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The art installation ‘Atmospheric Forest’ (2020) is a visualisation of the scent emission of pine trees in Pfynwald. 

from the tree stems. “They emit about 
the same amount as leaves,” says Ar-
thur. “Whereas we had expected 
them to emit significantly less.” Most 
of the compounds they found were 
monoterpenes. These are compo-
nents of resin that help, among other 
things, to keep herbivorous insects 
away. With increasing drought, the 
trees’ output of volatile organic com-
pounds decreased overall, and their 
ability to defend themselves therefore 
probably also decreased. “But 
stressed trees seem to put relatively 
more energy into defending them-
selves against predators than trees 
with enough water.”

During the experiment, there 
were repeated phases during which 
the trees released particularly large 
quantities of monoterpenes. The re-
searchers suspect that the trees were 
reacting to infestations of insects 
such as bark beetles – even though 

they had observed no feeding insects 
directly. “Our study contributes an 
important piece in the puzzle and 
helps us understand better how more 
frequent dry periods affect forest 
trees,” says Arthur, and explains: 
“The pines put their last efforts into 
defending themselves against insects, 
which are, in many cases, the death 
knell for weakened trees.”

The new results are relevant not 
only for the health of forests. The or-
ganic compounds emitted from the 
stems and leaves of trees are extreme-
ly reactive and have both positive 
and negative effects. They promote, 
for example, the formation of ozone 
in the upper atmosphere and may 
prolong the lifetime of methane, a 
powerful greenhouse gas. But the 
particles also stimulate cloud forma-
tion, “Which means they can influ-
ence the local climate by, for exam-
ple, cooling it down,” says Ugo 
Molteni, a chemist at WSL. Such an 
effect is noticeable on, at most, a 
small scale in Pfynwald, but it is, ac-
cording to Ugo, relevant on a region-
al scale in, for example, the huge co-
niferous forests in the far North. He 
is working on a project to investigate 
such climatic effects. 

The breathing of the forest has 
even served as inspiration for art. 
With the help of the researchers, the 
artist duo Rasa Smite and Raitis Smits 
created a virtual reality installation 
‘Atmospheric Forest’ to visualise the 
Pfynwald’s scented landscape. In the 
three-dimensional model of the for-
est, the invisible gases ‘bubble’ out of 
the tree stems in the form of yellow 
beads – accompanied by atmospher-
ic noise patterns. The video animation 
makes the drought stress of the pine 
trees both visible and audible. � (bki)

vimeo.com/415663071
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F OREST  When forestry disturbs the aesthetics

Even forests with many visitors are 
managed – to obtain timber, for ex-
ample, or to increase safety or biodi-
versity. People seeking recreation in 
the forest, however, tend to react neg-
atively to extensive logging. Johanna 
Trummer from WSL’s Research 
Group ‘Social Sciences in Landscape 
Research’ has studied the reaction of 
forest visitors to different forms of 
management. 

She asked more than two hun-
dred forest visitors in the forest lab-
oratory on the Hönggerberg near Zu-
rich to fill out a survey on tablets. 
They rated how well they liked dif-
ferently managed parts of the forest 
they were in. The forest laboratory, 
which was co-founded by WSL, is a 
demonstration and research site for 
silviculture on an area of 150 hectares 
with various forms of management. 

Her results show that forest ar-
eas with older and taller trees with-
out gaps were valued most. These 
correspond not only to continuous 
cover forests in which only single 
trees are felled, but also to high co-
niferous forests with even-aged man-
agement. Freshly cut ‘coppice with 
standards’, on the other hand, was 
unpopular. This form of manage-
ment, which dates back to the Mid-
dle Ages, involves felling younger 
trees every twenty to thirty years to 
obtain firewood and leaving single 
large trees such as oaks standing for 
up to a hundred years so that they 
can be used for timber. Many rare 
forest animals and plants, however, 
thrive in such sparse forests, which 
makes them valuable for nature con-
servation. 

From the survey the researchers 
conclude that what the respondents 
rejected above all were large-scale in-
terventions in the forest. “Anything 
that greatly alters what the forest 
looks like is poorly accepted,” says 
the project leader, Tessa Heget-
schweiler. It provokes negative feel-
ings among people seeking recreation 
in the forest because they tend to 
identify strongly with ‘their’ forest. 
Although the information boards in 
the forest lab provide information 
about the ‘coppice with standards’ 
management form, this is apparently 
not enough to change people’s reac-
tions. The researchers hope that ac-
ceptance will increase if the foresters 
announce logging operations well be-
fore they are carried out and explain 
why they are doing them. � (bki)
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Forest visitors do not appreciate major changes to ‘their’ forest. 
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Wine-grapes can be found growing 
on over a thousand hectares in Tici-
no. Nevertheless, during the last thir-
ty years, the area under vines has 
shrunk by almost forty per cent, as 
researchers at WSL’s location in Ca-
denazzo have discovered. Traditional 
vineyards, where the vines are grown 
on pergolas, have been particularly 
badly affected. These steep plots of 
land are often terraced with dry stone 
walls and border on woodland, 
which is precisely why many of them 
are ecologically valuable. 

Why are they disappearing? 
“The pressure on the wine market is 
increasing. If areas cannot be culti-
vated by machine, they soon become 
unprofitable. Moreover, in residen-
tial areas, building on vineyards, 
where permitted, is often more finan-
cially rewarding,” explains Marco 
Conedera, a researcher at WSL. He 
is head of the project in which the re-
searchers not only mapped the loss 
of vineyards, but also developed a 
method on behalf of Canton Ticino 
to objectively assess the effort in-
volved in cultivating them as well as 
their value as cultural and ecological 
landscapes.

Each vineyard is, according to 
this method, evaluated on a point 
scale in terms of its accessibility by 
road, its slope and proximity to the 
forest. The area is then assigned to 
one of five categories according to the 
number of points it scored. A terraced 
vineyard that is on the edge of the 
forest, is difficult to access, and has 
to be worked by hand as well as pro-
tected from hungry deer, thus falls 
into the most difficult category. Cul-

tivating it requires ‘heroic’ effort – 
and the risk that it will be abandoned 
within the next thirty years is over 65 
percent.

Another aspect of the method 
involves assigning points for the pres-
ence of dry-stone walls, pergolas or 
fruit trees to evaluate the vineyard as 
a cultural and ecological landscape. 
“With this method we can assess a 
vineyard comprehensively and objec-
tively,” says Marco. It enables the lo-
cal authorities and decision-makers 
to get an overall picture of the situa-
tion and identify those areas they 
would like to conserve. One way to 
support conservation efforts could be 
providing targeted financial aid to 
maintain vineyards that are particu-
larly difficult to cultivate, or that are 
culturally and/or ecologically valua-
ble as landscapes. � (kus)

L A NDSCA PE  What is the risk of a vineyard in Ticino  
being abandoned? A new method is helping to find out 

In some vineyards in Ticino the vines are still trained to grow on traditional 
pergolas. 
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Taking great care, Artemis Treindl 
picks up a small, whitish fungus from 
the ground. “A Winter Stalkball,” the 
biologist exclaims. “The wart-shaped 
opening on its cap makes it easily rec-
ognisable. That’s where it ejects its 
spores.” Artemis found the puffball 
nestling among moss and stones on 
the WSL site in Birmensdorf.

The Winter Stalkball is classified 
as vulnerable on the Red List of en-
dangered macrofungi in Switzerland. 
The 2007 list is currently being re-
vised on behalf of the Federal Office 
for the Environment. Artemis is one 
of the WSL researchers working on 
this project, together with many vol-
unteers. The aim is to collect as much 
information as possible on the ap-
proximately six thousand species of 
macrofungi known in Switzerland. 
“In the first Red List, it was only pos-
sible to evaluate the extinction risk 
of just under three thousand species. 
For the others there was too little 

data. We want to do better this time,” 
she says.

The meadow on the WSL site is 
one of 634 sample plots where the 
experts systematically record fungal 
fruiting bodies and capture fungal 
spores from the air using specially de-
veloped spore traps. Half of these 
plots are deliberately located in areas 
where the fungal diversity is expect-
ed to be high. The others are random-
ly distributed across forests, where 
the plots are 100 by 100 metres, and 
across open land, where the plots are 
200 by 200 metres. It takes about six 
hours on average to search a plot. 
“We are very glad to have the sup-
port of our volunteers. Without them 
we would never complete the work,” 
Artemis says.

She records the details about the 
Winter Stalkball directly via an app 
on her mobile phone. Any fungi she 
can’t identify in the field she takes 
with her to the lab – like the fungus 

B IOD IVERS I T Y  Mushroom hunting for research

The WSL biologist, Artemis Treindl, records data for the macrofungi Red List – including here on a 
meadow at the WSL location in Birmensdorf.
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she finds next – a Galerina species. 
She picks out a specimen in particu-
larly good condition and places it in 
a small plastic box with various com-
partments where other mushrooms 
are already waiting to be identified in 
the lab.

More data thanks  
to genetic methods
In the laboratory, Artemis examines 
the Galerina under the microscope. 
Galerina species have special cells on 
the edge of their lamellae under the 
cap, so-called cystidia, which can be 
used to identify them. “This one has 
club-shaped cystidia with small 
heads. It’s a Galerina clavata.” Iden-
tifying the species under a micro-
scope is time-consuming, but with 
genetic analyses it’s quicker: “Genetic 
analysis enables us to process and de-
termine a lot of specimens at the 
same time, and we can even generate 
new reference sequences for many 
species,” she says. With this method, 
the researchers have already discov-
ered more than thirty species that 
had never been identified in Switzer-
land before.

All the fungi and site informa-
tion ends up in the database of the 
national data and information centre 
SwissFungi, which is based at WSL. 
The data is then publicly accessible. 
The fungi determined in the labora-
tory are dried and stored as speci-
mens.

The field surveys are currently 
ongoing. All the data is being ana-
lysed and compiled for the Red List, 
with publication planned for 2025. 
On the 2007 list, one third of the fun-
gi were classified as endangered. 
Whether the new list will contain 
more or fewer species remains to be 
seen. Some of the reasons why many 
fungi are becoming endangered are: 

habitat loss, overfertilization in agri-
culture and climate change. Moreo-
ver, as with animals and plants, new 
fungi species are migrating into Swit-
zerland, where they may pose a threat 
to the native flora and fauna. “A lot 
of the things happening we can’t see. 
As far as the actual diversity of fungi 
is concerned, we are still largely in 
the dark,” Artemis says. Her work is 
helping to fill the gaps in our knowl-
edge. � (lbo)

P
ho

to
s:

 M
ar

ku
s 

W
ilh

el
m

Like most members of this genus, Galerina 
clavata can only be reliably identified with a 
microscope. 

The Winter Stalkball (Tulostoma brumale) ejects its spores from the warty 
opening on the cap. 
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Switzerland is, as an Alpine country, 
particularly affected by climate 
change: Temperatures here are rising 
more sharply than the global average. 
Melting permafrost and more severe 
storms increase the risk of natural 
hazards such as landslides or debris 
flows. Hot summers have serious 
health impacts and can lead to crops 
failing. But according to Dominik 
Braunschweiger, a social scientist at 
WSL, there is a gap between the con-
crete steps being taken to adapt and 
what is actually needed to be better 
prepared for such impacts of climate 
change. 

One reason for this lack of 
preparation, says Dominik, is that 

“people only tend to consider adap-
tation to the impacts of climate 
change necessary if they feel person-
ally affected by climate change.” His 
case studies showed that only then 
do they see such events as the conse-
quence of climate change and not just 
as sporadic natural phenomena. 

Strategically well prepared
He has investigated how well Swit-
zerland has adapted to climate 
change as part of the WSL research 
programme CCAMM. Strategically, 
it is well positioned as: “an action 
plan at the federal level aims to in-
clude adaptation to climate change 
in all its strategies and planning,” ex-
plains Dominik. The problem is in 
the implementation because: “no po-
litical mandates for concrete meas-
ures exist.” That in itself is under-
standable because, as he says: “the 
adaptations needed in Geneva differ 
from those required in Grindelwald. 
In cities, excessive heat is the biggest 
problem, while in mountain regions, 
changing natural hazard manage-
ment, for example, or adapting tour-
ism are more urgent.” 

Concrete measures should there-
fore be decided on by local stake-
holders. This approach has been 
found to be effective in the federal pi-
lot programme ‘Adaptation to Cli-
mate Change’, which finances pro-
jects on adapting to climate impacts. 
The city of Sion, for example, 
launched the ‘Acclimatasion’ project, 
in which, among other things, a 
school converted a car park into a 
wetland biotope and planted green-
ery on the roof. “This helps to miti-
gate the heat in the city,” Dominik 
says: “and at the same time raise chil- P
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N ATUR A L  HA Z A RDS  How to adapt to climate change better

Replacing a car park with a pond at a primary school in Sion 
improves the local climate. 
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On the morning of 17 June 2013, pil-
grims at the Kedarnath shrine in In-
dia’s Kedar Valley heard a loud crash-
ing sound. A few minutes later, 
masses of water swept down on 
them, washing away people, bridges 
and buildings and destroying the 
town of Rambara, eight kilometres 
further down the valley. At least 4000 
people lost their lives. The cause: an 
outburst flood from the glacial lake 
Chorabari. 

Such an event can occur if a 
meltwater lake bursts through the 
natural dam behind which it has col-
lected. This could happen more fre-
quently in coming years because gla-
ciers are retreating and new lakes 
forming. As a result, the number of 
lakes held back by ice dams is in-
creasing. A WSL team has recently 
estimated where such lakes could 
form in the Himalayas and how 
many are likely in the near future. 
The results should help local com-
munities to plan more effective pro-
tective measures. Unlike in Switzer-
land, few glaciers in the Himalayas 
have been monitored systematically 

N ATUR A L  HA Z A RDS  Dangerous glacial lakes in  
the Himalayas: A new study may help prevent disasters

dren’s awareness of the impacts of 
climate change.”

The effects of such awareness 
raising should not be underestimat-
ed. In his research, Dominik found 
that informing and sensitising the 
public is one of the levers that could 
accelerate adaptation. “Making the 
colour of the outsides of buildings 
light can mitigate the impact of 
future heat waves. But those respon-
sible must be aware that this is nec-
essary.” Other starting points identi-

fied in the successful pilot project 
include providing funding and ensur-
ing projects meet with local accept-
ance. � (kus)

wsl.ch/gov-vis-cca

The two satellite images show examples of glacial lakes (circled in red) 
held back by glacier ice. Such lakes may burst and flood lower-lying 
regions. 
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so far – there are simply too many of 
them.

Using an algorithm fed with 
data related to the surface, the ice 
thickness and the bedrock, the WSL 
team has calculated the possible lo-
cations of future glacial lakes, taking 
into account various scenarios for fu-
ture global warming. The team, led 
by Daniel Farinotti, a glaciologist at 
WSL and ETH Zurich, and his for-
mer PhD student Loris Compagno, 
estimates that there will be around 
11 700 such lakes by the year 2040. 
That is about 2500 more than in the 
year 2000. Taken together, the lakes 
could cover an area of 340 square 
kilometres and contain 2450 million 
cubic metres of water.

Dam failure
The researchers have focused their 
work on lakes that have formed be-
hind ice dams because these are more 
dangerous than comparable dams 
formed from sediment. “Glacial ice 
can dam water, but it is not a particu-
larly stable material for this,” Daniel 
explains. “Dams made of ice can fail 
within a short time and release large 
amounts of water down into the val-
leys.” The team are focused in par-

ticular on potential lakes with a vol-
ume of one million cubic metres or 
more. Lakes above this size are espe-
cially dangerous.

The results of the study have 
been made publicly available and 
provide a basis for planning protec-
tion and prevention measures. They 
can help, for example, to identify 
which buildings and infrastructure 
are at risk. Regular monitoring is also 
important for controlling risk. “Our 
study allows us to anticipate where 
possible lakes could form,” Daniel 
says, but whether these lakes actual-
ly develop depends very much on lo-
cal conditions. An NGO has already 
expressed interest in the study as it 
would like to provide support for the 
local communities. � (job)
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Armanda Pitschi works in IT at the WSL Institute 
for Snow and Avalanche Research SLF in Davos. 
She is mainly responsible for support, ordering 
computers and accessories, and installing soft­
ware and hardware. “I like having direct contact 

with the staff and helping with technical computer 
problems.” As a mother of two young girls, she 
appreciates being able to work part-time and one 
half-day a week from home.  (sni)

P
ho

to
: 

B
ru

no
 A

ug
sb

ur
ge

r, 
Zü

ri
ch

Armanda Pitschi, Davos

“We have no electricity and 
poor mobile phone reception 
in our lower-mountain- 
pasture hut (Maiensäss) in 
Partnun near St. Antönien. 
But the peace and quiet here 
and the wonderful view of 
mountains and lush 
meadows help me quickly 
forget everyday life. This is 
where I can really unwind.”
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When is a winter really winter? A 
quick flashback to 2022/23 when the 
winter got off to a weak start: there 
was little snow in the mountains, and 
many ski slopes and cross-country ski 
trails opened later than planned or 
only after massive use of artificial 
snow. But was the situation in the dif-
ferent regions really exceptional?

As of next winter, this question 
will be addressed with the Spatial 
Snow Climatology for Switzerland, 
or SPASS for short, which means ‘fun’ 
in German. It draws on thousands of 
maps with a resolution of one kilo-
metre that show how much snow 
there was when and where on each 
day since 1961. SPASS was developed 
in collaboration with the Federal Of-
fice of Meteorology and Climatology 
MeteoSwiss by a work group led by 
Christoph Marty, an expert on snow 
from the WSL Institute for Snow and 
Avalanche Research SLF in Davos.

The maps are not only interest-
ing for researchers. “They help us 
draw conclusions about how much 

water will be available in the summer 
in the particular regions in Switzer-
land, as well as about where flooding 
could be imminent and where drought 
is likely to occur,” says Rebecca Mott, 
a research assistant at the Operation-
al Snow Hydrological Service 
(OSHD) at SLF. This information is, 
for example, relevant for farmers.

The OSHD uses weather data in 
modelling snow quantities through-
out Switzerland. The work group 
adapted these values as the basis for 
SPASS and the resulting maps. The 
weather data is supplied by Meteo
Swiss. In return, MeteoSwiss receives 
snow data from SLF and use the new 
SPASS maps to provide more infor-
mation.

 “For us climatologists, this data 
is important because we can use it to 
classify each winter,” explains Chris-
toph. The project is still in the trial 
phase, but it should start regular op-
eration as early as the winter 2023/24.  
� (job)

In the winter season 2017/18, snowfall in the cantons Valais, Ticino and the Grisons (shown in blue) was 
above-average, but in northern and western Switzerland (shown in red), it was much less than usual. 

SNOW A ND  ICE  SPASS with snow – thanks to old data

Snow height
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Climate change is warming the at-
mosphere – and the soil. This is hav-
ing consequences. The elevation of 
the shallow permafrost limit has ris-
en by around four hundred metres 
since the 1980s. Moreover, as moun-
tains narrow towards the top, the 
area permanently covered by frozen 
ground is shrinking all the faster. 
During the past forty years, three-
fifths of the area has already disap-
peared and a further fifth is currently 
thawing, according to a new study of 
the WSL Institute for Snow and Av-
alanche Research SLF. The project 
leader, Robert Kenner, explains: 
“This decrease is just as dramatic as 
the retreat of the glaciers, but it is not 
visible. So far it has only been par-
tially recorded in a short series of 
measurements.” Thawing can desta-
bilise permafrost ground, and the loss 
of permafrost is more than just an 
exciting phenomenon: debris flows 
and rockfalls from thawing slopes are 
on the increase.

The air temperature  
is decisive
The longest ground temperature time 
series are not even thirty years old, so 
how did the researchers determine 
how much the permafrost area had 
decreased? Robert says: “We wanted 
to compare temperature data from 
different boreholes. This is not easy 
because the elevation and slope as-
pect both have a strong influence on 
the evolution of ground tempera-
tures.” To ensure the comparability 
of the measurements, the researchers 
modelled the relations between the 
air temperatures, potential solar ra-
diation and ground temperatures for 

each individual temperature sensor 
in the boreholes. By combining these 
values, they were able to calculate the 
elevation of a theoretical and univer-
sal zero-degree Celsius level in the 
ground – independent of radiation. 

The researchers were surprised 
to find that it corresponds very well 
to the multi-year mean of the atmos-
pheric zero-degree Celsius level in 
terms of altitude and temporal evo-
lution. Other influences, such as 
snow cover, only affected the ground 
temperatures for a short time and in 
the uppermost layers. In contrast, the 
atmospheric zero-degree Celsius lev-
el is a very precise indicator for the 
temperature evolution at a depth of 
several metres. This finding opens up 
new opportunities for the research-
ers: “We can use decades of air-tem-
perature measurements from mete-
orological balloon soundings to 
reconstruct earlier ground tempera-
tures,” says Robert. The warming 
taking place high up in the moun-
tains is significantly greater than the 
Swiss average, and has already 
caused the loss of three-fifths of the 
permafrost area. � (bio)

SNOW A ND  ICE  Permafrost: More than half has already 
disappeared
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As a member of the staff at WSL, Gian-Kasper 
Plattner advises and supports the Directorate on, 
for example, strategic issues. The climate resear­
cher and expert on the Intergovernmental Panel 
on Climate Change (IPCC) also represents WSL in 
organisations such as the National Centre for Cli­

mate Services NCCS, as well as managing the en­
vironmental data portal EnviDat and teaching. “I 
really enjoy having so many different tasks in the 
scientific community. It means I rarely miss wor­
king as a researcher, especially since I can often 
contribute my expertise.” (kus)
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Gian-Kasper Plattner,  
Birmensdorf

“I grew up in Riehen, two 
minutes away from the 
entrance to the Wenkenpark, 
where I often played as a 
child.  Later, as a teenager, 
we had many parties there. 
Now we go there regularly 
with our children and 
friends. The Park has always 
played a part in my life.”
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The burning sun beams down hot from the sky – and in the up-
coming issue of DIAGONAL, everything revolves around heat. 
How does heat affect the lives of people, animals and plants and 
how does it impact our environment? What dangers do the ever 
more frequent heat days each year pose for us – and what op-
portunities do they offer? At WSL and SLF things also ‘hot up’ 
when researchers get to work on ‘burning’ issues – even if this 
cannot always be expressed in degrees Celsius!
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The Diagonal editorial team, from left 
to right, top row: Stephanie Kusma, 
Beate Kittl; bottom row: Birgit Ottmer, 
Sandra Gurzeler, Claudia Hoffmann, 
Lisa Bose
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Video at:  
www.wsl.ch/object

Flow

Pump with filter

Filter

Winch

Float 

Swivel camera 
with plexiglass 
dome

Electric motor  
and propeller  

F LOAT ING  DRONE

Genetic material in a water sample can reveal what lives in a body of water. But what if a lake is inaccessible or 
no boat is available to collect samples? This is where a drone specially developed at WSL and the ETH Zurich 
can help researchers. Not only can it float on water, but it can also lower a pump with a filter on a rope into the 
water while flying. This allows large quantities of water to be filtered on site. The genetic material left by orga­
nisms in the water then accumulates in the filter. The researchers duplicate and decode this in the laboratory. 
By comparing it with already known sequences of genetic material, they can then determine which species the 
genetic material comes from.  (kus)










