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1 ABSTRACT

The recently developed microscale model for urb@plieations PALM-4U was used to simulate the thdrma
variability in Vienna on different spatial scalesdao evaluate its ability to capture thermal cheastics in
real urban environment.

The model simulations cover the entire city of \fianwith a spatial resolution of 20 m. The statitada
related to geographical information and urban stftacture are based on GIS data provided by the cit
administration of Vienna, available as spatial iqulirpose maps (Flachen-Mehrzweckkarte - FMZKeedtr
tree cadastre, Digital Elevation Model and Digffairface Model, which were combined with the nationa
land cover data (Land Information System AustrialSA) to account for the unresolved vegetation and
Open Street Map to include building propertieshie surrounding region (Lower Austria) of the model
domain. The simulations were performed for a setbctear-sky hot day in August 2022.

The results for hourly air temperature were evadawith conventional weather stations of the naion
weather service and the city of Vienna and withliggzaontrolled data from citizen weather statidnem

the company NETATMO. The results show high intraaur variability during daytime, but distinct spatia
patterns at night with higher air temperatures fbhan regions. In addition, spatial patterns of atef
temperature were compared to remote sensing data ECOsystem Spaceborne Thermal Radiometer
Experiment on Space Station (ECOSTRESS) and wéhrthdelling results from previous studies, but with
coarser grid spacing (e.g. urban climate model MBAQ_3 with 100 m spatial resolution).

The results indicate that the microscale model PAMshows general agreement with observations aind i
able to simulate atmospheric processes in urbairmegHowever, during the night a strong tempegatur
inversion is present in the model, which can bateel to the choice of model configuration and nexgui
further investigations. The spatial patterns inamrpural temperature gradient are similar as fanrmbarser
scale model simulations and remote-sensing datt,shaw higher variation in surface temperature
amplitude.
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2 INTRODUCTION

Due to the modified energy balance in built-up emwment, urban areas are generally warmer than thei
surroundings (e.g. Oke, 2019; Oke et al., 2017gféett known as the Urban Heat Island (UHI), orf&ce
Urban Heat Island (SUHI), when surface temperataresconsidered. Building materials often have low
reflectivity, high heat capacity and thermal condty, which enhances the absorption of solar atidn
during the day and the excess heat is being sloglased during the night. Especially in denselit bu
areas, with lack of vegetation and appropriateilaitn, the heat is being trapped in street casydarge
water surfaces and green areas, usually providdatigg function in reducing the temperature exeem
through evaporative cooling and enhanced ventilatin case of water, and shading, in case of trees.
However, diversified relief, land use and land cavkcities, as well as characteristics of builtatpictures,
make the distribution of urban temperatures spgii@homogeneous. Mapping of areas with extreme bea
cool zones and understanding the development ofddéidame an important issue in urban planning ierord
to protect the beneficial natural areas, decrdasénpact of existing and avoid generation of netdpots
through further urban development.

As a measure to reduce negative aspects of uriraate| the City of Vienna developed an UHI strategi
plan (UHI MA22, 2015) including a number of urbalaqming measures for buildings and open spaces,
particularly measures based on green infrastruciire strategic plan was based on various datzesand
climate studies assessing urban climate of Vieermg Schwab&Steinicke, 2003; Zuvela-Aloise et 812,
Stiles et al., 2014). Additional heat vulnerabiliap of Vienna was published in 2019 based onhéertal
infrared sensor from Landsat 8 with a spatial nasmh of 100 m, which was used to derive a weighted
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average surface temperature for Vienna, coveriag/éars 2015 to 2019 and combined with information
distribution of vulnerable age classes and a véigatandex (Bhattacharjee, 2019). An updated urban
climate analysis map was provided in 2020 based GiS procedure and illustrates thermal charatitesjs
but also the cold air flow during the night. Aludies of urban climate in Vienna indicate higheatHead in
the densely built urban centre and lower tempeeatur forested areas westward and along the rigeube.
However, detection and exact localization of haitspas well as selection of appropriate measoresdiuce
the UHI effect remained an issue. Various backgtodata, spatial resolution and different mapping
techniques lead to uncertainties in resulting uti@at maps.

One of the main tools for analysing UHI developmeard the urban climate models that take into adcoun
both urban morphology and meteorological data et lme used for climate assessment, as well as for
evaluation of urban planning measures and spagialdpment plans. Newly developed urban microckmat
model PALM-4U (Maronga et al. 2020) allows simubatiof entire cities with a very high-resolution
enabling detection of small-scale temperature tiaria on a building-scale. However, the model has n
been tested yet in various urban environments arevaluation of model performance is needed to tifyan
possible uncertainties.

In this study the urban climate model PALM-4U waspleed to simulate the UHI in Vienna with grid-
resolved building and vegetation canopy on a spa&olution of 20 m. The simulations are compaied
existing modelling simulations with the MUKLIMO_3adel used in previous studies (Hollosi et al. 2021;
Zuvela-Aloise et al., 2022) and observational dake modelled surface temperature was comparedtigth
remote sensing data from ECOsystem Spaceborne &hdRadiometer Experiment on Space Station
(ECOSTRESS) and the near-ground air temperature ewaluated against monitoring data from citizen
weather stations.

3 DATA AND METHODS

3.1 Urban climate simulations

The open-source modelling system PALM (PArallelizearge-Eddy Simulation Model) with recently
developed additional modules for urban boundargrid&l? ALM-4U) is a new modelling tool for high spati
resolution simulations of urban environment basedh® large-eddy simulation (LES) technique (Raasch
and Schroter, 2001; Maronga et al., 2015; 2020hikstudy, the PALM-4U model was applied for thity

of Vienna to evaluate the model performance and seaspared with the established modelling approach
based on urban climate model MUKLIMO_3 (Sievers,1&0 In comparison to PALM-4U, the
MUKLIMO_3 model uses RANS-type turbulence paranzettibn, parametrization of buildings and land use
based on a tile approach and has typically a I@patial resolution (20 - 100 m). The simulationgeve
performed for August, 16-17, 2022, as a represeatabt day with clear-sky conditions. The modeksrev
initialized at 06:00 UTC with the initial verticadrofiles of meteorological variables from the AROME
numerical weather forecast model in operation byS&pdere Austria.

Both models use information on terrain, land usd &nd cover, building and vegetation properties,
however, in different format and spatial detail.cese of the PALM-4U model, the static informatigas
provided from Digital Elevation Model and DigitaliSace Model for the City of Vienna and Lower Augstr
land cover data from Land Information System Aast{iLISA), Open Street Map, street tree cadastre
(Baumkataster) and spatial multi-purpose maps feliddviehrzweckkarte - FMZK) of the City of Vienna.
The spatial information was prepared in a rasten& with 20 m spatial resolution according to Helsl et

al. (2020). In case of the MUKLIMO_3 model rastetadwith 100 m spatial resolution were provided for
terrain height, land use types based on Coperticoian Atlas enriched with LISA land cover data,|dinig
height, wall area index of buildings, building digpstree cover and proportion of sealed surfacesetd on
High-Resolution Layers of Copernicus Land MonitgriBervices.

3.2 Observational temperature data

The standard meteorological monitoring network irervha includes about a dozen of official semi-
automatic weather stations, so-called TAWES stati@nd additional environmental monitoring stations
employed by the city administration departments @ZA In order to evaluate the modelling resultshwit

high spatial resolution, a higher density of moriitg stations is needed. For this purpose, the toong
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data from a network of over 1000 private weathatiahs available in Vienna provided by the company
NETATMO was used. To minimize the uncertainty agsed with the non-standardized temperature
measurements, a statistical quality control as gseg in Napoly et al. (2018) was applied. As presio
studies for Vienna have shown (Hammerberg et dl82Beichtinger et al. 2020), a rigorous qualitytcol
which detects outstanding temperature observatt@rshelp to reduce sources of errors and thecdatde
used to investigate the intra-urban air temperataritions.

The remote sensing data for surface temperature weovided by ECOsystem Spaceborne Thermal
Radiometer Experiment on Space Station (ECOSTRESSyion. The ECOSTRESS Land Surface
Temperature and Emissivity Daily L2 Global 70m VQfdtaset (Hook & Hulley, 2019), which is part oéth
ECO2LSTE Version 1 data product providing atmosigladly corrected land surface temperature and
emissivity (LST&E) values derived from five thermafrared bands including layers of LST, emissiiily
bands 1 through 5, quality control for LST&E, LSifae, emissivity error for bands 1 through 5, widaet
emissivity and Precipitable Water Vapor were uddte dataset has a spatial resolution of about 7thm.
this study, the LST and corresponding quality cardata for LST layers available for August 16, 20%re
considered. A short overview of data used in med&tation is shown in Table 1.

MUKLIMO_3 PALM-4U ECOSTRESS NETATMO
Type of data RANS microscale LES microscale satellite imagery private weather
model output model output stations
Spatial resolution 100 m 20m 70 m over 1000 statio
with quality-
controlled data
Time output hourly hourly snapshot 30-min to hourly
Air temperature reference at 2 m, reference at 2 m, not available variable
defined vertical defined vertical
model levels model levels
Surface temperature temperature of sail, temperature of soll, temperature of not available

streets, building roofs streets, building roofs  surface visible by
and top of vegetation and the soil under the satellite (excluding
(trees) vegetation (trees) clouds)

Table 1: Overview of meteorological data used angtudy.

4 RESULTS

The observational data for air temperature basedjuality-controlled measurements from NETATMO
private weather stations show distinct pattern ke UHI island in Vienna during the night. Higher
temperatures are found in the city centre and Iadeeperatures in the surroundings (Fig. 1). The ehod
results show similar large-scale pattern, howesgeanall-scale variation in temperature and tempegatur
inversion with height are more pronounced in theLMAMU model compared to the model with lower
spatial resolution (MUKLIMO_3).

The spatial patterns in surface temperatures basedemote sensing (Fig. 2), show an urban-rural
temperature gradient as well, with higher tempeestdound in built-up areas and lower temperatunes
forested areas and near water. However, agricllweas in south and east show high surface tertypesa
during the day as well. This effect is most likegused by high exposure of low vegetation and Soéleto
solar radiation and low soil moisture during theth@ave and is well captured by the models. The RAL
4U model overestimates the surface temperaturegrban areas, which can be partially explained by
variations in temperatures due to the higher mogkslution, but requires further investigation.
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Fig. 1: Air temperature (°C) in Vienna on 16. Aug8R2 at 19:00 UTC calculated by PALM-4U model (keft), MUKLIMO_3
model (top right) and derived from quality-conteallmonitoring dataset of NETATMO private weathatishs (bottom).
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Fig. 2: Surface temperature (°C) in Vienna on 16gusi 2022 at 12:00 UTC derived by PALM-4U model (kefp), MUKLIMO_3
model (top right) and provided by ECOSTRESS (ECO2LSUE. day: 228; time: 11:38:39 UTC) remote sensirtgsd (bottom).

m o REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
REAL [efe]:{3 &"ﬂ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities



Maja Zuvela-Aloise, Claudia Hahn, Brigitta Hollosar&iro Oswald

5 CONCLUSION

This study investigated the perfomance of the PAMIMmodel to simulate the development of the UHI in
Vienna during summer conditions. By using modelthvhigher resolution, small-scale processes such as
turbulence, shading by buildings and vegetatioteraction between the atmosphere and urban suréexcks
building materials are better represented. Incngagie model resolution enables more detailed arsabf
inner-city temperature variations and allows détecof additional heat or cool zones in the cityheT
modelled spatial distribution of near surface amperature and surface temperature was comparéd wit
observational data and lower resolution model tedgtdm existing studies.

The results of the PALM-4U model show typical salawariations of urban heat with higher temperatune
built-up areas and lower temperatures in surroggliparticularly forest and water areas, whictoisfl in
previous studies and can be confirmed by obsemaltidata. The spatial distribution is differentidgrthe
day and night-time. The UHI effect is more pronathauring the night, while during the day high loca
variations in temperatures are found.

When comparing the modelled air temperatures wittasurements from NETATMO citizen weather
stations, the PALM-4U model shows higher spatiatiations than the MUKLIMO_3 model. Large
temperature variations are also found in the olagiemval dataset during the day. However, the catia
between the PALM-4U model and observations is eoessarly higher than the MUKLIMO_3 model. The
reason is that the temperature variations in th& NIBMO dataset during the day are probably relatethe
specific positioning of stations and influence otdl factor such as shading, exposure to radiadimh
viscinity of buildings which could not be filterexlit during the quality control completely.

At night, the spatial patterns between the modals HETATMO temperature measurements are more
similar. It indicates that the strong small-scakeriation diminishes and the NETATMO temperature
measurements become more representative for ar larga. However, a strong temperature inversion
during the night is found in the PALM-4U model, whican be related to the choice of model configomat
and needs further investigation.

Comparison of ECOSTRESS LST remote sensing data RtLM-4U model simulations shows higher
variability in modelled surface temperature tharsesied, which is partially related to higher spatia
resolution of the model. The forest areas are wathan observed. However, the results can not teeitiy
compared since the model output reflects the serfl level under the trees, rather than tree tps
observed by the remote sensing. While agricultarahs are well represented by the model, the lypilt-
areas, i.e. building roofs, show very high tempeeavalues (> 60°C) that require further analysis.
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