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Helpful signposts
When it comes to pictures of massive icebergs or research 
ships, it can be hard to tell if you’re looking at the Arctic 
Ocean or the Antarctic. To help you know which ocean the 
picture shows, we’ve included small symbols at the begin-
ning of each article. The polar bear represents the Arctic;  
the penguin stands for the Antarctic.
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As polar researchers, we have the privilege of 
working in unique habitats. The Arctic can be breathtaking: where 
else can you see the rugged glacial fjords of Greenland and Spits-
bergen, polar bears gracefully striding across ice floes, or the stark 
contrasts produced by warm waters from the subtropics and Arctic 
cold fronts? Antarctic expeditions on board the research icebreaker 
Polarstern take us to the stormy seas of the “Furious Fifties” and 

“Screaming Sixties” and to the majestic silence of the ice-covered 
ocean and tabular icebergs drifting by in one of the region’s least 
touched by the hand of man.
This issue will offer you glimpses into how this fascination and our 
own curiosity drive our work. Join us for aerial sea-ice measurements 
above the Arctic, drilling trips to the second-largest ice shelf in the 
Antarctic, or learn how our mathematicians are developing new cli-
mate-modelling methods. In the process, you’ll also get an impression 
of how many puzzle pieces it takes to arrive at a comprehensive 
picture of the diverse physical processes involved in climate at the 
Earth’s poles. 
Most of our stories have one thing in common: in virtually all areas, 
researchers from different disciplines are joining forces in internation-
al projects to better understand complex processes and interrelations. 
In this regard, reliable long-term observations are the foundation of 
our work. Examples include: the daily temperature measurements at 
our research stations in the Arctic and Antarctic, monitoring ocean 
currents at our deep-sea moorings in the Fram Strait and the Wed-
dell Sea, and the data from our sea-ice buoys drifting through the 
Antarctic and Arctic Oceans, as well as the data supplied by various 
satellites, without which modern climate research would be practi-
cally impossible. 

Whether for the ocean, ice, atmosphere or land: our efforts provide 
reliable data that is absolutely essential for the validation of our cli-
mate models and which helps us to continually improve their accuracy. 
In addition, anyone seeking to grasp the current changes must also 
consider our planet’s climate history. The statistical series for the 
ocean reach back 65 million years; those for Antarctica’s inland ice 
date back 800,000 years – and where no data is available, advanced 
climate models can help us fill in the gaps.
One thing is certain: the polar regions are being affected by climate 
change. Dramatic signs of that change – like the retreat of the sea 
ice – have first and foremost been felt in the Arctic – and some parts 
of the Antarctic are now following suit. Accordingly, our mission is to 
document the impacts and speed of this transformation, to explore its 
causes, and to map its future development – a responsibility that we, 
the climate researchers at the Alfred Wegener Institute, Helmholtz 
Centre for Polar and Marine Research, don’t take lightly. The guiding 
directive for our work is laid out in Goal 13 of the United Nations Sus-
tainable Development Agenda: understanding and combating climate 
change for the sake of everyone on Earth.
Our politicians and society, as a whole, will only find solutions for 
this global problem if they have a solid foundation of reliable facts. 
Accordingly, our duties also include disseminating what we learn 
and engaging in a dialogue with society at large. Here, too, we are 
breaking new ground: our Climate Office for Polar Regions and Sea 
Level Rise is working together with the Helmholtz Climate Initiative 
REKLIM (Regional Climate Change) to develop innovative new for-
mats – like our successful online sea-ice portal (meereisportal.de) 
and as well as new event formats that have attracted attention and 
boosted climate- change awareness nationwide. Please feel free to 
contact us for further information on any aspect of our work. But for 
now, we hope you enjoy reading the articles!

Prof Torsten Kanzow
Head of the Climate Sciences Division at the Alfred 
Wegener Institute, Helmholtz Centre for Polar and 
Marine Research

TRACKING CHANGES –  
research at our planet’s hotspots
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Eleven areas of expertise
THE BUILDING BLOCKS OF OUR CLIMATE RESEARCH
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Sea ice

Glaciers and ice sheets
Climate history

Knowledge transfer
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Land

Infrastructure

Ocean
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GLACIER TONGUES ARE 
SHRINKING
The glaciers of Spitsbergen share the same 
fate as the ice streams of Greenland and North 
America: they are losing more ice in summer 
than they gain back from snowfall in winter. 
This loss of ice is set off by rising air and water 
temperatures, which accelerate melting on the 
surface and underside of the ice tongues alike.
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The trend is clear: the Arctic is now warming 

twice as fast as elsewhere. As a result, the 

Arctic ice is melting. Researchers at the AWI 

are working to understand the causes and  

how the situation in the Arctic will affect the 

climate and life at our latitudes. With the aid 

of climate models and expeditions, their goal 

is to peer into the future.

HOTSPOT ARCTIC
- when the ice disappears
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THE FROZEN ISLAND 
IS CRUMBLING
The bluffs of Canada’s Herschel Island 
in the Arctic consist of ground ice and 
a thin layer of humus. For the past ten 
years, AWI researchers have been mon-
itoring the speed at which the island’s 
permafrost soil thaws, and how the 
Arctic Ocean gnaws away at its coast, 
metre by metre.
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he stood for the first time on an ice floe in 
the Arctic; his task was to use drilling rods 
to measure the thickness of the ice. “Back 
then, we always hoped the ice wouldn’t be 
more than two metres thick,” the AWI sea-ice 
physicist recalls. “A drilling rod is only a metre 
long, so after every metre, you have to pull 
it back out and attach another metre-long 
section. Out in the cold, it can be pretty ex-
hausting, so we were happy when we didn’t 
need a third metre.”
Today, Christian Haas rarely needs a second 
or third metre, because the ice has become 
significantly thinner over the past few dec-
ades – most likely due to contributions from 
human-made climate change. “Very often, 
we now measure about one metre,” he says. 
Overall, since the early 1980’s the volume 
of Arctic sea ice, i.e. the product of its area 
and thickness, has decreased by more than  
9 % per decade on average. 
The decline is strongest in summer, when the 
ice-albedo feedback leads to accelerated melt-
ing due to absorption of solar radiation in melt 
ponds and leads. According to Haas, “If this 
trend continues, then 30 to 50 years from now 
there won’t be any sea ice at all in the Arctic 
during the late summer.” That being said, he 
assumes that the sea ice would still form again 
in the winter; during the long polar night there 
is no sunlight to supply energy, which allows 
new ice to form. But these ice masses will melt 
away earlier in the year, and new ice won’t 
form until much later in the autumn. As a re-
sult, the total amount of ice will be much lower.

Warm winters in the Arctic – a trend 
for the future? 
It’s still not entirely clear why the sea ice is 
shrinking so rapidly – because the process de-
pends not only on air temperatures and winds 
but also on water temperatures and ocean 
currents, i.e., on the speed with which the sea 
ice drifts and is transported south, where it 
melts. Accordingly, the extreme melting that 
took place in the summers of 2007, 2012 and 
2016 can not necessarily be considered the 
norm. In these years, air currents transported 
an unusually large amount of heat from the 
middle latitudes to the Arctic, causing the sea 
ice to melt at near-record speed. “These warm 
air intrusions are quite rare, but have always 
been around,” says AWI climate researcher 
Prof Thomas Jung. “First and foremost, they 
are isolated events, so we can’t view them as 
trends without more information.”

Text: TIM SCHRÖDER

Climate change is now in full swing and can 
most strongly be felt in the Arctic, which is 
warming more than twice as quickly as the 
rest of the planet. For more than 20 years, 
scientists at the AWI research station on 
Svalbard have been taking daily measure-
ments of the air temperature, and the num-
bers are alarming: since 1995, the mean air 
temperature on the Arctic island has risen by  
1.4 degrees Celsius every decade. Especially 
the winters have become warmer, with a rise 
in mean temperature of 3.1 degrees Celsius 
over the same time period.
By now, the warming of the Arctic can even 
be seen from space. Readings from the 
Landsat satellites indicate that plant growth 
is steadily expanding northward. Compared 
to the year 1984, today nearly 30 percent 
of western Alaska, the northern coast of  
Canada and especially Quebec and Labrador 
look much greener from orbit, because these 
regions are now home to plant species that 
couldn’t have survived in the past. But the 
most glaring change is in the Arctic Ocean. 
Over the past decade, its sea ice has shrunk 
so dramatically that newspapers and news 
portals around the globe now regularly report 
on the dwindling ice. 

The sea ice is shrinking 
Climate researchers at the AWI are intensively 
investigating this loss of sea ice. One of them 
is Prof Christian Haas, who has been working 
on Arctic ice for more than a quarter- century. 
In 1991, back when he was still a student, 

C
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DR MARION MATURILLI
Meteorologist

“I head the meteorological 
observatory at the AWIPEV 
station. My duties range 
from gathering measure-
ments to their scientific 
interpretation. I also coor-
dinate the international 
collaboration. Every day is 
different: I do a great deal 
of work on the comput-
er but also often attend 
international conferences. 
And I’m happy when, every 
now and then, I get to 
launch a weather  
balloon myself.”

Thomas Jung is a climate-modelling expert. 
For him, the challenge is to fundamentally un-
derstand climate phenomena, and to employ 
mathematical simulations to forecast how 
the climate will develop in the future. To do 
so, Jung and his colleagues investigate how 
climate changes in the tropics and middle lat-
itudes influence the polar regions – and, con-
versely, how the changes at work in the Arctic 
and Antarctic impact the middle latitudes. 

Researchers in the field benefit from 
the work of modellers, and vice versa
Until only a few years ago, Arctic climate re-
search was essentially divided between two 
camps: those researchers who took meas-
urements and collected samples in the field 
and those who used computer models in an 
effort to understand the true nature of the 
Arctic. “The field researchers didn’t trust our 

models, while we felt it was difficult at best 
to see the big picture based on individual 
measurements,” Jung relates. Today, things 
have changed, and both groups work close-
ly together – like Thomas Jung and Christian 
Haas. “That’s also because today’s models are 
significantly better than they were 15 years 
ago,” adds Jung. 

Field researchers and modellers  
benefit from one another
Climate modellers can use data gathered in 
the field to test and refine their models, while 
field researchers can gain valuable insights 

A SPRINGTIME  
STROLL ALONG THE  

ICE-FREE FJORD
The Kongsfjord on Spitsbergen no  
longer completely freezes over in  

winter. As such, the sea arm is also 
free of ice again by the early spring.
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Also the AWI long-term measurements in Spitsbergen show that the 
surface temperature in the Arctic is rising faster than in any other part of 
the world – particularly in the winter! 
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A WARMING 
ARCTIC
To understand the Arctic climate, it is 
essential to monitor its changes over 
a long time. AWI scientists working at 
the German-French research station 
AWIPEV in Ny-Ålesund, Spitsbergen, 
launch weather balloons on a daily 
basis. The balloon-borne radiosonde 
measures air temperature, air pres-
sure, humidity and wind up to 30 
kilometres height. During ascent, the 
data is transmitted to the ground 
station every two seconds. Our most 
important result of these long-term 
observations since 1993: the winter 
seasons in Spitsbergen are getting 
warmer – throughout the whole atmo-
spheric column from the ground up to 
10 kilometres height.
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The loss of the sea ice in the Arctic is every-
body’s business – because when the Arctic 
climate changes as a result of this melting, 
it will also impact the climate in the temper-
ate regions of the Northern Hemisphere –  
in North America, Europe and Asia. A 
team led by AWI climate modeller Dr Tido 
Semmler has now calculated in detail the 
possible consequences of this increasing ice 
loss over the next few decades. “We can be 
fairly certain that in the middle latitudes, 
the west winds will be less pronounced in 
winter,” says Tido Semmler. 
Because these winds will be weaker, less 
heat will be transported eastward from 
the Northeast Atlantic – which may make 
Eastern Europe and Eurasia grow colder 
and their climate become more continental. 
As Semmler relates, “Our models indicate 
that this effect, without factoring in global 
warming, could produce a temperature drop 
of up to 0.5 degrees in parts of Western 
Asia and Eastern Europe during the winter 
months. If we include global warming, the 
temperature deviations roughly balance 
each other out.” 

According to the simulations, the weakening 
of the west winds will also mean that more 
cold air from the Arctic is pushed toward 
Russia. “As a result, in the heart of Russia it 
could become as much as 2 degrees colder,” 
Semmler explains. In North America, the 

effect will likely be more moderate. 
These findings take into account that 
the Arctic will become warmer. Yet, Tido 
Semmler stresses that they aren’t carved 
in stone, since creating climate projections 
for Western Europe is a highly complex 
undertaking. The Northeast Atlantic is 
considered the ‘weather factory‘ for Europe, 
which is characterised by low-pressure cells, 
air masses from the Arctic, and southwest 
winds that bring in warm air. As the AWI 
climate researcher explains, “The natural 
variations are so large that it’s extremely 
difficult to assess the Arctic’s influence.”  
In addition, there are natural climate fluc-
tuations that occur at regular intervals; their 
effects have to be clearly separated from 
those of anthropogenic climate changes.

Tido Semmler’s climate models also predict 
that low-pressure cells will form less fre-
quently in the Arctic and middle latitudes 
during the winter, which could produce 
more stable winter weather. In contrast, 
we could see more low-pressure cells in the 
Mediterranean, which would produce more 
rainfall. And Semmler’s calculations could be 
even more relevant for East Asia, and Japan 
in particular, than for Europe. “The weather 
and climate there are less variable than in 
Western Europe, and the Arctic appears to 
have a major influence there, too,” says Tido 
Semmler.

“THE FORECAST FOR EUROPE: WEAKER WEST WINDS!”

Climate modellers at the AWI are working to 
calculate how the melting ice in the Arctic 
could change our local climate.

from the modellers concerning which parame-
ters are most important for understanding the 
climate. According to Jung: “For example, we 
know that processes in the lower 100 metres 
of the atmosphere above the Arctic especially 
shape its climate.” When it comes to processes 
in the higher atmospheric layers and their in-
fluence on the Arctic climate, scientists know 
comparatively little. As a result, aspects like 
the layer between the upper and lower atmos-
phere are being intensively researched at the 
AWI’s facilities in Potsdam. 
Field researchers may have had good reason 
to initially be sceptical about modelling: up 
to just a few years ago, weather-forecasting 
models, which describe processes and chang-
es in the atmosphere, only reflected the role 
of sea ice in a very rudimentary form. If the ice 
was included at all, then only as a statistical 
factor – or portrayed as a homogenous and 
honey-like flowing mass. “As a result, major 
aspects of ice dynamics were completely ig-
nored, like the formation of open water pock-
ets or the calving of icebergs, all of which can 
influence the climatic conditions in the polar 
regions,” explains Jung.
For example, an unbroken sheet of sea ice 
acts like a lid on the ocean, and stable layers 
of cold air form above it. Areas of open water 
produce a warming of the atmosphere, which 
sets the air masses near the surface in motion.
Further, to make meaningful statements on 
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The estimated cost of repairing 

Alaska’s infrastructure by 2030 

as a result of climate change. This 

includes damages to streets and 

roads, buildings, railway systems 

and airports, which will be caused 

by flooding, coastal erosion and the 

widespread thawing of permafrost.

6 100 000 000
US DOLLARS

IN BRIEF
 › The Arctic is warming twice as fast as the rest of the planet. Since the 1990s, 

especially the Arctic winters have been growing milder. Since the early 1980s the 
volume of Arctic sea ice has decreased by more than 9 % per decade on average.

 › Today field researchers and modellers are working hand in hand to improve  
climate models and prognoses. 

 › From autumn 2019 the German research icebreaker Polarstern will drift with the 
ice of the Arctic Ocean for an entire year, serving as the platform for a major inter-
national research project coordinated by the AWI and titled MOSAiC.

MOSAiC, which will set new standards in  
international Arctic research. 
The plan is to allow the German research 
icebreaker Polarstern to freeze into the sea 
ice in the autumn of 2019, after which it will 
drift through the Arctic along with the ice 
for an entire year – from the Siberian coast 
to the Fram Strait, the waterway between 
Greenland and Svalbard that empties into the 
Atlantic. During its year adrift, over 350 ex-
perts from 50 research institutes will work on 
board the ship in several stages. The goal is to 
gather huge amounts of data within a short 
time – with aerial recording flights, ship-based 
measurements, autonomous underwater ve-
hicles, deep-sea robots, satellite imagery, and 
on-site measurements taken on, within and 
below the ice. Other icebreakers will join the 
Polarstern at regular intervals.

Before the field researchers begin their hands-
on work, the climate modellers will conduct a 
number of preliminary experiments. “This will 
allow us to work with the field researchers 
and jointly develop an optimal observational 
strategy,” says Thomas Jung. Another unique 
aspect: the major AWI-coordinated project will 
simultaneously explore biological, chemical, 
meteorological and oceanographic aspects. 

“We expect to achieve important results that 
will help us to better understand our global 
climate system – and to do so during the drift,” 
adds AWI project coordinator Prof Markus Rex. 
As such, MOSAiC could be for Arctic research 
what the moon landing was for space re-
search – a true milestone. Never before have 
there been so many researchers from various 
disciplines working simultaneously and hand 
in hand in the Arctic. 

the future of the sea ice in the polar regions, 
including uncertainties, no single model is 
sufficient, Thomas Jung claims. Several inter-
national collaborative projects are currently 
underway, giving the participating research-
ers the chance to compare their models and 
identify weaknesses and uncertainties. The 
IPCC uses the same principle to prepare its 
statements on future climate changes. In the 
context of the IPCC, this collaboration, which 
brings together climate modeller groups from 
around the globe, is known as the Climate 
Model Intercomparison Project. 
The outcomes of the fifth comparison were 
released in 2013, and there have been major 
advances in climate modelling since then. Ac-
cordingly, Thomas Jung and his colleagues at 
the AWI are now participating in a new inter-
national comparison project, the goal of which 
is to produce up-to-date projections for the 
future. The results of the project will also be 
submitted to the IPCC. 

MOSAiC – a new milestone in interna-
tional Arctic research 
Many fundamental questions concerning the 
interplay of sea ice, ocean, land and atmos-
phere in the Arctic remain unanswered – es-
pecially due to a lack of data from the winter 
months. In response, climate researchers at 
the AWI are currently working with partners 
from 13 nations to prepare the major project 

HOME TO FOUR 
MILLION PEOPLE 
Rising temperatures in the 
Arctic are affecting the lives and 
livelihoods of over four million 
people. For example, Nordic  
fishermen are now catching At-
lantic cod, which have migrated 
from the south.
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E-mails from the
Filchner Ice Shelf
The fate of our world’s coasts will be decided in the Antarctic, where 

huge ice shelves have to date prevented gigantic inland ice masses from 

pouring into the ocean and raising the sea level. But how long will this 

brake hold out? In the course of several expeditions, AWI researchers 

have placed instruments directly below the Filchner- 

Ronne Ice Shelf, allowing them to now monitor live  

whether – and, if so, how – heat from the ocean  

could pose a threat to the largest  

‘ice brake‘ in the Antarctic.



Antarctica

Filchner-Ronne Ice Shelf
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In the past, climate researchers weren’t very 
worried about the Filchner-Ronne Ice Shelf. 
The massive sheet of ice, which is rough-

ly the size of Sweden, conceals a bay in the 
far southern reaches of the Weddell Sea – a 
region in which the average air temperature 
was a frosty 11.4 degrees below zero in the 
summer of 2016. From the east, south and 
west, glaciers drain into the bay. They supply 
the Filchner-Ronne Ice Shelf with ice from 
the East and West Antarctic Ice Sheets and 
are the reason why the largest permanent-
ly floating ice shelf in Antarctica measures  
1.6 kilometres at its thickest point. And the 
list of superlatives goes on: the coldest water 
masses in the world circulate below the ice 
shelf. With a temperature of minus 2.5 de-
grees Celsius, they only remain liquid because 
of the high pressure they’re under. “So far, this 
extremely salty water has kept the Filchner- 
Ronne Ice Shelf from melting,” says AWI   

The tents are up: Even in 
good weather conditions, set-

ting up the drilling camp on 
the Filchner Ice Shelf took at 
least a day. Eight researchers 
and engineers from Germany 
and Great Britain slept in the 

tents. A larger tent with a 
wooden floor served as their 

working and cook tent.

Author: SINA LÖSCHKE
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oceanographer Dr Tore Hattermann. It’s formed  
in winter, when the surface water directly in 
front of the ice shelf freezes and brine from 
the sea ice seeps into the water below. The 
ocean’s uppermost layer becomes denser, 
sinks and forms a cold-water barrier on the 
continental shelf – i.e., before and below the 
ice shelf – that has kept warm water from the 
Weddell Sea from flowing under the ice shelf.

Negative example: the Amundsen Sea
What happens when warm water from the 
Antarctic Circumpolar Current finds its way 
under ice shelves is something that polar re-

searchers have been observing for the past 
few decades in the Amundsen Sea. Here, the 
ice shelves begin melting from below; as a 
result, they gradually lose contact with the 
ground, and with it, their buttressing effect 
on the glaciers pushing from behind. The ice 
streams of the Amundsen Sea lost over 334 
gigatonnes of ice in 2013 alone, i.e., roughly 
110 gigatonnes more than in 1994. If we com-
pare the current melting and calving rates 
with data from 1977, they’re now losing 77 
percent more ice than they did 40 years ago. 
At the same time, nearly all glaciers are now 
forcing their ice masses out to sea much fast-

In order to transport 
the 13 tonnes of 

camping and drilling 
equipment to the 
Filchner Ice Shelf, 

the British Antarctic 
Survey’s Twin Otter 

aircraft flew a total of 
twelve trips between 

the winter depot on 
Berkner Island and  

the ice shelf. AWI 
oceano grapher Tore 

Hattermann (left) and 
his British colleague 

Scott Webster had 
their hands full un-

loading the plane.
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er than they did in the 1970s – a fact that also 
helps explain why this region alone accounts 
for ten percent of the global sea level rise. 
Taken together, the hinterland of the Filchner- 
Ronne Ice Shelf holds so much ice that the 
global sea level would rise by twelve metres if 
this giant brake suddenly disappeared and all 
the inland ice poured out into the ocean. But 
will the Filchner-Ronne Ice Shelf share the 
fate of the ice streams in the Amundsen Sea? 
To answer that question, oceanographers at 
the AWI are combining climate models (see 
the graphic on p. 20/21) with extensive meas-
urements gathered in the Weddell Sea, both 

below and even inside the ice shelf. 
“Our models indicate that the Antarctic will 
grow warmer over the next few decades. As, 
this progresses, we’ll likely see less sea ice 
forming, which could cause the cold-water 
barrier to collapse in the second half of this 
century,” says AWI oceanographer Dr Hartmut 
Hellmer. “If that happens, the warm water 
could then flow directly under the ice shelf. 
Whether or not this development has already 
begun is something we’re investigating right 
now, on various Polarstern expeditions to 
the Weddell Sea and with the sensor chains 
that we’ve placed in and below the ice.” To    

The hot-water drilling system was 
developed by British Antarctic 
Survey engineers. After just a few 
days’ training, all members of the 
German-British team were able 
to share in the hours-long shifts 
manning the drill.

When moving from one 
borehole to the next, the 

team used snowmobiles and 
sleds, on which they stacked 

barrels full of fuel for the 
generators and heaters.

SVENJA RYAN
Oceanographer

“My job constantly  
confronts me with new 
challenges and problems, 
so that I have to work 
step by step to find the 
solution or explanation. 
When the observations 
you’ve made suddenly 
all make sense and fit 
into the bigger picture, 
it’s a great feeling! 
What’s more, I love the 
international collabo
ration in polar oceano
graphy, which gives me 
the chance to get to 
know people from  
diverse cultures.“
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When will the warm 
water arrive?

AWI scientists have 
drilled five holes through 
the Filchner Ice Shelf to 

deploy instruments 
underneath the Filchner 

Ice Shelf. Every day, 
these moorings send data 

on water temperature, 
salinity and flow via 

satellite connection to the 
institute.
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successfully install the devices below the 
ice, in the course of two summer expeditions 
Tore Hattermann and his German-British team 
drilled seven holes in the up to 900-metre- 
thick ice. “Three of our boreholes are to the 
north, roughly 60 kilometres behind the calv-
ing front; another four are located 200 kilo-
metres farther south,” he explains. At all sites, 
thermistor chains deployed directly in the ice 
shelf are now documenting how cold the ice is 
in the different layers. In the water below the 
ice shelf, sensors measure the water masses’ 
temperature, salinity, and their flow speed 
and direction. The readings are then sent 
to Tore Hattermann by satellite every night. 

“Every morning I receive 28 mails from the 
Filchner Ice Shelf, with the latest readings 
in the attachments,” says the 33-year-old 
researcher.

A logistical masterpiece
This simple data transfer belies the logistical  
masterpiece it took to install all of the sensors. 
As Hattermann explains, “For our hot-water 
drilling we needed 13 tonnes of equipment, 
which had to be transported to the shelf on 
board the Polarstern and other ships, bit by 
bit, in the course of several consecutive sum-
mers. Plus there was all the fuel we needed 
for the Twin Otter flights, the snowmobiles 
and the generators. And the glaciologists took 
seismic readings on long transects to gain 
insights into the topography of the seafloor 
below the ice, which we previously knew 
nothing about.”
Parallel to the drilling on the ice shelf on 
board the research icebreaker Polarstern, AWI  
oceanographers Dr Michael Schröder and 
Svenja Ryan monitored the currents in the 
eastern Weddell Sea – roughly 250 kilometres 
north of the Filchner Ice Shelf. There, at the 
outlet of the Filchner Trough, a deep undersea 
trench, the researchers installed three sensor 
chains that monitor year-round whether or not 
the 0.8-degree ‘warm‘ water from the Weddell 
Gyre has made its way onto the continental 
shelf and into the Filchner Trough. According 
to Svenja Ryan, “Our data from the first three 
years shows seasonal variation in the flow. In 
the Antarctic summer, the warm water mass-
es actually reach the continental shelf. But   

How the ocean’s heat is 
threatening the ice shelves
The Antarctic Ice Sheet does not completely rest on solid 
ground. At the coast, it forms permanent floating sheets 
of ice, which are still connected to the landmass and cover 
ten thousands of square kilometres. These giant floating 
ice tongues are called ice shelves. They prevent the huge 
amount of inland ice from quickly flowing into the ocean. 
However, as it gets warmer, the ice shelves may no longer 
serve as a buttress to the flow of grounded ice. Since 
less and less sea ice is forming, the water density on the 
continental shelf will decrease, thus allowing warm water 
to flow underneath the ice shelf and melt it from below – 
as this info graph is illustrating for the Filchner-Ronne Ice 
Shelf.

Today’s currents in the Weddell Sea
The world’s coldest water is circulating underneath the Filchner- 
Ronne Ice Shelf. Its temperature can be as low as -2.5 degree 
Celsius (dark blue arrow). At the same time, the Weddell Gyre 
transports 0.8 degree Celsius warm water along the continental 
slope (red arrow).
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The future path of heat
With the help of climate models AWI scientists have shown that in 
future decades less and less sea ice will form in front of the Filchner- 
Ronne Ice Shelf. As a consequence, warm water (red arrow) will reach 
the ice shelf base and melt it from below – starting an irreversible 
cycle of heat and melting.
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when winter comes, the colder, heavier ice 
shelf water becomes dominant again. Then, 
the warm water masses can’t make it up the 
steep slope of the continental shelf.” 
Further, data gathered by her Norwegian col-
leagues has confirmed that, in certain phases, 
the warm-water pulses even reach the ice 
shelf front. But the AWI experts can’t yet say 
how long these pulses have been around, or 
if they’ve grown more intense and now reach 
below the ice; the Weddell Sea remains one of 
the least-researched seas in the world. “We’re 
still lacking in-situ data. Prior to these last 
two trips, Polarstern hadn’t been in the region 
since 1995 – and even then, we were only 
able to gather data for the summer. With the 
help of our new moorings under the ice shelf 
and at the edge of the Filchner Trough, we 
hope to continually record data for at least 

The team had to melt 
snow for the drilling 

water. To completely fill 
the yellow tank in the 

foreground with ten 
cubic metres of water, 

three men had to shovel 
snow for twelve hours.

AWI engineers Johannes 
Lohse (left) and Jörg Brozek 
attach the ‘drill head‘ to the 
long drilling hose. Later, the 
hot drilling water will shoot 

out of the pipe, melting a 
roughly 30-centimetre-wide 

vertical shaft in the ice.

is the temperature of the wa-

ter the polar researchers use 

to melt their way through the 

ice shelf, employing a hose 

and a water cannon instead 

of a metal auger. Once the 

‘drilling‘ has begun, they have 

to keep the hot water flowing 

until the end – otherwise 

the water will freeze in the 

drilling rig, causing the hoses 

to burst.

95
DEGREES CELSIUS

five years to help us understand the circula-
tion system better and make more accurate 
forecasts,” explains oceanographer Michael 
Schröder. 
The initial data from the AWI’s moorings under 
the ice shows that conventional assumptions 
about the circulation below the ice shelf were 
too simple. “We had always assumed that 
the circulation was dominated by cold wa-
ter masses from the Ronne Ice Shelf  cavern. 
But their influence seems to only  affect the 
southern portion of the Filchner Ice Shelf. 
Below the northern portion, we mostly see 
water masses from the upstream Filchner 
Trough circu lating,” says Hartmut Hellmer. 
As such, accurately predicting the future of 
the second-largest ice shelf in Antarctica will 
 likely prove to be more difficult than the re-
searchers had hoped. 
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Greenland’s 79 North Glacier has a 
number of things in common with the 
Filchner- Ronne Ice Shelf in Antarctica. 
The ice stream on the northeast coast  
of Greenland is one of the few whose  
ice tongues still extend far into a fjord.  
Measuring 80 kilometres it’s an impres -
sive body of ice. But its future, too, 
depends on whether or not warm water 
can permanently flow below the glacier, 
melting the ice stream from below. “We 
now know that there’s a 900-metre -  
deep cavern below the glacier’s floating 
tongue, and at a depth of over 400 me-
tres it’s filled with warm  Atlantic water 
measuring 1 degree  Celsius.  
The heat from this water is already caus-
ing the underside of the glacier to melt 
more quickly,” says AWI oceanographer 
Dr Janin Schaffer. She’s currently inves-
tigating how this warm Atlantic water is 
transported from the Fram Strait to the 
79 North Glacier – a question no one had 
considered three years ago, when she 
first began working on it: “Initially, we 

had no data on the most important area, 
right in front of the glacier, because thick 
sea ice made ship-based measurements 
impossible. Back then we didn’t even 
know how deep the seafloor was at the 
glacier front, let alone what route the 
Atlantic water follows to the 79 North 
Glacier.”

Today, three Polarstern expeditions later, 
the pieces of the puzzle are slowly start-
ing to fit together. “In our investigations 
of the seafloor, we found a deep trench 
system through which the warm water 
from the Fram Strait first flows onto the 
continental shelf and then right under 
the glacier tongue,” Schaffer explains. 
In addition, the measurements of the 
 current revealed that the water masses 
need less than 1.5 years to reach the 
 glacier. That tells us: if in the future, 
especially warm water from the North 
Atlantic should reach the Fram Strait, it 
won’t take long before the impact can  
be seen on the 79 North Glacier.

A GLACIER AT THE CROSSROADS

In northeast Greenland, heat from the ocean 
is accelerating the ice stream

IN BRIEF
 › AWI simulations indicate that from the 

year 2070, warm water masses from the 
Weddell Sea could make their way under 
the second-largest ice shelf in Antarctica, 
accelerating its melting.

 › In laborious expeditions, AWI oceanog-
raphers have placed instruments in and 
below the ice shelf and near the mouth 
of a deep trough on the continental shelf 
to keep an eye out for an influx of warm 
water.

 › The first results show: in summer, warm 
water masses from the Weddell Sea actual-
ly do reach the continental shelf; in winter, 
they can’t get past the super-cold ice shelf 
water.
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SEA-ICE FORECASTING

For Monica Ionita and Frank Kauker, it all comes 
down to September – when they’ll finally find 

out which of their forecasts for the summertime 
sea-ice extent for September was more accurate: 

a battle of methods that spurs on research!

GREAT MINDS DON’T ALWAYS THINK ALIKE…
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Dr Monica Ionita

Statistics based on  
numerous small climate 
parameters

Unlike the sea-ice modellers, I don’t need a climate model 
for my forecast. Instead, I use climate parameters like the 
air temperature, the temperature at the water’s surface, and 
the heat energy stored in the ocean. I use this data, which is 
gathered by satellites, in statistical calculations. This kind of 
approach has allowed me to more precisely forecast the wa-
ter levels in the central European rivers, including droughts 
and floods. I’m eager to see whether the same approach can 
provide an accurate forecast for the sea-ice development in 
the Arctic and Antarctic. Given the growing amount of ship 
traffic, we need dependable forecasting systems for both re-
gions. For my sea-ice forecast of the Arctic September mini-
mum, I don’t focus on the Arctic as a whole; I concentrate on 
those regions that are most important for sea-ice formation, 
which I use as the basis of my statistical calculations. In the 
past two years, we’ve managed to produce forecasts that 
quite accurately predicted the final sea-ice minimum – both 
with my statistical method and with a model-based approach. 
Thus, both approaches point in the same direction, which 
is a good indication for us scientists that our methods and 
findings are reliable. My method can help identify those re-
gions that are essential to the sea-ice development, so that 
modellers can focus on them more intensively during the 
modelling process. Frank and I come from different climate 
research disciplines. He’s a sea-ice expert, while I’m a cli-
matologist. But we’re also both physicists, which means we 
speak the same language when it comes to our methods and 
findings. When two colleagues with different backgrounds 
work together, it’s always a win-win situation, and helps to 
move research forward.

Dr Frank Kauker

Forecasting with the help 
of a ready-made model

Since 2008, sea-ice modellers at the AWI have taken part in 
the international competition for forecasting the Arctic sea-
ice minimum. The contest always starts in June, when the 
 Arctic summer settles in and the ice cover begins melting. 
We use the term sea-ice minimum to describe the smallest 
area the sea ice shrinks down to before the winter returns 
in late September, bringing fresh ice with it. For the past 
ten years, I’ve been using a dynamic climate model of the 
Arctic for my forecasts. It’s a ready-made model and uses a 
number of mathematical equations to calculate the physi-
cal interactions between the sea-ice and the ocean in this 
region. Basically, I feed the latest sea-ice thickness data 
from the CryoSat-2 satellite into the model and then have 
it estimate the future changes. The sea-ice modellers at the 
AWI are  currently the only research group in the world using 
the CryoSat-2 data for this purpose – and we know that the 
data is highly reliable; after all, our colleagues verify it every 
spring in the course of our aerial and ship-based campaigns. 
When I made my first forecast, almost ten years ago, I actu-
ally felt it was impossible to make accurate prognoses for 
the September minimum in June or July, since the summer 
weather is so decisive for the sea-ice development. And, as 
everyone knows, we can only predict the weather for the 
next few days. Today, I know that we can boost the accuracy 
of the model’s outcomes by determining the initial condi-
tions as well as possible. There’s still a degree of uncertainty, 
of course – the summer weather can make a significant dif-
ference. That’s why Monica and I discuss our findings before 
either of us submits a forecast. Granted, her approach is 
fundamentally different from mine – the two have practi cally 
nothing in common. But her method offers me a different 
perspective. Combining the lessons learned from the two 
approaches provides us with a more complete overall picture.



28

CLIMATE MODELLING

FOCUS

Always the 
right scale

For their calculations,  

climate modellers portray 

the planet using grids.  

The smaller the grid’s scale, 

the higher the model’s res-

olution – and the more com-

putational power is needed. 

Mathematicians at the  

AWI can now cover the  

entire globe with a  

variable-scale net. As a 

result, higher resolution can 

be selected for especially 

interesting regions without 

producing a major increase 

in required computational 

power.
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It all starts with a grid – no matter wheth-
er the goal is to find out how much the planet is warming 
due to climate change, whether the Gulf Stream is likely 
to grow weaker, or if the Arctic will soon be completely 
free of sea ice in the summer. Practically nothing can be 
accomplished without grids – at least when it comes to 
climate modellers, who use powerful computer programs 
in an attempt to predict the planet’s future. The reason: 
the Earth’s climate and weather phenomena are so com-
plex that they can only be analysed bit by bit. In response, 
modellers cover the globe with a net composed of square 
grids – the grid boxes. In global climate models, a single 
grid box usually has sides measuring 100 kilometres. As 
a result, thousands of individual grid boxes are required 
for the entire globe. And for each one, the climate model 
calculates a range of physical parameters like tempera-
ture or sunlight – using formulas that e.g. describe how 
wind flows between high-pressure and low-pressure ar-
eas. Millions of individual steps are needed to calculate 
all of the grid boxes. As such, it’s hardly surprising that 

climate models can only be run on supercomputers – and 
today, even they aren’t always up to the task.

A resolution of 100 kilometres isn’t good enough
Dr Sergey Danilov knows why. “In many cases, a resolu-
tion of 100 kilometres isn’t fine enough to depict cli-
mate phenomena in detail,” he says. The reason: there 
can be significant climate differences in the course 
of 100 kilometres. Germany’s Harz Mountains offer a 
good example. The Western Harz is damp because it 
 catches a good deal of rainfall. Yet the Eastern Harz, only  
50 kilometres away, is much dryer, because it lies on the 
lee side of the mountains and receives much less pre cipi-
tation. A 100-kilometre-wide grid box can’t reflect these 
differences. Danilov then cites a further example: many 
climate models have a hard time realistically portraying 
the course of the Gulf Stream. It originates in the Gulf of 
Mexico, heads north along the coast of Florida, and then 
turns east, heading toward  Europe. Yet many models can’t 
show this turn at its proper location; they show the stream 
continuing much farther north. “Among other reasons, this 
is because the Gulf of Mexico is home to many circular 
flows – we call them eddies – in which water masses move 
past one another or become mixed,” Danilov explains. “If 
grid boxes are too coarse, they can’t accurately reflect 
these phenomena.” The ideal solution would be a global 
grid box with a scale of ten kilometres or less. But that 
would exponentially increase the number of individual 
calculations, and a supercomputer would need weeks to 
complete climate simulations that only cover a few years. 
As a result, research would grind to a halt. Making matters 
worse, researchers have to reserve supercomputing time 
for their calculations, and the time doesn’t come cheap.

As flexible as a string shopping bag
Accordingly, for the time being, an extremely fine-scale 
grid on a global scale is still just wishful thinking. But  

Author: TIM SCHRÖDER
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A net for the entire ocean
To create such a flexible mesh, modellers have to say 
good bye to the classical square grid boxes. “When work-
ing in a net, it’s extremely difficult to merge square grid 
boxes with different sizes or resolutions,” Danilov explains, 

“because this requires seriously deforming the boxes to 
include gradual transitions when calculating climate pa-
rameters.” To overcome this problem, they use a mesh 
composed of small triangles that are flexible and malle-
able, providing the same types of transitions we see in the 
string shopping bag. Modellers refer to these grids, which 
use triangles or other geometric figures, as ‘unstructured 
grids‘. In connection with the ocean, they were first used 
by Dutch coastal engineers in an effort to map the cur-
rents along coastlines, and for dykes, sluices and dams. 

“We’re the first researchers to apply unstructured grids to 
the ocean as a whole, so as to model climate processes 
or related phenomena in specific regions,” says Danilov.
Danilov himself rarely engages in extensive climate mod-
elling. Instead, he’s the mathematical ‘brains’, and provides 
his colleagues with the tools they need. One such col-
league is climate modeller Dr Helge Gößling: “For some 
time now, we’ve been working on forecasting changes in 

Sergey Danilov and his colleagues have found a good com-
promise: they have applied a mathematical method that 
allows them to weave together grid boxes with different 
scales, which means they can select higher resolutions 
for certain regions without having to change the entire 
net. The approach is a bit like a filled string shopping 
bag: in spots near heavy groceries like melons, the mesh 
is stretched out; in spots with lighter items like a bag of 
crisps, it’s more compact. Applied to climate models and 
the global grids, that means they can explore complex 
regions like the Gulf Stream with a much more precise 
grid box, while a coarser resolution suffices for the rest 
of the Atlantic. 
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IN BRIEF
 › With the help of ‘unstructured grids‘, the resolution of 

climate models can be flexibly increased for specific 
regions of the planet.

 › The AWI’s simulation tool ‘FESOM‘ will soon be available 
to climate modellers around the world, and provide 
valuable data for the IPCC’s Assessment Reports.

 › The computational power needed for the unstructured 
grids is constantly being reduced, and is now not much 
more than that needed for classical methods.

unstructured grids can also accurately portray changes 
in the surface temperature of the Antarctic Ocean – the 
latest calculations are impressively close to the actual 
measurements. 

A tool for the whole world
In the meantime, this extraordinary model, named FESOM, 
has already been used in a global comparison of climate 
models – the Coupled Model Intercomparison Project – the 
results of which will be used in the next IPCC Assess-
ment Report. Sergey Danilov, Helge Gößling and their 
colleagues at the AWI are eager to see how their calcu-
lations match with those produced by other models. The 
more realistic depiction of key ocean regions, made pos-
sible by the unstructured grids, may prove to offer wholly 
new insights into what the future holds. The AWI team 
now wants to make its simulation tool available to other 
researchers online – as a knitting pattern of sorts, with 
which climate modellers around the world can reweave 
their grid nets. 

Arctic sea-ice cover for periods ranging from weeks to dec-
ades, and regional phenomena like the warm water influx 
through the Fram Strait between Greenland and Svalbard 
are important aspects.” Gößling now hopes to more accu-
rately model them with the help of unstructured grids.  

Nearly as fast as classical models
After several years of development, AWI climate modellers 
seem to have found a very promising approach. Granted, 
running the calculations for the unstructured grids takes 
longer than for the classical square grids. But they’re 
catching up; they continue to refine their algorithms, and 
the calculating time for standard climate simulations is 
now roughly twice as long as with conventional meth-
ods. “That’s remarkable, since just a few years ago we 
needed several times as much time,” says Danilov. As such, 
the unstructured grids are becoming a real alternative. 
The researchers have already successfully demonstrated 
that they can precisely simulate the Gulf Stream. And the 

CALCULATIONS PER SECOND

That’s the speed the new CRAY CS400 super-

computer, which the AWI’s Computer and Data 

Centre has had since April 2016, can deliver. 

Thanks to its impressive performance, AWI 

researchers can perform major calculations on 

e.g. Artic sea-ice cover or ocean circulation at 

the AWI and no longer have to rely on external 

supercomputers in Germany or abroad.

413 300 000000 000
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Top: For many years, biologists 
assumed that humpback whales left 

the Southern Ocean at the end of the 
summer, heading for the Equator.  

With help of acoustic recordings from  
the Weddell Sea, AWI researcher Ilse 
van Opzeeland (right) and her team  
were able to prove that part of the  

population overwinters in  
Antarctic waters.
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The Music of the Ocean
With the aid of underwater recorders, AWI biologist Ilse 

van Opzeeland is currently exploring a unique soundscape 
in the Southern Ocean. The recordings reveal when and 

where seals and whales are acoustically present. But not 
all of the sounds are produced by marine fauna.

Author: SEBASTIAN GROTE  

When Dr Ilse van Opzeeland thinks 
about the soundtrack of her life, the 
sound of Antarctic blue whales, leop-

ard seals and crabeater seals springs to mind. 
Back during her doctoral studies, the marine 
biologist eavesdropped on the Southern 
Ocean for several weeks. The sounds are re-
corded by acoustic observatories hundreds of 
metres below the ocean’s surface. Minute by 
minute, the sound files begin to come togeth-
er like puzzle pieces, forming a unique mosa-
ic of sound. According to Ilse von Opzeeland, 
visual observation is actually the tradition-
al method for studying the populations and 
behaviour of marine mammals. “But when it 
comes to places our eyes can’t reach, hydro-
phones can open the door to a fascinating 
world,” says the biologist.
Ilse van Opzeeland never set out to become 
an acoustic expert for the polar seas. She was 
first introduced to this unconven tional ap-
proach to behavioural research during her  
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For brief forays into the 
soundscape below the sea 

ice, AWI biologist Ilse van 
Opzeeland uses Weddell 

seals’ breathing holes. 
Since the animals always 

keep these holes open, she 
can place her underwater 

microphones below the 
ice without the need for 

lengthy drilling.

MINUTES

of acoustic recordings AWI 

researcher Ilse van Opzeeland 

analysed for her doctoral disser

tation. They were gathered by 

hydrophones that monitored 

the soundscape of the Weddell 

Sea near the German Antarctic 

research station Neumayer III.

10 730 ers new surprises. For example, scientists 
previously believed that humpback whales 
only wandered down to 60 degrees south 
and returned to warmer waters in the north 
every winter. “With our recordings, we were 
able to prove that humpback whales remain in 
the Southern Ocean all year round and travel 
much farther south than previously assumed,” 
the biologist explains. 
Further, some sounds have only recently been 
attributed to certain species. For instance, 
Ant arctic minke whales produce short, rep-
etitious sounds that are eerily reminiscent 
of old science fiction movies. Until recently, 
scientists were unable to identify the source 
of these sounds. There was no shortage of 
wild hypotheses – including one theory that 
they likely stem from submarines. 
Ilse van Opzeeland can now draw on her 
considerable experience when a new set 
of recordings for analysis lands on her desk. 

“During my dissertation, I constantly listened 
to a live stream from the Southern Ocean. As 
a result, I know many of the sounds by heart,” 
recalls the AWI scientist. 
But she’s not just interested in animal sounds; 
after all, the soundscape of the polar seas has 
so much more to offer. “We also record abiotic 

Master’s degree studies in Tromsø, Norway. “It 
was exactly what I’d been looking for. Thanks 
to this non-invasive research method, there’s 
no need to catch or handle animals: we can 
gather our data, and they never even know 
we were there.”
Scientists have been lowering hydrophones 
into the water to listen in on the sounds pro-
duced by marine mammals since the 1960s. 
But the performance of memory cards and 
batteries have only recently made it possible 
for equipment to record for a year or more at 

a time, offering a world of new opportunities 
for researchers like Ilse van Opzeeland. “We 
still know so little about life in the Southern 
Ocean, and for years, we could only make 
observations during the summer months. 
Thanks to the autonomous recorders, we 
can now leave our ‘ears’ there all year round  – 
even when the ocean is covered with ice and 
ships no longer visit the region,” she enthuses. 
The choir of marine mammals brings together 
a wealth of voices, ranging from the esoteric 
whistling of Weddell seals to the warbling and 
gurgling of leopard seals, to the deep bass 
voice of Antarctic blue whales, which can be 
picked up by recorders over 100 kilometres 
away. Ilse van Opzeeland is always thrilled 
to hear these whales, because they were so 
heavily hunted until a few decades ago that 
less than one percent of the original popula-
tion remained. 
A team of eight researchers and technicians 
from the Alfred Wegener Institute’s Ocean 
Acoustics Working Group is developing new 
methods for investigating the sounds in the 
polar waters. Ilse van Opzeeland finds the 
Southern Ocean an exciting region from an 
acoustic perspective: in the course of ana-
lysing the recordings, she constantly discov-



35

HYDROACOUSTICS

CLIMATE RESEARCH

Why is it worthwhile to acoustically 
monitor zooplankton?
Our acoustic measurements allow us to 
show when the zooplankton are abundant, 
and where. From millimetre-long copepods 
to krill, these organisms are essential to 
the marine food web. Zooplankton repre-
sent the link between phytoplankton – like  
algae, which provide the basis for all life 
through photosynthesis – and larger animals. 
As such, they also affect fishing harvests. 

Can you really hear krill and copepods? 
Unfortunately not. That’s why, unlike acous-
tic research conducted on marine mammals, 
we don’t measure the sounds produced by 
the animals themselves, but the echoes back-
scattered from them. To do so, we employ 
Acoustic Doppler Current Profilers  (ADCPs),  
which emit sound waves at regular inter-
vals and record the backscattering. This 
can give us insights into the concentration 

and migration speed of zooplankton. By  
taking recordings at three different posi-
tions in the eastern Weddell Sea, we’ve 
managed to identify their daily rhythm.

What do the recordings tell us about 
the animals’ day-to-day life?
During the day, they normally sink into the 
deep; when night falls, they return to the 
surface, where they can feed on algae under 
cover of darkness. We assume they use this 
daily migration to avoid preda tory species. 
Further, they appear to have an internal 
clock, as our observations south of the Polar 
Circle show. Here, they con tinue their ver-
tical migration throughout the  polar night  – 
which we were able to show for the first 
time using hydro-acoustic measurements. 
We’ve also learned that they essentially 
stop migrating during the southern sum-
mer – most likely so they can spend all their 
time feeding at the water’s surface.

SOUNDING OUT THE

PLANKTON ANIMALS

Three questions for AWI oceanographer 
Dr Volker Strass, who uses sound waves 
to research the zooplankton of the 
Southern Ocean

IN BRIEF

 › With the aid of batterypowered under
water recorders, referred to as hydro
phones, researchers can acoustically  
monitor the polar seas the whole year 
round without the need to be on site. 

 › In the ocean, you can hear sounds pro
duced by whales and seals, but also by 
wind and ice. In addition, human activities 
can increasingly be heard – like shipping. 

 › Acoustic observations help scientists 
understand when and where marine 
mammals can be found. Accordingly, the 
data is also important for establishing and 
monitoring Marine Protected Areas.

sounds – like the muted cracking sound pro-
duced by calving icebergs. It’s all part of our 
research, too, since it belongs to the acoustic 
landscape the animals live in and therefore 
influences them.”
When winter comes and sea ice begins to 
form, it acts like a muffling blanket: blocking 
out the wind, the ice makes it much quieter 
underwater, which allows the animals’ calls 
to travel much further. For marine mammals, 
underwater sounds are the primary source of 
information. They use acoustic signals to find 
a mate, locate prey, or avoid enemies – and 
the quieter it is in the ocean, the better this 
communication works. 
Ilse van Opzeeland is confident that such 
acoustic recordings could greatly contribute 
to future management efforts for Marine Pro-
tected Areas. Recorders that can run nonstop 
year-round provide a much clearer image of 
the acoustic landscape, which is also shaped 
by human activities like shipping. Yet she 
feels it’s even more important to fundamen-
tally understand how the animal world in the 
polar regions is changing – e.g. in response to 
the expansion or retreat of sea ice. “It’s only 
once we have that data,” the biologist claims, 

“that we’ll be able to develop suitable and ef-
fective protective measures. Today we’re still 
at the very beginning.” 

The zooplankton of the 
Southern Ocean also  
include minute orga

nisms like the Antarctic  
coastal krill (Euphausia  

crystallorophias).
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as much as several compact cars. 45 seconds 
go by … 50 seconds. Still nothing. Wilken von 
Appen gets out his binoculars and starts scan-
ning the water’s surface. In the back of his 
mind, he starts playing out various scenarios. 
Maybe the plastic cable, more than two kilo-
metres long, got tangled under one of the ice 
floes? After all, plenty of them were floating 
near the ship. In that case, the team could 
lower a deep-sea robot with a camera into 
the water to search for the mooring. If the 
mooring’s release mechanism somehow  

The Pulse of Heat  
in the North Atlantic

Every summer, the research 
icebreaker Polarstern 

travels to the Fram Strait 
so that the AWI oceanog-

raphers can gather their 
observational data.

The future of the Arctic Ocean will be decided in part in the Fram Strait, a region 

between Greenland and Svalbard in which warm water flows northward from the Atlantic.

AWI oceanographer Wilken von Appen and his team are currently investigating just how 

much of that water actually reaches the Arctic, and which convoluted paths the heat takes.

The moment in which the acoustic release  
signal is transmitted toward the seafloor is 
one that Wilken von Appen has experienced 
dozens of times. Nevertheless, the AWI ocean-
ographer can’t simply lean back and wait on 
the bridge of the German research icebreaker 
Polarstern; there’s too much at stake. If he 
doesn’t see a handful of yellow and orange 
buoys, with a mooring attached to them, start 
surfacing within the next 60 seconds, it could 
mean he just lost the data recorded over the 
past year – and scientific equipment that cost 

Author: SINA LÖSCHKE

Dr Wilken von Appen
The oceanographer has been fasci-
nated by the physics of ocean cur-
rents since his university days. One of 
his goals is to identify the processes 
that allow water masses to split.
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Mooring in sight! Two buoys from an 
oceanographic mooring float at the surface 
between ice floes in the Fram Strait. For
the past twelve months, they have kept 
the sensor chain, anchored on the seafloor,
upright in the water column. Now the 
signal to surface has been transmitted.
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Dozens of buoys are needed for
the moorings, which are up to

2 500 metres below the water’s 
surface. To prevent their becoming

tangled during deployment,
the researchers and members of the 
ship’s crew first spread them out on 

the deck of the Polarstern.
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malfunctioned, that would be a much more 
difficult situation: the three massive railway 
wheels attached to the acoustic release are 
lying on the ocean floor, 2,500 metres below 
the surface – definitely too deep for the robot 
to reach.

The gateway to the Arctic Ocean 
The mooring is part of one of the Alfred  
Wegener Institute’s most important long-
term projects. Since 1997 AWI oceanogra-
phers have been monitoring the pulse of the 
Atlantic current system in the Fram Strait, the 
region between Svalbard and the northeast 
coast of Greenland. “There are three reasons 
why the Fram Strait is so important to us. 
Firstly, it represents one of the two gate-
ways through which water and heat from the 
Atlantic Ocean are transported to the Arctic 
Ocean, which contributes to the melting of 
sea ice. So if we want to know how much heat 

is transported from the Atlantic to the Arctic, 
we have to measure it at these two points,” 
says Wilken von Appen. 
Secondly, the Fram Strait is a key region 
for global oceanic circulation. On its way 
north, the comparatively salty surface wa-
ter from the Atlantic releases large quanti-
ties of heat into the atmosphere, becoming 
cooler and denser in the process. In the 600- 
kilometre-wide Fram Strait, the water sinks to 
a depth of between 200 and 800 metres and 
flows back south along the edge of Green-
land’s eastern shelf. South of Iceland, it then 
crashes down into the deep-sea basins of 
the North Atlantic in gigantic waterfalls. Cli-
mate researchers refer to this overturning as  
‘convection‘ and are paying close attention 
to the deep water formation. Why? Because 
half of the Gulf Stream, a powerful force for 
transporting heat from the tropics toward 
central and northern Europe, is part of this  

Bottleneck: In the Fram 
Strait, two major ocean 
currents flow very close to one 
another. The West Spitsbergen 
Current transports warm Atlantic 
water northward; the East Greenland 
Current carries sea ice and cold Arctic 
water southward.

What the modelling tells us: In the Fram Strait, the 
West Spitsbergen Current forms many small eddies, 
which allow some water masses to break away from the 
main flow.

This illustration shows why the oceanographic sensor 
chains (right) are referred to as ‘moorings‘ in the research-
ers’ jargon: an anchor consisting of three stacked railway 

wheels keeps them safely moored to the ocean floor. The 
sensors for measuring temperature and flow speed are 

suspended at different depths between the buoys.
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DR AXEL BEHRENDT
Oceanographer

“In the Fram Strait, the 
doorway to the Arctic, 

there’s quite a bit of 
activity, since it’s the 

most important pas
sage for warm water 

from the North  
Atlantic. For my  

research, I use all  
of the available tem

perature data from the 
past four decades and 
put them together like 

the pieces of a huge 
puzzle. Using this 

approach to identify 
largescale changes  

is a fascinating  
challenge.”
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circulation – and when a single factor along 
the conveyor belt’s route changes, it could 
affect the entire system.
The third reason for AWI’s focus on the Fram 
Strait is the retreat of glaciers on Greenland’s 
eastern coast. “We believe the glaciers are 
shrinking not just because of the rising air 
temperature, but also because warm Atlantic 
water from the Fram Strait is finding its way 
under their ice tongues, melting them from 
below. We’re currently studying the 79° North 
Glacier to determine how this warm water 
travels from the Fram Strait to underneath 
the glaciers,” says Wilken von Appen.

One degree Celsius warmer
No matter whether deep water formation 
or melting glaciers – the starting point for 
every research question is the dataset from 
the network of moorings, which reaches back 
more than 20 years. The grid consists of  
16 individual moorings, which AWI researchers 
and their Norwegian colleagues deployed at 
intervals of 10 to 30 kilometres. Like a string 
of pearls along the latitude of 79°N, this  
observatory reaches all the way across the 
deep section of the Fram Strait, which is  
roughly 300 km wide. It measures the tem-
perature, flow speed and salinity of the  
inflowing and outflowing water masses,  
365 days a year.

“At the water’s surface, the Fram Strait’s sys-
tem of currents is a bit like a highway. In the 
right-hand lane, salty Atlantic water at three 
to six degrees Celsius flows north in the West 
Spitsbergen Current; in the left-hand lane, sea 
ice and less salty water at 1.8 degrees flow 
from the Arctic into the North Atlantic via the 
East Greenland Current. Between the two, 
there are also forks in the road, where part 
of the Atlantic water heads west and joins 
the water moving in the opposite direction; 
the remainder continues to flow northward, 
straight into the Arctic Ocean,” von Appen 
explains. Today, this system transports sig-
nificantly warmer water into the Arctic than 
when record keeping began. According to 
Wilken von Appen, “On average, today the 
water masses in the West Spitsbergen Cur-
rent are one degree warmer than they were in 
1997. That also means the water masses that 

leave the West Spitsbergen Current headed 
for Greenland, some of which reach its glaci-
ers, have also grown warmer – a change with 
far-reaching consequences for Greenland’s 
ice masses.” 
The rising temperatures can also be felt far 
below the surface. “The circulation of the wa- 
 ter masses in the Greenland Sea no longer 
reaches the seafloor; the water is only  
mixed to a depth of roughly 1,000 metres. 
What that will mean for the Atlantic circu-
lation system remains to be seen,” says von 
Appen.

The conundrum of the small eddies 
In the past few years, the oceanographer 
has focused his efforts on identifying which 
forces make the Atlantic water from the 
West Spitsbergen Current veer off west – be-
cause, upon closer inspection, the physics of 
seawater are highly complex, with their fair 
share of apparent contradictions. His favour-
ite example is that, on their own, different 
water masses don’t actually mix. As the AWI 
researcher explains, “The temperature and 

On average, the  
water masses in 

the West Spits
bergen Current  
are one degree 
warmer today  

than they were  
in 1997.
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The West Spitsbergen Current trans-

ports an average of 6.6 million cubic 

metres of water per second through 

the Fram Strait, heading north. 

Theoretically, that’s enough water to 

fill Germany’s Lake Constance to the 

brim in just twelve minutes. 

6 600 000
CUBIC METRES

IN BRIEF

 › The Fram Strait between eastern Greenland and Svalbard is one of two gate-
ways through which water flows from the Atlantic into the Arctic Ocean.

 › The Atlantic water is now one degree Celsius warmer than it was in 1997, 
which means it most likely transports more heat to the Arctic Ocean.

 › Part of the Atlantic water veers off in the Fram Strait, and ends up near the 
glaciers of Greenland’s eastern coast. AWI oceanographers are currently inves-
tigating whether this warm water is a contributing factor to the broad-scale 
glacial retreat.

Suddenly, the officer on duty calls out, “Buoys 
in sight,” and points toward a pair of ice floes 
drifting alongside the research icebreaker. 
Wilken von Appen breathes a short sigh of 
relief, then switches his routine to autopilot: 
Make a written record of the retrieval, clean 
the measuring equipment, transfer and check 
their data, maybe even glean the first scien-
tific insights – his work schedule for the next 
48 hours is already full. And that was just the 
first of more than 20 moorings! 

firm the team’s hypothesis is quite a different 
challenge. “As part of the AWI’s major infra-
structure initiative FRAM, in the summer of 
2016, we installed new moorings at exactly 
those points where the model estimates part 
of the Atlantic water turns off to the west. We 
currently assume there are two such turning 
points, but we still need observational data 
for confirmation,” explains Wilken von Appen. 
If only retrieving that data weren’t so 
 nerve -wracking. It’s now been a minute and 
five seconds since the signal was transmitted. 

salinity differences between any two water 
masses create layers and fronts that are hard 
to break through. As a result, within a given 
current, the water basically flows just as if it 
were in a pipe. Normally, it shouldn’t be able 
to veer off to the left or right.”
Nevertheless, AWI scientists have observed 
water masses splitting in the Fram Strait. 

“That’s possible because of eddies in the 
West Spitsbergen Current. They are several 
kilometres wide and several hundred metres 
deep, sometimes even extending down to the 
seafloor,” says Wilken von Appen. And their 
spinning motion makes the water fronts un-
stable. “For one thing, we know this produces 
the westward flow in the Fram Strait. Yet we 
also believe the same mechanism to be the 
reason why the warm and dense Atlantic wa-
ter manages to slip below the ice-cold water 
in the East Greenland Current.”
The computer models created by his AWI 
colleagues Dr Claudia Wekerle and Dr Tore 
Hattermann allow Wilken von Appen to see 
what these eddies most likely look like. But 
tracking them down in the open sea to con-

Deploying and retrieving the moorings involves
 hard physical work, and is done as a team on

board the Polarstern. Here, the researchers and
ship’s crew work hand in hand.
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WHERE 
is the giant iceberg from the 

Larsen C Ice Shelf heading?

A tabular iceberg drifting through 
the Amundsen Sea. At the begin-
ning of its journey, the edge where 
it broke off is still fairly clean-cut. 
Over time, the waves gnaw away 
at it, hollowing it out at the water 
line. It ultimately breaks up into 
several smaller chunks.
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Dr Thomas Rackow
The climate modeller has tracked the 
journeys of thousands of icebergs in 
AWI climate models, identifying their 
main routes.

When an iceberg drifts 

through the Southern 

Ocean, its course isn’t 

random; instead, it is 

determined by the ice-

berg’s weight. The white 

giants usually follow 

one of several paths, 

depending on their size, 

as AWI climate research-

er Thomas Rackow has 

discovered. A discussion 

about exploding ice, 

sliding giants, and  

a lonesome wanderer  

by the name of A68.

n July 2017, an iceberg measuring 
5,800 square kilometres broke off 

the Larsen C Ice Shelf. The event was 
covered by newspapers and news  
portals around the globe. Was it a  
sensation for you, too?  
Thomas Rackow: The calving of icebergs is 
essentially a natural process and part of an 
Antarctic ice shelf’s lifecycle. What makes this 
one unique is its tremendous size: Larsen C 
is the fourth-largest ice shelf in the Antarctic, 
and all at once it lost ten percent of its sur-
face area. At 5,800 square kilometres, A68, 
as the iceberg has since been named, is six 
times the size of Berlin and contains enough 
freshwater to supply the entire population of 
the US with drinking water for a year. In other 
words, its dimensions are enormous. That be-
ing said, there have been much larger icebergs 
in the past, the best known of which was sure-
ly the tabular iceberg B15. When it broke off  
the Ross Ice Shelf in 2000, it had an area of  
11,600 square kilometres – making it twice the 
size of A68.

Why does the scientific community 
monitor the formation of icebergs so 
closely?
Thomas Rackow: When an ice shelf gives   

I

Interview: SINA LÖSCHKE  
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birth to an iceberg, it suddenly loses a huge 
amount of ice, which can have far-reaching 
consequences. To understand how ice shelves 
work, you have to know that they are the 
floating ice tongues of one or more glaciers. 
That means the ice has made a long journey, 
from the inland plateau, down the glacier, and 
into the ocean. The ice shelf’s floating tongue 
is then pushed out to sea and can get caught 
on islands or large rocks, which slows the 
advance of further ice masses from inland. If 

an ice shelf spontaneously loses a large part 
of its area, it might lose part of this brak-
ing ability. As a result, the glaciers behind it  
increase their flow speed and transport more 
land ice into the ocean, which raises the sea 
level. Fundamentally speaking, we differen-
tiate between normal calving behaviour and 

‘break-up events’, during which a huge area 
breaks off within a matter of days. The first 
type is a gradual change, allowing the pres-
sures in the ice to slowly adapt, and leads to 

An iceberg’s rare 
circular course
(GPS data)

Iceberg A68 
(as of October 2017)

Antarctica

South America

Australia

New Zealand

the calving of individual icebergs. In contrast, 
break-up events virtually look like someone 
blew up the ice with explosives. We’ve seen 
this phenomenon at the Larsen B and Wilkins 
ice shelves. To be able to predict and model 
these and similar events, we observe the ice 
shelves and glaciers as closely as we can.

In a study, you investigated the fates 
of thousands of smaller and larger 
icebergs in the Antarctic in an attempt 

The typical routes of 
Antarctic icebergs  

are well known:  
Depending on the  

region of calving, the 
giants most often 
follow one of four 

‘highways‘ that push 
all drifting ice to  

the north.

Satellite and GPS data
Model simulation
Major routes of  
wandering icebergs

ICEBERG ROUTES
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IN BRIEF
 › Iceberg calving is a natural process, but in 

some cases, it can increase the flow speed 
of glaciers that are feeding the ice shelf, 
causing them to transport more land ice to 
the ocean. 

 › Icebergs that are more than two kilometres 
long tend to drift near the coast, while the 
wind usually pushes smaller ones out to 
the open sea.

 › Under rare circumstances, icebergs even 
manage to circle Antarctica.

to determine the drift patterns the 
icebergs usually follow, and where 
they lose their meltwater to the ocean. 
What do you think will happen next 
with A68?
Thomas Rackow: The fate of Antarctic ice-
bergs is predominantly determined by their 
size. Icebergs that are no more than two  
kilometres wide or long usually drift away 
from the edge of the ice shelf and out of 
coastal waters within a few months. The 
wind pushes these dwarfs out to the open 
sea, where they break into smaller pieces and 
melt over the next two to three years. But 
when it comes to giant icebergs like A68, the 
wind is only secondary; they’re mostly driv-
en by their own weight. This works because 
the surface of the Weddell Sea, for example, 
isn’t truly flat; due to factors like the prevail-
ing winds, the surface can rise by as much 
as 50 centimetres towards the coast. As a  
result, newly calved giant icebergs initially 
slide down the inclined ocean surface. This 
sliding motion is not along a straight line, 
but instead veers to the left – thanks to the  
Coriolis force, which is a consequence of the 
Earth’s rotation and ultimately steers the ice-
bergs onto a course parallel to the coast. So 
these giants remain in the cold coastal wa-
ters for quite a while, only finding their way 
to warmer waters – where they eventually 
melt – much later.

So what does that mean for A68?  
Where will it drift?
Thomas Rackow: Provided the iceberg 
doesn’t break up, chances are good that it 
will first drift through the Weddell Sea, along 
the coast of the Antarctic Peninsula, for about 
a year. Then it will most likely turn, and head 
northeast. In other words, it will head in the 
direction of South Georgia and the South 
Sandwich Islands and melt considerably along 
the way. The duration of its journey will also 
depend on the topography of the seafloor, 
since large icebergs often run aground and 
remain stuck for quite some time. Moreover, 
icebergs often become captured in sea ice 
during winter, which means that waves are 
damped and, thus, the erosion on their sides 
is greatly reduced.

provide the data for Thomas Rackow’s route 

analysis. He fed real data on the icebergs’ 

positions and sizes into the sea ice-ocean 

model FESOM (developed in Bremerhaven) 

and combined it with AWI’s dynamic- 

thermodynamic iceberg model. He then 

simulated the drift and melt of the 

icebergs over a period of twelve years.
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Is there any way to predict how long 
A68 will survive?
Thomas Rackow: Considering its total mass 
of more than one trillion tonnes of ice, A68 
could drift through the Southern Ocean for 
another eight to ten years. But it all depends 
on whether it breaks up or remains in one 
piece. For example, B15 broke into several 
smaller icebergs in November 2002, and 
some of them are still drifting through the 
Southern Ocean to this day. Iceberg B15AA, 
the 27th fragment of the original giant, drift-
ed past the Atka Bay of Germany’s Neumayer 
III Antarctic research station in March 2017. 
By the way, B15 broke into so many frag-
ments that scientists used up the entire al-
phabet naming them all, which is why there 
is a second ‘A‘ in B15AA’s name. It’s now been 
wandering in the coastal current for 17 years, 
a journey that has taken it 9,000 kilometres, 
from the Ross Sea to the other side of the  
Antarctic continent. In March 2017, B15AA 
was still 20 kilometres long and had an area 
of 200 square kilometres, which is why it is 
still considered a ‘large tabular iceberg‘.

Could A68 travel all the way around the 
continent?
Thomas Rackow: Well, we can’t rule it out 
entirely. In the past, AWI researchers installed 
a GPS transmitter on an iceberg that – as in-
credible as it sounds – actually managed to 
make one complete circuit around Antarctica, 
moving clockwise – and not in the coastal cur-
rent, but starting from the Weddell Sea and 
following a route between the 50th and 60th 
parallel south! Our model simulations also 
show drift routes that can range from the 
tip of the Antarctic Peninsula far to the east, 
provided the icebergs don’t break up – though 
that’s not what happens as a rule. Other ice-
bergs that have covered record distances in 
the past, making it all the way to the south-
ern tip of South America, mostly came from 
the Ross Sea or Amundsen Sea. Icebergs have 
even been sighted off the coast of New Zea-
land, though they most likely originated in 
the eastern Antarctic. 
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Aerosols are tiny particles that float freely 
in our atmosphere. They can be formed by a 
diverse range of processes, like forest fires, 

burning coal or petroleum. We now know that 
aerosols greatly influence the climate. But to 

better understand the effects of these  
particles, our measuring methods need to  

be refined. AWI atmospheric physicist  
Christoph Ritter is now working on a  

way to reliably measure aerosols  
from the ground using lasers.



North Pole

Spitsbergen

Ny-Ålesund
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The Sahara and the Gobi aren’t just the 
world’s largest deserts; they’re also the 
largest sources of dust on our planet. 

When winds blow over their sandy  surfaces, 
they carry large amounts of tiny particles 
high up into the atmosphere. Particles from 
the Sahara even cross the Atlantic to South 
America. Experts refer to such particles  
as ‘aerosols‘. 
Aerosols are only a few nanometres to several 
micrometres wide; in fact, they’re so small 
that, once they’ve been picked up by a breeze, 
they hardly return to the ground. They are 
produced in major quantities by forest fires or 
volcanic eruptions. In addition, human beings 
produce many aerosols by burning oil or coal. 
Pollen and even bacteria and viruses can also 
float through the air as aerosols. 

A LIGHT SHOW WITH AEROSOLS 
Aerosols are very important in climate re-
search; the particles determine how much solar 
energy reaches the Earth’s surface, partly af-
fecting its heat balance. Some aerosols reflect 
sunlight back into space, producing a cooling 
effect. This can especially be seen in small 
droplets containing the sulphur compound 
sulphate. Other aerosols, like carbon, have 
a warming effect, because they absorb sun-
light, keeping its energy in the atmosphere.  

To measure aerosols,  
the LIDAR system at the 

German -French research sta-
tion AWIPEV on Spitsbergen 

fires a laser beam into the 
polar night sky, 50 times a 

second. Since these rapid 
pulses of light can’t be seen 

by a camera, let alone the 
naked eye, they give the 

illusion of being a constant 
beam of green light.

Author: TIM SCHRÖDER
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island Spitsbergen. The LIDAR consists of a 
laser, a telescope and an electronic counting 
component, that fires a laser beam straight up 
into the sky – reaching thousands of metres 
up – every 20 milliseconds. 
Just like sunlight, the laser light is reflect-
ed, scattered or absorbed by the aerosols to 
varying degrees, which can be measured on 
the basis of how they reflect it back to the 
surface. And that’s precisely what the LIDAR 
system does. “This can tell us quite a bit about 
the nature of the aerosols,” says Christoph 
Ritter. 
For example, the time it takes the laser light 
to reach a given aerosol indicates how high 
it is, a bit like a ship’s radar. Further, the at-
tenuation of the reflected laser light and 
other light-based properties can show how 
intensively the laser pulse was scattered or 
absorbed. As a rule, more aerosols can be 
found in the lower atmospheric layers. Nev-
ertheless, there are also aerosols in certain 
layers at a height of between two and four 
kilometres, which are often transported over 
great distances. These layers are hundreds 
of metres thick.
Volcanic aerosols can even rise 14 000 me-
tres, taking them to the stratosphere. As  

To a minor extent, aerosols also scatter and 
absorb the infrared light reflected back into 
space by the Earth.
How aerosols affect the climate depends on 
a number of factors, including their form, the 
structure of their surface, and their chemical 
composition. Moreover, aerosols play a major 
part in the formation of clouds, because they 
provide seeds for condensation, upon which 
droplets or ice crystals form. Depending on 
the specific type of aerosol, the crystallisa-
tion effect can be more or less pronounced. 
In the atmosphere, many biological particles, 
like pollen or small dust from plants, tend to 
produce ice clouds, even at a low saturation 
of the air with water vapour and at temper-
atures of roughly minus 10 degrees Celsi-
us. If we bear in mind that certain layers of  
the atmosphere can be as cold as minus  
50 degrees, this ice-cloud formation takes 
place at comparatively ‘warm‘ temperatures. 
These ice clouds are an important climatic 
component, as they influence the climate 
differently than water clouds do.

A LASER THAT FIRES EVERY  
20 MILLISECONDS
Dr Christoph Ritter, an atmospheric physi-
cist at the AWI, knows aerosols inside and 
out, even though he rarely gets close to 
them in his day-to-day work: Ritter chiefly 
works with a LIDAR system at the AWIPEV 
research station in Ny-Ålesund on the Arctic 

SIEGRID DEBATIN
Atmospheric research 

technician

“What I enjoy most 
about my job is the 

variety of tasks and 
challenges, for exam-
ple, during our Arctic 
expeditions to Spits-
bergen. I also enjoy 
the opportunity to 
work with so many 

younger members as 
a team. The students 

and PhD candidates 
can benefit from my 

experience, and I can 
learn plenty from 

them: they often have 
different, fresh per-

spectives.”

W
H

Y
 I

 L
O

V
E

 M
Y

 J
O

B

Aerosols like the sea-salt particles 
illustrated here spur on cloud for-
mation. Water vapour condenses 
on them, forming small droplets 

and ultimately clouds.
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Viewed up close, the LIDAR 
laser beam looks a bit like 
a surreal, oversized disco 
light in the otherwise serene 
winter darkness over Ny-
Ålesund. If the wind blows 
ice crystals through the 
beam, it produces a dazzling 
sparkling effect.
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in the atmosphere using probes, and exam-
ined them under a microscope. They found 
countless different forms and chemical com-
positions,” says Christoph Ritter. 
Even the carbon particles from a forest fire 
can fundamentally differ: some are slender 
and long, while others look more like chains. 

“My Italian colleagues have even found par-
ticles that are hollow inside – and dubbed 
them popcorn aerosols,” he adds. 

RESEARCH AT THE LIMITS OF  
OPTICS 
To help tell different aerosols apart, Christoph 
Ritter has conducted joint measuring cam-
paigns with chemists over the past few years. 
While the laser was used to measure the par-
ticles’ optical qualities from the ground, the 
chemists in Ny-Ålesund sent up probes to col-
lect samples; then, all researchers shared their 
results. According to Ritter, “This comparison 

COLLABORATING WITH CHEMISTS 
Christoph Ritter’s goal is to measure the dis-
tribution of various types of aerosols in the 
atmosphere as precisely as possible, so as to 
better simulate their effects on the climate 
in mathematical climate models – a daunting 
task, despite the advanced laser technology, 
because there are countless types of atmos-
pheric aerosols. For example, researchers 
can’t always easily determine whether car-
bon particles are the result of forest fires, or 
come from burning oil or coal.
In addition, aerosols undergo chemical 
 changes during their travels through the at-
mosphere. Many react with water vapour and 
become enclosed by water, which changes 
their optical qualities. Other particles react 
with one another, forming clumps that con-
tain e.g. sea salt and carbon particles from 
forest fires. “Chemists in Italy, with whom we 
work closely together, gathered the particles 

Ritter explains, “We can identify not only the 
heights, but also certain classes of aerosols. 
For instance, dust particles have very differ-
ent characteristics than aerosols containing 
sea-salt crystals.” 

AEROSOLS ARE REAL  
GLOBETROTTERS
Over the years, Christoph Ritter has seen his 
fair share of interesting phenomena with the 
LIDAR system in Ny-Ålesund. “In 2006, we  
suddenly registered extremely high concen-
trations of particles that were identified by 
the system as residue from burning biomass,” 
he recalls. He’d never picked up such high con-
centrations before. It turned out that, with 
the start of a mild weather phase in East-
ern Europe, three days earlier, thousands of 
farmers had burnt off their stubble fields. This 
produced large quantities of carbon particles, 
which found their way into the atmosphere 
and then headed toward the Arctic. 
From time to time, Ritter also observes some 
impressive long-distance trips. “In July 2015, we 
were able to track the route of particles from 
forest fires in Canada – in just two weeks, they 
travelled across Alaska and the North Pole to 
our station on Spitsbergen.” Particles travelling 
all the way around the world have also been 
recorded, though they’re extremely hard to 
follow, because researchers have to scan air 
masses at various locations around the globe.

That’s the diameter of the largest grains 

of sand that the wind can carry up into the 

atmosphere as aerosols. It’s also roughly 

the same size as a grain of pollen, though 

the pollen is much lighter. Sand grains 

of this size are so heavy that they rarely 

travel more than 100 kilometres or make 

their way higher than 1,000 metres up in 

the atmosphere.

20
MICROMETERS
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IN BRIEF
 › Aerosols absorb, reflect or scatter sunlight, and accordingly, have a substantial influence 

on the climate. Their specific effect can depend on their form or chemical composition. 

 › Using a laser, aerosols can be detected from the ground, even if they are in extremely 
high layers of the atmosphere. But this method also has certain limitations, since not 
every type of aerosol can be recognised using its optical qualities. 

 › By gathering measurements together with chemists, the AWI’s atmospheric researchers 
hope to identify the optical fingerprints of certain aerosols, which will make it easier to 
recognise them at great distances.

shed valuable new light on how certain par-
ticles are represented in the laser signal. But 
we also realised that we need several more 
experiments like this one in order to reliably 
distinguish between particles in the future.” 
The problem: aerosols’ optical qualities only 
offer indirect information on the shape of 
their molecules – and that poses a fundamen-
tal challenge for Christoph Ritter. “Though 
it’s true that, in physics, an object’s optical 
scattering properties can provide insights into 
its form, the physical equation is based on an 
ideal, round and smooth surface. But in the 
real world, we have to work with completely 
different geometries.”
As such, it’s difficult to use the scattering sig-
nal to measure the aerosols’ microphysics –  
their form, their size, and their refractivity. 

“We still have a few years of research ahead 
of us, because laser-based aerosol identifi-
cation has proven to be far more complicated 

than we assumed only a few years ago,” says 
Ritter. “But in the long run, I’m confident that 
we’ll find a way to make considerably more 
reliable statements on the traits of aerosols.”
In any case, Ritter claims it’s important that 
aerosol information be more actively inte-
grated into future climate models. Why? If 

aerosols contribute to the warming or cool-
ing of air masses, they also have an effect 
on the formation of high-pressure and low- 
pressure cells, and therefore on air currents. 
Accordingly, they definitely play a part in cli-
mate events – even though they’re so tiny and 
light that they can ride the wind. 

Engineer Wilfried Ruhe from the 
company Impres does regular main-
tenance work on the LIDAR system 
and calibrates its settings. Because 
the laser can be harmful to the eyes, 
the expert wears protective goggles 
while he works.

A glimpse of the optics used in 
the LIDAR. The light impulses pass 

from mirror to mirror within the 
housing and are then fired upward 

through a port in the roof.
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The benefits  
of models

I work with Earth system models. My priority 
in doing so is to better grasp the broad range 
of solutions and uncertainties in the climate 
system, as well as its variability over time-
spans ranging from days to several million 
years. The latter aspect includes alternating 
glacial and interglacial periods, the cli mate’s 
sensitivity to external forcing, and the 
 climatic trends of the past few millennia.

+ 
Without models, we can’t 
grasp the interrelations in  
the system or explain the  
phenomena we observe.

In addition, we develop prognoses for as 
yet unseen factors and make estimates for 
future climate conditions. Our goal is to use 
Earth system models for all time scales – and 
from the past to the future. Depending on 
the specific question at hand, we include 
new Earth system components. For instance, 
we’ve recently begun using ice sheet models 
that provide insights into sea level variations. 
What fascinates me most are the feedback 
loops in the Earth system. Models allow us  
to develop new ideas and hypotheses and  
to test them. To do so, we not only have 
to understand the model but also consider 
suitable boundary conditions and climate 
simulations.

One of my research focuses is on the question of how the dramat-
ic climate changes in the Arctic are connected to the weather and 
climate in central Europe. The difficult thing about these interactions 
is the fact that, in addition to the Arctic factors, other aspects – like 
changes in the tropics and the climate system’s internal variability – 
also make a difference. If our goal is to estimate the scope of these 
aspects, it’s not enough to analyse our observational data, or to 
calculate it using highly complex climate models.

+ 
We also need simplified climate  

models, which allow us to isolate some  
of these additional influences.

In this regard we use a simplified atmospheric model of the North-
ern Hemisphere that, despite its simplicity, does an excellent job of 
simulating the variability of the large-scale atmospheric circulation. 
In the latest experiments we were able to show that, in response 
to rising temperatures in the Arctic, the model simulates changes in 
that circulation – and that these changes are in fact related to the in-
creased frequency of harsher winters in central Europe. This tells us 
that atmospheric dynamics are important with regard to interactions 
between the Arctic and the middle latitudes.

Researchers at the AWI explain why 
they work with climate models

+

+
PROF GERRIT LOHMANN

Head of the AWI Section  
  ‘Paleoclimate Dynamics‘

DR DÖRTHE HANDORF

Researcher in the Section  
 ‘Physics of the Atmosphere‘
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I work with FESOM, the Finite Element Sea ice-Ocean Model, 
which is used on diverse time scales, from paleoclimate simu-
lations to future projections. The model was developed in the 
AWI’s Climate Dynamics section, where it is constantly being 
refined. Unlike traditional ocean models, which are based on 
structured grids, FESOM uses triangle-based unstructured 
grids to simulate ocean currents, hydrography and sea ice. I’m 
currently using FESOM to simulate the circulation in the Fram 
Strait, which is located between Greenland and Svalbard and 
represents one of the most important connections between 
the Arctic Ocean and the North Atlantic. In the past few years, 
we’ve seen a major decline in Arctic sea ice in the region. In 
addition, more warm and salty water is being transported 
from the Atlantic to the Arctic. Modelling helps us to better 
understand the underlying processes and the exchange of 
water masses that takes place in this important waterway.

+ 
If we can realistically  

simulate the past and present  
processes at work in the Fram Strait,  

we can then calculate projections  
for the future. 

Personally, I find FESOM fascinating, because its unstructured 
grid function is extremely flexible; it helps us simulate vital 
regions like narrow straits in high resolution, while also putt-
ing our computer resources to optimal use.

Right now, I’m working with a regional climate 
model for the Arctic. The model consists of 
several components: the atmosphere, sea ice,  
ocean and land. Simulations with this model 
help us interpret the Arctic climate, its varia-
bility and trends (e.g. polar amplification) in 
the past 40 years and gain new insights into 
various feedback processes.
 

+ 
For instance, I’m taking a  
closer look at a potential 

connection between extreme 
storms and changes in  

sea ice. 

I also use the model to create future climate 
scenarios for the Arctic. Given the dramatic 
warming and the growing industrialisation of 
the Arctic, the region’s climate is of interest 
to decision-makers from the political and 
business communities and to society at large. 
I’m especially enthusiastic about the virtually 
limitless options the model offers for sensitiv-
ity studies, which can help us to understand 
complex climate processes better, bit by bit.

DR CLAUDIA WEKERLE

Researcher in the Section  
 ‘Physical Oceanography‘

+

DR ANNETTE RINKE

Researcher in the Section  
 ‘Physics of the Atmosphere‘
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This RapidEye satellite image 
shows the roughly 70- kilometre - 
wide MacKenzie Bay polynya on  
the Amery Ice Shelf, East Antarctica, 
as a dark area. The grey streaks are 
grease ice, which are driven to the 
edge of the broken pack ice by the 
wind. Once there, the grease ice 
freezes into a solid layer.
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There are still parts of planet Earth that 
remain virtually untouched by human-
kind – including vast regions of the 

Antarc tic continent. That should come as 
no surprise, since Antarctica is 37 times the 
size of Germany and, though we now have 
aircraft and snowmobiles to help us, expedi-
tions  through the ice and snow at tempera-
tures far below freezing are still laborious and 
dangerous. Many of these regions would still 
be uncharted territory today, if we didn’t   

Coastal polynyas are areas of open water in 
ice-covered oceans, which are formed when  

seaward katabatic winds push sea ice away from the 
coast. Both in the Arctic and Antarctic, they are considered to 

be ‘sea-ice factories‘ and fulfil an important role in the climate system 
of the polar regions. But we still know very little about these gaps in  

the ice. To remedy this situation, AWI researchers have used  
several satellites to take a closer look, and have for the  

first time successfully merged the various images to produce  
a revealing and accurate composite.

Author: TIM SCHRÖDER
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have satellites that have been monitoring 
Antarctica for the past few decades. The data 
they provide tells us a great deal about the 
form, movement and temperature of the ice – 
vital information that can be used to gauge 
how Antarctic ice masses are responding to 
climate change. 
Polynyas are one of the most interesting phe-
nomena in the Antarctic that can be observed 
by satellite. They are open stretches of wa-
ter that appear off the coast when seaward 
winds push sea ice away from the shore or 
the edge of an ice shelf. Polynyas are espe-
cially interesting for scientists, firstly because 
they are widely regarded as sea-ice factories 
in the polar regions: when the wind drives 
the ice onward, the open water is exposed to 
frigid air, and quickly forms new ice. In addi-
tion, polynyas are interesting from a biologi-
cal standpoint. Without sea-ice cover, more 
sunlight makes its way into the water, which 

promotes the growth of phytoplankton. As a 
result, polynyas can be especially productive 
areas. Since Antarctic polynyas can have an 
area of several thousand square kilometres, 
and are surrounded by vast ice masses, effec-
tively investigating them from land or from 
an icebreaker is virtually impossible. Accord-
ingly, AWI researchers Dr Wolfgang Dierking 
and Dr Thomas Hollands instead rely on the 
 eagle eyes of satellites: “Today, there are 
many satellites in orbit that monitor the Earth,  
including the Antarctic, with a diverse range 
of instruments. We’re now using their data 
to better understand the polynyas and 
the processes at work within them,” says  
Wolfgang Dierking.

Painstaking research
Thomas Hollands and Wolfgang Dierking are 
among the first researchers in the world to 
have systematically compiled a range of satel-

ASAR IMAGE

ASAR was a radar system that probed the Earth 
with short microwaves. Its images allow ice floes 
to be easily recognised. The brightness of in-
dividual floes depends on their age and the 
roughness of their surface.

lite data in an attempt to arrive at an accurate 
portrait of the polynyas. Why? Because gath-
ering and filtering the satellite data involves a 
tremendous amount of work. “After all, there 
is no global archive where all the satellite 
data is stored,” explains Thomas Hollands, 
who spent months acquiring the necessary 
data from various space agencies’ electronic 
archives. Plus there’s another hurdle: many 
satellites can’t continually gather data, be-
cause their onboard memory would soon 
be filled to the brim and because their data  
transfer rate to the Earth isn’t fast enough. As 
a  result, there isn’t coverage of every place on 
Earth at any given time, which meant Thomas 
Hollands’ first task was to find out for which 
timeframes there was sufficient data on the 
polynyas.

Excellent results thanks to data fusion
The two AWI researchers have now for the 
first time systematically compared and com-
bined the measurements from the different 
satellites and instruments, which has allowed 
them to analyse processes that would have 
never been revealed using a single meas-
uring method alone. One example is the 
ice movement around two polynyas in the 
Ross Sea, roughly 4,000 kilometres south 
of Christchurch, New Zealand. They discov-

This Landsat image of Terra Nova Bay in the Ross Sea 
shows why coastal polynyas are also called sea-ice  
factories. Grease ice forms on the water surface and is 
pushed up against the pack ice, where it is compacted  
and freezes into a solid layer of sea ice. The layer grows 
thicker and thicker, ultimately becoming pack ice that  
drifts out to sea. Meanwhile, more grease ice begins form-
ing in the polynya, and the ice production begins anew.
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 › Polynyas are most often created when seaward wind at the margins of the ice 

sheets drives the sea ice away from the coast. They can be found both in the Arctic 
and Antarctic. Antarctic polynyas can have an area of several thousand square 
kilometres.

 › Polynyas are important for marine life, and for the climate in polar regions. They 
are home to energy transfers between the comparatively warm seawater and the 
cold polar air.

 › The formation and dynamics of polynyas can be accurately monitored with satellite 
sensors. However, doing so involves combining information from multiple sensors – 
and this data fusion has conventionally involved a tremendous amount of work.

PALSAR IMAGE

PALSAR was a long-wave L-band radar system 
capable of scanning deep into the ice. Its  images 
can be used to identify deformation zones – 
areas in which the sea ice breaks, or accumu-
lates to form ice hummocks.

AATSR IMAGE

The AATSR sensor was a radiometer that al-
lowed researchers to calculate surface tem-
peratures on land and on the ocean – and to 
differentiate between cold ice and warmer 
seawater.

ANALYSIS OUTCOME

Combining all the data produces a detailed im-
age: it shows the ice shelf (yellow), the polynya 
and cracks in the sea ice (magenta / blue-violet), 
thin pack ice (royal blue), thicker and rougher ice 
floes (green), and smooth bay ice (black).

ered that there is a broad area between the 
two polynyas, in which the ice is compacted. 
They also measured the speed at which the 
ice flows into various regions of the Ross Sea. 
As a result, polynyas and sea ice can now be 
precisely described in those regions where no 
one ever ventures – which is also interesting 
for climate research, since an intensive heat 
transfer between the atmosphere and the 
warm seawater takes place in polynyas.
In contrast, if you look at individual satellite 
measurements, it can be hard to tell the differ-
ence between ice-covered and ice-free areas. 

“The fact is that most satellite sensors don’t 
produce colour photos; they gather readings 
that have to first be interpreted before you 
can generate an image of the ice conditions,” 
says Wolfgang Dierking. For example, radar 
systems measure the backscattering of micro-
waves, which provides very different infor-
mation compared to light. In turn, passive 
radiometers measure the radiation emitted 
by our planet, which can be used to derive 
temperatures.

Creating a comprehensive image
When it comes to polynyas, combination is 
wwkey. For instance, radar-based measuring  
equipment often has problems differentiating  
between ice and water; meltwater on the 

sur  face of the ice can also confuse the sen-
sors. Once the radar data is combined with 
the temperature values from the radiometers, 
things become clearer: observed from space, 
ice is normally colder than open water. Further, 
thin ice can be distinguished from thick ice, 
because more heat from the seawater seeps 
through. Combining different methods also 
makes good sense because the spatial resolu-
tion of different satellite sensors can vary from 
a few metres to several tens of kilometres. 
Once the process is completed, Wolfgang  
Dierking and Thomas Hollands can identify 
very fine structures, which match what their 
colleagues on the icebreaker encounter.

“We’re especially happy about the fact that 
an expedition has since confirmed that there 
is exactly the kind of pack ice between the 
polyn yas in the Ross Sea that we identi-
fied using the satellite data,” says Thomas 
 Hollands, who is confident that fusing differ-
ent types of satellite data will yield a wealth 
of new insights. “Our goal for the future is to 
develop algorithms that automatically rec-
ognise the various forms and classes of ice 
among the enormous amounts of sensor data –  
without the need to compile and interpret all 
the data, bit by bit,” adds Wolfgang Dierking. 



Once a week, AWI meteor-
 ologists measure the vertical
ozone distribution above 
the Arctic and Antarctic.
To do so, they send up 
weather balloons with 
ozone sensors in both
polar regions. On windy 
days, doing so can be a
real challenge.
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The 
Ozone 
Story



Prof Markus Rex
is one of the world’s 
leading ozone experts. 
He’s been active in 
the field for the past 
quarter-century.
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When they hear the word ‘ozone‘, many  

people think of the hole in the ozone layer 

and the threat of intense UV radiation. And in 

the beginning, AWI atmospheric physicist  

Markus Rex was no exception. Now, after 

more than a quarter-century of investigating 

the chemistry of ozone depletion, he knows  

that ozone is an important factor in the  

climate system that shouldn’t be overlooked. 

In the following, we present a story with some 

good news and one confirming that lasting 

scientific progress can’t be made without  

strategic research.

The cover of SPIEGEL magazine from  
30 November 1987 hit readers like a 
bombshell: in addition to the headline 

“Lebensgefahr aus der Dose – das Ozonloch” 
(roughly translated: “Death in a Can – the 
Hole in the Ozone Layer”), it featured a blue 
sky with a gaping black hole in the middle. 
Shortly before the issue was released, US 
researchers had confirmed that spray-can 
propellants containing chlorine eroded the 
ozone layer – which is what protects us from 
the sun’s harmful UV rays. The accompanying 
SPIEGEL article cited the increased frequency 
of skin cancer, and genetic defects in plants 
and animals. In Germany and around the 
globe, people were frightened by the news 

– which wasn’t entirely a bad thing: with the  
Montreal Protocol, which entered into effect 
on 1 January 1989, the global community 
agreed to discontinue production of these 
dangerous gases.

Major gaps in our knowledge
Because at the time it was still unclear how 
the depletion of the ozone layer would pro-
gress in the future and too little was known 
about the chemical processes involved, av-
erage citizens’ fears persisted. In response, 
in the early 1990’s researchers around 
the world began intensively focusing on  
atmospheric chemistry and ozone – includ-
ing AWI atmospheric physicist Prof Markus 

Rex. “Back then, all we could do was roughly 
estimate how far the ozone depletion had  
advanced in different parts of the planet. 
Above all, we knew that a hole in the ozone 
layer formed over the Antarctic during the 
southern winter. But other aspects, like 
what would happen in the Arctic – which 
is, of course, much closer to us – were still 
unclear,” recalls Rex, one of the world’s 
 leading ozone researchers. Over the years, 
his work has greatly contributed to expand-
ing our knowledge regarding the ozone 
layer. Whereas the scientific community’s 
initial focus was on closely monitoring and 
understanding the ozone loss, which has 
gradually changed. “The more we came to   

Author: TIM SCHRÖDER
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Since 1991, AWI meteorolo-
gists have been measuring
ozone over Spitsbergen 
at regular intervals.
Thanks to their long-term
observations, we now
know that dramatic ozone
depletion can also take
place in the Arctic.
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means the short-term natural fluctuations 
make it impossible to directly measure the 
comparatively small daily depletion. Unfortu-
nately, it’s exactly this day-to-day depletion 
that will determine the fate of the ozone layer 
in the long run.”

To avoid this problem and to measure the 
chem ical ozone depletion rate precisely, 
 Markus Rex developed a method that involves 
track ing given air masses. As these air mass-
es move, balloons are sent up at regular in-
tervals to measure the abundance of ozone 

back to the very beginnings of his research 
work. “In the early 1990s we didn’t even 
have a reliable method for measuring the an-
thropogenic – or man-made – chemical ozone 
depletion.” The problem: in the upper layers 
of the atmosphere, which include the ozone  
layer – roughly 15 to 25 kilometres up – the air 
masses are constantly in motion. As a result, 
at any given point the ozone concentration 
can vary considerably – at times, by more than 
30 percent from one day to the next. “But the 
depletion caused by human activities con-
tributes to only a few percent per day, which 

know about ozone, the clearer it became 
that the ozone layer isn’t just important as 
a UV filter, but also has a major influence on 
climate,” he explains, “As such, to be able to 
understand how the climate of our planet is 
changing, ozone can’t be ignored.”

A standard of measurement for  
the world
And that’s precisely the goal that Rex is pur-
suing today, combining his knowledge of 
ozone chemistry with established climate 
models. To describe how this works, he refers 
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the German Antarctic
research station

Neumayer III confirm 
that the recurring

ozone hole over the
Antarctic is no 

longer growing.
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in them. “Of course, this requires concerted  
action among dozens of colleagues, who 
deploy the balloons in different parts of the 
Arctic,” Rex relates. But it pays off, allowing re-
searchers to precisely observe how the ozone 
concentrations in the air masses change. This 
approach, known as the ‘match method‘, has 
since become an international standard for 
measuring chemical ozone depletion. 

Complex atmospheric chemistry 
The next step was to analyse the chemical 
processes. The basics were already known by 
the 1980s: in the stratosphere, ozone breaks 
down during or after periods characterised by 
extremely low temperatures, which occur in 

polar winters. The process is driven by reac-
tive chlorine and bromine radicals, which back 
then, were predominantly released through 
the breakdown of aerosol-can propellants in 
the stratosphere. Bit by bit, Rex and other 
researchers unravelled the complex chain 
of chemical events involved in ozone deple-
tion, and how the individual steps depend 
on environmental conditions. He developed 
a mathematical model for reproducing the 
chemical processes by means of computer  
calculations, but, in the beginning it often pro-
duced results that didn’t match the real-world 
measurements. To better reflect the full com-
plexity of these chemical processes, expedi-
tions with high-altitude research aircrafts into 

the Arctic stratosphere were carried out. “In 
cycles between targeted campaigns in polar 
regions and refinements to our model sys-
tem, we were able to steadily improve our 
understanding of the depletion process and 
its model representation. Finally, in 2011, our 
model could reliably simulate the reality and 
the remaining uncertainties are now suffi-
ciently small, with a minor degree of uncer-
tainty,” says Rex.
The mathematical model ATLAS was devel-
oped on the basis of this new understanding. 
Once it’s been supplied with the necessary 
meteorological data, it can determine how 
the concentrations of ozone and trace gases 
 that are important for the ozone layer    



When mother-of-pearl-coloured clouds form in
the Arctic sky, it’s a sign that the ozone is being
broken down. The reason: clouds of nitric acid
and water transform the otherwise harmless
by-products of the chlorofluorocarbons and halons
released by human activities into a dangerous
cocktail of radicals that destroy ozone.

How does the Asian 
monsoon influence the

Earth’s ozone layer? 
To answer that question, 

in the summer of 2017,
an international team of

researchers led by the 
AWI conducted flights
over Nepal, India and 
Bangladesh with the

high-altitude research
aircraft M55 Geophysika. 

The data gathered 
offers insights into the 

composition of the 
air 20 kilometres 

above the ground.
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constantly change in different parts of the 
globe. Accordingly, the global ozone distri-
bution can now be accurately reproduced by 
the model.

2.5 trillion calculations for a glimpse 
of the future
ATLAS is a truly massive model, which takes 
into account 170 different reactions involving 
49 chemical compounds that are all linked to 
ozone chemistry in one way or another. In ad-
dition, it includes parameters like temperature, 
air pressure and solar radiation. According to 
Rex, “In order to determine changes in the 
ozone concentration, the model has to make 
a tremendous number of individual calcula-
tions. We once sat down and did the maths: if 
we wanted the complex model to look ahead 
100 years into the future, it would need to 
calculate how the ozone layer at a given point 
changes in intervals of a few minutes due to 
chemical processes – and would have to do it 
2.5 trillion times.”
Accordingly, ATLAS is an extremely detailed 
program, but also a very slow one. “It takes far 
more computing time than a classical Earth 

System Model,” says Rex. And up until recent-
ly, this was a huge problem for his current 
research: determining in detail how the ozone 
layer and climate system influence one an-
other, which can likely best be accomplished 
by coupling the atmospheric chemistry mod-
el ATLAS with classical climate models. “But 
if we had tried to do so, ATLAS would have 
drastically slowed down the climate models, 
making long-term calculations impossible. So 
we had to find a way to integrate the ozone 
layer in the climate system modelling without 
using the far too slow ATLAS model.” 

Clever software for combining ozone 
and climate models
A year ago, Markus Rex and his colleagues 
had a prototype solution ready – a software 
package that can skilfully combine ATLAS 
and classical climate models, called ‘SWIFT‘. 
SWIFT itself doesn’t make any calculations 
of the atmospheric chemistry; instead, it es-
sentially observes ATLAS at work, allowing it 
to learn and copy certain interrelations: spe-
cific combinations of temperature, air pres-
sure and chemical compounds that cause 

specific chemical changes in the ozone con-
centration. In other words, it learns to inter-
pret ‘snapshots‘ of the ozone chemistry and 
feed the corresponding chemical effects into 
the climate model. “This approach massively 
re duces the computing power needed to re-
flect the ozone chemistry in a climate model,” 
says Rex. As a result, the models can now 
be coupled.
Markus Rex is now looking into the question 
of how the dwindling Arctic sea ice is connect-
ed to climate changes in the Northern Hemi-
sphere and the role of the ozone layer. There 
are several indicators that the ozone concen-
tration is contributing to a positive feedback 
loop. For example, we know that the ozone 
layer absorbs part of the incoming solar radia-
tion and heats the stratosphere. In the winter, 
when the Arctic is covered in darkness, the 
stratosphere cools. Since ozone breaks down 
during periods of extremely low temperatures, 
the warming effect of the ozone layer ebbs in 
the spring, causing the stratosphere to grow 
even colder. If we look at the entire Northern  
Hemisphere, this produces a larger tempera-
ture difference between the Tropics and the 
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IN BRIEF
 › Ozone is important for life on Earth, because the ozone layer filters a great deal of 

the harmful ultraviolet radiation from sunlight. What fewer people know is that the 
ozone in the atmosphere also significantly influences the climate. 

 › For a few years now, there have been mathematical models that can simulate the 
formation and depletion of ozone for the entire planet. Given how much computing 
power they require, for quite some time, it was virtually impossible to couple them 
with climate models. But a new AWI software package makes it possible, allowing 
the influence of ozone on the climate to be more accurately simulated. 

 › Thanks to the ban on ozone-depleting gases, for the past few years, the ozone layer 
has been recovering. The Montreal Protocol, which phased out the production of 
these gases starting in 1989, is an impressive example of how environmental protec-
tion can be an international success story when everyone pulls together.

Arctic. As a result, a stable vortex is formed 
above the Arctic, separating the cold air inside 
the vortex from the warmer air further south, 
effectively insulating the Arctic and ensuring 
that less warm air from the temperate lati-
tudes reaches it. 

Snowstorms in the USA, mild winters 
in the Arctic 
As Arctic sea ice retreats, dynamic processes 
produce a warming of the stratosphere. The 
result: ozone depletion, which predominantly 
occurs during periods of low temperatures, 
is slowed, allowing the ozone layer to retain 
more heat in the stratosphere. This in turn 
reduces the temperature difference between 
the Tropics and the Arctic in winter. The Arctic 
vortex becomes more unstable and begins 
meandering, a phenomenon that reaches all 
the way down to the Earth’s surface. “This 
can lead to more frequent and more intense 
cold air outbreaks from the Arctic making their 
way to the middle latitudes,” says Markus Rex. 

“One example: the snowstorms that have hit 
the east coast of the US time and time again 
in the past few years.” Conversely, if the po-

lar jet stream starts meandering, more warm 
air can push into the Arctic, producing more 
rapid melting. Thanks to the new coupled 
ozone-climate model, this mechanism can 
now be reproduced and more closely inves-
tigated. There are still plenty of questions 
to be answered, and many researchers are 
currently working to do so. But one thing is 

certain: following the ban on ozone-depleting 
gases, the ozone layer has managed to slowly 
recover; for the past few years, the ozone con-
centration at high altitudes has been on the 
rise. Thanks to decisive action on the part of 
the international community, the nightmare 
vision from 1987 won’t become a reality. And 
that’s truly good news! 
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It may look like a torpedo, but 
isn’t for the water: the AWI 
sensor ‘EM-Bird‘ measures the 
thickness of Arctic sea ice from 
the air. To do so, it is towed by 
a research aeroplane, which 
sweeps it over the ice and water – 
hardly a simple manoeuvre, since 
the EM-Bird can’t be more than 
15 metres above the surface to 
deliver optimal results.
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Since using satellite imaging is often problematic in the summer,  

the sea-ice physicists Thomas Krumpen and Stefan Hendricks  

regularly hop on board one of the AWI’s two research aeroplanes  

to survey Arctic sea ice from the air. Though they can only recognise 

small signs of change with the naked eye, the data they gather  

indicates fundamental changes with a complex mix of causes.

A BIRD’S EYE 
VIEW OF THE ICE
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r Krumpen, Mr Hendricks, you’ve been  
measuring the thickness of the Arctic sea 

ice by helicopter or aeroplane for more than ten 
years now. When you look down at the ice and 
compare what you see now with ten years ago – 
what differences are the most glaring?

Thomas Krumpen: Over the past 40 years, the sea ice 
in the Arctic has undergone major changes. For one thing, 
since the start of satellite observation in 1978, the sum-
mer extent has shrunk by twelve percent every decade; 
for another, the ice has become much thinner. But the 
exact scope of these changes varies from region to re-
gion, and also depends on the season. When we look 
out the window of the plane during a summer meas-
urement flight today, we can only see small details of 
the change. In some areas that were once home to thick, 
several-year-old ice, we now mostly see thin ice. And 
instead of virtually endless fields of white, we’re now 
seeing many patches of turquoise and blue – because in 
spots where meltwater collects on the surface of the ice, 
the ice soon grows thinner, allowing the dark ocean to 
show through from below.
Stefan Hendricks: These meltwater pools are a real 
problem for us. Wherever there’s standing water on the 
ice, it confuses the radar on the sea-ice satellite CryoSat-2. 
And that means we have no broad-scale satellite data on 
sea-ice thickness during the crucial summer months, and 
instead have to rely on data gathered by aerial campaigns.

Interview: SINA LÖSCHKE

Dr Thomas Krumpen

heads the regular summer 
sea-ice measuring cam-

paigns off the northeast 
coast of Greenland and is 

re sear ching e.g. the question 
of how much Arctic sea ice 
is transported to the North 
Atlantic via the Fram Strait.

Dr Stefan Hendricks

is responsible for the 
springtime sea-ice measuring 
campaigns, which normally 
take him from Svalbard to 
Alaska. His current focus is on 
the extent to which sea-ice 
thickness has changed in 
various regions.

In which regions of the Arctic do you fly? 
Stefan Hendricks: We focus on three regions. The first 
aerial campaign of the year is in spring, and takes us  
to the western Arctic, or, more precisely, to the region 
between Greenland and Alaska. It normally contains com-
paratively thick ice, and we’ve been gathering data there 
for more than 20 years. In July and August, we then take 
off from a small airstrip in northeast Greenland and meas-
ure the sea ice that drifts from the northern coast of the 
country and leaves the Arctic Ocean through the Fram 
Strait in the course of the summer. Lastly, there are the 
numerous helicopter flights during our expeditions to the 
Central Arctic with the research icebreaker Polarstern. So 
it’s a pretty full schedule!

What ice parameters do you measure?
Thomas Krumpen: During our flights with the research 
aeroplanes Polar 5 and 6, we use our sea-ice-thickness 
sensor ‘EM-Bird‘, together with snow radar and a laser 
altimeter. With this combination, we can measure three 
parameters simultaneously: the sea-ice thickness, the 
depth of the snow cover on the ice, and what is referred 
to as the freeboard – how much of an ice floe is above 
the water’s surface. 
Stefan Hendricks: All that data is then fed into our AWI 
sea-ice database, which gathers not only flight-based and 
satellite data, but also data from our drifting sea-ice buoys 
and the results of our measurements taken directly on 
the ice. This dataset allows us to conduct precise process 
studies, in which we research specific physical parameters 
above, in and underneath the ice. In addition, the data 
provides the basis for our sea-ice models and forecasts. 
As such, our section covers all areas of sea-ice physics, 
from detailed field measurements to modelling. The fact 

that we also have two research aeroplanes and a research 
icebreaker with its own helicopter for measuring cam-
paigns at our disposal makes the AWI truly unique in the 
area of sea-ice physics, even at the international level. 

M 
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Having just landed at the airstrip 
in Longyearbyen (Svalbard), the 
AWI research aircraft Polar 6 is 

waiting to be loaded. Before the 
sea-ice thickness measurements 

can begin, the researchers have to 
attach their most important piece 

of equipment, the EM-Bird, to a 
winch on the ship’s hull.
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The measuring flights  
often afford the research-
ers and pilots breath-taking 
views of the Arctic land-
scape. This shot shows the 
coastal region and glaciers 
in northern Greenland.
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Which changes does the long-term dataset reveal?
Thomas Krumpen: When it comes to the Fram Strait, 
we’ve confirmed a substantial decline in sea-ice thick-
ness. Whereas the value for the most frequently meas-
ured ice thickness in 2002 was still 2.1 metres, today it’s  
1.2 metres – a drop of nearly 50 percent, which is due to a 
number of different factors. For one thing, the drop in ice 
thickness can be attributed to the loss of multi-seasonal 
ice, which is generally much thicker than seasonal ice. The 
increasingly mild winters are also important, since they 
mean less new ice is formed. We also believe the ocean 
is passing heat on to the atmosphere longer in the winter, 
which slows ice growth. Other factors include changes in 
the ice’s drift patterns and drift speed. 
Stefan Hendricks: For instance, we still don’t know for 
certain whether the higher drift speed means that more 
ice is leaving the Arctic Ocean through the Fram Strait. 
In terms of the ice’s surface area, that may be true. But 
since the floes are now thinner, some data currently in-
dicates that the increase in area is more than balanced 
out by the decrease in thickness, which would mean the 
ice-volume export was actually in decline. 
Thomas Krumpen: The real advantage of our measure-
ments in the Fram Strait is that they put us in contact with 
sea ice that was predominantly formed in Russia’s shelf 
areas. That means they offer us insights into complex 
changes that are taking place in large parts of the Arctic 
Ocean. In addition, we’ve taken the decreasing sea-ice 
cover as an opportunity to analyse more closely how the 
heat absorbed by the ocean during the summer influences 
ice formation in the following winter.

Are the findings for the thick ice in northern  
Canada just as clear as those for the Fram Strait? 
Stefan Hendricks: No they’re not, partly because, even 
though our measuring flights can be as long as 1 200 
kilometres, they still only cover a comparatively small  
percentage of the ice in the Canadian Arctic. Ten years 
ago, in the Lincoln Sea off the northwest coast of Green-
land, our only option was to take measurements by heli-
copter, which forced us to stay close to the coast. To make 
matters worse, we had to cancel a measuring campaign 
the following year due to bad weather, which compro-
mised the reliability of the entire time series. That’s why 
we’re now trying to access satellite data that dates back 
to 1993, but hasn’t yet been adequately validated and 
analysed. The greatest advantage of satellite data is that 
it provides a truly macro perspective, especially for the 
winter months from November to April – a time when the 
new sea ice is formed, but in which it’s unsafe for us to fly. 
Thomas Krumpen: The satellite data shows us the big 
picture and reveals how much sea ice the Arctic holds. In 
turn, our aeroplane- and helicopter-based measurements 
allow us to take a much closer look and explore ques-
tions like: which physical processes produced exactly   

The average distance for 

which AWI sea-ice physicists 

gather ice-thickness data 

during an aerial measuring 

campaign. Once the data has 

been analysed, it can be used 

e.g. to validate the readings 

from the sea-ice satellite 

CryoSat-2.

3 500
KILOMETRES

Four at a go: with its snow radar, altimeter and 
the EM-Bird, the research aeroplane measures 
four key parameters that allow researchers to 
precisely calculate sea-ice thickness – the depth 
of the snow cover, how high the aircraft is above 
the ice, and the distance between the EM-Bird 
and the ice’s surface and underside, respectively.

Snow radar

Laser altimeter

Electromagnetic field
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During a flight, AWI technician 
Manuel Sellmann monitors  
the incoming data, while his col-
league Thomas Krumpen (seen 
in the background) keeps a close 
eye on the EM-Bird’s altitude. 
All of the onboard measuring 
equipment has to be as light as 
possible, so as to reduce fuel 
consumption and allow the craft 
to cover longer distances.
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Anyone who has Jan Rohde on their expedition team 
can enjoy peace of mind. The 29-year-old electrical 
engineer was an active member of the Red Cross Youth 
for several years before switching to Germany’s Fed-
eral Agency for Technical Relief (THW). He knows first 
aid inside and out, and can also lend a helping hand if 
a motor or other piece of machinery isn’t acting as it 
should – and that’s a good thing, since from now on,  
Jan will be responsible for one of the most advanced 
pieces of equipment that the AWI has for sea-ice re-
search: the EM-Bird.
His AWI colleagues, the sea-ice physicists Stefan 
Hendricks and Thomas Krumpen, use the device to 
measure the thickness of the sea ice in the polar re-
gions from the air. The EM-Bird works a bit like a metal 
detector: it generates an electromagnetic field around 
itself, and can distinguish between different layers of 
the surfaces it flies over – like ice or saltwater – based 
on their electrical conductivity.
Until now, Stefan Hendricks and Thomas Krumpen 
were solely responsible for the EM-Bird. Bringing 
Jan Rohde on board is a valuable addition, especial-
ly because, as Rohde explains, “The instrument is 

READY TO GO, EVEN IN RAIN OR SNOW

AWI electrical engineer Jan Rohde is 
responsible for keeping the EM-Bird, 
the AWI’s most sophisticated tool for 
sea-ice physics, up and running.

fairly complex and consists of a transmitter, receiver and 
delicate measuring systems. The single housing is home 
to several different technologies, each of which is highly 
sophisticated.” These include the signal generator, which 
emits electromagnetic waves, and the receiver – both of 
which have to be perfectly calibrated to produce clear sig-
nals. The EM-Bird then converts the signals into data that 
the computer on board the aeroplane can analyse. Further 
important considerations: all of the systems have to work 
at a temperature of 30 degrees below zero, and all circuits 
and cables have to be robust enough to withstand take-
offs and landings; during an aerial campaign, the team 
can’t afford to be stopped by a loose wire.
But if a technical glitch does crop up, Jan Rohde is sure 
to quickly find the problem. For his Master’s thesis at the 
Technische Universität Braunschweig, the electrical engi-
neer, who specialised in telecommunications, constructed 
a radio receiver for drones that can measure the signal 
strength of fixed navigational radio beacons, the VHF 
transmitting stations that allow commercial aircraft to  
determine their position: a challenging project involving  
a device that had to be rugged and dependable enough 
for day-to-day use in the field, just like the EM-Bird.

this amount of ice? For research at such a fine scale, the 
spatial resolution of the satellite data isn’t enough. 

Does that mean both the aerial campaigns and 
satellite-based measurement will still be needed 
in the future? 
Stefan Hendricks: Absolutely. We’ll continue to regularly 
measure the sea ice using helicopters and planes in the 
future. But at the same time, we face the challenge of 
putting old and new satellite data to better use, so as to 
provide a better foundation of data for our statements on 
the current status and future of Arctic sea ice. 

IN BRIEF
 › Since the start of satellite observation in 1978, the 

surface area of the Arctic sea ice has decreased by 
more than 30 percent. In addition, the ice has grown 
substantially thinner.  

 › As a result of the sea-ice retreat, the ice’s drift pattern 
and drift speed are also changing. Today the floes drift 
across the Arctic Ocean much faster. 

 › To better understand these changes, researchers at 
the AWI explore the sea ice with the aid of satellites, 
regular aerial campaigns, and ship-based expeditions 
directly on and below the ice.
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THOSE WHO SHARE THEIR  
KNOWLEDGE LEARN THE MOST

Our planet’s climate system is so complex that it 
takes the combined efforts of experts from different 
disciplines to understand it. The Helmholtz Climate 
Initiative REKLIM achieves exactly that, bringing 
together geologists, glaciologists and atmospheric 
chemists, hydrologists and atmospheric physicists, 
permafrost specialists and modellers. Their common 
goal: to understand the regional impacts of climate 
change and share what they discover with the public.



73

RESEARCH NETWORK INITIATIVE

CLIMATE RESEARCH

It’s roughly 1 500 kilometres from Berlin 
to the Arctic Circle. That may seem like 
quite a distance, but the Arctic is actu

ally closer to our own ‘doorstep‘ than e.g. 
Madrid. Given the dramatic changes in 
the High North, this is why especially we 
Central Europeans have to ask ourselves: 
how will climate change affect our home?  
That’s precisely the pressing question that 
scientists are investigating in the Helmholtz 
Climate Initiative REKLIM (Regional Climate 
Change), which involves experts from nine 
Helmholtz Centres and various universities.   
 “The best part about the initiative is that it 
brings together researchers from disciplines 
that normally don’t have the chance to work 
together,” says Dr Klaus Grosfeld, an AWI geo

Understanding 
the climate change 
on your own
doorstep
In the future, people will above all feel  
climate change in the form of changes to their 
own homes. Accordingly, in the Climate Initiative 
REKLIM, experts from nine Helmholtz Centres 
and various universities are working to better 
understand the regional impacts of climate  
change. A further goal is to make the  
scientific expertise and advances  
directly available to societal actors  
and the general public.

Author: TIM SCHRÖDER

physicist and Managing Director of  REKLIM. 
REKLIM has a total of eight focus areas –  
including sea level changes and their effects 
on coastal regions, the composition of the 
atmosphere and its repercussions for the  
climate, etc. 

How quickly is the climate changing?
The phenomena known as ‘abrupt climate 
changes‘ are particularly interesting. Klaus 
Grosfeld explains what the term means:  
 “In the course of our planet’s history, there 
has always been climate change. Normally, 
it has been a very slow process that takes  
thousands of years. Yet scientific evidence 
also indicates that there have occasionally 
been phases in which the climate changed 

massively within only a few decades.”
That’s troubling news, since, thanks to an
thropogenic climate change, the human race 
may start experiencing precisely these abrupt 
changes firsthand in the near future. “We be
lieve there are certain points at which the 
climate system can suddenly switch to a new 
status,” relates Klaus Grosfeld. 
Since no one can know the future, researchers 
instead look to the past. In the context of the 
REKLIM focus area ‘Abrupt Climate Change De
rived from Proxy Data‘, they are now seeking 
to identify phases in the Earth’s history that 
were characterised by these tipping points. 
Their hope is that, by arriving at a better 
grasp of past events, they can better predict 
whether or not the climate change we’re   

Dr Klaus Grosfeld
coordinates, as REKLIM’s 
Managing Director, all activ
ities in connection with the 
Helmholtz Climate Initiative 
on regional climate changes 
and initiates various inno
vative knowledge transfer 
projects. 
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now experiencing will produce such points.
That’s a highly complex question and can 
only realistically be answered by pooling the 
expertise of researchers from different dis
ciplines, which is what REKLIM does. In the 
 search for abrupt climate changes in the past, 
marine sediments are an important factor: de
pending on the respective climatic conditions, 
different organisms live in the water. When 
they die, they sink and their physical remains 
become preserved in the sediment. By ana
lysing these sediment layers, scientists can 
determine when certain organisms lived and 
what the prevailing climatic conditions must 
have been at the time.
The AWI geologist Prof Ralf Tiedemann is one 
of the experts capable of unlocking the sedi
ments’ secrets and has specialised in marine 
sediments. As he explains, “One problem we 
now face is that we only have data from a few 
measuring points, which makes it hard to tell 
whether specific climate changes were global 
or only regional. For instance, we have data 
from the Atlantic and Pacific – but not from 
Central Europe.” 
To remedy this dearth of information, in 
REKLIM he is collaborating with Prof Achim 
Brauer from the German Research Centre for 
Geosciences (GFZ) in Potsdam, who has been 
working with sediments in lakes for many 
years – e.g. at Lake Ammer and at several lakes 
in Italy. Working together, they are compar
ing their respective information on climate 
changes with the data that AWI glaciologists 
and experts from Heidelberg University have 
gleaned from millenniaold ice cores; after all, 
three sources are bound to offer more certain
ty than just one. 

Collaboration yields new discoveries
But REKLIM has much more to offer. Once 
new data is generated, it is also discussed 
with the AWI’s climate modellers, who use 
it to simulate the climate of the past. This 
approach has already yielded a number of in
teresting discoveries: in the phase before the 
last glacial period, for example, there were ap
parently warm periods that continued for sev
eral thousands of years, but then ‘tipped over‘ 
into extremely cold phases within just a few 
decades. In turn, these were followed by   

TALKING IS SILVER,  
DISCUSSING IS GOLDEN

The annual REKLIM conferences have 
long since ceased to be just for scien-
tists: today, nearly 80 percent of the 
participants are political decision-makers, 
representatives of government author-
ities, environmental activists and other 
important societal actors who turn to the 
experts for answers to key questions on 
regional climate change.
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r Voßeler, adaptation strategies are 
major projects that often involve a 

wide range of individual measures. Which 
aspects have to be kept in mind when 
preparing a city like Bremen for climate 
change?
As a coastal city, flood protection is naturally 
the top priority. But we also expect to see 
an increase in the frequency of heavy rains, 
which can be especially important for urban 
drainage and urban planning. Though we 
enjoy a temperate climate here in north-
ern Germany, we’ll also likely see more and 
longer heat waves. This aspect, too, involves 
urban planning: for example, we have to con-
sider how measures like maintaining green 
areas and fresh-air ventilation corridors can 
preserve or even improve our current biocli-
matic situation, despite the heat. This type 
of planning involves diverse aspects, and we 
rely on the support of external experts. 

Why do you need external expertise?
As a government office, our job is to provide 
a sound foundation for important decisions - 
for decisions concerning which measures to 
start today in order to safeguard tomorrow, 
even though the impacts of climate change 
still can’t be predicted with certainty. Polit-

ical decision-makers then have to take the 
information provided and choose how much 
money we want to spend on protecting our 
future. For example, it’s not yet clear how 
noticeable the effects of the rising sea level 
will be in our region. Thanks to our talks with 
the REKLIM experts and to their latest find-
ings, we now know that, despite all the ‘X 
factors‘ in the equation, the sea level is likely 
to rise more than was expected only a few 
years ago. If their analyses are confirmed 
by subsequent data, the state of Bremen 
can take action to prepare and adapt its 
flood-protection measures in time. 

Wouldn’t it make good sense to simply plan 
for the ‘worst case scenario‘?
When it comes to flood protection, we’ve al-
ready planned for far-reaching risk scenarios. 
But generally speaking, planning for climate 
adaptation means forecasting decades into 
the – sometimes uncertain – future. In the 
daily political discourse, long-term goals like 
adapting to climate change have to compete 
with more short-term topics like education, 
migration and access to day care. How much 
money can and should we invest in climate 
adaptation today? In the context of estimat-
ing costs and assessing potential benefits, 

“THE ANSWER TO THE QUESTION OF 

HOW MUCH MONEY WE SHOULD SPEND 

ON CLIMATE PROTECTION”

Bremen and Bremerhaven plan to soon release a new climate 
change adaptation strategy, which addresses, e.g. protective 
measures for flooding and heat waves. REKLIM experts helped 
the authorities define the respective measures. Dr Christof 
Voßeler, Policy Advisor to the City of Bremen’s Senator for 
Environment, Urban Development and Mobility, explains why 
cooperating with external experts is so important.

external expertise is tremendously important, 
as it provides a sound basis for meaningfully 
weighing the options.

The ‘scientific community‘ and the ‘state‘ 
are two different worlds. How well does the 
communication work?
Amazingly well! I first learned about REKLIM 
from its 2015 conference here in Bremen, 
and I was immediately impressed by how 
clear and practice-oriented the presentations 
were. This eventually resulted in much closer 
contact. That being said, in some ways we 
do think along different lines than research-
ers. For example, researchers try to estimate 
how much the sea level will rise by – and 
provide a range of potential values. We also 
focus on the consequences and feasibility 
of specific measures and ask ourselves how 
long they can deliver the desired type and 
level of protection. In addition, aspects like 
the point at which a given measure needs to 
be implemented can’t simply be determined 
on the basis of scientific data. But by now, 
each of the two groups is fairly familiar with 
how the other thinks.

Dr Christof Voßeler
Policy Advisor for Climate Change 
Adaptation & Offshore Wind 
Energy to the City of Bremen’s 
Senator for Environment, Urban 
Development and Mobility

M 
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have arrived at these results,” claims Achim 
Brauer from the GFZ. “Thanks to the work
shops, we have the chance to get to know 
other researchers and what they’re working 
on. Moreover, the initiative creates a sense 
of purpose that truly promotes collaboration; 
we have a concrete shared mission, which is 
a bit different than sharing a cup of coffee 
and talking about ‘maybe doing some work 
together someday.’”

Comprehensive approach to regional 
climate change 
In terms of its scope and collaboration be
tween different disciplines, REKLIM covers an 
enormous spectrum of topics. Two exam
ples: in connection with the topic ‘Coupled 
Modelling of Regional Earth Systems‘, the re
searchers are working to develop new meth
ods that will allow them to more accurately 
model the regional effects of global climate 
change. In turn, the experts working on the 
topic ‘Modelling and Understanding Extreme  
Meteorological Events‘ are exploring ex
treme weather events like hailstorms, which 
can produce insurance claims amounting to 
billions of euros – by harming or destroying 
solar parks, glass roofs, or agricultural crops. 
One of the key questions is how to adapt if 
these extreme events become more frequent. 

“In terms of the diverse range of regional  
climate aspects that the network address
es and combines, it’s unique in Europe,” says 
Klaus Grosfeld. 

Sharing advances with the public
Further, investigating regional climate change 
is also – and especially – interesting because 
it directly concerns people’s daytoday lives. 
Accordingly, one of REKLIM’s objectives is 
to share the latest advances with the pub
lic – e.g. through the project ‘klimafit (fit for 
the climate)‘, which was jointly launched by  
REKLIM, the WWF and the regional educa
tional institutions fesa e.V. and ifpro in March 
2017. According to Dr Renate Treffeisen, 
 klimafit Coordinator at REKLIM and Head of 
the AWI’s Climate Office for Polar Regions and 
Sea Level Rise, “The project is intended to 
disseminate experts’ knowhow to multipliers  –  
 architects, farmers, urban planners, teachers, 
or municipal climate protection managers –  
through courses offered at community colleg
es.” In addition to fundamental information on 
climate change, the courses also offer sug
gestions on how people living in the respec
tive region can adapt to it. “To date, this is 
the first project of its kind in Germany,” says 
Bettina MünchEpple, Head of Education  
at the WWF Germany. “The course draws heav

The number of times the website 

meereisportal.de was accessed 

between 1 January 2015 and  

31 December 2017 - and the number 

is on the rise. The sea ice portal is 

a knowledge transfer product of 

REKLIM and helps to disseminate  

expertise to the general public. Pro-

viding the latest data on the status 

and extent of sea ice in the Arctic 

and Antarctic, it is equally popular 

with private users and researchers.

343 296
TIMES

DR RENATE TREFFEISEN
Head of the Climate 

Office for Polar Regions 
and Sea Level Rise

„I’ve been working for several years, both 
in connection with the climate sciences and 

the REKLIM research initiative, in the area of 
knowledge transfer – which is to say, on the 

border between science and society. This work 
is so important because it helps to make our 

research findings available to and understand-
able for various actors. What I find fascinating 

about my work is the diversity of both the 
topics and the people we jointly develop  

proj ects with, not to mention the enthusiasm 
and passion they bring to our scientific work.“
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long cold phases that were rapidly replaced 
by warm ones, until the glacial period finally 
began, covering huge regions of the Northern 
Hemisphere in ice. 
Further, comparing data from marine sedi
ment, lake sediment and ice shows that  
during these abrupt transitions, there were 
also significant changes in ocean currents 
and the atmosphere throughout the Northern 
Hemisphere. “Without REKLIM, we could never 
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IN BRIEF
 › In the REKLIM initiative, experts from nine 

Helmholtz Centres and several universities 
are working together to assess the conse-
quences of climate change for regions in 
Central Europe and e.g. the Arctic. 

 › One of the REKLIM initiative’s greatest 
strengths is its interdisciplinary and 
cross-centre approach. At joint events and 
workshops, researchers with a diverse 
range of backgrounds can exchange notes, 
often yielding new answers to central 
scientific questions. 

 › REKLIM experts consider it their duty to 
share their expertise with society – e.g. 
through consulting, public climate courses, 
or online info-portals.

ily on the ‘blended learning’ concept. In other 
words, we not only work with instructors in 
the classroom, but also with climate experts 
who can contribute by video livestream.” This  
direct communication between the partici
pants and researchers make the course espe
cially appealing. “klimafit” is currently being 
rolled out in six municipalities across south
west Germany, a region that is already feel
ing the effects of climate change. “In some 
regions of BadenWürttemberg, the average 
temperature has risen by more than 1.5 de
grees,” says Bettina MünchEpple. As she ex
plains, this affects agriculture; further, the 
number of extremely hot days has increased, 
as has the frequency of storms and heavy 
rains. “Last year we tried out the course on a 
pilot basis in the city of Emmendingen, near 
Freiburg. The response was so overwhelm
ingly positive that we’re now confident of the 
project’s success,” stresses Renate Treffeisen. 
The goal for the next few years is to gradu
ally establish the courses in further regions 
of Germany. “Essentially, we hope to create a 
snowball effect,” says Klaus Grosfeld, “so the 
topic of climate change reaches every corner 
of society. A welcome sideeffect: this will 
show the researchers contributing to REKLIM 
just how important their work is.” 

CLIMATE CHANGE NEEDS PLENTY 
OF VENUES
When it comes to getting people living in various 
cities and communities interested in the changes 
on their doorstep, the team at REKLIM’s manage-
rial office has a number of tricks up its sleeve, 
like showing films at the Berlinale, implementing 
media projects together with students, providing 
information for political decision-makers, and 
working with project partners to offer “klimafit” – 
a community college course intended for anyone 
who wants to know what the future holds in 
terms of the climate.
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works

When water evaporates or 
condenses, the ratio of water 
isotopes changes. For examp-
le, precipitation contains more 
heavy water isotopes at low air 
temperatures than at higher 
ones. This temperature-depen-
dency on the part of the water 
isotopes ratio is preserved in 
climate archives such as ice 
cores and can still be found 
even after thousands of years.

Water isotopes are water molecules whose 
atoms have the same number of protons but 
differing numbers of neutrons. Climate 
researchers measure the amount of water 
isotopes that – compared to the normal 
“light” water isotope (H2

16O) – have two 
additional neutrons in the nucleus of 
the oxygen atom (H2

18O) or one 
additional neutron in the nucleus of 
the hydrogen atom (HD16O). 
However, these two types of “heavy” 
water isotopes are extremely rare.
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Ice cores are made of snow that fell in the past. 
Scientists analyse the isotope ratio for each layer of 

snow or ice and determine the temperature for the respec-
tive period. In this way, they are able to show the change 
between warmer and colder climate periods over the last 
800,000 years.  

Ice in frozen ground can be found in permafrost 
regions and is formed, among others, as ice wedges. 

Their ice consists of re-frozen snowmelt water. Therefore, 
the wedges’ water isotope ratios represent the winter tem-
peratures at the time of freezing. The curve below shows 
temperatures in Siberia, covering the last 8,000 years.

Microfossils such as foraminifera or diatoms store 
the isotope signal in their shells. Geologists search for 

these shells on the ocean floor, as they allow them to recon-
struct water temperatures or the Earth’s global ice volume 
for many millions of years. 

Some climate models are 
not only able to simulate 

temperature and precipitation but 
also the isotope ratio of rain and 
snow. Comparisons between the 
outcomes of models and measured 
data from ice cores, frozen ground 
and microfossils 
can yield a better 
understanding of 
these isotope 
records. 
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Decoding the Earth’s climate history
Water isotopes

Decoding the secrets of our climate’s past is one of the greatest challenges for 
modern climate research, because reliable thermometers have only been around 
for the last 300 years. AWI scientists use water isotopes as climate tracers. Their 
prevalence helps us to reconstruct temperature, precipitation and ice volume for 
millions of years.
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SEA LEVEL RISE

MELTING ICE
FLOODED 
SHORES

The global sea level is current
ly rising by ca. 3.1 centimetres 
per decade – a change that 
especially the inhabitants of 
flat islands and coastal regions 
like here on the Philippines 
can already clearly feel.
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Which islands and coast-

al regions of our planet 

will remain inhabitable 

in the future primarily 

depends on the inten-

sity of ice mass loss 

in Greenland and the 

Antarctic. AWI research-

ers are currently using 

satellites to determine 

the status of these ice 

sheets. Making accurate 

forecasts remains  

difficult, as the sea 

level isn’t rising at the 

same rate in all parts  

of the globe.

Author: TIM SCHRÖDER

land and the Antarctic are having a notice
able effect on the Earth’s gravitational field,” 
says Sasgen. “When the ice melts, the field 
becomes weaker. The GRACE readings can 
tell us whether and where, the ice shields 
are generally growing or shrinking.” As we all 
know, every planet produces an attracting 
force: its gravitational field. The strength of 
the field depends on the mass of the plan
et. But, unlike a billiard ball, the mass of the 
Earth is not equally distributed in its interior. 
And on the planet’s surface, too, masses are 
constantly being redistributed – e.g. the sea
water is moved by the tides. Tom and Jerry 
are capable of measuring all these differences. 
The two satellites fly together at a distance of 
roughly 200 kilometres, using a microwave ra
dar system to accurately track their distance. 
When the first satellite flies over an area with 
stronger gravity, the field exerts an extra   

In the scientific community, they are affec
tionately referred to as Tom and Jerry, be
cause one seems to always be chasing the 

other but never actually catches it. Tom and 
Jerry are two satellites that circle the Earth 
at an altitude of 450 kilometres; they com
plete a full orbit in just 90 minutes. Deployed 
in 2002, Tom and Jerry form the core of the 
GermanAmerican satellite mission GRACE, 
which stands for ‘Gravity Recovery And  
Cli mate Experiment‘. As the name implies, 
the two satellites’ task is to measure Earth’s 
gravitational field – every month. For AWI 
geophysicist Dr Ingo Sasgen, the GRACE 
data is essential. He is currently working 
to determine the status of the major ice 
sheets on Greenland and in the Antarctic – 
and  above all, how quickly they will retreat 
due to climate change, causing the sea level 
to rise. “Changes in the ice masses in Green
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pull; this temporarily increases its speed, and 
the distance between it and the second sat
ellite grows larger. This deviation can tell us 
how strong the gravitational field fluctuation 
is in the respective area. According to Ingo 
Sasgen, “Despite the considerable distance 
from the Earth, GRACE delivers very precise 
readings. In fact, we can even tell how much 
the gravitational field of the Amazon basin is 
strengthened by the additional weight of the 
rainwater during the rainy season.”

Greenland is now producing less new 
ice than it’s losing 
As such, it’s hardly surprising that Greenland’s 
ice masses also have a distinct  gravitational 
fingerprint. After all, roughly 500 billion 
tonnes of snow fall there every year. In the 
past, much of the snow remained on the 
ground, even on the outskirts. It then be
came compressed and added to the ice. “But 
over the past 20 years, we’ve seen a clear 
trend: Greenland is losing significantly more 
ice than it’s gaining through new snowfall –  
most recently, roughly 250 billion tonnes 
per year,” explains Ingo Sasgen. That’s trou
bling news, because if Greenland’s ice melt
ed completely, the global sea level could rise 
by up to seven metres. “That being said, the 
seven metres are based on the total volume 
of Greenland’s ice sheet. In past interglacial 
periods, Greenland always retained some ice. 
As such, we assume that it won’t lose the 
entire mass,” stresses the AWI researcher. “In 
addition, the rise in sea level can differ sub
stantially from region to region.” Here, too, 
the Earth’s gravitational field is an important 
factor: the seawater is currently being pulled 
at by the gravitational field of the major ice 
masses in Greenland and the Antarctic, similar 
to how the moon drives the tides. Should the 
ice melt, this pull would weaken; as a result, 
the sea level in both regions would actually 
drop in comparison to the global level. “These 
regional phenomena are often overlooked in 
discussions about the rising sea level,” claims 
Ingo Sasgen. To better understand today’s 
situation, the AWI researcher is taking a look 
back in time and investigating the formation 
and loss of glaciers during past glacial pe
riods. He is also a specialist for postglacial 

rebound, a longterm phenomenon produced 
by the Earth’s glacial history: “For example, 
during the last glacial period, roughly 20,000 
years ago, North America was covered by a 
three to four kilometrethick ice shield, and 
its tremendous weight caused the entire land
mass under it to sink. The melting of these 
ice masses alone produced a global sealevel  
rise of approximately 80 metres,” says Ingo 
Sasgen. Today, North America is rising by  
circa one centimetre per year, because the 
land mass is still adjusting to the loss of its 
ice shield.

Water masses can be redistributed 
over great distances
When, where and how quickly the sea level  
changed in the past is something that re
searchers can now glean from sediment 
samples, because in regions covered by wa
ter, the symbiotic communities of freshwater 
organisms were replaced by those consisting 
of saltwater organisms – and their remains 
can still be found in the soil today. But the 
most interesting thing about the loss of gla

ciers back then: the melting of ice masses  
in the Northern Hemisphere produced rising 
sea levels, especially in the Southern Hem
isphere. “These remote effects depend in 
part on gravitational field changes during 
the melting,” says Ingo Sasgen. “With the 
melting of the glaciers, the gravitational 
pull over North America became weaker. As 
a result, the water masses were essentially 
redistributed to other bodies of water, cov
ering great distances.” The patterns of this 
distribution are a bit like a fingerprint – they 
can be used to identify the waters’ source 
regions. As a consequence, he expects to see 
similar phenomena in the event that the ice 
in Greenland or major parts of the Ant arctic 
melts: the melting in Greenland would most 
likely contribute to rising sea levels in the 
Southern Hemisphere, while the loss of ice 
in the Antarctic would predominantly  affect 
the Northern Hemisphere. 
But that’s only part of the story. “There are so 
many factors that influence the sea level that 
making reliable predictions is still extremely 
difficult,” says Ingo Sasgen. His AWI colleague 
Dr Klaus Grosfeld agrees, adding: “Another as
pect is the fact that minor changes can have 
major repercussions.” For example, if the tem
perature of ocean currents in the Antarctic 
Ocean changed by only a few tenths of a de
gree, it could produce widespread reactions in 
Antarctic ice masses. The glaciers’ flow speed 
would then increase due to melting ice    

of the current sea level rise is 

not produced by the melting of 

glaciers and ice sheets, but by the 

thermal expansion of seawater. 

The reason: since 1971, our 

oceans have absorbed roughly 

90 percent of the additional heat 

trapped by the greenhouse effect – 

and since water, just like mercury, 

expands when it becomes warmer, 

the sea level automatically rises.
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To better predict future water levels and their effects on coastal regions, climate researchers are now 
exploring how the sea level changed in the past – for example, roughly 130,000 years ago, when the 
Earth was as warm as the estimated temperatures for the end of the 21st century. One thing is clear: 
since humans became sedentary, the sea level has never risen as much 
and as quickly as it is rising now.
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IN BRIEF
 › The gravitational fields over the Antarctic 

and Greenland are changing with the mass 
of ice weighing them down. Satellites can 
measure these gravitational fluctuations 
precisely.

 › The melting of Greenland’s and Antarctica’s 
ice sheets will be the main motor of future 
sea level rises. However, sea levels will rise 
very differently in different parts of the 
globe.

 › To make accurate forecasts, various meas-
uring methods have to be combined and 
integrated into improved mathematical 
models.

shelves, and more inland ice would be trans
ported out to sea, as indicated by both cli
mate models and historical climate data. For 
Western Antarctica, a current hotspot for 
ice loss, this interrelation has already been 
soundly verified with the help of satellite 
observations. In response, Ingo Sasgen and 
Klaus Grosfeld are now working with their 
colleagues to develop powerful mathemat
ical climate models that attach more impor
tance to this type of phenomena. Their goal: 
a highresolution regional forecast of how 
much the sea level will actually rise along 
various coastlines. Since the most important 
contributing factor will naturally be the melt
ing glaciers, it’s especially important to esti
mate this melting as accurately as possible. 
Accordingly, Ingo Sasgen is not solely rely
ing on the data produced by GRACE; he and 
AWI glaciologists are also drawing on read
ings from ESA satellites like CryoSat2, which 
uses radar to precisely measure the height of 
icecovered areas. For example, if the surface 
of the Greenland ice sheet sinks considera
bly, it tells us that the sheet has lost ice. He 
also integrates the results of climate simula
tions, which e.g. use meteorological data to 
determine how much snow and ice form in 
the polar regions, and how much melts. “Every 
method has its own strengths and weakness
es, which is why we combine all three,” says 
Ingo Sasgen. And this approach has paid off! 
In 2012, Ingo Sasgen and his international 
colleagues were the firstever working group 
to publish an article comparing the use of all 
three methods for individual regions in Green
land. What they found: the methods dovetail 
nicely, with each helping to compensate for 
the weaknesses of the others. For example, 
GRACE can only determine whether there is 
ultimately more ice or less ice; it can’t tell re
searchers whether a massive loss of ice is 
due to a lack of precipitation or a warm air 
intrusion from the Subtropics. Further, a ge
ological phenomenon from the past has to be 
taken into account when analysing the GRACE 
data: as mentioned above, heavy glaciers can 
cause landmasses to sink. Once the ice melts, 
the landmass begins to rise again – a process 
that can continue for hundreds or thousands 
of years after the ice has disappeared. That’s 

what we’re now observing in North America, 
which is also strengthening the local gravita
tional field. But in Greenland and the Antarctic, 
too, the land is rising on a major scale, since 
the ice sheets are now substantially smaller 
than in the last glacial period. Accordingly, this 
postglacial rebound phenomenon also has to 
be taken into account when calculating the 
melting on Greenland and in the Antarctic. 
Plus, a second problem arises in connection 
with analysing the CryoSat2 data: depending 
on the respective layers of ice and snow, the 
radar signals penetrate to different depths, 
which introduces an element of uncertainty 
to the data on the ice’s height. And mathe
matical models are only ever as good as the 
data fed into them. “By combining all three 
methods, we can now analyse the ice mass 
balance for Greenland and the Antarctic much 
better than we could just a few years ago,” 
says Ingo Sasgen.

A successor to GRACE 
But that’s not all: in 2018 the World Climate 
Research Programme will launch a new proj

ect in which researchers from around the 
globe will painstakingly analyse and compare 
GRACE readings and data from the radar sat
ellites. They will also investigate how much 
each region contributes to rising sea levels, 
and what the role of postglacial rebound is in 
the overall balance. The timing is good, since 
NASA and the German Research Centre for 
Geosciences (GFZ) has scheduled a GRACE 
successor mission for spring 2018. The AWI 
has helped cover the costs of the launch vehi
cle and is currently collaborating with the GFZ 
to optimise the data. An important technical 
innovation is the improved system for meas
uring the distance between the satellites; a 
laser connection will allow the gravitation
al field to be measured more precisely. The 
goal of the participating AWI researchers is 
clear: Ingo Sasgen and Klaus Grosfeld want a 
tool that perfectly combines all three meas
uring methods, and one that allows them to 
monitor the status of the ice in realtime – in 
other words, essentially a remote diagnos
tics programme for the polar regions that also 
supplies the meteorological or climatic caus
es of changes as they occur. “The plan is to 
also make it freely accessible,” explains Klaus 
Grosfeld, “Whoever want to, can check in at 
any time to see the current state of the ice 
mass balance in the polar regions, and what 
effect it has on the sea level.” 

Heavy glaciers  

can cause landmasses  
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melts, the landmass  
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During his expeditions to the Green
land ice sheet, AWI glaciologist  
Dr Coen Hofstede is time and time 
again witness to the ongoing changes. 
For example: in summer the surface of 
the ice sheet melts so intensely that 
the meltwater forms rushing streams 
as it flows out to sea.
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