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Based on Earth Observation and modelling data, climate indicators for urban regions 
can support sustainable urban planning, risk management and environmental protec - 
tion. The current study demonstrates the development of climate services for major 
cities in Austria by providing climate projections on an urban scale. This approach 
focuses on heat indices and improves the data uptake by end users through standard-
izing modelling methodology, as well as formats, and facilitating data access. This 
enables quick visualization using data services of the Austrian national Climate Chan-
ge Data Centre. 

SANDRO OSWALD1, MAJA ZUVELA-ALOISE1, MICHAEL AVIAN1, CHRIS SCHUBERT2

1Zentralanstalt für Meteorologie und Geodynamik (ZAMG), Vienna, Austria
2Vienna University of Technology (TU Wien)

Urban heat in changing climate. The 
local surface energy balance is al-
tered in cities due to (i) high fraction 
of sealing and (high) building density 
as well as (ii) comparably low fraction 
of vegetation land cover. As a result, 
urban areas have higher ambient tem-
peratures than rural ones, also known 
as the Urban Heat Island (UHI) effect 
(Landsberg 1981; Oke 1982). Due to 
the rising urbanization and growing 
fraction of sealed surfaces in total 
land use, temperature is increasing in 
urban areas. Hence, more and more 
people suffer during extreme heat 
waves as, e.g., in the summers of 2003 
(García-Herrera et al. 2010) or 2015 
(Urban et al. 2017). In order to coun-
teract the negative effects of heat 
waves, which are expected to inten-
sify even further in the future (IPCC 
2013), and develop urban planning 
strategies for the mitigation of the 
UHI, detailed information on thermal 
conditions within a city is required, in-
cluding possible development of heat 
extremes in the future.   

Urban resilience to extreme weath-
er. The European Commission imple-
mented several climate services, such 
as the Copernicus Climate Change 
Service (C3S), providing climate in-
dicators based on Earth Observation 
(EO) information and modelling data 
in order to support different types of 
end users and decision makers tack-
ling the problems of climate change. 
In order to improve the user uptake 
of the EO data the H2020 project 
e-shape (EuroGEO Showcases: Appli-
cations Powered by Europe) aims to 
gather these EO resources in Europe 
and enhance the capabilities of exist-
ing European services in addressing 
different societal challenges. Further-
more, e-shape supports the coordi-
nated exploitation of EO data and 
services through 27 cloud-based pilot 
applications in seven thematic areas, 
as well as the generation of informa-
tion for these applications together 
with the users. 

As part of e-shape, the showcase 
“Urban resilience to extreme weather” 

consists of three pilots with the goal 
to strengthen resilience and adaptive 
capacity to extreme weather in sum-
mer season on various timescales (e.g. 
from seasonal forecasts to climate 
projections). The pilot “Climate pro-
jection products for Austrian cities”, 
carried out by Austrian National Me-
teorological and Geophysical service 
(ZAMG), demonstrates the develop-
ment of climate services for urban re-
gions by creating climate projections 
for various Austrian cities. This is done 
by providing high spatial resolution 
climate information based on the EO 
data and modelling, focusing on heat 
indices. Data are made freely avail-
able on a national climate data plat-
form (Climate Change Centre Austria 
(CCCA) data) to support urban plan-
ning, risk management and environ-
mental protection. Thereby, the pilot 
follows the standardization of the 
method for urban climate modelling 
and its output to ensure a comparable 
modelling basis for other European 
cities.

Future climate projection of heat indices for 
Austrian major cities: strengthening urban 
resilience and meeting user needs 
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Urban climate model simulations. 
Within the cooperation with Germa-
ny’s National Meteorological Service 
(DWD), the ZAMG carried out urban 
climate model simulations with the 
MUKLIMO_3 model (Sievers  2016), 
which allows utilization of various 
satel lite products of Copernicus ser-
vices (e.g. Urban Atlas, tree cover 

FIG 1: Schematic workflow of deriving climate indices based on EO data, urban climate model simulations and region-
al climate projections for the major cities in Austria. Top and mid left: Modelling system including integration of the 
EO data and below the cuboid method is illustrated. Lower left: Number of summer days for the city of Vienna as a 
30-year average for the scenarios RCP4.5 and RCP8.5 as well as the periods of 2021-2050 and 2071-2100. Lower right 
corner: Number of summer days for Vienna (spatial information, time series) visualised on the Climate Change Centre 
Austria (CCCA) data server. Download here for full-size image. (Source: ZAMG)

density etc.) as input data to describe 
land surface distribution and proper-
ties. With the simulation of radiation, 
soil and atmospheric temperature, 
relative humidity, and wind flow in ur-
ban areas on a 3D grid (100 m spatial 
resolution, vertical resolution 10–100 
m), the model provides the basis for 
evaluation of the (surface) tempera-

ture distribution within urban areas. 
In combination with meteorological 
measurements and regional climate 
model scenarios (representative for 
the background climate by applying 
the cuboid method (Früh et al. 2011, 
Žuvela-Aloise et al. 2018, Geletič et 
al. 2019)), the model can be used to 
derive several climate indices related 

https://data.ccca.ac.at/dataset/a8957605-a25d-4c4a-baf4-0ed216c8068f/resource/29961618-9b1c-487c-8c78-27544214be5f/download/figure_1_fmi_letter_v2_small.png
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to heat conditions such as the annu-
al average number of summer days 
(days with maximum air temperature 
≥ 25 °C). The regional climate model 
simulations from the EURO-CORDEX 
project (Jacob et al. 2014) provide 
information on meteorological vari-
ables until 2100 under various climate 
change scenarios, e.g., RCP4.5 and 
RCP8.5 (IPCC 2013). An ensemble of 
model output for different RCP sce-
narios is used to project future heat 
conditions in urban areas. In the pi-
lot, eight different combinations of 
bias corrected regional/global climate 
model output were used to calculate 
climate indices for each year between 
2011 and 2100 (Fig. 1).  

Co-design of climate service and 
data uptake. In order to support ur-
ban planning and decision-making 
processes, urban climate projections 
and representation of climate infor-
mation have been gaining importance 
among the researchers and stake-
holders in recent years (e.g. de Wit et 
al. 2020). In case of urban resilience 
in Austria, continuous interaction be-
tween climate scientists, city admin-

istrations and urban planning experts 
have pointed out several key issues, 
which could improve the uptake of 
research results: (i) data accessibil-
ity, (ii) standardization of data for-
mats, (iii) improved data quality with 
description of uncertainties, and (iv) 
easy data presentation. To tackle at 
least aspects i, ii, iv and provide data 
as a service regarding FAIR Guiding 
Principles (Wilkinson et al. 2016), the 
Climate projection products are cu-
rated by the CCCA data repository 
(CCCA 2015) as part of the Austrian 
research data infrastructure.  

The urban climate projections data 
are distributed in the NetCDF format 
and follow the standards of NetCDF 
Climate and Forecast (CF) Metadata 
Conventions (CF-MC 2010) and Open 
Geospatial Consortium (OGC 2022) 
web services. The data collection for 
this pilot is available under e-shape 
(2022). The CCCA Data Centre en-
ables an on-the-fly interactive data 
visualisation of NetCDF data with its 
server architecture, e.g. THREDDS 
Data Server (Fig. 1, bottom right). The 
user (registration required) can adapt 

and modify style parameters (e.g. col-
our scheme, portrayal) and the map 
design. More relevant is the on-de-
mand processing. A time slider func-
tion allows to dive into different time 
scenarios and automatically creates 
a graph of the time series from 2011 
until 2100 for a single spatial point. 
In addition, an integrated CCCA sub-
set service (Schubert et al. 2019) al-
lows for the creation and persistently 
republishing of any data fragments, 
filtered by an “Area of Interest” or a 
specific time frame. Source code of 
these functionalities is provided as 
open source on Github (Github 2008).
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