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ETH GLOBE 2/2015

Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
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density (yellow to red areas).

Daniel Graf Example 1. Introduction
ESA 2015

1

2 3

54

6 7
2

6

1

7
4

5

3

Steps: 3



HWZ. Weiterbildung  
@ its finest.

n MAS Business Analysis
n MAS Business Consulting
n MAS Business Engineering

n MAS Business Innovation
n MAS Project Management
n MAS Quality Leadership

Karrierebegleitend weiterbilden.  
An der Hochschule der Wirtschaftsmetropole. Direkt beim Zürich HB. 
Bis zu 100 % Arbeitstätigkeit möglich.

fh-hwz.ch/businessengineering

MAS ETH MTEC 35th Anniversary
We will celebrate our anniversaries with 
our alumni and current students

35 years MAS in Management, Technology, 
and Economics (NDS BWI)
10 years Department MTEC
10 years ETH Alumni MAS MTEC/BWI

Friday, June 26, 2015, 18:00 – 19:30 h
ETH Zurich, Main Building, Rämistrasse 101, 
8092 Zurich, Auditorium Maximum, F 30
Afterwards Apéritif in the Dozentenfoyer

Speakers
Prof. Dr. Roman Boutellier, Vice President Human Resources  
and Infrastructure

Prof. Dr. Michael Ambühl, Chair of Negotiation and Conflict 
Management, former State Secretary for Foreign Affairs, 
former State Secretary for International Financial Matters, 
Federal Department of Finance (DFF)

Prof. Dr. Hugo Tschirky, Professor Emeritus of Business 
Management

www.mas-mtec.ethz.ch →

150421_D-MTEC_Inserat_Globe_173x113_farbig.indd   2 04/05/15   16:49 7

ETH GLOBE 2/2015

Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED
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Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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at the proportion of all world extremes 
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more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
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more than half of global heat extremes 
and just under a fifth of extreme pre-
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greenhouse effect is increasing the 
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Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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Similarly, only a few genes regulating 
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Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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Not only that, but the rarer and more 
extreme a heat or precipitation event, 
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contribution to it. As global warming 
grows, world extremes of heat and 
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ly more frequent. At a temperature 
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pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome
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NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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ly more frequent. At a temperature 
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An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
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is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
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the more prominent the man-made 
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pect twice the number of extreme heat 
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but climate researchers are convinced 
that these figures – themselves the 
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of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
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tion gave the researchers an insight 
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frequency with which extremes occur. 
Not only that, but the rarer and more 
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pect twice the number of extreme heat 
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An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
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tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).

Daniel Graf Example 1. Introduction
ESA 2015

1

2 3

54

6 7

2

6

1

7

4
5

3

Steps: 10



HWZ. Weiterbildung  
@ its finest.

n MAS Business Analysis
n MAS Business Consulting
n MAS Business Engineering

n MAS Business Innovation
n MAS Project Management
n MAS Quality Leadership

Karrierebegleitend weiterbilden.  
An der Hochschule der Wirtschaftsmetropole. Direkt beim Zürich HB. 
Bis zu 100 % Arbeitstätigkeit möglich.

fh-hwz.ch/businessengineering

MAS ETH MTEC 35th Anniversary
We will celebrate our anniversaries with 
our alumni and current students

35 years MAS in Management, Technology, 
and Economics (NDS BWI)
10 years Department MTEC
10 years ETH Alumni MAS MTEC/BWI

Friday, June 26, 2015, 18:00 – 19:30 h
ETH Zurich, Main Building, Rämistrasse 101, 
8092 Zurich, Auditorium Maximum, F 30
Afterwards Apéritif in the Dozentenfoyer

Speakers
Prof. Dr. Roman Boutellier, Vice President Human Resources  
and Infrastructure

Prof. Dr. Michael Ambühl, Chair of Negotiation and Conflict 
Management, former State Secretary for Foreign Affairs, 
former State Secretary for International Financial Matters, 
Federal Department of Finance (DFF)

Prof. Dr. Hugo Tschirky, Professor Emeritus of Business 
Management

www.mas-mtec.ethz.ch →

150421_D-MTEC_Inserat_Globe_173x113_farbig.indd   2 04/05/15   16:49 7

ETH GLOBE 2/2015

Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
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ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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Extreme weather
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Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
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to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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also enables it to influence the paths of 
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An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
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more than half of global heat extremes 
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warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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rise of 2 degrees Celsius, experts ex-
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grees Celsius. Half a degree may seem 
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that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.
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Large literature on warehouse operation optimization
Rebalancing for bike sharing [2015, O‘Mahony et al.]
Sorting using a given set of possible swaps
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Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).

Daniel Graf Related Work 1. Introduction
ESA 2015

Large literature on warehouse operation optimization
Rebalancing for bike sharing [2015, O‘Mahony et al.]
Sorting using a given set of possible swaps
• swapping any pair [1849, Cayley]
• swapping adjacent pairs on a path [1973, Knuth]

• 2-approximation on trees [2014, Yamanaka et al.]
Recreational puzzles: Tait‘s Counter Puzzle [1890]
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ETH GLOBE 2/2015

Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.
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Definition: essential step
A step is essential, if it moves a box closer to its 
target position than it was in any previous state. 
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Definition: essential step
A step is essential, if it moves a box closer to its 
target position than it was in any previous state. 

Lemma: (Lower bound by essential steps)
Every sorting walk contains at least
                              steps.d(π) :=

�n
i=1 d(i,π(i))
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Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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We can always find a sorting walk of length 
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Proof:
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Remainder: How can we interleave the cycles to 
close this linear gap between the bounds?
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
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the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.
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NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
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contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).

Daniel Graf On Paths 3. On Paths
ESA 2015

Observation: Overlapping cycles can be sorted 
without non-essential steps.
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
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bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
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– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
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Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.
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appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).
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contiguous region. While dark matter 
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to observe its gravitation. This feature 
also enables it to influence the paths of 
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which is why images of distant galaxies 
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tion gave the researchers an insight 
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the more prominent the man-made 
contribution to it. As global warming 
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pect twice the number of extreme heat 
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but climate researchers are convinced 
that these figures – themselves the 
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make a huge impact on the frequency 
of extreme events.
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ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
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also enables it to influence the paths of 
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which is why images of distant galaxies 
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Bumblebee genome

FEW IMMUNE GENES
Research spearheaded by ETH has 
discovered the reasons behind bumble-
bees’ sensitivity to environmental 
pollutants such as pesticides. To do 
this, they unlocked the genome of two 
agriculturally important bee varieties 
– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
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pollutants such as pesticides. To do 
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– and found that only around 150 out 
of the 20,000 total genes are actually 
involved in the immune response. 
Similarly, only a few genes regulating 
body detoxification were identified.
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Similarly, only a few genes regulating 
body detoxification were identified.

Unlocking the  

bumblebee genome

Image sources: Sciencephoto; Vikram et al, 2015

NEW AND NOTED

Extreme weather

CLIMATE CHANGE 
LOOMS LARGER

Extreme weather events are still rare, 
making any localised changes in their 
frequency very difficult to prove statis-
tically. Collating data from every meas-
uring station around the world, on the 
other hand, makes the picture much 
clearer. The period since the 1950s has 
charted a global trend towards more 
frequent and intense extremes of heat, 
and the number of stations experienc-
ing a lean towards heavy precipitation is 
greater than those seeing the opposite.

Now, ETH Zurich climate scien-
tists in Reto Knutti’s team have looked 
at the proportion of all world extremes 
of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).

Daniel Graf Conclusion 6. Conclusion
ESA 2015

Contributions
• algorithm for shortest sorting walks on trees

implementation, visualization: dgraf.ch/treesort
• NP-hardness for sorting on planar graphs

Future Work
• problem variations like different start/end 

positions, carrying multiple items, multiple robots
• sorting problem on other graph classes
• cost functions considering the time for swapping
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of heat and precipitation that are at-
tributable to global warming. Their 
work has shown that it is spurring on 
more than half of global heat extremes 
and just under a fifth of extreme pre-
cipitation events today. It is not possi-
ble to pin any single event on global 

warming alone, but the man-made 
greenhouse effect is increasing the 
frequency with which extremes occur. 
Not only that, but the rarer and more 
extreme a heat or precipitation event, 
the more prominent the man-made 
contribution to it. As global warming 
grows, world extremes of heat and 
precipitation are set to become rapid-
ly more frequent. At a temperature 
rise of 2 degrees Celsius, experts ex-
pect twice the number of extreme heat 
events compared with a rise of 1.5 de-
grees Celsius. Half a degree may seem 
a miniscule difference at first glance, 
but climate researchers are convinced 
that these figures – themselves the 
subject of climate negotiations – can 
make a huge impact on the frequency 
of extreme events.

Dark matter distribution

NEW MAP
An international team including mem-
bers from ETH has succeeded in map-
ping dark matter over the largest-ever 
contiguous region. While dark matter 
is invisible, its mass makes it possible 
to observe its gravitation. This feature 
also enables it to influence the paths of 
galaxies – and the distribution of light, 
which is why images of distant galaxies 
appear slightly distorted. This distor-
tion gave the researchers an insight 
into how dark matter is distributed.

Galaxies (the grey spots here) tend to  
gather where dark matters is of a high 
density (yellow to red areas).

Thank you for
your attention!

Daniel Graf
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