
 

Researcher considers structural measures to
protect cities from extreme heat events

July 21 2017, by Fabio Bergamin

  
 

  

ETH Professor Jan Carmeliet. On hot days, temperatures are particularly high at
Zurich’s main station (in the background) and along the railway tracks. Credit:
ETH Zurich / Peter Rüegg

Together with scientists from Empa, ETH Professor Jan Carmeliet
studied the latest heatwave last June. ETH News asked him where is the
most pleasant place to be in Zurich in summer, and which structural
measures should be taken to protect cities from extreme heat events.

ETH News: Professor Carmeliet, why are cities so
much hotter than the countryside during the
summer?

1/6



 

Jan Carmeliet: Cities are made with a lot of concrete and asphalt. These
materials are relatively dark and are particularly effective at absorbing 
solar radiation; they warm up during the day and store the heat. At night,
buildings and streets then act as radiators, releasing the heat stored
during the day and heating up the environment. Buildings in cities also
block the wind, and cities contain less vegetation than the countryside.
Wind by removal of hot air and plants that evaporate water have a
cooling effect.

Together with scientists from Empa, you examined
the latest heatwave at the end of June in Zurich. How
much warmer was the city?

The city-countryside difference – in science we speak of urban heat
island intensity – amounted to 6 degrees at night on the 22 June in
Zurich. We had high levels of solar radiation during the day before. The
night was then cloudless, which meant that in the countryside, a lot of
heat escaped and the air cooled down. In the city centre, however, the
buildings and streets radiated a lot of heat, so the night-time cooling was
much more limited. Six degrees is a high value – during the summer
2015 heatwave, the city-countryside difference only reached a maximum
of 4.5 degrees.

You used a computer simulation to model temperatures for Zurich
at high resolution. Where was it hottest in Zurich during the most
recent heatwave?

It was hottest near the main station and along the railway tracks. The
dark tracks and dark gravel absorbed a lot of heat. It was also very hot in
Unterstrass and between the Letzigrund stadium and Altstetten.

And where were the most pleasant temperatures?
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Near the lake – in Seefeld, Bürkliplatz and Enge – the night
temperatures were lower. The air circulation brought cooler air from the
lake into the city. Temperatures were also pleasant in Hirslanden and
Schwamendingen, which benefited from winds coming down from the
Adlisberg and Zürichberg hills.

  
 

  

Modelled air temperatures at two metres above ground on 22 June 2017 at 6am
in Zurich. Largest building below the centre of the image: Zurich main station.
Yellow open space at the bottom: Lake Zurich. Credit: Empa / ETH Zurich /
Gianluca Mussetti

What do you hope to achieve with this computer modelling?

3/6



 

We want to better understand heatwaves in cities at local scale. Since it
is not practical to cover a whole city with a very dense network of
temperature measurement stations, we are working with simulation
models. We use the measured temperature and wind values from
weather stations as boundary conditions and then calculate the 
temperature for Zurich and its surroundings to a resolution of 250
metres. For the simulation, we supplemented an existing weather model
with information on buildings, the materials used and vegetation. We can
also use such models to examine the influence of heat waves on the
health and wellbeing of the city's inhabitants – because they do have a
big influence. Many elderly and sick people have trouble with extreme
temperatures. Their metabolism adapts slowly, if at all, to high
temperatures.

By the end of this century, climate scientists are
predicting that we should expect a significant increase
in extreme heat levels, particularly in southern
Europe but also in Switzerland. Do we have to stop
making our cities so dense?

When we increase the density of our cities, we have to do it intelligently
and allow air to circulate. City blocks with an enclosed courtyard without
vegetation or shade result in local hot spots. Cities should include
ventilation lanes. And it is important, for example, to build more openly
around lakes and other water bodies. Closed rows of buildings along the
shore prevent cooler air from flowing into the city.
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Modelled air temperatures two metres above ground on 22 June 2017 at 4pm in
Zurich. Credit: Empa / ETH Zurich / Gianluca Mussetti

In your research, you also deal with the question of how we can
better protect our cities from more frequent heatwaves. What
options are there?

Urban infrastructure cannot be easily changed, but measures could be
implemented at hotspots. Introducing shade and cooling with water are
both efficient measures. Exposed roads could be shaded with textile
structures. Rainwater – from summer thunderstorms, for example –
could be stored locally and sprayed on hot days. As trees both provide
shade and evaporate water, they are also very efficient. There is also
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significant potential in the development of new building materials.

In what way?

Take road surfaces as an example: in Switzerland, many streets,
sidewalks and open spaces are paved with asphalt, which makes them
easy to maintain. However, asphalt also has a major downside, as its dark
colour makes it a very absorptive material for heat. It would be better to
have lighter and more porous surfaces that absorb water when it rains or
that can be irrigated. I deal with the development of such surfaces in one
of my research projects.
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