred on 07.11.2006 to the “Bavar
ian State Ministry for the Environment, Public Health and Consumer Protection (StMUGYV, today
StMUV)’ the world'’s first Ministry for the Environment (founded on 08.12.1970).
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This mandate included the task of submitting a concept proposal for a comprehensive organ-
izational, scientific and personnel realignment of the station by the end of 2007. In response,
the Council of Ministers, in a legendary meeting held in the “Gletscherstube” of the Schnee-
fernerhaus on April 24, 2007 (Fig.30), adopted a fundamentally new concept for the future or-
ganizational structure, for funding and for a timely scientific strategy of Germany’s highest
research station, and at the same time issued the negotiating mandate for its implementation.

The first high-profile event of this reorientation was the signing of a consortium agreement on
July 16, 2007, in which initially four renowned research organizations agreed with the Free State
of Bavaria on the conditions for cooperating in the long term within the framework of a “Vir-
tual Institute — Environmental Research Station Schneefernerhaus / Zugspitze UFS)” Comple-
menting this, in the same year the Council of Ministers decided on a “Climate Program for
Bavaria 2020 which already included concrete infrastructure measures for the UFS.

In 8 01 of the UFS Consortium Agreement, the future task of the UFS was defined as follows:
“The purpose of the consortium agreement is to establish a Virtual Institute at the UFS and to
develop it into an internationally networked center of excellence for altitude and climate re-
search, focusing in particular on the development, demonstration, and operation of innovative
technologies in the context of climate and atmospheric research, satellite data validation, and
altitude medical early detection of natural hazards.”

In addition, the contract contains the necessary specifications for the operation of the station,
the conditions for its use, its financing, and information on the rights and obligations of the
steering and control bodies.

First signatories of this scientific cooperation were the following world-renowned research

organisations (current names of the organisations):

e Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) / (German Aerospace Center), Kéln and
Oberpfaffenhofen;

e Deutscher Wetterdienst (DWD) / (German Meteorological Office), Offenbach, including the
Meteorologisches Observatorium Hohenpeil3enberg / (Meteorological Observatory Hohen-
peissenberg); Karlsruher Institut fir Technologie (KIT) / (Karlsruhe Institute for Technology);

e Deutsches Forschungszentrum fiir Gesundheit und Umwelt (HMGU) / Helmholtz-Zentrum
Miinchen / (Helmholtz Center Munich);

e Umweltbundesamt Dessau-RoR3lau (UBA) / (Federal Environment Agency), including Sonnen-
observatorium Schauinsland (SBO) / Leibniz-Institut flir Sonnenphysik, Freiburg / (Sun Ob-
servatory Schauinsland);

The initiator of the agreement:

e Freistaat Bayern / (Free State of Bavaria), represented by the Bayerisches Staatsministerium
fiir Umwelt und Verbraucherschutz (StMUV) / (Bavarian State Ministry of the Environment
and Consumer Protection) with its specialised departments, including the Bayerisches Lan-
desamt fiir Umwelt (LfU) / (Bavarian Environment Agency, Augsburg.

Other cooperation partners that joined in the following years were:

e 2007 theTechnische Universitat Minchen (TUM) / (Technical University of Munich),

e 2008 the Ludwig-Maximilians-Universitat Minchen (LMU) / (Ludwig-Maximilian University
of Munich),

e 2009 the Universitat Augsburg (UAU) / (University of Augsburg) as well as

e 2009 the Max-Planck-Gesellschaft zur Forderung der Wissenschaften (MPG), Miinchen / (Max
Planck Society for the Advancement of Science).

All research partners agreed from the outset that the ambitious goal set out in the consortium
agreement could only be achieved on the basis of a performance-oriented partnership and with
an effective and efficient organization.

The following objectives were defined as guiding principles for the new concept:

e All research institutions in Germany or in the area of the Alps should be given to get uncom-
plicated access to the UFS if they need the environmental conditions of the high mountains
for their scientific work.

e As far as possible, the organization should pursue a cooperative approach, i.e. interdiscipli-
nary, with different methods and internationally networked.
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Fig. 21: Logos of the participating UFS research partners (status: May 2021)

On the one hand, internal UFS cooperation should be supported in the best possible way, on
the other hand, each partner should be able to decide for itself whether and in which form it
would like to participate in a UFS project.

The organisation is to foster on a cooperation approach as far as possible, i.e. interdiscipli-
nary, using different methods and internationally networked.

On the one hand, UFS-internal cooperation should be given the best possible support, on the
other hand, each partner should be allowed to decide whether and in which form it wishes
to participate in a UFS project.

A common data pool should be created that enables rapid exchange of data on the basis of
common rules, regardless of location, allows.

The service staff (staff) should provide neutral support to all UFS members and organize all
operations with a minimum of bureaucracy.

The organisation chart given in Fig. 22 was developed on the basis of these guiding principles
(compare www.schneefernerhaus.de). It is also in line with the proven administration model
for large scientific equipment.

Fig. 22: Organisation chart with UFS-Consortium Board and UFS-Science Team (status: February 2022)
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The there in accomplished distribution of tasks has proven its worth:

1. Die UFSis, in legal terms, a so called “internal company”The operation, infrastructure, visitor
service and public relations work of the UFS are warranted through the operating company
“Betriebsgesellschaft UFS GmbH” (Operating Company UFS Limited). This company is a
neutral service partner for all scientists, visitors and guests alike. Obligations for the opera-
tion of the station shall only be undertaken by this operating company. To minimise costs it
is (currently) supported by the company “bifa-Umweltinstitut GmbH, Augsburg” (bifa-Envi-
ronmental Institut Limited), within the framework of an agency agreement .

2. The “UFS-Gesellschafterversammlung” (UFS shareholders’ assembly) includes the following
members: the Free State of Bavaria (chair), the municipality and county of Garmisch-Parten-
kirchen as well as the municipality of Grainau. Its key task is the supervision and control of the
UFS operating company.The Free State of Bavaria awards the UFS GmbH an annual allowance
as institutional support that can be used for basic financial coverage and for infrastructural in-
vestments. Irrespective of this, the Free State of Bavaria or third parties may at any time introduce
own research projects to the UFS-members or the UFS Operating Company, as required.

3. On the basis of the UFS Consortium Agreement the associated research part ners go to the
station with their research topics, with their teams and with their funds. Here they hire labs,
measurement platforms or offices, as required, and pay a user fee that is primarily charged
as a lump sum.This is based on an individual use agreement with the UFS Operating Com-
pany. Any exceptional requirements put to the infrastructure or services are charged for
separately. In this way, the scientific teams remain associated with the delegating research
institutions (thus Virtual Institute”).

4. In addition to the UFS shareholders’s assembly there are two other democratically organised
supervisory and control committees: the “UFS-Konsortialrat” (UFS-Consortium Board) and
the Scientists organisation, the “UFS Science Team”:

On the Consortium Board each research partner is represented by a high-level delegate
whose voting rights depend on the level of the annual use fees of the respective organisation.
Long-term fundamental and strategy decisions are reserved for this body.

Particularly important decisions require a 75% majority of the votes. The members of the
Consortium Board elect a chairperson (external or internal) for a specific term of office. This
chairperson has no voting right.

The Science Team advises the Consortium Board and is the “science brain” of the research sta-
tion. It is responsible for scientific quality, the smooth cooperation between the research groups,
improvement suggestions regarding equipment facilities, the installation of external measure-
ment platforms, joint programme targets, technical sessions and international cooperation.
Other responsibilities are the development and supervision of the joint data storage centre
(AIpEnDAC) and a joint report that is published every two years giving the scientific results
of the Environmental Research Station UFS.The Science Team is made up of elected “speak-
ers” (compare item 5 and Fig. 23) who all have equal voting rights.

The body is chaired by the “Scientific Coordinator of the UFS” (Wissenschaftlicher Koordina-
tor der UFS) who is proposed by the Team members and elected for a term of office by the
Consortium Board. He/she also attends its meetings as a permanent reporter and advisory
member. Meetings of the Science Team are partly held as internal meetings (only the speak-
ers who are entitled to vote, and with the managing director of the operating company as
guest) and partly as public meetings (where all scientists can attend). The scientific coordi-
nator has the right to veto resolutions of the Science Team, the issue is then decided on by
the Consortium Board.

5. As Fig. 22 shows, the UFS has eight key topic pillars, to which the Science Team assigns the
research projects or new internal or external suggestions. At the Science Team meetings these
projects are then subjected to a joint and interdisciplinary discussion among all scientific
persons of the UFS community concerning their acceptance, implementation and results.
Beyond this, one or two researcher colleagues are elected as scientific mentors for each of
the eight topic blocks, and serve as the respective “speaker” both internally and externally.
They attend Science Team meetings as coordinating reporter, where they exercise their right
to vote.Their coordinating activity represents the respective specialised field and is therefore
independent of the partner organisation handling the individual project in question.
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1.9 Infrastructure expansion and safety

The extensive realignment of the Schneefernerhaus Environmental Research Station that com-
menced in 2007 had to cover both the remaining interior conversion and refurbishment work,
as well as the essential safety precautions for researchers, operating personnel and guests.This
concerned the workstations, the conference and accommodation facilities as well as the access
and transport by an existing but technically obsolete cable car.

Criteria for the required investment were, in addition to safety, the ecological role model ex-
pected from governmental institutions, the implementation of an optimal research infrastruc-
ture and also the minimiation of operating costs.

Fig. 23: View of the construction site for
the integrated rockfall and avalanche
protection system for the high-altitude
research station UFS (see also Fig. 25)

Fig. 24: Permafrost measuring system,
installed in the remaining summit tun-
nel between the UFS and the former
terminus of the “Austrian Zugspitze
Cable Car”

Fig. 25: New “Research Cable Car” for
access from the Zugspitzplatt to the
UFS building with the summit in the
background

The extreme and ever-changing environmental conditions at the Schnee-
fernerhaus frequently ruled out routine construction methods. These con-
ditions accelerate wear, demand technically more sophisticated solutions
(rockfall, avalanche protection, heat recovery), make external services more
expensive (access transport, helicopters) and, because they are so different
to normal conditions, require extended approval procedures. On the other
hand, many of the structural refurbishment measures or improvements to
the equipment infrastructure were made easier due to the possibility of
direct access to the UFS’ own railway station by means of the very efficient
rack railway. This applied, in particular, in difficult weather conditions or
when heavy loads had to be moved.

The following gives an account of some of the refurbishment and invest-
ment steps:

e 2007/2016 Preparation of an “Innovative energy and waste/sewage con-
cept” which included the installation of a 100 m?solar panel facade, 110
m®fire-fighting water storage tanks as a buffer for heat storage, four heat
pumps on propane gas basis, each with 20.44 KW capacity. This was
supplemented in 2016 with an additional PV system with 4.8 kWh. All
cooling systems were converted from CFC to propane gas. In 1996, be-
fore any of this took place, a 9.5 km sewage pipe from the Zugspitze
summit and an 8 km long high-pressure drinking water pipeline from the
Eibsee had already been built under extremely harsh conditions.

e 2007/2016/2020 Preparation of a new safety manual and preparation of
a precautionary structural and organizational concept for eliminating the
impact of the low-level radon-emissions from the bedrock.

e 2007/2008 Preparation of an avalanche protection concept by the “Swiss
Federal Institute for Snow and Avalanche Research” in Davos for both
the Schneefernerhaus and the planned new access “Research Cable Car.”
2008 Building authority approval and construction of the entire “Inte-
grated Rockfall and Avalanche Protection System” The safety concept
implemented was in response to the three avalanches that occurred in
1965, 2002 and 2008 had become imperative. It was “put to the test” in
2019 and has proven to be very effective.

e 2007 Installation of a long-term permafrost monitoring system in two
new boreholes drilled beneath the Zugspitze summit at an altitude of
2.930 m, measuring 44 m and 58 m in length (125 mm diameter), carried
out by the Bavarian Environment Agency on behalf of the Bavarian Min-
istry of the Environment (Fig. 24).

e 2008/2009 Approval for the construction and operation of the new “Re-
search Cable Car” in accordance with Art. 21 BayESG (Bavarian Railway
and Cable Car Act), planning permission and commencement of the con-
struction of the lower and upper stations for the new cable car as well as
approval for continued use of an access cable car in accordance with
Article 33 BayESG for the Bayerische Zugspitzbahn Bergbahn AG (BZB).
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2009 Official inauguration and commissioning of the new “Research Ca-
ble Car” having the following specifications: 326 m in length, 65 m dif-
ference in elevation, cabin size for 8 persons or for EU-Standard pallets,
transport capacity of 80 persons per hour (Fig. 25).

2009 Certificate of TUV SUD Life Service GmbH awarded for exemplary
health and safety protection to the UFS Operating Company.

2010 Installation of a second, larger laser dome on the UFS roof for an
extreme RAMAN-LIDAR for producing profiles of water vapour and tem-
perature in the atmosphere up to 24 km vertically (Fig. 26 and Fig. 27).

2011/2012 Energy-efficient refurbishment and provision of a canteen for
the operating team and for conference guests (80 m?).

2012/2013 Commissioning of an electric snow blower (Specs: 375 kg, two
rechargeable batteries, 400 Ah/29.7 V). Specially developed by the Insti-
tute of Automotive Technology of theTU Munich, to maintain the existing
air quality.

2013/2018 Approval for renting the former ski-lift station “Schneeferner-
kopf” as an external measuring platform (2.875 m above sea level), as
well as commencement of the development of an IT link between the
Schneefernerkopf and the Schneefernerhaus, with webcam and weather
station (Fig. 28 and 29).

2013/2015/2017/2020 Refurbishment of the panoramic conference room
“Gletscherstube” (56 m?)/(Fig. 30) and conversion and complete refur-
bishment of the Large Conference Room “Prof. Siegfried Specht” (144 m?
(Fig. 31).

Completion of the refurbishment of the accommodation facilities, which
now comprise 45 beds in 15 rooms.

2015/2016 First field tests with drones (UAVs) for air quality measure-
ments within the framework of a feasibility study.

2016/2017 Installation of ultrasonic anemometers and high-speed cam-
eras mounted on a stainless steel-sled on the roof of the Schneeferner-
haus (2,700 m above sea level).

Experiments performed with this arrangement aim to provide long-term
measurements in the turbulent boundary layer and on in-situ observa-
tions of passing rain (or ice-containing) clouds.

2017/2018 Master thesis on the topic “Development of a CO,-free energy
system as stand-alone solution for a research station”

2018 Realization of a new concept for an energy-saving renovation of the
entrance and reception hall, as well as the entire lower conference area.
In addition, there are initial considerations for setting up a small museum
on the history of the Schneefernerhaus.

2020/2021Three projects, among others, are being planned for the near

future, although due to the current (2020/21) corona pandemic, precise

implementation dates cannot yet be specified:

— Energetic and safety-related renovation of the access terrace between
the UFS-owned “Research Cable Car” mountain station and the interi-
or of the building. This project also requires a separate refurbishment
of the surrounding rock walls;

— Creation of a small external 360-degree measurement site (80 m?) on
the “summit ridge” above the UFS Building, at a horizontal distance
from the other buildings on the Zugspitze summit of about 300-400 m.
In contrast to the measuring station on the measuring station on the
Schneefernerkopf (Fig. 29), this facility offers easier access for research
personnel.

Fig. 26: Installation of the large laser
tower for the RAMAN-LIDAR on the
roof platform of the UFS building (2010)

Fig. 27: Water vapour laser “DIAL-
LASER" in operation

Fig. 28: View from a UFS measurement
platform to the “Schneefernerkopf”
with a small measurement hut on top
(see also Fig. 29)

Fig. 29: Measurement hut on top of the
“Schneefernerkopf’; 2.875 m above sea
level (see also Fig. 28)
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Fig. 30: UFS Conference Room “Glet-
scherstube” with panoramic view

Fig. 31: UFS Large conference Room
“Prof. Siegfried Specht”

Fig. 32: View of the UFS building and
some measurement devices

Fig. 33: View from the Zugspitzplatt to
the UF building with the rockfall and
avalanche protection system

- In order to meet the wide-ranging interests of the scientifically diverse
research groups, both within and outside the UFS, and to make the
recent progress in measurement technology available to them, the
construction of an airfield for drones — or “UAVs” (“Unmanned Aerial
Vehicle”) is being examined.This would be Germany’s highest take-off
and landing site of this kind.

Even without the expansion plans described above, the Environmental
Research Station Schneefernerhaus is already one of the largest and
best-equipped high-altitude research stations (Fig. 33). It is a member
of the most important supra-regional research organizations in the sec-
tors of weather, climate and the environment. (Bittner et. al. 2017/02)
Together with the Hohenpei3enberg observatory, it also has the status
of a global station in the “Global Atmosphere Watch Programme
(GAW)"” of the “World Meteorological Organisation (WMO)" For this
purpose, twice a year, the UFS runs “Global Education and Training
Center (GAWTEC)” courses for the next generation of measurement
technology