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Introduction
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Motivation and background

More than 50% of people live in cities’
In Switzerland and EU the average is 70%’

Swiss cities are medium-small, near lakes/rivers and mountains
-> natural weather can have considerable effects on the heat island?:3

Several studies on individual cities*>° but no country wide analysis

1. United Nations. World Urbanization Prospects: The 2018 Revision. NewYork (2018).

2. Wanner H, Hertig JA. Studies of Urban Climates and Air Pollution in Switzerland. J. Clim. Appl. Meteorol. (1984)

3. Zhaoll, Lee X, Smith RB, Oleson K. Strong Contributions of Local Background Climate to Urban Heat Islands. Nature 2014

4. Christen A, Vogt R. Energy and Radiation Balance of a Central European City. Int J Climatol (2004)

5. Parlow E, Vogt R, Feigenwinter C. The Urban Heat Island of Basel — Seen from Different Perspectives. DIE ERDE - Journal of the Geographical Society of Berlin (2014)
6. AllegriniJ, Carmeliet J. Simulations of Local Heat Islands in Zirich with Coupled CFD and Building Energy Models. Urban Climate (2018)
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Numerical setup COSMO v6

JERA-5 data at hourly interval
JNest 1 at 11 km res. 10 years spinup
JNest 2 at 3.3 km res.

« Study domain at 1.1 km res. Monthly spinup
* 6 years: 01.01.2017—31.12.2022

1D turbulence parametrization (Raschendorfer)

Explicit convection

TERRA _URB + SURY urban parametrization’

100m global LCZ database?

— Municipality boundary

— City centre '
— Rural reference :
# Measurement stations [ #e

1. Wouters, H. et al.: User Guide for TERRA URB v2.2: The Urban-Canopy Land-Surface Scheme of the COSMO Model. (2017)
UX C I_ A | M 2. Demuzere, M. et al.: A global map of local climate zones to support earth system modelling and urban-scale environmental science. Earth Syst. Sci. Data 14, 3835-3873, (2022). 4



Validation

Hourly measurements from 156
automatic measurement towers
(MeteoSwiss): T, P, humidity, wind

2m TEMPERATURE

* The temporal variability is very well
captured

 Mean bias at some stations within
expected values’
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Urban heat island

Two-point-delta measures
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UHI: temporal dynamics

» Typical diel cycle:
min around midday
max during night-time

« Winter presents an early morning peak*?
* All cities present a cool island effect in summer

e Difficult to find features common across all
cities and seasons
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1. GarberoV et al. Evaluating the Urban Canopy Scheme TERRA_URB in the COSMO Model for Selected European Cities. Atmosphere (2021)
2. Roth M et al. Spatial and Temporal Characteristics of Near-surface Air Temperature across Local Climate Zones in a Tropical City. Int J. Climat. (2022)



UHI: temporal dynamics (2)

* Monthly variations are
relatively similar across
cities

 Yearly variations of the

mean value are almost
absent

sXCLAIM
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UHI histograms and extreme events

(a) (®)

—— Zurich
Geneva
Basel
Lausanne

Bern
Winterthur
Lucerne
—— St. Gallen
Lugano
Biel

nr. days / year

6 8

max(UHI)gay

« Zurich and Lausanne have only positive <UHI|>
* All cities present UHI ., exceeding 3°C
« Extreme values will increase more in cities’

yX C I_ A | M 1. LiD, Bou-Zeid E. Synergistic Interactions between Urban Heat Islands and Heat Waves: The Impact in Cities Is Larger than the Sum of Its Parts. J Appl Meteorol Clim. (2013) 9



Extreme events 2: tropical nights (T, = 20°C)
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« Connected with a change in the mortality rate in Switzerland’
« Lugano (south of the Alps) has more than 2x

 Highly influenced by local climate (e.g., Geneva Lausanne)

* Not connected to UHI intensity

yx C I_ A | M 1. RippsteinV, de Schrijver E, Eckert S, Vicedo-Cabrera AM. Trends in Tropical Nights and Their Effects on Mortality in Switzerland across 50 Years. PLOS Climate (2023)
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Urban heat island

Spatial maps
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Spatial maps
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« Geographical features can
be readily identified by steep
gradients (e.g., mountains)

» Clearly shows the spatial
nature of the phenomenon

 Highlights that downtown #
heat centre

Lucerne

<UHI> over the summer season (June, July, August). Blue=neg, Red=pos
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Discussion

About the influence of weather and bulk parameters
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UHI as a function of bulk parameters
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« Empirical relationships between UHI and geometrical parameters’-23
* Does not apply to any UHI measurement and any parameter investigated

1. Zhou B, Rybski D, Kropp JP. The Role of City Size and Urban Form in the Surface Urban Heat Island. Sci Rep (2017)
2. Zhao L, Lee X, Smith RB, Oleson K. Strong Contributions of Local Background Climate to Urban Heat Islands. Nature (2014)
yX C I_ A | M 3. Oke TR. Canyon Geometry and the Nocturnal Urban Heat Island: Comparison of Scale Model and Field Observations. J. Clim. (1981)



Summary and outlook

First comprehensive analysis over CH
Data publicly available for further analysis
Higher UHI effect than expected (more than 3°C)

Time- weather- and Clty -specific analyses are necessary, it makes little sense to
say, e.g., Bern’s UHIl is 2°C

Yearly variations are visible in extreme values, not so much in the mean
Spatial maps are necessary for meaningful analyses

e
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A Dlatter s
T —

Thank you for your attention

Any questions?
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Extra slides

wXCLAIM 17



URI histograms and dependence on weather
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Histograms of daily maximum UHI intensity for different weather conditions

As reported by Roth et al.', the local weather has a large effect on UHI magnitude

yX C I_ A | M 1. Roth M et al. Spatial and Temporal Characteristics of Near-surface Air Temperature across Local Climate Zones in a Tropical City. Int J. Climat. (2022) 18



Spatial maps
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« Geographical features can
be readily identified by steep
gradients (e.g., mountains)

» Clearly shows the spatial
nature of the phenomenon

 Highlights that downtown #
heat centre

Lucerne

<UHI> over the summer season (June, July, August). Blue=neg, Red=pos
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Spatial maps

Geneva
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Spatial maps
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Spatial maps

Lausanne
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Spatial maps
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Spatial maps
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Spatial maps
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Spatial maps
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Spatial maps

Biel
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