. Jeest Bundesministerium
Universitit Augsburg O S Qe 5335 B | S
oiyaerfAipgeVWe ) T TR, 0 B EREL6 LT Y L BB EEEOAA T TN A e ul ul I I
Institut fiir Geographie
Umweltinstitut

Indoor and outdoor ambient air temperatures during
summer 2019 in Augsburg, Germany

Christoph Beck *, Marisa Fritsch*, Marco Linder*, Johanna Volkel*,
Sabrina Beckmann?, Michael Hiete?,
Klaus Martin?®,
Andreas Repper?,
Michael Schneider’

1 University of Augsburg, Institute for Geography
2 University of Ulm, Department of Business Chemistry
3 SLU Sachverstandigenburo fur Luftbildauswertung und Umweltfragen
4 City of Augsburg, Environmental Agency
5 bifa Environmental Institute, Augsburg

The research project Abc — Augsburg bleibt cool is financed by the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU)
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Background — the Abc Project

Related to recent and future climate change an increase in frequency and intensity of
heat waves is expected for Germany (e.g. Zacharias et al. 2014). In particular for
urban areas a distinct vulnerability against such events has to be stated. However,
depending on the specific urban structural characteristics also intra-urban variations
concerning the potential thermal load have to be taken into account (Straub et al.
2018).

Within the framework of the interdisciplinary research project Abc (Augsburg bleibt
cool — Augsburg stays cool) — funded by the German Federal Ministry for
Environment, Nature Conservation and Nuclear Safety — it is intended to detect and
guantify urban thermal hot-spots with respect to outdoor and as well indoor air
temperatures in the city of Augsburg (Bavaria, SE Germany). The knowledge of such
spatiotemporal patterns of thermal and especially heat-stress exposure are an
indispensable basis for any further aspired local climate modeling and adaptation
studies.
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Temperature Measurements in Summer 2019

The summer of 2019 featured significantly too warm conditions in Germany during all
summer months (e.g. Matzarakis et al. 2020). This included several distinct warm
episodes and heat waves, the most pronounced of these appearing around end of
July.

Air temperature at the official DWD-station Augsburg-Muhlhausen
Hourly data from June — September 2019
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Temperature Measurements in Summer 2019

The summer of 2019 featured significantly too warm conditions in Germany during all
summer months (e.g. Matzarakis et al. 2020). This included several distinct warm
episodes and heat waves, the most pronounced of these appearing around end of
July.

Air temperature at the official DWD-station Augsburg-Mthlhausen
Hourly data from July 21 — July 29 2019
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Temperature Measurements in Summer 2019

To record thermal indoor conditions, in June 2019 around 500 low-cost thermometers
and around 50 thermo-hygrometers have been distributed among residents of the
central city parts of Augsburg to record ambient indoor temperatures during summer.
As high indoor air temperatures are suspected to be health relevant in particular
during night (e.g. Anderson et al. 2013), participants placed the thermometers in their
bedrooms.

Outdoor temperature and humidity have been recorded simultaneously by an already
existing comprehensive urban climate measuring network (Beck et al. 2018).

Temperaturmessaktion des Projektes Abc
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Temperature Measurements in Summer 2019

Indoor temperature measurements have been performed in different parts of

Augsburg. Focusing on Local Climate Zone categories Compact Mid Rise, Open Mid

Rise and Open Low Rise and covering urban neighbourhoods with different
characteristics concernlng bundlng age etc.
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Temperature Measurements in Summer 2019

Indoor temperature measurements have been performed in different parts of
Augsburg. Focusing on Local Climate Zone categories Compact Mid Rise, Open Mid
Rise and Open Low Rise and covering urban neighbourhoods with different
characteristics concerning building age etc

Temperature Logger

I Elitec-Logger

o = a : et . / J :. : i ; v HDbO-LDgger




s by o s 1 S, iy went op Sudehiun Wi 85 sy b
LN D\ it &0 uulm E]I] A bifa "
Temperature Measurements in Summer 2019

Indoor temperature measurements have been performed in different parts of
Augsburg. Focusing on Local Climate Zone categories Compact Mid Rise, Open Mid
Rise and Open Low Rise and covering urban neighbourhoods with different
characteristics concerning building age etc.

Local Climate Zones

Compact Mid-Rise
Open Mid-Rise
Open Low-Rise
R Large Low-Rise
3 I Dense Trees
' Scattered Trees
Low Flants
Bare Soil or Sand
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Temperature Logger
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Results

Indoor temperature measurements are available for 554 temperature loggers.

Hourly mean indoor temperature for June — September 2019
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Results

Indoor temperature measurements are available for 554 temperature loggers.
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Air Temperature [°C]
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Hourly mean indoor temperature for July 24 — July 26 2019

Logger Temperature
Logger Mean

——  Mean -/ Mean + Standard Deviation
1st/99th Percentile

=====_maximum indoor air temperature (26°C) recommended for susceptible groups
according to the ,Heatwave Plan for England“ (Public Health England 2015)
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Results

Differences of indoor temperatures between Local Climate Zones.

July Heatwave

Distribution of Loggers
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measurements for LCZ categories e I
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= Daily mean indoor temperatures

g (June — September 2019)
: grouped according to LCZ categories
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Results

Differences of indoor temperatures between Local Climate Zones.

July Heatwave

Significance of differences between LCZs i :
(p-values from a pairwise Wilcoxon test) 30 -
Compact Mid-Rise Open Mid-Rise Open Low-Rise é 27 - - | E
Open Mid-Rise 0.0577 1 : —
Open Low-Rise 0 0.0078 S e
Large Low-Rise 0.437 0.2311 0.0329 22 o
20 4 o
June - September 8 i
Significance of differences between LCZs .| . . Daily mean indoor temperatures
(p-values from a pairwise wilcoxon test) K ‘“‘ o - (July 24 - July 26 2019)
Compact Mid-Rise Open Mid-Rise Open Low-Rise i = i ‘ E grouped according to LCZ Categories
Open Mid-Rise 0.1105 - - -
Open Low-Rise 5e-04 0.0164 {
Large Low-Rise 0.1105 0.0587 0.0071 1 I T T Daily mean indoor temperatures
g (June — September 2019)

grouped according to LCZ categories
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Differences of indoor temperatures between Local Climate Zones.

June - September

50

Significance of differences between LCZs

(p-values from a pairwise Wilcoxon test) 40
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Differences of indoor temperatures (July heatwave) related to building/apartment

characteristics.
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Building Type
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Differences of indoor temperatures (July heatwave) related to building/apartment
characteristics.

Air Temperature [°C]

Air Temperature [°C]
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Results

Indoor temperatures in different apartments of one smgle bUIIdlng
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Indoor temperatures in different apartments of one single building

Bedroom temperatures (15min data) in different apartments in the same building
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2nd floor (attic)

°C

w0 | \ | | |l l
m i I i - y l i
™ k..“‘,. ,J.,lil‘_u. "'I.l | HH‘N[ ILI- b TR )
m“ st b '
A O
=T
od
| | 1
Jul Aug Sep

2019

17/ 20



Bundesministerium
e R
Universitit Augsburg .\ Stadt Augsburg b|fa 1! fr U, Nturschtz
nstitut fiir Ge
It Umweltinstitut

e During summer 2019 around 550 low cost temperature loggers have been
distributed among residents in the city of Augsburg

» Resulting indoor temperature measurements reach values exceeding 35°C

« and document several days featuring a potentially health relevant thermal load
(daily minimum temperature above 26°C)

 Indoor air temperatures — and the number of threshold exceedances — show a
clear-cut connection to urban structure (Local Climate Zones)

« and as well to some building characteristics (e.g. floor, building age),

« which is partly in line with previous studies (e.g. Franck et al. 2013) which were
mostly based on less comprehensive data

 Indoor air temperatures reached their maximum during a short heat wave end of
July

» During this period also the effects of urban structure and building characteristics
appear to be most pronounced

« Our preliminary results emphasize the relevance of the urban environment for
Indoor temperatures and thus the need for taking into account these effects in any
strategies for urban climate change adaptation

18/ 20
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In the framework of the Abc-project the here presented work will be complemented in
several ways.

« Extended analysis of indoor temperature measurements concerning:
 diurnal variations of environment/building effects on indoor temperatures

« Consideration of effects not taken into account so far (e.g. exposition of
windows, approx. duration of insolation, ...)

« Comparison of indoor temperatures with nearby outdoor temperatures

 Statistical and numerical model studies including:
* Numerical ENVImet based simulations of different adaptation measures

 Statistical modeling of the 3-dimensional temperature distribution based on
remote sensing data

» Studies focusing on aspects like heat risk perception among urban citizens
(Beckmann & Hiete 2019)

19/20
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» Anderson (2013): Defining indoor heat thresholds for health in the UK. Perspectives in Public Health 133: 158-164.

» Beck C., A. Straub, S. Breitner, J. Cyrys, A. Philipp, J. Rathmann, A. Schneider, K. Wolf, J. Jacobeit (2018): Air temperature
characteristics of Local Climate Zones in the Augsburg urban area (Bavaria, Southern Germany) under varying synoptic
conditions. Urban Climate 25: 152-166.

« Beckmann S. K., M. Hiete (2019): Predictors Associated with Health-Related Heat Risk Perception of Urban Citizens in
Germany. Int. J. Environ. Res. Public Health 17: doi:10.3390/ijerph17030874

* Franck U., M. Kriger, N. Schwarz, K. Grossmann, S. Rdder, U. Schlink (2013): Heat stress in urban areas: Indoor and
outdoor temperatures in different urban structure types and subjectively reported well-being during a heat wave in the city of
Leipzig. Meteorologische Zeitschrift 22: 167-177.

» Matzarakis A., G. Laschewski, S. Muthers (2020): The Heat Health Warning System in Germany—Application and Warnings
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